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Economics and the 1995 National Assessment of
United States Oil and Gas Resources

By Emil D. Attanasi

SUMMARY Region have the highest concentrations of economic uncon-
ventional gas and are in strategic locations to supply West
This report summarizes the economic component of theoast markets and the industrial Northeast.
U.S. Geological Survey's 1995 National Assessment of Oil  Figures 2 and B show sources and amounts of oil and
and Gas Resources for U.S. onshore areas and State waiggf-associated gabat could be availabldor production
This area accounts for 80 percent of U.S. hydrocarbaf\ring the next 2 decades through 2015. Figukerebre-
production and 85 percent of U.S. proved reserves. The Migents 69 BBO, and figuréBZepresents 381 TCFG. Amounts
erals Management Service (1996) has released a paraligdlude economic quantities of undiscovered conventional
study for Federal offshore areas. Estimates are as of Janugpy unconventional oil and non-associated gas evaluated at
1994. The economic evaluation uses mean values of t@%o per barrel and $334 per mcf, proved reserves as of Jan-
technically recoverable resources assessed by geologists.yary 1994, and projections of field growth (inferred
Figures A and B summarize for all U.S. onshore and reserves) from 1994 through 2015 for pre-1992 discoveries.
State offshore areaggregateincremental costs of finding, |n figure 2A, projected quantities of oil from field growth
developing, and producing oil and non-associated gas frogtcount for 44 percent, proved reserves 29 percent, and
undiscovered conventionalil and gas fields and from yndiscovered conventional and unconventional oil account
selectedunconventionakources. In the figures, unconven-for 27 percent. For non-associated gas (figu}, Zeld
tional economic resources are depicted as the differeng@owth accounts for 26 percent, proved reserves 30 percent,
between the conventional undiscovered curve and the curi@idiscovered conventional gas 25 percent, and unconven-
designated as total. At $18 per barrel and $2 per thousafighal gas accumulations (continuous-type and coal-bed gas)
cubic feet (mcf), 9.2 billion barrels oil (BBO), 15.8 trillion 19 percent. Even with these projected amounts from inferred
cubic feet associated gas, and 1.1 billion barrels (BBL) nafeserves and real price increases to $30 per barrel ($3.34 per
ural gas liquids (NGL) fromundiscovered conventionall  mcf) that yield additional oil and gas from undiscovered con-
fields, and 61.7 trillion cubic feet of gas (TCFG) and 2.Qentional and unconventional accumulations, it will be pos-
BBL NGL from undiscovered conventiongas fields can be sjple but very difficult to sustain production at levels
found, developed, and produced. At $30 per barrel and $3.3@mparable to the 1994 level over this period without

per mcf, estimates of economic oil increase by 85 percefthprovements in exploration and production technology.
and total conventional economic gas increases by 57 percent.

In both cases, associated gas accounts for about one-fifth of
total economic undiscovered conventional gas. Similarly, INTRODUCTION
NGL from associated and non-associated gas accounts for 20
to 25 percent of total liquid hydrocarbons (crude oil plus  The 1995 National Assessment of United States Oil and
NGL). Regionally, Alaska and the Gulf Coast account for 4@as Resources by the U.S. Geological Survey (USGS) (U.S.
percent of the economic oil in future discoveries, and th&eological Survey National Oil and Gas Resource Assess-
Gulf Coast accounts for 60 percent of the economic gas iment Team, 1995) posits a set of scientifically based esti-
future gas discoveries. mates of recoverable quantities of oil and gas that could be
Crude oil in unconventional (continuous-type) accumuadded to the measured (proved) reserves of the United
lations add less than 6 percent to economic crude oil, even3tates. The geologic component of the 1995 National
$30 per barrel. Unconventional gas accumulations add 354ssessment (U.S. Geological Survey National Oil and Gas
TCFG to economic gas resources at $2 per mcf, and, at $38dsource Assessment Team, 1995) developed estimates of
per mcf, 72.1 TCFG is added. Total economic gas resourchgdrocarbons that are producible using current technology
(undiscovered conventional and unconventional) availableut without reference to economic profitability, whereas the
at $2 per mcf are 113.4 TCFG and at $3.34 are 196.3 TCF&onomic component (this report) presents costs of finding,
Provinces of the Colorado Plateau Region and the Easteflrveloping, and producing the assessed resources. In partic-

1



2 ECONOMICS AND THE 1995 NATIONAL ASSESSMENT OF UNITED STATES OIL AND GAS RESOURCES

ular, this report presents estimates of costs of transformingeserves or cumulative productiorather than predicting
technically recoverable resources assessed in undiscoveradhat the industry will actually supply. Actual additions and
conventional fields and unconventional oil and gas accumumarket supply are the outcome of optimizations of numerous
lations into producible proved reserves. Tiheremental supplier decisions over geographically diverse regions and
cost functionsshow costs as a function of the cumulative hydrocarbon sources that assure market supply at lowest
guantity of resources transformed. Costs include findinggcosts. This report provides a base line to compare costs when
development, production, and also a return on investmengxamining alternative supply regions, alternative sources for
The computation of the incremental cost functions require®il and gas, and alternative technologies. Coal-bed gas and
that the “full cost” of the marginal unit of resources added toconventional gas, for example, have different production
producible reserves equal well-head price. technologies that characterize discovery, development, and
fproduction costs. These differences are taken into account
when economic quantities of the resources are put on a com-
mon basis by incremental cost functions.

The economic analysis ties costs to the volumes of
hydrocarbons that are fully identified and where wells and
production facilities are installed with the anticipation that
actual production will repay all operating costs, including
taxes, all investment expenditures, and provide an after-tax
rate of return of at least 12 percent on the investment. This
specification, which is equivalent fwroved reservesnar-
rows the volume of hydrocarbons to a well-defined produc-
ibility standard. Individual wells are physically limited by the
amount of hydrocarbons that can be accessed at any given
time, and no more than 10to 15 percent of the proved reserves

0 ‘ ‘ ‘ ‘ of individual fields can be extracted annually without risking

0 5 10 15 20 25 reservoir damage and reducing ultimate field recovery. The

A BILLIONS OF BARRELS OF OIL “proven reserves” standard limits annual production to an
amount well below absolute resource levels.

Incremental cost functions show the quantity o
resources that the industry is capable of addingrtwved

50

40 |

30 A

20 A

DOLLARS PER BARREL

10 A

RESOURCES ASSESSED

Geologists assessed the numbers and size distribution of
undiscovered conventional oil and gas plays. They also
assessed technically recoverable unconventional resources in
continuous-type oil and gas plays and coal-bed gas plays.
Projections of future additions to proved reserves of discov-
ered conventional fields (inferred reserves) were prepared
using statistical extrapolations of historical trends. Commod-
ities assessed were crude oil, natural gas (associated and non-

DOLLARS PER THOUSAND CUBIC FEET
w

0 ‘ ‘ ‘ ‘ associated), and natural gas liquids from associated and non-
0 50 100 150 200 250 associated gas. All gas quantities are expressddyagas
B TRILLIONS OF CUBIC FEET OF GAS that is, gas that has been stripped of natural gas liquids. Gas

dissolved in geopressured brines, oil in tar deposits, and oil
Figure 1. A, Incremental costs, in dollars per barrel, of finding, de-shales are excluded from the analysis. Gas from low-perme-
veloping, and producing crude oil from undiscovered conventionahbility “tight” sandstone reservoirs, oil and gas from shale

oil fields and continuous-type oil accumulations in onshore angeservoirs, and coal-bed gas were specifically assessed.
State offshore areas of the United States. Solid line represents un- The commercial value of a new conventional discovery

d!scovered conventlpnal O'l’. and das.h.Ed line represents total of ugz. o continuous-type accumulation depends on whether it is
discovered conventional oil and oil in continuous-type accum-

ulations B, Incremental costs, in dollars per thousand cubic feet, of

f'”d'”g' develop!ng, anq producing undlscovgred conventlongl non- IThese functions are often referred to in the popular literature as mar-
a.ssoua.ted gas in gas fields ar]d unconventional non-.assomated @it cost or price-supply functions. However, they differ from the econo-
(in continuous-type accumulations and coal-bed gas) in onshore agfkts marginal cost or supply functions in that resource quantities are not
State offshore areas of the United States. Solid line represents Wkpressed in terms of rate of resource supply, that is, the number of barrels
discovered conventional non-associated gas, and dashed line repger year, but rather in terms of cumulative barrels added to reserves or
sents total of undiscovered conventional and unconventional gasproduction.



METHODOLOGY 3

Continuous accumulations (1.59 %) which oil, gas, and natural gas liquids (NGL) can be extracted
Undiscovered (25.35 %) Proved reserves (29.40 %) using traditional development and production practices.
conventional Accumulations assessed by geologists as occurring outside of

existing fields were considered for the purposes of the eco-

nomic analysis as separate and discrete new fi€shore

and State offshore areas of the United States were divided

into eight regions and further subdivided onto a total of 71
A provinces (fig. 3). For the 71 provinces, about 460 conven-

tional plays were assessed. The economic analysis evaluated

undiscovered conventional resources at the province level.

Coal-bed gas (7.06 %)

i Inferred reservesmore commonly called field growth,
Continuous (11.87 %) Proved reserves (29.63 %) . & y 9 .
include resources expected to be added to reserves of discov-
ered fields as a consequence of their extension, periodic

Growth through 2015 (43.66 %)

accumulations

Undiscovered (25.17 %) revisions of their reserve estimates, improvements in recov-
conventional ery technology, and additions of new pools. Forecasts of
Growth through 2015 (26.27%)  reserve growth apply only to conventional fields discovered

B before 1992 .

Figure 2. A, Estimated shares, as of January 1994, of crude oil that  Continuous-type accumulatiorse hydrocarbon accu-
could be available for production during the next 2 decadeBulations thatare pervasive throughout a large area or region
(through 2015). Sources consist of proved crude oil reserves, prand that do not owe their existence to the buoyancy of hydro-
jected crude oil reserve additions through 2015 for fields discowearbons in water as conventional accumulations do. Coal-bed
ered before 1992, estimates of economic crude oil in undiscovergdis was assessed separately, although it is also a form of con-
conventional oil fields, and economic crude oil from continuoustinuous-type accumulation. Figures,44B and 5 show loca-

type oil accumulations. Estimates of economic oil assumed incrégrns of assessed continuous-type gas and oil accumulations
mental costs of $30 per barrel. Total crude oil represented is 69 bél'nd coal-bed gas accumulations, respectively. The figures

lion barrels.B, Estimated shares, as of January 1994, of nongy o\, the areal extent of these accumulations to be regional

associated gas that could be available for production during the nelxt ature and cover hundreds of square miles. Continuous-
2 decades (through 2015). Sources consist of proved non-associat%d’] q )

gas reserves, projected non-associated gas reserve additi(%ge accumulations have no downdip hydrocarbon-water

through 2015 for fields discovered before 1992, estimates of ec69Ntact, whereas conventional accumulations have well-
nomic non-associated gas in undiscovered conventional gas fielgfined hydrocarbon-water contacts and seals that hold the

economic gas in continuous-type gas accumulations, and econonfigdrocarbons. Figure 6 shows conventional structural and
coal-bed gas. Estimates of economic gas assumed incremental ca&ttatigraphic deposits in relation to a “basin center” continu-
of $3.34 per thousand cubic feet. Total quantity of non-associateslis-type accumulation. A dominant characteristic of the res-
gas represented is 381 trillion cubic feet. ervoir rock of a continuous-type accumulation is that it is
everywhere oil or gas charged. Other geologic characteristics

oil or gas, its depth, location, well production profiles, andinclude positioning of the accumulation downdip from water-
by-products. Technology and costs associated with oil field§aturated rocks, low reservoir permeability, abnormal (high
differ from gas fields so it was important to classify the sourcé@r low) pressures, and close association of the reservoir with
of hydrocarbons by type. Fields and accumulations having &ource rocks from which hydrocarbons were generated.
least 20,000 cubic feet of gas per barrel of crude oil were cladhese accumulations are contained in sandstone, siltstone,

sified as gas fields and accumulations; otherwise, they werghale, chalk, or coal, but their areal extent and heterogeneity
classified as oil fields. remain uncertain. Large portions remain undrilled. Conven-

tional play assessment methods that typically rely on histor-

. i . ical discovery size distributions are not applicable. New

nically recoverable resourcese defined as estimated quan- . . .
0(;feolog|c and economic assessment methods were devised for

tities of resources hypothesized to exist on the basis . . . ;
. . . assessing technically and commercially recoverable oil and
geologic knowledge, data on past discoveries, or the-

. . ; %as from continuous-type plays. Economic evaluations were
ory—these resources are contained in undiscovered accumy-

. . . . ... prepared at the play level.
lations outside of known fields. Estimated resource quantltleg P play
are producible using current recovery technology but without

For the 1995 National Assessmamgdiscovered tech-

reference to economic viability. Positeddiscovered accu- METHODOLOGY
mulation sizesnclude all components of field growth that
might occur during field development and productiGon- More detailed descriptions of methodologies applied to

ventional accumulationare oil and gas accumulations that assessing the technically recoverable and economic undis-
are typically bounded by a downdip water contact and frontovered conventional resources and unconventional



4 ECONOMICS AND THE 1995 NATIONAL ASSESSMENT OF UNITED STATES OIL AND GAS RESOURCES

AND

PACIFIC
COAST

COLORADO PLATEAU
AND BASIN AND RANGE

WEST TEXAS
AND
EASTERN
NEW MEXICO

Prudhoe
Bay

Northern Alaska

Trans-Alaska
Pipeline

:Valdez

M
0 200 MI \Q%

Central Alaska

Southern Alaska ’ e ()

0 300 KM

ROCKY MOUNTAINS

NORTHERN GREAT PLAINS

0

| | | | | J
l

0

MIDCONTINENT

EASTERN

GULF COAST

500 MILES

500 KILOMETERS

resources are provided in Appendix C. Complete explana-
tions are provided in a series of USGS Open-File Reports
referenced in those sections. Estimation of inferred reserves
(field growth) is described in detail in Root and others (1996).

UNDISCOVERED CONVENTIONAL OIL
AND GAS FIELDS

The geologic assessment posited undiscovered conven-
tional oil and gas field size-frequency distributions from
which quantities of oil, associated gas, associated gas lig-
uids, non-associated gas, and non-associated gas liquids
were computed. The incremental cost functions were pre-
pared at the province level using #wpected or mean value
of the assessed size-frequency distributions of undiscovered
accumulations grouped by 5,000-ft depth interval. The size
frequency distributions of new discoveries (by field type and
depth) were projected for successive increments of wildcat
wells using a set of finding-rate functions and the geologic

Figure 3. A, Petroleum regions and provinces in onshore and Stat@SSessment. A standard application of discounted cash flow
offshore areas in the conterminous United States. Heavy lines at®CF) analysis determined commercial developability of

region boundaries; lighter lines are province boundaBieRetro-

newly discovered fields. The net after-tax cash flow con-

leum provinces of onshore and State offshore areas of Alaska. Reisted of revenues from the production of oil and (or) gas less
gions and provinces are listed by name and number in table B-the operating costs, investment costs in the year incurred,

Appendix B.

and all taxes. All new discoveries of a particular size and
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%4

500 MILES
! J

500 KILOMETERS

D/4923 »
Play and number e

500 MILES
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500 KILOMETERS

3904 P
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Figure 4. Assessed continuous-type plays from the USGS 1995 National Assessment for which the predominant reservoir rock is sandstone,
siltstone, shale, or chalk, gas playsB, oil plays. Tables B-2 and B-3, Appendix B, list provinces and play names associated with play numbers.
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500 MILES
1 J

500 KILOMETERS

EXPLANATION

© 450 P
_ 6250 Play and number L

Figure 5. Assessed coal-bed gas plays from the USGS 1995 National Assessment. Table B-4, Appendix B, lists province and play names

and numbers.

Land surface wildcat wells (or 20 wildcat wells for State offshore areas)
are assumed to be drilled until the exploration cost associ-
ated with the wildcat well increment is equal to or greater
than the after-tax net present value of the commercially
Continuous-t developed fields discovered by that increment of wildcat
ype i ; o .
accumulation wells. For each increment of wildcat drilling, the allocation
or targeting of wildcat wells to specific depth intervals max-
imized the after-tax net present value of the oil and gas dis-
covered. As prices/incremental costs are allowed to
increase, additional increments of wildcat wells are eco-
| nomic to drill and the marginal economic field size
Figure 6. Geologic setting of a continuous-type accumulation anddeclines—this adds more commercially developable fields.
discrete conventional accumulations in a structural trap and a strafBoth effects add to producible reserves. The basis for the
graphic trap (U.S. Geological Survey National Oil and Gas Reestimates of recoverable undiscovered petroleum as a func-
source Assessment Team, 1995) tion of well-head price is that incremental units of explora-
tion, development, and production effort will not take place
depth class are assumed to be developed and added to pumiess the revenues expected to be received from the even-
ducible reserves if the representative field is found to bdual production will cover the incremental costs, including a
commercially developable, that is, if it has an after-tax nehormal return on the incremental investment.
present value greater than zero. The discount rate included

Discrete-type

Structural Stratigraphic
accumulation accumulation

|=————Tens of miles (kilometers)

the cost of capital and the industry’s required return. UNCONVENTIONAL RESOURCES
Finding-rate functions predicted, for each increment of
wildcat drilling, a distribution of oil and gas discoveries. Geologic assessment of continuous-type plays and

For successive discovery distributions, average discoveriespal-bed gas plays started with partitioning the postulated
became smaller and (or) were found in deeper horizongylay area into equal-area cells. For continuous-type plays,
resulting in increasing finding costs. Increments of 50cell spacing corresponded to the median drainage area of
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production wells in the play, and, for coal-bed gas plays, iResource Assessment Team, 1995). The form of the cumu-
corresponded to well spacing set by the State regulatonative growth function assumed that the annual rate of growth
commission. Geologists interpreted past drilling results an@f older fields will not exceed that of younger fields and that
production records to assess technically recoverablields continued to grow for aslong as 90 years after their dis-
resources in remaining untested cells. The assessmegdvery. Also implicit in the application of the calibrated
results are expressed in terms of a size-frequency distribeumulative growth function is the assumption that the rate of
tion of productive untested cells, where “cell size” heretechnological improvement and economic conditions occur-
means quantity of hydrocarbons recovered. For calculatinging during the observation period will prevail in the future.
incremental costs, the geologic play assessment results were  stydies designed to tie estimated costs of drilling activ-
transformed into thexpectedsize-frequency distribution of ity to historical field growth for a sample of fields failed to
untested (productive) cells computed in 5,000-ft depth interyje|d a credible costing scheme that could be applied to esti-
vals. To determine the part of the cell frequency-size distrimate costs of future reserve additions from inferred reserves.
bution of each 5,000-ft depth interval within a play that iSThe 60 BBO and 322 TCEG (U.S. Geological Survey
commercially developable, a cash-flow analysis was applief|ational Oil and Gas Resource Assessment Team, 1995) of
to each cell-size category. After evaluation of all the cell-estimated future reserve additions are expected to occur over
size classes within a specific depth interval, if the computedp, 80-year period to 2071. Only a small fraction of these
after-tax net present value of the aggregate developable cellssources can be added to reserves annually (Root and others,
is sufficient to cover the costs of dr|”|ng all Ce”S, that iS, thelgg6) For purposes of Comparison with the economic undis-
cost of exploration, then the aggregate resources in the coriovered conventional and unconventional resources,
mercially developable wells are added to reserves. Othe?‘egional field-growth projections prepared for the period

wise, drilling is not justified and resources are not added t¢rom 1994 to 2015 are presented and discussed.
reserves. Calculations were repeated assuming progres-

sively higher well-head prices, and results were aggregated
from depth intervals to the play level and then to the prov- ASSUMPTIONS
ince level to arrive at incremental cost functions.

GENERAL ASSUMPTIONS
INFERRED RESERVES 1. The economic analysis uses tinean or expected

valueof the assessed hydrocarbons.
Industry exhibits rational behavior, so that invest-
ment will not be undertaken unless the full operating
costs, investment costs, and the cost of capital can be
recovered.
Industry was assumed to use a 12 percent after-tax
rate of return as a hurdle rate or required rate of return
to undertake new investment. The cash-flow analysis
was specific to individual projects and ignored mini-
mum income taxes and tax preference items that
might be important from a corporate accounting
stance. Cost levels prevailing in 1993 were assumed.

Inferred reserves (or field growtlgre those resources

in identified fields over and above current proved (mea-
sured) reserves. They are expected to be added to discovered
conventional fields through extensions, revisions, improved
efficiency, and the addition of new pools or reservoirs. In the
discussion of field growth, estimates of field size (or known
field recovery) are computed as the sum of past cumulative
field production and the field’s proved reserves. When fields
are grouped by their year of discovery, the sum of the esti-
mates of known recovery for each group tends to increase
systematically over time or years of observations. This
observed systematic nature of the “field-growth phenome-
non” suggested a modeling approach that was statistical 4- Federal taxes are based on the 1986 Tax Reform Act
rather than geologic in nature. To model this procassu- and the 1993 revision. State tax rates are as of 1993.
lative growth functionsvere specified and calibrated. 5. Royalty payment to the resource owner is 12.5 per-

Cumulative field-growth functionshow the estimated cent of gross revenues for onshore areas and 16.67
field size at agm, that is,n years after discovery, as a multiple percent of State offshore areas.
of the field's initially estimated size. Cumulative growth
functions were calibrated using yearly field-size estimates 2Data used for calibrating cumulative growth functions typically con-
from 1977 through 1991 of conventional fields (grouped bysist of short time-series (6 to 15 years) of estimates of ultimate field recov-
discovery year from 1901 to 1991) in the lower 48 Sthtes.eries for sets of fields grouped by discovery year. For example, with such a
The cumulative growth function was then applied to the 199 peries, the expected percent field growth for a field going from age 19 to 20

field-size estimates to project future annual reserve additioni§ computed using estimates of known recovery for all those fields that
assed from age 19 to 20 during the sample period. An entirely different set

fpr pre-1992 discoveries for t_he next 80 years. Alaska’s O'Ef fields may be used in calculating expected field growth from age 4 to age
field growth was calculated using the lower-48-States growt, rield-size estimates were from the Energy Information Administration’s
function (U.S. Geological Survey National Oil and Gasproprietary Oil and Gas Integrated Field File (OGIFF), issued in 1993.
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Dry gas (gas without natural gas liquids) prices were 6.

assumed to be two-thirds the price of oil when
expressed on an equivalent energy basis. For exam-
ple, if oil prices are $18 per barrel, the implied price
of gas would be $2 per mcf. This relationship
between oil and gas prices corresponds roughly to the
historical average. The analysis also focused on
prices between $18 per barrel ($2 per mcf) and $30
per barrel ($3.34 per mcf). Also, the well-head price
of natural gas liquids is assumed to be three-fourths
the per-barrel price of crude oil.

By-product revenues from associated gas and natural
gas liquids are credited in the economic evaluation to

the primary products of either crude oil or non-asso-

ciated natural gas in the calculation of the incremen-

tal cost functions.

SPECIFIC ASSUMPTIONS:
UNDISCOVERED CONVENTIONAL
OIL AND GAS PLAYS

Economic evaluation of undiscovered conventional
oil and gas fields were generally prepared at the prov-
ince level and based on the assessed field-size distri-
bution of undiscovered fields within 5,000-ft depth
intervals.

Exploration continues until the expected net present

Technically recoverable resources assigned to Lake
Michigan and Lake Erie were not evaluated. These
resources amounted to 0.67 BBO and 3.0 TCFG.

SPECIFIC ASSUMPTIONS:
CONTINUOUS-TYPE AND
COAL-BED GAS PLAYS

Economic evaluations of continuous-type accumula-
tions and coal-bed gas were prepared at the play level
and based on the expected cell-size frequency distri-
bution of untested cells for each 5,000-ft depth inter-
val over which the play extends.

Each untested cell requires a new well; recompletions
to the target plays of producing wells were not con-
sidered.

Within continuous-type or coal-bed gas plays, it is
assumed there is no trend in the discovery rate or well
productivities as drilling progresses. In particular, it
is assumed that within a play, operators cannot high-
grade areas except by restricting drilling to specific
depth intervals. To the extent possible, so-called
sweet spots should be separate plays.

INCREMENTAL COSTS

OVERVIEW:

value of the commercially developable resources dis- UNDISCOVERED CONVENTIONAL FIELDS
covered by the last increment of wildcat drilling is AND CONTINUOUS-TYPE ACCUMULATIONS

insufficient to pay for that increment of wildcat
drilling.

Except in the Northern Alaska province, oil and gas
prices used in the economic evaluation were well-
head prices. For the Northern Alaska province, th
oil price used in the economic evaluation was the
lower-48-States-West-Coast price, rather than the
well-head price, so incremental costs include trans:
portation from the field to the lower 48 States West
Coast. Oil produced in Northern Alaska is trans-
ported through the Trans-Alaska Pipeline System
(TAPS).

Table 1 shows regional estimates of economic quanti-
ties of oil, gas, and natural gas liquids in conventional undis-
covered oil and gas fields, continuous-type accumulations
and coal-bed gas accumulations having incremental costs of
%18 per barrel or $2 per mcf and $30 per barrel or $3.34 per
mcf. Figures 7 and 8 depict estimates of oil in oil fields and
accumulations and gas in gas fields and accumulations.
Figures 9 and 10 show regional incremental cost functions
for of oil and non-associated gas, respectively.

At $18 per barrel and $2 per mcf, 9.2 BBO, 15.8 TCF
associated gas, and 1.1 BBL NGL from undiscovered oil
fields and 61.7 TCFG and 2.0 BBL NGL from undiscovered

Because of the absence of a market for the 9agas fields can be found, developed, and produced. Similarly,
resources of Northern Alaska, non-associated gagt $30 per barrel and $3.34 mcf, 17.4 BBO, 25.9 TCF associ-
fields were not evaluated and a zero price wasted gas, and 1.6 BBL NGL in undiscovered oil fields and
attached to the extracted associated gas from 085 9 TCFG and 2.9 BBL NGL in undiscovered gas fields is

fields.

economic. Associated gas represents 20 percent of the total

The oil and gas resources of the Central Alaska provgas estimated at both cost levels. Additionally, NGL from
ince and of the Southern Alaska province outside th@ssociated and non-associated gas accounts for one-fifth to
Cook Inlet were not evaluated by the economic analene-fourth of total economic hydrocarbon liquids (crude oil
ysis because these areas have very limited potentiglus natural gas liquids).

and expected discovery sizes are insufficient to offset

Crude oil in continuous-type oil accumulations, even at

cost barriers imposed by the hostile climate, primi-the high cost level, adds less than 6 percent to economic

tive infrastructure, and remoteness from markets.

crude oil. At $2 per mcf, continuous-type gas accumulations
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add 35.9 TCFG to economic resources, and, at $3.34 per m
72 TCFG is added. Assessed NGL resources in unconve
tional gas were very small. Quantities of economic
unconventional gas are significant, even at low increment:
costs. Total economic gas resources at $2 per mcf are 11!
TCFG and, at $3.34, are 196.3 TCFG.

The economic analysis treated the Northern Alaski
province (Alaska, Region 1) at the play level (see Attanas
and Bird, 1996) because it is still a frontier area with little
infrastructure and is remote from markets. Incremental cos
for this province included product transport costs from the
field to the lower 48 States West Coast. These costs rang
from $5.41 to $9.38 per barrel. Assessed non-associated ¢
fields in the Northern Alaska province were not evaluated b
the economic analysis because markets and a product trat
portation system for new gas appear at least 2 decades aw
(see Attanasi, 1994). There is at least 30 TCF associated ¢
already discovered that can be produced cheaply if a mark
should develop. Although no commercial value was imputet
to the associated gas in oil fields in the Northern Alaska prov
ince, by-product revenues for natural gas liquids were crec
ited. The Cook Inlet area has local oil and gas markets, <
that, for the marginal unit of resources added to reserve
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ALASKA ‘ ‘

PACIFIC COAST

CO PLATEAU
ROCKY MT. ‘

W. TX&E. NM ‘
|

GULF COAST

MIDCONTINENT

EASTERN

10 20
TRILLIONS OF CUBIC FEET OF GAS
EXPLANATION
|:| $2.00/mcf conventional

60

. $3.34/mcf conventional
. $2.00/mcf unconventional

D $3.34/mcf unconventional

incremental costs equaled well-head price. For the Alaska

ALASKA
PACIFIC COAST
CO PLATEAU | |

ROCKY MT.

W. TX & E. NM

GULF COAST

MIDCONTINENT

EASTERN

BILLIONS OF BARRELS OF CRUDE OIL
EXPLANATION

|:| $18/bbl conventional
. $30/bbl conventional
. $18/bbl unconventional

D $30/bbl unconventional

Figure 7. Estimates of quantities of crude oil, by petroleum region

Figure 8. Estimates of quantities of non-associated gas, by petro-
leum region, from undiscovered conventional gas fields and from
assessed continuous-type gas accumulations having incremental
costs of $2 and $3.34 per thousand cubic feet, respectively.

Region, at $18 per barrel, 11 percent of the technically recov-
erable oil is economic. Similarly at $30 per barrel, 45 percent
of the assessed oil is economic.

Nearly all the economic oil shown in table 1 is in con-
ventional undiscovered oil fields. For the lower 48 States,
about 36 percent of the geologically assessed oil in undis-
covered conventional fields and continuous-type oil accu-
mulations can be found, developed, and produced at $18 per
barrel. As costs increase to $30 per barrel, 62 percent of the
technically recoverable oil is economic.

Assessed coal-bed gas and gas in continuous-type
accumulations (unconventional gas) amounted to more than
three-fifths of the 507 TCF of technically recoverable non-
associated gas assessed in conterminous U.S. onshore and

Figure 9 (facing page).Incremental cost of finding, developing,
and producing crude oil from undiscovered conventional oil fields
and crude oil from continuous-type oil accumulations in U.S. petro-
leum regionsA, Region 1 (Alaska)B, Region 2 (Pacific Coast(,
Region 3 (Colorado Plateau and Basin and RarlgeRegion 4
(Rocky Mountains and Northern Great Plairts)Region 5 (West
Texas and Eastern New Mexic#);Region 6 (Gulf Coast)s, Re-
gion 7 (Midcontinent)H, Region 8 (Eastern). Solid line represents

from undiscovered conventional oil fields and from assessed commndiscovered conventional oil, and dashed line represents the total
tinuous-type oil accumulations having incremental costs of $18 andf undiscovered conventional oil and oil in continuous-type

$30 per barrel, respectively.

accumulations.
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Figure 10 (facing page).Incremental cost of finding, developing, development are different. Non-associated gas, that is gas in
and producing non-associated gas from undiscovered conventiongds fields, accounts for more than four-fifths of total
gas fields and unconventional gas from assessed continuous-tygRdiscovered gas.

gas accumulations and coal-bed gas in U.S. petroleum redipns:

Region 1 (Alaska)B, Region 2 (Pacific Coast{;, Region 3 (Col- ‘Region 1—The Northern Alaska province was
orado Plateau and Basin and Rang)Region 4 (Rocky Moun- assigned mean values of 7.40 BBO and 63.5 TCFG, the

tains and Northern Great Plaing); Region 5 (West Texas and Central Alaska province 0.06 BBO and 2.7 TCFG, and the
Eastern New Mexico}, Region 6 (Gulf Coast}3, Region 7 (Mid-  Southern Alaska province 1.0 BBO and 2.1 TCFG. To place
continent);H, Region 8 (Eastern). Solid line represents undiscovthese estimates in perspective, through-1990 cumulative dis-
ered conventional non-associated gas, and dashed line represefdyeries in the Northern Alaska province amount to more
the total of undiscovered conventional non-associated gas, gasti}an 14 BBO and 32 TCFG, and, in the Southern Alaska
continuous-type gas accumulations, and coal-hed gas. province, discoveries amount to about 1.2 BBO and 6.8
TCFG (NRG Associates, 1993, 1994). Alaska accounts for
State offshore areas. Table 1 shows that, even at a cost of §8out 30 percent of the assessed technically recoverable
per mcf, the unconventional gas accounts for 36 percent Qfpgiscovered oil and 26 percent of the undiscovered gas
the economic non-associated gas. As prices increase, thgsources in the 1995 National Assessment. Plays in the
proportion of economic gas coming from these accumulacental Alaska province and in the Southern Alaska
tions increases because of the much larger quantity of tedﬁ'rovince (outside of the Cook Inlet area) have very limited
nically recoverable gas in unconventional accumulationsygential, and expected discovery sizes are unlikely to be
Regions where unconventional gas is expected to dominatgy 4e enough to offset cost barriers imposed by the hostile
that is, Colorado Plateau (Region 3) and Rocky Mountainimate primitive infrastructure, and remoteness from mar-

(Region 4), are strategically located to contribute to WeSfgis consequently, these plays were not further evaluated
Coast gas supplies. Eastern Region (Region 8) gas fror[w economic analysis.

Antrim Shales of the Michigan Basin and coal-bed gas in h | h h lask .
Central Appalachia will also find a ready market in the At the mean value, the 1995 Northern Alaska province

industrial Northeast. Moreover, locational advantages ofSS€ssment of undiscovered oil of 7.40 BBO is a 41 percent
Eastern Region gas permit higher well-head prices tgeduction from the 12.6 BBO estimated in the 1989 assess-
partially offset typically higher costs of unconventional gas.MeNt (sée Mast and others, 1989). Assessed undiscovered

By source, economic non-associated gas at $2 per m@@S increased by about 10 percent over the 1989 analysis.

amounted to 39 percent of the assessed technically recoverlis revision resulted from new drilling information and an

able undiscovered conventional gas and 10 percent of tr@ternative interpretation of the thermal history of the

assessed technically recoverable unconventional gaBrovince (U.S. Geological Survey National Oil and Gas
Similarly, at $3.34 per mcf, 61 percent of undiscoveredResource Assessment Team, 1995) that reduced the per-

conventional and 20 percent of unconventional gas igeived maximum depths where oil was thought to occur. For
the 1995 Assessment, more than three-fourths of the esti-

mated undiscovered oil was assigned to depths shallower
than 10,000 ft and only 2 percent was assigned to depths
greater than 15,000 ft. A high degree of uncertainty was
attached to geologic estimates for both oil and gas in the

economic.

UNDISCOVERED CONVENTIONAL

OIL AND GAS Northern Alaska province.
CHARACTERISTICS OF TECHNICALLY Regions 2, 3, 4, 5, 6, 7, and-8Table A-1, Appendix
RECOVERABLE RESOURCES A, shows more than 21 billion barrels of oil and 190 trillion

cubic feet of gas remain to be discovered in the onshore and
Characteristics of the geologic assessment importartate offshore areas in the conterminous United States. For
for understanding the economic analysis are highlightedhis area, undiscovered resources amount to only 13 percent
here. Table A-1, Appendix A, shows the combined mearf the oil and 23 percent of the gas already discovered.
values of assessed conventional undiscovered recoverallearly all of these areas have been rather thoroughly
resources for U.S. onshore and State offshore areas. Fedegablored for conventional resources. State offshore areas
offshore areas are not included. Oil and gas estimates shovagcount for about 10 percent of the undiscovered resources
in the table are small revisions to the estimates presented in the lower 48 States. Of the 55 provinces listed for the
U.S. Geological Survey Circular 1118 (U.S. Geologicallower 48 States, 45 percent of the oil is contained in just four
Survey National Oil and Gas Resource Assessment Teamrovinces (Permian Basin (044), Western Gulf (047),
1995). The technically recoverable natural gas liquids ouisiana-Mississippi Salt Basins (049), and Powder River
estimates shown here, however, correct estimates present@$3)) and more than half the non-associated gas is
in Circular 1118. The estimates are presented by field-typeontained in the Western Gulf (047) province and the
because cost and technology for oil and gas field ouisiana-Mississippi Salt Basins (049).
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Figure 11A shows the mean field-size frequency distri- 5
bution of the ultimate (discovered plus undiscovered) an
undiscovered numbers of fields containing at least 1 millior |
barrels of oil equivalent (1 MMBOE). Similarly, figureB1
shows the frequencies for all field-size classes. Table A-:
Appendix A, provides size class definitions. Data in the fig:
ures show future discoveries to be dominated by small
fields. Though only 10 percent of hydrocarbons discoveredi 2
the past were in fields of less than 8 MMBOE, half the undi58
covered hydrocarbons were assigned to these size classZ |
Field-size classes smaller than 1 MMBOE (classes 1-5) coi3
tain less than 3 percent afiscovered hydrocarbonbut ol -
account for 23 percent of the undiscovered hydrocarbonz 6 7 8 9 10 11 12 13 14 15 16 17
Because finding, development, and production costs typd A
cally vary inversely with field size, data behind the figuresd
imply increases in costs are associated with future discovere m

THO

T
18 19

50

40 1
INCREMENTAL COSTS OF OIL AND GAS FROM
UNDISCOVERED CONVENTIONAL
OIL AND GAS FIELDS

NUMBER O

30 A

Computation of incremental cost functions started witt 29
the economic evaluation of the assessed distribution ¢
undiscovered oil and gas fields: the economic target fc 10 1

exploration. Province-level finding-rate functions were use(
to predict the ordering and arrival rate of discoveries. Fc | i 08 0

each increment of wildcat wells, the finding-rate function 1 234 56 78 9 1011 12 13 14 15 16 1718
generates a distribution of discoveries by size and dept B FIELD-SIZE CLASS

some of which will be commercially developable and som: EXPLANATION

not. The computational algorithm assumes exploration cor I undiscovered pius discovered D Undiscovered

tinues until the expected economic value of the resources dis-
covered by the last increment of wildcat wells is insufficienfrigure 11. Field-size distribution of ultimate (discovered plus
to pay for that exploration increment. The targeting of wilg-undiscovered) and undiscovered conventional oil and gas fields in

cat wells by depth interval for each well increment maxi-onshore and State offshore areas of the conterminous United States.

. . A, part of distribution for fields containing at least 1 million barrels
mized the expected after-tax net present value of oil and gaft, . . L : .
oil equivalent.B, entire distribution. Size classes, in terms of

dlscovergd. Sucgesswe |ncrements of.W|I(.jcat wells gen,eraﬁﬁllions of barrels of oil equivalent, are defined in table A-4,
smaller discoveries and (or) discoveries in deeper hor|zor§ppendix A

that typically lead to increasing finding costs. All this implies
that it is not valid to simply add a flat finding cost to devel-

3 , For the Northern Alaska province, at a lower-48-States-
opment cost to arrive at the full incremental costs.

West-Coast price of $18 per barrel, only 8 percent of the tech-
Tables A-2 and A-3, Appendix A, show province-level nically recoverable undiscovered oil is economic; at $30 per
estimates of economic resources by commodity. Table A-Barrel, about 43 percent is economic. For the lower 48 States,
shows that, at $18 per barrel ($2 per mcf), it will be economig@8g percent of the technically recoverable undiscovered oil
to find, develop, and produce 9.2 BBO, 15.8 TCF associatednd 39 percent of the technically recoverable undiscovered
gas, and 1 BBL NGL from undiscovered conventional oilnon-associated gas can be found, developed, and produced at
fields and 61.7 TCFG and 2 BBL NGL from undiscoveredincremental costs of $18 per barrel ($2 per mcf). At an incre-
conventional gas fields. Table A-3 shows estimates of ecanental cost of $30 per barrel ($3.34 per mcf), two-thirds of
nomic oil increase by 85 percent and total economic gathe technically recoverable oil and gas is economic.
increases by 57 percent as incremental costs are allowed to The Alaska and Gulf Coast Regions have the largest
increase to $30 per barrel ($3.34 per mcf). Associated gagiantities of economic undiscovered oil at $30 per barrel,
accounts for about one-fifth of total economic undiscoveredollowed by (1) the Rocky Mountain Region and (2) the West
conventional gas, and NGL from associated and non-associexas and Eastern New Mexico Region. Tables A-2 and A-
ated gas contributes 20 to 25 percent to total conventiongl, Appendix A, show that, within most regions, one or two
liquid hydrocarbons (crude oil plus NGL). provinces dominate potential reserve additions. Based on the
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incremental cost functions and the fraction of technicallyMontana (028). Similarly, of the 13 provinces with assessed
recoverable oil that is economic to find, develop, and procoal-bed gas plays, the Uinta-Piceance (020), the San Juan
duce at an incremental cost of $18 per barrel, the Permiaf®22), and the Appalachian (067) Basins accounted two-
Basin province (044) in the West Texas and Eastern Newhirds of the total gas.
Mexico Region has the lowest cost oil, followed by the With few exceptions the coal-bed gas assessed by geol-
Western Gulf province (047) in the Gulf Coast Region. Thepgists was restricted to depths of 6,000 ft or less. One-third
Northern Alaska province was assigned the largest quantityf the 302 TCF of technically recoverable gas assessed in
of oil of any U.S. province; however, transport of the productontinuous-type plays is shallower than 5,000 ft and one-
to market increases costs substantially. fifth is deeper than 15,000 ft. Coal-bed gas and shallow gas
For economic undiscovered non-associated gas, thi continuous-type gas plays together account more than 150
Gulf Coast Region is the dominant region, followed by theTCFG. The in-place volumes of hydrocarbons in unconven-
Rocky Mountain, Midcontinent, and West Texas andtional plays are overwhelming. Some unconventional plays
Eastern New Mexico Regions. The Western Gulf provincewere not assessed because the geologic and production data
of the Gulf Coast Region has lowest costs. Half of thewere simply not sufficient or because the inferior quality of
technically recoverable gas in the Gulf Coast Region is ecahe resources, in the assessor’'s judgment, was outside the
nomic to find, develop, and produce for $2 per mcf. Thatpractical limits of recovery technology.
guantity of gas is more than all the other regions combined

at that cost level. INCREMENTAL COSTS OF OIL AND GAS FROM

Even at low well-head prices, improvements in CONTINUOUS-TYPE AND COAL-BED GAS
exploration technology are likely to occur during the next 2 ACCUMULATIONS

decades. Though undiscovered resources are unchanged,
improvements in exploration efficiencies can increase the  For unconventional resources, incremental costs repre-
quantity of resources found and developed at nearly evergent the full costs of exploring, developing, and producing
cost level. If the analysis for the conterminous United Statethe commercially developable cells in a specific 5,000-ft
is repeated assuming exploration efficiency is doubled, thdepth interval of a continuous-type or coal-bed gas play.
guantity of crude oil and non-associated gas that is economladividual depth intervals of continuous-type or coal-bed gas
at $18 per barrel ($2 per mcf) increases by more than onglays will not be explored unless the aggregate expected
third, so 54 percent of the technically recoverable resourceafter-tax net present value of the commercially developable
are economic. At the $30 per barrel ($3.34 per mcf), almostells is sufficient to cover costs of testing all cells in the
three-fourths of the assessed resources are economic.  depth interval.
Gas resources in continuous-type gas accumulations are
massive, but are also dilute, as evidenced by typically low

CONTINUOUS-TYPE ACCUMULATIONS well productivities. Only 7 percent of the assessed techni-
AND COAL-BED GAS cally recoverable gas is economic to find, develop, and pro-
duce at $2 per mcf. At $3.34 per mcf, 15 percent of the

CHARACTERISTICS OF TECHNICALLY assessed gas is economic (see table 2). At $2 per mcf, plays
RECOVERABLE RESOURCES in the San Juan Basin (022), the Louisiana-Mississippi Salt

Basins (049), the Uinta-Piceance Basin (020), and the Cen-

Tables 2 and 3 show the expected values of the assessggl| Montana (028) provinces account for 85 percent of the
technically recoverable oil and gas in continuous-type playgconomic resources in continuous-type gas accumulations
and in coal-bed gas plays, respectively. The 302 TCksee table 2). These provinces continue to dominate as costs
assessed in sandstone/siltstone, shale, and chalk continuoyscrease to $3.34 per mcf and plays from the Michigan (063),
type plays and the 50 TCF in coal-bed gas together represeRppalachian (067), and Southwestern Wyoming (037) prov-
more than twic¢he estimated technically recoverable undis-jnces are added. The lowest cost continuous-type gas plays
covered conventional gas assessed in the lower 48 State§saluated were in the San Juan and Louisiana-Mississippi
The 2 BBO assessed in continuous-type oil plays is smaksajt Basins, having costs of $1.10 per mcf.
compared to oil in undiscovered conventional fields. More The quantity of oil assessed in continuous-type oil
than half this oil was in the Austin Chalk plays of the West-accumulations is small. For continuous-type oil accumula-
ern Gulf province (047). tions at $18 per barrel and $30 per barrel, about 7 percent and

The geographical concentration of the resourcess0 percent, respectively, of the assessed technically recover-
assessed in continuous-type gas and in coal-bed gas playsaisle oil is economic (see table 2).
very uneven. Three of the twelve provinces with assessed Table 3 shows, at $2 per mcf, 30 percent of the assessed
continuous-type gas accumulations accounted for two-thirdgoal-bed gas is economic. The San Juan (022), Uinta-
of the gas. These dominant provinces include SouthwesterRiceance (020), and Appalachian (067) Basins account for
Wyoming (037), Appalachian Basin (067), and Centralg86 percent of the economic resources. As incremental costs
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Table 2. Estimates of technically recoverable and economic oil, gas, and natural gas liquids (NGL) in continuous-type oil
and gas accumulations in onshore areas of the conterminous United States as of January 1994.

[mcf, thousand cubic feet; NGL, Natural gas liquids; TCF, trillions of cubic feet; BBL, billions of barrels; BBO, billions of barrels of oil; bbl, barrel]

CONTINUOUS-TYPE GAS ACCUMULATIONS

_Technically recoverable $2/mcf $3.34/mcf

Province Nonassociated NGL Nonassociated NGL Nonassociated NGL

Number Name gas gas gas
(TCF) (BBL) (TCF) (BBL) (TCF) (BBL)

Region 2—Pacific Coast
005 E. Oregon-Wasington........ccceurireerenenrererirerercecensnnnas 12.200 0.122 0.000 0.000 0.000 0.000
TOTAL, RegION 2....ccovvriicree et 12.200 0.122 0.000 0.000 0.000 0.000
Region 3—Colorado Plateau and Basin and Range
020 Uinta-Piceance Basim........cocooveevvviinneveveneneneencncennens 16.713 0.096 1.845 0.014 2.146 0.016
022  San Juan Basin.........ccoecverienieneniennenieeiinennnenen 21.060 0.001 8.749 0.000 11.681 0.001
TOTAL, ReEZION 3......cccciiiiiiiiiiiiieiiiiecieareeerrensieenrencrenene 37.773 0.096 10.594 0.014 13.827 0.017
Region 4—Rocky Mountains and Northern Great Plains

028 Central Montana.......c..ccoceveerernervererenervrencnerinnnnceons 41.270 0.000 5.012 0.000 5.241 0.000
031  Williston Basin.......cccceeerevinrmnnerincrinnenocennenonnnnenonne 1.894 0.000 0.000 0.000 0.000 0.000

037 Southwestern Wyoming 119.171 1.732 0.000 0.000 3.278 0.049

039 Denver Basin ........cccocceveneninenerrccn e 0.831 0.000 0.000 0.000 0.631 0.000
TOTAL, ReZION 4. sesssssesiasinenes 163.165 1.732 5.012 0.000 9.150 0.049
Region 6—Gulf Coast
049 Louisiana-Mississippi Salt Basins crererennnn 6,035 0.151 5.373 0.134 5.520 0.138
TOTAL, ReZION 6.......c.oceverirerenieirirnecnir st 6.035 0.151 5.373 0.134 5.520 0.138
Region 8—Eastern
063 Michigan Basin 0.000 0.000 0.000 13.672 0.000
064 Illinois Basin ........ . 0.002 0.000 0.000 0.000 0.000
066 Cincinnati ArCh .......cccovveeirennmccrin e, 1.389 0.000 0.000 0.000 0.000 0.000
067 Appalachian Basin . 0.015 0.000 0.000 3.061 0.000
TOTAL, Region 8.......c.ocvivreiiiniininiineninas . 0.017 0.000 0.000 16.733 0.000
TOTAL, CONTERMINOUS UNITED STATES 2.118 20.979 0.148 45.230 0.204

CONTINUOQUS-TYPE OIL ACCUMULATIONS

Technically recoverable $18/bbl $30/bbl
Province Oil Associated Oil Associated 0il Associated

Number Name gas gas gas

(BBO) (TCF) (BBO) (TCF) (BBO) (TCF)
Region 3—Colorado Plateau and Basin and Range
020 Uinta-Piceance Basin.........cccoecvveciniininiiiiicnninnnen 0.094 0.028 0.000 0.000 0.000 0.000
021 Paradox Basin.........ccooveveccrcrnrcniinimnnn, 0.242 0.194 0.000 0.000 0.225 0.180
022 San Juan Basin.......cccvrccnninninniie 0.189 0.094 0.145 0.072 0.149 0.074
TOTAL. RegION 3.ttt 0.525 0.316 0.145 0.072 0.374 0.254
Region 4—Rocky Mountains and Northern Great Plains
028 Central Montana........cccooeovinnininniinnennnens 0.016 0.013 0.000 0.000 0.000 0.000
031 Williston Basin.......cccoecrrennennnii i 0.151 0.128 0.000 0.000 0.000 0.000
039  Denver Basifl...cocoivivvnriccrnrnnnn s 0.285 2.325 0.000 0.000 0.040 0.398
TOTAL, Region 4.........ccccoconvivininininiininir i, 0.452 2.466 0.000 0.000 0.040 0.398
Region 6—Gulf Coast

047 Western Gulf .........ccovviiinini 1,089 2.633 0.000 0.000 0.678 1.641

TOTAL, REZION 6.....coovviriiiiriiiiii it 1.089 2.633 0.000 0.000 0.678 1.641
TOTAL, CONTERMINOUS UNITED STATES.........cc......... 2.066 5.416 0.145 0.072 1.092 2.293
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Table 3. Estimates of technically recoverable and economic gas in assessed coal beds
in onshore areas of the conterminous United States as of January 1994.

[TCEF, trillions of cubic feet; mcf, thousands of cubic feet]

Technically
Province Province recoverable $2/mcf $3.34/mcf
number name gas gas gas
(TCF) (TCF) (TCF)
Region 2—Pacific Coast
004 Western Washington............cccoeeveeneenenrnenerennes 0.697 0.000 0.330
TOTAL, RegiOn 2.....ccoccvverivvierericrienrecnceinererinesernesenens 0.697 0.000 0.330
Region 3—Colorado Plateau and Basin and Range
020 Uinta-Picance.........c.ccovvveenreccrcnnerinseeneeneane 10.705 4.229 8.506
022 San JuaN.....cccccoiioriier e 7.533 5.970 7.267
TOTAL, Region 3.......cccccevvevvcciiiiiieiseereecieccveeve e 18.238 10.199 15.773
Region 4—Rocky Mountains and Northern Great Plains
033  Powder RIVET .....ccccoiveevnienenirrcerenenneeesesenanns 1.107 0.000 0.534
035  Wind RIVET....cocoeiiiiininiiiniiitesec e e eeenins 0.426 0.000 0.398
037 Southwest Wyoming..... ....3.889 1.093 1.831

041 Raton Basin.................. . 1775 0.782 1.709
TOTAL, Region 4 ........cccovvvvirvireeniirerererirenernearcnernniens 7.196 1.875 4472
Region 7—Midcontinent
056  Forest City Basil.......ccccoveriririerieieieennnnessvesrennees 0.452 0.000 0.000
060 Cherokee Basin 0.000 0.000
062  Arkoma Basin ......c.cooveveeverermrnnnene s 2.640 0.268 2.109
TOTAL, REZION 7 ..ccernienieiiieieieie et 5.006 0.268 2.109
Region 8—Eastern
064 IIlinois Basin......ccccoccvvevvineicennnenerecr e 1.628 0.000 0.000
065 Black Warrior Basin 0.000 1.200
067 Appalachian Basin.........cccevienviiiinniiicincns . 2.538 3.023
TOTAL, Region 8 .......ccccceovirniiiineceirrineeeeneceicenes . 2.538 4.223
TOTAL, CONTERMINOUS UNITED STATES........... 49914 14.880 26.907

increase to $3.34 per mcf, more than half of all the assessaudfficient detail to incorporate them. Selective drilling
coal-bed gas becomes economic. The lowest cost plays (witeduces costs by siting wells in high-productivity areas and
costs of $1 per mcf) were located in the San Juan Basin. avoiding noncommercial wells. For some plays, industry
The regional distribution of economic gas in continu- production experience gained since the 1995 National
ous-type gas accumulations and coal-bed gas is notable. TWesessment suggests more efficient well spacing (cell size)
San Juan and the Uinta-Piceance Basins can supply Wetltan assumed. Although it was assumed that new wells are
Coast markets. Gas from the Michigan Basin Antrim Shalegequired to test and produce each cell in a continuous-type
and Central Appalachian coal-bed gas plays have readyccumulation, in practice, the industry has recompleted
markets in the industrial Northeast. Economic undiscoveregxisting wells to produce these resources.
conventional gas in these provinces is very modest.
Locational advantages, particularly in the Eastern Region,
permit higher well-head prices to offset the generally higher
costs of developing these unconventional gas resources.

INFERRED RESERVE ESTIMATES

Assumptions applied in the economic evaluation FIELD GROWTH: ORIGINS AND
assured conservative estimates of economic resources. For QUALIFICATIONS
example, it was assumed that the industry could not selec-
tively drill a continuous-type play. However, an individual Field-growth projections are applied only to conven-

firm may have site-specific or specialized knowledge thational pre-1992 discoveries. Inferred reserves (field growth)
allows it to high-grade a play by identifying “sweet spots.” are recoverable resources in discovered fields begand

At the time of the 1995 National Assessment, the occurrenceent proved reserveshat are expected to be added in the
and extent of these local sweet spots were not known witfuture as proved reservesBecause proved reserves are
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reported in financial statements, commercial transactionseached 85 percent of full size 7 years after discovery and oil
legal contracts, and in response to regulatory mandates Ipyols reached 85 percent of full size 27 years after discovery
governmental entities, traditionally its definition reflects the(K. Drummond, National Energy Board of Canada, written
highest degree of certainty about economically recoverableommun., 1996). In contrast, U.S. gas fields did not attain 85
volumes of the resource in identified fields. Although wordedpercent of their 90-year size until 61 years, and oil fields did
slightly differently, standards of reporting proved reservesot attain 85 percent of their 90-year size until 66 years after
published by the Securities and Exchange Commissiodiscovery. Growth is sustained over a longer time period in
(1981), the Society of Petroleum Engineers (1987), andil accumulations than in gas accumulations. The low initial
Energy Information Administration (1994) convey essentecovery of oil, typically less than 35 percent of in situ
tially the same narrow definition. The Energy Informationhydrocarbons rather than the 70 to 80 percent for gas fields,
Administration (1994) defines proved reserveestimated makes the remaining oil an attractive target for progressively
volumes of the resource which geologic and engineering dat@ore intensive development efforts, particularly for very
demonstrate with reasonable certainty to be recoverable itarge fields.

future years from known reservoirs under existing economic,  tha unknown effects of model specification and errors

operating and, regulatory conditions. Reservoirs are proveqy, yne gata have not been sufficiently formalized to quantify
if commercial producibility is supported by actual produc- e yncertainty in projected field-growth estimates. Costs
tion or conclusive formation tests (drill stem or wire Iine),Were not estimated because past or projected future field
core analysis, and (or) electric or other log interpretations. rowth could not be related to specific development efforts.
Proved reserves increase with normal field developme owever, within a province, continuing simultaneous new
as boundaries of proved areas are extended by drilling; ggq exploration, field development, and investment in pre-
new pay zones, pools, or reservoirs are found and confirmethgy giscoveries indicates costs associated with the marginal
by drilling; as new infill wells (vertical and horizontal) or guantities of oil and gas produced in each project are
well-stimulation procedures contact previously inaccessibl%omparame_ In order to study potential reserves that might be
hydrocarbons; and with the introduction of water-flood orgyajlable for production during the next 2 decades, inferred
other fluid-injection programs. Data used in calibratingyeserve projections from 1994 through 2015 were calculated.
cumulative growth functions (see earlier discussion) and eSfProjected field-growth reserve additions through 2015
mating field growth, however, do not allow identification of 50unt to about one-half the total oil and gas projected

the source of reserve additions with level of effort expendegrough 2071 (see U.S. Geological Survey National Oil and
to increase reserves. Hence, costs were not definitively tieda5 Resource Assessment Team, 1995).

to either past or projected field growth.
Field-growth projections are also not very robust to
changes in assumptions implicit in the calibration and appli- FIELD GROWTH THROUGH 2015:
cation of the cumulative field growth function. The 1995 A COMPARATIVE ANALYSIS
National Assessment, for example, assigned three times as
much oil and gas to inferred reserves than the 1989 USGS  Figyre 12 shows regional estimates of proved reserves,
Assessment (Mast and others, 1989). Part of the reason fgfsjected oil growth though 2015, and estimated oil from
this increase is that newly available data from the 1977-1994giscovered conventional oil fields and continuous-type
period show some fields continuing to grow 90 years aftehccymulations with incremental costs of $30 per barrel
discovery—well beyond the 60-year cutoff used in 1989 (Segg3 34 per mcf). Figure 13 is similar but shows amounts of
footnote 2).In fact, if a 60-year field-growth cutoff is non_associated gas. Only the non-associated gas growth in
imposed on these data, the inferred oil estimate is about ongye Cook Inlet area was projected for Alaska because gas is
third of 1995 estimate and the gas estimate is one-half of the,; ynder development in the Northern Alaska province.
1995 estimateThe shape of the cumulative growth function proyed reserve estimates, prepared by the Energy Informa-
is also sensitive to the sample period used in calibratioio, Administration (1994), are as of January 1994 and
(National Petroleum Council, 1992, p. 45-46). include proved reserves of oil and gas from conventional
Fields are not well-defined entities and, as a fundameryie|ds, continuous-type accumulations, and coal-bed gas.

tal unit of observation, are frequently defined in an ad hogjeld-growth projections from pre-1992 discoveries started
manner for the convenience of regulatory agencies or ¢~

operators, or they are simply artifacts of the historica———
discovery process. If the unit of observation is narrowed to Sinvestments in field development and enhanced recovery are site spe-
the level of the pool, as it is in Canada, reserve growth jeific, so the technical characteristics of the discovered pools or fields must

o . - - . . k i ilto ch I i hnologies. O -
limited to extensions, infill drilling, well stimulation, and P¢Xnown in some detail to choose among alternative technologies. One ap
oach is to develop a series of sceening criteria and engineering cost models

efforts to enhanc? recover}’- On average_, pools reach ftﬁ( apply to candidate fields to a priori estimate costs of future growth in re-
development earlier than fields. Cumulative growth func-serves. Such an approach was used by Bowers and Drummond (1994) and

tions calibrated with Canadian data on pools show gas pootse National Petroleum Council (1984).



IMPLICATIONS AND LIMITATIONS 19

in 1994. Figures 12 and 13 are useful because they sho

guantities and sources of oil and gas that could be availabl

for production during the next 2 decades through 2015. PACIFIC COAST
Overall, projected growth (of pre-1992 oil discoveries)

through 2015 accounts for about 44 percent of the 69 BB @ CO PLATEAU

the crude oil represented by regions and sources shown

figure 12. Proved reserves account for 29 percent, and ect

nomic oil discoveries and continuous-type accumulations w.TX &E.NM

accounted for the rest. Regional shares of oil growth in the

lower 48 States mimic the pattern observed during the 197 GULF COAST

to 1991 data period. The Alaska, Pacific Coast, and Wes,,5conTiNeNT

Texas and Eastern New Mexico Regions account for almos

three-fourths of projected oil growth. The Gulf Coast Region EASTERN

has almost 30 percent of the oil discovered to date bu

accounts for only 5 percent of the projected growth (see fig

D-1, Appendix D). Its disproportionately low oil growth may

result because the region has higher initial recovery of the ir

ALASKA

ROCKY MT.

GAS, IN TRILLIONS OF CUBIC FEET
EXPLANATION

place olil, leaving less oil for enhanced recovery. [ | Proved reserves [ Growth through 2015
Projected field growth (of pre-1992 gas discoveries) ‘ _
through 2015 accounts for about a quarter of the 381 TCF ¢ Il conventional undiscovered and

. . unconventional at $3.34/mcf
non-associated gas represented in figure 13. Proved resery

account for 30 percent, and economic gas from new g#&Sgure 13. Estimates, as of January 1994, of proved non-associated
discoveries, continuous-type accumulations, and coal-befhs reserves, projected non-associated gas reserve additions
gas account for 44 percent. In the lower 48 States, projectetlough 2015 for gas fields discovered before 1992, and the com-
regional shares of growth almost duplicates the patterined estimates of non-associated gas in undiscovered conventional
observed for growth of non-associated gas during the 19%as fields and from continuous-type gas accumulations having in-
to 1991 period. The Gulf Coast and Midcontinent Regionsremental costs of $3.34 per thousand cubic feet.

account for 80 percent of non-associated gas growth

through 2015. In summary, quantities of oil and gas from field growth

could account for 44 percent of the oil and a quarter of the
ALASKA ‘—_‘ “ ‘

non-associated gas available for production during the next
PACIFIC COAST - : ‘

| 2 decades. Estimated quantities of oil are large but the deliv-
\
| | | | | ery projects are typically inferior to flow rates that can be
CO PLATEAU . . ) . )
| | | | achieved in newly discovered conventional fields of compa-
ROCKY MT. | | rable size. In comparison to assessed quantities of economic

erability or flow rates of the resource from enhanced recov-
undiscovered oil resources, break-throughs in improvements

W TX & E.NM in recovery efficiency of oil-in-place would make old fields

I I I
MIDCONTINENT | | | | into even more important sources of future domestic supplies
| | | | than suggested above.
GULF COAST ‘ ‘ ‘ ‘ ‘
EASTERN | | | | | IMPLICATIONS AND LIMITATIONS
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OlL, IN BILLIONS OF BARRELS Several findings are worth further elaboration. The 1994
EXPLANATION proved reserves of oil, non-associated gas, and total gas

D Proved reserves D Growth through 2015 amount to roughly 10 times their 1994 production, respec-

tively. Assuming this reserves-to-production ratio is sus-

B conventional undiscovered and tained in the future, then, in order to maintain 1994 production
unconventional at $30/bbl through 2015 (that is, 22 years), additions to oil and gas

Figure 12. Estimates, as of January 1994, of proved crude olil rel ESEIVES from field grOW'Fh and economic undiscovered con-
serves, projected crude oil reserve additions through 2015 for offéntional and unconventional resources must amount to 42.8
fields discovered before 1992, and the combined estimates of crufBO and 259.5 TCF non-associated gas (or 298.2 TCF total
oil in undiscovered conventional oil fields and from continuous-non-associated and associated gas). Even if the quantities pro-
type oil accumulations having incremental costs of $30 per barreljected from field growth are added to reserves during this
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time, expected total additions from economic undiscoveretends to convey a mistaken sense of precision in the results.
conventional and unconventional oil and gas at $18 per barrghe economic analysis could also have been prepared using
($2 per mcf) would not be enough to maintain 1994 producedistributions associated with the 5th or 95th fractiles of the
tion. When prices are $30 per barrel ($3.34 per mcf), projectesbsessment. Indeed, there is also uncertainty in the costs and
growth and total reserve additions from economic oil and gagechnical relationships used in the economic analysis, as well
barely meet these requirements. Moreover, the developmeas the field-growth analysis that is yet to be quantified.

of newly discovered conventional fields would not likely add Economic models are also limited in that they are

their entire ultimate recovery to proved reserves during thigpstractions designed to characterize a real economic system,
time period without greatly accelerated development. Probutthey are typically detailed enough to only roughly approx-
jected reserve additions from pre-1992 discoveries (fielgate the outcomes of interactions between economic agents.
growth) may also be optimistic—half of the hydrocarbonspn|y the general direction and the approximate magnitude of
from field growth expected during the next 80 years were prope reaction of the system to change can be modeled. Incre-
jected in the period to 2015. In summary, even though igental cost functions are time independent and should not be
appears possible with increases in real prices to $30 per bargg)nfused with the firm supply functions that relate marginal
($3.34 per mcf) to maintain production at levels comparabl@gst to production per unit time period. Because of the time-
to that of 1994 production, this production level will be veryjngependent nature of the incremental cost functions and the
difficult to achieve without significant improvements in gpsence of market-demand conditions in the analysis, user
exploration and production technology. costs or the opportunity costs of future resource use are not
Analysis shows that gas from continuous-type accumucomputed. However, the incremental cost functions and the
lations and coal-bed gas can make significant contributions tgata that underlie the functions can provide the basis for mar-
supply and identifies provinces where this gas is currentlket-supply models.
produced at competitive costs. By virtue of the large quantity £, 5 national perspective, the resources estimated by

of technically recoverable unconventional gas assessed, {iSe Minerals Management Service (1996) in undiscovered
share of total gas supplies is expected to increase as PriGgsyentional oil and gas for the Federal Outer Continental
increase. These accumulations are generally large, disperggq|t (0Cs) should be added to the estimates presented here.
hydrocarbon resources. Extraction costs for unconventiongl; ¢1g per barrel ($2 per mcf dry gas) the Minerals Manage-
gas are typically higher than costs for conventional aCCUMUpant Service assessed a total of 14.4 BBO and 72.5 TCFG for
lations; however, improvements in well-stimulation technol-y,o |y 5. OCS. At $30 per barrel ($3.34 per mcf dry gas), eco-
ogy and practices could significantly increase the volume of,mic resources were estimated at about 21 BBO and 100
resources that can be accessed by an individual well, and thyig. =5 alaska’s OCS was assigned 3.8 BBO at $18 per barrel
reduce unit costs. and about 6.6 BBO at $30 per barrel. Amounts of economic
The abundance of oil and gas produced from converyas assigned to Alaska were very small. Based on the analysis
tional fields at high flow rates in the early years of the twen'presented here, for onshore and State water areas at the $18
tieth century permitted the U.S. economy to move from cogher parrel ($2 per mcf) level, total economic oil and gas
to petroleum fuels as its basic energy source. However, thsessed in undiscovered conventional and unconventional
1995 National Assessment showed that oil field growth and:cumulations was 9.3 BBO and 113 TCFG, respectively. At

unconventional gas account for the largest quantities of estine higher price level, economic oil is estimated at 18.5 BBO
mated technically recoverable crude oil and gas resourcegn total gas is 196.3 TCFG.

While there are some exceptions, reserve additions from Acknowledgments-The report represents a revision of

these sources are not characterized by high deliverability. Tr}%sults, summary, synthesis, and interpretation of the eco-
characteristic ofieliverability bridges the gap between eco- ¢ analysis cited in the four earlier Open-File Reports on
nomic reserves and actual production. Generally, Iowe_r qua{he economics of various components of the 1995 USGS
ity resources require much larger amounts of capital t®ational Assessment of Oil and Gas Resources listed in the
produce at the same level as high-flow-rate conventionglterence list. The geologic assessment project was under the
resources. In particular, because their production characterigiection of D. Gautier. Province geologists responsible for
tics are typically inferior to conventional accumulations ofassessing the conventional undiscovered resources were M.
similar size, they requirkarger amounts of proved reserves Ball, C. Barker, K. Bird. L. Beyer, T. Bruns, W. Butler, R.
per unit of daily productiorConsequently, even though these charpentier, G. Dolton, T. Dyman, T. Fouch, J. Fox, J. Grow,
resources meet the standards of economic reserves, thgyHatch, T. Hester, D. Higley, M. Henry, A.C. Huffman, Jr.,
probably will not be produced rapidly. S. Johnson, C.W. Keighin, M. Keller, B. Law, D. Macke, L.
Estimates of economic oil and gas from conventionalMagoon, R. Milici, C. Molenaar, J. Palacas, W. Perry, Jr., J.
undiscovered fields and unconventional plays were based @eterson, R. Pollastro, R. Powers, R. Ryder, C. Schenk, C.
the mean or expected value reported in the geologic asseSpencer, R. Stanley, M. Tennyson, and C. Wandrey. D.H.
ment. It is appropriate to use this point estimate in the conRoot was responsible for aggregation of play-level geologic
putations and for ease of communicating results; however, #ssessments and prepared computations of province-level



REFERENCES CITED 21

expected frequency-size distributions of undiscovered conHoughton, J.C., Dolton, G.L., Mast, R.F., Masters, C.D., and Root,
ventional fields by depth intervals. Province geologists who  D.H., 1993, U.S. Geological Survey estimation procedure for
assessed the continuous-type accumulations were G. Dolton, accumulation size distribution by play: Bulletin of the
T. Dyman, T. Fouch, J. Hatch, D. Higley, A.C. Huffman, Jr., American Association of Petroleum Geologists, v. 77., no. 3,
B. Law, R. Milici, W. Perry, R. Pollastro, R. Ryder, C. p. 454-466.

Schenk, J. Schmoker, and C. Spencer. R. Crovelli and Ruast, R.F., Dolton, G.L., Crovelli, R.A., Root, D.H., Attanasi,
Balay prepared the original computations of the expected val- E.D., Martin, P.E., Cook, L.W., Carpenter, G.B., Pecora, W.C.,
ues of the technically recoverable resources. J. Quinn was and Rose, M.B., 1989, Estimates of undiscovered conventional
responsible for development of empirical EUR distributions  oil and gas resources in the United States; A summary: U.S.
and well-production characteristics of continuous-type  Geological Survey/Minerals Management Service Special
accumulations. D. Rice prepared the geologic assessment of Publication, 56 p.

coal-bed gas. A_dvance Resqur_ces, _|nC-a prePared_Cofal'b@ﬂnerals Management Service, 1996, An Assessment of the undis-
gas well-production characteristics. Field-growth projections  covered hydrocarbon potential of the Nation’s outer continen-
for the original assessment and subsequent regional projec- tal shelf: Washington D.C., 50 p.

tions were prepared by D.H. ROOt'_I am a_llso grateful to G'LNationaI Petroleum Council, 1984, Enhanced oil recovery: Wash-
Dolton and R.F. Mast for manuscript review. ington, D.C., 289 p.

———1992, The potential for natural gas in the U.S.—Source and
REFERENCES CITED supply: Washington, D.C., v. 2, 400 p.

NRG Associates, 1993 and 1994, The significant oil and gas fields

kets: Resources Policy, v. 20, no. 4, p. 247-255. Associates, Inc. [includes data current as of December 31,
Attanasi, E.D., and Bird, K.J., 1996, Economics and undiscovered 1992 and December 31, 1993, respectively—database avail-

conventional oil and gas accumulations in the 1995 National  gpje from NRG Associates, Inc., P.O. Box 1655, Colorado
Ass_essment of U.S. 0|_I and gas resources: Alaska: U.S. Geo- Springs, CO 80901].
logical Survey Open-File Report 95-75J, 48 p.

Attanasi, E.D., Gautier, D.L., and Root D.H., 1996, Economics an
undiscovered conventional oil and gas accumulations in the i ) -
1995 National Assessment of oil and gas resources: Contermi- 9@S:In Gautier, D.L., Dolton, G.L., Takahashi, K.I., and Var-
nous United States: U.S. Geological Survey Open-File Report ~ N€S: K.L., eds., 1995 National Assessment of United States Oil
95-75H, 50 p. and Gas Resources—Results, Methodology, and Supporting

Attanasi, E.D., and Rice, D.D., 1995, Economics and coalbed gas Data: U.S. Geological Survey Digital Data Series 30, release 2,
in the 1995 National Assessment of oil and gas resources: U.S. 1 CD-ROM.

Geological Survey Open-File Report 95-75A, 22 p. Root, D.H., and Attanasi, E.D., 1993, Small fields in the National

Attanasi, E.D., Schmoker, J.W., and Quinn, J.C., 1995, Economics Qil and Gas Assessment: Bulletin of the American Association
and continuous-type oil and gas accumulations in the 1995  of Petroleum Geologists, v. 77, no. 3, p. 485-490.

National Assessment of U.S. oil and gas resources: U.S. Ge(ﬁoot D.H. Attanasi E.D.. Mast. R.F. and Gautier. D.L.. 1996

logical Survey Open-File Report 95-75F, 33 p. Estimates of inferred reserves for the 1995 USGS National Oil

Bowers, B., and Drummond, K., 1994, Conventional crude oil B
. . . and Gas Resource Assessment, U.S. Geological Survey Open-
resources of the Western Canadian Sedimentary Basin: )
File Report 95-75-L, 29 p.

Petroleum Society of CIM & AOSTRA Paper No. 94-71,

June, 1994. Schmoker, J.W., 1995, Method for assessing continuous-type
Energy Information Administration, 1994, U.S. crude oil, natural ~ (unconventional) -hydrocarbon accumulatioris, Gautier,

gas, and natural gas liquids reserves: Washington, D.C., 1993 D.L., Dolton, G.L., Takahashi, K.I., and Varnes, K.L., eds.,

d?ice, D.D., Young, G.B., and Paul, G.W., 1995, Methodology for
assessment of technically recoverable resources of coalbed

Annual Report, 155 p. 1995 National Assessment of United States Oil and Gas
——1995, U.S. crude oil, natural gas, and natural gas liquids Resources—Results, Methodology, and Supporting Data:
reserves: Washington, D.C., 1994 Annual Report, 153 p. U.S. Geological Survey Digital Data Series 30, release 2, 1

Gautier, D.L., and Dolton, G.L., 1995, Methodology for assess- CD-ROM.

ment of undiscovered conventional accumulation&autier,  securities and Exchange Commission, 1981, Securities and

D.L., Dolton, G.L., Takahashi, K.I., and Vames, K.L., eds.,  Exchange Commission reserves definitions: Regulation S-X,
1995 National Assessment of United States Oil and Gas Rule 40-10; Financial accounting and reporting oil and gas

Resources—Results, Methodology, and Supporting Data: producing activities: New York, Brown and Co.

U.S. Geological Survey Digital Data Series DDS-30, release | ) o
2 1 CD-ROM. Society of Petroleum Engineers, 1987, Reserves definitions

Gautier, D.L., Dolton, G.L., Takahashi, K.I., and Varnes, K.L.,  approved: Journal of Petroleum Technology, no. 576, p. 576.
eds., 1995, 1995 National Assessment of United States OiU.S. Geological Survey National Oil and Gas Resource Assess-
and Gas Resources—Results, Methodology, and Supporting ment Team, 1995, 1995 National Assessment of United States
Data: U.S. Geological Survey Digital Data Series DDS-30, Oil and Gas Resources: U.S. Geological Survey Circular
release 2, 1 CD-ROM. 1118, 20 p.



22 ECONOMICS AND THE 1995 NATIONAL ASSESSMENT OF UNITED STATES OIL AND GAS RESOURCES

GLOSSARY OF SELECTED TERMS field growth (inferred reserves)iat part of identified con-

ventional resources over and above proved (mea-

barrels of oil equivalent (BOE)-gas volume and NGL vol- sured) reserves, expected to be added to existing
ume that is expressed in terms of its energy equiva- conventional fields through extension, revision,
lent in barrels of crude oil. For this assessment, 6,000 improved efficiency, and addition of new pools or
cubic feet of gas equals 1 barrel of crude oil, and 1 reservoirs.
barrel of NGL equal 0.667 barrels of crude oil. gas-oil ratio (GOR)—average ratio of associated-dissolved
cell—a subdivision of a continuous-type oil or gas play, the gas to oil.
area of which is equivalent to the median drainageyrowth function—cumulative growth function relates a mul-
area of wells producing from the play. A productive tiple of a field’s initially estimated size to the number
cell has at least one well with reported production. A of years after discovery. A field age of zero is
nonproductive cell is a cell that was evaluated with assigned to the year of discovery. If the cumulative
drilling but where none of the wells have reported growth function has the property that older fields
production. An untested cell is one that has not been experience a smaller percentage of growth than
evaluated by a well. The number of cells in a play is younger fields, then the cumulative growth function
equal to the area of the play divided by the cell area. is monotonic. An “annual growth function” expresses
conditional estimates-sizes, numbers, or volumes of oil or annual percentage field growth as a function of the
natural gas that are estimated to exist in an area, estimated field size at the end of the previous year.
assuming that at least some oil and gas is presemtiGL to non-associated gas ratievolume of natural gas
Conditional estimates do not incorporate the risk that liquids (NGL), in barrels, contained in 1 million
the area may be devoid of oil or natural gas. cubic feet of wet gas in a known or postulated gas
continuous-type accumulatiera hydrocarbon accumula- accumulation.
tion that is pervasive throughout a large area, that iSIGL to associated-dissolved gas ratievolume of natural
not significantly affected by hydrodynamic influ- gas liquids, in barrels, in 1 million cubic feet of
ences, and for which the standard methodology for associated-dissolved wet gas in a known or postu-
assessment of sizes and numbers of discrete accumu- lated oil accumulation.
lations is not appropriate. natural gas—a mixture of hydrocarbon compounds and
conventional accumulations-discrete deposits having a small guantities of non-hydrocarbons existing in gas-
well-defined downdip oil or gas water contact, from eous phase or in solution with crude oil in natural
which oil, gas, or NGL can be extracted using tradi- underground reservoirs at reservoir conditions. The
tional development practices. principal hydrocarbons normally contained in the
crude oil—a mixture of hydrocarbons that exist in the liquid mixture are methane, ethane, propane, butane, and
phase in underground reservoirs and remain liquid at pentanes.
atmospheric pressure after passing through surfaceatural gas liquids (NGL)-those hydrocarbons in natural
separating facilities. gas that are separated from the gas through the
estimated ultimate recovery (EUR) probability distribu- processes of absorption, condensation, adsorption, or
tion.—a probability distribution of ultimate recover- other methods in gas processing or cycling plants.

ies of oil or gas that characterizes the distribution of
gas recoveries in productive cells within a play. An
empirical EUR distributioris based on the estimated
ultimate recoveries of wells thought to be representa-
tive of the play’s range of recoveries. Treported

Generally, such liquids consist of propane and
heavier hydrocarbons and are commonly referred to
as natural gasoline or liquefied petroleum gases.
After separation of natural gas liquids from the gas,
the gas is called “dry.”

EUR distribution for untested celis assigned by the play—set of known or postulated oil and (or) gas accumula-

geologist to represent the distribution of recoveries
from potentially productive, but as of yet untested,
cells within the play.

field—an individual producing unit consisting of a single

pool or multiple pools of hydrocarbons grouped on, or
related to, a single structural or stratigraphic feature.
crude oil fields—fields where the ratio of natural gas to

crude oil is less than 20 thousand cubic feet of gas

per barrel of crude oil.

non-associated gas fieldsfields where the ratio of nat-
ural gas to crude oil is at least 20 thousand cubic
feet of gas per barrel of crude oil.

tions sharing similar geologic, geographic, and
temporal properties, such as source rock, migration
patterns, timing, trapping mechanism, and hydrocar-
bon type.
confirmed plays—plays where one or more accumula-
tions of minimum size (1 million barrels of oil or
6 billion cubic feet of gas) have been discovered
in the play.
hypothetical plays—plays identified and defined based
on geologic information but for which no accu-
mulations at minimum size (1 MMBO or 6
BCFG) have, as yet, been discovered.
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play attributes—geologic characteristics thought to charac- if economic producibility is supported by core analy-
terize the principal elements necessary for occur- ses and (or) electric or other log interpretations.
rence of oil and (or) gas accumulations of somereservoir—a porous and permeable underground formation
minimum size. Attributes used in this assessment containing an individual and separate accumulation
(charge, reservoir, and trap) are defined as: of producible hydrocarbons that is confined by
charge—occurrence of conditions of hydrocarbon gen- impermeable rock or water barriers and is character-
eration and migration adequate to cause an accu- ized by a single natural pressure system.
mulation of the minimum size. Subsidiary risked (unconditional) estimatesresources estimated to
elements of charge are source rocks with suffi- exist, including the possibility that the area of the
cient organic matter, temperature, and duration of play may be devoid of oil or natural gas. For exam-
heating for expulsion of sufficient quantities of ple, the risked mean may be determined by multipli-
oil and (or) gas and timing of expulsion of hydro- cation of the mean of a conditional distribution by the
carbons to available traps. related probability of occurrence. Resource estimates
reservoir—occurrence of reservoir rocks of sufficient presented in this report are risked estimates.
quantity and quality to permit containment of oil technically recoverable—estimated to be producible using
and (or) gas in volumes sufficient for an accumu- current technology but without reference to
lation of the minimum size. economic profitability.
trap—occurrence of those structures, pinch-outs, perultimate field size (known recovergthe sum of cumula-
meability changes, and similar features necessary tive past production and estimated current reserves.
for the entrapment and sealing of hydrocarbonsynconventional oil and gas accumulatiorsa broad class of
in at least one accumulation of the minimum size. hydrocarbon deposits of a type that traditionally have
play probability—for recoverable resources, represents the not been produced using standard development prac-
likelihood that technically recoverable quantities of tices. Unconventional deposits include continuous-
oil or natural gas exist in at least one undiscovered type oil and gas accumulations and coal-bed gas.
accumulation of the minimum size (1 MMBO or 6 Standard definitions of unconventional oil and gas
BCFG) in the play being assessed. accumulations often hinge on gravity of oil or the
proved (measured) reservesestimated quantities of crude permeability of the oil and gas reservoir rock. Even
oil, natural gas, or natural gas liquids which geologi- though most continuous-type accumulations are
cal and engineering data demonstrate with reason- characterized by poor reservoir permeability, not all
able certainty to be recoverable in future years from low-permeability deposits are continuous-type
known reservoirs under existing economic and oper- accumulations.
ating conditions. Reserves are proved if economiaundiscovered resourcesresources postulated from geo-
productivity is supported by actual production or logic information and theory to exist outside of
conclusive formation tests (drill stem or wireline), or known oil and (or) gas fields.
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APPENDIX A—TABLES OF PROVINCE-LEVEL CONVENTIONAL
UNDISCOVERED RESOURCE ESTIMATES

Table A-1. Mean values of undiscovered technically recoverable conventional oil, gas,* and natural gas liquids (NGL) in
onshore and State offshore areas of U.S. oil and gas fields as of January 1994.

[MMBO, millions.of barrels of oil; BCF, billions of cubic feet; MMBL, millions of barrels]

Oil fields Gas fields
Province number and name** 0il Gas NGL Gas NGL
(MMBOQ) (BCF) (MMBL) (BCF) (MMBL)
Region 1—Alaska
001 Northern Alaska........ccccovvniicrinnnerssciencnns 7,399 5,933 127 57,620 1,024
002 Central Alaska .....cccooeverinirennrinenensienensiesinennns 63 63 0 2,700 0
003  Southern Alaska..........c.oouvveeriemiennveninrenverenenees 964 964 0 1,196 0
TOTAL, Region 1......ccrvrirvmirernncnininomonmons. 8,426 6,960 127 61,516 1,024
Region 2—Pacific Coast
004 Western Oregon-Wash...........ccimniinin 25 37 2 759 0
005 Eastern Oregon-Wash. ..o, 0 0 0 392 1
007 Northern Coastal......ccccvvieevevverionerressmeesesiecnsnes 30 10 0 1,074 0
008 Sonoma-Livermore Basin...........ccooccvvnvneineneencnns 9 9 0 33 0
009  Sacramento Basin .......c.occvvieeceeriirernnninerosneann 2 0 0 3,328 9
010 San Joaquin Basin .........ccccoervrcininnniinnienens 1,214 2,027 105 537 0
011 Central Coastal ........cceeovriiiiiiiiiiiieieceeie 493 147 5 5 0
012 Santa Maria Basin.....c..ccoccereeiineiinereniesnenieens 210 123 10 0 0
013  Ventura Basin.......cccccovnerivercniniininiinn, 1,064 1,064 34 834 33
014 Los Angeles Basin.......ccccoovviiiviniiiciniecnianan, 977 1,605 56 0 0
TOTAL, REZION 2...ovvvecieeiereecieirinesesreneniesnecisinenes 4,024 5,022 212 6,982 43
Region 3—Colorado Plateau and Basin and Range
017 Idaho-Snake R. DOWDWaArD......ccoorvvvnisirmniiinininins 1 0 0 12 0
018 W.Great Basin .........ccccoovvvverenccinvininninin 1 0 0 5 0
019  E. Great Basil.......covoevvrcrmiinnieniinnereesinnnnenencsens 488 78 1 261 6
020 Uinta-Piceance Basin...........ccccovevivrenrnirensieniennne 211 1,737 64 2,791 12
021 ParadoxX Basin.........cccccoevueiieennnnecicnreneneeninen 307 750 78 1,234 9
022  San Juan Basim........cooeeeeeeeeinienivernesmraesesesesene 162 293 6 661 25
023  Albuquerque-Santa Fe Rift........c.cccoiiiiiiinnnes 45 86 3 267 16
024 N. ACZONA ..cceiiicierieirienreesiesnireesie e essesesens 65 41 2 133 13
025  S. Atiz,-S.W. New MeXiCO.....cccvvrririrerercrinnecnnns 24 2 0 203 20
TOTAL, RegION 3...vuvieenciinisccnerecincinisiissiens 1,304 2,987 154 5,567 101
Region 4—Rocky Mountains and Northern Great Plains
027 Montana Thrust Belt..........ccocovvivveerveienecrereenrnnnes 4 4 0 1,919 6
028 Central MONtana......ccooovvirvrieerircneriesvensensersnnenes 268 97 2 749 0
029  S.W. MONEANA......cicveirervirerneirirariesnseeresenrennes 25 1 382 2
031 Williston Basin 720 54 1,003 125
033 Powder River Basin..........c.ccoeceoveneneecencnnne 1,938 1,220 77 401 24
034 Big Horn Basin ... 387 69 2 553 11
035 Wind River Basin.......c..cccovvivervenieninenncnceenens 155 310 8 929 6
036 Wyoming Thrust Belt.........ccoooiimnnvnnnnnn. 625 2,459 383 8,222 784
037 S.W.Wyoming 333 4 1,242 22
038 Park Basins......ccccovevriievinnnienneninenceiiscenesnnnnns 19 0 0 0
039 192 20 563 6
040 113 3 418 11
041 0 0 42 1

TOTAL, Region 4 5,561 554 16,423 998
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Table A-1. Mean values of undiscovered technically recoverable conventional oil, gas,* and natural gas liquids (NGL) in
onshore and State offshore areas of U.S. oil and gas fields as of January 1994—Continued.

Qil fields Gas fields
Province number and name** 0il Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 5—West Texas and Eastern New Mexico
043 Palo Duro Basin ... 33 3 0 6 0
044 Permian Basin 4,294 441 12,108 200
045 Bend Arch-Ft. Worth Basin.............cccoueeveveneen. 638 802 48 1,350 98
046  Marathon Thrust Belt ........cccecevviivviiienieviininnen 17 45 4 104 6
TOTAL, ReION 5......coccivirvrinen e ertere e 3,570 5,144 493 13,568 304
Region 6—Gulf Coast
047  Western Gulf ......c.cceceiveeivnieenennne i 2,287 6,124 195 62,287 1,631
049 Louisiana-Mississippi Salt Basins................... 2,685 4,008 159 25,562 1,340
050 Florida Peninsula.........c.ccccovevviiiiiniecneinn e 419 40 0 0 0
TOTAL, Region 6........ccvcvveevieriiiicereeeceeee e 5,391 10,172 354 87,849 2,971
Region 7—Midcontinent
051 SUPETIOr...c..ooricrii s 53 32 0 387 0
053 Cambridge Arch-Central Kansas.......cccoo..voeves 203 286 16 128 3
055 Nemaha Uplift......ccccooovvimiiniiiinnriiriciic e 123 352 25 123 3
056  Forest City Basill.......c..coceeeriviviererecnninnnnerorenons 22 66 4 0 0
058 Anadarko Basin .........c.ccceeveeivvinvinnricnirereenenns 383 1,808 75 12,398 143
059  Sedgwick Basin ........cccveeiecnriniceriireeiere e, 61 165 14 134 1
060 Cherokee Basin.........c.ccocuveieviivecirenniniennncvennens 77 133 10 52 1
061 Southern OKlahoma............ccooveeveverreeririnrerninnas 241 385 19 629 7
062  Arkoma Basin.......cccoeevevveeiiiiiieecieceeieceen s 11 18 1 2,477 93
TOTAL, ReZION T..cveeriviirreviiinecri et erneesteeireaeas 1,174 3,245 164 16,328 251
Region 8—Eastern

063 Michigan Basin..........cococeverinenenriieneceneninnnne. 1,113 1,995 136 4,152 146
064 llinois Basin .........c.ocoevevevvevieriiiiceccce e 255 192 0 312 0
065 Black Warrior Basin.........c.cccoceveerenvvinivencenenn, 34 17 0 2,012 8
066 Cincinnati Arch .......ccoooovvivvvriviiiicieiinn e, 18 18 0 0 0
067 Appalachian Basin..........ccccoceeeieieceincnenireennnn, 106 121 1 2,298 3
068 Blue Ridge Thrust Belt.......cccoceeervercrrivieeciiinnnn, 0 0 0 30 0
069 Piedmont.......c.coorvinriiiniiieiieiricee et en e 0 0 0 390 0
TOTAL, Region 8..........ccoovvvvvvniininiiince e 1,526 2,343 137 9,194 157
TOTAL, UNITED STATES ..ot 30,044 41,434 2,195 217,427 5,849

* Gas quantities are dry and do not include NGL.

** Provinces not listed include the Klamath-Sierra Nevada (006) and Salton Trough (016), where no resources were assigned;
South-Central New Mexico (026), Sioux Arch (032), Pedernal Uplift (042), Iowa Shelf (052), and Ozark Uplift (057), where negligible
resources were assessed; and the San Diego-Oceanside (015), which was assessed by Minerals Management Service. The assessment of
the East Texas Basin (048) is included in the values shown for the Louisiana-Mississippi Salt Basins (049), and the assessment for the
Salina Basin (054) is included in the values shown for the Sedgwick Basin (059).

Table A-2. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $18 per barrel oil and $2 per thousand cubic feet gas as of
January 1994.

[MMBO, millions of barrels of oil; BCF, billions of cubic feet; MMBL, millions of barrels. See footnote **, table A-1, regarding provinces not listed]

Oil fields Gas fields
Province number and name 0il Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)

Region 1-—Alaska
001 Northern Alaska........cccoeveveveeevvinnie s 592 592 9 0 0
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Table A-2. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $18 per barrel oil and $2 per thousand cubic feet gas as of
January 1994—Continued.

Qil fields Gas fields
Province number and name Qil Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 1—Alaska (Continued)
VU2 Central AIaSKa .....coccoeviiiiiiiiiiicinciceies 0 4] 0 0 0
003  Southern AlasKa..........cccc.ooviiviievneeiiiie e, 321 321 0 120 0
913 9 120 0
004 Western Oregon-Wash 0 0 0
005 Eastern Oregon-Wash....... 0 0 0
007 Northern Coastal..........cooevvvevvinieieiinieieiieieieee e 0 0 0
008 Sonoma-Livermore Basin............ccocoevverireiirennnan. 9 9 0 53 0
009 Sacramento Basin 0 0 740 2
010 San Joaquin Basin 880 45 138 0
011 Central Coastal ................. 36 1 0 0
012 Santa Maria Basin 5 0 0 0
013  Ventura Basin........cccoeovveivieieieciieccccee s 482 16 269 11
014 Los Angeles Basin 793 28 0 0
TOTAL, REGION 2......ocovvviviviiiiriceeiereeceee e 2,206 91 1,201 13
Region 3—Colorado Plateau and Basin and Range
017 Idaho-Snake R. Downwarp 0 0 0 0
018 W.Great Basin ........ccccocvveiirriiiieececiecne e 0 0 0 0
019 E.Great Basin........cccoccoeeevviecieieee e 33 0 47 1
020 Uinta-Piceance Basin. 1,395 51 1,112 5
021 Paradox Basin..... 226 22 214 0
022  San Juan Basin 154 3 294 11
023  Albuquerque-Santa Fe Rift 0 0 0 0
024 N, ALZONA c..ooiiiiviierieciieeeeceece e 0 0 0 0
025 S. Ariz.-S.W. New Mexico 0 0 0 0
TOTAL, Region 3.....c.ooooiiiiiieie ettt 1,807 77 1.667 17
Region 4—Rocky Mountains and Northern Great Plains
027 Montana Thrust Belt.......ccocoovvvrvviieeiiiiicieieeens 1 0 0 914 3
028  Central Montana...........cocecvvemvireineeseeseesresnerenes 12 0 92 0
029  S.W. MOILANA.......covvvrevrrnirieiiiiee e screieeeseieeeaaveeee s 0 0 0 0
031 Williston Basin.............. 146 11 270 38
033 Powder River Basin 400 25 0 0
034 Big Horn Basin.............. 30 1 106 1
035  Wind River Basin .........ccoccvevvviveeeeeeeieeceesneens 134 4 133 1
036 Wyoming Thrust Belt.............ooooeviiriiiiiienens 506 2,055 321 6,576 635
037 S.W. Wyoming 53 48 104 2
038 Park Basins......... 0 0 0 0
039 Denver Basin 3 0 2 0
040 Las Animas Arch 77 2 275 7
041 Raton Basin-Sierra Grande Uplift 0 0 0 0
TOTAL, Region4........ccooviiininirniiiiicisrnineas 2,911 411 8,473 688
Region 5—West Texas and Eastern New Mexico
043  Palo Duro Basin .........cccceovveeeviiieieiniiiie e 0 0 0 0 0
044 Permian Basin 2914 300 5,889 120
045 Bend Arch-Ft. Worth Basin.........cccoovvievrernne.. 72 86 5 181 13
046 Marathon Thrust Belt ...........ccccoeinviviviniviirrenne 0 0 0 0 0
TOTAL, RegION 5.....ccoooovvviviviicreioieircrieeecenees e 2.023 3.000 305 6.070 133
Region 6—Gulf Coast

047 Western Gulf .......cccovvnirireninrnnnncencnieiee 1,039 2,794 93 31,939 795
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Table A-2. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $18 per barrel oil and $2 per thousand cubic feet gas as of
January 1994—Continued.

Oil fields Gas fields
Province number and name 0il Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 6—Gulf Coast (Continued)
049 Louisiana-Mississippi Salt Basins...........c......... 475 707 24 4,960 187
050 Florida Peninsula.........ccccocvvveeevievreercrcrincecennnes 253 24 0 0 0
TOTAL, REZION 6.....cccvvveevveeieereeeeeeeeeveeeeeereecveaane 1,767 3,525 117 36,899 982
Region 7—Midcontinent
051 SUPETIOT ..vviveirieieiecrenreieee et eeesbeseesesisssesessseressens 5 0 47 0
053 Cambridge Arch-Central Kansas 33 2 18 0
055 Nemaha Uplift......cccoovevirveerrernencn 52 4 13 0
056 Forest City Basin........coccocvveneniiencnecrcnnnicnenns 0 0 0 0
058 Anadarko Basin.........ccccceviiiiicniieiinicncnc e, 189 896 37 4,824 64
059 Sedgwick Basin........ccceueueee 31 3 15 0
060 Cherokee Basin.............cc....... 28 2 7 0
061 Southern Oklahoma 92 5 63 1
062  Arkoma Basin.........ccceveeeevinvirenienicnienie e 3 0 1,360 50
TOTAL, Region 7........cccecciiviiniiniicirenienreneeseseresenesennes 329 1,141 52 6,347 116
Region 8—Eastern
063 Michigan Basin.........ccccvevrivenennercenncenneicninins 252 18 453 16
064 IIlin0ois Basin ........ccccceceieririiiiieininecnniresieesnnenas 26 0 3 0
065 Black Warrior Basin 2 0 229 1
066 Cincinnati ArCh ........ccccvvvieeieeiiecceesre e e eciienes 0 0 0 0
067 Appalachian Basin..........cccocoeevrercrenrernccninnnnns 12 0 250 0
068 Blue Ridge Thrust Belt................. ....0 0 0 0 0
069  PIiedmMONL........c.covvirireniininierieereeseereesresnerensresenenne 0 0 0 0 0
TOTAL, Region §.................... 237 292 19 935 18
TOTAL, UNITED STATES .......cc.coovvvviinirirerrencnane, 9,239 15,795 1,081 61,710 1,967

* Gas quantities are dry and do not include NGL.

Table A-3. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $30 per barrel oil and $3.34 per thousand cubic feet gas as of
January 1994.

[MMBO, millions of barrels of oil; BCF, billions of cubic feet; MMBL, millions of barrels. See footnote **, table A-1, regarding provinces not listed]

Qil fields Gas fields
Province number and name Oil Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 1—Alaska
001 Northern Alaska.... 2,777 58 0 0
002 Central Alaska...... 0 0 0 0
003 Southern Alaska.............ccoevveevreenveenneeneeineennnns 496 0 283 0
TOTAL. Region 1......ccocciviiiiiiiiiiiiiiereiireeescrereseinenenes 3,828 3.273 58 283 0
Region 2—Pacific Coast

004 Western Oregon-Wash..........cccooiviininininininnnnns 0 1 0 35 0
005 Eastern Oregon-Wash ....0 0 0 0 0
007 Northern Coastal............cccvvveeennn ol 1 0 94 0
008 Sonoma-Livermore Basin.........ccceeeviveeevinveenineennns 9 9 0 53 0
009 Sacramento Basin 0 0 1,779 5
010 San Joaquin Basin 1,450 75 302 0
011 Central Coastal .........ccceeevvevuvenne 73 3 0 0
012 Santa Maria Basin 23 2 0 0
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Table A-3. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $30 per barrel oil and $3.34 per thousand cubic feet gas as of
January 1994—Continued.

Oil fields — Gasfields
Province number and name Oil Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 2—Pacific Coast (Continued)
013 Ventura Basin........c.ccoeceevirveiineneecvnereeneenenennnns 697 697 22 463 19
014 Los Angeles Basin..........ccocoovvivveiieiiieeisienenns 695 1,159 41 0 0
TOTAL, Region 2.....ccviiiiiiiiiiiiiiiiniisiieseinnicisaiseaineerenns 2,590 3,413 143 2,726 24
Region 3—Colorado Plateau and Basin and Range
017 Idaho-Snake R. DOWNWarp......ccoovreuverveenieeverseneens 0 0 0 0 0
018 W. Great Basin .......ccocoevivveerirennnvesinrenveenieninennonens 0 0 0 0
019 E. Great Basin.......cccocveveveeieciiiiniececece e, 49 1 93 2
020 Uinta-Piceance Basin 1,546 56 1,963 9
021 Paradox Basin.................... 442 45 492 2
022 San Juan Basin 231 4 481 18
023  Albuquerque-Santa Fe Rift.......c..ccocvviiiciiinnnnen. 2 3 0 20 1
024 N. AFZONA ccovviviricieircceeic e neeneere s 7 4 0 13 1
025 S, Ariz.-S.W. New MeXiCO........ccocvverrcrrarvrenrnerrenens 0 0 0 0 0
TOTAL, Region 3. .iiiviiiiiiiniiiiiiiiiiiiiieieisniesseesiesraseeens 840 2,275 106 3,062 33
Region 7—Rocky Mountains and Northern Great Plains
027 Montana Thrust Belt.........ccccocvvvceernrnnncrnnnennen 1 1 0 1,254 4
028 Central Montana.........cccceoeeirrerriveevereereniesnenes 43 1 373 0
029 S.W. MONaNa.......covveeineinirerenenseecssesieersenneensnes 0 0 0 0
031 Williston Basin.................. 405 30 540 77
033 Powder River Basin 756 47 78 5
034 Big Horn Basin.................. 51 1 285 5
035 Wind River Basin......cccocvvvinnveeinvenvniniecsninennens 201 5 343 2
036 Wyoming Thrust Belt..............ocooiiiiinnninnnn 565 2,262 353 7,237 697
037 S.W.Wyoming........ccoeoevureree 172 149 415 8
038 Park Basins....... 0 0 0 0
039 Denver Basin 63 6 124 2
040 Las Animas Arch 96 2 346 9
041 Raton Basin-Sierra Grande Uplift............c.cc.c.e.. 0 0 0 0 0
TOTAL, Region 4.....cccovveiiiiiiiiieiniisiieneiniiniiesssesnesienes 2,975 4,049 596 10,996 808
Region 5—West Texas and Eastern New Mexico
043 Palo Duro Basin .......ccccveeveerirornenerennonensenceesnenens 0 0 0 0 0
044 Permian Basin 3,604 371 8,300 156
045 Bend Arch-Ft. Worth Basin........c.ccceecevvervvecneens 327 403 24 699 51
046 Marathon Thrust Belt........cccooiniieincniiiniinnninne, 0 0 0 0 0
TOTAL, RegIiON 5.....coveeiiieiieeeceee e siene 2,748 4,007 395 8,999 206
Region 6—Gulf Coast
047 Western Gulf ... 1,581 4,197 138 44,018 1,095
049 Louisiana-Mississippi Salt Basins.................. 1,302 1,949 67 13,193 532
050 Florida Peninsula........cccocovveevivriereereinneseceenne 290 28 0 0 0
TOTAL, ReZION 6.....oovvieiiiirienieniiecireiesnssreseneninenenas 3,174 6,173 205 57,211 1,627
Region 7—Midcontinent
051 SUPETIOT c..ciuiiteereierireenr ittt 14 0 124 0
053 Cambridge Arch-Central Kansas 195 11 83 2
055 Nemaha Uplift.......c.ccooociiiiiiiiiiiiiiiie 180 13 53 1
056 Forest City Basin.......c.coeecerceernnnicninnniinnnn 4 0 0 0
058 Anadarko Basin 1,325 55 7,676 98
059 Sedgwick Basin 104 9 65 0
060 Cherokee Basin 72 5 20 1
061 Southern OKlahoma.......cccoccvveiienienncieriverenienens 140 219 11 187 3



APPENDIX A timates 29

Table A-3. Oil, gas,* and natural gas liquids (NGL) in undiscovered conventional oil and gas fields in onshore and State
offshore areas of the United States with incremental costs of $30 per barrel oil and $3.34 per thousand cubic feet gas as of
January 1994—Continued.

0il fields Gas fields
Province number and name 0il Gas NGL Gas NGL
(MMBO) (BCF) (MMBL) (BCF) (MMBL)
Region 7—Midcontinent (Continued)
062  Arkoma Basin........c.ccocoevviiiiiiiee e 4 6 0 1,740 65
TOTAL, RegiON 7...c.cocvviviirriiiireivicrecirresieeseeivesieens 727 2,119 105 9,949 170
Region 8—Eastern

063 Michigan Basin.........ccccceerverenenieein e 325 470 35 1,120 39
064 Tllinois Basin .........ccceeivivevivinienniiieninreieonne.s 140 105 0 12 0
065 Black Warrior Basin.........ccccecvcencrininineiencierennns 16 8 0 832 4
066  Cincinnati ATCh ........covveviiiieecceeee e 0 0 0 0 0
067 Appalachian Basin..........ccccovrreivcninvcnncncnnnnns 55 29 0 716 1
068 Blue Ridge Thrust Belt..........ocococoonirirvvmececncnnnn. 0 0 0 0 0
069  Piedmont...........ivevveeirenierinionieee e ere i, 0 0 0 0 0
TOTAL, Region 8.........ocovevviinivniinininnnninesrisesssens 535 612 35 2,680 43
TOTAL, UNITES STATES.........ccooeieieeeireeie 17,417 25,922 1,643 95,904 2912

* Gas quantities are dry and do not include NGL.

Table A-4. Conventional field-size class definitions.

Oil field size Gas field size

Class (millions of barrels) (billions of cubic feet)

1 0.03125-0.0625 0.1875-0.375

2 0.0625-0.125 0.375-0.750

3 0.125-0.25 0.75-1.50

4 0.25-0.5 1.50-3.00

5 0.5-1 3-6

6 1-2 6-12

7 24 12-24

8 4-8 24-48

9 8-16 48-96
10 16-32 96-192
11 32-64 192-384
12 64-128 384-768
13 128-256 768-1,536
14 256512 1,536-3,072
15 512~1,024 3,072-6,144
16 1,024-2,048 6,144-12,288
17 2,048-4,096 12,288-24,576

18 4,096-8,192 24,576-49,152
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APPENDIX B—TABLES SHOWING REGIONS, PROVINCES, PROVINCE
NUMBERS, AND PLAY NUMBERS FOR CONTINUOUS-TYPE PLAYS AND

Table B-1. List of petroleum provinces of onshore and

COAL-BED GAS PLAYS

. : ’ Region 6—Gulf Coast
State offshore areas in the conterminous United States. 047 Western Gulf
048 East Texas Basin
Province number Province name 049 Louisiana - Mississippi Salt Basins
Region 2—Pacific Coast 050 Florida Peninsula
004 Western Oregon-Washington Region 7—Midcontinent
005 Eastern Oregon-Washington 051 Superior
006 Klamath-Sierra Nevada 052 Iowa Shelf
007 Northern Coastal 053 Cambridge Arch-Central Kansas
008 Sonoma-Livermore Basin 054 Salina Basin
009 Sacramento Basin 055 Nemaha Uplift
010 San Joaquin Basin 056 Forest City Basin
011 Central Coastal 057 Ozark Uplift
012 Santa Maria Basin 058 Anadarko Basin
013 Ventura Basin 059 Sedgwick Basin
014 Los Angeles Basin 060 Cherokee Basin
015 San Diego-Oceanside 061 Southern Ok.lahoma
016 Salton Trough 062 Arkom'fi Basin
Region 3—Colorado Plateau and Basin and Range _ R?g"m 8_'Ea5tem
017 Idaho-Snake River Downwarp 063 M{chllgan B.asm
018 Western Great Basin 064 Illinois BaS{n .
. 065 Black Warrior Basin
019 Eastern Great Basin . .
. . . 066 Cincinnati Arch
020 Uinta-Piceance Basin . .
. 067 Appalachian Basin
021 Paradox Basin 068 Blue Ridge Thrust Belt
022 San Juan Basin 069 Piedmont
023 Albuquerque-Santa Fe Rift
024 Northern Arizona
025 Southern Arizona-South West New Mexico
026 South-Central New Mexico
Region 4—Rocky Mountains and Northern Great Plains
027 Montana Thrust Belt
028 Central Montana
029 Southwest Montana
031 Williston Basin
032 Sioux Arch
033 Powder River Basin
034 Big Horn Basin
035 Wind River Basin
036 Wyoming Thrust Belt
037 Southwest Wyoming
038 Park Basins
039 Denver Basin
040 Las Animas Arch
041 Raton Basin-Sierra Grande Uplift
Region 5—West Texas and Eastern New Mexico
042 Pedernal Uplift
043 Palo Duro Basin
044 Permian Basin
045 Bend Arch-Fort Worth Basin

046

Marathon Thrust Belt
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Table B-2. Provinces, play numbers, and play names for continuous-type gas plays assessed in the 1995 USGS National

Oil and Gas Assessment.

Province

Play number

Play name

Eastern Oregon-Washington
Uinta-Piceance Basin
Uinta-Piceance Basin
Uinta-Piceance Basin
Uinta-Piceance Basin
Uinta-Piceance Basin
Uinta-Piceance Basin
San Juan Basin

San Juan Basin

San Juan Basin

Central Montana
Central Montana
Central Montana
Williston Basin
Southwestern Wyoming
Southwestern Wyoming
Southwestern Wyoming
Southwestern Wyoming
Southwestern Wyoming
Denver Basin
Louisiana-Miss. Salt Basins
Michigan Basin
Michigan Basin

Illinois Basin
Cincinnati Arch
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin
Appalachian Basin

503
2007
2010
2015
2016
2018
2020
2205
2209
2211
2810
2811
2812
3113
3740
3741
3742
3743
3744
3906
4923
6319
6320
6407
6604
6728
6729
6730
6733
6734
6735
6740
6741
6742

Columbia Basin—Basin-Centered Gas

Tight Gas Piceance Mesaverde Williams Fork

Tight Gas Piceance Mesaverde lles

Tight Gas Uinta Tertiary East

Tight Gas Uinta Tertiary West

Basin Flank Uinta Mesaverde

Deep Synclinal Uinta Mesaverde

Dakota Central Basin Gas

Central Basin Mesaverde Gas

Pictured Cliffs Gas

Northern Great Plains Biogenic Gas, High Potential
Northern Great Plains Biogenic Gas, Moderate Potential (Suffield block analog)
Northern Great Plains Biogenic Gas, Low Potential
Southern Williston Basin Margin—Niobrara Shallow Biogenic
Greater Green River Basin—Cloverly-Frontier

Greater Green River Basin—Mesaverde

Greater Green River Basin—Lewis

Greater Green River Basin—Fox Hills-Lance

Greater Green River Basin—Fort Union

J Sandstone Deep Gas (Wattenberg)

Cotton Valley Blanket Sandstones Gas

Antrim Shale Gas, Developed Area

Antrim Shale Gas, Undeveloped Area

Illinois Basin—New Albany Shale Gas

Devonian Black Shale Gas

Clinton/Medina Sandstone Gas High Potential
Clinton/Medina Sandstone Gas Medium Potential
Clinton/Medina Sandstone Gas Medium-Low Potential
Upper Devonian Sandstone Gas High Potential

Upper Devonian Sandstone Gas Medium Potential
Upper Devonian Sandstone Gas Medium-Low Potential
Devonian Black Shale—Greater Big Sandy

Devonian Black Shale—Greater Siltstone Content
Devonian Black Shale—Lower Thermal Maturity

Table B-3. Provinces, play numbers, and play names for continuous-type oil plays assessed in the 1995
USGS National Oil and Gas Assessment.

Province Play number Play name
Uinta-Piceance Basin 2009 Cretaceous Self-Sourced Fractured Shales
Paradox Basin 2103 Fractured Interbed
San Juan Basin 2208 Mancos Fractured Shale
Central Montana 2804 Bakken Shale Fracture Systems
Williston Basin 3110 Bakken Fairway
Williston Basin 3111 Bakken Intermediate
Williston Basin 3112 Bakken Outlying
Denver Basin 3904 Greater Wattenberg Codell/Niobrara Oil and Gas
Denver Basin 3920 Fractured Niobrara-Greater Silo/Dale Salt-Edge Oil
Denver Basin 3921 Fractured Niobrara-Greater Northern Denver Basin Qil
Western Gulf 4747 Austin Chalk-Pearsall
Western Gulf 4748 Austin Chalk-Giddings
Western Guif 4749 Austin Chalk-Outlying
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Table B-4. Provinces, play numbers, and play names for coal-bed gas plays assessed in
the 1995 USGS National Oil and Gas Assessment.

Province Play number Play name
W. Oregon-Washington 450 Bellingham
W. Oregon-Washington 451 W. Cascade Mountains
W. Oregon-Washington 452 Southern Puget Lowlands
Uinta-Piceance 2050 Uinta—Book Cliffs
Uinta-Piceance 2051 Uinta—Sego
Uinta-Piceance 2052 Uinta—Emery
Uinta-Piceance 2053 Piceance—White River Dome
Uinta-Piceance 2054 Piceance—Western Basin Margin
Uinta-Piceance 2055 Piceance—Grand Hogback
Uinta-Piceance 2056 Piceance—Divide Creek Anticline
San Juan 2250 Overpressured
San Juan 2252 Underpressured Discharge
San Juan 2253 Underpressured
Powder River 3350 Shallow Mining Related
Powder River 3351 Central Basin
Wind River 3550 Mesaverde
Southwestern Wyoming 3750 Rock Springs
Southwestern Wyoming 3751 Iies
Southwestern Wyoming 3752 Williams Fork
Southwestern Wyoming 3753 Almond
Southwestern Wyoming 3754 Lance
Southwestern Wyoming 3755 Fort Union
Raton 4150 Northern Raton
Raton 4151 Purgtoire River
Raton 4152 Southern Raton
Forest City 5650 Central Basin
Cherokee Platform 6050 Central Basin
Arkoma 6250 Anticline
Arkoma 6251 Syncline
IHinois 6450 Central Basin
Black Warrior 6550 Recharge
Black Warrior 6551 Southeastern Basin
Black Watrior 6552 Coastal Plain
Black Warrior 6553 Central and Western Basin
Appalachian 6750 Northern Appalachian Anticline
Appalachian 6751 Northern Appalachian Syncline
Appalachian 6752 Central Appalachian

Appalachian 6753 Canhaba Field
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APPENDIX C—METHODOLOGY

UNDISCOVERED CONVENTIONAL OIL AND GAS RESOURCES

Geologists assessed conventional undiscovered acctields. Province-specific data, such as gas-to-oil ratios and
mulations having technically recoverable hydrocarbons of ahatural-gas-liquids-to-natural-gas ratios and expected sulfur
least 1 million barrels of oil (MMBO) or 6 billion cubic feet |evels, were derived from data provided by the geologic play
of gas (BCFG)at the play leve(see Gautier and Dolton, assessments. Field size, depth, regional costs, and co-prod-
1995, for more detail). Initial play definitions were based onuct ratios as well as well-head prices and hurdle rate of return
the assessor’s interpretations of the geology and hydrocagetermine whether a new discovery will be commercially
bon generation, past discovery information, and past drillinglevelopable.
information. Each play definition included a description of The incremental cost algorithm used a finding-rate
the geographic location and geologic characteristics of thenodel to predict, for successive increments of wildcat wells,
play (see Gautier and others, 1995, for play descriptions). Ithe size distribution and depths of new oil and gas field dis-
the case ofonfirmed playsthat is plays already having dis- coveries at the province level. Economic analysis of the
coveries of at least 1 MMBO or 6 BCFG, the geologistnewly discovered fields of specific size and depth categories
reviewed drilling penetration maps and historical discoveryis a standard application of discounted cash flow (DCF)
data. For confirmed plays, @lay probability of 1.0 was analysis. The net after-tax cash flow consists of revenues
assigned. In cases where the geologist posited a hypothetidabm the production of oil and (or) gas less the operating
play, the play probability was computed as the product of theosts, capital costs in the year incurred, and all taxes. All new
occurrence probabilities of the three play attributes ofdiscoveries of a particular size and depth class are assumed
charge reservoir, andtrap. The play probability is multi-  to be developed if the representative field is found to be com-
plied by conditional resource estimates, which assumed theiercially developable, that is, if it has an after-tax net
occurrence of the threshold quantity of oil or gas remained.present value greater than zero, where the discount rate

The size distribution of undiscovered accumulations forincludes a hurdle rate representing the cost of capital and the
each play was modeled with a Truncated Shifted Paretindustry’s required return. When field-production decline
(TSP) distribution (Houghton and others, 1993). The geolocauses operator income to decline to the sum of direct oper-
gist chose a median and shape class for the TSP distributiefing costs and the operator’s production-related taxes, the
along with the minimum (95 percent), median (50 percent)economic limit rate is reached and field production stops.
and largest (5 percemumbersof undiscovered accumula- Newly discovered commercially developable fields are
tions. The assessor also chose a minimum, median, and mayggregated to provide an estimate of potential reserves from
imum depth for remaining resources in the play. Simulationsindiscovered fields at a given price and required rate of
were used to combine distributions of size and numbers akturn. Additional increments of, for example, 100 wildcat
undiscovered accumulations to generate field size-frequenayells are assumed to be drilled until the costs of drilling
distributions and to estimate the fractiles of the quantities ofvildcat wells are equal to or greater than the after-tax net
oil, associated gas, associated gas liquids, non-associatpgesent value of the commercially developed fields discov-
gas, and non-associated gas liquids. For an individual provered by that increment of wildcat wells.
ince, dependencies among plays were characterized by pair- The basis for the estimates of recoverable undiscovered
wise correlations. Simulations were used to aggregate playsetroleum as a function of price is that incremental units of
to the province level. exploration, development, and production effort will not

At the province level, the size-frequency distribution of take place unless the revenues expected to be received from
undiscovered “small fields,” that is fields smaller than 1the eventual production will cover the incremental costs,
MMBO (or 6 BCFG), was derived with a statistical extrapo-including a normal return on the incremental investment.
lation procedure described by Root and Attanasi (1993). Thalso, for the last increment of oil and gas produced from a
underlying assumption is the province size-frequency distrifield, operating costs (including production-related taxes)
bution of small fields can be described with a log-geometricper barrel of oil equivalent are equal to price. These two
size distribution. The minimum estimated field size of theassumptions together imply that, for the commercially devel-
smallest field-size class for which numbers of fields wereopable resources discovered by the last economic increment
estimated was 32,000 barrels oil or 192,000 cubic feet gasof wildcat wells, the sum of finding costs and development

The economic analysis of province assessments useshd production costs per barrel (that is, the “incremental cost
the discrete size-frequency distributions of expected (mear)f the barrel”) is equal to the well-head price. Alternatively,
numbers of undiscovered oil and gas fields classified byhese costs are sometimes called the marginal finding costs
5,000-ft depth intervals. Table A-4, Appendix A, shows field and the marginal development and production costs. Mar-
size classification for undiscovered conventional oil and gagjinal finding costs are calculated by dividing the cost of the
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last increment of wildcat wells (which is approximately undrilled cells. Estimates and distributions describing the
equal to the sum of the after-tax net present value of all conundrilled cells were used to generate an expected discrete fre-
mercially developable fields discovered in that last increquency-size (where size is hydrocarbon recovery) distribu-
ment of exploration) by the amount of economic resourceson of productive undrilled cells for the play at 5,000-ft
discovered by the last increment of exploration. Marginabepth intervals. For each play, production flow rates of wells
development and production cost per barrel (for the ecdiaving recoveries corresponding to the fractiles of the EUR
nomic resources discovered in that last increment of exploratistribution were modeled using historical production data,
tion) are calculated by subtracting the incremental findingr the results of a reservoir-simulation model were calibrated
costs from the well-head price. by matching well histories.

Finding-rate functions were calibrated for each prov- The procedure for calculating incremental costs relied
ince (see Attanasi, Gautier, and Root, 1996, for details obén results of a discounted cash flow analysis applied to wells
these models). Because the size, depth, and number of undi®rresponding to thexpected or meacell frequency-size
covered fields were calculated from the geologic assessmedistribution of undrilled cells. For a specific well-head oil
data, the finding-rate functions determined the ordering o&nd gas price and required rate of return, the after-tax net
new discoveries as well as the rate at which these fieldsresent value of commercially developable cells was calcu-
would be found as a function of cumulative wildcats drilledlated. Exploration of a play at a particular depth interval is
in a particular depth interval. The allocations of wildcat wellsassumed to be economic if the expected aggregate after-tax
by depth interval was made in such a way that, for each increet present value of the developable cells would at least pay
ment of wildcat wells evaluated, the after-tax net presenfor the cost of exploration, that is, the cost of drilling non-
value of the oil and gas fields discovered was maximized. commercial cells in that depth interval. If the aggregate after-

tax net present value of the commercially developable cells

was sufficient to cover such costs, the aggregate resources in
CONTINUOUS-TYPE ACCUMULATIONS IN the commercially developable cells would be added to the

SANDSTONE, SHALES, CHALKS, AND COAL incremental cost function. Calculations were repeated
assuming progressively higher prices and aggregated by
Geologic assessment of technically recoverableglepth intervals across plays to arrive at province incremental
resources required partitioning the continuous-type play int6ost functions. Industry, as a whole, has not generally been
equal-area cells equivalent either to the median drainage argeccessful in drilling the more productive cells in preference
of productive wells in the play or the well spacing imposedo the less productive cells within an individual play, so, with
by the State regulatory authority. Data on results of past drillthe exception of target depth, no high-grading or selective
ing and estimated recoveries of wells producing from thelrilling of cells within plays was assumed. The computa-
play were assembled, interpreted, and used to calculate thienal algorithm assumed that, for the last increment of
empirical drilling success ratio and the fractiles of the empirhydrocarbons added to reserves, the sum of marginal finding,
ical distribution of estimated ultimate recoveries (EUR) ofdevelopment, and production costs were approximately
productive cells. With these data as a guide, the geologi€dual to the assumed well-head price. For details of the geo-
subjectively estimated a drilling success ratio for undrilledogic and economic assessment methods for coal-bed gas see
cells and assigned values to fractiles of distributions repreRice and others (1995) and Attanasi and Rice (1995); for
senting numbers of undrilled cells, the EUR distribution ofother continuous-type plays see Schmoker (1995) and
undrilled cells expected to be productive, and depths ofttanasi, Schmoker, and Quinn (1995).
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APPENDIX D—ASSESSED TECHNICALLY RECOVERABLE RESOURCES,
PROVED RESERVES, AND PAST PRODUCTION

Figures D-1 and D-2 place the quantities of assessec 200
technically recoverable resources in perspective by compar
ing them to past cumulative production by USGS petroleum & 100 —=--—--—--—--—--—--1 R 070 %0 I
region. From the bottom to the top of each bar, the figurest”f)
show cumulative production, proved reserves, inferred @
reserves, and assessed technically recoverable oil and totiJ
gas (associated and non-associated). Cumulative productio 5
and proved reserves include conventional and assessed
unconventional sources of oil and gas. Inferred reserves repg
resent the amounts of oil and gas expected to be added tZ 300 |
reserves in pre-1992 conventional discoveries during the 8(;
years following 1991. Items below the “zero” horizontal line 3 ~400 |
are identified technically recoverable oil and gas resources

-100

-200 —

SO T T T T T 1

10

1 2 3 4 5 6 7 8
PETROLEUM REGION
EXPLANATION

W cumulative production

. Proved reserves
[ ] Inferred reserves

K Assessed technically recoverable
undiscovered conventional and
assessed unconventional gas

Figure D-2. Estimates, as of January 1994, by petroleum region,
of discovered gas (i.e., cumulative production and proved reserves),
inferred reserves, and the combined mean estimates of assessed
technically recoverable undeveloped gas in undiscovered conven-
tional oil and gas fields, gas in continuous-type oil and gas accumu-
lations, and coal-bed gas. Bars representing discovered gas and

OIL, IN BILLIONS OF BARRELS

1 2 3 4 5 6 7 8 inferred reserves are below the “zero” horizontal line; bars repre-
PETROLEUM REGION senting assessed technically recoverable undeveloped gas in undis-
EXPLANATION covered conventional oil and gas fields, gas in continuous-type oil

and gas accumulations, and coal-bed gas are above the “zero” hor-
izontal line. Gas does not include natural gas liquids. Petroleum re-
B Proved reserves gions are identified by number and name in table B-1, Appendix B.
[ ] inferred reserves Inferred reserves of Region 1 include some gas discovered in the
Northern Alaska province not counted as proved reserves.

W cumulative production

KJ Assessed technically recoverable
undiscovered conventional and

assessed unconventional ol The assessed mean value of technically recoverable resources

in conventional undiscovered fields and in continuous-type
accumulations are represented by bars above the “zero” hor-

Figure D-1. Estimates, as of January 1994, by petroleum regionzontal line.

of discovered crude oil (i.e., cumulative production and proved  For all regions combined, cumulative past oil produc-
reserves), inferred reserves, and the combined mean estimatestioin accounts for 58 percent of the total oil depicted in figure
assessed technically recoverable undeveloped crude oil in undi®~1 (62 pecent in regions in the lower 48 States). The area
covered conventional oil fields and crude oil in continuous-typeabove the “zero” horizontal line accounts for only 12 percent
oil accumulations. Bars representing discovered crude oil angf the oil, leaving 30 percent in proved reserves and projected
inferred reserves are below theerd’ horizontal line; bars repre- field growth. For all regions combined, cumulative past gas
senting assessed technically recoverable undeveloped crude Oilﬂ?oduction accounts for 40 percent of the gas shown in figure
undiscovered conventional oil fields and crude oil in continuousyy 5 tha area above the “zero” horizontal line accounts for

type oil accumulations are above theerd horizontal line. . .
. o : 5 percent of the total gas, leaving 25 percent assigned to
Petroleum regions are identified by number and name in table B-E .
proved reserves and field growth.

Appendix B.



