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SUMMARY

This report presents the results of the 1995 assessment of the conventionally
recoverable hydrocarbon resources for the Gulf of Mexico and Atlantic Outer Continental
Shelf (OCS). Conventionally recoverable resources are hydrocarbons potentially
amenable to conventional production regardless of the size, accessibility, and economics
of the accumulations assessed. The OCS comprises the portion of the seabed of the
United States whose mineral estate is subject to Federal jurisdiction. The Minerals
Management Service (MMS) and the U.S. Geological Survey have previously completed
several assessments of the undiscovered conventionally recoverable oil and gas resources
of the United States OCS. This 1995 assessment was part of a comprehensive appraisal
of the conventionally recoverable petroleum resources of the Nation. This appraisal
considered data and information available as of January 1, 1995, and incorporated
improved assessment methodologies.

Worldwide reliance on petroleum resources will continue to be the principal means
to satisfy future energy demand for decades. Petroleum resources are usually considered
as finite since they do not renew at a rate remotely approaching their consumption. Since
petroleum also fuels the Nation’s economy, there is considerable interest in the magnitude
of the resource base from which future domestic discoveries and production will occur.

Resource estimates are just that— estimates. All methods of assessing potential
guantities of conventionally recoverable resources are efforts in quantifying a value that will
not be reliably known until the resource is nearly depleted. Thus, there is considerable
uncertainty intrinsic to any estimate. Scientists can generate estimates of conventionally
recoverable resources based on current geologic, engineering, and economic knowledge
and a consideration of future conditions. The estimates incorporate uncertainty, but they
cannot account for the unforeseen or serendipity. As such, resource estimates should be
used as general indicators and not predictors of absolute volumes. In spite of this inherent
uncertainty, resource assessments are valuable input to developing energy policy and in
corporate planning (e.g., ranking exploration opportunities, performing economic analyses,
and assessing technology and capital needs).

Hydrocarbon resource assessments have been performed by geologists,
statisticians, and economists for decades. To be used effectively, a knowledge of the
terminology, commodities, regions assessed, methodology, and statistical reporting
conventions is essential. Much of the confusion attending the use of published petroleum
resource and reserve estimates is the result of misunderstanding or inappropriately
interchanging the data and terminology. An ideal basis for the inevitable comparisons
among assessments does not exist.

The petroleum commodities assessed in this study are crude oil, natural gas liquids
(condensate), and natural gas that exist in conventional reservoirs and are producible with
conventional recovery techniques. The volumetric estimates of oil resources reported
represent combined volumes of crude oil and condensate. In developing these estimates,
it was necessary to make fundamental assumptions regarding future technology and
economics. The inability to predict the magnitude and effect of these factors accurately
introduces additional uncertainty to the resource assessment. Although not considered in
this report, the continued expansion of the technologic frontiers can be reasonably
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assumed to partially mitigate the impacts of a lower quality remaining resource base (i.e.,
smaller pool sizes, less concentrated accumulations, more remote locations) and less
favorable economic conditions.

In this assessment, the Atlantic and Gulf of Mexico Continental Margin was divided
into two regions and three provinces (figure 1), which included 72 plays. Due to the
inherent uncertainties associated with an assessment of undiscovered resources,
probabilistic techniques were employed and the results reported as a range of values
corresponding to different probabilities of occurrence. A good resource assessment model
must appropriately express the effect of the various geologic, technologic, and economic
forces that impact a forecast of quantities of undiscovered conventionally or economically
recoverable resources. This resource assessment used a play analysis approach, which
represents a major change from the procedures used by MMS for previous assessments
(Cooke, 1985; Cooke and Dellagiarino, 1990). A major strength of this method is that it
has a strong relationship between information derived from oil and gas exploration
activities and the geologic model developed by the assessment team. An extensive effort
was involved in defining plays, in delineating the geographic limits of each play, and in
compiling data on critical geologic and reservoir engineering parameters (Hunt and
Burgess, 1995; Seni et al., 1997; Hentz et al., 1997). These parameters were critical input
in the determination of the total quantities of recoverable resources in each play. The
basic assumption employed in this assessment was that the distribution of individual pool
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Figure 1. Physiographic Map of the Gulf of Mexico and Atlantic Continental Margin.



sizes for accumulations in a play is characteristically lognormal.

A significant aspect of the method used in this assessment of undiscovered
resources involved the “matching” of existing discoveries with the projected pool size
distributions of the geologic model. A more subjective variation of this process employing
appropriately scaled analogs was used for conceptual and immature plays. This report
presents for each play the assessment results, pool rank plots, maps, play descriptions,
and a series of additional analyses including discovery histories.

ASSESSMENT RESULTS

The total endowment (all conventionally recoverable hydrocarbon resources) of the
Gulf of Mexico and Atlantic OCS as of January 1, 1995, is shown in table 1. The Atlantic
and Gulf of Mexico OCS total endowment, which includes cumulative production,
isestimated to be between 23.016 and 28.688 Bbo and 280.808 and 320.533 Tcfg (73.811
and 84.626 billion barrels of oil equivalent [BBOE]). This range of estimates corresponds
to a 95-percent probability (19 in 20 chance) and a 5-percent probability (1 in 20 chance)
of there being more than those amounts, respectively. Please note that fractile values are
not additive. The mean estimates are 25.614 Bbo and 299.662 Tcfg (78.935 BBOE).
Nearly 15 Bbo and 177 Tcfg (46 BBOE), or approximately 59 percent, of this mean total
endowment is represented by cumulative production, remaining proved reserves, unproved
reserves, and reserves appreciation. Undiscovered conventionally recoverable resources
(UCRR) are believed to be discoverable and producible utilizing existing and reasonably
foreseeable technology. The estimates of UCRR for oil range from 8.017 to 13.689 Bbbl;
the estimates for gas range from 104.286 to 144.011 Tcf; and the estimates for BOE range
from 27.402 to 38.217 Bbbl. The mean estimates of UCRR are 10.615 Bbo and 123.140
Tcfg (32.526 BBOE). On a BOE basis, approximately 91 percent of the mean total
endowment and 78 percent of the mean UCRR are projected to be in the Gulf of Mexico
Region.

There are beneath the Gulf of Mexico and Atlantic Continental Margin approximately
13.679 to 19.351 Bbbl of remaining conventionally recoverable oil, with a mean of 16.276
Bbbl. This includes remaining reserves (proved and unproved), reserves appreciation, and
UCRR. The estimates of remaining conventionally recoverable gas resources range from
168.175 to 207.900 Tcf, with a mean of 187.029 Tcf; and the estimates of remaining
conventionally recoverable BOE resources range from 44.432 to 55.247 Bbbl, with a mean
of 49.556 Bbbl. Based on BOE, most of these mean resources, 86 percent, are again
believed to be in the Gulf of Mexico Region.



Number Qil Gas BOE
Marginal Probability = 1.00 of Pools (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 2,114 11.853 141.891 37.101
Cumulative production -- 9.338 112.633 29.379
Remaining proved -- 2.516 29.258 7.722
Unproved 69 0.639 3.603 1.280
Appreciation (P&U) -- 2.507 31.028 8.028
Undiscovered Conventionally
Recoverable Resources
95th percentile -- 8.017 104.286 27.402
Mean 2,475 10.615 123.140 32.526
5th percentile -- 13.689 144.011 38.217
Total Endowment
95th percentile -- 23.016 280.808 73.811
Mean _ 4,658 25.614 299.662 78.935
5th percentile -- 28.688 320.533 84.626

Table 1. Total Hydrocarbon Endowment of the Gulf of Mexico and Atlantic Continental Margin.

An economic analysis determined the portion of the UCRR that over the long term
are anticipated to be commercially viable under a specific set of economic conditions. The
basic economic analysis was performed at the prospect level with regional transportation
infrastructure and costs considered at the area level. The economic evaluation was
performed as both full- and half-cycle appraisals. Full-cycle analysis is measured from the
point in time of a decision to explore. It considers all subsequent leasehold, geophysical,
geologic, exploration, and development costs in determining the economic viability of a
prospect. In a half-cycle evaluation, leasehold and exploration costs, as well as delineation
costs incurred prior to the field development decision, are assumed to be sunk costs and
are not considered in the discounted cash flow calculations to determine whether a field
is commercially viable.

Estimates of undiscovered economically recoverable resources (UERR) are
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sensitive to price and technology assumptions and are primarily presented as a functional
relationship to price, in the form of price-supply curves. Two specific prices from the
distribution were chosen for discussion and are presented as the $18/bbl ($18.00/bbl and
$2.11/Mcf) and the $30/bbl ($30.00/bbl and $3.52/Mcf) scenarios. The results of both the
full- and half-cycle economic analysis for the Gulf of Mexico and Atlantic Continental
Margin and at the regional level are shown in table 2. In the full-cycle, $18/bbl scenario,
the estimates of UERR for oil range from 4.364 to 7.094 Bbbl; the estimates for gas range
from 57.252 to 70.695 Tcf; and the estimates for BOE range from 14.551 to 19.674 Bbbl.
The mean estimates of UERR are 5.350 Bbo and 63.295 Tcfg (16.613 BBOE). Again,
most of these resources, 92 percent, are forecast to be in the Gulf of Mexico Region. In
the $30/bbl scenario, the estimates of mean UERR increase by approximately 43 percent
for oil and 35 percent for gas.

In the half-cycle, $18/bbl scenario, the estimates of UERR for oil range from 4.791
to 7.374 Bbbl; the estimates for gas range from 62.301 to 76.883 Tcf; and the estimates
for BOE range from 15.876 to 21.055 Bbbl. The mean estimates of UERR are 5.784 Bbo
and 68.462 Tcfg (17.966 BBOE). This represents an increase of 8 percent over the
equivalent full-cycle analysis. In the half-cycle, $30/bbl scenario, the mean estimates of
UERR increase by approximately 40 percent for oil and 31 percent for gas over the $18/bbl
scenario assessment.

Approximately 50 percent of the mean undiscovered conventionally recoverable oll
and gas resources are economic in the full-cycle, $18/bbl scenario. The percentages
increase to 72 percent of the oil and 70 percent of the gas in the $30/bbl scenario. In the
half-cycle analysis, these percentages are approximately 55 for both oil and gas in the
$18/bbl scenario and 76 and 73 percent, respectively, for oil and gas in the $30/bbl
scenario.

Although useful as a comparative measure of the total quantities of hydrocarbons
estimated to exist in the study area, the assessment results do not imply a rate of discovery
or a likelihood of discovery and production within a specific time frame. In other words,
they cannot be used directly to draw conclusions concerning the rate of conversion of
these resources to reserves and ultimately production.



Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 1.00
95th percentile 4.364 57.252 14.551
Mean 5.350 63.295 16.613
5th percentile 7.094 70.695 19.674
Half-Cycle 1.00
95th percentile 4,791 62.301 15.876
Mean 5.784 68.462 17.966
5th percentile 7.374 76.883 21.055
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 6.632 79.526 20.783
Mean 7.672 85.684 22.918
5th percentile 9.367 92.942 25.905
Half-Cycle 1.00
95th percentile 7.019 83.936 21.954
Mean 8.077 89.895 24.072
5th percentile 9.892 97.023 27.156

Table 2. Undiscovered Economically Recoverable Resources of the Gulf of Mexico and Atlantic Continental Margin.




INTRODUCTION

An essential ingredient in performing the resource management mission
responsibilities of the Department of the Interior is a sound knowledge of the mineral
resource base. This knowledge provides an understanding of the characteristics and
distribution of the resource, establishing a sound basis for decisions related to resource
management issues. With this as the primary objective, the MMS and the U.S. Geological
Survey (USGS) completed an assessment of the undiscovered conventionally recoverable
oil and gas resources of the United States, which reflects data and information available
as of January 1, 1995 (USGS, 1995; MMS, 1996). This assessment was the culmination
of a multi-year effort that included data and information not available at the time of the
previous assessment (Mast et al., 1989; Cooke and Dellagiarino, 1990), incorporated
advances in petroleum exploration and development technologies, and used new methods
of resource assessment. This report presents the results of the 1995 assessment of the
conventionally recoverable hydrocarbon resources of the Gulf of Mexico and Atlantic OCS.
It provides a more detailed presentation of the results previously summarized in Lore et
al. (1996).

The principal purpose of this report is to present estimates of the total endowment
of conventionally recoverable oil and gas that may be present beneath the Gulf of Mexico
and Atlantic Continental Margin. Secondary objectives are to describe the geologic and
mathematical methodologies employed in the assessment, present an economic analysis
of the undiscovered conventionally recoverable resources of the area, and provide a
historical perspective in which to review the results. We are also providing sufficient
geologic, reservoir engineering, and production data here, in conjunction with a separate
series of gas and oil atlases (Seni et al., 1997; Hentz et al., 1997), to allow others to use
their own technigues to perform a resource assessment or evaluate the economic viability
of the postulated resources.

Energy is the lifeblood of the world’s economy. In 1994, oil and gas resources were
the major contributor to the world energy supply, 38 and 22 percent, respectively
(MacKenzie, 1996). Worldwide reliance on petroleum resources as the principal fuel to
satisfy future energy demand is likely to continue for decades. However, petroleum
resources are usually considered as finite since they do not renew at a rate remotely
approaching their consumption. Since these minerals also power the Nation’s economy,
there is considerable interest in the magnitude of the resource base from which future
domestic discoveries and production will occur. Knowledge concerning the potential
guantities of remaining conventionally recoverable oil and gas resources is required by
governments for strategic planning and formulating domestic land use, energy, and
economic policies. Financial institutions and large corporations use resource estimates
for long-term planning and decisions concerning investment options. Exploration
companies use assessments to design exploration strategies and target expenditures.
Petroleum industry trade associations use resource assessments to gauge trends and the
relative health of the industry. The Gulf of Mexico OCS, which contributed 13 and 25
percent, respectively, of the United States domestic oil and gas production in 1994, is
obviously a critical component of any deliberations concerning future domestic petroleum



supplies (Francois, 1995).

Uncertainty is inherent in estimating quantities of hydrocarbon resources prior to
actual drilling. Imperfect knowledge is associated with almost every facet of the
assessment process. It is vital to recognize that estimates are just that— estimates. The
estimates presented in this report should be viewed as indicators and not predictors of the
petroleum potential of the provinces and regions. It is also important to realize that the
undiscovered conventionally recoverable resources estimated may not be found or, in fact,
produced. It is, however, implied that these resources have some chance of existing,
being discovered, and possibly produced.

Hydrocarbon plays, comprising pools that share common factors influencing the
accumulation of hydrocarbons, were the basic building blocks for this assessment. The
results were subsequently aggregated to the province and region levels. The assessment
methodology incorporated existing data and information available from exploration and
development activities, knowledge of particular plays, and assumptions regarding
technology and costs. For each play a geologic description, reservoir characteristics,
discovery history, reserves, and cumulative production are provided. Additionally, the
play’s resource potential is portrayed as a pool rank plot, identifying both discovered and
undiscovered pools. Undiscovered pools are shown as bars that are indicative of their
range of probable sizes. An economic analysis was performed under two scenarios, with
and without a consideration of exploration costs, to determine quantities of hydrocarbon
resources that may be commercial under given conditions. The results are presented as
ranges of values with associated probabilities of occurrence. This report presents play,
chronozone, series, system, province, region, planning area, and margin level data and
information.



DEFINITION OF RESOURCE TERMS

The terminology associated with resource assessments is involved, but it must be
understood so that the results can be correctly interpreted and applied. The lexicon used
in this report conforms with past assessments and general industry usage. The MMS
scheme of classifying conventionally recoverable hydrocarbons is modified from the
McKelvey diagram (U.S. Bureau of Mines and U.S. Geological Survey, 1980) (figure 1).
The scheme is dynamic with hydrocarbon resources migrating from one
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(U.S. Bureau of Mines and U.S. Geological Survey, 1980)

Figure 1. MMS Classification Scheme for Conventionally Recoverable Hydrocarbon Resources.

category to another over time. Resource availability is expressed in terms of the degree
of certainty about the existence of the resource and the feasibility of its economic recovery.
As such, resource estimates should be used as general indicators and not predictors of
absolute volumes. The overall movement of petroleum resources is to the right as
accumulations are discovered and upward as development and production ensue. The
degree of uncertainty as to the existence of resources decreases to the right in the
diagram. The degree of economic viability decreases downward and also implies a
decreasing certainty of technologic recoverability.
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Other key terms used in this report are included in the glossary, and the definitions
presented both here and in the glossary should be viewed as general explanations rather
than strict technical definitions of the terms.

Conventionally recoverable: Producible by natural pressure, pumping, or secondary
recovery methods such as gas or water injection.

Marginal probability of hydrocarbons (MPhc): An estimate, expressed as a decimal
fraction, of the chance that an oil or natural gas accumulation exists in the area
under consideration. The area under consideration is typically a geologic entity,
such as a pool, prospect, play, basin, or province; or a large geographic area such
as a planning area or region. All estimates presented in this report reflect the
probability that an area may be devoid of hydrocarbons or, in the case of estimates
of economically recoverable resources, that commercial accumulations may not be
present.

Cumulative production: The sum of all produced volumes of hydrocarbons prior to a
specified point in time.

Resources: Concentrations in the earth’s crust of naturally occurring liquid or gaseous
hydrocarbons that can conceivably be discovered and recovered. Normal use
encompasses both discovered and undiscovered resources.

Recoverable resources: The volume of hydrocarbons that is potentially
recoverable, regardless of the size, accessibility, recovery technique, or
economics of the postulated accumulations.

Conventionally recoverable resources: The volume of hydrocarbons that
may be produced from a wellbore as a consequence of natural
pressure, artificial lift, pressure maintenance (gas or water injection),
or other secondary recovery methods. They do not include quantities
of hydrocarbon resources that could be recovered by enhanced
recovery techniques, gas in geopressured brines, natural gas
hydrates (clathrates), or oil and gas that may be present in insufficient
guantities or quality (low permeability “tight” reservoirs) to be
produced via conventional recovery techniques.

Remaining conventionally recoverable resources: The volume of
conventionally recoverable resources that has not yet been
produced and includes remaining proved reserves, unproved
reserves, reserves appreciation, and undiscovered
conventionally recoverable resources.

Economically recoverable resources: The volume of conventionally
recoverable resources that is potentially recoverable at a profit after



considering the costs of production and the product prices.

Undiscovered resources: Resources postulated, on the basis of geologic
knowledge and theory, to exist outside of known fields or accumulations.
Included also are resources from undiscovered pools within known fields to
the extent that they occur within separate plays.

Undiscovered conventionally recoverable resources (UCRR): Resources in
undiscovered accumulations analogous to those in existing fields
producible with current recovery technology and efficiency, but without
any consideration of economic viability. These accumulations are of
sufficient size and quality to be amenable to conventional primary and
secondary recovery techniques. Undiscovered conventionally
recoverable resources are primarily located outside of known fields.

Undiscovered economically recoverable resources (UERR): The portion of
the undiscovered conventionally recoverable resources that is
economically recoverable under imposed economic and technologic
conditions.

Reserves: The quantities of hydrocarbon resources which are anticipated to be recovered
from known accumulations from a given date forward. All reserve estimates involve
some degree of uncertainty.

Proved reserves: The quantities of hydrocarbons which can be estimated with
reasonable certainty to be commercially recoverable from known
accumulations and under current economic conditions, operating methods,
and government regulations. Current economic conditions include prices
and costs prevailing at the time of the estimate. Estimates of proved
reserves equal cumulative production plus remaining proved reserves and
do not include reserves appreciation.

Remaining proved reserves: The quantities of proved reserves currently
estimated to be recoverable. Estimates of remaining proved reserves
equal proved reserves minus cumulative production.

Unproved reserves: Reserve estimates based on geologic and engineering
information similar to that used in developing estimates of proved reserves,
but technical, contractual, economic, or regulatory uncertainty precludes
such reserves being classified as proved.

Reserves appreciation: The observed incremental increase through time in the
estimates of reserves (proved and unproved [P & U]) of an oil and/or gas
field. It is that part of the known resources over and above proved and
unproved reserves that will be added to existing fields through extension,



4

revision, improved recovery, and the addition of new reservoirs. Also
referred to as reserves growth or field growth.

Total reserves: All hydrocarbon resources within known fields that can be profitably
produced using current technology under existing economic conditions.
Estimates of total reserves equal cumulative production plus remaining
proved reserves plus unproved reserves plus reserves appreciation.

Total endowment: All conventionally recoverable hydrocarbon resources of an area.
Estimates of total endowment equal undiscovered conventionally recoverable
resources plus cumulative production plus remaining proved reserves plus unproved
reserves plus reserves appreciation.



SOURCES OF DATA

The assessment of the total endowment of the Atlantic and Gulf of Mexico OCS
required the compilation and analysis of published information and vast amounts of
geologic, geophysical, and engineering data obtained by industry and furnished to MMS
from operations performed under permits or mineral leases. Since 1954, nearly 8,850
permits to conduct prelease geologic or geophysical exploration have been issued in the
study area. In addition, more than 12,050 leases have been awarded to industry for the
exploration, development, and production of oil and gas. As a condition of these permits
and leases, MMS has acquired approximately 1.2 million line-miles of two-dimensional
common depth point (CDP) seismic data and 28,000 square miles of three-dimensional
CDP seismic data. Moreover, MMS has accumulated geologic information from over
31,000 wells drilled on the Gulf of Mexico and Atlantic Continental Margin. These
activities resulted in the discovery in the Gulf of Mexico of 876 proved fields and 77 active
unproved fields containing over 22,000 reservoirs. A single noncommercial field/structure
has been encountered on the Atlantic OCS. Additionally, the Canadian and Nova Scotian
Governments have released significant seismic and well data acquired from industry
exploration activities on the Scotian Shelf. This database, in its entirety, was the primary
information source for the play delineation process, as well as the basis for determining
key parameters of geologic variables and pool size distributions, for the Atlantic OCS.

Much of the geologic and reservoir information supporting this assessment for the
Gulf of Mexico Region has been released and is available on the Internet at
http://www.gomr.mms.gov. Additionally, more detailed analyses have been released as
part of a series of offshore Gulf of Mexico gas and oil atlases (Seni et al., 1997; Hentz et
al., 1997).



COMMODITIES ASSESSED

The petroleum commodities assessed in this study are crude oil, natural gas liquids
(condensate), and natural gas that exist in conventional reservoirs and are producible with
conventional recovery techniques. Crude oil exists in a liquid state in the subsurface and
at the surface; it may be described on the basis of its API gravity as “light” (i.e.,
approximately 20 to 50° API) or “heavy” (i.e., generally less than 20° API). Condensate is
a very high-gravity (i.e., generally greater than 50° API) liquid; it may exist in a dissolved
gaseous state in the subsurface but liquefy at the surface. Crude oil with a gravity greater
than 10° APl and condensate can be removed from the subsurface with conventional
extraction techniques and have been assessed for this project. Natural gas is a gaseous
hydrocarbon resource, which may consist of associated and/or nonassociated gas; the
terms natural gas and gas are used interchangeably in this report. Associated gas exists
in spatial association with crude oil; it may exist in the subsurface as undissolved gas
within a gas cap or as gas that is dissolved in crude oil (solution gas). Nonassociated gas
(dry gas) does not exist in association with crude oil. Gas resources that can be removed
from the subsurface with conventional extraction techniques have been assessed for this
project. Crude oil and condensate are reported jointly as oil; associated and
nonassociated gas are reported as gas. Oil volumes are reported as stock tank barrels
and gas as standard cubic feet. Oil-equivalent gas is a volume of gas (associated and/or
nonassociated) expressed in terms of its energy equivalence to oil (i.e., 5,620 cubic feet
of gas per barrel of oil) and is reported in barrels. The combined volume of oil and oil-
equivalent gas resources is referred to as combined oil-equivalent resources or BOE
(barrels of oil equivalent) and is reported in barrels (Dunkel and Piper, 1997).

This report encompasses only a portion of all the oil and gas resources believed to
exist on the Gulf of Mexico and Atlantic Continental Margin. This assessment does not
include potentially large quantities of hydrocarbon resources that could be recovered from
known and future fields by enhanced recovery techniques, gas in geopressured brines,
natural gas hydrates (clathrates), or oil and gas that may be present in insufficient
guantities or quality (low permeability “tight” reservoirs) to be produced via conventional
recovery technigues. In some instances the boundary between these resources is rather
indistinct; however, we have not included in this assessment any significant volume of
unconventional resources. These unconventional resources have yet to be produced from
the OCS; however, with improved extraction technologies and economic conditions, they
may become important future sources of domestic oil and gas production.

Estimates of the quantities of historical production, reserves, and future reserves
appreciation are presented to provide a frame of reference for analyzing the estimates of
undiscovered conventionally recoverable resources. Furthermore, reserves appreciation
and undiscovered conventionally recoverable resources comprise the resource base from
which the near to midterm future oil and gas supplies will emerge.



ROLE OF TECHNOLOGY AND ECONOMICS

IN RESOURCE ASSESSMENT

This study assesses only conventionally recoverable hydrocarbon resources. In
developing these estimates it is necessary to make fundamental assumptions regarding
future technology and economics. The inability to predict accurately the magnitude and
effect of these factors introduces additional uncertainty to the resource assessment. There
is a technologic and economic limit to the amount of in-place oil and gas resources that
can be physically recovered from a reservoir. Within conventional reservoirs in the study
area, approximately 30 to 40 percent of the in-place oil and 65 to 80 percent of the in-place
gas resources are typically recovered. Additional technologic and economic constraints
are applicable to the circumstances under which exploration and development activities
can occur (e.g., ultra-deepwater). Continued expansion of the technologic frontiers can
be reasonably assumed to partially mitigate the impacts of a lower quality resource base
and less favorable economic conditions.

Scientists can estimate the quantity of conventionally recoverable resources (both
discovered and undiscovered) on the basis of the present state of geologic and
engineering knowledge, modified by a subjective consideration of future technologic
advancement. However, the quantity of resources that may ever actually be produced is
dependent in large part upon economics. Actual cost/price relationships are critical
determinants. New capital intensive exploration and development technologies require
higher product prices for implementation. Typically, as these high-cost technologies are
more widely employed, costs decrease, resulting in even more widespread use of these
techniques. On the other hand, new modest-cost exploitation technologies that increase
recoveries or decrease finding, development, or operating costs can markedly increase
estimates of conventionally recoverable resources without requiring an increase in product
prices. A decrease in price as experienced in the late 1980's can be moderated or offset
by the implementation of a technology that reduces unit costs or vice versa. Generally,
the effects of price and technology can be considered interchangeable within the context
of a resource assessment.

Another important aspect of the role of technology in a resource assessment is the
ability through the deployment of new technology to rethink fundamental approaches to
developing exploration play concepts. Basic geologic knowledge concerning the origin,
migration, and entrapment of petroleum resources has remained relatively unchanged for
the past several decades. However, scientific advances aided by new technologies have
affected our ability to identify hydrocarbon plays and, thus, the assessment of the
conventionally and economically recoverable resources in discovered and undiscovered
accumulations and plays. A prime example of this is the imaging of subsalt accumulations
in the Gulf of Mexico. The recent, increased availability or access to massively parallel
computers has made depth migration of three-dimensional seismic data practical in terms
of computer time and costs. Subsequent subsalt discoveries have demonstrated that
drilling is practical and the costs can be controlled as experience is gained and techniques
developed. This type of technologic advance is not explicitly considered in this resource



assessment.

The National Research Council (1991) in its examination of the previous national
resource assessment summarized the complex problems intrinsic to the conventional-
unconventional and recoverable-unrecoverable boundaries and resource assessments.
Both of these boundaries are in flux due to changing economic viability over time and are
dependent upon a complex set of economic and technologic variables. Significant
changes in the cost/price relationship or fundamental changes in technologic capabilities
can shift these boundaries, causing modifications in perceptions and the practical meaning
of the definitions. Thus, uncertainties in economic and technologic conditions contribute
to the substantial uncertainties in the resource assessment.

A perceptive Lewis Weeks (1958), in considering this issue, wrote four decades
ago:

“While research adds to our proved reserves by developing new ways to find and
produce oll, it is a field of activity whose advances are impossible to predict. This
is because they depend to a large degree on such important, intangible human
resources as initiative and ingenuity.”

“... man’s mind is his most valuable asset— a ‘natural resource’ of unlimited
potential— and the key to an abundant supply of fuel in the future.”



METHODOLOGY INTRODUCTION

Previous MMS assessments presented estimates of undiscovered conventionally
recoverable oil and gas resources as cumulative distributions of the quantities of resources
expected in a particular area. Knowledge of both the total amount of undiscovered
conventionally recoverable oil and gas resources and the number and size distribution of
potential individual accumulations is an important factor that must be considered in
formulating a corporate exploration strategy or national policy. The methodology used in
this assessment also provides this information in the form of pool rank plots for each play.

Estimates of undiscovered economically recoverable oil and gas resources were
also previously presented only as cumulative distributions at discrete sets of economic
conditions. In this assessment, these estimates are also presented as price-supply curves
that show incrementally the costs associated with transforming a volume of undiscovered
conventionally recoverable resources to economically recoverable resources.

Among MMS’s objectives for this assessment was the use of an appraisal method
allowing the input of a wide variety and wealth of data, while at the same time providing
sufficient flexibility for use in areas with a scarcity of data. It also sought to employ a
geologic framework that would facilitate periodic updating as an adjunct to ongoing
activities. A play assessment framework was judged to be the best approach to meeting
these objectives. Thus, the basic building block of this assessment of undiscovered
conventionally recoverable resources is the hydrocarbon play (White and Gehman, 1979;
White 1980, 1993).



RESERVES

The MMS scheme of classifying conventionally recoverable hydrocarbons is
modified from the McKelvey diagram (U.S. Bureau of Mines and U.S. Geological Survey,
1980) (figure 1). With increasing economic certainty, resources progress from uneconomic
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Figure 1. MMS Classification Scheme for Conventionally Recoverable Hydrocarbon Resources.

to marginally economic. With increasing geologic assurance, hydrocarbon accumulations
advance from resources to unproved reserves. Reserves can be classified as proved
when sufficient economic and geologic knowledge exists to confirm the likely commercial
production of a specific volume of hydrocarbons. Proved reserves must, at the time of the
estimate, either have facilities that are operational to process and transport those reserves
to market, or a commitment or reasonable expectation to install such facilities in the future
(Society of Petroleum Engineers, 1987).

Reserves are frequently estimated at different stages in the exploration and
development of a hydrocarbon accumulation (i.e., after exploration and delineation drilling,
during development drilling, after some production and, finally, after production has been
well established). Different methods of estimating the volume of reserves are appropriate
at each stage. Reserve estimating procedures generally progress from volumetric to
performance-based techniques as the field matures. The relative uncertainty associated
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with these estimates decreases as more subsurface information and production history
become available.

Volumetric estimates are based on subsurface geologic information from wells,
geophysical data, and limited production and test data. An estimate of the volume of
hydrocarbon-bearing rock is determined and an estimate of the recovery factor applied to
calculate reserves (Arps, 1956; Wharton, 1948).

Performance-based methods are primarily variations of production decline curve
analyses. Generally, they involve plotting production rate versus time or cumulative
production and projecting the trend to the economic limit of the accumulation. These
empirical extrapolations assume that whatever factors have caused the historical trend in
the curve will continue to uniformly govern the trend in the future (Arps, 1945).

Cumulative production is a measured quantity that can be accurately determined.
Estimates of proved reserves are uncertain; however, traditional industry practice has
been to calculate reserves through a deterministic process and present the results as
single point estimates. The uncertainty associated with these estimates is less than with
comparable estimates of volumes of unproved reserves and considerably less than
estimates of undiscovered resources.



RESERVES APPRECIATION GENERAL DISCUSSION

Reserves appreciation or reserves growth is the observed incremental increase
through time in the estimates of proved reserves of an oil and/or gas field. The objective
of the reserves appreciation effort was to estimate the quantity of reserves from known
fields that, because of the reserves appreciation phenomenon, will ultimately contribute to
the future oil and gas supply. The reserves growth phenomenon is the result of numerous
factors that occur as a field is developed and produced. These factors include

- standard industry practices for reporting proved reserves,

- an increased understanding of the petroleum reservoir,

- physical expansion of the field, and

- improved recoveries due to experience with actual field performance, the
implementation of new technology, and/or changes in the cost-price
relationships.

Growth functions can be used to calculate an estimate of a field’s size at a future
date. In this assessment, growth factors were calculated from the MMS database of 876
OCS fields with proved r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>