
Chapter 5

Gas Production Potential



Chapter 5

Gas Production Potential
—.. .—

There are a variety of alternative approaches
to estimating the future gas production potential
of the United States, including the use of com-
plex computer programs using econometric, proc-
ess engineering, or system dynamics approaches
to model separately the gas exploration, develop-
ment, and production processes. Although dur-
ing the course of this study OTA examined sev-
eral complex models in detail, we have chosen to
use four relatively simple techniques to project
future production potential. This approach re-
flects the high costs of using the complex models
and some doubts we entertain about the expected
accuracy of these models as forecasting tools.
These doubts do not necessarily extend to the use-
fulness of the models as policy analysis tools;
often, these models offer the valuable ability to
test alternative policies under carefully controlled
conditions. Some of the major natural gas sup-
ply models will be discussed in a background
document to this technical memorandum.

Of the four approaches used by OTA to pro-
ject the mid- to long-term (1990 and beyond) pro-
duction potential for natural gas in the Lower 48
States, three focus specifically on the potential for
continued additions to U.S. proved reserves. The
addition of new reserves to the U.S. gas system
is the primary determinant of future gas availabili-
ty. The importance of new reserves can be illus-
trated quite simply by drawing the production
that would likely result from the failure to add
to reserve levels and reliance instead on current
proved reserves as the sole “inventory” for pro-
duction to draw on (see fig. 17). Assuming a con-
stant reserves-to-production (R/P) ratio of 8.0,
beginning in 1984, production would immediate-
ly begin to drop
2 trillion cubic
century. *

with shocking rapidity to about
feet (TCF) by the end of the

‘Conceivably, the initial reduction in production could be slowed
by drilling additional development wells, effectively lowering the
R ‘P ratio. The end result of this strategy would be, however, an
even more rapid production collapse occurring a few years later than
that shown in figure 17.

Of the three approaches focusing on continued
additions to U. S, proved reserves, the first pro-
jects future reserves by examining historical trends
in all components of reserve additions (new field
discoveries, extensions, new pool discoveries, and
revisions), examining the underlying causes of the
trends, and extrapolating into the future based on
OTA’s expectations of future conditions. In this
extrapolation, we have drawn heavily on the in-
sights gained in our examination of gas resource
base assessments. The second approach projects
only new field discoveries and then applies a
“growth factor” to these discoveries based on
historical experience with the growth of new fields
and OTA’s judgment about how the growth rate
may have changed. The third approach is based
on a geologist’s* region-by-region examination
of available gas resources and past exploratory
success. In all three cases, production rates are

*Joseph P, Riva, Jr., Congressional Research Service
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calculated from reserve data by projecting future
levels of the R/P ratio.

The fourth approach borrows a method used
by M. King Hubbert in 1956, tying future pro-
duction directly to available resources by draw-
ing freeform plots of the complete natural gas pro-
duction cycle in such a manner that the cumula-
tive production conforms to existing resource base
estimates—in this case, to the estimates of Hub-
bert, the U.S. Geological Survey (USGS), and the
Potential Gas Committee (PGC).

In each of the four approaches, ranges of pro-
duction potential are estimated based on alterna-
tive assumptions about the magnitude of the re-
source base, efficiency of the exploratory process,
and other factors.

OTA’s use of four approaches, and alternative
assumptions within the approaches, reflects our
skepticism of our own and others’ ability to pro-
ject future gas production rates with any preci-
sion. A “most likely” or “best” projection was
deliberately avoided because we believe that such
a projection, beyond 5 years or so into the future,
would be futile. Our purpose in this section is to
illustrate the plausible range of possible future
production rates and the general effects on pro-
duction estimates of different interpretations of
the causes of past trends and different assump-
tions about future conditions. The first approach
is our slight favorite, but only because its level
of disaggregation forces the analyst to deal more
explicitl y with the underlying causes of past
events. This approach is discussed in the greatest
detail.

At the end of the chapter, a variety of gas pro-
duction forecasts by public agencies, private com-
panies, and institutions are presented and dis-
cussed.

APPROACH NUMBER I—PROJECTING TRENDS IN THE
INDIVIDUAL COMPONENTS OF RESERVE ADDITIONS

The first approach separately projects trends Factors Affecting New Field Discoveries
in reserve additions from new field discoveries,

The rate of annual additions to reserves fromnew pool discoveries and extensions, and revi-
sions.

new field discoveries depends on a variety of fac-
tors, but most importantly on:

New Field Discoveries

The discovery of gasfields represents the single
most important force necessary for building a sus-
tainable natural gas supply because a new gasfield
not only adds to current reserves but also pro-
vides a source of considerably larger additions to
future reserves through field growth after the
discovery year. Reserve additions attributable to
extensions and new pool discoveries and, to an
extent, to revisions, are all, in fact, the inevitable ●

consequence of previous new field discoveries.
Therefore, if new field discovery rates increase or
decrease, then at some point in the near future,
reserve additions from extensions and new pool
discoveries will almost certainly increase or de-
crease in a like manner.

The undiscovered resource base. — T h e
physical nature of the resource base—includ-
ing the amount of resources remaining to be
found, the distribution of field sizes, the loca-
tions of fields, the distribution of types of
geological traps (more or less difficult to pin-
point with available exploration techniques),
and other physical attributes— is considered
by some to be the single most important de-
terminant of future new field discoveries.
Exploration technology.—The rapid advance
of exploration technology, e.g., computer-
aided seismic technology, affects drilling suc-
cess rates and, consequently, overall discov-
ery rates. Also, technological improvements
have opened up to commercial exploitation
some areas whose complex geology had pre-
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viously prevented acceptable success rates.
Consequently, these improvements have ex-
panded the recoverable resource base. De-
velopment of the Western Overthrust Belt is
an important example of this effect.
Drilling and production technology.—Im-
provements in production technology}? create
an expanding recoverable resource base and,
in turn, an increase in targets for the drill.
For example, massive hydraulic fracturing
technologies allow exploitation of fields in
sands of low permeability that previously
would have been subeconomic. Improve-
ments in offshore drilling technology allow
exploitation of gasfields in deeper and more
hostile waters.
Current and perceived future gas prices and
other economic variables. — Such variables
affect the propensity to drill and determine
where to draw the line between a produci-
ble well and a dry hole. In some cases, the
higher prices allow the use of well-stimula-
t ion techniques that would otherwise be too
expensive, allowing successful production to
be achieved from a well that would other-
wise have had too low a flow rate. Addition-
ally, the minimum acceptable reservoir size
for production has grown smaller. The rela-
tive prices of gas and oil are important also
because these will determine whether drill-
ing will be preferential y aimed at targets
where gas or oil are more likely to be found.
Schedules, financial terms, and other aspects
of leasing. —These also determine the number
of attractive targets available for exploratory
act iv i t y.
Industry willingness to take risks.—All of the
above factors and others play a role in deter-
mining the propensity of the exploration seg-
ment of the industry to assume the risks of
wildcat drilling in unproved areas where
much of the gas resource potential is thought
to exist. Because this type of drilling often
involves hostile environments and large cap-
ital requirements, much of this drilling is the
domain of the major integrated oil companies
and the large independents. Consequently,
those factors that strongly affect the cash
flow, capital availability, and economic in-
centives for this group of companies are par-

ticularly likely to affect the industry’s pro-
pensity for risk-taking.

● Historic prices and exploratory experi-

ence. —There always exists an inventory of
new field prospects known to explorers
through past exploratory activities but un-
drilled or (in the case of “dry holes” ) uncom-
pleted because of economic conditions or the
availability of more promising prospects else-,
where. The key determinants of the size and
character of this ink’enter]’ are past explora-
tory experience and price profiles. The nature
of the inventory is, in turn, an important de-
terminant of new field discovery rates in the
short-term, especially during the period fol-
lowing a change in price levels or regulatory
controls.

Historical Variation of New Field Discoveries

During the 14 years of American Gas Associa-
tion (AGA) data availability,* the annual addi-
tions of new field discoveries in the Lower 4 8
States have remained fairly steady, if somewhat
cyclic, varying between a high of 2.9 TCF and
a low of 1.3 TCF. (See fig. 18, which also shows
the Energy Information Administration (EIA) data
for 1977 to 1981. ) Since 1967, the last year in
which AGA estimated that total reserve additions
exceeded product ion, the average of new field
discoveries has been 2.0 TCF. Similarly, nonasso-
ciated new field discoveries have been equally
steady, with a 14-year average of 1.7 TCF. Con--
sequently, new field discoveries played a surpris-
ingly small direct role in annual reserve additions
during this period; * * they averaged less than 20
percent of all annual additions from new discov-
eries and extensions and never exceeded 25 per-
cent in any year.

Although the reserve additions reported as new
field discoveries remained steady during this
period, the size distribution of the fields dis-
covered did not. As shown earlier in table 12, the
average size of new gasfields became considerably
smaller (reported year-of-discovery reserves of

*.4ctuall\’,  ACA  has compiled reser~’e add]t][)n~  data since 1Q47,
but on]}’  began separate}’ estimating new tield dl~co~’erles  In 1 Q07

‘ ‘ C l e a r l }  the} d]d  not pla}’ a small Inci]rect role s ince man} of

the neti p~)~)l disc[lveries  and extens]<lns in this pericd  repre~ented
de~’elopment (It the [lelds d]w(lvered  earl ]er In the period
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Figure 18.–Additions to Lower 48 Natural Gas Proved Reserves: New Field Wildcat Discoveries, 1966-81 (BCF)
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SOURCES: Office of Technology Assessment, based on data from Energy Information Administration, U S. ~hde C L Natural  Gas, ar?d  Natural Gas Liquids Reserves-1967
Armua/ Rt?port, DOE/ElA4216  (61), August 1982 and American Petroleum Institute, American Gas Association, and Canadian Petroleum Association, Reserves
of Crude Oil, PJatura/  Gas Liquids, and Natural Gas in the  United  States and Carrada  as of >ecem w 3” 1979, VOI 34, June 1980

1.85 billion cubic feet (BCF) per successful new
field wildcat in 1979 v. 18.56 BCF per successful
new field wildcat in 1966). Furthermore, the lower
average did not imply only a reduction in discov-
eries of giant fields; although this did occur,
another change involved a very large increase in
the number of very small class E fields* brought
into production.

Because of the smaller size of newly discovered
fields, a steady expansion of successful explora-
tory wells was required just to maintain the rather
low annual discovery rate of the period. For ex-
ample, completions of new field (gas) wildcats in
the onshore Lower 48 increased from 126 in 1968
to 671 in 1979. Because of the substantial improve-
ments in success rates (see fig. 13) for all new field
wildcat drilling (from 8.5 percent in 1968 to 19.0
percent in 1980), however, actual drilling rates did
not have to increase in proportion to the rate of
completion. From a low of 4,463 wildcat wells in
1971, drilling reached 6,413 wells in 1979 and
8,052 in 1981.

The more recent (1977 to 1981) EIA new field
discovery data fig. 18) show considerable year-
to-year variation with no apparent trend and are
made even more difficult to interpret because of
the break with the AGA data series. However,
the EIA estimates of new field discoveries were
higher during 4 of the 5 years of record than any
AGA-recorded discovery rate from 1966 to 1979.
Of interest is the source of these discoveries. Al-
though areas like the Western Overthrust Belt and
deep Anadarko Basin have been in the forefront
of media coverage, most new field discoveries
continued to come from more traditional gas-
producing areas -- onshore and offshore (Gulf of
Mexico) Louisiana and Texas. For example, dur-
ing both 1980 and “1981 these two States provided
two-thirds of the total magnitude of reserve
additions from new field discoveries in the
Lower 48. 

*Class E fields contain less than 6 billion cubic teet of recoverable
gas.

2U. S. Crude Oil, hat ural Gas, and Natural Gas Liquids Reserves,
1980 and 1981, EIA Annual Reports, DOE/EIA-021680 and 81, OC-
tober 1981 and AuHuL.t  1982.
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Implications

The following key issues pertaining to new field
discoveries remain essentially unresolved:

Ž Can the 1968-79 trend in new field discov-
eries—essentially a steady cycling around an
average of 2 TCF/yr or so—be continued
well into the future? If optimists about the
gas resource potential of small fields are cor-
rect, a continuing strong exploratory drill-
ing effort should be able to maintain this level
for a number of years. If the pessimists about
small fields—and about the remaining re-
source base in general—are correct, reserve
additions from new field discoveries might
drop within a few years.

● Do the higher EIA estimates of 1977-81 new
field discoveries represent an actual increase,
or are they the result of the change in report-
ing methodology? Does the EIA methodol-
ogy place more of a newly discovered field’s
ultimate reserves into the first-year reserve
estimate, leaving less room for secondary (ex-
tension and new pool wildcat) discoveries?
If the EIA values represent a true increase in
new field discovery rates, the sustainability
of a high rate (perhaps 3.5 TCF/yr) of new
field discoveries would seem to depend either
on the availability of new giant fields or on
extremely high rates of exploratory drilling
and the availability of massive numbers of
small fields, supported by either or both
strong price incentives and continued im-
provements in exploration technologies (es-
pecially in terms of lowering the cost of
detailed geological surveys).

The comparison of the three overlapping years
of EIA and AGA data in figure 18 is tantalizing
because the difference between the two data sets
is considerably smaller in 1979 than in 1977 and
1978, and the EIA methodology changed in 1979.
Some analysts have chosen to use AGA data un-
til either 1978 or 1979, and EIA data thereafter,
assuming that the two series are essentially con-
tinuous. However, the coincidence between the
1979 EIA and AGA estimates for new field dis-
coveries may be an accident; the two data sets
differ considerably for all of the other reserve ad-
dition categories in 1979.

The failure to resolve the above issues implies
that a credible range for future new field discovery
rates would be quite wide. Although defining the
range is a matter for subjective judgment, OTA
would put the range at about 1.5 to 3.5 TCF/yr
for the next 10 to 15 years, assuming that ex-
ploratory drilling remains active for the period. *
The range for the next 2 or 3 years should be nar-
rower, however, perhaps 2.0 to 3.5 or 2.5 to 3.5
TCF/yr. The reasoning for these judgments is as
follows:

●

●

●

The high end of the range for the immediate
future is based on the distribution of new
field sizes. Because the current high discovery
rate has not depended on discovering giant
fields—notoriously erratic occurrences—but
on employing a very large number of explo-
ration teams to discover many medium-sized
and small fields, the physical ability of the
system to maintain its recent new field dis-
covery rates should logically be quite high
unless the gas “bubble’ ’-and the current
slump in drilling and all other exploratory
activity—continues.
To obtain the lower end of the 10- to 15-year
range, we assumed that the 1970’s AGA data
more accurately reflect the likely future and
that continuing resource depletion will lead
to poorer prospects and a slump from the
average of 2.0 TCF/yr during that period.
Also, it was assumed that the major reasons
for the higher EIA values are methodological
and do not reflect an actual increase over
discovery rates reported by AGA. Conse-
quently, the 1.5 TCF/yr reflects AGA con-
ventions and probable followup field growth.
The discovery levels actually recorded b y
EIA would be expected to be higher than this
value, but the reserve growth caused by ex-
tensions and new pool tests would then be
lower than would be predicted by pre-EIA
historical experience.
The higher end of the lo-year range assumes
that the EIA data accurately reflect a major
upward shift in the finding rate (volume of

● Drilling is now in a substantial slump. The ranges of reserve ad-
ditions discussed here would be unrealisticall y high if the current
“bubble” in gas deliverability y and the related difficulties in marketing
new gas were to continue,
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gas discovered per unit of exploratory activi-
ty). Additionally, it is assumed that con-
tinued improvements in exploration and pro-
duction technologies allow further increases
in finding rates and/or that exploratory drill-
ing rates are increased. This end of the range
is alined with a large resource base.

Extensions and New Pool Discoveries

As already noted, a new field is generally not
sufficiently defined in its year of discovery to
allow the “new field discoveries” portion of re-
ported reserve additions to represent all or most
of the actual recoverable resource in that field.
In the years following discovery, additional ex-
ploratory wells are drilled to delineate the full ex-
tent of the resources present in the field. Wells
that probe the boundaries of reservoirs or fields
in order to establish their productive area are
called extension wells or extension tests. Wells that
search for additional reservoirs within already
discovered fields are called new pool tests or new
pool wildcats. The reserve additions from exten-
sion wells and new pool wildcats represent the
results of a secondary or followup discovery proc-
ess for new fields.

Factors That Affect Extensions
and New Pool Discoveries

As with new field discoveries, the major deter-
minants of extensions and new pool discoveries
are the magnitude and nature of the “target” (in
this case, not the undiscovered recoverable re-
source base, but only that portion of the remain-
ing resource associated with discovered fields), the
technology available to find the gas, and the na-
ture of the incentives to drill:

● The target. —The “resource base” for exten-
sions and new pool discoveries is the inven-
tory of discovered but incompletely deline-
ated fields. Limited data from the late 1960’s
and 1970’s indicate that the major part of new
field growth has occurred within the first 5
years after discovery. Consequently, unless
incentives for gasfield development are
lacking, * the magnitude of extensions and

*The current gas “bubble” provides a disincentive for field
development.

●

new pool discoveries should be strongly and
positively tied to recent new field discoveries.
Additionally, measures that increase current
new field discoveries should soon lead to in-
creases in extensions and new pool discov-
eries as the new fields are further developed.

Aside from the total gas volume repre-
sented by the “target,” that is, the inventory
of discovered fields, the geological charac-
teristics of the fields will also play an impor-
tant role in determining future extensions and
new pool discoveries. For example, older
fields that were incompletely developed be-
cause a substantial portion of their in-ground
resource was subeconomic* at the time of dis-
covery are now good targets for new explor-
atory efforts. The size and complexity of
newly discovered fields will partially deter-
mine the relationship between the initial year-
of-discovery reported reserves and the later
extensions and new pool discoveries that
signify further development of the fields.
Because the discovery wells of smaller, less
complex fields can generally “prove” a high
percentage of their total resource, these fields
may offer less opportunity for this later de-
velopment than was the case with the gen-
erally large, complex fields of earlier decades.
Technology. —The same technological fac-
tors that affect new field discoveries affect
extensions and new pool discoveries. Com-
puter-assisted seismic technology is con-
sidered especially important in allowing ex-
tension wells and new pool tests to be drilled
with high success rates. Fracturing technol-
ogies, by opening up previously uneconomic
reservoir margins and tight reservoirs in
already discovered fields, expand the target
resource available.

Advancements in exploratory technology
have other, varied effects, however. For ex-
ample, advanced seismic techniques, by of-
fering a highly accurate picture of the poten-
tial of new fields shortly after discovery, may
encourage a larger proportion of the ultimate
recoverable gas to be drilled and “proved”
in the initial year-of-discovery, leaving less
room for followup discoveries. Advanced

● Because of the small size or low permeability of the reservoirs
or the low quality of the gas.
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seismic techniques also may help compress
the remaining field delineation into a shorter
span of time, leading to increases over ex-
pected levels in extensions and new pool
discoveries* for a few years after discovery
of the field, followed by a later decrease in
expected levels of these reserve additions.

Historical Variation of Extensions
and New Pool Discoveries

Figure 19 and table 16 illustrate the variation
of extensions and new pool discoveries** in the
Lower 48 States from 1966 to 1981. Extensions

● That is, increases over the discovery rates projected by using
historical data.

● *As noted previously, new pool discoveries are reported as “new
reservoir discoveries in old fields” in the AGA and EIA reserve
reports.

have consistently played the major role in total
reserve additions. After declining in the mid to
late 1960’s, they remained stable around 6,000
BCF/yr from 1969 to 1976 and began to move up-
wards thereafter. As with the other categories of
reserve additions, the shift to EIA data compli-
cates an interpretation of the past few years. Ac-
cording to that data, however, extensions b y
themselves produced reserve additions of 10 TCF
in 1981, equaling or surpassing  total reserve ad-
ditions in most years of the 1970’s.

Some of the underlying causes of these trends
may be understood by examining the trends in
extensions of individual PGC reporting areas.3 Ex-
tensions tend to be concentrated in only a few of

~From R. Nehring, “Problems in Natural Gas Reserve, Drilling,—
and Discovery Data, ” contractor report to OTA, 1983.

Figure 19. —Additions to Lower 48 Natural Gas Proved Reserves: Extensions
and New Pool Discoveries, 1966-81 (BCF)
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Table 16.—Additions to Lower 48 Natural Gas
Proved Reserves: Extensions and New Pool

Discoveries 1966-81 (BCF)

New pool
Year Extensions discoveries Total

1966 . ....8,767 3,110 11,877
1967 . ....9,472 2,420 11,892
1968 . ....7,037 1,426 8,463
1969 . . . . . 5,800 2,043 7,843
1970 . ....6,146 3,363 9,509
1971 . ....6,375 3,361 9,736
1972 . ....6,154 3,096 9,250
1973 . ....5,931 1,970 7,901
1974 . ....5,693 1,952 7,645
1975 . ....5,926 1,649 7,575
1976 . . . . . 5,337 1,994 7,331
1977 . . . . . 6,569 (8,056)’ 2,144 (3,301) 8,713 (1 1,357)
1978 . . . . . 6,720 (9,582) 1,964 (4,277) 8,684 (13,859)
1979 . . . . . 7,112 (8,949) 1,690 (2,566) 8,802 (1 1,515)
1980 . . . . . (9,046) (2,577) (11,623)
1981 . . . . . (10,485) (2,994) (13,429)
‘The values in p’renrfleses are from EIA data; all other values are AGA rese~e

data.

SOURCE. Energy Information Administration, U.S. Crude 0//,  Natural  Gas, and
Natura/  Gas Liquids  Reserves— 1991 Annua/  Report, DO13EIA4216  (61),
August 1962; and American Petroleum Institute, American Gas Associa-
tion, and Canadian Petroleum Association, Resewes  of Crude 0//,
~atura/ Gas Liqu/ds,  and  Natural  Gas in the United  States  and Canada
as of December 31, 1979, vol. 34, June 1960

these areas. Before 1968, field growth (primarily
in relatively deep fields) in the Permian Basin pro-
vided a major fraction of total U.S. exten-
sions—e.g., 43 percent in 1966. A sharp decline
in Permian Basin reserve growth in 1968 was the
primary reason for the general decline in exten-
sions at the same time. The increase in extensions
nationwide, beginning in 1977, resulted primari-
ly from increases in:

●

●

●

●

Western Overthrust Belt development;
development of the deep Anadarko Basin;
tight gas sand development in northeast
Texas, Arkansas, and Louisiana; and
Texas gulf coast development, including off-
shore fields, the South” Texas Lobo Trend,
and tight sands in the Austin Chalk.

Implications

Although the shift in data collection from AGA
to EIA complicates interpretation, the sum of ex-
tensions and new pool discoveries has apparent-
ly been increasing from about 1976 to the present.
In the AGA data, however, the increase only takes
these “followup” discoveries back toward the
levels achieved during the brief surge in new pool
discoveries that occurred in the early 1970’s. The

EIA data show a considerably higher level of “fol-
lowup” discoveries at about the levels that AGA
estimated for 1966 and 1967.

In order to understand the recent variations in
extensions and new pool discoveries, it is generally
necessary to track the new field discoveries that
serve as the “inventory” for the secondary ex-
ploration process. There is no obvious trend in
the national new field discovery pattern (fig. 18)
that would explain the recent higher level of sec-
ondary discoveries; AGA new field discovery data
in the period immediately before this apparent
surge in secondary discoveries show no similar
increase. Consequently, in order to understand
fully the causes of the recent surge, it probably
is necessary to undertake a detailed examination
of data at the level of individual fields. This is
beyond the scope of OTA’s study. However, some
reasonable hypotheses can be fashioned based on
the available data.

One possible explanation for the recent in-
creases in extensions and new pool discoveries is
that the increment over “normal” levels represents
the delayed development of fields discovered earli-
er but not developed for economic reasons. The
dip in new pool discoveries from about 1973-76
(fig. 19), which occurred despite an earlier period
of steady new field discoveries that normally
should have maintained steady levels of extensions
and new pool discoveries, supports this explana-
tion.

Some field-specific data also support a “delayed
development” cause for part of the increases. For
example, recent extensions in the Austin Chalk
fields in southeast Texas appear to be tied to old
fields that were marginally economic when dis-
covered and had never undergone major develop-
ment before recent price increases encouraged a
reexamination. Because these fields were not
“new,” recent discoveries were probably recorded
as extensions and new pool discoveries, even
though there was little in the way of previously
recorded new field discovery “inventory” to trace
as the statistical cause of these secondary discov-
eries.

Similarly, another of the areas providing a sub-
stantial fraction of the increased extensions—the
Western Overthrust Belt—probably also followed
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a delayed pattern of development. In this area,
there was little incentive to delineate immediate-
ly the first new fields discovered because there was
no means to transport the gas. Consequently, a
substantial inventory of new fields could have
built up until a point was reached where it became
clear that the area contained sufficient reserves
to justify a pipeline. Attaining this level of reserves
would have introduced an incentive for field de-
lineation, and secondary exploration would have
then proceeded to cause a surge in extensions.

An additional cause of the recent higher re-
corded levels of secondary discoveries could be
an acceleration in the pace of field-size delinea-
tion and development. Such an acceleration
would result in the field size growth that in the
past might have been spread out over a 60-year
span being compressed into a shorter time period,
with higher levels of annual reserve additions dur-
ing this shorter period. Accelerated field size
growth would be an expected consequence of
higher gas prices, although the recent problems
of reduced gas demand would tend to have the
reverse effect, that of slowing down the pace of
growth.

To summarize, two possible causes for recent
increases in extensions and new pool discoveries
are an accelerated field development pace and the
delayed development of earlier new field discov-
eries whose development was (at least in part) in-
itially uneconomic. If these are indeed the primary
causes of the increases, this has important implica-
tions for future reserve additions. First, the faster
pace of development means that fewer opportu-
nities for field growth will be available in the later
years of development; this should tend to decrease
future reserve additions unless the rate of new field
discoveries increases. Second, unless additional
opportunities for growth from older fields are
available, this source of “inventory” for extensions
and new pool discoveries is unlikely to allow con-
tinuation of the currently high-reported levels of
reserve additions. Although continuing techno-
logical advances and future gas price increases
could offer some potential for sustaining reserve
additions from older fields, the actual potential
for reserve additions from this source is contro-

versial. * In any case, most of any additional
reserve growth from older fields seems likely to
be attributed to infill drilling and other causes that
will be reported as positive revisions rather than
as extensions and new pool discoveries.

Recent and future discoveries of new fields still
provide the primary source of inventory for future
extensions and new pool discoveries. Consequent-
ly, future reserve additions from extensions and
new pools depend heavily on the meaning of the
sharply higher levels of new field discoveries
reported during 4 of the past 5 years by EIA. As
discussed in the “New Fields” section, OTA sus-
pects that part of the reason why EIA’s compila-
tion of new field discoveries is substantially
greater in magnitude than the levels shown by
AGA is that the EIA data captures some of the
reserves that AGA would have reported as sec-
ond-year extensions, new pool discoveries, or
positive revisions. If this is correct, the “growth
factor” that should be applied to EIA’s new field
discovery data to account for field growth after
the year of discovery will be smaller than the
growth factor applicable to AGA data. For this
reason, we do not believe that continuation of
high levels of extensions and new pool discoveries
is probable under current conditions.

Aside from the effects of the change in report-
ing, there are other reasons to believe that future
levels of extensions and new pool discoveries may
drop, First, much of the field growth in the past
has come from the giant fields that took years to
develop. A large percentage of recent new field
discoveries, however, are small, class E (less than
6 BCF of recoverable gas) fields that will require
little additional exploratory drilling past the in-
itial wildcat. Second, the suspected acceleration
in the pace of field development implies that some
of the development that might in the past have
taken place in the second year (and that would
have been reported as extensions and new pool
discoveries) now takes place in the first and will
be reported as part of the “new field discoveries”
reserve additions. Finally, the high- capital re-
quirements for developing new fields in hostile
environments—an increasing part of the remain-
ing resource—demand a more thorough initial

‘As discussed in ch. J “New G,IS  From old Fit’]ds.

., 1. — -J : Q - q -. — >
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estimate of reserves, possibly leading to lower
(statistical) growth later on.

To conclude, OTA does not believe it is likely
that recent reserve additions from extensions and
new pool discoveries of 12 to 14 TCF/yr will be
sustained in the future even if the gas “bubble”
ends and its negative effects on drilling cease. In-
stead, we project a range of 6 to 11 TCF/yr as
an average over the next 10 to 15 years, except
that for 1983-85 we project a range of 8 to 12
TCF/yr. The sole possibility of a higher long-term
rate of reserve additions from this source lies with
the discovery of several new, complex, super giant
gasfields with large growth potentials; however,
this possibility appears low.

Revisions

Revisions indicate changes in the volume of
proved reserves that result from new information
gained by drilling and production experience and
corrections made to earlier estimates during the
reporting year.

The AGA and DOE/EIA reporting of revisions
is not identical because EIA has a separate cate-
gory of “adjustments and corrections” that in-
cludes adjustments for changes in data samples,
corrections of reporting errors, inclusion of late
responses, and other factors. Theoretically,
AGA’s revisions should be equivalent to the sum
of EIA’s revisions, adjustments, and corrections.
However, the data-gathering and analysis meth-
ods used by the two surveys are radically differ-
ent, and their reserve and reserve addition esti-
mates in the 3 years of overlap do not show good
agreement. Consequently, they are not equiva-
lent, although in displaying historical trends AGA
revisions will be compared to EIA revisions plus
adjustments and corrections.

Factors Affecting Revisions

Generally, revisions occur because of uncertain-
ty associated with estimating the extent of the
underground reservoir rock within a trap, the por-
osity and permeability of that rock, water satura-
tion, pressure, and other physical reservoir char-
acteristics that affect the cumulative volume of
production over the life of the reservoir. Revisions

tend to be a “catchall” category of reserve addi-
tions and deletions, and the many sources of revi-
sions are difficult to separate out of the data.
These sources include:

1.

2.

3.

4.

5.

6.

7.

new knowledge gained by normal develop-
ment drilling and production experience
(e.g., changes in reservoir pressure-decline
trends that indicate that earlier estimates
were incorrect);
numerical errors in the original compilation
of reserve estimates;
discoveries for which reporting had been
delayed;
development drilling on a closer spacing that
“discovers” new reserves; *
changes in production economics that lower
or raise the abandonment pressure of a reser-
voir or that allow or prevent the use of well-
stimulation techniques that increase recovery
efficiency;
knowledge gained from extension tests that
indicate a decrease in the estimated proved
area of a reservoir or field (an increase would
be recorded as an extension); and
miscellaneous statistical corrections and ad-
justments to the data.

Sources 2, 3, and 7 are considered “Adjustments
and Corrections” by EIA and are reported sepa-
rately.

Historical Variation of Revisions

From 1966 to 1981, net revisions were easily
the most volatile of any of the four types of re-
serve additions. In the data reported by AGA for
the contiguous 48 States, revisions varied from
i-6,256 BCF in 1967 to –3,546 BCF in 1973. In
the EIA data for the same area, revisions plus
adjustments and corrections varied from – 2,911
BCF in 1977 to +4,346 BCF in 1981. Consequent-
ly, the year-to-year changes in revisions were the
primary determinant of the year-to-year changes
in gross reserve additions during the past 16 years.
As shown in figure 20, a series of substantial posi-

‘New reserves “discovered ‘ by a devel{}pment  we]]  w[luld be
recorded as a revision ii the gas is located  in a poc Let within the
established boundaries of a reservc~ir yet is phy~icall>’  isolated  tr(~m
the reservoir’s main clralnage  sy~tern and  WOLI1(I  not otherwiw be

prOcluceL1.
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Figure 20.— Additions to Lower 48 Natural Gas Proved Reserves: Revisions As Reported,a 1966-81 (BCF)
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tive revisions in the mid-1960’s changed to net
negative revisions in almost every year in the
1970’s, particularly in the onshore contiguous 48
States. As discussed later, understanding the role
of these revisions is important in interpreting re-
serve changes during this period.

The largest negative revisions in the 1970’s were
reported in onshore south Louisiana and Texas
Railroad Commission Districts 1, 2, 3, 4, and 6.
Together, they contributed a total of over 30 TCF
and proved to be remarkably persistent, continu-
ing throughout the 1970’s in both the AGA and
EIA data. They were concentrated in older fields
that had been producing for one to three decades
before the revisions began.

The negative revisions in these six areas appear
to be causally related to a situation that encour-

aged optimism in reserve calculations. During the
1930’s, 1940’s, and 1950’s, exploration for natural
gas in and adjacent to the gulf coast was highly
successful. As a result, much more gas was dis-
covered than could be produced, given the small
size of the national natural gas market at the time.
The transmission companies, having contracted
for reserves with a productive capacity substan-
tially exceeding what they could market, devel-
oped a system for prorating production among
operators on a basis of remaining reserves (i. e.,
the larger an operator’s reserves, the more gas the
transmission companies would buy). This created
a strong incentive for the operators to provide the
most optimistic estimates of reserves they could
justify. By 1970, following years of increasing pro-
duction and gradual depletion, the operators were
beginning to realize that reserves were overstated.
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The size, timing, and geographic distribution of
the reported negative revisions that followed
depended primarily on when each major operating
company recognized the problem and how they
decided to revise their estimates downward,
choosing to take them all at once or spreading
them out over several years.4

Implications

An argument can be made that the historical
record, erratic as it seems, supports the idea of
generally positive revisions in the long-term. This
is based on the view that the large but localized
negative revisions of the 1970’s appear to have

far more positive. 5 For example, if the gulf coast
revisions were subtracted from the total Lower
48 revisions, as shown in figure 21, the “amended
revisions” would appear to support a projection
of positive future revisions. On the other hand,
an examination of the sources of revisions indi-
cates that extreme caution should be used in fore-
casting the direction of future revisions.

Of the seven sources of revisions listed previ-
ously, the second and seventh are essentially ran-
dom. The others either will always yield positive
revisions, will always yield negative revisions, or
may have a bias in one direction or the other. The
first source, drilling and production experience,

ended. The trends in revisions for
side the source area for the negative

— . .  ..—
‘Ibid,

Figure 21.— Additions to Lower 48

the areas out- would be random if there were no incentives to
revisions seem be either pessimistic or optimistic in reserve

5T. J. Woods, “On Natural Gas Trends, ” Gas Research Institute,
1982; “R. Nehring, contractor report to OTA, op. cit.
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calculations. However, the requirement to raise
capital for field development or to meet minimum
reserve requirements for a new pipeline are power-
ful incentives for optimistic reserve estimates. A
tendency toward optimistic estimates would result
in mostly negative revisions from drilling and pro-
duction experience. The large negative revisions
of the 1970’s in the gulf coast and adjacent prov-
inces appear to have resulted from just such a
tendency.

The fifth source, changes in production eco-
nomics, also could be random in that gas prices
could rise faster (yielding positive revisions) or
slower (negative revisions) than the costs of
operating fields and enhancing production. Al-
though rigid price controls or the competition of
low-priced alternative fuels could conceivably
lead to negative revisions from this source, it
seems more likely that most such revisions would
be positive, especially if gas becomes scarcer. In
support of this argument, the growth in reserves
attributed to well reworking, infill drilling, and
lowered abandonment pressures—growth that
would be reported as positive revisions—is seen
by some analysts as an extremely important com-
ponent of future reserve additions (see ch. 4, sec-
tion on “New Gas From Old Fields”).

Of the remaining sources of revisions, the third
and fourth will always yield positive revisions,
and the sixth always will yield negative revisions. *

The confusing mix of “positive,” “negative,”
and “random” sources of revision make it ex-
tremely difficult to predict how revisions will
behave in the future. Also, revisions data do not
indicate which previous years’ data are being
revised. Consequently, it is difficult to know the
causes of past revisions—a necessary prerequisite
for intelligent forecasting. For these reasons, some
analysts disregard revisions entirely in their trend
analyses and implicitly assume they will not be
a significant component of future reserve addi-
tions.

A reasonable range of average yearly revisions
for the next 10 to 15 years appears to be O to 2

‘The sixth, knowledge gained from extension tests, yields only
negative revlslons  because an increase in reserves caused by this
~ource would be reported as an extension

TCF/yr, with the positive tendency based on
OTA’s belief that there may be some significant
potential from the growth of older fields due to
lowered abandonment pressures, infill drilling,
and the like.

Reserves= to= Production Ratio

Because the reserves-to-production ratio (R/P)
measures the rate at which gas is produced from
discovered reservoirs, it represents the analytical
link between projections of new discoveries and
forecasts of gas production.

Factors Affecting R/P

At the level of the individual production firm,
the selection of a production rate—and, conse-
quently, the selection of the R/P—represents an
economic tradeoff between the cost of drilling ad-
ditional wells and installing additional gas-gather-
ing and processing facilities (i. e., the cost of in-
creasing production), on the one hand, and the
cost of holding reserves in the ground, on the
other, Consequently, factors such as exploration
and development costs, present and expected fu-
ture gas prices, and interest rates all affect the
R/P. For example, increases in current prices will
theoretically lead to faster production, while ex-
pectations of real increases in future prices can
cause production to be delayed.6

In oil production, it is well known that too fast
a production rate—too low an R/ P—can cause
a premature decline in production and a loss of
potentially recoverable reserves. For example, in
a reservoir whose pressure is supplied mainly by
water that displaces the oil as it is produced (a
“water-drive” reservoir), an overly rapid rate of
production can cause the encroaching water to
flow around less-permeable sections of the reser-
voir, leaving behind the oil in these sections.
When the water reaches the well, the added costs
of water separation and disposal can cause pre-
mature abandonment.7 

‘Douglas Bohl and Michael Toman,  “Understanding Nonrenew-
able Resource Supply Behavior, ” Sciertre,  VO]. 219, Feb. 25, 1983.

“I>. A. StocLil  (cd.}, Our lndustrj  Petroleum (London: British
Petroleum Co.  ltd., 1977).
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Because gas flows more easily than oil, there
is far more leeway in gas production, and pro-
duction rates frequently can vary over a wide
range. There are, however, the same kinds of
physical limits to gas production as to oil produc-
tion, Although some loss of ultimately recoverable
gas from the well may be acceptable to the pro-
ducer in exchange for a more rapid payback (from
the higher flow rate), the potential for large losses
will serve to limit flow rates.

Aside from the obvious economic factors and
physical limitations to avoid resource loss, several
other factors affect R/P:

●

●

Technology. —The major technology affect-
ing R/P may be rock-fracturing methods.
The use of massive hydraulic fracturing and
other fracturing techniques can open up low-
permeability rock and cause marginal wells
with low-flow rates to become rapid produc-
ers. The availability of sophisticated seismic
exploratory techniques has reduced overall
drilling costs—enhancing the incentive to
drill additional wells to expand produc-
tion—by increasing the success ratio; it also
has helped improve the placement of success-
ful wells to maximize production.
Geology. —The rate of gas flow is directly de-
pendent on the permeability of the gas reser-
voir formation and on its pressure and
thickness. Although fracturing can partly
compensate for low permeability, wells in
tight gas formations generally produce much
more slowly than do wells in more permeable
rock because the fractures do not reach all
of the tight reservoir rock. Similarly, gas in
deep over-pressure formations will for short
periods of time produce far more rapidly
than in shallow, low-pressure formations;*
in fact, the high pressures in such formations
have caused severe technical problems in
fields such as the Fletcher Field in southwest-
ern Oklahoma, where wells and drilling
equipment have been destroyed by failure to
control the enormous pressures built up deep

—
● However, once the “propping effect” of the gas under pressure

is removed by partial production, the permeability of the reservoir
may be reduced to “tight-gas” levels, and productions will slow.

underground. 8 Also, field size distributions
may affect R/P because smaller fields, which
will be of increasing importance in future
reserve additions, may be produced faster
than large, complex fields.
Field Maturity. —Early in a field’s lifetime,
R/Ps are typically very high because the ma-
jor focus is on reserve delineation rather than
development; during this period, pipeline and
gas-processing capacity may be nonexistent
or minimal and markets may be undevel-
oped. As pipeline capacity is added and sales
contracts signed, the R/P will decrease rapid-
ly. As the field tends toward depletion, the
R/P may rise again as gas pressures drop and
as drilling gravitates to the marginal, low-
permeability formations. However because,
the R/P will equal 1.0 in the last year of a
field’s production, the R/P will decrease dur-
ing the very last years of the field.
Conservation Regulations. —Some gas-
producing States directly regulate produc-
tion-related variables such as well spacing
and flow rates. These regulations are in-
tended to promote efficient development of
reserves to prevent loss of ultimate recovery.
Their origin lies in the disruption caused by
the discovery of the east Texas field in 1930
and the large oversupply and resulting waste-
ful gas-production practices that followed. ’
Market Demand. —When the market is
demand-limited (deliverability exceeds de-
mand), as it is today, the R/P no longer pro-
vides a measure of gas-production capacity.
Low demand can raise the R/P.
Reserve Requirements. —The substantial cap-
ital requirements of gas transmission and
distribution systems has led the transmission
and distribution companies as well as Gov-
ernment regulatory agencies to pursue long-
term contracts requiring high R/P’s and high
reserve requirements for pipeline approvals.
These requirements do not apply, however,
to mature areas where pipeline capacity is
already in place.

“’Fletcher Area Underscores Perils in Deep Gas Reservoirs, ” Oil
and Gas Journal, Feb. 7, 1983, p. 25,

‘R.  E. Megill,  An introduction to Exploration  Economics (Tulsa,
Okla..  Petroleum Publishing Company, 1971).
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Historical Variation of R/P*

The early years of gas discovery in this coun-
try were marked by lack of a gas-distribution net-
work, substantial discoveries of gas as a low-
valued or even unwanted byproduct of oil ex-
ploration, and the eventual discovery of enor-
mous reserves (e. g., the 1922 discovery of the
giant Hugoton field in Kansas) that overwhelmed
existing demand. The combination led to very
high R/Ps in the 1920-40 period, followed by an
era of continued decline.

In the early years of the post-World War II
growth, as new pipeline systems were constructed,
previously unproductive proved reserves were de-
veloped. This activity increased the level of pro-
duction without adding substantially to the vol-
ume of proved reserves, thus lowering the R/P.
Later in the 1960’s and 1970’s, when the natural
gas market had become supply constrained, pro-
duction was again maintained by further develop-
ment and a lowering of the R/P. At this time,
however, the ability to obtain greater production
from a given volume of proved reserves was im-
proved by a geographical shift in production to
the Gulf of Mexico and encouraged by economic
changes that favored more rapid extraction rates.

The decline in R/P from 1946 to 1981 for the
Lower 48 States is shown in figure 22. The AGA
data cover the period 1946 through 1979, while
DOE EIA includes only the 5 years from 1977
through 1981. * *

The AGA data show strong year-to-year de-
clines in the R/P over virtually the entire 34-year
period of available data. Recently, the rate of
decline eased from an average of over 0.8 per year
between 1966 and 1974, to an average of 0.5 per
year during the 1975-79 period. DOE/EIA esti-
mated dry gas data show a further easing of the
decline rate to about 0.2 per year between 1977
and 1981.

Currently, the lowest R/P for the nonassociated
gas of a major producing State is 6.6 in Louisiana.

‘ Based <~n  Jensen Associates, Inc., Understanding Natural Gas
Suppl}r  ~n the U. S., April 1983, contractor report to OTA

● ‘These displayed ratit~~ are developed using the year-end reserves
estimate tor the year prior to the production period This approach
to calculating the R P stems from a bellef that production  in a given
year is more Ilkely to be representat  l;’e of reserves that are available
at the beglnnlng  t~f the year

Figure 22.— Reserve-to-Production Ratios
for Natural Gas in the Lower 48 States

Year
SOURCE Off Ice of Technology Assessment based on data from Energy  Infer

matlon  Adml  ni st rat!on,  U S Crude 0(/, Nafura/  Gas and  Na(ura/  Gas
LIqJIds Reserves— 7981 Artnua/  Reporl.  DOEIE!A-0216 (81) August
1982, and American Petroleum Institute, American Gas Assoclat!on
and Can ad Ian Petroleum Assoc!at!on  Reserves o‘ Crude 0(/  Natural
Gas Liquids, and Natural  Gas Irr the  Urr/fed  Stat~s  and Canada as of
December 31, 1979 VOI 34, June 1980

The lowest R/P for any geographical subdivision
published by the 1981 DOE/EIA reserves report
was a 4.0 for the State domain of the Texas off-
shore. The total Texas and Louisiana offshore,
representing 33 percent of Lower 48 State produc-
tion, stood at 6.5 in 1981. With the Gulf of Mex-
ico excluded, the balance of the Lower 48 States
had a 1981 R/P of 9.8. Contrasting strongly with
the lower R/P’s of the gulf coast would be that
of 17.2 for the heavily depleted reservoirs of Kan-
sas and 20.1 in Wyoming, where field develop-
ment for newly discovered reserves was incom-
plete in 1981.

Implications

These examples of R/Ps for different areas of
the United States during 1981 may indicate that
the Lower 48 State R/P could move further down-
ward in future years if gas supplies were found
in areas with combinations of high-reservoir per-
meabilities and economics that favor extensive
field development. * This is in fact what happened

—
* Sc~me  opinion exists, howeter, that some of the lower  R 1)s are

due to underreporting of reserves rather than to extremely rapid
production It true, this might Indicate  less potential for iurther
lowering the national R P
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throughout the 1970’s as the Gulf of Mexico
became an increasingly large component of the
total supply. Between 1973 and 1981 the gulf’s
share of production grew from 20 to 33 percent.

An additional factor that might tend to push
the R/P downwards is a continuation of current
discovery trends towards smaller field sizes. It is
widely believed that smaller fields will be delin-
eated, developed, and produced over shorter pe-
riods of time than was historically the case with
the mix of field sizes discovered until now.

On the other hand, some factors could cause
the R/P to reverse and begin to climb upward.
Future production trends may tend to increase the
shares of gas from tighter, lower permeability res-
ervoirs and other sources more expensive to de-
velop, which could lead to slow rates of produc-
tion from proved reserves. For example, both the
deep Tuscaloosa trend and the Western Over-
thrust Belt are expected to have relatively high
R/Ps; field development and gas-processing costs
for these areas are too high to allow rapid deple-
tion at current gas prices .10 In addition, the R/P
might tend to increase if future reserve additions
were below annual production rates because the
production capability (as a percentage of remain-
ing reserves) of reservoirs tends to decline with
their age, * and a rate of reserve additions that is
below replacement levels will lead to an increas-
ing average age for U.S. gas reservoirs .11

It is important to note that the balance between
demand and supply will also play a critical role
in determining the R/P. Because the purpose of
this evaluation is to examine the potential for gas
supply if gas is highly sought after, gas produc-
tion—and, consequently R/P—is assumed to be
based on a supply-limited situation.** This situa-
tion would tend to intensify the incentives to de-
velop fields rapidly and to maximize production
(minimize R/P). Rapid field development should

IOE F Hardy and C. p. Neil],  testimony to the Subcommittee. .
on Fossil and Synthetic Fuels, Committee on Energy and Commerce,
U.S. House of Representatives, June 1, 1981.

*Up to a point. During the last few years of a reservoir’s life, its
RP must decrease because, in the last year, it will be 1.0. The last
year’s production will use up the entire remaining reserve.

1‘Ibid.
● *That is, a situation where additional supplies at prevailing prices

would be easily absorbed.

not be expected, however, if the current gas “bub-
ble” of oversupply continues. In this case, field
development and production are likely to be
slowed.

In conclusion, expected R/Ps in 15 to 20 years
may range from values below today’s levels—per-
haps 7.0, or even somewhat lower—to levels
slightly higher than today’s—perhaps 9.5. Part of
the future trend will be caused by the geologic
nature of new discoveries and their geographic en-
vironment. These factors can be manipulated
somewhat but are more likely to be imposed by
the random success of future exploration. Because
the R/P is also strongly affected by the willingness
to drill development wells and to take other (ex-
pensive) production-enhancing measures, large in-
creases in gas prices would tend to drive the R/P
down to its lower limit. The lower value obvious-
ly can occur only with high gas demand, an as-
sumption of this study. If gas demand were poor,
the R/P could exceed 9.5 for a while. Eventual-
ly, however, the lack of exploration incentives
would move proved reserves back into balance
with production requirements.

Production Scenarios

Table 17 summarizes the ranges of reserve ad-
ditions and R/P’s projected for Lower 48 natural
gas development, Tables 18 and 19 present pro-
duction and reserves projections that represent the
two extremes of the ranges in table 17. The first
projection assumes an optimistic exploration
future and rapid production of newly found
reserves—predicated upon high gas prices, high
demand, and an avoidance of large reserve addi-
tions in low-permeability areas that are hard to
develop rapidly. The second projection assumes
low finding rates and an increase in low-permea-
bility reserves where production rates are limited.
Because each projection represents a convergence
of events of relatively low probability—e.g., the
lowest rates of new field discoveries, extensions
and new pool discoveries, zero revisions, and an
upturn in R/P—the projections should be viewed
as approximately bounding the range of produc-
tion and proved reserve levels, rather than as iden-
tifying likely values.
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Table 17.—Summary of Projections of Components of Reserve Additions and R/Ps
New field discoveries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1983-85 2.0-3.5 TCF/yr

1986-2000 1.5-3,5 TCF/yr
Extensions and new pool discoveries. . . . . . . . . . . . . . . . . . . . . 1983-85 8.0-12 TCF/yr

1986-2000 6,0-11 TCF/yr
Revisions, ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1983-2000 0-2.0 TCF/yr
R/P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2000 7,0-9.5

Scenario 1A: reserve additions. . . . . . . . . . . . . . . . . . . . . . . . . 1983-85 17.5 TCF/yr
1986-2000 16.5 TCF/yr

R/P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2000 7.0

Scenario 1B: reserve additions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1983-85 10.5 TCF/yr
1986-2000 7.5 TCF/yr

R/P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2000 9.5

SOURCE OffIce  of Technology Asses~ment
—

Table18.— Lower 48 States Natural Gas Production and Reserves 1981-2000 (in TCF)
SCENARIO 1A: Optimistic Exploration, Rapid Production

Year Production Reserve additions Proved reserves R/Pa

1981 (actual). ,, . ., .....,.., ,.. 18.5 21.5 168.6 9.0
1982 (approximate). . . . . . . . . 17.3 19.2b 170,7 9.75
1983 ..,..,, . . 18.0 17,5 170,2 9.50
1984, . . . . . . . . 18.9 17,5 168,8 9.0
1985 . . . . . . . . . . . . . . . . . . . . . . . . . 19.2 17.5 167.1 8.8
1986 . . . . . . . . . . . . . . . . . . . . . . . . . 19,4 16.5 164.2 8.6
1987 . . . . . . . . . . . . . . . . . . . . . . . . . 19.3 16.5 161.4 8.5
1988 . . . . . . . . . . . . . . . . . . . . . . . . . 19.5 16,5 158,4 8.3
1989.., . . . . . ., . . . . . 19.6 16,5 155,3 8.1
1990 . . . . . . . . . . . . . . . . . . . . . 19.4 16,5 152.4 8.0
1991 . . . . . . 19,3 16.5 149.6 7.9
1992 . . . . . . . . . . . . . . . . . . . . . . . . . 19,2 16.5 146.9 7.8
1993, ..,..,.., . . . 19,1 16.5 144.3 7.7
1994 . . . . . . . . . . . . . . . . . . . . . . . . . 19.0 16.5 141.8 7.6
1995 . . . . . . . . . . . . . . . . . . . . . . . . . 18.9 16,5 139.4 7.5
1996 . . . . . . . . . . . . . . . . . . . . . . . . . 18.8 16.5 137,1 7.4
1997., . . ..., . 18.8 16.5 134.8 7.3
1998., . . . . . ..., . . . . . . . . . 18.7 16.5 132.6 7,2
1999 . . . . . . . . . . . . . . . . . . . . . . . . . 18,7 16.5 130,4 7.1
2000 . . . . . . . . . . . . . . . . . . . . . . . . . 18.6 16.5 128.3 7,0

Cumulative production after 1982 = 342.4 = 44% of USGS remaining resource.

aRIP calculated by dvldlng previous year’s (yearend) reserves by production in the Ilsted  year
bAmerlcan  Gas Assoclatlon  “Preliminary Flndlngs  Concerning 1982 Natural Gas Reserves:’  EnergyAna/ys[s,  Apr 29, 1983

SOURCE OffIce  of Technology Assessment
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Table 19.–Lower 48 States Natural Gas Production and Reserves 1981-2000 (in TCF)
SCENARIO 1 B: Pessimistic Exploration, Slowed Production

Year Production Reserve additions Proved reserves R/Pa

1981 (actual). . . . . . . . . . . . . . . . . .
1982 (approximate). . . . . . . . . . . . .
1983 . . . . . . . . . . . . . . . . . . . . . . .
1984 .., . . . . . . . . . . . . . . . .
1985 . . . . . . . . . . . . . . . . . . . . . . . . .
1986 . . . . . . . . . . . . . . . . . . . . . . . . .
1987 . . . . . . . . . . . . . . . . . . . . . . . . .
1988 . . . . . . . . . . . . . . . . . . . . . . . . .
1989, . . . . . . . . . . . . . . . . . . . . . . . .
1990 . . . . . . . . . . . . . . . . . . . . . . . .
1991 . . . . . . . . . . . . . . . . . . . . . . . . .
1992 . . . . . . . . . . . . . . . . . . . . . . . . .
1993 . . . . . . . . . . . . . . . . . . . . . . . . .
1994 . . . . . . . . . . . . . . . . . . . . . . .
1995 . . . . . . . . . . . . . . . . . . . . . . . . .
1996 . . . . . . . . . . . . . . . . . . . . . . . . .
1997 . . . . . . . . . . . . . . . . . . . . . . . . .
1998 . . . . . . . . . . . . . . . . . . . . . . . . .
1999, .....,.., . . . . . . . . . . . .
2000 . . . . . . . . . . . . . . . . . . . . . . . . .

18.5
17,3
18.0
18.1
16.9
16.4
15.4
14.6
13.8
12.9
12.4
11,8
11,2
10.8
10.5
10,0
9.8
9.5
9.2
9.0

21.5
19.2b

10.5
10.5
10.5

7.5
7.5
7.5
7.5
7,5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5

168.6
170.7
163.2
155.6
149.2
140.3
132.4
125.3
119.0
113.6
108,7
104.4
100.7
97.4
94.4
91.9
91.9
87.6
85.9
84.4

9.0
9.75
9.50
9.3
9.2
9.1
9.1
9.1
9.1
9.2
9.2
9.2
9.3
9.3
9.3
9.4
9.4
9.4
9.5
9.5

Cumulative production after 1982 = 230 TCF = 300/0 of USGS remaining resource.
aR/p  calculated by dlvldlng previous  years (yearend) reserves by production In the listed  Year
bAmencan  Gas Assoclatlon  Prelrmlnary  Flndlngs  Concerning 1982 NatLral  Gas Reserves, Ener9YArra/Ysls  W 29 1983

SOURCE OffIce  of Technology Assessment

APPROACH NUMBER 2–PROJECTING NEW POOL DISCOVERIES,
EXTENSIONS, AND REVISIONS AS A SINGLE GROWTH FACTOR

The preceding approach is designed to allow
a projection of future gas reserves based on
separate estimates of new field discoveries, exten-
sions, new pool discoveries, and revisions. An
alternative method is to project only new field dis-
coveries and apply a “growth factor” to these dis-
coveries that combines the effects of the other
three categories of reserve additions.

USGS has used afield-growth approach to cal-
culate the amount of gas remaining to be dis-
covered in the inventory of identified fields.12 In
that application, a curve was constructed that ales-
cribes the reserve growth in initial discoveries that
occurs after the year of discovery, averaged over
all discovered fields nationwide and over 9 of the
14 discovery years where appropriate data were
available (1966-79). This curve, illustrated in
figure 23, shows a 60-year growth in reserves to
about four times the initial (discovery year) esti-
mate of gas volumes discovered. The curve shows
that most of this growth occurs in the first 5 years

———
“U.S.  (kological Survey Circular 860, app. F.

Figure 23.—The Growth of Year-of-Discovery
Estimates of the Amount of Recoverable Natural

Gas Discovered in the Lower 48 States

after the discovery year. In the USGS calculation,
the curve was applied to the initial discoveries
reported in every discovery year, assuming that
reserve growth patterns of recently discovered
fields would be the same as the patterns of much
older discoveries. The gas volumes calculated in
this manner—gas that is difficult to classify as



discovered or undiscovered—are called “inferred
reserves” by USGS.

This method may be extended to project how
the first-year estimates of reserve additions from
future new field discoveries will grow in the years
following the discovery year. However, certain
adjustments have to be made. First, a growth fac-
tor calculated by tracking “initial discoveries” data
must be increased if it is to apply directly to new
field discovery data. This is because the discovery
data13 includes not only new field discoveries, but
also “certain hydrocarbon accumulations which
are significant from the standpoint that advances
in exploration technology resulted in the discovery
of such reservoirs."14 Consequently, the year-of-
discovery values are larger than those of “new
field discoveries, ” and the later expansion is lower
because some technology-based expansions are ex-
cluded. Adjusting the calculated growth factor to
account only for growth of new fields may raise
the factor by about 20 percent.

Second, for the method to be credible, the as-
sumption that the historical growth curve will
continue to be valid must be relaxed somewhat.
Many of the factors affecting the growth of re-
coverable reserves in newly discovered fields have
changed; consequently, it appears likely that the
growth curve has changed as well. The develop-
ment of a credible forecasting procedure depends
on defining a new curve or family of curves that
logically fit these changed conditions.

Table 20 lists the arguments—some specula-
tive—that support an increase or decrease (over
historical levels of field growth) in the ultimate
magnitude of reserve growth in new fields. *

USGS’s estimate is not the only available esti-
mate of field growth. Table 21 presents three other
estimates, with ultimate growth ranging from 3.5
to 6.3 times the initial year-of-discovery estimate.

Table 20.—Argumentsa for the Question, “Will
the Reserve Growth in New Fields Be Larger or

Smaller Than the Growth Recorded in Previously
Discovered Fields?”

A. New fields will grow more
1.

2.

Recent increases in real gas prices are leading to
greater recovery factors for gasfields—from closer
spacing of development wells, extensions into less-
permeable margins of reservoirs, exploitation of
smaller pools, lowering of abandonment pressures, and
reworking of older wells. Together, they increase the
ultimate recovery (reported cumulative production at
field abandonment).
The historical growth factor does not accurately reflect
the actual field growth. The large negative revisions
in onshore south Louisiana and Texas have artificial-
ly depressed reported field-growth rates, Because
these revisions were due to a unique set of circum-
stances, they are unlikely to recur, and reported growth
rates should increase.

B. New Fields Will Grow Less:
1.

2.

3.

4.

5.

Part of the reason that the levels of new field discover.
ies reported by EIA were higher than those reported
by AGA during the 3 years the two reports overlapped
is probably that EIA reported reserve additlons during
the discovery year that AGA did not report until the sec-
ond year, Therefore, when ElA-reported trends are used
to project future new field discoveries, the growth fac-
tor used should be smaller than the historical average,
which was derived from AGA data
The historical growth factor was derived from data
developed during a time when giant gasfields domi-
nated gas reserves, Giant fields with multiple pools
take many years to develop and are generalIy believed
to have greater relative growth than small fields. Pres-
ent and future field sizes wiII be smalIer and should
be expected to have smalIer growth factors and faster
development,
Improvements in seismic and other exploration tech-
nology, as well as in reservoir engineering, allow
clearer initial delineation of field boundaries and other
field characteristics and more accurate first-year re-
serve estimates, This should leave less room for
growth.
Increased gas prices have led to acceleration of field
development. Some of the development that might pre-
viously have taken place i n the second year now takes
place in the first year and IS reported as part of the ini-
tial new field discovery reserve data
High capital requirements to develop new fields in
hostile environments—an increasing feature of today’s
resource base— require a more accurate first-year
estimate of reserves, leading to lower “growth” later
on.-——-——

a Some of I hese arguments are s pec u I at tve For e x arn ple, I r) B 1 OTA has not
determ(  n e d  t h e  c a u s e  o f  t h e  AGA/EIA  dlfferenr es  n  r e p o r t e d  new f!eld
d iscove r ies

S O U R C E  Office o f  T e c h n o l o g y  A s s e s s m e n t

In order to use the “growth-factor” approach
to project future gas production, Jensen Associ-
ates, Inc., an OTA contractor, constructed a sim-
ple model that applied growth curves similar to
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Table 21 .—Alternative Estimates of Growth Factors
for Initial Reserve Estimates for Gasfields

Author Suggested growth factors

1. USGS (Root) (1981) . . 4.0, all fields
2. Haun (1981) ... . . 4.0, fields younger than 48 years

5.0, fields older than 48 years
3. Hubbert (1974) . . . . . 3.5, all fields
4. Marsh (1971) . . . . . . . . 5.0, fields younger than 28 years

6.3, fields older than 28 years
1 D H Root, “Es~matlon of Inferred Plus Indicated  Reserves for the United

States, ” app F In G L Dolton,  et al , Estlrnates  of Urrdlscovered  Recoverable
Converrf~orra/ Resources of Oi/ and Gas ~rr fhe Un/fed  Sfafes,  U S Geological
Survey Circular  660, 1981

2 J D Haun, “Future of Petroleum Exploration In the United States, ” AAPG
Bu//ef~n 656(10), 1981

3 M K Hubbert “U S Energy Resources, A Review as of 1972, ” S Res 45, ser
No 93.40  (92.75), Committee on Interior and Insular Affairs, U S Senate 1974.
cited In Haun,  ibid

4 G R Marsh, “How Much 011 Are We Really Flndlng  “ 0//  and Gas Journa/.  Apr
5, 1971, cited In Haun,  op clt

SOURCE Office of Technology Assessment

that in figure 23 to both known fields and to pro-
jected levels of new field discoveries. A growth
curve that reached a factor of 4.0 in 60 years was
applied to all pre-1982 discoveries, while curves
with 30-year growth periods were applied to dis-
coveries from 1982 on. The period of 30 years was
selected to reflect OTA’s belief that the pace of
field development has quickened. The choice is
a guess because data sufficient to calculate a new

timetable are not available. The uncertainty in the
ultimate value for the growth factor is reflected
in a range of values from 3.0 to 5.0. In OTA’s
opinion, 5.0 represents an optimistic upper-bound
on future growth in new fields.

Tables 22 through 24 present the results of three
scenarios representing the search for reasonable
upper- and lower-bounds on future gas produc-
tion. * For each scenario, the “growth-curve”
methodology was applied only to nonassociated
gas. Associated gas was projected separately by
applying a gas-to-oil production ratio of 1.3 MCF
per barrel of crude oil to the EIA’s 1981 oil pro-
duction forecast. 16

..—
*The production projections in the three tables should be viewed

as s] ightly  pessimistic. This is because they are based on projected
1982 nonassociated  reserve additions of 8.7- 10.2 TCF,  whereas
preliminary reports (based on the annual reports  clf the major oil
and gas companies ) indicate that actual 1 Q82  add i t ions may ha vc
been significantly higher, perhaps as high as 15 or 16 TCF.

IOU, S, Department of Energy, 1 ~81 Annual  Repc)rt  to Congress,
VOI, 3, p. 62.

Table 22.–Lower 48 States Natural Gas Production and Reserves, 1982-2000 (in TCF)–
Scenario 2A: Very Optimistica

Total gas Nonassociated gas Assoc./dissolved.- — —
Year product ion Product ion Reserve additions Proved reserve R/P gasb production

1982 . . . . . . . . . . . . . . .
1983 . . . . . . . . . . . . . . .
1984 . . . . . . . . . . .
1985 . . . . . . . . . . .
1986 . . . . . . . . . . . .
1987 . . . . . . . . . . . . . .
1988 . . . . . . . . . . . . . . . . . . .
1989 . . . . . . . . . . . . . . . . . . . .
1990 . . . . . . . . . . . . . . . . . . .
1991 . . . . . . . . . . . . . . . .
1992 . . . . . . . . . . . . . . . .
1993 . . . . . . . . .
1994 . . . . . . . . . . . . . . . . . . . .
1995 . . . . . . . . . . . . . . . . . . . .
1996 . . . . . . . . . . . . . . . . . .
1997 . . . . . . . . . . . . . . . . . . .
1998 . . . . . . . . . . . .
1999 . . . . . . . . . . . . . . . . . . . .
2000 ... . . . . . . . . . . . . . . .

18.7
18.2
18.0
18.0
18.3
18.6
18.9
19,3
19,5
19,7
19,8
19.8
19,7
19,6
19.3
19.1
19.0
18.8
18.7

15.7
15.3
15.2
15.2
15.5
15.8
16.2
16.5
16.8
17.1
17.3
17.3
17.2
17.2
16.9
16,8
16.6
16.5
16.4

10.2
11.7
13.0
14.8
15.5
15,8
15,9
16,0
16.0
16,1
16,2
16,2
16,3
15,3
15.4
15.4
15.4
15.5
15.5

132.8
129.2
127.0
126.6
126.7
126.6
126.3
125.7
124.9
123.9
122.8
121.7
120.8
119.0
117.4
116.0
114.8
113.8
112.9

8.8
8.7
8.5
8.3
8.2
8.0
7.8
7.6
7.5
7,3
7.2
7.1
7.1
7.0
7.0
7.0
7.0
7.0
6.9

3.0
2.9
2.9
2.8
2.8
2,7
2,7
2.7
2.7
2.6
2.6
2.5
2.5
2.4
2.4
2.4
2.3
2.3
2.3

Cumulative production after 1982 = 342.4 TCF = 44°/0 USGS remaining resource.
Note Rows and columns may not add exactly due to rounding

—.
aAssumpt Ions Nonassoclated gas new field discovery rate = 3,000 BCF/yr

Growth factor = 50
Addltlonal growth from price rises for old gas = 1000 BCF/yr  from 1985 to 1995

bAssoclated/d,  ssolved  gas—gas found In the same resewolr  with oil

SOURCE Jensen Associates Inc contract submission to the Of ftce of Technology Assessment, 1983
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Table 23.— Lower 48 States Natural Gas Production and Reserves, 1982-2000 (in TCF)—
Scenario 2B: Pessimistica

Total gas Nonassociated gas
Year

——
product ion Product ion Reserve additions Proved reserve RIP

1982. , . 18.7 15.7 8.7 131,3 8.8
1983 . . . ... 18,0 15.1 8.4 124.6 8.7
1 9 8 4  ., ., 17.4 14,6 8.3 118.4 8.5
1985 ,.. . . . . . . 16.9 14,1 8.3 112,6 8.4
1986 . . . . . . . . . 16,4 13.6 8,2 107.2 8.3
1987 .. ..,.., 15.9 13.2 7,6 101.7 8.1
1988 ., ., : : : : : : : : : 15.4 12.7 7.6 96.6 8.0
1989 . . . . . . . . . . . . 15,0 12.3 7,7 92.0 7.9
1990 ., . . . 14.6 11,9 7,7 87.7 7.7
1991 . . . . . . 14.2 11,6 7.7 83.8 7.6
1 9 9 2 13.8 11.2 7.7 80.3 7.5
1993 . . . . . . 13,4 10.9 7,7 77.1 7,4
1994 . . 13.0 10,5 7.7 74.4 7.3
1995 . . . . . . . . 12.6 10,2 7.2 71.4 7.3
1996 . . . . . . . . 12,2 9.8 7.2 68.8 7.3
1997 . 11.8 9.5 7.1 66.5 7,3
1998 ..,,.., . . . . . . . . 11,5 9.2 7.1 64.4 7.2
1999 . . . . . . . . . . . 11,2 8.9 7.1 62.6 7.2
2000 . . . . . . . . . . 11.0 8.7 7.1 61.0 7,2

Cumulative production after 1982 = 254 TCF = 330/0 USGS remaining resource.
Note Rows and columns may not add exactly due to rounding
aAssumptlons  Nonassoc,ated  gas new fle(d discovery rate 1,500 BCF/yr

Growth fac tor  40
Add!tlonal  growth f r o m  prrce rrses for old g a s  5 0 0  BCF/yr from 1985 to 1995

bAs~oc,ated dissolved gas–gas found In the s a m e  reservo!rwlfh ol(

S O U R C E  Jensen Assoc ia tes  Inc contract submlss!on to the Offlceof T e c h n o l o g y  A s s e s s m e n t ,  1 9 8 3

Assoc./dissolved
gas b production

3.0
2.9
3.0
2.8
2.8
2,7
2,7
2.7
2,7
2,6
2.6
2.5
2,5
2.4
2.4
2.4
2.3
2,3
2.3

.

Table 24.–Lower 48 States Natural Gas Production and Reserves, 1982-2000 (in TCF)–
Scenario 2C: Very Pessimistica

Total gas Nonassociated gas Assoc./dissolved
Year production Production Reserve additions Proved reserve R / P  g a sb p r o d u c t i o n

1982 . ....;.... . . . . . 1 8 . 5–  – 15.5 8.7 131.3 8 . 9  – 3.0
1983 . . . . . . . . . . . . . . . . . . . . 17,7 14.8 8.0 124.7 8.9 2.9
1984 . . . . . . . . . . . . . 16.9 14.0 7.5 118.1 8.9 2.9
1985 . . . . . . . . 16.1 13.3 6.4 111.2 8.9 2.8
1986 . . . . . . . . . . . 15.3 12,5 6.1 104.9 8.9 2.8
1987 . . . . . . . . . . . . . . . . . . . . 14.5 11.8 5.4 98.5 8.9 2.7
1988 . . . . . . . . . . ..,, 13.8 11.1 5.4 92.8 8.9 2.7
1989 . . . . . . . . . . . . . . . 13,1 10.4 5.4 87.9 8.9 2.7
1990 .,.., . . . . . . . . 12.5 9.9 5.5 84.4 8.9 2.7
1991 . . . . . . . . . . . . . . 12.0 9.4 5.5 79.6 8.9 2.6
1992 . . . . . . . . . . . . . . . 11,5 8.9 5.5 76.1 8.9 2.6
1993 . . . . . . . . . . . . . . 11.1 8.6 5.5 73.1 8.9 2.5
1994 . . . . . . . . . . . . . 10.7 8.2 5.6 70.5 8.9 2.5
1995 . . . . . . . . . . . . . . 10,4 7.9 5.6 68.1 8.9 2.4
1996 . . . . . . . . . . . . . 10.1 7.7 5.5 66.0 8.9 2.4
1997 . . . . . . . . . . . . . . . . . . . . 9.8 7,4 5.5 64.1 8.9 2.4
1998 . . . . . . . . . . . . . . . . . . . 9,5 7.2 5.5 62.4 8.9 2.3
1999, . ., . ., ..,..,.., 9.3 7.0 5.5 60.9 8.9 2.3
2000 . . . . . . . . . . . . . . . . . . . . 9.1 6.8 5.5 59.6 8.9 2.3

Cumulative production after 1982 = 223.4 TCF = 29% USGS remaining resource.
Note Row; and columns may not add exactly dueto  round!ng
aAssumpflons  Nonassoclafed  gas new field discovery rate = I.soo BCFw

Growth factor = 30
No add!t!onal  growth from prrce rises for old gas

b A s so c l a t e d / dis so lv ed gas—gas found In the Same resermirwlth CIll

SOURCE Jensen Associates, Inc, contract submlss!on  tether.lfflce of Technology Assessment, 1983
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APPROACH NUMBER 3–REGION-BY-REGION REVIEW
OF RESOURCES AND EXPLORATORY SUCCESS*

Using a region-by-region review to project fu-
ture gas production involves a geologist’s exam-
ination of a variety of factors affecting produc-
tion in 10 individual regions of the Lower 48 States
and his subjective evaluation of their future pro-
duction potential.

For this approach, the gas resource base was
assumed to be a compromise between the assess-
ments of USGS and PGC. For each region, a re-
source value was selected by examining the field
size and number implications of the two assess-
ments and choosing the value that seemed more
realistic. Then, future additions to proved reserves
were estimated, based on a subjective evaluation
of the following factors:

●

o

●

●

Difficulty and expense of development. —
Based on expected field sizes, depths, known
geology.
Announced leasing schedules.
“Maturity” of province. —The percent of
total expected resources that have already
been developed.
Recent development history. —Especially, the
rates of entry into proved reserves of the re-
maining resources.

For each region, it was generally considered un-
likely that a very high percentage of the remain-
ing undiscovered resource—say, 50 percent or
greater—could be transferred into proved reserves
by 2000, and this situation acted as a strict limit
on production in some regions, for example, in
the “west Texas and eastern New Mexico”
region. * *

Tables 25 and 26 present two scenarios of future
gas production and reserve additions based on the
above approach. Scenario 3A projects that one-

*The analysis described in this section was performed by Joseph
P, Riva,  Jr., Specialist in Earth Sciences, Congressional Research
Service (CRS).  Riva’s  full report, which is part of CRS’S participa-
tion in this study, will be incorporated in a background document
to this technical memorandum.

* ● To stabilize current gas production to the end of the century
in this region, 96 percent of the estimated undiscovered gas in the
region would have to be discovered by 2000. From 1970 to 1981,
23 percent of the inferred reserves plus undiscovered resources were
added to reserves.

Table 25.—Lower 48 States Natural Gas Production
and Reserves, 1982-2000 (in TCF)—Scenario 3A

Reserve Proved
Year Production addit ions reserves R/P

1981. , . . . . . . . . . .
1982 . . . . . . . . . . . . .
1983 ...., . . . . . . . .
1984 ..., . . . .
1985, . . . . . . . . . .
1986 . . . . . . . . . . . . .
1987 . . . . . . . . . . . . .
1988 .., . . . . . . . . . .
1989, . . . . . . . . .
1990 ...., . . . . . . . .
1991 .., ., . . . . . . .
1992 . . . . . . . . . . . . .
1993 ....., . . . . . . .
1994 ..., . . . . . . . . .
1995 ...., . . . . . . . .
1996 ...., . . . . . . . .
1997 . . . . . . . . . . . . .
1998 ......, . . . . . .
1999 . . . . . . . . . . . . .
2000 . . . . . . . . . . . . .

18.5
18.6
17.6
16.8
16.1
15.7
15.3
15.1
14.7
14,5
14.3
14,2
14.0
13.7
13,5
13.4
13.3
13.0
12.8
12.6

21.6
10.9
10.9
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11.2
11,2
11.2
10.1
10.1
10.3
10.3
10.3
10.3
10.3

168.6
160.9
154.2
148.5
143.5
139.0
135.0
131.0
127.4
124,1
121.0
118.0
115.2
111.6
108.2
105.1
102.1
99.4
97.0
94.6

9
9
9
9
9
9
9
9
9
9
8
8
8
8
8
8
8
8
8
8

Cumulative production after 1982 = 260.6 = 34°/0 USGS
remaining resource.

SOURCE J P Rlva,  Jr A Pro/ectlon  O( Convenf/ona/  Natural  Gas Production
In the  Lower 48 States  fo the  Year 2000 Congressional Research Ser
vice/Library of Congress, June 10, 1983

Table 26.— Lower 48 States Natural Gas Production
and Reserves, 1982-2000 (in TCF)—Scenario 3B

Reserve Proved
Year Production addit ions reserves R/P

1981 . . . . . . . . . . . . .
1982 . . . . . . . . . . .
1983 ...., . . . . . . .
1984 . . . . . . . . . . . . .
1985, . . . . . . . . . . .
1986. , . . . . . . . . . . .
1987 . . . . . . . . . . . . .
1988, . . . . . . . . . . .
1989, . . . . . . . . . . . .
1990. , . . . . . . . . . .
1991 .., . . . . . . . . . .
1992 ..., . . . . . . . . .
1993 ..., . . . . . . . . .
1994 . . . . . . . . . . . . .
1995 ......., . . . . .
1996 . . . . . . . . . . . . .
1997 . . . . . . . . . . . . .
1998 . . . . . . . . . . . . .
1999 ...., . . . . . . . .
2000 . . . . . . . . . . . . .

18.5
18.7
18.0
17.3
16.8
16,2
15.8
15.4
15.0
15.1
15.6
15.7
15,2
14.8
14.5
14,2
13.9
13.7
13,5
13.3

21.6
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1
12.1

168.6
161.9
156.0
150.8
146.1
142.0
138.3
135.0
132.1
129.1
125.5
121.9
118.8
116.0
113.6
111.5
109,7
108.0
106.6
105.4

9
9
9
9
9
9
9
9
9

8.5
8
8
8
8
8
8
8
8
8
8

Cumulative production after 1982 = 274 = 35°/0 USGS
remaining resource.

SOURCE J P Riva, Jr A Pro/ecfion  of Conventlona/  Natura/  Gas F’roducf/on
(n fhe  Lower 48 States  to ftre Year 20@ Congressional Research Ser.
vice/Library of Congress, June 10, 1983
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quarter of the gas estimated to be available in un-
discovered fields at the end of 1981 will be dis-
covered by 2000. This compares to 55 percent of
the undiscovered gas being discovered between
1945 and 1981, a period when larger prospects
were available, but also when gas discovery rates
may have been hampered by low regulated prices.
In this scenario, gas production is projected to in-
crease in the Rocky Mountains and Great Plains
region, the Eastern Interior region, and the Ap-
palachian region; in addition; production begins
in Oregon-Washington and on the Atlantic con-

tinental shelf. However, major production de-
creases are projected for west Texas and eastern
New Mexico, the midcontinent, and the gulf
coast, all critical gas producers today.

Scenario 3B assumes that exploration becomes
more efficient and that 35 percent of the resources
in undiscovered fields can be discovered by 2000.
Even under this more optimistic scenario, how-
ever, gas production will decline to 13.3 TCF by
2000.

APPROACH NUMBER 4–GRAPHING THE COMPLETE
PRODUCTION CYCLE

Projecting future gas production by graphing
the complete production cycle is based on the ex-
pectation of M. King Hubbert that the complete
cycle of production will somewhat resemble a bell-
shaped curve and that knowing the area under
the curve-the total recoverable resource—allows
a reasonable facsimile of the entire curve to be
drawn, once about a third or more of the pro-
duction cycle has been completed. Hubbert used
this approach in 195617 to show that then-current
estimates of the remaining oil resource base im-
plied that oil production was on the verge of peak-
ing and then declining.

In this application, gas production values for
1900-82 were plotted, and three freeform curves
were extended from the 1982 production rate such
that the area under the curves equaled the remain-
ing gas resources estimated by, respectively, Hub-
bert, USGS, and PGC (see table 5). These curves
are shown in figure 24.

The curves show that Hubbert’s assessment im-
plies an extraordinarily sharp decline in produc-
tion, so that by 2000 the total Lower 48 produc-
tion rate would be about 3 TCF. Since there is
little flexibility in drawing this curve, it appears
unlikely that the range of uncertainty due to the

“h! K Hubbert,  Nuclear  Energy and FOSSII Fuels,  ”  In Amerqcan
Petroleum Jrtstltute, Drilllng  and Production Practice (1956), cited
In \l.  K Hubbert,  “Techniques of Predlctlon  as Applied to the Pro-
duction  of 0]1 and ~;as, ” Oil anci  G’as Supply Llodeling,  S. 1. Gass
( ed. 1, ~atl(~nal Bureau ot Standards Special Report  631, hlay 1982.

selection of the curve’s shape is greater than about
2 to 5 TCF in 2000.

The curves representing the USGS and PGC gas
resource assessments were drawn so that the de-
clining portion of the curve resembles a mirror
image of the ascending portion. Both curves show
production rates staying steady at least until 2000.
A plausible physical interpretation of the curves
is that they represent a resource base that still re-
tains a substantial number of large fields amenable
to rapid rates of production. Furthermore, the
shape of the curves is clearly alined with high de-
mand for gas and prices that encourage substan-
tial development drilling as well as vigorous ex-
ploratory efforts.

The USGS and PGC curves obviously can be
redrawn to reflect different conceptions of how
the production cycle might unfold. However, the
necessity of maintaining existing production
trends in the early years and of tapering-off
gradually as the resource is depleted limits the op-
tions. Figure 25 shows the original USGS curve
and a second curve that reflects a different con-
ception, that of a production decline that com-
mences earlier but proceeds at a more gradual
rate. This second curve might reflect a future
where industrial demand for gas declines and ex-
ploratory activity and development drilling pro-
ceed at a lower level, It might also reflect a
resource base whose fields are smaller, in more
difficult to develop locations, and of lower
average permeability.



92

Figure 24.— Future Production Curves for Conventional Natural Gas in the Lower 48 States
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ch curve represents one possible production future based on the
lowing resource assessments,

A RANGE FOR FUTURE GAS PRODUCTION

In comparing figures 24 and 25 to the produc-
tion projections produced by the alternative
methods, some interesting conclusions can be
drawn. First, the higher end of the production
ranges, which shows essentially stable production
levels out to 2000, appears to be quite compati-
ble with the USGS and PGC curves, as drawn in
figure 24. It should be remembered, however, that
there are interpretations of the detailed physical
nature of the gas resource base that, while com-
patible with the overall magnitude and even the
regional estimates of USGS or PGC, could be
completely incompatible with the high year 2000
production projection. The second curve in figure
25 displays such an alternative interpretation, and
there are more radical possibilities as well. *

*One such possibility would be a resource base that, while large,
had most of its resources in hard-to-find, slow-to-produce fields.

A second conclusion is that the lower end of
the production range—about 9 TCF by 2000—is
really much too optimistic for a believer of the
Hubbert or RAND resource estimate. This is be-
cause the assumptions of the lower end of the
range, while appearing to be pessimistic to a
“resource optimist, ” may actually appear some-
what optimistic to a “resource pessimist .“ This end
of the range assumes that the fairly low new field
discovery rates of the early 1970’s are more real-
istic as a long-term average than are the higher
rates of the last few years, but it ignores the
possibility that even these low rates might go
down still farther as resource depletion continues.
Consequently, the true production implication of

The future production “cycle” would then show a significant pro-
duction drop in the next 20 to 30 years, followed by a very long
period of low but stable production.
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Figure 25. —Two Production Futures, One Resource Base: Alternative Representations of Future Production
of Conventional Natural Gas in the Lower 48 States, Based on the  USGS (1981) Resource Assessment (mean estimate)
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the range of resource base estimates cited in table
5 is likely to be a year 2000 range of about 4 to
19 TCF rather than the range of 9 to 19 TCF ex-
pressed by the first three projection approaches. *

As discussed in chapter 4, OTA believes that
the Hubbert and RAND estimates are overly pes-
simistic and that a more likely lower bound for
the remaining recoverable gas resources is about
400 TCF rather than Hubbert’s 244 TCF or
RAND’s 283 TCF. This higher value is compati-.

‘It is important to remember that the kind of radical drop in pro-
duction dictated by the most pessimistic of the resource base
estimates WI]]  likely violate their baseline assumpti[~ns  of maintenance
of existing cost price relationships — except for Hubbert’s  assessment
( Hubbert  believes his methodology “captures” future changes in
price cost relationships and technology ). Although many’ present
gas customers can switch without extreme dlfflcult  y to 011 products
or to elect rtcltv  (assure ing supplies of these are available), a rapid
drop In production  would still tend to push gas prices sharply up-
wards. This In turn would tend to increase the resource base by mo\’-
ing subecc)norn  ic resources into the economic, recoverable category.

2000 2020 2040 2060 2080 2100

Year

ble with a 2000 production rate of 9 TCF. Con-
sequently, in our opinion, a reasonable range for
Lower 48 conventional natural gas production for
the year 2000 is 9 to 19 TCF. Similarly, a reason-
able range for 1990 is 13 to 20 TCF.

Finally, figure 24 illustrates an important point
about the current “optimistic” assessments of the
recoverable resource base: that these, too, imply
an inevitable decline in conventional gas produc-
tion, although the date of decline is perhaps 20
or 30 years later than that dictated by a pessimistic
(400 TCF) resource base assessment. It must be
stressed, however, that the additional 20 years or
so of leeway implied by the more optimistic as-
sessments may yield sufficient changes in prices
and technology to allow either or both the entry
of nonconventional gas sources to the market and
the movement of large amounts of conventional
resources from “subeconomic” to “economic.”
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These potential sources of gas production are out- technical memorandum, but conceivably they
side the boundaries of the resource base assess- could be extremely important to future U.S. gas
ments and production forecasts discussed in this production.

PUBLIC AND PRIVATE SECTOR FORECASTS
OF FUTURE GAS PRODUCTION

Comparisons of alternative gas production fore-
casts have many of the same problems as those
of comparing gas resource base estimates (see ch.
3, table 4). The economic, regulatory, and other
“scenario” conditions assumed for the forecasts
are not always made clear. Because the range of
reasonable future values/assumptions for these
conditions are so broad, it is probably safe to
assume that there are major scenario differences
between different forecasts. The resources meas-
ured may differ, with some forecasts including
only “conventional” gas and others including all
methane sources, especially gas from tight sands.
The extent to which some of the commonly used
resource base estimates (which are important
variables in some of the forecasts, directly deter-
mining finding rates or defining an upper limit for
cumulative discoveries) contain unconventional
resources is not always clear. For example, the
PGC acknowledges that as much as 20 percent
of its estimated “potential resource” is in tight
sands, ’a but other estimates do not specify such
a percentage. Consequently, even the forecasters,
themselves, do not always know how much tight
gas is incorporated in their production forecasts. *

Table 27 presents the results of 21 public and
private sector production forecasts of conven-
tional Lower 48 gas production.** Four of the
forecasts explicitly include tight sands and/or
Devonian shale; these are noted on the table.

A striking feature of the table is that all but one
of the forecasts project substantial declines in gas
production, most within 10 years and all but the

“Potential Gas Agency, News Release, Feb. 26, 1983.
● Further, there may not be agreement as to what constitutes “tight

gas. ” For example, the Federal Energy Regulatory Commission in-
cludes a maximum permeability of 0.1 millidarcies in its definition,
while the National Petroleum Council used 1 millidarcy as the limit
in its report on unconventional gas sources.

* ● Including associated ‘dissolved gas (gas colocated with oil), on
a dry basis.

one “dissenter” by 1995. It is important to recog-
nize that these forecasters include some prominent
gas “optimists, “ including AGA. Consequently,
much of the current optimism about gas’s future
apparently stems from projections of supplemen-
tary supply from unconventional sources, from
Alaska, from Mexico and Canada, and from LNG
imports. Chapter 6 provides a brief discussion of
the potential from all of these sources except un-
conventional production. *

The extent of agreement about future gas pro-
duction displayed in table 27 is in sharp contrast
to the very wide range projected by OTA. For
the year 2000, a range of 11 to 15 TCF/yr—an
extremely narrow range, given different base
assumptions, forecasting methods, etc.—would
encompass 13 of the 14 estimates available for that
date. In contrast, OTA believes that an ap-
propriate range for year 2000 production is 9
to 19 TCF/yr. Part of this difference may be at-
tributed to the fact that most of the values in the
table represent forecasts of “most likely” gas pro-
duction rates, and there may be a tendency for
such estimates to cluster together. In conjunction
with this possibility, a lack of documentation for
many of the forecasts makes it unclear whether
they are all independent, original estimates. Some
may simply be averages of other forecasts, reflect-
ing the “conventional wisdom. ”

Of particular interest is a comparison of AGA’s
year 2000 estimate—12 to 14 TCF/yr—and the
production implications of the AGA-supported
PGC’s gas resource assessment. PGC’s assessment
seems most compatible with production levels of
15 or 16 TCF/yr, or higher. If the AGA produc-
tion forecast is intended to be associated with the
PGC resource base, then AGA is using a most pes-
simistic interpretation of the resource base, at least

● Unconventional gas potential will be discussed in the final  report
from this study.
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Table 27.–A Comparison of Conventional Lower 48 Natural Gas Supply Forecasts (TCF)
—

Company 1985 1990 1995 2000——. -.—
I. Gulf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Texaco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Chevron. . . . . . . . . . . . . . . . . . . . . . . . . .
4. Exxon
5. Sheila.. . . . . . . . . . . . . . . . . . ., . .
6. Conocob . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7. Union. . . . . . . . . . . . . . . . . . .
9. Standard Oil (lndiana)c . . . . . . . . . . . .

10. Tenneco . . . . . . . . . . . . . . . . . . . . . . . .
11 AIR . . . . . . . . . . . . . . . . . . . . . . . . . .
12, AGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
13. GRI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~~~~~~~~
14. DOCC ... . . . . . . . . . . . . . . . . . . . . . . .
15. GAO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
16. E. Erickson . . . . . . . . . . . . . ,..,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
17, ERA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
18. ICF ,.,,,. . . . . . . . . . . . . . . . . .
19. IEA/OECDb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
20. Chase Bankb ., . . . . . ., ., . . . . . . . . . . . .

Average

19.4
18.9
18,2

—
17.0
19,0
19,2
18,5
18.0
15.5

16.0-18.0
17.9

—
16.5

17.4-18.5
17,3
16,1

16.5-18.0
18,3
18.1

15.4
13,6

15.0-17.0
15,1

—
148

—
149
14.3

14,0-17.0
17,7
16.6

16.7
14.0
165

—
11.5

—
16.5
13.5

—
13,5-15,5

12.8
—

14.0
—

14.0
12.4

—
—

153

3 8
3.0
4.0
4.1
8.9
4,6

—
5.5

11.9
—

12,0-14.0
116
12.8
13.5

—
—
—

11-15
—

143

aMarketed gas rather than actual total (dry}  production Excludes InCreased ProductIon from f!elds that are ‘ f o r e v e r  c o n t r o l l e d  u n d e r  NGPAandtha! Shell belleves

could be obtained with decon t ro l
bNumbers Include t i g h t  sands

cAverages tnclude I n t e r p o l a t e d  d a t a
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from the standpoint of maintaining production
rates at high levels during the next few decades.

OTA undertook to evaluate and compare both
the general methodologies associated with these
forecasts and, in a few cases, the specific assump-
tions and methodological decisions made by in-
dividual forecasters. However, many of the fore-
casts are based, in large part, on proprietary in-
formation, and needed details were unavailable.
Also, several of the forecasts made by the large
energy companies depend heavily on judgment-

models, and these forecasts would have been dif-
ficult to document and evaluate even if the com-
panies had desired public scrutiny of this sort. In
addition, several of the models ostensibly avail-
able for public scrutiny do not, in fact, have ade-
quate documentation. A background document
to this report will present OTA’s staff review of
modeling methodologies and of some specific
models. The document will also present a review
of modeling methodology by James Jensen, presi-
dent of Jensen Associates, an OTA contractor.

al procedures rather than on formal computerized


