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ABSTRACT

This study defines and ascertains the petroleum finding 
costs in the United States over the recent 12-year period 
1960-1971. These costs are expressed on the basis of national 
and industry costs and are reported in terms of energy units 
(Btu) .

Reserve estimates of newly discovered oil and gas, along 
with natural gas liquids in the U.S., were reported by the 
American Petroleum Institute and the American Gas Association. 
These estimates were appreciated with time to give the pro
bable final reserve estimates discovered.

The appreciated reserve estimates discovered in the 
lower 48 states of the U.S. during the past 13-year period 
(1960-19 72) were 13 billion barrels of crude oil, 142 trillion 
cubic feet of natural gas, and 2.8 billion barrels of natural 
gas liquids. These estimates in turn were converted into 
energy units (Btu) and resulted in a total of 160 quadrillion 
Btu discovered in the same period of time.
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United States exploration expenditure were reported 
by two organizations, the Chase Manhattan Bank (CMB) and 
the Joint Association Survey (JAS). The total petroleum 
exploration expenditures for the 12-year period (1960- 
19 72) as reported by the Joint Association Survey, were 
$30 billion. These expenditures were in turn related to 
the total energy discovered from petroleum to give the 
petroleum finding cost in the U.S. on the national and 
industry cost basis.

The petroleum finding cost in the U.S. during this 
period of time, ranged from $0.10 to $0.21 per million 
Btu or from $0.5 8 to $1.22 per equivalent barrel of crude 
oil for the industry cost; for the national cost it ranged 
between $0.07 to $0.12 per million Btu or between $0.41 
to $0.70 per equivalent barrel of crude oil.

The petroleum finding costs determined during this 
period were projected for the next 14-year period from 
1972 to 1985. The projected costs show an increasing rate 
with time. The projected industry petroleum finding costs, 
based on the Joint Association Survey data range from $0.2 0 
per million Btu or $1.26 per equivalent barrel of oil in 
1972, to $0.43 per million Btu or $2.49 per equivalent bar
rel of oil in 19 85. The projected national petroleum finding
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costs range from $0.12 to $0.2 3 per million Btu or $0.71
to $1.36 per equivalent barrel of oil for 1972 and 19 85, 
respectively.
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NOMENCLATURE

The following acronyms are used through the text of 
this thesis.

API: American Petroleum Institute
API-AGA: Reserves of crude oil, natural gas

liquids, and natural gas in the U.S. 
and Canada; published jointly by the 
American Petroleum Institute, the 
American Gas Association, and the 
Canadian Petroleum Association.

CMB: Chase Manhattan Bank
CPA: Canadian Petroleum Association
IPAA: Independent Petroleum Association of

America
JAS: Joint Association Survey, expenditures

and revenues of U.S. oil and gas pro
ducing industry, published by the Am
erican Petroleum Institute, Mid Continent 
Oil and Gas Association, and Independent 
Petroleum Association of America.

MCOGA: Mid Continent Oil and Gas Association
NCA: National Coal Association.
NGL: Natural Gas Liquids
NPC: National Petroleum Council
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INTRODUCTION

Many technical journals and magazines have carried arti
cles on the increase of exploration and production costs of 
petroleum products. The results of these studies are usually 
expressed on the basis of the cost of a barrel of oil or a 
thousand cubic feet of gas produced. Very few studies have 
examined critically the cost of finding a barrel of oil or 
a cubic foot of gas either separately or on a combined basis.

This study will (1) define and ascertain the industry 
and national finding costs of petroleum in the U.S. over the 
recent 12-year period from 1960 to 1971, (2) ascertain any
trends or relationships that may have or are indicated to 
occur, and (3) provide limited extensions of these histori
cally derived trends into the future.

In this study the word petroleum refers to crude oil, 
natural gas, and natural gas liquids. The term petroleum 
exploration expenditure includes all expenses of lease ac
quisitions; lease rentals; drilling and equipping exploratory 
wells; scouting; geological and geophysical costs; and all
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other general, administrative, and direct overhead costs 
allocated to petroleum exploration activities. Finding 
cost of petroleum is the total expenditure allocated to all 
petroleum exploration activities; it does not include develop
ment or production expenses.

The unit cost of finding oil, gas, and liquids then 
is the total petroleum exploration expenditure of a parti
cular year divided by the total amount of oil, gas, and
liquids discovered in that same year.

Problems in determining the unit finding costs are very 
complex, first because oil and gas along with natural gas 
liquids usually exist together in varying concentrations; 
and exploration expenditures for oil, gas, and liquids are 
reported together, presenting a problem of allocation.
Second, not all exploration expenditures in a given year 
are logically attributable to the oil, gas, and liquids found 
in that year; lease acquisitions and lease rental costs are 
for leases that may not be proven to be productive and if 
proven to be productive, will not produce until several years 
later. Third, determination of the volume of oil, gas, and
liquids that actually have been found in a particular year
is very difficult. Fourth, volumetric measurements of oil 
and liquids are reported in barrels and natural gas is re
ported in cubic feet. Therefore a common physical component
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is needed to combine oil, gas and liquids so that the total 
petroleum discovered can be expressed on a common basis.

This study is divided into five major chapters. The 
first summarizes petroleum reserve data and exploration ex
penditure data, and it reviews the relevant literature. The 
second introduces some models for determining the growth of 
petroleum reserves with time for modifying exploration ex
penditures, for determining the petroleum finding costs, and 
for inflating and projecting these finding costs. The third 
implements the models mentioned in the previous chapter. The 
fourth summarizes the results obtained in the previous chapter, 
The last chapter describes some conclusions, limitations, 
recommendations and suggestions for further work.

The tables are arranged in the sequence they are re
ferred to in the text, however, due to limited space some 
of them appear in the Appendix.
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LITERATURE REVIEW

This literature review is divided into four categories: 
petroleum reserves, cost data on exploration expenditures, 
relationship of expenditures to discoveries, and data pre
paration .

Petroleum Reserves
The aspects of petroleum reserves of interest to this 

study include determination of the extent of the original 
estimates of recoverable oil and gas along with natural gas 
liquids (NGL) and the extent to which these estimates of 
reserves appreciate with time as new geologic, engineering, 
and economic data become available.

Estimates of Reserves Discovered: One of the most re
liable, most consistent, and most available series of esti
mates of the United States crude oil, natural gas, and nat- 
ural-gas liquids reserves is in the annual reports on "Proved 
Reserves of Crude Oil, Natural Gas Liquids, and Natural 
Gas," published jointly by the American Petroleum Institute 
(API), American Gas Association (AGA), and the Canadian Pe
troleum Association (CPA). In this report is an estimation
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of only the reserves that were "proved" during the year and 
the total volume of proved reserves at the year's end. API 
(1970, p. 12) defines proved reserves as

"...the estimated quantity of crude oil and 
natural gas, which geological and engineering data 
demonstrate with reasonable certainty to be re
coverable in future years from known reservoirs 
under existing economic and operating conditions".

Each year the additions to proved reserves are added to the 
previous year-end reserves estimates. These reserve addi
tions consist of "extensions and revisions" and "discoveries" 
Extensions and revisions are determined by drilling in years 
subsequent to discovery. Discoveries include only those 
reserves in newly discovered fields and in newly discovered 
reservoirs in old fields that have been proved by the year's 
end. This is usually only a part of the ultimate recovery 
of a field. The ultimate recovery of a field, according 
to API (1970, p. 20),

"...represents the estimated quantity of 
crude oil and natural gas which has been produced 
from a reservoir and is expected to be produced 
in the future if there are no substantial changes 
in present economic relationships and known pro
duction technology".

However, in 1966, the API-AGA committees on reserves began
reporting the ultimate recovery of oil and gas and relating
it to the year of discovery. This estimate is available to
the present (1972) for fields discovered as early as 192 0.
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The ultimate recovery estimates have been made only for 
crude oil and natural gas for the total U.S. petroleum in
dustry. Total discoveries for crude oil, natural gas, and 
natural gas liquids were also reported. These total dis
coveries include new fields and new pools in old fields dis
covered from 1946 to 1972.

Appreciation of Reserves Estimates: Few people have
made efforts to determine the appreciation of reserves with 
time. Among them are J. R. Arrington (1960), M. King Hubbert 
(1967), J. J. Arps, and others (1971), G. R. Marsh (1970), 
and Ralph Garrett (19 71). What each author did about this 
subject will be discussed here.

Arrington (1960, p. 130-134) shows how a reserve record, 
maintained by year of discovery, can be used statistically 
to adjust current-reserves estimates for future revisions, 
referred to as "probable final reserves" discovered in a par
ticular year. In the use of this method, reserves should 
be shown by year of discovery. Arrington's method is out
lined as follows : The original estimates of discoveries are 
compared with the second year's estimates to determine the 
percentage increase that has been made one year after the 
fields were discovered. Similarly the second year's estimate 
is compared with that of the third year. This procedure 
can be continued indefinitely for any number of years to 
determine the rate of growth for each year over the preceding
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year. Arrington has plotted these percentages versus the 
number of years after discovery year. The "probable final 
factor"f which is the cumulative of the percentages of in
crease over the previous year, is then determined from the 
graph. This factor is then multiplied by the initial esti
mate, and the "probable final reserve" estimate discovered 
in that particular year is determined.

Arps and others (1971, p. 671-675) used the API-AGA 
estimates of crude oil discovered annually to calculate 
growth ratios based on discoveries versus exploratory foot
age. The results of their work were expressed in a curve 
that shows the appreciation of reserves with time as shown 
in Fig. 1.

Hubbert (1967, p. 2149-2170) used the annual estimates 
of oil by new discoveries during the discovery year made by 
three organizations: the American Petroleum Institute (API), 
Petroleum Administration for War (PAW), and National Petro
leum Council (NPC). From these points an average growth 
curve was obtained which shows the increase of estimate of 
oil discovered during the year versus the number of years 
after discovery year. The ultimate recovery for oil was 5.8 
times the original API estimate (Fig. 2). Hubbert then used 
data from the American Association of Petroleum Geologist's 
Committee"on Statistics of Exploratory Drilling, 1945-1965,"
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and "Petroleum Facts and Figures," published by the API and 
constructed a curve for U.S. cumulative oil discoveries by 
year of field discovery versus cumulative exploratory foot
age drilled (Fig. 3). It was stated that this procedure 
could be used for natural gas and for natural gas liquids.

Marsh (1971, p. 100-104) revised Arrington's method dis
cussed earlier, and used the 1966-1969 API-AGA ultimate re
serve estimates of oil and gas for U.S. fields discovered 
in the past 10-year period, 196 0-1969. These estimates as
signed all reserves to their respective years of discovery.

From these estimates Marsh obtained revision ratios for 
years after the discovery year. These were plotted and are 
shown as curves in Fig. 4. From these curves it was concluded 
that the ultimate reocvery factor is 8.3 for oil and 5.0 for 
gas for fields younger than 2 8 years and 9.35 for oil and 
6.3 for gas for fields older than 2 8 years.

Marsh then divided these ultimate recovery factors by 
the revision ratios corresponding to years after discovery 
obtained from the curve and got "probable final reserves dis
covered" which will be used in this study.

Garrett (1971) used the statistical procedure described 
earlier by Marsh and calculated probable final growth factors 
for domestic (U.S.) natural gas. From these factors he ob
tained the probable final reserves of domestic natural gas 
discovered.
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Cost Data on Exploration Expenditures
An estimate of exploration expenditure for the total 

domestic petroleum industry was made and reported by at 
least two organizations: the Chase Manhattan Bank and the
Joint Association Survey of the U.S. Oil and Gas Producing 
Industry. This section will discuss the work of each of 
these organizations and will review some of the literature 
regarding industry and national costs.

Chase Manhattan Bank : The Chase Manhattan Bank (CMB)
in its annual publication Capital Investments of the World 
Petroleum Industry reports the estimated exploration and 
development expenditures by the domestic petroleum industry. 
These expenditures include those for lease acquisitions, 
lease rentals, dry holes, geological-geophysical expenses, 
and producing wells.

Joint Association Survey: The Joint Association Survey
(JAS) conducted annually by the American Petroleum Institute, 
the Independent Petroleum Association of America, and the 
Mid-Continent Oil and Gas Association ië another source of 
estimates of exploration expenditures for the domestic pe
troleum industry. In this report the exploration expenditures 
are listed for the following items: dry-hole costs; geolo
gical and geophysical costs; scouting expense; direct, gen
eral, and administrative overheads; and lease acquisitions 
and lease rentals. These costs are listed in Table 10 in 
the Appendix.
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JAS (1969, p. 7) defines dry holes costs as "costs for 
dry exploratory and dry development wells." However, this 
definition was revised in 1966. JAS introduced a new explor
atory cost item of "drilling and equipping exploratory wells." 
JAS (1970, p. 94) defines this item as

"...all expenditures for drilling exploratory 
wells, including successful wells completed, dry 
holes, and wells still being drilling at the end 
of the year. This expense includes (a) expenditures 
for casing, tubing, and well-head fittings asso
ciated with exploratory wells; (b) expenditures 
for roads, grading, etc.; and (c) expenditures for 
drilling platforms arid all other expenditures for 
drilling."

JAS in 1966 also introduced another expenditure item: 
"contributions toward test wells." JAS (1970, p. 94) defines 
this item as "all contributions toward test wells, including 
dry-hole money, bottom-hole money, etc., but does not include 
the cost of acreage contributions." In addition JAS (1969, 
p. 7) introduced the term delta, which is defined "as the 
net difference between expenditures for dry development wells 
(+) and expenditures for successful exploratory wells (-)." 
These values of delta were reported for four years (1966-1969) 
JAS also, after 1966, (JAS, 1969, p. 6) showed the relation
ship between dry hole cost and drilling and equipping explor
atory wells costs in this equation,

H = E + C - D (1)
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where
H = dry hole cost,
E = drilling and equipping exploratory wells cost, 
C = contributions toward test wells cost,
D = delta.

National Versus Industry Costs; Limited work has been 
done to separate the "national" exploratory costs from the 
industry costs. Stauffer (1973, p. 600) considered each of 
these costs and, in calculating the national economic finding 
cost, excluded lease rentals and lease acquisition expenditures, 
and included these expenses when he considered the corporate 
(industry) costs.

Relationship of Expenditures to Discoveries
Efforts to relate exploration expenditures to discoveries 

of crude oil and natural gas in the United States were under
taken by Howell and Merklein (1971, p. 1-9), who used the API- 
AGA ultimate recovery data by discovery year reported for oil 
and gas. These authors used the appreciation curves of re
serves of oil and gas prepared by the Alberta Oil and Gas 
Conservation Board (1964) to determine the appreciated dis
coveries of U.S. oil and gas. These results were then used 
to determine the U.S. hydrocarbon finding cost for 30 years 
(1938-1968). Exploration expenditures data for the last six 
years (1963-1968) were obtained from the Joint Association 
Survey, The remainder of the exploration expenditure data
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(1938-1962) came from a study by Davis (1964). These authors 
used two methods to combine oil and gas discoveries, methods 
that are described below.

(1) In the "value base" method, the authors multiplied 
the amount of oil and gas discovered in a particular year by 
the average price of oil and gas at that year. The result 
is the value of oil and gas discovered in that year. This 
value of oil and gas was added to give the total value of 
hydrocarbons discovered. This total value of hydrocarbons 
discovered was then divided by the average price of crude oil 
for that year to give the equivalent barrels of crude oil 
found. Exploration expenditure for that year was then divided 
by the equivalent barrels discovered in that year to give the 
finding costs per equivalent barrel value basis. This was 
done for 30 years (1938-1968).

(2) The "energy basis" method is obtained by converting 
oil and gas discoveries to equivalent values of energy (Btu). 
An average value of 4.67 million Btu per barrel of oil and 
112 0 Btu's per standard cubic foot of natural gas was used 
to convert oil and gas discoveries to equivalent values of 
energy (Btu). These two values of energy were added to deter
mine the total amount of energy discovered from hydrocarbons. 
This total amount of energy was then divided by the average 
value of energy per barrel of oil (4.67 million Btu) to get
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the equivalent barrels of oil, energy basis. The explora
tion expenditure was then divided by the equivalent barrels 
of oil, energy basis, to give the hydrocarbon finding cost 
per equivalent barrel-energy basis. Figures 5 and 6 show 
these results for the years 19 38-196 8.

The authors have somehow used 4.67 million Btu per 
barrel of oil and 112 0 Btu per cubic foot of gas instead of 
a more common value of 5.8 million Btu per barrel of oil 
and 1032 Btu per cubic foot of dry gas.

Data Preparation
The relevant aspects of data preparation for this part 

of the study include (1) procedures to put prices and costs 
over time on an equal basis. Price deflators and indexes 
are used. (2) Various techniques to project historically- 
derived trends are reviewed.

Economic Price Deflators and Price Indexes: During the
past 13-year period 1960-1972, the United States has been faced 
with an increasing inflationary pressure. This general in
crease in the price level makes price and cost comparison over 
time inaccurate. The application of deflators, using the price 
level of a particular year as a basis, will eliminate the in
flationary effects. No specific price indexes for the domestic 
petroleum exploration costs are available, but some deflators 
for relevant economic activities may be used. A list of some 
of these indexes follows.
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(1) Index of U.S. wholesale price of crude petroleum 
and refined products 1947-1969 appeared in API’s Petroleum 
Facts and Figures (1971, p. 470). The base year was 1957- 
1959 .

(2) Cost factors for crude oil prices, hourly wages paid, 
oil machinery prices, oil-well casing prices, and pipeline 
prices for 195 8-1973 appeared in IPAA's Supply and Demand 
Outlook (April 1973). The base year is 1967.

(3) Implicit price deflator for gross private domestic 
(U.S.) non-residential investments, available for 1921-1972 
with 195 8 as the base year, appeared in Council of Economic 
Advisors, Economic Report of the President, 1973, p. 196.

Projection of Historical Data - Some work has been done 
on projection of historical data by Moore (1966), Hubbert 
(1970), and Garrett (1971), and they are discussed 
here.

Moore (1966) used the historic discovery data reported 
by the National Petroleum Council (NPC) covering the period 
192 0-195 8, in terms of 196 4 recovery conditions (published 
in 19 65), and projected to 19 80 the total discoveries, gross 
additions to reserves, and production of crude oil, natural 
gas liquids, and natural gas. Later, Moore (19 71) used the 
API, PAW, and AGA data in Gompertz curves to project the 
cumulative discoveries, cumulative addition to reserves, and
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cumulative production of U.S. crude oil, natural gas, and 
natural gas liquids to year 2 000, These results are shown 
in figures 7, 8 and 9.

Hubbert (1969) used the API estimates of proved dis
coveries and production, and by fitting analytic functions 
to these historical data projected them into the future.
The historical data are shown in Fig. 10, the dashed curves 
are analytical derivations of smooth empirically-fitted 
curves.

Garrett (1971, p. 3), using Marsh's technique, which 
was discussed before, obtained probable final gas-reserve 
estimates discovered during 1940-1970. Garrett used a 
sophisticated statistical regression analysis technique, 
which involves taking the least-square fit of the logarithm 
of historical discovery data. The author projected these 
data by using 10, 15, 20, and 25 years of corrected (appre
ciated) gas discovery history for the next 20 years (1990). 
These results are shown in Fig. 11.
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MODEL OF EXPLORATION BENEFITS AND EXPENDITURES

Two basic models are developed; in addition, a third 
model which combines the results of the first two is also 
developed. The first model is the procedure to obtain an 
estimate of the ultimate recovery of petroleum reserves on 
an annual basis. The second model consists of identifying 
and formulating the relevant expenditures incurred in ex
ploring for and finding new petroleum reservoirs. The third 
model relates the benefits of discoveries of petroleum to 
the expenditures.

Reserve Growth Model
The main objective of this section is to determine from 

available data the amount of appreciation with time of crude 
oil, natural gas, and natural gas liquids in a particular 
field. Because the API-AGA data were incomplete for natural 
gas liquids (as mentioned before), the first part of this 
section will develop growth factors for oil and gas only.
The second part of this section will allocate the probable 
final reserves of natural gas liquids discovered in the United 
States during the 13-year period 1960-1972. The third part

26
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of this section will give the final results of the discoveries 
of crude oil, natural gas, and natural gas liquids.

Growth in Crude Oil Reserves: Based on the API-AGA's
1966-1969 estimates of ultimate recovery from fields dis
covered from 19 43 to 19 72, and using G. R. Marsh's (1971, p. 100 
104) techniques, the probable final growth factors for crude 
oil discoveries in the United States will be developed.

The procedure for determining the growth estimates of 
crude oil reserve estimates is as follows: After the data
are arranged as they appear in Table 1, the last number in 
each column (e.g., 156, 136, 192, and 92) is referred to as 
the original estimate of reserves discovered during that year. 
Next to the last (e.g., 363, 251, 373, and 466) is the first 
revision of the estimate of how much was found the year be
fore. The next number above is the second revision, and the 
next above is the third revision, and so on until there are 
no more data available for revision. The next step, which 
is to add the first revisions and to divide the result by 
the sum of the original estimates, gives a ratio that was 
referred to by Marsh (1971, p. 100) as RR^ (revision ratio 
for the first year after discovery, or first revision ratio). 
This formula was then developed.

Sum of R / s u m  of Rq„ . = RR„ (2)n' 9n-l) n
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TABLE

Ultimate Recovery from Fields Discovered

Total United States Oil (Mbbl)
Discovery Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

1965 Estimate
l i iP i - —
444 
679 
404 
513 
36 3 
[I56}___

196 7 Estimate
*695 !

746
465
568
478

136

195 8 Estimate
732

— -J 421:K '827 ----
459
646
698
254

1 192 I---

1969 Estimate
730
417

- -4" 90lj 
603 
777 
758 
352 

_ 513 _
— >L 466.-I 

92

(1st revision) 251 + 373 + 466 = 1090 = 2.25 
(original EUR's) 15'6+ ’136+ 192 484
(7th revision) 695 + 421 + 901 _ ^
T^th revision) b”83'" + "877 ' ^

(Marsh, 1971, p. 101)
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where
n = the revision number (also the number of years 

after discovery),
R = the revision,

RR = the revision ratio.
For example, according to the above formula, when the 

revision ratio (RR) is calculated for n=l, the result is

^1 _ %  _ 251+373+466 _ ^
^ 1  Sum of R,, Sum of R_ 156+136+192(1-1) u

This revision ratio (RR) was calculated for the second, 
third, fourth, etc., years. These revision ratios were then 
compounded to get the cumulative revision ratios. For exam
ple, RR^ was multiplied by RR2 * Then this product was multi
plied by RRg, and then the product of RR^, RRg, RRg was multi
plied by RR^, and so on. These products were then plotted 
against years after the discovery year. The result was a 
curve that expresses the ratio of reserve growth since dis
covery. This ratio is plotted in Fig. 12, which shows the 
growth rate of reserves estimates for total crude oil in U.S. 
This curve is the same curve as that developed by Marsh (1971, 
p. 101). The flat part of the curve shown between the 2 0th 
and 28th year after discovery is a very good indicator for 
ultimate growth. This ultimate growth factor, which is 8,3 
(Fig. 12), was used to calculate the probable final growth 
factor for all fields less than 2 8 years old. And since
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this study is for fields discovered within the last 28 years, 
this flat part can be used as an indicator of ultimate growth.

Growth in Natural Gas Reserves: The same procedure out
lined above was followed for comparable data available from 
API-AGA for natural gas. The growth rate of reserves esti
mates curve for natural gas was constructed and is shown in 
Fig. 13. This curve was also developed by Marsh (1971, p. 101) 
The ultimate growth for natural gas was achieved also between 
the 2 0th and the 2 8th year after discovery. The growth factor 
for gas has a value of 5.0 which is lower than that of oil.

Natural Gas Liquids Reserve: It was mentioned previously
that the API-AGA reported total new discoveries of natural 
gas and natural gas liquids (Table 2, Appendix). These data 
cannot be used to find the growth ratios and the final pro
bable growth factors (as was outlined earlier for oil and 
gas) because these data are not reported in a similar manner 
and cannot be put into the form of Table 1. Since natural 
gas liquids are always associated with natural gas, these 
two fluids will be related to one another to get a ratio of 
total discoveries.

Equation 3 was developed for this purpose.

^  = m  (3)
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where
EA = Ratio of total natural gas discoveries to 

those of natural gas liquids,
GD = Total natural gas discovered in a given year, 
LD = Total natural gas liquids discovered in the 

same year.

Once this ratio (RA) is determined, the probable final
reserve estimates of natural gas discovered will be related
to this ratio (RA). Equation 4 was developed for this purpose

F GFL = 1  (4)

where
FL = probable final reserve estimates of natural 

gas liquids ,
FG = probable final reserve estimates of natural 

gas ,
RA is defined above.
Aggregate Discoveries: It was mentioned earlier that

Howel and Merklein (1971) have developed methods to combine 
oil and gas under a common physical factor, the value base 
method and the energy base method.

For the purpose of this study, the energy base method 
will be used to combine crude oil, natural gas, and natural 
gas liquids under à common physical factor. This method is 
outlined as follows. The probable final (appreciated) re
serves of crude oil, natural gas, and natural gas liquids 
discovered in the United States during the 13-year period, 
1960-1972, are multiplied by their national average thermal 
values to give the amount of energy (Btu) discovered from
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each of these hydrocarbons. The sum of these energies is 
the total energy discovered from petroleum.

Exploration Cost Model
The exploration cost model involves developing a defini

tion of national and industry exploration costs, allocating 
exploration expenditures as reported by the CMB, and using 
another procedure for modifying the exploration expenditures 
as reported by the JAS.

National Exploration Costs: National exploration costs
are those costs directly related to the utilization or con
sumption of economic resources for any petroleum exploration 
activity. Economic resources are labor and equipment. Na
tional cost does not include any transfer payments such as 
lease bonuses, lease rentals, or taxes. Thus national pe
troleum exploration costs include scouting expense for pe
troleum exploration activities, geological and geophysical 
expense, drilling and equipping exploratory wells, and all 
other direct, general, and administrative overhead costs, 
less sales tax paid on any purchases and ad valorem tax on 
exploration, or any other taxes that may be imposed.

Industry Exploration Costs : Industry exploration costs
are those costs that represent the utilization or consumption 
of economic resources along with the exchange of transfer
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payments for any petroleum exploration program. In other 
words, the industry exploration cost is the sum of all items 
mentioned under the national cost and, in addition, includes 
all transfer payments such as lease bonuses and rentals, and 
taxes such as sales tax or ad valorem tax on exploration.

Allocating Exploration Expenditures Reported by CMB:
As was mentioned earlier, CMB reports U.S. exploration and 
development costs combined under the following headings : 
lease acquisitions expense, lease rentals expense, geological 
and geophysical expense, dry holes cost, and producing wells 
cost. Due to limited information about the dry holes costs 
and the producing wells costs, this study will allocate all 
dry holes costs to be exploration expenditures and all pro
ducing wells costs to be development expenditure. These ex
ploration expenditures are listed in Table 12 in the Appendix

JAS Exploration Expenditures Modification ; Exploration 
expenditures reported by JAS (196 0-1971) will be modified 
to conform with the needs of this study. Equation 1, devel
oped by JAS earlier, will be rearranged to calculate the 
values of E (drilling and equipping exploratory wells costs) 
for the 6-year period 1960-1965. These data are needed so 
that the data reported by the JAS before 1966 will be con
sistent with the ones reported after 1966. Equation 1 
(H = E+C-D) may be rearranged here as
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E = H-C+D (5)

The values of C (contribution toward test wells cost) and 
D (Delta) are not available for this 6-year period (196 0- 
1965) , but are available for the 6-year period (196 6-1971) 
and the 4-year period (1966-1969) , respectively. The first 
step is to use a statistical procedure to project backward 
the known values of C (1966-1971) and D (1966-1969) to get 
an estimate of these values for the 6-year period 1960-1965. 
Once these values are determined for this period, they are 
substituted in Equation 5, and the E values are then deter
mined for the 6-year period 196 0-1965.

Cost Benefits of Exploration Model
The function of this model is to relate exploration ex

penditures to the aggregates of discoveries. This is done 
by dividing the exploration expenditures reported for a par
ticular year by the corresponding aggregate of discoveries 
for that same year. The result is the actual (based on re
ported data) finding cost of petroleum. Equation 6 was devel
oped for this purpose,

PFC = 11 (6)

where
PFC is the petroleum finding cost, energy-basis,
EE is the exploration expenditures in a particular 

year,
PD is the total petroleum energy discovered in the 

same year the expenditure is made.
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Equation 6 is used later for exploration expenditures reported 
by CMB and JAS.

Data Preparation Techniques
The purposes of the relevant aspect of the data prepara

tion technique are to develop procedures to determine current 
(19 72) cost factors,to calculate the petroleum finding cost on 
the basis of the 1972 purchasing power of the dollar, and to 
provide a method of projecting historical data into the future,

Current (1972) Cost Factors Determination Technique:
In order to develop these factors, this study will use the 
economic price deflators for private domestic (U.S.) non- 
residential investment. These deflators are reported up 
to date (1972) with 195 8 as the base year (Table 15 in the 
Appendix). In order to develop the 1972 factors, the fol
lowing equation was developed:

CCP = ^  (7)

where
CCF = current (1972) cost factors,
EPD = economic price deflators(1958-100),
DR =  1972 price factor (1972=100).

Equation 7 will be used in the next chapter.
Current Cost Basis Technique: In order to determine pe

troleum finding costs on the basis of the 19 72 purchasing 
power of the U.S. dollar, the following equation was developed:



T - 1 5 8 6

CFC = m  X 100 (8)

where
CFG = current (19 72) finding cost,
PFC = petroleum finding cost,
CCF = current (19 72) cost factor.

Equation 8 will be implemented in the next chapter.
Projection Technique: The least-square regression analy

sis technique will be used in this study to project historical 
data into the future. For the purpose of this study, the 
logarithm of corrected (appreciated) discovery history of 
petroleum aggregates and of historical data of petroleum 
finding costs for the 12-year period 1960-1971 are used in 
the projection for the next 14 years 1972-1985.
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MODEL IMPLEMENTATION

The basic models were discussed in the previous chapter 
and their implementation will be discussed in this one.
These models are: reserve determination, exploration cost,
data modification, and petroleum finding costs.

Reserve Determination
This section will complement the method discussed earlier 

to determine the growth of crude oil, natural gas, and nat
ural gas liquids reserve estimates with time.

U1timate Crude Ci1: The ultimate growth factor of crude
oil which was determined from the growth curve (Fig. 12), 
has a value of 8.3. The probable final growth factors are 
derived by dividing the ultimate growth factor 8.3 by the 
growth ratios from the curve (Fig. 12) that corresponds to 
years after the year of discovery. For example, according 
to Fig. 12, the first year after discovery corresponds to a 
growth ratio of 2.3. The probable final growth factor then 
is

8 3 = 3.6 for the first year following the year of dis
covery. This procedure was used to calculate the growth

39
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factors for the 13-year period (1960-1972). The results of 
these calculations are shown in Table 3. These probable final 
growth factors were then used as multipliers to increase the 
latest current (19 72) API-AGA estimates to the probable final 
reserves discovered, which is the closest one can get to the 
actual amount of oil discovered. These results for crude 
oil are shown in Table 4.

Ultimate Natural Gas: The ultimate growth factor of
natural gas, which was determined from the growth curve 
(Fig. 13), has a value of 5.0.

When this factor is used as an ultimate growth factor 
for natural gas, the probable final growth factors for nat
ural gas can then be calculated by dividing it into growth 
ratios from the growth curve (Fig. 13) that corresponds to 
the year after discovery year. These results appear in Table 
5. These probable final factors were then used as multipliers 
and were multiplied by the most recent (19 72) API-AGA esti
mates of reserves discovered during the year. These results 
are the probable final reserves discovered in the U.S. in 
the past 13 years 1960-1972. These results are shown in 
Table 6.

Natural Gas Liquids: The model for determining the ul
timate growth of natural gas liquids was discussed earlier.
The first step is to calculate the ratio of natural gas dis
coveries to natural gas liquids by the use of Equation 3
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TABLE 3
Probable Final Growth Factors for Crude

Discovery
Year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

Years
Since

Discovery
12
11
10
9
8
7
6
5
4
3
2

1
0

Ult.
Recov.
Growth
Factor
8.3
8.3

8.3
8.3
8.3

Growth
Ratio
7.3
7.1
6.9

3.2
2.3 
1.0

Oil
Probable
Final

Growth
Factor
1.14
1.17
1.22
1.26
1.31
1.39
1.49
1.63
1.80
2.10
2.60
3.61
8.30
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TABLE 4

Final Reserve Estimates of Crude Oil
Millions of Barrels

Year of 
Discovery
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

Probable
Final
Growth
Factor
1.14
1.17
1.22
1.26
1.31
1.39
1.49
1.63
1.80
2.10
2.60
3.61
8.30

API-1972
Estimate

875
467 
971 
622 
815

1,071
468 
734

*779
445
465
196
86

Probable
Final
Reserves
Discovered

994
546

1,176
782

1,065
1,487

695
1,194
1,405

923
1,205

788
714

*Does not include 9,6 00 million barrels discovered 
in Alaska
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TABLE 5
Probable Final Growth Factors for Natural Gas

Discovery
Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

Years
Since
Discovery

12
11
10
9
8
7
6
5
4
3
2
1
0

Ult.
Recov.
Growth
Factor

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

Growth
Ratio

4.5 
4.4
4.3
4.1
4.0 
3.9
3.7
3.6
3.4
3.2
2.8
2.3 
1 .0.

Probable
Final

Growth
Factor

1.11
1.14
1.18
1.21
1.25
1.30
1.36
1.40
1.47
1.57
1.79
2.18
5.00
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TABLE 6

Final Reserve Estimates of Natural Gas
Billions of Cubic Feet

Year of 
Discovery

1960
1961
1962
1963
1964
1965
1966
1967 
196 8
1969
1970
1971
1972

Prob.
Final
Growth
Factor

11
14
18

1.21
1.25

30
36
40

1.47
1.57
1.79
2.18
5.00

1972 AGA 
Estimate
12,355
11,811
11,946
12,358
9,995
9,033
7,858
6,572
*5,127
5,740
3,605
4,275
1,903

Probable
Final

Reserves
Discovered

13,72 8 
13,421 
14,053 
14,961 
12,494 
11,731 
10,676 
9,178 
7,539
9,026 
6,438 
9,293 
9,513

* Does not include 26,522 billion cubic feet discovered 
in Alaska.
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= Ê )

and Table 2 in the Appendix. For example the value of RA 
for 1960 is calculated as follows

^ 1 9 6 0  = S g f f  = =  ^ 4 . 3 2 5  M C F /b b l

Table 7 shows these results for the 13-year period of 196 0- 
1972. This procedure was applied to data for 15 years (1957- 
19 72). The averages for every five years was maintained, 
and the final average (overall) was found to be 5 0.7 68 Mcf 
of natural gas per barrel of NGL. This average excludes the 
year 1970 because of the increased value of discoveries of 
natural gas in 1970 (due to discoveries in Alaska). Another 
overall average was made that included the 1970 ratio, which 
yields a 62.657 Mcf natural gas per barrel of natural gas 
liquids. The 50.768 Mcf of natural gas per barrel of natural 
gas liquids will be used in this study as RA in Equation 4 
to estimate the probable final reserves of natural gas liquids 
discovered in the U.S. in the 13-year period 1960-1972. These 
probable final reserve estimates discovered for natural gas 
liquids then can be obtained by using Equation 4 (FL = FG/RA). 
For example, the probable final reserve estimate of natural 
gas liquids for 1972 is

-1972 =
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TABLE 7
Ratios of Total New Discoveries of Natural Gas 

to Those of Natural Gas Liquids 
Year of Ratios (RA)
;covery mcf/bbl
1960 54.3
1961 66.3
1962 41.5
1963 31.4
1964 45.8
1965 59.1
1966 47.2
1967 57.6
1968 48.7
1969 56.1
1970 184.9
1971 39.4
1972 52.4
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These estimates were determined for the 13-year period 196 0- 
1972 and are shown in Table 8.

Aggregate Petroleum Discoveries: The probable final
reserves estimates of U.S. crude oil, natural gas, and nat
ural gas liquids for the 13-year period 1960-1972 are sum
marized in Table 9. These reserves are converted to energy 
units (Btu) by multiplying them by their national average 
thermal values, which were reported by the National Petroleum 
Council (NPC) (1971, p. 10) and the National Coal Association 
(NCA) (1973) as 5.8 million Btu per barrel of crude (NPC), 
4.011 million Btu per barrel of natural gas liquids (NCA), 
and 1032 Btu per cubic foot of natural gas (NPC). For exam
ple to calculate the total petroleum energy discovered in 
1960, one multiplies 994 MM bbls of oil (Table 4)^13,728 
MCF of gas (Table 6), and 2 70 MM bbls of natural gas liquids, 
(Table 8), by 5.8 MM Btu, 1032 Btu, and 4,011 MM Btu, res
pectively to get 5,766, 14,167, and 1,085 trillion Btu. The 
sum of these gives 21,018 trillion Btu, which is the total 
amount of petroleum energy discovered in 1960, These com
putations were made for the 13-year period, 1960-1972, for 
the total domestic petroleum industry; and the results are 
shown in Table 9 and Fig. 14,

Exploration Cost Data Modification
Exploration expenditures reported by JAS are listed in 

Table 10 in the appendix. The cost data modification model
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TABLE 8
Final Reserve Estimates of Natural Gas Liquids 

Discovery
Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

Final Reserves 
Discovered 
Millions of 
Barrels

270 
264 
277 
2 95 
246 
231 
210 
181 
14 9 
178 
127 
183 
187
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TABLE 9
Petroleum Energy Discovered in the United States

Trillion Btu
Discovery

Year
Crude
Oil

Natural
Gas

Natural Gas 
Liquids Total

1960 5,766 14,167 1,085 21,018
1961 3 ,167 13,850 1,060 18,078
1962 6,823 14,502 1,110 22,435
1963 4,535 15,439 1,182 21,156
1964 6,175 12,893 987 2 0,055
1965 8,623 12,106 927 21,656
1966 4,029 11,018 843 15,889
1967 6,927 9,472 725 17,124
1968 8,150 7,780 596 16,525
1969 5,352 9,414 713 15,380
1970 6,987 6,644 505 14,137
1971 4,571 9,591 734 14,896
1972 4,141 9,817 752 14,709
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in the Lower 48 States in the U.S.
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appreciated (does not include 143 quadril
lion Btu discovered in Alaska in 196 8).
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discussed previously involves the estimation of items C (con
tribution toward test wells cost) and D (Delta) for the 6- 
year period 1960-1965 and the calculation of item E (drilling 
and equipping exploratory wells cost) in the same equation 
for the same period of time.

Estimation of C for the 6-year Period 1960-1965: The
data available for this item are the 6-year data reported 
for 1966-1971; these values, which are 28, 34, 33, 30, and 
24 million dollars, respectively (Table 10 in the Appendix) 
appear to be relatively constant. An annual average of these 
six values is $3 0 million. Because this particular item is 
relatively constant for 1966-1971, it will be assumed that 
this item is constant for the years 196 0-1965. Based on the 
assumption mentioned above, the average value of item C, 
which is $30 million, will be used in Equation 5 for 1960- 
1965. These items are reported in parenthesis in Table 11 
which is a revised form of Table 10.

Estimated Values of D for 1960-1965: The estimation
of factor D (Delta) is more difficult than the previous one. 
Here the reported data cover only four years, 1966-1969.
These values are (-29), (+25), (+44), and (+89) million
dollars, respectively. From these four values of D (Delta), 
it is noted that in the last two years the values are almost 
double those of the year before. However, there is no ap
parent reason to infer that D is time dependent; therefore.
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the average value of D is +$32 million will be used in 
Equation 5 for the 6-year period (1960-1965) to calculate E 
(drilling and equipping exploratory wells).

Calculating the values of E for 1960-1965: This item
can now be calculated because items H, C, and D in Equation 5 
are known. With this equation, the value of E is determined 
for the 6-year period 1960-1965. For example, for 1960 the 
values for H, C, and D are $774 (Table 10, column 2), $30 
(calculated) and $+32 (calculated) million, respectively.
With Equation 5, E = H - C + D =  774 - 30 + 32 = $776 million. 
These values were calculated and reported for the 6-year 
period 1960-1965 in parenthesis in Table 11.

Petroleum Finding Costs
The U.S. exploration expenditures reported by the JAS 

and the CMB for the period 196 0-19 71 are listed in tables 11 
and 12 (Appendix), respectively. These tables which are ar
ranged in this manner to comply with the definitions of national 
and industry costs, are used to calculate the petroleum finding 
costs on the national and industry costs basis. The cost 
benefits of exploration model will be implemented here. A 
sample calculation for the national and industry costs for 
exploration expenditures reported by CMB is shown here.
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TABLE n  -

Adjusted Exploration Expenditure for the Domestic Petroleum Industry

BILLION OF DOLLARS'

Year

Drill
&

Equip.
Exp.
Wells

G & 
G

Land
Leasing
&
Scout.

Contr.
Toward
Test
Wells

Direct
OH

Sub-
Total
(1)

General
&

Adm. OH
Sub-
Total
(2)

Lease
Acqui
sition

Lease
Rentals

>ub. tot. 
lease 
rent.
&
Acq.

Grand
Total
Sub
(3)+3

1960 (776)* 277 104 (30)* 71 1258 197 1455 626 193 819 2274
1961 (766) 280 115 (30) 65 1266 219 1485 428 189 617 2102
1962 (849) 299 108 (30) 58 1344 213 1557 815 197 1012 2569
1963 (792) 300 117 (30) 69 1308 200 1508 376 193 569 2077
1964 (856) 336 100 (30) 72 1394 215 1609 570 177 747 2356
1965 (851) 335 102 (30) 61 1379 207 1586 438 166 604 2210
1966 775 378 70 28 128 1379 195 1574 577 180 757 2331
1967 793 392 86 34 122 1427 206 1633 829 140 969 2602
1968 836 373 82 34 136 1461 204 1665 1578 179 1757 3422
1969 944 387 93 33 168 1625 210 1835 1137 134 1271 3106
1970 815 349 98 30 143 1435 189 1624 714 138 852 2476
1971 1 775 361 100 24 142 1402 206 1608 642 143 785 2393

‘ (joint Association Survey 1960-1971.| 
*  e s t i m a t e d
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National Costs: The national petroleum finding costs,
energy-basis, are determined by using Equation 6 and Table 12 
(Appendix). Exploration expenditure reported on the national 
cost basis are listed in Table 12, column 4, as Subtotal (1). 
For example, the values of EE and PD in equation 6 for 196 0 
are $1,310 million (Table 12, column 4) and 21,018 trillion 
Btu (Table 9, column 5), respectively. To calculate the pe
troleum finding costs on the national cost basis for 1960, 
Equation 6 is used as follows.

EE
= P D ^  = 2l!oi8^Btu = cents per million196 0 Btu

This calculation was made for the 12-year period, 1960-1971, 
for national exploration expenditure reported by the JAS and 
the CMB. These results are shown in tables 13 and 14.

Industry Costs: The industry petroleum finding costs,
energy-basis, are also determined by using Equation 6 and 
Table 12. Exploration expenditures reported on the industry 
cost basis are listed in Table 12, column 8, as Grand Total. 
For example, the values of EE and PD in Equation 6 for 1960 
are $2,075 million (Tables 12, column 8) and 21,018 trillion 
Btu (Table 9, column 5), respectively. To calculate the 
petroleum finding costs on the industry cost basis for 1960, 
Equation 6 is used as follows.
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TABLE 13

United States Petroleum Finding Cost-JAS 
Cents per Million Btu

Year
1960
1961
1962
1963
1964
1965
1966 
196 7
1968
1969
1970
1971

National 
6,92
8.21 
6.94
7.12 
8.02
7.32 
9.90
9.5 3

10.07
11.93
11.48
10.79

Industry 
10.81
11.62
11.45
9.81

11.74 
10.20 
14.67 
15.19 
20.70 
2 0.19 
17.51
16.06

Based on JAS exploration expenditure estimates
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TABLE 14

United States Petroleum Finding Cost-CMB

Cents per Million Btu
Year National Indust
1960 6.23 9.87
1961 7.05 10.09
1962 5.46 9.91
1963 5.97 9.45
1964 7.05 11.09
1965 6.23 9.28
1966 8.96 13.43
1967 7.73 13.57
1968 8.62 19.60
1969 9.91 19.01
1970 9.72 18.49
1971 9.16 12.11

Based on CMB exploration expenditure estimates
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EE
ffCiggo = = 71,111 TOtu = 9-87 cents per million196 0 Btu

This calculation was made for the 12-year period, 1960-1971,
for industry exploration expenditures reported by the CMB and
the JAS. These results are also shown in Table 13 and 14 and
are plotted in figures 15 and 16.

Current (19 72) Cost Factors
In order to determine the current (1972) cost factors 

Table 15 in the Appendix and Equation 7 will be used. For 
example, the economic price deflators for 1960 and 1972, with 
195 8 as the base year, are 102.9 and 142.9, respectively (Table 
15, Appendix). Using Equation 7, the current (1972) cost 
factor is

CCFiggo = I§T# = ’2.00
The factors for the 13 year period 1960-1972 were calculated 
and are listed in Table 16.

Current (1972) Finding Cost
The current (1972) petroleum finding costs are deter

mined by the use of Equation 8 and tables 13, 14 and 16.
For example, to calculate the 196 0 national petroleum finding 
cost based on the 1972 purchasing power of the dollar, for ex
ploration expenditures reported by the JAS, Equation 8 is used 
as follows:
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TABLE 16 
Current (1972) Cost Factors

1972
Year Cost Fac
1960 72.00
1961 72.40
1962 72.85
1963 73.00
1964 74.00
1965 75.00
1966 77.00
1967 79.00
1968 82.00
1969 86.00
1970 91.00
1971 96.00
1972 100.00



T - 1 5 8 6  61

C ^ ^ 1 9 6 0  =  1 ° °  ^  f l Ï I Î o n ^ B t u

This calculation was made for the 12-year period 1960-1971 
for both national and industry petroleum finding costs as: 
reported in Tables 13 and 14, and the results are listed in 
Table 17.

Future Projection
The least-square fit was applied on historical data and 

used to compute a and b as in the straight line equation,
Y = a + bx. These a and b coefficients were used to compute 
future projections. The basic equation under consideration 
is

Y = ab^ (10)
where

Y = dependent variables (energy, finding cost, etc.), 
a = Y - intercept,
b = regression coefficient, the slope of the line,
X = independent variable (discovery or projection 

year).
Taking logarithms of both sides of the Equation gives

logY = log a + (logb)x. (11)
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TABLE 17

U.S. Petroleum Finding Cost Based on the 
1972-Purchasing Power of the Dollar 
__________Cents per Million Btu

(1) (2)
National Industry National Indust

1960 9.61 15.01 8.65 13.70
1961 11.34 16.05 9,38 13.94
1962 9.53 15.72 7.5 0 13.60
1963 9.75 13.44 8.18 12.95
1964 10.84 15.87 9.53 14.99
1965 9.76 13.60 8.31 12.37
1966 12.86 19.05 11.64 17.44
1967 12.06 19.23 9.79 17.18
1968 12.28 25.24 10.52 23.90
1969 13.87 23.48 11.52 22.11
1970 12.62 19.24 10.68 20.32
1971 11.24 16.73 9.54 12.62

(1) JAS
(2) CMB
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If
Y* = ]_og Y

A = log a
B - log b, and
X* = X.

Then Equation 10 becomes 
Y* = A + BX*

which when graphed on linear coordinate, is a straight line.
The A and B values along with some regression tests for 

the projections are shown in Table 18.
These values of A and B were then used to project future 

petroleum energy, JAS national and industry petroleum finding 
costs, and CMB national and industry petroleum finding costs.
The projection was made using logs of 14 years (1972-1985).
The results of these projections are shown in Table 19 and 
Fig. 17, Table 20 and Fig. 18, and Table 21 and Fig. 19, for 
petroleum energy, JAS petroleum finding costs, and CMB petro
leum finding costs, respectively.
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TABLE 18
Regression Equations Constants and Coefficients

Regression
The Constant Coef. Coefficient t-Test on

(A.) (B) of Determination the (B) Coef,
Petroleum
Energy 4.36
JAS national 
pet. finding 
cost 0.81
JAS industry 
pet. finding 
cost 0.97
CMB national 
pet. finding 
cost 0.74
CMB industry 
pet. finding 
cost 0.93

-0.0156

0.0220

0.0260

0.0210

0.2600

0.72

0.79

0.66

0.72

0.57

5.32

6.14

4.37

5.01

3.60
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TABLE 19
Projection of Energy to be Discovered from Petroleum

in the United States
Trillion Btu

Discovery Year Petroleum Energy
1973 13,770
1974 13,255
1975 12,805
1976 12,360
1977 11,925
1978 11,510
1979 11,100
1980 10,700
1981 10,330
1982 9,966
1983 9,619
1984 9,495
1985 9,170
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Fig. 17-Projected Petroleum Energy to be discovered in 
the United States
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TABLE 2 0
Projected Petroleum Finding Cost in the

United States-JAS

Projected
Cents per Million Btu

Year National Indust
1972 12.24 20.14
1973 12.86 21.35
1974 13.49 22.65
1975 14.21 24.00
1976 14.94 25.50
1977 15.69 27.05
1978 16.50 2 8.68
1979 17.34 30.43
1980 18.2 0 32.28
1981 19.15 34.26
1982 20.14 36.32
1983 21.16 38.55
1984 22.20 40.88
1985 23.38 43.35

Exploration expenditure reported by ,
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Fig. 18-Projected U.S. Petroleum Finding Costs-JAS
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P r o j e c t e d

Projection 
Year____
1972
1973
1974
1975
1976
1977
1978
1979
1980 
1971 
19 82
1983
1984
1985

TABLE 21
'etroleum Finding Cost in the 

United States-CMB
Cents per Million Btu

National
10.29
10.79
11.33
11.83
12.47
13.10
13.75
14.42
15.14
15.88
16.67
17.50
18.37
19.28

Industry
18.37
19.46
20.65 
21. 88 
23.23
24.66 
2 6.15 
27.73 
29.44 
31.22
33.11
35.15 
37.17 
39.54

Exploration expenditure reported by CMB
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Fig. 19-Projected U.S. Petroleum Finding Costs-CMB
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RESULTS OF CALCULATIONS

This analysis of the domestic (U.S.) petroleum industry 
during the 12-year period 196 0-1971 has resulted in final 
estimates of petroleum reserves and energy, petroleum explor
ation expenditures, and petroleum finding costs, which are 
summarized here.

Reserve Estimates of Petroleum
Total latest (1972) API-AGA estimates of ultimate re

covery of reserves from fields discovered during this period 
were 17.6 billion barrels of oil, of which 8.0 billion barrels 
were discovered in the lower 48 states; 12 9 trillion cubic 
feet of natural gas, of which 102.5 trillion cubic feet were 
discovered in the lower 48 states; and 2 billion barrels of 
natural gas liquids.

These original estimates were appreciated by 62, 38, and 
40 percent, respectively, giving the total appreciated esti
mates of 3 0 billion barrels of oil, of which 13 billion bar
rels were discovered in the lower 48 states; 182 trillion 
cubic feet of natural gas of which 142 trillion cubic feet 
were discovered in the lower 48 states; and 2.8 billion barrels 
of natural gas liquids.

71
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Total energy discovered from petroleum in the total U.S. 
in the past 13 years (1960-1972), as reported by the API-AGA, 
is 244 quadrillion Btu; 160 quadrillion Btu's were from dis
coveries in the lower 48 states. The remainder was from dis
coveries in Alaska in 1968. The appreciated value is 376 
quadrillion Btu's; 233 of these were from discoveries in the 
lower 48 states. The rest was from discoveries in Alaska in 
1968. The projected petroleum energy to be discovered in 
the next 13 years (1973-198 5), based on the 13-year his
torical data (1960-1972),is 146 quadrillion Btu (Table 18).

Exploration Expenditures
Total industry exploration expenditures in the U.S. in 

the past 12 years 1960-1971 was $30 billion as reported by 
the JAS, $11 billion of which was used for transfer payments 
such as lease acquisitions and lease rentals. The remaining 
$19 billion is the national exploration expenditure (Fig. 20), 

These exploration expenditures for the same period of 
time were $27.4 billion as reported by the CMB, $11 billion 
of which were used for transfer payments such as lease ac
quisitions and lease rentals; the remaining $16.4 billion is 
the national petroleum exploration expenditures (Fig. 20).

Petroleum Finding Cost Results
The domestic (U.S.) industry petroleum finding cost 

for this period of time based on exploration expenditures
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reported by JAS ranged between $0.10 to $0.21 per million 
Btu, while the national cost ranged from $0.07 to $0.12 per 
million Btu for the same period of time. The average of 
the industry cost was $0.14 per million Btu, and the average 
of the national cost was $0.09 per million Btu (Table 13 
and Fig. 15).

These costs expressed in 19 72 purchasing power of the 
domestic dollar ranged from $0.13 to $0.25 per million Btu 
for the industry cost and ranged from $0.10 to $0.14 per 
million Btu for the national cost. The averages were $0.18 
and $0.11 per million Btu for the industry and national 
costs, respectively (Table 17).

The projected industry petroleum finding cost based on 
historical petroleum finding costs range from $0.2 0 per million 
Btu in 1972, to $0.43 per million Btu in 1985, whereas the 
national petroleum finding cost range from $0.12 per million 
Btu in 19 72, to $0.2 3 per million Btu in 19 85 (Table 19 and 
Fig. 18).

These petroleum finding costs expressed in equivalent 
barrel of oil range from $1.26 in 1972, to $2.49 per equiva
lent barrel of oil in 1985, for the industry cost and range 
from $0.71 per equivalent barrel of oil in 1972, to $1.36 
per equivalent barrel of oil in 1985 for the national cost.
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CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

Three basic subjects are to be discussed: conclusions,
limitations of the usage of some of the methods and techniques 
used, and recommendations and suggestions for further work 
relevant to this subject.

Conclusions
The following conclusions are drawn, based on the earlier 

mentioned results.
1. The CMB and the JAS are comparable sources of U.S. 

petroleum exploration expenditures and provide satisfactory 
data. However, neither one segregates the taxes incurred in 
petroleum exploration. In addition, the CMB reported dry 
holes cost and producing wells cost but did not segregate 
the exploration drilling expenditures from the expenditures 
for the development stage. The CMB also did not report any 
general, administrative, and direct overhead costs that are 
allocated to exploration.

Therefore, it is concluded that the JAS is more consis
tent.

Based on this conclusion, the total industry petroleum 
exploration expenditures in the past 12 years (1960-1971)

75
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were $30 billion. The national exploration expenditures were 
$19 billion, and the transfer payments that were paid out by 
the domestic petroleum industry to the governments and to 
the land owners in the form of lease bonuses and rentals 
were $11 billion. These transfer payments are not the total 
transfer payments because they do not include sales and pro
perty taxes.

2. U.S. industry petroleum exploration expenditures 
declined for the third consecutive year, starting in 1969, 
possibly due to the new provision of the federal income tax 
enacted in that year (Dutton, 1970, p. 1475). JAS reported 
U.S. exploration expenditures as $3.1, $2.5 and $2.4 billion 
for 196 9-19 71, respectively, as compared with $3.4 billion 
reported in 196 8, the peak year.

The total petroleum energy discovered during the period 
1960-1972 showed a downtrend, which could be directly attri
buted to the decline of exploratory effort.

3. The projected petroleum energy to be discovered in
the period 19 72-19 85, based on appreciated historical reserves, 
indicate a declining rate of discovery over time.

The projected petroleum finding costs for the same period 
based on the same relationships, show an increasing rate of 
cost. The industry petroleum finding cost reported by JAS
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range from $0.20 cents per million Btu, or $1.16 per equiva
lent barrel of oil in 1972, to $0.43 cents per million Btu, 
or $2.49 per equivalent barrel of oil in 1985, and the na
tional petroleum finding cost reported by JAS range from $0.12 
to $0.2 3 cents per million Btu, or $0.70 to $1.33 per equiva
lent barrel of oil for 1972 and 1985, respectively.

Limitations
Several limitations of this study are mentioned below.
1. The energy base method of allocating benefits of ex

ploration to expenditure is limited in that a Btu of energy 
from crude oil does not have the same economic value to poten
tial buyers as a Btu of natural gas.

2. Not all exploration expenditures are attributable
to petroleum found in that year. In the study it was assumed 
that the benefits of exploration are obtained in the year of 
expenditures. Actually benefits are derived when petroleum 
is produced many years later when cost have appreciated. 
Therefore, deferred benefits imply a substantially greater 
amount of cost at time of recovery than those shown.

The projection-regression analysis procedure used in this 
study is limited in that it is a conceptual pattern of future 
activities based on a historic pattern of such activities. If 
the expectations for the future are different from the historic
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patterns, the projections are not valid.
4. Natural gas liquids probable final reserves estimate 

discovered (shown in the study) are calculated from limited 
data.

The probable final reserve estimate of natural gas liquids 
discovered in the U.S. during the study period (1960-1972) 
is an estimate that was calculated by using indirect methods—  
gas ultimate recovery is an estimate, which was appreciated 
to give the probable final reserves discovered. This estimate 
was then divided over the ratio of natural gas discovery to 
that of natural gas liquids to determine the probable final 
reserves of natural gas liquids discovered.

5. National costs used in this study are not disaggregated 
to comply with the definition of national costs.

The definition of national costs does not include any 
transfer payments or taxes, but from the available data there 
is no way of disaggregating the taxes. For example, sales 
tax on exploratory equipment was included as national cost 
in this study, but according to the definition of national 
cost, this tax should not be included.

6. The allocation of the U.S. exploration expenditures 
reported by the CMB is limited.

In using the U.S. exploration expenditures reported by 
CMB, which reported exploration and development expenditures
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together, the author assumed that all dry hole costs were 
exploratory expenses, and all producing wells costs were 
development expenses. This assumption is limited because 
usually there are some producing exploratory wells and 
there are some dry development wells. This limitation is 
due to very limited information provided about the data by 
the CMB.

Recommendations and Suggestions for Future Work
This study might be extended to find the unit development 

and production costs and comparing it to the expected price. 
Development and production cost data for the total U.S. petro
leum industry are reported annually in the Joint Association 
Survey of the U.S. Oil and Gas Producing Industry.

This study might be extended to determine the petroleum 
finding cost in each of the 5 0 states in the U.S. Reserves 
data comparable to that used in this study are reported an
nually for all states involved in petroleum activities by 
the API, AGA, and CPA in the annual publication Proved Reserves 
of Crude Oil, Natural Gas Liquids, and Natural Gas in the U.S. 
and Canada.

This study might also be extended to determine the costs 
on the basis of original hydrocarbons in place. These data 

for oil are reported in Table III of the annual report Proved
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Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas 
in the U.S. and Canada, published annually by the American 
Petroleum Institute, American Gas Association, and Canadian 
Petroleum Association. Comparable data for natural gas can 
be obtained from using the API-AGA's estimates of ultimate 
recovery in the same report. The difference in cost of finding 
non-associated gas and the cost of finding oil plus associated 
gas should also be determined.

The annual report on U.S. petroleum reserves, published 
jointly by the American Petroleum Institute (API), American 
Gas Association (AGA), and Canadian Petroleum Association 
(CPA), is to be commended because of its new (196 6) revised 
system of reporting reserves to the year of discovery.

The Joint Association Survey, published annually by the 
American Petroleum Institute, Independent Petroleum Association 
of America, the Mid-Continent Oil and Gas Association is re
commended because it reports total U.S. exploration, develop
ment, and production costs. These costs are based on a 70- 
to 75-percent sample of the U.S. petroleum industry (JAS, 19 70, 
p. 84). The JAS data is preferred over the CMB because the 
validity of numbers reported by the CMB is not known and be
cause the CMB did not report exploration and development ex
penditures separately; also the CMB didn't report some cate
gories of costs such as direct, general and administrative
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overhead allocated for exploration. The JAS is also commended 
for its consistency when projecting into the future.
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TABLE 2

Total "New Discoveries" of Natural Gas and Natural Gas Liquids in 
the United States.

Year of Discovery
Natural Gas

BCF (1)
■ Natural Gas Liquid 
(2) MM bbls

1960 6,601 122
1961 6,908 104
1962 6,299 152
1963 5,578 178
1964 6,909 151
1965 6,544 111
1966 6,058 128
1967 5,695 99
1968 2,922 60
1969 3,813 68
19 70 31,138 168
19 71 4,678 118
1972 4,559 87

New discoveries refer to new pools and new fields discoveries

(1) (API,AGA,and CPA 1972 ,Table VII p.120)
(2) (API,AGA,and CPA 1972,Table X p.122)
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TABLE 10

U . S  P e t r o l e u m  E x p l o r a t i o n  E x p e n d i t u r e - J A S

M i l l i o n  o f D o l l a r s

Year 
o f  

Exp.
Dry
Hole
Exp.

Lease
Acquisi
tion

Lease
Rentals

Geo
logical 
& Geo
physical

Land
Leasings
Scouting

Direct
Overhead

Generals 
Adminis- 
trative 
overhead Total

1960 774 626 193 277 104 71 197 2242
1961 774 428 189 280 115 65 219 2070
1962 847 815 19 7 299 108 5 8 213 2539
1963 790 376 193 300 117 69 200 2045
1964 854 570 177 336 100 72 215 2 3 2 4

1965 849 438 166 355 102 61 20 7 2178
1966 832 577 180 378 70 128 195 2360
1967 802 829 140 392 86 122 206 2577
1968 8 26 1578 179 373 82 136 204 3378
1969 888 1137 134 387 93 168 210 3017
1970 NR 714 138 349 9 8 143 189 2476
1971 NR 642 143 361 100 142 206 2393

(The joint association survey 1960-1971^ 
NR= Not reported
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TABLE 12
U . S  P e t r o l e u m  E x p l o r a t i o n  E x p e n d i t u r e C M B

! M i l l i o n  O f  D o l l a r s

Year
Dry
Hole

G
&G

Subtotal
(1)

Lease
Acquisition

Lease
Rentals

Subtotal 
of leases

Grand total 
sub. (1) + (2!

1960 850 460 1310 600 165 765 2075
1961 825 450 1275 400 150 550 1825
1962 800 425 1225 850 150 1000 2225
1963 825 440 1265 I 575 160 735 2000
1964 925 490 1415 650 160 810 2225
1965 900 450 1350 I 500 160 660 2010
1966 925 500 1425 560 150 710 2135
1967 850 475 1325 860 140 1000 2325
1968 850 575 1425 1675. 140 1815 3240
1969 950 57 5 1525 1250 150 1400 2925
1970 850 525 1375 1100 140 . 1240 2615
1971 790 575 1365 300 140 440 1805

( chase Manhattan Bank 1960-1971 )
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TABLE 15
Economic Price Deflators for Private Domestic 
Nonresidential Investment in the United States

Deflator
Year 1958=100
1960 102.9
1961 103.4
1962 104 .1
1963 104.5
1964 105.7
1965 107.5
1966 110.2
1967 113.8
1968 117.5
1969 123.0
1970 130.0
1971 137.2
1972 142.9

(Council of Economic Advisors, Economic Report of the 
President, 1973, page 196).
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