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Disclaimer

This Compact Disk-Read Only Memory (CD-ROM) publication is a product of the Minerals Man-
agement Service, which is an agency of the United States Government. Neither the United States Govern-
ment nor any agency thereof nor any of their employees make any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any informa-
tion, apparatus, product, or service by trade name, trademark, manufacturer, or otherwise does not neces-
sarily constitute or imply its endorsement, recommendation, or favoring by the United States Government
or any agency thereof. Although all data and software on this CD-ROM have been used by the Minerals
Management Service, no warranty, expressed or implied, is made as to the accuracy of the data and
related materials and/or the functioning of the software. The act of distribution shall not constitute any such
warranty, and no responsibility is assumed by the Minerals Management Service in the use of these data,
software, or related materials.

2000 Assessment Disclaimer
WWW.gomr.mms.gov
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Dedication
In memory of
a true friend, and admirable colleague,
and an inspiration to us all.
Barbara J. Bascle
1951-2001
2000 Assessment Dedication
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Largest Plays Lists
(hyperlinked)

The ten largest plays by BOE mean total endowment:

1) UPL-LL X2 p. 467
2) UP F2 p. 273

3) LPL F2 p. 257

4) LPL P1 p. 249

5) UM3 P1 p. 305
6) MM9 F2 p. 357

7) LM2 F2 p. 433

8) LM4 F2 p. 423

9) UM3 F2 p. 313
10 LPL F1 p. 253

8.970 BBOE
7.479 BBOE
7.443 BBOE
6.335 BBOE
5.577 BBOE
4.954 BBOE
4.885 BBOE
4.885 BBOE
4.836 BBOE
4.498 BBOE

13

The ten largest plays by BOE mean undiscovered conventionally recoverable resources

(UCRR):

1) UPL-LL X2 p. 467
2) UP F2 p. 273

3) LM2 F2 p. 433

4) LM4 F2 p. 423

5) LPL F2 p. 257

6) MM9 F2 p. 357

7) ALK C1 p. 561

8) MM7 F2 p. 385
9) UM1 F2 p. 333
10) MM4 F2 p. 405

6.432 BBOE
5.058 BBOE
4.885 BBOE
4.885 BBOE
4.522 BBOE
4.033 BBOE
2.816 BBOE
2.646 BBOE
2.567 BBOE
2.495 BBOE

The ten largest plays by BOE total reserves:

1) LPL P1 p. 249

2) UM3 P1 p. 305

3) MPL P1 p. 233

4) LPL F1 p. 253

5) UPL P1 p. 215

6) LP P1 p. 281

7) UP P1 p. 265

8) LPL F2 p. 257

9) UM1 P1 p. 325

10) UPL-LL X2 p. 467

The ten largest conceptual plays by mean BOE:

1) LM2 F2 p. 433

2) LM4 F2 p. 423

3) ALK C1 p. 561

4) MM4 F2 p. 405

5) AUJ C1 p. 573

6) UK5-LK3 X5 p. 503

7) LO-LL C2 p. 457

8) UK5-LK3 X4 p. 499
9) LM1 F2 p. 443

10) UK5-LTR BC4 p. 537

5.997 BBOE
5.341 BBOE
3.773 BBOE
3.544 BBOE
3.492 BBOE
3.353 BBOE
3.202 BBOE
2.921 BBOE
2.575 BBOE
2.538 BBOE

4.885 BBOE
4.885 BBOE
2.816 BBOE
2.495 BBOE
2.415 BBOE
2.160 BBOE
1.927 BBOE
1.773 BBOE
1.653 BBOE
1.603 BBOE

2000 Assessment
www.gomr.mms.gov

Largest Plays Lists
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Figure 2. Physiographic map of the U.S. Atlantic Outer Continental
Shelf.

Report Description

This report presents the
results of the 2000 assessment of the
conventionally recoverable hydrocar-
bon resources for the northern Gulf of
Mexico and U.S. Atlantic Outer Conti-
nental Shelf (OCS) (figures 1 and 2).
Conventionally recoverable
resources are hydrocarbons poten-
tially amenable to conventional pro-
duction 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 jurisdic-
tion. The Minerals Management Ser-
vice (MMS) and the U.S. Geological
Survey have previously completed
several assessments of the undiscov-
ered conventionally recoverable oil
and gas resources of the United
States OCS. This 2000 assessment
considered data and information
available as of January 1, 1999.

Introduction

Worldwide reliance on petro-
leum resources will continue for
decades to be the principal means to
satisfy future energy demand. Petro-
leum resources are usually consid-
ered 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 magni-
tude of the resource base from which
future domestic discoveries and pro-
duction will occur.

Resource estimates are just
that— estimates. All methods of
assessing potential quantities of con-
ventionally 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 conven-
tionally recoverable resources on the
basis of current geologic, engineer-

2000 Assessment
www.gomr.mms.gov

Summary
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Gulf of Mexico Region Number |  Oil Gas | BOE ing, and economic knowledge and a
Marginal Probability = 1.00 of Pools | (Bbbl) | (Tcf) | (Bbbl) consideration of future conditions.
Reserves The estimates incorporate uncer-

Original proved 2369 | 14.266 | 162.711| 43.218 tainty, but they cannot account for the

Cumulative production ~ | 10.908 | 132677 | 34515 unforeseen or serendipity. As such,

Remaining proved ~ | 3358 | 30084 | 8703 resource estimates should be used

Unproved 84 0995 | 5102 | 1903 as general indicators and not pr_edlc—

- tors of absolute volumes. In spite of

TN (B 1) — 7.736 | 68.09 | 19.853 this inherent uncertainty, resource
Undiscovered Conventionally assessments are valuable input to
Recoverable Resources developing energy policy and in cor-

95th percentile - 22.821 | 145.088 | 49.851 porate planning (e.g., ranking explo-

Mean 2870 37.126 | 191.627| 71.223 ration OpportunitieS, performing

5th percentile - 56.054 | 246.600| 97.602 economic analyses, and assessing
Total Endowment technology and capital needs).

95th percentile - 45.818 | 380.998 | 114.825 Hydrocarbon resource

Mean _ 5323 | 601231 427.537 136.197 assessments have been performed

S EEREE e = | 790511482510 162.576 by geologists, statisticians, and econ-

omists for decades. For these

Table 1. Assessment results for reserves, undiscovered conventionally assessments to be used effectively,
recoverable resources, and total endowment of the Gulf of Mexico a knowledge of the terminology,
Region. commodities, regions assessed,
methodology, and statistical reporting

conventions is essential. Much of the

confusion attending the use of pub-

Atlantic Region Number |  QOil Gas | BOE lished petroleum resource and
Marginal Probability = 1.00 of Pools| (Bbbl) | (Tcf) | (Bbbl) reserve estimates is the result of mis-
Reserves understanding or inappropriately

Original proved 0 0.000 | 0.000 | 0.000 interchanging the data and terminol-

Cumulative production - 0.000 | 0.000 | 0.000 ogy. An ideal basis for the inevitable

Remaining proved - 0.000 | 0.000 | 0.000 comparisons among assessments

Unproved 0 0.000 | 0.000 | 0.000 does not exist.

Appreciation (P & U) 0 0.000 | 0.000 | 0.000 The petroleum commodities
Undiscovered Conventionally assessed in this study are crude oil,
Recoverable Resources natural gas liquids (condensate), and

95th percentile - 1.207 | 16.117 | 4.558 natural gas that exist in conventional

Mean 502 2307 | 27.712 | 7.238 reservoirs and are producible with

5th percentile - 3.706 | 43.499 | 10.739 conventional recovery techniques.
Total Endowment The volumetric estimates of oil

95th percentile -~ 1.207 | 16.117 | 4.558 resources reported represent com-

Mean 502 | 2307 | 27712 | 7.238 bined volumes of crude oil and con-

5th percentie - | 3706 | 43499 | 10.739 densate. In developing these

estimates, it was necessary to make

fundamental assumptions regarding

Table 2. Assessment results for reserves, undiscovered convention- future technology and economics.

ally recoverable resources, and total endowment for the Atlantic The inability to predict the magnitude
Region. and effect of these factors accurately

introduces additional uncertainty to
the resource assessment. Although
not considered in this report, the con-
tinued expansion of the technologic
frontiers can be reasonably assumed
to partially mitigate the impacts of a
lower quality remaining resource
base (i.e., smaller pool sizes, less
concentrated accumulations, more

Summary 2000 Assessment
WWW.gomr.mms.gov
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GOM Region (Total of All Water Depths ) remote locations) and less favorable
economic conditions.

Undiscovered Economically Marginal Qil Gas BOE In this assessment the

Recoverable Resources Probability | (Bbbl) (Tch) (Bbbl) Atlantic and Gulf of Mexico Continen-
$18.00/bbl and $2.11/Mcf . o .

Full-Cycle 1.00 tal _Margln was d|V|d§d into tyvo

95th percentile 13.968 | 84530 | 29.009 regions and three provinces, which

Mean 17467 | 100260 | 35307 !ncluded 103 play_s. _Because qf the

5th percentile 21.851 | 114.075 | 42.149 inherent uncertainties associated

Half.Cycle 100 with an assessment of undiscov-

95th percentile 14905 | 90434 | 30996 ered resources, probabilistic tech-

Mean 18569 | 105.167 | 37.282 niques were employed and the

5th percentile 23073 | 118912 | 44232 results reported as a range of values

$30.00/bbl and $3.52/Mcf corresponding to different probabili-

Full-Cycle 1.00 ties of occurrence. A good resource

95th percentile 24749 | 129.389 | 47.772 assessment model must appropri-

Mean 28.134 | 140.731 | 53175 ately express the effect of the various

5th percentile 34749 | 151929 | 61.783 geologic, technologic, and economic

Half-Cycle 1.00 forces that impact a forecast of quan-

95th percentile 25171 | 133.790 | 48977 tities of undiscovered conventionally

Mean 28.811 | 143.986 | 54.431 or economically recoverable

5th percentile 35643 | 155.311 | 63.278 resources. This resource assessment

used the same play analysis

Table 3. Undiscovered economically recoverable resources of the approach as used for the 1995

Gulf of Mexico Region. assessment (Lore et al., 1999), which

represented a major change from the

procedures used by MMS for earlier

Atlantic Region ( Total of All Water Depths ) assessments (COOKG’ 1985; Cooke

and Dellagiarino, 1990). A major

Undiscovered Economically Marginal Oil Gas BOE strength of the current method is that

Recoverable Resources Probability [ (Bbbl) (Tcf) (Bbbl) it has a strong relationship between

$18.00/bbl and $2.11/Mcf information derived from oil and gas

Full-Cycle 1.00 exploration activities and the geologic

95th percentile 0216 | 2325 | 0630 model developed by the assessment

Mean 0530 | 6649 | 1.713 team. An extensive effort was

5th percentile 1.067 | 12546 | 3.300 involved in defining plays, in delineat-

Half-Cycle 1.00 ing the geographic limits of each play,

95th percentile 0280 | 3059 | 0824 and in compiling data on critical geo-

Mean 0602 | 7.310 | 1.903 logic and reservoir engineering

5th percentile 1.178 | 13280 | 3.541 parameters (Hunt and Burgess,

$30.00/bbl and $3.52/Mcf 1995; Seni et al., 1997; Hentz et al.,

Al 1.00 1997). These parameters were criti-

95th percentis 0823 | 7939 | 2235 cal input in the determination of

= 1338 | 12780 | 3612 the total quantities of recoverable

ST 1920 | 19.205 | 5338 resources in each play. The basic

Half-Cycle 1.00 assumption employed in this assess-

35;2:9“”“'8 1'2‘713 12;32 i;‘é ment was that the distribution of indi-

Sith percerie 2011 | 21847 | 5808 vidual _pool sizes fqr _accumulahons in

a play is characteristically lognormal.

Table 4. Undiscovered economically recoverable resources of the A significant aspect of the

Atlantic Region. method used in this assessment of

undiscovered resources involved the

“‘matching” of existing discoveries

with the projected pool size distribu-

tions of the geologic model. A more

subjective variation of this process

employing appropriately scaled ana-
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GOM and Atlantic Regions Number Oil Gas BOE
Marginal Probability = 1.00 of Pools | (Bbbl) | (Tcf) | (Bbbl)
Reserves
Original proved 2,369 | 14.266 | 162.711| 43.218
Cumulative production - 10.908 | 132.677 | 34.515
Remaining proved - 3.358 | 30.034 | 8.703
Unproved 84 0.995 | 5.102 | 1.903
Appreciation (P & U) - 7.736 | 68.096 | 19.853

Undiscovered Conventionally
Recoverable Resources

95th percentile - 24.520 | 165.587 | 55.512

Mean 3,372 | 39.433 | 219.338| 78.461

5th percentile - 59.047 | 282.935| 106.617
Total Endowment

95th percentile - 47.517 | 401.497 | 120.486

Mean 5,825 | 62.430 | 455.248| 143.435

5th percentile - 82.044 | 518.845| 171.591

Table 5. Assessment results for reserves, undiscovered convention-
ally recoverable resources, and total endowment of the combined
Gulf of Mexico and Atlantic Regions.

GOM and Atlantic Regions Total (Total of All Water Depths)

Undiscovered Economically Marginal Qil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 1.00
95th percentile 14264 | 91.944 | 30.624
Mean 17.936 | 106.756 | 36.932
5th percentile 22.030 | 123.673 | 44.036
Half-Cycle 1.00
95th percentile 15447 | 97187 | 32.740
Mean 19.134 | 112.203 | 39.099
5th percentile 23574 | 127.304 | 46.226
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 25.822 | 141.839 | 51.061
Mean 29.331 | 153.598 | 56.661
5th percentile 34.807 | 168.857 | 64.853
Half-Cycle 1.00
95th percentile 26.680 | 146.738 | 52.790
Mean 30.236 | 158.999 | 58.527
5th percentile 36.210 | 173.879 | 67.150

Table 6. Undiscovered economically recoverable resources of the
combined Gulf of Mexico and Atlantic Regions.

logs was used for conceptual and
frontier plays. This report presents for
each play the assessment results,
pool rank plots, maps, play descrip-
tions, and a series of additional anal-
yses including discovery histories.

Assessment Results,
Gulf of Mexico

The total endowment (all
conventionally recoverable hydrocar-
bon resources) of the Gulf of Mexico
OCS as of January 1, 1999, is shown
in table 1. The Gulf of Mexico OCS
total endowment, which includes
cumulative production, is estimated
to be between 46 and 79 billion bar-
rels of oil (Bbo) and 381 and 483 ftril-
lion cubic feet of gas (Tcfg). This is
equal to 115 and 163 billion barrels of
oil equivalent (BBOE). The range of
estimates corresponds to a 95-per-
cent 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 addi-
tive. The mean estimates are 60 Bbo
and 428 Tcfg (136 BBOE). Nearly 23
Bbo and 236 Tcfg (65 BBOE), or
approximately 48 percent, of this
mean total endowment is repre-
sented by cumulative production,
remaining proved reserves, unproved
reserves, and reserves appreciation.
Undiscovered conventionally recov-
erable resources (UCRR) are
believed to be discoverable and pro-
ducible utilizing existing and reason-
ably foreseeable technology. The
estimates of UCRR for oil range from
23 to 56 Bbbl (billion barrels); the
estimates for gas range from 145 to
247 Tcf (trillion cubic feet); and the
estimates for BOE (barrels of oil
equivalent) range from 50 to 98 Bbbl.
The mean estimates of UCRR are 37
Bbo and 192 Tcfg (71 BBOE).

Beneath the Gulf of Mexico
Continental Margin are approximately
35 to 68 Bbbl of remaining conven-
tionally recoverable oil, with a mean
of 49 Bbbl. This includes remaining
reserves (proved and unproved),
reserves appreciation, and UCRR.

Summary
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The estimates of remaining con-
ventionally recoverable gas
range from 248 to 350 Tcf, with
a mean of 295 Tcf; and the esti-
mates of remaining

conventionally recoverable BOE
range from 80 to 128 Bbbl, with
a mean of 102 Bbbl.

Assessment Results,
Atlantic

The total endowment of
the Atlantic OCS as of January
1, 1999, is shown in table 2. The
Atlantic OCS total endowment is
estimated to be between 1 and 4
Bbo and 16 and 43 Tcfg (5 and
11 BBOE) at the 95th and 5th
percentiles, respectively. The
mean estimates are 2 Bbo and
28 Tcfg (7 BBOE). No reserves
are assigned to the Atlantic OCS
and, therefore, undiscovered
conventionally recoverable
resources (UCRR) are equal to
total endowment.

Economic Assessment,

Gulf of Mexico

An economic analysis
determined the portions of the
UCRR that over the long term
are anticipated to be commer-
cially viable under a specific set
of economic conditions. The
basic economic analysis was
performed at the prospect level
with  regional transportation
infrastructure and costs consid-
ered at the area level. The eco-
nomic 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 con-
siders all subsequent leasehold,
geophysical, geologic, explora-
tion, and development costs in
determining the economic viabil-
ity of a prospect. In a half-cycle
evaluation, leasehold and explo-
ration costs, as well as delinea-
tion costs incurred prior to the
field development decision, are
assumed to be sunk costs and

are not considered in the dis-
counted cash flow calculations
to determine whether a field is
commercially viable.

Estimates of undiscov-
ered economically recoverable
resources (UERR) are sensitive
to price and technology assump-
tions 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) sce-
narios. The results of both the
full- and half-cycle economic
analysis for the Gulf of Mexico
Region are shown in table 3.

In the full-cycle, $18/bbl
scenario, the estimates of UERR
for oil range from 14 to 22 Bbbil;
the estimates for gas range from
85 to 114 Tcf; and the estimates
for BOE range from 29 to 42
Bbbl. The mean estimates of
UERR are 17 Bbo and 100 Tcfg
(35 BBOE). In the $30/bbl sce-
nario, the estimates of mean
UERR increase by approxi-
mately 61 percent for oil and 40
percent for gas.

In the half-cycle, $18/bbl
scenario, the estimates of UERR
for oil range from 15 to 23 Bbbil;
the estimates for gas range from
90 to 119 Tcf; and the estimates
for BOE range from 31 to 44
Bbbl. The mean estimates of
UERR are 19 Bbo and 105 Tcfg
(37 BBOE). This represents an
increase of 6 percent over the
equivalent full-cycle analysis. In
the half-cycle, $30/bbl scenario,
the mean estimates of UERR
increase by approximately 2 per-
cent for oil and 2 percent for gas
over the equivalent full-cycle
analysis.

Approximately 47 per-
cent of the mean undiscovered
conventionally recoverable oil
and 52 percent of mean undis-
covered conventionally recover-
able gas resources are
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economic in the full-cycle, $18/
bbl scenario. The percentages
increase to 76 percent of the oil
and 73 percent of the gas in the
$30/bbl full-cycle scenario. In the
half-cycle analysis, these per-
centages are approximately 50
for oil and 55 for gas in the $18/
bbl scenario and 78 and 75 per-
cent, respectively, for oil and gas
in the $30/bbl scenario.

Although useful as a
comparative measure of the total
quantities of hydrocarbons esti-
mated to exist in the study area,
the assessment results do not
imply a rate of discovery or a
likelihood of discovery and pro-
duction within a specific time
frame. In other words, they can-
not be used directly to draw con-
clusions concerning the rate of
conversion of these resources to
reserves and ultimately produc-
tion.

Economic Assessment,

Atlantic

The results of both the
full- and half-cycle economic
analysis for the Atlantic Region
are shown in table 4. In the full-
cycle, $18/bbl scenario, the esti-
mates of UERR for oil range
from <1 to 1 Bbbl, the estimates
for gas range from 2 to 13 Tcf,
and the estimates for BOE range
from <1 to 3 Bbbl. The mean
estimates of UERR are 1 Bbo
and 7 Tcfg (2 BBOE). In the $30/
bbl scenario, the estimate of
mean UERR more than doubles.

In the half-cycle, $18/bbl
scenario, the estimates of UERR
for oil range from <1 to 1 Bbbil;
the estimates for gas range from
3 to 13 Tcf; and the estimates for
BOE range from 1 to 4 Bbbl. The
mean estimates of UERR are 1
Bbo and 7 Tcfg (2 BBOE). This
represents an increase of 11
percent over the equivalent full-
cycle analysis. In the half-cycle,
$30/bbl scenario, the mean esti-
mates of UERR increase 17 per-
cent over the equivalent full-

2000 Assessment
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cycle scenario.

Approximately 23 per-
cent of the mean undiscovered
conventionally recoverable oil
and 24 percent of the mean
undiscovered conventionally
recoverable gas resources are
economic in the full-cycle, $18/
bbl scenario. The percentages
increase to 58 percent of the oll
and 46 percent of the gas in the
$30/bbl scenario. In the half-
cycle analysis, these percent-
ages are approximately 26 for
both oil and gas in the $18/bbl
scenario and 68 and 54 percent,
respectively, for oil and gas in
the $30/bbl scenario.

Assessment results and
economic analysis for the com-
bined Gulf of Mexico and Atlan-
tic OCS Regions are presented
in tables 5 and 6, respectively.

Companion

Publication

A companion publica-
tion—Atlas of Gulf of Mexico
Gas and Oil Sands as of Janu-
ary 1, 1999 (Bascle, et al.,
2001)—reports proved and
unproved reserves in the Gulf of
Mexico OCS and includes an
extensive geologic, engineer-
ing, and production database.
While some pool level reserves
data is included in the 2000
Assessment, detailed reserves
information is provided in the
Atlas at the sand level, where all
volume-weighted reservoir data
has been rolled up into the com-
mon producing sand.

The Atlas also contains
GIS capabilities that enable
users to query, retrieve, and dis-
play tabular data in map form.

Data are linked at the sand, field,
and play levels.

Together, these two
publications allows others to use
their own techniques in perform-
ing a resource assessment or to
evaluate the economic viability
of drilling prospects.

Summary
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Introduction

An essential ingredient
in performing the resource man-
agement mission responsibilities
of the Department of the Interior
is a sound knowledge of the
mineral resource base. This
knowledge provides an under-
standing of the characteristics
and distribution of the resource,
establishing a solid basis for
decisions related to resource
management issues. With this
as the primary objective, the
MMS periodically performs an
assessment of the undiscov-
ered conventionally recoverable
oil and gas resources of the
United States Outer Continental
Shelf (OCS). This report pre-
sents the results of the 2000
assessment of the convention-
ally recoverable hydrocarbon
resources of the Gulf of Mexico
and Atlantic OCS. This latest
assessment reflects data and
information available as of Janu-
ary 1, 1999, thus incorporating
data and information not avail-
able at the time of the January 1,
1995 MMS assessment (Lore et
al., 1999). It also provides a
more detailed presentation of
the results previously summa-
rized on the MMS website (Hunt
and Dickerson, 2001).

Objectives

The principal purpose of
this report is to present esti-
mates 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 provid-
ing sufficient geologic, reservoir
engineering, and production
data here, in conjunction with a
separate gas and oil atlas (Bas-
cle et al., 2001), to allow others
to use their own techniques to
perform a resource assessment
or evaluate the economic viabil-
ity of the postulated resources.

Reliance on

Petroleum

Energy is the lifeblood
of the world’s economy. Since
displacing coal early in the last
century, crude oil has been the
world’s  primary source of
energy. The United States is
currently experiencing a dra-
matic increase in the use of nat-
ural gas, mainly as the
environmentally preferred fuel
for the generation of electricity.
In 1998, oil and gas resources
comprised 63 percent of the
world’s total energy consump-
tion, up from 60 percent in 1994,
Worldwide reliance on petro-
leum resources as the principal
fuel to satisfy future energy
demand is likely to continue for
decades. However, petroleum
resources are usually consid-
ered 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 mag-
nitude of the resource base from
which future domestic discover-
ies and production will occur.
The Gulf of Mexico OCS, which
currently contributes 13 and 25
percent, respectively, of the
United States domestic oil and
gas production, is obviously a
critical component of any delib-
erations  concerning  future
domestic petroleum supplies.
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Resource Estimates

A reasonable knowl-
edge concerning the potential
quantities of remaining conven-
tionally recoverable oil and gas
resources is required by govern-
ments for strategic planning and
formulating domestic land use,
energy, and economic policies.
Financial institutions and large
corporations use resource esti-
mates for long-term planning
and making decisions concern-
ing investment options. Explora-
tion companies use assessments
to design exploration strategies
and target expenditures. Petro-
leum industry trade associa-
tions use resource assessments
to gauge trends and the relative
health of the industry.

Uncertainty is inherent
in estimating quantities of hydro-
carbon resources prior to actual
drilling. Imperfect knowledge is
associated with almost every
facet of the assessment pro-
cess. It is vital to recognize that
estimates are just that— esti-
mates. Dreyfus and Ashby
(1989) noted that resource
assessments are performed at
widely varying levels of detalil
and precision.

At one end of the spec-
trum lie estimates of proved
reserves. These assessments
rely primarily upon detailed
investigations incorporating rela-
tively abundant subsurface geo-
logic and geophysical data, as
well as actual reservoir perfor-
mance information associated
with the particular reservoir. At
the other end of the spectrum is
the appraisal of undiscovered
resources that might exist in
areas of regional, national or
even global scope. In dealing
with the same type of data as
reserve estimates, the scope is
extended to a generalized infer-
ence of the probable quantities

2000 Assessment
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of undiscovered hydrocarbon
resources that may exist in
broad areas.

The various estimates
presented in this report encom-
pass this spectrum and should
be viewed as indicators and not
predictors of the petroleum
potential of the plays, provinces,
and regions. It is also important
to realize that the undiscov-
ered conventionally recover-
able resources estimated may
not be found or, in fact, pro-
duced. It is, however, implied
that these resources have some
chance of existing, being discov-
ered, and possibly produced.

Pools and Plays

Hydrocarbon
comprising pools that

plays,
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 lev-
els.

The assessment meth-
odology incorporated existing
data and information available
from exploration and develop-
ment activities, knowledge of
particular plays, and assump-
tions regarding technology and
costs. For each play a geologic
description, sand characteris-
tics, 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 undiscov-
ered pools. Undiscovered pools

are shown as bars that are indic-
ative of their range of probable
sizes.

An economic analysis
was performed under two sce-
narios, with and without a con-
sideration of exploration costs,
to determine quantities of hydro-
carbon resources that may be
commercial under given condi-
tions. The results are presented
as ranges of values with asso-
ciated probabilities of occur-
rence.

This report presents
play, province, region, planning
area, and margin level data and
information.

Introduction
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Definition of Resource Terms
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Figure 1. MMS classification scheme for conventionally recoverable hydrocar-
bon resources (U.S. Bureau of Mines and U.S. Geological Survey, 1980).

The terminology associ-
ated with resource assess-
ments is involved, but it must be
understood so that the results
can be correctly interpreted and
applied. A set of precise defi-
nitions  regarding  resource
assessment terminology that is
universally accepted does not
exist. The lexicon used in this
report conforms with past
assessments and general indus-
try usage. The MMS scheme of
classifying conventionally recov-
erable 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 migrat-
ing from one 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 pre-
dictors of absolute volumes. The
overall movement of petroleum
resources is to the right as accu-

mulations 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 techno-
logic recoverability.

The initial concept to be
grasped is that of recoverable
resources. Resource assess-
ments that are intended to be of
more than scientific interest are
generally limited to accumula-
tions that are believed to be
amenable to discovery and pro-
duction employing conventional
techniques under reasonably
foreseeable technological and
economic conditions. This dis-
tinction eliminates from consid-
eration significant portions of the
resource base that may be
developable sometime after the
next 25 or 30 years. 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
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rather than strict technical defini-
tions of the terms.

A) Conventionally recover-
able: Producible by natu-
ral pressure, pumping, or
secondary recovery meth-
ods such as gas or water
injection.

B) Marginal probability of
hydrocarbons (MPp.): An
estimate, expressed as a
decimal fraction, of the
chance that an oil or natural
gas accumulation exists in
the area under consider-
ation. The area under con-
sideration is typically a
geologic entity, such as a
pool, prospect, play, basin,
or province; or a large geo-
graphic area such as a
planning area or region. All
estimates presented in this
report reflect the probabil-
ity 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.

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

D) Resources: Concentrations
in the earth’s crust of natu-
rally occurring liquid or gas-
eous hydrocarbons that
can conceivably be discov-
ered and recovered. Nor-
mal use encompasses both
discovered and undiscov-
ered resources.

d1) Recoverable resources:
The volume of hydrocar-

2000 Assessment
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bons that is potentially
recoverable, regardless of
the size, accessibility,
recovery technique, or eco-
nomics of the postulated
accumulations.

d1i) Conventionally recover-

able resources: The vol-
ume of hydrocarbons that
may be produced from a
wellbore as a conse-
quence of natural pressure,
artificial lift, pressure main-
tenance (gas or water injec-
tion), or other secondary
recovery methods. They do
not include quantities of
hydrocarbon resources that
could be recovered by
enhanced recovery tech-
niques, gas in geopres-
sured brines, natural gas
hydrates (clathrates), or oil
and gas that may be
present in insufficient quan-
tities or quality (low perme-
ability “tight” reservoirs) to
be produced via conven-
tional recovery techniques.

d1i’) Remaining conventionally

recoverable resources:
The volume of convention-
ally recoverable resources
that has not yet been pro-
duced and includes remain-
ing proved reserves,
unproved reserves,
reserves appreciation, and
undiscovered convention-
ally recoverable resources.

d1iij) Economically recover-

d2)

able resources: The vol-
ume 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 knowl-
edge and theory, to exist

d2i)

d2ij) Undiscovered

outside of known fields or
accumulations. Included
also are resources from
undiscovered pools within
known fields to the extent
that they occur within sepa-
rate plays.

Undiscovered conven-
tionally recoverable
resources (UCRR):
Resources in undiscov-
ered accumulations analo-
gous to those in existing
fields producible with cur-
rent recovery technology
and efficiency, but without
any consideration of eco-
nomic viability. These accu-
mulations are of sufficient
size and quality to be ame-
nable to conventional
primary and secondary
recovery techniques. Undis-
covered conventionally
recoverable resources are
primarily located outside of
known fields.

eco-
nomically recoverable
resources (UERR): The
portion of the undiscovered
conventionally recoverable
resources that is economi-
cally recoverable under
imposed economic and
technologic conditions.

E) Reserves: The quantities of

el)

hydrocarbon resources
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
estimated with reasonable
certainty to be commer-
cially recoverable from
known accumulations and
under current economic
conditions, operating meth-

ods, and government regu-
lations. Current economic
conditions include prices
and costs prevailing at the
time of the estimate. Esti-
mates of proved reserves
equal cumulative produc-
tion plus remaining proved
reserves and do not include
reserves appreciation.

e1i) Remaining proved reserves:

The quantities of proved
reserves currently esti-
mated to be recoverable.
Estimates of remaining
proved reserves equal
proved reserves minus
cumulative production.

e2) Unproved reserves: Quan-

e3)

tities of hydrocarbon
reserves that are assessed
on the basis of geologic
and engineering informa-
tion similar to that used in
developing estimates of
proved reserves, but tech-
nical, contractual, eco-
nomic, 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, revision,
improved recovery, and the
addition of new reservoirs.
Also referred to as reserves
growth or field growth.

e4) Total reserves: All hydro-

carbon resources within
known fields that can be
profitably produced using
current technology under

Definition of Resource Terms
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existing economic condi-
tions. Estimates of total
reserves equal cumulative
production plus remaining
proved reserves plus
unproved reserves plus
reserves appreciation.

F) Total endowment: All conven-
tionally recoverable hydro-
carbon resources of an
area. Estimates of total
endowment equal undis-
covered conventionally
recoverable resources plus
cumulative production plus
remaining proved reserves
plus unproved reserves
plus reserves appreciation.

2000 Assessment Definition of Resource Terms
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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 opera-
tions performed under permits or
mineral leases. Since 1954,
about 9,400 permits to conduct
prelease geologic or geophysi-
cal exploration have been
issued in the study area. In addi-
tion, more than 17,250 leases
have been awarded to industry
for the exploration, develop-
ment, and production of oil and
gas. As a condition of these per-

mits and leases, MMS has
acquired approximately 1.1 mil-
lion line-miles of two-dimen-
sional common depth point
(CDP) seismic data and about
140,000 square miles of three-
dimensional CDP seismic data.
Moreover, MMS has accumu-
lated geologic information from
over 36,850 wells drilled on the
Gulf of Mexico and Atlantic Con-
tinental Margin. These activities
resulted in the discovery in the
Gulf of Mexico of 984 proved
fields and 58 active unproved
fields containing over 22,000
reservoirs. A single noncommer-

cial accumulation has been
encountered on the Atlantic
OCS. Additionally, the Cana-
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dian and Nova Scotian Govern-
ments have released significant
seismic and well data acquired
from industry exploration activi-
ties 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 vari-
ables and pool size distributions,
for the Atlantic OCS.

Much of the geologic
and reservoir information sup-
porting this assessment for the
Gulf of Mexico Region has been
released and is available as an
offshore Gulf of Mexico gas and
oil atlas (Bascle et al., 2001).
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Commodities Assessed

The petroleum com-
modities assessed in this study
are crude oil, natural gas liquids
(condensate), and natural gas
that exist in conventional reser-
voirs and that are producible
with conventional recovery tech-
niques. Crude oil exists in a lig-
uid state in the subsurface and
at the surface; it may be
described on the basis of its API
gravity as ‘“light” (i.e., approxi-
mately 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 con-
densate can be removed from
the subsurface with conven-
tional extraction techniques and
have been assessed for this
project. Natural gas is a gas-
eous hydrocarbon resource,
which may consist of associ-
ated 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). Nonas-

sociated 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 nonasso-
ciated gas are reported as gas.
Oil volumes are reported as
stock tank barrels and gas as
standard cubic feet. Oil-equiva-
lent gas is a volume of gas
(associated and/or nonassoci-
ated) expressed in terms of its
energy equivalence to oil (i.e.,
5,620 cubic feet of gas per bar-
rel of oil) and is reported in bar-
rels. 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.

This  report encom-
passes 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 quanti-
ties of hydrocarbon resources
that could be recovered from
known and future fields by
enhanced recovery techniques,
gas in geopressured brines, nat-
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ural gas hydrates (clathrates), or
oil and gas that may be present
in insufficient quantities or qual-
ity (low permeability “tight” reser-
voirs) to be produced Vvia
conventional recovery tech-
niques. In some instances the
boundary between these
resources is rather indistinct;
however, we have not included
in this assessment any signifi-
cant volume of unconventional
resources. These unconven-
tional resources have yet to be
produced from the OCS; how-
ever, with improved extraction
technologies and economic con-
ditions, they may become impor-
tant future sources of domestic
oil and gas production.
Estimates of the quanti-
ties 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. Further-
more, reserves appreciation and
undiscovered conventionally
recoverable resources com-
prise the resource base from
which the near to midterm future
oil and gas supplies will emerge.

2000 Assessment
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Role of Technology and Economics in Resource

Assessment

This study assesses cost technologies are more
only conventionally recoverable  widely employed, costs
hydrocarbon  resources. In  decrease, resulting in even more

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 techno-
logic 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 techno-
logic and economic constraints
are applicable to the circum-
stances under which explora-
tion and development activities
can occur (e.g., ultra-deepwa-
ter). Continued expansion of the
technologic frontiers can be rea-
sonably 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 dis-
covered and undiscovered) on
the basis of the present state of
geologic and engineering knowl-
edge, modified by a subjective
consideration of future techno-
logic 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 determi-
nants. New capital intensive
exploration and development
technologies require  higher
product prices for implementa-
tion. Typically, as these high-

widespread use of these tech-
niques. On the other hand, new
modest-cost exploitation tech-
nologies that increase recover-
ies or decrease finding,
development, or operating costs
can markedly increase esti-
mates of conventionally recover-
able resources without requiring
an increase in product prices. A
decrease in price as experi-
enced in the late 1980's can be
moderated or offset by the
implementation of a technology
that reduces unit costs or vice
versa. Rogner (1997) con-
cluded “over the last century
technology has probably had a
more profound and lasting
impact on prices than prices
have had on technology.” Gen-
erally, the effects of price and
technology can be considered
interchangeable within the con-
text of a resource assessment.
Another important aspect
of the role of technology in a
resource assessment is the abil-
ity through the deployment of
new technology to rethink funda-
mental approaches to develop-
ing exploration play concepts.
Basic geologic knowledge con-
cerning the origin, migration,
and entrapment of petroleum
resources has remained rela-
tively unchanged for the past
several decades. However, sci-
entific advances aided by new
technologies have affected our
ability to identify hydrocarbon
plays and, thus, the assessment
of the conventionally and eco-
nomically recoverable resources
in discovered and undiscovered
accumulations and plays. A
prime example of this is the
imaging of subsalt accumula-
tions 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. Sub-
sequent subsalt discoveries
have demonstrated that drilling
is practical and the costs can be
controlled as experience is
gained and techniques devel-
oped. This type of technologic
advance is not explicitly consid-
ered in this resource assess-
ment.

The National Research
Council (1991) in its examination
of the 1991 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 because
of changing economic viability
over time and are dependent
upon a complex set of economic
and technologic variables. Sig-
nificant changes in the cost/price
relationship or fundamental
changes in technologic capabili-
ties can shift these boundaries,
causing modifications in percep-
tions and the practical meaning
of the definitions. Thus, uncer-
tainties in economic and techno-
logic 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 develop-
ing new ways to find and pro-
duce oil, it is a field of activity
whose advances are impossible
to predict. This is because they
depend to a large degree on

2000 Assessment
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such important, intangible
human resources as initiative
and ingenuity.”

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

Role of Technology and Economics in Resource Assessment 2000 Assessment
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Deepwater Gulf of Mexico

During the 1980's and
early 1990's, industry progres-
sively moved farther offshore as
drilling and production technolo-
gies developed to operate in
increasing water depths. Over
the last decade, the deepwater
(defined here as water depths
1,000 ft or greater) areas of the
Gulf of Mexico have become the
focus of leasing, seismic acqui-
sition, drilling, and production
activity. The major oil companies
forged the way in deepwater
until 1996, when nonmajors
joined the trend (Baud et al.,
2000).

In 1995, interest in the
Gulf of Mexico deepwater
increased dramatically as record
lease sales saw an extraordi-
nary number of bids in water
depths over 1,000 ft. This unpar-
alleled interest was spurred by a
number of earlier, large, deep-
water field discoveries (some of
which were already in the devel-
opmental stages or producing),
including Mississippi Canyon
194 (Cognac), Green Canyon 65
(Bullwinkle), Garden Banks 426
(Auger), Mississippi Canyon 807
(Mars), and Mississippi Canyon

731 (Mensa). The significance of
these discoveries is that during
the 1990's, the average new
shallow-water field in the north-
ern Gulf of Mexico added
approximately 5 MMBOE of
reserves, while the average
deepwater field added over 47
MMBOE (Baud et al., 2000). For
a variety of reasons, deepwater
fields generally have higher per
well production rates. For exam-
ple, in 1994 a well at Auger set a
milestone with a production rate
of about 10,000 bopd, and
Mensa set the record for gas
production from a single well
with 196 MMcfd. Additionally,
Mississippi Canyon 810 (Ursa)
now holds the record for oil pro-
duction from a single well with
36,520 bopd. Technological
advances in drilling and devel-
opment systems capable of
exploring for and producing oil
and gas in water depths up to
10,000 ft were critical to spurring

industry's deepwater interest
(figure 1).
Moreover, one of the

most significant reasons for
heightened interest in the deep-
water Gulf was the passage of
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Figure 1. Deepwater development systems in use, or soon to be in use, are
crucial to spurring industry’s deepwater interest in the Gulf of Mexico.
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the OCS Deep Water Royalty
Relief (DWRR) Act of 1995 (43
U.S.C. Section 1337). This Act
provided suspension of Federal
royalty payments for new leases
issued from 1996 to 2000 for
water depths of 656 ft and
greater. Specifically, royalties
are suspended on the initial

¢ 17.5 MMBOE produced from a
field in 656-1,312 ft of
water;

¢ 52.5 MMBOE produced from a
field in 1,312-2,624 ft of
water; and

¢ 87.5 MMBOE produced from a
field in greater than 2,624 ft
of water.

The law also provided
for reduction of royalty payments
through a special application
process on deepwater fields
leased prior to the DWRR Act,
but had not gone on production
at the time the Act was passed
in November 1995. Two years of
record-setting deepwater lease
activity followed passage of the
DWRR Act.

As of January 1, 2000,
industry had discovered more
than 120 fields in the deepwater
GOM, nearly half of which were
discovered subsequent to the
January 1, 1995, data presented
in the previous assessment
(Lore et al., 1999). Although fur-
ther delineation/appraisal drill-
ing will be required, initial
industry estimates are that sev-
eral of these fields are among
the largest discoveries in the
Gulf of Mexico in decades. Dis-
coveries currently estimated by
MMS to contain over 100
MMBOE proved and unproved
reserves plus discovered
resources include Atwater 575
(Neptune), East Breaks 602
(Nansen), Green Canyon 644

2000 Assessment
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Figure 2. Graphs illustrating the increase in number of fields and production
of oil and gas in water depths greater than 1,000 ft (red bars) in the northern

Gulf of Mexico.

(Holstein), Green Canyon 826
(Mad Dog), Mississippi Canyon
582 (Medusa), Mississippi Can-
yon 778 (Crazy Horse), and Mis-
sissippi Canyon 899 (Flathead).
Reserves (proved plus
unproved) and cumulative pro-
duction for deepwater fields
nearly doubled from January 1,
1995, to January 1, 1999 (figure
2).

Because of the large,
prolific discoveries, annual pro-
duction from deepwater fields
throughout the 1990’s has
steadily increased. Of the total
annual northern Gulf of Mexico
production in 1998, 11 percent
of the gas and 35 percent of the
oil (19% of the BOE) came from
deepwater fields. Additionally,
annual production from deepwa-
ter fields almost quadrupled
(from 64.028 MMBOE to
255.292 MMBOE) since the Jan-
uary 1, 1995, data presented in
the previous assessment. In
fact, in 2000, for the first time oil
production from  deepwater
exceeded that of the rest of the
northern Gulf of Mexico.

Deepwater Gulf of Mexico

2000 Assessment
WWW.gomr.mms.gov



Subsalt

Introduction

As much as 60 percent
of the northern Gulf of Mexico
Outer Continental Shelf and
upper slope is covered by
allochthonous, tabular salt that
occurs in tongues, sheets/
nappes/or canopies (Montgom-
ery and Moore, 1997). This
region covers an estimated
36,000 square miles or 4,000
standard-sized Gulf of Mexico
blocks (Leibman et al., 1994).
The subsalt trend that devel-
oped through this area during
the 1990’s is characterized by
Miocene-Pleistocene siliciclas-
tic reservoirs deposited during
sea level lowstands as slope fan
and basin-floor fan systems.
Source rocks consist of both
upper Jurassic marls, carbon-
ates, and shales, and lower Ter-
tiary marine and intermediate
shales. Seals include shales,
basal shear zone sediments,
“gouge,” and salt. Subsalt struc-
tural traps include four-way dip-
ping anticlines and three-way
dipping faulted structures, e.g.,
compressional folds, turtle struc-
tures, or faulted folds.

In  ultra-deepwater, a
number of wells have now been
drilled through the Sigsbee Salt
Canopy testing the underlying,
objective sediments. Several of
these wells have found thick, oil-
filled, reservoir-quality sands in
large compressional structures
in the Mississippi Fan Fold Belt.

The MMS does not
group subsalt reservoirs into a
separate, single play because
the reservoirs span ages as well
as different structural regimes.
In many cases, the hydrocarbon
trap may be totally unrelated to
the overlying salt sheet; the salt
sheet may only mask the subsalt
geology. Thus, known subsalt
reservoirs are accounted for in
(1) deep-sea fan plays of vari-

ous ages and structural settings
(i.e., F1 vs. F2) and (2) the Mis-
sissippi Fan Fold Belt play,
which is subdivided according to
age.

Changes in Salt

Tectonic Paradigms

Before the 1980’s, salt
bodies in the Gulf of Mexico
were generally considered to be
“rooted” in autochthonous upper
Jurassic Louann Salt, e.g., Mar-
tin, 1978. Salt was also viewed
as having moved downslope as
a complex, intact body on a
basal, detachment/shear zone
within the salt itself, e.g.,
Humphris, 1978. Consequently,
except when sediments below
salt overhangs were specifically
targeted, most wells on the outer
shelf and upper slope were
stopped as soon as they
encountered salt, then consid-
ered to be economic basement.
By the early 1980’s, the “rooted”
salt paradigm began to change
because of better seismic imag-
ing and modeling of the salt bod-
ies and underlying sediments. In
addition, new wells that pene-
trated the tabular salt bodies on
the outer shelf and upper slope
encountered subsalt reservoir
quality siliciclastic sediments.

The most significant
advance in the understanding of
salt occurred in about 1989
when salt tectonics began to be
increasingly approached as a
system involving a strong, brittle,
fractured overburden rather than
a weak fluid one (Jackson,
1995). During the late 1980’s,
“brittle era” models provided a
framework from which salt
movement and associated struc-
tures could be predicted.
Regional detachment and salt
evacuation surfaces (salt and
fault welds) along vanished salt
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allochthons, raft tectonics, shal-
low spreading, and segmenta-
tion of salt sheets all trended a
role in furthering the understand-
ing of salt tectonic processes
and responses. This evolved
into a better-defined tectonic
image of what had been previ-
ously masked by the shallow,
tabular salt bodies.

In the 1990’s, salt tec-
tonic interpretation further
evolved through applying and
developing general structural
principals for salt tectonics.
These included section balanc-
ing of salt tectonic processes,
predicting the geometry of the
base of salt by applying ramp-
flat theory, reactive piercement
as a diapir initiator caused by
tectonic  differential loading,
cryptic thin-skinned extension,
the influence of sedimentation
rate on the geometry of diapirs
and extrusions, the importance
of critical overburden thickness
to the viability of active diapirs,
the amalgamation of salt bodies,
the coalescence of individual
fault-segmented sheets, counter-
regional fault systems, subsiding
diapirs, and extensional turtle
anticlines and mock turtle struc-
tures (Jackson, 1995).

The tabular salt of the
subsalt trend originated from the
deeper autochthonous Jurassic
Louann Salt. The earliest salt
features formed during the
Mesozoic by gravity gliding of
the salt under minimal sedimen-
tary overburden thickness. This
resulted in the formation of salt
rollers and a variety of other
generally low-relief salt struc-
tures, such as salt pillows. Dur-
ing the Cenozoic, prograding
siliciclastic sedimentation ulti-
mately caused regional exten-
sion. Depending on the volume
of salt available, many of the
earlier structures developed into

2000 Assessment
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high-relief salt structures, such
as salt diapirs, or their growth
stopped when the salt supply
was exhausted.

Vendeville and Jackson
(1992) describe a three-stage
evolutionary model for salt dia-
pirs triggered by extension that
is applicable to Gulf of Mexico
Cenozoic salt structures. The
first stage, reactive diapirism,
occurs when thin-skinned
regional extension causes brit-
tle deformation (faulting) of the
overburden above the salt. This
tectonic thinning of the sedimen-
tary overburden creates a poten-
tial void that salt, which can be
considered a pressurized, vis-
cous fluid over geologic time,
fills. In the succeeding active
diapir stage, the overburden
continues to thin and weaken,
and salt driven by differential
pressure breaks through at or
near the seafloor. The third
stage of diapirism occurs when
a salt diapir nears the water bot-
tom surface. It continues to grow
passively, by down-building dur-
ing continued sedimentation,

i.e., the diapir crest remains at or
near the surface, while its
source layer sinks. Without con-
tinued sedimentation, the ability
of the diapir to continue to rise
vertically is limited; instead, it

begins to spread laterally
(Vendeville and Jackson, 1992).
During this lateral spreading

stage, salt is emplaced as extru-
sive glaciers at or very near the
seafloor (Fletcher et al., 1995;
Harrison and Patton, 1995).
These salt glaciers may grow
and coalesce forming salt cano-
pies (made up of amalgamated
salt tongues or stocks) or salt
nappes (that can be distin-
guished from the former by the
lack of a local “salt feeder” sys-
tem) until the supply of salt com-
ing from the Louann Salt is
exhausted. Burial of the salt
sheet generally follows pinch-off
of the salt feeder (Fletcher et al.,
1995). However, since a salt
sheet may retain several hun-
dred feet of relief at its downdip
end, the sheet may continue to
advance as a composite salt-
sediment glacier. After cessation
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Figure 1. Schematic diagram illustrating a hydrocarbon trap located
between an allochthonous salt sheet and the autochthonous Louann Salt

layer.

of sheet advance, burial and
confinement of the salt sheet
initiates secondary salt diapir-
ism, salt sheet segmentation,
and rafting (Harrison and Pat-
ton, 1995). Subsalt exploration
targets the thick accumulations
of sediment that now lie
between the autochthonous
Louann Salt layer and the
allochthonous salt sheets (fig-
ure 1).

Three important vol-
umes published on salt tecton-
ics in the early-mid 1990’s
provided a perspective to that
time. These publications pro-
vide the basis for much of the
salt-related exploration that
occurs in the Gulf of Mexico
today. The first, AAPG’s Mem-
oir 65, Salt Tectonics (Jackson
et al., 1995) resulted from a
symposium held in 1993. The
second was the proceedings of

the GCSSEPM 16" Annual
Research Conference, Salt,
Sediment and Hydrocarbons
(Travis et al., 1995). The third
was The Geological Society
Special Publication No. 100,
Salt Tectonics (Alsop et al,
1996) consisting largely of
papers presented to the Petro-
leum and Tectonics Groups of
the Geological Society in 1994.

Figure 2 shows a repre-
sentation of allochthonous salt
distribution (Simmons, 1992)
across the northern Gulf of
Mexico. The area of allochtho-
nous salt can be divided into
two broad zones: (1) a zone
dominated by diapirs with minor
lateral salt flow that occurs pri-
marily throughout the present-
day inner and middle shelf
regions, and (2) a region of pri-
marily allochthonous, tabular
salt that covers most of the
present-day outer shelf and
slope regions. Subsalt discover-
ies occur in the latter area (Fig-
ure 2).

Subsalt
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Figure 2. Allochthonous salt distribution in the northern Gulf of Mexico (after

Simmons, 1992)

Drilling History--
The 1980’s

Prior to the 1980’s,
hydrocarbon traps beneath salt
dome overhangs had been tar-
geted in onshore and offshore
oil and gas fields, but the area
beneath tabular salt bodies was
considered economic basement
and therefore was unexplored
and untested. Regionally exten-
sive, high-quality two-dimen-
sional (2-D) seismic data that
imaged not only the salt body
but also the subsalt geology led
to initial subsalt exploration in
the Gulf of Mexico.

From 1983 to 1990, an
average of more than one well
per year was drilled through tab-
ular salt (wells drilled through
salt welds are not considered in
this discussion). The majority of
the wells drilled during this
period did not target subsalt
objectives.

In late 1983, Placid Oil
Company drilled the Ship Shoal
366 #2 well (OCS-G-05588 #2)
to test a hydrocarbon indicator
(HCI) or bright spot (Moore and
Brooks, 1995). The well drilled
through two thin salt sheets

before being plugged and aban-
doned in a third salt body. A total
of 295 ft of subsalt sediments
were drilled among the three salt
bodies, although the 54 ft of sed-
iment between the first and sec-
ond salt may be interpreted as
sedimentary inclusions.

Several wells were
drilled into salt during 1984.
Marathon unintentionally drilled
through a 1,100 ft thick salt
sheet, with sedimentary inclu-
sions, in the Garden Banks 171
#1 well (OCS-G-06353 #1). Sub-
salt sediments consisted of
nearly 1,000 ft of primarily shale.

Placid drilled through a
salt layer in Green Canyon 39
#1 ST 1 well (OCS-G- 05883 #1
ST1) before abandoning the well
in salt. As in the Ship Shoal 366
#2, the 193 ft of sediment
between the salt layers may be
interpreted as a depositional unit
or a shale inclusion within a salt
sheet (Moore and Brooks,
1995).

One of the first hydro-
carbon shows in the subsalt
trend area was in the Green
Canyon 98 #1 well (OCS-G-
05092 #1). In this well, Conoco
drilled through a 1,380 ft of salt
before penetrating a thin oil-

bearing sand beneath what is
interpreted to be a salt feeder
(Moore and Brooks, 1995).

At West Cameron 505
#2 well (OCS-G-05337 #2) Gulf
Oil penetrated a 1, 690 ft thick
salt sheet between -13,900 ft
and -15,590 ft. No significant
reservoir-quality sands were
encountered in the 2,820 ft thick
subsalt  siliciclastic  section
(Moore and Brooks, 1995).

Four other wells tested
traps below a salt feeder. Two
were drilled by Amoco at Missis-
sippi Canyon 400. The #1 well
(OCS-G-05844 #1) penetrated a
3,450 ft thick salt sheet and
1,840 ft of subsalt section with
only one thin sand. The #2 well
(OCS-G-05844 #2) penetrated
1,290 ft of salt and 1,700 ft of
subsalt sediments with no sand-
stone. A similar test was drilled
over 100 miles to the west in
East Breaks 170. The Amoco
EB 170 #1 well (OCS-G-07394
#1) drilled through 250 ft of salt
that has been interpreted as a
salt feeder before penetrating
1,100 ft of subsalt Miocene silici-
clastics that lacked reservoir
quality sandstone. At Green
Canyon 152, Marathon drilled
the #1 ST1 well. The original
hole did not penetrate salt,
whereas the sidetrack encoun-
tered 1,130 ft of salt and 1,623 ft
of Pliocene subsalt section that
contained several reservoir
quality sandstones (Moore and
Brooks, 1995).

During 1985, Mobil
drilled the High Island A-374 #1
well (OCS-G-05108 #1) that
penetrated a salt feature
believed to be detached from a
more extensive salt body. This
feature was probably drilled as
an HCI because of its limited
area and thickness (Moore and
Brooks, 1995). Beneath the 250
ft thick salt body, the well pene-
trated over 5,000 ft of Pliocene
and 2,000 ft of Miocene shales.

Diamond Shamrock
drilled the South Marsh Island

Subsalt
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200 #1 well (OCS-G-07719 #1)
in 1986. This well was significant
in that it penetrated a 990 ft thick
salt sheet and 1,000 ft of subsalt
reservoir-quality sandstone with
porosities in excess of 30 per-
cent and permeabilities
approaching 2000 millidarcies.
This conclusively established
the presence of thick subsalt
reservoirs that had been depos-
ited in deepwater paleoenviron-
ments. Like many of the other
early subsalt wells, the well was
drilled to test a HCI, which was
misinterpreted and subsequently
found to be the salt body (Moore
and Brooks, 1995).

In late 1987, less than
20 miles west of the SM 200 #1
well, Mobil drilled the Vermilion
412 #1 well (OCS-G-06685 #1).
Presumably drilled to test a
deep salt flank HCI, the well
encountered a 1,315 ft thick salt
layer and approximately 1,000 ft
of subsalt Pleistocene shale
before drill pipe was stuck.
Moore and Brooks (1995) inter-
pret the salt in this well to repre-
sent a secondary horizontal salt
layer emplaced after the primary
salt sheet.

Less than 20 miles north
of the sand-rich SM 200 #1,
Amoco drilled the Vermilion 356
#1 well (OCS-G-07690 #1) to a
total depth of 17,000 ft penetrat-
ing a 2,100 ft thick salt sheet.
This well encountered nearly
5,000 ft of Pliocene section con-
taining a 600 ft thick zone of
lower Pliocene sandstones, and
a Miocene siliciclastic interval
1,500 ft thick that contained
intermittent sands. Although no
hydrocarbons were encoun-
tered, the well provided another
control point for reservoir-qual-
ity sandstones in a deepwater
paleoenvironment in a subsalt
setting (Moore and Brooks,
1995).

Salt was apparently
unintentionally penetrated in
development wells drilled in the
Eugene Island 385 field. The

#A-12  well (OCS-G-02329
#A012) penetrated 60 ft of salt,
and drilling was stopped less
than 100 ft below the base of the
salt sheet. The Eugene Island
371 #B-4 well (OCS-G-05525
#B004) was drilled through
1,875 ft of salt. When drilling
was halted, less than 50 ft of
subsalt sediments had been
tested (Moore and Brooks,
1995).

Conoco’s Green Can-
yon 184 #A-12 well (OCS-G-
04518) drilled through a 300 ft-
thick salt sheet and tested 3,700
ft of subsalt shales and sand-
stones. Two thin oil sands were
encountered in the subsalt
Pliocene section (Moore and
Brooks, 1995).

The Early 1990’s

In 1990, Exxon’s Missis-
sippi Canyon 211 #1 well (OCS-
G-08803 #1) at the “Mickey
Prospect” (now called “Mica”)
tested a subsalt prospect below
a “shallow” salt sheet. Drilled in
4,352 ft of water, a 3,300 ft thick
salt sheet was penetrated
approximately 1,400 ft below the
seafloor. A thin, gas-filled sand
was encountered near 10,700 ft,
and four additional thin, oil-filled
sands were found between
12,500 ft and the well total depth
of 14,670 ft (Moore and Brooks,
1995). An Exxon press release
in May 1991 announced the dis-
covery of 100-200 million barrels
of oil from five pay sands
between 10,000 ft and 13,000 ft
(Moore and Brooks, 1995). Core
analyses and wireline log data
are reported (Moore and Brooks,
1995) to indicate quality reser-
voir rock with good porosities
and permeabilities. Because of
its water depth (over 4,000 ft)
and lack of infrastructure,
“Mickey” has not yet been
brought on production.

In 1992, Chevron drilled
the Garden Banks 165 #2 well
(OCS-G-12635 #2) through

6,950 ft of salt, testing approxi-
mately 5,150 ft of subsalt sec-
tion. Nearly 250 ft of high
porosity, high permeability, res-
ervoir-quality sandstones were
penetrated between 15,200 ft
and 15,900 ft, below which sev-
eral thin sandstones occur. The
well proved that thick salt sheets
could be penetrated and that
significant objective sections
could be drilled below salt.
Although the well was plugged
and abandoned, it provided a
template that drillers could use
for planning and implementing
subsalt drilling programs. It also
furnished explorationists with
another example of subsalt res-

ervoir-quality sandstones
(Moore and Brooks, 1995).
Although the Garden

Banks 260 field (Baldpate Pros-
pect) was a conventional “supra-
salt” discovery, the GB 260 #1
ST2 (OCS-G-07462 #1 ST2)
encountered two thick water-
bearing sandstones beneath
1,607 ft of salt (Moore and
Brooks, 1995). The well was
drilled in late spring of 1993.

By mid-1993, several
significant subsalt tests were
being drilled, or proposed for
drilling, on prospective subsalt
acreage leased in late 1980’s
and early 1990’s. However, in
October 1993, the first commer-
cial discovery in the trend was
announced by Phillips/Ana-
darko/Amoco at Ship Shoal 349
#1 well (OCS-G-12008 #1). The
well was drilled in 372 ft of water
to a total depth of 16,500 ft. A
salt section of approximately
3,800 ft was penetrated and
three main subsalt sandstone
pay intervals were identified
(Camp, 2000). The well was
tested at a combined flow rate of
7,256 bopd and 9.9 MMcfd with
a FTP of 7,063 psi on a % inch
choke from several pay intervals
(Moore and Brooks, 1995).
Because of its location in shal-
low water and its proximity to
infrastructure, the Mahogany
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Prospect became the first sub-
salt producing field in early
1997. Reservoir sandstones are
primarily channel-levee sands
and deeper lobate sandstones
of upper Miocene age (Rowan et
al., 2001). The traps are combi-
nation structural-stratigraphic
(Harrison et al., 1995) and the
faulting and folding are related
to a deeper level of salt, not the
overlying Mahogany salt sheet
(Rowan et al,, 2001). The pri-
mary reservoir sand ranges in
thickness from 100 ft to 350 ft
and is divided into upper and
lower members. The oil pay
occurs primarily in the upper
member. Porosity and perme-
ability variations are facies
dependent (Camp and McGuire,
1997; Camp, 2000) with average
porosity from conventional cores
being 29 percent (range 20-
36%) and average permeability
being about 1,500 millidarcies
(range 0.5-7,460 millidarcies).

Following the initial
excitement of the Mahogany dis-
covery and its implication for
additional, large subsalt discov-
eries, a number of costly dry, or
disappointing, wells were drilled,
including the Phillips and Ana-
darko South Timbalier 260 #1
well (OCS-G-12037 #1), “Teak
Prospect”. A 1,860 ft thick salt
sheet was penetrated with 100 ft
of reported gross pay (Mont-
gomery and Moore, 1997). The
well reached a total depth of
16,610 ft in 1994. Hydrocarbons
were tested from three zones in
the well, but the discovery may
be considered noncommercial
(Bugosh et al., 2000).

Late in 1993 Amoco
drilled the South Marsh Island
169 #1 well (OCS-G-09554 #1),
"Mattaponi Prospect,” approxi-
mately 60 miles west of the
Mahogany discovery. The well
penetrated 1,170 ft of salt and
5,520 ft of subsalt sediments
(Montgomery and Moore, 1997).
The well has been reported as
being located on the eastern

edge of a large salt sheet that
extends over 10 miles to the
west, where it was penetrated
more than five years earlier by
the Amoco Vermilion 356 #1
well (Moore and Brooks, 1995).

The euphoria of this
new trend gave way to a reeval-
uation of the geologic complexi-
ties of subsalt prospects.
Structural complexities, seismic
uncertainties, and drilling diffi-
culties associated with subsalt
exploration made the trend very
high risk. Thus, it had become
readily apparent that a number
of technical challenges had to
be met for successful subsalt
exploration to occur routinely
rather than haphazardly.

The Middle and Late

1990’s

In 1994, Shell Offshore,
Pennzoil, and Amerada Hess
announced a significant discov-
ery in Garden Banks 128 #1
(OCS-G-11455 #1), “Enchilada
Prospect.” The primary objective
of the well was a gently east-dip-
ping seismic amplitude anomaly
above a Late Pliocene strati-
graphic marker. Approximately
half of the anomaly was located
under the adjacent tabular salt
body. The updip trap was inter-
preted to consist of the reservoir
subcropping against the base of
the tabular salt. Although the
Enchilada discovery was devi-
ated around and underneath the
salt body, it penetrated the pri-
mary and deeper objectives in a
subsalt position (Robison et al.,
1997). In 1995, Shell et al
announced another discovery,
at Garden Banks 127 #1 (G-
0OCS-11454 #1), “Chimichanga.”
The well was a subsalt follow-up
to the Enchilada discovery. The
Enchilada/Chimichanga was the
second ‘“commercial” subsalt
discovery, and began producing
in July of 1998.

The commercial confir-
mation for the trend was impor-

tant since dry holes were also
drilled at “Mesquite” (Vermilion
349), “Rhino” (Ship Shoal 360),
“Citation” (Ship Shoal 368),
“Cypress”  (South  Timbalier
289), and Ship Shoal 250. Since
many of these wells encoun-
tered reservoir quality sand-
stones below the salt, post-
drilling, dry hole analyses raised
questions regarding hydrocar-
bon migration routes, timing,
and seal.

In 1995, Texaco and
Chevron announced a discovery
at Mississippi Canyon 292 #1,
“‘Gemini  Prospect” (OCS-G-
08806 #1) in 3,400 ft of water.
The field began producing in
June 1999 through a subsea
system of wells, manifold, and
flowlines at an initial rate of 77
MMcfd and 1,500 bcpd from one
well. These initial rates are
expected to peak at daily rates
of 150-200 MMcfgd and 2,000-
3,000 bcpd. According to a Tex-
aco press release of June 8,
1999, the projected recoverable
reserves for Gemini are esti-
mated at 250 to 300 Bcfg and 3
to 4 MMbbl of condensate.

In 1996, Phillips and
Anadarko announced a discov-
ery at the “Agate Prospect,” Ship
Shoal 361 #1 (OCS-G-14514
#1), five miles west of Mahog-
any. Two separate porosity
zones in a single sandstone
interval were tested at a com-
bined rate of 4,126 bopd and 24
MMcfgpd  (Montgomery and
Moore, 1997). Agate is currently
producing through a subsea tie-
back to Mahogany.

Anadarko, Phillips and
BHP announced a discovery at
their "Monzanite Prospect,” Ver-
milion 375 #1 well (OCS-G-
14427 #1). The well encoun-
tered multiple hydrocarbon-
bearing sandstones, but was
plagued by mechanical prob-
lems, including excessive sand
production. Consequently, it was
plugged and abandoned (Mon-
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tomery and Moore, 1997).

A discovery was also
made at “North Lobster Pros-
pect,” South Timbalier 308 #2
ST1 (OCS-G-12043 #2 ST1) in
1996 by Marathon et al.

Six other new field
exploratory wells drilled during
1996 were dry holes. One of the
most disappointing was drilled at
the “Alexandrite Prospect,” Ship
Shoal 337 #1 (OCS-G-14510
#1). The well was located updip
from the Mahogany discovery, at
an excellent structural position
beneath the same salt sheet
(Montgomery and Moore, 1997).

In 1997, Amerada Hess
and Kerr-McGee drilled a dis-
covery at Garden Banks 215 #4,
“Conger Prospect” (OCS- G-
09216 #4). The discovery was
drilled to a total depth of 21,652
ft in about 1,500 ft of water and
encountered about 300 ft of net
pay both above and below the
salt (OGJ, June 9, 1997, p. 28).
Later in the year, the same part-
ners made another discovery in
the same area at Garden Banks
216 #3 (OCS- G-14224 #3),
“Penn State Prospect.” The
company press release (OGJ,
October 13, 1997) reports the
discovery cut 123 ft of net pay in
four zones not previously found
productive. These were the only
successful new field wildcats
reported during the year.

Anadarko reinvigorated
interest in the trend in 1998 by
announcing two discoveries.
The first was at Eugene lIsland
346 #1, the “Tanzanite Pros-
pect” (OCS-G-14482 #1); the
second was located at Grand
Isle 116, the “Hickory Prospect”
(OCS-G-13944 #1). According
to the Anadarko press release,
Tanzanite cut 450 ft of hydrocar-
bon pay and found estimated
reserves of 140 MMBOE, while
Hickory encountered 300 ft of
hydrocarbon pay below an 8,000
ft thick salt layer. Production
from these fields came on-line in
December of 2000. Anadarko

reported in the August 17, 1998
issue of Oil & Gas Journal that
13 of the industry’s 43 Gulf of
Mexico wells that deliberately
targeted subsalt  prospects
found oil and gas. According to
Anadarko, eight of these discov-
eries were commercial. Adding
Tanzanite and Hickory to the
successful (and commercial)
wells and three other wells that
were plugged and abandoned
as dry holes, increases the num-
bers at that point to 15 of 48
wells, a 31 percent success rate.

Not all of the subsalt
interest has been on the Gulf of
Mexico shelf and upper slope.
Many of the major companies
have focused their exploration
efforts in ultra-deepwater (water
depths greater than 3,300 ft).
Although some of the early sub-
salt discoveries were in ultra-
deepwater, e.g., Mickey (1990,
water depth >4,000 ft) and Gem-
ini (1996 in 3,400 ft of water),
the discovery of several “world
class” (>100 MMBOE) discover-
ies focused industry attention on
the subsalt trend in these water
depths.

Several of the signifi-
cant discoveries have occurred
in compression fold structures of
the Mississippi Fan Fold Belt.
The most significant discoveries
in this part of the trend have
been on structures that are par-
tially exposed south of the Sigs-
bee Salt Canopy. The trend
began with the “Neptune Pros-
pect” (OCS-G-08036 #1), Atwa-
ter Valley 575 #1, in 1995 that
was drilled in >6,200 ft of water.
Industry reports that reserves
are approximately 100 MMBOE.
Subsequent discoveries have
been made at “Atlantis Pros-
pect,” Green Canyon 699 #1
(OCS-G-15604 #1) in 1998 in
6,133 ft of water; and “Mad Dog
Prospect”, Green Canyon 826
#1 (OCS-G-09982 #1) in 1999 in
>6,500 ft of water. Initial industry
assessment of reserves in these
discoveries are “multi-hundred

million BOE’s,” and 400-800
MMBOE'’s respectively.

Discoveries at the “K2/
Timon Prospects,” Green Can-
yon 562/563 (OCS-G-11075 #1
and -11076 #1), and “Champlain
Prospect” Atwater Valley 63 #1
(OCS-G-13198 #1) are totally
under the salt. Reserves in
these discoveries have been
reported by industry as totaling
280 MMBOE.

The largest of the dis-
coveries was made by BP and
ExxonMobil at the “Crazy Horse
Prospect,” Mississippi Canyon
778 #1 (OCS-G-09868 #1) in
6,000 ft of water on a ‘turtle’
structure. Turtle structures are
formed by structural inversion of
a primary peripheral sink when
salt is withdrawn from the mar-
gins of the peripheral sink by
growing salt diapirs (Jackson
and Talbot, 1991). Turtle struc-
tures are descriptively named
since they have a flat base and
a rounded crest, resembling a
turtle shell. They are cored by
either a sedimentary thick or a
low-relief salt pillow that is not
connected to the rising higher
relief salt structures that form
the turtle. In the press release
announcing the discovery in July
1999, Crazy Horse was called
the biggest deepwater Gulf of
Mexico discovery to date, with
reserves of at least 1 billion
BOE. A second discovery, Crazy
Horse North, at Mississippi Can-
yon 776 #1 (OCS- G-09866 #1)
in nearly 5,700 ft of water was
announced in February 2001.
Industry press releases report
that the entire Crazy Horse-
Crazy Horse North complex may
have reserves of 1.5 billion
BOE.

Advances in Subsalt

Seismic Imaging
Because of the hydro-

carbon volumes encountered in

subsalt traps and the area over
which the subsalt trend extends,

Subsalt

2000 Assessment
WWW.gomr.mms.gov



41

companies have undertaken a
major effort to enhance the seis-
mic imaging of salt bodies.
Extensive sets of speculative,
three-dimensional (3-D) seismic
data covering most of the area
with subsalt potential were
acquired and processed in the
early 1990’s. Exploration com-
panies could now cost-effec-
tively buy and manipulate these
3-D data sets to improve their
ability to define subsalt pros-
pects.

Conventional 3-D time
migration of seismic reflection
data is a computer processing
technique that is usually ade-
quate for imaging geologic fea-
tures in the Gulf of Mexico. The
basic assumption of time migra-
tion is that the acoustic proper-
ties of subsurface layers do not
have abrupt lateral variations.
This assumption breaks down
near salt bodies because acous-
tic waves travel much faster
through salt than through the
surrounding siliciclastics.
Because of these velocity varia-
tions, conventional time migra-
tion is very poor in correctly
positioning, or even imaging,
subsalt seismic events. Con-
versely, depth migration takes
into account vertical and lateral
velocity variations in the subsur-
face, creating a more accurate
image. Depth migration can be
performed either before or after
summing (stacking) the seismic
offset traces. In poststack depth
migration, the seismic offset
traces are first stacked to pro-
duce a single trace at each shot-
point location. The resulting
summed traces are then
migrated to their presumed cor-
rect position in time, and then
further manipulated using veloc-
ity functions to determine their
depth. Poststack depth migra-
tion makes adjustments for
abrupt interval velocity varia-
tions, and thus images salt-sedi-
ment interfaces more accurately
than conventional time migra-

tion. In prestack depth migration,
each offset seismic trace is
migrated individually  before
summing them, thus placing
each offset trace in its true sub-
surface position before any fur-
ther manipulation. Hence,
prestack depth-migrated seismic
data give an even more accu-
rate picture of the subsurface
and improved seismic event
imaging. The main drawback of
prestack depth migration is its
cost in computing time and
power because tens of millions
of seismic traces have to be pro-
cessed. Until recently, such
computing power was not widely
available or cost effective.

The earliest subsalt
wells were drilled on prospects
defined using conventional 2-D
time-migrated data. As long as
the salt bodies had a smooth top
and bottom that were relatively
two dimensional in nature, these
data were able to provide some
detail of the base of salt and the
underlying subsalt sediments
and structures. Industry then
moved to employing 2-D depth
migration, which was much bet-
ter at imaging the base of salt
and subsalt seismic events.
However, it became apparent
that 2-D depth migration still
could not image salt bodies that
exhibited a complex three-
dimensional morphology, where
salt surfaces were rugose or salt
flanks were steeply dipping or
faulted. To image these complex
salt bodies better, a three-
dimensional solution was
needed.

To image the subsur-
face features where there are
strong velocity variations, such
as a varying thickness of salt
and underlying clastic sedi-
ments, 3-D poststack depth-
migrated data proved helpful.
However, these data could not
deal well with extremely rugose
salt surfaces. Consequently, the
current state-of-the-art normal
seismic data processing for

imaging the most complex salt
bodies has become 3-D
prestack depth-migration model-
ing. This type of modeling
requires the integration of the
depositional model, lithologic
parameters, and velocity model
and, typically, several iterations
of fine tuning before a satisfac-
tory product is obtained. In addi-
tion, ray-trace modeling
improves the image that can be
extracted from the seismic data.
Ray-trace modeling, using com-
plex, geophysical algorithms,
further corrects for the actual
positions of subsurface events
by predicting the movement of
acoustic energy in the subsur-
face. High-resolution gravity and
magnetic data can also be inte-
grated with the seismic interpre-
taton to  constrain  and
corroborate the seismic model.

Drilling Technology

Advances

In addition to geological
and geophysical advances, drill-
ing technology also had to deal
with salt and rapidly changing
subsalt pressure environments.
The drilling costs of a subsalt
well can be formidable, espe-
cially if mechanical problems
arise. This is because subsalt
wells are often deeper than non-
subsalt wells because of the
extra section imposed by the
salt body itself. Drilling the salt
requires using special (and
expensive) drilling muds to
achieve a chemical balance so
that salt saturation of drilling flu-
ids is maintained to prevent
water loss to the formation,
while avoiding dissolving the
wellbore wall with undersatu-
rated drilling fluids (LeBlanc,
1994). The driller also has to pay
careful attention to drilling fluid
weight when drilling through the
lower portion of the salt section.
Often, beneath the salt, an
unconsolidated ("gumbo") sec-
tion occurs, which has a ten-
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dency to absorb large amounts
of drilling fluid quickly when an
over-balanced condition exists.
However, too great an under-
balance allows formation flow
into the wellbore if the fluids in
the gumbo zone are highly pres-
sured.

Salt tends to flow like
plastic under conditions of high
temperature and pressure. The
vertical and lateral movement of
salt can reduce wellbore gauge
in an open hole or “oval” a cas-
ing string while drilling the well.
These conditions require the salt
section to be drilled as quickly
as possible (LeBlanc, 1994).
However, because vibrations
within the salt can damage the
bottom hole tool assembly, salt
must be drilled in a relatively
slow and controlled manner
(Tyler, 2000). Additional drilling

costs are also incurred when an
extra string of heavy-walled,
intermediate  casing is set
through the salt to try to with-
stand the forces created by the
tendency of salt to flow.

Setting casing can
become a problem if salt ledges
or washout zones occur in the
borehole. Salt ledges can hang
up centralizers, while washout
zones can prevent good cement
bonding between the casing and
the formation, leading to nonuni-
form loading on the casing.
When casing strings have been
cemented in place for long peri-
ods of time, salt creep can bend,
stretch, and shear them. In sub-
salt producing wells, casing and
production tubing through the
salt interval can shift significantly
in a lateral direction. This lateral
movement can create problems

for well workovers, especially
with tools that need maximum
hole gauge or minimal dogleg.

The Future of Subsalt

Exploration

The subsalt trend has
been one of the most complex
undertakings in the Gulf of Mex-
ico. Given the area of the Gulf of
Mexico covered by lateral salt
bodies, the advances made in
defining and delineating subsalt
prospects, and the significant
reserves discovered in subsalt
fields, subsalt exploration may
be in a relatively early stage.
The interaction of salt, sediment
and hydrocarbons is being bet-
ter understood with each well
drilled.
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Methodology Introduction

Among MMS’s objec-
tives for this assessment was
the use of an appraisal method
allowing the input of a 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 ongo-
ing activities. A play assessment
framework was judged to be the
best approach to meeting these
objectives. Thus, the basic build-
ing block of this assessment of
undiscovered conventionally
recoverable resources is the
hydrocarbon play (White and

mates of undiscovered conven-
tionally recoverable oil and gas
resources only as cumulative
distributions of the quantities of
resources expected in a particu-
lar area. While useful, of even
more value in formulating a cor-
porate exploration strategy or
considering  national  policy
would be a knowledge of both
the total amount of undiscovered
conventionally recoverable oil
and gas resources and the num-
ber and size distribution of
potential individual accumula-
tions. The methodology used in
the 1995 assessment (Lore et
al., 1999) presented this infor-
mation in the form of pool rank
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gas resources were presented
only as cumulative distributions
at discrete sets of economic
conditions. In the 1995 assess-
ment, these estimates were for
the first time also presented as
price-supply curves that show
incrementally the costs associ-
ated with transforming a volume
of undiscovered conventionally
recoverable resources to undis-
covered economically recover-
able resources. This
assessment update uses the
same methodology as was
employed in 1995 and presents
the assessment results in a like
manner.

Gehman, 1979; White 1980, plots for each play.
1993). Similarly, prior to 1995,
Prior to 1995, MMS  estimates of undiscovered eco-
assessments presented esti- nomically recoverable oil and
2000 Assessment Methodology Introduction
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Figure 1. MMS classification scheme for conventionally recoverable hydrocar-
bon resources (U.S. Bureau of Mines and U.S Geological Survey, 1980).

The reserves of an oil or
gas field cannot be measured
directly, but only estimated on
the basis of geophysical, geo-
logical, and engineering knowl-
edge and principles. Therefore,
reserve estimates are subject to
varying degrees of uncertainty.
The MMS scheme of classifying
conventionally  recoverable
hydrocarbons is modified from
the McKelvey diagram (U.S.
Bureau of Mines and U.S. Geo-
logical Survey, 1980) (figure 1).
With increasing economic cer-
tainty, resources progress from
uneconomic to marginally eco-
nomic. With increasing geologic
assurance, hydrocarbon accu-
mulations advance from
resources to unproved reserves.
Reserves can be classified as
proved when sufficient eco-
nomic and geologic knowledge
exists to confirm the likely com-
mercial 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 rea-
sonable expectation to install
such facilities in the future (Soci-
ety of Petroleum Engineers,
1987).

Reserves are  fre-
quently estimated at different
stages in the exploration and
development of a hydrocarbon
accumulation (i.e., after explora-
tion and delineation drilling, dur-
ing 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 pro-
cedures generally progress from
volumetric to  performance-
based techniques as the field
matures. The relative uncer-
tainty associated with these esti-
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mates decreases as more
subsurface information and pro-
duction history become avail-
able.

Volumetric estimates
are based on subsurface geo-
logic information from wells,
geophysical data, and limited
production and test data. An
estimate of the volume of hydro-
carbon-bearing rock is deter-
mined and an estimate of the
recovery factor applied to calcu-
late reserves (Arps, 1956; Whar-
ton, 1948).

Performance-based
methods are primarily variations
of production decline curve anal-
yses. Generally, they involve
plotting production rate versus
time or cumulative production
and projecting the trend to the
economic limit of the accumula-
tion. These empirical extrapola-
tions assume that whatever
factors have caused the histori-
cal trend in the curve will uni-
formly continue to govern the
trend in the future (Arps, 1945).

Cumulative production
is a measured quantity that can
be accurately determined. Esti-
mates 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 consid-
erably less than estimates of
undiscovered resources.
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Reserves Appreciation—Overview

Various analyses of
published estimates of oil and
gas field sizes made at any par-
ticular point in time have demon-
strated that they are generally
too low. As successive esti-
mates are made of the aggre-
gate size of groups of fields,
they invariably increase, even
though the estimates for individ-
ual fields are highly variable.

The observed incremen-
tal increase through time in the
estimates of proved reserves of
an oil and/or gas field is com-
monly referred to as reserves
growth or reserves apprecia-
tion. The reserves appreciation
phenomenon contributes a very
significant portion of the current
domestic petroleum supply and
must be an integral part of any
resource assessment.

Reserves appreciation
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 resulting
from experience with actual field
performance, the implementa-
tion of new technology, and/or
changes in the cost-price rela-
tionships.

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 984 OCS fields with
proved reserves at the end of
1998. Annual growth factors
(AGF’s) were calculated by
dividing the estimate of proved
reserves for all fields of the
same age by the estimate of
proved reserves for the same
fields in the previous year. The
same fields are included in both
the numerator and denomina-
tor. The set of fields used to cal-
culate AGF's is likely to differ
from one year to the next as
some fields are depleted and
abandoned and others are dis-
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Figure 1. Observed and modeled annual and cumulative growth factors for

reserves appreciation.
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covered. Growth factors can
also be expressed as cumulative
growth factors (CGF’s), which
represent the ratio of the size of
a field several years after dis-
covery to the initial estimate of
its size in the year of discovery.
The assumptions central to this
approach are

« the amount of growth in any
year is proportional to the size of
the field,

« this proportionality varies
inversely with the age of the
field,

« the age of the field is a reason-
able proxy for the degree to
which the factors causing appre-
ciation have operated, and

+ the factors causing future
appreciation will result in pat-
terns and magnitudes of growth
similar to that observed in the
past.

The estimate of total
reserves appreciation in known
fields was developed by apply-
ing regression analyses to the
observed field-level AGF’s to
develop a function relating the
AGF’s to the age of the field.
The modeled CGF’s were then
calculated from the model
AGF’s. Figure 1 shows the
actual observed and modeled
growth factors. Over time, the
AGF’s asymptotically approach
a value of 1.0, coinciding with no
additional  appreciation  with
time. The oldest fields in the
database were 51 years old.
The appreciation model used in
this assessment projects no
additional growth for fields 50+
years of age. This is a reason-
able conclusion since it fits well
with the observed data and does
not entail extending projections

2000 Assessment
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considerably beyond the time
frame of the observations.
Because the age and estimate
of reserves for 1,042 fields (984
proved and 58 unproved) as of
January 1, 1999, were known,
the growth model was applied to
this set of fields to develop an
aggregate estimate of apprecia-
tion.

Reserves Appreciation—Qverview
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Reserves Appreciation—Discussion

Estimates of the quan-
tity of proved reserves in a field
typically increase as the field
is developed and produced.
Reserves appreciation or
reserves growth was first
reported by Arrington (1960).
Subsequent analyses of field
reserves growth have shown
consistently that it results in sig-
nificant additions to estimates of
proved reserves and helps to
maintain reserves to production
ratios. Root and Attanasi (1993)
estimated that from 1978 to
1990 the growth of known fields
in the United States accounted
for 90 percent of the annual
additions to domestic reserves.
The National Petroleum Council
(NPC) (1992) estimated that
field growth accounts for about
two-thirds of the annual addi-
tions to domestic proved
reserves. Similarly, MMS data
for Gulf of Mexico OCS fields

reveal that, since 1981,
increases to proved reserves
through  appreciation  have

greatly exceeded new field dis-
coveries and comprise about
two-thirds of the total increase.
These figures clearly illustrate
why  reserves  appreciation
should be a very important con-
sideration in determining possi-
ble future domestic oil and gas
supplies.  Historically, = most
reserve and resource estimates
have failed to account for this
phenomenon.

Characteristically, the
relative magnitude of this growth
is proportionally larger the
younger the field. This apprecia-
tion phenomenon is complex
and incompletely understood. It
is, however, a consequence of a
multitude of factors, which
include

« areal extension of existing res-

ervoirs (extensions),

discovery of new reservoirs
(additions),

increases in reserve estimates
in existing reservoirs as pro-
duction experience is gained
(revisions),

improved recovery technolo-
gies (revisions),

increases in prices and/or
reductions in costs, which
reflect the influences of market
economics and technology
(revisions),

field expansion via mergers
with newer fields (extensions),

systematic assessment bias
toward conservatism, which
typically exists in initial esti-
mates of field sizes (revisions),
and

* reporting practices with respect
to proved reserves.

Thus, the prediction of
ultimate recovery is highly
uncertain, since it depends upon
a highly simplified model of the
geologic, technologic, economic,
and dynamic properties of a
complex field. See Hatcher and
Tussing (1997) for an excellent
overview of this issue.

The objectives of the
reserves appreciation effort in
this resource assessment were
twofold: (1) to estimate the
quantity of reserves from known
fields that, owing to the reserves
appreciation phenomenon, will
contribute to the Nation’s future
oil and gas supply; and (2) to
explicitly incorporate field growth
in the measure of past perfor-
mance, which forms the basis
for projecting future discoveries
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within defined plays. The latter
objective represents the first
effort in a large-scale assess-
ment to incorporate the reserves
appreciation phenomenon explic-
ity as an integral component in
developing the forecast of the
number and sizes of future dis-
coveries. Previous resource
assessments addressed field
growth only within the context
of the first objective.

Growth Functions

Growth functions can be
used to calculate an estimate of
a field’s size at a future date. In
modeling reserves growth, the
age of the field is typically used
as a surrogate for the degree of
field development, primarily
because it is easy to determine
and simple to wuse. Other
assessments have incorporated
drilling activity as a variable in
the appreciation model (NPC,
1992). The degree of develop-
ment represents the opportunity
for the previously listed causal
agents to impact the estimates
of field reserves. Techniques for
modeling reserves appreciation
have been almost universally
applied to large areas, such as
countries, states, provinces, and
basins, using highly aggregated
data.

Growth functions reflect
technology, market, and eco-
nomic conditions existing over
the period spanned by the esti-
mates. A consistent observation
throughout the history of the
petroleum industry has been the
emergence of one major tech-

nologic advancement after
another. More recently, the
petroleum industry has been

characterized by a high volatility
in product prices. It is, therefore,
important that the period encom-
passed by the reserve estimates
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data series reflects the cyclic
nature of technologic innova-
tions as well as market condi-
tions. Obviously, the effect on
reserves appreciation of a
recent technologic application
will not be incorporated in the
data series. However, it is
implicitly assumed that the
impact of new applied technolo-
gies will be similar to those intro-
duced during the time span
encompassed by the data
series.

The MMS and its prede-
cessors have been systemati-
cally developing estimates of
reserves for fields on the Gulf of
Mexico OCS since 1975. The
historical database available for
this analysis consisted of field-
level data for 984 proved fields
and 58 unproved fields with
reserves discovered between
1947 and 1998. Because of the
scarcity of data and the inherent
uncertainty of the estimates of
reserves for the unproved fields,
the analysts decided to use only
the estimates of reserves for the
984 proved fields in the determi-
nation of reserves appreciation.
The estimates are available only
from 1975 onward and are
incomplete for years prior to
1988. Thus, the growth for all
fields across all years cannot be
examined. For example, data do
not exist to calculate a growth
function for 5-year old fields in
1960 or 1970 (Drew and Lore,
1992). This data set, as do simi-
lar ones for the entire United
States (American Petroleum
Institute [API], American Gas
Association [AGA], Canadian
Petroleum Association [CPA]
(1967-1980), and Energy Infor-
mation  Administration  [EIA]
(1990)), presents modeling chal-
lenges since the estimates are
available for only a relatively
short period of time and do not
encompass all fields throughout
their entire lives.

Root and Attanasi
(1993) recently reviewed the his-

tory and basic approaches tradi-
tionally employed to model the
reserves appreciation phenome-
non. The approach employed in
this study was to calculate
annual growth factors (AGF's)
as first implemented by
Arrington (1960). This tech-
nique utilizes the age of the field,
as measured in years after dis-
covery, as the variable to repre-
sent the degree of field maturity.
The AGF’s were calculated from
the MMS database of 984 OCS
fields with proved reserves. The
procedure involves developing
AGF’s from equation 1 (Root
and Attanasi, 1993):

AGF = Xc(d,e+1)/Zc(d,e) (1)
d d

where c¢(d,e) is the esti-
mate of the quantity of reserves
discovered in fields of age d, as
estimated in year e or (e+1).

The same fields are
included in both the numerator
and denominator. The set of
fields used to calculate AGF's is
likely to differ from one year to
the next as some fields are
depleted and abandoned and
others are discovered. The
assumptions central to this
approach are that the amount of
growth in any year is propor-
tional to the size of the field and
that this proportionality varies
inversely with the age of the
field.

Growth factors can also
be expressed from equation 2
as cumulative growth factors
(CGF), which represent the ratio
of the size of a field f years after
discovery to the initial estimate
of its size in the year of discov-
ery.

CGF = ¢(d,e+t)/c(d,e) 2)

where c¢(d,e) is as
described above and t is the
time in years between the early
estimate year, e, and the late

estimate year, e+t. The assump-
tions central to this approach are

» the amount of growth in any
year is proportional to the size
of the field,

this proportionality varies
inversely with the age of the
field,

« the age of the field is a reason-
able proxy for the degree to
which the factors causing
appreciation have operated,
and

» the factors causing future
appreciation will result in pat-
terns and magnitudes of
growth  similar to those
observed in the past.

Since growth factors are
calculated from revisions to esti-
mates of proved reserves, the
individual growth factors are
specific to the particular data set
used. Assessors that are more
aggressive in their revisions of
the initial estimate will calculate
different AGF’s than more cau-
tious assessors, although given
the same initial estimate of
reserves, both should arrive at
the same final CGF (Megill,
1993).

The working hypothesis
for this effort was that OCS
fields in the Gulf of Mexico char-
acteristically grow at a lower rate
and possibly for a shorter dura-
tion than onshore fields; there-
fore, growth functions specific to
the OCS were required. Previ-
ous work by Drew and Lore
(1992) with the MMS data series
supports this premise. The
CGF’s calculated wusing the
MMS data were in the range of
4.5 for OCS fields, while studies
using the API, AGA, and CPA
(1967 to 1980) and EIA (1990)
data series developed CGF’s
that were in general consider-
ably higher, in the range of 4.0
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to 9.3 (NPC, 1992; Root and
Mast, 1993). The NPC (1992),
using the EIA oil and gas inte-
grated field file (OGIFF) data
series, noted that the initial
determination of proved reserves
and estimates of field size were
typically reported later for off-
shore fields than for onshore
fields. The overall lower growth
rates observed for OCS fields
are interpreted to reflect better
initial estimates than for typical
onshore fields. The better initial
estimates are probably the result
of a combination of factors,
including

+ the incorporation of high-qual-
ity marine seismic data in the
initial estimate, providing a bet-
ter measure of the ultimate lat-
eral extent of reservoirs,

the drilling of additional explo-
ration and/or delineation wells
offshore and the integration of
these data with seismic data
prior to field development deci-
sions,

the additional years elapsed
after field discovery prior to the

reserves, and

the obligation of the assessor
to not intentionally and signifi-
cantly underestimate reserves.
This is inherent in require-
ments to reflect reserves
potential more accurately at
the time development deci-
sions are made because of the
increased capital require-
ments and more rigorous
design criteria for offshore ver-
sus onshore infrastructure.

Total Reserves

Appreciation

The technique to resolv-
ing the first objective of the
reserves appreciation effort,
estimating the total reserves
appreciation in known fields to a
particular point in time, was rela-
tively straightforward. Regres-
sion analyses were applied to
the observed field-level AGF’s to
develop a function relating the
AGF’s to the age of the field.
Equation 3 is the model used as
the basis for the projection:

AGF =1.01138 + 0.20027exp

initial  estimate of proved (-x/5.63808) 3)
where x is the age of the field in
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Figure 1. Observed and modeled annual and cumulative growth factors for

reserves appreciation.
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years.

The correlation coeffi-
cient for this model was
0.81763, indicating a high
degree of correspondence
between the observed results
and the outcomes predicted by
the model. The actual observed
and modeled growth factors are
presented in both graphical (fig-
ure 1) and tabular (table 1) for-
mat. Note that with time, the
AGF's asymptotically approach
a value of 1.0, coinciding with no
growth, and the CGF values
asymptotically approach a limit
of about 4.7, also representing
no additional appreciation with
time. These limiting bounds of
the curves are a function of the
volume of the original in-place
resource. Since the age and
estimate of reserves for 1,042
fields (984 proved and 58
unproved) as of January 1,
1999, were known, the growth
model was applied to this set of
fields to develop an aggregate
estimate of appreciation through
51 years.

The oldest fields in the
database were 51 years old and
the appreciation model (equa-
tion 3) implies no growth for
fields 50+ years of age. This is a
reasonable conclusion since it
fits well with the observed data
and does not entail extending
projections considerably beyond
the time frame of the observa-
tions. This assumption is con-
servative when compared with
the 60 to 138 years’ duration of
reserves growth assumed by
other assessments (Hubbert,
1974; Root, 1981; EIA, 1990;
NPC, 1992; Root and Mast,
1993). These assessments,
however, addressed the United
States as a whole and not spe-
cifically the OCS with its unique
development considerations and
higher economic thresholds. For
example, through 1994, 133
OCS fields had already been
depleted and abandoned.
Proved reserves in these fields
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Years Annual Cum ulative
After Grow th Factor Grow th Factor
D iscovery

Observed M odeled Observed M odeled
1 1162416 1179100 1162416 1179100
2 1216007 1.151841 1413506 1.358136
3 1.069552 1129013 1511818 1533354
4 1.097489 1109895 1.659204 1.701862
5 1.090617 1.093884 1.809556 1861641
6 1.080113 1.080476 1.954525 2.011458
7 1107387 1.069246 2164415 2150744
8 1.083841 1.059842 2.345882 2279449
9 1.077701 1.051966 2528160 2.397904
10 1.013799 1.045370 2563046 2506697
11 1.031549 1.039847 2.643907 2.606581
12 1.027845 1.035220 2.717527 2.698386
13 0.994927 1.031346 2.703741 2.782970
14 1.024045 1.028102 2.768752 2.861176
15 1.023334 1.025385 2.833358 2933806
16 1.021829 1.023109 2.895208 3.001603
17 1.022389 1.021203 2.960028 3.065246
18 1.022235 1.019607 3.025845 3.125347
19 1.015916 1.018270 3.074004 3182449
20 1.020997 1.017151 3138549 3237031
21 1.017804 1.016214 3.194428 3.289515
22 1.029994 1.015429 3290241 3340267
23 1.034402 1.014771 3403432 3389607
24 1.015130 1.014220 3454926 3437808
25 1.023552 1.013759 3536296 3485110
26 1.008115 1.013373 3564993 3531716
27 1.020404 1.013050 3.637734 3577804
28 1.022103 1.012779 3.718138 3.623524
29 1.015754 1.012552 3776714 3669006
30 1.015663 1.012362 3.835869 3.714362
31 1.005895 1.012203 3.858481 3.759688
32 1.018395 1.012070 3929458 3805066
33 1.007555 1.011958 3959145 3.850567
34 1.002653 1.011865 3.969649 3.896252
35 1.006375 1.011786 3.994955 3.942174
36 1.017435 1011721 4 .064607 3.988380
37 0.999705 1.011666 4.063408 4.034907
38 1.002043 1.011620 4.071710 4.081793
39 1.009102 1.011581 4108770 4129066
40 1.017346 1.011549 4180041 4176753
41 1.018014 1.011522 4 255340 4224878
42 1.002898 1.011500 4267672 4 273462
43 1.008665 1.011481 4 304652 4 322524
44 1.009920 1.011465 4347354 4372081
45 1.014544 1.011451 4410582 4422148
46 0.999835 1.011440 4409854 4472738
47 1.013118 1.011431 4467702 4 523866
48 1.011592 1.011423 4519492 4 575544
49 1.022374 1.011417 4 620611 4627781
50 1.014911 1.011411 4 689509 4 680590
51 1.003066 1.011407 4.703887 4733980

Table 1.0bserved and modeled annual and cumulative growth factors. Growth factors are used to estimate

reserves appreciation.
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Figure 2. Abandoned fields in the Gulf of Mexico OCS through 1994 by

USGS size classes.

totaled 28.2 MMbo and 3.0 Tcfg
(558.9 MMBOE), with a mean
field size of 4.2 MMBOE. Field
life for these depleted fields
ranged from 2 to 40 years with a
mean of 11.5 years. While these
depleted fields represent 15 per-
cent of the total number of
proved fields discovered through

1994, they account for only 1.5
percent of the total estimated
proved reserves. The distribution
of abandoned fields through
1994 by U.S. Geological Survey
(USGS) size class and the mean
life for each class are presented
in graphical format (figure 2).
Only 14 fields were in class 9 or

Years Number Observed
After of Growth Factors
Discovery Fields
Annual Cumulative
1 71 1.686727 1.686727
2 174 1.241472 2.094024
3 323 1.114302 2.333376
4 303 1.079238 2.518268
5 317 1.061580 2.673342
6 323 1.106803 2.958863
7 327 1.078990 3.192584
8 325 1.078757 3.444022
9 304 1.104861 3.805166
10 396 0.999168 3.802000
11 251 1.005088 3.821345
12 218 1.046963 4.000807
13 198 0.989202 3.957606
14 167 1.014801 4.016182
15 96 1.036184 4.161504
16 74 1.016941 4.232004
17 41 1.076761 4.556857
18 22 1.013521 4.618470

Table 2. Observed growth factors for fields in the Gulf of Mexico OCS discov-

ered since 1980.
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larger (>8 MMBOE). The largest
depleted field produced 56.8
MMBOE. The next four largest
fields ranged in size between
28.3 and 34.4 MMBOE. While
the number of depleted fields on
the OCS is significant, their sizes
are such that they are not a
material consideration in this
analysis of reserves apprecia-
tion.

Another concern with the
reserves appreciation effort was
the recent speculation (Ahlbrandt
and Taylor, 1993) that fields dis-
covered in the 1980's experience
less annual appreciation early in
their lives and for a shorter dura-
tion than their predecessors.
They postulated that this was the
product of smaller fields being
discovered, coupled with the new
seismic techniques that better
define reserves earlier in the life
of a field. While this may prove to
be true onshore, the MMS data
for OCS fields discovered after
1980 do not support this conclu-
sion for the OCS. The data show
the mean field size continuing to
decrease from 26.8 MMBOE in
1980 to 3.2 MMBOE in 1989
(Lore, 1992), but the magnitude
and rate of appreciation (table 2)
are considerably greater than
that observed for the database
comprising all OCS fields. On
average, fields discovered since
1980 double in size within two
years after discovery and grow to
four times their initial estimate
within 12 years of discovery.

Pool Size

Distributions

The second objective of
the reserves appreciation effort
was to consider field growth in
the measure of past perfor-
mance. Incorporating reserves
growth in developing pool size
distributions addresses a sys-
temic bias inherent in previous
assessments, which assumed,
often implicitly, that the ultimate
size of existing discoveries was
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known at the time of the assess-
ment. Historical data related to
the number and size of accumu-
lations in conjunction with the
current geologic knowledge con-
cerning the play are fit to the sta-
tistical model that allows
extrapolation of past achieve-
ments into the future. Accurately
measuring past performance is
crucial to an assessment pro-
cess that extrapolates past
accomplishments or relies on
analogies with other areas to
predict future performance. Reli-
ably determining the estimated
ultimate reserves of the discov-
ered fields, the largest field in
particular, is central to the
assessment process used by
MMS. Thus, it is imperative that
the reserves appreciation phe-
nomenon be considered as an
integral part of the assessment
process. This was accom-
plished in this study by appreci-
ating the discovered pools prior
to matching them to a character-
istically lognormal distribution of
individual pool sizes for accumu-
lations in a play (Lee and Wang,
1986).

Efforts to quantify appre-
ciation were complicated by the
play approach utilized in this
resource assessment. Ideally,
reserves growth factors would
be calculated from play data sets
and then applied directly to play-
level size distributions to derive

included reserves appreciation
to a given point in the future. The
complication arises because the
play consists of grouped reser-
voirs (termed pools or accumula-
tions in this effort) within
individual fields that produce
from the same chronozone and
depositional sequence and not
entire fields. In other words, an
accumulation or pool represents
that portion of the field’s ultimate
recovery that is attributable to a
particular play. These pools are
in turn vertically stacked within
fields (figure 3).

Conceptually, the NPC
(1992) strategy was initially
appealing because it tied
reserves appreciation to both
time and the level of develop-
ment activity as reflected in the
cumulative number of well com-
pletions. In practice, however,
the NPC applied the same
growth function to all regions of
the United States. Furthermore,
the use of this approach would
require a projection of future lev-
els of drilling activity for the Gulf
of Mexico OCS that would be
complex and inherently uncer-
tain. A rigorous application of
this technique to the problem at
hand, estimating the growth of
pools associated with specific
plays, would require that pro-
jected drilling activity be appor-
tioned to the appropriate plays
and that play specific growth

ultimate recoveries, which  functions be developed. The
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Figure 3. Diagrammatic illustrating stacked pools within a single field.

allocation of both historical and
projected drilling activity to an
individual play in an area typified
by vertically stacked plays
would be a highly speculative
endeavor; thus, this particular
approach to the problem was not
pursued.

The strategy used to
resolve the dilemma regarding
the use of pool-level plays in this
assessment initially centered on
the hypothesis that the different
play families— retrogradational,
aggradational,  progradational,
and fans— developed for the
assessment of the Cenozoic
Province of the Gulf of Mexico
have disparate geologic charac-
teristics and experience distinct
patterns of growth which, in turn,
differ from that experienced by
the complete database of fields.
However, the relatively short
duration of observations for each
play family and the variability in
the outyear AGF’s for the few
observations made these projec-
tions highly uncertain (Lore et al.,
1999).

On the other hand, the
entire population of OCS fields
represented a very robust data-
base. Because of the aforemen-
tioned modeling hurdles, the
appreciation model, developed
from the entire set of OCS fields
(figure 1) and equations 1 and 3,
was applied to the pool size dis-
tribution for each individual play,
resulting in an intermediate pro-
jection of ultimate appreciation.

The effects of incorpo-
rating reserves appreciation into
the assessment process are
rather subtle. In mature plays
with reasonably complete pool
size distributions, the commonly
older, large accumulations are
not projected to experience sig-
nificant growth as expressed as
a percentage of the current esti-
mate of field size. Consistent
with the concept of resource
exhaustion, smaller accumula-
tions, which are generally
younger, experience proportion-
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ately more appreciation and
grow to fill “gaps” in the pool size
distribution, leaving behind gaps
in their old, smaller size position
in the distribution. This occurs
with all pools throughout the dis-
tribution. Conversely, in imma-
ture plays, the overall empirical
distribution is not well developed.
The largest pools will be pro-
jected to experience significant
appreciation, creating gaps in
the projected pool size distribu-
tion, which will then accommo-
date significant-sized pools. The
effect of explicitly considering
reserves appreciation is that an
assessment for an active,
mature play that acknowledges
reserves growth will tend to
result in a smaller estimate of the
quantity of resources remaining
to be discovered than one that
does not incorporate the
reserves appreciation phenome-
non. Alternatively, a resource
assessment for moderately
mature to immature plays will
project larger quantities of undis-
covered resources when appre-
ciation is considered.
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Play Delineation Procedures—Overview
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Figure 1. Schematic cross section of a typical field illustrating 12 fault-block
reservoirs (“reservoirs”), 5 sandstone-body reservoirs (“sands’), 4 plays
(equal to 4 pools within the one field), and 4 depositional styles/facies.

A play is defined prima-
rily on the basis of the geologic
parameters that are responsible
for a petroleum accumulation.
The significance of the play
analysis approach to resource
assessment is that it explicitly
links the observed outcomes of
oil and gas exploration and
development activities to the

assessment. The impacts of
economics and technologic
advances can be clearly

observed at the play and basin
level. At higher levels, such as
national or regional aggrega-
tions, these effects are often
masked (Grace, 1991). A prop-
erly defined play can be consid-
ered as a single population for
statistical analysis resulting in
play analysis techniques that
can be incorporated into proba-
bilistic models to yield a number
of possible future outcomes from
exploration and development in
the area under consideration.
The strengths of play analysis
are that it deals with natural
exploration units— plays, pros-
pects, pools, and fields— and
with specified pool or field size
distributions. This process also

provides for the systematic doc-
umentation, integration, and
analysis of the play’s geologic
model and exploration history,
and an assessment of the size
and number of undiscovered
hydrocarbon accumulations.
The assessment results, in
terms of pool rank plots, can be
readily used for economic analy-
ses and discovery forecasting.
To explain the distribu-
tion and composition of the
hydrocarbon resources, all exist-
ing offshore hydrocarbon reser-
voirs with proved reserves in the
northern Gulf of Mexico Basin
were organized into plays and
subplays that are characterized
by geologic and engineering
attributes, such as age, deposi-
tional style or facies, and struc-
tural style. The endeavor
resulted in the two-volume Atlas
of Northern Gulf of Mexico Gas
and Oil Reservoirs (Seni et al.,
1997; Hentz et al., 1997) and the
recent OCS update (Bascle et
al.,, 2001) from which much of
this discussion concerning the
play delineation process is
taken. The objectives were to (1)
organize all offshore gas and oil

sandstone-body reservoirs into
plays on the basis of geologic
and engineering parameters; (2)
illustrate and describe each play
and typical reservoirs within
each play; and (3) provide
descriptive and  quantitative
summaries of play characteris-
tics, cumulative production,
reserves, and various other
engineering and geologic data.
Most offshore fields produce
hydrocarbons from multiple res-
ervoirs representing one or more
plays, depositional styles, and
structural settings. This is dem-
onstrated in the accompanying
figure (figure 1), which shows
the schematic cross section of a
typical structurally defined field
with examples of reservoirs,
sands, plays, pools, and deposi-
tional styles/facies.

A play is defined as a
group of reservoirs genetically
related by depositional origin,
structural style or trap type, and
nature of source rocks or seals
(White and Gehman, 1979;
White, 1980). Once divided into
plays, all reservoirs within a par-
ticular play will have production
characteristics that are more
closely related than those of res-
ervoirs in other plays, and better
known reservoirs can have their
attributes extrapolated to lesser
known reservoirs (Galloway et
al., 1983).

The play concept was
the basic framework for organiz-
ing MMS’s extensive geologic
and reservoir engineering files,
including all well logs, paleonto-
logical reports, seismic data,
and oil and gas production data.
We identified  chronostrati-
graphic units and the primary
geologic and engineering
attributes that influence the dis-
tribution and makeup of plays.
Initially all reservoirs were orga-
nized by geologic age and pro-
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Chronozone
i i i Biozone
Region Province System Series Name | Number
Gulf of Cenozoic | Quaternary | Pleistocene | UPL 01 Sangamon fauna
Mexico Trimosina "A" 1st

Trimosina "A" 2nd
Hyalinea "B" / Trimosina "B"

MPL 05 Angulogerina "B" 1st
Angulogerina "B" 2nd
LPL 07 Lenticulina 1
Valvulineria "H"
Tertiary Pliocene UP 09 Buliminella 1
LP 10 Textularia "X"
Miocene UM3 11 Robulus "E"/ Bigenerina "A"
Cristellaria "K"
uM1 13 Discorbus 12
MM9 14 Bigenerina 2
Textularia "W"
MM7 16 Bigenerina humblei

Cristellaria "I"
Cibicides opima

MM4 19 Amphistegina "B"
Robulus 43
Cristellaria 54 / Eponides 14
Gyroidina "K"
LM4 23 Discorbus "B"
Marginulina "A"
LM2 25 Siphonina davisi
LM1 26 Lenticulina hanseni
Oligocene uo 27 Discorbis Zone / Robulus "A"
Heterostegina texana
MO 29 Camerina "A"
LO 30 Textularia warreni
Eocene UE 31 Hantkenina alabamensis
Camerina moodybranchensis
ME 33 Discorbis yeguaensis
LE 34 Globorotalia wilcoxensis
Paleocene UL 35 Globorotalia velascoensis
Cristellaria longiforma
LL 37 Globorotalia uncinata

Figure 2. MMS Cenozoic chronostratigraphic/biostratigraphic chart used for the 2000 Assessment. In this assessment,
MMS uses Gulf of Mexico provincial biozone terminology to define the Pliocene-Pleistocene and the Miocene-Pliocene
boundaries. Refer to the “MMS 1995 versus 2000 Assessment Results” section for a more complete discussion of pro-
vincial versus global biozone terminology. Chronozones are after Reed et al. (1987).
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Figure 3. Map view illustrating the relationships between depositional envi-
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Figure 4. Block diagram illustrating the relationship between depositional
environments and depositional styles.
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ducing chronostratigraphic unit
(chronozone). Cenozoic sedi-
ments were grouped into 21
chronozones for this assess-
ment (figure 2). Then each res-
ervoir was characterized by
interpreting depositional style
(figure 3 and figure 4), structural
style, lithology, trapping mecha-
nism, and other features. Within
the Cenozoic Province of the
Gulf of Mexico, the principal
emphasis was on determining
depositional styles (figure 1)
because they strongly influence
the distribution of reservoir-qual-
ity sandstones.

Since a single field may
produce hydrocarbons from sev-
eral reservoirs that vary in
geologic age, depositional envi-
ronment, lithology, and many
other attributes used to charac-
terize a play, it may be repre-
sented in more than one play.
Because most existing offshore
fields are associated with
growth-fault systems and salt
domes, they are structurally
complex (as a result of post-
depositional modification). Con-
sequently, an originally continu-
ous sandstone body may
eventually be segmented into
separate reservoir compart-
ments by displacement along
faults. To manage the large vol-
ume of exploration and produc-
tion data, individual sands were
aggregated into reservoir pools
(herein referred to as pools),
which are aggregations of all
reservoirs within a field that
occur in the same play.

Within the Mesozoic
Provinces of the Gulf of Mexico
and Atlantic Continental Mar-
gins, similar data are not as
readily available to identify the
depositional styles of plays as
precisely. Commercially recov-
erable hydrocarbons have been
discovered, which resulted in the
development of 13 fields of
upper Jurassic age and 5 fields
of lower Cretaceous age. On the
Atlantic Continental Margin, only
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54 wells have been drilled,
resulting in several subeco-
nomic hydrocarbon flows from
upper Jurassic and lower Creta-
ceous clastic reservoirs.

An essential problem in
assessing such areas with little
available data is the selection of
an appropriate analog(s). A suit-
able analog is an established
play that possesses similar dep-
ositional environments, struc-
tural features, and geologic ages
as the play being assessed. To
identify analogs for the Meso-
zoic Provinces, we evaluated all
available geologic and/or geo-
physical data and performed an
extensive search of the litera-
ture. Identifying adequate ana-
logs for the Gulf of Mexico
Mesozoic Province was not diffi-
cult, since there has been an

extensive record of exploration
onshore along the United States
Gulf Coast within the Mesozoic
section, and several OCS Meso-
zoic plays are offshore exten-
sions of the onshore United
States Gulf Coast plays. For
conceptual plays without good
analogs in the United States,
appropriate analogs from pro-
ducing regions around the world
were used. Even though identi-
fying adequate analogs for the
Atlantic Mesozoic Province was
more problematic, two analog
areas were identified as models
for assessing the clastic plays:
the onshore United States Gulf
Coast and the Scotian Shelf off-
shore Canada.

Because fewer data
exist and analogs were neces-
sary for the evaluation, the play

descriptions for the Mesozoic
Provinces are less precise than
those of the Cenozoic Province.
The Mesozoic sediments were
grouped into nine chronozones
for this assessment (figure 2). In
contrast to the Cenozoic chrono-
zones, most of the Mesozoic
chronozones are described as
either clastic or carbonate (e.g.,
Lower Cretaceous Clastic (LK
C1), Atlantic Middle Jurassic
Carbonate (AMJ B1) play). The
carbonate  deposits include
strata of Jurassic and Creta-
ceous shelf-edge reef systems
and associated back-and fore-
reef environments. These car-
bonate facies were identified
from well log and seismic analy-
sis, conventional and sidewall
cores, and cuttings.

Play Delineation Procedures—Overview
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Play Delineation Procedures—Discussion

A play is defined as a
group of reservoirs genetically
related by depositional origin,
structural style or trap type, and
nature of source rocks or seals
(White and Gehman, 1979;
White, 1980). A play forms a
natural geologic population and
is limited areally and stratigraph-
ically. Once reservoirs are
divided into plays, all reservoirs
within a particular play will have
production characteristics that
are more closely related than
those of reservoirs in other plays
(Galloway et al., 1983). A play
is, for assessment purposes,
represented as a single statisti-
cal model.

The play concept was
the basic framework for organiz-
ing MMS’s extensive geologic
and reservoir engineering files,
including all well logs, paleonto-
logical reports, seismic data,
and oil and gas production data
from 1,042 OCS fields used in
this study (984 proved and
58 unproved) containing over
10,000 sands and 22,000 reser-
voirs. A principal objective in the
play delineation portion of this
effort was to keep the number of
plays to a manageable number
and yet produce a level of detail
and analyses that provided
meaningful, practical informa-
tion. Brekke and Kalheim (1996)
discuss the “splitter versus
lumper” dilemma faced by
assessors. The decision as to
whether the differences in geo-
logic attributes among pools and
prospects are important enough
that they must be split among
two or more plays, or could be
ignored, is not straightforward. It
has been recognized that at the
early stages of exploration in a
frontier area, additional data typ-
ically lead to splitting plays
since, in the absence of informa-
tion, large-scale relatively simple

regional models must be devel-
oped. These simple models will
become more complex as data
become available. It is, however,
impossible to know beforehand
how the model will change with
additional information. Thus, in
frontier areas, “splitters” were
forced to develop “lump” mod-
els that could be adequately
defined.

The opposite situation
occurs in extensively explored
mature areas, such as the shel-
fal portions of the central and
western Gulf of Mexico. Here
the huge volume of detailed data
and information could lead to
endless “splitting” and defining
of new plays. The pressure
applied to the assessment
teams was to focus on major dif-
ferences in the attributes of
hydrocarbon accumulations so
as to minimize the number of
plays to be analyzed.

Cenozoic Province

Much of the discussion
concerning the play delineation
process in the Cenozoic Prov-
ince is taken from Seni et al.
(1997). Play delineation identi-
fies the major geologic pro-
cesses and their temporal and
spatial response within a basin
as the key in determining their
uniqueness. This was decided
on the basis of first order deposi-
tional processes. The plays pos-
sess different trapping styles but
originate from first order pro-
cesses. The MMS followed the
generalized play delineation pro-
cedure outlined in Seni et al
(1994; 1995) and Lore and
Batchelder (1995):

 Construct type logs identifying
all reservoirs in each field.

* Identify chronozones and dep-

ositional styles and facies on
each type log.

« Correlate depositional styles
and facies, reservoirs, and chro-
nozones on strike and dip geo-
logic and seismic cross sections.

» Construct reserves limit maps
by grouping reservoirs produc-
ing from the same depositional
style or facies within a chrono-
zone.

* Determine hydrocarbon and
play limits for each play in each
chronozone (only play limit is
provided in this report).

+ Tabulate geologic, reservoir
engineering, and production
data for each play.

Chronozones

Traditionally, benthonic
foraminifera biostratigraphic
zones have been used with
electric logs to subdivide the
highly repetitive and structurally
complex Cenozoic sandstone
and shale sections present in
the Gulf of Mexico Basin. In the
OCS portion of the basin, MMS
previously integrated these pale-
ontological markers and electric
log patterns with seismic data to
establish a chronostratigraphic
synthesis or temporal framework
consisting of 26 Cenozoic chro-
nozones (Reed et al., 1987).
Continuing with this method, we
further grouped Cenozoic strata
into 21 chronozones for this
assessment (figure 1). Major
flooding surfaces were important
reference horizons for this group-
ing. The correlation framework of
the assessment was based on
these grouped chronozones.

The Mississippi River
and other ancient river systems
to the west transported siliciclas-
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Chronozone
i i i Biozone
Region Province System Series Name | Number
Gulf of Cenozoic | Quaternary | Pleistocene | UPL 01 Sangamon fauna
Mexico Trimosina "A" 1st

Trimosina "A" 2nd
Hyalinea "B"/ Trimosina "B"

MPL 05 Angulogerina "B" 1st
Angulogerina "B" 2nd
LPL 07 Lenticulina 1
Valvulineria "H"
Tertiary Pliocene UP 09 Buliminella 1
LP 10 Textularia "X"
Miocene UM3 11 Robulus "E"/ Bigenerina "A"
Cristellaria "K"
uUM1 13 Discorbus 12
MM9 14 Bigenerina 2
Textularia "W"
MM7 16 Bigenerina humblei

Cristellaria "I"
Cibicides opima

MM4 19 Amphistegina "B"
Robulus 43
Cristellaria 54 / Eponides 14
Gyroidina "K"
LM4 23 Discorbus "B"
Marginulina "A"
LM2 25 Siphonina davisi
LM1 26 Lenticulina hanseni
Oligocene uo 27 Discorbis Zone / Robulus "A"
Heterostegina texana
MO 29 Camerina "A"
LO 30 Textularia warreni
Eocene UE 31 Hantkenina alabamensis
Camerina moodybranchensis
ME 33 Discorbis yeguaensis
LE 34 Globorotalia wilcoxensis
Paleocene UL 35 Globorotalia velascoensis
Cristellaria longiforma
LL 37 Globorotalia uncinata

Figure 1. MMS Cenozoic chronostratigraphic/biostratigraphic chart used for the 2000 Assessment. In this assessment,
MMS uses Gulf of Mexico provincial biozone terminology to define the Pliocene-Pleistocene and the Miocene-Pliocene
boundaries. Refer to the “MMS 1995 versus 2000 Assessment Results” section for a more complete discussion of pro-
vincial versus global biozone terminology. Chronozones are after Reed et al. (1987).
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Figure 2. Locations of major depocenters in the northern Gulf of Mexico illus-
trating the shift of depocenters from west to east and from north to south over
time.
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Figure 3. Map diagram illustrating the relationships between depositional
environments and depositional styles.
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tic sand and mud to the Texas
and Louisiana Gulf Coast
throughout the Cenozoic Era;
the depocenters of these rivers
generally shifted from west to
east and prograded north to
south through time (McGookey,
1975; Winker, 1982) (figure 2).
Deposition of these gulfward
prograding depocenters was
interrupted repeatedly by trans-
gressions that reflected
increases in relative sea level
and resulted in the deposition of
marine shales. Regional marine-
shale wedges reflect these wide-
spread periods of submergence
of the continental platform.
Chronozone  boundaries  of
many Gulf Coast depositional
sequences are typically defined
by the maximum flooding sur-
face of these marine-shale
wedges (Morton et al., 1988).
Progradation after these flood-
ing events resulted in deposi-
tion of progressively more
sandstone-rich sediments of the
next-youngest depocenter.

Depositional Styles

Three depositional styles
(retrogradational, aggradational,
and progradational) and one
depositional facies (fan) were
used to define the large-scale
patterns of basin fill in the north-
ern Gulf of Mexico and to pro-
vide a framework for classifying
and predicting reservoir trends,
distribution, and quality (figure
3).

The retrogradational style,
characterized by thick shale sec-
tions and thin sandstone beds
(figure 4), represents major or
widespread transgressive events.
The lower part of the retrograda-
tional section commonly con-
tains thin sandstone units that
are products of reworking of the
top of the underlying shallow-
water sandstones. Within the
retrogradational package are
thinner packages of sandstone
that typically comprise

2000 Assessment
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SP Depso;s;:leonal Character | Depositional Environments
™ Back-stepping assemblage
| 5 Upward-coarsening of shoreline, deltaic,

= and upward-fining interdeltaic, and nearshare

—_— o thin sand-stone, environments that culminates
g upward-thinning in open-shelf mud-rich setting.
En packages of Typically capped by a flooding
< sandstone surface coincident with a
1 chronozone boundary.

o ) . rich distal deltaic

5 Thin to ";';CK' environments that grade
T upwarc- upward to relatively
Eo) e, shallow watsr paralic and
© sandstone sand-rich deltaic and
83 and ssk';ds;g ne shoreline environments.
£ Hackay Typically overlying a

Regressive assemblage of
environments grading from
ralatively desp water mud-

chronozone boundary in
proximal position and fan
systems in distal position.

Figure 4. Schematic electric log illustrating typical SP response by deposi-
tional style/facies.

upward-coarsening prograda-
tional parasequences. When
stacked, the thin progradational
parasequences form a back-
stepping architecture, reflecting
the increasing amount of
accommodation space and the
retreat of depositional environ-
ments during relative sea level
rise.

The aggradational style
comprises thick sandstone beds
separated by thin shale units

(figure 4). Depositional environ-
ments represented by aggra-
dational sediments include
fluvial-streamplain, bay-lagoon,
barrier island, coastal strand-
plain, and marine shelf (Morton
et al., 1988). Fluvial and strand-
plain depositional environments
dominate the aggradational dep-
ositional style.

The progradational style
is characterized by deeper water
shale at the base, along with thin

sandstone units that typically
coarsen and thicken upward (fig-
ure 4) into dominantly shallow
marine deltaic and shoreline
sandstones that are topped by
thin shale interbeds. A broad
spectrum of paralic depositional
environments, including deltaic,
shoreline, strandplain, barrier
bar, shelf, and coastal plain, are
subsumed under the prograda-
tional style. Deltaic depositional
environments are dominant.
Progradational architecture is
constructed of thinner packages
of dominantly progradational
parasequence sets. Minor or
local retrogradational events are
typically interspersed within the
overall progradational style.

The fan facies is a sand-
stone-rich, deepwater environ-
ment characterized by a variable
pattern of sandstone-body thick-
ness (including thick to thin and
blocky to upward-fining sand-
stones), sharp-based channel-fill
sandstones, and serrated, thin
to thick sandstones interbedded
with thick shale units. Fan envi-
ronments are characteristically
overlain by hundreds of feet of
deepwater shale.

Major structural pro-
cesses in the northern Gulf of
Mexico include the formation of
large, allochthonous salt bod-
ies, updip extension by growth
faulting, and downdip contrac-
tion by folding and thrusting or
canopy shortening (Peel et al.,
1995). Seni et al., (1997) and
Hentz et al., (1997) treated fan
plays somewhat simplistically,
defining each fan play solely by
its chronozone. However,
because of the linked structural
system within the northern Gulf
of Mexico, fan plays can be
refined to fit into a structural set-
ting that better relates them to
their depositional and salt tec-
tonic history.

Fan 1 Plays (F1) — The
area of the F1 fan plays occurs
between the present-day coast
and the shelf edge. This is the
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Figure 5. Structural summary map of the northern Gulf of Mexico Basin with superimposed F1, F2, and F3 play areas.
Black areas are shallow salt bodies. Tick marks are on the downthrown side of major growth faults: black = seaward
dipping; red = landward dipping (counter-regional).
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Figure 6. Ranked pool size distribution curves of appreciated reserves. The curves illustrate the
two populations of F1 fan and F2 fan pools, and that F2 fan pools can be significantly larger
than F1 fan pools.
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major region of extension on the
GOM  shelf. Salt-withdrawal
basins and down-to-the-south,
listric growth faults that sole into
salt decollements and extensive
salt welds linking the isolated
salt bodies are the primary
structural features in this area.
These Cenozoic structures are
thin-skinned, gravity-driven, and
powered by the deposition of
sediment on the shelf and upper
slope. Deformation driven by
sedimentation takes the form of
salt displacement (including dia-
pirism, salt withdrawal, and salt
canopy development) and sea-
ward gravity spreading and slid-
ing (Peel et al., 1995). This
structural style developed in the
Eocene and continues through
the present as the result of the
clockwise regional migration of a
series of Cenozoic deltas from
south Texas in the Eocene to
southeast Louisiana in the Plio-
Pleistocene (Feng and Buffler,
1996; Peel et al., 1995; Fiduk et
al., 1999; Trudgill et al., 1999;).

Fan 2 Plays (F2) — The
area of the F2 fan plays is
located primarily on the present-
day northern Gulf of Mexico
slope. This area comprises the
second part of the linked deposi-
tional and salt tectonic regime of
the Gulf of Mexico, and contains
a wide array of salt features. In
the western and central Gulf, F2
fans occur approximately from
the present-day shelf edge to
the farthest downdip limit of
potential, allochthonous, tabular
salt bodies. This downdip limit is
defined by either (1) the Sigsbee
Escarpment or (2) the downdip
extent of the Perdido and Mis-
sissippi Fan Fold Belts, when
they are outboard of the Sigsbee
Escarpment. In the eastern Gulf,
F2 fans continue to the southern
extent of Louann Salt deposi-
tion, as defined by the downdip
extent of the Salt Roller/High-
Relief Salt Structure Play (UK5-
UJ4 S1) (Lore et al., 2001).

In general, there is a

gradual transition from small,
isolated salt stocks and sheets
surrounded by interconnected,
fault-bounded  salt-withdrawal
basins (e.g., the Auger sub-
basin) in the upper slope to
large, contiguous salt canopies
in the lower slope (Diegel et al.,
1995). The middle slope com-
prises large salt canopies and
recently subsided salt-with-
drawal basins, many of which
appear thrusted over adjacent
basin edges (Peel et al., 1995).
The emplacement and shorten-
ing of the salt canopies of the
middle to lower slope and the
formation of the Perdido and
Mississippi Fan Fold Belts
beneath and in front of the Sigs-
bee Salt Canopy comprise the
contractional phase of the linked
structural system in the north-
ern Gulf of Mexico (Peel et al.,
1995).

In the southeastern Gulf
of Mexico, salt structure growth
may occur throughout the upper
Jurassic through upper Pleis-
tocene stratigraphic section. F2
fans typically occur in potential
hydrocarbon traps consisting of
high-relief, autochthonous salt
swells and vertical welds/pinna-
cle salt structures. These struc-
tures formed when updip
extension and associated grav-
ity gliding continued into the
Cenozoic and adequate salt vol-
umes existed to provide salt to
core them.

Fan 3 Plays (F3) — The
F3 fan area covers the abyssal
plain of the Gulf of Mexico in
front of the Perdido and Missis-
sippi Fan Fold Belts or the Sigs-
bee Escarpment. Since this area
is basinward from the deposi-
tional edge of the Jurassic
Louann Salt, there are no salt-
cored or salt-withdrawal struc-
tures. However, differential com-
paction and some faulting may
affect the F3 fan intervals near
the ‘buried hill' structures that
occur in parts of the area. There
are no productive F3 fan plays

yet in the GOM.

Comparing the pool
populations of F1 and F2 fans
(figure 6), F2 pools, while fewer
in number because of the rela-
tive immaturity of F2 plays,
include significantly larger pools
than are found in more mature
F1 fan plays. The difference in
the size ranges between F1 and
F2 pools may be explained by
the greater association with vari-
ous salt structures found in the
slope fan play area, and by more
continuous reservoir sands,
especially in the Miocene sec-
tion.

Depositional styles are
important elements of the
sequence stratigraphic systems
tracts model (Vail, 1987; Van
Wagoner et al., 1988) and the
genetic stratigraphic sequences
of Galloway (1989). The internal
architecture of both models is
similar; the difference lies in the
choice of sequence boundaries.
Sequence stratigraphic systems
tracts are bound by unconformi-
ties and genetic stratigraphic
sequences by flooding sur-
faces. We chose to identify dep-
ositional styles instead of
depositional facies or systems
tracts, except for the fan facies,
because styles (1) capture the
appropriate scale of geologic
variability in a basinwide
resource investigation, (2) dove-
tail with existing chronostrati-
graphic divisions in the Gulf of
Mexico, (3) are readily inter-
preted from well logs and seis-
mic data, and (4) avoid the
complications inherent in local
depositional events.

Electric-log (spontane-
ous potential, SP) patterns rep-
resenting these depositional
styles and facies are repeated in
sediments deposited during the
Cenozoic Era throughout the
Gulf of Mexico Basin (figure 4).
They were the primary means to
classify the thick package of
sediments within the Cenozoic
Era into the aforementioned
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depositional styles and facies.
This was done on the basis of
relative proportions of sand-
stone and shale, log patterns,
ecozones, and parasequence
stacking patterns (Galloway et
al., 1986; Morton et al., 1988).
Although the fan facies is not
confined to a single depositional
style, it was identified uniquely
because fan sands (1) have dis-
tinct distribution patterns, (2)
relate  more closely together
than to other styles of sands,
and (3) contrast with prograding
distal deltaic sands on the slope.
Correlation of these depositional
styles and facies from well to
well throughout the study area
depends on the recognition
of shale-dominated sections
according to  characteristic
marker foraminifera (biozones)
that identify specific marine
flooding events that bound the
chronozones.

Structural Styles

In addition to age and
depositional style and facies,
structural style is an important
component of hydrocarbon
plays in the Gulf of Mexico. It is
often the key determinant of the
trapping mechanism. The struc-
tural framework of the northern
Gulf of Mexico reflects exten-
sional tectonics that character-

ized the Cenozoic Era as a
result of gravitationally induced
gliding and gravity spreading of
thick depocenters over mobile
salt and shale (Worrall and Snel-
son, 1989). Faults in Cenozoic
strata form two distinct styles:
(1) the Texas style of very long,
coast-parallel,  basinward-dip-
ping growth faults that dominate
the areas of Texas offshore
State waters and the nearshore
Federal OCS of offshore Texas
and (2) the Louisiana style of
short, arcuate growth-fault sys-
tems that have variable dip ori-
entations and are predominant
in central offshore Louisiana and
eastern far-offshore  Texas.
Extensive lateral displacement
(in some areas exceeding tens
of miles), listric geometries,
deep detachment along salt and
zones formerly occupied by salt,
and palinspastic reconstruc-
tions all indicate that stratal
expansion along growth faults
and accompanying extension
were largely accommodated by
regional-scale salt displace-
ment (Worrall and Snelson,
1989). Texas-style faults have a
linear, listric geometry as a
result of efficient salt displace-
ment through loading by laterally
continuous, linear, strandplain/
barrier-island depositional sys-
tems. In contrast, the arcuate
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Figure 7. Schematic cross section of a typical field illustrating 12 fault-block
reservoirs (“reservoirs”), 5 sandstone-body reservoirs (“sands’), 4 plays
(equal to 4 pools within the one field), and 4 depositional styles/facies.
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Louisiana-style faults result from
point-source loading by rapidly
shifting deltaic depocenters
associated with massive load-
ing of the subdeltas of the Mis-
sissippi River.

Structural control over
the distribution of sands and
plays can be identified in local
areas, such as along the Corsair
Fault System and locally over
salt structures. However, the
extent of subregional hydrocar-
bon plays in the Province
depends principally on the distri-
bution of depositional facies
containing favorable reservoir
rocks. Hydrocarbons are
trapped where structures coin-
cide with favorable facies or
where favorable facies create
positive structures or traps. We
found depositional style to be a
robust attribute of plays.

Methods

Type logs were con-
structed for each of the fields
to illustrate chronostratigraphic
boundaries, reservoir stratigra-
phy, and depositional styles and
facies. Each type log is a com-
posite of field wells so that all
productive sands and strati-
graphic sequences in a field are
represented in their correct chro-
nological order. All reservoirs in
a field are correlated to the type
log and are assigned to a sand.
Next, an extensive grid of
approximately 100 geologic
cross sections with parallel inter-
preted seismic cross sections
was assembled correlating de-
positional styles and facies
between each of the OCS fields.
Chronozone maps illustrating
depositional styles and facies
were then constructed across
the entire Cenozoic Province.
Each of these combinations of
chronozone and depositional
style or facies formed a play.

Next, play boundaries
were defined for each of the
established plays. The bound-
aries enclosed all active fields
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with proved reserves, selected
unproved fields deemed eco-
nomically viable at the time of
this assessment, and outlier
exploratory or field wells con-
taining hydrocarbon  shows.
Finally, the same procedure was
used to define the extent of
potentially productive sands
within the same chronozone and
facies. The result was a play
limit map illustrating the maxi-
mum extent of each play. The
only significant exceptions to
this procedure were for fan plays
where structural setting partly
defined play boundaries, and in
purely structurally defined plays
where structural setting alone
defined plays.

Because a single field
may produce hydrocarbons from
several sands that vary in geo-
logic age, depositional environ-
ment, lithology, and many other
attributes used to characterize a
play, the field may be repre-
sented in more than one play.
Because most existing offshore
fields are associated with
growth-fault systems and salt
domes, they are structurally
complex. As a result, an origi-
nally continuous sandstone
body may eventually be seg-
mented into separate reservoir
compartments by displacement
along faults. To manage the
large volume of exploration and
production data effectively, indi-
vidual sands were aggregated
into reservoir pools (herein
referred to as pools), which are
aggregations of all reservoirs
within a field that occur in the
same play. Figure 7 shows a
generalized cross section of a
typical field that illustrates this
organizational framework.

Mesozoic Provinces

There is very little infor-
mation available pertaining to
the Mesozoic section within the
central and western portion of
the Gulf of Mexico OCS to

describe sediments and con-
struct a conceptual model.
There is also a lack of known
worldwide productive analogs to
apply to an initial conceptual
model. Thus, there would be an
extremely large degree of risk
and uncertainty attached to any
plays developed. Therefore, it
was decided at this time not to
develop highly speculative esti-
mates for any plays in this area.

The Mesozoic Pro-
vinces in the Gulf of Mexico and
Atlantic Continental Margin con-
tain relatively few fields, and a
limited number of wells have
been drilled. Commercially
recoverable hydrocarbons have
been discovered and resulted in
the development of 13 fields of
upper Jurassic age and 5 fields
of lower Cretaceous age. On the
Atlantic Continental Margin, only
54 wells have been drilled,
resulting in several subeco-
nomic hydrocarbon flows from
upper Jurassic and lower Creta-
ceous clastic reservoirs.

A significant problem in
assessing plays that are imma-
ture or conceptual is the selec-
tion of an appropriate analog(s).
A suitable analog is an estab-
lished play that possesses simi-
lar depositional environments,
structural features, and geologic
ages as the play being
assessed.

To identify analogs for
the Mesozoic Provinces, we
evaluated all available geologic
and/or geophysical data and
performed an extensive search
of the literature. Identifying ade-
quate analogs for the Gulf of
Mexico Mesozoic Province was
not difficult, since there has
been an extensive record of
exploration onshore along the
United States Gulf Coast within
the Mesozoic section, and sev-
eral OCS Mesozoic plays are
offshore extensions of the
onshore United States Gulf
Coast plays.

For conceptual plays

without good analogs in the
United States, appropriate ana-
logs from producing regions
around the world were used.
Even though identifying ade-
quate analogs for the Atlantic
Mesozoic Province was more
problematic, two analog areas
were identified as possible mod-
els for assessing the clastic
plays: the onshore United States
Gulf Coast and the Scotian Shelf
offshore Canada. The carbonate
plays in the Atlantic were mod-
eled using onshore United
States Gulf Coast carbonate
plays as analogs.

Because less data exist
and analogs were necessary for
the evaluation, the play descrip-
tions for the Mesozoic Provinces
are less precise than those for
the Cenozoic Province. The
Mesozoic sediments were
grouped into nine chronozones
for this assessment (figure 1). In
contrast to the Cenozoic chrono-
zones, the Mesozoic chrono-
zones are described as either
clastic or carbonate (e.g., Lower
Cretaceous Clastic (LK C1) or
Atlantic Middle Jurassic Carbon-
ate (AMJ B1) play). The carbon-
ate deposits include strata of
Jurassic and Cretaceous shelf-
edge reef systems and associ-
ated back-and fore-reef environ-
ments. These carbonate facies
were identified from well log and
seismic analysis, conventional
and sidewall cores, and cuttings.
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Geologic Risk Assessment

Play Risk Analysis Form
2000 National Assessment
Established Plays

For each component, a quantitative probability of success (i.e., between zero and
one, where zero indicates no confidence and one indicates absolute certainty) based
on consideration of the qualitative assessment of ALL elements within the
component was assigned. This is the assessment of the probability that the minimum
geologic parameter assumptions have been met or exceeded.

1. Hydrocarbon Fill component
a. Source rock
b. Maturity
c. Migration
d. Timing

2. Reservoir component
a. Reservoir quality
b. Depositional environment
c. Diagenesis

3. Trap component
a. Closure
b. Seal

(1) x(2) x (3)

Play Risk
(1 - Play Success)

Play Success (Marginal Probability of hydrocarbons, MPhc)

Comments:

Figure 1. MPhc worksheet used for estimating play geologic risk (refer to text

for explanation).

Geologic risk assess-
ment is the process of subjec-
tively estimating the chance that
at least a single hydrocarbon
accumulation is present in the
area being assessed (i.e., the
marginal probability of hydrocar-
bons [MPy.]). Once a concep-
tual or frontier play has been
defined, it is necessary to
address the question of its prob-
able existence. As part of the
play description, it is assumed
that critical geologic factors such
as adequate hydrocarbon
source rocks, thermal matura-
tion, migration pathways and
timing, and reservoir facies are

present. However, in concep-
tual plays and at the earliest
stages of exploration in frontier
plays, we cannot state with
absolute confidence that these
critical factors occur throughout
the extent of the delineated play.

The play-level assess-
ment of MPy,. consists of a sub-
jective analysis performed on
each of the critical components
necessary for a productive
play— the hydrocarbon fill, res-

ervoir, and trap components.
The MP,. or play chance
(White, 1980, 1993) analysis

assesses individually the proba-
bility of existence for each of the
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critical geologic factors. If a play
contains more than a minimal
show of hydrocarbons as in an
established play, all critical geo-
logic factors are present. If any
of these essential factors are not
present or favorable, the play
will not exist. The risk assess-
ment is documented on a work-
sheet (figure 1) used by the
assessment teams for this anal-
ysis. The probability of the pres-
ence of each factor is
subjectively estimated by the
assessment team. The pres-
ence or absence of direct evi-
dence supporting the play model
is a major consideration in the
analysis for each component.
Because conceptual plays have
little or no direct data, the risk
assessment is guided by the
evaluation of an analog play(s)
and judgment as to the likeli-
hood that the play actually
reflects the analog model. Each
component is considered to be
geologically and thus statistically
independent from the others.
Therefore, the product of the
marginal probabilities for each
individual component represents
the chance that all factors simul-
taneously exist within the play.
This play-level MP}, dif-
fers from the prospect-level
MP., which relates the chance
of all critical geologic factors
being simultaneously present in
an individual prospect. The play-
level MPy, reflects the regional
play-level controls affecting all
prospects within the play. The
fact that an individual prospect
may be devoid of hydrocarbons
does not mean that the play is
nonproductive, nor does the
presence of hydrocarbons in a
play ensure their presence in a
particular prospect. However, if
the play is devoid of hydrocar-
bons, so are all of its prospects.
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Guidelines for
Estimating Play
Geologic Risk

Scoring is based on a
central 50/50 chance value:

0.0-0.2 component is probably
lacking,

0.2-0.4 component is possibly
lacking,

0.4-0.6 equally likely compo-
nent will be present or

absent,

0.6-0.8 component will possibly
exist,

0.8-1.0 component probably
exists.

Hydrocarbon Fill

Component

This component assesses
the probability that hydrocarbons
exist in the play. Elements that
affect the probability of hydro-
carbons existing are source
rock, maturity, migration, and
timing.

Scoring: The  score
range used to estimate ade-
quacy of hydrocarbon charge is
determined by the most pessi-
mistic of the charge parameters
(i.e., source rock, maturity,
migration, and timing). For
example, if source rock, matu-
rity, and migration qualify for the
range 0.8-0.6, but timing only
qualifies for the range 0.6-0.4,
then the overall chance of
charge must be scored in the
range 0.6-0.4.

Score 1.0-0.8

Source rock: Presence
of source rock within the play is
clearly indicated by the exist-
ence of pools or implied by well
and seismic data. Source rock
(predicted or directly measured)
should be of high quality.

Maturity:  Hydrocarbon
expulsion from the source rock
is clearly indicated by the exist-

ence of pools or implied (e.g.,
borehole shows, hydrocarbon
seeps, and possibly seismic
direct hydrocarbon indicators
[DHI's]). The source rock is
clearly defined and of sufficient
volume to source the minimum
size prospect assessed within
the play.

Migration: A viable
migration pathway is clearly sup-
ported by the distribution of
pools, hydrocarbon shows, and
possibly seismic DHI's. The
geometry and effectiveness of
the migration pathway should be
clearly apparent on seismic
data.

Timing: Prospects’ (or
leads’) closures should clearly
pre-date the main phases of
hydrocarbon expulsion.

Score 0.8-0.6

Source rock: Presence
of source rock within the play is
probable on the basis of well
and seismic data or the basin
model. Source rock quality (pre-
dicted or directly measured)
should be high. Slightly leaner
source rocks may be considered
if it can be demonstrated that the
migration pathway is highly effi-
cient.

Maturity:  Hydrocarbon
expulsion from the source rock
is probable based, for example,
on the presence of borehole
shows, hydrocarbon seeps, and
possibly seismic DHI's. The
source rock is probably of suffi-
cient volume to source pros-
pects (or leads) of the minimum
assessed size.

Migration: A viable
migration pathway is probable
as implied by the distribution
of surrounding hydrocarbon
shows, seeps, and possibly
seismic data. A probable migra-
tion pathway should be apparent
on seismic data.

Timing: It should be at
least probable that the pros-
pects’ (or leads’) closures pre-
date the main phases of hydro-

carbon expulsion.

Score 0.6-0.4

Source rock: Source
rock may or may not be present
according to well and seismic
data or basin modeling. There
may be no data to support or
deny the presence of high qual-
ity source rock.

Maturity:  Hydrocarbon
expulsion from the source rock
is supported by maturation mod-
eling. The basin model and seis-
mic interpretation should give
some indication of source rock
volumes. The source rock may
or may not be of sufficient vol-
ume to source the minimum
sized prospect (or lead).

Migration: A viable
migration pathway may or may
not exist.

Timing: The prospects’
(or leads’) closures may or may
not pre-date the main phases of
hydrocarbon expulsion.

Score 0.4-0.2

Source rock: Well and
seismic data or the basin model
indicate that high quality source
rocks may be absent.

Maturity: Maturation
modeling indicates the possibil-
ity that source rock volume is
insufficient to source the mini-
mum sized prospect (or lead).

Migration: The distribu-
tion (or absence) of hydrocarbon
shows and possible seismic
DHI’s, or the results of seismic
structural mapping, indicate the
possibility that the prospects (or
leads) do not lie on a viable
migration pathway.

Timing: Seismic inter-
pretation and basin modeling
indicate the possibility that the
prospects’ (or leads’) closures
post-date the main phases of
hydrocarbon expulsion.

Score 0.2-0.0
Source rock: Well and
seismic data or the basin model
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indicate that high quality source
rocks are probably absent.

Maturity: Maturation
modeling indicates the probabil-
ity that source rock volume is
insufficient to source prospects
(or leads) of the minimum size
assessed.

Migration: The distribu-
tion (or absence) of hydrocarbon
shows and possible seismic
DHI’s, or the results of seismic
structural mapping, indicate the
probability that the prospects (or
leads) do not lie on a viable
migration pathway.

Timing: Seismic inter-
pretation and basin modeling
indicate the probability that
throughout the play the pros-
pects’ (or leads’) closures post-
date the main phases of hydro-
carbon expulsion.

Reservoir Component

This component
assesses the presence of reser-
voir rock. It also estimates the
chance that applicable reservoir
parameters exceed specified
minimums for porosity, perme-
ability, fracturing, shaliness,
cementation, and thickness.

Score 1.0-0.8

Reservoir quality, depo-
sitional environment, and
diagenesis: Presence of reser-
voir rock within the play is clearly
indicated by pools and wells.
The reliability of reservoir pres-
ence is confirmed by seismic
facies analysis (i.e., there is no
evidence of reservoir deteriora-
tion between wells and pros-
pects). Reservoir presence may
also be supported by seismic
attributes. Both wells and seis-
mic data yield a consistent dep-
ositional and diagenetic model.

Score 0.8-0.6

Reservoir quality, depo-
sitional environment, and
diagenesis: Presence of reser-
voir rock is proven in at least

one well in the play, and its pres-
ence throughout the play is con-
firmed by seismic data (facies
and/or attributes). It may not be
possible to predict reservoir rock
from seismic facies analysis;
however, a positive indication
should come from the deposi-
tional and diagenetic model.

Score 0.6-0.4

Reservoir quality, depo-
sitional environment, and
diagenesis: Presence of reser-
voir is neither confirmed nor
denied by well or seismic data
and the associated depositional
and diagenetic model. In rank
wildcat areas, the chance of res-
ervoir presence will often be the

same as risk of reservoir
absence.
Score 0.4-0.2

Reservoir quality, depo-
sitional environment, and
diagenesis: Wells and seismic
data indicate possible absence
of a reservoir. Seismic facies
analysis and the depositional
and diagenetic model indicate
the possibility of reservoir
absence.

Score 0.2-0.0

Reservoir quality, depo-
sitional environment, and
diagenesis: Wells and seismic
data indicate probable absence
of a reservoir. Seismic facies
analysis and the depositional
and diagenetic model indicate
the probability of reservoir
absence.

Trap Component

This component
assesses the existence of clo-
sure in the trap (structural, strati-
graphic, or combination of both)
and considers the existence and
quality of seal. The presence of
a seal is required when the trap
component is assessed. The
quality of the seal can favorably
or adversely affect the assess-
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ment of the trap and must be
reflected in the overall score of
the trap component. The score
range used to estimate the ade-
quacy of trap is determined by
the most pessimistic range of
the trap parameters. For exam-
ple, if the presence of seal quali-
fies for the 0.6-0.4 range and
this is less than success proba-
bility of the closure parameter,
then the overall chance of the
trap component must be in the
0.6-0.4 range.

Score 1.0-0.8

Closure: Presence of
minimum structural or strati-
graphic closure within the play is
clearly indicated by the exist-
ence of pools or implied by well
and seismic data. Available well
and seismic data allow accurate
depth  conversion. Closures
should be identified from the top
reservoir pick, which should be
clearly registered on seismic.
Stratigraphic closures should be
further defined by a reliable
base reservoir pick, and wedge-
out geometry should be clearly
resolved on seismic data.

Seal: Presence of seal
is clearly calibrated by wells and
seismic data. The integrity of
seal is confirmed by the exist-
ence of pools or implied by seis-
mic facies analysis; there is no
evidence of seal lithofacies dete-
rioration between wells and
prospects. Predicted reservoir
pressure is not sufficient to
break seal (consider capillary
entry pressure of seal lithology).
There is no evidence of wide-
spread structural breaching
such as faults, jointing, or frac-
ture cleavage.

Score 0.8-0.6

Closure: Presence of
minimum structural or strati-
graphic closure is probable on
the basis of seismic coverage
and depth conversion. Closures
should be identified from the top
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or near-top reservoir pick. For
stratigraphic traps, wedge-out
geometry should be clearly
apparent on at least some seis-
mic lines.

Seal: Presence of seal
is proven in at least one well,
and its presence within the play
is confirmed by seismic data. It
may not be possible to predict
seal from seismic facies analy-
sis. Available reservoir pressure
data are insufficient to demon-
strate a lack of seal integrity. At
worst there is only a small risk of
structural breaching.

Score 0.6-0.4

Closure: On the basis of
seismic coverage and depth
conversion, there is a near equal
chance of minimum structural or
stratigraphic ~ closure  being

present or absent within the
play. This may be because the
mapped seismic horizon is sig-
nificantly above the target as a
result of limited seismic quality.

Seal: Presence of seal
is neither confirmed nor denied
by well or seismic data. In rank
wildcat areas, the chance of seal
presence will often be the same
as risk of seal absence.

Score 0.4-0.2

Closure: Closures
exceeding minimum size are
inadequately defined by seismic
data.

Seal: Wells and seismic
data indicate possible absence
of a seal. Reservoir pressure
data suggest some risk of seal
failure. Structural breaching of

the seal is also possible.

Score 0.2-0.0
Closure: Seismic data
indicate that closures exceeding
minimum size are not present.
Seal: Well, seismic, or
reservoir pressure data indicate
high risk of seal failure.

Modified from B.A. Duff
and D. Hall. 1996. A model-
based approach to evaluation of
exploration  opportunities, in
A.G. Dore and R. Sinding-Lar-
son, (eds.), Quantification and
prediction of petroleum
resources: Norwegian Petro-
leum Society Special Publication
No. 6, p. 183-198.
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Undiscovered Conventionally Recoverable Resources
(UCRR)—Overview

Geologists,  statisti-
cians, and economists have
been performing resource

assessments for decades in an
attempt to estimate the future
petroleum supply in an area.
The demands of and uses for
these assessments have led to
the evolution of increasingly
complex  quantitative  tech-
niques and procedures to meet
the challenge. Generally, the
evolution has been from deter-
ministic to stochastic methods,
incorporating sensitivity and risk
analyses. Scientific disciplines
involved in the assessment pro-
cess have evolved in parallel
with the methodology from geol-
ogy to a complex multi-disciplin-
ary array of geology,
geophysics, petroleum engi-
neering, economics, and statis-
tics.

The basic building block
of this assessment of undiscov-
ered conventionally recoverable
resources (UCRR) is the play. A
play is defined primarily on the
basis of the geologic parameters
that are responsible for a petro-
leum accumulation. The play

analysis technique can be incor-
porated into probabilistic models
to yield a number of possible
future outcomes from explora-
tion and development in the
area under consideration. The
strengths of this procedure are
that it deals with natural explora-
tion units— plays, prospects,
pools, and fields— and with
specified pool or field size distri-
butions. The assessment
results, in terms of pool rank
plots, can be readily used for
economic analyses and discov-
ery forecasting. Serendipitous
plays, those found as surprises,
were not considered in this
assessment. These unknown
plays do not have a geologic
model that can be logically
assessed, and rather than add
resources without a framework
to determine where and how
much, these po&ential resources
were not included.

The assessment of
UCRR of the Gulf of Mexico and
Atlantic Continental Margin was
performed irrespective of any
consideration of economic con-
straints. Commerciality of the
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Figure 1. Sample lognormal distribution.

resource is considered in the
subsequent economic analysis
phase. The assessment was
conducted using a computer
program called GRASP (Geo-
logic Resources ASsessment
Program). The program was
adapted by MMS from the Geo-
logical Survey of Canada’s PET-
RIMES (PETroleum Resources
Information Management and
Evaluation System) suite of pro-
grams.

It has been recognized
for decades that within any
petroleum province, and particu-
larly within plays, the size distri-
bution of accumulations is highly
skewed (i.e., there are many
small accumulations and very
few large ones) (Arps and Rob-
erts, 1958; Kaufman, 1963;
McCrossan, 1969; Barouch and
Kaufman, 1977; Forman and
Hinde, 1985). Commonly, the
large deposits contain the major-
ity of the resources. Kaufman
(1965), Meisner and Demirmen
(1981), Crovelli (1984), Davis
and Chang (1989), and Power
(1992), among others, have
reviewed the lognormal distribu-
tion and the many properties
that make it a reasonable choice
as a probability model for the rel-
ative frequency distribution of
pool sizes in a play. The ultimate
choice, however, of a particular
probability model is subjective.

The realization that the
logarithms of pool sizes are nor-
mally distributed and the knowl-
edge that distributions can
therefore be specified by the
mean (m, a statistical measure
of central tendency) and vari-
ance (02 a measure of the
amount of dispersion in a set of
data) of the log-transformed
data constitute the major
assumptions of the GRASP
model. A convenient character-
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Play Delineation
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Figure 2. Process flow chart for resource assessment.

istic of lognormal distributions is
that a plot of the log of the val-
ues in the distribution approxi-
mates a straight line (figure 1).
The objectives of this
assessment UCRR were to

« estimate the number of undis-
covered pools,

+ estimate the sizes of the undis-
covered pools, explicitly con-
sidering the reserves
appreciation phenomenon,

« estimate reservoir characteris-
tics of the undiscovered pools,

* provide adequate information
for economic analysis, and

+ validate exploration concepts
and geologic models against
known information.

A comprehensive
resource assessment must com-
bine within the context of the
play model empirical field data
with information acquired from
regional analysis and compara-
tive studies. In the GRASP
model, exploration data are
expressed as probability distri-
butions. The major strengths of

probabilistic methods are the
formal recognition of uncer-
tainty, the ability to enable pro-
fessionals to make judgments in
their area of expertise without
requiring additional, often arbi-
trary, judgment, and the useful
added dimension provided to the
analysis and results. The model
relies heavily on the technical
judgments of the geoscientist
teams working with the other
assessors.

The basic procedures
used in this resource assess-
ment were the pool generation
and matching processes
described by Lee and Wang
(1986). The major steps (figure
2) include

* data organization,
* play delineation,
 compilation of play data,

» estimation of play and prospect
chance of success,

* preparation of discovery histo-
ries and pool size distributions
for discoveries in established
or analog plays,

» estimation of the number of
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pools distribution,

« estimation of the play pool size
distribution,

estimation of individual ranked
pool size distributions and
matching of discovery data
with forecast pool sizes, and

« estimation of play resource dis-
tribution.

Established Plays

An effective assessment
of undiscovered petroleum in a
play can be developed from esti-
mates of (1) the size distribution
of the potential pools in the play,
(2) the distribution of the total
number of pools (N) if the play
exists, and (3) an assessment of
the appropriate marginal proba-
bility of hydrocarbons (MP})
(Baker et al., 1984). Pool size
distributions describing the size
range of individual pools in the
play and their frequency of
occurrence are the most impor-
tant elements of the resource
appraisal process. The pool size
distribution is a function of the
geologic model for the play. It
describes the expected popula-
tion of pools that would result
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2000 Assessment
Play Analysis Worksheet
Part 1 (Prior to GRASP)

Name of Play:

Chronozone:

Depositional style/facies :

Play characteristics
Number of discovered pools in the play

Estimated prospective area of play within geologic limit MM acres
Estimated area of play relatively unexplored MM acres
Proved reserves of play as of 1/1/99
Qil MMbo
Gas Bcfg
BOE MMBOE
after reserves appreciation (through 12/ )
Qil MMbo
Gas Bcfg
BOE MMBOE
Unproved reserves of play as of 1/1/99
Qil MMbo
Gas Bcfg
BOE MMBOE
after reserves appreciation (through 12/ )
Qil MMbo
Gas Bcfg
BOE MMBOE
Types of pools in play
What is the observed percentage of:
Oil pools % oil
Gas pools % gas
Mixed pools % mixed
What do you expect the final percentages to be ( with additional
discoveries)?
Oil pools % oil
Gas pools % gas
Mixed pools % mixed
Largest discovery pool in play
Pool name
Pool discovery year
Pool hydrocarbon pore volume acre-feet
Pool reserves, after appreciation
Qil MMbo
Gas Bcfg
BOE MMBOE

Figure 3. Play worksheet, part 1 (prior to GRASP).

2000 Assessment Name of Play:
Play Analysis Worksheet Chronozone:
Part 2 (GRASP Input) Depositional style/facies:

Answer the following questions after reviewing and considering the play's:
discovery history, pool size distribution, available geological and geophysical analysis, and exploration status.

Largest pool in play
Has the largest pool in the play been discovered?
What is your best estimate of the approximate size, in terms of
recoverable reserves after appreciation, of the largest pool
remaining to be discovered?
Oil
Gas
BOE
Number of pools in play
Using your knowledge of the play and the untested acreage within the
limit of the play, how many pools remain to be discovered:
Low estimate
(3 chances in 4 that at least this many pools remain to be discovered)
High estimate
(1 chance in 4 that at least this many pools remain to be discovered)
Mean estimate
(2 chances in 4 that at least this many pools remain to be discovered)
Play analogs
What play(s) is a good analog for this play?

Describe how this play differs significantly from its analog(s), e.g. 50% less
area, 25% less volume, more intensely faulted, fewer salt domes,
significantly less sand, etc. Attach additional sheets if necessary.

Yes

/

No

MMbo
Bcfg
MMBOE

pools
pools

pools

Figure 4. Play worksheet, part 2 (GRASP input).
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from repeated exploration of a
particular play model. The num-
ber of pools distribution is
derived from a consideration of
the number of existing discover-
ies, the number of prospects,
average prospect risk, areal
extent of the play, and the
degree of exploration maturity
for the play (figure 3).

Next, the pool size dis-
tribution is conditioned on the
existing discoveries. The pool
size distribution is ascertained
by the matching process where
hypothetical pool size distribu-
tions are determined stochasti-
cally from different values for the
parameters m, 02, and N. The
model selects values from the
distribution of each parameter
and generates pool rank plots.
For each iteration the discov-
ered pools are then matched to
the predicted pool size distribu-
tion. The best statistical fits are
then presented for further analy-
sis. Statistical “goodness-of-fit”
tests are applied, but the impli-
cations of the best statistical
solutions must be subjectively
compared with the geologic
model. Since there is no unique
measure to determine the best
model for the play, selection of
the appropriate match is one of
the most challenging aspects of
the resource assessment pro-
cess.

In the matching pro-
cess, the discoveries in a play
are recognized as a sample
taken from the play’s population
of pool sizes. The standard sta-
tistical practice of estimating the
population m and © 2 from the
sample is valid only if the sam-
ple is assumed to be a random
sample from the pool population
or is large enough to represent
the distribution of the population.
In reality, neither of these situa-
tions is wusually valid. Large
pools are usually discovered
early because the largest pros-
pects are generally defined and
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2000 Assessment
Play Analysis Worksheet
Part 3 (After GRASP)

Name of Play:
Chronozone:
Depositional style/facies:

Review the GRASP model runs for this play and select the statistical model that you believe
best approximates the actual geologic model for this play. Consider the following:

If there is not a satisfactory fit
Document the changes and then rerun GRASP.
Attach additional sheets if necessary.

Once a satisfactory fit has been determined
Document and provide the rationale for this selection.
Attach additional sheets if necessary.

How many pools are in the play?
How many pools remain to be discovered?
Has the largest pool in the play been discovered?

Qil
Gas
BOE
What is the value of mu?
What is the value of sigma squared?
What is the total hydrocarbon endowment of the play?
Qil
Gas
BOE

From the pool size distribution (including appreciation), answer the following:

What is the rank of the largest pool remaining to be discovered?
What is the size of the largest pool remaining to be discovered?

pools

pools
Yes / No

pool rank

MMbo
Bcfg
MMBOE

MMbo
Bcfg
MMBOE

Signatures of all play assessment team members

Figure 5. Play worksheet, part 3 (after GRASP).

drilled first— the principle of
resource exhaustion. The sam-
ple set is usually clearly biased.
The wundrilled prospects will
include a disproportionate num-
ber of small pools. The effect of
this bias in the selection process
is a progressive change in the
pool size distribution through
time. If the population is lognor-
mal, samples at different times
will also tend to be lognormal.
These sample distributions will
migrate downward from an initial
distribution with unrealistically

high m and low ©2 values.

Therefore, m of the sample
would be an overestimate and
02 an underestimate of the
population parameters. Kauf-
man et al. (1975) illustrated this
process through a series of
Monte Carlo simulations of a
random discovery process in a
hypothetical basin.

The matching process
requires a careful consideration

of all available information per-
taining to the play: petroleum
geology, discovery history, play
maturity, etc. (figure 4). Typi-
cally, this is accomplished by
responding to questions such as

» Has the largest pool been dis-
covered? If not, what are the
largest pools that could remain
to be discovered?

* How many undrilled prospects
are likely to remain in the play?
What is their size distribution
and average prospect risk?

* How does the play’s explora-
tion and discovery history fit
the pool size distribution?

* Do the parameters of the pre-
dicted pool size distributions
relate logically with similar
plays?

The responses to these
and similar questions may lead
to changes in the distribution
parameters. This is an iterative
process that permits the asses-
sor to challenge the geologic
model, consider the feedback
from “what if’ analyses, and
refine the model as new infor-
mation becomes available (fig-
ure 5). For each play there is a
set of m, 62, and N values
related to the play’s geologic
model. Different geologic mod-
els may have different values for
these parameters and thus dif-
ferent pool size distributions.

Once a final acceptable
model has been determined,
additional program  modules
constrain predicted pool size
ranges by the discovered sizes.
The subjective process of
matching discoveries to the pool
size distributions further reduces
the uncertainty associated with
the potential resource volume of
the play. The pool rank plots and
cumulative probability distribu-
tions illustrate this process. In
the pool rank plots, discovered
pools are shown as single point
values (dots) and projected
undiscovered pools as distribu-
tions (bars). The length of the

bar represents the F%° to F° (the

95" and 51" percentiles, respec-
tively) estimate of pool size. The
undiscovered pool sizes must fit
within the discoveries. Figure 6
shows an example of a pool
rank plot and cumulative proba-
bility distribution from a very
mature  progradational play.
Contrast this with the example of
an immature play with consider-
able remaining potential (figure
7). Notice that in both figures the
range of possible sizes for indi-
vidual pools decreases in prox-
imity to discovered pools. These

figures illustrate the greater
uncertainty in individual pool
sizes and aggregate play

resource distributions associ-
ated with conceptual and imma-

Undiscovered Conventionally Recoverable Resources (UCRR)—Overview

2000 Assessment
WWW.gomr.mms.gov



1000 ;
= 500 137 Discovered Pools
a 5A 50 Undiscovered Pools
: =
S 0
8 50 ™
=
g —
= 10 eV
o R
n? 5 | 100 —=
] | y o,
P e
Fi] 3
2 1 =-‘-£ o o BOE Gas \
o 5 —EE 1(EGEI_ Bl fich | s
é ' :E .i :,; '\ .
—° . \ i -
; i1 51 51
0 50 100 150 20
Pool Sizes by Rank (Sth to 95th percentile)

Figure 6. Pool rank plot of a mature play.
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Figure 7. Pool rank plot of an immature play.

ture plays, which have not been
demonstrated to contain signifi-
cant quantities of hydrocarbons
and/or discovered pools. Gener-
ally, the greater the number of
discoveries in the play, the less
uncertainty in the number and
sizes of undiscovered pools;
therefore, there is less uncer-
tainty in the total quantity of
undiscovered resources for the
play. The relatively narrow range
of values associated with the

distribution for the mature play is
a reflection of the resource size
constraints imposed by the dis-
coveries. A more comprehen-
sive description of PETRIMES is
found in Lee and Wang (1990).

Conceptual and

Frontier Plays

Disparate approaches
to resource assessment are
appropriate for different plays,

77

particularly if, as in the Atlantic
and Gulf of Mexico OCS, there
are different levels of exploration
maturity with very diverse
amounts of geophysical, geo-
logic, and production data avail-
able. In established plays in
mature basins, the geologic con-
cepts are well understood, and
the data are both abundant and
reliable. At the other end of the
spectrum are plays in immature
basins where their premise is
based solely on regional analy-
sis and comparisons with plays
in analog basins. The available
data may consist only of
regional geophysical informa-
tion and the results from a few
exploratory wells; the extensive
database of the mature play is
replaced in large part by subjec-
tive judgments and experience
gained from observations in
more mature areas. The key
problem in assessing the imma-
ture or conceptual play is in the
selection of an appropriate ana-
log(s). A suitable analog is an
established play that possesses
geologic attributes similar to the
play being assessed. The use of
the analog requires subjective
modification of the play model
through the appropriate scaling
of the factors (i.e., MPp., m, 02,
and N) affecting the forecast for
the play being assessed.

The basic data used in
this assessment for the Ceno-
zoic Province of the Gulf of Mex-
ico have been released in the
Bascle et al. (2001). However,
the Mesozoic Provinces of the
Gulf of Mexico and Atlantic OCS
have a limited amount of direct
information available. Only the
Upper Jurassic Aggradational
Norphlet Formation (UJ4 A1)
play and the Lower Lower Creta-
ceous James Limestone (LK3
B1) play in the Gulf of Mexico
have more than one significant
hydrocarbon accumulation. It
was therefore essential to iden-
tify analogous plays to assess
these Mesozoic Provinces prop-
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erly. Identifying adequate ana-
logs in the Gulf of Mexico
Mesozoic Province was not diffi-
cult since there has been an
extensive record of exploration
onshore along the United States
Gulf Coast within the Mesozoic
section. In the Atlantic OCS, two
analog areas were identified as
possible models for assessing
the clastic plays: the onshore
United States Gulf Coast and
the Scotian Shelf offshore Can-
ada. The carbonate plays in the
Atlantic were modeled using
onshore United States Gulf
Coast carbonate plays as ana-
logs.

The approach used in
assessing conceptual and fron-
tier plays involved first assess-
ing the analog plays, which
parallels the process used in
assessing the established plays.
The first step after completion of
play delineation was to assem-
ble all relevant analog play data.
This consisted primarily of pool
maps, pool size information, dis-
covery histories, well logs, and
relevant reports and publica-
tions. Seismic data were also
available for the Scotian Shelf

analog. Once all relevant data
are gathered, there are three
critical steps involved in the
evaluation process: (1) assess-
ing the play marginal probability,
(2) developing number of pools
distributions for the analogs and
scaling them to the play being
assessed, and (3) developing
pool size distributions for the
analogs and scaling them to the
play being assessed.

Aggregation

Cumulative
distributions of undiscovered
conventionally  recoverable
resources for areas larger than
the play were developed by sta-
tistically aggregating the proba-
bility distributions for individual
plays to progressively higher
levels using the computer pro-
gram FASPAG (Fast Appraisal
System for Petroleum AGgrega-
tion) (Crovelli, 1986; Crovelli and
Balay, 1988, 1990). The aggre-
gation hierarchy was play, chro-
nozone, series, system,
province, region, and the com-
bined Gulf of Mexico and Atlan-
tic Continental Margin. An

probability

estimate of the degree of geo-
logic dependency was incorpo-
rated at each level of
aggregation. For instance, plays
were aggregated within chrono-
zones on the basis of estimates
of the geologic dependence
among the plays. The depen-
dence reflects commonality
among the plays with respect to
factors controlling the occur-
rence of hydrocarbons at the
play level: charge, reservoir, and
trap. Dependencies also reflect
the degree of coexistence
among the plays. Values for
dependency can range from
one, in which case each play
would not exist if the other(s) did
not exist, to zero, in which case
the existence of each play is
totally independent from all oth-
ers. A very accurate depen-
dency value is impossible to
derive because of the geologic
complexity of the plays. There-
fore, a dependency value of 0.5
was generally used for all aggre-
gations except when regions
were aggregated. Regions were
assumed to be independent.
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Undiscovered Conventionally Recoverable Resources
(UCRR)—Discussion

The resource assess-
ment process is iterative, com-
prising phases of data acquisition,
analysis, and interpretation, fol-
lowed by model modification and
refinement. The strengths of this
approach are in its predictive
capabilities and ease of refine-
ment. The principal objectives of
this assessment of undiscov-
ered conventionally recover-
able resources (UCRR) were to

« estimate the number of undis-
covered pools,

« estimate the sizes of the undis-
covered pools, explicitly con-
sidering the reserves
appreciation phenomenon,

» estimate reservoir characteris-
tics of the undiscovered pools,

* provide adequate information
for economic analysis, and

+ validate exploration concepts
and geologic models against

Play Delineation
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known information.

Geologists,  statisti-
cians, and economists have
been performing resource

assessments for decades in an
attempt to estimate the future
petroleum supply in an area.
The demands of and uses for
these assessments have led to
the evolution of increasingly
complex  quantitative  tech-
niques and procedures to meet
the challenge. Generally, the
evolution has been from deter-
ministic to stochastic methods,
incorporating sensitivity and risk
analyses. Scientific disciplines
involved in the assessment pro-
cess have evolved in parallel
with the methodology from geol-
ogy to a complex multi-disciplin-
ary array of geology,
geophysics, petroleum engi-
neering, economics, and statis-
tics. The MMS required for this
assessment an appraisal
method that would permit the
use of a variety and wealth of
data, but was flexible enough to

be applied in areas with a scar-
city of data. It also sought to
employ a geologic framework
that would facilitate periodic
updating as an adjunct to ongo-
ing activities. A play assessment
framework was judged to be the
best approach toward meeting
these objectives. Thus, the basic
building block of this assess-
ment of UCRR is the play.

The assessment of
UCRR of the Gulf of Mexico and
Atlantic Continental Margin was
performed irrespective of any
consideration of economic con-
straints using a computer pro-
gram called GRASP (Geologic
Resources ASsessment Pro-
gram). The program was
adapted by MMS from the Geo-
logical Survey of Canada’s PET-
RIMES (PETroleum Resources
Information Management and
Evaluation System) suite of
resource  assessment  pro-
grams. A more comprehensive
description of PETRIMES is
found in Lee and Wang (1990).
The program incorporates two

[

r‘ Compilation of Play Data ‘

Reserves Appreciation }—T

Figure 1. Process flow chart for resource assessment.
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distinct approaches toward
resource assessment: the sub-
jective approach and the discov-
ered play approach. The
subjective approach is based on
the direct subjective assessment
of probability distributions for
each relevant geologic factor
affecting the assessment (e.g.,
productive area and hydrocar-
bon pay thickness). It is
designed primarily for use in
areas with little or no discovery
information. The discovered play
approach, based on a statistical
analysis of the history of discov-
eries in an area, was used here.
Play analysis using a parametric
distribution provides a flexible
method to optimally use avail-
able data in a resource assess-
ment. GRASP utilizes a single
parametric distribution, the log-
normal distribution. The basic
procedures used in this resource
assessment were the pool gen-
eration and matching processes
described by Lee and Wang
(1986). The major steps (figure
1) include

* organizing data,
« delineating plays,
» compiling play data,

» estimating play and prospect
chance of success,

* preparing discovery histories
and pool size distributions for
discoveries in established or
analog plays,

» developing the number of
pools distribution,

+ estimating the play pool size
distribution,

» estimating individual ranked
pool size distributions and
matching discovery data with
forecast pool sizes, and

* estimating play resource distri-

bution.

An effective assessment
of undiscovered petroleum in a
play can be developed from esti-
mates of (1) the size distribution
of the potential pools in the play,
(2) the range in the total number
of pools (discovered and undis-
covered) (N), assuming that the
play exists, and (3) an assess-
ment of the appropriate marginal
probability of hydrocarbons
(MPy,;) (Baker et al.,1984). Pool
size distributions describing the
size range of individual pools in
the play and their frequency of
occurrence  were the most
important elements of the
resource appraisal process. The
expected pool size distribution is
a function of the geologic model
for the play. It describes the
expected population of pools
that would result from repeated
exploration of a particular play
model.

A statistically significant
number of commercial discover-
ies existed in 69 of the 92 plays
assessed. These plays are
referred to as established plays.
The remainder of the plays iden-
tified on the Atlantic and Gulf of
Mexico Continental Margin had
either no or a minor number of
commercial or noncommercial
discoveries at the time of this
assessment. These plays are
referred to as either frontier or
conceptual plays.

The Model—Geologic

and Statistical

The first step in the
resource assessment process is
to define the geologic model that
will serve as the framework for
the statistical analysis. Geologic
processes related to petroleum
generation, migration, and accu-
mulation are complicated and no
model can accurately simulate
them. Lee and Wang (1990)
define a geologic model as rep-

resenting a natural population
and possessing a group of pools
and/or prospects sharing com-
mon petroleum habitats. The lat-
ter part of this definition equates
to a hydrocarbon play. The
play delineation procedures
employed in this assessment
are described in the General
Text, Methodology, Play Delin-
eation sections. Observed pool
sizes in established plays can
be considered as samples from
a superpopulation or parent pop-
ulation. Thus, geologic models
possess continuous pool size
distributions estimated from
samples.

Serendipitous plays,
those found as surprises, were
not considered in this assess-
ment. These unknown plays do
not have a geologic model that
can be logically assessed, and
rather than add resources with-
out a framework to determine
where and how much, these
potential resources were not
included.

Geologic Risk

Assessment

Geologic risk assess-
ment is the process of subjec-
tively estimating the chance that
at least a single hydrocarbon
accumulation is present some-
where in the area being
assessed (i.e., the marginal
probability of hydrocarbons
[MP.]). Once a conceptual or
frontier play has been defined, it
is necessary to address the
question of its probable exist-
ence. As part of the play
description, it is assumed that
critical geologic factors such as
adequate hydrocarbon source
rocks, thermal maturation,
migration pathways and timing,
and reservoir facies are present.
However, in conceptual plays
and at the earliest stages of
exploration in frontier plays, we
cannot state with absolute confi-
dence that these critical factors
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occur throughout the extent of
the delineated play.

The play-level assess-
ment of MPy,. consists of a sub-

jective analysis performed on
each of the critical components
necessary for a productive
play— the hydrocarbon fill, res-
ervoir, and trap components.
The MP,, or play chance
(White, 1980, 1993) analysis
assesses individually the proba-
bility of existence for each of the
critical geologic factors. If a play
contains more than a minimal
show of hydrocarbons as in an
established play, all critical geo-
logic factors are present. If any
of these essential factors are not
present or favorable, the play

will not exist. The risk assess-
ment is documented on a work-
sheet (figure 2) used by the
assessment teams for this anal-
ysis. The probability for the pres-
ence of each factor s
subjectively estimated by the
assessment team. The pres-
ence or absence of direct evi-
dence supporting the play model
is a major consideration in the
analysis for each component.
Guidelines for estimating play
geologic risk are provided in the
Geologic Risk Assessment sec-
tion. With conceptual plays hav-
ing little or no direct data, the
risk assessment is guided by the
evaluation of an analog play(s)
and judgment as to the likeli-

Play Risk Analysis Form
2000 National Assessment
Established Plays

For each component, a quantitative probability of success (i.e., between zero and
one, where zero indicates no confidence and one indicates absolute certainty) based
on consideration of the qualitative assessment of ALL elements within the
component was assigned. This is the assessment of the probability that the minimum
geologic parameter assumptions have been met or exceeded.

1. Hydrocarbon Fill component
a. Source rock
b. Maturity
c. Migration
d. Timing

2. Reservoir component
a. Reservoir quality
b. Depositional environment
c. Diagenesis

3. Trap component
a. Closure
b. Seal

(1) x(2) x (3)

Play Risk
(1 - Play Success)

Play Success (Marginal Probability of hydrocarbons, MPhc)

Comments:

Figure 2. Mphc worksheet and guidelines for estimating play geologic risk.
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hood that the play actually
reflects the analog model. Each
component is considered to be
geologically and thus statistically
independent from the others.
Therefore, the product of the
marginal probabilities for each
individual component represents
the chance that all factors simul-
taneously exist within the play.
This play-level MPy, dif-
fers from the prospect-level
MPy, which relates the chance

of all critical geologic factors
being simultaneously present in
an individual prospect. The play-
level MP,,; reflects the regional
play-level controls affecting all
prospects within the play. The
fact that an individual prospect
may be devoid of hydrocarbons
does not mean that the play is
nonproductive, nor does the
presence of hydrocarbons in a
play ensure their presence in a
particular prospect. However, if
the play is devoid of hydrocar-
bons, so are all of its prospects.

The Lognormal Dis-
tribution— The Para-
metric Specification
for Pool Size Distri-

butions

It has been recognized
for decades that within any
petroleum province, and particu-
larly within plays, the size distri-
bution of accumulations is highly
skewed (i.e., there are many
small accumulations and very
few large ones) (Arps and Rob-
erts, 1958; Kaufman, 1963;
McCrossan, 1969; Barouch and
Kaufman, 1977; Forman and
Hinde, 1985). Commonly, the
few largest deposits contain the
maijority of the resources. Kauf-
man (1965), Meisner and Demir-
men (1981), Crovelli (1984),
Davis and Chang (1989), and
Power (1992), among others,
have reviewed the lognormal
distribution and the many prop-
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Figure 3. A lognormal distribution approximates a straight line.

erties that make it a reasonable
choice as a probability model for
the relative frequency distribu-
tion of pool sizes in a play.
Investigators, however, have
pointed out that this assumption
may not always be the best
choice (Kaufman, 1993). Crov-
elli (1986, 1987) demonstrated
that within the bounds of situa-
tions encountered within a
basin, the lognormal distribution
provides reasonable results,
except at the extreme tails of the
distribution. The ultimate choice,
however, of a particular proba-
bility model is subjective.

The observation that the
logarithms of pool sizes are nor-
mally distributed and that pool
size distributions can therefore
be completely specified by the
mean (m, a statistical measure
of central tendency) and vari-

ance (02, a measure of the
amount of dispersion in a set of
data) of the log-transformed
data constitute the major
assumptions of the GRASP
model. Another convenient char-
acteristic of lognormal distribu-
tions is that a plot of the log of
the values in the distribution
approximates a straight line (fig-
ure 3).

The methodology
employed by MMS in the
resource assessment of plays

having known accumulations
of hydrocarbons uses the
observed discovery history of an
area in combination with a math-
ematical model (lognormal dis-
tribution) of the underlying
population of pool sizes as the
basis for predicting the future. A
random variable, Y, has a log-
normal distribution if it may be
expressed as:

Y =X x ~N(m,02),

where x ~ N(m,Gz) means that
x is normally distributed with
mean m and variance O 2. This
distribution is described as para-
metric because it is defined by a
functional form in conjunction
with a limited number of param-
eters (m and ©?2). Historical
data related to the number and
size of accumulations in con-
junction with the current geo-
logic knowledge concerning the
play are fit to the statistical
model that allows extrapolation
of past performance into the
future. Critical to this approach
is the concept of resource
exhaustion, the largest fields
tend to be discovered early in
the exploration of an area. Coin-
cident with this concept are the
observations that the average

size of discovered fields tends to
systematically decrease with
time and new discoveries result
from increasingly greater effort.
Meisner and Demirmen (1981)
and later Forman and Hinde
(1986) observed these phenom-
ena in several basins, deter-
mined they were attributes
characteristic of the exploration
of a play or basin, and applied
the term "creaming" to the pro-
cess. Moreover, they maintained
that exploratory success rates
reflect depletion of a potentially
productive sediment volume. As
additional wells are drilled within
a particular volume of sediment,
the chance of discovering a field
of any given size is decreased;
the resource potential is
exhausted.

These characteristics are
primarily an outgrowth of the
highly skewed underlying field
size distribution. The observed
conformance of the discovery
process as it unfolded for the
Gulf of Mexico OCS to these
traits was clearly illustrated by
Lore (1992, 1995), who demon-
strated that the historical record
of cumulative mean field size
and probability of success is dis-
tinguished by a persistent, rap-
idly decreasing trend. As
dictated by the size distribution
of undiscovered pools, pros-
pects (with the notable excep-
tion of the new ultra-deepwater
frontier) are becoming increas-
ingly smaller, more difficult to
identify, and more expensive on
a unit recovery basis to exploit.

Besides being a good
measure for the distribution of
potential sizes for an individual
pool, lognormality is also a rea-
sonable approximation for the
distribution of accumulation
sizes within a play or basin. The
lognormal distribution has some
favorable properties that make it
a convenient choice for a para-
metric distribution to be used in
an assessment model:
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* The product of many indepen-
dent variables is a lognormal
distribution.

* The product of independent
lognormal random variables is
itself lognormal.

* The shape of the lognormal
distribution is easy to work
with.

GRASP requires that
the play be defined such that the
size distribution of the pools in
each play comprises a single
population. For each play there
is a set of m, G2, and N values
related to the play’s geologic
model. Different geologic mod-
els may have different values for
these parameters and thus dif-
ferent pool size distributions.

Established Plays

Pool Size Distribution for
Discoveries

Even if there is a discov-
ery with historical production in a
play, there is still considerable
uncertainty related to the volume
of recoverable reserves (see the
reserves appreciation discus-
sion in the General Text, Meth-
odology, and Reserves
Appreciation sections). Never-
theless, estimates of discovered
pool sizes are typically
expressed as single point esti-
mates of size. In this assess-
ment, pool sizes were
expressed in terms of hydrocar-
bon pore volume in surface
equivalent units (the reservoir
volume occupied by hydrocar-
bons at surface standard tem-
perature and pressure [STP]).
Hydrocarbons obey complex
laws related to pressure, vol-
ume, and temperature (PVT)
relationships. As a result, the
volume of a given quantity of
hydrocarbons, expressed in
terms of mass or numbers of

molecules, will change as it is
brought to the surface from res-
ervoir PVT (RPVT) conditions.

The net volume of a res-
ervoir formation is the product of
rock volume and pore volume
(porosity). The pore volume is
occupied by both formation
water and hydrocarbons. The
fraction of the interstitial voids
occupied by water is the water
saturation; therefore the remain-
der of the interstitial voids is
filled with hydrocarbons (1-water
saturation). When the hydrocar-
bon pore volume is brought to
the surface, that volume will
change in a manner described
by the formation volume factor
(FVF). The FVF is defined as the
ratio of the volume at RPVT con-
ditions to the volume at STP.
The in-place pool size in terms
of hydrocarbon pore volume is
defined by the following equa-
tion:

in-place pool size = (reservoir
volume)(porosity)(hydrocarbon
saturation)/FVF

where (reservoir volume) = (pro-
ductive area of pool)(net hydro-
carbon pay thickness), and
(hydrocarbon saturation) =
(1-water saturation).

Only a fraction of the
hydrocarbons in the reservoir
are recoverable. This fraction is
called the recovery efficiency.
Thus, the recoverable pool size
in terms of hydrocarbon pore
volume is defined by:

recoverable pool size = (in-

place pool size)(recovery
factor)
where (recovery factor) =

(yield)(recovery efficiency), and

yield = volume of hydrocarbons
per unit reservoir volume.

The reserves apprecia-
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tion phenomenon is considered
at this point by applying the
appreciation model to the esti-
mates of discovered pool sizes.
Using field discovery year, each
pool is appropriately grown.

As seen previously, a
lognormal distribution may be
described by a simple equation
that is the function of two param-

eters, mand O 2. If it is assumed
that the pool size distribution is
lognormal, the value for any indi-
vidual pool can be estimated.
Figure 3 shows an example of
this principle of lognormality.
The single point estimates, pre-
sented in blue, of discovered
pools in BOE (MMbbl) are plot-
ted against the Y-axis, which is a
lognormal scale. The X-axis is a
probability scale, which indi-
cates the percentile likelihood of
size of each of the discovered
pools as well as undiscovered
pools which are estimated by
the GRASP program. These
points generally trend along a
straight line and indicate that the
discovered pools are in fact log-
normal. The size distribution of
discovered pools is plotted and
tested to check for possible
mixed populations (pools misas-
signed to the play). The points
confirm a likely representation of
the super population of pool
sizes. The program calculates m
and O2, which represent the
lognormal approximation of the
distribution of these known
pools. This log approximation is
displayed as a red line and is uti-
lized by GRASP in determining
individual pool sizes that satisfy
the parameters of m, © 2, and N.
Probability distributions for the
size of each of the undiscovered
pools are then calculated.

Number of Pools
Distribution

The discrete distribu-
tion of the total number of dis-
covered and undiscovered pools
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2000 Assessment
Play Analysis Worksheet
Part 1 (Prior to GRASP)

Name of Play:
Chronozone:

Depositional style/facies :

Play characteristics
Number of discovered pools in the play
Estimated prospective area of play within geologic limit
Estimated area of play relatively unexplored
Proved reserves of play as of 1/1/99
Qil
Gas
BOE
after reserves appreciation (through 12/
Qil
Gas
BOE
Unproved reserves of play as of 1/1/99
Qil
Gas
BOE
after reserves appreciation (through 12/ )
Qil
Gas
BOE
Types of pools in play
What is the observed percentage of:
Oil pools
Gas pools
Mixed pools
What do you expect the final percentages to be ( with additional
discoveries)?
Oil pools
Gas pools
Mixed pools
Largest discovery pool in play
Pool name
Pool discovery year
Pool hydrocarbon pore volume
Pool reserves, after appreciation
Oil
Gas
BOE

)

MM acres
MM acres

MMbo

Bcfg
MMBOE

MMbo
Bcfg
MMBOE

MMbo
Bcfg
MMBOE

MMbo
Bcfg
MMBOE

% oil
% gas
% mixed

% oil
% gas
% mixed

acre-feet

MMbo
Bcfg
MMBOE

Figure 4. Play analysis worksheet, part 1 (prior to GRASP).

(N) is derived from a consider-
ation of the number of existing
discoveries, the number of pros-
pects, average prospect risk,
areal extent of the play, and the
degree of exploration maturity
for the play. The Gulf of Mexico
Region play analysis worksheet
(figure 4) shows how these esti-
mates were derived for a mature
play. Prospect densities were
considered when postulating the
numbers of likely, but unseen,
prospects by comparing what is
known about a play being
assessed with a more thor-
oughly drilled and/or mapped
analog.

Play Pool Size
Distribution

The most distinctive out-
put from GRASP is a distribution
of pool sizes by rank for a play—
the size of the largest pool, the
second largest pool, etc. The
play pool size distribution is con-

structed to fit the geologic model
and then conditioned on the
existing discoveries. The sizes
of these individual discovered
pools are assumed to be drawn
independently from a single,
known play pool size distribu-
tion— the superpopulation.
GRASP uses a range for the
variables m and © 2 (adjusted
from those developed directly
from the discovered pools), in
conjunction with an estimate N
to develop numerous combina-
tions of these parameters
describing candidates for the
“true” parent lognormal pool size
(hydrocarbon pore volume) dis-
tribution for the play. Each com-
bination of m and © 2 is ranked
on how well statistically it and
the estimate of N reflect the
degree to which the means of
predicted individual pool sizes fit
the discovered accumulations.
The discoveries in a
play are recognized as a sample

taken from the play’s population
of pool sizes. The standard sta-
tistical practice of estimating the
population m and © 2 from the
sample is valid only if the sam-
ple is assumed to be a random
sample from the pool population,
or is large enough to represent
the distribution of the population.
In reality, neither of these situa-
tions is wusually valid. Large
pools are usually discovered
early because the largest pros-
pects are generally defined and
drilled first— the principle of
resource exhaustion. The sam-
ple set is usually clearly biased.
The undrilled prospects will
include a disproportionate num-
ber of small pools. The effect of
this bias in the selection process
is a progressive change in the
pool size distribution through
time. If the population is lognor-
mal, samples at different times
will also tend to be lognormal.
These sample distributions will
migrate downward from an initial
distribution with unrealistically
high m and low ©? values.
Therefore, m of the sample at
any point in time prior to discov-
ery of all pools would be an
overestimate and O 2 an under-
estimate of the population
parameters. Kaufman et al
(1975) illustrated this process
through a series of Monte Carlo
simulations of a random discov-
ery process in a hypothetical
basin. Recognizing this, the
assessment team develops
ranges (specified as minimum,
maximum, and step size) of pos-
sible values for both m and © 2
for the play pool size distribu-
tion.

The play’s pool size dis-
tribution is then ascertained by
the matching process where
hypothetical pool size distribu-
tions are determined stochasti-
cally from different combinations
of values for the parameters m,

62, and N. The model selects
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Figure 5. Sample pool rank plot. See text for description.

2000 Assessment
Play Analysis Worksheet
Part 2 (GRASP Input)

Name of Play:

Chronozone:

Depositional style/facies:

Answer the following questions after reviewing and considering the play's:
discovery history, pool size distribution, available geological and geophysical analysis, and exploration status.

Largest pool in play
Has the largest pool in the play been discovered?

What is your best estimate of the approximate size, in terms of
recoverable reserves after appreciation, of the largest pool

remaining to be discovered?
Qil
Gas
BOE
Number of pools in play

Using your knowledge of the play and the untested acreage within the
limit of the play, how many pools remain to be discovered:

Low estimate

(3 chances in 4 that at least this many pools remain to be discovered)

High estimate

(1 chance in 4 that at least this many pools remain to be discovered)

Mean estimate

(2 chances in 4 that at least this many pools remain to be discovered)

Play analogs
What play(s) is a good analog for this play?

Describe how this play differs significantly from its analog(s), e.g. 50% less
area, 25% less volume, more intensely faulted, fewer salt domes,
significantly less sand, etc. Attach additional sheets if necessary.

Yes / No

MMbo
Bcfg
MMBOE

pools
pools

pools

Figure 6. Play analysis worksheet, part 2 (GRASP input).
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values from the distribution of
each parameter and generates
lognormal pool rank plots. The
discovered pools are then
matched by GRASP to the pre-
dicted pool size distribution for
each iteration. The best statisti-
cal fits are then presented to the
assessors for further analysis.
Statistical “goodness-of-fit” tests
are applied, but the implications
of the best statistical solutions
must be subjectively compared
with the geologic model. Since
there is no unique measure to
determine the best model for the
play, selection of the appropriate
match is one of the most chal-
lenging aspects of the resource
assessment process

The pool rank plot con-
strained by N indicates the size
and rank of both the discovered
and undiscovered pools. A sam-
ple pool rank plot (figure 5) indi-
cates that the largest pool has
been discovered with the largest
undiscovered pool in the second
rank. Each potential match is
examined along with others for
consistency with judgments con-
cerning remaining exploration
opportunities in the play. A satis-
factory fit is one that is statisti-
cally reasonable and reflects the
assessor’'s geologic model for
the play. The matching process
requires a careful consideration
of all available information per-
taining to the play: petroleum
geology, discovery history, play
maturity, etc. (figure 6). Typi-
cally, this is accomplished by
responding to questions such as

* Has the largest pool been dis-
covered? If not, what are the
largest pools that could remain
to be discovered?

* How many undrilled prospects
are likely to remain in the play?
What is their size distribution
and average prospect risk?

* How does the play’s explora-
tion and discovery history fit
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2000 Assessment
Play Analysis Worksheet
Part 3 (After GRASP)

Name of Play:

Chronozone:

Depositional style/facies:

Review the GRASP model runs for this play and select the statistical model that you believe
best approximates the actual geologic model for this play. Consider the following:

If there is not a satisfactory fit
Document the changes and then rerun GRASP.
Attach additional sheets if necessary.

Attach additional sheets if necessary.

Once a satisfactory fit has been determined
Document and provide the rationale for this selection.

How many pools are in the play?
How many pools remain to be discovered?

Oil
Gas
BOE
What is the value of mu?
What is the value of sigma squared?

Qil
Gas
BOE

From the pool size distribution (including appreciation), answer the following:

Has the largest pool in the play been discovered?
What is the rank of the largest pool remaining to be discovered? pool rank
What is the size of the largest pool remaining to be discovered?

What is the total hydrocarbon endowment of the play?

pools
pools

MMbo
Bcfg
MMBOE

MMbo
Bcfg
MMBOE

Signatures of all play assessment team members

Figure 7. Play analysis worksheet, part 3 (after GRASP).

55 Dls:ova'rad Pools

30 Undiscovered Pools

Recoveralde Pool Size, BOE (MMbhi)

18 a0 45 (511} s
Matched Pool Sizes by Rank (10th to 90th percentile)

Figure 8. Matched pool rank plot. See text for description.

the pool size distribution?

* Do the parameters of the pre-
dicted pool size distributions
relate logically with similar
plays?

The responses to these
and similar questions may lead
to changes in the choice of dis-
tribution parameters. This iter-
ative  matching  procedure
provides the assessment team
with an essential and valuable
feedback mechanism. It pro-
vides an opportunity to chal-
lenge the geologic model,
consider the feedback from
“‘what if” analyses, and consider
new information with which to
refine the pool size distribution
parameters and the total number
of pools in the play (figure 7).

The model generates
the ranked pools consistent with
the inputs of m, 02, and N, and
discovered pools are matched
by GRASP as described above.
At this point, the “best fit” results
in pool sizes each with a large
degree of size uncertainty and
considerable overlap with neigh-
boring pools (figure 8 shows an
example of matched ranked
pools and discoveries). Not only
does the overlap exist among
the undiscovered pools, but the
discovered pools also seem to
have many possible matches
with nearby undiscovered pools.

Once a final acceptable
statistical model for the play has
been determined, additional
steps refine the predicted pool
size ranges by a more rigorous
consideration of the estimated
sizes of the observed discov-
ered pools. The distribution of
hydrocarbon pore volumes for
the play matched on the size of
individual discovered pools is
then constrained by the deter-
ministic estimate of size for
each discovered pool. The size
ranges of the discovered or
“‘matched” pools are replaced
with their deterministic estimate
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Figure 10. Pool rank plot for an immature play.

and the uncertainty in the rest of
the pool rank sizes adjusted to
reflect this added information.
The rank of the discovered pools
is locked in, and the size range
of adjacent undiscovered pools
adjusted so that the rank size
order of the discoveries is main-
tained under all possible size
scenarios. This reflects the fact
that the rank - (r + 1) pool must
be smaller than the rank - r pool.
If the rank - r pool is discovered,
and adjacent ranked pools are
undiscovered, then the lowest
possible value for the rank - (r -

1) pool must be larger than the
discrete estimate of size for the
rank - r pool. Under the same
conditions, the lowest possible
value for the rank - (r + 1) pool
must be smaller than the dis-
crete estimate of size for the
rank - r pool. Previously, the
uncertainty in pool sizes resulted
in a large degree of overlap
between adjacent pools.

The subjective process
of matching discoveries to the
pool size distributions further
reduces the uncertainty associ-
ated with the potential resource

87
volume of individual pools in the

play. The pool rank plots and
cumulative probability distribu-
tions of mature and immature
plays illustrate this process. In
the pool rank plots, discovered
pools are shown as single point
values (dots) and projected
undiscovered pools as distribu-
tions (bars). The length of the
bar represents the Fgs to Fg (the

95™M and 5™ percentiles, respec-
tively) estimate of pool size; thus
it encompasses 90 percent of
the predicted size range for
each pool. The undiscovered
pool sizes must fit within the dis-
coveries. Figure 9 shows an
example of a pool rank plot and
cumulative probability distribu-
tion from a very mature progra-
dational play. Contrast this with
the example of an immature play
with  considerable remaining
potential (figure 10). Notice that
in both figures, the range of pos-
sible sizes for individual pools
decreases in proximity to discov-
ered pools. These figures illus-
trate the greater uncertainty in
individual pool sizes and aggre-
gate play resource distributions
associated with conceptual and
immature plays, which have not
been demonstrated to contain
significant quantities of hydro-
carbons and/or  discovered
pools. Generally, the greater the
number of discoveries in the
play, the less uncertainty in the
number and sizes of undiscov-
ered pools; therefore, there is
less uncertainty in the total
quantity of undiscovered
resources for the play. The rela-
tively narrow range of values
associated with the distribution
for the mature play is a reflection
of the resource size constraints
imposed by the discoveries.

Play Resource
Distribution

Up to this point in the
assessment, all pool sizes have
been expressed as hydrocar-
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bon pore volumes at STP condi-
tions. Since we are interested in
the actual volumes of undiscov-
ered hydrocarbons that may
exist in a play, distributions of
these hydrocarbon pore vol-
umes for the pools were used. In
conjunction with individual distri-
butions of GOR (solution gas-oil
ratio, in scf/stb), YIELD (gas
condensate ratio, in stb/MMcf),
RECO (recoverable oil, in bbl/
acre-foot), RECG (recoverable
gas, in MMcf/acre-foot), and
PROP (proportion of net pay oll,
as a fraction), estimates of
hydrocarbon volumes can be
generated. This process uses a
Monte Carlo simulation and
samples the aforementioned
pore volume distributions to pro-
duce resource distributions of
gas, oil, and BOE for each pool.
The following equations were
applied, over 1,000 trials, to
generate the gas, oil, and BOE
distributions:

Gas volume = (pore vol-
ume)(RECG)(1-PROP)

Oil volume = (pore vol-
ume)(RECO)(PROP)

BOE volume = Oil volume +
(Gas volume)/(oil-equiva-
lency factor)

The model then aggre-
gates the pool resource distribu-
tions to generate the play
resource distribution.

Conceptual and

Frontier Plays

Disparate approaches
to resource assessment are
appropriate for different plays,
particularly if, as in the Atlantic
and Gulf of Mexico OCS, there
are different levels of exploration
maturity with very diverse
amounts of geophysical, geo-

logic, and production data avail-
able. In established plays in
mature basins, the geologic con-
cepts are well understood, and
the data are both abundant and
reliable. At the other end of the
spectrum are plays in immature
basins where their premise is
based solely on regional analy-
sis and comparisons with plays
in analog basins. The available
data may consist only of
regional geophysical informa-
tion and the results from a few
exploratory wells. The assessor
lacks a discovery record to use
as the basis for constructing
sample and play pool size distri-
butions. The extensive database
of the mature play is replaced in
large part by subjective judg-
ments and experience gained
from observations in more
mature areas. Probability distri-
butions of variables (e.g., net
pay thickness, recovery factor,
etc.) could be subjectively devel-
oped on the basis of compari-
sons with other basins and plays
and the expert judgment of the
assessors. If sufficient subsur-
face mapping were available in
the area, distributions for pros-
pect size (area), number of pros-
pects, and an average prospect-
level MPp. could be estimated.
Finally, an estimate for a trap fill
factor would be needed to
develop possible hydrocarbon
volumes for prospects. These
subjective judgments would then
be combined to form a pool size
distribution for the play. Alterna-
tively, comparative studies with
exploration and production data
from similar, more mature
basins and plays could be
undertaken to develop analog
geologic models. The asses-
sors could then perform analy-
ses, similar to those done on
established plays, of the mature
analogs resulting in a play ana-
log expressed in terms of m,

02, and N. This was the
approach to assessing concep-

tual and frontier plays taken by
MMS. This procedure allowed
us to deal with the products of
combinations of variables in the
pool size equation rather than
each variable individually.

The key problem in this
approach to assessing the
immature or conceptual play is
in the selection of an appropriate
analog(s). A suitable analog is
an established play that pos-
sesses geologic attributes simi-
lar to the play being assessed.
The use of the analog requires
subjective modification of the
play model through the appropri-
ate scaling of the factors (MPhc,
m, O 2, and N) affecting the fore-
cast for the play being
assessed.

The basic data used in
this resource assessment for the
Cenozoic Province of the Gulf of
Mexico are found in Bascle et al.
(2001). However, the Mesozoic
Provinces of the Gulf of Mexico
and Atlantic OCS have a limited
amount of direct information
available. Only the Upper Juras-
sic Aggradational Norphlet For-
mation (UJ4 A1) play and the
Lower lower Cretaceous James
Limestone (LK3 B1) play in the
Gulf of Mexico have more than
one significant hydrocarbon
accumulation. It was therefore
essential to identify analogous
plays to assess these Provinces
properly. ldentifying adequate
analogs in the Gulf of Mexico
Mesozoic Province was not diffi-
cult, since there has been an
extensive record of exploration
onshore along the United States
Gulf Coast within the Mesozoic
section. In the Atlantic OCS, two
analog areas were identified as
possible models for assessing
the clastic plays: the onshore
United States Gulf Coast and
the Scotian Shelf offshore Can-
ada. The carbonate plays in the
Atlantic were modeled using
onshore United States Gulf
Coast carbonate plays as ana-
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logs.

The approach used in
assessing conceptual and fron-
tier plays involved first assess-
ing the analog plays, which
parallels the process used in
assessing the established plays.
The first step after completion of
play delineation was to assem-
ble all relevant analog play data.
This consisted primarily of pool
maps, pool size information, dis-
covery histories, well logs, and
relevant reports and publica-
tions. Seismic data were also
available for the Scotian Shelf
analog. Once all relevant data
were gathered, there were three
critical steps involved in the
evaluation process: (1) assess-
ing the play marginal probability,
(2) developing a number of
pools distributions for the ana-
logs and scaling them to the play
being assessed, and (3) devel-
oping pool size distributions for
the analogs and scaling them to
the play being assessed.

The marginal probabil-
ity estimation for conceptual and
frontier plays is a subjective
judgment. Because conceptual
plays, and quite often frontier
plays, have litle or no direct
data, the risk assessment is
guided by the evaluation of an
analog(s) play. Judgment as to
the likelihood that the play being
assessed actually reflects the
analog model (structural style,
source rock type, burial history,
etc.) is considered in determin-
ing an appropriate marginal
probability for the play.

To develop a number of
pools distribution, a careful con-
sideration of each play’s discov-
ery history, pool density, and
degree of exploration maturity
was undertaken, and a potential
range for N was estimated. Esti-
mates of the range of N in con-
ceptual and frontier plays were
derived from the use of both
prospect densities (in conjunc-
tion with associated average
prospect-level MPp.) and pool

densities observed in mature,
well-explored analogs. Prospect
densities were typically calcu-
lated by first counting all pros-
pects in a well-mapped portion
of the play. Next, the assess-
ment team would subjectively
estimate the range in the num-
ber of prospects that could pos-
sibly fall within the seismic
control grid. The two estimates
were summed and divided by
the area mapped to determine a
range of prospect densities
(number of prospects per 1,000
square miles). This range of
prospect densities was then
multiplied by play area after pos-
sible adjustments for areal
variations in hydrocarbon pro-
spectiveness to calculate a num-
ber of prospects distribution.
Finally, the number of prospects
distribution was multiplied by the
average prospect-level MP. to
derive a number of pools distri-
bution. The prospect-level MPp,

was subjectively determined by
experience in the play and/or
success ratios in analog plays.
The number of pools distribu-
tion was further checked against
assessed mature analogs.

To develop pool size
distributions, the particular char-
acteristics (areal extent, hydro-
carbon type, richness, prospect
size and density, etc.) of the
frontier or conceptual play were
compared with the statistical
model derived from the geologic
analog and then were scaled
appropriately. Hydrocarbon pore
volumes from observed discov-
eries in the analog play were
then calculated and used by
GRASP to form lognormal
approximations of hydrocarbon
pore volumes for the play being
assessed. The program calcu-
lates a probability distribution for
the size of each of the discov-
ered pools in the play, and

derives a m and O 2 from the log

approximation of the distribution
of these known pools. Sample
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pool size distributions for the
discoveries in two analog plays,
the Gulf Coast analog and the
Scotian Shelf analog, can be
seen in figures 11 and 12,
respectively.

Once the above steps
were completed, the result was
the development of a statistical
model for each analog play fully
described by MPhc, m, © 2, and
N. Each analog play was then
assessed following the same
process as used for established
plays on the OCS.

Aggregation

Cumulative probability
distributions of undiscovered
conventionally  recoverable
resources (UCRR) for areas
larger than the play were devel-
oped by statistically aggregating
the probability distributions for
individual plays to progressively
higher levels using the computer

program FASPAG (Fast
Appraisal System for Petroleum
AGgregation) (Crovelli, 1986;

Crovelli and Balay, 1988, 1990).
The aggregation hierarchy was
play, chronozone, series, sys-
tem, province, region, and the
combined Gulf of Mexico and
Atlantic Continental Margin. An
estimate of the degree of geo-
logic dependency was incorpo-
rated at each level of
aggregation. For instance, plays
were aggregated within chrono-
zones on the basis of estimates
of the geologic dependence
among the plays. The depen-
dence reflects commonality
among the plays with respect to
factors controlling the occur-
rence of hydrocarbons at the
play level: charge, reservoir, and
trap. Dependencies also reflect
the degree of coexistence
among the plays. Values for
dependency can range from
one, in which case each play
would not exist if the other(s) did
not exist, to zero, in which case
the existence of each play is
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totally independent from all oth-
ers. A very accurate depen-
dency value is impossible to
derive because of the geologic
= complexity of the plays. There-
fore, a dependency value of 0.5
- was generally used for all aggre-
gations except when regions
were aggregated. Regions were
assumed to be independent.
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Figure 11. Gulf Coast analog pool size distribution.
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Figure 12. Scotian Shelf analog pool size distribution.

Undiscovered Conventionally Recoverable Resources (UCRR)—Discussion 2000 Assessment
www.gomr.mms.gov



91

Undiscovered Economically Recoverable Resources

(UERR)—Overview

The objective of the
economic analysis phase of this
assessment was to estimate the
portion of the undiscovered
conventionally  recoverable
resources (UCRR) that s
expected in the long term to be
commercially viable under a
specific set of economic condi-
tions. The profitability of a newly
discovered field depends on its
expected size, oil and gas mix,
depth, location, production char-
acteristics, and the time at which
profitability is measured. Com-
mercial viability or profitability is
measured in this study from the
two perspectives referred to as
full- and half-cycle analysis. The
full-cycle analysis does not
include pre-lease costs, but
does consider all leasehold,
geophysical, geologic, and
exploration costs incurred sub-
sequent to a decision to explore
in determining the economic via-
bility of a prospect. The decision
point is whether or not to
explore. However, in the explo-
ration process, fields are often
discovered that cannot support
both exploration and develop-
ment costs. Some of these fields
can be profitably developed
once discovered. In a half-cycle

analysis, leasehold and explora-
tion costs, as well as delineation
costs that are incurred prior to
the field development decision,
are assumed to be sunk and are
not used in the discounted cash
flow calculations to determine
whether a field is commercially
viable. The decision point is
whether or not to proceed with
development. In neither the full-
nor the half-cycle scenario is
lease acquisition or other pre-
decision point leasehold costs
considered in the evaluation. It
is assumed in this analysis that
the operator is a rational deci-
sion maker; an investment will
not be undertaken unless the full
costs of the venture are recov-
ered. Estimates made at differ-
ent stages in the investment
cycle measure the impact of
costs yet to be incurred on oper-
ational decisions.

The pool rank plots and
the marginal probability of
hydrocarbons (MP},;) generated
by the Geologic Resources
ASsessment Program (GRASP)
for each play are the key geo-
logic inputs to the economic
analysis performed by the Prob-
abilistic Resource ESTimates—
Offshore (PRESTO) program.

s

Chronozone Boundary

Retrogradational

Bl Reservoir

Sandstone

Play 1
Play 2
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C Sandstone . Play 3
D Sandstone

Figure 1. Schematic cross section illustrating stacked plays.

The Gulf of Mexico and Atlantic
Regions both contain "stacked
plays" (i.e., plays that overlie
other plays at different depths)
(figure 1). In determining the
economic viability of such plays,
assessors considered the con-
current exploration, develop-
ment, and production of possible
pools in these plays to deter-
mine properly the economic
viability of the prospect’s
resources. If stacked plays were
not considered, the estimates
of undiscovered economically
recoverable resources (UERR)
would be overly conservative.
Therefore, it was necessary to
transform the play-based pool
size distributions to area-based
field size distributions. This was
accomplished using the GRASP
model from a different perspec-
tive— the field.

Exploration and devel-
opment scenarios—assump-
tions about the timing and cost
of exploration, delineation,
development, and transporta-
tion activities—were developed
specifically for each region and
planning area by water depth
category. These scenarios were
based upon logical sequences
of events that incorporated past
experience, current conditions,
and foreseeable development
strategies.

Estimates of the UERR
were then derived through a sto-
chastic discounted cash flow
simulation process (figure 2),
using either a full- or half-cycle
approach, for specific product
prices. The simulations used
generalized exploration, devel-
opment, and transportation
costs and tariffs with their asso-
ciated development scheduling
scenarios for each relevant
area. The basic economic test
was performed at the pool (or
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Figure 2. Process flow chart for economic resource assessment.

field) level with subsequent eco-
nomic hurdles at the area and
region levels. Profitability in this
assessment was an expected
positive after-tax net present
worth, which was determined by
discounting all future cash flows
back to the appropriate deci-
sion point (to explore or to
develop and produce) at a 12-
percent discount rate. The half-
cycle analysis, which treats
lease acquisition, exploration,
and delineation costs as sunk,
often recognizes the smaller
fields that would be economic to
develop and produce once
found. However, except under
rare circumstances, these fields
would not typically be explora-
tion targets. Therefore, the
expected total economic
resource should be somewhere
between the comparable full-
and half-cycle analysis results.

Estimates of UERR are
sensitive to price and technol-
ogy assumptions and are pre-
sented primarily as price-supply
curves (P-S curves) that
describe a functional relation-
ship between economically

recoverable resources and
product price. The P-S curves
developed in this assessment
are marginal-cost curves repre-
senting the incremental costs
per unit of cumulative output
(undiscovered economically
recoverable resources). The P-
S curves portray the estimated
quantity of UCRR that could be
profitably produced under a spe-
cific set of economic, cost, and
technologic assumptions. The
curves are unconstrained by
alternative sources of hydrocar-
bons (investment opportunities
or market supply and demand)
or the effects of time in these
analyses. Generally, price and
cost (technology) can be consid-
ered as equal substitutions for
one another. It should be noted
that entire resource distributions
are generated at each price
level, but all of the P-S curves
presented in this report will be
the mean case curves.

Figure 3 shows sepa-
rate curves for oil and gas
resources. The two commodity
prices are displayed on the y-
axes, and a horizontal line

drawn from the price axis to the
curve yields the quantity of eco-
nomically recoverable resources
at the selected price. The curves
represent mean values at any
specific price, and it is important
that the user realize that the oil
and gas prices are not indepen-
dent. The gas price is depen-
dent on the oil price, and the two
must be used in tandem to
determine resource volumes.
For example, if a $30.00/bbl oil
price is used to determine the oil
resources, the dependent gas
price of $3.52/Mcf must be used
to determine the gas resources.
Furthermore, the two hydrocar-
bons frequently occur together,
and the individual field econom-
ics are calculated using the cou-
pled pricing.

Two horizontal lines
within the graph indicate the crit-
ical and marginal prices. Values
above the critical price indicate
that there was at least one pros-
pect that was simulated as eco-
nomic at these prices on each
trial. Below the marginal price,
no prospects were commer-
cially viable. At prices between
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Undiscovered Economically Recoverable Resources
(UERR)—Discussion

Since the resource
assessment and economic eval-
uation of recoverable resources
must be performed “pre-drill,”
considerable uncertainty exists
as to whether hydrocarbons
actually are present in the area
and, if so, which of the prospects
contain the hydrocarbons and
the volume present. Because
the productivity of these pros-
pects and their economic viabil-
ity are also not known until
actual drilling occurs, the geo-
logic and economic uncertainties
surrounding these evaluations
are often enormous. The eco-
nomic resource evaluation for
this assessment was conducted
using MMS'’s Probabilistic
Resource Estimates— Offshore
(PRESTO) model. PRESTO uti-
lizes a stochastic modeling tech-
nique known as Monte Carlo
simulation to quantify uncer-
tainty and incorporate subjective
judgments in an objective man-
ner. This technique has become

a standard in the petroleum and
other industries for making deci-
sions under conditions of uncer-
tainty. The technique enables
the evaluator to incorporate
uncertainty as a range of possi-
ble values and specify the distri-
bution type (fixed, normal,
lognormal, uniform, loguniform,
triangular, and user-defined-
free-form) for variables, rather
than being restricted to single
point estimates. The marginal
probability of hydrocarbons
(MPy,c) is specified at both the
play and prospect levels. The
model contains mathematical
statements that specify the rela-
tionships among all variables
affecting the outcome. Many
iterations or trials are performed
to simulate a range of possible
outcomes or states of nature.
During each iteration, different
values are selected from the
range of uncertain variables,
with each iteration yielding one

possible state of nature.

The PRESTO model
evolved from a principally geo-
logic assessment model using
minimum economic field size
cutoffs to a complete discounted
cash flow model that analyzes
the economics of every pool (or
field) in an area. It then aggre-
gates the economically recover-
able resources and various cash
flow distributions of each pros-
pect to the area and a higher
level (e.g., a basin or region).
The program tests the economic
viability of potential resource vol-
umes of individual pools, areas,
and regions as they may occur
in nature. However, the model
also incorporates the chance
that these hydrocarbon resources
may not exist and, if they do
exist, may be uneconomic to
produce. As with the geologic
resource assessment phase of
the analysis, the primary prob-
lem complicating the economic
resource evaluation is insuffi-
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Figure 1. Process flow chart for economic resource assessment.

2000 Assessment
www.gomr.mms.gov

Undiscovered Economically Recoverable Resources (UERR)—Discussion



96

cient information. Each pros-
pect, area, and region is
modeled mathematically. The
methodology employed for the
engineering and economic eval-
uation must also consider the
relative uncertainty of the avail-
able engineering and economic
information. The modeling
approach used by PRESTO is to
simulate the actual drilling of the
area under consideration.

Upon completion of the
resource assessment phase,
in which MMS’s Geologic
Resources ASsessment Pro-
gram (GRASP) was used to
evaluate the estimates of undis-
covered conventionally recover-
able  resources (UCRR),
distributions of all possible out-
comes or physical states of
nature (number and size distri-
bution of discovered and undis-
covered pools in a play) are
imported into PRESTO for eco-
nomic evaluation (figure 1). The
ability to develop and produce
all or a portion of the UCRR
depends primarily upon (1) the
total volume of UCRR, (2) the
extraction cost, and (3) the price
obtained. Ideally, an exploratory
well may be drilled in each pros-
pect to determine if it is hydro-
carbon bearing. If the
exploratory well encounters
hydrocarbons that are initially
assessed to be of a size and
characteristic sufficient to war-
rant additional drilling, further
exploration and delineation wells
are drilled to justify the installa-
tion and determine the appropri-
ate size of a platform or satellite
complex. A development drilling
program leading to production
will also be determined. If the
interrelationships of these fac-
tors result in a forecast of real-
term profits, the accumulation is
developed. The production pro-
file will subsequently size pro-
duction equipment and pipelines
for timely installation and trans-
portation of production to the
market. Ultimately, the field will

be abandoned when the reve-
nue from production was insuffi-
cient to cover the costs of
production (operating costs,
taxes, and royalties). This phase
of the evaluation models 1,000
states of nature derived from the
geologic resource assessment
phase to determine the eco-
nomic viability of each potential
hydrocarbon accumulation, sub-
area, and ultimately the planning
area. Undiscovered economi-
cally recoverable resources
(UERR) represent only a fraction
of the physically recoverable
resource. Estimates are derived
of the potential volumes of eco-
nomically recoverable hydrocar-
bon resources that may be
discovered, as well as certain
economic measures associated
with the production of these
resources.

Commercial viability or
profitability is measured in this
study from the two perspectives
referred to as full- and half-cycle
analysis. Full-cycle analysis
does not include pre-lease
costs, but does consider all
leasehold, geophysical, geo-
logic, and exploration costs
incurred subsequent to a deci-
sion to explore in determining
the economic viability of a pros-
pect. The decision point is
whether or not to explore. How-
ever, in the exploration process,
fields are often discovered that
cannot support both exploration
and development costs. Some
of these fields can be profitably
developed once discovered. In a
half-cycle analysis, leasehold
and exploration costs, as well as
delineation costs that are
incurred prior to the field devel-
opment decision, are assumed
to be sunk and are not used in
the discounted cash flow calcu-
lations to determine whether a
field is commercially viable. The
decision point is whether or not
to proceed with development. In
neither the full- nor the half-cycle
scenario is lease acquisition or

other pre-decision point lease-
hold costs considered in the
evaluation. It is assumed in this
analysis that the operator is a
rational decision maker; an
investment will not be under-
taken unless the full costs of the
venture are recovered. Esti-
mates made at different stages
in the investment cycle mea-
sure the impact of costs yet to
be incurred on operational deci-
sions.

Estimates of the UERR
were derived through a stochas-
tic discounted cash flow simula-
tion process (figure 1), using
either a full- or half-cycle
approach. The basic economic
test is performed at the pool (or
field) level with subsequent eco-
nomic hurdles at the area and
region levels. Profitability in this
assessment was an expected
positive after tax net present
worth, which was determined by
discounting all future cash flows
back to the appropriate decision
point (to explore or to develop
and produce) at a 12-percent
discount rate. The half-cycle
analysis, which treats lease
acquisition, exploration, and
delineation costs as sunk, often
recognizes the smaller fields
that would be economic to
develop and produce once
found. However, except under
rare circumstances, these fields
would not typically be explora-
tion targets. Therefore, the
expected total economic resource
should be somewhere between
the comparable full- and half-
cycle analysis.

Geologic Inputs

The pool rank plots and
the marginal probability of
hydrocarbons (MP,.) generated
by GRASP for each play are the
key geologic inputs to the eco-
nomic analysis performed by
PRESTO. The Gulf of Mexico
and Atlantic Regions both con-
tain "stacked plays" (i.e., plays
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Figure 3. Map of the Gulf of Mexico Cenozoic Province. The shaded areas
indicate the extent of the assessed plays in the Province. Fields in the Gulf of
Mexico Cenozoic Province are used to illustrate field rank plots (figure 4).
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Figure 4. Gulf of Mexico Cenozoic Province 0-200 m field rank plot.
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that overlie other plays at differ-
ent depths) (figure 2). A “pool”
is a hydrocarbon accumulation
that exists in a play within a field.
These stacked pools are com-
mercially developed as single
fields, and since fields are the
basic entity for any analysis con-
cerning economic viability, it was
necessary to transform the play-
based pool size distributions to
area-based field size distribu-
tions. This was accomplished
using the GRASP model from a
different perspective— the field.

The same theoretical
analysis and empirical data that
support the lognormal distribu-
tion as a reasonable choice for
pool size distributions also apply
to field size distributions within a
basin or province. The identical
analyses that were performed at
the play and pool level were
repeated at the area and field
level with the added objective of
matching as closely as possible
the total resource distribution
obtained through pool-level
analysis. This process was per-
formed in various water depth
ranges because of differences in
engineering requirements and
economic constraints. (See the
Field Size Distributions section
that follows for the Gulf of Mex-
ico Cenozoic Province field size
results.) The results, in terms of
field size distributions and MPy,,
were then exported to PRESTO
for economic analysis.

Field Size

Distributions

The GRASP discovery
assessment method was used
to create ranked field size distri-
butions at the assessment area
level in a procedure similar to
that used for creating ranked
pool size distributions at the play
level. These distributions, which
consist of discovered fields and
predicted undiscovered fields,
were developed to be compati-
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Figure 5. Gulf of Mexico Cenozoic Province 201-800 m total field rank plot.
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Figure 6. Gulf of Mexico Cenozoic Province 801-1,600 m field rank plot.
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Figure 7. Gulf of Mexico Cenozoic Province greater than 1,600 m field rank

plot.

ble with the combined play-level
ranked pool size distributions
and are considered to be equiv-
alent—for modeling purposes—
to the resource distribution of
the assessment area. The mean
aggregate volume of resources
(both oil and gas) for the fields
matches the mean aggregate
volume of resources for all plays
within the assessment area.

The economic evalua-
tions using the field size distribu-
tions were based on water
depth. The Gulf of Mexico Ceno-
zoic Province (figure 3) was cho-
sen to demonstrate the field
level results because it is the
most extensively explored and
developed province in the
assessment. Figures 4 through
7 show the field rank plots by
various water depth ranges. The
mean total endowment of the
fields for each of these plots
demonstrates a typically lognor-
mal distribution, and the per-
centage of undiscovered fields
progressively increases from
shallower to deeper water. On
the basis of mean total endow-
ment, the fields were allocated
into the U.S. Geological Sur-
vey’s field size classes (table 1)
(Drew et al., 1982). Both discov-
ered and undiscovered fields
were included in the field size
classes (figures 8 through 11).

Engineering and
Economic Inputs

In the geologic resource
assessment phase of the evalu-
ation, each prospect is stochas-
tically modeled with uncertain
geologic variables to determine
a physical state of nature. In
the engineering and economic
resource evaluation, each pros-
pect is drilled and, if hydro-
carbons are encountered,
developed and produced. Appro-
priate economic and engineer-
ing variables are sampled and
the results of this simulated drill-
ing, development, and produc-
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Size Class BOE Range (MMbbl)
1 0 - .006
2 .006 - .012
3 .012 - .024
4 .024 - .047
5 .047 - .095
6 .095 - .19
7 19 - .38
8 .38-.76
9 76 - 1.52
10 1.52 - 3.04
11 3.04 - 6.07
12 6.07 - 12.14
13 12.14 - 24.30
14 24.30 - 48.60
15 48.60 - 97.20
16 97.20 - 194.30
17 194.30 - 388.60
18 388.60 - 777.20
19 777.20 - 1,554.40
20 1,554.40 and above

Table 1. USGS field size classes.
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Figure 8. Gulf of Mexico Cenozoic Province 0-200 m field size histogram.
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tion scenario are saved as a
state of nature. The economic
viability of each discovery is
tested. If a prospect is profitable,
its economically recoverable
resources and the net present
worths of profits, royalties, and
tax payments are aggregated to
area-level totals. The area-level
economic analysis is performed
to determine if sufficient
resources will be produced to
support the necessary localized
transportation infrastructure
required to reach major area or
regional pipelines before addi-
tional aggregations are per-
formed to determine region-level
totals. Finally, before cumula-
tive probability distributions at
the region level are developed,
the results undergo an additional
economic viability test related to
the transportation of all region-
level production to the market.
The results from each of the
possible outcomes are saved
and distributions developed of
the estimates of potential quanti-
ties of economically recoverable
resources, various infrastruc-
ture requirements, cash flow
streams, and probabilities of
occurrence.

Similar to the geologic
resource assessment analysis,
distributions are developed for
all engineering, economic, cost,
and timing variables that have
an influence on the outcome of
an exploration, delineation,
development, and production
program for each region, prov-
ince, planning area, and the
combined Gulf of Mexico and
Atlantic Continental Margin, by
water depth category. A
PRESTO engineering and eco-
nomic evaluation requires the
inputs described below.

Exploration Variables
Exploration variables are

used to determine the drilling

depth and the number of explo-
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Figure 9. Gulf of Mexico Cenozoic Province 201-800 m field size histogram.
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Figure 10. Gulf of Mexico Cenozoic Province 801-1,600 m field size histo-
gram.
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Figure 11. Gulf of Mexico Cenozoic Province greater than 1,600 m field size

histogram.

ration and delineation wells:

* number of exploration wells per
platform,

number of exploration wells to
condemn a prospect,

* number of exploration wells
necessary to condemn an
area,

number of delineation wells
necessary to confirm sufficient
reserves to justify develop-
ment,

water depth for the exploration
or delineation wells, and

« drilling depth for the explora-
tion or delineation wells.

Development Variables

Development variables
are used to develop an estimate
of the number of development
wells:

* number of wells to develop a
prospect,

* maximum number of wells per
platform or production facility,

» water depth for the develop-
ment wells, and

* drilling depth for the develop-
ment wells.

Production Variables

Production variables are
used to determine the produc-
tion profile of the wells by use of
a production decline equation:

* gas-to-oil proportion (the pro-
portional volume of gas,
including associated and non-
associated gas, that can be
extracted from the area rela-
tive to the volume of crude oll
that can be extracted from the
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area),
« initial production rates,
« initial decline rates,

« fraction of total oil or gas pro-
duced before the initial produc-
tion rates start to decline, and

* hyperbolic decline coefficient
(an exponential coefficient
used to describe the shape of
an oil production decline curve
that is defined as a hyperbolic
function; zero indicates an
exponential decline, and one
indicates a harmonic decline).

These well production
profiles are subsequently aggre-
gated for each platform or pro-
duction facility, prospect, area,
and region for testing the eco-
nomic viability at every level.

Transportation and Pipe-
line Network Variables

Transportation and
pipeline network variables are
used to size oil pipelines at the
prospect, area, and region lev-
els:

« water depth for the transporta-
tion and pipeline network,

« flowline length from a prospect
to transport production to the
area pipeline,

* area pipeline length necessary
to transport production to the
regional pipeline infrastructure,

* regional pipeline length neces-
sary to transport production to
the market,

* oil and gas tariffs for the area
and region, and

» facility capital costs for trans-
portation of production from a

region to the market.

Using the estimated
pipeline sizes (calculated by
PRESTO based upon the maxi-
mum production volume for the
prospects, areas, and region)
and the input pipeline lengths
and tariffs, the model estimates
transportation costs for the eco-
nomic viability analyses. An
option is available to use tariffs
on a per unit (bbl or Mcf) basis in
lieu of actual pipeline costs.

Scheduling Variables
Scheduling variables
are required for estimates of the
timing of exploration, develop-
ment, production, and transpor-
tation activities used in the
discounted cash flow analysis:

+ delay from the present to drill-
ing of the first exploration well
in a prospect (models the
delay in exploration for all of
the prospects in an area; pros-
pects with high risk are
assigned long delays, and
prospects with low risk are
assigned short delays; thus,
the best prospects are drilled
first, and the simultaneous
drilling of all prospects is pre-
vented),

time required to drill an explo-
ration or delineation well in a
prospect,

platform and production facility
design, fabrication, and instal-
lation (DFI) time matrix (sets
time delays for installing every
platform or production facility
in a prospect; the time delays
vary with the size of the plat-
form and water depth),

platform and production facility
scheduling matrix (specifies
the number of years of delay
between installations on a

101

prospect),

« platform and production facility
cost fractions matrix (sets the
fractions of the platform and
production facility DFIl costs
that will be paid every year
during the DFI time period),

number of development wells
matrix (sets the number of
development wells to be drilled
and completed every year; the
number of wells vary with drill-
ing depth and the size of the
platform and production facil-
ity), and

« time required to obtain, trans-
port, and install production
equipment and/or pipelines.

From the scheduling
variables, the program first
determines when to explore and
how long it will take. Then, it
decides when to install and pay
for each platform and production
facility and how many to set
each vyear. Finally, following
completion of drilling and instal-
lation of the production equip-
ment and pipelines, the program
commences development drill-
ing on each platform and pro-
duction facility and determines
the delay to initial production.

Cost Estimates

Cost estimates are
required for all activities used in
the discounted cash flow analy-
sis:

» exploration and delineation
well cost matrices (figure 12;
these costs vary with drilling
depth and water depth),

* platform and production facility
cost matrix (figure 13; these
costs vary with platform and
production facility size and
water depth),

» development well cost matrix
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Figure 14. Development well costs by drilling depth.

(figure 14; these costs vary
with drilling depth and water
depth),

production equipment cost
matrix (these costs vary with
peak production rates),

pipeline cost matrix (figure 15;
these costs vary with peak pro-
duction rate and water depth),

central facility capital cost
matrix for transportation of the
production of an area (these
costs vary with production vol-
ume),

operating cost matrix (figure
16; these yearly costs are esti-
mated for each well), and

tangible fractions matrix (these
fractions are used by PRESTO
to distribute capital costs to
tangible and intangible cost
categories for tax estimation).

Economic Inputs

Economic inputs are
used to value production
streams and select an appropri-
ate risk-free, after-tax rate of
return. The estimates of eco-
nomically recoverable resources
were developed using the fol-
lowing economic criteria:

« constant real oil and gas prices
(no real price changes),

* 3-percent inflation rate,

» 12-percent discount rate (pri-
vate, after-tax rate of return),

» 35-percent Federal corporate
tax rate,

* natural gas prices related to oil
prices at 66 percent of the oil
energy equivalent price,

 starting oil and gas prices
(these criteria are not neces-
sary for the price-supply evalu-
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103

ations that generate the
resource estimates for all start-
ing oil prices between $0.00/
bbl and $50.00/bbl; but for
reporting purposes, two dis-
crete price levels, an $18/bbl
scenario  [$18.00/bbl  and
$2.11/Mcf], and a $30/bbl sce-
nario [$30.00/bbl and $3.52/
Mcf] were used; figure 17 and
figure 18),

* 12.5- or 16.7-percent royalty
rate (The royalty rates used in
the economic analysis do not
reflect any royalty suspensions
that may be applicable pursu-
ant to the Deep Water Royalty
Relief Act. Therefore, the
impact of this legislation on the
profitability of eligible fields is
not considered in this resource
assessment.), and

+ the adjustment of the price of
crude oil produced from the
area compared to an assumed
price ($18.00/bbl for 32 degree
API crude oil), based on the
expected gravity of the ail.

Exploration and
Development Sce-

nario Assumptions

Exploration and devel-
opment scenarios— assump-
tions about the timing and cost
of exploration, delineation,
development, and transporta-
tion activities— were developed
specifically for each region,
province, planning area, and the
combined Gulf of Mexico and
Atlantic Continental Margin, by
water depth category. These
scenarios were based upon logi-
cal sequences of events that
incorporated past experience,
current conditions, and foresee-
able development strategies.
Some of the pertinent assump-
tions that have not been covered
in the “Engineering and Eco-
nomic Inputs” section are the fol-
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Figure 19. OCS development systems.

lowing:

» various water depth catego-
ries, each having differences in
technologic requirements, are
evaluated; Gulf of Mexico
Region: 0-200 m, 200-800 m,
800-1600 m, 1600-2400 m,
and >2400 m; Atlantic Region:
0-200m, 200-800 m, and >800
m.

exploratory wells are generally
drilled from jack-ups or semi-
submersibles in 0-200 m, from
semi-submersibles or  drill
ships in 200-800 m, and from

Floating
: Production, P?TfAR
Tension  Storage & el
Leg  Offloading (SP)
Platform  (FPSO) (2000 To 10000 Feet)
(TLP) (100 To 10000 Feet)

(1500 To 7000 Feet)

drillships in >800 m,

» production wells are drilled

from the platform (i.e., no pre-
drills and templates),

* platforms are fixed structures

in 0-200 m; a combination of
fixed structures, compliant
towers, and tension-leg plat-
forms in 200-800 m; and a
combination of tension-leg
platforms, SPAR, and floating
systems in >800 m (figure 19),

» production is transported to

market via pipelines, and

platform or structure size
ranges from a 2-well caisson
(used only in shallow water) to
a maximum platform size of 60
wells (the platform size is cal-
culated based upon the num-
ber of development wells
necessary to develop the pros-
pect fully; if more than 60 wells
are required, the program
installs additional platforms
and sizes them appropriately).

Simulation

Estimates of the UERR
are then derived through a sto-
chastic discounted cash flow
simulation process (figure 1),
using either a full- or half-cycle
approach, for specific product
prices using generalized explo-
ration, development, and trans-
portation costs and tariffs with
their associated development
scheduling scenarios for each
relevant area by

* subjecting each area’s field
size distributions to a simu-
lated drilling of the geologic
prospects, thus determining
which fields and sizes are sim-
ulated to be "discovered" on
each iteration,

determining the profitability of
each “discovered” field in an
area using discounted cash
flow analysis,

» developing an aggregate dis-
counted cash flow analysis
for the area’s "discovered"
resources,

determining if the area’s total
resources are sufficient to
cover shared transportation
costs to the regional system,

determining if the “economic”
resources for the area/region
will cover the transportation of

Undiscovered Economically Recoverable Resources (UERR)—Discussion
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all products to market,

* judging all resources uneco-
nomic if the appropriate eco-
nomic test is failed,

summing the resources that
exceed the economic hurdles
and then storing the volumes
as a distribution of undiscov-
ered economically recover-
able resources at that specific
price, and

* repeating the process for 1,000
iterations at numerous prices
and then generating a distribu-
tion curve.

Presentation of
Results

Cumulative Probability
Distributions and

Marginal Probability

Until exploratory drilling
operations actually begin on a
prospect area, the presence or
absence of economically recov-
erable hydrocarbons is
unknown. To evaluate the
potential results of drilling in an
area, the assumption is made
that recoverable hydrocarbons
are present somewhere in the

area being assessed. The eco-
nomic viability of the assumed
recoverable hydrocarbons is
then tested. Estimates of UERR
conditional on economic suc-
cess represent the range of pos-
sible economic resources
present. However, these condi-
tional estimates do not incorpo-
rate the total geologic and
marginal economic risks that the
area may be devoid of any com-
mercial quantities of oil or gas.
Risked (unconditional) estimates
of UERR incorporate the total
economic risk that the area is
devoid of commercial hydrocar-
bon accumulations. The esti-
mates are risked by removing
the condition that the area con-
tains commercial hydrocarbons
and factoring in the probability
that the area does not contain
hydrocarbons or, if they are
present, contains them in quanti-
ties too small to be economic.
Risked estimates of UERR con-
sider both the economically
recoverable resources calcu-
lated for each economic trial and
all of the uneconomic (zero
resource) trials. PRESTO con-
siders this possibility by calculat-
ing the area’s probability of
economic success (MPpc econ)s
which is the joint probability of
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recoverable hydrocarbons
being present and being
present in commercial quanti-
ties:

MPpcecon = (MPy,c)(number
of economic trials/total num-
ber of trials)

Figure 20 shows com-
parable cumulative probability
distributions for an area having
economic risk.

As in the geologic
assessment, PRESTO presents
output distributions from the
economic evaluation in percen-
tile tables, which show estimates

at every 5" percentile. The
mean value is also presented,
and it is usually accepted as the
best indicator of central ten-
dency.

Price-Supply Curves
Estimates of UERR are
sensitive to price and technology
assumptions and are presented
primarily as price-supply curves
(P-S curves) that describe a
functional relationship between
economically recoverable
resources and product price.
The P-S curves developed in
this assessment are marginal-
cost curves representing the
incremental costs per unit of
cumulative output (undiscov-
ered economically recover-
able resources). The P-S curves
portray the estimated quantity of
UCRR that could be profitably
produced under a specific set of
economic, cost, and technologic
assumptions. The curves are
unconstrained by alternative
sources of hydrocarbons (invest-
ment opportunities or market
supply and demand) or the
effects of time in these analyses.
Generally, price and cost (tech-
nology) can be considered as
equal substitutions for one
another. It should be noted that
entire resource distributions are
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Figure 21. Sample price supply curve.

generated at each price level,
but all of the P-S curves pre-
sented in this report will be the
mean case curves.

Figure 21 shows sepa-
rate curves for oil and gas
resources. The two commodity
prices are displayed on the y-
axes, and a horizontal line
drawn from the price axis to the
curve vyields the quantity of
UERR at the selected price. The
curves represent mean values at
any specific price. It is important
that the user realize that the oil
and gas prices are not indepen-

dent. The gas price is depen-
dent on the oil price, and the two
must be used in tandem to
determine resource volumes.
For example, if a $30.00/bbl oil
price is used to determine the oil
resources, the dependent gas
price of $3.52/Mcf must be used
to determine the gas resources.
Furthermore, the two hydrocar-
bons frequently occur together,
and the individual pool econom-
ics are calculated using the cou-
pled pricing.

Two horizontal lines
within the graph indicate the crit-

ical and marginal prices. Values
above the critical price indicate
that there was at least one pros-
pect that was simulated as eco-
nomic at these prices on each
trial. Below the marginal price,
no prospects were commer-
cially viable. At prices between
the critical and the marginal
price, a prospect was deter-
mined to be economic on some
iterations. The two vertical lines
indicate the mean estimates of
undiscovered conventionally
recoverable natural gas and oll
resources. As prices increase,
the estimate of economically
recoverable resources approaches
this limit.

The results of the eco-
nomic analysis are then
reviewed by the assessment
team for reasonableness and
adherence to the geologic model
and operational analogs. This
step typically results in modifica-
tions and refinements to the
inputs and subsequent further
analysis.

Undiscovered Economically Recoverable Resources (UERR)—Discussion
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Assessment Results Introduction

A general discussion of
the results of this assessment
can be found in the following sec-
tions.

Detailed results of the
assessment of undiscovered
conventionally recoverable
resources can be found in the
various Gulf of Mexico and Atlan-
tic play and play aggregation
write-ups.

Detailed results of the
assessment of undiscovered
economically recoverable
resources can be found in the
Economic Results section for
each planning area by water
depth.

2000 Assessment Assessment Results Introduction
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Reserves Results

Proved Reserves

Proved reserves in the
1,042 Gulf of Mexico Region
fields used in this study (consist-
ing of 2,369 pools) are esti-
mated to be 14.266 Bbo and
162.711 Tcfg (43.218 BBOE). Of
these fields, 47 are classified as
oil and 640 are classified as gas,
and 355 are mixed oil and gas;
181 of these fields are now
depleted and abandoned. All of
the proved oil and 99 percent of
the proved gas reserves are
within the Cenozoic Province. Of
those in the Mesozoic Province,
most are are in the Upper Juras-
sic Aggradational Norphlet For-
mation (UJ4 A1) play (<0.001
Bbbl, 2.232 Tcfg [0.397 BBOE]).
There are no reserves in the
Atlantic Mesozoic Province.

Remaining Proved

Reserves

Remaining proved
reserves in the 803 active
proved fields within the Gulf of
Mexico Region are estimated at
3.358 Bbo and 30.034 Tcfg. This
represents 24 and 19 percent,
respectively, of the current esti-
mate of the original volume of
proved reserves in these fields.

Unproved Reserves

Unproved reserves are
present in 58 active unproved
fields in the Gulf of Mexico
Region. Preliminary estimates of
unproved reserves in these 58
fields are 0.995 Bbo and 5.102
Tcfg (1.903 BBOE). Almost all of
the unproved oil and 88 percent
of the unproved gas reserves
are located within the Cenozoic
Province.

Reserves

Appreciation

As of January 1, 1999,
reserves appreciation projected
50 years into the future in the
1,042 fields are estimated to
total 7.736 Bbo and 68.096 Tcfg
(19.853 BBOE). All but 2.353
Tcfg and <0.001 Bbo (0.419
BBOE) of the appreciation are
attributable to fields in the Ceno-
zoic Province. The Atlantic
Region contains no proved or
unproved reserves and, there-
fore, has no reserves apprecia-
tion.

Reserves appreciation is
an important consideration in any
analysis of future oil and gas
supplies. In the Gulf of Mexico
OCS, it has routinely exceeded
new field discoveries and con-
tributed the bulk of annual addi-
tions to proved reserves. As

Cenozoic Province Total Reserves

Depositional Style/Facies | Oil (Bbbl) | Gas (Tcf) | BOE (Bbbl)
Retrogradational 0.131 4.878 0.999
Aggradational 1.270|  10.694 3.173
Progradational 10.102| 137.441 34.558
Fan 11.431]  71.672 24.184
Other 0.063 5.992 1.129

Table 1. Cenozoic Province Total Reserves by Depositional Style/Facies.
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with previous assessments of
reserves appreciation, it was
implicity assumed that esti-
mates of proved reserves in
recently discovered fields will
exhibit the same pattern and rel-
ative magnitude of growth as
fields in the historical database.

Total Reserves

As of January 1, 1999,
total reserves in the Gulf of Mex-
ico Region are 22.997 Bbo and
235.910 Tcfg, of which 10.908
Bbbl and 132.677 Tcfg have
been produced. Subtracting,
12.089 Bbbl, or 53 percent of the
oil, and 103.233 Tcfg, or 44 per-
cent of the gas, is estimated to
remain in the ground.

Total Reserves by
Depositional Style/

Facies

Uneven distribution of
reserves by depositional style/
facies in the Gulf of Mexico
Region is illustrated by total
reserves amounts in the Ceno-
zoic Province (table 1, figure 1).
Historically,  progradational
sands contain the most total gas
reserves and total BOE
reserves, with 59 percent of the
gas (137.441 Tcf), and 53 per-
cent of the BOE (34.558 Bbbl).
The progradational depositional
style results in favorable associ-
ations of reservoir, source, and
seal, and is characterized by alter-
nating reservoir-quality sand-
stones and thick sealing shales.
In addition, progradational
deposits coincide with areas
having large growth faults, roll-
over anticlines, and diapiric salt.
All of these factors contribute to
the high productivity of these
sediments (Seni et al., 1994).

In contrast to the pro-
gradational depositional style,

2000 Assessment
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Figure 1.Total reserves in the Gulf of Mexico Cenozoic Province depositional
style/facies. The progradational depositional style and the fan facies contain

by far the most total reserves in the Gulf of Mexico Region.

Total Reserves by Geologic Age

GOM Region Oil (Bbbl) | Gas (Tcf) | BOE (Bbbl)
Pleistocene 7.571 90.953 23.755
Pliocene 6.324 34.547 12.471
Miocene 7.848 97.867 25.262
Oligocene 0.001 0.066 0.013
Eocene na na na
Paleocene na na na
Upper Cretaceous 0.000 0.000 0.000
Lower Cretaceous <0.001 0.212 0.038
Upper Jurassic <0.001 5.020 0.894
Middle Jurassic na na na
Lower Jurassic na na na
Upper Triassic na na na
Span Ages 1.252 7.244 2.541

Table 2 . Total reserves in the Gulf of Mexico Region by geologic age. The
structurally defined Cenozoic Perdido and Mississippi Fan Fold Belt plays
span the Paleocene through Pleistocene and are included in the “Span

Ages” category.

combined fan 1 and 2 facies in
the Cenozoic Province contain
the most oil total reserves, and
the second-most gas and BOE
total reserves (49 percent of the
oil [11.431 Bbbl], 31 percent of
the gas [71.672 Tcfg], and 38
percent of the BOE [24.184
BBOE]). Reflecting their increas-
ing importance in the reserves
base, the deepwater fan facies
contain almost all of the
unproved reserves of oil and
gas, with 0.994 Bbbl and 4.423
Tcf (1.781 BBOE) in the Ceno-
zoic Province.

Aggradational deposits
contain 6 percent of the oil
(1.270 Bbbl), 5 percent of the
gas (10.694 Tcf), and 5 percent
of the BOE (3.173 Bbbl) total
reserves. The remaining 1 per-
cent of the oil (0.131 Bbbl), 2
percent of the gas (4.878 Tcf),
and 2 percent of the BOE (0.999
Bbbl) total reserves are within
the retrogradational deposits.
The remainder of total reserves
in the Cenozoic Province are
contained in an “other” category
that includes mixed depositional
styles, structurally defined plays,
or caprock production.

Total Reserves by
Geologic Age

Reserves in the Gulf of
Mexico Region have been dis-
covered in sediments ranging in
age from Upper Jurassic to
Pleistocene (table 2; figure 2).
Miocene age sediments contain
the most total reserves (39 per-
cent mean BOE), followed
closely by Pleistocene age sedi-
ments (37 percent mean BOE).
Pliocene age deposits contain
19 percent of the Region’s mean
BOE total reserves. With
reserves being discovered in the
structurally defined Perdido and
Mississippi Fan Fold Belt plays,
4 percent of mean total reserves
in the Gulf of Mexico Region
occur in plays that span geologic
ages.

Reserves Results
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Figure 2. Total reserves in the Gulf of Mexico Region by geologic age.
Series and systems not shown do not contain reserves. The structurally
defined Cenozoic Perdido and Mississippi Fan Fold Belt plays span the
Paleocene through Pleistocene and are included in the “Span Ages” cate-

gory.
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Undiscovered Conventionally Recoverable Resources

Results
UCRR Number Oil Gas BOE
of Pools (Bbbl) (Tcf) (Bbbl)
Gulf of Mexico Region (MPhc = 1.00)
95th percentile 22.821| 145.09| 49.851
Mean 2,870| 37.126( 191.63| 71.223
5th percentile 56.054|246.600| 97.602
Cenozoic Province (MPhc = 1.00)
95th percentile 25.754| 145.26| 52.708
Mean 2,532| 30.783| 170.65| 61.148
5th percentile 36.390| 198.66( 70.393
Mesozoic Province (MPhc = 1.00)
95th percentile 0.728 4.023 1.499
Mean 338 6.342| 20.979| 10.075
5th percentile 20.023| 57.101( 29.708
Atlantic Region (MPhc = 1.00)
95th percentile 1.297( 16.117 4.558
Mean 502 2.307| 27.712 7.238
5th percentile 3.706| 43.499| 10.739

Table 1. Undiscovered conventionally recoverable resources (UCRR) for the
Gulf of Mexico Region and Provinces, and for the Atlantic Region (equal to

the Atlantic Mesozoic Province).

Cenozoic Province Mean UCRR

Depositional Style/Facies | Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Retrogradational 0.012 0.450 0.092
Aggradational 0.046 0.986 0.222
Progradational 0.657| 13.612 3.079
Fan 30.060|] 154.574 57.565
Other 0.008 1.026 0.190

Table 2. Mean undiscovered conventionally recoverable resources (UCRR)
in the Gulf of Mexico Region Cenozoic Province by depositional style/facies.
Fan 1 plays and Fan 2 plays are combined into a single fan facies.

Gulf of Mexico
Region

Mean undiscovered
conventionally recoverable
resources (UCRR) for the Gulf
of Mexico Region are 37.126
Bbo and 191.627 Tcfg (71.223
BBOE). These resource esti-
mates range from 22.821 to
56.054 Bbo and 145.088 to
246.600 Tcfg (49.851 to 97.602
BBOE) (table 1). The Cenozoic
Province is forecast to contain
83 percent of the mean undis-
covered conventionally recover-
able oil and 89 percent of the
mean undiscovered convention-
ally recoverable gas resources
in the Region.

Gulf of Mexico

Cenozoic Province

Plays in the Gulf of Mex-
ico Cenozoic Province are fore-
cast to contain mean UCRR of
30,783 Bbo and 170.648 Tcfg
(61.148 BBOE). Resource esti-
mates at the 95th and 5th per-
centiles are 25.754 to 36.390
Bbo and 145.264 to 198.661
Tcfg (52.708 to 70.393 BBOE)
(table 1).

Gulf of Mexico

Mesozoic Province

Plays in the Gulf of Mex-
ico Mesozoic Province are fore-
cast to contain mean UCRR of
6.342 Bbo and 20.979 Tcfg
(10.075 BBOE). Resource esti-
mates at the 95th and 5th per-
centiles are 0.728 to 20.023 Bbo
and 4.023 to 57.101 Tcfg (1.499
to 29.708 BBOE) (table 1).

Four plays in the Meso-
zoic Province are forecast to
contain approximately 2 BBOE
each in mean UCRR. The larg-
est of these plays is the concep-
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Figure 1. Mean undiscovered conventionally recoverable resources (UCRR)
in the Gulf of Mexico Region Cenozoic Province by depositional style/facies.
The fan facies contains by far the most UCRR.

Mesozoic Province Mean UCRR

Lithology Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Siliciclastics 3.078 16.322 5.983
Carbonates 1.465 1.414 1.717
Other 1.799 3.242 2.376

Table 3. Mean undiscovered conventionally recoverable resources (UCRR)

in the Gulf of Mexico Region Mesozoic Province by lithology. The “other” cat-
egory includes structurally defined plays and plays containing both siliciclas-
tic and carbonate potential reservoirs.

Atlantic Region Mean UCRR

Lithology Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Siliciclastics 1.943 25.612 6.500
Carbonates 0.364 2.100 0.738

Table 4. Mean undiscovered conventionally recoverable resources (UCRR)

in the Atlantic Region by lithology.

tual Cretaceous Mississippi Fan
Fold Belt (UK5-LK3 X5) play
(2.160 BBOE). Second is the
established Upper Jurassic
Aggradational Norphlet Forma-
tion (UJ4 A1) play (1.868 mean
BBOE). Third is the conceptual
Cretaceous Perdido Fold Belt
(UK5- LK3 X4) play (1.773
BBOE). The fourth is the con-
ceptual Mesozoic Structural Bur-
ied Hill (UK5-LTR BC4) play
(1.603 BBOE). The Cretaceous
Perdido Fan Fold Belt and the
Mesozoic Structural Buried Hill
plays in particular are noted for
containing structures with very
large closures.

Atlantic Region

All assessed Atlantic
Region plays fall within the
Atlantic Mesozoic Province. The
Atlantic Mesozoic Province is
forecast to contain mean UCRR
of 2.307 Bbo and 27.712 Tcfg
(7.238 BBOE). Sixty-eight per-
cent of these total undiscovered
resources is gas (table 1).

UCRR by Deposi-
tional Style/Facies
and Lithology

The largest amount of
UCRR in the Gulf of Mexico
Cenozoic Province is forecast to
occur in fan plays (table 2).
Mean UCRR for these fan plays
are 30.060 Bbo and 154.574
Tefg (57.565 BBOE), corre-
sponding to 98 percent of the
mean oil, 90 percent of the
mean gas, and 95 percent of the
mean BOE in the Cenozoic Gulf
of Mexico Region (figure 1).

Because so many of the
plays in the Gulf of Mexico
Mesozoic Province are concep-
tual and their depositional styles/
facies unknown, the plays have
been categorized into silici-
clastic, carbonate, and “other”
plays. “Other” plays include both
structurally defined and mixed
clastic and carbonate plays. The

Undiscovered Conventionally Recoverable Resources Results
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Figure 2. Mean undiscovered conventionally recoverable resources (UCRR)
in the Gulf of Mexico Mesozoic Province by lithology. The “other” category
includes structurally defined plays and plays containing both siliciclastic and
carbonate potential reservoirs.
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Figure 3. Mean undiscovered conventionally recoverable resources (UCRR)
in the Atlantic Region by lithology.
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largest amount of UCRR is fore-
cast to occur in siliciclastic plays
(table 3). Mean UCRR for the
siliciclastics are 3.078 Bbo and
16.322 Tcfg (5.983 BBOE), cor-
responding to 49 percent of the
mean oil, 78 percent of the
mean gas, and 59 percent of the
mean BOE in the Gulf of Mexico
Mesozoic Province (figure 2).

Ninety percent of mean
BOE UCRR in the Atlantic
Region are forecast to occur in
siliciclastic plays (table 4; figure
3).

UCRR by Geologic
Age

UCRR in the Gulf of
Mexico Region are forecast to
be discovered in sediments
ranging in age from the Triassic
to the Pleistocene (table 5; fig-
ure 4). Structurally defined
plays, or plays that otherwise
span geologic ages, are
included in the “Span Ages” cat-
egory. These plays account for
25 percent of mean BOE UCRR.

Of Gulf of Mexico
Region plays that fall into dis-
crete geologic ages, the
Miocene accounts for 44 percent
of total mean BOE UCRR (the
most), while the Pleistocene
accounts 14 percent of the total
mean BOE UCRR (second
most).

2000 Assessment
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Mean UCRR by Geologic Age

GOM Region Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Pleistocene 4559 31.389|  10.144
Pliocene 4.704| 23.407 8.868
Miocene 14.880| 92.528|  31.344
Oligocene 0.024 0.785 0.164
Eocene na na na
Paleocene na na na
Upper Cretaceous 0.045 0.070 0.057
Lower Cretaceous 1.107 0.657 1.224
Upper Jurassic 1.132 7.670 2.497
Middle Jurassic na na na
Lower Jurassic na na na
Upper Triassic na na na
Span Ages 11.717|  35.306|  17.999

Table 5. Mean undiscovered conventionally recoverable resources (UCRR)
in the Gulf of Mexico Region by geologic age. Note the large amount of
UCRR forecast to occur in plays that span ages.
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Figure 4. Mean undiscovered conventionally recoverable resources (UCRR)
in the Gulf of Mexico Region by geologic age. Series or systems without
UCRR are not shown. Structurally defined plays, or plays that otherwise
span geologic ages, are included in the “Span Ages” category. Such plays
range in age from Triassic to Pleistocene.
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Undiscovered Economically Recoverable Resources

Results
UERR QOil (Bbbl) Gas (Tcf) BOE (Bbbl)
F95 Mean F5 F95 Mean F5 | F95 Mean F5
Gulf of Mexico Region
Risked Full-Cycle
@ $18/bbl & $2.11/Mcf 13.968 17.467 21.851| 84.530 100.260 114.075/29.009 35.307 42.149
@ $30/bbl & $3.52/Mcf 24.749 28.134 34.749|129.389 140.731 151.929(47.772 53.175 61.783
Risked Half-Cycle
@ $18/bbl & $2.11/Mcf 14.905 18.569 23.073| 90.434 105.167 118.912|30.996 37.282 44.232
@ $30/bbl & $3.52/Mcf 25.171 28.811 35.643|133.790 143.986 155.311(48.977 54.431 63.278
Atlantic Region
Risked Full-Cycle
@ $18/bbl & $2.11/Mcf 0.216 0.530 1.067| 2.325 6.649 12.546| 0.630 1.713 3.300
@ $30/bbl & $3.52/Mcf 0.823 1.338 1.920| 7.939 12.780 19.205| 2.235 3.612 5.338
Risked Half-Cycle
@ $18/bbl & $2.11/Mcf 0.280 0.602 1.178| 3.059 7.310 13.280| 0.824 1.903 3.541
@ $30/bbl & $3.52/Mcf 1.044 1570 2.011] 10.100 14.875 21.847| 2.842 4.216 5.898

Table 1. Undiscovered Economically Recoverable Resources (UERR) of the Gulf of Mexico and Atlantic Regions.

Commercial viability or
profitability is measured in this
study from the perspectives of
full- and half-cycle analysis. Full-
cycle analysis does not include
pre-lease costs, but does con-
sider all leasehold, geophysical,
geologic, and exploration costs
incurred subsequent to a deci-
sion to explore in determining
the economic viability of a pros-
pect. The decision point is
whether or not to explore. In a
half-cycle analysis, leasehold
and exploration costs, as well as
delineation costs that are
incurred prior to the field devel-
opment decision, are assumed
to be sunk and are not used in
the discounted cash flow calcu-
lations to determine if a field is
commercially viable. The deci-
sion point is whether or not to
proceed with development. In
neither the full- nor the half-cycle
scenario is lease acquisition or
other pre-decision point lease-
hold costs considered in the
evaluation.

Results of the assess-
ment of undiscovered economi-
cally recoverable resources

(UERR) were generated as
price-supply curves (see the dis-
cussion of the methodology in
the General Text, Methodol-
ogy, Undiscovered Economi-
cally Recoverable Resources
sections). But for reporting pur-
poses, the mean results of the
economic analysis are reported
at two discrete price levels: (1)
an $18/bbl scenario ($18.00/bbl
and $2.11/Mcf; used in the 1995
assessment (Lore et al., 1999)
and (2) a $30/bbl scenario
($30.00/bbl  and  $3.52/Mcf;
roughly corresponding to prices
at the time of the assessment).

Gulf of Mexico
Region

Gulf of Mexico Region
estimates of UERR are pre-
sented in table 1. Figure 1
shows the mean full-cycle price-
supply curve for the Gulf of Mex-
ico Region. The vertical lines
represent the mean estimate of
undiscovered conventionally
recoverable oil (37.126 Bbbl.)
and gas (191.627 Tcf). Over the
range of historical oil and gas

prices, the estimates of econom-
ically recoverable resources rap-
idly approach the estimate of
undiscovered conventionally
recoverable oil and gas. Using
the full-cycle, $18/bbl scenario,
47 percent of the undiscovered
conventionally recoverable oil
and 52 percent of the undiscov-
ered conventionally recoverable
gas are economic. This
increases to about 75 percent
for both oil and gas in the full-
cycle, $30/bbl scenario. More
than 8.992 Bbo and 50.896 Tcfg
of the undiscovered convention-
ally recoverable resources
require prices above $30/bbl
and $3.52/Mcf scenario to be
recovered profitably.

Figure 2 illustrates the
mean half-cycle price-supply
curve for the Gulf of Mexico
Region. In the $18/bbl scenario,
52 percent of the undiscovered
conventionally recoverable
resources is economic. This
increases to 76 percent in the
$30/bbl scenario. The percent
increase in UERR from the full-
to the half-cycle analysis is rela-
tively small, ranging from

2000 Assessment
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Figure 3. Atlantic Region full-cycle price-supply curve.

approximately 2 percent to
about 6 percent. The smallest
increase  occurs in  well-
explored, mature areas (i.e.,
shallow-water central Gulf of
Mexico), where the necessary
exploration and delineation
costs compared with develop-
ment costs may be minimal for
the marginal pool size. The larg-
est increases occur in frontier
areas, where a more extensive
exploration and delineation pro-
gram is required to justify devel-
opment. There is less of a
difference between the full- and
half-cycle analyses in the $30/
bbl scenario than in the $18/bbl
scenario because the size of the
marginal pool in the $30/bbl sce-
nario is not affected by removing
consideration of exploration and
delineation costs to the same
extent as in the lower price sce-
nario. The smaller the marginal
pool size, the greater the num-
ber of potentially economic
pools at each price scenario.

Atlantic Region

The full-cycle price-sup-
ply curve for the Atlantic Region
(figure 3) is much steeper than
the comparable Gulf of Mexico
Region curve (figure 1). Over
the range of historical oil and
gas prices, the estimates of eco-
nomically recoverable resources
do not approach the mean esti-
mates of undiscovered conven-
tionally recoverable oil and gas
resources. The marginal price in
the Atlantic is $4.00/bbl and
$0.45/Mcf. The critical price in
the Atlantic Region is signifi-
cantly higher, $22.70/bbl and
$2.65/Mcf. This dramatically
illustrates the lack of regional
transportation infrastructure and
the relatively low potential in the
lower cost, shallow-water near-
shore areas. The mean results
of the economic analysis at the
two discrete price levels are
shown in table 1. In the $18/bbl
scenario, only 23 percent of the

Undiscovered Economically Recoverable Resources Results
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Figure 4. Atlantic Region half-cycle price-supply curve.

undiscovered conventionally
recoverable oil (0.530 Bbbl) and
24 percent of the gas (6.649 Tcf)
are economic. This increases to
58 and 46 percent (1.338 Bbo
and 12.780 Tcfg), respectively,
in the $30/bbl scenario.

Figure 4 shows the
mean half-cycle price-supply
curve for the Atlantic Region. In

the half-cycle, $18/bbl scenario,
the mean estimates of UERR
increase by 0.072 Bbo and
0.661 Tcfg over the full-cycle
analysis. In the half-cycle, $18/
bbl scenario, 26 percent of the
undiscovered conventionally
recoverable oil (0.602 Bbbl) and
26 percent of the gas (7.310 Tcf)
are economic. This increases to
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68 and 54 percent (1.570 Bbo
and 14.875 Tcfg), respectively,
in the $30/bbl scenario.

The percent increase in
UERR from the mean full- to
half-cycle analysis is much
larger than in the Gulf of Mexico
Region and ranges from just
over 11 percent to almost 17
percent. This is because the
Atlantic Region is a frontier area
requiring a much more exten-
sive, time consuming, and
expensive exploration and delin-
eation program than the Gulf of
Mexico Region. As such, the
removal of the exploration and
delineation scenarios with their
associated costs and timing has
a much greater impact on the
marginal pool size in the Atlantic
Region than it does in the Gulf of
Mexico Region.
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Total Endowment Results

Total Endowment Number Qil Gas BOE
of Pools (Bbbl) (Tcf) (Bbbl)
Gulf of Mexico Region
95th percentile 45.818| 380.998| 114.825
Mean 5,323 60.123| 427.537] 136.197
5th percentile 79.051| 482.510( 162.576
Cenozoic Province
95th percentile 48.751| 375.941] 116.750
Mean 4,967 53.780| 401.325] 125.190
5th percentile 59.387| 429.338] 134.435
Mesozoic Province
95th percentile 0.728 9.255 2.430
Mean 356 6.342 26.211 11.006
5th percentile 20.023 62.333 30.639
Atlantic Region
95th percentile 1.297 16.117 4.558
Mean 502 2.307 27.712 7.238
5th percentile 3.706 43.499 10.739

Table 1. Total endowment of the Gulf of Mexico and Atlantic Regions.

Cenozoic Province Mean Total Endowment

Depositional Style/Facies Oil (Bbbl) | Gas (Tcf) [BOE (Bbbl)
Retrogradational 0.143 5.328 1.091
Aggradational 1.316 11.680 3.395
Progradational 10.759| 151.053 37.637
Fan 41.491| 226.246 81.749
Other 0.071 7.018 1.319

Table 2. Mean total endowment of the Gulf of Mexico Cenozoic Province by

depositional style/facies. Fan 1 plays and fan 2 plays are combined into a sin-

gle fan facies.
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Gulf of Mexico
Region

The mean total endow-
ment for the Gulf of Mexico
Region is 60.123 Bbo and
427.537 Tcfg (136.197 BBOE).
The total endowment at the 95th
and 5th percentiles ranges from
45818 to 79.051 Bbo and
380.998 to 482.510 Tcfg
(114.825 to 162.576 BBOE)
(table 1). After 50 years of explo-
ration and development, 75 per-
cent of the mean BOE total
endowment comprises remaining
reserves, reserves appreciation,
and undiscovered convention-
ally recoverable resources---
the sources of future production.

Atlantic Region

The total endowment of
the Atlantic Region ranges from
1.297 to 3.706 Bbo and 16.117
to 43.499 Tcfg (4.558 to 10.739
BBOE), with mean estimates of
2.307 Bbo and 27.712 Tcfg
(7.328 BBOE) (table 1). On a
mean BOE basis, The Atlantic
Region’s total endowment is
only about 5 percent of the Gulf
of Mexico Region’s total endow-
ment.

Total Endowment by
Depositional Style/

Facies and Lithology

Within the Gulf of Mex-
ico Cenozoic Province, fan dep-
ositional facies (combined fan 1
and fan 2 plays) are projected to
contain the largest mean oil
endowment, 41.491 Bbbl, and
the progradational depositional
style is projected to contain the
largest mean gas endowment,
226.246 Tcf (table 2; figure 1).

Because so many of the
plays in the Gulf of Mexico
Mesozoic Province are concep-

2000 Assessment
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Figure 1. Mean total endowment of the Gulf of Mexico Cenozoic Province by

depositional style/facies. The fan facies contains the largest total endowment.

Mesozoic Province Mean Total Endowment

Depositional Style/Facies Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Siliciclastics 3.078 21.342 6.877
Carbonates 1.465 1.626 1.755
Other 1.799 3.242 2.376

Table 3. Mean total endowment of the Gulf of Mexico Mesozoic Province by
lithology. The “other” category includes structurally defined plays and plays
containing both siliciclastics and carbonates.

Atlantic Region Mean Total Endowment

Depositional Style/Facies Qil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Siliciclastics 1.943 25.612 6.500
Carbonates 0.364 2.100 0.738

Table 4. Mean total endowment of the Atlantic Region by lithology.

tual and their depositional style/
facies unknown, plays have
been categorized into siliciclas-
tic, carbonate, and “other.”
“Other” plays include both struc-
turally defined and mixed clastic
and carbonate plays. Within the
Gulf of Mexico Mesozoic Prov-
ince, siliciclastics contain the
largest mean oil endowment,
3.078 Bbbl, as well as the larg-
est mean gas endowment,
21.342 Tcf (table 3; figure 2).

In the Atlantic Region,
siliciclastics are forecast to have
the largest oil and gas total
endowment, with a mean of
1.943 Bbbl and 25.612 Tcf (fig-
ure 3; table 4).

Total Endowment by
Geologic Age

The total endowment of
the Gulf of Mexico Region is
found in plays ranging in age
from the Triassic to the Pleis-
tocene. Structurally defined
plays, or plays that otherwise
span geologic ages, are
included in the “Span Ages” cat-
egory (table 5; figure 4). These
spanning plays account for 15
percent of the mean BOE total
endowment.

Of Gulf of Mexico
Region plays that fall into dis-
crete geologic ages, the
Miocene contains the largest
total endowment (41 percent of
the total mean BOE), followed
by the Pleistocene (25 percent)
and then the Pliocene (16 per-
cent).

Total Endowment Results
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Figure 2. Mean total endowment of the Gulf of Mexico Mesozoic Province by
lithology. The “other” category included structurally defined plays and plays

containing both siliciclastic and carbonate reservoirs.
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Figure 3. Mean total endowment of the Atlantic Region by lithology.
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Mean Total Endowment by Geologic Age

GOM Region Oil (Bbbl) | Gas (Tcf) |BOE (Bbbl)
Pleistocene 12.130( 122.342| 33.899
Pliocene 11.028| 57.954| 21.339
Miocene 22.728| 190.395| 56.606
Oligocene 0.025 0.851 0.177
Eocene na na na
Paleocene na na na
Upper Cretaceous 0.045 0.070 0.057
Lower Cretaceous 1.107 0.869 1.262
Upper Jurassic 1.132| 12.690 3.391
Middle Jurassic na na na
Lower Jurassic na na na
Upper Triassic na na na
Span Ages 12.969| 42.550| 20.540

Table 5. Mean total endowment for the Gulf of Mexico Region by geologic
age. Note the large total endowment that occurs in plays that span ages.
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Figure 4. Mean total endowment of the Gulf of Mexico Region by geologic age.
Series or systems without an endowment are not shown. The “Span Ages cate-
gory includes structurally defined plays, or plays that otherwise span geologic
ages. Such plays range in age from Triassic to Pleistocene.
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Conclusions

Gulf of Mexico

Assuming existing and
reasonably foreseeable technol-
ogy, approximately 35 to 68 Bbo
and 248 to 350 Tcfg (80 to 128
BBOE) of conventionally recov-
erable resources remain to be
recovered or discovered within
the Gulf of Mexico Region. Of
these amounts, mean undiscov-
ered conventionally recoverable
resources (UCRR) are about 37
Bbo and 192 Tcfg (71 BBOE).

As of January 1, 1999,
cumulative  production  was
10.908 Bbo and 132.677 Tcfg
(34.515 BBOE), and remaining
proved reserves totaled 3.358
Bbo and 30.034 Tcfg (8.703
BBOE). Thus, 75 percent of the
current estimate of proved
reserves has been produced.
Reserves appreciation curves
constructed from historical Gulf
of Mexico offshore fields indicate
that, on average, the estimate of
proved reserves in a newly dis-
covered OCS field is anticipated
to increase by a factor of 4 over
the field’s life. In active fields dis-
covered prior to January 1,
1999, reserves appreciation for
50 years is estimated to be
7.736 Bbo and 68.096 Tcfg
(19.853 BBOE), a quantity of
resources that exceeds the esti-
mate of remaining proved
reserves.

The mean total endow-
ment for the Gulf of Mexico
Region is approximately 60 Bbo
and 428 Tcfg (136 BBOE).
Forty-eight percent of this BOE
total endowment is in the vari-
ous reserves categories, with
approximately 32 percent occur-
ring as proved reserves. After
nearly 50 years of exploration
and development, about two-
thirds of the mean BOE total
endowment is represented by
future reserves appreciation and

UCRR.

In the Gulf of Mexico
Region full-cycle, $18/bbl eco-
nomic scenario, 47 percent (17
Bbbl) of the mean undiscovered
conventionally recoverable oil
and 52 percent (100 Tcf) of the
mean undiscovered convention-
ally recoverable gas are eco-
nomic. This increases to
approximately 76 percent for
undiscovered conventionally
recoverable oil (28 Bbbl) and 73
percent for undiscovered con-
ventionally recoverable gas (141
Tcf) in the full-cycle $30/bbl sce-
nario.

Atlantic

Assuming existing and
reasonably foreseeable technol-
ogy, approximately 1 to 4 Bbo
and 16 to 43 Tcfg (5 to 11
BBOE) of UCRR are forecast for
the Atlantic Region. Mean
UCRR are 2 Bbo and 28 Tcfg (7
BBOE). The Region contains no
fields and, therefore, no
reserves. For this reason, the
Atlantic Region’s total endow-
ment equals its UCRR.

Only one uneconomic
accumulation of hydrocarbon,
which was mostly gas, has been
discovered in the Atlantic
Region. The last lease sale in
the Region was held in 1983,
and additional sales were can-
celled in 1990. As of November,

2000, no oil or gas leases
remain active in the Atlantic
Region.

In the Atlantic Region
full-cycle, $18/bbl economic sce-
nario, 23 percent (<1 Bbbl) of the
mean undiscovered convention-
ally recoverable oil and 24 per-
cent (7 Tcf) of the mean
undiscovered conventionally
recoverable gas are economic.
This increases to approximately
58 percent for undiscovered
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conventionally recoverable oil (1
Bbbl) and 46 percent for undis-
covered conventionally recover-
able gas (13 Tcf) in the full-cycle
$30/bbl scenario.

United States OCS

From a National per-
spective, comparing the four
Federal Regions (Alaska, Atlan-
tic, Gulf of Mexico, and Pacific),
the Gulf of Mexico Region is the
largest in terms of total endow-
ment, UCRR, and reserves.
More BOE mean UCRR and
more undiscovered convention-
ally recoverable gas are forecast
to exist in the Gulf of Mexico
Region than are forecast for the
other Regions combined (71
BBOE vs. 68 BBOE, and 192
Tcfg vs. 170 Tcfg, respectively;
refer to the MMS summary
report, Outer Continental Shelf
Petroleum Assessment, 2000—
Summary located on the world-
wide web at mms.gov/revaldiv/
RedNatAssessment.htm).  The
Gulf of Mexico Region is also
forecast to contain more mean
undiscovered conventionally
recoverable oil than any other
Region, and undiscovered oil in
the Gulf Region nearly equals
the amount of forecast undiscov-
ered oil in the other Regions
combined (37 Bbl vs. 38 BblI,
respectively).

The Atlantic Region,
with a mean total endowment of
7 BBOE, ranks last of the four
OCS Regions.

2000 Assessment
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Gulf of Mexico Region Economic Results
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Figure 1. Map of the Gulf of Mexico Region (yellow) and its four planning
areas---Western, Central, Eastern, and the Straits of Florida.

Total GOM Region

The Gulf of Mexico
(GOM) Region includes sub-
merged Federal lands located in
offshore Texas, Louisiana, Mis-
sissippi, Alabama, and the west
and southern coasts of Florida.
To the east, the Region extends
to the U.S.-Bahama interna-
tional boundary, while to the
south, the area extends to the
U.S.-Mexico and U.S.-Cuba
international boundaries (figure
1).

Water depths in the
GOM Region range from very
shallow to more than 3,000 m.
The GOM Region was divided
into five water depth areas to
reflect differing royalty lease
terms. Undiscovered economi-
cally recoverable resources
(UERR) were evaluated for five

water depth ranges: 0-200 m,
201-800 m, 801-1,600 m, 1,601-
2,400 m, and greater than 2,400
m.

The GOM Region is well
developed in the 0-200 m range,
with an extensive infrastructure
already in place. The 201-800 m
range is undergoing significant
development, with tie-backs to
infrastructures and the installa-
tion of new deepwater structures.
The 801-1,600 m range is also in
the development process. All but
the deepest of the water depth
ranges have production. The
deepest range will require new
technologies for development.
Significant amounts of undiscov-
ered conventionally recoverable
resources (UCRR) have been
assessed for four out of the five
water depth ranges.

A horizontal stacked bar

graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the

five different water depth
ranges. Assessment reserves
and resources are listed in

tables 1-6, which present the
data from figure 2, for the five
water depth areas, including an
overall GOM Region total table.

The full-cycle and half-
cycle UERR for both the $18.00/
bbl and $30.00/bbl scenarios are
shown in tables 7-12. Price-sup-
ply curves have been presented
because estimates of UERR are
sensitive to price and technology
assumptions. These curves
describe a functional relation-
ship between UERR and prod-
uct price, and present the
estimates of mean undiscovered
economically recoverable oil
and gas at any starting oil price
up to $50/bbl. Please note the
entire resource distributions are
generated at each price level,
but that all of the price-supply
curves presented in this report
are the mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-14 for the
total GOM and each of the five
water depth areas. An extended
discussion of  price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.
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Figure 2. Gulf of Mexico Region mean total endowment and undiscovered economic
recoverable resources (UERR) by water depth.
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oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 14.266 162.711 43.218
Cumulative production 10.908 132.677 34.515
Remaining proved 3.358 30.034 8.703
Unproved 0.995 5.102 1.903
Appreciation (P & U) 7.736 68.096 19.852
Undiscovered Conventionally
Recoverable Resources
95th percentile 22.821 145.088 49.851
Mean 37.126 191.627 71.223
5th percentile 56.054 246.600 97.602
Total Endowment
95th percentile 45.818 380.998 114.825
Mean 60.123 427.537 136.197
5th percentile 79.051 482.510 162.576

Table 1. GOM reserves and resources total of all water
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oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 1.409 3.432 2.020
Cumulative production 0.228 0.490 0.315
Remaining proved 1.181 2.942 1.704
Unproved 0.455 1.540 0.729
Appreciation (P & U) 2.833 7.127 4.101
Undiscovered Conventionally
Recoverable Resources
95th percentile 9.929 45.446 18.016
Mean 10.882 50.096 19.796
5th percentile 11.867 59.558 22.464
Total Endowment
95th percentile 14.626 57.546 24.865
Mean 15.578 62.196 26.645
5th percentile 16.563 71.658 29.314

Table 4. GOM reserves and resources 800-1,600 m water

depths. depth.
Oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 11.386 151.624 38.366 Original proved 0.001 0.783 0.140
Cumulative production 10.006 128.736 32.912 Cumulative production <0.001 0.061 0.011
Remaining proved 1.381 22.888 5.453 Remaining proved 0.001 0.722 0.129
Unproved 0.031 1.014 0.211 Unproved 0.421 2.179 0.809
Appreciation (P & U) 2.610 48.942 11.318 Appreciation (P & U) 1.085 6.920 2.316
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 4.383 54.045 13.999 95th percentile 10.616 43.340 18.328
Mean 4.912 56.724 15.005 Mean 11.984 48.148 20.551
5th percentile 5.788 59.958 16.457 5th percentile 14.226 55.520 24.105
Total Endowment Total Endowment
95th percentile 18.410 255.626 63.895 95th percentile 12.123 53.221 21.593
Mean 18.939 258.305 64.901 Mean 13.491 58.029 23.816
5th percentile 19.815 261.538 66.352 5th percentile 15.733 65.401 27.370

Table 2. GOM reserves and resources 0-200 m water depth.

Table 5.GOM reserves and resources 1,600-2,400 m water

depth.

Oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 1.470 6.872 2.692 Original proved 0.000 0.000 0.000
Cumulative production 0.674 3.389 1.277 Cumulative production 0.000 0.000 0.000
Remaining proved 0.796 3.483 1.416 Remaining proved 0.000 0.000 0.000
Unproved 0.088 0.369 0.154 Unproved 0.000 0.000 0.000
Appreciation (P & U) 1.208 5.108 2117 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 3.517 18.814 6.864 95th percentile 3.315 12.594 5.556
Mean 4.144 21.046 7.889 Mean 5.147 16.967 8.166
5th percentile 4.807 23.438 8.978 5th percentile 10.763 29.031 15.928
Total Endowment Total Endowment
95th percentile 6.283 31.163 11.828 95th percentile 3.315 12.594 5.556
Mean 6.911 33.394 12.853 Mean 5.147 16.967 8.166
5th percentile 7.574 35.787 13.942 5th percentile 10.763 29.031 15.928

Table 3. GOM reserves and resources 200-800 m water

depth.

Table 6. GOM reserves and resources > 2,400 m water depth.
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Undiscovered Economically

Marginal

Oil

Gas

BOE

Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 13.968 | 84.530 | 29.009 95th percentile 5394 | 21.351 | 9.194
Mean 17.467 | 100.260 | 35.307 Mean 6.453 28.714 11.562
5th percentile 21.851 | 114.075 | 42.149 5th percentile 7.543 | 38.979 | 14.479
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 14.905 | 90434 | 30.996 95th percentile 5730 | 22418 | 9.719
Mean 18.569 | 105.167 | 37.282 Mean 6.726 | 29.895 | 12.045
5th percentile 23.073 | 118.912 | 44.232 5th percentile 7.795 | 39.679 | 14.855
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 24.749 | 129.389 | 47.772 95th percentile 8317 | 34.304 | 14.421
Mean 28.134 | 140.731 | 53.175 Mean 9.229 | 40.094 | 16.363
5th percentile 34.749 | 151.929 | 61.783 5th percentile 10.017 | 50.645 19.028
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 25171 | 133.790 | 48.977 95th percentile 8.415 | 35.163 | 14.671
Mean 28.811 | 143.986 | 54.431 Mean 9.361 | 40.701 | 16.603
5th percentile 35.643 | 155.311 | 63.278 5th percentile 10.250 | 50.876 19.303

Table 7. GOM total of all water depths economic assess-

ment results.

Table 10. GOM 800-1,600 m water depth economic assess-

ment results.

Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal Qil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 2.205 38.544 9.063 95th percentile 0.744 1.188 0.956
Mean 2726 | 40.236 | 9.885 Mean 3.536 | 11.308 | 5.548
5th percentile 3.400 41.756 | 10.830 5th percentile 5.879 20.451 9.518
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 2.332 40.398 9.520 95th percentile 1.267 2.025 1.627
Mean 2879 | 41.816 | 10.320 Mean 3.966 | 12.836 | 6.250
5th percentile 3.521 43.354 11.235 5th percentile 6.199 21.498 10.024
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 3.102 | 44.936 | 11.098 95th percentile 6.553 | 21.442 | 10.368
Mean 3615 | 46.534 | 11.896 Mean 8.121 | 27.108 | 12.944
5th percentile 4.266 48.176 12.838 5th percentile 10.174 35.640 16.516
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 3.217 45.648 11.339 95th percentile 6.878 22.357 10.857
Mean 3.689 | 47.641 | 12.166 Mean 8.389 | 28.175 | 13.403
5th percentile 4306 | 49.742 | 13.157 5th percentile 10.402 | 36.706 | 16.934
Table 8. GOM 0-200 m water depth economic assessment Table 11. GOM 1,600-2,400 m water depth economic
results. assessment results.
Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability [ (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 2.700 13.485 | 5.100 95th percentile 0.366 0.624 0.477
Mean 3.392 16.211 6.276 Mean 1.485 3.895 2.178
5th percentile 4.028 18.821 7.376 5th percentile 3.709 7.403 5.026
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 2.764 | 13.863 | 5.230 95th percentile 0.518 1.140 0.721
Mean 3.432 16.497 | 6.368 Mean 1.698 4.419 2.484
5th percentile 4.056 19122 | 7.459 5th percentile 4.443 8.995 6.044
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 3.070 15.859 | 5.892 95th percentile 1.985 5.823 3.021
Mean 3.686 18.295 | 6.941 Mean 3.618 9.140 5.244
5th percentile 4319 | 20.614 | 7.987 5th percentile 8.849 16.502 [ 11.785
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 3.090 16.166 | 5.967 95th percentile 2.076 6.097 3.160
Mean 3.703 18.440 | 6.984 Mean 3.735 9.483 5.423
5th percentile 4.325 20.790 8.024 5th percentile 9.039 16.971 12.058

Table 9. GOM 200-800 m water depth economic assessment

results.

Table 12. GOM >2,400 m water depth economic assessment

results.
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Western Gulf of Mexico Planning Area Economic

Results
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Figure 1. Map of the Western Gulf of Mexico Planning Area (yellow).

Western GOM

Planning Area

The Western Gulf of
Mexico (GOM) Planning Area
includes submerged Federal
lands located in offshore Texas
and Louisiana. To the south, the
area extends to the U.S.-Mexico
international boundary (figure 1).

Undiscovered economi-
cally recoverable resources
(UERR) were evaluated for five
water depth ranges: 0-200 m,
201-800 m, 801-1,600 m, 1,601-
2,400 m, and greater than 2,400
m. The Western GOM Planning
Area is well developed in the 0-
200 m range with an extensive
infrastructure already in place.
The 201-800 m range is less well
developed, while the 801-1,600
m range is minimally developed.

The three shallow-water depth
ranges all contain production.
Significant amounts of undis-
covered conventionally recov-
erable resources (UCRR) have
been assessed in all five water
depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the
five different water depths.
Assessment reserves and
resources have been provided in
tables 1-6, which present the
data from figure 2, including an
overall Western GOM Planning
Area total.

The full-cycle and half-

cycle UERR for both the $18/bbl
and $30/bbl scenarios are
shown in tables 7-12. These
tables present the mean, 5th-,
and 95th-percentile results for
oil, gas, and BOE for each of the
five water depth ranges, and for
the total Western GOM Planning
Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present estimates of mean
UERR at any starting oil price up
to $50/bbl. Please note that
entire resource distributions are
generated at each price level,
but that all of the price-supply
curves presented in this report
are the mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-14. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be
found in the Undiscovered
Economically Recoverable
Resources (UERR), Detailed
Discussion section.
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Figure 2. Western Gulf of Mexico Planning Area mean total endowment and undiscov-
ered economic recoverable resources (UERR) by water depth.
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Qil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 1.054 31.189 6.603 Original proved 0.383 1.127 0.583
Cumulative production 0.559 23.795 4.793 Cumulative production 0.110 0.291 0.162
Remaining proved 0.495 7.393 1.810 Remaining proved 0.273 0.836 0.421
Unproved 0.067 0.603 0.174 Unproved 0.061 0.515 0.153
Appreciation (P & U) 1.091 17.881 4.273 Appreciation (P & U) 0.710 2.313 1.121
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 12.107 70.191 24.597 95th percentile 4.197 18.927 7.565
Mean 12.986 74.721 26.281 Mean 4.584 20.962 8.314
5th percentile 14.220 80.360 28.518 5th percentile 4.982 24.953 9.422
Total Endowment Total Endowment
95th percentile 14.319 119.863 35.647 95th percentile 5.350 22.882 9.422
Mean 15.198 124.393 37.332 Mean 5.738 24.916 10.171
5th percentile 16.432 130.032 39.569 5th percentile 6.136 28.908 11.280
Table 1. Western GOM Planning Area reserves and Table 4. Western GOM Planning Area reserves and
resources total of all water depths. resources 800-1,600 m water depth.
Oil Gas BOE oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tef) (Bbbl)
Reserves Reserves
Original proved 0.508 28.289 5.541 Original proved 0.000 0.000 0.000
Cumulative production 0.378 22.518 4.385 Cumulative production 0.000 0.000 0.000
Remaining proved 0.130 5.771 1.157 Remaining proved 0.000 0.000 0.000
Unproved <0.001 0.015 0.003 Unproved <0.001 0.005 0.001
Appreciation (P & U) 0.222 14.042 2.720 Appreciation (P & U) <0.001 0.011 0.002
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 0.848 19.481 4.315 95th percentile 3.750 15.707 6.544
Mean 0.979 21.377 4.783 Mean 4.167 17.456 7.273
5th percentile 1.120 24.199 5.426 5th percentile 4.806 20.093 8.382
Total Endowment Total Endowment
95th percentile 1.578 61.827 12.579 95th percentile 3.750 15.723 6.547
Mean 1.709 63.723 13.047 Mean 4.167 17.472 7.276
5th percentile 1.850 66.545 13.690 5th percentile 4.806 20.109 8.385
Table 2. Western GOM Planning Area reserves and Table 5. Western GOM Planning Area reserves and
resources 0-200 m water depth. resources 1,600-2,400 m water depth.
il Gas BOE oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.163 1.773 0.479 Original proved 0.000 0.000 0.000
Cumulative production 0.071 0.986 0.247 Cumulative production 0.000 0.000 0.000
Remaining proved 0.092 0.787 0.232 Remaining proved 0.000 0.000 0.000
Unproved 0.006 0.069 0.018 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.160 1.515 0.429 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 1.760 9.053 3.371 95th percentile 0.989 4.151 1.727
Mean 2.071 10.212 3.888 Mean 1.180 4.733 2.022
5th percentile 2.437 11.409 4.467 5th percentile 1.615 5.814 2.649
Total Endowment Total Endowment
95th percentile 2.089 12.409 4.297 95th percentile 0.989 4.151 1.727
Mean 2.399 13.568 4.813 Mean 1.180 4.733 2.022
5th percentile 2.766 14.765 5.393 5th percentile 1.615 5.814 2.649

Table 3. Western GOM Planning Area reserves and
resources 200-800 m water depth.

Table 6. Western GOM Planning Area reserves and

resources > 2,400 m water depth.
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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 5.115 33.006 10.989
Mean 6.461 38.494 13.311
5th percentile 7.671 44.425 15.576
Half-Cycle 1.00
95th percentile 5.552 34.476 11.687
Mean 6.806 40.365 | 13.989
5th percentile 7.944 46.460 16.211
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 9.019 49.986 17.913
Mean 9.872 54.104 19.499
5th percentile 10.886 | 59.227 | 21.424
Half-Cycle 1.00
95th percentile 9.117 51.686 18.314
Mean 10.065 55.584 19.955
5th percentile 11.065 | 60.833 | 21.890

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 2.226 8.763 3.785
Mean 2.656 11.827 4.761
5th percentile 3.114 16.003 5.961
Half-Cycle 1.00
95th percentile 2.359 9.233 4.001
Mean 2.768 12.313 4.959
5th percentile 3.208 16.343 6.116
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 3.417 14.152 5.935
Mean 3.796 16.509 6.734
5th percentile 4.120 20.856 7.831
Half-Cycle 1.00
95th percentile 3.464 14.466 6.038
Mean 3.851 16.760 6.833
5th percentile 4.213 20.967 7.944

Table 7. Western GOM Planning Area total of all water

depths economic assessment results.

Undiscovered Economically

Oil

BOE

Table 10. Western GOM Planning Area 800-1,600 m water
depth economic assessment results.

Marginal Undiscovered Economically Marginal il Gas BOE
Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.535 | 12.507 | 2.761 95th percentile 0.207 0.313 0.262
Mean 0679 | 13.744 | 3.124 Mean 1.238 4.225 1.989
5th percentile 0.842 | 14.960 | 3.504 5th percentile 2.017 7.807 3.406
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 0.541 | 13.174 | 2.885 95th percentile 0.349 | 0.556 0.447
Mean 0.696 | 14.318 | 3.243 Mean 1.395 4.818 2.252
5th percentile 0.879 15.461 3.630 5th percentile 2.126 8.302 3.603
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 0623 | 14.788 | 3.254 95th percentile 2.360 7.862 3.759
Mean 0.755 | 16.125 | 3.625 Mean 2.849 | 10.154 | 4.656
5th percentile 0895 [ 17.784 | 4.060 5th percentile 3.486 12.716 | 5.749
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.647 [ 15201 | 3.352 95th percentile 2.427 8.474 3.935
Mean 0.759 | 16.756 | 3.741 Mean 2945 | 10548 | 4.822
5th percentile 0.898 | 18619 | 4.211 5th percentile 3605 | 13.043 | 5.926
Table 8. Western GOM Planning Area 0-200 m water depth Table 11. Western GOM Planning Area 1,600-2,400 m water
economic assessment results. depth economic assessment results.
Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.97
95th percentile 1.273 6.306 2.395 95th percentile 0.057 0.094 0.074
Mean 1.583 7.647 2.943 Mean 0.335 1.138 0.538
5th percentile 1.878 8.876 3.458 5th percentile 0.565 2.202 0.957
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 1.290 6.497 2.446 95th percentile 0.102 0.162 0.131
Mean 1.601 7.767 2.983 Mean 0.383 1.289 0.612
5th percentile 1.894 8.981 3.492 5th percentile 0.646 2.315 1.058
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 1.428 7.467 2.757 95th percentile 0.607 2.181 0.995
Mean 1.710 8.592 3.239 Mean 0.801 2.738 1.288
5th percentile 1.999 9.705 3.726 5th percentile 1.129 3.673 1.782
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 1.436 7.533 2.776 95th percentile 0.643 2.252 1.043
Mean 1.716 8.652 3.255 Mean 0.828 2.841 1.333
5th percentile 2.003 9.774 3.742 5th percentile 1.156 3.761 1.825

Table 9. Western GOM Planning Area 200-800 m water depth

economic assessment results.

Table 12. Western GOM Planning Area >2,400 m water depth

economic assessment results.
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Central Gulf of Mexico Planning Area Economic

Results

) Qaxaca

Figure 1. Map of the Central Gulf of Mexico Planning Area (yellow).

Central GOM

Planning Area

The Central Gulf of Mex-
ico (GOM) Planning Area
includes submerged Federal
lands located in offshore Louisi-
ana, Mississippi, and Alabama.
To the south, the area extends to
the U.S.-Mexico international
boundary (figure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for five
water depth ranges: 0-200 m,
201-800 m, 801-1,600 m, 1,601-
2,400 m, and greater than 2,400
m. The Central GOM Planning
Area is extensively developed in
the 0-200 m range with a net-
work of infrastructures already in
place. The 201-800 m range is
undergoing significant develop-

ment with tie-backs to infrastruc-
tures and the installation of new
deepwater structures. The 801-
1,600 m range is also in the
development process, and pro-
duction has been established in
the 1,601 to 2,400 m range. The
greater than 2,400 m water
depths will require new technolo-
gies for development. Significant
amounts of Undiscovered Con-
ventionally Recoverable
Resources (UCRR) have been
assessed for all five water depth
ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the

five different water depths.
Assessment reserves and
resources have been provided in
tables 1-6, which present the
data from figure 2, including an
overall Central GOM Planning
Area total.

The full-cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are
shown in tables 7-12. These
tables present the mean, 5th-,
and 95th-percentile results for
oil, gas, and BOE for each of the
five water depth ranges, and for
the total Central GOM Planning
Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oll
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are the mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-14. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.
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Figure 2. Central Gulf of Mexico Planning Area mean total endowment and undiscov-
ered economic recoverable resources (UERR) by water depth.
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oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tef) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 13.212 131.518 36.614 Original proved 1.026 2.306 1.436
Cumulative production 10.348 108.882 29.722 Cumulative production 0.118 0.199 0.153
Remaining proved 2.864 22.636 6.891 Remaining proved 0.908 2.106 1.283
Unproved 0.929 3.821 1.608 Unproved 0.394 1.025 0.577
Appreciation (P & U) 6.644 49.556 15.462 Appreciation (P & U) 2.123 4.813 2.980
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 18.466 99.355 36.145 95th percentile 5.713 25.817 10.307
Mean 20.404 105.519 39.180 Mean 6.206 28.686 11.310
5th percentile 23.767 114.177 44.083 5th percentile 6.743 34.246 12.836
Total Endowment Total Endowment
95th percentile 39.250 284.250 89.829 95th percentile 9.256 33.962 15.299
Mean 41.189 290.414 92.864 Mean 9.749 36.830 16.302
5th percentile 44.552 299.072 97.767 5th percentile 10.286 42.390 17.829
Table 1. Central GOM Planning Area reserves and Table 4. Central GOM Planning Area reserves and
resources total of all water depths. resources 800-1,600 m water depth.
Oil Gas BOE Qil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 10.879 123.330 32.823 Original proved 0.001 0.783 0.140
Cumulative production 9.628 106.218 28.528 Cumulative production <0.001 0.061 0.011
Remaining proved 1.251 17111 4.296 Remaining proved 0.001 0.722 0.129
Unproved 0.031 0.423 0.106 Unproved 0.421 2.073 0.790
Appreciation (P & U) 2.388 34.394 8.508 Appreciation (P & U) 1.085 6.755 2.287
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 1.903 28.022 6.889 95th percentile 6.606 26.219 11.271
Mean 2.227 29.264 7.434 Mean 7.522 29.339 12.742
5th percentile 2.783 30.466 8.205 5th percentile 8.992 34.180 15.074
Total Endowment Total Endowment
95th percentile 15.200 186.170 48.326 95th percentile 8.112 35.830 14.488
Mean 15.525 187.411 48.872 Mean 9.028 38.950 15.959
5th percentile 16.081 188.613 49.642 5th percentile 10.499 43.791 18.291
Table 2. Central GOM Planning Area reserves and Table 5. Central GOM Planning Area reserves and
resources 0-200 m water depth. resources 1,600-2,400 m water depth.
Oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 1.307 5.099 2.214 Original proved 0.000 0.000 0.000
Cumulative production 0.603 2.403 1.030 Cumulative production 0.000 0.000 0.000
Remaining proved 0.704 2.696 1.184 Remaining proved 0.000 0.000 0.000
Unproved 0.083 0.300 0.136 Unproved 0.000 0.000 0.000
Appreciation (P & U) 1.049 3.593 1.688 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 1.644 8.884 3.225 95th percentile 1.826 6.596 2.999
Mean 1.930 10.138 3.734 Mean 2.554 8.218 4.017
5th percentile 2.229 11.404 4.258 5th percentile 4.740 12.803 7.018
Total Endowment Total Endowment
95th percentile 4.082 17.876 7.263 95th percentile 1.826 6.596 2.999
Mean 4.368 19.131 7.772 Mean 2.554 8.218 4.017
5th percentile 4.667 20.397 8.296 5th percentile 4.740 12.803 7.018

Table 3. Central GOM Planning Area reserves and
resources 200-800 m water depth.

Table 6. Central GOM Planning Area reserves and resources

> 2,400 m water depth.
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Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 7.366 46.606 15.659 95th percentile 3.125 12.235 5.302
Mean 9.508 54.726 | 19.246 Mean 3.737 16.633 6.697
5th percentile 11.780 | 62.514 | 22.903 5th percentile 4.332 22.633 8.359
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 7.907 49.453 16.707 95th percentile 3.303 12.848 5.589
Mean 10.091 | 57.549 | 20.331 Mean 3.902 17.295 6.979
5th percentile 12479 | 65.404 | 24117 5th percentile 4.485 23.267 8.625
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 13.369 | 71.337 | 26.062 95th percentile 4.833 19.977 8.387
Mean 15.369 77.467 29.154 Mean 5.362 23.226 9.495
5th percentile 18.148 85.500 33.362 5th percentile 5.858 28.873 10.996
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 13.648 | 73.260 | 26.683 95th percentile 4.939 20.168 8.528
Mean 15.719 | 79.091 | 29.792 Mean 5.437 23.573 9.632
5th percentile 18.653 | 86.373 | 34.022 5th percentile 5.917 29.317 11.134

Table 7. Central GOM Planning Area total of all water

depths economic assessment results.

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 1.093 20.194 4.686
Mean 1.282 21.605 5.126
5th percentile 1.483 22.849 5.549
Half-Cycle 1.00
95th percentile 1.144 20.994 4.879
Mean 1.325 22.479 5.324
5th percentile 1.535 23.675 5.747
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 1.371 23.706 5.589
Mean 1.548 25.010 5.998
5th percentile 1.726 26.267 6.400
Half-Cycle 1.00
95th percentile 1.378 24171 5.679
Mean 1.563 25.395 6.082
5th percentile 1.739 26.630 6.478

Table 10. Central GOM Planning Area 800-1,600 m water
depth economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.98
95th percentile 0.520 0.861 0.674
Mean 2.176 6.676 3.364
5th percentile 3.686 12.182 5.853
Half-Cycle 0.99
95th percentile 0.881 1.462 1.141
Mean 2.446 7.579 3.794
5th percentile 3.903 12.723 6.166
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 3.983 12.803 6.261
Mean 5.054 16.063 7.912
5th percentile 6.338 21.441 10.153
Half-Cycle 1.00
95th percentile 4.195 13.257 6.533
Mean 5.224 16.700 8.196
5th percentile 6.510 22.018 10.427

Table 8. Central GOM Planning Area 0-200
economic assessment results.

m water depth

Table 11. Central GOM Planning Area 1,600-2,400 m water
depth economic assessment results.

Table 9. Central GOM Planning Area 200-800 m water depth

economic assessment results.

Undiscovered Economically Marginal Oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.97
95th percentile 1.390 6.995 2.635 95th percentile 0.154 0.424 0.230
Mean 1.741 8.406 3.236 Mean 0.618 1.554 0.894
5th percentile 2.046 9.871 3.803 5th percentile 1.414 3.169 1.978
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 1414 | 7.164 | 2689 95th percentile 0.204 0.681 0.326
Mean 1.760 8.544 3.280 Mean 0.727 1.804 1.048
5th percentile 2.085 | 9.881 3.843 5th percentile 1.706 | 3.891 2.398
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 1.565 | 8.221 3.028 95th percentile 0992 | 2702 1.473
Mean 1.880 | 9.446 | 3.560 Mean 1639 | 3919 | 2337
5th percentile 2.193 10.717 4.100 5th percentile 3.300 6.781 4.506
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 1.581 8.251 3.049 95th percentile 1.047 2.864 1.557
Mean 1.887 9.513 3.579 Mean 1.700 4.069 2424
5th percentile 2.196 10.781 4.114 5th percentile 3.388 6.680 4576

Table 12. Central GOM Planning Area >2,400 m water depth
economic assessment results.

Central Gulf of Mexico Planning Area Economic Results
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Eastern Gulf of Mexico Planning Area Economic

Results
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Figure 1. Map of Eastern Gulf of Mexico Planning Area (yellow).

Eastern GOM

Planning Area

The Eastern Gulf of
Mexico (GOM) Planning Area
includes submerged Federal
lands located offshore of Ala-
bama and the west coast of Flor-
ida. The southern extent is the
U.S.-Cuba international bound-
ary (figure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for five
water depth ranges: 0-200 m,
201-800 m, 801-1,600 m, 1,601-
2,400 m, and greater than 2,400
m. As of the date of this study,
the Eastern GOM Planning Area
has no production in any of the
water depth ranges; however,
unproved and appreciated
reserves exist in two of the five

water depth ranges, as do signifi-
cant amounts of undiscovered
conventionally recoverable
resources (UCRR).

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the
five different water depths.
Assessment reserves and
resources have been provided in
tables 1-6, which present the
data from figure 2, including an
overall Eastern GOM Planning
Area total.

The full-cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are shown
in tables 7-12. These tables

present the mean, 5th-, and
95th-percentile results for oil,
gas, and BOE for each of the
five water depth ranges and for
the total GOM Eastern Planning
Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe
a functional relationship
between economically recov-
erable resources and product
price, and present the estimates
of mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are the mean curves. The
full-cycle and half-cycle price-
supply curves are shown in fig-
ures 3-14. An extensive discus-
sion of price-supply curves, and
the methodology used to gen-
erate them, can be found in
the Undiscovered Economically
Recoverable Resources (UERR)
Detailed Discussion section.
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Figure 2. Eastern Gulf of Mexico Planning Area mean total endowment and undiscov-

ered economic recoverable resources (UERR) by water depth.
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oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tef) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.005 0.001 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.005 0.001 Remaining proved 0.000 0.000 0.000
Unproved <0.001 0.678 0.121 Unproved 0.000 0.000 0.000
Appreciation (P & U) <0.001 0.659 0.117 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 2.351 10.024 4.134 95th percentile 0.085 0.401 0.156
Mean 3.576 12.306 5.766 Mean 0.092 0.452 0.172
Sth percentile 6.614 18.934 9.983 5th percentile 0.099 0.550 0.197
Total Endowment Total Endowment
95th percentile 2.351 11.366 4.373 95th percentile 0.085 0.401 0.156
Mean 3.576 13.648 6.004 Mean 0.092 0.452 0.172
5th percentile 6.614 20.276 10.222 5th percentile 0.099 0.550 0.197
Table 1. Eastern GOM Planning Area reserves and Table 4. Eastern GOM Planning Area reserves and
resources total of all water depths. resources 800-1,600 m water depth.
oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.005 0.001 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.005 0.001 Remaining proved 0.000 0.000 0.000
Unproved <0.001 0.576 0.103 Unproved <0.001 0.101 0.018
Appreciation (P & U) <0.001 0.506 0.090 Appreciation (P & U) <0.001 0.153 0.027
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 1.287 5.769 2.314 95th percentile 0.253 1.175 0.462
Mean 1.700 6.070 2.780 Mean 0.294 1.354 0.535
5th percentile 2.348 6.348 3.477 5th percentile 0.367 1.721 0.673
Total Endowment Total Endowment
95th percentile 1.287 6.856 2.507 95th percentile 0.253 1.429 0.507
Mean 1.700 7.157 2.973 Mean 0.294 1.609 0.580
5th percentile 2.348 7.435 3.671 5th percentile 0.367 1.975 0.719
Table 2. Eastern GOM Planning Area reserves and Table 5. Eastern GOM Planning Area reserves and
resources 0-200 m water depth. resources 1,600-2,400 m water depth.
Qil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.000 0.000 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000 Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 0.093 0.500 0.181 95th percentile 0.458 1.767 0.772
Mean 0.133 0.673 0.253 Mean 1.433 3.987 2.143
5th percentile 0.213 1.033 0.397 5th percentile 4.780 11.014 6.740
Total Endowment Total Endowment
95th percentile 0.093 0.500 0.181 95th percentile 0.458 1.767 0.772
Mean 0.133 0.673 0.253 Mean 1.433 3.987 2.143
5th percentile 0.213 1.033 0.397 5th percentile 4.780 11.014 6.740

Table 3. Eastern GOM Planning Area reserves and
resources 200-800 m water depth.

Table 6. Eastern GOM Planning Area reserves and resources

> 2,400 m water depth.
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Undiscovered Economically Marginal Oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 0.530 5.716 1.547 95th percentile 0.050 0.207 0.087
Mean 1.572 6.946 2.808 Mean 0.061 0.282 0.111
5th percentile 3.832 | 10698 | 5735 5th percentile 0.070 0.385 0.139
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.728 5.863 1.771 95th percentile 0.054 0.218 0.092
Mean 1.748 7.341 3.054 Mean 0.063 0.293 0.116
5th percentile 4.154 | 11.786 | 6.252 5th percentile 0.073 0.399 0.143
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 1.641 7.461 2.969 95th percentile 0.076 0.327 0.134
Mean 2776 9.222 4.417 Mean 0.083 0.387 0.152
5th percentile 5603 | 14.448 | 8174 5th percentile 0.091 0.489 0.177
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 1.736 7.588 3.087 95th percentile 0.077 0.332 0.136
Mean 2.887 9.431 4565 Mean 0.084 0.392 0.154
5th percentile 5839 | 14682 | 8451 Sth percentile 0.092 | 0489 | 0.179

Table 7. Eastern GOM Planning Area total of all water

depths economic assessment results.

Table 10. Eastern GOM Planning Area 800-1,600 m water
depth economic assessment results.

Undiscovered Economically Marginal Oil Gas BOE Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) | (Tcf) | (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.90
95th percentile 0.140 4.733 0.983 95th percentile 0.000 0.000 0.000
Mean 0.740 4.854 1.604 Mean 0.103 0.384 0.171
5th percentile 1.395 5.065 2.296 5th percentile 0.186 0.801 0.328
Half-Cycle 1.00 Half-Cycle 0.93
95th percentile 0.347 4.754 1.192 95th percentile 0.000 0.000 0.000
Mean 0.846 5.010 1.737 Mean 0.114 0.434 0.192
5th percentile 1.480 5.255 2415 5th percentile 0.201 0.829 0.348
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 0.873 5.082 1.777 95th percentile 0.166 0.685 0.288
Mean 1.301 5.438 2.269 Mean 0.215 0.884 0.372
5th percentile 1.916 5.685 2.927 5th percentile 0.293 1.225 0.511
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.894 5.204 1.820 95th percentile 0.174 0.707 0.300
Mean 1.353 5.498 2.331 Mean 0.221 0.914 0.384
5th percentile 1.985 5.721 3.003 5th percentile 0.299 1.263 0.523
Table 8. Eastern GOM Planning Area 0-200 m water depth Table 11. Eastern GOM Planning Area 1,600-2,400 m water
economic assessment results. depth economic assessment results.
Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.027 0.132 0.050 95th percentile 0.047 0.078 0.061
Mean 0.061 0.165 0.090 Mean 0.506 1.166 0.714
5th percentile 0.152 0.241 0.194 5th percentile 2.154 4.089 2.881
Half-Cycle 1.00 Half-Cycle 0.99
95th percentile 0.027 0.136 0.052 95th percentile 0.071 0.154 0.098
Mean 0.063 0.169 0.094 Mean 0.571 1.296 0.801
5th percentile 0.158 0.261 0.204 5th percentile 2.441 4.617 3.263
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 1.00
95th percentile 0.049 0.154 0.077 95th percentile 0.276 0.842 0.426
Mean 0.089 0.255 0.134 Mean 1.115 2.385 1.540
5th percentile 0.170 0.633 0.282 5th percentile 4.138 7.069 5.396
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.050 0.158 0.078 95th percentile 0.288 0.889 0.447
Mean 0.091 0.264 0.138 Mean 1.145 2.457 1.582
5th percentile 0.174 0.634 0.287 5th percentile 4.217 7.328 5.520

Table 9. Eastern GOM Planning Area 200-800 m water
depth economic assessment results.

Table 12. Eastern GOM Planning Area >2,400 m water depth
economic assessment results.
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Figure 3. Eastern GOM Planning Area full-cycle total of all

water depths price-supply curve.
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water depth price-supply curve.
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Figure 6. Eastern GOM Planning Area full-cycle 800-1,600 m
water depth price-supply curve.
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Figure 7. Eastern GOM Planning Area full-cycle 1,600-2,400 m
water depth price-supply curve.
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Figure 9. Eastern GOM Planning Area half-cycle total of all

water depths price-supply curve.
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Figure 10. Eastern GOM Planning Area half-cycle 0-200 m

water depth price-supply curve.
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Figure 11. GOM Eastern Planning Area half-cycle 200-800 m

water depth price-supply curve.
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Figure 12. Eastern GOM Planning Area half-cycle 800-1,600

m water depth price-supply curve.
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Figure 13. Eastern GOM Planning Area half-cycle 1,600-

2,400 m water depth price-supply curve.
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Straits of Florida Planning Area Economic Results

oK pd

Qaxaca

Figure 1. Map of the Straits of Florida Planning Area (yellow) in the Gulf of

Mexico Region.

Straits of Florida

Planning Area

The Straits of Florida
Planning Area includes sub-
merged Federal lands offshore
central and southeastern Florida
and extends to the U.S.-Cuba
international boundary in the
south and to the US-Bahama
international boundary in the
east (figure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for two
water depth ranges, 0-200 m and
201-800 m. Reserves and
resources were not assessed for
greater than 800 m because of
the limited extent of water
greater than 800 m in depth in
the planning area. The Straits of
Florida Planning Area contains

no production or production facili-
ties and therefore no proved or
unproved reserves. However,
undiscovered conventionally
recoverable resources (UCRR)
have been assessed for the two
water depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at two different
water  depths. Assessment
reserves and resources are listed
in tables 1-3, which present the
data from figure 2, including an
overall Straits of Florida Planning
Area total.

The full-cycle and half-
cycle UERR for both the $18/bbl

and $30/bbl scenarios are
shown in (tables 4-6). These
tables present the mean, 5th-,
and 95th-percentile results for
oil, gas, and BOE for each of the
two water depth ranges and for
the total Straits of Florida Plan-
ning Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are the mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-8. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be
found in the Undiscovered
Economically Recoverable
Resources (UERR), Detailed
Discussion section.
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Figure 2. Straits of Florida Planning Area mean total endowment and undiscovered
economic recoverable resources (UERR) by water depth.
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il Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.015 0.019 0.018
Mean 0.025 0.026 0.030
5th percentile 0.045 0.030 0.051
Total Endowment
95th percentile 0.015 0.019 0.018
Mean 0.025 0.026 0.030
5th percentile 0.045 0.030 0.051

Table 1. Straits of Florida Planning Area reserves and resources

total of all water depths.

il Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.007 0.001 0.007
Mean 0.013 0.001 0.013
5th percentile 0.025 0.002 0.025
Total Endowment
95th percentile 0.007 0.001 0.007
Mean 0.013 0.001 0.013
5th percentile 0.025 0.002 0.025

Table 2. Straits of Florida Planning Area reserves and resources

0-200 m water depth.

Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.007 0.017 0.010
Mean 0.012 0.025 0.016
5th percentile 0.021 0.041 0.028
Total Endowment
95th percentile 0.007 0.017 0.010
Mean 0.012 0.025 0.016
5th percentile 0.021 0.041 0.028

Table 3. Straits of Florida Planning Area reserves and resources

200-800 m water depth.
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Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) | (Tcf) | (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.65
95th percentile 0.000 0.000 0.000
Mean 0.013 0.002 0.013
5th percentile 0.037 0.005 0.037
Half-Cycle 0.72
95th percentile 0.000 0.000 0.000
Mean 0.014 0.002 0.015
5th percentile 0.037 0.006 0.038
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.010 0.002 0.010
Mean 0.020 0.006 0.022
5th percentile 0.041 0.013 0.043
Half-Cycle 1.00
95th percentile 0.010 0.002 0.011
Mean 0.021 0.006 0.022
5th percentile 0.041 0.013 0.043

Table 4. Straits of Florida Planning Area total of all water depths
economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.62
95th percentile 0.000 0.000 0.000
Mean 0.008 0.001 0.008
5th percentile 0.021 0.002 0.021
Half-Cycle 0.68
95th percentile 0.000 0.000 0.000
Mean 0.008 0.001 0.008
5th percentile 0.022 0.002 0.022
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.005 <0.001 0.005
Mean 0.011 0.001 0.012
5th percentile 0.023 0.002 0.023
Half-Cycle 1.00
95th percentile 0.006 <0.001 0.006
Mean 0.011 0.001 0.012
5th percentile 0.023 0.002 0.024

Table 5. Straits of Florida Planning Area 0-200 m water depth
economic assessment results.

Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.65
95th percentile 0.000 0.000 0.000
Mean 0.006 0.001 0.006
5th percentile 0.015 0.008 0.017
Half-Cycle 0.72
95th percentile 0.000 0.000 0.000
Mean 0.006 0.001 0.006
5th percentile 0.016 0.008 0.017
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.004 <0.001 0.004
Mean 0.009 0.005 0.010
5th percentile 0.018 0.024 0.022
Half-Cycle 1.00
95th percentile 0.004 <0.001 0.004
Mean 0.009 0.006 0.010
5th percentile 0.018 0.025 0.023

Table 6. Straits of Florida Planning Area 200-800 m water depth
economic assessment results.

Straits of Florida Planning Area Economic Results 2000 Assessment
www.gomr.mms.gov
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Atlantic Region Economic Results
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Figure 1. Map of Atlantic Region (yellow) and its three planning areas---

northern, mid-, and southern.

Atlantic Region

The Atlantic Region
includes submerged Federal
lands from the U.S.-Canada

international boundary south to
central offshore Florida (figure
1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for three
water depth ranges, 0-200 m,
201-800 m, and greater than 800
m. The Atlantic Region contains
no production facilities and no
infrastructure. As a result, the
Region contains no proved or
unproved reserves. However,
undiscovered conventionally
recoverable resources (UCRR)
have been assessed for all three
water depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-

mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at three different
water  depths. Assessment
reserves and resources are listed
in tables 1-4, which present the
data from figure 2.

The full-cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are shown
in tables 5-8. These tables
present the mean, 5th-, and 95th-
percentile results for oil, gas, and
BOE for each of the three water
depth ranges.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a

157

functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but all of the price-supply
curves presented in this report
are the mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-10. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.

2000 Assessment
www.gomr.mms.gov

Atlantic Region Economic Results



158

Reserve
Appreciation

Cumulative
Production
Remaining

Reserves

A
[

Scenario
Unproved
Reserves

O

to $30/bbl Scenario

Full-Cycle UERR @ $18/bbl

Full-Cycle UERR Incremental

Full-Cycle UERR at > $30/bbl
Scenario

Total Atlantic
Region

0-200m

200 -800m

>800m

4.0
BOE (Bbbl)

Total Atlantic
Region

0-200m

200 -800m

>800m

.0

0.0 1

Oil (Bbbl)

Total Atlantic
Region

0-200m

200 -800m

>800m

10

20 25 30

15
Gas (Tcf)

Figure 2. Atlantic Region mean total endowment and undiscovered economic recover-

able resources (UERR) by water depth.
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oil Gas BOE oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tef) (Bbbl)
Reserves Reserves
Original proved 0.000 0.000 0.000 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000 Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 1.297 16.117 4.558 95th percentile 0.855 10.812 2.779
Mean 2.307 27.712 7.238 Mean 1.109 12.748 3.378
5th percentile 3.706 43.499 10.739 5th percentile 1.537 15.190 4.240
Total Endowment Total Endowment
95th percentile 1.297 16.117 4.558 95th percentile 0.855 10.812 2.779
Mean 2.307 27.712 7.238 Mean 1.109 12.748 3.378
5th percentile 3.706 43.499 10.739 5th percentile 1.537 15.190 4.240

Table 1. Atlantic Region reserves and resources total of all

water depths.

oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.420 4.784 1.271
Mean 0.576 8.003 2.000
5th percentile 0.669 14.557 3.259
Total Endowment
95th percentile 0.420 4.784 1.271
Mean 0.576 8.003 2.000
5th percentile 0.669 14.557 3.259

Table 2. Atlantic Region reserves and resources 0-200 m

water depth.
Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.447 5.957 1.507
Mean 0.637 7.363 1.947
5th percentile 0.973 9.173 2.605
Total Endowment
95th percentile 0.447 5.957 1.507
Mean 0.637 7.363 1.947
5th percentile 0.973 9.173 2.605

Table 3. Atlantic Region reserves and resources 200-800 m

water depth.

Table 4. Atlantic Region reserves and resources > 800 m water

depth.

2000 Assessment
www.gomr.mms.gov
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Undiscovered Economically Marginal Qil Gas BOE Undiscovered Economically Marginal Qil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.18
95th percentile 0.216 2.325 0.630 95th percentile 0.000 0.000 0.000
Mean 0.530 6.649 1.713 Mean 0.087 0.351 0.149
5th percentile 1.067 12.546 3.300 5th percentile 0.560 2.781 1.054
Half-Cycle 1.00 Half-Cycle 0.26
95th percentile 0.280 3.059 0.824 95th percentile 0.000 0.000 0.000
Mean 0.602 7.310 1.903 Mean 0.109 0.499 0.198
5th percentile 1.178 13.280 3.541 5th percentile 0.659 3.203 1.229
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.823 7.939 2.235 95th percentile 0.041 0.386 0.109
Mean 1.338 12.780 3.612 Mean 0.422 2.568 0.879
5th percentile 1.920 19.205 5.338 5th percentile 0.957 5.787 1.987
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 1.044 10.100 2.842 95th percentile 0.065 0.605 0.173
Mean 1.570 14.875 4.216 Mean 0.581 3.851 1.266
5th percentile 2.011 21.847 5.898 5th percentile 1.074 6.718 2.270

Table 5. Atlantic Region total of all water depths economic

assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.99
95th percentile 0.160 1.924 0.503
Mean 0.386 6.021 1.458
5th percentile 0.516 12.796 2.793
Half-Cycle 0.99
95th percentile 0.188 2.340 0.605
Mean 0.419 6.391 1.556
5th percentile 0.549 13.015 2.865
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.355 3.881 1.045
Mean 0.523 7.066 1.780
5th percentile 0.612 13.622 3.036
Half-Cycle 1.00
95th percentile 0.376 3.952 1.079
Mean 0.531 7.199 1.812
5th percentile 0.621 13.749 3.068
Table 6. Atlantic Region 0-200 m water depth economic
assessment results.
Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.25
95th percentile 0.000 0.000 0.000
Mean 0.076 0.339 0.137
5th percentile 0.462 2.038 0.825
Half-Cycle 0.34
95th percentile 0.000 0.000 0.000
Mean 0.091 0.465 0.174
5th percentile 0.462 2.830 0.965
$30.00/bbl and $3.52/Mcf
Full-Cycle 0.97
95th percentile 0.082 0.442 0.161
Mean 0.411 3.219 0.984
5th percentile 0.787 5.264 1.724
Half-Cycle 0.99
95th percentile 0.256 2.287 0.663
Mean 0.467 3.870 1.155
5th percentile 0.799 5.894 1.848

Table 7. Atlantic Region 200-800 m water depth economic

assessment results.

Table 8. Atlantic Region > 800 m water depth economic

assessment results.

Atlantic Region Economic Results
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South Atlantic Planning Area Economic Results

Quebec

Figure 1. Map of South Atlantic Planning Area (yellow).

South Atlantic

Planning Area

The South Atlantic Plan-
ning Area includes submerged
Federal lands located in off-
shore southern North Carolina,
South Carolina, Georgia, and
northern Florida (figure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for three
water depth ranges, 0-200 m,
201-800 m, and greater than 800
m. The South Atlantic Planning
Area contains no production
facilities and no infrastructure. As
a result, this area contains no
proved or unproved reserves;
however, undiscovered conven-
tionally recoverable resources
(UCRR) are assessed for all

three water depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the
three different water depths.
Assessment reserves and
resources are listed in tables 1-4,
which present the data from fig-
ure 2 and include the South
Atlantic Area total.

The full- cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are
shown in tables 5-8. These
tables present the mean, 5th-,
and 95th-percentile results for oil,
gas, and BOE for each of the
three water depth ranges and for

the total South Atlantic Planning
Area.

Price-supply curves have
been provided because esti-
mates of UERR are sensitive to
price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-10. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.
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Figure 2. South Atlantic Planning Area mean total endowment and undiscovered eco-
nomic recoverable resources (UERR) by water depth.
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il Gas BOE il Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.000 0.000 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000 Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 0.645 7.870 2.046 95th percentile 0.270 3.419 0.878
Mean 0.770 9.286 2.422 Mean 0.336 4.027 1.052
5th percentile 0.924 11.667 3.000 5th percentile 0.429 4.779 1.279
Total Endowment Total Endowment
95th percentile 0.645 7.870 2.046 95th percentile 0.270 3.419 0.878
Mean 0.770 9.286 2.422 Mean 0.336 4.027 1.052
5th percentile 0.924 11.667 3.000 5th percentile 0.429 4.779 1.279

Table 1. South Atlantic Planning Area reserves and resources

total of all water depths.

Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.139 1.579 0.419
Mean 0.190 2.641 0.660
5th percentile 0.221 4.804 1.076
Total Endowment
95th percentile 0.139 1.579 0.419
Mean 0.190 2.641 0.660
5th percentile 0.221 4.804 1.076

Table 2. South Atlantic Planning Area reserves and resources

0-200 m water depth.

QOil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.162 2.090 0.533
Mean 0.247 2.642 0.717
5th percentile 0.437 3.503 1.060
Total Endowment
95th percentile 0.162 2.090 0.533
Mean 0.247 2.642 0.717
5th percentile 0.437 3.503 1.060

Table 3. South Atlantic Planning Area reserves and resources

200-800 m water depth.

Table 4. South Atlantic Planning Area reserves and resources

> 800 m water depth.
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Undiscovered Economically Marginal Oil Gas BOE Undiscovered Economically Marginal Oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.18
95th percentile 0.066 0.807 0.210 95th percentile 0.000 0.000 0.000
Mean 0.185 2.231 0.582 Mean 0.018 0.080 0.033
5th percentile 0.370 4.481 1.167 5th percentile 0.133 0.577 0.235
Half-Cycle 1.00 Half-Cycle 0.26
95th percentile 0.089 1.050 0.275 95th percentile 0.000 0.000 0.000
Mean 0.209 2.453 0.646 Mean 0.024 0.119 0.045
5th percentile 0.401 4.689 1.236 5th percentile 0.154 0.790 0.294
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.272 2705 0.753 95th percentile 0.013 0.126 0.036
Mean 0.454 4273 1.214 Mean 0.122 0.778 0.260
5th percentile 0.672 6.569 1.841 5th percentile 0.257 1.758 0.570
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.355 3.316 0.945 95th percentile 0.022 0.196 0.057
Mean 0.530 4.969 1.414 Mean 0.172 1.192 0.384
5th percentile 0.724 7.262 2.016 5th percentile 0.292 2.077 0.662

Table 5. South Atlantic Planning Area total of all water depths

economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.99
95th percentile 0.053 0.635 0.166
Mean 0.127 1.987 0.481
5th percentile 0.170 4.223 0.922
Half-Cycle 0.99
95th percentile 0.062 0.772 0.199
Mean 0.138 2.109 0.513
5th percentile 0.181 4.295 0.945
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.117 1.281 0.345
Mean 0.173 2.332 0.587
5th percentile 0.202 4.495 1.002
Half-Cycle 1.00
95th percentile 0.124 1.304 0.356
Mean 0.175 2.376 0.598
5th percentile 0.205 4.537 1.012

Table 6. South Atlantic Planning Area 0-200 m water depth
economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.25
95th percentile 0.000 0.000 0.000
Mean 0.044 0.186 0.077
5th percentile 0.248 1.079 0.440
Half-Cycle 0.34
95th percentile 0.000 0.000 0.000
Mean 0.051 0.240 0.094
5th percentile 0.251 1.255 0.475
$30.00/bbl and $3.52/Mcf
Full-Cycle 0.97
95th percentile 0.040 0.246 0.084
Mean 0.164 1.186 0.374
5th percentile 0.361 2.162 0.746
Half-Cycle 0.99
95th percentile 0.091 0.758 0.226
Mean 0.183 1.416 0.435
5th percentile 0.386 2.296 0.794

Table 7. South Atlantic Planning Area 200-800 m water depth

economic assessment results.

Table 8. South Atlantic Planning Area > 800 m water depth
economic assessment results.

South Atlantic Planning Area Economic Results

2000 Assessment
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Figure 4. South Atlantic Planning Area full-cycle 0-200 m water
depth price-supply curve.
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Mid-Atlantic Planning Area Economic Results

Quebec

Figure 1. Map of the Mid-Atlantic Planning Area (yellow).

Mid-Atlantic Planning

Area

The Mid-Atlantic Plan-
ning Area includes submerged
Federal lands located in off-
shore Rhode Island, Connecti-
cut, New York, New Jersey,
Delaware, Maryland, Virginia,
and northern North Carolina (fig-
ure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for three
water depth ranges, 0-200 m,
201-800 m, and greater than 800
m. The Mid-Atlantic Planning
Area contains no production
facilities and no infrastructure. As
a result, this area contains no
proved or unproved reserves;
however, undiscovered Conven-
tionally Recoverable Resources

(UCRR) are assessed for all
three water depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the
three different water depths.
Assessment reserves and
resources are listed in tables 1-4,
which present the data from fig-
ure 2, and include the Mid-Atlan-
tic Planning Area total.

The full-cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are shown
in tables 5-8. These tables
present the mean, 5th-, and 95th-
percentile results for oil, gas, and
BOE for each of the three water

depth ranges and for the total
Mid-Atlantic Planning Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-10. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.
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I:lRemaining I:lFuII-CycIe UERR @ $18/bbl
Reserves Scenario
I:l Unproved - Full-Cycle UERR Incremental
Reserves to $30/bbl Scenario
Total Mid-Atlantic
0-200m
200 -800m
> 800m
0.0 0.5 1.0 1.5 2.0 2.5 3.0
BOE (Bbbl)
Total Mid-Atlantic
0-200m
200 - 800m
> 800m
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Oil (Bbbl)
Total Mid-Atlantic
0-200m
200 - 800m
> 800m
0 2 4 6 8 10 12
G as (Tcf)

Figure 2. Mid-Atlantic Planning Area mean total endowment and undiscovered economic
recoverable resources (UERR) by water depth.
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oil Gas BOE oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.000 0.000 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000 Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 0.678 8.200 2.138 95th percentile 0.312 3.889 1.004
Mean 0.813 9.718 2.543 Mean 0.426 4.624 1.249
5th percentile 1.014 11.933 3.137 5th percentile 0.663 5.603 1.660
Total Endowment Total Endowment
95th percentile 0.678 8.200 2.138 95th percentile 0.312 3.889 1.004
Mean 0.813 9.718 2.543 Mean 0.426 4.624 1.249
5th percentile 1.014 11.933 3.137 5th percentile 0.663 5.603 1.660

Table 1. Mid-Atlantic Planning Area reserves and resources

total of all water depths.

oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.143 1.627 0.432
Mean 0.196 2.721 0.680
5th percentile 0.227 4.950 1.108
Total Endowment
95th percentile 0.143 1.627 0.432
Mean 0.196 2.721 0.680
5th percentile 0.227 4.950 1.108

Table 2. Mid-Atlantic Planning Area reserves and resources

0-200 m water depth.

0il Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.144 1.956 0.492
Mean 0.198 2.399 0.625
5th percentile 0.273 2.949 0.797
Total Endowment
95th percentile 0.144 1.956 0.492
Mean 0.198 2.399 0.625
5th percentile 0.273 2.949 0.797

Table 3. Mid-Atlantic Planning Area reserves and resources

200-800 m water depth.

Table 4. Mid-Atlantic Planning Area reserves and resources

> 800 m water depth.
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Undiscovered Economically Marginal oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.18
95th percentile 0.070 0.784 0.210 95th percentile 0.000 0.000 0.000
Mean 0.184 2.283 0.590 Mean 0.046 0.177 0.078
5th percentile 0.411 4.332 1.182 5th percentile 0.291 1.278 0.519
Half-Cycle 1.00 Half-Cycle 0.26
95th percentile 0.089 1.037 0.274 95th percentile 0.000 0.000 0.000
Mean 0.210 2.514 0.658 Mean 0.057 0.244 0.100
5th percentile 0.483 4.579 1.297 5th percentile 0.322 1.444 0.579
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.275 2.672 0.750 95th percentile 0.014 0.129 0.036
Mean 0.467 4.394 1.248 Mean 0.172 0.985 0.347
5th percentile 0.720 6.580 1.890 5th percentile 0.426 2.307 0.836
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.359 3.412 0.966 95th percentile 0.022 0.202 0.058
Mean 0.547 5.115 1.457 Mean 0.229 1.437 0.484
5th percentile 0.762 7.354 2.070 5th percentile 0.463 2.665 0.938
Table 5. Mid-Atlantic Planning Area total of all water depths Table 8. Mid-Atlantic Planning Area > 800 m water depth eco-
economic assessment results. nomic assessment results.
Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.99
95th percentile 0.055 0.654 0.171
Mean 0.131 2.047 0.496
5th percentile 0.176 4.351 0.950
Half-Cycle 0.99
95th percentile 0.064 0.796 0.206
Mean 0.142 2173 0.529
5th percentile 0.187 4.425 0.974
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.121 1.320 0.355
Mean 0.178 2.403 0.605
5th percentile 0.208 4.631 1.032
Half-Cycle 1.00
95th percentile 0.128 1.344 0.367
Mean 0.181 2.448 0.616
5th percentile 0.211 4.675 1.043

Table 6. Mid-Atlantic Planning area 0-200 m water depth eco-
nomic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.25
95th percentile 0.000 0.000 0.000
Mean 0.016 0.077 0.030
5th percentile 0.105 0.448 0.185
Half-Cycle 0.34
95th percentile 0.000 0.000 0.000
Mean 0.020 0.113 0.040
5th percentile 0.120 0.762 0.255
$30.00/bbl and $3.52/Mcf
Full-Cycle 0.97
95th percentile 0.018 0.089 0.034
Mean 0.126 1.033 0.309
5th percentile 0.213 1.653 0.507
Half-Cycle 0.99
95th percentile 0.085 0.760 0.220
Mean 0.144 1.246 0.366
5th percentile 0.224 1.831 0.549

Table 7. Mid-Atlantic Planning Area 200-800 m water depth
economic assessment results.

Mid-Atlantic Planning Area Economic Results 2000 Assessment
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North Atlantic Planning Area Economic Results

Quebec

Figure 1. Map of North Atlantic Planning Area (yellow).

North Atlantic

Planning Area

The North Atlantic Plan-
ning Area includes submerged
Federal lands from offshore Mas-
sachusetts, New Hampshire, and
Maine north to the U.S.-Canada
International Boundary (figure 1).

Undiscovered Economi-
cally Recoverable Resources
(UERR) were evaluated for three
water depth ranges, 0-200 m,
201-800 m, and greater than 800
m. The North Atlantic Planning
Area contains no production
facilities and no infrastructure. As
a result, this area contains no
proved or unproved reserves;
however, undiscovered conven-
tionally recoverable resources
(UCRR) are assessed for all

three water depth ranges.

A horizontal stacked bar
graph (figure 2) depicts the sum-
mation of the reserves and
resources, Yyielding the mean
total endowment of oil, gas, and
BOE equivalent. The figure
shows the potential at two eco-
nomic scenarios at each of the
three different water depths.
Assessment reserves and
resources have been provided in
tables 1-4, which present the
data from figure 2 and include an
overall North Atlantic Planning
Area total.

The full-cycle and half-
cycle UERR for both the $18/bbl
and $30/bbl scenarios are shown
in tables 5-8. These tables
present the mean, 5th-, and 95th-
percentile results for oil, gas, and
BOE for each of the three water

depth ranges and for the total
North Atlantic Planning Area.

Price-supply curves
have been provided because
estimates of UERR are sensitive
to price and technology assump-
tions. These curves describe a
functional relationship between
economically recoverable
resources and product price,
and present the estimates of
mean UERR at any starting oil
price up to $50/bbl. Please note
that entire resource distributions
are generated at each price
level, but that all of the price-
supply curves presented in this
report are mean curves.

The full-cycle and half-
cycle price-supply curves are
shown in figures 3-10. An exten-
sive discussion of price-supply
curves, and the methodology
used to generate them, can be

found in the Undiscovered
Economically Recoverable
Resources (UERR) Detailed

Discussion section.
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Figure 2. North Atlantic Planning Area mean total endowment and undiscovered eco-
nomic recoverable resources (UERR) by water depth.
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Oil Gas BOE Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl) Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves Reserves
Original proved 0.000 0.000 0.000 Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000 Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000 Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000 Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000 Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally Undiscovered Conventionally
Recoverable Resources Recoverable Resources
95th percentile 0.622 7.664 1.986 95th percentile 0.276 3.473 0.894
Mean 0.726 9.036 2.334 Mean 0.347 4.098 1.077
5th percentile 0.832 11.125 2.811 5th percentile 0.452 4.901 1.324
Total Endowment Total Endowment
95th percentile 0.622 7.664 1.986 95th percentile 0.276 3.473 0.894
Mean 0.726 9.036 2.334 Mean 0.347 4.098 1.077
5th percentile 0.832 11.125 2.811 5th percentile 0.452 4.901 1.324
Table 1. North Atlantic Planning Area reserves and Table 4. North Atlantic Planning Area reserves and
resources total of all water depths. resources > 800 m water depth.
oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.139 1.579 0.419
Mean 0.190 2.641 0.660
5th percentile 0.221 4.804 1.076
Total Endowment
95th percentile 0.139 1.579 0.419
Mean 0.190 2.641 0.660
5th percentile 0.221 4.804 1.076
Table 2. North Atlantic Planning Area reserves and
resources 0-200 m water depth.
Oil Gas BOE
Marginal Probability = 1.00 (Bbbl) (Tcf) (Bbbl)
Reserves
Original proved 0.000 0.000 0.000
Cumulative production 0.000 0.000 0.000
Remaining proved 0.000 0.000 0.000
Unproved 0.000 0.000 0.000
Appreciation (P & U) 0.000 0.000 0.000
Undiscovered Conventionally
Recoverable Resources
95th percentile 0.140 1.891 0.477
Mean 0.192 2.322 0.605
5th percentile 0.268 2.844 0.774
Total Endowment
95th percentile 0.140 1.891 0.477
Mean 0.192 2.322 0.605
5th percentile 0.268 2.844 0.774

Table 3. North Atlantic Planning Area reserves and
resources 200-800 m water depth.
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Undiscovered Economically Marginal Oil Gas BOE Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) | (Tcf) (Bbbl) Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf $18.00/bbl and $2.11/Mcf
Full-Cycle 1.00 Full-Cycle 0.18
95th percentile 0.066 0.754 0.200 95th percentile 0.000 0.000 0.000
Mean 0.161 2.135 0.541 Mean 0.022 0.094 0.039
5th percentile 0.269 4.148 1.007 5th percentile 0.145 0.771 0.283
Half-Cycle 1.00 Half-Cycle 0.26
95th percentile 0.089 0.966 0.260 95th percentile 0.000 0.000 0.000
Mean 0.182 2.343 0.599 Mean 0.029 0.136 0.053
5th percentile 0.314 4.349 1.088 5th percentile 0.175 0.921 0.339
$30.00/bbl and $3.52/Mcf $30.00/bbl and $3.52/Mcf
Full-Cycle 1.00 Full-Cycle 0.98
95th percentile 0.265 2.531 0.715 95th percentile 0.014 0.127 0.036
Mean 0.418 4.113 1.150 Mean 0.128 0.805 0.272
5th percentile 0.574 6.171 1.672 5th percentile 0.282 1.793 0.601
Half-Cycle 1.00 Half-Cycle 1.00
95th percentile 0.331 3.257 0.911 95th percentile 0.022 0.199 0.058
Mean 0.493 4.791 1.345 Mean 0.180 1.223 0.398
5th percentile 0.624 6.947 1.860 5th percentile 0.315 2.136 0.695

Table 5. North Atlantic Planning Area total of all water depths

economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tef) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.99
95th percentile 0.053 0.635 0.166
Mean 0.127 1.987 0.481
5th percentile 0.170 4.223 0.922
Half-Cycle 0.99
95th percentile 0.062 0.772 0.199
Mean 0.138 2.109 0.513
5th percentile 0.181 4.295 0.945
$30.00/bbl and $3.52/Mcf
Full-Cycle 1.00
95th percentile 0.117 1.281 0.345
Mean 0.173 2.332 0.587
5th percentile 0.202 4.495 1.002
Half-Cycle 1.00
95th percentile 0.124 1.304 0.356
Mean 0.175 2.376 0.598
5th percentile 0.205 4.537 1.012

Table 6. North Atlantic Planning Area 0-200 m water depth
economic assessment results.

Undiscovered Economically Marginal oil Gas BOE
Recoverable Resources Probability | (Bbbl) (Tcf) (Bbbl)
$18.00/bbl and $2.11/Mcf
Full-Cycle 0.25
95th percentile 0.000 0.000 0.000
Mean 0.016 0.076 0.030
5th percentile 0.103 0.449 0.183
Half-Cycle 0.34
95th percentile 0.000 0.000 0.000
Mean 0.020 0.112 0.040
5th percentile 0.118 0.747 0.251
$30.00/bbl and $3.52/Mcf
Full-Cycle 0.97
95th percentile 0.018 0.089 0.034
Mean 0.122 1.000 0.300
5th percentile 0.213 1.578 0.493
Half-Cycle 0.99
95th percentile 0.082 0.735 0.213
Mean 0.140 1.207 0.354
5th percentile 0.221 1.760 0.534

Table 7. North Atlantic Planning Area 200-800 m water depth

economic assessment results.

Table 8. North Atlantic Planning Area > 800 m water depth
economic assessment results.

North Atlantic Planning Area Economic Results

2000 Assessment
WWW.gomr.mms.gov
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Comparisons Introduction

Resource assessment is
an imprecise science. Uncer-
tainty abounds! There is little in
the way of laws and hard-and-
fast rules to guide an assess-
ment. The art of the resource
assessment employs a multi-
faceted analytical procedure.
Results are not generally repeat-
able by different assessors,
each using different methodolo-
gies, within what most observers
would view as reasonable mar-
gins of error. There is no single
definitive assessment proce-
dure appropriate to all situations
and demonstrated to be “cor-
rect.”

If a reviewer is deter-
mined to compare petroleum
estimates from different assess-
ments, then to do so properly it
is first necessary to ascertain
whether the assessments
encompass the same things.

They should be identical in

terms of

* commodities assessed,

« categories of resources assessed,
* areas assessed,

» statistical data reported (e.g.,
ranges and probabilities), and

« technologic and economic con-
ditions incorporated.

It is intuitively obvious
that the last item may be the
most troublesome to deal with
since these conditions are rarely
explicitly stated or easily mea-
sured. Irrespective of modifica-
tions in methodology, changes in
basic geologic knowledge, eco-
nomic conditions, and technol-
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ogy make it difficult to compare
estimates over time.

Some reviewers of
assessments of the same area
made by different assessors
using different techniques have
postulated a relationship
between the relative magnitude
of the assessment and the meth-
odology employed. Miller (1986)
generalized that play analysis
methods and those using pool
size distributions provide more
conservative estimates, and vol-
umetric yield methods produce
the more optimistic assess-
ments. The assessments pre-
sented in this section were
developed using varied tech-
niques.

1999 Atlas
WWW.gomr.mms.gov
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Comparison with Results from Other OCS Regions

MMS Planning Areas

e
‘ nic

Atantic
ntic

Atlantic OCS
Region

mmmmm

Alaska OCS Region

Figure 1. MMS Outer Continental Shelf Regions.

Region Oil (Bbbl) | Gas (Tcf) | BOE (Bbbl)
Alaska 24.9 122.6 46.7
Atlantic 2.3 28.0 7.3
Gulf of Mexico 371 192.7 71.4
Pacific 10.7 18.9 14.1
Total OCS 75.0 362.2 139.5

Table 1. Mean estimates of undiscovered conventionally recoverable
resources (UCRR) for the United States OCS by MMS Region. Values from
the Alaska and Pacific Regions are from Hunt and Dickerson (2001).

et $180il | $2.11Gas | $300il | $3.52 Gas
(Bbbl) (Tcf) (Bbbl) (Tcf)
Alaska 3.3 1.6 10.1 3.0
Atlantic 0.5 6.6 1.3 12.8
Gulf of Mexico 175 100.3 28.1 140.7
Pacific 53 8.3 7.2 11.6
Total OCS 26.6 116.8 46.7 168.1

Table 2. Mean estimates of undiscovered economically recoverable
resources (UERR) for the United States OCS by MMS Region. Values from
the Alaska and Pacific Regions are from Hunt and Dickerson (2001). The
price of oil is in dollars per barrel and the price of gas is in dollars per Mcf.

To place this resource
assessment of the Gulf of Mex-
ico and Atlantic Regions in a
national perspective, estimates
of undiscovered conventionally
recoverable resources (UCRR)
and undiscovered economically
recoverable resources (UERR)
are compared to those of the
other MMS Outer Continental
Shelf (OCS) Regions (figure 1).

Table 1 illustrates that
the Gulf of Mexico Region con-
tains about half of the mean
UCRR in the United States OCS
in terms of oil, gas, and BOE.
The Alaska Region contains the
second-most, with about a third
of the mean UCRR in these cat-
egories. The Atlantic Region
contains the least amount of
BOE mean UCRR, with only
about 5 percent of the total.

Table 2 illustrates that
the Gulf of Mexico Region also
contains the largest amount of
mean UERR of the four regions.
In both the $18/$2.11 and the
$30/$3.52 scenarios, the Gulf of
Mexico Region provides roughly
two-thirds of the economic
undiscovered oil and over four-
fifths of the economic undiscov-
ered gas in the OCS. The Atlan-
tic Region contains about 6
percent of the economic undis-
covered gas at the $2.11 per
Mcf scenario and 8 percent at
the $3.52 per Mcf scenario.

2000 Assessment
www.gomr.mms.gov
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MMS 1995 versus 2000 Assessment Results

Gulf of Mexico Region Atlantic Region
(Including the Straits of Florida) (Excluding the Straits of Florida)
Qil (Bbbl) | Gas (Tcf) | BOE (Bbbl) Qil (Bbbl) | Gas (Tcf) | BOE (Bbbl)
Cumulative Production
2000 Assessment 10.908 132.677 34.515 0.000 0.000 0.000
1995 Assessment 9.338 112.633 29.379 0.000 0.000 0.000
Difference in Cumulative 1.570 20.044 5.136 0.000 0.000 0.000
Remaining Proved Reserves
2000 Assessment 3.358 30.034 8.703 0.000 0.000 0.000
1995 Assessment 2.516 29.258 7.722 0.000 0.000 0.000
Difference in Proved Reserves 0.842 0.776 0.981 0.000 0.000 0.000
Unproved Reserves
2000 Assessment 0.995 5.102 1.903 0.000 0.000 0.000
1995 Assessment 0.639 3.603 1.280 0.000 0.000 0.000
Difference in Unproved Reserves 0.356 1.499 0.623 0.000 0.000 0.000
Reserves Appreciation
2000 Assessment 7.736 68.096 19.853 0.000 0.000 0.000
1995 Assessment 2.507 31.028 8.028 0.000 0.000 0.000
Difference in Appreciation 5.229 37.068 11.825 0.000 0.000 0.000
Mean Risked UCRR
2000 Assessment 37.126 191.627 71.223 2.307 27.7112 7.238
1995 Assessment 8.344 95.661 25.366 2.271 27.480 7.161
Difference in Risked UCRR 28.782 95.966 45.857 0.036 0.232 0.077
Mean Risked UERR Half-Cycle $18/bbl.
2000 $18/bbl $2.11/mcf 18.569 105.167 37.282 0.602 7.310 1.903
1995 $18/bbl $2.11/mcf 5.306 62.300 16.391 0.452 5.989 1.518
Difference in Risked UERR 13.263 42.867 20.891 0.150 1.321 0.385
Mean Risked UERR Half-Cycle $30/bbl.
2000 $30/bbl $3.52/mcf 28.811 143.986 54.431 1.570 14.875 4.216
1995 $30/bbl $3.52/mcf 6.865 78.100 20.762 1.234 11.966 3.363
Difference in Risked UERR 21.946 65.886 33.669 0.336 2.909 0.853
Mean Total Endowment
2000 Assessment 60.123 427.537 136.197 2.307 27.7112 7.238
1995 Assessment 23.343 272.183 71.775 2.271 27.480 7.161
Difference in Mean Total Endowment 36.780 155.354 64.422 0.036 0.232 0.077

Table 1. Comparison of the results of the MMS’s 1995 and 2000 resource assessments. UERR from 2000 and 1995
are half-cycle results. See text for a description of differences between the two assessments.

Although the results of
this assessment are not directly
comparable with previous
assessments, comparisons will
inevitably be made. This section
highlights some of the key differ-
ences between this assessment
and MMS’s previous compre-
hensive assessment (Lore et al.,
1999), which incorporated data
as of January 1995. Table 1
shows the estimates from the
two assessments that are most
appropriate for comparison.

Both assessments
present estimates of undiscov-
ered conventionally recoverable
resources (UCRR) and undis-

covered economically recover-
able resources (UERR) under
two scenarios.

The following sections
describe  major  differences
between the 1995 and 2000
assessments.

Deepwater Fans

The 1995 assessment
treated the deepwater fans
somewhat simplistically by defin-
ing each fan play by chrono-
zone. Since then, MMS has
reevaluated the fan plays to
incorporate  the interaction
between deposition and struc-
tural setting. Because the struc-

tural regime found in the Gulf of
Mexico is a linked system (i.e.,
updip extension leads to toe-of-
slope contraction), plays can be
refined to fit into a structural set-
ting that relates them to their
depositional and salt tectonic
history. In so doing, a three-part
breakup of the fan plays resulted
(Bascle et al., 2001).

Fan 1 Plays (F1)--The
area of the F1 fan plays occurs
between the present-day coast
and the shelf edge. This is the
major region of extension on the
northern Gulf of Mexico shelf.
Salt-withdrawal  basins  and
down-to-the-south, listric growth

2000 Assessment
www.gomr.mms.gov
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Figure 1. Gulf of Mexico Region comparison of 1995 and 2000 resource

assessments.

faults that sole into salt decolle-
ments and extensive salt welds
linking the isolated salt bodies
are the primary structural fea-
tures in this area.

Fan 2 Plays (F2)--The
area of the F2 fan plays is
located primarily on the present-
day northern Gulf of Mexico
slope. This area comprises the
second part of the linked deposi-
tional and salt tectonic regime of
the Gulf of Mexico, and contains
a wide array of salt features. In
the western and central Gulf of
Mexico, F2 fans occur approxi-
mately from the present-day
shelf edge to the farthest down-
dip limit of potential, allochtho-
nous, tabular salt bodies. This
downdip limit is defined by either
(1) the Sigsbee Escarpment or
(2) the downdip extent of the

Perdido and Mississippi Fan
Fold Belts, when they are out-
board of the Sigsbee Escarp-
ment. In the eastern Gulf, F2
fans continue to the southern
extent of Louann Salt deposi-
tion, as defined by the downdip
extent of the Salt Roller/High-
Relief Salt Structure Play (UK5-
ud4 S1).

Abyssal Plain Fan Play
(F3)--The F3 fan area covers the
abyssal plain of the Gulf of Mex-
ico in front of the Perdido and
Mississippi Fan Fold Belts or in
front of the Sigsbee Escarp-
ment. Because this area is bas-
inward of the depositional edge
of the Jurassic Louann Salt,
there are no salt-cored of salt-
withdrawal structures. However,
differential compaction and
some faulting may affect the F3

fan intervals near “buried hill’
structures that occur in parts of
the area. There are no produc-
tive F3 fan plays yet in the Gulf
of Mexico.

A more detailed discus-
sion of the three-part breakup of
the fan plays is provided in the
Play Delineation Detailed Dis-
cussion section.

Addition of New Plays in the
Deepwater GOM

Some of the
additions of undiscovered
conventionally recoverable
resources (UCRR) in the 2000
assessment were from new
established and conceptual
plays described in the deepwa-
ter areas of the Gulf of Mexico
Region. Additional seismic, drill-
ing, and production data
acquired since the 1995 assess-
ment allowed for a more thor-
ough and detailed assessment
of prospects and analogs on the
Outer Continental Slope and
ultra-deep abyssal plain (~3,000
m). In addition, plays were
assessed down to a depth of
about 9,150 m (~30,000 feet)---a
greater depth than was evalu-
ated in the 1995 assessment.

Significant new deepwa-
ter plays in the 2000 assessment
include the established and con-
ceptual Mississippi Fan Fold Belt
plays (UPL-LL X2, UK5-LK3 X5;
UJ4 X2), the conceptual Perdido
Fold Belt plays (UK5-LK3 X4,
UJ4 X1), the various conceptual
buried hills plays (UK5-LK3 BC2,
UJ4 BC1, UK5-UJ4 BC3, UK5-
LTR BC4), and the offshore
Texas Lower Tertiary Clastic
Gas- and Gas and Qil plays (LO-
LL C1, LO-LL C2). Combined,
these plays add about 16 Bbbl
BOE in the mean case of UCRR,
or about 22 percent of the total,
to the Gulf of Mexico Region.

largest

Data Aggregations

In this 2000 assess-
ment, data aggregation are dis-
cussed at only the province and

MMS 1995 versus 2000 Assessment Results

2000 Assessment
WWW.gomr.mms.gov
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Figure 2. Atlantic Region comparison of 1995 and 2000 resource assess-

ments.

region levels, and not at the
chronozone, series, and systems
levels as was done in the 1995
assessment. Chronozone,
series, and systems levels were
not discussed because a num-
ber of large, structurally defined
plays that include sediments of
multiple chronozones, series, or
systems were added since the
1995 assessment. Because
these new plays span geologic
ages and include significant
reserves and resources, aggre-
gation of data from the remaining
plays (plays defined by chrono-
zone and facies) would be of lim-
ited comparative value with the
1995 assessment. For example,
mean BOE UCRR of plays that
span ages total 18 Bbbl, or 25

percent of mean BOE UCRR for
the Gulf of Mexico Region; thus,
a quarter of the mean BOE
UCRR cannot be assigned to
specific chronozones, series, or
systems. For illustrative pur-
poses, a general comparison of
plays by facies and ages, which
includes a “plays that span ages”
category, is included in the
Assessment Results section.

Provincial vs. Global
Biozone Terminology

MMS currently uses pro-
vincial benthic foraminiferal bio-
zones to define the Plio-
Pleistocene and top of the
Miocene boundaries in the Gulf
of Mexico and Atlantic Regions.
However, oil and gas exploration

187
companies increasingly are rely-
ing on global nannoplanktic
(coccolith) and planktic foramin-
iferal marker fauna, including
planktic coiling changes and
acmes, as well as extinction
points, to define these bound-
aries (Simmons et al., 1997;
Picou et al., 1999; Jones and
Simmons, 1999). To avoid con-
fusion over provincial vs. global
biozonation, bounding benthic
foraminiferal biozone names
are now included, where appro-
priate, in the subtitle of each

play.

Play Name Changes

On the basis of addi-
tional data and further review,
certain plays from the 1995
assessment were either com-
bined into one play or split into
multiple plays. For example,
several lower Cretaceous plays
in this 2000 assessment were

created from the one 1995
Lower Cretaceous Carbonate
(LK CB) play. Significant

changes to plays are discussed
in the play write-ups.

In addition, to accommo-
date new plays in the 2000
assessment, several of the play
code conventions were
changed. For example, the des-
ignation for the upper Jurassic
was changed from UU to UJ; the
clastic designation was changed
from CL to C; the carbonate des-
ignation was changed from CB
to B (Biologic); and the caprock
designation was changed from C
to B. Finally, numbers were
added to the end of all play
codes, e.g. UPL A1 from UPL A.

Gulf of Mexico Region
Assessment

Comparisons

Figure 1 is a comparison
of the mean results from the two
assessments for the Gulf of
Mexico Region. Comparing the
risked mean total endowment

2000 Assessment
www.gomr.mms.gov
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estimates from the 1995 assess-
ment to the 2000, the total
endowment increased by 36.780
Bbo and 155.354 Tcfg (64.422
BBOE). Most of the increase in
the total values is directly attrib-
uted to the following increase in
the UCRR of 28.782 Bbo and
95.966 Tcfg (45.857 BBOE)
from the 1995 assessment.

The 2000 estimate of
the potential mean volumes of
UERR at $30/bbl. increased by
21.946 Bbo and 65.886 Tcfg
(33.669 BBOE) from the 1995
assessment. The 2000 estimate
of the potential mean volumes of
UERR at $18/bbl. increased by
13.263 Bbo and 42.867 Tcfg
(20.891 BBOE) from the 1995
assessment.

In the 1995 assessment,

924 existing fields were studied
and had estimates of reserves
reported. In the 2000 assess-
ment, 1,042 fields (984 proved,
58 unproved) were studied and
had estimates of reserves
reported.

Atlantic Region
Assessment

Comparisons

Figure 2 is a comparison
of the mean results from the two
assessments for the Atlantic
Region. The 2000 mean esti-
mates of UCRR increased by
0.036 Bbo and 0.232 Tcfg
(0.077 BBOE). This is the result
of reassessments in the Upper
Jurassic and Middle Jurassic
Carbonate plays in response to

Panuke well discovery in the
Scotian Basin. Contrasting the
1995 and 2000 assessments of
UERR for the Atlantic Region,
the potential volumes of mean
economic resources increased
by 0.150 Bbo and 1.321 Tcfg
(0.385 BBOE) in the $18/bbl.
scenario and 0.336 Bbo and
2.909 Tcfg (0.853 BBOE) in the
$30/bbl. scenario.

MMS 1995 versus 2000 Assessment Results

2000 Assessment
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Selected Previous Assessments

Estimates of the poten-
tial quantities of undiscovered
hydrocarbon resources have
been made periodically by
numerous organizations, com-
panies, government agencies,
and individuals. Many of these
have been published. Most of
these assessments, however,
have dealt with the entire United
States and provide little addi-
tional regional detail, beyond
possibly breaking out the lower
48 states onshore/offshore and
Alaska onshore/offshore. Table
1 and figure 1 compare seven
selected estimates of undiscov-
ered resources, all of which
were represented as the eco-
nomically recoverable portion of
their conventional resources (at
least as pertains to the OCS).
Two of the seven estimates are
by the USGS and the remaining
five are by the MMS. These esti-

mates were selected for com-
parison because of their relative
similarities in methodologies. A
more inclusive comparison of
estimates with more variable
methodologies is presented and
discussed in Lore et al. (1999).

The overall range of the
estimates of undiscovered eco-
nomically recoverable resources
has been expansive. During the
25-year interval represented in
table 1, estimates of undiscov-
ered economically recoverable
resources for the Gulf of Mexico
Region range from 5.3 to 17.5
Bbo and 50.0 to 100.3 Tcfg. The
largest estimates occur in this
study. In the Atlantic Region, the
range is from 0.2 to 6.2 Bbo and
4.4 to 23.7 Tcfg.

The degree to which
variations among the reported
assessments are attributable to
different perceptions of the mag-
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nitude and distribution of the
resource base is impossible to
determine. What is certain, how-
ever, is that the estimates have
a time dimension that impacted
the degree of basic geologic
knowledge available to the
assessors, as well as their tech-
nologic and economic percep-
tions. In the case of the Gulf of
Mexico Region, an example of
the changing information base
available to the assessor is the
additional 750 fields containing
proved and unproved reserves
of 6 Bbo and 63 Tcfg discovered
during the 25-year period cov-
ered by the estimates.

Mean Undiscovered
Effective Cumulative Production| Remaining Proved | Reserves Appreciation Unproved Economically Recoverable
Source Date Resources Comments
Oil (Bbbl) | Gas (Tcf) | Oil (Bbbl) [ Gas (Tcf) | Oil (Bbbl) | Gas (Tcf) | Oil (Bbbl) | Gas (Tcf) [ Oil (Bbbl) | Gas (Tcf)
Gulf of Mexico Region

USGS Circ. 725 Dec-74 4.1 32.1 2.3] 35.3 24 27.0 * * 6.3] 50.0 1,349
USGS Circ. 860 Dec-79 5.6] 49.7] 1.7] 35.6 1.0 26.7 * * 8.1 71.8 1,3,4,10
MMS (Cooke) Jul-84] 5.9 62.5 34 43.7] * * * * 6.0) 59.8 2,611
MMS (Cooke) Jan-87 6.9) 75.2 3.9 45.8] 0.5 5.8 0.1 1.2) 5.7] 644 2,568 11
MMS (Cooke) Jan-90 7.8 88.9 3.0 40.2) 0.5) 5.8 * * 6.4 649 256,38, 11
MMS (Lore, et al.) Jan-95 9.3] 112.6) 2.5 29.3 2.5 31.0 3.6 5.3] 5.3] 623] 2,6,7,11,12
MMS (Lore, et al.) Jan-99 10.9 132.7] 34 30.0 7.7] 68.1 1.0 5.1 17.5 1003 2,6,7,11,12
Atlantic Region
USGS Circ. 725 Dec-74 * * * * * * * * 3.3 10.0 1,49
USGS Circ. 860 Dec-79 * * * * * * * * 6.2) 23.7] 1,4, 10
MMS (Cooke) Jul-84] * * * * * * * * 0.7] 12.2 3,6, 11
MMS (Cooke) Jan-87 * * * * * * * * 0.2) 44 3563811
MMS (Cooke) Jan-90 * * * * * * * * 0.2] 44 356811
MMS (Lore, et al.) Jan-95 * * * * * * * * 0.5) 6.00 36,711,12
MMS (Lore, et al.) Jan-99 * * * * * * * * 3.3 6.6 36,7,11,12

1. Includes state waters

2. Includes Straits of Florida planning area
3. Excludes Straits of Florida planning area

4. Includes NGL with oil

Table 1. Comparison of selected estimates of reserves and undiscovered economically recoverable resources.

5. Primary case

6. Half-cycle

7. Most likely values
8. Appreciation is mean estimate

9. 0-200 meters water depth
10. 0-2,500 meters water depth
11. No water depth limit reported
12. $18/bbl scenario

evaluation

2000 Assessment
www.gomr.mms.gov
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Figure 1. Comparison of selected estimates of reserves and undiscovered economically recoverable resources in
the Gulf of Mexico and Atlantic Regions. Refer to table 1 for a listing of differences in methodologies between the
estimates.
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GOM Chronozone, Series, and System Aggregations

Region

Province

System

Series

Chronozone

Name

Number

Gulf of
Mexico

Cenozoic

Quaternary

Pleistocene

UPL

01

MPL

05

LPL

07

Tertiary

Pliocene

UP

09

LP

10

Miocene

UM3

11

Uum1

13

MM9

14

MM7

MM4

LM4

23

LM2

25

LM1

26

Oligocene

uo

27

MO

29

LO

30

Eocene

UE

31

ME

33

LE

34

Paleocene

UL

35

LL

37

Mesozoic

Cretaceous

Upper

UK5

38

UK2

41

Lower

LK8

43

LK6

45

LK3

48

Jurassic

Upper

uJ4

51

Middle

MJ

55

Lower

LJ

56

Triassic

Upper

UTR

57

Middle

MTR

58

Lower

LTR

59

Figure 1. MMS chronostratigraphic chart for the Gulf of Mexico illustrat-
ing potential play data aggregation levels. Chronozones are after Reed

et al., (1987).

In the MMS 1995 assess-
ment (Lore et al., 1999), Gulf of Mex-
ico play level data were aggregated
to the chronozone, series, system,
province, and region levels (figure 1).
However, because a number of new
plays in the 2000 assessment span
these geologic age divisions, play
level data are now aggregated only to
the province and region levels. This
was done because significant
resources are contained in the plays
that span chronozones, series, and
systems, and the assessment meth-
odology employed does not allow for
geologically meaningful assignment
of resources to these levels.

For example, the Cenozoic
Mississippi Fan Fold Belt Play (UPL-
LL X2) with 6.432 mean BOE in
undiscovered conventionally recover-
able resources spans 15 chrono-
zones, four series, and two systems
(figure 1).

The data tables in this report
contain chronozone, series, and sys-
tem aggregations, which should be
used only with the understanding that
these levels represent incomplete
aggregations and that meaningful
comparisons with previous assess-
ments can not be made using these
numbers.

The MMS Atlas of Gulf of
Mexico Gas and Oil Sands (Bascle et
al., 2001), which documents reserves
in the northern Gulf of Mexico, con-
tains data meaningfully aggregated to
the chronozone, series, and system
levels.

2000 Assessment
www.gomr.mms.gov
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Figure 1. Physiographic map of the northern Gulf of Mexico.
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Figure 2. Extent of plays assessed in the northern Gulf of Mexico.

Gulf of Mexico Region

2453 Pools 10235 Sands |[Minimum| Mean | Maximum
Water depth (feet) 9 287 7620
Subsea depth (feet) 950 8097 22612
Number of sands per pool 1 4 44
Porosity 10% 29% 39%
Water saturation 16% 28% 75%

Table 1. Pool attributes. Values are volume-weighted averages of indi-
vidual reservoir attributes.

Region Description

The Gulf of Mexico Region
includes the area of the northern Gulf
of Mexico extending from the U.S.-
Mexico and U.S.-Cuba international
boundaries to the Federal waters
adjacent to the State waters of
Texas, Louisiana, Mississippi, Ala-
bama, and Florida. The Region also
includes the Straits of Florida located
on the southern and southeastern
coasts of Florida adjacent to the U.S.-
Bahamas international boundary (fig-
ure 1). The sedimentary section in
the Gulf of Mexico Region attains a
thickness upwards of 50,000 feet,
while water depths range from about
10 to 10,000 feet. Figure 2 illustrates
that all areas of the Gulf of Mexico
Region were reviewed for the 2000
assessment.

The Gulf of Mexico Basin ini-
tially formed during the Late Triassic
to Middle Jurassic rifting episode that
occurred when South America/Africa
separated from North America. This
breakup event formed a series of
northeast-southwest-trending rifts off-
set by northwest-southeast-trending
transfer faults/zones. The rift grabens
were active depocenters receiving
lacustrine and alluvial deposits. Dur-
ing the Middle Jurassic, marine water
sporadically entered the incipient Gulf
of Mexico Basin, resulting in the dep-
osition of thick evaporative deposits
of the Louann Salt. Subsequently, a
series of transgressions and regres-
sions led to the deposition of high-
energy siliciclastics and carbonates
that prograded the shelf edge in the
northeastern Gulf Basin. Thick reef
complexes developed on this shelf
edge during the Cretaceous, and
interfingered with carbonates and
siliciclastics in back-reef areas.

During the Late Cretaceous
through the Tertiary, uplift of the
North American continent and the
subsequent Laramide Orogeny pro-
vided the source for large amounts of
clastic sediments deposited in the
western, then central, areas of the

2000 Assessment
www.gomr.mms.gov
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Figure 3. Exploration history graph showing reserves addition and
number of pool discoveries by year.

Total Gulf of Mexico

70000

) 60000

I 50000

1950 11960 1970 1980 1990

40000

/ 30000
7~

20000

Cumulative Total Reserves (MMBOE)

10000

0
46 5557 606264 66 697172747576 77 78 79 80 82 82 84 84 85 86 87 88 89 90 91 93 94 95 97 98

Pool Discovery Year
(Non-uniform x axis)

Figure 4. Plot of pools showing cumulative reserves by discovery
order (non-uniform x axis). Note the increase in pool sizes beginning
in the mid 1990’s and reflecting deepwater discoveries.

Gulf of Mexico Basin. During the
Quaternary, periods of continental
glaciation produced an increased
clastic sediment load to the central
and western basin areas, resulting in
the present-day Texas and Louisi-
ana shelf and slope. As the basin
subsided, these large volumes of
sediment were deposited as succes-
sively younger wedges of off-lapping
strata. The supply of sediment, being
out of phase with the load-induced
subsidence, created multiple relative
sea level transgressions and regres-
sions. This sediment loading also led
to deformation of the Jurassic-aged
Louann Salt, producing the variety of
autochthonous and allochthonous
salt structures found in the northern
Gulf of Mexico today. In deepwater
areas of the Gulf, downdip compres-
sional folding resulting from updip
extensional faulting and salt tectonics
produced large fold belts underneath
and in front of the modern Sigsbee
Escarpment (figure 1). These fold
belts are productive in the Cenozoic
section and contain the largest struc-
tural closures in the northern Gulf of
Mexico.

Discoveries

The Gulf of Mexico Region
contains total reserves of 22.997 Bbo
and 235.910 Tcfg (64.974 BBOE), of
which 10.908 Bbo and 132.677 Tcfg
(34.515 BBOE) have been pro-
duced. The Region contains 10,235
producible sands in 2,453 pools
(table 1). Total reserves were in
decline during the late 1980’s and
early 1990’s, but during the middle
1990’s, a number of large discover-
ies, especially in the deepwater Gulf
of Mexico, has reversed this trend
(figures 3 and 4).

Assessment Results

In the previous assessment,
(Lore et al., 1999; data as of January
1, 1995) uncertainty about the pres-
ence of reservoir-quality sands
beyond the Sigsbee Escarpment
resulted in the 3,000-meter water
depth contour being used as the geo-

Gulf of Mexico Region

2000 Assessment
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Gulf of Mexico Region Number | Oil Gas BOE graphical cutoff for play assess-
Marginal Probability = 1.00 of Pools | (Bbbl) [ (Tcf) | (Bbbl) ments in the Gulf of Mexico Region.
Reserves However, new seismic data, well
Original proved 2369 | 14.266 | 162.711| 43.218 data, and production data from the
Cumulative production - 10.908 | 132.677| 34.515 deepwater areas of the Gulf have
Remaining proved - 3.358 | 30.034 | 8.703 allowed for a more thorOUgh and
Unproved 84 0995 | 5102 | 1.903 detailed assessment of deepwater
Appreciation (P & U) - 7.736 | 68.096 | 19.853 prospects. Consequently, the amount
Undiscovered Conventionally of undiscovered conventionally
Recoverable Resources recoverable resources (UCRR)
95th percentile ~ | 22.821 | 145.088 | 49.851 increased by 46 BBOE over those in
Mean 2870 | 37.126 | 191.627| 71.223 the previous assessment.
5th percentile - 56.054 |246.600| 97.602 Ninety-two individual plays
Total Endowment within the Gulf of Mexico have been
95th percentile - 45.818 |380.998| 114.825 identified, of which 87 were
Mean 5323 | 60.123 | 427.537| 136.197 assessed. Four identified plays were
5th percentile - 79.051 | 482.510 | 162.576 not assessed because of either

source rock issues or reservoir qual-
ity questions. A fifth play, the Ceno-
zoic Fan 3 (UPL-LL F3) play, was not
assessed at the time of this report.

Table 2. Assessment results for reserves, undiscovered conventionally
recoverable resources, and total endowment

The mean total endowment

00 - _ of assessed plays is forecast at
o ™ N\ e 60.123 Bbo and 427.537 Tcfg
T \ \ \ — Gas (Tc) (136.197 BBOE) (table 2). Twenty-
= \ five percent of this BOE mean total
§ 7 \ \ \ endowment has been produced. The
S e 95th- and 5th-percentile estimates of
% 50 \ \ UCRR in the Gulf of Mexico Region
g \ \ are 22.821 to 56.054 Bbo and
s \ 145.088 to 246.600 Tcfg, respectively
g \ \ (figure 5). At mean levels, UCRR are
§ 2 \ forecast at 37.126 Bbo and 191.627

10 Tefg (71.223 BBOE). These undis-

o N N \ covered resources may occur in as
*© ® 10 500 1o many as 2,870 pools.
Recoverable Aggregate Potential

The largest undiscovered
Figure 5. Cumulative probability distribution for undiscovered conven- pool is forecast as the largest pool in
tionally recoverable resources. the Gulf of Mexico Region (over
3,500 MMBOE). The next four undis-
covered pools occupy positions 2, 3,
5, and 7 on the pool rank plot. The
mean mean size of undiscovered
pools is 34 MMBOE compared with
the 26 MMBOE mean mean size of
discovered pools. The mean mean
size for all pools, including both dis-
covered and undiscovered, is 31
MMBOE.

The potential for significant
additional discoveries in the Gulf of
Mexico Region is excellent, despite
almost 50 years of extensive drilling
in the area. The potential that does
exist in the area, however, is depen-
dent upon deeper drilling, discoveries

2000 Assessment Gulf of Mexico Region
www.gomr.mms.gov
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Recoverable Pool Size (MMBOE)
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Figure 6. Pool rank plot showing the number of discovered pools (red
lines) and the number of pools forecast as remaining to be discovered
(blue bars) in the Gulf of Mexico Region.

being made in deeper water, or dis-
coveries being made below salt.
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Figure 2. Extent of plays assessed in the Gulf of Mexico Cenozoic
Province.

Province Description

The Gulf of Mexico Ceno-
zoic Province covers an area extend-
ing from the U.S.-M