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EXECUTIVE SUMMARY

Introduction

A U.S. gas market of 30 Tcf or more has become a strategic context for discussions about future
growth in gas sales. The most recent National Petroleum Council (NPC) gas study and Energy
Information Administration (EIA) long-term energy outlook expect U.S. gas consumption to exceed
30 Tcf after 2010. Some market analyses, such as the American Gas Foundation’s Fueling the
Future, see a gas market that could grow to 33 Tcf annually in the U.S. if significant developments
occur with respect to national energy policy.

Currently, 99% of U.S. gas supply comes from the lower-48 United States or Canada. While this
share is expected to shrink as LNG imports grow and deliveries from Alaska possibly begin in the
next seven or more years, lower-48 and Canadian gas production will continue to play the major role
in U.S. gas supply. The NPC and EIA expect that new discoveries of about 600 Tcf in the lower-48
and 200 Tcf in Canada would be needed to supply a U.S. gas demand on a path to a 30 Tcf or larger
market over the next 15 years.

The natural gas industry is presented with significant opportunities, but these opportunities are
accompanied by significant challenges. The critical issue is whether lower-48 and Canadian gas
production can grow over the next 20 years without sustained upward pressures on gas prices that
would reduce the attractiveness of gas as a fuel of choice for new energy uses.

Resource & Technology: While the gas resource base is finite and thus depleted by industry
activity, expectations of lower-48 and Canadian gas resource potentials have expanded with industry
activity throughout the twentieth century.

Lower-48/Canada Activity: While measures of resource potential can expand, recovery of that
additional resource may come at an increasing cost.

Gas Supply Prospects: While the resource potential may continue to expand, that expansion will
not necessarily occur along the regional lines of current production.

Critical Issues and Uncertainties: Many potential areas of new gas resource potential may require
technology advances to be attractive to develop, and some areas may face development restrictions
on the basis of environmental concerns.

Resource Dynamics

The problem with “ultimate” resource estimates is that they are not “ultimate.” While the North
American gas resource base has been depleted by industry activity, that same activity has expanded
perceptions of the remaining potential. Over the last 20 years, estimates of lower-48 and Canadian
gas resource potentials have generally grown faster than the resource was depleted. As a result,
lower-48 and Canadian gas resource potentials are larger today than they were 20 years ago.
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. Improved success rates since the 1980s have allowed drilling activity to move into relatively
unexplored, deeper sediments (below 10,000 feet) at much lower risks and costs. In the late
1980s, lower-48 success rates for wells deeper than 10,000 feet were in the 50-60% range.
Today, they exceed 80%.

. Technology advances have allowed large-scale development of unconventional gas sources
(e.g. coalbed methane, tight sands, shales) since the late 1980s. Continued improvements
have allowed unconventional activity to expand into new areas, such as coalbed methane in
Powder River Basin and shales in the Fort Worth Basin. Western Canada may also have a
significant coalbed methane potential that might even exceed current estimates of the
remaining conventional resource potential.

. Although the lower-48 and Western Canada have been heavily explored, large areas, such as
the Offshore Atlantic (lower-48 and Canada), Mackenzie Delta-Beaufort Sea, and Eastern
Gulf of Mexico, can be considered frontier. Current resource estimates for most frontier
areas appear very conservative, suggesting that they will generally be the least productive
areas in North America. In fact, if the sediments in these areas were to prove as productive
as the lower-48 Williston Basin sediments, their resource potentials could increase
substantially.

. Based on trends in North American gas resource estimates over the last 20 years and the
expectations of continued advances in technology and industry practice, the ‘“ultimate”
resource recovery in currently producing lower-48 areas might increase on the order of 300-
600 Tcf over the next 20 years. Over this same period, the Western Canadian resource
potential may increase 100-300 Tcf, --- the major Western Canada uncertainty is the extent to
which coalbed methane might prove productive.

. Therefore, gas resource potentials could expand at or ahead of the resource depletion
necessary to achieve a 30 Tcf gas market. If so, a 30 Tcf gas market would probably not put
significant, sustained upward pressures on gas prices. However, it is likely that continued
development of the natural gas resource base will require some real increase in wellhead
prices over time. Reports such as the aforementioned Fueling the Future indicate price
growth from a current level of about $2.65 per mmbtu to $3.60 (1999%) by 2020.

Lower-48 Activity

Results in the lower-48 generally support expectations of a continued expansion in the lower-48
resource potential. Non-associated gas reserves have not declined since 1976 and have begun to
grow substantially in the late 1990s. Reported reserve additions for non-coalbed methane gas wells
in the lower-48 have grown modestly since the mid-1990s, and now average over 1.8 Bef/well, more
than double the yield of the early 1980s. While coalbed methane yields have declined, this decline
reflects a shift of activity from the high-yield San Juan Basin to the low-yield Powder River Basin.

. If yields remain near their current levels, the 19,000 or so new gas wells completed in 2001
could add as much as 25-30 Tcf of new gas reserves. This could bring non-associated gas
reserves to their highest level since the early 1970s.
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From a reserves and yields basis, prospects to maintain or increase lower-48 gas production
appear good. However, accelerated declines in gas well production since the late 1990s have
increased the demand for new gas wells above simple reserves replacement. This
incremental demand for gas wells placed upward pressures on gas prices in the late 1990s,
and should continue to do so until decline rates stabilize. Once decline rates stabilize,
demand for new gas drilling should decline to simple reserves replacement, which would be
much less than 19,000 wells. For non-associated gas production to grow, reserve additions
will need to average 10-20% above production.

Yields have been quite stable to growing in most parts of the onshore lower-48. Based on
yields, Rocky Mountains basins, South Texas, North Texas/Louisiana, and the smaller
producing areas (in aggregate) scattered across the lower-48 from California to the
Appalachian Basin have the best prospects for increased production. Yields in the rest of the
onshore lower-48 suggest that their production will probably show little or no growth, and
may more likely decline at some point in the next 20 years.

The recent sharp decline in yields on the Gulf of Mexico suggest that prospects for near-term
stabilization of Shelf production are poor. Stabilization of Shelf production or some modest
recovery would probably take time and depend on large volumes of hydrocarbons being
recoverable from the deeper sediments of the Shelf and technology advances to reduce the
costs and risks associated with bringing the deeper Shelf resource to market. As a result, a
significant share of the expected growth in Deepwater Gulf of Mexico gas production may be
needed to offset declines in Shelf production.

Canadian Activity

Following market deregulation Western Canada gas production more than doubled between 1986
and 2000. In 2000, a quarter (24%) of North American gas production came from Canada. If U.S.
gas demand is to grow to 30 Tcf and beyond, Canadian gas production will play a critical role in
meeting that demand.

Growth in Western Canadian gas production, which accounts for almost all (99%) of
Canadian gas production, has slowed since 1996. The limited growth in Western Canadian
gas production since 1996 is consistent with the RP ratio (reserves inventory) in Western
Canada falling to 9.1. While production could be held at current levels if reserves can be
maintained, sustained, significant growth in Western Canada gas production would probably
require proved reserves to exceed 60 Tcf.

Deliveries of gas production from the offshore Atlantic began in 2000 from Sable Island. By
December 2001, Sable Island production was almost 590 MMcf/d. Production from the
Panuke discovery could increase Offshore Nova Scotia production to one Bef/d by 2005.

Gas production in Offshore Newfoundland is almost half the level of Sable Island
production, but almost all is re-injected into the Hibernia oil field to improve recovery. Plans
to develop additional oil production in Offshore Newfoundland might bring gas production to
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about one Bcf/d, which might be sufficient to develop interest in building a gas transportation
system to bring Offshore Newfoundland gas production to market.

. Significant discoveries have also been made in the Mackenzie Delta-Beaufort Sea area.
Current industry plans envision deliveries to North American gas markets beginning before
2010. While onshore discoveries provide an anchor to build a pipeline from the Mackenzie
Delta to the North American gas transmission grid, new discoveries would be needed to
maintain a 25-year delivery of one Bef/d.

. Canadian gas production can grow in the future, but that growth is likely to rely mostly on
production outside Western Canada or a large development of coalbed methane production
in Western Canada. Based on current reserves, long-term growth in Western Canada
conventional gas production is uncertain, and unlikely to exceed 100 Bef/yr.

. Activity outside of Western Canada should provide substantial, additional gas production.
This growth, however, would depend on large expansions of the “ultimate” resource base and
development of “green field” pipeline projects to connect these mostly “remote” areas to
North American gas markets.

Gas Supply Prospects

Two production scenarios are developed in this report. The High Production Scenario expects that
“ultimate” gas resource estimates expand ahead of resource depletion, as they generally have for the
last 20 years. A Low Production Scenario expects that expansions of the “ultimate” resource
estimates will slow in the next 20 years. The production scenarios should not be seen as forecasts,
but as indicators of the range over which lower-48 and Canadian production might be expected to
develop.

RP ratios for onshore areas probably should be about 10 before prospects for sustained growth
(more than one year) in production are solid. 1f gas production is to show sustained grow, reserve
additions in Western Canada and the Gulf of Mexico must exceed simple reserves replacement to
increase their RP ratios. “Onshore” lower-48, gas reserves could support some growth, provided
future reserve additions can replace the higher production.

Putting both Lower-48 and Canada production potential together within the context of the High and
Low Production Scenarios, creates a range of gas supply potential between 24.2-31.0 Tcf annually
by 2020 for consumption in the Lower-48. Lower-48 production ranges from 19.7 to 24.0 Tcf.
Canada may be capable of producing 8.5-11.0 Tcf annually but is not expected to consume more
than 4.0 Tcf, so 4.5-7.0 Tcf may be available for export to the Lower-48.
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Figure ES 1 presents the trends in lower-48 gas production for the two scenarios based on prospects
for the individual regions.

Figure E S1
Lower-48 Gas Production Scenarios

Tcf Tcf
30 30
High Production Scenario Low Production Scenario
25 - - 25
20 - - 20
15 - - 15
10 - - 10
5 -5
0 - -0
2000 2005 2010 2015 2020 2005 2010 2015 2020

‘lGqu of Mexico M Gulf Coast M Interior SW mERockies B Others M Frontier ‘

. Lower-48 gas production exceeds its previous peak of 22.5 Tcf by 2010 in the High
Production Scenario. However, without production from areas subject to moratorium,
growth in lower-48 gas production would be largely over by 2015.

. In the Low Production Scenario, there is some growth in the near term, but production falls
off after 2010. By 2020, production has fallen back to its 2000 level. Frontier regions (i.e.
East Gulf of Mexico and Offshore Atlantic) do not begin production in the Low Production
Scenario.

. In both scenarios, the major growth areas are the Gulf of Mexico and the Rocky Mountains.
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Figure ES 2 presents the trends in Canadian gas production for the two scenarios allocated to the
individual regions.

Figure ES 2
Canada Gas Production Scenarios
Tef Tef
12 12
High Production Scenario Low Production Scenario
10 - 10
8 -8
6 -6
4 -4
2 -2
0 - -0
2000 2005 2010 2015 2020 2005 2010 2015 2020

‘ B Western Canada B Nova Scotia B Nfld/Labrador & North of Circle ‘

Total Canadian gas production grows substantially in both scenarios. In the High
Production Scenario, production almost doubles, growing from 6.2 Tcf (17.0 Bef/d) to 11.0
Tef (30.1 Bef/d) in 2020. Growth occurs in all areas, but most noticeably outside of Western
Canada. Most of the growth in Western Canada reflects the development of coalbed methane
production. By 2020, more than one fourth of Canadian gas production could come from
outside Western Canada.

In the Low Production Scenario, Canadian gas production only grows through 2015. In this
scenario, little growth occurs in Western Canada gas production, reflecting limited
development of coalbed methane. Non-Western Canada gas production grows substantially,
accounting for almost one fourth of Canadian gas production by 2020.

Issues and Uncertainties

Prospects for increased North American gas production to supply a growing gas demand appear
strong. While this growth could extend through 2020, significant challenges must be addressed to
achieve this growth. Principal among them are:



American Gas Foundation North American Gas Supply 9

. North American gas reserves inventories must be rebuilt to support sustained growth
in gas production. Current RP ratios in Western Canada and in the Gulf of Mexico
cannot support long-term, sustained growth in gas production. During the period of
rebuilding these inventories, short-term upward pressures on gas prices are likely to
develop, pushing gas prices above their long-term trends. These upward pressures
will continue until inventories are rebuilt to a level that would support sustained
growth in gas production. Once inventories are rebuilt, gas prices would probably
tail off to their long-term levels.

. The pace of advances in technology and industry practice and expanded industry
perceptions of the “ultimate” resource base over the last decade must be maintained.
The “ultimate” resource expectations must expand faster than resource depletion to
avoid or mitigate upward pressures on gas reserve additions, and advances in
technology and industry practice will be critical to this expansion.

. Impacts of land restrictions on the growth in North American gas production must be
weighed against the extent to which public policy may wish to encourage expanded
use of gas. Land restrictions will probably have limited impacts on lower-48
production prospects through about 2010. However, land restrictions may result in
lower-48 gas production peaking within 10-12 years and possibly beginning to erode
towards the end of the next decade.
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PERSPECTIVE

Introduction

The outlook for the North American gas industry has experienced significant volatility in the last 40
years. This volatility reflects the changing expectations for North American gas production. In the
1960s, North American gas production was growing rapidly, and this growth was expected to
continue. The natural gas industry had a bright future.

In the 1970s, resource “depletion” again became quite prominent in strategic discussions. Because
of the limited remaining U.S. gas potential, U.S. gas production was expected to begin a long-term
decline. U.S. public policy was directed at preserving a shrinking and increasingly expensive gas
supply for high priority residential and commercial users. Large industrial users and electricity
generating plants were to be compelled to switch to alternative fuels. In Canada, public policy was
directed at preserving a limited gas supply for Canadian customers by phasing out gas exports to the
United States. By the mid-1980s, U.S. gas demand had fallen to its lowest level since the late 1960s,
and Canadian exports were down about one-third from their peak.

Since the mid-1980s, the outlook has changed. By the mid-1990s, U.S. gas sales were at a new
record level, and gas sales to generate electricity were a major player in this growth. Canadian gas
exports were more than triple their previous peak. By the late 1990s, more than half of Canadian gas
production was exported to the United States.

With recovery in North American gas consumption, optimism has again returned to the North
American gas industry. A U.S. gas market of 30 Tcf or more has become the strategic goal of
industry and government. The major contributors to this growth would be the previously maligned
large industrial and electricity generation customers.

In 2000, U.S. gas consumption set a new record, exceeding its previous peak of 22.5 Tcf in
1972-73. With gas-fired plants expected to provide the major share of future growth in electricity
generation, growth to a 30 Tcf market and beyond appeared likely. The critical uncertainty will be
the sources of the gas supply to meet this growing gas demand during the next 20 years.

Gas Supply Expectations

Currently, 97% of North American gas supply comes from the Lower-48 United States or Canada.
Although LNG and Alaska only provided about 3% of North American gas supply in 2000, their
contributions are expected to grow over the next 20 years. However, lower-48 and Canadian gas
production will continue to play the major role in North American gas supply. If they cannot, then a
30 Tcf gas market may not be achievable in the next 20 years.

The most recent National Petroleum Council study (published in 1999) and Energy Information
Administration (EIA) long-term energy outlook (AEO 2002) expect U.S. gas consumption to exceed
30 Tcf after 2010. The American Gas Foundation’s Fueling the Future (2001 Update) anticipates a
gas consumption market that could grow to 33 Tcf annually. While these long-term views expect
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growth in LNG imports, the outlooks expect that the lower-48 resource base would provide an
additional 600 Tcf of new gas discoveries and the Canadian resource base about 200 Tcf. This
resource dynamic through 2020 could bring lower-48 and Canadian gas production to more than 30
Tcf by 2020 from its current level of 25 Tcf.

These resource depletions are less than current estimates of the remaining resource potential of 900-
1,500 Tcf for the lower-48 and 450 Tcf for Canada (excluding “Arctic Islands”). However, unless
the lower-48 resource base could expand over the next 20 years, a cumulative 600 Tcf depletion
could probably not occur without sustained upward pressures on gas prices throughout much of the
period. Without expansion of the Canadian gas resource base, a cumulative 200 Tcf depletion
without sustained upward pressures on gas prices would be uncertain.

The gas industry is presented with significant opportunities, but these opportunities are accompanied
by significant challenges. The critical issue is whether current estimates of remaining gas potentials
in the lower-48 and Canada can expand sufficiently to provide the incremental gas supply that a 30
Tcf gas market in the United States would demand without sustained upward pressures on gas prices.
This report will address this issue in the following chapters:

Resource & Technology: While the gas resource base is finite and thus depleted by industry
activity, expectations of lower-48 and Canadian gas resource potentials have expanded with industry
activity throughout the twentieth century, predictions of declines in the remaining resource potential
notwithstanding. Can expectations of the lower-48 and Canadian remaining gas resource potentials
continue to expand?

Lower-48 Activity: While expectations of resource potential can expand, that expansion may come
at an increasing cost. Do industry results in the lower-48 support continued expansion in the
resource potential with limited, sustained upward pressures on gas prices?

Canadian Activity: While expectations of resource potential can expand, that expansion may come
at an increasing cost. Do industry results in Canada support continued expansion in the resource
potential with limited, sustained upward pressures on gas prices?

Gas Supply Prospects: While the resource potential may continue to expand, that expansion will
not necessarily occur along the regional lines of current production. Where would lower-48 and
Western Canada gas production be more likely to grow in the next 20 years?

Critical Issues and Uncertainties: Many potential areas of new gas resource potential may require
technology advances to be attractive to develop, and some areas may face development restrictions.
What are their implications for the production prospects that the gas resource potential might make
available in the next 20 years?

The production prospects developed in this report should not be seen as a forecast of what will
occur, but rather what might occur if a 30 Tcf market were achieved.
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CHAPTER 2

RESOURCE & TECHNOLOGY
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RESOURCE & TECHNOLOGY

Introduction

In the 1960s, M. King Hubbert concluded that most of the U.S. oil and gas resource had been
discovered. Based on his analysis, Hubbert predicted that U.S. oil and gas production would peak in
the early 1970s and then fall off steeply. When U.S. oil and gas production peaked in the early
1970s, his work received extraordinary credibility.

However, neither U.S. oil nor U.S. gas production has declined precipitously since their early 1970s
peaks. Gas production since Hubbert’s paper has exceeded the remaining resource that he predicted,
and current estimates of the remaining lower-48 gas resource potential are substantially higher than
they were 20 years ago. In fact, marketed (wet) lower-48 gas production in 2001 may have
exceeded 20 Tcf for the first time since 1974. Nevertheless, concerns about the depletion of natural
gas resources continue to play a significant role in strategic assessments of the U.S. energy system.

Concerns about resource depletion are not new. In 1920, the chief geologist of the U.S. Geological
Survey (USGS) predicted an imminent peaking and near-term decline in U.S. oil production. While
oil production declined in some areas that were producing in the 1920s, production grew in most
areas of the United States. Production grew in other areas because the resource proved to be much
larger, and non-producing areas, such as the Permian Basin, became major producing areas. As a
result, U.S. oil production continued to grow for 50 years after this prediction was made.

The problem with “ultimate” resource estimates is that they are not “ultimate.” Just as discoveries
grow with industry activity, that same activity expands perceptions of the “ultimate” resource as
well. Thus, resource estimates should be seen as dynamic, not fixed. As industry “depletes” the
resource base, that activity can expand industry perceptions of the remaining potential. Unless the
dynamics of resource estimates are taken into account, assessments of gas prospects based on a static
“ultimate” resource will significantly understate what could and will be discovered and produced.

The critical question is not an “ultimate” resource estimate but whether current resource expectations
can expand to keep pace with “depletion” of the resource base. Only when expanding resource
expectations cannot keep pace with “depletion” of the resource base can the resource base be said
to be truly depleting.

This chapter will review resource estimates for the lower-48 United States and Canada over the last
20 years. Of critical importance is the extent to which new non-producing resources or sediments
remain to be developed. Because economics of resource development affect perceptions of
remaining resource potential, technology advances that reduce costs and risks or improve recovery
of the resource-in-place play a critical role in expanding perceptions of the resource potential.
Accordingly, this chapter will review:

. lower-48 gas resource dynamics
. Western Canada gas resource dynamics
. technology trends

. “frontier” regions.
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Based on these reviews, the likelihood of resource estimates being able to keep pace with resource
depletion will be assessed.

Lower-48 Resource Dynamics

Recent “ultimate” (discoveries plus potential) lower-48 gas resource estimates are much larger than
they were 20 - 25 years ago, when they were in the neighborhood of 1,400-1,500 Tcf. Current
estimates are in the neighborhood of 2,000 Tcf or more. Figure 2.1 compares the growth in
“ultimate” resource estimates against resource depletion for resource estimates developed by the
Potential Gas Committee (PGC) between 1980 and 2000, the USGS and Minerals Management
Service (MMS) between 1979 and 1993/1994, and the National Petroleum Council (NPC) between
1990 and 1997.

Figure 2.1
Lower-48 "Ultimate" Gas Resource Dynamics
Resource Depletion vs. Resource Growth

Tcf Tcf
800 800
700 - 700
600 - - 600
500 - - 500
400 - - 400
300 - - 300
200 - - 200
100 - - 100
0 - -0

PGC 1980 - 2000 USGS/MMS 1979 - 1994 NPC 1990 - 1997

‘lResource Depletion B Resource Growth ‘

Figure 2.1 shows these “ultimate” resources estimates have grown substantially. The USGS/MMS
and NPC estimates of the “ultimate” lower-48 gas resource have expanded more than the resource
was “depleted.” The USGS/MMS estimate in 1993/1994 replaced almost three times the “depletion”
of the gas resource base that occurred between 1979 and 1994. The NPC estimate in 1997 increased
its “ultimate” resource 30% more than it was “depleted” between 1990 and 1997. While the PGC
shows the least relative growth in its estimate of the “ultimate” resource, its estimate of the
“ultimate” resource potential “replaced” 80% of the depletion that occurred between 1980 and 2000.
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Onshore Lower-48

The onshore lower-48 was considered largely explored even 20 years ago. As a result, the onshore
lower-48 resource potential should have declined significantly during the last 20 years. However, by
2000, the onshore lower-48 resource potential was little changed or up to almost double the previous
estimates. Figure 2.2 presents onshore lower-48 resource dynamics for the three estimates.

Figure 2.2
Onshore "Ultimate" Lower-48 Gas Resource Dynamics
Resource Depletion vs. Resource Growth

Tcf Tcf
700 700
600 - - 600
500 - - 500
400 - - 400
300 - - 300
200 - - 200
100 - - 100
0 -0

PGC 1981 - 2000 USGS 1980 - 1993 NPC 1990 - 1997

‘l Resource Depletion B Resource Growth ‘

The expansion of the PGC estimate for the onshore lower-48 between 1980 and 2000 “replaced”
77% of the “depletion” between 1980 and 2000. As a result, the PGC estimate of the undiscovered
onshore potential declined 10% between 1980 and 2000. Almost half of the PGC resource growth
between 1980 and 2000 was due to the inclusion of the coalbed methane resource in its assessment.

The USGS expanded its estimate of the “ultimate” onshore lower-48 gas resource more than three
times the “depletion” of the resource between 1979 and 1993. As a result, its estimate of the
undiscovered onshore lower-48 resource potential grew 80% between 1979 and 1993. While more
than 60% of the increase reflected inclusion of unconventional (i.e. shales, tight sands, coalbed
methane) resource in the 1993 USGS estimate, even the conventional resource grew 30% more than
it was “depleted” between 1979 and 1993.

Based on industry results between 1990 and 1997, the NPC estimate of the “ultimate” onshore
lower-48 gas resource grew 13% more than the resource was “depleted,” even though its base 1990
estimate included a large unconventional resource Almost all the growth was conventional gas.
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Prospects for continued growth in onshore gas resources to offset “depletion” of the resource base
depend on growth in both conventional and unconventional prospects. Despite extensive
exploration, most sediments below 15,000, and sometimes even 10,000 feet (e.g. South Texas) have
had limited exploration. Because lower-48 sediment yields (MBOE/mi’) tend to grow with depth,
significant volumes of gas may be discovered in deeper sediments.

Unconventional gas sources also expand lower-48 resource expectations. Shale production spread
from the Appalachian Basin to the Michigan Basin (Antrim shales) and recently became noticeable
in Northeast Texas (Fort Worth shales). Current production exceeds 1 Bef/d, and should continue to
grow. Neither Antrim nor Fort Worth shales were considered credible exploration targets 20 years.
If technology to improve recovery of gas-in-place and field production facilities can be developed,
some studies suggest that Appalachian shale production could double or more in the next 15 years.

Coalbed methane is the most visible unconventional source approaching 4 Bef/d in 2000. Almost all
of this production came from the San Juan, Powder River, Black Warrior, Uinta, Central
Appalachian, and Raton basins. Production ranged from 36 Bcf (100 MMcf/d) in the Raton Basin to
960 Bcef (2.6 Bef/d) in the San Juan Basin in 2000. Less than 5 Bef came from other basins.

Figure 2.3 shows the principal coalbed methane producing basins and estimates of their “ultimate”
coalbed methane recovery (including discoveries to date) based on the 2000 Potential Gas
Committee (PGC) report. The recoverable resource in these six basins is 74 Tcf (as of December 31,
2000), of which about one-third has been discovered.

Figure 2.3
Principal Producing U.S. Coalbed Methane Basins
and Total Resource
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In the near-term, growth in the coalbed methane resource will depend more on improved recovery of
coalbed methane-in-place. In the early 1990s, less than one-fourth of coalbed methane gas-in-place
in Powder River Basin was expected to be recoverable. Current estimates expect almost
three-fourths will be recovered. If recovery of gas-in-place could average two-thirds in the six
principal producing basins, their recoverable resource could increase 20 Tcf.

Other coalbed methane basins with little or no production today may prove economic. The largest of
these are the Northern Appalachian Basin (77 Tcf), Piceance (99 Tcf), and the Green River Basin
(314 Tcf). Activity exists in all three basins, and it has begun to grow in the Greater Green River
Basin. If even 10% of the coalbed gas-in-place could be recovered, this would be about 50 Tcf.

Western Gulf of Mexico

The “ultimate” gas resource in the Western Gulf of Mexico (offshore Alabama to Texas) has grown
in the last 20 years. While a large part of this growth has been inclusion of gas resources in the
Deepwater (>1,500 feet water depth), the Shelf (<600 feet water depth) resource has also grown.
Figure 2.4 presents the dynamics of the Gulf of Mexico resource estimates for the three estimates.

Figure 2.4
Gulf of Mexico "Ultimate" Gas Resource Dynamics
Resource Depletion vs. Resource Growth
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The PGC estimate of the “ultimate” resource in the Gulf of Mexico resource base “replaced” 91% of
the “depletion” that occurred between 1980 and 2000. Over a 15-year period, the U.S. Government
(USGS in 1979 and MMS in 1994) expanded their resource base almost three times the “depletion”
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that occurred between 1979 and 1994. The base PGC (1980) and U.S. Government (1979) estimates
did not include Deepwater resources, but they did in the later assessments shown in Figure 2.4.

The NPC base (1990) estimate included a substantial Deepwater resource. Seven years later, the
NPC expanded its Gulf of Mexico resource estimate more than four times the “depletion” of the Gulf
of Mexico resource base between 1990 and 1997.

Prospects for continued growth in the Gulf of Mexico resource are good, even on the Shelf
(<600 feet water depth). More than 90% of gas completions on the Shelf are above 15,000 feet, but
significant discoveries have been made below 15,000 feet. Based on onshore observations of
increasing sediment productivity with depth, the gas resource below the 15,000 foot drilling depth on
the Shelf could be substantial. Because deeper drilling on the Shelf has often been quite expensive
and risky, large-scale development of deeper Shelf sediments could depend on new technology.

Continued Deepwater activity should probably lead to upward revisions in the Deepwater gas

resource base, just as activity in the much more heavily explored and developed onshore regions has
continued to expand the onshore resource base over the last 25 years.

Western Canada Resource Dynamics

Figure 2.5 presents the trends in resource estimates used by the National Energy Board (NEB) of
Canada for Western Canada since 1975. These estimates do not include unconventional sources.

Figure 2.5
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“Ultimate” gas resource estimates for Western Canada have grown substantially in the last 25 years.
The most recent estimate of 335 Tcf (1997) is 2.7 times larger than the 1975 estimate and 30% larger
than the 1992 estimate. Canadian discoveries through 2000 are almost 50% higher than the 1975
estimate of the “ultimate” recoverable gas resource and could exceed the 1984 estimate by 2005.

Growth in the “ultimate” conventional Western Canada gas resource could continue. Western
Canadian gas exploration and development activity has been concentrated in the shallower sediments
of Alberta and Saskatchewan. Discoveries in the Fort Liard area (southern Northwest Territories)
and in the deeper sediments of British Columbia and Western Alberta indicate that conventional
activity in Western Canada is shifting to the West and North. The recent large Ladyfern discovery
on the northern British Columbia/Alberta border may be an indicator of future results.

Coalbed methane is a wild card in Western Canada resource prospects. Pilot projects in coalbed
methane have been undertaken, and initial results have been positive. Based on the pilot project
results, PanCanadian is accelerating its coalbed methane activity. Figure 2.6 shows potential
coalbed methane areas in Western Canada and the principal gas pipelines.

Figure 2.6
Potential WCSB Coalbed Methane Regions
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There are four general coalbed methane areas, Shallow Plains, Deeper Plains, Mountains and
Foothills, and other coal areas are scattered throughout British Columbia and North of 60°. The
Shallow Plains and Deeper Plains coals overlap in Central Alberta. Many coalbed methane projects
are active in Western Canada, and four are indicated on the map. The Trinity pilot in the Corbett
field has resulted in a coalbed methane well that showed promise of peaking at 1 MMcf/d.

Coal rank, which is an indicator of coalbed methane potential, increases moving from East to West.
At the same time, the coal resource extends to a greater depth moving East to West. As a result,
while the in-place coalbed methane resource increases moving in a westward direction, greater burial
depths make recovery of a growing share of this resource uncertain.

Coals in the Shallow Plains Area extend from Saskatchewan almost to the Alberta foothills. Gas
contents of these shallow coals are generally less than 50 cf/ton, analogous to Powder River Basin
coals. Three of the four coalbed methane projects in Figure 2.6 are in the Shallow Plains coals.

The Deeper Plains Area coals extend to the Foothills of Alberta and British Columbia. A large part
of this area underlies the Shallow Plains coals. Coal geology appears analogous to Black Warrior
Basin coals. With the greater drilling depths and complex geology, costs of development are likely
to be higher.

The Mountains and Foothills Area has bituminous coals with thickness up to 250 feet and gas
contents often exceeding 200 cf/ton. The significant faulting in this area, however, may reduce gas
recovery prospects in some parts of the area.

In some ways, knowledge of coalbed methane recovery in Western Canada today is comparable to
knowledge in the United States in the mid-1980s before significant production developed. However,
because of production experience to date in the United States, Western Canada coalbed methane
prospects could develop more quickly.

While estimates of coalbed methane gas-in-place in Western Canada range up to about 2,700 Tcf of
gas, a more reasonable estimate at this point in time and technology is about 500 Tcf, about 80% of
which would be in Alberta. The recent NPC study estimated a recoverable coalbed methane
resource in Western Canada of 74 Tcf, at most 15% of the gas-in-place. Based on U.S. experience,
this may be too low a recovery factor. If only one-third of a 500 Tcf resource-in-place is
recoverable, coalbed methane could provide about 150 Tcf of gas resources in Western Canada.

Technology Improvements

New technology has substantially reduced costs and risks associated with the exploration,
development, and production of gas in North America during the 1990s. In addition, new
technology has improved recovery from both conventional and unconventional resources. These
advances have allowed industry to expand exploration in deeper sediments, “maintain” production in
existing fields, and make production of unconventional resources economically attractive.
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The average depth of a lower-48 gas well increased substantially in the 1990s. By the mid-1990s, it
exceeded 6,400 feet, a new record. While the average depth has tailed off since 1997, this reflects
the explosive growth of shallow coalbed activity in Powder River Basin of Wyoming. The average
depth of a lower-48 gas well excluding Wyoming has continued to grow since 1998, exceeding 7,000
feet in 2001.

Success rates have improved substantially in the 1990s, substantially reducing the level of capital
needed to develop new gas wells. Figure 2.7 shows success rates by drilling depth interval for 1988
and 2001. Success rates have improved for all drilling depth intervals, but the most dramatic
improvements are for wells deeper than 10,000 feet. As a result of these improvements, the
potentially rich deeper sediments, which hold the best prospects for large discoveries, now pose less
of a risk to drill than did shallow sediments 20 years ago.

Figure 2.7
U.S. Drilling Success Rates
by Drilling Depth Interval
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In 1988, wells in the 10-15,000 foot interval had an average, reported success rate of 59%, and wells
deeper than 15,000 feet had an average success rate of 53%. In 2001, current data indicate that
success rates for these drilling depth intervals were 86% and 82% respectively.

Improved success rates have been quite pronounced for wildcat wells. Between the mid-1970s and
late 1980s, wildcat success rates were in the 15-20% range. Since 1988, wildcat success rates have
more than doubled. In 2001, they are estimated to exceed 38%. Coincident with the improving
success rates, the average depth of a wildcat well has grown substantially, averaging a record 8,400
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feet in 2001, indicating that exploration of deeper sediments is very attractive. Because deeper
sediments in producing regions have the best prospects for large discoveries, this deepening
exploration activity could lead to growth in “ultimate” gas resource estimates for producing regions.

Frontier Regions

Although the lower-48 and Canada are very heavily explored, frontier regions still exist. Figure 2.8
illustrates these frontier regions. Also shown are Western Canada and the lower-48 Williston Basin
regions, which will be used to benchmark current resource estimates.

Figure 2.8
Lower-48/Canada Frontier and Benchmarking Regions
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While “ultimate” resource estimates for frontier regions are very uncertain, they can be benchmarked
against other relatively well-developed onshore regions using sediment volume yields (MBOE/mi").
Such benchmarking can indicate whether industry activity in these regions might lead to increases in
current estimates of “ultimate” recovery. Because the Williston Basin region in the lower-48 is the
least productive, lower-48 producing region, it provides a benchmark for the conservatism of a
resource estimate.
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Figure 2.9 compares the sediment yield of the Williston Basin to sediment yields of the Offshore
Atlantic and the Eastern Gulf of Mexico. The Williston Basin resource is taken from the 1997 GRI
Baseline Projection; the Offshore Atlantic and Eastern Gulf of Mexico resources from the MMS
estimate as of 1995.

Figure 2.9
"Productivity" of Frontier Lower-48 Regions
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The Williston Basin sediment productivity is three times that of the Offshore Atlantic and six times
that of the Eastern Gulf of Mexico. This ranks the Offshore Atlantic and Eastern Gulf of Mexico
regions as the poorest regions in the lower-48.

The low yields of the two frontier basins imply the absence of giant fields (> 800 MMBOE) that
could serve as an anchor to begin development. Because these are offshore basins, current
“ultimate” resource estimates suggest that their economics are marginal at best. The drilling
moratoria in the Offshore Atlantic and Eastern Gulf of Mexico imply a strong possibility of
significant economic production being developed to the detriment of the environment. This would
not be likely without an “ultimate” resource, an order of magnitude, or larger than current estimates.
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Canadian assessment methodologies generate higher “ultimate” resource potentials for frontier areas,
but these resource potentials still appear quite conservative. Figure 2.10 presents sediment yields of
the four principal frontier Canadian regions. Yields for the Williston Basin and Western Canada are
presented for reference. The Canadian resource estimates are taken from the most recent NEB long-
term energy outlook.

Figure 2.10
"Productivity" of Frontier Canadian Regions
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With the exception of the Mackenzie Delta/Beaufort Sea region, frontier Canada basins look quite
poor compared to Western Canada. In fact, Nova Scotia and the Labrador Shelf have poorer
sediment yields than the Williston Basin, and Newfoundland a sediment yield only slightly larger
than the Williston Basin, although it already has one giant field, Hibernia
(1.2 billion BOE). Given the large discoveries to date in these frontier regions, current estimates of
“ultimate” gas resources will probably grow substantially as industry activity continues.

Prospects for Future Resource Growth

Over the last 20 years, estimates of lower 48 and Canadian gas resources have grown more than the
resource has been depleted. As a result, the remaining resource potential today is much higher than
it was 20 years ago, despite resource depletion.

Prospects for continued growth in “ultimate” resource estimates at or ahead of the depletion of the
resource appear good. Deeper sediments both in the onshore and Gulf of Mexico Shelf provide a
new frontier for exploration and development in the “mature” producing areas. The Western Canada
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“ultimate” resource estimate should also grow substantially once unconventional gas resources are
included. In the lower-48, some new coalbed methane basins may become productive in the coming
decades, and recovery of in-place unconventional resources could continue to improve.

Resource prospects for the lower-48 frontier regions (Offshore Atlantic and East Gulf) could be
significantly larger than current estimates, but industry activity would be needed to demonstrate this.
“Ultimate” resource estimates for frontier regions in Canada also appear understated. Large
discoveries to date in Nova Scotia, Labrador, and Newfoundland are not consistent with regions
whose sediment yields are comparable to or much less than the Williston Basin in the lower-48.

Table 2.1 summarizes the possible growth in “ultimate” gas resource estimates that might develop
over the next 20 years in the lower-48 United States and Canada as a result of industry activity.

Table 2.1
North American Gas Resource Growth Prospects (2000 - 2020)
G{?g;h Comments

Lower-48 Total 500-1,200
Lower-48 Producing 300 - 600

Onshore 200 - 400 CD;zﬁilr?g iwrg?éga‘igzsdh:;% Zzgli?nzﬁgl.diggggghﬁgn Basin is a sleeper.

Western Guif 100-200 | 0 el seciments prove productye.
Lower-48 Frontier 200 - 600

East Gulf 100 - 300 Necessary for East Gulf to be economic

Atlantic 100 - 300 Necessary for Atlantic to be economic
Canada 400 - 900
Western Canada 100 - 300 Alberta/BC more productive thaE Saskatchewan.

Coalbed methane provides 100 Tcf

Sable Island 50 - 150 Based on discoveries to date
Newfoundland/Labrador 150 - 250 Based on discoveries to date
Mackenzie/Beaufort 100 - 200 Based on discoveries to date

While the resource growths appear significant, particularly at the upper end of the range, they are
slower than the observed growth rates of “ultimate” resource estimates over the past 25 years for
most areas. The growth in the lower-48 producing areas of 300-600 Tcf is about a 15-30% growth
over the next 20 years. This growth is not excessive unless the modest activity to date in deep
sediments has effectively identified almost all the significant gas prospects that can be found.

About half of the incremental prospects in the lower-48, however, rely on activity in the Eastern
Gulf and Offshore Atlantic. While future activity might identify such resource prospects, activity in
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these areas will not guarantee that this resource range would actually prove out. These areas may
truly prove to have as few prospects as current estimates indicate. But, then drilling moratoria would
not be necessary because after a few wells, activity would effectively end.

Growth prospects for the “ultimate” Canadian resource are larger than for the lower-48. In Western
Canada, current “ultimate” resource estimates indicate that sediment yields in
Manitoba/Saskatchewan are better than for Alberta/British Columbia, which is not likely to last as
activity moves into the deeper sediments of Alberta/British Columbia and if the coalbed methane
resource proves significant. Sufficient activity has occurred in the frontier Canadian regions to
strongly suggest that current “ultimate” resource estimates are too modest. As industry activity
continues in these frontier regions, substantial upward adjustments to the “ultimate” gas resource are
likely to occur.

Prospects for continued growth in the “ultimate” resource estimates for the lower-48 and Canada are
very good. The critical question is whether the growth in resource expectations can keep pace with
the resource depletion that will occur as a 30 Tcf gas market develops. This question will be
addressed in the following chapters.
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CHAPTER 3

LOWER-48 ACTIVITY
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LOWER-48 ACTIVITY

Introduction

Since 1986, lower-48 gas production has recovered, possibly exceeding 20 Tcf in 2001. The recent
NPC study projected that lower-48 gas production could exceed 26 Tcf by 2015 in its reference case,
and the Department of Energy, Energy Information Administration (EIA) 2002 Outlook projected
that lower-48 gas production could exceed 28 Tcf by 2020 in its reference case.

Recent events, however, have tempered this optimism. Despite surging gas drilling activity, lower-
48 gas production has shown little growth since 1996. This chapter will review long-term trends in
lower-48 gas production, reserves, drilling activity, and the yields of that drilling activity.
Production and reserves data will be discussed on a marketed (wet) basis before extraction of gas
liquids by gas plants outside producing leases. Dry gas production, which is delivered to customers,
1s 95.5% of marketed (wet) gas production (1979 - 2000 average).

Lower-48 Overview

Figure 3.1 allocates lower-48 gas production to gas wells (non-associated gas) and oil wells
(associated gas). Lower-48 gas production peaked at 22.5 Tcf in 1973, with 21% (4.8 Tcf) coming
from oil wells. In 1975, production declined below 20 Tcf and to 16 Tcf by 1986. While production
has recovered since 1986, it has shown little growth since 1996, averaging 19 Tct/yr.

Figure 3.1
Lower-48 Marketed Gas Production
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Almost two-thirds of the 2.8 Tcf decline in gas production between the 1973 and 2000 reflects lower
associated gas production. By 2000, only 15% of lower-48 gas production came from oil wells.
However, with the expected growth in associated gas production in the Deepwater Gulf of Mexico,
associated production might stabilize or even grow in the coming years. Non-associated production
in 2000 was 16.7 Tcf (45.8 Bcf/d), comparable to its 1974 level. Given the growth in gas production
in 2001, lower-48 non-associated production might be the highest since the peak years of 1972-73.

Prospects for future lower-48 gas production will be reviewed in light of trends in gas reserves,
drilling activity, and yields of that activity. Reserves and drilling activity provide an indication of
near-term gas production prospects, and yields of drilling activity an indication of the “costs” to
develop new production.

Lower-48 Reserves

Figure 3.2 presents lower-48 marketed gas reserves since 1966. Gas reserves declined more than
one-third between 1966 and 1976. A modest decline continued into the 1990s, with that entire
decline due to a fall off in oil well reserves. By 1999, only 15% of lower-48 gas reserves were
associated gas, compared to a quarter (24%) in 1966.

Figure 3.2
Lower-48 Marketed Gas Reserves
Tcf Tcf
350 350
300 - + 300
250 -| + 250
200 - + 200
150 - EANBNEE ST RN Ry 150
100 - 100
50 - + 50
0 - -0
1970 1975 1980 1985 1990 1995 2000

| mGas Wells m Oil Wells |

Source: AGA/EIA

On the other hand, non-associated reserves have not declined since 1976. Non-associated reserves
were at their highest level since 1974. A major contributing factor to the stability and growth in
non-associated reserves since 1976 has been coalbed methane production. Currently, 10% (15.7
Tcf) of non-associated reserves and 8% of non-associated production is coalbed methane.
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The RP ratio for non-associated gas has increased since 1996, suggesting additional gas
deliverability might be obtained from current reserves. The RP ratio for non-coalbed methane wells
is comparable to or better than 1976-81 levels, when non-associated production averaged 15.8
Tcf/year, 0.5 Tcf (1.4 Bef/d) more than 2000 non-coalbed gas well production. Thus, non-coalbed
methane gas well reserves might support more than 1 Bef/d of additional non-associated production.

Drilling Activity
Gas drilling activity provides a leading indicator of future non-associated reserves and production.

Figure 3.3 presents gas drilling activity since 1970 allocated to coalbed methane and non-coalbed
methane gas wells.

Figure 3.3
Lower-48 New Gas Wells
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Annual new gas well completions have varied by more than a factor of two over the last 20 years.
Drilling activity surged in 2000, reaching almost 16,000 new gas wells, the fourth highest level ever.
Although drilling activity tailed off in late 2001, the number of new gas wells completed in 2001
probably exceeded 19,000, almost a new record. A major share of this surge was coalbed methane
activity in Wyoming.

Coalbed methane drilling activity became noticeable in the late 1980s as a result of the Section 29
tax credits and technology advances. New coalbed methane well completions peaked at about 1,600
wells/year in 1990-91, but tailed off sharply after 1992 with expiration of the tax credit. By 1995,
less than 200 new coalbed methane wells were completed. Since 1995, coalbed activity has surged
again, exceeding 3,000 wells in 2000 and approaching 4,000 wells in 2001. This growth has
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occurred without the tax credit. While most of this growth has been in Powder River Basin, activity
has also grown in the Uinta (Utah) and the Raton (Colorado/New Mexico) basins.

Non-coalbed methane gas wells have grown since the mid-1980s, but this growth has been slower,
passing through three plateaus. Between 1986 and 1992, reported new, non-coalbed gas well
completions averaged 7,823 wells/year. Between 1997 and 2000, they averaged 10,013 wells/year.
More than 15,000 new non-coalbed methane gas wells may have been completed in 2001.

Reserve Additions Per Well

Figure 3.4 presents yields (reported non-associated reserve additions per new gas well) of industry
activity since 1979. Because of the annual volatility, they are presented on a cumulative four-year
basis. Yields are presented separately for coalbed methane and non-coalbed methane gas wells.

Figure 3.4
Lower-48 Reported Gas Reserve Additions per New Gas Well
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Through the mid-1990s, reported reserve additions per coalbed methane well were comparable to or
better than reported reserve additions per non-coalbed well. This reflected the rich coalbed methane
fairway developed in the San Juan Basin. Since the mid-1990s, however, coalbed methane yields
have dropped substantially, because activity shifted to lower yield-per-well basins (e.g. Powder
River, Uinta, Central Appalachian). Yields of non-coalbed methane gas wells have grown modestly
since the mid-1990s, averaging more than 1.8 Bcf/well between 1997 and 2000.

If yields remain near current levels, 19,000 new gas wells in 2001 could add as much as 25-30 Tcf of
non-associated reserves. As a result, lower-48 non-associated reserves might grow about 10 Tcf in
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2001. This would bring non-associated reserves to their highest level since the early 1970s, when
non-associated production peaked at 17.7 Tcf, 1.0 Tcf higher than the 2000 level.

Implications

From a reserves and yield basis, prospects to maintain or increase lower-48 gas well production
appear good. However, accelerated declines in gas well production since the late 1990s have
increased demand for new gas wells above simple reserves replacement. The incremental demand
for new wells has placed upward pressures on gas prices and will continue to do so until decline
rates stabilize. Once decline rates stabilize, demand for new gas wells should decline to reserves
replacement, reducing upward pressures on gas prices. At current non-associated gas production and
yields, this could be less than 10,000 new gas wells. For non-associated gas production to grow,
reserve additions should probably run at 10-20% above production.

Associated gas production has increased 9% since 1997, largely reflecting development of the oil-
prone Deepwater Gulf of Mexico. While the extent to which this growth will continue is uncertain,
lower-48 production will grow as much as non-associated production over the next few years and
even more if associated production grows.

Regional Production Prospects

Prospects for increased gas production are not uniform across the lower-48. Production will be
reviewed for five regions, Offshore Gulf of Mexico, Onshore Gulf Coast, Interior Southwest, Rocky
Mountains, and the Remaining Lower-48. Figure 3.5 presents the lower-48 regions.

Figure 3.5
Lower-48 Regions
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Gulf of Mexico

Gulf of Mexico production comes from state waters in Alabama, Louisiana, and Texas and the
adjoining Federal Outer Continental Shelf (OCS). No production currently comes from the Eastern
Gulf (offshore Florida). Gulf of Mexico gas production peaked in 1981 at 5.7 Tcf, 30% of lower-48
gas production in that year. Since 1981, Offshore Gulf of Mexico gas production has varied
noticeably, but it has tracked lower-48 gas production closely (28.3% + 1.0% of total production),
regardless of offshore drilling activity and whether there was a “gas bubble” or tight supply.

Offshore Gulf of Mexico has two sub-regions, the Shelf (<200 meters water depth) and the
Slope/Deepwater (>200 meters water depth). The Shelf has both state and federal waters. Slope
production began in 1979, and Deepwater (>1,500 feet water depth) in 1988. Figure 3.6 allocates
gas production to the Shelf and the Slope/Deepwater.

Figure 3.6
Gulf of Mexico OCS Gas Production
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In 1990, almost all (98%) of Gulf of Mexico gas production came from the Shelf and by 2000, only
three quarters (77%) came from the Shelf. Although Deepwater gas production should grow in the
future, prospects for stability or growth in Shelf production are uncertain unless sediments below
15,000 feet prove productive. Substantial development of the deeper sediments, such as the subsalt
play, will probably require advances in drilling and completion technology.
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Figure 3.7 presents the yields of Gulf of Mexico drilling activity on a four-year cumulative basis
since 1979. Because of the growing role of associated gas in the Deepwater Gulf, trends are
presented for reported gas reserve additions per well for gas wells, oil wells, and all wells.

Figure 3.7
Gulf of Mexico Reported Gas Reserve Additions
per New Gas Well
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Yields of new Gulf of Mexico gas wells have declined by almost half in the late 1990s, standing at
7.5 Bcef/well for the 1996 - 2000 period. On the other hand, reported gas reserve additions per new
oil well have more than doubled in the late 1990s, approaching yields of new gas wells. Yields for
all industry activity (oil plus gas wells) in the Gulf of Mexico have declined 22% in the late 1990s.

Unless deeper sediments on the Shelf prove highly productive and can be aggressively developed,
future growth in Gulf of Mexico gas production will depend on the gas reserve additions in the
Deepwater. Because most Deepwater gas reserve additions are likely to be associated gas, future
production in the Gulf of Mexico could increasingly depend on the level of oil drilling.

Lower-48 Non-Gulf of Mexico

Non-Gulf of Mexico regions include the onshore lower-48 and offshore California. During the
1990s, lower-48 gas production increased two Tcf, and all of this growth came from outside the Gulf
of Mexico. About 60% of this growth reflected coalbed methane production, and the rest growth in
non-coalbed methane gas well production. Associated gas production declined in the early 1990s,
but has been stable since 1994.
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Onshore Gulf Coast

The Onshore Gulf Coast region is comprised of South Texas,
South Louisiana, and MAFLA (Mississippi, Alabama, and
Florida). Figure 3.8 allocates Onshore Gulf Coast gas
production to these three regions. Gulf Coast gas production
peaked in 1969 - 1973, averaging 8.6 Tcf per year. When
lower-48 gas production peaked in 1972 - 1973, the Gulf
Coast provided 39% of lower-48 production. When lower-48
gas production declined between 1973 and 1986, most of that
decline occurred on the Gulf Coast. By 1986, only a quarter
(24%) of lower-48 gas production came from the Gulf Coast.

Figure 3.8
Marketed Gas Production
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Tcf Bcf/d
10
. - 25
81 _ & \
_ = N\ - 20
6 N r \\\
N - 15
EE "~
B
4 O
I.I-...-....-Il-l.
24 -5
0 - -0
1970 1975 1980 1985 1990 1995 2000

‘l South Texas B South Louisiana @ MAFLA ‘

Although lower-48 gas production grew after 1986, Gulf Coast gas production continued to decline
to 3.4 Tcf by 1990, down 60% from its 1973 peak, and representing 19% of lower-48 gas
production. Since 1990, however, Gulf Coast gas production has stabilized and grown slightly,
reaching 4.0 Tcf in 2000, 20% of lower-48 gas production.

Most of the Gulf Coast gas production comes from South Texas, and its production has grown one
third since 1990, reaching 2.7 Tcf in 2000, its highest level since 1978. This reflects a return to
near-record gas drilling activity and increased exploration of the largely unexplored sediments below
10,000 feet. Gas production in South Louisiana declined through 1997, but then stabilized following
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a modest recovery in gas drilling activity. Since 1997, South Louisiana gas production has been
stable, averaging 955 Bcf/yr (2.6 Bcef/d). MAFLA gas production has grown less than 10% --
growth in coalbed methane production has more than offset declining non-coalbed production.

Figure 3.9 shows the yields for South Texas and South Louisiana, the principal producing areas of
the Gulf Coast. South Texas yields have grown during the last 20 years, exceeding 2 Bcf/well for
most of the 1990s. Current South Louisiana yields are more than double yields in the early 1980s.

Figure 3.9
Gulf Coast Reported Gas Reserve Additions
per New Gas Well
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At current yields, only about 1,000 new gas wells would be needed to replace gas production in
South Louisiana and South Texas. About 1,700 new gas wells were completed in these two areas in
2001. Therefore, drilling activity in the Gulf Coast area is at a pace that provides a good opportunity
to expand reserves and increase production.
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Interior Southwest

Micg,

The Interior Southwest region consists of the Permian Basin, North
Texas-Louisiana, and the Midcontinent. Figure 3.10 allocates
Interior Southwest gas production to these three areas. Interior
Southwest gas production peaked in 1973 at almost 8.3 Tcf,

"her providing 37% of lower-48 production. While it declined after
orth TexaslLA 1973, the decline was not a severe as on the Gulf Coast. By 1986,
_ _ production was 5.6 Tcf, 35% of lower-48 gas production in 1986.
Permian Basin Production recovered after 1986, reaching 6.4 Tcfin 1994, but it has
fallen back to 5.8 Tcf as of 2000. In 2000, it only provided 29% of
lower-48 gas production.
Figure 3.10
Marketed Gas Production
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The Midcontinent accounts for almost half of the region’s production. When Interior Southwest
production peaked in 1973, the Permian Basin provided 38%, but the Midcontinent only provided a
quarter (27%). Gas production in North Texas-Louisiana has grown substantially since the mid-
1970s, and now produces almost as much gas as the Permian Basin.

The general, long-term trend in Midcontinent gas production has been downward since 1973.
However, the decline in Permian Basin production ended in 1983. Since then, Permian Basin
production has been very stable, averaging 1.6 Tcf/year, although oil and gas drilling activity has
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varied more than a factor of three since 1983. Production in North Texas-Louisiana has grown more
than 50% since 1975, and its non-associated gas production and reserves are the highest ever.

Figure 3.11 shows the yields for the Interior Southwest region and the North Texas-Louisiana part of
the region. Yields almost doubled in the region as a whole after the mid-1980s, and more than
tripled in North Texas-Louisiana. Yields in the Interior Southwest have tailed off since the mid-
1990s, but are still much higher than 15-20 years ago. This decline reflects decreasing yields in the
Midcontinent, which are down almost a third since the mid-1990s. Yields in the Permian Basin have
remained stable since the mid-1980s at about 50% more than 15-20 years ago.

Figure 3.11
Interior Southwest Reported Gas Reserve Additions
per New Gas Well
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Yields in North Texas-Louisiana have remained near or above 1.5 Bef/well during the 1990s. The
higher yields reflect new technology that has improved tight sands recovery from deeper sediments.
The average depth of new gas wells has increased from 5,100 feet in 1977 to 9,100 feet in 2000.
The movement to deeper sediments continued in 2001, with the average depth reaching 9,400 feet.

At current yields, about 2,800 new gas wells would be needed in 2001 to replace gas production in
the Interior Southwest region. More than 4,800 new gas wells were completed in this region in
2001. Therefore, drilling activity in the Interior Southwest area is at a pace to expand reserves and
increase production in the near-term.
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Over the longer-term, yields of gas drilling activity indicate limited prospects for sustained growth in
the region as a whole. Although prospects for long-term growth in North Texas-Louisiana gas
production appear good, declining yields in the Midcontinent indicate limited prospects for stability,
let alone growth in Midcontinent gas production at this time. As a result, growth in North Texas-
Louisiana gas production could continue to be largely offset by declines in Midcontinent production.

The critical uncertainty is the Permian Basin. While gas production in the Permian Basin has been
very stable since 1983, production will probably begin to decline at some point in the next 20 years.
The combination of long-term declines in Midcontinent production and the onset of declines in the
Permian Basin at some point in the future suggest that Interior Southwest production is likely to
decline over the next 20 years.

Rocky Mountains
The Rocky Mountain region extends from Wyoming to Northwest New
Mexico. For more than 20 years, Rocky Mountain gas production was very
stable, averaging 1,154 Bcef/year (3.2 Bef/d). Production in the region almost
tripled since 1988, growing from 1.2 Tcf to 3.3 Tcf in 2000. Production data
to date in 2001 suggest that this growth is continuing. Figure 3.12 allocates
Rocky Mountain gas production to gas, oil, and coalbed methane wells.
Figure 3.12
Marketed Gas Production
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Most of the growth in production since 1988 was due to increased coalbed production, which grew
1.2 Tcf. The rest of the growth came from non-coalbed gas wells.

More than three fourths of Rocky Mountain coalbed methane in 2000 came from the San Juan Basin,
but production began to fall off in 1999. Production from other basins has grown substantially in the
late 1990s, particularly in Powder River and Uinta basins. Production in 2001 is on a pace to grow
more than 300 MMcf/d. The Green River Basin is estimated to contain more than 300 Tcf of
coalbed methane gas-in-place, and development is beginning in these coals. If Green River coals
prove productive, coalbed methane production could grow substantially in the next 20 years.

Non-coalbed methane gas production increased more than 900 Bcef (2.5 Bef/d) between 1988 and
2000, in large part reflecting advances in tight sands technology. Significant non-coalbed methane
prospects, particularly tight sands, remain to be developed in the Rocky Mountains. Further
advances in technology should allow tight sands production to continue to grow.

Figure 3.13 shows the yields for the Rocky Mountain region for both coalbed methane wells and
non-coalbed wells. Yields from non-coalbed methane wells grew during the 1990s, and now exceed
2 Bcef/well, comparable to recoveries in South Texas. Yields of coalbed methane wells peaked in the
mid-1990s at more than 5 Bcf/well, reflecting the success in the San Juan Basin. Yields fell
substantially in the late 1990s, reflecting the growing role of Powder River activity with low
recoveries (more than 3,000 wells in 2000 with an estimated recovery of < 300 MMcf per well).

Figure 3.13
Rocky Mountain States Reported Gas Reserve Additions
per New Gas Well
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Other Non-Gulf Lower-48 Region

The Other Region is the remaining part of the lower-
48, which includes the Appalachian and Michigan
basins, the Northern Great Plains (Montana and the
Dakotas), and California. The sources of production
have changed significantly over the last 30 years. In
the 1960s, most production came from California.
Since the mid-1970s, most production has come from
the Appalachian and Michigan basins. Figure 3.14
presents the trends Other Region gas production.

Figure 3.14
Marketed Gas Production
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The decline in Other Region production in the early 1970s reflected a large fall-off in California gas
production. The recovery in the mid-1970s was principally driven by increased production in the
Michigan and Appalachian basins. Since the mid-1970s, Other Region production has averaged
1,160 Bcf/year (3.2 Bef/d). Production in 2000 grew, principally reflecting a surge in Appalachian
Basin production. Growth has also occurred in Montana, and may continue with coalbed methane
development in its portion of Powder River Basin. Coalbed methane production in the Appalachian
Basin has begun to spread from Virginia into West Virginia. In 2000, coalbed methane production
accounted for 6% of Other Region gas production.
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Figure 3.15 presents the trends in reported non-associated gas reserve additions per new gas well in
the Other Region. Yields have generally moved upward through two plateaus. During the 1990s,
yields averaged 0.7 Bcf/well, almost triple their average through the mid-1980s. While average
yields are the smallest in the lower-48, most producing areas in the Other Region are in consuming
areas. As a result, their gas production receive higher prices than Gulf Coast or Rocky Mountain gas
production. This higher price allows these wells to be economically attractive.

Figure 3.15
Other Lower-48 Basins Reported
Gas Reserve Additions per New Gas Well
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Many of these areas, particularly the Appalachian Basin, have a substantial gas resource potential.
However, much of this resource is in unconventional gas sources, such as tight sands, shale, and coal
seams. Technology advances have opened up new resources in these areas, particularly the Antrim
shale in Michigan and coalbed methane in the Central Appalachian Basin of Virginia and West
Virginia. These areas produced almost 300 Bcf in 2000 (0.8 Bef/d).

Coalbed methane activity in the Montana portion of Powder River Basin may become significant,
with some assessments expecting as much as 1 Bef/d. Canadian companies, who have very
successfully developed the Canadian portion of the Williston Basin in Canada (it is almost three
times more productive than the U.S. portion), are beginning to bring their expertise south.

Finally, some significant discoveries have been made below 10,000 feet in California, and California
gas production has begun to recover as a result of these discoveries. Overall, prospects for stable to
growing production in the Other Region appear good based on resource prospects and gas yields.
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Final Observations

Yields have been quite stable to growing in most regions of the lower-48, with the most notable
exceptions being the Gulf of Mexico Shelf and the Midcontinent. The stability of most yields
support expectations for continued growth in the “ultimate” lower-48 resource expectations
discussed in the previous chapter. The major downward uncertainty is the Gulf of Mexico Shelf. In
this area, stabilization or some modest recovery of production will depend on large volumes of
hydrocarbons existing in the deeper sediment on the Shelf and technology advances to reduce the
cost and risks associated with bringing that deeper Shelf resource to market.

Based on gas yields and reserve additions, lower-48 gas production could grow, if the economics are
attractive. While gas prices are likely to demonstrate real future growth as new natural gas
resources are developed, upward pressures should be gradual (on average) over the long term. In
Fueling the Future, the average price of natural gas at the wellhead grows to $3.60 (19998%) by 2020.
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CHAPTER 4

CANADIAN ACTIVITY
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CANADIAN ACTIVITY

Introduction

Since the mid-1980s, marketed Canadian gas production has more than doubled,