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1995 NATIONAL ASSESSMENT OF
UNITED STATES OIL AND GAS RESOURCES

By U.S. Geological Survey National Oil and Gas Resource Assessment Team

SUMMARY OF RESULTS

This report summarizes the results of a 3-year study of
the oil and gas resources of onshore areas and State waters of
the United States by the U.S. Geological Survey (USGS). A
parallel study of the Federal offshore is being conducted by
the Minerals Management Service (MMS).

Assuming existing technology, there are approximately
110 billion barrels of technically recoverable oil onshore and
in State waters. This includes measured (proved) reserves,
future additions to reserves in existing fields, and undiscov-
ered resources,

The technically recoverable conventional resources of
natural gas in measured reserves, future additions to reserves
in existing fields, and undiscovered accumulations equal
approximately 715 trillion cubic feet of gas.

In addition to conventional gas resources, the USGS
has made an assessment of technically recoverable resources
in continuous-type (largely unconventional) accumulations.
We estimate about 300 TCFG (trillion cubic feet of gas) of
technically recoverable natural gas in continuous-type
deposits in sandstones, shales, and chalks, and almost 50
TCFG of technically recoverable gas in coal beds.

The total technically recoverable oil and gas resource
base onshore and in State waters of the United States is listed
in table 1 and shown on figures 1 and 2.

INTRODUCTION

The purpose of the National Oil and Gas Resource
Assessment Project is to develop a set of scientifically based
hypotheses concerning the quantities of oil and gas that
could be added to the measured (proved) reserves of the
United States.

The word assessment sometimes has the connotation of
an inventory. But this is not the case in this study. The quan-
tities being evaluated here are largely unknown. This assess-
ment is an attempt to bound the uncertainties concerning
potential additions to oil and gas reserves under specified
conditions. As such, the assessment consists of a set of

constructs, based on the best information and theory avail-
able to the USGS scientists charged with this effort.

The U.S. Geological Survey has occasionally con-
ducted assessments of the oil and gas resources of the United
States since shortly after the turn of the century. Each succes-
sive assessment is a refinement of previous work. Systematic
National Assessments have been conducted more regularly
since 1975. In 1982, the Minerals Management Service was
formed and given responsibility for resource evaluation in
the Federal offshore areas of the United States. The USGS
retained responsibility for onshore areas and State waters. In
1991, the two organizations (USGS and MMS) began their
second joint study of the oil and gas resources of the United
States. This report summarizes the results of the USGS part
of that study and reports estimates of potential additions to
reserves onshore and under State waters of the United States.
Documentation for this assessment is available on the
CD-ROM that supports this report (Gautier and others,
1995).

The previous USGS/MMS assessment (Mast and oth-
ers, 1989) encompassed estimates of both technically recov-
erable and economically recoverable resources. The present
report concerns only technically recoverable resources. A
parallel study concerns the economic evaluation of the
resources described in this report. The geological assessment
of technically recoverable resources makes no attempt to
predict at what time or what part of potential additions will
be added to reserves. For the National Assessment, resources
and potential reserve additions are evaluated regardless of
political, economic, and other considerations.

The onshore and State water areas of the United States
were divided into eight regions consisting of 71 provinces
(fig. 3). These regions and provinces are similar, but not
identical, to those addressed by U.S. Geological Survey Cir-
cular 860 (Dolton and others, 1981) and the U.S. Department
of the Interior report from the previous National Assessment
of oil and gas resources (Mast and others, 1989). Within
these provinces, about 560 plays were assessed, of which
about 100 were in continuous-type deposits; the remainder
were hypothetical and confirmed conventional plays.



r2

Table 1.

1995 NATIONAL ASSESSMENT OF UNITED STATES OIL AND GAS RESOURCES

Estimates of national totals for undiscovered technically recoverable conventional oil, gas, and NGL resources; growth of

reserves in known fields; technically recoverable resources in continuous-type (unconventional) accumulations; and measured reserves.

[Mean value totals may not be equal to the sums of the component means given elsewhere because numbers have been independently rounded. Gas includes both non-associated
and associated-dissolved gas. Fractile values (Fgs, Fs) are not additive. Fgs represents a 19 in 20 chance and Fs represents a | in 20 chance of the occurrence of at least the amount

tabulated. NGL., natural gas liquids. NA, not applicable|

Crude oil Gas NGL
Category (billion barrels) (trillion cubic feet) (billion barrels)
ng F5 Mean F95 F5 Mean F95 F5 Mean
Undiscovered conventional
resources 235 396 303 207.1 329.1 258.7 5.8 8.9 7.2
Reserve growth in conventional fields NA NA  60.0 NA NA 3220 NA NA 134
Continuous-type accumulations in
sandstones, shales, and chalks 1.5 2.7 21 2194 4166 308.1 1.1 3.5 2.1
Continuous-type accumulations
in coal beds NA NA NA 429 576 499 NA NA NA
Measured (proved) reserves NA NA 202 NA NA 1351 NA NA 6.6
TOTAL, onshore areas and State
waters of the United States 112.6 1,073.8 29.3
Continuous-Type Continuous-Type Measured Reserves
Accumulations Accumulations (135 TCFG)
Undiscovered Small (Unconventional) (Unconventional) 12.6 %
(2.1 BBO) (358 TCFG)

Fields (<1 MMBO)
(6.3 BBO)
5.6 %

1.9%

Measured Reserves
(20.2 BBO)
17.9 %

Reserve Growth

Undiscovered Large
Accumulations (=1 MMBO) (60.0 BBO)
(24.0 BBO) 53.3%
21.3%

Figure 1. Technically recoverable oil resources of the United
States, exclusive of Federal offshore. BBO, billion barrels of oil;
MMBO, million barrels of oil.

The estimates presented in this document reflect USGS
understanding as of January 1, 1994, and are intended to cap-
ture the range of uncertainty, to provide indicators of the rel-
ative potential of various petroleum provinces, and to
provide a guide useful in considering possible effects of
future oil- and gas-related activities within the United States.

33.4%

Undiscovered Small Reserve Growth

Fields (<6 BCFG) (322 TCFG)
(45 TCFG) 30.0%
4.2 % Undiscovered Large
Accumulations (=6 BCFG)
(213 TCFG)
19.9%

Figure 2. Technically recoverable gas resources of the United
States, exclusive of Federal offshore. TCFG, trillion cubic feet of
gas; BCFG, billion cubic feet of gas.

COMMODITIES ASSESSED

The commodities considered in this study were crude
oil, natural gas, and natural gas liquids that can be expected
to be produced from the subsurface through a well. Most
heavy oil deposits were assessed as conventional resources.
Specifically excluded from consideration were gas dissolved
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Figure 3. Petroleum regions and provinces assessed in this report. Heavy lines, region boundaries; lighter lines, province
boundaries. Maritime boundaries represent the approximate position of State offshore boundaries.

in geopressured brines and resources in tar deposits and oil
shales. Gas in clathrate structures (gas hydrates) were not
assessed as technically recoverable resources; however, a
chapter concerning these in-place volumes of gas is included
in the supporting CD-ROM (Gautier and others, 1995). Spe-
cifically included in this assessment were technically recov-
erable gas from low-permeability “tight” sandstone
reservoirs, gas and oil from fractured shale reservoirs, and

coal-bed gas. The systematic inclusion of unconventional
resources marks a significant departure from previous USGS
assessments.

Crude oil, as considered in this assessment, is a natural
liquid consisting mainly of a mixture of complex hydrocar-
bon molecules. Natural gas is a mixture of hydrocarbon
gases, mainly methane, and certain non-hydrocarbon gases
such as carbon dioxide, hydrogen sulfide, nitrogen, and
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helium. This analysis assessed hydrocarbon gases, although
minor amounts of non-hydrocarbon gases may be included.
Natural gas liquids (NGL) are the heavier homologs of meth-
ane, which are in the gas phase under reservoir pressure and
temperature conditions. NGL includes those portions of the
reservoir gas that are liquefied at the surface in various field
facilities and in gas-processing plants. NGL commonly
includes propane, ethane, butane, pentane, natural gasoline,
and condensate.

ASSESSMENT CATEGORIES

The resource classification used in this study is illus-
trated in figure 4, a modified “McKelvey box.” Resources
can be classified along two axes: geologic assurance and
economic feasibility. The degree of geologic certainty
increases to the left from undiscovered resources, through
inferred reserves (reserve growth!) to measured (proved)
reserves. Degree of economic feasibility increases vertically
upward from subeconomic to economic resources.

Previous USGS assessments focused on undiscovered
conventional accumulations of oil and gas and additions to
reserves in known fields. This assessment is broader in scope
because it considers three categories of resources: (1) undis-
covered conventional accumulations of oil and gas, (2)
future additions to reserves of known fields, and (3) oil and
gas in continuous-type accumulations (largely equivalent to
“unconventional” categories of other analysts).

UNDISCOVERED CONVENTIONAL
ACCUMULATIONS

Undiscovered conventional accumulations of oil and
gas are the traditional fare of the oil and gas industry and
have been the focus of most previous USGS oil and gas
assessments. These resources include those postulated to
exist outside known fields or accumulations and that, if
found. could be extracted using traditional development
practices. These accumulations generally exist as discrete
accumulations, which are usually, but not invariably,
defined, controlled, or limited by hydrocarbon/water con-
tacts. Undiscovered accumulations are shown in the right
third of the McKelvey box (fig. 4). Undiscovered technically
recoverable accumulations, those assessed in this report, are
within the hachured area shown on figure 4.

'"Throughout this report, the terms “reserve growth” and “field
growth” are used interchangeably. Both terms indicate growth of reserves in
known fields.
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Figure 4. Diagrammatic representation of petroleum resource
classification (modified from the U.S. Bureau of Mines and U.S.
Geological Survey, 1980). The figure (“McKelvey box”) represents
total resource endowment. Area inside heavy border in upper center
and right represents technically recoverable resources that are esti-
mated in this study.

INFERRED RESERVES (RESERVE GROWTH)

Inferred reserves (reserve growth) include those
resources expected to be added to reserves as a conse-
quence of extension of known fields, through revisions of
reserve estimates, and by additions of new pools in discov-
ered fields. Also included in this category are resources
expected to be added to reserves through application of
improved recovery techniques. This category thus includes
both the “indicated reserves™ and the “inferred reserves”
described in earlier USGS assessment publications (e.g.,
Mast and others, 1989). Predictions of reserve growth refer
to fields found before 1992 (the date of most reserve data
used in this report). The analysis of reserve growth in dis-
crete conventional accumulations is based on the propri-
etary Oil and Gas Integrated Field File (OGIFF) of the
Energy Information Administration (EIA). Inferred
reserves are shown in the stippled area of the middle third
of the McKelvey box (fig. 4).

CONTINUOUS-TYPE (UNCONVENTIONAL)
ACCUMULATIONS

Continuous-type (unconventional) accumulations are,
for the purposes of this assessment, defined to include those
oil and gas resources that exist as geographically extensive
accumulations that generally lack well-defined oil/water or
gas/water contacts (fig. 5). This geologically grounded defi-
nition provides a set of consistent criteria to be applied in the
determination of whether a specific accumulation is or is not
conventional. This geologic definition intentionally avoids
the regulatory criteria of the Federal Energy Regulatory
Commission (FERC) designations and does not rely on any
specific permeability as a defining criterion. Included in this
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category are coal-bed gas, gas in many of the so-called “tight
sandstone” reservoirs, and auto-sourced oil- and gas-shale
reservoirs. Because of the immense quantities of oil and gas
that can be included in this category, only those resources
that, in our judgment, are technically recoverable and could
be added to U.S. oil and gas reserves were reported in this
study. Those resources judged to be potential additions to
reserves are further subdivided into undiscovered and
reserve growth categories. Existing technology and develop-
ment practices as of the date of this assessment (January
1994) were assumed. In this study, inferred reserves and
undiscovered resources in continuous-type accumulations
were not differentiated. Therefore, the volumes of resources
estimated for continuous-type deposits occur over both the
hachured and stippled areas of the McKelvey box (fig. 4).

Each of the three broad categories of resources (undis-
covered conventional accumulations, inferred reserves, and
continuous-type accumulations) requires a different tech-
nique for evaluation. Each of these resources is thus
described and considered in separate sections of this report.
The methods for assessment of the undiscovered recoverable
discrete conventional accumulations is discussed further in
the CD-ROM chapter on methodology by Gautier and Dol-
ton (Gautier and others, 1995). The techniques used for eval-
uation of various continuous-type resources are discussed in
CD-ROM chapters by Schmoker and by Rice (Gautier and
others, 1995). Results of the assessment of these various
resources are generally reported in separate categories.

TERMINOLOGY

The terminology used in this report is intended to rep-
resent standard definitions and usage of the oil and natural
gas industry and the resource-assessment community. No
attempt has been made to include a detailed listing of com-
mon industry definitions; however, several definitions that
are essential to the proper understanding of this report are

Land surface

Discrete accumulations

Structural Stratigraphic

P accumulation accumulation
Continuous-type //
\\/\’/
—=————— Tens of miles (kilometers) e
Figure 5. Geologic setting of continuous-type gas and oil accu-

mulations relative to discrete accumulations in structural or strati-
graphic traps.

presented. The definitions are intended to be generally
explanatory rather than strictly technical.

Undiscovered resources.—Resources postulated from
geologic information and theory to exist outside of known
oil and (or) gas fields.

Technically recoverable resources.—Resources in
accumulations producible using current recovery technology
but without reference to economic profitability. These are oil
and natural gas resources that may be produced at the surface
from a well as a consequence of natural pressure within the
subsurface reservoir, artificial lifting of oil from the reser-
voir to the surface, and the maintenance of reservoir pressure
by fluid injection. (This definition is modified from that of
the National Petroleum Council.) These resources are gener-
ally conceived as existing in accumulations of sufficient size
to be amenable to the application of existing recovery
technology.

Measured (proved) reserves—That part of the identi-
fied economic resource that is estimated from geologic evi-
dence supported directly by engineering data. Measured
reserves are demonstrated with reasonable certainty to be
recoverable in future years from known reservoirs under
existing economic and operating conditions. Resources in
this category are not a principal focus of this assessment.
Data reported are from the Energy Information Administra-
tion (Energy Information Administration, 1994),

Conventional accumulation.—A discrete deposit, usu-
ally bounded by a downdip water contact, from which oil,
gas, or NGL can be extracted using traditional development
practices, including production at the surface from a well as
a consequence of natural pressure within the subsurface res-
ervoir, artificial lifting of oil from the reservoir to the surface
where applicable, and the maintenance of reservoir pressure
by means of water or gas injection.

Continuous-type deposit—A hydrocarbon accumula-
tion that is pervasive throughout a large area, that is not sig-
nificantly affected by hydrodynamic influences, and for
which the standard methodology for assessment of sizes and
numbers of discrete accumulations is not appropriate.

Unconventional accumulation—A broad class of
hydrocarbon deposits of a type (such as gas in “tight” sand-
stones, gas shales, and coal-bed gas) that historically has not
been produced using traditional development practices. Such
accumulations include most continuous-type deposits.

Field growth (inferred reserves)—That part of the
identified resources over and above measured (proved)
reserves that will be added to existing fields through exten-
sion, revision, improved recovery efficiency, and the addi-
tion of new pools or reservoirs.

Inferred reserves.—For this report, inferred reserves is
the difference between proved reserves in known fields and
the remaining recoverable resources in known fields—this
definition of inferred reserves includes two resource catego-
ries used in previous USGS oil and gas assessment docu-



6 1995 NATIONAL ASSESSMENT OF UNITED STATES OIL AND GAS RESOURCES

ments (e.g., Mast and others, 1989): “indicated reserves” and
“inferred reserves.”

Indicated reserves—That part of identified oil
resources in known productive reservoirs in existing fields in
addition to measured reserves that are expected to respond to
improved recovery techniques. For this report, indicated
reserves are included as part of inferred reserves.

Barrels of oil equivalent (BOE).—Gas volume that is
expressed in terms of its energy equivalent in barrels of oil.
For this assessment, 6,000 cubic feet of gas equals 1 barrel
of oil equivalent (BOE).

Gas-oil ratio (GOR).—Average ratio of associated-dis-
solved gas to oil: a point estimate of the volume of gas (in
cubic feet) dissolved in oil or otherwise associated with a
barrel of oil in known or postulated oil accumulations. As in
the most recent National Assessment (Mast and others,
1989), an accumulation with a GOR in excess of 20,000 is
considered a gas accumulation.

NGL to non-associated gas ratio—The volume of nat-
ural gas liquids (in barrels) contained in 1 million cubic feet
of gas in a known or postulated gas accumulation.

NGL to associated-dissolved gas ratio—The volume
of natural gas liquids (in barrels) contained in 1 million cubic
feet of associated-dissolved gas in a known or postulated oil
accumulation.

Field—An individual producing unit consisting of a
single pool or multiple pools of hydrocarbons grouped on, or
related to, a single structural or stratigraphic feature.

Accumulation—A single oil or gas deposit as defined
by the trap, charge, and reservoir characteristics of the play.

Play.—A play is a set of known or postulated oil and
(or) gas accumulations sharing similar geologic, geographic,
and temporal properties, such as source rock, migration path-
way, timing, trapping mechanism, and hydrocarbon type.

Play area—The two-dimensional plan extent over
which a play concept is considered to be valid and within
which all known accumulations and potential for undiscov-
ered accumulations or other additions to reserves within the
play exist.

Play attributes.—Geologic characteristics that describe
principal properties of and necessary conditions for the
occurrence of oil and (or) gas accumulations of the minimum
size (1 MMBO [million barrels of oil] or 6 BCFG [billion
cubic feet of gas]) within the defined parameters of a play.
Although many combinations of individual underlying ele-
ments are possible, three attributes were considered in the
evaluation of play risk in this assessment. These attributes
are as follows:

1. Charge.—The occurrence of conditions of hydrocar-
bon generation and migration adequate to cause an
accumulation of the minimum size. Included in this
attribute are subsidiary elements, including existence
of source rocks with sufficient organic matter of the
appropriate composition, appropriate temperature
and duration of heating to generate and expel

sufficient quantities of oil and (or) gas, and timing of
expulsion of oil and gas from source rocks appropri-
ate for filling available traps.

2. Reservoir—The occurrence of reservoir rocks of
sufficient quantity and quality to permit the contain-
ment of oil and (or) gas in volumes sufficient for an
accumulation of the minimum size.

3. Trap.—The occurrence of those structures,
pinch-outs, permeability changes, and similar fea-
tures necessary for the entrapment of oil and (or) gas
in at least one accumulation of the minimum size.
Included in this attribute are existence of seals suffi-
cient for entrapping hydrocarbons and capable of
holding oil and gas accumulations during appropriate
ranges of geologic time.

Play probability—Play probability represents the
product of the probabilities of the three play attributes con-
sidered in this assessment (charge. reservoir, and trap). It is
an estimate, expressed as a decimal fraction, of the chance
that oil or natural gas exist within the particular play. For
recoverable resources, the play probability represents the
likelihood that technically recoverable quantities of oil or
natural gas exist in at least one accumulation of the minimum
size (1 MMBO or 6 BCFG) in the area being assessed.

Conditional estimates.—Sizes, numbers, or volumes of
oil or natural gas that are estimated to exist in an area, assum-
ing that they are present. Conditional estimates, therefore, do
not incorporate the risk that the area may be devoid of oil or
natural gas.

Risked (unconditional) estimates.—Resources that are
estimated to exist, including the possibility that the area may
be devoid of oil or natural gas. Statistically, the risked mean
may be determined through multiplication of the mean of a
conditional distribution by the related probability of occur-
rence. Resource estimates presented in this report are risked
estimates.

Cumulative probability distributions for resource esti-
mates.—Graphical depictions of estimated resource vol-
umes presented with associated cumulative probabilities of
occurrence. These distributions are used to derive the 95 per-
cent, 5 percent, and mean resource levels reported in this
publication: a low case, with a 95 percent probability of that
amount or more occurring (a 19 in 20 chance): a high case,
with a 5 percent probability of that amount or more occurring
(a I in 20 chance); and a mean case representing an arith-
metic average of all possible resource outcomes weighted by
their probabilities.

DATA SOURCES

The USGS portion of the National Assessment Project
relies largely on data that are either published or commer-
cially available. Some USGS geologic data are from
in-progress studies and have not necessarily been published.
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In several areas, drilling and production information was
especially sparse or unreliable. Seven major data sources
were used in this assessment:

I. USGS geologic data, both published and unpub-
lished, were used in the development of play defini-
tions, play boundaries, and in the analysis of geologic
information concerning undiscovered conventional
oil and gas accumulations and possible future devel-
opments in continuous-type oil and gas accumula-
tions.

2. The Significant Oil and Gas Fields of the United
States file (NRG) is a database commercially avail-
able from NRG Associates, Inc., which includes
reserves, cumulative production, and various other
types of information for most oil and gas fields of the
United States larger than 1 million BOE (NRG Asso-
ciates, Inc., 1993 and 1994). The NRG release cur-
rent as of December 31, 1992 (NRG Associates, Inc.,
1993), was a major source of reservoir-level informa-
tion for this assessment.

3. The Well History Control System (WHCS) is a com-
mercially available database of computerized drilling
and completion data from almost 2.5 million explor-
atory and development wells available from Petro-
leum Information Corp. (PI). Data were used to
construct  various exploration- and develop-
ment-intensity maps and plots and statistical analy-
ses of drilling and discovery. For most of the areas
assessed, the 1993 and 1994 versions of WHCS were
used (Petroleum Information Corp., 1993 and 1994).
In most provinces, the WHCS contains essentially all
wells drilled. However, in certain areas, especially
the Eastern Region, California, and parts of Okla-
homa and Louisiana, drilling information is incom-
plete.

4. Petroleum Information Corp. production data files,
including monthly, yearly, and cumulative produc-
tion information from numerous recent wells in the
United States, were employed to construct decline
curves and estimated ultimate recovery (EUR) distri-
butions used in the analysis of potential additions to
reserves from continuous-type deposits (Petroleum
Information Corp., 1994),

Energy Information Administration (EIA) Oil and
Gas Integrated Field File (OGIFF) is a proprietary
file of field-level reserves and production informa-
tion. The data in OGIFF are collected according to
legal mandate by the Department of Energy from
operators of oil and gas fields of the United States.
This file,