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THE OUTLOOK FOR CONVENTIONAL PETROLEUM RESOURCES

Richard Nehring

Conventionally produced petroleum is not a long-term energy
resource for the world. The known and prospective conventional
petroleum accumulations of the world are geologically limited.
Petroleum is a replenishable resource only in terms of the geologic
time-scale. Current rates of consumption of petroleum liquids and
natural gas can only continue for ceveral decades, given what we
know about the size of the recoverable resource base.

Even though conventionally produced petroleum liquids and natural
gas are not a loang-term energy resource for the world, comsidering
the prospects for them is both an appropriate and crucial task for a
conference organized to explore long-term energy poussibilities.
Conventionally produced petroleum liquids and natural zas provide
The extent

more than half of the energy used in the world todav.

to which they will be available in the decades ahead is tiie most

important factor determining the timing and scope of the inescapable
transiormation which will have to occur in world energy production

and consumption.

This paper addresses the prospects for conventionally produced
petroleum. This includes crude oil, natural gas liguids, aad natural
vas produced from accumulations where some commercial production

can occur without irjection or fracturing. It excludes petroleum

fad

from tar sands, vil shale, and biomass. ©
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permeability) sandstones, and landfills. In some cases, the dividing

line between the conventional and nonconventional is fuzzy, tfor
example, between conventionally produced heavy crude oil and some
tar sands or between natural gas production from low and very low
permeability sandstones. These, however, are rare enough to make
the distinction a workable one in practice.

A survey of the outlook for conventional petroleum resources
could take any one of several directions. For example, it could
summarize an individual world petroleum resource assessment or it
could critically survey existing assessments, in both cases focusing
on the Pcsuifs of one or more resource assessments. This paper will
focus primarily on general avrreceres to the problem of world
petroleum resource assessment. Because differences in now people
think about petroleum resources are the main factor in explaining
differences in uiiz they think, addressing zeneral approaches promises
to be more conducive to clear thinking than merely discussing results.
After a brief overview of known conventional world petroleum resources,
this paper will discuss three ey points to consider in evaluating
the outliook for world petroleum resources. IUsing that discussion as
a point of reference, three common misconceptions in petroleum
resource assessment will then be described and critiqued. The
paper will conclude with a brief summary of the outlook for con-
ventional petroleum resources.

As of the end of 1978, approximately 1.1 trillion barrels

1175000733 of petroleum liquids and 3.7 quadrillion cubic feet




(L05x10°“m3) of natural gas had been discovered and made recoverable
in the world (Table 1). Approximately 424 billion barrels (67.4x10%°m?)
and 1030 trillion cubic feet (29.2x10!2m3?) of these amounts have been
produced, leaving proved and probable reserves of 676 billion barrels
(107.4x10%m3) and 2670 trillion cubic feet (75.6x10!°m3). The known
conventional recoverable resources of petroleum liquids are highly
concentrated in three regions of the world: the Middle East, North
America, and the Soviet Union. Together, these three regions contain
slightly more than 80 percent of total known conventional resources.
The Middle East contains nearly half of the world's known recoverable
resources of petroleum liquids. The Soviet Union contains slightly
more than one-third of the world's known recoverable resources of

natural gas. This concentration by region provides an appropriate

intreduction to the first and most important point about world RN

petroleum rescurces, namely, rorrc ol pootnr e ope U o=

The existence of hvdrocarbons in sedimentaryv areas 1is a commony i,
phenomencn. There are approximatelv £00 sedimentary provinces in
tae world, tiue exact number depending on how vne chooses to Jdefine
an individual province. Exploratory driiling has occurred in | /,

L]
more tuan 400, resulting in discoveries of producible accumula- o Cee
tions at current world prices in nearly 240 (A0%). Indications of
hvdrocarbons have been encountered in most of the remaining 160,

The near ubiquity of the existence of hvdrocarbons in the sedimentary

areas of the world should not, however, blind us to the more important




Tab.o 1

KNOWY CONVENTIONAL RECOVERABLE RESOURCES® OF PETROLEULY LIQUIDS
AND NATURAL GAS IN THE WORLD BY REGION AS OF DECEMBER 31, 1978

Petroleum Liquids Ngturgl Gas

Region 10% bbls. (10%m3) 1017 fe3 (1012md)

LorTh Aamertoa 242.2 (38.5) 930 (26.3)

Seuth America 69.9 (11.1) 126 (3.6)

5 Bl &4 E,Q"o_pg 24.4 (3.9) 203 (5.8)
Sorier Imion/

Ity Furcoe 115.5 (18.4) 1,275 (36.1)

B LY 74.8 (11.9) 204 (5.8)

o Tgr 523.3 (83.2 788 (22.3)

win T mta ) 50.3 (8.0) 174 (4.9)

Sl et 1,100.4  (174.9) 3,700  (104.8)

sl - e '

a, .. . .
Known recoverable resources are defined as cumulative production

plus proved and probable reserves.




fact titat accumulations of conventional petroleum on a significant

scale are a statistically rare event.

Measures of significance are of course subjective, depending on
the perspective that one chooses. Because this conference addresses
long-term energy resources for the world, an appropriate measure
of significance is current world consumption of petroleum liquids
and natural gas. 1In 1978, world consumption of petroleum liquids
was slightly more than 23 billion barrels (3.7x10%m3). World con-
sumption of natural gas was slightly less than 54 trillion cubic
feet (1.5x10!<m3). LUsing the standard equivalency conversioa of
6000 cubic feet per barrel, total world consumption of conventional
petroleum was approximately 32 billion barrels (5.1:10%m°) of liquid

and liquid-equivalent petroleua resources. The latter number provides

e,

ul standard of siznificance for world energy resources.

w

1 use
Atfter more than a century of petroleum exploration covering
nearly all of the prospective areas of the world, only ten provinces

containing oil and gas equal to a vear or more of current world
consumpiion have been discovered (Table 2)Y. Those ten provinces
Bl

contain 72 percent of all the conventional petroleum liguids and

6l percent of all the natural gas known to be recoverable. Only
two provinces--the Arabilan-Iranian and the West Siberian--are «nown
to contain more petroleum resources than is currently consumed in
two vears. The Aravilan-Tranian province clearly dominates, with

recoverable resources equivalent to more than twenty vears of

current vorld comsumption. The Wost Siberian province has recoverable

1
i
|




o

Ta

THE MAJOR PETROLELM PROVINCES OF THE WORLD

Known Recoverable Resources as of 12-31-78
Petroleum Liquids Natural Cas
Province 10 bbls.  (10°m7) 1012 fe3 (10%2md)
1. Arabian-Iranian 523.0 (83.1) c.768.0 (21.7)
2. West Siberian (USSR) c. 37.0 (5.9) c.780.0 22.1)
3. Volga-Ural (USSR) c. 40.0 (6.4) ¢.108.0 (3.1)
4. Maracaibo (Venezuela) 41.2 (6.5) 54.0 (1.5)
5. Mississippi Delta
(UsSA) 21.5 (3.4) 169.4 (4.8)
0. Permian (USA) 30.0 (4.8) 73.9 (2.1)
7. Texas Gulf Coast-
Burgos (USA-Mexico) 18.4 (2.9) 138.0 (3.9)
8. Reforma-Campeche
(Mexico) 36.4 (5.8) 25.2 (0.7)
9. Sirte (Libva) 30.0 (4.8) 31.8 (0.9
10. Alberta (Canada) 16.3 (2.6) 94.2 2.7)
(Super-Province)
Subtotals 793.8 (126.2) 2,242.5 (63.5)
ll. Armarillo-aAnadarko- |
Ardmore (US.A\) : 9.3 (l1.nm) 116.4 (3.3)
12. Nirer Delta (Nigeria- ‘
C.neroon) X 20.5 (3.3 : 51.0 (1.4
3. Northern North Sea : 20,0 (3.0 i 40.2 (L.
Triassic (Alzeria) ‘ 10.8 (L.7) ; 90.0 (2.5)
1>, E. Texas-arkla (USA) 15.2 (2.4) \ 50.1 (1.4%)
lo. N. Caucasus-Mangyshlak
(US3R) c. 11.3 (1.9) | e, 340 (1.3
17. Yetaerlands-!W Germanwy 2.0 (9.3) { 93,0 (2.0)
13. Fastern Venezuela !
tVenezuela-Trinidad) 13.1 (2.1) i 21.0 (0.0)
1%, seutn Caspian (USSR) ¢, 12.0 (L. , c. 13.9 (.4)
20. Worth Slope (Usy) : 9.9 (1. | 16.0 (0.7
21. San Joaquin (USA) ? 11.6 (1.8) ! 2.0 0.3
22. Tampico=Misantla f .
(Mexico) 107 (1.7 ‘ 9.0 (U.3)
23, Armu Darvu (USSR) ¢ 0.5 (.1 c. 00,0 (L.7)
2oL Appalachian (USA) a0 (oY 8.5 (1.1)
23, Los Angeles (USA) ! 3.0 (lL.) } 7.2 (0.2
26, Muareab (USSR) X n, (0.) c. 57.0 (1.n)
27, Dnepr-Pripvan (I'SSR) 2.0 (0.3 | c. 4500 (1.3
~d. sung=liao (Chiina) c. 8.5 (L. ! c. Hh.0 (J.2




“able 2 (continued)

Known Recoverable Resources as of 12-31-78

Petroleum Liquids

Matural Cas

Province 107 bbls. (10%m?) 1012 fe3 (104°m?)
29, Central Sumatra
(Indonesia) 9.0 (1.4) c 1.2 (%)
30. Timan-Pechora (USSR) c 4.0 (0.6) c. 27.0 (0.8)
(Major Province Subtotals) 184.0 (29.3) 819.5 (23.2)
Super and Major Provinces 977.8 (155.5) 3,062.0 (86.7)
World Total 1,100.4 (174.9) 3,700.0 (104.8)




resources equivalent to slightly more than five vears current world
consumption. Together the two contain 31 percent of known recoverable
resources of petroleum liquids and 42 percent of the natural gas
resources. (Combining the Mississippi Delta province with the Texas
Gulf Coast-Burgos province, as some do, would create a Gulf Coast
province with resources equivalent to nearly three years current
world consumption.) Because of their significance, these ten
provinces clearly merit the designation as super-provinces.

A relaxation of the standard of significance further confirms
the point. There are only twenty provinces with conventional
petrcleum resources equivalent to three to twelve months of current
world petroleum consumption (8-32x107 barrels). These twenty provinces
contain another 17 percent of known conventional petroleum liquids
resources and 22 percent of known natural gas resources. The thirty
largest provinces contain 89 percent of the known recoverable petroleum
liquids and 83 percent of the known recoverable natural gas provinces.
The other 210 provinces with producible accumulations contain only
11 percent of the petroleum liquids and 17 percent of the natural
s5as, over half of which are in 35 or so provinces with 2 to 3 billion
barrels liquid and liquid-equivalent resources each. Thus, nearly
all of the world's conventional petroleum resources are concentrated
in only 15 percent of the explored sedimentary provinces.

Two interrelated aspects of the geographical distribution of
the most significant provinces are noteworthv. First, they are con-

tentrated in two arcs, one in each hemisphere. In the Eastern

s -cnapas gy
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Hemisphere, the most significant provinces are concentrated in an
arc traversing North Africa, the Middle East, and the central Soviet
Union. In the Western Hemisphere, the most significant provinces are
concentrated in an arc traversing Venezuela, the western Gulf of
Mexico, the éencral United States, and western Canada (Figure 1).
All of the super-provinces and half of the major provinces are found
within these two arcs. Secondly, not one of the thirty most signifi-
cant provinces lizs south of the equator. Central Sumatra straddles
it. The Niger Delta, the Maracaibo Basin, and the Eastern Venezuela
Basin are between 0° and 10° N latitude. Twenty-three of the thirty
are between 20° and 60° N latitude.

The great variation in the distribution of petroleum resourc:s
by province and region should not be surprising. The sedimentary
proviances of the world differ widelv in sedimentarv volume. More
importantly, they differ even more in their geologic history and
characteristics. For large accumulations of petroleum to exist,
several conditions must have existed in an appropriate temporal and
spatial relationship with each other. Sufficient orzanic material
aust have been produced, accumulated and preserved. This material
must be buried to a depth where sufficient temperature and pressure
exist to generate petroleum. After the petroleum is generated, it
must be expelled from the source rock into permeable carrier or
reservoir rocks. Traps with porous and permeable reservoir rocks
covered by impermeable sealing rocks must exist where the mizrating
peltroleum can accumulate. These traps must not be breached after

accumuiation occurs (Meverhoff, 1976; Tissot and Wwelte, 1978).
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wWhere these conditions are met to a high degree, we encounter

the major accumulations of the Middle East, West Siberia, or the
provinces circling the western Gulf of Mexico. Where production of
organic material was insufficient, where the organic material that
was produced was oxidized, where unoxidized organic material was
buried to an insufficient depth, where migration did not occur or
occurred prior to the formation of traps, where reservoir rocks are

poor or nonexistent, where sealing rocks did not exist, or where

traps with petroleum accumulations were destroyed by subsequent
erosion or tectonic activity, only negligible amounts of petroleum,
if any, are likely to be found. Most provinces lie between the
extremes of the optimal and the deficient. But significant concen-
trations of petroleum are found only where optimal or near-optimal
conditions are found as well.

The second point to consider in evaluating conventional world

petroleum resources is that tie werld's o7l and ;us resiursss ire
!
nigiln consentratad tn o small mumber of large ¢. Since !
petroleum exp’'oration began, approximately 30,000 fields have been i
discovered. But more than 90 percent of these fields are insignifi-
cant as far as world petroleum resources are concerned. The 30
largest o0il and gas fields discovered to date--those with ten f

billion barrels (1.59x10%m3) or more of liquid or liquid-equivalent

recoverable resources--contain 475 billion barrels (75.5x10°m?) of

petroleum liquids and 1124 trillion cubic feet (31.8x1012m3) of

!
|




natural gas. In other words, just 0.1 percent of the known fields
contain 43 percent of the petroleum liquids and 30 percent of the
natural gas discovered to date. The 52 super-giant fields discovered
to date-—those with five billidn barrels (0.79x10%°m’) or more of
liquid or liquid-equivalent recoverable resources--contain 569
billion barrels (90.5x10%m3) of petroleum liquids and 1500 trillion
cubic feet (42.5x10!2m3?) of natural gas, 52 percent and 41 percent,
respectively, of the world's conventional oil and gas resources. The
approximately 400 known giant fields--those with 500 million barrels
(79x10%m3) or more of liquid or liquid-equivalent recoverable
resources--contain approximately 850 billion barrels (135.1x10%m3)
of petroleum liquids and 2600 trillion cubic feet (73.6x1C*2m3)
of natural gas, 77 percent and 70 percent, respectively, of the
world's conventional oil and gas resources. The approximatelv 1400
known large fields--those with 50 to 500 million barrels (8-79x10°m°)
of liquid or liquid-equivalent resources contain at least another
175 billion barrels (27.8x10°m3) of petroleum liquids and 750 trillion
cubic feet (21.2x10'?m°) of natural gas. Thus, only 6 percent of
the known fields contain over 93 percent of the known conventional
petroleum liquids and over 90 percent of the known conventional
natural gas resources of the world. (For the most recent treatment
of the importance of giant oil fields, see Nehring, 1978.)
Significant petroleum fields and significant petroleum provinces
are closely associated. The ten super-provinces contain 44 of the

52 super-giant fields. Six of the remaining eight are found in the

TTRTDET & -
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ten largest major provinces. The importance of the Arabian-Iranian
and West Siberian provinces stems from the fact that they contain 30
and 7 super-giant fields, respectively. The Mississippi Delta and
Texas Gulf Coast-Burgos provinces are unusual in that they are the
only super-provinces with no super-giant fields, nothing resembling

a super-giant field, and relatively few giant fields. But the former
has more than 250 large and giant fields while the latter has 140
large and giant fields. The Niger Delta is the only other major
province in which the known oil and gas resources are concentrated

in large rather than giant fields.

The third key point is that modern petroleum exploration is an’
effielent process. Operationally, this means that if giant and large
accumulations of petroleum exist in a sedimentary province, most will
be found by the time 25 to 200 new field exploratory wells have been
drilled in the province. This number is likely to be exceeded only
when there is a very large number of potential large accumulations
within the province or if the pattern of drilling within the province
is shaped heavilv by political or technological consctraints. Explora-
tion efficiency is the result of the geologic fact that most giant
and large fields occur in obvious traps, that is, traps that are
detectable prior to drilling (Klemme, 1973/1974); that improvements
in geologic knowledge and exploratory technology are enabling the
petroleum industry to locate these traps with increasing effective-
ness; and that any rational exploration philosophy emphasizes

drilling the largest prospects first in exploring a virgin province.




Intra-province exploration efficiency is particularly evident
in those provinces in which exploration began since World War II.
Nearly all of the giant fields discovered in major provinces were
found in less than ten years after the initial giant field discovery
(Klemme, 1971; Nehring, 1978, p. 37). In the provinces opened up
since 1965, the process may even have accelerated, given the high
success rates and rapid rates of discovery witnessed in the
Reforma-Campeche, Oriente, Southern North Sea, Northern North Sea,
Cambay, Gippsland, Dampier, and Mahakam Delta provinces and sub-
provinces.

A recent development of the past ten to fifteen years appears
to be a marked increase in inter-province exploration efficiency.
Geological investigations prior to exploratory drilling are becoming
more and more capable of distinguishing between geologically favorable
and unfavorable conditions. Geologic knowledge and exploratory
technology have progressed to the point where only a handful of
exploratory wells may be necessary to indicate whether a province
is likely to contain significant amounts of petroleum. £ a few
wells encounter unfavorable geologic conditions of regional signifi-
cance, as has occurred in the Gulf of Alaska and most of the East
African coastal provinces, those wells are sufficient to indicate
that the entire province will not be a major source of petroleum.

These three points considered together provide a powerful means
of understanding the present status of world petroleum resources

and for predicting the ultimate conventional petroleum resources of

=TT



the world. Because only major and super-provinces make any appreciable

difference, the task of world petroleum resource assessment is pre-
4

dominantly one of estimating future discoveries and reserve growth
in known major provinces, of determining which other producing
provinces have a chance of becoming major provinces with further
discoveries and development, and of assessing which unexplored
provinces have a meaningful probability of becoming major provinces.
Because most of the oil and gas is found in giant and large fields,
the assessment of unexplored provinces can focus on whether and

how many large traps exist in a province if other conditions are
favorable for petroleum accumulation. Because modern petroleum
exploration is an efficient process, resource assessment in known
producing provinces can focus on known field-size distributions,
those areas of a province in which past exploration has been con-
strained for technological or political reasons, and the possibilities
of less obvious traps within the province.

The implications of these three facts for conventional world
petroleum resource assessment are not favorable. The Arabian-
Iranian, West Siberian, and Reforma-Campeche provinces are the onlv
super-provinces that are likely to have several giant field dis-
coveries in the future. The Amarillo-Anadarko-Ardmore, Niger Delta,
Northern North Sea, and Triassic provinces are the only major
provinces with a good probability of becoming super-provinces.

The South Caspian, North Slope, Tampico-Misantla, and Timan-Pechora
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provinces have a low probability of becoming super-provinces. None
of the eight appears to have a potential for becoming more than just
a minimal super-province. Of the nonmajor producing provinces, only
six--Lena-Vilyuy (USSR), Illizi-Ghadames (Algeria-Libva), Suez
(Egypt), North China and Szechwan (China), and Kutei (Indonesia)--
appear to have the potential to become major provinces. Of the
provinces that are unexplored or are only lightly explored there are
probably no more than a dozen with the potential to become major

provinces, including the Labrador Shelf, Beaufort Sea/Mackenzie

Delta, and Sverdrup Basin (Canada), the Sabinas Basin (Mexico), the
Gulf of Venezuela (Venezuela), the Malvinas Basin (Argentina-U.K.),
the Norwegian Coastal Basin, the Lena-Anabar and East Siberian Sea
provinces (USSR), and the East China Sea province (China). Currently
the Beaufort Sea/Mackenzie Delta province is the only one of these
that has a reasonable probability of becoming a super-province.
Ultimately, of the world's 600 sedimentary provinces, no more than
40 to 45 will be major provinces (including 12 to 13 super-
srovinces,

During the past decade, several attempts have been made to evade

the implications of these facts. These attempts have had enough

surface plausibility to mislead both the political leadership and

1
the public of many countries as to the true petroleum supply situation. i

The first of these misconceptions is that a>iimisntiry Dolume

But they can readily be shown to lack scientific support.
uge Sl indioator o7 petrelewn rotensinl (Grossling, 1976). '
H




The basic argument from this premise is that a substantial proportion
of the world's sedimentary volume (or area) is still unexplored or
lightly explored, particularly in the less-developed countries, and
that with extensive drilling its full promise will be revealed. The
argument gains plausibility from the fact that some of the world's
most significant provinces, specifically the Arabian-Iranian and
West Siberian, are also among the largest in sedimentary volume.
However, sedimentary volume is only a minimally necessary condition
for petroleum accumulation. The characteristics of the sediments
are vastly more important than mere volume for explaining petroleum
accumulation, as indicated by the wide variations in known recovery
per unit of sedimentary volume among basins (Klemme, 1977). Moreover,
when applied to provinces that have at least been lightly explored,
this argument isnores the extensive amount of information that can
now be obtained about the petroleum prospects of a province from a
small number of e¢xploratory wells.
A second major misconception is that ol i oams wvowiss o
pomsi oo Do Hovovered inogmall Selds (Wood, 1979).  The argu-
ment Is that because the most intensely drilled area of the world,
the United States, has a significantly greater proportion of its
xnown recoverable petroleum resources in nongiant fieids, an intensive
drilling effort in the rest of the world will result in the discovery

of hundreds of billions of barrels in large and small fields. The

argument is woefully ignorant of the important geologic differences
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between most of the U.S. petroleun provinces and most of the provinces
of the rest of the world. First, two of the three largest provinces
in the J.S.--the Mississippi Delta and the Texas Gulf Coast--have
arypical field size distributions. They and the Niger Delta are

the only three major provinces in which the majority of the petroleum
resources are found in large rather than giant fields. Secondly,
most of the oil in small fields (less than 50 million barrels liquid
or liquid-equivalents) in the United States is found in wuolly Paleo-
zoic provinces. Provinces of this age contain a large proportion o€
the petroleum found in the United States and a small proportion of
that found in other countries of the world. (The most prominent
examples of Paleozoic provinces elsewhere in the world--Volga-Ural,
Alterta, and Timan-Pechora~-—-appear to have roughly similar field size
distributions as the Mid-Continent/Permian Basin area of the United
States.) The distribution-of petroleum resources by field size in
the Mesozoic and Tertiary provinces of the United States (excluding
the Gulf Coast) does not differ significantly from that of Mesozoic
and Tertiarv provinces elsewhere in the world. (For a detailed
survey of tne distribution of U.S. petroleum resources by field

size, see Nehring, 1980a.) Third, on the other extreme of field
sizes, the concentration of the petroleum resources of the Arabian-
Tranian and West Siberian provinces in super-giant and giant fields
with large drainage areas makes it extremelv unlikelv that signifi-

cant amounts of petroleum will be found in small fields in either

of these two provinces. The argument is plausible that discoveries
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of small and large fields will be relatively more important in the
future than they have been in the past. But there is no reason to
expect major percentage increases in world petroleum reserves from
this source.

The third major misconception is that nijler rriccs will resulc

. -

sprial tnoereases tn worid petrolewt reserves.  The argument

fa,

is that high prices will induce drilling in expensive environments

and encourage the development of known but previously sub-economic
tesources. This argument is qualitatively correct, but quantitatively
inaccurate. Because most o0il and gas is found in large and giant
fields and because nearly all large and giant fields have good to
excellent reservoir characteristics, the costs of finding and pro-
ducing most of the world's conventional o0il and gas are less than

10 percent of the current world vil price (or less than U.$.352.30.

per barrel or barrel-equivalent). Uigher prices only make a difference
tor recovery from fields with poor reservoir characteristics such

as the Chicoatepec area in Mexico, ror enhanced oil recovery from

some fields, for the discovery of verv small fields, and for
expleoration and production in expensive environments such as the

high latitude or deep water provinces (Nehring, 1930b). None of

these categories appears to contain more than 10 percent of the

world's ultimate petroleum potential. Most contain substantially

less.

Considerine the prospects for future discoveries and additional

recovery in the known producing provinces and the prospects of
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unexplored or lightly explored provinces, I estimate that ultimate
conventional production of petroleum liquids will be between 1.6 and
2.0 trillion barrels (254-318x109m3). Ultimate conventional production
of natural gas will be between 5000 and 6500 trillion cubic feet
(142-184x10'2m3). The majority of the increase from known recoverable
resources of petroleum liquids is likely to come from additional
recovery from known fields, not future discoveries. Although the
increase from known to ultimate recoverable resources of natural gas

is slightly less than the increase for petroleum liquids, the prospects
for future natural gas discoveries, particularly in the Middle East

and tne Asiatic and Siberian provinces of the Soviet Union, are more
favorable than the prospects for future oil discoveries. Future
reserve growth from known natural gas fields will be only a minor
proportion of rfuture reserve additions. A major breakthrough in oil
recoverv technology could add as wuch as 0.5 trillion barrels
(30x10°m3) to this prognosis. No other possibilities for larger

conventional resources appear to have any plausibility.




10.

B8. F. Grossling, #Zndow on JI2), Financial Times, London, 1976.

H. D. Klemme, "Trends in Basin Development: Possible Economic
Implications," ¥orid Perroizwm, October 1971.

H. D. Klemme, "Structure-Related Traps Expected to Dominate
World Reserve Statistics,'" 07 wnd Gis Jowmal, December 31,
1973 and January 7, 1974,

H. D. Klemme, "World 0il and Gas Reserves from Analysis of Giant
Fields and Petroleum Basins (Provinces)," in R. F. Meyer, ed.,
Tne Futurs Supply o Nature- :ds Terrolewn and Gas, Pergamon
Press, New York, 1977, pp. 217-260.

A. A, Meyerhoff, "Economic Impact and Geopolitical Implications
of Giant Petroleum Fields," American Scientis?, September-
October 1976, pp. 536-541.

R. Nehring, Gfant 017 Fi-7ds and werld 077 Resourses, R-2284-CIA,
The Rand Corporation, Santa Monica, 1978.

R. Nehring, The Jfacovcry oF ST s 007 nd Sas Flelds in
e !mi+ ] States, The Rand Corporation, Santa Monica, forth-
coming 1980.

R. Nehring, T T3t o7 070, The Rand Corporation, Santa Monica,
forthcoming 1980.

B. P. Tissot and D. H. Welte, Zorrcl.ogm Sovmcslon omd Carurrones
Springer-Verlag, Berlin, 1978.

3

P. W. J. wood, "There's a Trillion Barrels of 0il Awaiting Dis-
covery," world JiI, June 1879, pp. 141-148.




The Rand Paper Series

Papers are issued by The Rand Corporation as a service to its professtonal staff.
Their purpose is to facilitate the exchange of ideas among those who share the
author’s research interests; Papers are not reports prepared in fulfillment of
Rand’s contracts or grants. Views expressed in a Paper are the author’s own, and
are not necessarily shared by Rand or its research sponsors.

The Rand Corporation
Santa Monica, California 90406




