


NATIONAL PETROLEUM COUNCIL 
1625 K Street, N.W., Washington, D.C. 20006 (202) 393-6100 

The Honorable 
JohnS. Herrington 

Secretary of Energy 
Washington, D. C. 20585 

My dear Mr. Secretary: 

February 24, 1987 

The National Petroleum Council strongly believes that the United States and other 
consuming nations face the serious threat of a repeat of the energy crises of the 1970s. 
We are confronted with a rapidly growing oil import dependence, which will increase our 
vulnerability to a supply disruption, undermine our national security, accelerate our bal
ance of trade problems, and compromise our foreign policy. Mr. Secretary, we urge you 
and the Administration to join us in making every effort to alert the nation to this grave 
situation, and to thoroughly review all of the various options available to prevent a reoc
currence of these crises. The Council stresses the urgency of the situation and the need 
for prompt action. 

It has become evident in recent months that there is a lack of awareness or apprecia
tion on the part of the general public and Congress of the long-term threat to our economy 
and national security posed by Middle East OPEC's ability to manipulate oil supply and 
thus pric_e. We have seen that these foreign countries, acting in their own self-interest, 
can radically change world oil markets overnight. The United States and other consuming 
nations must be vigilant to these actions and be prepared to respond to ensure that their 
economic prosperity and energy security are not jeopardized. 

In the first months of 1986, crude oil prices fell 60 percent, providing a windfall 
to consumers and reducing inflationary pressures. Even though oil prices have rebounded 
somewhat in recent months, the 1986 price drop and the uncertainty that it created have 
sown the seeds for a dramatic reversal of the progress made in conservation and in domes
tic oil and gas production over the last ten years. During 1986: 

• Domestic oil production dropped 700 thousand barrels per day (8 percent) 

• Oil demand increased 2. 5 percent despite a sluggish economy 

• Oil imports rose 23 percent (to 33 percent of supply) 

• Exploration and production budgets were cut one-third 

• Oil and gas drilling activity fell 50 percent (85 percent since 1981) 

• Direct industry employment dropped by over 150,000 jobs (26 percent). 

The decline in activity and industry capability will reduce production in the future, which, 
when combined with growing demand, will result in even greater dependence on imports. 
The nation must address the increased vulnerability that will inevitably result from a con
tinuation of these trends. 
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A survey conducted by the Council in the second quarter of 1986 shows net imports 
rising from 27 percent of supply in 1985 to over 50 percent in the early to mid-1990s. 
The survey also shows that as early as 1990 OPEC capacity utilization could exceed the 
80 percent level that preceded the 1970s energy crises. Data for the last two quarters 
of 1986, combined with adverse changes in the tax law, raise the fear that such levels of 
imports and OPEC production may be reached even earlier. 

There are initiatives that the federal government can undertake to slow or reverse 
these trends. None of these is without social, economic, and political costs that must 
be weighed carefully against the benefits. The price collapse of 1986 has brought forth 
proposals that call for immediate intervention by the U.S. government. These include, 
singly or in combination: establishing floor prices or import fees; levying consumption 
taxes; and providing domestic production and/or exploration inc'entives. 

Other options address more chronic but still significant problems for the U.S. oil 
and gas outlook. These include: natural gas decontrol; public lands access; overall tax 
policies relating to extractive industries; and federal research policies. 

Finally, there are options that can help mitigate the vulnerability of the U.S. econ
omy to future price shocks and shortages. Among these options are: energy conservation 
and the use of alternative fuels; diversification of oil supply sources; diplomatic actions 
to increase the interEiependence of producing and consuming nations; and monetary and 
fiscal policies to mitigate the effects of oil price shocks. These, of course, are in addition 
to the expansion and use of strategic petroleum reserves in the United States and other 
countries. 

As you are well aware, the U.S. petroleum industry is in general agreement with 
the desirability of prompt government action on the options in the latter two categories 
in order to protect consumers, the economy, and the national security from vulnerability 
to price shocks and shortages. However, the industry is not united on the advisability 
of implementing some of the interventionist options in the first category. 

On behalf of the members of the Council, I am pleased to transmit to you herewith 
the National Petroleum Council's report, Factors Affecting U.S. Oil & Gas Outlook, which 
was unanimously approved by the Council at its meeting today. This report, prepared 
in response to your request, provides extensive data and analyses that underscore our con
cerns. We sincerely hope that it will be of value to you, to the Administration, and to 
Congress in agreeing on the appropriate actions to serve the interests of consumers and 
the nation. 

Enclosure 

Respectfully submitted, l 
�� 
Ralph E. Bailey 
Chairman 
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INTRODUCTION 

STUDY REQUEST 

On September 23, 1985, Secretary of 
Energy John S. Herrington requested that the 
National Petroleum Council (NPC) study the fac
tors affecting the nation's future supply of and 
demand for oil and natural gas. The Secretary's 
letter also requested that the study examine the 
factors that precipitated the 1970s energy 
crises, their financial impact on the nation's 
economy, the appropriateness of government's 
response, and the potential for the recurrence 
of such crises. In addition, the Council was 
asked to advise on how the vulnerability to 
future energy crises could be avoided or 
mitigated. The Council agreed to this request. 
The letter from the Secretary is provided in 
Appendix A. 

STUDY ORGANIZATION 
AND METHODOLOGY 

Th assist in responding to the Secretary's 
request, the Council established the Committee 
on U.S. Oil & Gas Outlook under the chairman
ship of James L. Ketelsen, Chairman of the Board 
and Chief Executive Officer of Thnneco Inc. 
Donald L. Bauer, Principal Deputy Assistant 
Secretary for Fossil Energy, U.S. Department of 
Energy, served as Government Cochairman of 
the Committee. The Committee established a Co
ordinating Subcommittee to aid it in directing 
the overall study effort, and three task groups
the Economic and Environmental Impacts Thsk 
Group, the Historical Factors Thsk Group, and the 
Future Supply /Demand Factors Thsk Group. The 
broad membership of these groups included 
representatives of both major and independent 

petroleum companies, natural gas producers 
and pipelines, the petroleum services industry, 
the electric power and automotive industries, 
energy trade and research associations, and the 
academic, consulting, financial, and environ
mental communities. Rosters of these study 
groups are provided in Appendix B. 

In order to gauge the impact of the 1970s 
energy crises, the Economic and Environment
al Impacts Thsk Group used an econometric 
model to simulate the economy's performance in 
the absence of the price shocks and shortages. 
The results of the model analysis are found in 
Chapter Three and Appendix C. The Historical 
Factors Thsk Group discussions included guest 
panelists who were responsible for developing 
and implementing many of the federal govern
ment's policy and regulatory responses to the 
1970s energy crises, in order to provide insights 
into the rationale behind such responses. 

The approach used to examine the factors 
that affect the supply of and demand for oil and 
gas was to first identify the various factors and 
then to analyze how they operate to increase or 
decrease supply and demand. 

As one tool for this analysis, a survey was 
conducted of future supply/demand outlooks 
utilizing two simplified price trends provided by 
the Department of Energy. This survey was sent 
to 52 industry, utility, government, consulting, 
and financial community representatives; 33 
responses were received. The survey results illus
trate the sensitivity of supply and demand and 
future drilling activity levels to oil prices and the 
resultant changes in U.S. vulnerability to future 
oil supply disruptions. Results of the survey are 
discussed in Chapter Five and Appendix D. 
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Another survey to elicit views on the near
term outlook for drilling was sent to approx
imately 7,000 members of the Independent 
Petroleum Association of America (IPAA) and to 
the Society of Independent Professional Earth 
Scientists (SIPES); 1 ,023 responses were re
ceived. Summary results of the IPAA/SIPES 
Drilling Survey are discussed in Chapter Five 
and Appendix E. 

The military mobilization aspects of nation
al security and the steps to manage an energy 
crisis once it occurs were in general considered 
to be beyond the scope of the study. 

INTERIM REPORT 

At the time the Committee held its initial 
meeting on April 22, 1986, the price of oil had 
been on a severe decline for over four months. 
The spot price of West Thxas Intermediate crude 
oil had dropped from about $32 per barrel in 
November 1985 to under $12 per barrel, a de
cline of over 60 percent. In the first four months 
of 1986, employment in oil and gas extraction 
had fallen 21  percent, a total of 127,000 jobs. 
Severe cutbacks in exploration and develop
ment budgets were being announced almost 
daily. In short, much of the exploration and 
development sector of the petroleum industry 
was being dismantled by the rapid decline in the 
price of oil. 
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The Committee considered it imperative 
that an interim report be developed and pub
lished no later than October 1986, focusing on 
the recent severe drop in oil prices and its 
impact on the oil and gas business-and, in 
turn, on the economic and strategic security of 
the United States. An interim report was de
veloped and transmitted to the Secretary on 
October 9, 1986. 

FINAL REPORT 

This report is divided into three parts: A 
summary, the main report, and appendices. The 
summary section is further divided into an ex
ecutive summary, conclusions, options, and a 
report summary. The main report is grouped 
into three sections. The first section, Chapters 
One through Three, contains a discussion of the 
historical perspective of the 1970s energy crises 
and U.S. policy responses, the economic impacts 
of these energy crises, and the effects of the re
cent price decline. The second section, Chapters 
Four through Eight, contains discussions of the 
four major categories of factors affecting U.S. oil 
and gas supply and demand-economic factors, 
physical factors, institutional factors, and inter
national factors. The third and last section, 
Chapter Nine, contains a discussion of policy 
options for avoiding or mitigating U.S. vulner
ability to future energy crises. 



EXECUTIVE SUMMARY 

With the precipitous drop in oil prices, U.S. 
petroleum exploration and development 
budgets have been slashed, drilling has fallen 
drastically, major personnel layoffs have oc
curred in every segment of the industry, 
reserves and production are declining, and the 
productive capacity of the industry is being 
seriously threatened. The petroleum producing 
areas of the nation have been devastated. These 
events have increased and continue to increase 
the nation's dependence on oil imports and, 
thus, subject the United States to a dangerous 
level of vulnerability. 

'IWo key characteristics of oil and natural 
gas distinguish them from other commodities 
and give rise to national security concerns. First 
and foremost, the use of oil and natural gas is 
pervasive in the U.S. economy, accounting for 
two-thirds of the nation's energy requirements. 
Second, there are no ready substitutes for many 
petroleum products. The economic impacts of 
future oil price shocks will depend on many fac
tors. Nevertheless, as U.S. import dependence 
rises over time, the economic damage that 
would arise from an energy crisis inevitably 
increases. 

The concentration of oil reserves in the 
Middle East increases the likelihood of volatile 
prices and supply disruptions in the future. On 
a per barrel basis, U.S. oil finding and lifting 
costs are many times higher than in the Middle 
East. This allows Middle East producers the flex
ibility to adjust prices and production policies 
to meet internal needs. OPEC's decisions con
cerning the level of production will directly in
fluence world price levels and simultaneously 
impact the economic well-being of the nation 

and the major segments of its industrial base. 
These factors create great concern about future 
U.S. national security. 

Based on geology and on geophysical data, 
the United States has substantial undiscovered 
oil and gas resources. These resources are rela
tively high cost because they are located either 
in smaller fields or in remote and hostile en
vironments. Discovery and development of 
these resources will require significant invest
ment and development of new technology. 

The reductions in the level of exploration 
and production activity brought on by a con
tinuation of lower prices and reduced cash flow 
cannot be quickly reversed. Reduced incentives 
including the price decline have significantly 
decreased the willingness and ability of exter
nal sources to support the industry. The time 
lag required to improve the industry's produc
tive capacity will depend on both the depth and 
duration of these conditions, which impair the 
availability of investment capital, manpower, 
and equipment. This increases U.S. energy vul
nerability and places the nation at greater risk. 

While the recent oil price decline has af
fected all segments of the industry, it has been 
particularly onerous for the oil field service in
dustry. Eighty percent of the recent increase in 
unemployment in the oil and gas extraction in
dustry has occurred in this area. Equipment is 
being lost, either through lack of maintenance, 
cannibalization, or liquidation. Skilled and pro
fessional personnel with years of training and 
experience are unemployed or moving to other 
industries. Any future increase in the demand 
for oil field services will require the service and 
supply industry to be rebuilt. 
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There is no question that depressed condi
tions in the petroleum industry will affect the 
long-term welfare of the nation. Until the 
economics of oil and gas exploration improve 
appreciably through increased prices, reduced 
taxes, or other incentives, U.S. exploration will 
remain stagnant, dependence on imports will 
increase more rapidly, and the nation's vulner
ability to oil price and supply shocks will rise 
to an excessively dangerous level. All of this will 
seriously affect the nation's security and 
economic stability. 

Since the United States remains vulnerable 
to future disruptions, government should care
fully consider whether measures should be 
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taken to alter these trends or otherwise reduce 
the nation's energy vulnerability. Energy policy 
options fall into two broad categories: ( 1 )  those 
that have been considered for some time as 
viable options for the longer-term benefit of 
energy supply and demand in the United States 
and (2) those that have recently been considered 
as possible ways to counteract the significant ef
fects of the recent price decline. In view of the 
importance of energy to the nation and the com
plexity of the security issues, every effort should 
be made to formulate these and other options 
that could conceivably satisfy the objectives of 
improved energy security through the develop
ment of oil, gas, and alternative fuels, and 
through conservation. 



CONCLUSIONS AND OPTIONS FOR CONSIDERATION 

CONCLUSIONS 

The precipitous 60 percent drop in oil prices 
early in 1986 was widely heralded as "good 
news" for consumers and the economy in gen
eral. Almost immediately, the price drop re
duced inflationary pressures, decreased energy 
costs for manufacturers and consumers, and 
lessened the nation's oil import bill. The initial 
inability of the Organization of Petroleum Ex
porting Countries (OPEC) to arrest this price 
slide was viewed by many as a precursor to the 
"inevitable" demise of the oil cartel. 

Lost in the public's euphoria over lower 
energy prices and complacency with the cur
rent world oil surplus are the seeds for a return 
to the crisis conditions of the 1970s. The con
tinuation of lower prices has already con
tributed to increased consumption and reduced 
domestic production from existing wells. More 
importantly, the continuation of depressed 
prices and the prospects for continued softness 
have drastically curtailed domestic drilling and 
exploration activity, undermining the ability of 
U.S. producers to meet future energy needs. Fur
ther, in the wake of this price plunge, the 
domestic oil and gas service industry has been 
devastated. 

A continuation of lower prices will result in 
further increases in consumption and a greater 
reliance on imported oil. Lower oil prices will 
necessarily exert downward pressure on natural 
gas prices and will ultimately reduce deliver
ability of domestic gas supply. The concentra
tion of oil reserves in the politically unstable 
Middle East increases the likelihood of volatile 
prices and supply disruptions in the future. 
These factors create great concern about U.S. 

national security-from the standpoints of 
defense, diplomatic options, and the economic 
well-being of the American people. 

U.S. Oil Import 
Dependence Is Rising 

Even before the recent price fall, forecasts 
indicated that the United States and other non
communist countries would become increasing
ly dependent on oil imports. Recognizing this, 
Secretary of Energy John S. Herrington, in his 
letter of September 23, 1985, requested that the 
NPC undertake a study of the factors affecting 
the nation's future supply of, and demand for, 
oil and natural gas. The recent price fall has 
accelerated the rate at which the United States 
is becoming more dependent on oil imports. 

A survey conducted in June 1986 by the 
NPC shows in Figure 1 that net imports of crude 
oil and refined products would rise from 27 per
cent of consumption in 1985 to 38 to 48 percent 
in 1990 and 4 7 to 60 percent in 1995. Figure 
2 presents the U.S. oil demand and domestic 
supply trends of the NPC survey. In 1986, ac
tual import dependence was 33 percent, about 
30 percent of the increase in the dependence 
from 1985 to 1990 under the lower price trend. 

More importantly, the survey indicated that 
the share of oil supplied to the non-communist 
world from Middle East OPEC1 would increase 
from 21 percent in 1985 to 25-32 percent in 
1990 and to 35-46 percent in 2000. 

'Middle East OPEC includes: Iran, Iraq, Kuwait, the 
Neutral Zone, Qatar, Saudi Arabia, and United Arab 
Emirates. 
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Higher U.S. Oil Import Dependence 
Increases Vulnerability 

In discussing the national security implica
tions of petroleum, the terms "dependence" and 
"vulnerability" are often used interchangeably, 
but it is important to differentiate between these 
related concepts. "Dependence" on imported oil 
is measured by the ratio of oil imports to total 
oil demand. "Vulnerability" is measured by the 
potential damage a physical shortage and/or a 
rapid and significant oil price change could 
cause the U.S. economy. Increased vulnerabili
ty limits the nation's diplomatic and defense 
options. Further, the likelihood of such events 
occurring must also be considered in assessing 
vulnerability. 

Crude oil prices are determined in the world 
market and will continue to be, regardless of the 
extent of U.S. oil import dependence. The 
greater the nation's dependence, however, the 
more difficult it will be for the economy to ad
just to future crude oil price increases. Higher 
levels of dependence require larger U.S. exports 
or greater adjustments in the international 
value of the dollar to pay for higher priced im
ports than would be the case with lower depen
dence. In short, the United States will continue 
to be vulnerable to supply shortages and signifi
cant price changes in the world market. 

1\vo key characteristics of oil and natural 
gas distinguish them from other commodities 
and give rise to national security concerns: 

• First and foremost, the use of oil and 
natural gas is pervasive in the U.S. 
economy, accounting for two-thirds of the 
nation's energy requirements. In addition 
to supplying transportation, military, and 
agricultural needs, oil and natural gas 
are the major fuels for heating private 
homes, commercial establishments, and 
factories. These fuels heat 75 percent of 
the nation's occupied housing units. 
Furthermore, petroleum is used in the 
production of a wide variety of other con
sumer products, ranging from building 
materials and clothing to furniture and 
cosmetics. 

• Second, there are no ready substitutes 
for many petroleum products. For exam
ple, oil and natural gas account for 99.8 
percent of the transportation sector's 
energy requirements. 

A major factor affecting price instability 
since the mid-1970s has been the shift of swing 
oil productive capacity to Middle East OPEC. 
During the 1970s, when OPEC's capacity utili
zation level moved above 80 percent, its 
members were able to increase prices and main
tain them at high levels (see Figure 3). The NPC 
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survey indicates that OPEC could again be pro
ducing at 80 percent of its current capacity 
before 1990. For the lower price trend to persist 
beyond 1990, OPEC would need to develop addi
tional capacity before 1995 in order to meet 
non-communist world demand. Alternatively, 
OPEC could temper demand by raising oil 
prices more rapidly. 

As is the case with most commodities, a 
small shortage or a small surplus can have a 
major impact on prices. As occurred in early 
1986, an increase in oil supplies of as little as 
2 million barrels per day (less than 5 percent of 
non-communist world oil demand) can cause 
prices to plummet. Similarly, a small reduction 
in supply can cause prices to increase sharply, 
as was demonstrated in the 1970s. The tem
porary net loss of world oil supplies during the 
Iranian revolution was 2 to 2.5 million barrels 
per day, only 4 to 5 percent of non-communist 
production, yet prices more than doubled, and 
finally, by 1981 ,  tripled. 

U.S. Economy Remains Vulnerable 
to Oil Price Shocks 

History amply demonstrates how major oil 
price increases can impact the U.S. economy. 
When each of the 1970s energy crises occurred, 
the U.S. economy shifted from boom to reces
sion. Analysis indicates that the oil price shocks 
caused a 2.5 to 3.5 percent fall in the value of 
goods and services produced, a 1 .5 to 2 .0 
percentage point rise in unemployment, and a 
3.0 percentage point jump in inflation. 

The economic impacts of future oil price 
shocks will depend on many factors, principal-

ly the severity of the shocks, the level of import 
dependence, the availability of substitute fuels 
and stockpiles, and general economic condi
tions. Because the energy intensity of the 
economy has been reduced, the adverse effects 
of an oil price shock similar to those of the 
1970s may be less today but severe nonetheless. 
As U.S. import dependence rises over time, the 
economic damage that would arise from a crisis 
inevitably increases. 

U.S. Import Dependence Can Be 
Lessened, But at a Cost 

Middle East OPEC contains about two
thirds of the non-communist world 's conven
tional oil reserves (see Figure 4). About 400 
billion barrels can be recovered from existing oil 
fields there. By comparison, the United States 
contains less than 5 percent of the total proved 
crude oil reserves, only 28 billion barrels (36 
billion barrels of crude oil and natural gas 
liquids). Figure 4 also shows cumulative produc
tion levels, demonstrating the relative maturi
ty of the development of U.S. oil resources. 

Over 85 percent of all producing wells in the 
non-communist world are in the United States. 
As shown in Thble 1 ,  oil wells in Middle East 
OPEC are significantly more prolific producers, 
averaging almost 3, 100 barrels per well per day 
from 3,000 wells, compared with an average of 
only 14 barrels per well per day from 650,000 
wells in the United States. Even excluding the 
460,000 stripper wells that produce less than 
10 barrels per day each, average U.S. production 
per well is only 41  barrels per day. More signifi
cantly, the ratio of proved crude oil reserves per 

TABLE 1 

U .S. AND M IDDLE EAST OPEC OIL PRODUCTION STATISTICS 

Number of Average Daily Ratio of Reserves Average Estimated 
Producing Production • Per Producing Well* Lifting Cost Finding Cost 

Wells* <Barrels Per Well> <Barrels> ($/BarreD ($/BarreD 

United States 650,000 14 44,000 $ 7 . 04t $ 1  0 .55t 

Middle East 
OPEC 3,000 3,100 131 ,000,000 Less than Less than 

$ 1 . 00 $1.00 

• DeGolyer and MacNaughton, Twentieth Century Petroleum Statistics, 1986. 

tArthur Andersen & Co., Oil & Gas Reserve Disclosures, 1981-85, Survey of 375 Public Companies. 
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U.S. well is only 44,000 barrels versus a Middle is the 30 trillion cubic feet of natural gas on the 
East OPEC ratio of over 131 million barrels per North Slope of Alaska. Government and indus-
well. On a per barrel basis, U.S. oil lifting and try cooperation will be required to economically 
finding costs are many times higher than in the get this gas to market. In addition to these oil 
Middle East. The large disparity between the and gas resources, the United States' vast coal 
size of the reserve base and finding and produc- reserves amount to over a trillion barrels of oil 
tion costs for these two areas allows the Middle equivalent. 
East producers the flexibility to adjust prices 
and production policies to meet internal needs. Exploitation of these resources will require 

In addition, based on the relative maturities of a significant investment in research, explora-

d h u d s tion, and development by the nation's energy the oil and gas in ustries in t e nite tates 
industry. These investments will only be made and in the Middle East, the United States will 

not be able to cut its costs to the levels of the if leasing, tax policy, and price projections 

Middle East. justify such commitments. 

Even though the United States has been As shown in Figure 5, crude oil production 
extensively explored and drilled, it has substan- in the lower 48 states would have continued to 
tial oil and gas resources remaining to be found. decline after the mid-1970s without the drilling 
These resources, however, are relatively high response to higher prices. If the decline rate of 
cost and located either in smaller fields or in. 1970 to 1976 had continued, lower 48 oil pro-
remote and hostile environments. In 1981, the duction would have been 1. 7 million barrels per 
United States Geological Survey (USGS) day lower in 1985. In addition, during the late 
estimated that the U.S. oil and gas resource base 1970s, significant oil production started from 
includes about 100 billion barrels of oil and up Prudhoe Bay in northern Alaska. In 1985, 
to 700 trillion cubic feet of natural gas, in addi- Alaskan production amounted to about 1.8 
tion to proved reserves of 28 billion barrels of million barrels per day, or almost 20 percent of 
crude oil and 193 trillion cubic feet of natural U.S. oil production. Without the additional lower 
gas. A follow-up study to the NPC Oil & Gas 48 and Alaskan oil production, U.S. crude oil 
Outlook Survey indicated that the 1981 USGS production would have been lower by almost 3.5 
estimate may be too high by about 30 percent. million barrels per day, representing 39 percent 
Part of these additional volumes will come from of total crude oil production in 1985. Ominously, 
increasing recovery in existing fields, as about a preliminary estimate of U.S. crude oil produc-
only one out of every three barrels of oil in place tion by the Energy Information Administration 
can be economically recovered with current shows a decline of over 7 percent, or 680 thou-
technology. There are over 300 billion barrels sand barrels per day, from December 1985 to 
of such oil in place today, and the development December 1986. Even if U.S. oil consumption 
of more advanced technology could increase the had not increased in response to the lower 
resource estimate. Another significant resource prices, imports would have risen nearly 700 
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thousand barrels per day just to make up for the 
decline in domestic production. 

As with oil, domestic natural gas reserve 
additions respond directly to drilling activity 
(see Figure 6). In the late 1960s, the collapse in 
natural gas reserve additions, and ultimately in 
supply, occurred because the Federal Power 
Commission (FPC) kept average wellhead gas 
prices low even though gas exploration and 
development costs were rising. The low well
head gas prices kept relative burnertip gas 
prices low, which caused demand to grow rapid
ly. By the early 1970s, potential gas demand 
exceeded available gas supplies, causing cur
tailments. In response to the curtailments, the 
FPC in the mid-1970s, and later the Natural Gas 
Policy Act (NGPA), allowed wellhead gas prices 
to increase, both of which caused drilling activ
ity, and hence reserve additions, to grow signif
icantly during the late 1970s and early 1980s. 

The Domestic Petroleum 
Industry Faces Obstacles 

Spending for exploration and development 
has been declining since 1981 due to the in
dustry's lower cash flow, tax policy changes, the 
perception of lower future oil and gas prices, and 

the need to service the high debt incurred dur
ing the drilling boom. Oil industry operating 
cash flow in 1986 was estimated to be $34 
billion, or 4 7 percent, lower than in 1985. In 
addition, because of the impaired industry pro
fitability and reduced asset base, access to 
external financing has been seriously restricted. 
This has led to a reduction of $15 billion, or 36 
percent, in estimated U.S. spending for explora
tion and development in 1986. 

For those service companies and indepen
dent producers principally involved in explora
tion and production activities, the current 
environment has resulted in massive restructur
ing, consolidations, and bankruptcies. Already, 
a significant number of the service companies 
are out of business, and the total oil service sec
tor had massive losses in 1986. The 110 pub
licly traded oil field service and equipment com
panies monitored by Simmons & Company had 
net losses of $5 billion. For exploration and 
development operations, cash flow is minimal; 
reserve values have fallen; and lenders are re
quiring accelerated repayment schedules. Many 
domestic independent oil producers and service 
companies cannot survive another year with oil 
prices remaining at or below 1986 levels ($15 
per barrel). The survivors' capital expenditures 
for new reserves will be minimal. 
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The significant reductions in domestic ex
ploration and production budgets and drilling 
activity have caused major layoffs in the 
petroleum industry. The domestic oil and gas 
extraction labor force fell from a high of 708,000 
in 1982 to 570,000 in December 1985 and to 
422,000 in December 1986. Eighty percent of 
the decline in employment from 1982 to Decem
ber 1986 occurred in the oil field service sector. 
Drilling rigs operating in the United States 
dropped from a peak of 4,500 in 1981 to under 
2,000 by the end of December 1985 and de
clined further to 700 by mid-1986. About 75 
percent of currently operable rigs are now idle. 
In addition, undergraduate enrollments at 
many major U.S. universities in the critical areas 
of petroleum geology, geophysics, and engineer
ing now stand at one-quarter of their early 
1980s levels. 

The time required to improve the industry's 
productive capacity will depend on both the 
depth and duration of reduced prices and other 
incentives, which determine the availability of 
investment capital, manpower, and equipment. 
This time lag, not just the reduction in explora
tion and production activity, will act to further 
increase U.S. energy vulnerability. 

Oil and gas exploration and production is 
a long lead time business. An offshore project 
can easily take up to 10 years to advance from 
preliminary geological and geophysical work to 
initial production. An enhanced oil recovery pro
ject can take a similar length of time to move 
from preliminary engineering, through a test 
program, drilling injection wells and injecting 
fluid, to the beginning of tertiary production. 
Frontier areas, such as deep water Gulf of Mex
ico, which are believed to contain much of the 
nation's future oil and gas reserves, may require 
10 or more years before production can com
mence. In Alaska, where there is also great 
potential, production can require 15 years or 
more to come on stream. 

Another factor inhibiting oil and gas ex
ploration is the closing of millions of acres of 
potential hydrocarbon-bearing federal lands to 
oil and gas exploration. 

Concurrent with the downturn in oil prices, 
the oil industry is facing proposed environmen
tal regulations that could exert a multibillion 
dollar impact on exploration and production 
activities. These proposals are focused on the 
classification and restrictions that may be 
placed on drilling fluids and cuttings, produced 
water, and associated wastes-both onshore and 
offshore. Preliminary industry estimates project 
that first-year costs could approach $20 billion, 
which is equivalent to $4 per barrel of the oil 
and natural gas produced annually, with an in-
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crease in annual operating costs of approxi
mately $5 billion thereafter, which is equivalent 
to $1 per barrel of the oil and natural gas 
produced. 

U.S. Government Energy Policies 
Can Play a Significant Role 

The importance of petroleum to national 
security dictates that government must con
tinually evaluate the recent trends in the sup
ply of and demand for oil and gas, particularly 
in light of the impacts associated with historical 
supply disruptions and their consequent price 
shocks. Since the United States remains vul
nerable to future disruptions, which could be of 
greater proportions than previous ones, govern
ment should carefully consider whether (and in 
what form) measures should be taken to alter 
these trends or otherwise reduce the nation's 
energy vulnerability. 

In the longer term, the world oil market will 
become increasingly dependent on supplies 
from a few nations located in a geopolitically 
volatile part of the world-the Middle East. 
OPEC's decisions concerning the level of pro
duction will directly influence world price levels 
and will simultaneously impact the economic 
well-being of the nation and major segments of 
its industrial base. 

The precipitous price collapse of 1986 
presented the government with additional is
sues to consider. The price collapse has severe
ly affected the oil and gas industry and reduced 
exploration activity dramatically. 

Policy decisions or responses affecting 
strategic commodities like oil and gas often pit 
market forces against public interest considera
tions, most notably those affecting consumer 
costs and the environment. The reality of 
resource depletion and the concept of replace
ment cost pricing often conflict with political 
desires to insulate consumers from the effects 
of higher prices while trying to ensure that 
secure supplies of energy are readily available. 
Solutions have often been selected on the basis 
of short-term considerations, frequently at the 
expense of more desirable, longer-term ob
jectives. 

For example, selective exemptions in the 
late 1960s to the import quota program were 
granted to allow consumers the benefits of ac
cess to cheaper foreign oil, irrespective of the 
consequences of increased reliance on imports. 
The 1970s price controls on oil and gas limited 
production while encouraging demand and 
created inequities among industry participants. 
The entitlements program, in the interest of 
equalizing crude oil costs, also encouraged the 



importation of higher priced foreign oil. Con
sumer and environmental opposition to expand
ing nuclear and coal development produced 
increased dependence on oil. 

Nonetheless, certain of the 1970s energy 
policies achieved their intended goals. The 
Carter administration's decision to gradually 
phase out price controls on domestic oil and the 
Reagan administration's subsequent accelera
tion of the schedule had the dual effects of 
minimizing the inflationary bite of higher oil 
prices while encouraging expanded drilling and 
production efforts. The development of a stra
tegic petroleum reserve provides some supply 
and price protection in the event of a future 
supply disruption. The NGPA was directionally 
correct in its exploration and production incen
tives and in attempting to deregulate gas prices. 
Howeve�, its complicated price vintaging 
�echan1sm and the expansion of federal pric
mg controls to intrastate gas introduced other 
distortions into the gas market. 

It is the purpose of this report to supply in
formation to assess the implications of the oil 
and gas outlook and the options available to 
limit U.S. vulnerability. Should the government 
choose to act, it is likely that a mix of policies 
would be necessary to address the complex is
sues at hand. There is a range of policy options 
available to the government. Some are supply
oriented, others are demand-oriented; some 
address conventional fuels, others encourage 
the development and use of alternative fuels. 

Further, there are numerous measures 
available to meet a given objective. For example, 
some focus on removing government regula
tions and restraints on the production and use 
of specific fuels, while others are designed to 
stimulate exploration and development activi
ty. The choice among the options will rest on 
the time frame and the underlying economics 
of the targeted activity. Research into the long
term, not-yet-commercial use of some alter
native fuels is likely to be conducted only at 
government expense, since the time frame in 
which those fuels will become economic is too 
protracted for standard corporate investment 
criteria. Research into more commercial tech
nology, such as enhanced oil recovery, would 
likely respond to tax incentives. Incentives 
could tip the scale toward making the research 
investment economic. 

The government's energy policy evaluation 
process must carefully weigh the relative effi
ciency of competing or complementary policy 
options. Generally, effective energy policies 
should achieve a given objective at the least 
overall cost and with the fewest unwanted side 
effects. Blunt policy tools, with widespread side 

effects, are less desirable than the sharper, more 
focused measures that can target an objective 
with more precision. 

OPTIONS FOR CONSIDERATION 

Chapter Nine contains various options that 
the government may consider. The options fall 
into two broad categories: those that have been 
considered for some time as viable options for 
the longer-term benefit of energy supply and de
mand in the United States, and those that have 
recently been considered as possible ways to 
counteract the significant effects of the recent 
price decline. By design, the effects of options 
in the latter category are shorter-term, but 
potentially they will have longer-term effects on 
the U.S. energy balance. 

In reviewing the various options, govern
ment must evaluate the short-term and long
term impacts on oil and gas supply and demand 
and on the U.S. economy and environment. It is 
likely that no single policy will solve the complex 
national security problem. Disagreements 
among constituencies over what options are best 
for the nation will further complicate the choice. 

Government policy in relation to en
vironmental matters has not been included as 
an option since these regulations are directed 
at the desirable goal of preserving the environ
ment. However, the government must consider 
the impact of all environmental actions and par
ticularly the funding of such new measures on 
the vulnerability of the nation to a future energy 
crisis through a cost/benefit analysis. 

Chapter Nine reviews the various policy op
tions available to the government, setting forth 
their advantages and disadvantages. Following 
is a list of these options, which are not ranked 
in order of either priority or likelihood of 
implementation. 

• Encourage greater access to federal lands 
with potential oil and gas resources, 
onshore and offshore, and improve the 
lease terms under which such lands are 
offered. 

• Remove tax disincentives and use 
positive incentives to maintain existing 
production and to stimulate oil and gas 
exploration and development activity. 

• Stabilize the price of oil by use of oil im
port fees at a level that will reduce con
sumption and stimulate domestic oil and 
gas production. 

• Institute a floor price to guarantee a 
minimum price to oil producers that 
would maintain reasonable production 
and reserve levels. 
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• Promote research and development to 
increase the recovery of oil and gas 
already discovered, much of which can
not be produced economically with cur
rent technology, and develop the longer 
range technologies required to produce 
alternative fuels. 

• Decontrol natural gas prices and markets 
by repeal of NGPA price controls on old 
gas, NGPA incremental pricing provi
sions, and the Fuel Use Act. 

• Reduce demand by increasing the price 
of oil through consumption and ex
cise taxes. 

• Create incentives and mandates to con
tinue energy conservation efforts. 

• Encourage greater use of alternative fuels 
as substitutes for oil and gas. 

• Diversify oil supply sources to reduce the 
likelihood that a disruption of a single 
source could precipitate a crisis. 

• Pursue diplomatic policies that promote 
greater stability in the Middle East and 
Mrica and greater interdependence with 
the United States. 

• Expand and use strategic petroleum 
reserves to enhance the ability to limit 
the effects of supply shortages and price 
increases; the presence of such reserves 
reduces the likelihood of disruptions be
ing used as a political tool. 

• Develop fiscal and monetary policies that 
could be used to mitigate the impacts 
of oil price shocks, and could act to 
reduce the likelihood of oil supply dis
ruptions. 

In view of the importance of energy to the 
nation and the complexity of the security issues, 
every effort should be made to formulate these 
and other options that could conceivably satisfy 
the objectives of improved energy security. 



REPORT SUMMARY 

THE 1970s ENERGY CRISES, 
POLICY RESPONSES, AND 
ECONOMIC EFFECTS 

During the 1970s, the world experienced 
two severe energy crises resulting from the Arab 
oil embargo and the Iranian revolution. Other 
disruptions, including those associated with the 
closure of the Suez Canal in 1956 and the after
math of the 1967 Arab/Israeli war (see Thble 2), 
predated the 1970s crises. However, in these 
cases, the potentially devastating impacts of the 
supply shortfalls were largely offset by the 
existence of excess oil productive capacity out
side of OPEC, particularly in the United States. 
The combination of the downturn in U.S. pro
ductive capacity after 1970 and increasing non
communist world consumption (especially in 
the United States) increased reliance on oil im
ports from Middle East OPEC significantly. 

1973-74 Arab Oil Embargo 

OPEC was founded in 1960. Despite the 
desire of its members to control the production 
and pricing of their oil resources, the cartel 
lacked power in the early years, in part due to 
the presence of spare productive capacity in the 
United States and in part because of the 
member countries' reliance on the international 
oil companies to produce the oil. 

By the end of the 1960s, the combination 
of growing demand for oil and the rich resource 

potential of the Middle East shifted the market 
advantage to OPEC. By 1970, U.S. crude oil pro
duction had peaked and the nation had become 
a major importer of both crude oil and refined 
petroleum products. The loss of domestic 
"surge" capacity and the growing inability of 
the United States to supply its allies in the event 
of a disruption further shifted the market advan
tage to the Middle East producers. 

In response to rapid economic growth be
tween 1950 and 1970, the demand for oil in the 
United States and the remainder of the non
communist world was fast outpacing available 
new supplies (see Figures 7 and 8). Domestic 
consumption of petroleum increased by 50 per
cent (from 6.5 to 9.8 million barrels per day) 
between 1950 and 1960 and then again by 50 
percent (to 14.7 million barrels per day) by 1970. 

In October 1973, following the resumption 
of the Arab/Israeli war, eleven Arab nations im
mediately announced their intention to cut oil 
exports to any country that aided Israel. When 
the U.S. government resupplied Israel with 
weapons and spare parts, the Arab producers 
responded with a targeted supply embargo 
against the United States and others. 

The production curtailments resulting from 
the embargo reduced Arab oil supplies world
wide by approximately 5 million barrels per day. 
After accounting for the increased output from 
other producers, the shortfall was about 4 
million barrels per day, or 7 percent of pre
embargo consumption. 
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TABLE 2 

HISTORY OF OIL SUPPLY DISTURBANCES 
AFTER WORLD WAR I I  

Event/Date Volume Impact 

Iranian Nationali- Iran production of 0. 7 
zation of British million barrels per day 
Petroleum CBPJ CMM B/Dl C7% of free 
Concession world production) shut-
1 951 down almost completely 

until 1954. 

Suez Crisis Canal closed November 
1956-57 1 956 to March 1957. 

Movement of 1.5 M MB/0 
through canal, 0.5 MMB/0 
through Iraq Petroleum 
Company CI PCJ pipelines 
stopped. (1 3% of free-
world production affected.) 

June War Suez Canal, Tapline, 
1967 I PC pipelines closed 

J une 6. Production 
shut down June 6- 1 4  in 
all Arab countries 
except Abu Dhabi, Qatar, 
Algeria. Production re-
sumed by Iraq end of 
J une, Libya first week of 
J uly. 5 M M B/0 affected 
(1 7% of free-world 
production). 

Arab Oil Arab production fell 
Embargo 5 M M BID from October 
1 973 to December (1 0% of 

free-world production). 

Iranian Iranian production 
Revolution fell 3 .6  M M B/D from 
1 978 September to December 

(7% of free-world 
production). 

Iran/Iraq War Iraq production fell 
1980 2. 7 MMB/D, Iranian 

production fell 0.6 
M MB/0 C7% of free-
world production). 

Government Response to 
1973-74 Arab Oil Embargo 

In 1971, in an attempt to control spiraling 
inflation, the Nixon administration imple
mented Phase I of the wage and price control 
program. The price freeze had the dual effect of 
discouraging domestic exploration and produc
tion while simultaneously promoting increased 
energy consumption. 

By late 1972, spot shortages began to 
appear throughout the United States. To 
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U.S. Price Impact How Accommodated 

None Shortfall offset by higher liftings 
primarily from Iraq and Kuwait. 
Iran tried to sell oil but could not 
find buyers . 

U .S. crude oil Shipments increased 0. 7 M M B/D 
prices raised to Europe from Western Hemisphere, 
$0.25 to $0.45 0.9 M M B/0 moved around Cape 
(1 O%l per barrel and tankers in tight supply. 
in January Rationing, stock drawdown occurred 

in Europe. Coincided with mild 
winter and general decline 
in industrial activity. 

U.S. crude oil U .S. offset shortfall. 
prices raised Tanker fleet larger, more 
$0.05 to $0.07 flexible. Disruption occurred 
C2%l per barrel during seasonal low. 
in August 

Price increased End of surplus productive 
from $3 per bar- capacity outside OPEC. Price and 
rei to $12 per allocation controls in U.S.  
barrel inhibited demand response. 

Substantial inventory build. 

Spot price Saudi Arabia initially accommodated 
reached $30 but then cut back. Price and 
per barrel allocation controls on gasoline 

inhibited demand response and 
resulted in misallocation of supplies . 
Substantial inventory build. 

Spot price Demand was declining, non-OPEC 
reached $43 production capacity growing, 
per barrel but disrupted production not needed. 
then declined 
sharply 

alleviate the shortages, the federal government 
responded with a voluntary petroleum alloca
tion program, which shortly thereafter became 
a congressionally mandated program. By the 
fall of 1973-just prior to the onset of the 
embargo-domestic oil consumption had 
reached over 17 million barrels per day. The 
United States was relying on foreign oil to meet 
approximately 35 percent of its petroleum 
needs. When the embargo was imposed in Octo
ber of 1973, the allocation scheme, which had 
been constructed to handle the pre-embargo 
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shortages, was hastily superimposed to address 
the embargo situation. 

Ironically, the allocation regulations were 
perceived by the government as a means to cor
rect problems created by the price controls. 
Despite this intent, the regulations only served 
to further distort the operation of the market
place and exacerbate the shortage. 

As a political matter, the shortages 
underscored the call for the allocation regula
tions, and contributed to the decision to extend 
price controls for the oil industry for many years 
after the freeze was lifted for all other sectors of 
the economy. This extension compounded the 
price disparity between price-controlled 
domestic oil and uncontrolled foreign oil. 

Despite the intent of protecting and in
sulating consumers from the effects of signifi
cant energy price increases, the price and 
allocation measures were a disincentive to 
exploration and production activity and 
discouraged conservation and fuel efficiency. 
Consequently, energy consumption and import 
reliance continued to increase. 

1978-79 Iranian Revolution 
and Aftermath 

Between 1973 and the onset of the Iranian 
revolution in 1978, U.S. crude oil production 
declined by almost a million barrels per day. 
Domestic gas production also declined by 10 
percent. Over this period, U.S. dependence on 
foreign oil continued to grow from 35 percent 
to 46 percent of consumption. Drilling had in
creased almost 100 percent in response to 
higher oil prices, but the long decline in oil pro
duction in the lower 48 states would not be 
arrested until 1979 (see Figure 5). 

The Iranian revolution resulted in a 
precipitous decline in Iran's oil output and ex
ports. The loss of Iranian oil during the 
November 1978-June 1979 period was partial
ly offset by increased production elsewhere in 
the world. Although the resulting loss of world 
oil supplies during the revolution was 2 to 2.5 
million barrels per day, the U.S. share of the total 
supply shortfall was only about 200 to 400 thou
sand barrels per day. 

A shortfall of this magnitude should have 
produced only minor disruptive effects, certain
ly not a tripling of oil prices. The convergence 
of a variety of factors, however, produced a rapid 
increase in spot prices. These factors included 
U.S. price and allocation controls, low pre-crisis 
inventory levels, uncertainty regarding the dura
tion and magnitude of the crisis, the curtail
ment of third party sales, and consumer panic 
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buying. Between October 1978 and the end of 
the year, Rotterdam spot market prices for 
crude oil doubled, from $10.50 to over $22 per 
barrel. From the first quarter of 1979 to the first 
quarter of 1981, average OPEC oil prices in
creased by 170 percent, from about $13 to over 
$35 per barrel. 

Panic buying was not limited to consumers 
alone. Major industrialized nations (e.g., Japan) 
that had been particularly dependent on Iranian 
oil supplies also became active in the spot 
market, bidding up prices for crude oil and pro
duct cargos. 

Government Response 
to the Iranian Crisis 

In April 1977, President Carter unveiled the 
National Energy Plan. The goals of the plan 
were to reduce energy demand and cut oil im
ports through conservation, fuel switching, syn
thetic fuels development, and new pricing 
regimes for oil and gas. 

At the outset of the Iranian crisis, the ad
ministration attempted to minimize the short
fall by encouraging a variety of conservation 
measures. However, the statutory extension of 
price controls undermined the conservation ef
forts and discouraged investments to bring on 
additional domestic supplies. 

In anticipation of a protracted shortage, the 
administration also urged refiners to use their 
inventories sparingly and to rebuild stocks. The 
cumulative effects of these decisions and the 
various "quirks" of the allocation regulations 
were at least partly responsible for the gasoline 
shortages that developed over the next four 
months. 

Gasoline lines first surfaced in California in 
the spring of 1979. The phenomenon was sub
sequently observed in various locations 
throughout the nation, primarily in metro
politan areas. Surpluses continued to exist in 
rural, resort, and farm areas. The hidden 
culprits behind the gas lines were the allocation 
regulations and "tank topping" by panicked 
consumers. 

Crude Oil Decontrol 

In April 1979, in the face of political opposi
tion and rising world oil prices, President Carter 
announced a program of phased decontrol. Con
trols on domestic oil were gradually lifted over 
a 30-month period in order to minimize both the 
inflationary impacts and the increased costs to 
consumers. Under the proposal, all controls 
were to be eliminated by October 1981 .  



In 1980, Congress enacted the Crude Oil 
Windfall Profit Thx, a measure widely recog
nized as the political "quid pro quo" for de
control. In January 1981, President Reagan 
terminated the remaining controls on domestic 
oil, accelerating by 8 months the phaseout 
schedule begun by President Carter almost two 
years earlier. 

The Natural Gas Curtailments 
of the 1970s 

Government regulation was also a major 
contributor to the natural gas shortages of the 
mid-1970s. Low, regulated prices, the lack of 
competitively priced alternatives, the rapid 
expansion of the gas distribution network and 
service hookups, and environmental regulations 
on other fuels all contributed to a rapidly in
creasing demand for natural gas. A growing 
price disparity between sales in the price con
trolled interstate and uncontrolled intrastate 
markets caused a disproportionate amount of 
new gas to be dedicated to the intrastate system. 
The resulting shortfall caused widespread inter
ruptions and curtailments for interstate 
customers. 

As shortages spread throughout the nation, 
curtailments by pipeline companies grew rapid
ly, leading to some switching to higher cost fuel, 
plant closings, and worker layoffs. In February 
of 1977, every school in Pennsylvania was 
closed. Thousands of factories along the east 
coast were shut down. States from New York to 
Minnesota to Thnnessee proclaimed emergen
cies. When curtailments were no longer tempo
rary nor limited to interruptible customers, the 
Federal Power Commission was forced to devise 
some criteria for "rationing" available supplies. 

Congressional responses to the worsening 
gas shortage in the interstate market led to the 
enactment in 1977 of the Emergency Natural 
Gas Act and the subsequent enactment of the 
NGPA in 1978. Under the NGPA, wellhead 
prices for certain categories of gas were to re
main controlled until produced and depleted. In 
addition, the Act brought intrastate gas under 
federal regulation for the first time. Through the 
use of incentive and market pricing for selected 
categories of new gas and assisted by rising oil 
prices, the Act stimulated additional drilling for 
new and higher cost gas. 

In reaction to higher oil prices and in an
ticipation of the removal of price controls, 
domestic oil and gas producers responded with 
record drilling in 1980 and 1981. As a result of 
this record drilling-coupled with declining gas 
demand-excess deliverability, or a gas bubble, 
developed. 

Economic Impacts of 
1970s Energy Crises 

The events of the 1970s demonstrate that 
the price and availability of energy, and in par
ticular oil and gas, play a significant role in 
determining the overall performance of the U.S. 
economy. Because energy costs are a pervasive 
component of total manufacturing and distribu
tion costs, changes in energy prices affect the 
prices of most goods and services. Energy is also 
an important element of personal consumption 
expenditures. Consequently, changes in energy 
prices affect the amount households can spend 
on other goods and services. These impacts are 
compounded by the importance of energy in 
U.S. international trade and the associated 
wealth transfers between the United States and 
oil-exporting countries. 

When each of the 1970s energy crises 
occurred, the U.S. economy was booming, 
unemployment was low, inflation was .accel
erating, and interest rates were high. In each 
case, most economic forecasts projected a mild 
recession the following year. Instead, the U.S. 
economy suffered its two worst post-war re
cessions during the 1973-75 and 1980-82 
periods. 

In order to determine to what extent rising 
oil prices contributed to the 1973-75 and 
1980-82 recessionary periods, a model was 
used to simulate the U.S. economy absent the 
oil price shocks of 1973 and 1979.2 Monetary 
and fiscal policies were held constant in order 
to isolate the impact of the price shocks. That 
part of the recessions not attributable directly 
to the oil price shocks was largely due to these 
policies, which may indeed have been influ
enced by the oil price shocks. 

The model results indicated that the 
cumulative economic effects of the oil price 
shocks grew strongly for about two years before 
leveling off after three years. Estimates of the 
impact on GNP and unemployment are sum
marized in Figures 9 and 10. 

Figure 9 indicates that the 1973 and 1979 
energy price increases shrank the U.S. economy 
by approximately 2.5 percent and 3.5 percent, 
respectively. The 1979 case shows a greater 
impact relative to the 1973 case because the 
price increases were larger and the level of oil 
imports was higher. The level of business fixed 
investment was reduced about 7 percent by 

2The model used was the Wharton Econometric 
Forecasting Associates Mark 8 model. 
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each of the 1970s price shocks. In today's 
economy, each percent reduction in GNP would 
mean about a $40 billion reduction in the value 
of goods and services produced in the United 
States. 

Reduced economic activity and business in
vestment have a critical effect on jobs. As Figure 
10 indicates, the 1973 and 1979 oil price shocks 
increased the unemployment rate by approx
imately 1.5 and 2 percentage points, respective
ly. In today's economy, each percentage point 
increase in the unemployment rate would mean 
the loss of over 1 million jobs. 

Inflation, as measured by the rate of change 
in the Consumer Price Index, jumped by about 
3 percentage points in the first year after each 
energy price shock. After the 1973 shock, the 
inflationary impact subsided to an average of 
about one percentage point in the second and 
third years following the shock. After the 1979 
shock, the impact subsided much more slowly, 
leaving the inflation rate in the third year almost 
2 percentage points higher than it would have 
been in the absence of the shock. Differences in 
patterns between the 1973 and 1979 cases 
reflect different rates of oil price escalation, dif
ferent monetary policy responses, and the 
status of price controls. 
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Figure 10. Impact of Oil Price Shocks 
on Unemployment Rate. 

ECONOMIC IMPACTS OF 
FUTURE ENERGY CRISES 

It is difficult to predict the impact on the 
U.S. economy of future oil supply disruptions 
and price shocks. The precise costs to the U.S . 
economy will depend on: 

• Size of the crisis 

• Timing and duration of the crisis 

• Overall energy and oil intensity of the 
economy 

• Level of dependence on imported oil 

• Capability of the domestic energy 
industry to increase production during 
a crisis 

• Availability of and capability to utilize 
alternative domestic energy sources 

• State of the economy at the time of the 
crisis 

• Government's fiscal, monetary, and 
energy policy responses, including the 
availability and release of strategic 
petroleum reserves 

• Petroleum stock changes in the United 
States and other oil-consuming 
countries. 



Using history as a guide, even a modest 
crude oil supply disruption can cause signifi
cant price changes that, in turn, have dramatic 
effects on the economy. Because the energy 
intensity of the U.S. economy has been reduced 
since the 1970s, the economic costs of an oil 
price increase similar to those of the 1970s 
could be less today but nevertheless severe. As 
U.S. import dependence inevitably rises over 
time, the potential economic damage that would 
result from a crisis similar to those of the 1970s 
will increase. 

THE 1986 OIL PRICE COLLAPSE 

Impact on U.S. Petroleum 
Exploration and Production 

In December 1985, OPEC decided to in
crease its market share. The world's oil market 
could not absorb the increase in production and 
prices fell from about $27 per barrel in Decem
ber 1985 to less than half that level by mid-year 
1986. The price fell as low as $10 per barrel 
before stabilizing in the fall at about $15 per bar
rel. By year-end, following OPEC's decision to 
return to a fixed price system, the price had 
risen to about $18 per barrel. 

With the precipitous drop in oil prices, U.S. 
petroleum exploration and development bud
gets were slashed. Drilling has fallen drastically, 
reserves and production are declining, and the 
productive capacity of the industry is being 
seriously impaired. These events are accel
erating the growth of U.S. dependence on oil 
imports and could lead to another serious 
energy crisis. 

Figure 11 shows the petroleum industry's 
U.S. expenditures to find, develop, and produce 
oil and natural gas. These expenditures do not 
include federal and state income taxes, divi
dends, and interest payments. Figure 12 plots 
the average U.S. wellhead oil price. Both the 
increase and decrease of industry spending cor
respond closely with oil price changes. Spend
ing for exploration and development has been 
declining since 1981 due to the industry 's lower 
cash flow and perception of lower future oil and 
gas prices. Oil industry operating cash flow in 
1986 was estimated to be $34 billion, or 4 7 
percent, lower than in 1985. This has led to a 
reduction of $15 billion, or 36 percent, in U.S. 
spending for exploration and development. 

The IPAA/SIPES Drilling Survey was sent to 
the independent producers and petroleum tech
nical specialists responsible for the investment 
and drilling decisions for the majority of the oil 
and gas wells drilled in the United States. Re
spondents were requested to estimate their level 

of drilling activity for each of the next five years 
assuming 1985 drilling costs and average oil 
and gas prices of $13 per barrel and $1.30 per 
thousand cubic feet, respectively; $20 per bar
rel and $2.40 per thousand cubic feet; and $27 
per barrel and $3.50 per thousand cubic feet. 
The first two oil price assumptions approximate 
the 1986-90 prices of the lower and upper price 
trends, respectively, of the NPC Oil & Gas Out
look Survey described below. The $27 price 
assumption was selected as representative of 
the price levels experienced by the industry 
prior to the recent severe price decline. 

At an oil price of $13 per barrel, the survey 
respondents expect their drilling to decline to 
18 percent of the 1985 level in 1987 and to fur
ther decline to 15 percent in 1990. At a price of 
$20 per barrel, drilling would fall to half the 
1985 level by 1987 and remain at that level 
through 1990. Finally, at $27 per barrel, drill
ing would increase about 7 percent by 1987, 
then increase steadily to about 124 percent of 
the 1985 level in 1990. 

In March 1986, the American Petroleum 
Institute (API) surveyed 21 large integrated 
petroleum companies on the effect of lower 
prices. Like the IPAA/SIPES Drilling Survey, the 
results of the API Crude Oil Price Effects Survey 
indicate that there would be a sustained decline 
in drilling activity under low price scenarios. 
The API survey indicates that well completions 
would be 31,100 in 1991 under a constant $15 
per barrel scenario (1985 dollars), a decline of 
60 percent; and 12,500 under a $10 per barrel 
scenario, an 80 percent decline. The API survey 
respondents projected relatively unchanged 
drilling activity (73,400 completions in 1991) 
had prices stayed at the 1985 level of $28. 

As shown in Figure 13, there is a close cor
relation between crude oil prices and the 
number of rigs actively drilling for oil and 
natural gas in the United States. For the year 
1981, drilling rigs operating in the United States 
averaged nearly 4,000, with a peak of 4,500 in 
December 1981. By 1985, the count was below 
2,000, and declined further to below 700 by 
mid-1986 before rising to 988 by year-end. 
About 75 percent of currently operable rigs are 
now idle. The significant reductions in domestic 
exploration and production budgets and drill
ing activity have caused major layoffs in the 
petroleum industry. The domestic oil and gas 
extraction labor force fell from a high of 708,000 
in 1982 to 570,000 in December 1985 and 
422,000 in December 1986. 

It took five years of drilling an average of 
over 80,000 wells annually to maintain oil pro
duction and gas deliverability. However, in 1984, 
the United States replaced about 80 percent of 
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the gas it consumed; in 1985, replacement was 
only about 70 percent of consumption; and the 
1986 level of drilling activity indicates less than 
one-half the gas used was replaced by new 
reserves found. As drilling remains depressed, 
fewer reserve additions will be added and pro
duction will continue to decline. 

The reductions in the level of exploration 
and production activity brought on by a sus
tained period of lower prices and reduced cash 
flow cannot be quickly reversed. As noted 
earlier, oil and gas exploration and production 
is a long lead time business, with 10 to 15 years 
required for exploration and development in off
shore, frontier, and hostile areas. The price de
clines have significantly reduced the willingness 
and ability of external sources (banks, insurance 
companies, and publicly raised funds) to sup
port the industry. Banks and other lending 
institutions find themselves with a number of 
problem energy loans in their portfolios. 

Significant capital for new project financing 
will be available again when the lending institu
tions have rebuilt their confidence in the 
profitability and stability of the industry. In
vestments by private and public drilling and 
acquisition funds, a major source of capital for 
independent producers, have declined 92 per
cent from a high of $4.0 billion in 1981 to $0.3 
billion in 1985.  Future capital from these 
sources will be restricted by the adverse impacts 
of the Thx Reform Act of 1986. In the absence 
of outside capital, the petroleum industry will 

be restricted to its depressed internal cash flow 
for investment in new exploration and develop
ment projects. 

In this regard, the provisions of the Thx 
Reform Act of 1986 that inhibit capital formation, 
e.g., loss of the investment tax credit and 
lengthened depreciation schedules, will under
mine the industry's ability to generate cash. 
Further, changes to the treatment of intangible 
drilling costs and the perverse effect of the 
minimum tax will encourage producers to liqui
date their assets rather than reinvest in ventures 
searching for oil and gas. The API estimated that 
the Act will increase the petroleum industry's 
taxes by $10 billion over the 1986-91 period. 

While the recent oil price decline has af
fected all segments of the industry, it has been 
particularly onerous for the oil field service in
dustry. Eighty percent of the recent increase in 
unemployment in the oil and gas extraction in
dustry has occurred in this area. Equipment is 
being lost, either through lack of maintenance, 
cannibalization, or liquidation. Skilled and pro
fessional personnel with years of training and 
experience are unemployed or moving to other 
industries. Any future increase in the demand 
for oil field services will require the service and 
supply industry to be rebuilt. Experienced per
sonnel will have to be enticed back at a 
premium to an industry they view as volatile. 
These factors will add to the economic cost of 
an oil price increase because of the time lag in 
industry's response. 
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States such as Thxas, Alaska, Louisiana, and 
Oklahoma rely heavily on severance and pro
duction taxes and royalties to finance their 
budgets. These states are having to cut back on 
spending and look elsewhere for new revenues. 
Foreign countries such as Mexico, Egypt, 
Nigeria, and Indonesia are having trouble mak
ing the interest and principal payments on loan 
obligations. These adverse consequences are 
raising new concerns about the longer-term im
pact of low oil prices. 

There is no question that depressed condi
tions in the petroleum industry will affect the 
long-term welfare of the nation. Until the 
economics of oil and gas exploration improve 
appreciably through increased price, reduced 
taxes, or other incentives, U.S. exploration will 
remain stagnant, dependence on imports will 
increase more rapidly, and the nation's 
vulnerability to oil price and supply shocks will 
rise to an excessively dangerous level. All of this 
w111 seriously affect the nation's security and 
economic stability. 

Impact on the Economy 

Although some near-term economic 
benefits are being experienced as a result of the 
oil price decrease, the increase in consumer real 
disposable income and the lower inflation rate 
have been partially offset by the reduced capital 
spending in the petroleum industry. Because of 
the time lag, the full economic benefits of lower 
oil prices will not be felt until considerable time 
has passed. 

There are several reasons why these 
positive economic effects of declining prices will 
be considerably smaller in magnitude, and 
slower to occur, than the negative impacts of the 
1970s price increases. Because of conservation 
efforts, improvements in energy-use technology, 
and the growth of the service sector relative to 
the manufacturing sector, the U.S. economy is 
less energy-intensive than it was in the 1970s. 
As a result, energy price movements, either 
positive or negative, have smaller economic im
pacts today than they did then. 

Furthermore, adjustments to changing 
economic conditions are never instantaneous 
and without cost. Regardless of whether prices 
rise or fall, costs are incurred in adjusting to the 
new price level. Eventually, however, a sustained 
period of lower oil prices can be expected to 
result in an increase in the overall level of 
economic activity. 

In 1986, rising U.S. oil demand and falling 
production due to lower oil prices resulted in a 
23 percent increase in the volume of 1986 net 
oil imports. Although the cost of imported oil 
will be lower, the net oil import bill will still 
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amount to about $30 billion in 1986 versus $45 
billion in 1985. Oil imports represented the 
single largest item in the U.S. international trade 
accounts in 1985. With import volumes ex
pected to rise, the oil import bill would increase 
very rapidly if prices return to 1980-85 levels. 

Th ensure their future, energy companies 
must reinvest a substantial portion of their cash 
flow to replace oil and gas produced from their 
depleting reserve base. An Arthur Andersen & 
Company study of 375 U.S. public oil and gas 
companies during the 1981-85 period revealed 
that the industry's average "plowback ratio" 
or capital reinvested from cash flow for new 
domestic reserves averaged 70 percent of 
cash flow from exploration and production 
operations. 

Operators other than the major integrated 
companies are thought of as the independent 
sector, even though companies such as pipe
lines, utilities, and diversified corporations are 
also involved in exploration and production. 
These operators drill 85-90 percent of the wells 
in the United States each year and find about 
50 percent of the oil and gas reserve additions. 

The Arthur Andersen data on the non
integrated "independent" producers show that, 
during the 1981-85 period, the companies 
studied had an average plowback ratio of 106 
percent. The independents' plowback ratio ex
ceeded 100 percent during the early 1980s, 
when oil prices were high, due to their investing 
a greater amount than their cash flow by incur
ring debt. However, many of these independent 
oil operators are now going out of business as 
a result of the lower oil prices. 

The smaller companies concentrate their 
activities in the lower-48 onshore regions, where 
the finding rate has fallen substantially in the 
last decade, and where drilling rates must re
main high to maintain reserves. The large in
tegrated companies, on the other hand, with 
higher success and finding rates, have been im
portant in the high risk (and potentially high 
reward) offshore and frontier areas. 

Thday 's oil and gas production volumes 
reflect the high oil and gas prices of the late 
1970s and the first half of the 1980s. These 
prices encouraged borrowing and generated 
revenue that was plowed back into exploration 
and development. The drilling boom of the late 
1970s and early 1980s was fed by the expecta
tions of ever-rising oil and gas prices. 

Conversely, decisions not to invest because 
of today's low prices have an immediate nega
tive impact plus a delayed effect that will not 
be visible for years to come. When prices begin 
to rise, investors may react slowly, waiting un
til they can evaluate the upward price trend as 
sustainable. 



Also, to be profitable, the value of the new 
reserves discovered must be greater than the 
amounts expended. During the same five-year 
period, 1981-85, the 375 companies surveyed 
by Arthur Andersen incurred costs for explora
tion and development averaging $10.55 per net 
equivalent barrel. When operating costs, roy
alties, and taxes are included, crude oil prices 
at the levels prevailing in 1986 are inadequate 
to achieve a reasonable earning level on the in
vestments undertaken from 1981 to 1985. This 
disparity between today's low oil and gas prices 
and the price required to be profitable is the key 
to the industry's current depressed drilling 
levels. 

SUPPLY AND DEMAND OUTLOOK 
Although many factors, such as the 

resource base, technology, and government 
policies, influence the supply of and demand for 
oil and natural gas, the most important factor 
remains price. 

Since its inception in the mid-1800s, the 
U.S. oil industry has been through many periods 
of price volatility. As shown in Figure 14, the an
nual percentage changes in oil prices between 
1900 and the early 1930s rival those the world 
has been through since the early 1970s. 
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A major factor affecting price instability 
since the mid-1970s has been the shift of swing 
oil productive capacity to Middle East OPEC. 
During the 1970s, when OPEC's capacity utili
zation· level moved above 80 percent, its 
members were able to increase prices and main
tain them at high levels (see Figure 3). Sub
sequent to the second oil price shock, due to 
increases in non-OPEC energy supplies and the 
decline in world oil demand, OPEC's capacity 
utilization ultimately fell to such a low point 
that in late 1985 it opted to regain its market 
share rather than hold the price at former levels. 

Price instability is difficult to cope with in 
the capital-intensive oil and natural gas in
dustry, with the long lead times required for 
investment. This price instability and the result
ing uncertainty represent an added risk that 
raises the expected return needed to justify an 
investment. 

The world has experienced short-term oil 
price instability within longer-term oil pricing 
cycles. A trend toward lower real prices, as oc
curred in the 1950s and 1960s, carries with it 
the s�eds of its own destruction and can result 
in a sudden price spike (see Figure 15). This is 
because, in a low price environment, investment 
in exploration and development usually falls 
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Figure 14. Percent Change in Annual Average Crude Oil Wellhead Prices 
(Nominal Dollars per Barrel) . 
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short of the level required to meet demand 
growth. 

As shown in Figure 16, wellhead natural gas 
price instability has also increased significant
ly since 1970. 

Prior to the rapid fall in oil prices, the 
general outlook for oil in the non-communist 
world was one of price-constrained demand 
growth and a fairly constant level of non-OPEC 
production through the 1990s.3 In the Energy 
Information Administration's (EIA) Annual 
Energy Outlook 1985, a "low imports case" pro
jection was developed that reflected the U.S. oil 
supply/demand balance at flat-to-growing real 
crude oil prices. As shown in Thble 3, net im
ports were projected to increase from 27 percent 
of consumption in 1985 to 31 percent in 1990 
and 39 percent in 1995. 

NPC Oil & Gas Outlook Survey 

Since the EIA forecast, the rapid decline in 
oil prices in 1986 has dramatically affected the 
perception of current and future supply and de
mand balances. Oil supply will fall more quick
ly and oil demand will increase more rapidly. In 

3Source: U.S. Department of Energy's National Energy 
Policy Plan Projection to 2010, December 1985. 
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TABLE 3 

ENERGY IN FORMATION ADM INISTRATION 
U.S. OIL SUPPLY/DEMAND BALANCE 

ANNUAL ENERGY OUTLOOK 1 985 
LOW IMPORTS CASE 

<Million Barrels Per Day> 

Actual 
1 985 1 990 1 995 

Refiner Acquisition 
Cost of Crude Oil $27 $32 $37 
(1 985 $/bbD 

Domestic Consumption 1 5 . 7  1 5 .4 1 5 . 7  

Domestic Crude Oil  
Production 9.0 8.4 7 . 4  

Natural Gas Liquids 
and Other Supply 2 . 5  2 . 3  2 . 2  

Total Domestic 
Supply 1 1 . 5 1 0 . 7  9.6 

Net I mports Needed 
to Meet Demand 4 . 2  4 . 7  6 . 1  

I mports a s  a Percent 
of Consumption 2 7 %  31 % 39% 
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Figure 16. Percent Change in Annual Average Natural Gas Wellhead Prices 
(Nominal Dollars per Thousand Cubic Feet). 

order to gauge the impact of the 1986 price 
decline, the NPC surveyed a broad spectrum of 
industry, utility, government, consulting, and 
financial community representatives for their 
estimates of future supply and demand outlooks 
under two price trends provided by the Depart
ment of Energy : an upper price trend starting 
at $18 per barrel in 1986 and rising at 5 per
cent per year in real terms to $28 in 1995, and 
a lower price trend starting at $12 per barrel and 
rising at 4 percent per year in real terms to 
$17 in 1995. These two price trends, shown in 
Thble 4, were designed to measure the dif
ferences in future U.S. oil and gas supply and 
demand levels resulting from differing price 
assumptions. 

In evaluating the NPC survey, the Council 
recognizes that straight line growth in petro
leum prices of 4 to 5 percent for 15 years, as 
presented in the two price trends, is an unlike
ly scenario. In fact, history reveals no period of 
time when such even growth occurred. Never
theless, the responses to the survey are direc
tionally consistent, i.e., low prices stimulate 
demand and retard supply, and the converse is 
true for higher prices. However, in the later years 
of the survey, non-communist world oil supply 

and demand may tighten to the point that prices 
could vary substantially from the price trends 
provided by the Department of Energy (DOE). 
That is, the demand on Middle East OPEC oil 
may either require additional capacity or the 
OPEC producers may choose to raise prices 
faster than the DOE price trends to rebalance 
supply and demand. 

Under the NPC upper price trend, net im
ports rise from 4.2 million barrels per day in 
1985 to 6.2 in 1990 and 7.9 in 1995, with net 
import dependence surging from 27 percent in 
1985 to 38 percent in 1990 and 47 percent in 
1995. In comparing these levels of import 
dependence with those forecast by the EIA, 
shown in Thble 3, it becomes evident that the 
lower prices assumed in the NPC upper price 
trend accelerate the level of import dependence 
about five years. 

As shown in Thble 4, U.S. import depen
dence reaches the 4 7 percent level of the late 
1970s in 1995 in the upper price trend, while 
it reaches this level five years earlier in 1990 in 
the lower price trend. Current net import de
pendence is approaching that of the 1973-74 
Arab oil embargo. 
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TABLE 4 

SURVEY RESPONSE 
U .S. OIL SUPPLY/DEMAND BALANCE 

<Million Barrels Per Day) 

Upper Price Trend 

Refiner Acqu isition Cost of 
Crude Oi l  (1 986 $/bbD 

Domestic Cons u m ption 

Domestic Crude Oil Production 
Natural Gas Liquids and Other Supply 

Total Domestic Supply 

Net I mports Needed to Meet Demand 

I mports as a Percent of Consumption 

Lower Price Trend 

Refiner Acqu isition Cost of 
Crude Oi l  (1 986 $/bbD 

Domestic Consumption 

Domestic Crude Oi l  Production 
Natural Gas Liquids and Other Supply 

Total Domestic Supply 

Net I mports Needed to Meet Demand 

I mports as a Percent of Consumption 

The supply outlook in these surveys 
responds to lower oil prices in two key ways. 
First, lower prices diminish the attractiveness 
of development opportunities and result in a 
substantial reduction in industry spending. 
Second, exploration for new oil-producing ca
pacity, particularly in higher cost areas, is being 
deferred. The difference in domestic supply 
reflected in the lower and upper price trends 
measures the industry 's perception of these two 
factors by the $6 to $15 variation in the two price 
trends. It also reflects the reduction in cash flow 
available for investment as a result of the dif
ferent prices. 

Likewise, the growth in demand reflects 
reduced or delayed conservation efforts; delays in 
the construction offacilities that will substitute 
other fuels for oil; and the substitution on 
economic grounds, when prices are low enough, 
of oil for natural gas and certain other fuels. 
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Actual 
1 985 1 990 1 995 2000 

---

$27 $22 $28 $36 

1 5 . 7  1 6 .3 1 7 . 0 1 7 . 4  

9.0 8.0 7 . 0  6.4 
2 . 5  2 . 1  2 . 1  1 .9 

1 1  .5  1 0 . 1  9 . 1  8 . 3  

4 . 2  6 . 2  7 .9  9. 1 

27% 38% 47% 52% 

$27 $1 4 $1 7 $21 

1 5 . 7  1 7 . 6  1 9. 0  1 9.9 

9.0 7 . 1  5 . 7  4 . 5  
2 . 5  2 . 1  1 .9 1 .8 

1 1  .5  9.2 7 .6 6 .3 

4 .2  8 . 4  1 1  . 4  1 3 .6 

27% 48% 60% 68% 

The combination of higher demand and 
reduced supply in either price scenario results 
in a tightening of the oil supply /demand bal
ance and increases the demand for Middle East 
OPEC oil. 

Under the upper price trend, the NPC 
survey also indicates that 30 percent of non
communist world demand will have to be sup
plied by Middle East OPEC in 1995 and 35 
percent in 2000, up from 21 percent in 1985 (see 
Thble 5). Under the lower price trend, this de
pendence rises to approximately 40 percent in 
1995 and over 45 percent in 2000. Middle East 
OPEC possesses 63 percent of non-communist 
world proved crude oil reserves, and these coun
tries could meet the higher export levels if they 
chose to do �o. However, as OPEC production 
increases and its surplus capacity declines, its 
members will have greater power to increase 
prices. During the 1970s, as the level of OPEC 



production capacity utilization increased above 
80 percent, OPEC was able to increase prices 
and maintain them at high levels. The surveys 
indicate that OPEC will once again be produc
ing at 80 percent of its current capacity rate 
before 1990 in the lower price trend and before 
1995 in the upper price trend. 

The flexibility to switch to alternative fuels, 
such as natural gas or coal, is important in the 
event of an oil supply disruption. Such flexibility 
already exists to a large degree in industrial 
boilers and power plant boilers and networks. 
The natural gas shortages in the 1970s stimu
lated many of these users to install fuel oil 
burners and storage tanks. Currently, fierce 
price competition exists for this switchable 
market, which accounts for 2 to 3 trillion cubic 
feet of total industrial and power plant usage. 

As shown in Thble 6, at the survey price 
trends, falling domestic production plus 
available gas imports will be insufficient by the 
1990s to maintain gas consumption at histor
ical levels (with wellhead gas prices determined 
through a netback from the burnertip in com
petition with low sulfur residual fuel oil prices). 
Net dry gas production declines from 16.4 
trillion cubic feet in 1985 to 15. 2  trillion cubic 
feet in 1995, and 14.5 trillion cubic feet in 2000 
in the upper price trend, and to 13.3 trillion 
cubic feet in 1995 and 12.4 trillion cubic feet 
in 2000 in the lower price trend. 

Although gas is much less transportable 
from foreign sources than oil, increasing 
amounts of other gas supplies will be required 
through the year 2000. Requirements are ap
proximately the same in both trends, rising 

TABLE 5 
SURVEY RESPONSE 

NON-COMM U NIST WORLD OIL SUPPLY/DEMAND BALANCE 
(Million Barrels Per Day) 

Actual 
1 985 1 990 1 995 2000 

Upper Price Trend 

Total Consumption 46 .4 48.2 50.5 52 .5  

Non-OPEC Crude Oi l  and 
Natural Gas Liq uids 25.2  24 .7  23.9 2 2 . 5  

Other Supply 4.0 2 . 9  2 .6 2 . 5  
OPEC Crude O i l  & Natu ral Gas 

Liquids Production • 1 7 . 2  20.6 24.0 2 7 . 5  

Total Supply 46.4 48 . 2  50 . 5  5 2 . 5  

Memo: M iddle East OPEC Crude Oil  
as a Percentage of Total Supply 2 1 % 25% 30% 35 % 

Lower Price Trend . 

Total Consumption 46.4 5 1 .0 54. 7  58.0 

Non-OPEC Crude Oi l  and 
Natural Gas Liquids 25.2  2 2 .4 20.4 1 8 .6 

Other Supply 4.0 2 . 8  2 . 5  2 . 4  
OPEC Crude Oil  & Natural Gas 

Liquids Production • 1 7 . 2  2 5 . 8  31 . 8  37.0 

Total Supply 46.4 5 1 .0 54 . 7  58.0 

Memo: M iddle East OPEC Crude Oi l  
as a Percentage of Total Supply 2 1 % 32 % 40% 46% 

* The OPEC production levels represent the volumes required to balance total non-communist world consumption 
versus non-OPEC production plus net communist imports. Current OPEC production capacity is  estimated to be 27 
million barrels per day of crude oil and condensate, and an additional 1.5 to 2.0 m illion barrels per day of natural gas 
liquids. 
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TABLE 6 

SURVEY RESPONSE 
U .S.  NATURAL GAS SUPPLY/DEMAND BALANCE 

rTrillion Cubic Feet Per Year) 

Actual 
1 985 1 990 1 995 2000 

Upper Price Trend 

Domestic Consu m ption 1 7 .3 1 7 .6 1 7 .3 1 7 . 0  

Domestic Production <Dry Gas) 1 6 .4 1 6 .4 1 5 . 2  1 4 .5 
Net I mports 0.9 1 .3 2 . 2  2 . 6  
Other Supply and I nventory Change 0.0 C0. 1 )  C0. 1 )  C0 . 1 )  

Total Supply 1 7 .3 1 7 .6 1 7 . 3  1 7 .0 

Memo: U nsatisfied Gas Demand • 
Fil led By Oi l-TCF < 0 . 1  0 .2  

- M M B/D oi l  equ ivalent < 0 . 1  0 . 1  

Lower Price Trend 

Domestic Consumption 1 7 .3 1 7 .0 1 5 . 5  1 5 . 0  

Domestic Production <Dry Gas) 1 6 .4 1 5 .5 1 3.3 1 2 . 4  
Net I mports 0.9 1 .5 2 . 2  2 . 6  
Other Supply and Inventory Change 0.0 0.0 0.0 0.0 

Total Supply 1 7 . 3  1 7 .0 1 5 . 5  1 5 .0 

Memo: Unsatisfied Gas Demand • 
Fi l led By Oi l-TCF 0.3 0 . 7  1 .0 

- M M B/D oi l  equ ivalent 0 . 1  0 . 3  0 .5  

• Reflects the amount b y  which natural gas supply (domestic production plus imports) fell short o f  natural gas de· 
mand after balancing the results of survey responses. At the price levels in the survey, imports are constrained by 
economics and transmission capacity. The resulting shortfall in gas supplies constrained natural gas consumption, 
and the unsatisfied demand was assumed to be filled by oil since oil and gas can be substituted in a large number 
of dual-fired boiler applications. Since some individual respondents could have converted unsatisfied gas demand to 
other forms of energy in their submittals, these unsatisfied gas demands could be understated. 

from 0.9 trillion cubic feet in 1985 to about 2.6 
trillion cubic feet in 2000. At the price levels 
used in the ·survey, imports are constrained by 
the availability of gas supplies and existing 
transmission capacity into the United States. 
Canada accounts for about 85 percent of these 
supplies. Limited amounts of liquefied natural 
gas are not expected until after the mid-1990s. 
Additional gas imports could be available if gas 
prices were higher than assumed in the survey. 

According to the survey, the gas bubble 
ends by the late 1980s in the lower price trend 
and during the first half of the 1990s in the up
per price trend. Once the gas bubble ends, bur
nertip gas prices will need to rise above low 
sulfur residual fuel oil prices to reduce poten
tial gas demand, mostly through fuel switching 
to oil in the dual-fired boiler market. This 
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switching would occur first in those regions far
thest from the gas-producing areas, because 
their gas delivery costs are the highest. This 
shortfall will be filled through increased oil im
ports, which in the lower price trend could range 
as high as 500,000 barrels per day by 2000. 

Alternative Fuels 
Fuels other than oil and natural gas repre

sent major potential future sources of energy 
for the United States. Coal and nuclear offer the 
greatest potential for the United States during 
the balance of this century. The EIA Annual 
Energy Review 1985 illustrates the magnitude 
of these resources, as shown in Thble 7. both 
in terms of absolute volume and years of supply. 

Institutional, technical, and regulatory prob
lems are effectively limiting the contribution of 



coal and nuclear power to our energy sources. 
Among these are environmental restrictions on 
burning coal, restrictions on coal transportation 
alternatives, and lengthy licensing and permit
ting procedures for nuclear plants. 

Given the NPC oil price trends, nuclear 
usage could be lower if new nuclear plants that 

are near completion are not finished or if ex
isting plants are shut down prior to the end of 
their useful lives. Coal usage could be lower if 
new construction is delayed or because of en
vironmental constraints. If these situations oc
cur, oil will most likely be the fuel substituted, 
creating a larger demand for imports. 

TABLE 7 

COAL AND URAN IUM RESERVE BASES * 

Coal,  Recoverable 
Reserve Base 
(Beginn ing of 1985) 

Uran ium Reserve Base 
(Beginn ing of 1 985) 

Reasonable Assured 
Estimated Add itional 

Speculative 

Billions of 
Short Tons 

283 

Millions of 
Poundst 

359 
1 ,318 

1 ,040 

Billion Barrels 
of 

Oil Equivalent 

1 ,075 

Billion Barrels 
of 

Oil Equivalent 

1 2  
45 

36-1 ,800§ 

• DOE/EIA Annual Energy Review and International Energy Annual, 1985 . 

tEconomically recoverable reserves at $30 per pound. 

tAt the 1985 rate of consumption. 

§Higher end of range assumes breeder technology. 

Years of 
Supply:j: 

319 

Years of 
Supply:j: 

80 

50-2,500§ 
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on Energy Crises and 
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CHAPTER ONE 

INTRODUCTION 

In the 1970s, the world experienced two 
energy crises due to the 1973 Arab oil embargo 
and the 1979 Iranian revolution. However, since 
1950, several other potential crisis situations oc
curred that did not lead to dramatic price in
creases similar to those of the 1970s and early 
1980s. These included the Iranian nationaliza
tion of the early 1950s, the Suez Canal closure 
in 1956, and the 1967 Arab/Israeli war. The 
primary reason why these situations did not 
result in major price increases was that, prior 
to 1970, significant excess oil productive capaci
ty existed outside of OPEC, especially in the 
United States. The downturn in U.S. production 
after 1970, coupled with rising non-communist 
world oil demand, significantly increased the 
dependence of the non-communist world
especially the United States-on imports from 
Middle East OPEC (see Figure 17). This in
creased the vulnerability of the non-communist 
world to oil supply disruptions and/or rapid oil 
price increases. 

In addition, during the 1960s and early 
1970s, OPEC was developing as a force that 
could exploit its position to either raise oil 
prices, as in the 1973 crisis, to support higher 
price levels, such as post-1973, and to sustain 
the spot oil price increases, such as those in
duced by the Iranian crisis. However, in the early 
1980s, excess productive capacity challenged 
OPEC's resolve to maintain prices at 1981 levels. 

Since 1981, oil prices have declined, with a 
collapse occurring in early 1986. The U.S. 
refiner acquisition cost of crude oil declined 
from a peak of over $3 7 per barrel in March 
1981, to about $27 per barrel in December 1985, 
and to $12 per barrel in mid-1986. The price of 

West Thxas Intermediate crude oil declined from 
$32 per barrel in November 1985 to as low as 
$10 per barrel in 1986. These price declines oc
curred because oil demand fell and non-OPEC 
supplies grew-both of these actions in response 
to higher prices-increasing the excess produc
tive capacity of OPEC members. 

When OPEC's production has been over 80 
percent of its available capacity, as in 1973 and 
the late 1970s, OPEC has been able to push 
prices upward or maintain them at high levels. 
In the 1980s, OPEC's capacity utilization rate 
fell below 60 percent, and OPEC failed to main
tain prices. In late 1985 and early 1986, certain 
of OPEC's members decided to regain market 
share, causing the price of oil to collapse. 

The sharp price decrease of early 1986 has 
caused the oil industry to drastically reduce its 
exploration and development expenditures; pro
duction has declined; the work force has been 
cut substantially ; and the industry is restruc
turing. The exploration and production support 
and service industry has been especially hard 
hit. Given the size of the petroleum industry in 
the overall U.S. economy, the reductions in the 
oil industry are having negative effects on the 
economy that initially offset the positive effects 
of the lower prices. The energy crises of the 
1970s and the latest price decrease are making 
long-term energy planning difficult for pro
ducers, consumers, and governments. 

Oil prices have been more volatile since 1973 
than in the three previous decades. But, as 
shown in Figure 18, the recent yearly percentage 
changes in wellhead oil prices are rivaled by 
those that occurred in the 1900 to early 1930s 
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period. (Figure 31 in Chapter Five contains the 
actual wellhead oil price levels.) Furthermore, 
as shown in Figure 19, although gas prices were 
more stable than oil prices from 1930 to 1970, 
they too have displayed increased instability 
since 1970. Interstate wellhead gas prices were 
controlled by federal regulators, and price in
creases from 1970 to the early 1980s were al
lowed in order to increase gas supplies. Since 
then, gas prices have decreased in response to 
the excess gas deliverability that has developed. 

Energy crises are not just restncted to oil. 
Supply curtailments and dislocations were 
already commonplace in the natural gas market 
when the 1973 oil embargo started. Because 
federal and state regulations held down the 
price of natural gas, demand grew rapidly from 
the 1940s through the early 1970s. However, in
terstate supply stagnated since reserve addi
tions were often dedicated to the intrastate 
market due to higher unregulated prices, espe
cially in the 1960s and the 1970s. Interstate gas 
supply shortages were developing by the late 
1960s. In response to the shortages, the 
regulators did allow interstate gas prices to rise 
but not to the levels corresponding to the oil price 
increases after 1973. This maintained and 
increased the potential demand for gas and in
duced fuel switching from oil where possible, but 
offered little incentive to bring forth additional 
supply, exacerbating the gas supply shortage. 
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One means to offset an oil supply shortage 
and/or lessen the impact of higher oil prices 
would have been the flexibility to switch from 
oil to an alternative fuel, such as gas. Since 
inadequate gas supply existed in the United 
States in the 1970s, many companies were 
forced to maintain or install the capability to 
also burn oil. This aggravated the effect of the 
oil price shock on the U.S. economy and in
creased U.S. oil import dependence. 

The increasing dependence of the United 
States on imports in the 1970s, especially from 
Middle East OPEC producers, seriously in
creased its vulnerability to oil price shocks. In 
addition, since the world oil market was highly 
integrated, the United States could not have 
isolated itself from an oil price shock even if it 
had not been dependent on Middle East sources. 
That is, other areas, especially Western Europe 
and Japan, would have then been even more 
dependent on the Middle East OPEC producers 
for their imports. A price shock originating from 
a cutback in Middle East supplies would have 
affected the United States as it rippled through 
to non-Middle East suppliers. 

The United States should have paid atten
tion to the warning signals that indicated a 
growing U.S. and world vulnerability to events 
in the oil market. Figures 20 through 24 sum
marize a set of warning signals for the United 
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Figure 20. Gross U.S. Imports of Crude Oil and Refined Products by Source. 
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States. Comparable charts could also be 
developed for other non-communist countries 
either individually or in total. The trends on 
these figures prior to the 1973 and 1979 energy 
crises represent the basic warning signals. 
These signals include: 

• Low or declining levels of excess oil pro
duction capacity in the Middle East 
OPEC and other OPEC countries 

• Increasing imports of crude oil and re
fined products, both in absolute terms 
(Figure 20) and as a percentage of total 
U.S. consumption (Figure 21) ,  both in 
total and from insecure sources such as 
the Middle East OPEC and other OPEC 
countries 

• Trends towards lower reserve-to
production ratios for crude oil and natu
ral gas (Figure 22) 

• Inability to replace domestic petroleum 
production with domestic petroleum 
reserve additions (Figure 23 for crude oil 
and Figure 24 for natural gas) 

• Governmental policies that simulta
neously encourage consumption and 
discourage domestic production (such as 

low regulated interstate wellhead gas 
prices or price controls on oil) . 

As outlined throughout this report, the re
cent decline in oil and gas prices will increase the 
vulnerability of the United States and the non
communist world to future energy price shocks. 
In order to determine if another crisis may be 
building, these signals of past vulnerability will 
need to be monitored closely in the future. 

The remaining chapters in Section I discuss 
many of these historical issues in more detail. 

Chapter 1Wo reviews the historical actions 
and events in the oil and gas industry that led to 
the energy crises. This chapter describes the fac
tors that increased U.S. vulnerability to the 1970s 
oil supply disruptions, along with the U.S. 
governmental policy responses to the crises. 
Since the U.S. natural gas crisis of the 1970s con
tributed to the severity of the oil crises, this 
chapter also reviews the factors and the govern
mental policies affecting natural gas. Finally, the 
government's energy policy responses to the 
crises are evaluated with regard to their effects on 
the crises. 

Chapter Three discusses the effects of the 
energy crises on the U.S. economy, and analyzes 
the effect of the recent oil price decline on the 
economy. 
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CHAPTER TWO 

HisroRICAL AcTIONS AND EvENTS AssociATED 
WITH THE ENERGY CRISES OF THE 1970s 

INTRODUCTION 

The purpose of this chapter is to identify 
those actions and events that contributed to the 
energy crises experienced by the United States 
during the decade of the 1970s. Three separate 
energy crisis periods have been analyzed: the 
Arab oil embargo of 1973-74; the natural gas 
curtailments of the mid-1970s; and the Iranian 
oil crisis of 1978-79. In each case, attempts will 
be made to identify and discuss the factors that 
precipitated or otherwise contributed to the 
development of the crisis, as well as the reac
tions of government, industry, and consumers 
to the crisis situation. It is hoped that by review
ing the events and decisions of the past, govern
ment and industry alike will be better prepared 
to avoid or mitigate the vulnerability to future 
supply disruptions. 

SUMMARY AND OVER
VIEW OF PRE-EMBARGO 
HISTORY (Up to 1973) 

Pre-War Energy Policies 

Prior to World War II, the federal govern
ment's role in energy was primarily directed at 
control of the public domain (pursuant to 
provisions of the Mineral Leasing Act of 1920), 
taxation, and the regulation of interstate com
merce. However, there were other instances of 
government involvement-for example, the 
adoption in 1932 of a 21¢ per barrel tariff on im
ported crude oil and the passage of the Connally 
Hot Oil Act. The tariff was imposed at the re
quest of the domestic industry in an effort to 
combat the combined effects of low demand 

brought about by the Depression and produc
tion from the new prolific East Thxas discoveries. 
The tariff achieved the desired results, reducing 
imports almost immediately. The Texas 
Railroad Commission began effective imple
mentation of prorationing in 1933, protected by 
a Presidential Executive Order under the 
National Industrial Recovery Act, which pro
hibited the shipment, interstate or abroad, of oil 
produced contrary to state laws. After the 
National Industrial Recovery Act was ruled un
constitutional in 1935, the Connally Act was 
passed, extending federal enforcement of state 
proration laws. 

The Wartime Effort 

In May of 194 1 ,  President Franklin 
Roosevelt created the Office of the Petroleum 
Coordinator of the National Defense. The war 
period was characterized by cooperation be
tween government and business leaders. 

The government's coordinator role was for
malized in the Petroleum Administration for 
War. The industry's advisory function was pro
vided by the Petroleum Industry War Council, 
which was composed of 66 oil industry exec
utives selected by the coordinator. The recom
mendation of the council, in light of exceptional 
domestic fuel demands, was that the U.S. com
panies embark on an effort to secure access to 
the world's oil supplies. 

In 1945, concerned over the need to main
tain domestic productive capabilities, the War 
Council adopted the "Petroleum Policy for the 
United States," which remained the industry's 
official public policy on the import question for 
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the next two decades. It stated that imports 
should be limited to the amount "absolutely 
necessary" to augment domestic production 
and that import quantities should not depress 
domestic output. By the end of the war, however, 
increasing demand forced the United States to 
look to foreign supplies to meet immediate 
energy needs. 

The Post-War Era 

In 1946, President 1tuman abolished the 
Petroleum Administration and the War Council. 
Shortly thereafter, the Oil and Gas Division was 
created within the Department of the Interior 
to serve as the point of communication between 
the government and the oil industry. At Presi
dent 1tuman's suggestion, the National 
Petroleum Council was also created in that year 
to continue the advisory role previously per
formed by the War Council. 

The post-war availability of cheap foreign 
oil, resulting from the increased international 
exploration and production activity begun 
several years earlier, eventually produced distor
tions in existing fuels markets. The availability 
of cheaper imports concurrently doomed the 
post-war efforts to develop synthetic fuels as well 
as attempts to renew reliance on domestic coal 
(see Figure 25) . 

As early as 1950, well-defined consumer 
and national security arguments were already 
being developed with respect to the issue of im-

port reliance. Access to cheaper, foreign oil was 
endorsed by consumer advocates and those 
opposing a "drain America first" strategy. 
However, unrestricted reliance on foreign oil 
supplies was also recognized as undermining 
national security interests. 

These opposing views particularly troubled 
the multinational oil companies that were eager 
for strategic as well as market reasons to 
establish their presence in the Middle East, and 
whose concessions were dependent on increas
ing output and export sales, most notably to the 
United States, the world's largest and fastest 
growing market. 

While the debate continued, net import 
volumes steadily increased, from just over 300 
thousand barrels per day (MB/D) in 1948 to 550 
MB/D in 1950 and to over 1 million barrels per 
day (MMB/D) by 1956. 

Despite disagreements within the produc
ing industry between domestic independent 
producers and the multinationals, there existed 
a shared fear that unless the import trend were 
controlled, government would step in with more 
rigid policy remedies. This produced attempts 
to reduce imports on a "voluntary" basis. 
However, the outbreak of the Korean War and 
the associated resurgence in oil demand en
couraged both increased domestic output and 
imports of foreign oil. 

By 1953, the combination of a leveling of de
mand and increasing imports caused state pro-
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rationing authorities in Texas, Louisiana, and 
Oklahoma to restrict and stabilize output from 
domestic wells. In addition to crude oil, imports 
of residual fuel oil were also on the rise. Calls 
for "protectionism" were renewed by producing
state politicians and their constituents, but re
jected by the newly elected Eisenhower 
administration. 

By the mid-1950s, net oil imports had ap
proached 1 MMB/D and accounted for over 1 1  
percent of domestic demand. Some 2 MMB/D of 
domestic production was shut in. 

In August 1956, a coalition of domestic 
producers and industry trade associations peti
tioned the Office of Defense Mobilization to 
review the imports issue pursuant to the 
national security provisions of the trade act 
of 1955. 

In the fall of 1956, the Suez Canal was 
closed as a result of renewed fighting between 
Israel and Egypt. The conflict substantially 
reduced oil supplies to Europe for several 
months, but more importantly served to 
underscore the consequences of import 
reliance. 

President Eisenhower created a special 
committee composed of several of his cabinet 
officers to investigate the imports question and 
to recommend a remedy. The committee's 
recommendation was that crude oil imports 
should be "voluntarily" restricted so as not to 
exceed 12 percent of domestic production.1 
Under the program, historical importers were 
allowed a pro-rata share based on their previous 
import volumes. New importers were also given 
the opportunity to gain access to cheaper 
foreign oil, but on a more limited basis. 

After some limited initial success, the 
Voluntary Oil Import Program, since it had no 
teeth for enforcement, began to be abused. 
Several importers exceeded their allotments, 
and by mid-1958 the combination of increased 
imports and a recessionary economy forced ad
ditional U.S. wells to be shut in. 

On March 10, 1959, under pressure to 
preserve domestic production, President 
Eisenhower signed an executive order 
establishing a mandatory governmental pro
gram for oil imports, a program that was to last, 
in various forms, for the next 14 years as a 
volume control program and 7 additional years 
as a fee program. Ironically, companies that had 
earlier complied with the government's request 

'"Recommendations of the Special Committee to In
vestigate Crude Oil Imports." July 29, 1957. 

to voluntarily reduce import volumes were now 
penalized for their efforts. When mandatory 
quotas were established in 1959, the period of 
voluntary reductions was used as the base 
period for computing further import reductions. 

The Mandatory Oil Import 
Program (1959-73) 

The stated objective of the Mandatory Oil 
Import Program was to ensure the preservation 
of a healthy domestic petroleum industry and 
to promote national security. Under provisions 
of the program, crude oil import ceiling volumes 
were first pegged to a percentage of demand and 
later limited to 12 percent of domestic produc
tion. Refined petroleum product imports were 
also tied to historical ( 1957) volume levels. As 
a consequence, historical importers had their 
import purchase volumes scaled back; and new 
traders and importers were granted access to 
the program on a limited basis. 

In the interests of "equity," the oil pur
chased using the quota tickets could be traded 
among interested parties. A sub-cabinet level 
appeals board was established to grant relief, ex
ceptions, and allocation adjustments. Problems 
immediately developed, however, particularly in 
relation to: (1 )  the decision to tie quota levels to 
historical volumes, (2) the treatment of No. 6 oil, 
(3) the exchanges of quota ticket oil, especially 
by inland refiners, and (4) the sliding scale ad
justments that allotted a disproportionately 
large volume of tickets to smaller refiners, 
whose facilities were less capable of making the 
higher quality refined products that consumers 
required. 

By the mid-1960s, the allocation and equity 
questions were supplanted by liberalized excep
tions as the principal source of problems for the 
quota program. Moreover, a resurgence of de
mand and the political efforts of the north
eastern states to expand access to cheaper 
foreign oil resulted in increased reliance on oil 
imports, particularly from the Middle East. 

U.S. VULNERABILITY TO OIL 
SUPPLY DISRUPTIONS PRIOR TO 
THE ARAB EMBARGO OF 1973-74 

The Organization of Petroleum Exporting 
Countries was founded in 1960 by five oil pro
ducing nations (Iran, Iraq, Kuwait, Saudi 
Arabia, and Venezuela) in response to member 
countries' general dissatisfaction over price and 
production policies established by the multina
tional oil companies extracting their national 
resources. OPEC lacked power in the early years, 
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however, due to the presence of spare produc
tive capacity in the United States and the 
member countries' reliance on the oil com
panies' expertise to produce their oil. 

By the end of the decade, the combination 
of the growing demand for world oil and the 
resource potential of the Middle East shifted the 
market advantage to the OPEC producers. By 
1970, the United States had become a major im
porter of both crude oil and refined petroleum 
products. The loss of domestic "surge" capacity 
and the growing inability of the United States 
to supply its allies in the event of a more local
ized disruption further shifted the advantage to 
the Middle East producers. 

U.S. crude oil production peaked in 1970 at 
9.6 MMB/D and began to decline, falling to 8.8 
MMB/D in 1974. Net import reliance continued 
to grow, almost doubling from 3.2 MMB/D in 
1970 to over 6 MMB/D in 1973, or 35 percent 
of total consumption. In particular, dependence 
on Middle East OPEC oil increased from less 
than 200 MB/D in 1970 to over 800 MB/D in 
1973 (see Figures 26 and 27).  

During the 1960s and early 1970s, in
creased demand for oil, beyond the capability 
of incremental new domestic supplies, was the 
result of a combination of factors. These factors 
included: 
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• Increased economic growth worldwide. 
In the late 1960s and early 1970s, 
economic "boom" conditions occurred 
simultaneously in the United States, 
Europe, and Japan. Growth rates in real 
GNP were at peak levels for the two years 
immediately preceding the embargo. 
Oil's share of worldwide energy con
sumption increased from 35 percent in 
1960 to 46 percent in 1972. 

• Reduced contribution of other fuels. Coal 
consumption, as a percentage of total 
energy use, declined; natural gas produc
tion, after initially growing, leveled off, at 
least in part due to price controls and 
uncertainty resulting from regulations 
and court challenges. 

• The delay in the development and 
delivery of new oil supplies from the 
Outer Continental Shelf and Alaska, due 
to environmental and regulatory 
constraints. 

• Increased gasoline demand stimulated 
by the expansion of the interstate 
highway system and more driving. 
Gasoline demand rose by 2 .1  percent per 
year between 1960 and 1965; that 
growth rate more than doubled between 
1965 and 1970. 

• The adoption of price controls on 
domestic oil as part of the Nixon ad
ministration's attempts to control in
flation. Price controls had the dual effect 
of limiting exploration activity as well as 
encouraging increased consumption 
(because of lower prices) .  The combina
tion of increased demand for petroleum 
coupled with reduced output resulted in 
greater reliance on oil imports. As the ex
ceptions to the Mandatory Oil Import 
Program were increased, the program 
became meaningless; it was formally 
abandoned in April 1973 and replaced 
with a system of license fees. 

Now faced with rising oil import de
pendence, the United States was also con
strained in locating secure sources of foreign oil 
supplies. In 1969, Nigeria was in the midst of 
a civil war; Algeria had nationalized its coun
try's petroleum operations; a revolution in Libya 
had replaced a previously pro-Western govern
ment with Col. Qaddafi; the 1tans-Arabian 
pipeline in Syria was damaged; and Canadian 
oil policy shifted towards restricting exports to 
the United States to only those volumes 
"surplus" to domestic needs. As a result, U.S. 
reliance on OPEC oil increased from 1.3 MMB/D 
in 1970 to just under 3 MMB/D by 1973, with 
about a third of that volume coming from the 
Middle East. 

At about the same time, after negotiation of 
the 'Tehran and 1tipoli agreements of 1971 ,  
OPEC prices were increased and concessions to 
the multinationals were eliminated. The British 
had withdrawn as a military presence in the Per
sian Gulf. The price of Saudi Arabian light 
crude oil increased from $1 .80 per barrel in 
1970 to $2.48 per barrel by 1972. 

The Adoption of Oil Price 
Regulations Under the Economic 
Stabilization Act 

In an attempt to curb the inflationary prob
lems of 1970-71,  the Nixon administration on 
August 15, 197 1, imposed a wage and price 
freeze program that affected the entire nation. 
Phase I of the price control program was in
tended to remain in effect for only 90 days, until 
November 13, 197 1 .  Phase I affected all com
panies, with prices frozen at August 197l levels. 
The Cost of Living Council was given broad 
powers to administer the freeze program. Under 
the program, however, increased costs for im
ported products could, at least partially, be 
passed along to consumers. Consequently, under 
the program, domestic refiners were disadvan
taged relative to their foreign competitors. 
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The August freeze date imposed by Phase I 
controls caused particular price and supply prob
lems for No. 2 fuel oil. Summer inventory fill dis
counts and high stocks depressed an already 
low seasonal heating oil price. The drawdown 
of high distillate stocks helped to avert shortages 
during the winter of 197 1 ,  but low prices gave 
no incentive to increase No. 2 fuel oil produc
tion or replenish inventories. The cold, wet fall 
of 1972, along with low prices, triggered in
creased demand for No. 2 oil and propane for 
heating and crop drying. Spot shortages ap
peared in the fall and winter of 1972-73. 

Phase II of the price control program was 
implemented on November 15,  197 1 ,  and lasted 
until January 10, 1973. Under Phase II, prices 
were allowed to increase to cover "permissible" 
cost increases, but profit margins were strictly 
controlled. 

Large firms, however, were guided by 1erm 
Limit Pricing arrangements, which allowed 
prices on specific products to increase so long 
as the weighted average increase of their total 
product slate did not exceed historical profit 
margin levels. Oil companies were not allowed 
to include gasoline, No. 2 oil, or residual fuel oil 
in Term Limit Pricing arrangements-yet collec
tively, these products accounted for over 70 per
cent of refinery yields. 2 

As a consequence of rising demand and 
price controls on domestic oil ,  import 
dependence continued to grow, as far as the 
Mandatory Oil Import Program would allow, and 
spot shortages of products began to develop. 

On September 18, 1972, by presidential 
proclamation, additional imports were allowed 
into the East Coast as an advance to 1973 al
locations. On January 17,  1973, import quotas 
for the East Coast were increased further. 
Quotas for the rest of the country were also 
increased. 

On April 18, 1973, President Nixon issued 
a proclamation that suspended tariffs and 
quotas on imports of crude oil and refined prod
ucts and shifted to a system of import license 
fees. On May 1 ,  1973, all volumetric controls on 
imports of oil were removed. 

Phase III of the price control program began 
on January 1 1 ,  1973, and continued until June 
of that year. The goal of Phase III controls was 
to reduce the 1973 inflation rate to 2.5 percent 
by year end. The program was largely ad-

2It should be noted that No. 2 oil and gasoline prices 
had been included in calculating the Consumer Price Index. 
Consequently, by excluding these products from price ad
justments. the Consumer Price Index was artificially 
lowered. 
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ministered by the companies, and within a few 
months prices began to rise sharply. Congres
sional hearings were conducted early that 
spring to examine the reasons for the oil price 
increases. The results of the inquiry 
demonstrated that the price increases were 
largely cost justified. As indicated earlier, OPEC 
oil prices were on the rise during this period. 

Notwithstanding the evidence justifying the 
rise in oil prices, congressional pressure to 
control inflation and restrain heating oil prices, 
in particular, resulted in the Cost of Living 
Council's issuance, on March 6, 1973, of Special 
Rule No. l .  

Special Rule No. 1 placed mandatory price 
controls on the sale of crude oil and refined 
products by firms with annual sales greater 
than $250 million-the 24 largest oil com
panies. The rationale was that by limiting the 
price increases of the larger companies, price 
fluctuations could be controlled on an industry
wide basis. This was not the case. 

In fact, the regulations acted to disadvan
tage those larger, controlled companies, restrict
ing their ability to compete for crude supplies 
on the world market and subsequently their 
ability to supply many smaller refiners and pur
chasers. As a consequence, historical supply 
patterns were disrupted, and shortages ensued. 
Faced with rising import prices and the loss of 
historical suppliers, these refiners and pur
chasers began to demand allocation relief. 

At the same time, shortages of natural gas 
created increased demand for propane. Firms 
not regulated under Special Rule No. 1 bid up 
the price for propane, and some rural customers 
who were deprived of their historical sources 
were now forced to pay higher prices to secure 
supplies. 

By May of 1973, it was apparent that relax
ation of the import restrictions alone would not 
correct the growing supply problems, which 
were spreading and now threatened gasoline 
availability as the driving season approached. 
Congressional hearings were held in May of 
1973 with witnesses calling for allocation relief. 
On May 17,  Sen. Henry Jackson introduced the 
Emergency Fuels and Energy Allocation Act 
of 1973. 

The legislation called for establishment of 
a mandatory oil allocation program. The ad
ministration resisted calls for this type of federal 
intervention, but recognized that the problem 
was growing. An amendment to the Economic 
Stabilization Act of 1970, giving the President 
discretionary authority to allocate oil supplies 
to meet essential needs, was offered by Sen. 
Thomas Eagleton and passed by Congress that 
spring. 



In testimony before the Senate Banking 
Committee on May 10, the administration, in an 
attempt to diffuse congressional action for a 
mandatory allocation scheme, unveiled its pro
posal for the Voluntary Petroleum Allocation 
Program. 

The voluntary program soon ran into trou
ble. The Ohio Thrnpike Commission, for 
example, sued a major oil company for breach 
of contract relating to supply commitments for 
gasoline arrangements to service stations along 
the turnpike. An Ohio state court ruled in the 
commission's favor, noting that the company's 
participation in the voluntary program did not 
supersede prior contractual agreements.3 Fur
ther, since the program was "voluntary," not all 
companies elected to participate. Shortages 
continued to develop and constituents con
tinued to pressure Congress for mandatory 
allocation relief. 

On June 13, 1973, Special Rule No. 1 was 
amended (Phase III 1 /2), effectively freezing 
prices for all oil, imported and domestic alike. 
During the June 13-August 12 period, not even 
the increased cost of imports could be passed 
through. Import levels fell slightly. The reduc
tion may have contributed to the product short
ages experienced during the late summer and 
fall of 1973. 

Phase IV of the price regulations took effect 
in September of 1973 and covered all segments 
of the industry. It established a May 15,  1973, 
base date for crude oil and product prices. 
Subsequent increases in price had to be "cost
based." Phase IV also established a two-tier 
price mechanism for crude oil with three 
categories of domestic oil-old, new, and 
released.4 

Refiner product margins were also frozen at 
the May 15,  1973, levels under the Phase IV pro-

30hio Thrnpike Commission vs. Thxaco, 1 En. Mgmt. 
Rep. (CCH) Para. 9701 (Court of Common Pleas of Ohio, 
Cuyahoga County, June 13, 1973). Thxaco had restricted the 
gasoline available to its company-operated stations on the 
Ohio Thmpike, and instituted a limit on the sale of gasoline 
to 10 gallons per automobile. These stations were operated 
under a contract with the Ohio Thrnpike Commission that 
required Thxaco to service the needs of all customers on the 
turnpike. 

40ld oil was that produced from a property in produc
tion in 1972; new oil was from properties developed after 
1972 or production that exceeded 1972 base levels. Prices 
for old oil were set at May 15, 1973, levels plus 35 cents (i.e .. 
approximately $4.25 per barrel). New oil was allowed to be 
sold at $5.12 per barrel. the prevailing market price. The 
category of "released oil" was intended to provide incentives 
for incremental production as producers were allowed to 
release one barrel of old oil from price controls for every in
cremental new barrel produced from an old oil property 
(above 1972 base level output).  

gram, with further price increases pegged to 
"identifiable" cost increases. 

GOVERNMENT RESPONSES 
TO THE OIL EMBARGO AND 
SHORTAGES (1973-75) 

On October 6,  1973, the Arab/Israeli conflict 
resumed, with Egypt and Syria at war with 
Israel. On October 7, 1 1  Arab nations an
nounced their intention to cut exports to any 
country that aided Israel. On October 10, the 
United States began to resupply Israel with 
weapons and spare parts; one week later, the 
Arab producers announced retaliation. 

By the time the embargo became effective, 
President Nixon and most senior policy officials 
in the White House were already preoccupied 
with the Watergate affair. Consequently, many 
of the initiatives developed to deal with the em
bargo and its aftermath were mandated by the 
Congress in response to constituent pressure. 
In the spring of 1973, the administration had 
unsuccessfully attempted to diffuse congres
sional action on an allocation measure. The 
Voluntary Petroleum Allocation Program was 
specifically created to address the spot short
ages problem without the need for a massive 
congressionally mandated allocation effort. On 
October 2, the administration announced the 
establishment of a mandatory allocation pro
gram for propane. A similar program was 
announced for heating oil two weeks later. 
Ironically, the allocation regulations were 
perceived by the government as a means to 
solve some of the problems created by price 
controls. 

The Emergency Petroleum Allocation Act 
was already winding its way through Congress 
before the embargo decision was made. The 
House passed, by a vote of 337 to 72, its version 
of the legislation on October 17 .  the same day 
the embargo was announced. The resulting 
price and allocation regulations would continue, 
under the guise of consumer protection, to deter 
domestic exploration and production activity, 
increase demand and subsequent import 
reliance, and cause shortages and distortions in 
the marketplace that were disproportionate to 
the actual cutoff of Arab oil. 

The production curtailments resulting from 
the embargo reduced Arab oil supplies 
worldwide by approximately 5 MMB/D (from 
20.8 MMB/D to 15 .7  MMB/D) between mid
October and the end of the year. These reduc
tions were partially offset by increased output 
from other producers, including Indonesia, 
Canada, Venezuela, Nigeria, and Iran. The 
resulting net non-communist world oil shortfall 
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was consequently about 4 MMB/D, or 7 percent 
of pre-embargo consumption. 

Following the onset of the embargo and the 
enactment of mandatory allocation legislation, 
the principal objectives of both the Congress 
and the government were to "equitably" dis
tribute available supplies to consumers and to 
constrain price increases. 

On October 16, the day before the embargo 
was announced, the Arab OPEC members in
creased their crude oil price from $3.01 per bar
rel to $5. 12 per barrel. By the end of the year, 
the price had quadrupled to almost $12 per 
barrel. 

The principal means selected by the ad
ministration to constrain oil price increases 
were the Phase IV price controls. A final two
week price freeze was imposed between October 
15 and 31,  1973. However, just as the period was 
coming to an end, gasoline shortages began to 
appear. The shortages only served to underscore 
the perceived political need for allocation 
regulations, and, in retrospect, also contributed 
to the decision incorporated in the Emergency 
Petroleum Allocation Act to extend price con
trols for the oil industry long after the freeze was 
lifted for all other sectors of the economy. 

Exclusive of price and allocation controls, 
the government had few alternatives to cope 
with the ensuing shortages. A number of de
mand restraint measures, both voluntary and 
mandatory, were imposed between November 
1973 and January 1974 in an effort to induce 
conservation. These initiatives included lower 
thermostat settings, fuel switching (from oil to 
coal, where possible), reduced highway speed 
limits, odd/even days and minimum-fill gasoline 
purchase restrictions, and the voluntary ban on 
Sunday gasoline sales. 

Despite these efforts, however, total petro
leum product demand during the fourth quarter 
of 1973 was higher than that of 1972; gasoline 
demand for the quarter averaged almost 3 per
cent higher than the comparable 1972 period. 
Gasoline sales did not decline until shortages 
and long lines became evident early in 1974. 

On December 4,  1973, the Federal Energy 
Office (FEO) was established by executive order. 
A successor agency, the Federal Energy Ad
ministration (FEA) was created by legislation in 
May 197 4 with the mandate to develop national 
energy policy objectives and "promote stabili
ty in energy prices to consumers."5 Both FEO 

5Federal Energy Administration Act of 1974, P.L. 
93-275, May 1974. 
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and FEA were given responsibility for im
plementing the price and allocation regulations. 

On January 15, 197 4, the initial set of crude 
oil regulations was published in the Federal 
Register. Over the course of the next several 
years, the regulations would be amended and 
expanded several hundred times through a 
combination of legislative amendments, 
regulatory proceedings, and/or the issuance of 
"interpretive" guidelines. 

A selected number of the major regulatory 
programs established over the next seven years 
are briefly outlined below. The impacts that 
these programs had on U.S. import dependence 
and vulnerability to the Iranian disruption ex
perienced five years after the embargo are 
outlined later in this chapter. 

Crude Oil Allocation: 
The Buy-Sell Program 

In the interest of "sharing" available crude 
oil supplies to more evenly distribute the effects 
of the embargo shortfall, the government 
established a buy-sell allocation program for 
crude oil. Under the program, refiners with ex
cess supplies were required to sell oil to refiners 
who needed additional supplies. 

Initially, the program was set up to ensure 
that all refineries would be able to operate at 
some national average percentage of total 
capacity. The unreliability of capacity data 
eventually led regulators to use historical base 
period data on actual crude oil runs as a means 
for determining allocations. Under both 
schemes, however, since sales of additional bar
rels were transacted at mandated "average 
prices," sellers were unable to recoup the full 
cost of the last barrel that they previously had 
acquired. Consequently, refiners and importers 
that were successful in securing additional oil 
on the world market were now likely to have that 
oil allocated away, possibly at prices below what 
they paid to secure it. Conversely, refiners that 
had elected not to contract for long-term crude 
oil supplies and who were either unwilling or 
unable to locate needed feedstocks were now 
"awarded" allotments through the allocation 
system. 

Th the extent that crude oil transfer sales 
went from larger, more efficient refiners to 
smaller, less efficient processing plants, fewer 
refined products were ultimately made available 
to consumers. Thus, by discouraging additional 
imports and allocating the remaining scarce 
supplies to less efficient refiners, the regulations 
worked to aggravate rather than mitigate the ef
fects of the embargo shortfall. 



The Entitlements Program 

As indicated earlier, federal price controls 
on domestic crude oil were first imposed in 
197 1.  In August 1973, the Cost of Living Coun
cil promulgated Phase IV price regulations 
establishing a tiered price system for domestic 
production: "old" oil was price controlled and 
"new" oil was free of price controls. (Later, new 
oil was once again placed under price controls.) 
This two-tiered pricing system was designed to 
provide adequate price incentives to stimulate 
new crude oil exploration and production while 
concurrently holding average domestic crude oil 
prices below world levels in order to insulate 
consumers from the effects of higher prices. 

By the end of the 1973-7 4 embargo, the 
combination of domestic price controls and the 
fourfold increase in world oil prices had created 
a significant disparity between the price of 
domestic "old" oil and imported crude oil in the 
United States. This differential in crude oil costs 
accordingly resulted in a wide range of prices 
paid by consumers for refined petroleum 
products. 

Once the government had decided to ad
dress the embargo shortfall through the use of 
price and allocation controls, rather than by 
reliance on the marketplace, a means for 
"equalizing" the multi-tiered crude oil costs of 
refiners had to be developed for both equity and 
political reasons. The mechanism selected was 
the Old Oil Allocation or Entitlements Program. 
The purpose of the entitlements program was 
to equalize U.S. refiners' crude oil acquisition 
costs, by distributing the benefits of access to 
lower priced domestic crude oil proportionate
ly to all domestic refiners, through a syste:rp. of 
monetary rather than physical transfers. 

As a procedural matter, the FEA calculated 
and published, on a monthly basis, a national 
average ratio of old oil supplies to total crude oil 
runs. Refiners were then issued entitlements 
equal to the product of this ratio and their ad
justed crude oil receipts. Each entitlement gave 
a refiner the right to receive into inventory and 
refine one barrel of domestic old oil. Cost 
equalization was achieved by requiring various 
refiners to purchase or sell entitlements, based 
on whether their access to controlled domestic 
oil supplies was higher or lower than the na
tional average. 

Refiners with greater than average access 
to price controlled domestic oil were required to 
purchase entitlements. Refiners who used a 
disproportionate amount of foreign or un
controlled domestic crude oil were required to 
sell entitlements. The FEA initially set the value 
of an entitlement as the difference between the 

average cost of imported oil and the average cost 
of price controlled domestic oil, minus 21 cents. 
The 2 1  cents, equal to the fee imposed on im
ported crude oil, represented an incentive to en
courage the refining of domestic oil and to 
discourage the importation of higher priced 
foreign oil. 

Because the entitlements program was 
"funded" through intra-industry transfers, 
rather than by government appropriations, the 
scope of the program was often readily ex
panded to address a variety of new problems. 
For example, because the entitlements program 
subsidized crude oil imports but not product im
ports, Caribbean refiners who supplied the U.S. 
East Coast with residual fuel oil produced from 
uncontrolled foreign crude oil were unable to 
compete with domestic refiners. Consumers on 
the U.S. East Coast were, therefore, adversely af
fected. As a result, the entitlements regulations 
were modified to correct this problem. Later in 
the program, entitlements awards or exceptions 
were made to encourage the production of 
heavy California crude and tertiary oil produc
tion. The program was also used to subsidize 
selected synthetic fuel projects. 

The Small-Refiner Bias 

The entitlements program also included a 
provision known as the "small-refiner bias." The 
small-refiner bias was, in theory, compensation 
awarded to small refiners to offset their lack of 
economies of scale and relatively higher 
operating and capital costs. Modeled after the 
sliding scale that had been incorporated in the 
Mandatory Oil Import Program ( 1959-73), this 
portion of the entitlements program partially ex
empted small refiners (those with 175 MB/D 
capacity or less) from entitlements purchase 
requirements or awarded them additional en
titlements to sell. The amount of additional 
entitlements was scaled in an inverse relation 
to refinery runs so that the greatest benefits 
were derived by refiners running 10 MB/D 
or less. 

In the first two years after the small-refiner 
bias program was implemented, 24 new 
refineries of less than 30 MB/D capacity were 
built or reopened in the United States. During 
the seven years of U.S. price and allocation con
trols, more than 60 refineries of less than 30 
MB/D capacity were built, over two-thirds of 
which were under 10 MB/D. The bulk of these 
refineries were built only to take advantage of 
the subsidies available to the operator rather 
than to contribute to supplies of refined product. 

The small-refiner bias was not the only 
regulatory program to produce unintended 
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results. As a number of the selected programs 
evolved over time and in the context of chang
ing supply conditions, new initiatives were 
added in response to special interests or to 
achieve other specific, short-term objectives, 
many of which were beyond the scope of the 
original program intent. The tertiary incentive 
program, the distillate and resid entitlements 
programs, and the Califomia heavy oil program, 
all of which were perceived to have had positive 
effects on either crude oil or heating oil supplies, 
are examples of this evolution. 

Summary of Government Responses 

Because of the degree of detail associated 
with many of the regulatory programs and the 
level of intrusion and interference that they 
created in the marketplace, modifications and 
expansions of the various regulations often 
resulted in new sets of winners and losers. 

Despite the intent of protecting consumers 
and equitably distributing scarce supplies, the 
price and allocation controls discouraged 
needed investment in exploration, production, 
and refining ventures; encouraged rather than 
discouraged demand, by artificially restraining 
prices; subsidized the importation of and in
creased reliance on foreign oil; and encouraged 
imprudent and inefficient distribution and 
market behavior. The average price of old oil in 
1974, before royalties and state taxes, was $6.87 

per barrel, while imported oil averaged $12 per 
barrel. 

Additionally, the suspicion and alienation 
shared in tum by both government and in
dustry officials undermined the effective part
nership approach to addressing supply and 
distribution problems that had proved to be so 
effective during the World War II and Korean 
War efforts. At its height, this political "conflict 
of interests" concern precluded the govern
ment's hiring of employees with any recent prior 
oil industry experience or affiliation. 

A number of the Arab OPEC members lifted 
the embargo against the United States in March 
197 4, but Libya, Syria, and Iraq continued their 
curtailment policies until summer. However, the 
widespread belief that the U.S. oil industry had 
caused or at least contributed to the crisis 
prompted the Congress to extend both the price 
and allocation controls well beyond the "crisis 
period." 

CONTINUED U.S. OIL IMPORT 
DEPENDENCE PRIOR TO THE 
IRANIAN CRISIS (197 5-78) 

Because of the lag time in developing and 
implementing regulations and programs to ad-
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dress the embargo crisis, the bureaucracy at 
both the federal and state levels was expanding 
just as supplies were coming back into balance. 
By the fall of 197 4, FEA had been authorized 
to administer both the allocation and price 
regulations formerly administered by the Cost 
of Living Council. The industrialized nations of 
the world had formed a pact for sharing infor
mation and supplies through the International 
Energy Agency (lEA). The entitlements pro
gram was established to address the equity 
issues resulting from the disparity between un
controlled world oil prices and those capped 
under domestic price controls. By now, the Cost 
of Living Council's wage and price controls had 
expired, except for those imposed on the oil 
industry. 

The disruption caused by the embargo had 
ended and the administration favored the ter
mination of the troublesome controls. In his 
January 1975 State of the Union Address, Presi
dent Gerald Ford called for more favorable 
changes to the tax code for oil and gas producers 
and the elimination of controls in order to make 
the nation "invulnerable to future cutoffs of 
foreign oil . . . ."6 

The Congress, however, bolstered by public 
opinion polls showing a general distrust of the 
oil industry, instead proposed and adopted 
several punitive pieces of legislation. The deple
tion allowance was eliminated for major oil com
panies and a number of divestiture bills were 
introduced in both houses of Congress. 

The Emergency Petroleum Allocation Act, 
which was scheduled to expire on February 28, 
1975, was extended through August. In July, 
President Ford unveiled a plan to phase out con
trols on oil over a 30-month period. He also pro
posed the adoption of a "windfall profits" tax to 
ensure that domestic producers would not 
derive the full benefits of higher prices that 
resulted from the embargo conditions and 
subsequent price adjustments by the OPEC 
members. 

However, by year end, the passage of the 
Energy Policy and Conservation Act (EPCA) 
eliminated any chances for rapid decontrol. The 
legislation granted the President standby au
thority to impose rationing, to reduce demand 
through conservation initiatives (including the 
establishment of auto fuel efficiency standards}, 
and to fulfill U.S. obligations under the lEA 
agreement. The measure also established the 
creation of the Strategic Petroleum Reserve 

6"Address before a Joint Session of Congress Report
ing on the State of the Union, January 15, 1 975." Public 
Papers of the Presidents: Gerald Ford, 1975. Washington, 
DC: GPO, 1977, p. 42. 



(SPR). The bill's oil pricing prov1s1ons re
established price controls on new, released, and 
stripper well oil, categorized as "upper tier" oil, 
rolled back the price for domestic old "lower 
tier" oil, and extended the controls for another 
40 months. 

The statutory extension of price and alloca
tion controls beyond the actual crisis period 
perpetuated existing supply and distribution 
problems. Further, by keeping prices artificial
ly low, domestic exploration and production 
activity was impeded while consumption was 
encouraged. 

At the same time, environmental regula
tions, such as the Mine Safety and Clean Air pro
grams, skewed boiler demand to low sulfur 
residual fuel oil imports and natural gas rather 
than coal. Lower controlled gasoline prices 
prompted a resurgence of consumer demand for 
bigger cars. Environmental restrictions, off
shoots of the 1969 Santa Barbara spill, resulted 
in delays in offshore exploration and production. 

Between 1973 and 1977, domestic crude oil 
production declined from 9.2 MMB/D to 8.2 
MMB/D (see Figure 28).  Domestic gas produc
tion also declined by 12 percent. However, 
following the 1973-75 recession, consumption 
continued to grow and imports increasingly 
filled the gap. Between the time of the oil em
bargo and the election of President Carter, U.S. 
dependence on foreign oil had grown from 35 
percent to 46 percent of consumption. 

While campaigning for the presidency, 
Jimmy Carter had promised natural gas decon
trol and replacement cost pricing for oil. 

However, following the natural gas curtailments 
of the winter of 1976-77,  upon assuming the 
presidency in January 1977 he was confronted 
with the political reality that neither goal would 
be immediately achievable (see section entitled 
"Significant Factors Affecting the Development 
and Use of Natural Gas") .  

O n  April 20, 1977, in a nationally televised 
address before the House and Senate, President 
Carter unveiled the National Energy Plan. The 
goals of the plan were to reduce the annual 
growth rate in energy demand to below 2 percent 
and to cut oil imports to below 6 MMB/D. The 
objectives were to be met through a series of ini
tiatives that included conservation, fuel switch
ing, synfuels development, a new natural gas 
pricing regime, and the adoption of the Crude Oil 
Equalization Thx . Under the proposal, new oil 
would gradually rise to market levels and produc
tion from enhanced oil recovery (EOR) projects 
and stripper wells would be free of controls. Old 
oil would remain under price controls with in
creases pegged to inflation adjustments. 

The House of Representatives, with the aid 
of some extraordinary procedural maneuvers 
that substantially altered traditional committee 
jurisdiction, passed the National Energy Act in
tact in less than six months. In the Senate, the 
plan stalled due to opposition over the Crude 
Oil Equalization Thx, the centerpiece of the oil 
price plan. 

In October of 1977,  a new cabinet level 
agency, the Department of Energy, was created 
and James Schlesinger was confirmed as the 
first Secretary of Energy. 
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In July 1978, while attending the Bonn 
Economic Summit, President Carter pledged 
that by the end of 1980, U.S. oil prices would be 
at world market levels. Later that summer, the 
administration began developing plans to de
control domestic crude oil prices. The extension 
of price controls under EPCA was scheduled to 
expire the following June. 

At the end of October 1978, Congress 
passed its "revised version" of the National 
Energy Plan, including as separate pieces of 
legislation the Natural Gas Policy Act and the 
Powerplant and Industrial Fuel Use Act. The 
Crude Oil Equalization Thx provisions were 
stripped from the package as were those provi
sions deregulating oil prices. 

Within two weeks of the passage of the 
National Energy Act, the Iranian revolution and 
the mass exodus of that country's oil field 
operators resulted in a precipitous decline in 
Iran's oil output and exports. Between 
September 1978 and January 1979, Iranian 
production dropped from 5.6 MMB/D to almost 
nothing. 

GOVERNMENT RESPONSES 
TO THE IRANIAN SHORTFALL 

Prior to the curtailment of Iran's oil produc
tion, world oil prices had remained stable since 
the 1973-74 embargo. Between 1974 and 
September 1978, crude oil prices had risen less 
than the average rate of inflation in the in
dustrialized countries. In September 1978, the 
price for Saudi light was $12.70 per barrel (U.S. 
landed cost of $14.03 per barrel), only about a 
dollar above OPEC's posted price in January 
1974. Composite U.S. oil prices in the fall of 
1978 were $4 per barrel below the Saudi price 
due to controls; U.S. stripper oil, now free of 
domestic price controls, was sold for $14.03 per 
barrel. Old oil averaged only $9 per barrel in 
1978. U.S. import dependence in the fall of 
1978, prior to the Iranian revolution, was about 
8.5 MMB/D, or 45 percent of consumption. 

Disruptions in the flow of Iranian oil began 
with strikes in the Abadan refinery and neigh
boring oil fields on October 20, 1978. As the 
strikes became more widespread, production 
continued to decline until December 26, 1978, 
when all oil exports were terminated. Oil pro
duction during January and February 1979 was 
not even sufficient to meet Iran's internal needs. 

Prior to the cutbacks, the United States was 
the second largest importer (after Japan) of 
Iranian oil. For the first nine months of 1978, 
import levels approximated 7 50 MB/D, repre
senting about 9 percent of total oil imports and 
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4 percent of total U.S. petroleum demand. At the 
time of the disruption, Iran was the world's 
fourth largest oil producer and the second 
largest exporter of crude oil. 

Iran resumed exports of crude oil at about 
2 MMB/D in March of 1979. By June, Iran's oil 
output was back to 7 5-80 percent of the pre
disruption levels and exports approached 3.5 
MMB/D. 

As indicated earlier, the loss of Iranian oil 
during the November 1978-June 1979 period 
was partially offset by increased production 
elsewhere in the world. Although the resulting 
loss of world oil supplies during the revolution 
was between 2 and 2.5 MMB/D, the U.S. share 
of the total supply shortfall approximated 200 
to 400 MB/D at any given time. 7 

Ordinarily, a shortfall of this magnitude 
should have produced only minor disruptive ef
fects, and certainly not a tripling of oil prices. 
In retrospect, however, the convergence of a 
variety of factors, including price and allocation 
controls, low pre-crisis inventory levels 
worldwide, the prevailing uncertainty regarding 
the duration and magnitude of the crisis, the 
curtailment of third party sales, and consumer 
behavior and panic buying (evidenced by tank 
topping, supply hoarding, and bidding up prices 
for spot cargos of oil), produced an array of 
consequences totally out of line with the size of 
the disruption. 

Panic buying was not limited to U.S. con
sumers. In short order, major industrialized 
nations (e.g., Japan) that had been particularly 
dependent on Iranian oil supplies became ac
tive in the spot market, bidding up prices for 
crude oil and product cargos. 

In December 1978, OPEC announced an of
ficial price increase of 60 cents per barrel. 
However, between October and the end of the 
year, Rotterdam spot market prices had already 
doubled from $10.50 per barrel to almost $22.50 
per barrel. 

In the United States, petroleum consump
tion was peaking at 18.9 MMB/D, yet total 
primary stocks of crude oil and refined products 
were 7 percent below 1977 levels. Crude oil in
ventories were less than 310 million barrels, 
close to the projected minimum operating level 
for primary stocks. Gasoline consumption for 
the year was at a record pace and, by the end 
of the summer driving season, motor gasoline 
stocks had been depleted to their lowest levels 
since the embargo. 

7U.S. General Accounting Office, Report to the Congress 
by the U.S. Comptroller General on the Iranian Oil Cutoff. 
Doc. #EMD 79-97, GAO. September 13,  1979. 



As refineries pressed to maintain higher 
gasoline output levels as late as December, 
distillate stocks were necessarily drawn down 
to keep up with the seasonal incremental de
mand for home heating oil. 

At the outset of the crisis, the Carter ad
ministration attempted to minimize the short
fall by encouraging a variety of conservation 
measures. The Department of Energy estimated 
that the combination of compliance with the 55 
mile per hour speed limit, reduced discretionary 
driving, and lower thermostat settings could 
save up to 500 or 600 MB/D, thus making the 
shortage manageable. Fuel switching from oil 
to gas and electric power wheeling initiatives 
were recommended as means to save additional 
fuel, theoretically more than offsetting the loss 
of Iranian supplies. 

Additionally, the administration proposed 
the adoption of several mandatory conservation 
measures, including a plan for reduced heating 
in commercial buildings and a ban on unneces
sary outdoor lighting, including Christmas 
lights. A standby gasoline rationing program 
was also proposed. Of these measures, only the 
mandatory commercial thermost.at setting pro
posal was adopted by Congress, as part of the 
Emergency Energy Conservation Act of 1979. 
Conservation programs were also developed by 
various state and local jurisdictions. 

Finally, as required by EPCA and in 
response to prevailing congressional concerns 
relative to the inflationary effects of subsequent 
oil price increases, controls on crude oil and 
gasoline remained in place for the duration of 
the crisis. Earlier attempts at decontrolling 
motor gasoline had been rejected by Congress. 
Continued controls severely limited the govern
ment's ability to address the supply imbalances 
by using measures directed predominantly at 
the demand side of the equation. 

In an abbreviated effort to restrain runaway 
world oil prices, the government also urged 
domestic refiners and importers not to bid up 
the prices for spot cargos of crude oil. The ra
tionale for this action was twofold-to alleviate 
some price pressure on spot market sales by! 
removing potential bidders from the process, 
and to allow other consuming nations the short
term benefits of the availability of incremental 
supplies in order to get their internal supply/ 
demand balances somewhat under control. 

The effort was short-lived, however. The 
spot market continued to be active, with 
Japanese and European traders continuing to 
bid up the price for oil. Some U.S. companies 
that felt obliged to secure foreign supplies to 
meet their customer demands also continued 
to be active in spot purchases. By May 1979, in 

the face of looming product shortages, the ad
ministration reversed its earlier policy decision 
and encouraged U.S. refiners to re-enter the spot 
market. 

During the spring of 1979, the administra
tion, in anticipation of the possibility of a pro
tracted shortage, also urged refiners to use their 
inventories sparingly and to rebuild stocks 
whenever possible. The cumulative effects of 
these decisions and the various "quirks" of the 
allocation regulations were predominantly 
responsible for the gasoline shortages that 
developed over the next four months. 

Data published by government sources after 
the Iranian crisis ended indicated that total oil 
supplies available through the first seven 
months of 1979 averaged only about 1 percent 
less than the volume of total products supplied 
during the same period of the previous year. 
However, as a consequence of the low pre-crisis 
stock levels and the consequent efforts of 
refiners and other consumers to rebuild oil in
ventories throughout the crisis period, supplies 
available to consumers were noticeably reduced. 
Ironically, the most obvious manifestations of 
the Iranian shortfall in the United States, i.e. , 
gasoline shortages and oil price increases, 
occurred after the actual supply shortfall 
had ended. 

Gasoline lines first appeared in California 
in May of 1979. For the next three months, the 
phenomenon was repeatedly observed in 
various locations throughout the nation, 
primarily in metropolitan areas. Surpluses con
tinued to exist in rural, resort, and farm areas. 
The hidden culprits behind the gas lines, at 
least in part, were the allocation regulations
the use of outdated historical base periods as 
a means for distributing supplies, the identifica
tion and expansion of priority users, state 
set-aside programs-and "tank topping" by 
panicked consumers. 

How Selected Allocation 
Regulations Contributed to 
Shortages and Gas Lines 

It should be noted at the outset that the only 
major product shortages evidenced by the 
Iranian cutoff involved supplies of motor 
gasoline. Products that were uncontrolled were 
generally in adequate supply throughout the 
crisis period. 

Crude Oil Allocation: 
y-. e 1 Program 

The allocation of crude oil among refiners 
contributed to the gasoline shortages in two 
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principal ways. First, to the extent that oil was 
transferred from larger refiners with high 
gasoline productive capacity to smaller refiners 
with little gasoline-making capability, the result 
of the transfer was a net loss in terms of gasoline 
supplies. Further, the removal of incremental 
barrels from the distribution system of major 
gasoline refiners and marketers put additional 
pressure on the ability of the system to service 
regions in short supply. 

The Use of Historical Base Periods 

The adoption of an allocation mechanism 
to e quitably distribute scarce supplies 
necessarily requires the use of some base period 
for computing allocation fractions for future 
months. The more current the base period, the 
more likely that it will reflect, on a pro-rata 
basis, recent changes in consumption patterns. 
However, recognizing that crisis consumption 
patterns will, by definition, not coincide with 
"normal" base period data, the formulation of 
allocation fractions will necessarily be inexact. 

As in 197 4, the government's program for 
allocating scarce supplies of motor gasoline in 
response to the Iranian shortfall centered 
around the use of a historical base period. 
Consequently, when gasoline supplies became 
tight during the early spring of 1979, the initial 
allocation volumes used were based on the 
volumes of gasoline purchased during the cor
responding months of 1972, with some limited 
adjustments. 

The use of this "outdated" base period 
caused predictable results. In some cases, sup
pliers were assigned to customers that they had 
not served since 1972. Further, the sales volume 
data often failed to reflect the growth adjust
ments that particular regions, states, and 
metropolitan areas had experienced since the 
embargo. 

Th redress this oversight, the Department of 
Energy updated the gasoline allocation base 
period from calendar year 1972 to a more cur
rent, pre-Iranian revolution base and added 
special provisions to allow for "unusual growth." 
Despite these attempts at updating, however, 
the program was never able to adjust to the 
problem of rapidly changing markets and 
consumption patterns. 

Because of consumer fears of being unable 
to buy gasoline on any given day at any given 
location, many motorists altered summer vaca
tion plans or remained at home. As a conse
quence, remote resort and low growth areas 
were often awash with gasoline while residen
tial and high growth areas were faced with 
shortages. 
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State Set-Aside Allotments 

In response to the Iranian shortfall, state 
governments, concerned with their ability to 
ensure that state police, hospitals, fire depart
ments, and municipal, county, and state officials 
had enough fuel supplies, lobbied for and re
ceived special state set-aside volumes. Under 
the set-aside program, suppliers were required 
to withhold between 3 and 5 percent of their 
total supplies from their normal distribution 
channels in order to make those volumes 
available to "special need" consumers identified 
by the state. 

The withholding served to further reduce 
the amount of available, allocatable supplies 
that otherwise could have been used to mitigate 
the effects of the shortfall on the general public. 
Further, to the extent that the set-aside volumes 
were not used by the state during any particular 
month, the supplies were then to be hurriedly 
redistributed into normal channels. 

The Identification of Priority Users 

In addition to the base period allocations 
and state set-aside requirements, suppliers were 
also required, in special cases, to supply 
selected "priority users" (e.g., farmers, hospitals, 
police, and fire fighters) with 100 percent of cur
rent needs. 

As expected, the priority user classification 
became a favorite target for abuse. For example, 
Special Rule No. 9 allowed farmers to receive all 
the diesel fuel they needed in order to complete 
their spring planting. In response to this 
"preferential" treatment, the truckers went on 
strike, refusing to carry farm goods to market 
and closing down major portions of the inter
state highway system to highlight their pre
dicament. Shortly thereafter, Special Rule No. 
9 was amended to include truckers among the 
class of priority users entitled to 100 percent of 
their diesel fuel needs. 

The combination of special exemptions and 
the set-aside programs reduced the level of 
available allocation volumes to the general 
public, exaggerating the general shortage situa
tion and fueling the tank-topping response of 
the average consumer. 

The Impact of Thnk!J'opping 

Prior to the advent of consumer panic, the 
average U.S. motorist drove with his gas tank 
between one-third and one-half full. With the 
coming of long lines and odd/even day ration
ing, consumption patterns began to be dras
tically altered so that "tank-topping" became 
the rule rather than the exception. 



In 1978, there were some 150 million motor 
vehicles registered in the United States. If only 
half of the owners of those cars and trucks 
adopted the tank-topping practice, assuming a 
14 gallon tank capacity. there would have been 
an additional 13 to 18 million barrels of fuel sit
ting in storage in personal vehicles at any given 
time and consequently unavailable for more 
general distribution. 

Crude Oil Decontrol 

Under provisions of EPCA, the non
discretionary authority for continuing price 
controls on domestic oil was scheduled to expire 
in May of 1979. Prior to that time the admini
stration had to choose whether to extend con
trols for an additional 30 months or seek 
deregulation on either an immediate or a more 
gradual phase-out basis. 

Early on, in response to the shortfall, 
Secretary of Energy Schlesinger and some 
members of the Carter administration recog
nized that price and allocation controls were not 
only ineffective in correcting the Iranian supply 
problem but, in fact, were worsening the crisis. 
They believed that the time had come for U.S. 
consumers to recognize the true costs of energy. 
Attempts at convincing the public and the Con
gress that this was the case, however, caused 
substantial political damage. 

During the previous summer, before the 
Iranian revolution took place, the Department 
of Energy was developing options for a phased 
deregulation plan. With the advent of the 
Iranian crisis, however, prospects for decontrol 
were not favorable. 

On April 5, 1979, President Carter an
nounced his program of phased decontrol and 
the creation of an Energy 1tust Fund. Under the 
deregulation plan, beginning on June 1 ,  con
trols would gradually be lifted over a 30-month 
period. The phased deregulation schedule was 
selected in the interests of minimizing the cost 
to consumers and the inflationary effects of im
mediate decontrol. 

Th prevent domestic oil companies from 
reaping "excessive, windfall profits" as a result 
of price deregulation, a special tax was proposed 
to capture 50 to 70 percent of the expected in
crease in revenues. The tax would then be used 
to subsidize the development of alternative 
energy sources, mass transit projects, and low 
income energy assistance credits. 

The decontrol formula itself was relatively 
simple. As an incentive to encourage new ex
ploration and production activity, newly 
discovered oil was to be decontrolled on June 1 .  

Lower tier or old oil would be released to upper 
tier levels at the rate of 1 .5  percent per month. 
Upper tier oil would be allowed to gradually rise 
to world price levels, also in monthly incre
ments. Th stimulate investments in EOR pro
jects, the proposal allowed producers to release 
certain lower tier oil to help pay for the EOR 
effort. All controls were to be eliminated on 
October 1, 198 1 .  

Between 1979 and 1985, the combination 
of higher oil prices and the targeted investments 
in new drilling and EOR projects resulted in 
record level rotary drilling rig activity ( 1981} and 
an increase in total domestic crude oil produc
tion from 8.6 MMB/D to 9.0 MMB/D. During the 
period, incremental production in the lower 48 
states was more than sufficient to offset the 
historical decline normally associated with 
reservoir depletion and, in fact, may have 
contributed as much as an additional 1 .5 to 
2.0 MMB/D of daily U.S. oil production (see 
Figure 28}. 

In the spring of 1980, Congress enacted the 
Windfall Profit Thx , a measure that both con
gressional and industry officials privately con
ceded as the political "quid pro quo" for having 
achieved decontrol.8 The tax effectively capped 
producer returns on investment, but more im
portantly set a precedent for Congress to tax 
revenues rather than income. 

The Congress also adopted, as part of a 
more delayed energy response plan, the Energy 
Security Act, which established a fast track, 
government-sponsored synfuels development 
effort. 

Later that year ( 1980}, the Department of 
Energy released a response plan for reducing 
U.S. vulnerability to supply cutoffs in the 
future.9 The report called for the adoption of a 
variety of supply and conservation initiatives, 
including: the return to a system of free-market 
pricing for both oil and gas, the expansion of 
purchases for the SPR. government assistance 
in developing alternative fuels, a revamping of 
the leasing system to allow better access to 
resources located on federal lands, improved 
energy-efficiency programs, and the diversifica
tion of oil import sources. It is significant to note 
that even in the face of the potentially volatile 
supply situation associated with the Iran/Iraq 
conflict, the administration refused to backtrack 
on its commitment to decontrol. 

8U.S. Congress, Conference Report: Crude Oil Wind
fall Profits Thx Act of 1 980. House Report 96-817 (96th 
Cong., 2nd Sess.),  March 7, 1980, pp. 92-1 15 .  

9U.S. Department of  Energy, Office of  Policy and 
Evaluation, Reducing U.S. Oil Vulnerability, Energy Fblicy 
for the 1 980s. An analytical report to the Secretary of 
Energy, November 10, 1980. 
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On January 28, 198 1 ,  a newly inaugurated 
President Ronald Reagan, fulfilling a campaign 
pledge, by executive order terminated the re
maining controls on domestic oil, accelerating 
the phased decontrol schedule established by 
President Carter almost two years earlier. 

The Post-Decontrol 
Environment (198 1-85) 

In direct response to the substantial in
creases in world oil prices following the Iranian 
crisis and the elimination of domestic oil price 
controls, U.S. drilling activity reached record 
levels in 1981 .  As a function of this increased 
activity, domestic crude oil production rose by 
400 MB/D between 1979 and 1985, from 8.6 
MMB/D to 9.0 MMB/D. The majority of this net 
increase resulted from the combination of in
creased production in Alaska; the maintenance 
of production in the lower 48 states over and 
above the normal reservoir decline rates; and in
cremental new supplies from enhanced 
recovery and new production efforts. 

Domestic consumption of oil and gas
similarly responding to price changes, in
creased efficiency, and conservation-declined 
over the same period by 15 percent. Net oil im
ports declined over the same period from 8.0 
MMB/D to 4.2 MMB/D, a decrease of over 4 7 per
cent from 1979 levels. 

Consistent with the reduced demand for oil 
products, increased competition, and the loss of 
special programs such as the small-refiner bias, 
the post-decontrol environment produced a 
substantial shutdown of domestic refining 
(distillation) capacity. Between January 1, 1981,  
and January 1 ,  1986, the U.S. refining industry 
experienced a net loss of 3 .2 MMB/D of 
operating and distribution capacity, including 
the shutdown of 120 refineries. 

In an apparent attempt to reduce U.S. 
vulnerability to another protracted oil supply 
disruption, domestic refiners and importers 
dramatically shifted their import sources. At the 
same time, the SPR was being more than 
quadrupled in size, from 91 million barrels in 
1979 to 493 million barrels at the end of 1985. 

In 1979, total crude oil and product imports 
from OPEC nations accounted for some 5.6 
MMB/D, about 70 percent of total import 
volumes. Imports from Middle East OPEC 
represented 2 . 1  MMB/D of that total. By way of 
contrast, imports from Western Hemisphere 
nations (Mexico, Canada, and OPEC member 
Venezuela) accounted for 1 .  7 MMB/D, or less 
than 20 percent of the total. 
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By year-end 1985,  imports from the 
Western sources made up some 44 percent (2.2 
MMB/D) of U.S. oil imports. Imports from Saudi 
Arabia had declined by over 1 MMB/D during 
this period, and imports of total OPEC and Mid
dle East OPEC oil registered only 1 .8  MMB/D 
and 300 MB/D, respectively. 

SIGNIFICANT FACTORS AFFECT
ING THE DEVELOPMENT AND 
USE OF NATURAL GAS 

Growth of Natural Gas as 
an Energy Source 

A brief background of the development of 
natural gas as a major source of energy in the 
United States is helpful to understand govern
ment actions that have occurred since the 
1940s. Until the late 1940s, gas found in com
bination with oil reserves was often either flared 
or burned on site to generate energy to support 
oil production. 

Prior to the 1 930s, commercial develop
ment of gas usage was limited by the proximity 
of the user to the production site. Regional, 
small diameter pipelines often connected the 
early gas finds to municipal utilities in nearby 
towns. As the technology for piping gas long 
distance improved, these delivery systems were 
expanded as gas proved to be clean, safe, and 
inexpensive. 

During World War II, demand for natural 
gas increased, as did the transmission systems 
necessary to deliver the fuel to market. By 1945, 
the total domestic gas pipeline system
including gathering, transmission, and local 
distribution lines-reached over 200,000 miles 
in length. Because of various regulatory restric
tions and the fundamental differences between 
the businesses of producing and transporting 
gas for sale, integration became the exception 
rather than the rule in the gas industry, and 
three distinct segments evolved-gas produc
tion, transmission, and distribution. 

In 1940, total gas consumption was 3 
trillion cubic feet (TCF), representing 10 percent 
of all energy consumed. By 1950, gas con
sumption had doubled-to 6 TCF-and repre
sented 18 percent of U.S. energy consumption. 
By 1960, gas consumption had more than dou
bled again-to 12 TCF-and gas had captured 
28 percent of the energy market. In 1972, coin
cident with tight supplies of fuel oil and pro
pane, gas use peaked at 22 TCF, which 
amounted to 32 percent of domestic energy 
consumption. 



Early Regulation of Gas 
Transportation, Sales, 
and Wellhead Prices 

The Natural Gas Act of 1938 
In 1934 and 1935, a 96-volume report was 

released by the Federal 'frade Commission con
tending that a small number of companies 
dominated the transportation of natural gas. As 
a result of this report and other perceived 
natural gas problems, Congress adopted the 
Natural Gas Act (NGA) of 1938. 

The NGA gave the Federal Power Commis
sion (FPC), now the Federal Energy Regulatory 
Commission (FERC), the authority to regulate 
the interstate transportation and sales for resale 
of natural gas. The Act specifically excluded 
from the FPC's jurisdiction "the production or 
gathering of natural gas" and its "local distribu
tion." Accordingly, the Act was initially inter
preted by the FPC and the courts as precluding 
FPC jurisdiction over wellhead prices. 

The Phillips Decision 

In a test of the question of jurisdiction over 
producers, the FPC ruled in 1951 that Phillips 
Petroleum, a natural gas producer not involved 
in the interstate transportation of gas, was not 
a natural gas company as defined by the NGA. 
Therefore, the FPC ruled that it had no jurisdic
tion over Phillips or any other independent pro
ducer or gathering company.10 

The FPC's decision in the Phillips case was 
appealed to the Supreme Court in the case of 
Phillips Petroleum Company vs. Wisconsin. 
The court held that the NGA required regula
tion of the price of natural gas at the wellhead, 
but did not provide the FPC any guidance as to 
how it should regulate wellhead prices pursuant 
to the NGA. 

The Supreme Court found that the exemp
tion in the NGA for those engaged in "produc
tion or gathering of natural gas" did not apply 
to Phillips, since the interstate sales in question 
took place after the gathering and/or production 
functions and constituted a "sale for resale" 
within the meaning of the NGA. The Supreme 
Court applied the production and gathering ex
emption only to the "physical process" of pro
ducing and gathering gas, and not the "sale for 
resale." In addition to forcing the FPC to begin 

10Federal Power Commission, "In the Matter of Phillips 
Petroleum Co." Opinion 2 17 , 10 FPC 246 ( 1951).  

a long series of decisions setting prices for inter
state sales of gas at the wellhead, the decision 
for the first time created a "dual market" for 
natural gas-with price controlled gas flowing 
in interstate commerce, and market priced gas 
sold within producing states (the intrastate 
market) . 

In the Panhandle Eastern Pipeline case in 
1954, the commission approved Panhandle's re
quest to allow commodity (market based) prices 
for the gas that it produced. The commission 
pointed out the short-term irrationality of multi
ple prices for gas coming from different wells 
but going to the same consumers. From a long
term perspective, the commission concluded 
that an arbitrary, depressed price based on 
short-run cost would tend to accelerate con
sumption and fail to encourage future explora
tion. However, an appellate court overruled the 
FPC (the Supreme Court declined to review the 
case) and held that costs must remain the 
"point of departure" for federal rate regulation 
of pipelines (City of Detroit vs. FPC, 1955). 

Early FPC Wellhead 
Pricing Dec is· o s 

Forced by the Phillips decision and con
strained by the City of Detroit ruling, the FPC 
undertook the task of setting ceiling prices for 
natural gas at the wellhead. Until approximately 
1960, the FPC itself did little to implement the 
regulation of independent producers, in the 
belief that Congress would override the Phillips 
decision. Efforts were made to modify the 
court's decisions through legislation in every 
session of Congress from 1 954 through the 
mid-1970s. No legislative attempt was success
ful until the enactment of the Natural Gas Policy 
Act of 1978. 

Company y-Company e ulatio 

Initially, the FPC attempted to regulate the 
wellhead price of gas on an individual producer 
"cost-of-service" basis. Based on this standard, 
the FPC employed the cost-of-service methodol
ogy, traditionally used in utility rate regulation, 
for its wellhead price regulation. In general, the 
cost-of-service pricing methodology provides a 
rate of return based on net investment plus 
depreciation allowance and production costs, 
rather than the market value of the commodity 
or its replacement cost. 

The sheer magnitude of this company
specific approach was both administratively 
unmanageable and impractical. By 1960, the 
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FPC case backlog approximated 3,000 cases.1 1 
Until the CATC012 decision by the Supreme 
Court in 1959, the FPC made no attempt to 
regulate the price of newly sold gas. After that 
decision, the FPC imposed price restrictions on 
the sale of new gas to "hold the line" on prices 
until geographical area ceiling rates could be 
established. 

Area Regulation 

Consequently, in 1960, the FPC discarded 
company-by-company regulation, and in its 
place began to regulate producers by de
termining "just and reasonable" rates on an 
area basis. Under the area-rate system, uniform 
wellhead price ceilings were set for all gas pro
duced within a specific geographical producing 
area. Ceilings were based on average production 
costs and investment expenditures made by 
producers in that area. 

The FPC chose the Permian Basin, located 
in portions of Thxas and New Mexico, for its first 
area-rate proceeding. Proceedings in the 
Permian case lasted five years, and the commis
sion's 1965 decision was not confirmed by the 
Supreme Court until 1968. Other area-rate pro
ceedings took much longer. For example, the 
Southern Louisiana case began in 1961 and 
was not finally decided by the Supreme Court 
until 1974. 

A distinguishing feature of the commis
sion's Permian Basin order was the use of "vin
taging," a two-tier pricing system for "old" and 
"new" gas. The commission believed that allow
ing higher incentive prices for new gas would 
encourage producers to engage in further 
exploration, while concurrently preventing 
windfall profits from the sale of old gas. While 
both ceiling prices were cost-based, "old" and 
"new" gas were priced substantially below the 
market value of the gas to the consumer, and 
market demand expanded rapidly. Interstate 
pipeline systems, aided by a guaranteed rate of 
return, were built and expanded to meet the de
mand, and consumption grew rapidly. 

Natural Gas Shortages 

Under the effects of FPC regulation, it took 
just 20 years of low prices and rapid demand 
growth to transform natural gas from an almost 
valueless by-product to a scarce commodity. 
Because of the relatively low price of natural gas, 

1 1U.S. Congress. Natural Gas Policy Act Amend
ments of 1983. Senate Report 98-205 (98th Cong., 1st Sess.), 
July 29, 1983, p. 5. 

12A partnership of Cities Service, Atlantic, Tidewater, 
and Continental. 
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consumption grew almost fourfold between 
1950 and 1970. But the same low prices failed 
to elicit sufficient exploration drilling, and the 
nation found itself moving quickly toward a 
shortage situation. During the 1960s, prices re
mained relatively flat, while the costs of new 
exploration and production rose. The watershed 
year was 1968-the first year when production 
exceeded reserve additions. Shortly thereafter, 
the warning signs began to emerge. A mora
torium was placed on new gas hookups, and 
limited interruptions in service began to appear. 
In late 1973, domestic natural gas production 
began to decline. By 1974, service curtailments 
for industrial customers in interstate gas 
markets were widespread. Curtailment, 
measured in terms of contracted supply obliga
tions that went unfulfilled, reached 1 6  percent 
nationally and was measurably higher in par
ticular areas. By 1976, production had declined 
by 12 percent from its 1973 peak. Figure 29 
compares natural gas production and reserve 
additions in the 1960-86 period. 

At first, price differences between gas sold 
in the interstate and intrastate markets were 
minimal. Because the FPC would not allow 
more flexible contract terms, and because it in
sisted that wells once used to produce gas for 
interstate sale be perpetually dedicated to the 
interstate market, producers opted to sell new 
gas to the intrastate market. Once shortages 
began to occur, intrastate prices rose in an at
tempt to bring supply and demand back into 
balance. However, rigid, cost-based pricing by 
the FPC prevented this market mechanism from 
working in the interstate system, and shortages 
spread throughout most of the nation. 

At the same time, environmental regula
tions and the relatively low price of gas 
stimulated increased demand for gas by resi
dential and industrial customers in the inter
state markets, further exacerbating the 
shortages. 

Gas Curtailments 

In 1968, although the average price of 
natural gas sold in the intrastate market was 
below that of comparable gas sold in the inter
state system, the prices for newly contracted 
intrastate gas were 1 8  percent higher than new
ly contracted interstate gas. This differential 
widened in the early 1970s and peaked in 1975 
when the price of new contracts for unregulated 
intrastate gas was nearly two-and-one-half times 
the price of gas sold in the interstate markeus 

13U.S. Congress, Natural Gas Policy Act Amendments 
of 1983. Senate Report 98-205 (98th Cong., 1st Sess.). 
July 29, 1983, p. 6. 



Market and Outside Forces 

The warning signs for the shortages 
became evident in 1968, when for the first time 
consumption in the interstate market exceeded 
new reserve additions and dedications. The oil 
embargo and subsequent OPEC price increase 
of 1973-7 4 increased the relative price differen
tial between imported oil and natural gas. 
Demand for gas rapidly increased at the same 
time that easily producible and low cost 
domestic supplies were diminishing. In the 
absence of rapid price responses, the supply and 
demand of interstate natural gas was thrown 
completely out of balance. Because of cumber
some regulatory procedures, the FPC was 
unable to respond quickly enough to these 
changes. Moreover, the commission had to deal 
with vocal members of Congress who contended 
that the gas shortage was fictional rather than 
real, created artificially by producers to force the 
removal of price controls. 

GOVERNMENT RESPONSES TO 
THE NATURAL GAS SHORTAGES 
ANDCURTAILMENTS OFTHE 1970s 

During the 1970s, the FPC tried several 
methods to increase the flow of gas in the inter
state market. In response to industry cash flow 
concerns and their impact on exploration and 
production expenditures, in 1970 the commis
sion issued Order 410, which enabled producers 
to receive advance payments from interstate 
pipeline systems for committing gas supplies. 
These cash advances were included in the pipe
line's rate base. The FPC also attempted to 
exempt small producers from federal regulation, 
but this action was overturned by the Supreme 
Court in 197 4. 

In spite of the substantial regulatory lag in 
the area-rate cases, no serious supply problems 
occurred during the 1960s, basically for two 
reasons. First, adequate gas supply existed to 
meet still developing demand. Until 1968, an
nual reserve additions exceeded production, 
and although the finding rate and reserve
to-production ratio were declining, interstate 
proved reserves and deliverability were still high 
because of the net additions to reserves made 
over the previous 20 to 30 years. Second, 
producer revenues, though declining, were still 
sufficient to finance continued exploration and 
production activity, but the activity was de
clining. 

In 1974, the FPC altered its rate setting 
methodology by employing a single national 
ceiling price for the first time. This change was 
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undertaken by the commission in explicit recog
nition of the fact that the wellhead price regula
tions were holding the price of interstate gas 
artificially low, thereby adversely affecting sup
ply and creating availability problems in the 
interstate market. 

In June 197 4, the FPC issued Opinion 699, 
establishing a uniform price of 42 cents per 
thousand cubic feet (MCF) for new natural gas. 
This price applied to all gas in the lower 48 
states, both onshore and offshore, from wells 
newly begun or reserves newly committed to the 
interstate market after December 3 1 ,  1972. 
Upon rehearing, almost two years later, the 
commission revised the price to 53 cents and 
extended its application to flowing gas upon ex
piration of existing contracts. The commission 
found perpetual vintage pricing an "anachro
nism" and decided to abolish it on a gradual 
basis as contracts expired. Opinion 699 also pro
vided for biennial review to "determine if the 
rate was sufficient to bring forth the supply of 
gas." New gas would henceforth be priced at the 
new rates established by each review, so as not 
to create multiple vintages. Gas from wells 
drilled prior to 1973 continued to be regulated 
based on the historical cost of service. 

On July 27,  1976, the FPC further ad
dressed national rates in the first "biennial 
review," by issuing Opinion 770. In deriving the 
rates under Opinion 770, the FPC: ( 1 )  modified 
the cost-based rate method to include a compo
nent for federal income taxes (previously 
employed methodologies assumed that pro
ducers incurred no tax liability); (2) established 
a three-tier price system with the highest rate 
at $1 .42 per MCF, escalating at 4 cents per year, 
for gas produced from wells commenced on or 
after January 1 ,  1975; (3) vintaged the gas from 
wells dedicated to interstate commerce during 
the 1973-7 4 biennium (reversing the position 
previously put forward some two years earlier 
in Opinion 699); and (4) relied on non-cost 
criteria to determine whether market factors (in
trastate rates, alternative fuels, inflation, etc.)  
supported the cost-based rates. 

While the new gas price in Opinion 770 was 
substantially above the previous rates set by the 
commission, the commission's reaction 
appeared to be too little too late. By early 1977, 
the newly elected administration became open
ly critical of the prevailing regulatory system. 
The Carter administration's proposed National 
Energy Plan stated that "producer claims that 
historic cost-based regulation is no longer ap
propriate for a premium fuel in short supply are 
fundamentally correct." 
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Figure 29. U.S. Natural Gas Production vs. Reserve Additions 
and Gas Wells Drilled (Lower 48 States) . 

When prices are not allowed to balance 
supply and demand, some other mechanism 
must be used to allocate the over-demanded 
commodity. With rigid FPC prices and limited 
supply, the pipelines began to curtail industrial 
customers in 1970. Although small at first, 
these curtailments grew rapidly, reaching 3. 7 
TCF by 1977. Curtailments meant higher fuel 
costs, plant closings, layoffs of workers, and 
eventual disruption of public services in the 
areas most affected. Sharp regional disparities 
developed as different pipeline systems had 
differing supply situations (such as access to off
shore reserves, which were, by definition, dedi
cated to the interstate market) .14 During the 
unusually severe winter of 1976-77, interstate 
curtailments resulted in factory and school clos
ings in several Midwestern, Northeastern, and 
Mid-Atlantic states. 

The initial round of curtailments fell almost 
exclusively on "interruptible" customers, those 
industrial users whose contracts specified that 
their service could be temporarily interrupted 
during periods of peak demand . These 
customers were often electric utilities or large 
industrial users that maintained dual-fuel
burning capability in order to benefit from the 
"bargain rates" for interruptible service. This 
arrangement of interruptible service also bene
fited the pipeline companies by allowing them 

14Vietor, R. H. K.. Energy Policy in America Since 
1945. Cambridge University Press, 1984, p. 275. 

flexibility in managing seasonal load variations. 
However, in the face of more gas shortages, 
where expansive curtailments were no longer 
either temporary or limited to interruptible 
customers, the FPC was forced to intervene to 
devise some criteria for rationing the available 
supplies. 

After initially approaching the problem on 
a case-by-case basis, the FPC in 1973 issued 
Order 643, an eight-step curtailment plan that 
gave residential and small commercial cus
tomers the highest priority classifications for 
receiving uninterrupted supplies. The pipelines 
tried to blunt the impact of the FPC order on 
their large industrial customers by contending 
that the commission had no authority to regu
late direct industrial sales, which were not 
"sales for resale," and, therefore, not under the 
NGA pricing regulation.  The pipelines' position 
was upheld in circuit court. However, the case 
was reversed by the Supreme Court in FPC vs. 
Louisiana Power & Light Company ( 1974), 
when it ruled that the FPC's curtailment 
jurisdiction was based on the transportation, 
rather than the pricing, provisions of the NGA. 
Had the circuit court's decision not been over
turned, the large industrial users would not 
have been subject to the curtailments that 
occurred. 

Congressional response to the gas shortages 
in the interstate market led to the enactment in 
January 1977 of the Emergency Natural Gas 
Act and the subsequent enactment in November 
1978 of the Natural Gas Policy Act. 
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Supplemental Sources 
When demand for new gas began to out

pace additions to domestic reserves, pipelines 
and suppliers looked to supplemental sources 
of gas to fill the demand gap. These included 
foreign sources, such as gas from Canada and 
Mexico. as well as liquefied natural gas (LNG} 
from North Africa, Indonesia, South America, 
Russia, Australia, 'frinidad, and the Persian 
Gulf; and longer-term synthetic gas and coal 
gasification efforts. 

Pipelines were able to absorb the high cost 
of supplemental sources by "rolling in" those 
costs with less expensive domestic gas. In 
general. LNG projects did not meet with much 
success because of both price and supply 
reliability problems. The original Border Gas 
Project from Mexico was scuttled because the 
price was too high relative to Canadian gas and 
other fuel costs, and the Alaskan Natural Gas 
'fransportation System has not been built due 
to its huge capital requirement. Canadian gas 
remained a significant contributor, but the fre
quent export price adjustments caused serious 
consumer and policy concerns. 

Of the synthetic gas projects, only the 
federally supported Great Plains Gasification 
Plant was constructed and commenced opera
tion. When projected gas price increases envi
sioned at the time construction was initiated 
failed to materialize and the requested price 
guarantees and debt restructuring were denied, 
the operators terminated their participation in 
the project. The plant is currently owned and 
operated by the government. 

The Political Debate
Competing Interests and 
Requisite Compromise 

The political debate over the degree and 
form of federal intervention in natural gas 
markets evolved in three stages. From 1969 to 
1973, Congress considered partial deregulation 
and structural reform of FPC procedures. From 
1974 to 1977, momentum developed toward 
complete deregulation, but never fully took 
hold. Proposals were mad� for full deregulation 
as early as 1949; a deregulation bill passed Con
gress in 1956, but was vetoed by President 
Eisenhower. Finally, as part of the Carter energy 
plan, a compromise program emerged for com
modity price regulation accompanied by 
gradual decontrol of new gas. Throughout the 
debate, the same issues predominated: distri
butive equity between producers and con
sumers, economic regionalism, the competitive 
versus monopolistic nature of energy markets, 

and the tensions between cost-based and 
commodity-based rate regulation. 

Beginning in 1973, the energy crisis 
seemed to polarize the gas question between 
two fundamental alternatives: Congress could 
either deregulate the wellhead price of gas (or 
at least new gas} in the interstate market or else 
extend regulation to the intrastate markets, 
where market-based (commodity} pricing 
already prevailed. The growing gas demand and 
resulting depletion of interstate reserves 
militated for one or the other. The gas question 
also involved a basic disagreement between 
those who supported market-based prices, and 
those who contended that alleged monopolistic 
conditions required prices to be controlled by 
the government. Proponents of expanded regu
lations alleged that producers were "with
holding" gas from the market to force removal 
of price controls. Investigations by the FPC, the 
Federal 'frade Commission, and the Congress 
proved this theory to be factually unsupport
able, but it continued to be put forward by 
advocates of price controls. As a result, most 
bills introduced between 1974 and 1977 were 
either deregulation measures or counter
proposals for expanding the FPC's jurisdiction. 

Throughout the area- and national-rate 
proceedings in the 1960s and 1970s, the com
mission relied on estimates of historical average 
costs, on either an historical (for "old" gas} or 
"current" basis (for "new" gas} to determine 
ceiling prices. The use of historical average cost 
estimates necessarily put the ceiling prices out 
of synch with actual costs. Because of the length 
of time required to develop a record, first 
through the hearing process and later through 
rulemaking procedures, the cost data were often 
out of date before the ceiling prices were ever 
decided upon. The averages were further dis
torted by the failure to include small producer 
data because of the administrative burden in
volved in collecting such data. The result of this 
approach was to render uneconomic the ex
ploration and development of new gas supplies 
that cost more than the calculated "average." In 
addition, contracts with prices that were below 
the ceiling were enforced, while contracts with 
prices that were above the ceiling were reduced 
to the ceiling price level. Thus, while interstate 
ceiling prices increased substantially in the 
1970s from the levels of the 1960s, they re
mained considerably below prices in the 
intrastate system, which were established and 
continually adjusted by market forces. 

The Natural Gas Policy Act 

After 18 months of deliberation and a con
tentious conference, Congress passed the 
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Natural Gas Policy Act in 1978 as part of the 
National Energy Plan. Under the Act, wellhead 
prices for certain categories of gas were to be 
decontrolled permanently in 1985 and in 1987, 
but other categories were to remain price con
trolled in perpetuity until produced and de
pleted. As a result, 40 to 50 percent of domestic 
gas remained under controls beyond the Janu
ary 1, 1985, date and approximately 1 5  to 30 
percent, absent further deregulation, will still 
remain under controls in 1990. In addition, in 
an attempt to resolve the disparity between the 
interstate and intrastate markets, the NGPA 
brought intrastate gas under federal regulation 
for the first time. The legislation also limited the 
FERC's authority to determine ceiling prices, 
except for certain powers to increase, but not de
crease, the ceiling prices on pre-NGPA gas. 

The NGPA's partial decontrol, phased over 
time, reflects judgments made in 1978 about 
U.S. energy, macroeconomic, and social policy. 
The Act was based on the premise that a sound
ly crafted price structure would concurrently 
stimulate domestic gas production and yet avoid 
unwanted consumer and macroeconomic im
pacts associated with generally higher prices.15 
However, the projected price structure chosen 
was based on then-current forecasts through 
1985, which proved to be inaccurate. The NGPA 
did not provide a mechanism to permit the 
FERC to modify the ceiling prices when actual 
oil prices did not match the forecasted level. 

The NGPA provided for: 

• Price Ceilings. The NGPA set a series of 
maximum lawful prices for various 
categories of natural gas, including gas 
sold in both the interstate and intrastate 
markets. This eliminated the regulatory 
distinction that had previously existed 
between the two markets, with interstate 
rates set on the federal level and in
trastate rates largely unregulated. 

• Deregulation of New Gas. Price controls 
on new gas and certain intrastate gas 
were lifted as of January 1 ,  1985. Certain 
high cost gas was deregulated approxi
mately one year after the NGPA's enact
ment. Gas from certain new onshore 
wells will be deregulated in July 1987. 
Old gas and some new gas from old 
leases will remain under price controls 
indefinitely. 

• Incremental Pricing. The purpose of this 
provision was to protect residential con-

15U.S. Congress, Natural Gas .A::>licy Act Amend
ments of 1983. Senate Report 98-205 (98th Cong .. 1st Sess.}, 
July 29, 1983, p. 10. 
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sumers by first passing through some 
portion of increased gas prices to indus
trial users. It also was intended to 
discipline pipelines bidding for new gas. 
The concept never worked as planned 
and instead resulted in tying certain 
industrial gas prices to oil prices. 

Despite unsuccessful attempts in Congress 
to modify the NGPA deregulation schedule, par
tial decontrol of natural gas was in fact accom
plished on January 1, 1985, as scheduled. As 
a result, approximately half of the nation's gas 
supplies are free of controls today. 

The Fuel Use Act 

The Powerplant and Industrial Fuel Use Act 
was also enacted in 1978 as part of the National 
Energy Plan. It is important to remember that 
the Act was devised in reaction to the shortages 
and curtailments of the mid- 1970s and 
predicated on the belief that the United States 
was running out of gas. 

The Powerplant and Industrial Fuel Use Act 
prohibits the use of oil and gas as a primary fuel 
in any newly constructed utility power genera
tion facility or in new industrial boilers with a 
fuel heat input rate of over 100 million British 
thermal units (BTU) per hour (unless exemp
tions are granted by the Department of Energy). 
The Act also limits the use of natural gas in 
existing powerplants to the proportion of total 
fuel used during 1974-76, and prohibits fuel 
switching from oil to gas. 

The Post-NGPA Environment and 
Formation of the Gas Bubble 

In reaction to higher oil prices and in 
anticipation of the removal of price controls, 
domestic oil and gas producers responded with 
record drilling in 1980 and 198 1 .  For the first 
time in over a decade, reserve additions in 1981 
exceeded annual consumption. Management of 
curtailments gave way to management of a 
surplus of deliverability. Market demand for 
natural gas fell as higher priced new gas sup
plies found their way into pipelines, and as fuel 
efficiency and conservation took hold on a 
national basis in reaction to the price increases 
arising from Opinion 770 and the NGPA. After 
1981,  this excess supply was compounded by 
decreases in the price of oil. As a consequence, 
reserve additions again began to fall as the "in
centive" prices authorized by the NGPA became 
uncollectible in the marketplace, and revenues 
realized by producers declined. 

It is interesting to note that in terms of its 
impact on increasing domestic supplies of 



natural gas, the NGPA-like Opinions 770 and 
770A-had precisely the desired effect. Through 
the use of incentive and market pricing and ac
companied by rising oil prices, it stimulated new 
drilling activity and resulted in new gas produc
tion, which was previously thought to be 
limited. 1\vo principal shortcomings were its 
lack of foresi-ght with respect to demand 
elasticities for oil and gas and the pegging of gas 
prices to a fixed projection of rising oil prices. 

Special Marketing Programs 

In an attempt to address the problems 
associated with the gas bubble and maintain 
existing sales, the FERC authorized the use of 
special marketing programs (SMPs) in 1983. 
They were the first of a series of gas transporta
tion programs that allowed lower priced spot 
market gas to be sold directly to distributors and 
industrial end-users rather than the traditional 
scheme in which the pipelines first bought and 
then resold the gas. SMPs were designed to regain 
lost direct and indirect customers of pipelines 
that were threatening to switch to an alternative 
fuel. Since most of the customers who can switch 
fuels are industrial users, SMPs were aimed 
primarily at them. On May 10, 1985, the District 
of Columbia court of appeals decided Maryland 
People's Counsel vs. FERC and found SMPs and 
certain other transportation programs flawed 
because they discriminated against local dis
tribution companies and captive customers. 

FERC Order 380 
As a means of giving interstate pipeline 

customers greater flexibility in choosing be
tween competing suppliers, the FERC imple
mented Order 380 in August 1984. The order 
removed gas costs from pipeline minimum bills. 
The effect was to greatly reduce the minimum 
costs of not purchasing gas from a pipeline sup
plier. For example, in 1984 this amounted to 
relieving customers of $2.75 per MCF of their 
$3 per MCF purchase obligation, leaving just 
a 25¢ per MCF obligation. No concomitant re
lief was given to pipelines on their contractual 
take-or-pay obligations to producers. The FERC 
argued lack of jurisdiction to modify gas 
purchase contracts, as contrasted to pipeline 
sales contracts. 

FERC Order 436 
I n  October 1985, the FERC issued Order 

436 in an attempt to revamp the regulation of 
gas pipeline operations. The transportation pro
gram outlined in the order requires nondiscrim
inatory access to a pipeline's carriage service, 
and volumetric, downwardly flexible cost-of
service rates for firm-service and interruptible
service transportation. 

Although the FERC had previously adopted 
programs aimed at allowing pipelines to 
transport gas for others (so-called "contract car
riage") under certain circumstances, Order 436 
was designed to allow broad, simplified, self
implementation of such programs. The FERC 
action followed inconclusive congressional con
sideration of mandatory contract carriage 
legislation. It also resulted from a belief by the 
commission that, in times of surplus, end-users 
and local distributors should be able to receive 
the benefits of low cost supplies. The com
mission also believed that, in the interest of 
competition, producers similarly should be able 
to sell surplus low cost gas supplies to 
customers other than their traditional pipeline 
purchasers. 

FERC Order 45 1 
Shortly after issuing Order 436, the FERC 

began consideration of a rule proposed by DOE 
to fundamentally restructure the "old" gas 
pricing system. The DOE proposal would have 
eliminated vintage pricing and replaced the 
various ceiling prices with a single ceiling 
price-the ceiling price for old gas brought into 
production after 1974. 

In May 1986, the FERC issued Order 45 1 ,  
modifying the DOE proposal. This rulemaking 
would eliminate the large number of vintages 
of old gas by establishing a single ceiling price 
for gas dedicated to interstate commerce prior 
to enactment of the NGPA and still-regulated 
categories of gas sold under rollover contracts. 
The rule also establishes procedures for renego
tiations of contracts and allows pipelines with 
multi-vintage contracts to nominate high cost 
gas for renegotiation when a producer nomi
nates lower cost old gas under the same or other 
existing supply contracts between the parties. 
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CHAPTER THREE 

IMPACT OF HISTORICAL PRICE SHOCKS 

INTRODUCTION 

The year 1973 was a major watershed for 
the U.S. economy, dividing the high growth 
period of the 1960s from the stagflation of the 
1970s and early 1980s. Thble 8 provides a few 

TABLE 8 

U.S. ECONOMY 
BEFORE AND AFTER 1 973 

Indicator 

Real GNP 
Real Consumption 
Real Investment 

Industrial Production 

Consumer Price Index 

Employment 

G N P  per Employee 

Indicator 

Treasury Bill Rate (Ofol 
AAA Corporate Rate (Ofol 
Unemployment Rate (Ofol 
Unemployed Workers (millions) 

Trade Balance (billion dollars) 

Federal Deficit (billion dollars) 

Average Annual 
Growth Rates (%l 

1 960-1 973 1 973-1985 

3.9 2.3 
4. 1 2 .7  
5 .5 1 .8 

5.2 2.3 

2 .3 7 .6 

2 .0 1 .9 

1 .9 0.3 

Annual Averages 
1 960-1 973 1 974-1985 

4.4 8.6 

5.8 1 0.7  

4 .9  7 .5  
3 .8  7.8 

3.3 -39.4 

5.5 86.8 

highlights. For example, more than twice as 
many people were out of work, on average, after 
1973 as before. The sharp drop in real GNP 
growth per employee highlights the sharp pro
ductivity decline after 1973. Without the sharp 
rise in female labor force participation in the 
1970s and the entry of baby boomers into the 
labor force, the decline in real GNP growth 
would have been even more severe than it was. 
Moreover, the fact that real consumption growth 
was one-third lower after 1973 than before takes 
on much greater significance considering that 
the post-war baby boomers were coming of age 
in the 1970s. Consumption growth should have 
increased, not decreased. Similarly, despite the 
demographics, car sales and housing starts did 
not grow sharply between the two periods. 

The year 1973 represented the same water
shed for the rest of the industrialized world as 
well. Real GNP growth in the countries of the 
Organization for Economic Cooperation and 
Development (OECD), excluding the United 
States, averaged 5.6 percent per year from 1960 
to 1973. From 1973 to 1985, the average was 
only 2.4 percent per year. Data for selected 
major industrial countries are shown in Thble 9. 

The slowdown in real GNP or GDP (gross 
domestic product) growth after 1973 was less 
pronounced in the United States than in other 
major industrial countries. However, as noted 
above, the slowing of growth in the United States 
was limited by the great expansion of the 
labor force. 

What happened in 1973? Many things hap
pened: Vietnam war spending was winding 
down; wage and price controls had been in effect 
since mid-197 1 ;  capacity was being strained in 
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TABLE 9 

WORLD ECONOMY 
BEFORE AND AFTER 1 973 

Average Annual 
Growth Rates (%) 

Country and Indicator 1 960-1973 1 973-1985 

Canada 
Real GNP 5 .6  2.6 
Real GNP per Capita 3.9 1 .4 

France 
Real GOP 5 .6 2 . 1  
Real GOP per Capita 4.9 1 .2 

Germany 
Real G N P  4.4 1 .9 
Real GNP per Capita 3 .5 2.0 

Italy 
Real GOP 4 .7 2.8 
Real GOP per Capita 4.0 2.4 

Japan 
Real GNP 1 0.4 4.0 
Real GNP per Capita 9 . 7 3 . 1  

United Kingdom 
Real GOP 3.2 1 .3 
Real GOP per Capita 2 .7  1 .2 

United States 
Real GNP 3.9 2.3 
GNP per Capita 2 . 7  1 .2 

many industries; monetary policy turned to 
fighting inflation; and the Nixon administration 
was preoccupied with Watergate. 

The most important event, however, was the 
Arab oil embargo announced in October 1973. 
This event was both dramatic and unprece
dented. The newspapers of the day expressed 
early incredulity, which rapidly turned to great 
uncertainty as to the implications for the U.S. 
economy. The effect of the embargo and accom
panying production cutbacks on oil prices was 
dramatic. From the third quarter of 1973 to the 
third quarter of 1975, average OPEC oil prices 
rose by over 300 percent, from about $2.60 per 
barrel to about $ 10.50 per barrel. 

Before the impacts of the Arab oil embargo 
and the associated oil price shock were fully 
understood or even fully felt, world oil markets 
were subjected to a second major shock, again 
the result of political developments in the Mid
dle East. Work stoppages in the oil fields of lran, 
part of the revolution that ultimately drove the 
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Shah from Iran in January 1979, caused a 
cessation of oil exports from Iran in December 
1978. The disruption of Iranian oil production 
and exports and the reaction in world oil 
markets triggered another sharp rise in oil 
prices. 

From the first quarter of 1979 to the first 
quarter of 1980, average OPEC oil prices in
creased by 153 percent, from about $14 per bar
rel to over $35 per barrel. While the percentage 
change had been greater in the previous price 
shock, the absolute change was far greater dur
ing the 1979-80 period, both in current and 
constant (inflation-adjusted) dollars. 

IMPACTS OF 1973 AND 
1979 OIL SHOCKS 

The fourth quarter of 1973 and the first 
quarter of 1979 represented somewhat similar 
economic environments in the United States: 
business cycles were peaking in both cases; the 
economy was operating near full employment; 
inflation was accelerating; and interest rates 
were at high levels. In both periods, most 
economic forecasts for the next year projected 
a mild recession. 

In neither case did these forecasts recognize 
political developments in the Middle East, the 
dramatic impact of these events on oil prices, 
or the serious implications for the U.S. economy. 
As it happened, the U.S. economy suffered its 
two worst post-war recessions following the oil 
price shocks. 

Beyond these similarities, the oil price 
shocks of 1973 and 1979 affected the U.S. 
economy to different degrees and with sub
stantially different timing. Without trying to 
assign quantitative economic impacts to the oil 
price shocks themselves, a chronology of 
economic events is as follows. 

The fourth quarter of 1973 coincided with 
a business cycle peak. By the trough of the 
recession in the first quarter of 1975, real GNP 
had declined by 4.3 percent. The unemploy
ment rate rose from 4.8 percent to 8.9 percent 
by the second quarter of 1975, representing 3.9 
million additional persons out of work. In
dustrial production had fallen 13.4 percent by 
the second quarter of 1975. 

In 1979, on the other hand, real GNP con
tinued to grow-by 1 .6 percent-in the year 
following the oil price shock. There was a brief 
recession during 1980, due to credit controls 
and monetary tightening, but the full-blown 
recession did not start until the third quarter of 
198 1 .  This recession, the worst since the Great 
Depression, was more directly attributable to 



monetary policy than to the oil price shock. 
However, the tightening of monetary policy was 
in part a response to the inflationary impact of 
the price shock. 

Th suggest the magnitude of the impact on 
the U.S. economy of the oil shocks of the 1970s, 
it is useful to compare what actually occurred 
with typical forecasts made in late 1973 and ear
ly 1979. One major forecasting firm,1 for exam
ple, expected real GNP to grow by 2. 1 percent 
from the end of 1973 to the end of 1974 and by 
15.3 percent through the end of 1976. The 
actual results were - 2.4 percent and + 3.4 per
cent, respectively. The level of consumer prices, 
at the same time, was expected to rise by 3.1  per
cent over the next year and by 12.0 percent over 
the next three years. The actual results were 
12. 1 percent and 29.3 percent, respectively. 

Forecasts of a mild recession were common 
in early 1979. As of the first quarter of 1979, the 
same forecasting firm predicted that real GNP 
would grow by 0.4 percent over the next year 
and by 12.7 percent over three years. The actual 
results were 1 .6 percent and - 0.4 percent, re
spectively; the recession was delayed. The level 
of consumer prices was expected to rise by 6.8 
percent over one year and by 19.5 percent over 
three years; the actual results were 14.3 percent 
and 36.8 percent, respectively. The point of 
these numbers is not to blame one particular 
firm for poor forecasting, but to show the 
macroeconomic consequences of the 1970s oil 
shocks. 

Modeling and Analytical 
Approaches 

Contemporaneous analysis of the economic 
implications of the oil embargo of 1973 and 
subsequent quadrupling of imported oil prices 
left much to be desired. The severity of the 
impact was generally underestimated. By Sep
tember 27, 1974, the date of President Ford's 
conference on inflation, it was increasingly 
apparent that the economy was in a recession, 
and that the peak of the business cycle had oc
curred in the fourth quarter of 1973. 

Th be fair, there was no comparable period 
in the previous two decades of U.S. economic 
history from which to infer the impacts of the 
embargo and subsequent price increase. Some 
analytical approaches that were used for these 
inferences are discussed in Appendix C. 

'The forecasts cited were from Chase Econometric 
Associates, Inc. However, the forecasts of the other major 
econometrics firms at that time-Data Resources, Inc. , and 
Wharton Econometric Forecasting Associates. Inc.-were 
similar. 

Results of Econometric Studies 
of the 19 70s 

Many econometric studies have been made 
of the first ( 1 973) oil shock;2 fewer have been 
made of the second shock. These studies, 
however, were based in 1972 dollars rather than 
the current yardstick, 1982 dollars.3 For this 
study, the current version of Wharton Econo
metric Forecasting Associates' Quarterly Model, 
which is based on 1982 dollars, was used to 
estimate the impact of both oil price shocks.4 
The results are summarized in Th.bles 10 and 1 1  
and presented in more detail in Appendix C, 
Th.bles C-2 and C-3. 

The results indicate that the cumulative 
real effects grow strongly for about two years 
and level out after about three years. While the 
impact on economic growth rates fades, the level 
of economic activity remains permanently 
below the level that would have occurred had 
there been no shock. Similarly, the impact on 
the inflation rate fades over time, while the in
crease in the price level is permanent. 

In summary, the cost of the 1973 oil shock 
appears to have been about 2.7 percent of real 
GNP by 1976, 1 .4 million jobs, and an increase 
in the inflation rate of about 3 percentage points 
for one year and an average of about 1 percen
tage point for two additional years. 

The simulated impact of the 1979 oil price 
shock is substantially greater than the 1973 
shock. The 3.6 percent reduction in real GNP 
attributable to the oil price shock (through the 
fourth quarter of 1981 )  compares with actual 
growth of 1 .2 percent over the same period. In 
other words, robust growth of 4.8 percent could 
have been expected had there been no shock. 

2The results of one such study are presented in 
Appendix C. Thble C-1.  

3The National Income and Product Accounts are now 
reported in 1982 dollars instead of 1972 dollars. Because 
of the large growth of the oil industry between those dates. 
the domestic energy industries have a bigger weight in real 
GNP as currently reported than previously. Since the im
pact of higher oil prices in the 1970s was favorable to the 
domestic energy-producing industries, one would expect the 
effect of rebasing the National Income and Product Accounts 
to be to lower the real cost to the economy and (for similar 
weighting reasons) to raise the inflation impact. These 
expectations appear to be borne out in the Wharton 
simulations. 

4The model was used to simulate the U.S. economy 
in the absence of the price shocks. Differences between the 
hypothetical no-shock case and what actually happened 
measure the impact of the price changes. The simulations 
were conducted without changing economic policies (except 
when endogenous to the model), exchange rates, or other 
exogenous variables. Holding economic policies constant is 
discussed in Appendix C. 
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TABLE 1 0  

ECONOMIC IMPACT OF 1 973 OIL PRICE SHOCK 
ACTUAL VERSUS HYPOTHETICAL NO-SHOCK CASE 

(Wharton Model Results) 

Third Third 
Quarter Quarter 

1 9 74 1 975 

Real G N P  (Bi l l ion 1 982 Dol lars) -1 1 . 1  -58.9 
Percentage Change -0.4 -2 . 1  

I nflation • (Percentage Points) 2 . 6  0 . 8  

U nemployment Rate (Percentage) 0 . 2  1 . 0 

Nonresidential Fixed I nvestment 
(Bi l l ion 1 982 Dollars) 0 .6  - 1 0 . 0  

Percentage Change 0 . 2  - 3 . 4  

Industrial Production (Percentage Change) 0 . 4  -3.5  

Trade Balance (Bi l l ion Dollars) -8.9 - 7 . 8  

• Percentage change in  Consumer Price I ndex from one year earlier. 

TABLE 1 1  

ECONOMIC IMPACT OF 1 9 79 OIL PRICE SHOCK 
ACTUAL VERSUS HYPOTHETICAL NO-SHOCK CASE 

(Wharton Model Results) 

Fourth Fourth 
Quarter Quarter 

1 979 1 980 

Real G N P  (Bi l l ion 1 982 Dol lars) -27.4 -93.3 
Percentage Change -0.9 - 2 . 8  

I nflation • (Percentage Points) 2 . 5  2 . 8  

U nemployment Rate (Percentage) 0 .3  1 .3 

Nonresidential Fixed I nvestment 
(Bi l l ion 1 982 Dol lars) - 2 . 9  -1 6 . 7  

Percentage Change - 0 . 7  -4.3 

I ndustrial Production (Percentage Change) 0 .9  - 3 . 8  

Trade Balance (Bi l l ion Dollars) -1 0 .6 -6.5 

• Percentage change i n  Consumer Price I ndex from one year earlier. 

Third 
Quarter 

1 9 76 

- 7 9 . 7  
- 2 . 7  

0 . 8  

1 . 4 

- 1 9 . 4  
- 6 . 1  

- 3 . 3  

- 8 . 7  

Fourth 
Quarter 

1 98 1  

1 1 8 . 2  
- 3 . 6  

1 .8 

1 .9 

-27 . 7  
-6.6 

-5.3 

- 1 .3  



About 2 million jobs were lost, and the infla
tion rate was increased by nearly 3 percent for 
two years. 

At least two factors contributed to greater 
severity of the 1979 shock compared with 1973: 
the relative sizes of the price increase and the 
share of energy imports in GNP. As noted above, 
the post-1979 price increases were greater in 
absolute magnitude than the post-1973 price in
creases, albeit lower in percentage terms. In 
1973, before the Arab oil embargo, imports of 
petroleum and products amounted to roughly 
one-half of one percent of nominal GNP; by the 
time of the Iranian revolution, this ratio had 
quadrupled. Thus, one might have expected the 
1979 event to have mattered more than the 
earlier one. 

Moreover, domestic oil was subject to strict 
price controls throughout the first shock, lower
ing the average impact on individual and in
dustrial users, while price controls were lifted 
completely during the first quarter of 1981 .  
Thus, not only was the ratio of energy imports 
to GNP higher in 1979 than in 1973, but the ef
fective price increase was much greater as well. 

The relative impacts of the two price shocks 
of the 1970s are reflected in the shares of con
sumer budgets (disposable income) spent on 
motor fuels, home heat, electricity, and natural 
gas. The share rose from under 6 percent prior 
to the Arab oil embargo to nearly 7 percent later 
in the 1970s and nearly 8.5 percent after the 
second price shock. Recent declines in energy 
prices have lowered the share to the 6 to 7 per
cent range. 

Sectoral and Regional Impacts 

Some academic work has been done on the 
sectoral impacts of oil price shocks. The effect 
on energy-intensive industries is obviously 
adverse. However, the effect on virtually all sec
tors of manufacturing is unfavorable to some 
extent. 

Most studies do not provide detailed impact 
estimates by industry. It is often difficult to 
separate oil price impacts from underlying long
term trends. Nonetheless, comparing what hap
pened in different industries after the oil price 
shocks is informative. Not only are the results 
not necessarily what might have been expected, 
but they differ between the post-1973 and 
post-1979 periods. Thbles 1 2  and 13 illustrate 
these points. 

First, the downturn in industrial production 
appears to have been much faster and more 
severe after the 1973 price shock than after the 
1979 shock. This result is partly due to the fact 

that November 1973 represented a business 
cycle peak, while the major downturn after the 
second shock did not start until July 198 1 .  In 
any event, the peak-to-trough decline in the in
dustrial production index was 14.8 percent in 
the 1973-75 recession and 1 1 .4 percent in the 
1981-82 case. 

Second, overall domestic oil and gas ex
ploration and production activity did not 
respond quickly to the rapid rise in world oil 
prices after the 1973 OPEC embargo. After 
1979, on the other hand, domestic exploration 
and production grew sharply, notwithstanding 
the recession. More detailed industrial produc
tion indexes for the oil and gas extraction in
dustries are in Appendix C, Thble C-4. Part of the 
lack of rapid response in the earlier period was, 
no doubt, due to the long-term real price decline 
that had pervaded the petroleum industry in the 
1950s and 1960s. This long-term decline con
tributed to expectations that the price increase 
was only temporary, and to a lack of capability 
by the oil industry to respond quickly. Part of 
the delayed response after 1973 was also due to 
price controls, which kept the price of most 
domestically produced oil and gas below world
market levels and thereby muted price signals 
to producers. 

Third, the industries with the greatest out
put declines after the oil price increases were 
not the chemical and petroleum refining in
dustries, which are directly downstream from 
petroleum production. Rather, production of 
transportation equipment, especially automo
biles, declined sharply following both price 
shocks, as did construction-related activity. The 
declines in transportation equipment produc
tion reflected the increased cost of driving, the 
unavailability of fuel-efficient domestic cars, and 
the existence of temporary petroleum product 
shortages, as well as the effects of two reces
sions. Increasing competition from imported 
cars, particularly for small, fuel-efficient 
vehicles, was also an important part of the 
explanation. 

The decline in construction-related activity 
(nonmetallic mineral mining; stone, clay, and 
glass; lumber and wood products) may be a 
result of the oil price jumps on inflation and, 
thus, on interest rates. High interest rates tend 
to reduce the demand for housing and 
nonresidential structures. 

The last point is consistent with the 
behavior of the fabricated metals industry, 
which was adversely impacted by the oil price 
shocks of the 1970s. Many of the items pro
duced by this industry are investment goods, 
and investment in general is hurt by rising 
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TABLE 1 2  

POST- 1 973 I NDUSTRIAL PRODUCTION INDEXES, SELECTED I NDUSTRIES 
(Percentage Changes from November 1 9 73) 

After After After 
I ndustry One Year Two Years Three Years 

All I nd ustries -5.5 - 8 . 8  - 0 . 8  

Crude O i l  a n d  Natu ral Gas 
Extraction - 2 . 8  - 4 . 5  -4.4 

Nonmetal l ic M inerals M i n ing -5 .5 - 1 3 . 1  - 5 . 5  

Texti les - 1 9 . 2  0 . 2  - 7 . 7  
Lumber and Wood Products -21 .2 -1 0 . 7  0 . 0  
Paper -9.4 - 7 . 8  - 4 . 2  
Chemicals - 1 .3  -3.2 6 . 5  
Petroleum Refin ing -3.1  -4 . 9  4 . 5  
Stone, Clay, a n d  G lass -6.8 - 1 1 . 3 -0.9 
Primary Metals -9 . 7  -25 . 4  - 1 9 . 7  
Fabricated Metal Products -6.9 - 1 6 . 3  - 5 . 6  
Transportation Eq uipment -1 1 . 0 - 1 4 . 4  - 5 . 9  

TABLE 1 3  

POST- 1 979 I NDUSTRIAL PRODUCTION INDEXES, SELECTED I NDUSTRI ES 
CPercentage Changes from February 1 9 79) 

After After After 
Industry One Year Two Years Three Years 

All  I ndustries 0 .5 0 .3  -3.5  

Crude Oi l  and Natural Gas 
Extraction 7 . 2  1 0 . 1  1 6 . 1  

Nonmetal l ic M inerals M i n ing 0.9 9.5 -4.8 

Texti les 5 . 9  -0.2  - 9 . 6  
Lumber a n d  Wood Products - 1 .5 - 7 . 1  - 2 1 . 6  
Paper 3.5 4 . 7  3 . 6  
Chemicals -1 .3  1 .3 - 5 . 2  
Petroleum Refin ing 0 .9  -7.9 - 1 9 . 7  
Stone, Clay , and G lass -0.5 - 7 . 5  - 1 5 . 5  
Primary Metals -9 . 5  - 9 . 7  -31 . 5  
Fabricated Metal Products -3.8 -9.0 - 1 6 . 2  
Transportation Equ ipment -8.7  - 1 5 . 7  -23 . 8  



interest rates. Also, machine tools-an impor
tant item in automobile manufacturing-are 
produced by this industry. The sharp declines 
in primary metals production are also related 
to these factors. 

Cities such as Houston, Thlsa, and Denver 
grew rapidly with the growth of the oil industry, 
presumably at the expense of the rest of the 
country. Among the losing regions, the hardest 
hit were New England and the Middle Atlantic 
states. These areas have relatively cold climates 
and rely heavily on oil heat, which in 1980 was 
much more expensive than natural gas. In 
decreasing order of impact, other losing regions 
included western New York and the upper Mid
west, with severe winters and heavy reliance on 
natural gas; Florida and nearby areas, with high 
electricity prices and usage; the lower Midwest, 
with its milder climate but heavy reliance on 
natural gas; and the upper Northwest, with its 
mild climate and cheap electricity.5 One study, 
however, found that most economic activities 
were not sensitive on a regional basis to chang
ing energy prices. 6 

The extent of differential regional responses 
to the oil price shocks can be seen in terms of 
the behavior of payroll employment in the 
United States-in the leading oil and gas impor
ting states and in the leading oil and gas expor
ting states. As shown in Thble 14, the latter 
states have performed better than the former 
since 1960, and the relative performance 
improved after 1973. Note that Alaska and 
California are shown separately as special cases: 
Alaska as a recent major oil producing state and 
California as both a major producing and impor
ting state. 

Macroeconomic Impact of 
Government Policy Responses 

Few understood the macroeconomic conse
quences of the first oil shock. The Federal 
Reserve Board tightened monetary policy sharp
ly in the spring and summer of 197 4, which 
contributed to the timing and perhaps the 
severity of the 1973-75 recession. 

5See Proctor, Mary, "The Impact of Regional Political 
Issues on Energy Price Increases." In Landsberg, H. H., ed., 
High Energy Costs: Assessing the Burden. Washington, DC: 
Resources for the Future, 1982, p. 332. 

6Miernyk, William, "The Differential Effects of Rising 
Energy Prices on Regional Income and Employment." In 
Landsberg, H. H. , ed., High Energy Costs: Assessing the 
Burden. Washington, DC: Resources for the Future, 1982. 

The contemporary policy dilemma was well 
summarized by a quotation from the Decem
ber 12, 1973, Wall S treet Journal: 

Policymakers are puzzled because the 
Arab oil boycott threatens to produce an 
entirely new kind of business slump. 
"We've never had a shortage-induced reces
sion before," says a White House official. 
"How do you handle it? If you just pump 
money into the economy, all you do is push 
up prices, because the goods aren't out 
there to buy. It's a dilemma we really 
haven't thought through." 

In 1979, monetary policy was more accom
modative, thereby delaying the recession. The 
degree of accommodation in 1979 may well 
have been greater than intended. There were 
credit controls in early 1980 that contributed to 
the brief recession of that year, but the Federal 
Reserve Board did not pursue a period of sus
tained tight monetary policy until late 1980. 
The sharp tightening of monetary policy, a 
response to the double-digit inflation caused by 
the oil shock and previous excessive monetary 
growth, triggered the worst U.S. recession of the 
post-war era. 

TABLE 14  

REGIONAL NONFARM PAYROLL EMPLOYMENT 

Oil and Gas Importers 

New York 
Illinois 
Pennsylvania 
Ohio 
Florida 
New Jersey 

Average 

Oil and Gas Exporters 

Texas 
Louisiana 
Oklahoma 
Kansas 
New Mexico 
Wyoming 

Average 

Alaska 
California 

United States 

Percentage Growth in 
Nonfarm Payroll Employment 

1 960-1 973 1 973-1 984 

1 5 .4 6.0 
26.4 3.7 
21 .3 3.1  
30.7 3.3 

1 1 0.4  51 .5 
36.8 21 .0 

29.3 1 1 .2 

75.5 55.4 
50.2 35.8 
47.6 39. 1  
36.3  25.8 
46.4 45.4 
30.7 57.7 

60.5 46.9 

96.5 1 02.7 
55.7 38.5 

41 . 7  23.0 
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IMPACT OF RECENT 
PRICE DECLINES 

Symmetry of Response 

It is tempting to argue that, however costly 
the jumps in oil prices were in the 1970s, an 
equal benefit will occur in the 1980s from the 
collapse of oil prices. Econometric model 
simulations implicitly assume (and show) such 
symmetry. 

"Symmetry" in this sense implies an equal 
and opposite reaction to oil price changes of 
equal and opposite magnitude. In historical con
text, moreover, symmetry has to do with reversi
bility: if the oil price shocks of the 1970s 
knocked the U.S. economy off a high growth 
path, can the reversal of the price shocks in the 
mid-1980s restore that higher path? 

It seems more reasonable, however, to argue 
against full symmetry and to treat the model 
results as suggesting upper bounds for favorable 
impacts. Certainly some factors such as 
investments in energy conservation (e.g., addi
tional home insulation, more efficient auto
mobiles and gas furnaces, and fuller industrial 
use of waste materials for process heat) are 
largely irreversible. Other factors, such as 
perceptions of energy cheapness versus scarci
ty, may eventually be reversed, but the adjust
ment lags may be longer now than during the 
1970s. 

The principal argument for asymmetry in 
response to changing oil prices is that adjust
ment to changing economic conditions is never 
costless. Regardless of whether prices jump or 
collapse, time and effort are needed to recognize 
and adapt to the changing environment. Thus, 
even if the response of a frictionless economy 
were symmetric with respect to oil price 
changes, the existence of adjustment costs 
represents an effective lowering of output in 
both responses. 

One source of irreversibility has to do with 
capital obsolescence. Plant and equipment that 
became uneconomic to operate following the 
two oil price shocks of the 1970s are not, in 
general, available for reuse in a world of lower 
oil prices. However, further new equipment 
spending for energy conservation (e.g., ad
vanced jet aircraft) is being deferred. 

The petroleum sector is far larger now than 
it was during the oil shocks of the 1970s. If one 
views the overall impact of oil price changes as 
being composed of "winning" and "losing" sec
tors, the "winners" were relatively small in the 
1970s but the "losers" are more important in 
the 1980s. Thus, the growth of the petroleum 
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sector, itself a result of the price shocks of the 
1970s, creates an asymmetry in response. 

A similar point concerns the growth of the 
service sector relative to manufacturing. Since 
services are typically less energy-intensive than 
manufacturing, the energy-to-GNP ratio has 
fallen. 

The debt situation, domestic as well as in
ternational, is another source of asymmetry. 
High and rising oil prices do not lead to default 
on loans made for petroleum development; 
lower prices do, as has been seen in the 
southwestern United States. 

The great international lending boom of the 
late 1970s and early 1980s was financed by the 
recycling of OPEC receipts. Countries such as 
Brazil absorbed large quantities of these funds, 
in particular to meet their high and rising bills 
for imported oil. The financial community was 
thus able to accommodate the vast inflow of 
deposits. What would happen in the event of 
equally massive withdrawals of OPEC funds? 
These financial asymmetries have become 
widely apparent in the wake of the general com
modity price collapse of the early 1980s. 

Another source of asymmetry has to do 
with consumer behavior. In 1973, and again in 
1979, there were physical shortages of gasoline 
in certain key markets, as well as sharp price in
creases. There is no symmetry to the fear of con
tinued shortage in a world of declining oil prices 
and ample fuel supplies. One might expect, 
then, that consumers would have cut back more 
sharply on purchases of cars (in particular) in 
the 1970s, for fear of not being able to drive, 
than they would increase such purchases in the 
1980s. 

Policy actions create additional asym
metries. Motor fuel taxes were not cut in the 
1970s to compensate buyers for higher material 
prices. However, many states, and the federal 
government, have raised these taxes since 1982. 
Thus, consumers do not see symmetry in rela
tionship between crude oil prices and retail 
product prices. Quantitative energy policies 
work in a somewhat similar way: the existence 
of Corporate Average Fuel Economy (CAFE) 
standards for automobile fuel efficiency means 
that, even if lower oil prices were to induce con
sumers to buy "gas guzzlers," the production of 
such cars would be severely limited. 

A final source of asymmetry concerns the 
timing of responses. In the 1970s, consumption 
and investment spending were cut relatively 
quickly, while the increase in petroleum in
dustry activity took more time to accomplish, 
particularly following 1973. Since the beginning 
of 1986, exploration and production investment 



has been cut more sharply than consumer 
spending has been increased. In essence, the 
downside effects of oil price changes are felt first 
regardless of whether prices rise or fall, while 
the upside effects are delayed. 

An implication of the above points is that 
economic adjustment reflects both long- and 
short-term factors. Short-term factors are nearly 
all costly, while the longer-term ones are mixed. 
Thus, one might expect to see short-term 
negative impacts from oil price declines with 
more positive later results. 

Macroeconomic Impacts 

In general, a decline in oil prices directly 
benefits consumers and energy-intensive 
industries. By paying less for energy, real 
disposable income increases, with positive 
resultant effects on other broad-based 
macroeconomic variables, particularly con
sumption. As shown in Thble 15,  growth in 
personal consumption expenditures has 
accelerated significantly since the decline in oil 
prices. 

TABLE 1 5  

CONSUMPTION EXPENDITURES 
BEFORE AND AFTER THE OIL PRICE DECLINE 

!Billions of 1 982 Dollarsl 

Personal Consumption 
Expenditures 

Durable Goods 

Nondurable Goods 

Services 

Fourth 
Quarter 

1 984 

2,271 .7 

326.8 

830.5 

1 , 1 1 4.4 

Fourth 
Quarter 

1 985 

2,351 .7  

347.0 

847.2 

1 , 1 57 .5 

Fourth 
Quarter 

1 986 

2,450.4 

381 .3 

876.2 

1 , 1 87.6 

Lower oil prices also reduce the oil import 
bill, improving the current account balance, 
reducing the transfer of wealth from the United 
States to oil exporting countries, and leaving 
more income to be spent on goods and services 
other than oil. The U.S. net oil import bill fell 
from $45 billion in 1985 to about $34 billion in 
1986, despite a large increase in oil import 
volumes. If oil import volumes had remained 
constant, the oil import bill would have fallen 
to about $22 billion. 

The economic benefits from lower oil prices 
take time to permeate the economy. Such 
benefits are initially overshadowed by the deep 
decline in the energy sector. While a rapid fall 
in oil prices has an immediate impact on the in
come of energy-producing, energy-service, and 
energy-related financial sectors, the positive ef
fects of lower energy prices are more diffuse and 
slower to impact overall economic activity. 

As discussed in the previous section, such 
positive economic effects are generally the 
reverse of those precipitated by the oil price 
shocks in the 1970s. However, the benefits are 
neither proportional nor symmetric to the 
earlier detriments-due to evolving political and 
structural changes in the economy. 

Both the magnitude and the duration of the 
positive economic effects are dependent on the 
shape of the downward-price trajectory. It is 
uncertain whether oil prices will remain highly 
volatile, fluctuate within a narrow range, or 
remain relatively constant. The lower the oil 
price and the longer the duration of a low price, 
the greater the presumed macroeconomic bene
fits. Of course, fear of a rapid return to higher 
prices might limit these benefits. Consumers 
and producers of goods and services are not like
ly to change spending habits or make substan
tial investments if the price collapse is perceived 
to be short-lived. Eventually, however, a sustain
ed period of lower oil prices can be expected to 
result in an increase in the overall level of eco
nomic activity. 

Regional and Sectoral Effects 

Lower oil prices have immediate negative 
regional and sectoral impacts. The depressive 
impact of the price collapse appears to have 
rapidly permeated oil-dependent regions and 
oil-related businesses. With the major oil pro
ducing states of Thxas, Louisiana, Alaska, and 
Oklahoma accounting for roughly 10 percent of 
U.S. employment and retail sales, the deep and 
rapid oil industry decline significantly 
diminishes the positive macroeconomic 
benefits. 

• Thtal investment in nonresidential struc
tures (oil wells are treated as structures 
in the National Income and Product Ac
counts) fell at a 30 percent annual rate 
during the second quarter of 1986. 

• Employment in the petroleum and 
petroleum-service sector has declined. 
These employment cuts create unem
ployment in area retail, wholesale, and 
other services dependent upon con
sumer spending. 

7 1  



• Reduced state and local revenues in oil
producing regions are leading to state 
and local government spending cuts and 
employee layoffs. 

• Exports of oil industry equipment have 
fallen off, negatively impacting a portion 
of the U.S. trade balance. 

• Regional financial institutions with large 
petroleum-investment portfolios and 
those with substantial exposure to oil
exporting-country loans are putting 
liquidity pressure on the U.S. financial 
system. 

Several energy-related industries have 
directly benefited by the oil price collapse. 
Petrochemical producers, refineries, and metals, 
paper, transportation, and other petroleum
using industries are experiencing significantly 
lower factor costs. 

• Higher profits are the immediate (if not 
long-term) result of lower raw material 
and lower "heating" costs. Initial gains 
in profitability have been secured as 
petroleum-related input costs have fallen 
faster than product prices. 

• If expectations of lower energy prices are 
longer-term, many of these industries are 
likely to expand or to delay plant 
closings. 

• New capital investment would likely 
(1 )  enhance the competitiveness of these 
industries, (2) increase industry produc
tivity, and (3) raise their energy con
sumption. 

• State and local governments in oil 
consuming regions will benefit from 
increased tax revenues as well as reduced 
spending for transfer payments. 

The initial impact on the total U.S. economy 
has balanced out as shown in the selected data 
on industrial impacts that are presented in 
Thble 16. 

Selected Studies of 
Impact of Lower Prices 

Most studies of the macroeconomic impact 
of lower oil prices are based on simulations of 
existing econometric models. These models 
were estimated with data from a decade of ris
ing oil prices, hence the simulations represent 
nonhistorical experience. In general, the model 
results are symmetric with the price increase 
results, although, for reasons discussed earlier, 
symmetry is not likely to occur in the real world. 

A Stanford Energy Modeling Forum study 
(EMF7) looked at the impact of a 20 percent 
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decrease in oil prices on the U.S. economy from 
1982 levels.7 Fourteen models were simulated, 
and the results were surprisingly similar across 
models. Virtually all adjustment occurred 
within two years, with the economy basically 
resuming its prior growth trends thereafter. 

Real GNP, in the median case, was 1 . 2  per
cent higher in the second year, abating to 1 .0 
percent higher after four years. The price level 
was 0.9 percent lower in the third and fourth 
years. The unemployment rate was 0.5 percen
tage points lower in the second year (more than 
a half-million workers) and 0.4 percentage 
points lower in the fourth year. As discussed in 
the section on symmetry of response, however, 
these results should be interpreted as upper 
bounds for what one might expect. 

The EMF7 results were based on 1972 
dollars. As argued above, however, the shift to 
1982 dollars is theoretically important, and one 
might expect more of a price response and less 
of a real output and employment response. Ac
cordingly, several simulations were run with 
current versions of macroeconometric models. 

Macroeconomic Performance 
Under NPC Price Trends 

The two price cases used in the NPC survey 
(explained in Chapter Five) were run through 
the Data Resources, Inc. (DRI) model to evaluate 
impacts through the year 2000. Shorter-term 
impacts were investigated with the Wharton PC 
Mark 8 model and Washington University Macro 
Model. The results are summarized in Thbles 1 7  
and 1 8 .  More complete results are presented in 
Appendix C, Thbles C-5, C-6, and C-7. 

The Wharton model was simulated for the 
first quarter of 1986 through the first quarter 
of 1989; the Washington University model from 
the second quarter of 1986 through the fourth 
quarter of 1988. The 4 percent and 5 percent 
real appreciation of the two price scenarios was 
implemented only approximately for these 
model simulations, using whatever the underly
ing inflation rate was in the starting simulation. 
The minor variation from the strict NPC 
scenario definition results from the feedback of 
oil prices on the GNP deflator. 

There is a relatively wide range of results. 
The DRI model, for example, shows the three
year real GNP differential impact reaching just 
under 1 percent; in the Wharton model, the 

7Hickman, Bert G., and Huntington, H. G., "Macro
economic Impacts of Energy Shocks: An Overview." Work
ing Paper EMF 7 .2, Energy Modeling Forum, Stanford 
University, Palo Alto, CA, 1984, pp. 41 ff. 



TABLE 1 6  

RECENT ECONOMIC INDICATORS 

Unemployment (%) • 

U nited States 

Alaska 
Louisiana 
Oklahoma 
Texas 

New Jersey 
New York 
Ohio 
Pennsylvania 

• Not seasonally adjusted. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. 

November 
1 985 

6 . 7  

9 . 5  
1 1 .3 

7 . 1  
6 . 5  

5 . 6  
6 . 1  
9 .0  
7 . 6  

PERCENTAGE CHANGES FROM PREVIOUS YEAR 

Industrial Production 

Total 

Oi l  and Gas Extraction 
Petroleum Ref in ing 

Source: Board of Governors, Federal Reserve System. 

Inflation <Consumer Prices) 

All Items,  All U rban Consumers 

Household Fuels 
Fuel Oil 
Util ity (Piped) Gas 
Gasoline 

Source: U.S. Department of  Labor, Bureau of Labor Statistics. 

New Plant and Equipment Spending 

All I ndustries 

Min ing 
Petroleum (Manufacturing) 

December 
1 985 

2 . 4  

- 4 . 7  
5 . 1  

December 
1 985 

3 . 7  

0 . 7  
5 . 5  

-4.6 
3 . 0  

Actual 
1 985 

9 . 2  

-5 .9 
4 . 6  

Source: U.S. Department o f  Commerce, Bureau of Economic Analysis. 

November 
1 986 

6.6 

1 1 .0 
1 3 . 4  

7 . 6  
8 . 8  

4 . 1  
5 . 3  
7 .3  
6 .0  

December 
1 986 

0 . 8  

-1 5 . 0  
2 . 7  

December 
1 986 

1 . 1  

-9 .4 
-33 . 4  

- 5 . 8  
-30.6 

Planned 
1 986 

- 1 . 7  

-29 . 2  
-30 . 1  
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TABLE 1 7  

U .S. ECONOMY 
UNDER LOWER AND UPPER 

PRICE TRENDS 

DRI DR I 
Lower Upper 

Average Annual Growth Rates, 
1 985-2000 (Percent> 

Real GNP 2 .6  2 .5  
Consumer Price Index 4.5 5 .0 
Real Fixed Nonresidential 

Investment 3 .4 3.3 
Industrial Production 2 . 8  2 .5  

Average, 1 986-2000 

Unemployment Rate 
CPercentl 6 .7  6 . 7  

Net Exports of Goods and 
Services (Bi l l ion Dollars) -1 5 .4 -42 .5 

Federal Budget Deficit 
(Bi l l ion Dollars) 1 20 . 1  1 40 .5  

Automobile Sales 
(Million Unitsl 1 1 . 7 1 1 . 7 

Housing Starts 
(Million Unitsl 1 . 7 1 . 7 

maximum difference of 1 . 5  percent is reached 
in six quarters before settling at 1 percent, while 
the Washington University model shows con
tinued widening through the end of 1988, albeit 
only to the 1 percent range. As argued above, 
these results should be interpreted as represent
ing upper bounds for the favorable impacts of 
lower oil prices on real output, particularly in 
the short run. 

Because the DRI model generates business 
cycles and because changes in oil prices affect 
the timing of these cycles, it is misleading to 
compare specific years under the two simulated 
scenarios. Doing so could result in comparing 
a business cycle peak to a business cycle trough. 
It is best to infer from the DRI model results, 
detailed in Appendix C. Thbles C-6 and C-7, that 
the long-run real GNP difference between the 
two price scenarios is approximately one-half of 
one percent. 
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The unemployment rate results mirror the 
real GNP impacts. The DRI model shows a max
imum difference of about 0.3 percentage points 
(slightly more than 300,000 jobs), while the 
Wharton model shows twice the effect and the 
Washington University model shows a max
imum of 0.5 percentage points (slightly more 
than 500,000 jobs) in the fourth quarter of 1988. 

The inflation impacts are quite similar in 
the models. There is initially a significant dif
ferential in ·the inflation rates between the two 
price trends. Later, the difference settles into the 
0.2 percentage point range. This persistent dif
ference reflects the feedback from oil price paths 
to overall inflation. 

The econometric model simulations sug
gest · that differences in long-run economic 
growth rates under the two NPC price trends 
would be relatively small. This is consistent 
with the oil-price-to-GNP relationships in the 
responses to the NPC Oil & Gas Outlook Survey. 
The economic impacts of higher oil prices are 
more severe in the case of a sudden price shock 
than in the case of a higher, but gradually ris
ing, long-term price trend. 

TABLE 1 8  

U.S. ECONOMY 
UNDER LOWER AND UPPER PRICE TRENDS 

Washington 
Wharton University 

Lower Upper Lower Upper 

Average Annual Growth Rates, 
1 985: 4 Otr. to 1988: 4 Otr. 
CPercentl 

Real GNP 3 .4  3 . 1  3.0 2 . 7  

Consumer Price Index 2 .8 3.6 2 .4 2 .8 

Average, 1 986-1 988 

Unemployment Rate 
CPercentl 

Automobile Sales 
(Million Unitsl 

' Domestic only. 

6.3 6.8 6.9 7.1 

1 0.4  1 0.4 7.5' 7.3' 
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CHAPTER FOUR 

INTRODUCTION-FACTORS AFFECTING 
OIL & GAS OUTLOOK 

The Secretary of Energy requested that the 
NPC examine the factors affecting the nation's 
future supply of and demand for oil and gas. 
The NPC's approach to fulfilling this request has 
been first to identify the various factors, then to 
analyze how each of these factors operates to in
crease or decrease supply and demand. Where 
feasible, the effects of each factor on supply and 
demand were quantified. 

The use of a factor approach for analyzing 
future consumption and supply of oil and gas 
reflected the NPC's concern about correctly pro
jecting future supply and demand. Rather than 
forecasting specific supply/demand balances, 
the NPC felt that the analysis would be better 
served by examining the potential effects of the 
various factors. While not providing a definitive 
forecast of the future, this approach provides 
analyses and insights from which policymakers 
can draw guidance as the future unfolds. 

For analytical purposes, the factors were 
organized into four general groupings: econo
mic factors, physical factors, institutional 
factors, and international factors. 

The prime economic factor affecting both 
supply and demand is price. Other economic 
factors affecting supply and demand include the 
levels of U.S. income and industrial production, 
demographics, financial factors, energy conser
vation incentives, industrial structural changes, 
and lifestyle changes. Other significant econo
mic factors affecting demand are the availabil
ity and price of alternative fuels, near-term 
switchability, and long-term capital decisions 
associated with utilization of alternative fuels. 

One key physical factor is the U.S. oil and 
gas resource base-the proved reserves and the 
amount of undiscovered oil and gas. Another 
key physical factor is the petroleum industry 

infrastructure that provides the capability to 
drill the exploratory and development wells to 
find and produce new reserves, and the surface 
facilities to produce the oil and gas and deliver 
it to market. Another physical factor affecting 
oil and gas supply and demand is technology 
advances. 

Institutional factors include environmental 
policies and regulations affecting access to 
petroleum resources, both onshore and offshore, 
those affecting production and distribution, and 
those affecting consumption of petroleum prod
ucts and alternative fuels. Institutional factors 
also include other government policies affecting 
supply and demand-government leasing poli
cies, price controls, allocations, royalties, taxes, 
import fees and quotas, gas pipeline regulations, 
subsidization of alternative fuels, trade policies, 
conservation initiatives, fuel use restrictions, 
state prorationing, and international and diplo
matic policies. 

The international factors are, of course, the 
ones that U.S. policies can influence or affect the 
least. But they must be recognized as having 
significant capability to affect U.S. petroleum 
supply. Their potential effects have to be inte
grated into the analysis of the factors that can 
be influenced by U.S. policies and actions. The 
fact that oil is a fungible product must also be 
recognized-OPEC oil, U.S. oil, Mexican oil, 
North Sea oil, etc.,  except for quality differences 
reflected in price, are readily substitutable for 
each other. Oil is easily transported and is 
traded on a worldwide basis. Probably the most 
important international factor is the behavior of 
OPEC and its individual members in the world 
oil market. Other international factors analyzed 
include non-OPEC supply, world oil demand, 
and world politics. 
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CHAPTER FIVE 

ECONOMIC F AC1DRS: SUPPLY /DEMAND RESPONSES 

ro MAJOR OIL PRICE CHANGES 

INTRODUCTION 

This chapter primarly addresses the effects 
of oil and gas prices on oil and gas supply and 
demand. A questionnaire prepared by the NPC 
requested detailed oil, gas, and energy outlooks 
for the United States and the non-communist 
world under two oil price scenarios provided by 
DOE. The upper price trend started at a com
posite U.S. refiner acquisition cost of crude oil 
of $18 per barrel in 1986, rising at 5 percent per 
year in real terms to $36 per barrel in the year 
2000. The lower price trend starts at $12 per 
barrel in 1986, rising at 4 percent per year in 
real terms to $21 per barrel in 2000. 

Fifty-two questionnaires were sent to se
lected oil and gas companies, gas and electric 
utility companies, agencies and associations, a 
major manufacturer, consulting companies, 
and financial institutions. Thirty-three re
sponses were received, of which twenty-eight 
were in a usable form. 

Another survey, conducted by the Indepen
dent Petroleum Association of America and the 
Society of Independent Professional Earth 
Scientists of their memberships, sought to 
determine how the recent oil price decline has 
impacted the near-term outlook for drilling. 
Respondents were asked to estimate their 
participation in wells from 1986 to 1990 based 
on three price scenarios for oil and gas: $13 per 
barrel and $1 .30 per MCF, respectively; $20 per 
barrel and $2.40 per MCF; and $27 per barrel 
and $3.50 per MCF. The low and middle prices 
approximate the lower and upper price trends 
of the NPC Oil & Gas Outlook Survey. The 
results of these surveys are included in this 
chapter along with a discussion of how crude 

oil and natural gas prices have affected the 
supply of and the demand for these energy 
forms in the past. 

Under the assumed price trends, the 
response to the NPC Oil & Gas Outlook Survey 
indicated production will continue to decline. 
The survey shows that the average annual 
replacement of reserves will decline. While the 
United States is already a net importer of both 
oil and natural gas, the level of dependence on 
oil imports will grow dramatically over the next 
15 years, from 4.2 MMB/D in 1985 to 9 . 1  MMB/D 
under the survey's upper price trend and to 13.6 
MMB/D under the lower price trend. 

The survey results indicate that lower oil 
prices stimulate the economy and increase 
energy and oil consumption. In the upper price 
trend, total energy and oil consumption in
crease at average rates of 1 . 1  percent and 0.7 
percent per year, respectively, from 1985 to 
2000. In the lower price trend, the growth rates 
are 1 .3 and 1 . 6  percent, respectively. 

Most of the oil consumption increase occurs 
in the transportation, industrial, and electric 
utility sectors. With lower prices, there is less in
centive to conserve energy. At low energy and 
oil prices, individual consumers, commercial 
establishments, and industries are all less in
clined to invest in the most energy-efficient 
appliances, automobiles, and machinery. 

This does not signal a return to the condi
tions of the 1950s and 1960s, when energy con
sumption and the economy grew at the same 
rate. Rather, it indicates a slowing in the rate of 
energy efficiency gains. The lagged response of 
capital stock replacement to the price shocks of 
the 1970s continues to be felt. Even if low prices 
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continue for some years and future efficiency 
improvements are deferred, the energy-to-GNP 
ratio will decline, but at a somewhat slower rate. 

Interfuel substitution also becomes a factor 
at low oil prices. Manufacturing plants and elec
tric utilities must switch from gas to oil in the 
lower price trend due to shortfalls in gas sup
ply at low prices. There is also the potential for 
oil to displace some coal in this scenario. 

CRUDE OIL AND NATURAL 
GAS PRICE HISTORY 

Crude Oil Prices in Retrospect 

Since its inception in the mid- 1800s, the U.S. 
oil industry has been through many periods of 
price volatility. As shown in Figure 30, the an
nual percentage changes in oil prices between 
1900 and the early 1930s rival those the world 
has been through since the early 1970s. 

In the years before 1933, prices were ex
tremely volatile. A wave of price volatility swept 
through the industry after the Standard Oil 
Company (New Jersey), successor of the Stan
dard Oil TI-ust, was ordered by a federal court 
in 191 1 to divest most of its affiliated companies. 
The average nominal wellhead price in the 

llJ 
C!l 
z 
<( 
I (.) 
t-
z 
llJ (.) 
a: 
llJ 
a.. 

1 00 

75 f--

50 

25 � 

0 

-25 ,_. 

-50 
1 900 

� 
l 

lJ 

I _l 
1 91 0  

SOURCE: Salomon Brothers 

tn 
� A f\ 1\.  

� v 

I I 
1 920 1 930 1 940 

United States increased from $0.61 per barrel 
in 1911  to $3.07 in 1920. By 193 1 ,  it had 
retreated to about $0.65 per barrel. 

This extreme volatility in prices eventually 
led to prorationing, for purposes of conservation 
(prevention of waste) and protection of cor
relative rights, by the Oklahoma Corporation 
Commission in 1930 and the Texas Railroad 
Commission in 1933. The Texas law defined 
waste to include the production of crude oil in 
excess of transportation and market facilities or 
reasonable market demand. The Thxas Railroad 
Commission and similar regulatory bodies in 
other major oil-producing states, and in con
junction with oil import quotas beginning in 
1959, were able to maintain a relatively stable 
market until 1973. As shown in Figure 3 1 ,  U.S. 
nominal wellhead prices rose gradually from $1 
per barrel in 1934 to $3.89 per barrel in 1973-
an average annual growth rate of 3.5 percent. 
However, oil prices in constant dollars remained 
relatively flat between 1934 and 1973 (see 
Figure 15 in the Report Summary) .  During 
those 40 years, the sharpest year-to-year price 
change never exceeded 10 percent, except im
mediately following World War II. 

From 1934 to 1973, oil prices were also 
relatively stable outside the United States. Many 
giant fields (over 500 million barrels) were 
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Figure 3 1 .  Annual Average U.S. Crude Oil Wellhead Prices (Nominal Dollars per Barrel) . 

discovered in the Middle East and North Africa 
during this period, providing adequate supplies 
to meet growing demand. Still, price volatility 
in the international market was often greater 
than that experienced in the United States. In 
the late 1950s, when oil prices were again under 
downward pressure, Venezuela and a number of 
major producing countries in the Middle East 
decided to coordinate their policies in order to 
prevent further price declines. Thus the 
Organization of Petroleum Exporting Countries 
was created in 1960. 

OPEC's influence in world oil markets was 
minimal until the early 1970s, when the Thhran 
and 'Itipoli agreements and the Arab oil em
bargo marked a new watershed in the industry's 
history. The OPEC countries, first through 
negotiations with oil companies and then 
unilaterally, increased their posted oil prices 
from about $3 per barrel in 1973 to over $35 per 
barrel in 1981-an average annual increase of 
36 percent. As discussed earlier, U.S. oil price 
controls held U.S. prices below world oil prices 
between 1973 and 1980. 

The rapid price increases of the 1970s
particularly those in later years, which raised 
the price from about $13 per barrel in 1978 to 
over $35 per barrel in 198 1-made a significant 
impact on the world oil industry in a number 

of ways. First, higher oil prices reduced 
economic growth and prompted conservation 
and substitution. These factors combined to 
cause a very sharp decline in non-communist 
world oil demand, which fell from a peak of 52 
MMB/D in 1979 to about 46 MMB/D in 1985. 
Second, the high price provided an increased 
economic incentive to develop oil outside the 
OPEC countries. Thus, non-OPEC crude oil and 
condensate production increased rapidly-from 
about 1 5  MMB/D in 1973 to about 23 MMB/D 
in 1985. As a result of these two factors, a signifi
cant decline occurred in OPEC's production of 
crude oil-from over 3 1  MMB/D in 1977 to about 
16 MMB/D in 1985. OPEC capacity by the end 
of 1985 was estimated to have been about 27 
MMB/D. Thus, spare productive capacity in 
OPEC countries was about 1 1  MMB/D, primari
ly concentrated in the Middle East. 

Acting on the premise that demand for oil 
would soon rebound and that the surge in non
OPEC production would plateau, OPEC, and 
particularly Saudi Arabia, initially reduced pro
duction to maintain oil prices. However, 
downward price pressure forced the organiza
tion to reduce its benchmark price from $34 per 
barrel in 1981 to $28 per barrel in 1985. Despite 
these price reductions, OPEC's share of the total 
market continued to decline. 
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In December 1985, OPEC decided to in
crease its market share. The world's oil markets 
could not absorb the increase in production and 
prices fell from about $27 per barrel in 
December 1985 to less than half that level by 
mid-year 1986. The price fell as low as $10 per 
barrel before stabilizing in the fall at about $15 
per barrel. By year-end, following OPEC's deci
sion to return to a fixed price system, the price 
had risen to about $18 per barrel.  

The shift of the swing oil producer's role to 
Middle East OPEC has been a major factor af
fecting price instability since the mid-1970s. 
During the 1970s, when OPEC's capacity utili
zation level moved above 80 percent, its 
members were able to increase prices and main
tain them at high levels. Subsequent to the 
second oil price shock, due to increases in non
OPEC energy supplies and the decline in world 
oil demand, OPEC's capacity utilization fell to 
such a low point that in late 1985 some 
members opted to regain their market share 
rather than hold the price at former levels. 

The world has experienced short-term oil 
price instability within longer-term oil pricing 
cycles. A trend toward lower real prices, as oc
curred in the 1950s and 1960s, carries with it 
the seeds of its own destruction and can result 
in a sudden price spike. If oil prices remain low 
for a significant period, the demand for oil will 
grow and non-OPEC supplies will decline, in
creasing the reliance on OPEC, especially the 
Middle East countries-the incremental source 
of imported oil to the noncommunist world. 
Eventually, as OPEC excess productive capaci
ty is reduced, even a relatively small supply 
disruption could send prices skyrocketing. Re
cent history has demonstrated that world oil 
supply and demand imbalances of as little as 
5 percent can cause large increases or decreases 
in the price of oil. At the end of 1985, Saudi 
Arabia's production increase of only 2 MMB/D 
precipitated the present sharp oil price decline. 

Factors Contributing to 
Oil Price Volatility 

A number of factors contribute to oil price 
instability and volatility. First and foremost is 
the continuing effect of the international 
marketplace on oil prices. Its political, econo
mic, financial, and psychological effects on oil 
prices contribute to the ongoing volatility. 
Second, demand responds very little to oil price 
changes in the short run. If prices increase, con
sumers can respond through conservation and/ 
or substitution. However, these efforts are 
limited because time is required for techno-
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logical innovations and capital stock turnover. 
Because of the limited responsiveness of oil de
mand to price, relatively small changes in oil 
supply can trigger large movements in prices. 
Demand also responds slowly when prices fall. 
Once new technology is embodied in the capital 
stock, the energy-efficient machinery and 
equipment are likely to remain in operation. 

Third, supply responds to oil price changes 
in only a very limited way in the short run. Oil 
exploration, development, and production in
volve years of lead time. Thus, a sudden increase 
in oil prices-even a sharp one-can add very 
little to supply in the short term if no spare 
productive capacity is available. This enables 
producers to raise or maintain high prices when 
supply is tight. Conversely, a sudden decline in 
oil prices also has a minimal short-term impact 
on supply, since a very large portion of the cost 
of finding and producing oil occurs at the ex
ploration and development stages. Once these 
costs have been committed, production is like
ly to continue as long as the wellhead price is 
above the operating cost. Thus, prices may have 
to fall substantially to force production to be 
shut in, even in economically marginal fields. 

Fourth, because of seasonal variations in 
demand for oil and the industry's responsibility 
to supply a steady flow of products to the 
consumer, oil companies hold substantial in
ventories. In order to minimize the risk of huge 
financial losses or shortage of supply, the in
dustry must react quickly to sudden changes 
in oil prices. A sudden increase in price usually 
results in an inventory accumulation by oil com
panies, distributors, and consumers, which in 
turn aggravates the situation. When sharp price 
declines are expected, they usually attempt to 
lower inventories to minimize loss. In so doing, 
they again may exacerbate the price change. In 
addition, oil prices may fluctuate due to changes 
in demand brought about by cyclical changes 
in the world economic activity. 

Like other commodities, oil is subject to 
short-term volatility as well as to long-term 
cyclical fluctuations. Depending on their length 
and severity, these price variations not only af
fect the health of the oil industry, but also may 
cause costly dislocations in world and/or 
regional economies. 

Coping with price instability is difficult in 
the capital-intensive oil and natural gas 
industry, with the long lead times required for 
investment. This price instability and the result
ing uncertainty represent an added risk that 
raises the expected return needed to justify an 
investment. 



Natural Gas Prices in Retrospect 

Interstate wellhead natural gas prices have 
been regulated since 1954. Consequently, gas 
prices remained fairly stable until 1970, as 
shown in Figure 32. This price regulation, to
gether with approximately $ 1  per MCF of pipe
line transportation and industrial distribution 
charges, has held wellhead gas prices below the 
equivalent crude oil prices, as shown on Fig
ure 33. The tradeoff for stable and artificially 
low gas prices has been an unreliable supply of 
gas in the interstate market, accentuated in the 
mid-1970s by severe supply curtailments. Fac
tors affecting the development, use, and pricing 
of natural gas are discussed in Chapter 1\vo. 

The FPC initially attempted to regulate pro
ducer prices using a company by company 
approach; this proved impractical. Consequent
ly, the FPC adopted the area-rate approach, 
resulting in the Permian Basin ceiling rate, 
which set rates based on finding and production 
costs. Rates for various other regions of the 
country were subsequently set. 

The area-rate approach was used until the 
early 1970s, when the commission adopted a 
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national-rate approach in response to an 
underlying trend of diminishing dedications of 
natural gas reserves to the interstate market. 
Not only were the uneconomically low interstate 
prices discouraging gas exploration, the non
regulated intrastate markets were increasingly 
bidding away new gas supplies from the inter
state markets, as shown by the higher prices for 
new intrastate gas in Figure 32. The price in
equity between the interstate and intrastate gas 
markets, together with the oil embargo of 1973, 
forced the FPC to raise prices for new interstate 
gas supplies from below $0.40 per MCF to levels 
as high as $1.42 per MCF for gas discovered after 
January 1 ,  1975. 

In this period of rapidly rising oil prices, 
interstate gas prices remained artificially low, 
and the downward trend in new gas reserve ad
ditions and interstate dedications continued. 
Declining supplies meant that some demand 
was not being met, a problem that was exacer
bated by unusually cold winters in 1976 and 
1977.  The result was severe curtailments of 
interstate gas pipeline supplies from 1973 to 
1979. The response to these factors was the 
passage of the Natural Gas Policy Act in late 
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Figure 32. Annual Average Natural Gas Wellhead Prices 
(Nominal Dollars per Thousand Cubic Feet). 

SOURCE: Pric�s are taken directly from or calculated from data in the Natural Gas Monthly, published by 
the Energy I nformation Administration of the Department of Energy .  
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1978. The NGPA established a schedule of ceil
ing prices for regulated gas corresponding to a 
classification system of multiple gas "vintages." 
Over 30 categories of gas were created, with dif
fering prices, rates of escalation. dates-if any
for deregulation, plus additional non-price 
regulations. Regulated ceiling prices for most 
"new" gas (produced from wells drilled on or 
after February 19, 1977) were set such that they 
escalated monthly in real terms with the goal 
of reaching parity with the forecast equivalent 
oil price on January 1, 1985, the date when 
most new gas prices were scheduled to be 
decontrolled. 

The result was a complex system of well
head price controls and incentives that was 
designed to be a political tradeoff between allow
ing prices high enough to spur new production 
while giving consumers the benefit of low prices 
for gas that had already been discovered. The 
sending of incorrect pricing signals was in
evitable in a system that provided for a broad 
range of prices at the wellhead and essentially 
one average market price on the consuming end 
for each pipeline. 

For deep gas (below 1 5,000 feet), the only 
vintage that was deregulated in 1979, newly 
contracted prices in the $7 to $9 per MCF range 
were common. These high prices were possible 
because they applied to relatively small volumes 
of gas. When they were rolled in with large 
volumes of low priced regulated gas, the 
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resulting average delivered price was still com
petitive with other pipeline supplies and fuel oil. 

As gas prices rose, exploration for and pro
duction of high priced gas increased. From 
1980, gas demand declined in response to price
induced conservation, two economic recessions, 
the shifting of the U.S. industrial structure away 
from gas-intensive industries, and fuel switch
ing. Excess gas deliverability and declining 
demand for both oil and gas forced a decline in 
prices and heightened both interfuel competi
tion and competition among gas suppliers (gas
to-gas competition) . 

The year 1983 was pivotal for the gas in
dustry. The average wellhead price of interstate 
gas peaked at about $3 per MCF and has con
tinued to fall since then. The price of residual 
fuel oil dropped to a level that put it in direct 
competition at the industrial burnertip with 
natural gas. 1b maintain market share in the 
fuel switchable industrial and power plant 
markets, the burnertip price of gas had to be 
competitive with the equivalent fuel oil price. By 
implication, the "netback" gas price at the 
wellhead had to be lower than the equivalent 
delivered price of oil by the amount of pipeline 
and local distribution company transportation 
charges. 

Later in 1983, oil prices stabilized, but due 
to the excess deliverability of gas (the gas "bub
ble") ,  gas-to-gas competition caused gas prices 
to continue declining. The year marked the 



beginning of a major restructuring of the U.S. 
natural gas pipeline industry, a transition that 
is still unfolding. 

The new competition for markets led to 
other problems that had not been anticipated 
by the industry. Historically, gas had been pur
chased and sold at the wellhead under long
term contracts that typically had provisions 
obligating the purchaser to take, or nevertheless 
pay for, a minimum amount of a producer's gas 
(take-or-pay provisions) . In the years just prior 
to I983, the contract price was frequently set 
at the highest price allowed by law. When rolled 
in with prices from older supply contracts, the 
resulting average price could still compete with 
fuel oil. When fuel oil prices began to decline in 
1983 and gas sales began to be lost to fuel oil, 
pipelines at first attempted to minimize their 
take-or-pay obligations by maintaining high 
levels of purchases from the newer, higher 
priced take-or-pay contracts. As gas-to-gas com
petition intensified, pipelines had to increase 
takes of lower priced old gas in order to keep 
their rolled-in average prices at market-clearing 
levels. This, in turn, resulted in higher and 
higher volumes of high price take-or-pay gas 
that had to be paid for but not taken. 

In April of 1983, FERC allowed pipelines 
and producers to initiate special marketing pro
grams that temporarily released gas from 
dedication under long-term contracts. The pro
grams allowed pipelines take-or-pay relief in 
exchange for providing producers with a means 
of selling their gas that was otherwise rendered 
unmarketable by the existing contracts. 

Th stimulate competition, FERC issued 
Order 380 in August 1984, which removed gas 
costs from pipeline "minimum bills" (the 
minimum amounts pipeline customers had to 
pay for gas service, regardless of the volume 
purchased).  Many gas distributors in the 
Midwest and Northeast are supplied by two or 
more pipelines. Order 380 encouraged more 
competition in the natural gas end-use and 
distributor markets by effectively relieving 
pipeline customers of the long-term obligations 
to pay for the minimum contract quantities of 
gas from their suppliers. No concommitant relief 
was given to pipelines on their take-or-pay 
obligations to producers. However, some pro
ducers' take-or-pay contracts include limited 
make-up rights to pipeline purchasers. 

On May 10, 1985, the District of Columbia 
Circuit Court of Appeals struck down special 
marketing programs. In response to the end of 
special marketing programs, FERC accelerated 
the movement to implement open access trans
portation in the industry by issuing Order 436 
in October 1985. The order encouraged pipe
lines to voluntarily transport gas from any pro-

ducer to any purchaser on a nondiscriminatory, 
first-come first-served basis, thus providing 
open access to pipeline transportation services 
and allowing producers and consumers to nego
tiate their own sales agreements, thereby 
stimulating competition. Consumers are al
lowed under the Order to completely phase out 
their contractual commitments to purchase gas 
from pipeline suppliers that elect to be non
discriminatory transporters over a five-year 
period, while the pipelines' commitments and 
take-or-pay obligations with gas producers were 
left intact. The Interstate Natural Gas Associa
tion of America has estimated the pipeline in
dustry's remaining take-or-pay liability to be 
$13.7 billion by the end of 1986. Some of the 
take-or-pay liability of the pipeline industry has 
been eliminated by negotiated settlements be
tween pipelines and producers at less than the 
total liability. 

Another recent FERC action is Order 45 1 ,  
which was designed to allow old gas prices to 
rise to the current market level. This order, 
issued in June 1986, permits with the buyer's 
concurrence the collection of a higher ceiling 
price for most vintages of old gas. Producers are 
allowed the right to renegotiate contracts for old 
gas with pipelines and seek a higher price, up 
to the new ceiling price. However, if a producer 
chooses to initiate contract renegotiations, the 
pipeline has the right to renegotiate all contracts 
with that producer that contain old gas, in
cluding mixed old gas and new higher priced 
gas contracts. 

The combination of reduced gas demand, 
excess gas deliverability, and major regulatory 
changes are altering the complexion of the 
natural gas industry. While some industry 
analysts have labeled the regulatory changes as 
a move toward deregulation, increased competi
tion is a more appropriate description. The 
industry continues to be tightly regulated with 
regard to pipeline operations and obligations to 
serve customers. Financial returns for pipelines 
will continue to be constrained, while the risks 
have increased significantly under the free
market ideology being advocated by FERC. The 
net result is a shifting of opportunities, risks, 
and roles among the producers, pipelines, distri
bution companies, independent gas marketers, 
and consumers. 

SUPPLY RESPONSE 
TO PRICE CHANGES 

Effect of Prices on Costs 
of Finding, Developing, and 
Producing Oil and Gas 

Current and expected oil and gas prices 
determine exploration and development activity. 
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Figure 34 compares a standard measure of ex
ploration and development activity, the Hughes 
rig count of active drilling rigs, to both the new 
oil price and the average U.S. oil and gas price 
in constant 1986 dollars. The basis for 
establishing the new oil price is discussed in 
Appendix D. It is the initial price that a producer 
of a newly completed oil well would receive dur
ing that year. The new oil price in Figure 34 is 
based on West Texas Sour crude oil, which sold 
at the industry average price prior to the com
mencement of a two-tier price system in 1973 
and represented the same quality crude oil as 
the international benchmark crude oil, Saudi 
Light. The average oil and gas price fell only 
gradually from 1981 through 1985 as the 
previously discussed natural gas price increases 
under the NGPA of 1978 partially offset the 
decrease in oil price. 

As shown on the chart, the Hughes rig 
count generally lagged the variations in the new 
oil price. This can be attributed to the time re
quired to perceive a change in the future price 
environment, shortages of funds for investment 
due to oil and gas price controls, and constraints 
on the availability of drilling rigs. 

The tremendous variation in rig count dur
ing the past 15 years has caused large variations 
in demand on the oil field service sectors, which 
has been reflected in the cost of oil field supplies 
and services. Thble 19 shows the impact of these 
price variations on contract drilling rates and 
completed well costs. Costs and rates more than 

doubled between 1970 and the early 1980s. Sub
sequently, as activity declined, rates declined 
due to an extensive oversupply of drilling rigs on 
the market, and contract drilling rates have 
declined to levels that existed in the early 1970s. 
However, completed well costs have remained 
above 1970 levels. (Completed well costs repre
sent the average cost to drill and complete oil 
wells, gas wells, and dry holes within the depth 
brackets reported in the Joint Association 
Survey of Drilling Costs for 1970 through 1985.) 

The increase in contract drilling rates on
shore in 1985 over 1970 was largely caused by 
a change in mix as older, cheaper, less efficient 
rigs were removed from the drilling fleet. This 
was offset by increases in observed rig produc
tivity, as total completions per rig in the United 
States increased from 27 in 1970 to 36 in 1985, 
as discussed in Appendix D. This increase in 
observed "rig productivity" was caused by 
several factors, all of which tended to reduce 
completed well costs. 

Offshore drilling moved to a different en
vironment between 1970 and 1985, causing a 
tripling of completion costs in 1982 as com
pared to 1970, while contract drilling rates more 
than doubled over the same time period. Be
tween 1981 and 1985, jackup contract drilling 
rates plummeted by a factor of three, while off
shore completed well costs decreased by one
third. The wells completed per rig in offshore 
Louisiana decreased from 1 1  in 1970 to only 7 
in 1984, as drilling moved into deeper water and 
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TABLE 1 9  

IMPACT O F  PRICE CHANGES ON CONTRACT DRILLING RATES AND 
COMPLETED WELL COSTS 

(1 986 Dollars) 

Contract Drilling Rates 
<Dollars Per Day) 

Jackup 1 0,000 Ft. 
Rig in Onshore 

200 Ft. Water Rig 

1 970 1 6 ,400 2 , 700 

1 975 28,300 4 ,800 

1 981 34,600 7 ,300 

1 982 37,800 5 , 700 

1 983 31 ,900 4 ,400 

1 984 22,900 4,300 

1 985 1 1  ,300 3 , 700 

1 986 9 , 000 3,600 

as larger platforms were installed, requiring 
more directional drilling. Other factors that also 
reduced the cost per well and more than offset 
lower jackup contract drilling rates are: less 
erosion in offshore contract drilling rates for 
non-jackup rigs, increases in platform costs as 
drilling moved into deeper water, increases in 
required rig capabilities and casing re
quirements due to a shift to both deeper water 
and the capability of drilling deeper pay zones, 
and the incurrence of additional costs to com
ply with the Minerals Management Service, 
Environmental Protection Agency, and Coast 
Guard regulations. 

The Effect of Prices on 
Drilling and Reserves 

Proved reserves of oil and gas provide the 
inventory from which production of oil and gas 
is drawn. The total remaining reserves decrease 
by the amount of production unless they are re
placed through reserve additions. Enhanced 
recovery methods and workovers can increase 
reserves and the production rate from a given 
amount of reserves. 

As shown in Figure 35, oil and gas reserve 
additions correlate positively with well comple
tions. As drilling remains depressed, the rate of 
new reserve additions will decline and produc
tion will eventually fall as a result. Even if the 
price goes back up, production in the lower 48 
states will remain below the 1985 level because 

Completed Well Costs 
<Million Dollars) 

1 0,000 Ft. 5,000 Ft. 
to 1 2, 500 Ft. to 7,500 Ft. 
La. Offshore West Texas 

1 . 5 0 . 1 6 

2 . 1  0 . 29 

4 . 3  0 . 44 

4 . 5  0 . 42 

3 . 3  0 . 34 

3 . 3  0 . 29 

3 . 1  0 . 28 

N /A N /A 

of the drilling decline. It has taken five years of 
drilling an average of over 80,000 wells annually 
to get production to remain steady. The current 
fall-off in drilling will undermine much of what 
has been gained since 1979. 

As shown in Figure 36, production in the 
lower 48 states would have continued to decline 
after the mid-1970s without the additional drill
ing brought about by higher prices. The declin
ing trend in wells drilled per year during the 
1960s was reversed in the 1970s, yielding addi
tional production volumes. In 1985, oil produc
tion from the lower 48 states would have been 
1 .  7 MMB/D lower than was actually achieved 
without this reversal in the declining trend in 
wells drilled per year. 

Using the responses to the NPC survey as 
indicators of future drilling activity through the 
year 2000, it is apparent that the U.S. domestic 
petroleum industry will not maintain existing 
oil and gas production levels if either of the two 
assumed price trends occur. The availability of 
adequate investment capital will prove to be a 
major constraint, and the industry will use 
existing reserves at a rate greater than they can 
be replaced. 

There are two traditional financial mea
sures of revenue reinvestment rates. The first 
measure expresses the expenditures spent for 
drilling and equipping wells as a percentage of 
total net wellhead revenue. As shown in Thble 
D-13 in Appendix D, this measure has ranged 
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Figure 35. Oil and Gas Reserve Additions vs. Total Wells Drilled . 

from 18 to 34 percent during 1970 through 
1985, with the latter being achieved in 1982. It 
is estimated that this reinvestment ratio fell to 
23 percent in 1986. 

The second measure expresses the total ex
penditures spent in leasing, seismic, drilling, 
equipping, and producing oil and gas as a 
percentage of total net wellhead revenue. Dur
ing the 1970-85 period, the petroleum industry 
has reinvested 64 to 97 percent in these efforts. 
However, in only one period has the 90 percent 
range been exceeded; this was in the 198 1-82 
period and was the result of the early 1980s 
expectation by the industry and investment 
community that the price of crude oil would rise 
to $50 to $75 per barrel. 

Oil and natural gas prices have a two-fold 
impact on exploration and development (E&D) 
spending, and hence on drilling and reserve ad
ditions. Current prices are the primary determi
nant of the current cash flow of producers and 
hence their ability to fund capital expenditures. 
Further, longer-term price expectations heavi
ly influence expected rates of return on poten
tial drilling projects, and declines in the current 
prices received by the industry have generally 
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been accompanied by a corresponding dampen
ing in long-term price expectations as well. 

Figure 37 shows the petroleum industry's 
U.S. expenditures to find, develop, and produce 
oil and gas. It does not include federal and state 
income taxes, dividends, and interest payments. 
Average wellhead crude oil prices are also 
shown for comparison in Figure 38. 

The expenditure data in Figure 37 are 
discussed in Appendix D. These expenditures 
do not include property acquisition ex
penditures, as these were considered transfer 
payments within the industry. 

The relationship between E&D expendi
tures (the lower two bands shown in Figure 37) 
and the average U.S. wellhead price of crude oil 
(shown in Figure 38), in general, is very close. 
Since 1978, however, capital spending has 
tended to be even more volatile than crude oil 
pricing. During the 197 4-79 period, E&D 
spending increased more rapidly than prices. In 
the late 1970s, many in the industry anticipated 
price increases stemming from U.S. price decon
trol and geared up for greater E&D spending. 
Then, in 1980 and 198 1 ,  crude oil prices rose 
even more sharply than E&D spending due to 
the impact of the Iranian revolution. 



From 198 1 to 1985, real E&D spending has 
declined by 44 percent while the real U.S. 
wellhead price of oil has declined by 36 percent. 
Many factors were responsible for E&D expendi
tures declining more sharply than crude oil 
prices between 1981 and 1985: 

• Sharp declines in drilling costs-Drilling 
costs dropped far more sharply than 
crude oil prices. 

• Sharp declines in lease acquisition 
costs-In 1985, total lease acquisition 
costs, both onshore and offshore, were 
down over 50 percent from 1984. 

• Financing co nstra i n ts (external 
finance)-For practically all independent 
producers and many majors, access to 
external finance has been seriously re
stricted. In 198 1-82, commercial banks 
were willing to provide up to 70 percent 
of the funds required to develop a project. 
That proportion declined to less than 50 
percent by 1985. Further, with declines 
in drilling funds and sharp declines in 
equity values, far less equity finance is 
available. 

• Financing constraints (internal cash 
jlow)-As internal cash availability has 
declined with declining prices and 
revenues, there has not been a corre
sponding decline in some uses of funds. 
In particular, outstanding interest and 
principal payments are due to creditors, 
and many producers are maintaining 

dividend payments. Consequently, E&D 
spending bears the greatest decline as 
total fund sources plummet. 

• Industry restructuring-In an attempt to 
maintain shareholder value, some com
panies have increased debt at the 
expense of equity, often through debt
financed mergers and acquisitions. Pro
ducers with the highest percentage of 
debt-to-equity have generally cut capital 
spending the most. 

• Declines in reserve purchase prices-As 
oil prices have declined, so too have 
reserve prices. With a growing number of 
independent producers in need of cash, 
distress sales of reserves have increased 
sharply. Consequently, producers are 
finding it cheaper to acquire reserves 
through acquisitions than through 
drilling. 

• Th.x considerations-Through the early 
1980s, effective tax rates for oil found out
side the United States have generally 
been considerably higher. This differen
tial tax advantage in favor of U.S. pro
duction has served to offset the higher 
finding costs for U.S. oil. Over the past few 
years, however, several foreign govern
ments have liberalized taxing regimes, 
while the United States is now moving to 
tighten tax provisions. Consequently, a 
greater percentage of E&D spending by 
multinational producers is now being de
voted to areas outside the United States. 
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The Effect of Prices 
on Oil Production 

The decisions to produce a well or invest so 
that oil and gas production can be initiated or 
maintained depend on actual and expected 
prices for the oil produced. For wells that are 
producing, it is an oversimplification to assume 
that they will either continue producing so long 
as revenues from the sale of the oil exceed the 
operating costs of the well, or be shut in if costs 
exceed revenue. In assessing the decision to 
shut in a producing well, some or all of the 
following factors will be included in addition to 
profitability: 

• The physical characteristics of the 
reservoir 

• The shutdown and startup costs asso
ciated with the well 

• The anticipated level and path of future 
prices 

• The regulatory and/or contractual re
quirements associated with the well 

• The operator's need for short-term cash 
flow. 

For example, wells may continue operating 
even though revenue from production does not 
cover operating or out-of-pocket costs if the 
operator expects future prices to be higher and 
the well's shutdown and startup costs are 
significant. Alternatively, if shutdown and start
up costs are low, an operator may decide to stop 
producing a well even if current prices meet or 
exceed operating costs if he believes that selling 
the well's output later will maximize his income. 
Additionally, operating costs may differ among 
operators. 

When investments are required to maintain 
or initiate production, the decision rests not on 
operating costs alone, but on the total costs of 
the well or field operation. Thus an investor will 
only make an investment to obtain production 
if he expects the present value of the net revenue 
stream, discounted at his cost of capital, to 
equal or exceed the required investment. Expec
tations of future prices and costs are critical to 
such investment decisions. Current or actual 
prices are involved since they are central to 
determining future price expectations. 

Because decisions to continue production 
or to shut in a well are complex, precise 
forecasts of the rate of production under dif
ferent price assumptions are difficult. Nonethe
less, it is correct that production will decline 
when prices decrease since some wells are no 
longer profitable to operate. If prices remain at 
depressed levels for a period of time, production 

will further decrease as more wells become 
uneconomic, as fewer wells are drilled to offset 
the natural decline in production, and as a 
history of lower prices works to change percep
tions of future prices. Conversely, higher prices 
will result in increased investment in oil produc
tion and thus production will increase, though 
the resulting increased production lags the 
price increase. 

A brief examination of the domestic in
dustry's history during the 1970s illustrates this 
responsiveness to price change. Domestic pro
duction of crude oil and lease condensate 
peaked in 1970, when the price of oil was $3.18, 
or $8.93 in 1986 dollars. Prices in 1986 dollars 
increased only 4 percent through 1973 and then 
increased about 60 percent in 1974 as a result 
of the Arab oil embargo. During this period, U.S. 
production fell from 9.6 MMB/D in 1970 to 9.2 
MMB/D in 1973. Figure 37 shows that ex
ploration and development investments in oil 
and gas production activities were increased in 
1973 by 39 percent above their 1970 levels in 
1986 dollars. This was primarily due to in
creased activity in the Outer Continental Shelf 
as more federal acreage was offered for leasingJ 
The first price shock of 1973 was reinforced b� the second shock that resulted from the revolui 
tion in Iran. Figure 38 shows that prices of 
domestic crude oil in 1981 were 330 percen� 
higher than the 1973 prices in real termsJ 
Simultaneously, exploration and developmen� 
investment in 1986 dollars increased from! 
around $20 billion in 1973 to over $79 billio11 
in 1981,  or by 295 percent. 

The level of domestic crude oil production 
lagged the price and investment increase. Pro
duction continued to fall from its 1973 level to 
8 .1  MMB/D in 1976, when the production 
decline was halted and domestic production 
began a gradual increase rising to 8.9 MMB/D 
in 1985. This reversal of the production decline 
was a result of the combination of incremental 
production from increased E&D investment in 
the lower 48 states and the initiation of produc
tion from the Prudhoe Bay and Kuparuk River 
fields on the North Slope of Alaska. (See Fig
ure 36.) 

U.S. Gas Supply 

Thtal U.S. gas supply peaked in 1972 at 
more than 22 TCF. The impacts of low regulated 
prices on U.S. gas production and the inability 
to expand Canadian exports because of the Na
tional Energy Board restraints led to a decline 
in U.S. gas supply to about 20 TCF by 1975. 
Supplies stabilized at this level through 1981,  
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as increasing price ceilings led to increased ex
ploration and development in the United States 
and increased availability of Canadian gas in 
U.S. markets. Since 1981 ,  reduced activity in 
many large gas-using industries, a shift in the 
industrial structure toward less gas-intensive in
dustries, fuel switching, and conservation 
resulted in only 17 TCF of gas supplies being 
required by U.S. gas customers in 1985. Despite 
this reduction in the consumption of gas, total 
supply availability remains in excess of 20 TCF. 

Of the actual supply used in 1985, about 95 
percent came from domestic production. Most 
of the remainder was supplied from Canadian 
imports, with small amounts from other 
sources, such as synthetic gas from coal or 
petroleum. 

Most projections of future U.S. gas supplies 
that were prepared prior to the 1986 oil price 
drop expected total U.S. gas supplies from all 
sources to continue to maintain the 1985 level 
of about 18 TCF through the year 2000. The EIA 
Annual Energy Outlook 1985 (low imports case) 
forecast that total U.S. gas supply would in
crease to 18.5 TCF in 1995. Such projections, 
however, also recognized that, at wellhead prices 
competitive with alternative fuels, conventional 
production in the lower 48 states would decline 
over time and increasing amounts of sup
plementary supplies, primarily imports from 
Canada, and incremental production from un
conventional gas sources, would be required. 

Lagged Response in 
Exploration and Production 
to Changes in Price 

Oil and gas exploration and production is 
a long lead time business. An offshore project 
can easily take up to 10 years to advance from 
preliminary geological and geophysical work to 
initial production. An EOR project can take a 
similar length of time to move from preliminary 
engineering, through a test program, drilling in
jection wells and injecting fluid, to the be
ginning of tertiary production. Frontier areas, 
such as deep water Gulf of Mexico, which are 
believed to contain much of the nation's future 
oil and gas reserves, may require 10 or more 
years before production can be obtained. In 
Alaska, where there is also great potential, pro
duction can require 15 years or more to come 
on stream. 

Thday's oil and gas production still benefits 
from the high oil and gas prices of the late 1970s 
and the first half of the 1980s. These prices en
couraged borrowing and generated revenue that 
was plowed back into exploration and develop-
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ment. The drilling boom of the late 1970s and 
early 1980s was fed by the expectations of ever
rising oil and gas prices. 

Conversely, decisions not to invest because 
of today's low prices have a negative impact that 
will not be visible for years to come. Further
more, when prices begin to rise, investors may 
react slowly, waiting until they can evaluate the 
upward price trend as sustainable. 

The oil and gas service sector has been hit 
especially hard. Many firms have declared or are 
on the verge of bankruptcy. Some firms have 
been forced to combine with others. Barring a 
quick rebound in oil field activity. many skilled 
people will be lost from the industry. When oil 
and gas prices rebound, the lessened competi
tion and the shortage of experienced people will 
cause increased costs and unavoidable delays in 
resumption of drilling activity and new reserve 
additions. Resulting production may lag dis
coveries even more than in the past. The longer 
the current price slump lasts, the worse this 
problem becomes. 

Financial institutions, which have histor
ically supported the various components of the 
oil and gas industry, have also been stung by the 
rapid decline in oil and gas prices. These institu
tions now have increasing levels of nonperform
ing and underperforming loans, resulting in a 
retrenchment of their loan portfolios and an un
willingness, if not inability, to make available 
additional funding. 

Capital for new project financing will again 
be made available when investors have rebuilt 
their confidence in the liquidity of the industry 
and perceive a sustainable higher price. Outside 
capital has traditionally come from a variety of 
sources. A particularly important channel for in
dependent producer financing in the early 
1980s was the private and public drilling and 
production funds. Registered funds invested a 
peak of $4.0 billion in drilling and production 
acquisition in 1981 .  Thx rates and the oil price 
outlook brought later figures down, and in 1986 
the funds supplied $0.3 billion. Th the extent the 
upstream oil sector cannot attract outside 
capital, it will be restricted to its depressed 
internal cash flow for investment in new ex
ploration and development projects. 

THE NPC OIL & GAS OUTLOOK 
SURVEY AND IPAA/SIPES 
DRILLING SURVEY 

Oil & Gas Outlook Survey 

Currently, considerable uncertainty exists 
over the likely future evolution of crude oil 



prices. Expected price weakness in the short
term results from the major supply overhang 
from OPEC producers (with production capacity 
close to 27 MMB/D). Saudi Arabia is playing a 
key role by foresaking its self-appointed balanc
ing role in seeking to assure its longer-term 
markets. 

In the longer term, the price uncertainties 
relate principally to the role that OPEC or 
individual OPEC countries will play in establish
ing prices and the likely future response of both 
oil supply and demand to different price levels. 

As one tool for analyzing other factors af
fecting oil and gas supply and demand, a survey 
of future supply/demand outlooks was made us
ing two oil price trends provided by the Depart
ment of Energy: an upper price trend starting 
at $18 per barrel and rising at 5 percent per year 
in real terms, and a lower price trend starting 
at $12 per barrel and rising at 4 percent per year 
in real terms. 

Upper Price Trend 
Lower Price Trend 

Refiner Acquisition Cost of Crude Oil 
1986 Dollars Per Barrel 

1986 1990 1995 2000 

18  
1 2  

22  
14  

28  
1 7  

3 6  

2 1  

The survey respondents were requested to 
assume there would be no change in present 
laws (e.g., no early deregulation of natural gas, 
no early phaseout of the Windfall Profit Thx, 
continuation of current tax law), no changes in 
environmental regulations or leasing policies, 
no drastic changes in the world (such as major 
wars, revolutions, or the end of OPEC), no 
dramatic changes in exchange rates among the 
world's currencies, no worldwide banking or 
financial crises, no new major technological 
breakthroughs in either the production or con
sumption of energy, and that refining capacity 
would be adequate. 

The oil price trends used in the NPC Oil & 
Gas Outlook Survey begin at low levels com
pared to the perspective that existed in 1985. 
These lower price trends imply renewed growth 
in demand and lower estimates of domestic pro
duction. There are many other price scenarios 
that could develop between today and the year 
2000. These include a scenario where prices do 
not rise in real terms for several years, after 
which prices rise rapidly due to growing supply 
and demand pressures. Another possible 
scenario could include a strong price increase 
in response to a renewed effort by OPEC to con
trol supply, resulting in a return to 1985 prices. 
If this were to occur, weaker demand and higher 
levels of domestic production would ensue. 

Wellhead gas prices are expected to be 
capped through a netback from the burnertip 
in competition with low sulfur residual fuel oil 
prices so long as the gas bubble continues. Once 
the gas bubble ends, in order to balance U.S. 
natural gas supply and demand, burnertip gas 
prices will need to rise above the low sulfur 
residual fuel oil price (assuming low oil prices) 
to reduce potential demand, mostly through 
switching back to residual fuel oil. 

The NPC survey was designed to elicit 
future supply and demand levels that are be
lieved by the respondents to be likely if the price 
trends specified were to occur and all the 
assumptions specified were to prevail. It is 
recognized that future oil prices will not follow 
either of these trends. The price trends are not 
forecasts of future prices, but are intended to 
suggest a range of plausible prices, and more 
importantly, provide insight into the impact of 
lower prices on the oil and gas outlook. The 
results are included in Appendix D. 

Drilling Survey 

The IPAA/SIPES Drilling Survey was sent to 
the independent producers and petroleum 
technical specialists responsible for the invest
ment and drilling decisions for the majority of 
the oil and gas wells drilled in the United States. 
Respondents were requested to estimate their 
level of participation in drilling activity for each 
of the next five years, assuming average oil and 
gas prices of $13 per barrel and $1 .30 per MCF 
respectively; $20 per barrel and $2.40 per MCF; 
and $27 per barrel and $3.50 per MCF. The first 
two oil price assumptions approximate the 
1986-90 prices of the lower and upper price 
trends, respectively, of the NPC survey. The $27 
price assumption was selected as being repre
sentative of the price levels experienced by the 
industry prior to the recent severe price decline. 

At an oil price of $13 per barrel, the 1 ,023 
respondents expect their drilling to decline to 
18 percent of the 1985 level in 1987, and to fur
ther decline to 15 percent in 1990. At a price of 
$20 per barrel, drilling would fall to half the 
1985 level by 1987 and remain at that level 
through 1990. Finally, at $27 per barrel, drilling 
would increase about 7 percent by 1987, then 
increase steadily to about 124 percent of the 
1985 level in 1990. 

Similarly, in March 1986, the American 
Petroleum Institute surveyed 21 large integrated 
petroleum companies to investigate the effect of 
lower prices. Like the IPAA/SIPES Drilling 
Survey, the results of the API Crude Oil Price 
Effects Survey indicate that there would be a 
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sustained decline in drilling activity under low 
price scenarios. The API survey indicates that 
well completions would be 31 ,100 in 1991 under 
a constant $15 per barrel scenario (1985 
dollars), a decline of 60 percent; and 12,500 
under the $10 per barrel scenario, an 80 percent 
decline. The API survey respondents projected 
relatively unchanged drilling activity (73,400 
completions in 1991) if prices had stayed· at the 
1985 level of $28 per barrel. 

The NPC survey responses also show a 
substantial decline in drilling activity during 
the next five to ten years compared to the record 
high of 1981-85. From an annual average of 
over 80,000 wells during that period, drilling 
declines 67 percent to a mean of 27, 100 wells 
per year in 1986-90 in the lower price trend and 
declines 42 percent to 4 7,200 wells per year in 
the upper price trend. As real prices increase, 
drilling increases as well. (See Thble 20 and 
Figure 39.) 

Reserve Additions 

With the indicated decline in drilling, 
reserve additions also drop (Thble 21). Compared 
with reserve additions averaging 2. 72 billion 
barrels of oil and 15.9 TCF of gas per year from 

TABLE 20 

SURVEY RESPONSE 
TOTAL ANNUAL WELLS DRILLED 

Mean Number of Wells 
Drilled Per Year 

Actual 

1 981 -1 985 82,000 

Lower Price Upper Price 
Trend Trend 

Wells Rigs • Wells Rigs • 

1 986-1 990 27 , 1 00 874 47,200 1 ,523 
1 991 - 1 995 38,400 1 ,239 56,300 1 ,81 6 
1 996-2000 41 ,500 1 ,339 66,200 2 , 1 35 

• Based on 1 981 -85 average rotary rig productivity of 31 wells 
per rig <see Appendix Dl. 
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Figure 39. Total Wells Drilled (NPC Oil & Gas Outlook Survey) .  
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TABLE 21 

SURVEY RESPONSE-DOMESTIC RESERVES 
AND AVERAGE ANN UAL RESERVE ADDITIONS (AARAl 

1 985-2000 

Lower Price Trend Upper Price Trend 

Crude Oil and Condensate 
(Billion Barrels) 

Reserves , 1 2-31 -85 
AARA 1 986-90 

Reserves, 1 2-31 -1 990 
AARA 1 991 -95 

Reserves, 1 2-31 -1 995 
AARA, 1 996-2000 

Reserves, 1 2-31 -2000 

Natural Gas, Wet 
ITrillion Cubic Feet) 

Reserves, 1 2-31 -1 985 
AARA 1 986-90 

Reserves, 1 2-31 -1 990 
AARA 1 991 -95 

Reserves, 1 2-31 -1 995 
AARA 1 996-2000 

Reserves, 1 2-31 -2000 

Reserves 

29.9 

21 .9 

1 6 .8 

1 4 .5 

202 .2 

1 57 . 9  

1 34.5 

1 2 1 .6 

1981 to 1985, oil reserve additions decline 50 
percent in 1986-90, to only 1.33 billion barrels 
of oil per year. Gas reserve additions also decline 
50 percent. to 7.8 TCF of gas per year in the 
lower price trend. Likewise, reserve additions 
decline 25 percent, to 2.01 billion barrels of oil 
per year, and decline 25 percent, to 1 1 .8 TCF of 
gas per year, in the upper price trend. Even with 
increasing real prices and increased drilling 
rates, crude oil reserve additions do not increase 
from these initial rates through 2000. On the 
other hand, reserve additions for natural gas do 
increase from the late 1980s to the 1990s (by 40 
percent in the lower price trend and by 18 per
cent in the upper price trend). 

The survey responses indicate a shift in em
phasis from oil to gas under both price trends. 
Possible causes for this shift in emphasis are as 
follows: 

• Oil exploration is more mature than gas 
exploration and has already experienced 
real price levels that are higher than 
those in both price trends. 

• Natural gas development has been 
restricted in recent years and will be 
restricted during the 1985-90 time 
period by the gas bubble. The end of the 
gas bubble will cause an increase in 

AARA 

1 .33 

1 . 36 

1 . 36 

7.8 

1 0 .4 

1 0 . 9  

Reserves AARA 

29.9 
2 .01 

24.5 
1 .90 

20.4 
1 .90 

1 8 . 1  

202 . 2  
1 1 .8 

1 75 . 5  
1 3 .2  

1 59.0 
1 3 .9 

1 51 .0 

natural gas exploration and development 
activity. 

Despite the increase in drilling and the 
decline in domestic production, in neither price 
trend for either oil or gas are reserve additions 
during the late 1990s sufficient to replace pro
duction. Thus in both price trends for both oil 
and gas, reserves decline throughout the period, 
albeit at decreasing rates. From 1985 to 2000, 
crude oil reserves are shown to decline 52 per
cent in the lower price trend and 39 percent in 
the upper price trend. Excluding the 27 TCF of 
natural gas reserves in the North Slope of 
Alaska, which are included in the DOE reserve 
base but are not expected to contribute to 
domestic supply before the year 2000, natural 
gas reserves decline 46 percent in the lower 
price trend and 29 percent in the upper price 
trend. The decline in domestic reserve-to
production ratios for the two price trends 
surveyed are discussed in Appendix D. 

U.S. Oil Supply 

The NPC survey trends for domestic oil pro
duction and oil imports are shown in Thble 22 
and Figure 40. U.S. oil production falls in both 
price trends. Domestic liquids production falls 
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TABLE 22 

SURVEY RESPONSE 
U .S. OIL SUPPLY/DEMAND BALANCE 

<Million Barrels Per Day> 

Upper Price Trend 

Domestic Consumption 

Domestic Crude Oil Production 
NG L and Other Supply 

Total Domestic Supply 

Net I mports Needed to Meet Demand 

I mports as a Percent of Consumption 

Lower Price Trend 

Domestic Consumption 

Domestic Crude Oil  Production 
N G L  and Other Supply 

Total Domestic Supply 

Net I mports Needed to Meet Demand 

I mports as a Percent of Consumption 

29 percent between 1985 and 2000 for the up
per price trend. Under the lower price trend, 
domestic liquids production decreases 48 
percent. 

In the upper price trend, crude oil produc
tion declines from 9.0 MMB/D in 1985, to 8.0 
MMB/D in 1990, to 7.0 MMB/D in 1995, and to 
6.4 MMB/D in 2000. In the lower price trend, 
crude oil production declines much more 
rapidly-to 7 .1  MMB/D in 1990, 5 .7  MMB/D in 
1995, and only 4.5 MMB/D in 2000. According 
to the EIA Annual Energy Outlook 1985, for the 
low imports case (see Thble 23), crude oil pro
duction falls to 8.4 MMB/D in 1990 and to 7.4 
MMB/D in 1995. 

U.S. net oil imports increase from 4.2 
MMB/D in 1985 to 9. 1 MMB/D by 2000 in the 
upper price trend, and to 13.6 MMB/D in the 
lower price trend. 

The two price trends impact various types 
of domestic liquids production differently. A 
summary of domestic production of crude oil 
and condensate, by production category for the 
two price trends, is shown in Thble 24. 

Production from existing fields falls in both 
price trends, but the rate of decline is greater 
in the lower price trend (5.2 percent per year be
tween 1985 and 2000) than it is in the upper 
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Actual 
1 985 1 990 1 995 2000 

1 5 . 7  1 6 . 3  1 7 .0 1 7 .4 
9.0 8.0 7.0 6 .4 
2 .5  2 . 1  2 . 1  1 .9 

1 1  . 5  1 0 . 1  9 . 1  8 .3  
4 . 2 6.2 7 .9 9 . 1  

27% 38% 47% 52% 

1 5 . 7  1 7 .6 1 9 .0 1 9.9 
9.0 7 . 1  5 . 7  4 . 5  
2 . 5  2 . 1  1 .9 1 . 8 

1 1  . 5  9.2 7.6 6 .3 
4. 2 8.4 1 1  .4  1 3 .6 

27% 48% 60% 68% 

price trend (3.5 percent per year) . Production 
from existing wells decreases at about the same 
rates in both the upper and lower price trends. 
However, production resulting from new in
vestment in existing fields increases much less 
rapidly in the lower price trend. 

EOR production is both technically com
plex and costly. Hence, EOR production is 
generally considered marginal. The survey 
results reflect this fact. EOR production grows 
in the upper price trend from 550 MB/D in 1985 
to 848 MB/D by 2000, or 13 percent of total 
domestic liquids production. With both lower 
price levels and price growth in the lower price 
trend, EOR production falls from the estimated 
level of 550 MB/D in 1985 to 382 MB/D in 2000. 
These results are reasonably consistent with the 
estimates of EOR production developed in the 
1984 NPC study, Enhanced Oil Recovery.1 

At the request of the DOE, Lewin and 
Associates, Inc. ,  and the U.S. DOE Bartlesville 
Project Office re-estimated potential crude oil 
production from enhanced oil recovery based on 

1Based on the methodology developed in the 1984 
NPC study, Enhanced Oil Recovery, with updated projec
tions made by Lewin and Associates, Inc. 
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Figure 40. U.S. Oil Supply/Demand Balance. 

the 1984 NPC Enhanced Oil Recovery study. A 
copy of the detailed study-including the 
methodological changes and assumptions used 
to make the study consistent with the upper 
and lower price trends-is available from the 
NPC. The results of this study are summarized 
in Thble 25. 

The survey and updated 1984 NPC study 
estimates for EOR production are similar for 
1990 but diverge thereafter. Based on the 1984 
NPC study methodology, EOR production could 
be about 30 percent higher in the year 2000 
than the survey results indicate, regardless of 
the price trend analyzed. This difference may 
arise because the 1984 NPC study did not con
sider a number of potentially constraining fac
tors such as cash flow and capital availability. 

New discoveries are also price sensitive, and 
this is again reflected in the survey. Production 
from new discoveries is expected to grow in both 
price trends, but the volume of production is 
over twice as high at the higher price levels. The 
majority of production from new discoveries is 
expected to come from the onshore area of the 
lower 48 states, although new discovery pro
duction grows at about the same rate in both the 
onshore and offshore areas (see Appendix D). 
Synthetic liquids do not make a significant con
tribution to supply in either price case. 

Production from stripper wells (wells pro
ducing less than 10 barrels per day) was 
reported separately in the survey because of its 
importance to much of the industry and coun
try (see Appendix D). Stripper well production 
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TABLE 23 

ENERGY INFORMATION ADMINISTRATION 
U.S. OIL SUPPLY/DEMAND BALANCE 

ANNUAL ENERGY OUTLOOK 1 985 
LOW IMPORTS CASE * 

<Million Barrels Per Day) 

Actual 
1 985 1 990 1 995 

Domestic Consumption 1 5. 7  1 5 .4 1 5. 7  

Domestic Crude Oil 
Production 9.0 8.4 7 .4 

NGL and Other Supply 2 .5 2 .3 2 .2  

Total Domestic Supply 1 1 .5 1 0.7  9.6 

Net Imports Needed 
to Meet Demand 4.2 4.7 6.1 

Imports as a Percent 
of Consumption 27% 31 % 39% 

'Oil prices in 1 985 dollars: 1 986-$27, 1 987-$27, 1 988-$29, 
1 989-$31 ,  1 990-$32, 1 995-$37. 

has historically been sensitive to price changes. 2 

The survey indicates that stripper production 
remains at its 1985 share of total production (14 
percent) in the upper price trend. In the lower 
price trend, stripper well production declines 
more rapidly than total production and its share 
of total production falls gradually from its 1985 
level of 14 percent to approximately 10 percent 
by the year 2000. 

If a stripper well is plugged, the associated 
reserves may be permanently lost. Thtal strip
per well reserves (4.5 billion barrels) represent 
about 16 percent of total U.S. oil reserves and 
23 percent of oil reserves in the lower 48 states. 
Lastly, stripper well activity represents over 70 
percent (460,000 of 650,000 wells) of all the ac
tive oil wells in the United States. I U.S. net oil imports under the lower price 
trend could rise dramatically from about 27 per
cent of domestic consumption in 1985 to almost 
50 percent in 1990, about 60 percent in 1995, 
and almost 70 percent in 2000. This represents 
greater oil import dependence than occurred in 
the United States in the late 1970s. In the up
per price trend, import levels rise to over 35 per
cent in 1990, over 45 percent in 1995, and over 
50 percent in 2000. 

2U.S. General Accounting Office, Energy R&D: Cur
rent and Potential Use of Enhanced Oil Recovery. June . 
1986. 

TABLE 24 

SURVEY RESPONSE 
U.S. CRUDE OI L AND CONDENSATE PRODUCTION BY TYPE 

IThousand Barrels Per Day> 

Actual 
1 985 1 990 1 995 2000 

Upper Price Trend 

Existing Fields 8,971 7 ,683 6 , 391 5 , 260 

Developed Production 8 ,421 5 ,351 3,577 2 , 1 73 
New I nvestment 1 , 727 2 , 1 04 2 , 239 
Enhanced Oil Recovery 550 * 605 7 1 0 848 

New Discoveries 276 599 1 , 093 

Total 8,971 7,959 6,990 6,353 

Lower Price Trend 

Existing Fields 8,971  7 ,020 5 , 380 4 , 004 

Developed Production 8,421 5 , 373 3 ,599 2 , 1 30 
New Investment 1 ' 1 82 1 , 387 1 ,492 
En hanced Oil Recovery 550 * 465 394 382 

New Discoveries 1 1 6  274 538 

Total 8,971 7 , 1 36 5,654 4,542 

• Estimated. 
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TABLE 25 

POTENTIAL CRUDE OIL PRODUCTION 
FROM ENHANCED OIL RECOVERY ' 

CThousand Barrels Per Day) 

1 986 1 990 1 995 2000 
-- -- --

Upper Price Trend 

Thermal 51 0 490 570 700 
Miscible 70 1 40 260 370 
Chemical 1 0  30 50 40 

Total 590 660 880 1 ' 1 1 0  

Lower Price Trend 

Thermal 490 380 330 330 
Miscible 60 70 1 00 1 30 
Chemical 1 0  20 30 30 

Total 560 470 460 490 

' Based on the methodology developed in the 1 984 NPC study, 

Enhanced Oil Recovery, with updated projections made by Lewin and 
Associates, Inc. 

Even using a price path that rose from the 
1985 level, net U.S. import dependency was ex
pected to increase. According to the EIA Annual 
Energy Outlook 1985 low imports case, net im
ports were projected to increase to 31  percent 
in 1990 and 39 percent in 1995. 

The NPC survey also indicates that. under 
the upper price trend, 30 percent of non
communist world demand will have to be 
supplied by Middle East OPEC in 1995 and 35 
percent in 2000, up from 21 percent in 1985 
(Thble 26 and Figure 41).  Under the lower price 
trend, this dependence rises to approximately 
40 percent in 1995 and over 45 percent in 2000. 
Middle East OPEC possesses 63 percent of non
communist world proved crude oil reserves, and 
these countries could meet the higher export 
levels if they chose to do so. However, as OPEC 
production increases and surplus capacity 
declines, its members will have greater power 
to increase prices. 

Under both price trends, U.S. gas consump
tion will be limited to available domestic sup
plies plus imports. Because gas imports are 
constrained, any shortfall in meeting the total 
demand for energy will almost certainly be filled 
by oil imports. 

U.S. Gas Supply 

The U.S. gas supply outlook from the NPC 
survey, on a dry basis, is shown in Thble 27 and 
Figure 42. In both cases, under these two 
relatively low price trends, the supply/demand 
balance for natural gas will be limited by avail
able supply-by 1990 in the lower price trend, 
and during the first half of the 1990s in the up
per price trend. 

For both price trends, U.S. gas production 
falls in the 1990s. With the higher price expec
tations of the upper price trend, by the year 
2000 total production declines by 12 percent 
relative to the 1985 level of 16.4 TCF. In the 
lower price trend, the decline is 24 percent. 

Increasing amounts of imports and other 
gas supplies will be required through the year 
2000. These requirements are approximately 
the same in both trends, rising from 0.9 TCF in 
1985 to about 2.6 TCF in 2000. Canada ac
counts for about 85 percent of these supplies. 
At the price levels included in the survey, Cana
dian imports are constrained by the availability 
of gas supplies and existing transmission 
capacity into the United States. Additional gas 
imports could be available at higher gas prices 
than assumed in the survey. 

The probability of receiving substantial 
additional natural gas from Canada is low. This 
is due to: 

• A reluctance to make the heavy invest
ment in the necessary pipelines to bring 
the new natural gas from the frontier 
areas to market 

• The probability that Canada, which is 
also interested in energy security and 
conservation, may not wish to export 
more natural gas than it does presently. 

Gas imports from Mexico are not expected 
before the mid-1990s and account for only 
about 10 percent of total U.S. gas imports. It is 
expected that Mexico will continue to substitute 
gas internally for fuel oil and export the fuel oil 
where possible. 

Thble 28 contains a breakdown of wet gas 
production for existing fields and from new 
discoveries. These categories are further broken 
down between lower 48 states (onshore and off
shore) and Alaska. Note that production 
decreases in the lower 48 states. Production in 
Alaska, which primarily serves consumption in 
Alaska along with some small LNG exports to 
Japan, is expected to remain constant. Alaskan 
production is from existing fields and will re
quire relatively little new investment. No 
deliveries of Alaskan gas to the lower 48 states 
are expected through the year 2000. The level 
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TABLE 26 

SURVEY RESPONSE 
NON-COMMUNIST WORLD OIL SUPPLY/DEMAND BALANCE 

CMillion Barrels Per Day> 

Actual 
1 985 1 990 1 995 2000 --

Upper Price Trend 

Total Consumption 46.5 48.2 50.5 52.5 

N on-OPEC Crude Oi l  and N G L  25.2 24.7 2 3 . 9  2 2 . 5  
Other Supply 4 . 1  2 . 9  2 . 6  2 . 5  
OPEC Crude O i l  & N G L  Production 1 7 . 2  20.6 24.0 2 7 . 5  

Total Supply 46.5 48.2 50.5 52.5 

Memo: M iddle East OPEC Crude Oi l  
as a Percent of Total Supply 21 % 25% 30% 35% 

Lower Price Trend 

Total Consumption 46.5 51 . 0  54 . 7  58 . 0  

Non-OPEC Crude O i l  a n d  N G L  25 .2 2 2 . 4  2 0 . 4  1 8 . 6  
Other Supply 4 . 1  2 . 8  2 . 5  2 . 4  
OPEC Crude O i l  & N G L  Production 1 7 . 2 25 .8 3 1 . 8  3 7 . 0  

Total Supply 46. 5 51 .0  54 . 7  58.0 

Memo: M iddle East OPEC Crude Oi l  
as a Percent of Total Supply 21 % 32% 40% 46% 
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TABLE 27 

SURVEY RESPONSE 
U.S. NATURAL GAS SUPPLY/DEMAND BALANCE 

<Trillion Cubic Feet Per Year> 

Actual 
1985 1990 1995 2000 

Upper Price Trend 

Domestic Consumption 1 7 . 3 1 7 . 6 1 7 .3 1 7 .0 

Domestic Production C Ory Gas) 16.4 1 6 .4 1 5 . 2  14 .5 
Net I mports 0.9 1 . 3 2 . 2  2 .6 
Other Supply and Inventory Change 0 .0 (0.1 ) C0 .1 )  C0.1 ) 

Total Supply 1 7 . 3 1 7 .6 1 7 .3 1 7 .0 

Memo: U nsatisfied Gas Demand • 
Replaced By Oii-TCF < 0 .1 0.2 

- M M B/0 oil  eq uivalent < 0 .1 0 .1 

Lower Price Trend 

Domestic Consumption 1 7 . 3  1 7 .0 15 .5 1 5 . 0  

Domestic Production COry Gasl 16.4 1 5 . 5  1 3 . 3  1 2 . 4  
Net Imports 0. 9 1 .5 2 . 2  2 . 6  
Other Supply and I nventory Change 0.0 0.0 0.0 0 .0 

Total Supply 1 7 .3 1 7 .0 1 5 . 5  1 5 .0 

Memo: U nsatisfied Gas Demand • 
Replaced By Oii-TCF 0.3 0 . 7  1 . 0 

- M M B/D oil  eq uivalent 0 .1 0.3 0.5 

' Reflects the amount by which natural gas supply (domestic production plus importsl fell short o f  natural g a s  demand after balanc· 
ing the results of survey responses. At the price levels in the survey, imports are constrained by economics and transmission capacity. 
The resulting shortfall in gas supplies constrained natural gas consumption, and the u nsatisfied demand was assumed to be filled by 
oil since oil and gas can be substituted in a large number of dual-fired boiler applications. Since some individual respondents could 
have converted unsatisfied gas demand to other forms of energy in their submittals, these unsatisfied gas demands could be understated. 
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TABLE 28 

SURVEY RESPONSE 
LOWER 48 WET GAS PRODUCTION 

<Billion Cubic Feet Per Year} 

Actual 
Source 1 985 1 990 1 995 2000 

Upper Price Trend 

Existing Fields 1 7 , 1 98 1 5 , 793 1 3 , 041  1 0 , 888 

Lower 48 1 6 ,877 1 5 ,453 1 2 ,691 1 0 ,538 
Onshore 1 2 ,245 1 0 ,581 8 , 469 7 , 040 

Offshore 4 , 632 4,872 4 , 222 3 ,498 

Alaska 321 340 350 350 

New Fields 1 ,334 2 , 861 4 ,248 

Lower 48 1 ,334 2 , 851  4 , 2 1 8 
Onshore 7 1 6 1 ,455 2 ,367 

Offshore 61 8 1 ,396 1 ,851 

Alaska 0 1 0  30 

Total 1 7, 1 98 1 7, 1 2 7 1 5,902 1 5, 1 36 

Lower Price Trend 

Existing Fields 1 7 , 1 98 1 5 ,225 1 1  ,91 4 1 0 ,090 

Lower 48 1 6 ,877 1 4 , 885 1 1  ,564 9 , 740 
Onshore 1 2 , 245 9 , 734 7 , 604 6 ,234 

Offshore 4 , 632 5 , 1 51 3 , 960 3 ,506 

Alaska 321 340 350 350 

New Fields 962 2 , 060 2 , 92 1  

Lower 48 962 2 ,050 2 , 89 1  
Onshore 491 957 1 ,547 

Offshore 471 1 ,093 1 ,344 

Alaska 0 1 0  30 

Total 1 7, 1 98 1 6, 1 87 1 3, 9 74 1 3, 0 1 1 
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of LNG imports into the United States is not ex
pected to play a significant role in the future 
supply of energy for the United States under 
either price trend. 

Gas production from existing fields in the 
lower price trend is expected to be between 4 
and 7 percent lower through the year 2000 than 
in the upper price trend. Production from new 
fields, however, is reduced by over 30 percent in 
the lower price trend. The incremental invest
ment to add production in an existing field in
volves both a lower capital requirement and 
lower risk and is therefore less sensitive to the 
expectation of lower oil prices. The high initial 
cost of exploration and the risk of investment 
in new fields makes these investments more 
sensitive to lower expected revenues. 

The major effect of lower oil and gas prices 
is to onshore production. From 1985 to 2000, 
total onshore production declines by about 25 
percent in the upper price trend and by over 35 
percent in the lower price trend. Thtal offshore 
production increases by almost 1 TCF relative 
to 1985 in the upper price trend and remains 
about the same in the lower price trend. 

Deep water offshore production requires 
much higher capital investments and longer 
lead time than onshore production. Most of the 
investment required for new fields that would 
impact supply through the early 1990s has 
already been made. The incremental costs to 
complete ongoing offshore ventures are relative
ly less significant; therefore, current com
mitments are likely to be completed even if price 
expectations diminish. 

Onshore activity has a shorter decision lead 
time than deep water offshore ventures. As a 
result, changes in price can more quickly affect 
decisions about future onshore activity and 
have a significant impact on the outlook for on
shore production in the near term. 

The production outlook developed from the 
survey for the lower 48 states includes a small 
amount of gas supplies from tight sands or 
Devonian shale based only on existing technolo
gies. In a 1980 study, the NPC assessed the 
future role that unconventional sources could 
play in the U.S. gas supply picture. The study 
reported that, with advanced technology, an ad
ditional 3.2 TCF per year could be obtained after 
15 years at prices of no more than $2.50 per 
MCF in 1978 dollars ($3.50 per MCF in 1986 
dollars) . The study also indicated that more 
than 1 TCF per year of additional gas produc
tion could be obtained from Devonian shale and 
coal seams at these prices. Because large 
unconventional resources have already been 
discovered, production from these sources 

might play a role for natural gas supply similar 
to the EOR contribution to oil production. 

Given the survey price trends, domestic gas 
production plus available gas imports will be in
sufficient by the 1990s to maintain gas con
sumption at historical levels. The gas bubble is 
expected to end by the late 1980s in the lower 
price trend and during the first half of the 1990s 
in the upper price trend. Once the gas bubble 
ends, in order to balance U.S. natural gas sup
ply and demand, burnertip gas prices will need 
to rise above the low sulfur residual fuel oil price 
to reduce potential demand, resulting in fuel 
switching to residual fuel oil. 

DEMAND RESPONSE 
TO PRICE CHANGES 

NPC Survey Results: 
Effects on Consumption 

It is expected that lower oil prices will even
tually increase oil demand and stimulate the 
economy, thus increasing overall energy de
mand. This is reflected in responses to the NPC 
survey. Thble 29 and Figure 43 show energy con
sumption by fuels and Thble 30 shows energy 
consumption by sector. In the upper price trend, 
total energy and oil consumption increase at 
average rates of 1 . 1  percent and 0. 7 percent per 
year, respectively, between 1985 and 2000. For 
the lower price trend, the rates of increase are 
1.3 and 1 .6 percent per year, respectively. The 
bulk of the oil consumption increase occurs in 
the transportation, industrial, and electric utili
ty sectors. 

In the lower trend, the oil consumption 
growth rate is more than double that in the up
per trend, for two reasons. First, the transpor
tation sector, which relies almost solely on oil, 
is stimulated by the low oil prices and the 
stronger economic activity. As a result, trans
portation growth in the lower trend is double 
that in the upper trend. It has been apparent in 
the past few years that lower fuel prices have 
resulted in more driving and the purchase of 
larger automobiles with better performance. A 
continuation of the trend is anticipated if prices 
remain low. While a return to the gas-guzzlers 
of the early 1970s is unlikely, some slowing in 
the rate of fuel efficiency improvement of the 
new car fleet can be expected, and average miles 
per vehicle will be higher than in the upper 
price trend. In addition, rail and truck traffic will 
respond to the stronger economy, resulting in 
a higher growth rate for diesel fuel. 
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TABLE 29 

SURVEY RESPONSE 
U .S. E NERGY CONSUMPTION BY FUELS 

(Quadrillion BTU Per Year> 

Actual 
1 985 1 990 1 995 2000 

--

Upper Price Trend 

Petroleum Liquids 30.9 32.2 33.5 34.3 

Natural Gas <Dry) 1 7 .9 1 8 . 1  1 7 . 8  1 7 . 5  

Coal 1 7 . 5  1 9 .2 2 2 . 0  25 .3 

N uclear, Hydro, Other 1 0 .3  1 2 . 7  1 3 . 3  1 3 . 5  

Total Primary Energy 76.6 82. 2  86.6 90.6 

Lower Price Trend 

Petroleum Liquids 30.9 34. 8  3 7 . 5  3 9 . 4  

Natural Gas <Dry) 1 7 .9  1 7 .5 1 6 .0  1 5 .4 

Coal 1 7 . 5  1 9 .3  22.4 25.3 

N uclear, Hydro, Other 1 0 .3  1 2 . 6  1 3 . 2  1 3 .4 

Total Primary Energy 76.6 84.2 89. 1  93.5 

1 20r-------------------------------------------------------------� 1 20 
LEGEND: 

E:::i:,::::::::::::::::::::::/:::::::1 Petroleum liquids Coal 

1 00 ��� Natural Gas <Dryl IS§WWWI Nuclear, Hydroelectric, Geothermal, and Other 1 00 
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---- Upper Price Trend - - - Lower Price Trend 

1 985 
ACTUAL 

1 990 1 995 

Figure 43. Total U.S. Energy Consumption by Fuels. 
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In the airline industry, the fare reductions 
following deregulation have generated much 
new traffic, and large increases in jet fuel con
sumption have occurred in recent years. From 
1985 to 2000, air traffic is expected to grow with 
the economy. At the same time, aircraft fleet ef
ficiencies will rise as new, more efficient aircraft 
are placed in service. Thus, on balance, aviation 
fuel growth will be moderate. In the lower price 
trend, however, with fuel costs declining as a 
percent of operating costs, there is less incen
tive to replace older aircraft with more fuel
efficient craft. Consequently, aviation fuels 
growth in the lower price trend could be ex
pected to be somewhat higher than in the up
per trend. 

The second major impact on oil consump
tion in the lower trend is caused by fuel substitu
tion in the electric generation and industrial 
sectors. Natural gas supplies in both trends are 
inadequate to meet the growth in demand. As 
a result, dual-fueled plants that normally burn 
gas would be forced to switch to their alternative 
fuel-largely fuel oil. In the upper trend, the 
shortfall occurs mostly after 1995. In the lower 
trend, the shortfall is greater and occurs by 
1990. Most of the substitution takes place in the 
electric generation sector. Smaller volumes in 
the industrial sector also switch to oil. 

In the residential/commercial sector, total 
energy growth is higher in the lower price trend 
in response to the stimulus of lower prices and 
higher economic expansion. This is in part due 
to a slackening in conservation efforts. Incen
tives to replace less energy efficient machinery 
and building stock are diminished when fuel 
prices are low. In addition, the higher economic 
growth of the lower trend can be expected to 
stimulate commercial activity and thus com
mercial energy consumption to a greater degree. 

In the combined industrial/non-energy sec
tor, the drastic restructuring in the energy
intensive industries appears to be levelling off, 
and there is the expectation that modest growth 
is likely in the future. Although substantial 
energy conservation has been effected in in
dustry since 1973, industry is less sensitive to 
moderate price swings, and thus energy con
sumption does not display much variation be
tween the two price trends. Furthermore, 
because industry is now less energy-intensive, 
there is greater disparity between industrial 
energy and GNP growth. 

Energy Conservation 

Energy conservation is mainly driven by 
higher prices. It is also influenced by legislation 

TABLE 30 

SURVEY RESPONSE 
U .S. ENERGY CONSUMPTION BY SECTOR 

(Quadrillion BTU Per Year) 

Actual 
1 985 1 990 1 995 2000 

---

Upper Price Trend 

Residential/Commercial 1 5 .9 1 6 . 7  1 7 .3  1 7 . 8  
Transportation 20. 1 20.8 2 1 . 4  2 1 . 7  
I ndustrial/Non-Energy 22 . 1  2 3 . 7  25.0 26.3 
Electric Uti l ity 1 8 .5 2 1 . 0  2 2 . 9  24.8 

Total Energy 76.6 82. 2  86.6 90.6 

Lower Price Trend 

Residential/Commercial 1 5 .9 1 7 . 1  1 7 .8 1 8 . 5  
Transportation 20. 1 2 1 .6  2 2 . 5  2 3 . 5  
I ndustrial/Non-Energy 2 2 . 1  24. 1  2 5 . 4  26.6 
Electric Util ity 1 8 .5 21 . 4  23 . 4  24.9 

Total Energy 76.6 84.2 89. 1  93.5 
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(e.g., CAFE standards, 55 mile per hour speed 
limit, building efficiency standards, energy tax 
credits) as well as by appeals to conserve, but 
the latter tend to lose effectiveness over time 
unless supported by higher prices. Conservation 
in response to market prices takes place over an 
extended period due to the time needed to 
replace existing equipment and facilities such 
as vehicles, machinery, and buildings. Addi
tionally, conservation results from changes in 
product mix within the manufacturing sector 
as well as from shifts from energy-intensive 
manufacturing to services. Conversely, lower 
market prices for energy reduce the incentives 
to conserve and the resulting lower levels of con
servation will increase demand over time, 
although existing energy-efficient capital stock 
will limit the size of this increase. 

At present, the United States is still ex
periencing conservation resulting from the in
creases in energy prices that occurred in 
1973-81 .  At the same time, the drop in energy 
prices in 1986 is beginning to stimulate 
consumption. 

The best way to assess the overall trends in 
energy conservation is to relate energy con
sumption to changes in economic activity (real 
GNP) and to changes in real (inflation corrected) 
energy and oil prices. Thble 3 1  summarizes 
these changes for key historical periods. 

Energy consumption rose in tandem with 
real GNP at about 4 percent per year during the 
1960-73 period, when real energy prices were 
declining. Thus, over the 1960-73 period, the 
economy grew 70 percent and energy con
sumption also grew 70 percent. 

After the first oil shock in 1973, energy and 
oil prices rose sharply and, following the Iranian 
crisis of 1979, peaked in 198 1.  This had a pro
nounced impact on energy consumption during 
1973-81 by reducing growth to zero. Economic 

TABLE 3 1  

U.S. ENERGY CONSUMPTION, REAL GNP, 
AND OIL PRICES 

£Annual Average Growth Rate, Percent> 

1 960-1 973 
1 973-1 981 
1 981 -1 985 
1 985-1 986 
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Energy Real 
Consumption Real GNP Oil Price 

4.1 3.9 -1 .3 
0.0 2 . 1  20.0 
0.0 2.5 -1 0.6 
0.0 2.5 -47 .2 

activity also slowed to a growth of 2.1 percent 
per year. 

During the 198 1 -85 period, energy con
sumption continued relatively flat, although 
energy and oil prices began to slide. Economic 
growth picked up slightly to 2.5 percent per 
year. However, conservation effects resulting 
from past increases in energy prices continued 
to offset any stimulus to higher consumption 
deriving from lower prices and higher economic 
growth during this period. 

A major factor in halting energy consump
tion growth after 1973 was conservation in
duced by higher energy prices. While it may be 
true that energy consumption was held down 
somewhat during the early part of the period by 
appeals to conserve or by legislation, it can also 
be argued that the real impact of price controls 
was to reduce the incentives for the automobile 
driving public and other users to conserve. After 
1979, market forces in the form of higher energy 
prices were primarily responsible for reductions 
in energy consumption. Overall, between 1973 
and 1985,  the United States achieved a 
30 percent increase in real GNP while energy 
consumption remained essentially flat. 

The slowdown in the growth rate of 
economic activity was also a factor in holding 
down energy consumption during the 1973-85 
period, but to some extent this slowdown was 
also induced by higher energy prices. Further, 
the shift in the composition of GNP away from 
energy-intensive products and activities to less
intensive products and activities also decreased 
the nation's energy consumption. 

The NPC survey results for energy growth 
for the 1985-2000 period, by sector, are shown 
in Thble 32. Substantial growth in energy use 
is expected to occur in all sectors. The greatest 
increase, about 35 percent, is shown for the elec
tric utility sector. The industrial sector (in
cluding feedstocks), which showed a substan
tial decline between 1973 and 1985 (due in part 
to the changing industrial mix), increases about 
by 20 percent. The residential/commercial and 
the transportation sectors show the greatest 
sensitivity between the price trends, with 
energy use increasing relatively modestly for 
the upper price trend, but rising at substantial
ly higher rates for the lower price trend. 

Overall, the survey results reflect a great 
deal less conservation than in the 1973-85 
period, but more conservation than 1960-73. 
The most significant departure from recent ex
perience is the rise in the industrial sector 
energy use. This appears to be due to the expec
tation that the severe decline in the energy
intensive industries from 1973 to 1985 has 



TABLE 32 

U.S. ENERGY GROWTH BY SECTOR 
CTotal Percentage Changel 

Industrial 

(including feedstocks) 

Residential/Commercial 

Transportation 

Electric Utilities 

Total Average Change 

1 985-2000 
Lower Upper 
Price Price 

1 960-73 1 973-85 Trend Trend 

+ 49 -21 + 21 + 1 9  

+ 58 -6 + 1 6  + 1 1  

+ 76 + 8  + 1 8  + 9  

+ 1 42 + 33 + 35 + 34 

+ 70 0 + 22 + 1 8  

largely run its course and modest growth is now 
the prospect. 

Economic Impacts on 
Oil and Gas Demand 

The energy intensity of the U.S. economy, 
on average, has been declining for over 50 years 
(see Figure 45 in Chapter Six)-this trend has 
persisted through periods of both falling and ris
ing energy prices. As might be expected, this 
declining trend in energy intensity began a 
marked acceleration in the early 1970s, corre
sponding with the first major OPEC price 
increase. In 1973, total primary energy con
sumption (excluding biomass) was 74.3 
quadrillion BTU and real GNP, measured in 
1982 dollars, was $2,744 billion. This cor
responded to 27 . 1  thousand BTU of primary 
energy consumed per d9llar of real GNP. By 
1985, real GNP had grown to $3,570 billion, a 
compound annual growth rate of 2.2 percent 
over the 12-year period, but total primary energy 
consumption (excluding biomass) was only 74.0 
quadrillion BTU, slightly lower than in 1973. 
Primary energy consumption per dollar of real 
GNP was only 20.7 thousand BTU per dollar of 
real GNP, a 24 percent reduction from 1973. En
ergy conservation continued in 1986 despite the 
price decline, with primary energy consump
tion declining to 20. 1 thousand BTU per dollar. 

This general decline in energy intensity 
masks several important underlying trends. 
First, were it not for the fact that electricity 
consumption, with its three-to-one primary to 
end-use energy ratio, was far more resilient to 
rising prices and sluggish economic growth 
than other end-use energy consumption, the 
primary energy to real GNP ratio would have 
declined at a much faster rate. Second, the com
position of the U.S. economy has shifted 

dramatically away from energy-intensive pro
duction over the same time period. This shift has 
been primarily driven by the combined effect of 
two distinct trends. First, the goods manufac
tured by the U.S. economy are less energy
intensive. For example, the typical new car of 
1985 may have 1 ,000 fewer pounds of materials 
than the typical new car of 1973. This means a 
reduced demand for steel and many other mater
ials. The second major trend is that a significant 
share of the increase in U.S. imports has come at 
the expense of energy-intensive U.S. based in
dustries. Continuing the prior example, not only 
are there fewer pounds per car, but the entire car 
and much ofits contents may have been manu
factured overseas. Thus, while it is correct to 
attribute sizeable gains in substitution of other 
factors of production for more expensive energy, 
a significant component of the decline in energy 
per unit of GNP over the last decade is the result 
of compositional changes relating to the struc
ture of the U.S. economy and the changing bal
ance of trade. 

The survey responses indicated an expected 
annual growth rate in real GNP of roughly 2.7 
percent for the upper price trend over the 1985-
2000 period. For the lower price trend, the 
survey mean for real GNP growth was not 
significantly different. The lack of survey dif
ference between trends is deceptive in that 
respondents fell into two distinct groupings. One 
group considered low oil prices to be a stimulus 
to economic growth, while the other group 
regarded slow economic growth to be a reason 
for low oil prices. 

Based on composite survey results, a 
gradual slowing of the average growth in the 
economy was indicated-from 2.9 percent for 
1985-90, to 2. 7 percent for 1990-95, to 2.6 
percent for 1995 to 2000. While short-term 
economic growth prospects are principally con
cerned with the demand-side effects, long-term 
forecasts are typically supply-side limited. The 
slowing indicated by the survey appears consis
tent with expected demographic and productivi
ty trends. 

Real economic growth expected by the 
survey is somewhat stronger than the growth 
of the 1973-85 period, a period dominated by 
the "aftershock" effects of two major OPEC price 
increases. The 2.7 percent average growth pro
jected for the next 15 years is quite low com
pared with the 3.9 percent growth for the 15 
years preceding the first OPEC price shock. This 
is because the earlier period was characterized 
not only by lower energy prices, but also by 
rapid labor-force growth fueled by increased 
female participation as well as baby-boom 
entrants in the latter half of the 1960s. 
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Expected growth in real GNP over the next 
15 years can be viewed as the joint contribution 
of two growth components: 

• Growth that stems from increasing the 
level of utilization of the economy 

• Growth that results from increasing the 
capacity of the economy. 

The latter issue is conventionally answered 
by calculating the expected rate of growth of 
potential output: the output that would be pro
duced at a relatively low but stable unemploy
ment rate, and at a relatively high but stable rate 
of capacity utilization. The rate of growth of 
potential output is determined by the rate of 
growth of factors of production (principally labor 
and capital) and the rate of change in the pro
ductivity of these factors. 

Over the 1985-2000 period, growth in 
potential GNP is likely to be substantially lower 
than the 3 to 4 percent range that was typical 
of the late 1960s and early 1970s. The strong 
historical growth in potential GNP was mirrored 
by the performance of actual GNP and similarly, 
a more modest outlook for future growth in 
potential GNP acts to limit prospects for real 
GNP growth. 

The strong historical growth was the result 
of an unusually strong growth in the labor force 
as the post-war babies reached adulthood and 
entered the workforce. A further stimulus to 
workforce growth during this period was an un
precedented growth of female participation in 
the workforce. The first factor will not be pre
sent over the next 15 years and growth in female 
participation is likely to continue, but at a much 
slower rate. The net effect is that workforce 
growth for the 1985-2000 period is likely to be 
roughly 1 percent lower than for the 1970-85 
period. 

Since employment growth is strongly in
fluenced by demographic changes, there is 
usually a reasonable consensus across various 
forecasts. Growth in labor productivity, a second 
key determinant of GNP growth, is much more 
uncertain. It is difficult to estimate, and opin
ions vary widely. The survey's expected real 
GNP growth of 2.7 percent implies that real GNP 
per member of the workforce grows at roughly 
1 .5 percent for the forecast period-somewhat 
stronger than the usually sluggish performance 
of the mid-1970s to the mid-1980s, but well 
below the growth of the 1950s and 1960s. 

The upper price trend shows primary 
energy consumption growth of 1 . 1  percent and 
the lower price trend shows 1 .3 percent growth 
from 1985 to 2000. Mean growth for oil and gas 
consumption was 0.4 percent for the upper 
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price trend and 0.8 percent for the lower price 
trend. The lower energy growth rates, as com
pared with survey expectations of real GNP 
growth, reflect the lagged effects on capital stock 
induced by the energy price shocks of the 
1970s. Higher energy prices led to redesign of 
capital stock to accommodate higher energy 
costs. Since capital stock replacement cycles 
range upward to 30 years or more, capital stock 
additions will continue to be more energy effi
cient than the stock being replaced for many 
years. This process continues despite the fact 
that energy prices have declined. 

Projected energy-to-GNP growth ratios of 
less than one probably also reflect the assump
tion of continued structural shifts toward a less 
energy-intensive mix of outputs for the econ
omy. Only six industries accounted for over 60 
percent of all industrial energy purchases in 
1980. These were chemicals; primary metals; 
refining; stone, clay, and glass; food products; 
and paper products. Annual output growth for 
these six industries for 1974-84 is shown in 
Thble 33. Because of no growth in refining and 
the substantial decline in primary metals, the 
composite energy-weighted average output 
growth for these six industries was only 1.3 per
cent for the 1974-84 period-or only one-half 
of overall economic growth. 

Given the dominance of these industries in 
terms of industrial energy consumption and 
given the energy conservation efforts of industry 
as a whole, it is not surprising that total primary 
energy and electricity consumed by industry 

TABLE 33 

KEY ENERGY CONSUMING INDUSTRIES 

Chemicals 

Primary metals 

Refining 

Stone, clay, and g lass 

Food 

Paper 

Six Industries 
Composite ' 

Real GNP 

Real Output 
Growth 1974-84 

(Percentage 
Change Per Yearl 

3.7 

-2.5 

0.0 

1 .8 

2 .8 

2 .7  

1 .3 

2.5 

'Note: Weighted by 1980 Purchased Energy. 

1 980 Purchased 
Energy 

(Quadrillion 
BTUl 

-----

2.72 

2 .28 

1 . 1 8  

1 . 1 2  

0.95 

1 .28 

9.53 



declined at an annual rate of 1 .  7 percent dur
ing the 1974-84 period, and that industrial oil 
and gas consumption declined at a 2.0 percent 
annual rate. 

1Wo key economic determinants of future 
oil and gas demands will be the level of real GNP 
growth and the share of services versus energy
intensive manufacturing in the U.S. economy. 
The growth and composition of the U.S. econ
omy will be influenced by many factors, in
cluding the price of oil and gas that prevails. In 
general, survey respondents tended to associate 
lower oil prices with stronger economic growth, 
and higher prices with weaker growth. However, 
some survey respondents chose to reverse this 
causality. This group viewed a weaker economic 
outlook as depressing oil and gas demands, 
thereby resulting in lower prices for oil and gas. 
In fact, some of the companies responding to the 
survey did not submit estimates for the late 
1990s because they could not reconcile the 
assumptions necessary for concurrent, long
term low prices and low demand. 

Many industries that suffered sharp re
trenchments as a result of high oil costs and/or 
a very strong dollar, such as refining and 
chemicals, are currently showing signs of 
stabilization or even renewed growth. The steel 
and aluminum industries might be expected to 
continue to be pressured from imports, but the 
extreme declines of the last 10 years may not 
continue. 

Stone, clay, and glass have been generally 
less susceptible to imports because of the large 
transportation component in delivered finished 
goods. This industry is closely tied to the cost 
of energy and to the level of interest rates. Both 

factors could provide a reasonably solid growth 
path, particularly under the lower oil price 
trend. Chemicals are strongly tied to the cost of 
energy in that oil and gas serve as raw materials 
as well as fuels. Lower oil prices could generate 
strong growth through lower priced chemicals 
penetrating markets that had been ruled out 
previously because of high costs. 

Thtal U.S. primary energy consumption 
declined slightly over the 1973-85 period-a 
period in which real GNP growth was averaging 
2.2 percent per year. As shown in Thble 34, the 
decline in industrial energy consumption was 
by far the dominant contributor to this decline. 
The decline in the industrial sector was caused 
by both a substantially lower energy consump
tion per unit of output and an extremely sharp 
decline in industrial output as a share of GNP. 
Industrial conservation of energy has not run 
its course because of the very long lags in the 
capital stock replacement process. It might be 
argued, however, that this process might begin 
to see diminishing return effects. It is also like
ly that the sharp retrenchment in the output 
level of the energy-intensive sectors is about 
finished. The extent to which this is true 
depends on the level of oil and gas prices. The 
lower oil price trend could sharply boost chemi
cal and refining output, and also provide a 
stimulus for other energy-intensive sectors. 

For a base case projection, it is reasonable 
to assume that the continued momentum of 
conservation and GNP composition effects 
would dampen the growth of total energy con
sumption as compared with the real growth of 
the overall economy. The survey results reflect 
this logic in that energy consumption grows at 

TABLE 34 

1 973 

1 985 

I ncrease/Decrease 

PRIMARY ENERGY CONSUMPTION BY SECTOR 
(Quadrillion BTU Per Year) 

Residential/ Trans-
Commercial Industrial portation 

24.2  31 .5  1 8 .6 

26.8 2 7 . 1  20 . 1  

+ 2 .6 -4.4 + 1 .5 

Total Primary 
Energy • 

74.3 

74.0 

-0.3 

• Electricity losses are distributed proportionately t o  each sector ' s  electricity consumption and total primary 
energy does not include biomass. 
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only 41 percent to 48 percent of the rate of 
economic growth depending on the price trend 
assumed. On the margin, however, it is not at 
all clear that energy consumption, and par
ticularly oil and gas consumption, might not see 
a leveraged response to changes in levels of in
dustrial activity. If the level of economic output, 
for some combination of reasons, turned out to 
be 10 percent higher than expected for the year 
2000, it seems very likely that oil and gas de
mand would increase by more than 10 percent. 
The reason for this is that oil and gas tend to 
serve not only a baseload role but also a "swing" 
role in what is likely to be the fastest growing 
consuming sector for primary energy-the elec
tric utility industry. 

Electricity demands have been extremely 
resilient to the sharp increases of energy and 
capital costs and the subsequent pass-through 
effects on the price of electricity. While non
electric primary energy declined 1 . 1  percent an
nually between 1973 and 1985, electricity sales 
increased at an annual rate of 2.5 percent, 
which was 1 14 percent of the annual real GNP 
growth rate of 2.2 percent over the same period. 
This occurred despite average nominal in
creases of 10. 1 percent per year in the price of 
electricity. Forecasts of future electricity 
demand vary considerably. In testimony at the 
July 1985 hearing before the Senate Energy and 
Natural Resources Committee, electricity 
growth estimates ranged from about 1 percent 
up to 4 percent. Most estimates of electricity 
growth, however, ranged around 2.0 percent, 
which was somewhat lower than the expected 
real GNP growth rate. The NPC survey shows 
electricity growth from 1985 to 2000 of 2.2 per
cent in the upper oil trend and 2.5 percent in 
the lower oil trend. These correspond to 81  per
cent and 93 percent of survey real GNP growth. 

In many areas of the country, oil and gas 
serve as the swing fuels in electric generation. 
This, combined with the facts that all nuclear 
units currently planned may not be completed 
for one reason or another, that no new nuclear 
additions appear likely, and that almost all coal 
units to be operated in the next 15 years are 
already known, means that oil and gas demands 
for the utility sector are very highly leveraged 
on anticipated load growth. This leverage is sug
gested by the survey results. A 4.2 percent 
higher electricity demand for the year 2000 in 
the lower price trend versus the upper price 
trend is accompanied by a 12.6 percent greater 
oil and gas consumption. The actual leverage 
observed would depend strongly on which 
regions of the country experienced the strongest 
increases in electricity demands. 

l lO 

Most central states continue to have a 
surplus of coal-fired capacity, and this surplus 
is likely to persist across a fairly broad range 
of economic growth and energy price scenarios. 
Both the East Coast and the West Coast -and 
the West South Central region-use either oil 
or gas or both as marginal fuels. Stronger than 
expected load growth in these regions could 
result in a very sharp increase in oil and gas 
demands, because capacity additions would 
probably be combustion turbines, thereby fur
ther adding to oil and gas demands. In addition, 
oil and gas fired plants currently scheduled to 
be retired could be retained in service. 

It should also be mentioned that this 
leveraged demand for electric utility oil and gas 
could be evidenced on the downside as well. If 
national electricity growth resulted in 10 per
cent lower than expected system demand in the 
year 2000, the percentage decline in utility oil 
and gas demand would be much sharper, par
ticularly for the upper oil price trend. 

Alternative Energy Sources 
and Fuel Substitution 

One of the key themes in U.S. energy 
markets in the last 35 years has been a steady 
shift in the pattern and composition of fuel use. 
The shifts have occurred primarily as a result 
of economic and geopolitical events. The relative 
cost of fuels and sources of energy have been 
important factors. The two episodes of energy 
inflation in the 1970s have been pivotal in 
creating these changes. 

Fuels other than petroleum and natural gas 
represent major potential future sources of 
energy for America. Coal is the most important, 
but other alternatives that can make significant 
contributions include nuclear energy, hydro, 
and to a lesser extent solar, geothermal, and 
biomass (including ethanol) . Thble 35 shows 
U.S. reserves of coal and uranium. 

The predominance of petroleum and 
natural gas in meeting America's energy needs 
is a relatively recent phenomenon. It was not 
until 1950 that oil surpassed coal as the major 
energy source. Natural gas moved into second 
place in 1958, but yielded to coal in 1986. The 
energy domination of oil and gas during the 
past 30 years was primarily due to economic 
reasons-oil and gas were inexpensive relative 
to coal-not because the nation's resource base 
of alternatives was limited. Indeed, as oil and 
gas prices rose sharply in the 1970s, alternative 
energy sources became relatively less expensive 



TABLE 35 

COAL AND URANIUM RESERVE BASES * 

Billion Barrels 
Billions of of Years of 

Short Tons Oil Equivalent Supply:j: 

Coal,  Recoverable 
Reserve Base 
<Beginn ing of 1 985) 283 1 ,075 31 9 

Bill ion Barrels 
Millions of of Years of 
Poundst Oil Equivalent Supply:j: 

U ranium Reserve Base 
<Beginn ing of 1 985) 

Reasonable Assu red 359 1 2  
80 

Estimated Additional 1 ,31 8 45 

Speculative 1 , 040 36-1 ,800§ 50-2,500§ 

• DOE/EIA Annual Energy Review and I nternational Energy Annual, 1 985. 

tEconomically recoverable reserves at $30 per pound. 

*At the 1 985 rate of consumption. 

§Higher end of range assumes breeder technology. 

than oil and gas and their contribution to Amer
ica's energy supplies increased significantly. 

As shown in Thble 36, consumption of alter
native fuels almost doubled from 1972-the peak 
year for the oil and gas share of total energy-to 
1985. Over this same period, the alternative fuel 
share of total U.S. energy consumption rose from 
22 percent to 36 percent. 

Coal dominates the energy contribution of 
alternative fuels. Its share of alternative com
mercial energy supplies (excluding firewood) 
was just over 70 percent in 1985, four times 
nuclear energy and six times hydroelectric 
generation. As technology advances in the 
future, alcohols, solar, and geothermal may play 
greater roles-particularly in localized areas of 
the country where their resource bases are ap
propriate and the costs of conventional fuels are 
relatively high. 

U.S. coal production in 1985 was about 886 
million short tons, with approximately 90 per
cent of this being anthracite and bituminous 
coal. Current U.S. coal reserves are estimated 
at 283,000 million short tons. At current levels 

of production, these coal reserves will last over 
300 years. 

Over 80 percent of coal consumption cur
rently is for electric generation. The NPC survey 
shows total coal consumption increasing about 
50 percent from 1985 to the year 2000 for both 
price trends, about the same rate as in the past 
15  years. Electric generation will account for 

TABLE 36 

U.S. ENERGY CONSUMPTION BY SOURCE: 
1 972 AND 1 985 

1 972 1 985 

Quadrillion Quadrillion 
BTU % BTU % 

Alternative Fuels 1 5  22 28 36 

Petroleum & Natural Gas 56 78 49 64 

Total 71  1 00 77 1 00 

1 1 1  



nearly all of the increased volume. Despite the 
fact that coal prices have been well below those 
of either residual fuel oil or natural gas (see 
Thble 37), the shift to coal usage in utilities and 
large industrial facilities has been slowed, part
ly because of the considerably greater invest
ments required to store, handle, and burn coal 
(including treatment to meet environmental 
standards) relative to residual fuel oil and 
natural gas. In addition, there is reluctance to 
commit large capital investment to coal-fired 
base-load capacity additions beyond those 
already planned and under construction while 
there is surplus generating capacity. 

TABLE 37 

COST OF FOSSIL FUELS DELIVERED 
TO STEAM ELECTRIC PLANTS 

CDollars Per Million BTU) 

1 975 

1 980 

1 985 

October 1 986 

Residual 
Coal Fuel Oil 

0.81 2 .00 

1 .35 4 . 2 7  

1 .65 4 . 24 

1 .59 2 .38 

Natural 
Gas 

0.75 

2 .20 

3 . 43 

2 .36 

Nuclear power has been one of the fastest 
growing sources of alternative energy over the 
past 15 years. In spite of the fact that no new 
nuclear plants have been ordered since 1978 
and many have been cancelled or deferred, the 
completion of those under construction will in
crease nuclear energy output about 50 percent 
by the mid-1990s according to the survey 
responses under both price trends. This as
sumes the completion of approximately 30,000 
megawatts of generating capacity between 1985 
and 1995, and total U.S. nuclear capacity 
operating at an average capacity factor of near
ly 60 percent by 1995. Nuclear's share of total 
electricity output is now about equal to that of 
oil and gas (see Thble 38) and will be second 
only to coal for the balance of the century. 

Given the NPC oil price trends, nuclear 
usage could be lower if new nuclear plants that 
are near completion are not finished or if ex
isting plants are shut down prior to the end of 
their useful lives. Coal usage could be lower if 
new construction is delayed or because of en
vironmental constraints. If these situations 
occur, oil will most likely be the fuel substituted, 
creating a larger demand for imports. 

1 12 

Electricity generated by hydropower ac
counts for about 10 percent of total electricity 
generation and 4 percent of total U.S. energy. Its 
share is expected to continue at about 4 percent 
to the year 2000 in both price trends. 

No major increases in hydroelectric power 
generation are anticipated. Current installed 
hydroelectric generating capacity is some 
90,000 megawatt (MW) out of total U.S. gener
ating capacity of 654,000 MW as of the end of 
1985. Over the next decade, additions to 
hydroelectric capacity are not expected to ex
ceed about 4,000 MW. The small size of the 
future increase in capacity is limited by the 
number of available sites that are both political
ly and technically feasible. 

Geothermal energy accounts for less than 
one-half of one percent of total electric genera
tion. A number of sites in the western states are 
being developed, and there are other areas that 
have potential for development. However, geo
thermal energy will not become a significant 
factor in the U.S. energy mix in this century. 

Solar energy contributes a very small pro
portion of America's energy supplies. The 
removal of federal tax credits at the end of 1985 
and the recent decline in oil and gas prices have 
considerably dampened enthusiasm for solar 
energy. 

The consumption of wood, wastes (landfill 
methane, agriculture wastes, and refuse-derived 
fuels), and alcohol fuels totalled an estimated 
2.8 quadrillion BTU in 1985. Wood was by far 
the most important. The technology exists for 
expanding supplies of agriculturally derived 
fuels and other forms of biomass energy. At cur
rent competing energy price levels, however, 
these biomass energy forms are not competitive 
without significant governmental support. 

Thble 39 shows the shares of each energy 
source for the upper a�d lower price trends. 

INTERNATIONAL EFFECTS 
OF ALTERNATIVE ENERGY 
ON OIL CONSUMPTION 

It is important to consider oil as a world 
commodity, and while what is done in the 
United States is significant, it will not be the 
deciding factor in determining world oil prices 
or world oil demand. In fact, most studies of 
future oil consumption indicate that much of 
the growth of oil consumption will occur in the 
developing and oil-producing nations. 

Use of petroleum can be divided into two 
categories-light oil for transportation, and 



TABLE 38 

NET GENERATION OF ELECTRICITY BY ENERGY SOU RCE 
CTerawatt Hours> 

Coal Oil & Gas Nuclear 

1 970 704 557 22 

1 975 853 589 1 73 

1 980 1 ' 1 62 592 251 

1 985 1 ,402 392 384 

heavy or residual fuel oil for industrial use and 
electrical power generation. The potential alter
natives are different, and thus the degree of 
substitution has been very different in the last 
decade. Coal, natural gas, nuclear power, and 
water power are significant competitors for in
dustrial power. There are only a few viable alter
natives for transportation fuels, such as natural 
gas (either compressed or liquefied), propane, 
ethanol, and methanol. 

There are trends toward the use of alter
natives for transportation fuels in oil poor 

Geothermal 
Hydro & Other Total 

248 1 1 ,532 

300 3 1 ,91 8 

276 6 2 , 287 

281 1 2 ,460 

nations. Compressed naturai gas is an econo
mically attractive fuel where the limited dis
tance between refuelings of 100 miles or less is 
acceptable. Depending on the part of the world 
and whether taxes are levied or not, the direct 
operating cost per mile of a vehicle using com
pressed natural gas may be from 30 to 75 per
cent of the cost of using petroleum products. In 
New Zealand, nearly lO percent of the vehicle 
fleet is operating on compressed natural gas. 

For longer trips, a liquid fuel is preferred. 
There have been many studies on the relative 

TABLE 39 

SURVEY RESPONSE 
U .S. CONSUMPTION OF ENERGY BY SOURCE, 1 990-2000 

(Percentage of Total> 

Natural Petro- Hydro-
Coal Gas leum power Nuclear Other • 

Upper Price Trend 

1 990 24 22 39 4 7 4 
1 995 25 21 39 4 7 4 
2000 28 1 9  38 4 7 4 

Lower Price Trend 

1 990 23 21 41 4 7 4 

1 995 25 1 8  42 4 7 4 

2000 27 1 6  42 4 7 4 

• Geothermal, solar, wind, and wood. 
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economics of alternative liquid transportation 
fuels. Most confirm that the lowest cost alterna
tive liquid fuel would be methanol produced 
from wellhead natural gas. Ethanol is signifi
cantly more expensive, as are the more exotic 
alternatives. 

The South African SASOL program con
firms that it is possible to make enough syn
thetic fuels from coal to maintain the economy. 
The Brazilian experiment with use of ethanol 
has demonstrated that it is possible to use a 
biomass-derived fuel to offset the need to import 
substantial amounts of oil or petroleum prod
ucts, even if the price is not competitive with oil 
at today's prices. New Zealand's natural gas-to
methanol-to-gasoline plants are in the early 
stages of operation, and demonstrate the fact 
that there are few unknowns, technically or 
economically, with these processes. However, 
they are not competitive at today's oil prices. 

There is general agreement that, at some 
time, low cost crude oil resources will be ex
hausted and it will be more economic to use 
alternatives. There is little agreement on when 
this will be true. It depends on the assumptions 
made on the relationships between the total 
costs of using the various alternative fuels, in
cluding production, processing. distribution, 
and combustion. 

Oil resources constitute only about 5 per
cent of the world's fossil energy. World oil ex
ploration induced by the high prices of oil has 
provided one surprising result: there is a lot of 
natural gas, at least twice as much on a BTU 
basis as petroleum, potentially much more. 

It is appropriate to view the use of alter
natives on a world basis, rather than a U.S. basis, 
as the countries that lack significant domestic 
oil resources have strong incentives for use of 
alternatives that are less important in the 
United States, at least in the time period of in
terest to this study. These are the same nations 
where most oil consumption growth has been 
expected to occur. 

Many of these nations spend a large portion 
of their foreign earnings to import oil. Since 
there is no domestic market. natural gas has a 
very low value at the wellhead in these nations. 
The problems they face are distribution and 
conversion of equipment, like electrical gener
ators and boilers. to operate on natural gas. 

Several nations, including Malaysia, 
Thailand, and India, are considering commit
ting resources to the development of the net
work of pipelines or other facilities needed to 
transport natural gas to the users. Some oil-poor 
nations like Argentina and New Zealand already 
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have much of the needed pipeline systems. The 
use of lower cost domestic resources like natural 
gas should assist the growth of the economies 
of those nations, and at the same time could 
decrease their consumption of petroleum prod
ucts. While such moves are certain in the long 
run. the timing is in question. It will depend on 
the world price of crude oil, as well as the availa
ability of capital for major investments like pipe
lines, and thetimetoapproveandconstructthem. 

Similar economic incentives apply to the 
use of coal for boilers and utility power systems. 
The direct cost per BTU of coal, of course, is 
much lower than either oil or natural gas. How
ever, the total cost of using coal must include 
the handling and air quality control equipment. 
These environmental constraints do not apply 
in most of the world. Major low cost deposits are 
being developed (e.g . .  Colombia). which should 
lead to increasing international trade in coal, 
and thus the potential for reduction in the use 
of petroleum products on a world scale. 

SUMMARY 

1 .  Petroleum use is pervasive and in many 
uses does not have a substitute in the 
near term. 

2 .  Because the United States is a net im
porter of energy. especially oil and 
natural gas, and because the United 
States has and will continue to import 
oil and natural gas from the interna
tional marketplace, domestic energy 
prices will continue to be affected by 
events occuring outside the United 
States. 

3 . As a result, after relative price stability 
between 1933 and 1973, prices have 
become volatile again, much as they 
were prior to 1933. 

4 . Continued price volatility will have a 
tendency to discourage investment in ex
ploration and development of the petro
leum resource base of the United States. 

5 .  If the current low oil and natural gas 
prices continue, then consumption can 
be expected to increase steadily while 
domestic production will decline sharp
ly. These circumstances will result in 
rapidly growing levels of petroleum 
imports. 

6 .  Domestic production of both oil and 
natural gas will decline under both price 
trends surveyed. In the lower price trend 
domestic production drops off especially 
rapidly. It should be remembered that 
even in the forecasts made in 1985 before 



the recent severe price decline, U.S. 
domestic production was expected to 
decline gradually, but much less so than 
in the two price trends used by the NPC 
survey. The drilling survey demonstrates 
clearly why this will happen. Under the 
low prices existing currently, participa
tion rates in drilling activity decline 
drastically. 

7 . These lower levels of exploration and 
drilling activity will inevitably lead to 
markedly lower levels of reserve addi
tions. This in turn will result in lower 
production and thus rapidly growing 
imports. 

8 . The case for natural gas is different from 
that for oil. Whereas U.S. dependence on 

oil can easily grow to very high levels 
without the need to invest in major new 
facilities to handle oil imports, the same 
is not true for natural gas. Low energy 
prices will discourage investment in all 
aspects of the natural gas business, in
cluding pipelines for imports, resulting 
in consumption of natural gas being 
supply limited. This will result, ironical
ly, in even higher oil imports. 

9 .  Under the upper price trend, the call on 
OPEC production will approach current 
OPEC capacity prior to the year 2000. 
This situation develops by the early 
1990s in the lower price trend, creating 
the potential for either another oil price 
shock or the achievement of long-term 
cartel pricing of oil by OPEC. 
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CHAPTER SIX 

PHYSICAL F AC'IDRS 

INTRODUCTION 

This chapter addresses three sets of factors 
that affect the nation's supply of and demand 
for oil and natural gas: the size and location of 
the nation's oil and gas resource base; the tech
nology that exists to avail the nation of this 
resource base; and the condition of the sector 
of the oil and gas industry that is being most 
affected by the recent oil price decline-the oil 
field service industry. 

The absolute amount of oil and gas in place 
is finite but can only be estimated. A great deal 
of effort is expended on assessing the location 
and magnitude of oil and gas resources. Over 
time, seismic exploration, drilling, experience, 
and advances in methodology and technology 
improve the accuracy of these estimates. 
Changes in production technology and current 
and expected prices also redefine how much of 
the resource base is economically recoverable. 

Despite the uncertainty, the measures in
dicate that major U.S. oil reserve additions will 
occur mostly in frontier and offshore areas. The 
U.S. onshore natural gas resource base is less 
developed than the oil resource base, and poten
tial for natural gas reserve additions exists in 
fields already discovered, as well as in offshore 
and frontier areas. 

In discussing technological developments, 
one can distinguish between those that allow 
previously impractical things to be accom
plished, and those that reduce costs of existing 
technologies. Many current technologies were 
stimulated by the higher oil prices of the 
1973-85 period, but are uneconomic at current 
price levels. The lower prices have reduced the 

research activities needed to develop new 
technologies. 

Oil and gas companies do little of their own 
field work. They rely extensively on the special
ized companies that comprise the oil field ser
vice industry for their exploration, drilling, 
development, and well maintenance work. The 
decline in exploration and drilling activity has 
been particularly damaging to the oil field ser
vice industry. There are long-term implications 
beyond the current regional and sectoral hard
ships. in terms of the reduced ability of the oil 
and gas industry to respond rapidly and effi
ciently to a future increase in demand for ex
ploration and production activities. 

PETROLEUM RESOURCE BASE 

The domestic petroleum resource base is 
a key factor in determining the U.S. oil and 
gas outlook. Whatever can be discovered, devel
oped, and produced in the decades ahead de
pends on both the amounts that exist and their 
characteristics. 

The purpose of this review of domestic 
petroleum resources is to provide essential 
background to the discussion of potential sup
ply. It defines the key terms used in the assess
ment of petroleum resources, discusses why 
and to what extent estimates of domestic 
petroleum resources have changed, and in
dicates the key implications of these changes for 
the domestic supply outlook. The discussion is 
limited to conventional sources of oil and gas, 
excluding unconventional sources such as oil 
shale, tar sands, and gas in coal seams. 
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"Petroleum resources" as used in this study 
represents the quantities of oil and gas believed 
to be eventually recoverable, by means of known 
or expected technologies, and not the total 
volumes in place. Recoverability, and thus 
availability for human use, is the defining 
characteristic of a resource. For example, only 
about one-third of the oil in place in a reservoir 
is recoverable on average, even with secondary 
recovery. For most gas reservoirs, approximate
ly two-thirds is usually recoverable. Very large 
amounts of oil have been estimated to exist in 
place in the subsurface. A significant portion of 
these volumes is potentially recoverable, the 
ultimate amount depending on economics, 
technology, and basic understanding of reser
voirs. However, part of that volume exists in 
such a dispersed manner that it would not like
ly be recovered by any currently conceivable 
economic means. 

Resources include both discovered and un
discovered sources of petroleum (Figure 44) . 
"Discovered resources" are all the oil and gas 
that have been found by drilling, including 
those resources that have been produced, those 
that have been found and are or may become 
economically recoverable (proved and probable 
reserves), and the theoretically recoverable but 
currently uneconomic or technologically unat
tainable (contingent) resources. "Undiscovered 
resources" are those resources that are yet to be 

0.8 

found, whether or not they are currently 
economically and technologically attainable. 

The division of domestic resources among 
these categories changes continuously. Proved 
developed reserves are produced. New fields are 
discovered.  Price increases make previously 
unattainable resources available for supply. 
Price decreases reduce these proved reserves. 
Improvements in exploration, development, and 
production technology make it possible to find 
and produce resources that previously were 
economically inaccessible. 

The total amount of oil and gas that is 
theoretically recoverable by means of known 
and potential technologies is finite but 
unknown. Any estimate of this amount is in
herently uncertain. Th convey this uncertainty, 
resource assessors express their estimates in 
probabilistic terms. 

Over time, the range of uncertainty in 
resource estimates tends to be reduced. As 
exploration proceeds, either new fields are dis
covered or prospects are determined to be non
producing. Additional production experience 
results in a better understanding of known 
reservoirs and their ultimate potential. However, 
discontinuous changes can increase the range 
of uncertainty. Sharp price increases, such as 
those that occurred in 1973-74 and again in 
1979-80, may revise the limits of economic 
feasibility dramatically. 
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Figure 44. Ultimately Conventially Recoverable Petroleum Resource Base. 

1 18 

0.6 

0.4 

0.2 



The importance of accurate resource 
estimates to the quality of supply projections 
and the effect of experience on the estimation 
of resources can be illustrated by a review of a 
prior NPC study on domestic oil and gas sup
ply. In the late 1960s, the NPC Committee on 
Possible Future Petroleum Provinces of the 
United States conducted a major study on U.S. 
petroleum potential, the results of which were 
published in 1971 in a two-volume study en
titled Future Petroleum Provinces of the United 
S tates-Their Geology and Potential. In that 
study, the Committee estimated that 41 percent 
of the ultimate recovery of crude oil and 37 per
cent of the ultimate recovery of natural gas had 
been discovered and made recoverable by the 
end of 1970, as shown in Thble 40. Half of the 
crude oil ( 161 billion barrels) and 63 percent of 
the natural gas (1 , 178 TCF) that would ultimate
ly be recovered were estimated to be in fields 
that had not yet been discovered. 

These estimates of domestic resources were 
subsequently used as the basis for future 
reserve additions and production by the 1972 
NPC Committee on the U.S. Energy Outlook. Its 
projections of reserve additions for crude oil and 
natural gas for 1971 to 1985 are summarized in 
Thble 41 and compared to what actually hap
pened during this period. 

Actual crude oil reserve additions during 
this period were 34.7 billion barrels, 52 to 81 
percent of the projected amounts. Actual 
natural gas reserve additions were 195.2 TCF, 
or 48 to 140 percent of the projected amounts. 
This difference between projections and actual 
results occurred despite the fact that the actual 

drilling rate was higher than the highest rate 
assumed in the study. 

The earlier NPC estimates not only over
estimated domestic resource potential relative 
to finding rate and drilling effort; they also 
misidentified the primary source of future 
reserve additions. Future reserve additions were 
expected to come predominantly from new field 
discoveries (85 percent of crude oil and 100 per
cent of natural gas). As discussed in Appendix 
D, the bulk of reserve additions during the past 
15 years-67 percent of crude oil and 40 percent 
of natural gas-has come from reserve growth 
in fields discovered prior to 1970. Actual reserve 
growth from 1970 to 1985 was 83 percent of 
what the NPC had estimated as ultimate reserve 
growth for crude oil, while actual new discover
ies were only 7 percent of the NPC estimate of 
ultimate potential.I 

Although there were some differing views 
of discovery potential, the NPC estimates were 
representative of assessments of domestic 
petroleum resource potential around 1970. Most 
assessors of the period underestimated reserve 
growth potential from existing fields. In the in
tervening 15  years, assessments of U.S. 
petroleum resource potential have changed 
substantially. Overall estimates have dropped 
due to reduction in new discovery potential; 
however, estimates of reserve growth potential 
in existing fields have increased. 

1Nehring. Richard, "Estimating Reserve Growth: Op· 
portunities and Challenges for Petroleum Resource Assess· 
ment." Thlk given at American Association of Petroleum 
Geologists annual convention, San Antonio, TX. May 13,  
1984. 

TABLE 40 

N PC 1970 STUDY ESTIMATES 
OF THE ULTIMATE RECOVERY OF 

CRUDE OIL AND NATURAL GAS IN THE U N ITED STATES 

Cumulative 
Production 

Plus Proved Probable Future 
Reserves Reserves Discoveries 

Crude Oi l  
(Bi l l ion Barrels) 132 28 161 

Natural Gas 
<Tril l ion Cubic Feet) 679 No Estimate 1 ,1 78 

Ultimate 
Recovery 

321 

1 ,857 
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TABLE 41 

NPC 1 972 STUDY ESTIMATES OF 
RESERVE ADDITIONS FOR 

CRUDE OIL AND NATURAL GAS: 1 9 7 1 - 1 985 
CNPC Projected Ranges and Actual> 

Lower 48 
Onshore 

Crude Oil 
(Billion Barrels) 

Actual 27 .4 

N PC Range: H igh 40 .4 
Low 30.8 

Natural Gas 
CTrillion Cubic Feet) 

Actual 1 2 1 . 2  

N PC Range: H ig h  200.5 
Low 70.7 

In 198 1,  the USGS published a detailed 
assessment of the U.S. resource potential, 2 

which indicated an expected ultimate potential 
of 258 billion barrels for oil and 1,541 TCF for 
natural gas, as shown in Thble 42. 

Although estimated total potential for both 
oil and gas dropped around 20 percent from the 
1970 NPC assessment, the assessment of the 
contribution from future discoveries was cut in 
half. Reserve growth estimates were largely un
changed and events since have shown that they 
were too low. More than half of the estimates of 
ultimate reserve growth made by the survey in 
1981 have already been converted to reserves. 
A more recent study in 1 984 by the Minerals 
Management Service3 indicated that there has 
been a further substantial reduction in the esti
mated potential for future discoveries in the 
federal portion of the offshore, as shown in 
Thble 43. 

2Dolton et al., Estimates of Undiscovered Recoverable 
Conventional Resources of Oil and Gas in the United 
States. Geological Survey Circular 860, 1981. 

3Cooke, Larry W., Estimates of Undiscovered 
Economically Recoverable Oil and Gas Resources for the 
Outer Continental Shelf as of July 1 984. Minerals Manage
ment Service, U.S. Dept. of Interior OCS Report 85-0112, 
1985. 

120 

Lower 48 United 
Offshore Alaska States 

5 . 1  2 . 2  34. 7  

1 2 .6  1 3 .5 66.5 
5 .3 6 .8 42 . 9  

68 . 1  5 . 9  1 95 . 2  

1 41 .0  64.3 405 . 8  
48 .9 2 0 . 0  1 39 . 6  

The difference between resource estimates 
for these two studies can be attributed to the 
following factors: 

• Differences in evaluation methodology 

• Revised economic environment 

• Discoveries in intervening years 

• Disappointing drilling results in Alaska 
and the Atlantic . 

In preparing their resource estimates, the 
USGS divided the nation into geologic pro
vinces. Each member of resource appraisal 
teams, consisting of 6 to 1 2  geologists, made in
dependent subjective estimates of the ultimate 
potential for these provinces. These geologists 
used various methods for estimating ultimate 
recovery including extrapolation of historical 
data, areal or volumetric yield analogies, and 
direct calculation of potential based on in
dividual play or prospect analysis. Estimates by 
these geologists for key probability parameters 
were averaged and a probability distribution for 
each province was determined. In contrast, the 
Minerals Management Service made a direct 
calculation of the probability distribution of the 
ultimate potential for each identified prospect. 
This approach eliminates the potential con
tribution from unforeseen prospects and as a 
consequence would tend to provide conservative 
resource estimates. 



TABLE 42 

1 98 1  USGS ESTIMATE OF U.S. RESOURCE POTENTIAL 

Lower 48 

Alaska Onshore Offshore Total 

Crude Oil 
(Billion Barrels) 

Cumu lative Production 1 .9 1 1 1  . 4  7 . 5  1 20 . 8  
Proved Reserves 8 . 9  1 5 .9  3 .0  2 7 . 8  
Probable Reserves 5 . 1  20 . 4  1 .4 26.9 
Future Discoveries 1 9 . 1  4 7 . 7  1 5 . 8  82 .6 

Total 35.0 1 95.4 2 7 . 7 258. 1 

Natural Gas 
ITrillion Cubic Feet> 

Cumulative Production 1 . 8 51 9.3 56.8 577.9 
Proved Reserves 32 .0 1 23.3 36.3 1 91 .6  
Probable Reserves 5 . 6  1 32 . 1  39.8 1 77 .5 
Future Discoveries 1 01 . 2 390. 2  1 02 . 4  593. 8  

Total 1 40.6 1 , 1 64.9 235.3 1 ,540.8 

TABLE 43 

COMPARATIVE ESTIMATES OF 
FUTURE DISCOVERIES: FEDERAL OFFSHORE 

Region 

Alaska 
Atlantic 
G u lf of Mexico 
Pacific 

Total 

Crude Oil 
(Billion Barrels) 

USGS MMSt Difference 
1 981 • 1 984 CPercent> 

1 2 . 2  3 . 3  -73 
5 . 4  0 . 7  -87 
6 . 2  6 . 0  -3 
3 . 2  2 . 2  -31 

2 7.0 1 2.2 -55 

Natural Gas 
ITrillion Cubic Feet> 

USGS M MSt Difference 
1 98 1  • 1 984 CPercent> 

64. 6  1 3 .9 -78 
2 3 . 7  1 2 .3  -48 
68.2 59.6 -1 3 

6 . 2  4 . 7  -24 

1 62 . 7  90.5 -44 

• USGS volumes are reduced to account for USGS assessment of federal ownership except for Alaska. 

tMinerals Management Service. 

1 2 1  



Revised economic conditions also affected 
the magnitude of the resource estimates. The 
USGS estimate was made in 1981 when prices 
were rising rapidly, while the Minerals Manage
ment Service estimate in 1984 used lower real 
crude oil prices and low projected growth in 
prices in the future. Lower prices increase the 
minimum economic size required for develop
ment and hence result in a lower estimate of 
ultimate potential. 

Significant discoveries were made in the 
Pacific and the Gulf of Mexico between the two 
discovery assessments. These discoveries direct
ly reduce the size of the remaining discovery 
potential by transferring resources to a different 
reserve classification. The resource potential 
was also reduced between the two resource 
assessments by the disappointing results in 
drilling in the Bering and Beaufort Seas in 
Alaska and in the Atlantic. 

Because of the use of different methodol
ogies, comparisons of the two studies will not 
indicate the magnitude of the reduction in 
resource estimates that occurred between the 
two studies. However, the last three factors 
would make a 1986 assessment even lower than 
a 1984 assessment since the industry is now 
experiencing lower crude oil prices, and has ex
perienced additional disappointing drilling 
results in the Bering Sea since 1984. 

In addition to the government estimates of 
petroleum resources, several major oil com
panies also conduct periodic assessments of 
domestic petroleum resources. As part of this 
study, the National Petroleum Council under
took a survey of available industry estimates. 
The averages of the mean estimates of those 
companies that have conducted recent 
assessments are shown in Thble 44. The table 
shows estimates for both future discoveries and 
probable reserves of crude oil and natural gas 
made prior to 1981 ,  in 1981, and in 1986. 

Thble 44 illustrates how resource estimates 
change over time with additional knowledge 
and changing circumstances. Industry 
estimates of the petroleum potential of Alaska 
were reduced following a disappointing explor
atory effort in the early 1980s. Estimates of the 
petroleum potential of the onshore 48 states 
have been reduced because of lower price expec
tations. Favorable exploration results in the off
shore 48 states have resulted in an increase in 
estimated oil potential and a transfer in gas from 
future discoveries to proved reserves. Industry 
estimates of reserve growth were reduced 
because of lower price expectations and 
transfers from potential to proved reserves. 

In several areas, the industry estimates 
made in 1981 differed significantly from the 

122 

TABLE 44 
NPC SURVEY OF 

RECENT INDUSTRY ESTIMATES 
OF U.S. RESOURCE POTENTIAL 

Date of Estimate 

Pre· 
1 981 1 981 1 986 

-- -- --

Future Discoveries 

Crude Oil <Bill ion Barrels! 
Lower 48 Onshore 20.9 23.6 1 9.3 
Lower 48 Offshore 9.6 1 1 .0 1 1 . 7  
Alaska 24.3 24.2 1 2 .9 

Total 54.8 58.8 43.9 
Natural Gas ITrillion Cubic Feet! 

Lower 48 Onshore 2 1 6.3 21 6.3 1 93.4 
Lower 48 Offshore 82.4 82.4 72.0 
Alaska 94.9 94.9 55.4 

Total 393.6 393.6 320.8 
Probable Reserves 

Crude Oil <Billion Barrels! 
Lower 48 Onshore 20.5 20.5 1 6.5 
Lower 48 Offshore 2 .0  2.0 1 .5 
Alaska 4.5 4.5 2.5 

Total 27.0 27.0 20.5 
Natural Gas <Trillion Cubic Feet! 

Lower 48 Onshore 1 1 1 .5 1 1 0.5 84.0 
Lower 48 Offshore 21 .5 22.5 27.5 
Alaska 5.0 5.0 1 5.5 

Total 1 38.0 1 38.0 127.0 

estimates of the USGS. The industry average 
was higher than that of the USGS for future 
discoveries of oil in Alaska. Industry estimates 
were lower for future discoveries of oil in the 
lower 48 states offshore and for both oil and gas 
in the lower 48 states onshore. The industry 
estimates for offshore reserve growth potential 
were also lower than those of the USGS. All 
other estimates were within 20 percent, a dif
ference within the normal margin of error for ag
gregate resource estimates. 

The U.S. Geological Survey and the 
Minerals Management Service of the Depart
ment of the Interior are currently preparing a 
new assessment of oil and gas resources in the 
United States. Their joint report is expected to 
be completed early in 1988. Sources within 
these agencies indicated that assessments of 
undiscovered oil resources could be reduced 
from the 1981 USGS estimates by as much as 
25 to 50 percent. They likewise indicate reduc
tion in undiscovered gas resources from that 
reported in 1981, but less than the reduction in 
oil. With these changes, government estimates 
of undiscovered resources should be quite 
similar to industry estimates. While undis
covered resource estimates will likely be 



reduced, estimates of projected reserve growth 
will likely increase on the order of 10 to 20 
percent. 

The changes in the estimate of ultimate 
recoverable resources over the 1970-86 period 
are the result of four factors: (1 )  higher oil and 
gas prices increasing the economic resource 
base, which in turn has affected the remaining 
three factors, (2) the development of different 
methods of resource assessment, (3) the results 
of the exploration effort during the 1970-85 
period, and (4) the recognition that substantial 
reserve growth occurs with time in known fields, 
partially due to the development of new 
technology. 

During the past 15 years, several new 
methods of petroleum resource assessment 
have been developed. The basic direction in the 
development of these new methods has been to 
move from the abstract and general to the con
crete and specific. Early methods of resource 
assessment either used volumetric methods or 
historical projections. The basic procedure of 
the volumetric method was to multiply the 
sedimentary volume or area of a basin by an 
average hydrocarbon yield per unit of volume. 
The most widely used form of historical projec
tion was to project discovery rates per unit of 
drilling effort. In both cases, the basic units of 
assessment were statistical abstractions such as 
average yields or discovery rates. 

Newer methods of resource assessment, 
which can generally be classified as prospect 
and play methods of assessments, use very con
crete units of analysis, specifically, individual 
prospects and groups of geologically similar 
prospects (known as plays). Prospect methods 
attempt to assess the volumes of hydrocarbons 
that may be found in specific prospects, given 
the inherent uncertainties in the estimates of 
each factor determining the prospect volume. 
Play methods either sum individual prospect 
assessments or assess a defined, geologically 
related group of prospects as a group using an 
analogous or discovered field size distribution.4 

The strengths of prospect and play methods 
of resource assessment are that they focus on 
the basic units of exploration, incorporate ex
plicit consideration of the factors affecting 
petroleum occurrence, and identify the specific 
risks associated with a particular exploration ef
fort. The employment of these types ofinforma-

4For a concise description of the various methods of 
petroleum resource assessment, see Chapter Three in Com
mittee on Offshore Hydrocarbon Resource Estimation 
Methodology, Offshore Hydrocarbon Resource Estimation: 
The Mineral Management Service's Methodology. 
Washington. DC: National Academy Press, 1986. 

tion has greatly increased the knowledge of the 
characteristics of the discovered resource base 
and hence the realism of estimates of the un
discovered resource base. The focus of prospect 
and play methods on the number and sizes of 
fields and their discovery patterns has been par
ticularly important in this respect. Key findings 
of recent research are (1 )  that domestic petro
leum resources are highly concentrated in giant 
fields ( 100 million or more barrels of oil or its 
equivalent in natural gas) and large fields (50 
million or more barrels), 80 percent of discov
ered resources being in fields of this size; and 
(2) that the largest fields in a play tend to be 
discovered early in the exploration of that play. 
The implications of these findings are that sub
stantial additions to domestic resources from 
new discoveries will be made only if more giant 
and large fields are found, or if production 
economics of the smaller fields can be improved 
so that many such fields will be developed. 

The third factor affecting assessments of 
domestic petroleum resources has been the 
results of the exploration effort in the United 
States during the past 15 years. These results 
present a mixed picture of success and disap
pointment. On the one hand, 200 to 250 signifi
cant discoveries (fields of one million barrels or 
more) have been made every year since the early 
1970s, a record of success surpassed only dur
ing the peak period of domestic exploration in 
the 1950s. An average of 2_0 to 2 .5 billion bar
rels of oil and its equivalent in natural gas also 
were discovered annually in these fields. Several 
substantial new plays were discovered. 

On the other hand, most of the significant 
discoveries were small ( 1  to 10 million barrels). 
The number of large and giant discoveries 
declined and became increasingly concentrated 
in frontier areas and federal lands. Between 
1975 and 1985, more than 1 billion barrels of 
oil or its equivalent in natural gas were 
discovered per play in only six plays-the 
Barrow Arch trend in Alaska, the Northwest 
Santa Barbara Channel trend offshore Califor
nia, the Overthrust Mesozoic play in Utah and 
Wyoming, the Pliocene trend offshore Louisi
ana, and both the Pleistocene Shelf and Slope 
trends offshore Louisiana and Thxas. Several 
frontier areas-the offshore Atlantic, the Gulf of 
Alaska, and all tested portions of the Bering Sea 
basins-have proven to be major disappoint
ments. Overall, the amounts being discovered 
were less than one-third of the amounts being 
produced. 

The fourth factor affecting estimates of 
domestic petroleum resources has been the ex
perience of substantial reserve growth in known 
fields over time. Thaditionally, this reserve 
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growth was considered to occur from three dif
ferent sources: (1 )  extensions-expansions in 
the known productive areas of fields and reser
voirs, (2) new reservoirs in known fields, and (3) 
secondary recovery-the injection of water or 
gas to recover oil beyond that produced by 
primary recovery. 

The API/AGA reserve report data series 
published information on ultimate recovery of 
oil and gas by year of discovery through 1979, 
when this publication series was discontinued. 
Using this data series, various authors, in
cluding Root with the USGS, 5 have shown that 
estimates of ultimate recovery for discoveries in 
a given year have continued to grow over the 
60-year period-1920 to 1979-covered by the 
API/AGA data. Root also · projected that the 
ultimate recovery for an oil discovery would 
eventually be 7.6 times the initial estimate, 
while for a gas discovery it would be 4.0 times 
the initial estimate. 

The phenomenon of prolonged growth after 
initial field development can be attributed to 
(1 )  the additional knowledge acquired in major 
complex fields, particularly in the highly faulted 
fields in the Gulf Coast, due to continued 
development and observation of reservoir per
formance and new geological/geophysical 
techniques; and (2) the implementation of new 
development technology, such as wireline log
ging devices and their interpretation (petrophys
ical technology),  fracturing technology, water
flooding, and recently EOR technology. 

The oil price shocks in 1973 and 1979 im
proved the economics of applying known tech
nology and permitted even further reserve 
growth due to the following: 

• "Infill" drilling of additional wells be
tween existing wells for better drainage 
of known reservoirs 

• Well stimulation for increased recovery 
from tight formations 

• Additional enhanced oil recovery, wheth
er by thermal, miscible, or chemical re
covery methods 

• Development of known, but previously 
subeconomic deposits 

• Lower abandonment production levels. 

Recent studies by the NPC indicate that 
there is substantial potential for production 
from EOR and the development of uncon-

sDolton et al., Estimates of Undiscovered Recoverable 
Conventional Resources of Oil and Gas in the United 
States. Geological Survey Circular 860, 1981. 
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ventional gas resources. The development of 
this potential is dependent upon prices and the 
state of technology development. 

A major problem in estimating probable 
reserves is the lack of estimates of ultimate 
recovery by year of discovery in the DOE reserve 
report data series. It is generally agreed that the 
DOE captures a larger percentage of the 
ultimate recovery as proved reserves in the year 
of discovery than shown by Root's analysis of 
the API/AGA data series. However, there is 
disagreement within the industry as to the 
magnitude of future reserve growth in older 
fields. According to one school of thought, 
substantial future reserve growth should occur 
in these older fields given the proper economic 
environment. for the following reasons: 

1. Additional recovery and unconventional 
natural gas technology will be developed 
and will cause significant additional 
growth in ultimate recovery for discov
eries in all prior years. 

2 . There exists a substantial potential for 
additional infill development given the 
proper economic environment. For exam
ple, recent analyses of Thxas oil fields 
indicate that an additional 35 billion bar
rels of conventionally movable oil-the 
target for infill drilling-remains in al
ready discovered reservoirs. Up to one
half of this oil may be recoverable 
through infill drilling.6 A total of about 
1 1 5  billion barrels of conventionally 
movable oil is estimated in the United 
States.7 

3 .  Development of new technology and in
creased understanding of reservoir com
plexities have been ongoing and there is 
no reason to believe that there will not be 
additional developments that will cause 
future reserve growth. 

4 .  Substantial amounts of gas could be 
recovered from tight formations (i.e., tight 
sands and Devonian shale) using un
conventional production techniques (i.e., 
stimulation) . Current gas production 
from tight formations exceeds 1 TCF per 
year. 

5 .  Currently, improved recovery of gas-in
place occupies a very modest role in the 
gas reserve addition picture. While there 

6Fisher, William L., and Finley, Robert J., "Thxas Still 
Has Big Hydrocarbon Resource Base." Oil and Gas Journal, 
June 2, 1986. 

7Lewin and Associates, Reserve Growth and Future Oil 
Supplies. DOE Contract ReportDE-AC01-85FE-60603, 1986. 



are geological and engineering reasons 
for this modest role, a major reason is the 
regulatory constraints mandating wide 
spacing for gas wells. If such constraints 
were removed, the rate of gas revisions 
would increase substantially, although 
not to the level of relative importance 
that they have for oil reserve additions. 

According to the other school of thought, 
future reserve growth in older fields will be 
much smaller than in the past, for the follow
ing reasons: 

1 . It is not reasonable to expect that new 
enhanced recovery and unconventional 
natural gas development technology will 
be implemented, particularly during the 
remainder of this century. 

2 .  There has been substantial infill develop
ment during the past 10 years as a result 
of the price shocks. Consequently, the 
remaining potential is smaller or will re
quire higher prices than occurred in the 
early 1980s; therefore, the contribution 
of infill drilling will be small during the 
remainder of this century. 

When comparing the forecasts of future pro
bable reserve growth as reported by the USGS 
in 1981 and as estimated by the NPC resource 
survey respondents (shown in Thble 44), the 
USGS apparently gives more weight to the 
hypothesis of future reserve growth than does 
the industry today. But regardless of the future 
role of reserve growth, its importance in pro
viding stable oil production over the 197 4-85 
period is unquestioned; reserve growth ac
counted for a very substantial part of total 
additions. 

,. 

Special Considerations 
on Natural Gas 

The natural gas outlook derived from 
responses to the NPC survey proceeds from an 
assumption that the acquisition price for new 
gas sources will be constrained by the price of 
residual fuel oil in the large dual-fuel industrial 
and electric utility boiler markets. Production 
in the lower 48 states is projected to decline 
rapidly, and supplemental imported supplies 
are assumed to be limited to the capacities of 
current pipeline transportation links. In the 
survey responses, the role of gas in the U.S. 
energy supply mix in the later years is con
strained to the supply estimated to be available 
at the assumed price levels. 

If greater supplies of gas were available, pro
jected consumption would be higher. Thus if 

world oil prices were higher than those assumed 
for the survey or a constraint on the availability 
of imported oil made higher gas prices prac
ticable, natural gas could satisfy a substantially 
larger share of projected U.S. energy require
ments. This larger share would probably be in 
the commercial and electric utility sectors. 
Wellhead prices of $5 to $6 per MCF by the year 
2000 would encourage substantial additional 
gas supplies. 

Estimates of the long-term adequacy of U.S. 
natural gas supply have oscillated severely over 
the past 20 years. These large oscillations in 
perception have resulted in part because discus
sions have focused on a variety of short-term 
conditions that have then been extrapolated into 
long-term trends. Many of these short-term con
ditions were not representative of the funda
mental long-term realities of the oil and gas 
resource base in the lower 48 states. 

In 1967, M. King Hubbert presented a paper 
detailing the substantial declines in new oil field 
discovery rates in the United States through 
1965. He projected a continuing decline in oil 
discovery rates. By analogy, he extended these 
trends to natural gas discovery rates as well. 
However, new oil and gas discoveries have re
mained relatively constant since the mid-1960s, 
averaging about 4 7 0,000 barrels of oil 
equivalent per wildcat. 

This stabilization has occurred as a result 
of improved technology and expanded explora
tion in new provinces or producing horizons. In 
the 1960s and 1970s, this expanded exploration 
occurred in the Gulf of Mexico and below 15,000 
feet. In the late 1970s, discoveries began to be 
made in the Rocky Mountains, the deeper 
waters of the Gulf of Mexico, and the Eastern 
Gulf of Mexico, both onshore and offshore. 
Estimates of the undiscovered resources in 
these regions indicate that it is likely that sub
stantial resources remain to be discovered in 
these areas. As a result, it is reasonable to ex
pect that continued exploration in these areas 
should contribute to maintaining discovery 
rates at current levels for quite a few more years. 

Summary 

The size of the resource base, although 
critical to estimates of future supply, is not the 
only resource-related factor affecting supply. 
During the past decade, growing appreciation 
of and concern for the economic characteristics 
of the domestic resource potential have evolved. 
This appreciation could be summed up in the 
conclusion that the United States has few low 
cost oil and gas resources yet to be discovered 
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and developed. The remaining petroleum re
sources are predominantly medium to high cost 
resources. Many factors point to this conclusion. 
New discoveries onshore are increasingly small 
fields, few of which have excellent producing 
characteristics or high recoveries per well. The 
large and giant discoveries, which have histor
ically provided low cost resources, are being 
made in high cost environments such as the 
deep water offshore, Arctic, and deep (below 
15,000 feet) reservoirs. However, the experience 
of the past decade, while indicating most re
maining fields to be small, indicates the smaller 
fields to be numerous. Reserve growth potential, 
though substantial, ranges from the moderate 
cost resources added by infill drilling to some 
high cost sources, such as the more exotic 
enhanced oil recovery operations. Converting 
domestic petroleum resource potential into 
domestic oil and gas supply thus depends on 
the future price of oil and gas. In short, although 
the oil and gas resource base of the United 
States is economically marginal in that most of 
it is convertible to reserves only in relatively 
small increments and mainly from high cost 
frontier areas, it is at the same time substantial 
in size and could stabilize reserves if pursued 
aggressively. 

TECHNOLOGICAL ADVANCES 

In any discussion of improved technology 
in oil and gas exploration, production, or utiliza
tion, there are two aspects to be considered. 
First, there are technologies that may allow 
things to be done that are presently not prac
tical. Second, there are advances that may 
improve efficiency or reduce costs in more con
ventional operations. Examples of the first kind 
are production from frontier areas (Arctic or 
deep offshore) or the development of synthetic 
fuels. Examples of the second are improved 
seismic techniques, infill drilling, EOR methods, 
or more efficient refining or end-use tech
nologies. 

Whatever the technology being discussed, 
economics should never be far from center 
stage. The United States is a high cost producer 
of oil compared to many other parts of the world, 
and especially as compared to the Middle East 
(see Chapter Eight) . New technology, to have an 
impact, must be competitive in the prevailing 
price environment. Dramatic increases in oil 
and gas prices tend to generate an unjustifiable 
degree of optimism-a feeling that future price 
increases will carry the cost of the technological 
improvement. Sharp price• decreases tend to 
produce a reverse effect-a tendency to feel that 
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the industry cannot afford anything new. The 
truth lies somewhere between these two. 

In oil and gas extraction, technological 
change and the ability to deploy new technology 
are evolutionary processes. At any given time, 
a series of technological improvements will be 
in various stages from conceptualization 
through full commercial application. It general
ly takes many years to move all the way through 
this process. The impact of new technology 
tends, therefore, to be felt rather slowly. 

Exploration 

The ultimate test of the presence of an oil 
or gas reservoir is to drill an exploratory well, 
but a great deal of technology is brought to bear 
on the problem before this stage is reached. 
Prior to actual drilling, seismic prospecting has 
been, and will remain, the primary technique 
for obtaining a picture of what the subsurface 
structures may look like. 

Seismic methods have been in use for a long 
time. The basic principle is to generate a source 
of acoustic waves that travel downward and are 
reflected from the various subsurface strata. An 
array of detectors on the surface, or sometimes 
in a borehole, is used to record the pattern of 
reflections. Using mathematical models of how 
the reflection process takes place, the raw data 
are translated into a cross section or map of the 
subsurface. The geophysicist looks for patterns 
indicating structures that may trap oil and gas. 
The mathematical manipulation of seismic data 
is extremely complex and was revolutionized, 
beginning in the 1950s, by the advent of cost ef
fective digital computers. The ability to handle 
larger and larger data sets and to perform in
creasingly sophisticated calculations in a 
reasonable time has continually improved as 
the state of the art in computers has advanced. 

Any new exploration technique has to work 
against the handicap that new reservoirs are 
likely to be smaller and harder to find. Improved 
technology may be necessary just to find these 
reserves in a cost effective way. 

Drilling and Production 

In the drilling and production area, most 
work on new technologies tends to be focused 
on frontier areas. Within the United States, this 
means Alaska and the Outer Continental Shelf. 
These areas are judged to have most of the re
maining potential for very large discoveries. 
This is in no sense a new realization. The in
dustry was already moving in this direction by 
the late 1960s. 



Offshore 

The proportion of U.S. oil production com
ing from offshore areas has increased from 
around 2 percent in 1954 to 14 percent in 1985. 
However, the ratio has been rather constant 
(between 13 and 18 percent) since 1968. For 
natural gas, the contribution from offshore has 
increased steadily from 0.8 percent in 1954, to 
5 percent in 1964, 20 percent in 1974, and 29 
percent in 1984. 

There has been a progression toward drill
ing and production in deeper waters through
out the history of the offshore oil industry. For 
drilling, this has been particularly dramatic. Ex
ploratory wells have now been drilled in almost 
7,000 feet of water. This kind of offshore drilling 
is very expensive. The average U.S. offshore well 
has always been more expensive than its on
shore counterpart. The difference has grown as 
offshore exploration has moved into deeper 
waters. In 1984, the average offshore well cost 
almost six times as much to drill as the average 
onshore well, up from only 2.5 times as expen
sive in 1953. 

The overall effect of technical evolution in 
drilling has been to make offshore drilling prac
tical in places where it once was not, and to 
significantly improve the efficiency of the opera
tion, especially in difficult locations. Thchnical 
limitations on the ability to drill are not much 
of a factor in determining the outlook for future 
supplies. Further improvements in efficiency 
would help to control costs and thereby reduce 
the risk associated with exploratory drilling. 
However, most of the cost of new offshore pro
duction is associated with the development 
rather than the exploratory phase. 

Most conventional production platforms are 
fixed structures anchored by piles driven into 
the seabed. A platform in very deep water must 
be very large, and hence very heavy, in order to 
support its own weight and the weight of top
side equipment. In addition, it must be able to 
withstand forces generated by the most severe 
tides, wind, and waves likely to be encountered 
in the area during its productive lifetime. In the 
Gulf Coast area, for instance, this means that 
it must be able to stand up to hurricane condi
tions. These considerations all combine to make 
fixed platforms for deep offshore production 
very expensive. 

The latest new concepts in deepwater pro
duction platforms, compliant structures that 
move with wave forces, have been put into ac
tual practice. One example is a guyed tower 
installed in 1983 offshore the Gulf Coast in 
1,000 feet of water. The guyed tower uses a 

relatively lightweight central tower, anchored to 
seabed pilings, but relies for most of its 
resistance to wave action on guy lines, which 
link the tower to widely spaced seabed anchors. 
The other active compliant platform is a tension 
leg design in the Hutton field in the North Sea. 
A tension leg platform is a floating structure 
that is connected to anchors fixed in the seabed. 

Recently there has been a considerable 
amount of interest in floating production 
systems that do not involve any kind of per
manent production platform. The first such 
schemes were introduced as a way to get pro
duction on stream earlier and to generate some 
quick cash flow to help finance a full scale de
velopment. Floating production systems are 
now considered as options for the permanent 
production of smaller scale fields, where 
reserves may not j ustify the expense of a more 
expensive fixed installation. So far, the deepest 
water that such a system has been installed in 
is around 600 feet, offshore Brazil. 

An additional advantage of a floating early 
production system is that it allows an opportuni
ty for a more detailed estimation of what the 
reserves really are. This can be critical for 
making the correct investment decision for a 
very deep water prospect. Operators tend to be 
very cautious in developing deep offshore fields 
because of the expense and uncertainty in
volved. It has been estimated that it may take 
$40 to $80 million to develop a Gulf Coast field 
in 300 feet of water. Roughly 50 percent of this 
would be for exploration and lease bonuses, and 
the other 50 percent would be the cost of 
development. The same field in 1 ,200 feet of 
water may cost over $500 million. More signifi
cant is the fact that 80 percent of this would be 
development costs. Thus, an operator planning 
to develop the deeper water prospect may be 
faced with spending 10 times as much money 
to do so. Caution is understandable. Early pro
duction systems can provide the information 
needed before making such a large commit
ment. At the end of 1985, there were more than 
20 floating early production systems in opera
tion worldwide. 

Another concept that has gained 
widespread acceptance is the idea of subsea pro
duction systems, where subsea wellheads are 
connected to either a floating production system 
or to a satellite platform located nearby. Because 
of the lower cost, subsea installations have been 
used to develop smaller reserves, which might 
otherwise have been uneconomic. They can, in 
principle, be installed in an unlimited water 
depth. The deepest operating example is in ap
proximately 2,500 feet of water offshore Spain. 
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There are some 170 subsea installations in 
operation worldwide. 

Summarizing, there has been a continuing 
trend toward a greater proportion of production 
coming from offshore. This is expected to con
tinue. There has been a rapid extension of drill
ing to very deep waters, although it remains 
expensive relative to more conventional opera
tions. It is much more expensive, in general, to 
develop deep offshore reserves than it is to 
discover them. Although technological improve
ments related to the installation of floating pro
duction systems or subsea wells may improve 
the economics of this kind of operation, deep off
shore production will remain high cost. Only 
the largest prospects, or those close enough to 
existing production to be operated as a satellite 
field, will be developed. This will limit the overall 
level of production that can be obtained from the 
deep offshore areas. 

Arctic 

Prudhoe Bay illustrates several things about 
oil and gas production from the Arctic. It took 
a very large resource to justify the cost of con
structing a pipeline to move the production to 
a year-round ice-free marine terminal and then 
to market. Several nearby smaller fields have 
now been brought onstream, but this was possi
ble only because the pipeline already existed. 
There are currently a number of other known 
fields, especially in the Canadian Arctic, which 
have not been brought to market because of the 
costs of transportation. The severe environment 
and the distance from major markets combine 
to make Arctic exploration and production very 
expensive. It has been estimated that a well that 
costs $1.5 to $3 million to drill in the Gulf of 
Mexico will cost $40 to $50 million in the 
Beaufort Sea. 

A great deal of ingenuity has been and is 
being used to overcome limitations posed by the 
remoteness and severity of the Arctic. Many of 
the most attractive prospects are offshore in 
areas that are ice bound for much of the year. 
Drilling in shallow waters can be done from 
gravel islands or islands constructed from spray 
ice. The first production from a gravel island is 
scheduled to begin in 1987, but this will be in 
only 10 feet of water, and the limit appears to 
be about 50 feet. Ice islands are limited to about 
65 feet of water. Getting further offshore will 
require drilling vessels that are able to with
stand floating ice for a significant part of the 
year. Extending the drilling season to at least 
six months is a key to reducing costs. These rigs 
will have to be built to withstand stresses from 
the ice. They will require icebreaking support 
vessels. 
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Even this will not solve the problem of pro
ducing the reserves once they are identified. An 
offshore prospect may have to be produced from 
subsea wellheads and transported to shore by 
under-the-ice pipelines. 1tansport to market will 
require tie-ins to the existing 1tans-Alaska 
pipeline, or a completely new line, depending on 
the location of the resource. The idea of using 
icebreaking tankers for transport from some 
locations, particularly in Canada, has been 
considered. 

None of this will ever be cheap. An offshore 
reserve in areas subject to pack ice will probably 
have to be in the 1 billion barrel class to justify 
development, or there will have to be a cluster 
of smaller prospects that can be codeveloped. 
From most parts of the Arctic, any production 
will require significant new technology. The 
technology itself, however, will not fully offset 
the high cost-it will merely make production 
feasible. 

Deep and Unconventional Gas 

Some of the best gas prospects may be very 
deep. Wells have been drilled and completed 
deeper than 30,000 feet. Improvements in drill
ing methods have made deep drilling more 
routine. They do not appear, however, to have 
made it any cheaper relative to wells of more 
"normal" depth. The high costs always have re
stricted deep drilling. Wells drilled deeper than 
15,000 feet have historically accounted for less 
than 2 percent of the U.S. total in any given year, 
and there has been no upward trend. Deep gas 
seems certain to remain relatively expensive 
unless a major technical breakthrough in deep 
drilling is developed. 

The NPC published an extensive study of 
unconventional gas resources in 1980, detailing 
the resource potential of the various sources and 
estimating the possible impact of advanced 
technology. The conclusions indicate that ad
v�nce? technologies will make a major con
tributiOn only at a relatively high price level. 
First, the increase in conventional and un
conventional supplies will come from more 
widespread use of existing technologies in 
response to higher prices. The expected ade
quacy of these supplies will most likely restrict 
efforts to develop the new technologies needed 
to produce additional unconventional gas. 

Additional Oil Recovery 

Through 1984, some 488 billion barrels of 
oil had been discovered in-place in the United 
States. Through 1984, cumulative production 
had amounted to 136 billion barrels and proved 
reserves stood at 28 billion barrels. Based on 



existing recovery techniques and existing level 
of development, ultimate recovery amounted to 
about 164 billion, or nearly 34 percent, of the 
in-place known oil resources. Of the remaining 
in-place oil volumes of 324 billion barrels, about 
35 percent is estimated to be movable by con
ventional secondary techniques and 65 percent 
is residual, requiring enhanced or tertiary 
techniques for recovery. 

The remaining movable oil is a target for 
extended conventional recovery-chiefly infill 
drilling. No detailed estimates have been made 
on what increments of the resource can be 
recovered at specific prices. Without question, 
this part of the resource has been the major 
source of reserve additions in recent years. Of 
the 12.6 billion barrels of reserve growth addi
tions from 1979 through 1984, 10 percent came 
from new pool discoveries, a comparable 
amount came from tertiary production, and the 
balance-about 10.7 billion barrels-came from 
infill and extention recovery of movable oil. 
Given the substantial size of the target and the 
contributions to reserve additions in recent 
years, additional recovery of movable oil, at 
appropriate price levels, can be significant. 

As to tertiary recovery, the NPC produced 
a comprehensive report on EOR in 1984. The 
report considered in great detail the current 
status of enhanced recovery methods and 
evaluated their possible contributions to the 
supply picture, including the benefits to be ex
pected from advanced technology. All of the 
recovery methods-thermal, miscible flooding, 
and chemical flooding-are in current use, but 
only thermal, represented primarily by steam 
flooding in California, has yet made much of a 
contribution. Enhanced recovery currently ac
counts for somewhat less than 7 percent of 
domestic production, and three-quarters of that 
comes from steam. Most of the rest comes from 
carbon dioxide miscible flooding, which is ex
pected to increase its share in the next several 
years as a result of many large scale floods that 
are in the early stages of their operating lifetime. 
Chemical flooding, except for the use of 
polymers, lags behind and has proven complex 
and hard to predict and control. 

Current U.S. proved crude oil reserves are 
28 billion barrels. The NPC estimated that EOR 
using current technology could add 15 billion 
barrels to this total. Advances in EOR 
technology could add an additional 13 billion 
barrels. Price was considered to be a major fac
tor that would determine future levels of EOR 
activity. The NPC did not evaluate an advanced 
technology option for oil prices below $30 per 
barrel (1983 dollars). It was assumed that below 
$30 per barrel, research in advanced EOR would 
be greatly reduced or eliminated. The recent 

price decreases have led to substantial cutbacks 
in the amount of research being conducted on 
enhanced recovery processes. This will 
postpone the development of some of the more 
complex methods. Even at $30 per barrel, the 
NPC assumed that the advanced technology op
tions would not be fully available until 1995. 
This would probably now be considered too 
optimistic. 

The estimated producing rates from 
enhanced recovery methods, even in the most 
optimistic scenario of $50 per barrel ( 1983 
dollars}, are not anticipated to supply more than 
some 1 .8 MMB/0. At $30 per barrel, EOR 
production reaches a peak of only 1 .2 MMB/D 
in the late 1990s. At $20 per barrel, EOR pro
duction peaks at 750 MB/D in 1992 and de
clines thereafter. See Chapter Five for a discus
sion of the Lewin and Associates estimates of 
potential EOR production based on the NPC 
methodology. 

Refining 

In general, the refining industry uses highly 
efficient, modern technology. Refiners depend 
upon processes that have evolved over the last 
20 to 40 years and are well established and 
understood. There have been few revolutionary 
technologies; the character of the industry is to 
undergo slow and long-term changes. These 
changes are usually caused by such factors as 
consumer preferences, increasing costs, and/or 
government regulations. There are no technical 
improvements on the horizon that will improve 
refining efficiencies to the point that crude oil 
demand is reduced significantly. However, there 
will continue to be a series of small im
provements in catalysis and process opti
mization that will be applied to the industry to 
keep it vital and competitive. On the other side 
of the ledger, increasing environmental impacts 
on the refining industry will offset some of these 
improvements in efficiency. 

The NPC has estimated that a reduction in 
motor gasoline vapor pressure of one pound per 
square inch would reduce gasoline manufactur
ing capability about 200 MB/D and increase 
operating costs about $1 billion-about 1¢ per 
gallon of gasoline produced. Reducing the 
benzene content of gasoline could require in
vestments of $4 billion or more and add 2 to 3¢ 
per gallon to gasoline manufacturing costs. 

Conservation 

In the short term, conservation in response 
to higher prices primarily occurs because of 
reduced discretionary consumption. In the 
longer term, high priced energy leads to the 
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development of technologies that produce 
greater end-use efficiencies. These occur with 
a time lag due to the slow turnover in energy
using equipment. 

The long-term trend toward greater efficien
cy, as measured in BTUs per dollar of GNP, was 
given tremendous stimulus by the oil price 
shocks of the 1 970s (see Figure 45).  Thtal U.S. 
energy use in 1985 was roughly the same as in 
1973, despite a substantially higher GNP. It has 
been estimated that 1985 consumption would 
have been 24 percent higher had it not been for 
improvements in end-use efficiency and 
changes in the industrial structure. During the 
1973-85 time period, U.S. dependence on 
foreign sources of oil decreased significantly. 
Reduced energy consumption was the largest 
contributor to this, since domestic supply re
mained essentially constant. 

When oil and gas use is considered rather 
than energy use in general. there have been 
some very significant shifts. Thtal oil use in the 
United States decreased by about 4 percent be
tween 1972 and 1985. However, its use in 
transportation actually went up by 15 percent. 
This was more than compensated for by a 25 
percent decrease in the amount used in the 
residential, commercial, industrial, and elec
tricity generation sectors. In 1985, 63 percent 
of oil was used for some form of transportation, 
versus only 52 percent in 1972. 
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The dominance of oil by the transportation 
sector seems likely to increase further with 
time. The biggest single use is in private 
automobiles. In world terms, the fuel efficiency 
of the U.S. automobile fleet remains extremely 
poor. It has improved slowly from a fleet average 
of 13.5 miles per gallon in 1972 to 17 .9 miles 
per gallon in 1985. The average new car, 
however, now delivers around 25 miles per 
gallon. Future improvements in fuel economy 
are thus, to some extent, locked into the system. 
Some of the improvement came about as a 
result of shifting consumer preferences. These 
tend to be short lived, however, and could vanish 
when fuel costs stabilize or come down. 
Government-mandated fuel efficiency standards 
could help ensure that improvements will con
tinue. Even though these standards do not ap
ply to heavy trucks, there has also been a 
substantial improvement in their fuel economy. 

The size of the car and truck fleet will most 
likely continue increasing and so will the total 
number of miles driven each year. This will tend 
to offset the improvements in fuel efficiency and 
tend t<,> hold total fuel demand approximately 
constant. This can be influenced, however, by 
consumer perceptions of whether driving is 
cheap or expensive. The fuel cost decreases of 
1986 are sparking an upswing in gasoline de
mand. If fuel costs remain low, this may have 
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a significant cumulative impact on the supply/ 
demand balance. 

The other sectors of the economy have, as 
n?ted above, actually decreased their usage of 
ml over the past decade. Some of this could be 
eroded by the effects of oil price decreases, 
because of fuel switching for those users who 
have the alternative. It seems safe to assume, 
however, that most of the efficiency gains will 
remain in place. 

Thchnology does play a role in fuel conser
vation. More sophisticated design of engines 
and a more widespread use of lightweight 
materials of construction could significantly 
reduce fuel consumption in all forms of trans
portation. Except in aircraft design, however, it 
is easy to oversell the significance of these fac
tors. In the case of passenger automobiles, 
proper attention to vehicle design has been, and 
will be, much more influential. Thchnology does 
not preclude significant further gains in effi
ciency, although it may restrict the size and type 
of vehicle that could be built to meet a given 
efficiency level. 

A broadly similar conclusion can be 
reached in regard to energy use in the commer
cial, residential, and industrial sectors of the 
economy. Further .efficiency gains are possible 
using known technology. The controlling factor 
is likely to be the cost of the improvement ver
sus the predicted fuel savings. Efficiency im
provements can be expected to slow down in 
periods when energy is perceived to be cheap. 

Alternative Fuels 
Another approach on the supply side is the 

production of "petroleum" from alternative 
resources, namely coal and oil shale. This route 
is intriguing because the exploration costs 
associated with conventional petroleum are 
avoided; the location, quantity, and quality of 
these resources are well known. It is a matter 
of exploiting the resources economically and in 
an environmentally acceptable manner. How
ever, the costs to exploit these resources to pro
duce petroleum products considerably exceed 
the price trends utilized in this study. 

The United States is fortunate in having at 
its disposal significant deposits of coal and oil 
shale, in addition to petroleum and natural gas. 
While there has been substantial use of coal in 
electrical power generation, there has been a 
singular lack of commercial use of coal and oil 
shale for the production of transportation fuels. 
The movement to provide a higher level of en
vironmental protection has, in fact, modified the 
economics of coal-fired power plants, such that 

the coal market is strongly affected by secon
dary factors, such as sulfur and ash content. 

Unfortunately, with the recent downturn of 
the petroleum industry, it has been difficult to 
economically justify the development of conven
tional petroleum technologies, let alone those 
associated with alternative fuels. The oil in
dustry has curtailed research and development 
and demonstration projects related to coal and 
oil shale. This is not expected to change until 
the price of energy increases significantly in real 
terms. 

The following is a synopsis of the three 
main alternative fuel technologies that appear 
to be closest to commercial viability: coal 
gasification, coal liquefaction, and oil shale 
retorting. There are other alternative fuels (e.g., 
tar sands, geothermal, and solar) that could be 
addressed here, but are not because of either the 
small domestic resource (as is the case for tar 
sands), or the fact that petroleum would not be 
displaced. 

Although direct utilization has some poten
tial in reducing petroleum demand, the major 
use of petroleum (63 percent) is in transporta
tion. Since transportation fuels are almost 
exclusively liquids, coal must be "converted" 
from its solid form to be used in the existing in
frastructure. There are two routes to convert 
coal into fluid fuels-gasification and lique
faction. Both have been in development since 
the 1920s, and generally involve rather straight
forward processes with reasonably understood 
chemistry. In gasification, the coal matrix is par
tially oxidized at elevated temperatures to pro
duce a mixture of carbon oxides and hydrogen. 
After the impurities have been removed, this 
mixture can be further processed into transpor
tation fuels. In liquefaction, on the other hand, 
hydrogen is added to the hydrogen deficient coal 
matrix under high pressures and moderately 
high temperatures to produce a synthetic crude 
oil, which can be processed in conventional 
refineries. However, the resulting liquid is still 
hydrogen deficient and requires significant 
upgrading to produce transportation fuels. 
Several companies, as well as the Department 
of Energy, have actively developed different 
processes. 

The intensive effort over the last 15 years 
to produce substitute fuels from coal has shown 
that there are still significant technical and 
economic problems that must be solved before 
coal conversion will be commercial. 

The essential technical issues in all gasifica
tion processes are associated with the coal 
gasification unit. The downstream processes of 
a commercial facility (e.g.,  gas cleanup and 
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syngas conversion) have been adequately 
demonstrated and do not present significant 
technical limitations to the application of 
gasification. For example, carbon monoxide and 
hydrogen produced from the gasification pro
cess are currently being converted into both 
gasoline and methanol commercially. On the 
other hand, the commercial readiness of the dif
ferent gasifier designs varies considerably. 

The liquefaction technical issues are 
associated with downstream processing and are 
mostly mechanical in nature (high pressure let
down valves, solids separation, pumping of very 
viscous slurries). Liquefaction processes cur
rently require high pressures above 2,000 
pounds per square inch and elevated tempera
tures. Presently, coal liquefaction is more expen
sive than gasification for the production of 
transportation fuels. The objective of ongoing 
research is to develop a low pressure (i.e., lower 
capital requirements), high efficiency (lower pro
duction costs) process. This must be done before 
liquefaction will be able to compete economical
ly with conventional petroleum. 

Western oil shale also represents a huge 
domestic resource-a production potential of 
625 billion barrels-and could significantly im
pact the supply of petroleum if exploited prop
erly. Moreover, because of the lower production 
costs, oil shale will probably be the first source 
of substantial quantities of synthetic crude oil. 
Oil shale is neither a shale nor does it contain 
oil. It is made up of fine particles of marlstone 
held together by organic material called 
kerogen. The kerogen decomposes upon heat
ing to 70 percent liquids, 1 5  percent gases, and 
15 percent coke. The decomposition requires 
large inputs of heat. With the organic matter 
removed, the remaining rock loses its cohesive 
strength and is easily crushed. 

All processes for recovering shale oil start 
with the thermal decomposition of the kerogen, 
followed by the separation of the organic 
material from the inorganic solids. There are 
five reasonably well-developed schemes for 
above-ground retorting of Western oil shale. All 
five need further development and/or demon
stration on a larger scale; none can be con
sidered commercially proven. 

The major problems with all oil shale retort
ing are environmental and geographical. En
vironmentally, the vast quantities of spent shale 
from surface retorts, 160,000 tons for each 
100,000 barrels of oil, will need to be disposed 
of in an acceptable manner. Whereas the raw 
shale is tough, the spent shale is friable and 
dusts easily. Large amounts of water will be re
quired to compact the shale and assure plant 
growth in it. Leaching of alkaline components 
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and heavy metals is also a concern. The 50 per
cent volumetric expansion after retorting 
eliminates storage in the empty mines as a solu
tion. Along with the long-term storage of spent 
shale, other environmental problems will also 
have to be addressed, including water availabili
ty in the Colorado-Utah area, dust control in the 
mining and crushing operations, and low level 
hydrocarbon emissions from the plant. Each of 
these areas will have to be addressed to the 
satisfaction of all parties. 

Geographically, the Western oil shale 
reserves are located in areas that are remote, 
largely uninhabited, and devoid of natural water 
supplies. The development of a large scale oil 
shale mining and retorting facility will require 
the expenditure of large amounts of capital for 
building water transport and shale oil transport 
via pipelines, and new towns and roads. This 
peripheral development raises the cost of the oil, 
thus affecting the economic viability of the pro
ject. Thus, real petroleum prices will have to be 
high before major corporations will undertake 
the risk involved in developing the shale re
sources at a level that will supplement mean
ingful quantities of petroleum-based fuels. 

Summarizing, there are several oil shale 
retorting technologies that appear ready for 
commercialization, but they are all capital in
tensive and produce crude shale oil at a higher 
cost than conventional crude oil. It is unlikely 
that a large scale commercial industry will be 
viable in the next 5 to 1 5  years, especially with 
the low level of crude oil prices. 

There currently exists a satisfactory level of 
development of alternative coal and oil shale 
technologies that could be used to provide 
substantial quantities of petroleum substitutes. 
The use of coal gasification, coal liquefaction, 
and oil shale retorting are long-term solutions 
that will depend on the establishment of econo
mic incentives in the form of escalating real 
crude oil prices, which can justify the higher 
capital and operating costs for the commercial 
exploitation of these technologies. 

Summary 

It is difficult to envision new technologies 
impacting the supply of and demand for oil and 
gas much before the end of this century. Cur
rent exploration and production technology was 
spawned by 13 years of favorable oil prices and 
the prospect of continuing price growth. These 
technologies permitted the development and 
delivery of production from Alaska and deep off
shore waters and the economic development of 
smaller and deeper oil and gas reserves. Many 
of these technologies are uneconomic at today's 



depressed prices, and if these prices prevail for 
an extended period of time, new lower cost 
technologies will be required. But this takes 
time, and the low prices themselves have 
significantly reduced current research and 
development activities. 

Energy efficient technologies spawned by 
the higher oil prices will not go away overnight. 
Even if prices remain low for an extended 
period, there is little incentive to revert to less 
efficient capital goods. Even if new fuel-efficient 
end-use technologies emerge, the long lead time 
to construct new plants to utilize them would 
delay the benefits until the late 1990s. 

IMPACTS OF RECENT PRICE 
DECLINES ON PETROLEUM 
SERVICE AND SUPPLY SECTORS 

The oil and gas exploration and production 
industry is made up of thousands of producers, 
manufacturers, suppliers, and service contrac
tors. Oil and gas companies rely extensively on 
specialized contractors for their exploration, 
development, and well completion and main
tenance work. While the recent price increases 
and rapid decline have affected all segments of 
the petroleum industry, it has been particular
ly difficult for the companies that compose the 
oil field service and supply sectors, their finan
ciers, and their host communities. These sec
tors will be slow to respond to a sharp upturn 
in demand because of the loss of professional 
and skilled personnel, the deteriorating rig fleet, 
the loss of manufacturing capacity, and the in
ability to finance new investments. If low oil 
prices persist, the response time of the service 
and supply industry will lag even more. 

Services 
Exploration begins with geological and 

geophysical work and continues through the 
drilling and logging of the well. If economically 
adequate reserves have been found, production 
facilities are installed, development wells drilled, 
and production initiated. During the production 
phase, servicing equipment is used to re-enter 
producing wells to do remedial work, such as 
control of water production or formation sand 
incursion, and to install and maintain artificial 
lift devices. In many fields, substantial addi
tional oil is produced by secondary recovery 
techniques such as water or natural gas injec
tion, and EOR techniques, which include 
flooding with materials such as steam, carbon 
dioxide, or chemicals. 

Throughout the life of a field, remedial, 
stimulation, and recompletion work is per-

formed on wells to maintain production. These 
activities represent the major part of the work 
performed by production service companies. 

This highly competitive and complex in
dustry operates a vast network of supply and 
service companies located in nearly two-thirds 
of the states. Apart from the planning, supervis
ing, operating, and accounting for drilling and 
producing oil and gas wells, nearly all field work 
is done by the supply and service sectors of the 
industry. Many are small independent contrac
tors. Services that are supplied directly in the 
field include geophysical surveys, geological 
supervision and surveillance, drilling services, 
offshore services, offshore platform design and 
construction, stimulation, surfactant injection, 
and well servicing rig work. 

As discussed in Chapter Five, drilling activi
ty rises and falls with crude oil price. Figure 46 
shows that seismic crew count also correlates 
with crude oil price, accelerating during 1978 
and 1980 and peaking just before the price 
peaked in 198 1 .  With declining prices, crew 
count dropped by nearly half from 1981 to 1983. 
In September 1986, it was down to 21 percent 
of the September 1981 high. The International 
Association of Geophysical Contractors' dues
paying U.S. membership declined from 275 in 
September 198 1 to 132 in September 1986. 

The NPC surveyed more than 100 service 
organizations with a questionnaire asking for 
comments on the effect of the recent decline in 
activity on the petroleum industry infrastruc
ture. The most pertinent questions were on the 
availability of technical and skilled personnel, 
loss of vital equipment, lag time to re-equip and 
re-man the industry, and financing problems. 
Except where otherwise noted, the following 
discussions are based upon these responses. 

Responding to the drop in seismic crew de
mand, a major geophysical contractor reduced 
personnel 82 percent from December 1984 to 
July 1986. Surplus equipment, much of which 
is relatively new, is being sold at distress prices. 

An independent consulting firm's ex
perience is an example of what has happened 
to small exploration service companies. Orga
nized in 1973, it grew rapidly and, in 1981 ,  it 
had 385 employees, $10 million in capital equip
ment, and did $20 million in revenues. It is now 
out of the seismic contracting business, has 86 
percent fewer employees, and owes $5 million 
after selling its field equipment to an Asian 
country at a fraction of cost. 

A major wireline service company reduced 
personnel by 32 percent during the first half 
of 1986, closed its training centers, deactivated 
38 percent of its logging trucks, and curtailed 
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Figure 46. U.S. Oil Price, Seismic Crew, and Rig Activity. 

SOURCE: Seismic Crew Count Data: Society of Exploration Geophysicists. 

manufacture of logging equipment. Additional 
reductions were planned for later in the year. 
Fewer funds are being directed to research and 
development, which they expect will have a sig
nificant negative effect on exploration, develop
ment, and production capability in the early 
1990s. 

Another wireline service company had 
reduced personnel in mid-1986 by 75 percent 
from the 1983-84 level. No equipment was be
ing manufactured and replacement of worn 
equipment was financed by cash flow, since the 
company has no borrowing power. 

Service Industry Financing 
As has been noted, much of the service 

industry is composed of small companies pro
viding local services to the exploration and 
production sector of the petroleum industry. 
Financial data on the impact of declining oil 
prices on these small companies are difficult to 
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obtain, but security analysts do follow the per
formance of the larger companies. For the l lO 
publically traded oil service, equipment, and 
drilling companies monitored by Simmons & 
Co., net losses for the most recent 12 months 
available at December 3 1 ,  1986, totalled nearly 
$5.0 billion, not including the fourth quarter 
of 1986. Only 1 8  of the l lO companies were 
actually profitable, and in virtually every case 
this can be related to their non-oil field ac
tivities. Membership in the International Associ
ation of Drilling Contractors, which from 1972 
to 1982 tripled to more than 1 ,000, dropped 30 
percent in 1985, and another 15 percent at the 
end of 1986. 

In oil producing areas, financing locally is 
very difficult for small independent producers 
and service companies. The condition of many 
oil country banks is precarious because of the 
loss of collateral value in oil and gas reserves
which have been written down as much as 60 



percent-and service and supply company 
assets that have been devalued much more. 
This situation has brought about severe state 
and federal regulatory restrictions on bank lend
ing. Without traditional bank sources of funds, 
and as long as these conditions exist, small pro
ducers and service companies must finance 
operations on current income. 

Employment 
U.S. oil and gas extraction industry employ

ment has fluctuated with the price of oil, as 
shown in Figure 47. From the peak year, 1982, 
total oil and gas extraction employment dropped 
from anannualaverage of708,000to 570,000 in 
December 1985 and 422,000 in December 
1986. The total loss in jobs from 1982 through 
December 1986 was 286,000, a 40 percent 
decline. Service industry employment de
creased from a 1982 annual average of 435,000 
to 315,000 in December 1985 and 206,000 in 
December 1986, a loss of 229,000 jobs (53 per
cent) from 1982. This indicates that 80 percent 
of the total loss of jobs was in the service in-

dustry. The recent API study, "1\vo Energy 
Futures," states that for every $ 1  billion reduc
tion in oil and gas investment, the petroleum 
industry will lose more than 10,000 jobs, and 
other industries nationwide could lose more 
than 8,000 additional jobs. 

According to the study, "The United States 
Oil Industry in 11-ansition," published by 
Southern Methodist University's Center for 
Enterprising, more than 96 percent of the pro
duction companies in the United States employ 
fewer than 50 workers. Less than 20 percent of 
production workers are employed by estab
lishments of 500 or more employees. 

Professional Personnel 
University trained geologists, geophysicists, 

and petroleum engineers are critical for the ex
ploration and production segment of petroleum 
operations. Enrollments in colleges offering 
these courses have been somewhat cyclical and 
have also been responsive to the perceived de
mand for graduates, which is influenced to a 
major extent by oil prices. 
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A survey by the NPC of major universities 
with large enrollments in geology and petro
leum engineering shows that enrollments 
peaked in the early 1980s and have declined 
rapidly since. Results of the survey from 10 
responding schools are summarized in Thble 45. 
From 1966 to 1972, enrollment in geology in
creased 60 percent and enrollment in petroleum 
engineering increased 25 percent after declines 
of 4 7 percent and 64 percent, respectively, from 
1957 to 1966. From 1972 to 1981 ,  enrollment 
in geology more than doubled and petroleum 
engineering increased six fold. By 1985, 
enrollments were down 42 percent in geology 
and 53 percent in petroleum engineering from 
the 1981 high, and in 1986 dropped another 15 
and 29 percent, respectively. The percentage of 
students in graduate schools has increased for 
both disciplines, while total enrollment has 
declined. 

A survey of 13 universities offering degree 
programs or options in petroleum engineering 
was reported by the Society of Petroleum 
Engineers (SPE) in October 1986. The SPE 
report shows that there has been a large over
supply of petroleum engineering graduates 
since the 1980-8 1 academic year. The number 
of job-seeking graduates increased from about 
900 in 198 1 to about 1 ,650 in 1984 and 1 ,550 
in 1985. The number of campus hires was near
ly in balance with supply in 198 1 ,  but averaged 
about 750 in the next three years. In 1986, there 
were only about 400 jobs for 1 ,400 graduates. 
A forecast by SPE shows job-seeking graduates 
declining rapidly to 600 in 1989, with 500 be
ing hired on campus. 

The cumulative oversupply of job-seeking 
petroleum engineering graduates from 198 1  
through 1985 is about 2,600, and an oversupply 
of 2,300 is projected through 1989. It is probable 
that sufficient technical manpower would be 
available in the event of an upturn in the oil and 
gas economy in the short term. However, these 
numbers may be misleading. Many of the recent 
graduates, as well as experienced employees 
recently terminated, have moved or will move 
to other industries. 

The Society of Exploration Geophysicists 
surveyed five universities that have historically 
graduated geophysicists regarding fall 1986 
enrollment. They are the Colorado School of 
Mines, Cornell, Stanford, Thxas A&M, and the 
University of Thxas. Undergraduate enrollment 
is down about 50 percent from the previous 
year, while graduate enrollment is holding 
steady. One university reported that more than 
one half of the undergraduates were seniors and 
only two freshmen enrolled. Corporate financial 
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support has declined, but is still reasonably 
strong for research projects. 

The American Association of Petroleum 
Geologists surveyed 2 , 1 1 5  active members in 
mid-1986. Responses from 1 ,473 indicated that 
35 percent of the members in Oklahoma and 
Colorado were unemployed, 26 percent in 
Louisiana, 24 percent in Texas, 10 percent in 
California, and 20 percent in other states. 

In the longer term, the negative impact of 
the 1980s experience of universities and 
graduates in the fields of geology and petroleum 
engineering will adversely affect enrollment in 
these fields. Careers in the oil industry will not 
be viewed as stable, secure, or attractive as they 
were in the past. Fewer graduates, and the 
firmer entrenchment in alternative careers of 
graduates not hired and trained by petroleum 
companies, will probably impede the ability of 
the industry to respond to an upturn in activity. 

Skilled Personnel 
Executives in the oil service industry 

estimate that a period of about three years is 
required to train personnel for skilled oil service 
jobs. For highly skilled jobs, seven to ten years 
may be required. A major service company esti
mates the cost of recruiting and training skilled 
personnel is from $7,500 to $30,000 each. 

By the end of 1986, the oil service industry 
was a small fraction of the size it was in 
1981-82. It is believed that most laid-off drill
ing crews have found or will find other jobs in 
the skilled labor market. 

Companies that specialize in the manufac
ture of production pumps, portable rigs, and 
other equipment used extensively in the pro
duction of oil and gas have been forced to cut 
back, close factory operations, and lay off both 
skilled labor and professionals. 

Equipment 
The exploration and production sector of 

the oil and gas industry employs many diverse 
technologies and types of equipment in the ex
ploration, drilling, development, and production 
of oil and gas resources. The geological and 
geophysical service group uses much special
ized technical e quipment in measuring, 
processing, and interpreting data from the sub
surface relating to the exploration and develop
ment of oil and gas. The major equipment used 
by the oil field service industry may be generally 
grouped under drilling equipment, production 
equipment, and well servicing and transporta
tion equipment. The industry is a major con
sumer of tubular steel goods, in the form of drill 
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pipe, casing (structural lining of well bore hole), 
tubing (to bring oil and/or gas to the surface), 
and the line pipe to take oil and/or gas to pro
duction facilities, storage tanks, and transmis
sion pipelines. 

The Cost Study Committee of the Indepen
dent Petroleum Association of America reported 
in October 1986 that the supply of tubular 
goods (U.S. net shipments plus imports) 
decreased from a high of 6.5 million tons in 
198 1 to 2.8 million tons in 1985, a reduction 
of 57 percent. Thbular goods use in drilling and 
production has a significant impact on the steel 
industry. This demand can be compared with 
that of the automobile industry, which uses 
about 1 ,250 pounds of steel per average Ameri
can vehicle. The steel content of tubular goods 
shipments was equivalent to 10.4 million 
vehicles in 1981,  4.4 million in 1985, and an 
estimated 2.6 million in 1986. Domestic mills 
supply about 45 percent of tubular goods used 
in the United States. 

Many companies in the oil field service in
dustry are being forced to dispose of idle equip
ment to cut costs. This is reflected in the almost 
daily auctions in which modern drilling ma
chinery and oil field equipment are being sold 
at a small fraction of manufactured cost. This 
distressed market for used equipment limits the 
benefit of selling the equipment, and many 
companies have and are continuing to be forced 
into bankruptcy. 

Drilling and well servicing equipment 
prices since 1973 have fluctuated at even higher 
rates than drilling activity, contributing to the 
wide swings in drilling costs. A study by Hadco 
International, Inc. ,  a consulting and appraisal 
firm, reported that the rapid growth in equip
ment demand and sales in the 1970s became 
frantic in 1980 and 198 1 .  With financing readi
ly available, some used equipment assembled 
by brokers and dealers sold at new prices. The 
situation was made worse by speculators buy
ing rigs in the manufacturing line and selling 
on delivery to the highest bidding contractor, 
driving prices to very high levels. 

With the drilling slump starting in 1982, 
manufacturers were caught with huge inven
tories, competing with the great number of idle 
rigs for sale. Prices dropped 52 percent in 1982 
and another 33 percent in 1983. During the first 
half of 1986, sale prices dropped almost in half. 
1\vo-thirds of all sales were at auction, and less 
than 4 percent were direct sales. Auction prices 
in 1986 were about 4¢ to 6¢ on the dollar com
pared to 1981 new equipment prices. Purchas
ers are dealers and investors anticipating a 
future increase in demand. Some banks and 
financial institutions that own idle rigs are re-
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taining rather than disposing of them in the cur
rent market. 

Hadco also reported that exports have had 
little effect on the rig market because of the de
cline in drilling throughout the non-communist 
world. The well servicing rig market has been 
adversely affected by the steady increase in im
ports of these rigs from 5 percent in 1980 to 44 
percent in 1985. 

The Reed Thol Company conducts an an
nual U.S. census of active and available rotary 
drilling rigs during the first two weeks of 
August. A rig is reported as "active" if making 
hole during the census or if it has drilled at any 
time within 30 days prior to the count. The Reed 
Census of active rigs is always higher than the 
Hughes count, which reports only rigs that are 
actually drilling when surveyed each week. An 
available rig is defined as one that can be rigged 
up and able to make hole within 30 days with 
a capital expenditure of less than $50,000. A rig 
stacked for longer than three years is not 
counted regardless of its reported condition. 
Rigs are not counted unless they are capable of 
drilling to more than 3,000 feet and usually 
employed for drilling. Results of the Reed Cen
sus and the annual average Hughes count of 
working rigs are shown in Figure 48. 

The wide spread between Reed available 
and Reed and Hughes active counts in the early 
1960s had narrowed by the mid-1970s and re
mained very close through 1981,  when the Reed 
utilization rate was 98 percent and the Hughes 
79 percent. In 1982, while the Hughes rig count 
took a precipitous drop from the 1981 average 
of 3,970 to 3, 105, available rigs continued to 
climb to a high of 5 ,644. In 1985, available rigs 
had declined to 4,409, Reed active to 2,625, and 
Hughes to 1 ,968. The August 1986 Reed Cen
sus showed 3,993 available and 1 ,052 active 
rigs, a 26 percent utilization rate, while the 
average Hughes count was 730, a utilization rate 
of 18 percent. 

The surprisingly small decline (9 percent) 
in the Reed available rig fleet from 1985 to 1986 
is explained by Reed as caused by contractors 
maintaining their idle equipment, most of 
which is relatively new since the marginal rigs 
were retired between 1981 and 1985. Some con
tractors have rotated their rigs from stacked to 
active to keep them in operating condition. 

The 1986 Reed Census showed that 2,002 
rigs had been stacked up to one year, 503 from 
one to two years, and 80 from two to three years. 
This indicates that if drilling activity continues 
at a level of 800 to 1,000, the available fleet could 
be reduced during the next three years to about 
1 ,400, as rigs are considered unavailable by 
Reed after three years out of service. 
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Figure 48. Drilling Rig Activity and Availability. 

During October 1986, Smith Thol, in 
cooperation with the International Association 
of Drilling Contractors, surveyed U.S. land drill
ing contractors for rig availability. The survey 
showed 3,054 rigs as market ready and 762 ad
ditional not offered because of technical defi
ciencies or market conditions, making a total of 
3,816. These figures bracket the August 1986 
Reed land rig census of 3,752 available. 

The decline in U.S. drilling activity includes 
the offshore. Peak mobile rig use occurred in 
December 1984-232 of 249 available mobile 
rigs under contract, a 93 percent utilization 
rate-and lagged the onshore decline by three 
years. Offshore Data Services reported utiliza
tion of mobile offshore rigs in the Gulf of Mexico 
bottomed at 25.4 percent in mid-August 1986 
(62 mobile rigs under contract of 244 available) .  
On December 1 ,  1986, there were 50 of the 150 
available platform rigs under contract in the 
Gulf of Mexico (33 percent utilization). During 
peak Gulf of Mexico development drilling in 
1981, 154 of the 175 available platform rigs were 
under contract, a utilization rate of 88 percent. 

In the short term, the 1986 oversupply of 
rigs and capable contractors can satisfy increas
ing demand. However, with time, the idle fleet 
will continue to decline. Idle equipment is be
ing cannibalized for spare parts; lying idle 
reduces the useful life more than if equipment 
were being used and regularly maintained. 
Much equipment has been repossessed, and is 
frequently not properly preserved, worsening 
the attrition. 

While the impact of the recent price decline 
was initially the greatest on drilling equipment 
demand, production and well servicing equip
ment are also severely affected. A Dresser Indus
tries, Inc. ,  count of workover service rigs shows 
that utilization declined in 1986 to 31  percent 
of the estimated 7 ,939 serviceable rigs, the 
lowest levels since records began to be kept in 
the early 1970s. New drilling and servicing rigs 
are not being built, few new production facilities 
installed, and fewer replacement parts are 
needed by the remaining smaller fleet of work
ing equipment. The effects of these reduced 
demands are felt in other industries not direct
ly related to the oil and gas business, such as 
general machinery and equipment manufac
turers, primary iron and steel, transportation, 
and insurance. 

Future Response of the Oil 
and Gas Service Industry 

The ability of the oil and gas industry to re
equip in the future will be limited by several fac
tors. The fragmentation of equipment and the 
lack of economic incentive or ability to main
tain idle equipment will reduce its availability 
when demand increases. There is a substantial 
cost associated with reactivating a stacked rig 
even if it were properly preserved. Many of the 
manufacturers of oil field service equipment are 
no longer in existence, or have disposed of much 
of their manufacturing equipment. So before 
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the oil and gas industry can re-equip, the manu
facturers of the equipment must re-equip. The 
availability of funds for rebuilding the industry's 
service and supply sectors could be a problem 
in the event of an upturn in drilling activity. 

A turnaround in drilling activity would re
quire the rehiring of personnel. The longer the 
period of depressed drilling persists, the more 
difficult it will be to respond to a rapid upturn. 
Both skilled labor and professionals will become 
well established in new jobs or careers and will 
be reluctant to leave. The substantial training 
that may be required for new hires will slow the 
response. Furthermore, the skilled personnel 
who must do the training will be less productive 
than if they were directly involved in exploration 
and production activities. The "boom-bust" ex
perience of the 1980s will be a deterrent to 
recruiting. 

All of these factors introduce time lags into 
the ability of the service industry to respond to 
any future increase in demand for its services. 
The time lags are a function of the duration and 
depth of low oil and gas prices and could extend 
for several years. 

During the time that the infrastructure is 
being rebuilt in response to a sharp upward shift 
in prices, shortages of rigs, equipment, service 
capability, and crews will probably occur. These 
shortages could drive up the cost of drilling to 
high levels similar to those that occurred dur
ing the 1970s and early 1980s. From 1972 
through 1981 ,  drilling costs in the United States 
increased at an average annual compound 
growth rate of 17.6 percent per year. Drilling 
equipment costs increased at 15 percent per 
year and well operating costs at 14.4 percent per 
year over the same period, while the U.S. GNP 
deflator increased at 7.6 percent per year. The 
substantial real increases in costs of drilling, 
equipment, and operating reflect the inefficien
cies of rapid increases in industry activity. 

During 1986, drilling and completion 
revenues were destructively low for the service 
industry. Drilling day rates were based on cost 
of labor and supplies, less the cost of a stacked 
rig. These rates were reduced so that a nucleus 
of skilled employees could be retained. Much of 
the service and supply industry had gone out 
of business and those remaining operated at a 
loss. Major restructuring will improve their 
financial position, but many more service com
panies will go out of business before the supply 
drops to the level of demand. On November 10, 
1986, the Oil and Gas Journal reported that ac
cording to Kidder, Peabody & Co., there had 
been 24 major service, supply, and manufactur
ing mergers and joint ventures. All segments 
of the industry are consolidating to cut 
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overhead, gain market share, cut manufactur
ing and operating costs, and increase the effi
ciency of remaining personnel and equipment. 
In the future, demand for the services of the sur
viving companies will increase the cost of drill
ing and well completion. 

The situation today is entirely different 
from that of the late 1970s, when a healthy in
dustry was ready, willing, and able to expand 
in response to increasing crude oil prices. There 
was an optimism that made capital available to 
finance rapid expansion. A survey of oil field 
equipment manufacturers by the NPC in 1979 
showed that all were expanding and were capa
ble of increasing capacity by 25 percent in a 
short time. Many of these manufacturers and 
some of the institutions that financed them are 
now out of business. 

Research and Development 

Another area severely affected by the cur
rent downturn is exploration and production 
research. Large and small companies alike have 
cut back sharply on research and development 
budgets and personnel. Grants to universities 
and other research institutions also have been 
restricted. These cuts will eventually reduce oil 
and gas production rates because most of the 
research expenditures being deferred are in pro
grams designed to produce oil and gas in the 
future. Examples are deep water drilling, im
proved seismic methods, and enhanced oil 
recovery. 

Export of Technology 

The U.S. domestic drilling and oil field ser
vice industries have essentially provided the 
world with the technology to explore, drill, 
develop, and produce the world's oil and gas re
sources. They still lead and sustain the modern 
worldwide drilling industry. But the technology 
has been readily shared with the world, and the 
current collapse of this industry may per
manently affect the industry's role as an ex
porter for the United States. U.S. manufacturers 
with plants around the world have shut down 
their oldest and most inefficient facilities, most 
of which are in the United States. Those remain
ing in operation are the new, efficient overseas 
plants that came from expansion in the inter
national market. Foreign companies, many of 
which are state owned, are taking advantage of 
government or national programs that encour
age the development of their own oil field ser
vice industries. As in other industries, the 
United States' position of supremacy is being 
eroded, to the detriment of the nation. 



When prices eventually rise as world excess 
productive capacity is exhausted, the domestic 
drilling, oil field service, and manufacturing 
companies may find that a significant share of 
the technology and market they have developed 
over the last 100 years has been lost to foreign 
competition. 

Impact on Communities 

Operating bases for supply and service 
companies are almost all in small cities and 
towns near oil and gas fields to minimize trans
portation time and cost. Oil booms such as in 
the late 1970s severely impact the infrastruc
ture of host communities. Increased community 
services such as schools, streets, utilities, hous
ing, banks, and merchants are required. With 
the sharp recent downturn in oil and gas ac
tivities, the communities must pay for the pro
jects initiated during the growth period from an 
eroded tax base. 

The impact of the dismantling of the service 
industries has been extremely difficult on the 
people of oil-producing areas. Service, supply, 
and manufacturing companies question their 
ability to exist from day to day. For example, 
Houma, Louisiana, during the first half of 1986 
had six independent companies liquidate. They 

had been in the business of offshore production 
service, boat building, oil tool rental, tug and 
barge construction, and retail furniture and ap
pliance sales. Before the recent decline in oil 
prices, these companies each had assets of $1 
to $5 million, annual sales of $2 to $6 million. 
and from 25 to 275 employees. 

Lafayette is the hub for South Louisiana oil 
and gas production operations, supply, and 
services, and with the oil boom, experienced 
population growth from 69,000 in 1970 to 
82,000 in 1980 (19 percent) . Lafayette Parish 
grew at an even greater rate, from 1 12,000 in 
1970 to 1 50,000 in 1980 (34 percent). During 
the 1973-79 period, about 12 percent of 
Lafayette's employment was oil and gas related, 
accounting for 23 percent of the personal in
come. With the decline in drilling activity, 
unemployment in Lafayette Parish increased 
from 6 percent in March 1984 to 1 1 .8 percent 
in March 1986 and was near 14 percent in 
September. Lafayette building permits de
creased from a high of $26.5 million in April 
1984 to $3.3 million in April 1986 (88 percent). 

Bank deposits decreased 6 percent, and taxable 
retail sales dropped from $184 million in March 
1985 to $139 million (24 percent) in March 
1986. The decrease in sales tax collections has 
forced the postponement of planned street and 
drainage projects. 
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CHAPTER SEVEN 

INSTITUTIONAL FACTORS 

INTRODUCTION 

Energy policy is a component of overall 
public policy, and is comprised of such diverse 
policy decisions as leasing, environmental 
issues, tax policy, and consumer issues. The 
goals of energy and public policy can be in con
flict, and an optimal energy policy is seldom 
achieved. However, it is in the best interest of the 
nation that a policy which recognizes environ
mental and energy concerns be developed. 

Environmental goals and the urgent need 
to develop adequate energy supplies for the na
tion are not mutually exclusive. As in the case 
of access to federal and state lands, the public 
interest can best be served by cooperation in 
developing and implementing programs based 
on an understanding of all pertinent issues. 

U.S. federal and state taxation policies 
directly affect the oil and gas industry's incen
tives to explore, drill, and produce oil and gas. 
These policies also affect the availability of 
funds for the industry. 

This chapter addresses institutional factors 
in four sections. The first two sections cover the 
environmental policies and regulations that 
affect the supply of oil and gas and the demand 
for oil and gas and their alternatives. The third 
section covers non-environmental policies, such 
as taxation, that affect the supply of oil and gas. 
The fourth section covers non-environmental 
policies that affect the demand for oil and gas. 

ENVIRONMENTAL CONCERNS, 
POLICIES, AND REGULATIONS 
AFFECTING OIL AND GAS SUPPLY 

Implementation of new environmental 
policies regarding oil and gas exploration and 
production may have a marked effect on future 

domestic energy supply and demand. En
vironmental laws and regulations can improve 
the quality of life, yet there must be a balance 
between environmental concerns and the 
economic and political costs of ensuring ade
quate energy supplies. The relative risk to 
human health and the environment should be 
identified and quantified. It is not possible to live 
in a risk-free situation, and the cost of incremen
tal controls may or may not be justified by the 
corresponding decrease in risk. Th ensure that 
balanced policies are developed between the en
vironmental community and the petroleum in
dustry on these issues, regular government 
sponsored conferences with representatives of 
these groups could focus on such concerns. As 
indicated in the following pages, significant 
disagreements exist among these groups on the 
magnitude of the environmental effects on the 
nation. These discussions could provide a start
ing point to narrow these differences in 
perspective. 

Access to Federal Lands-Offshore 

The Outer Continental Shelf Lands Act 
Amendments mandate a leasing process aimed 
at conducting lease sales according to a specific 
schedule, ensuring that environmental risks are 
fully addressed, that use conflicts are identified 
and reconciled, and fmally that Outer Continen
tal Shelf (OCS) oil and gas resources are found 
and produced. The Department of the Interior 
publishes a 5-year lease plan that sets a sched
ule of sales and determines when and where of
ferings are to occur. Each sale on the schedule 
goes through an extensive planning process 
before the sale. 

Specific decisions regarding deferral and 
lease stipulations are determined in the plan
ning process for individual lease sale offerings. 
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The planning process offers a 24- to 28-month 
period of intense evaluation of resource poten
tial, environmental conflicts, and socioeconomic 
costs and benefits. As in the development of the 
5-year schedule, there are many opportunities 
for direct public input into the process that leads 
to the decision to offer leases for bid. It is here 
that tract withdrawal is and should be con
sidered. It is also here that special stipulations 
are developed to address and mitigate conflicts. 
Only after this planning and evaluation have 
taken place can a decision to lease be made. 

The primary area of concern regarding off
shore federal lands access is California, which 
has been identified as having a high potential 
for significant hydrocarbon deposits. Fiscal year 
1986 appropriations for the Department of the 
Interior contained a leasing moratorium cover
ing large portions of the federal OCS off Califor
nia. This moratorium prohibited the leasing of 
6,460 offshore tracts covering over 37 million 
acres, or about 63 percent of the entire Califor
nia OCS planning area (Figure 49). 

Discussions and proposals for fiscal 1987 
and beyond had called for the prohibition of 
leasing on some or all of the 6,460 offshore 
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Figure 49. Pacific OCS Region Withdrawals. 
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tracts under the existing moratorium until after 
the year 2000, except in a national emergency. 
A compromise in the House Appropriations 
Committee averted a moratorium in fiscal 1987, 
but delays any California OCS lease sale until 
at least February 1, 1989. The moratorium 
language included by the Appropriations Com
mittee precluded debate by the appropriate 
oversight committees. Although the result may 
not be called a moratorium, it actually delays 
any further leasing for at least two years. 

Potential federal and state revenues from 
lease bonuses and royalties in the moratorium 
area are estimated to be from $4.3 to $17.3 
billion in net present value.1 These figures are 
based on bonus payments of one-half the histor
ical average of $1 ,590 per acre leased for the 
California OCS, a one-sixth royalty, and an 
average price per barrel of $24. If the mora
torium is not lifted, foregone oil production of 
172,000 to 688,000 barrels per day will result 
in a corresponding rise in oil imports. Also, from 
66,000 to 265,000 jobs, across numerous in
dustries covering a widespread geographical 
area, would not be created. 2 

Reserve estimates for the area in the pre
sent moratorium range from Minerals Manage
ment Service estimates of 1 .25 billion barrels 
to industry estimates of up to 5 billion barrels 
of crude oil equivalent. Previous exploration ac
tivities have shown the presence of hydrocar
bons in five of six geological basins tested. This 
is part of the reason for the optimistic industry 
estimates on reserves, putting undiscovered 
reserves at roughly the same level as proved 
reserves. 

Although any moratorium may be lifted in 
the event of a national emergency, immediate 
relief from any shortages would not be possible 
due to the long lead time necessary from lease 
award until production (often 5 to 10 years). 

Tied closely with leasing off the coast of 
California is the Department of the Interior's 
negotiated rulemaking process for developing 
air quality regulations for California OCS opera
tions. Participants include the Department of 
the Interior, the state of California, Citizens for 
a Better Environment, The Western Oil and Gas 
Association, and several local California air 

'Guenieri, U., Kobrin, P. , Ott, D., and Rustin, M., "The 
Effects of a Ban on Leasing the Federal Outer Continental 
Shelf off California for Oil and Gas Development." 
Washington, DC, August 1 985. 

2Batelle Pacific Northwest Laboratories, "Economic 
Implications of Accelerated Leasing and Development of 
Outer Continental Shelf Oil and Gas Resources." 
Nashington, DC, June 1 985. 



pollution control districts. As air quality issues 
are often a major deterrent to offshore Califor
nia development programs, this rulemaking 
shoul? all�w for continued leasing off the coast 
of Cahforma, protect national and local ambient 
air quality standards, and be acceptable to all 
parties to the negotiation. 

Access to Federal Lands-Onshore 

Some of the most promising onshore areas 
for the discovery of new energy reserves are 
within lands owned by the federal government. 
Federal lands total some 720 million acres, 
approximately one-third of the entire land area 
of the United States. 

The principal reason for congressional ac
ti�n in proposing and imposing further acreage 
withdrawals from onshore oil and gas explora
tion is concern for the environment. The 
petroleum industry shares this concern, but 
believes that an examination of modern petro
leum activities demonstrates that energy pro
duction and environmental protection can be 
compatible. The industry learned a great deal 
about protecting fragile environments during 
the development of the Prudhoe Bay field and 
the Alaskan oil pipeline. 

Historically, many of these federal lands 
were intended to be used in many different 
ways-including energy and mineral develop
ment. However, the petroleum industry re
cognizes that the dedication of particular 
government lands to a single purpose may, 
under certain circumstances, be the highest
value use of these lands. Due to their aesthetic 
and educational values and for their value as 
wildlife habitats, it is appropriate that commer
cial activities, including oil and gas exploration 
and production, be conducted in recognition of 
these values. 

The National Wilderness Preservation 
System Act of 1964 set out provisions to 
designate wilderness areas that were subse
quently closed to mineral leasing after 
December 31 ,  1983. Although that law did not 
impose such a prohibition on wilderness study 
areas, congressional leasing moratoria have 
placed millions of acres of these study areas off 
limits to leasing and exploration. 

These moratoria restrict the appraisal of oil 
and gas reserves in lands presently closed to 
leasing. By not being able to explore these vast 
areas, reasonable estimates of oil and gas 
resources are not available to Congress and the 
Secretary of the Interior for making informed 
decisions on lands being considered for inclu
sion in the wilderness system. 

The most complete source of resource 
estimates is still the 198 1 USGS Circular 860.3 
It suggests that the most promising onshore 
areas in the lower 48 states are the Colorado 
Plateau and Basin and Range, and the Rocky 
Mountains and Northern Great Plains. The oil 
potential on the federal portion of the first may 
be close to 10 billion barrels (much of it in the 
Overthrust), and the latter areas a little less than 
half that amount. 

A more detailed, but limited, report was 
published by USGS in 1983.4 It covers the 
roughly 7 4 million acres of designated and pro
posed wilderness areas in the 1 1  western states. 
It provides hydrocarbon estimates for particular 
areas closed to exploration and production. The 
acreage by administering agency is: Bureau of 
Land Management - 27 million acres; Forest 
Service - 34 million acres; National Park Ser
vice - 10 million acres; and Fish and Wildlife 
Service - 3 million acres. Undiscovered recover
able oil in these wilderness areas could be from 
555 to 1 ,490 million barrels, with a mean 
estimate of 834 million barrels. Gas estimates 
range from 5 . 5  to 16.6 TCF, with a mean of 9. 7 
TCF. Ninety percent of the oil potential is within 
26 million acres in Wyoming, Idaho, Utah, and 
Nevada, and most of the gas potential is within 
20 million acres in Montana, Idaho, and 
Wyoming. 

Admittedly, the existence and extent of oil 
and gas resources in federal lands withheld 
from leasing is highly speculative. The only way �o prove these resources is by exploratory drill
mg. The mean estimate of 1 5  billion barrels of 
potential resources on federal lands to be dis
covered onshore in the lower 48 states helps set 
the context for any meaningful assessment of 
the "access to federal lands" question. 

Alaska is about 90 percent federally owned, 
and its oil and gas potential is vast. The 198 1  
USGS mean resource estimate for onshore 
Alaska is 6.9 billion barrels of undiscovered 
liquid petroleum and 36.6 TCF of undiscovered 
natural gas. The USGS mean estimate for the 
Arctic National Wildlife Refuge is 4.4 billion bar
rels of undiscovered crude oil reserves, which 
represents almost two-thirds of tot.al North Slope 
undiscovered oil reserves, and 18. 1 TCF of 
natural gas. The recent report of the Fish and 
Wildlife Service of the Department of the In
terior tends to confirm these resource estimates. 

3U.S. Geological Survey, Estimates of Undiscovered 
Recoverable, Conventional Resources of Oil and Gas in the 
United S tates. USGS Circular 860, Washington, DC, 1981.  

•u.s. Geological Survey, Petroleum Fb tential of 
Wilderness Lands in the Western United S tates. USGS Cir· 
cular 902-A-P. Washington, DC, 1983. 
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Current estimates suggest that from one
third to as much as one-half of the federal lands 
are closed to oil and gas leasing. permanently 
or temporarily (Thble 46 and Figures 50 and 5 1). 
Even if the federal lands were opened for leas
ing, only a fraction of the total would likely be 
developed. 

Lack of access is keeping potentially pro
ductive lands from being explored and 
developed. But such activity need not be incon
sistent with the goal of environmental preser
vation. The avoidance of confrontation between 
philosophies and the consideration of lease 
access as a pragmatic issue, amenable to 

TABLE 46 
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FEDERAL LANDS LEGISLATIVELY CLOSED TO M INERAL LEASING 

Designated Wilderness 
National Park System 
National Wildlife Refuge System 
Miscellaneous-Wild and Scenic River System, 

N ational Trail System ,  Historical and 
Archaelogical Sites, etc. 

U nder Study for Wilderness Designation: 
Forest Service Lands 
Bureau of Land Management Lands 
National Wildl ife Refuge Lands In Alaska 

Total 

• About the size of Texas plus California. 

Acres 

90 M ill ion 
43 Mi l l ion 
1 3  M ill ion 

1 5  M il l ion 

1 2  M i l l ion 
25 M ill ion 
58 M i l l ion 

256 Million • 

Source: American Petroleum Institute, Should Federal Onshore Oil and Gas Be Put Off Limits? August 1 985. 

LOWER 48 STATES 

AK 
88 

ALASKA 

Figure 50. Percentage of Lands Federally Owned in the Western United States 
(as of September 30, 1983). 



Total Federal Onshsore 

(720 Million Acres> 

SOURCE: Leased and unleased acreage
U.S. Department of the Interior. 

Figure 5 1 .  Oil and Gas Leasing Status of Federal 
Onshore Lands (as of December 3 1 ,  1983}. 

analysis, is in the nation's best interest. This 
question of access is the type of issue that could 
be the focus of a conference between petroleum 
industry, environmental, and government 
leaders. 

Analysis of areas where this conflict has 
been resolved is most important. A few ex
amples follow. 

Compatibility Between Industry 
and the Environment 

The Aransas National Wildlife Refuge in 
South Thxas is the winter home of whooping 
cranes and also the home of other endangered 
species, including the southern bald eagle, AU
water's greater prairie chicken, and five species 
of sea turtles. The refuge has also been the site 
of extensive drilling and production since 194 7, 
but no seismic work or drilling takes place dur
ing the winter when the whooping cranes are 
in the refuge. Over the years, the whooping 
crane population has steadily increased. 

Avery Island, Louisiana-a private bird 
sanctuary-has existed in harmony with 
petroleum exploration and production through 
careful wildlife management and environmen
tal practices since the early 1940s. 

Not far from Avery Island is the Rockefeller 
State Wildlife and Game Reserve, another 
petroleum-producing sanctuary that generates 
a multimillion-dollar income for the state of 
Louisiana. The revenues from the oil and gas 
leases are contributing to a trust to continue 
research on wildlife conservation and for the 
management of the reserve. 

The National Audubon Society's 26,000 
acre Paul J. Rainey Sanctuary in southeastern 
Louisiana lies along the flyway of many species 
of migratory waterfowl and is in the heart of the 
wintering grounds of the lesser snow goose. The 
oil industry has been a part of the sanctuary for 
more than a quarter of a century, and royalties 
from petroleum production have played an im
portant role in supporting wildlife management 
and research in the sanctuary. 

Oil exploration in southern Florida, e.g. 
Corkscrew Swamp, has also taken place with 
minimum impact to the fragile wetland ecology. 
The Florida Department of Natural Resources 
conducted a study of oil exploration and produc
tion in the Big Cypress Swamp that had been 
in operation for 30 years and concluded that 
they had no significant adverse effects on the 
watershed. 

In the construction of a 300-mile pipeline 
in Wyoming in 1983, the operator made sub
stantial efforts to protect cultural resources 
along the proposed route. When professional 
archaeologists identified significant cultural 
sites and artifacts, the pipeline was either 
rerouted or other steps were taken to minimize 
the effects of the construction at the site. 

Finally, the magnitude of the environmen
tal, archaeological, historical, and cultural 
preservation efforts taken during the construc
tion of the trans-Alaska pipeline, in cooperation 
with the environmental community, were per
haps unprecedented. Investigations along the 
proposed pipeline route began shortly after con
struction was proposed in 1969. By 1972, 189 
sites of archaeological, cultural, or historical 
value had been discovered and partially or com
pletely excavated by the University of Alaska 
and Alaska Methodist University under a $2.75 
million industry grant. 

This is only a partial list showing some ex
amples of the compatibility of oil and gas 
exploration and development with the environ
ment. Numerous other measures have been 
undertaken by a multitude of operators to lessen 
the effects of petroleum operations in sensitive 
areas during and after exploration, develop
ment, and production. These measures also 
include reclamation and restoration activities 
once the commercial operations cease. 
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Access to Federal 
Lands-Conclusion 

The industry recognizes that some of the 
most promising areas for oil and gas are also 
desirable for their scenic, wilderness, and 
wildlife values. Expensive, lengthy conflicts over 
such areas could be minimized and possibly 
avoided if government, industry, and the en
vironmental community would meet and work 
on an agenda to resolve the issues of greatest 
importance. The reason for increased leasing of 
federal land is not merely access to more 
acreage. The oil industry already has a very 
large inventory of leases acquired when actual 
and expected oil prices were much higher. The 
issue is access to more promising prospects. 

Very few areas in the nation have the oil and 
gas potential of the public lands. As noted 
earlier, resource potential of the Arctic National 
Wildlife Refuge appears vast. Producing oil from 
these properties could significantly reduce the 
nation's level of oil import dependence. If, for ex
ample, the Arctic National Wildlife Refuge 
would be opened and producing 1 . 5  MMB/D in 
2000, the nation's import dependence would be 
lowered from almost 70 percent to 60 percent 
in the lower price trend. Import dependence 
would decline from 52 percent to 44 percent in 
the upper price trend. 

Exploration and Production 
Discharges and Wastes-Onshore 

The oil industry is now facing possible 
environmental regulations that could exert a 
multibillion dollar impact on exploration and 
production activities. Many of the proposed reg
ulations are focused on the classification and 
restrictions that may be placed on drilling fluids 
and cuttings, produced water, and associated 
wastes-both onshore and offshore. Currently, 
these wastes are exempted from hazardous 
waste regulations. The Environmental Protec
tion Agency (EPA) is conducting a congres
sionally mandated study, scheduled for comple
tion in August 1987, to evaluate retention of this 
exemption onshore. Preliminary industry 
estimates project that first-year costs of repeal
ing the exemption could approach $20 billion, 
with an increase in annual operating costs of ap
proximately $5 billion thereafter. 5 'franslating 

5ERM-Southwest, Inc., " 'Potential Cost Impacts on 
the Petroleum Industry of Eight CRA Issues." Report to API. 
W.O. #33-10, January 10, 1986. The major component of 
an approximate $15 billion capital cost involves the 
upgrading of the Class II injection wells to Class I ( ± $13.5 
billion). The $5 billion increase in operating costs is com
posed primarily of a $3.5 billion increase in disposal costs 
for dnllmg mud and associated wastes. The combination 
results in a $20 billion first-year cost. 
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these costs to dollars per barrel of oil equivalent 
(BOE) produces a cost impact of over $4 per BOE 
in the first year and over $ 1  per BOE in subse
quent years. 

The large volume of exploration and pro
duction wastes covered by the current exemp
tion includes drilling muds and cuttings, brines, 
produced water, completion fluids, workover 
fluids, and various operational wastes (e.g., tank 
bottoms). If a "hazardous" determination or 
special category with additional restrictions is 
created, current on-site disposal practices such 
as reserve pits and injection wells could be pro
hibited. As a result, the above-mentioned wastes 
would have to be handled as hazardous wastes. 

The Resource Conservation and Recovery 
Act of 1976 exemption for these wastes recog
nizes that these materials, properly managed, 
represent a low risk to human health and the 
environment. Given the considerable effort that 
has been devoted to developing federal and state 
regulations for handling exempt exploration 
and production wastes, additional regulations 
would not seem warranted. 

Previous studies by industry have provided 
much useful data on the environmental impacts 
of mud and cuttings disposal practices. 
However, questions raised by Congress in 1980 
in light of current environmental concerns sur
rounding organic constituents and groundwater 
contamination are not addressed in present 
data. Any changes to the exemption of explora
tion and production wastes onshore would likely 
have considerable repercussions on offshore 
operations as well, but no attempts have been 
made to determine these costs. This may lead 
the EPA to regulate the oil and gas industry in 
a piecemeal fashion, perhaps without con
�ideration of cumulative economic or energy 
1m pacts. 

Exploration and Production 
Discharges and Wastes-Offshore 

One offshore regulatory proposal that has 
been evaluated is the Offshore Effluent Limi
tation Guidelines proposed in August 1985. 
Scheduled for finalization in 1988, these guide
lines define the limitations for permits to 
discharge into offshore waters. As proposed, the 
guidelines would impose costs on the petroleum 
industry of from $91 . 5  million (EPA)6 to $279.4 

6Eastem Research Group, "'Economic Impact Analysis 
of Proposed Effluent Limitations Guidelines and Standards 
of Performance for the Offshore Oil and Gas Industry." 
Prepared for U.S. EPA. July 1985. 



million (APIF per year. An analysis for the 
Department of Energy8 on only the New Source 
Performance Standards portion of the proposal 
shows impacts for the Gulf of Mexico offshore 
as follows: 

• Increased capital costs: $1.4 billion 

• Increased annual compliance costs: 
$0.275 billion 

• Lost federal, state, local revenues 
@$29.20 per barrel 

- Earlier abandonments: $0.7 billion 
- Uneconomic fields: $0.9-2.5 billion 

• Lost oil reserves 

- Earlier abandonments of new sources 
@$29.20 per barrel: 60 million barrels 
and 80 billion cubic feet 

- Uneconomic fields 
@$15 per barrel:  500-1,200 million 
barrels and 700-1,700 billion 
cubic feet 
@$29.20 per barrel:  up to 70 million 
barrels and up to 100 billion 
cubic feet 

The DOE cost estimate assumes reinjection of 
produced water in water depths less than 65 
feet. Similar regulations for offshore state waters 
and bay and inland waters would likely have a 
much greater impact due to the number of wells 
covered. 

Superfund 

The reauthorization of Superfund in the 
closing days of the 99th Congress authorized an 
$8.5 billion five-year program for cleanup of 
waste disposal sites and a $0. 5  billion five-year 
program to fund the cleanup of underground 
tank leaks. The petroleum industry is being 
taxed $2.75 billion for waste disposal cleanup, 
or one-third of the program cost. These added 
costs will reduce the funds available for explora
tion and production of domestic oil and gas and 
for upgrading of domestic refineries. 

7American Petroleum Institute, "Comments of the 
American Petroleum Institute on U.S. Environmental Pro· 
tection Agency Proposed Rulemaking: Effluent Limitations 
Guidelines and New Source Performance Standards for the 
Offshore Segment of the Oil and Gas Extraction Point Source 
Category." 50 Federal Register 34592-636, August 26, 1985, 
and March 15, 1986. 

8Lewin and Associates, Inc., prepared for U.S. Depart
ment of Energy, Office of Fossil Energy, "Estimated Impacts 
of the Proposed NSPS Regulations on the Reinjection of 
Produced Water from Offshore Oil Production Facilities." 
March 10, 1986. 

ENVIRONMENTAL CONCERNS, 
POLICIES, AND REGULATIONS 
AFFECTING OIL AND GAS DEMAND 

Air Emissions 

Many of the major items on the legislative 
or regulatory agenda that could affect petro
leum or natural gas consumption and/or con
sumers directly relate to air emissions. Efforts 
are being made to reduce hydrocarbon, lead, 
and oxides of sulfur and nitrogen emissions. All 
of these efforts, however, cost money, and inequi
ties can arise when these costs are allocated to 
the players. Will the consumers, producers, or 
the public pay the cost of controls? At what 
point does the cost/benefit ratio rule out further 
controls? These types of questions need to be 
addressed for each proposal as efforts are made 
to change laws and regulations. 

(' · e Vapor Re .o.,..: ry 

One issue that is being hotly debated is the 
reduction of gasoline vapor emissions and the 
system that should be used. Three approaches 
are being considered. One is at the pump with 
a Stage II Vapor Recovery System, which 
transports refueling vapors back to the 
underground tank from a modified filling noz
zle. Cost estimates range widely, from industry's 
estimate of $20,000 to $25,000 in capital costs 
and $3,200 per station in annual operating 
costs, to EPA's estimate of $5,000 to $15,000 
capital costs plus $500 to $1 ,800 in annual 
operating costs.9 

Another method of vapor control is a 
modification of the Onboard Vapor Recovery 
System, which traps evaporative emissions 
through the car's tank vent assembly and 
transports them through a charcoal canister for 
reclamation. This system can be modified to 
also collect refueling vapors. Automobile makers 
estimate production cost increases from $30 to 
$120 per car. At a 10 million car annual sales 
rate, costs could be as high as $1.2 billion per 
year. There is a wide gap between these 
estimates and EPA's estimate of $19 per car. 

The third method would be to reduce the 
Reid Vapor Pressure of gasoline sold in the 
United States. The cost of this method is 
estimated by EPA to be $600 million per year10 
and would increase import dependence. 

While the Stage II Vapor Recovery System 
would provide a measure of control, there is 

9EPA Staff Working Paper, August 1986. 

10EPA Briefing Paper, October 1985. 
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much skepticism about the effectiveness of this 
control program because it is dependent on a 
vigorous enforcement program similar to the 
one being run in California. EPA states that the 
efficiency of this system is 62 percent to 86 per
cent depending on the level of state enforce
ment, while they estimate the efficiency of the 
onboard system at 95 percent. When fully im
plemented, the onboard system would reduce 
hydrocarbon emissions by 5 to 6 percent, ver
sus 1 . 5  to 2 percent for Stage II if fully 
implemented in the non-attainment areas. The 
Onboard Vapor Recovery System requires less 
supervision but needs to be implemented 
several years before a majority of the motor 
vehicles on the road are equipped. 

The reduction in Reid Vapor Pressure would 
be the fastest method of control, but would have 
the highest overall cost and would require in
creased imports of 250 to 300 MB/D of products 
or up to 600 MB/D of crude oil. Even if EPA 
should choose to impose Reid Vapor Pressure 
controls, this may not bring many states into 
attainment, which could require those states to 
also implement Stage II controls in order to 
avoid EPA sanctions. 

In any of these cases, costs will inevitably 
be passed on to the consumer. 

Acid Rain 

Acid deposition, more commonly known as 
acid rain, is the underlying issue for a number 
of regulatory proposals and discussions that 
have been taking place over the past few years. 
Pointing to the risk of irreverisible damage to 
land and water resources, environmental 
groups, the Canadian government, and a por
tion of the general public have called for more 
stringent federal controls. Others, including 
many members of industry and the administra
tion, point to the scientific uncertainties about 
acid deposition and contend that further pollu
tion controls are premature, may waste money, 
and would impose burdens on industry and the 
public without assurance of proportionate 
benefits. 

Most of the potential impact of new air emis
sion regulations on oil and gas demand will af
fect the type of fuel used. Existing installations 
with the capability may switch fuel, primarily 
from coal to oil or gas, or from oil to gas. The 
choice of primary fuel source(s) for new installa
tions will also be affected. The areas most sub
ject to potential fuel switching for existing or 
new sources are utility and industrial boilers. 

Much uncertainty surrounds the timing 
and nature of possible acid rain control legisla-
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tion. Such legislation could impact utility and 
industrial boilers, nonboiler combustion pro
cesses, industrial process emissions, and emis
sions from motor vehicles, especially diesels. 
The possible effects on the utility industry are 
enormous-in the multibillion dollar range. A 
recent Congressional Budget Office study 
presented several scenarios reflecting emission 
reduction levels and methods of achieving 
them.n Projected impacts include several billion 
dollars yearly, with extensive regional employ
ment impacts involving a shift from the high 
sulfur coal areas of the East to the low sulfur 
coal areas of the West and East. 

A control program may also involve an 
emission reduction from industrial boilers for 
both sulfur oxides and nitrous oxides. There 
could be a significant impact on the cost of 
energy production, particularly field and 
refinery operations, in the oil and gas industry. 
In this case, there would not be the option of fuel 
switching. Controls on nitrous oxides in vehi
cle emissions would, however, favor gasoline and 
methanol fuel use over diesel. 

Related Air Emission Issues 

The EPA has proposed Industrial Boiler 
New Source Performance Standards for sulfur 
oxide in emissions from industrial boilers. The 
new rules would require a 90 percent sulfur ox
ide reduction with a 1 . 2  pound per million BTU 
cap for new boilers having a heat input greater 
than 100 million BTU per hour. Current stan
dards impose a limit of 1 . 2  pounds of sulfur 
oxide per million BTU of heat input for new 
boilers larger than 250 million BTU per hour 
with no percent reduction requirements. The 
combination of this standard, if enacted, and 
lower oil and gas prices could substantially alter 
new boiler fuel choice, increasing demands for 
gas and perhaps for lower sulfur fuel oils. 

. 
The pipeline industry is also struggling 

With new and proposed regulations as many 
compressor stations do not have the process 
and/or equipment to meet air emission re
quirements. Most of these limitations were 
developed for refineries and chemical plants 
where resources are at least available to make 
the necessary modifications. 

New compressor facilities are required to in
stall Best Available Control Thchnology equip
ment that will reduce nitrous oxide emissions. 
Nitrous oxide emissions can be reduced by 
either catalytic converters or water injection. 

"U.S. Congressional Budget Office, "Curbing Acid 
Rain: Cost, Budget, and Coal-Market Effects." June 1986. 



Water injection cools the flame, with lower 
temperatures reducing nitrous oxide emissions. 
However, this water must be very pure in order 
to prevent mineral deposits on the turbine 
blades. Whereas refineries generally have a 
readily available steam source, pipeline plants 
do not have this capability. Catalytic converters 
will also not work in the 900° heat of a gas tur
bine. According to the pipeline industry, the 
technology necessary to make either of these 
processes work at their facilities is not proven 
and should not be required as Best Available 
Control Thchnology. 

Environmental Policies and 
Regulations Affecting Consumption 
of Alternatives to Oil and Gas 

For the next 1 5  years, the major alternative 
energy sources to be taken into consideration 
are coal and nuclear energy. Because of the long 
lead times to build and license a new nuclear 
plant. the number (and capacity) of reactors 
now in operation or under construction repre
sents the maximum to be expected in this cen
tury. That number is 121  reactors with a design 
capacity of 130,000 MW. Any variation will be 
on the downside. since it cannot be taken for 
granted that all reactors now under construc
tion or on order (there are only two in that last 
category) will indeed be completed and on line 
by the year 2000. The odds are that some will 
also be abandoned. Moreover, any resumption 
of orders will not result in operational reactors 
by the end of the century. Also. some reactors 
will reach the end of their useful lives and be 
decommissioned. Thus, the nuclear picture 
represents a virtually surprise-free scenario on 
the upside, with a chance for revisions on the 
downside. 

As for major policies and regulations not 
now on the books, the management of nuclear 
waste is the outstanding one. At least one 
federal depository is scheduled to be in opera
tion in 2003. While the procedure for selecting 
the site is laid down in the Nuclear Waste Policy 
Act of 1982, experience suggests that the road 
will be anything but smooth, with all three 
branches of the government most likely playing 
a role. Utilities have already begun to pay a fee 
for federally managed disposal, so that for the 
time being no further financial burdens are like
ly to be incurred by them. The only contingency 
is that a major delay may compel utilities to in
vest in added temporary disposal facilities. 

As for coal, the situation is both more com
plex and more fluid-more complex in that dif
ferent parts of the country face different issues 
and have different policy objectives. and more 

fluid in the sense that legislation is certain to 
alter the basic parameters between now and the 
year 2000. The outstanding success of coal has 
been as boiler fuel for the electric utilities, which 
account for 85 percent of all coal consumed 
domestically. Manufacturing, however. has 
failed to embrace coal, despite the impressive 
price differential between coal and oil and gas. 
Other factors have proved more powerful, 
among them lack of suitability of coal in many 
industrial processes, difficulties in the logistics 
of transportation, ash disposal, and storage, and 
costs of complying with environmental regula
tions, which tend to be especially high on a per 
unit basis for small operations. 

As mentioned in earlier discussions, there 
could be a considerable impact on the coal and 
utility industries from controls on the quality 
of coal or stack emissions. One would expect 
these controls to increase oil and gas demand, 
since emissions of sulfur oxides from oil and gas 
are far less than from coal. Thus the competitive 
position of oil and gas would be improved. There 
is, however, a qualification. The role of nitrous 
oxides in the transformation of sulfur oxides to 
sulfates is not clear. If nitrous oxides are proven 
to play a crucial role, emissions from motor 
vehicles. and especially from diesels, might 
come under tighter regulation. Studies indicate 
that in some western U.S. locations. nitrates 
cause the majority of the acidity in acid rain. 
This may increase the attention to nitrates 
control. 

Coal's competitive position could be helped 
by substantial progress on the research and 
development side. When the Synthetic Fuels 
Corporation was terminated, Congress set aside 
$400 million to be allocated by DOE for ad
vances in coal-burning technology. Proposals 
were submitted to DOE in April 1985, evaluated. 
and nine winners were named on July 25, 1986. 
There will be an active program in promoting 
clean coal burning, which was put high on the 
DOE agenda by the Energy Research Advisory 
Board. Moreover. the U.S.-Canadian understand
ing on acid rain commits the United States to 
invest $5 billion, to be provided in equal parts 
by government and industry. in devising coal
burning technology designed to reduce sulfur
based emissions. The $400 million program 
might be considered a first installment. 

One noteworthy success story is the Cool 
Water Power Plant in California-a combined
cycle facility. It uses coal to produce combusti
ble gas under environmental conditions that 
meet current standards and generates electri
city via a conventional gas turbine and from 
steam produced from the hot exhaust gases. It 
is too soon to assess the economics. but this 
might well be a future option for utilities. 
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Much will depend on government policy. 
Government funding will be required to main
tain or increase a strong coal research and 
development program, especially since prices of 
residual fuel oil and natural gas have declined. 
Whether the fiscal situation will allow this to 
happen is an open question. If government 
funding weakens, coal's competitive position is 
likely to worsen vis-a-vis both oil and gas, as coal 
incurs added environmental costs that render 
it less attractive than it has been in the past. 

GOVERNMENT POLICIES (OTHER 
THAN ENVIRONMENTAL) AFFECT
ING OIL AND GAS SUPPLY 

Government policies and regulatory pro
grams imposed at the federal, state, and local 
levels can serve as either effective stimulants or 
deterrents to exploration and production activi
ties. Regulations and legislative measures cover 
a wide range of areas affecting all facets of the 
supply picture, from tract selection and access 
to the most promising resource areas to the 
marketing and sale of end-use products. Fur
ther, business planning and investment deci
sions, which in tum serve to augment or reduce 
available supplies, can be significantly affected 
due to shifting and uncertain government 
policies and priorities. 

Four major categories of governmental 
polic�es affecting oil and gas supply-pricing 
and mvestment, taxation, trade, and interna
tional relations-are discussed briefly below. 

Pricing and Investment Policies 

The pricing and investment policies cover 
a wide range of issues that affect the return on 
investment. In the historical context, the 
discrepancy between "free-market" prices and 
below-market controlled prices had a significant 
impact on: the producers' willingness and abili
ty to explore for oil and gas; selection of drill
ing prospects; the financial risk assumed to 
bring marginally commercial finds into actual 
production; and the ability to maintain produc
ing wells and enhance ultimate recovery levels. 

Th the extent that below-market prices 
stimulate demand and reduce marginal produc
tion, in the absence of competitively priced 
alternative fuels, the loss of domestic output can 
only be replaced in the short term by increased 
reliance on imports. 

As indicated in Chapter 1Wo, the price con
trols imposed on the oil industry as part of the 
wage and price freeze program of 197 1 were a 
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major contributor to the product shortages 
experienced prior to the 1973 Arab oil embargo 
and the subsequent shortfalls experienced in 
the aftermath of the embargo decision. The 
maintenance of low real oil prices stimulated de
mand for liquid fuels, yet hindered the ability 
of producers to bring needed new production 
prospects on line, 

Similarly, the wellhead price disparity 
between regulated interstate gas and higher 
priced unregulated intrastate gas, as experi
enced in the mid-1970s, skewed the availability 
of the fuel, creating excess deliverability in cer
tain local markets and shortages and curtail
ment problems in other nonproducing regions 
of the country. 

Price controls disrupt the natural workings 
of the marketplace by artificially setting com
modity values. These controls insulate con
sumers from the real costs of those commodities 
and, consequently, encourage additional con
sumption. This increased demand has the effect 
of further driving up the price for the unregu
lated product and increasing the price disparity 
between the controlled and uncontrolled sup
plies. Because of the widening price gap, 
controls are often perpetuated in order to fore
stall the economic dislocations to consumers, 
dislocations that are needed to bring the market 
back into balance. 

In an attempt to partially mitigate the ef
fects of controls, the government, in the past, 
has on several occasions introduced the concept 
of price vintaging. The intent is to concurrent
ly soften the blow of rapidly escalating energy 
prices while, at the same time, offering certain 
"incentive" pricing arrangements to stimulate 
additional domestic supplies. As a "political" 
construct, vintaging allows regulators the lux
ury of selecting an incentive price adequate to 
bring on new supplies while depriving historical 
production the benefits of "windfall" profits. 
However, vintaging can distort the market by 
imposing artificially different prices for the 
same product. 

Tax Incentives/Disincentives 

Thx laws can markedly influence invest
ment decisions and the ability of producers to 
engage in specific types of ventures. Corporate 
tax rates, depreciation schedules, and the in
vestment tax credit all affect the incentive to 
invest and the ability of producers to ac
cumulate capital to fmance exploration and pro
duction ventures. Changes to the tax code that 
reduce investment incentives and the ability to 
generate capital consequently reduce business 
activity. 



Changes in specific oil and gas preference 
items, such as intangible drilling costs and the 
depletion allowance, affect the level of drilling 
activity, the selection of drilling prospects, and 
the ultimate payout in producible volumes. Fur
ther, the timing of particular tax changes can 
substantially undermine the economics of indi
vidual projects and cause otherwise producible 
oil and gas shows to be commercially un
economic and consequently never brought in
to production. 

The oil and gas industry has long been ac
cused of receiving preferential tax treatment. 
Yet, according to calculations by the Joint Com
mittee on Thxation, during recent years the oil 
industry has paid a larger share of its income 
in federal corporate income taxes than has the 
average industry. When the Windfall Profit Thx 
is included in the computation of federal taxes 
paid by the oil industry, the industry's tax 
burden as a percentage of income has been the 
highest of any major industry. 

In addition to general corporate taxes and 
the Windfall Profit Thx, the industry also pays 
a variety of severance and excise taxes, royalties, 
the Superfund feedstock tax, and many other 
less notable yet increasingly expensive taxes, 
tariffs, and fees. When taken in combination, 
these various tax payments substantially affect 
corporate cash flow and associated exploration 
and production activity. 

Trade Policies 

The most obvious trade policy decisions 
affecting oil and gas supplies are those related 
to restrictions on imports and exports. On the 
import side, tariffs, fees, and quotas have been 
used at various times to curtail domestic de
mand for petroleum and to stimulate domestic 
production. The effectiveness of such efforts is, 
however, more closely related to the size of the 
fee or the volume limitation provided by the 
quota than to the general policy signal of a will
ingness to preserve domestic output or restrain 
import reliance. In addition, restrictions on 
imports of technical equipment or other com
modities (such as tubular steel for offshore drill
ing platforms) can also affect production 
volumes and ultimate recovery levels. 

Restrictions on the export of specific refined 
petroleum products that are surplus to regional 
demand can result in shortages of other needed 
products, due to the inability of refiners to 
dramatically alter their product slates. Similar
ly, the adoption of trade policies that encourage 
or otherwise confer a competitive advantage on 
imports will necessarily undermine the ability 
of U.S. producers to effectively compete for sales. 

International/Diplomatic Policies 

The role of U.S. foreign policy is intricately 
tied to our energy security. Relationships with 
OPEC and other exporting nations, as well as 
with oil importing nations, all affect the inter
national supply/demand balance. 

The decision by the Nixon administration 
to resupply Israel during the 1973 Arab/Israeli 
conflict was the basis used for initiating the oil 
embargo. The Iranian revolution and the over
throw of the Shah, an ally of the United States, 
precipitated the Iranian oil crisis of 1978-79. 
The cooperation of major consuming nations 
and selected OPEC members during the out
break of the Iran/Iraq war averted or at least 
mitigated the recurrence of another such supply 
crisis. 

The ability of the United States to en
courage other consuming nations to build oil 
stockpiles similar to the U.S. Strategic Petro
leum Reserve, and to promote stability and 
peace in the Middle East, will help to avert or 
mitigate the impacts of future energy crises. 

Other Policies 

A variety of other policies and decisions 
may also affect the ultimate availability of 
domestic oil and gas supplies. Policies and sub
sidies aimed at promoting specific alternative 
fuels (for example, nuclear or gasohol) can in
variably skew interfuel competition and confer 
an economic advantage on the production of 
one fuel type over another. Research and 
development activities carried on by the govern
ment or with the use of government funding, as 
in the case of EOR technologies, can also affect 
the supply of particular fuels. Production 
policies and regulations governing well spacing, 
plug and abandonment requirements, and pro
duction rates may also substantially influence 
supply. 

GOVERNMENT POLICIES AFFECT
ING DEMAND FOR OIL AND GAS 

Any discussion of major institutional 
policies affecting oil and gas demand necessari
ly lends itself to grouping and subdividing such 
policies into those that stimulate demand and 
those that inhibit or dampen demand. 

Of the former group, historical evidence in
dicates that, during the 1970s, the adoption of 
price and allocation controls, including 
regulatory programs such as the entitlements 
program, significantly contributed to increased 
U.S. oil consumption and imports by insulating 
consumers from the "real" costs of energy-all 
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at a time when the United States should have 
been reducing consumption and imports for en
ergy security reasons. As noted in Chapter 1\vo, 
the priority user designations in the allocation 
program, by allowing selected users to receive 
100 percent of current needs, similarly encour
aged consumption. The entitlements program, 
by subsidizing imports in the interest of equaliz
ing refiners' crude oil costs, pushed demand 
higher than it otherwise would have been. 

Low regulated prices for natural gas had a 
similar effect on domestic gas demand. The con
trol of natural gas and oil prices made these 
fuels more attractive to consumers than alter
native fuels and, consequently, increased their 
relative shares of total energy deman<;l. 

. 
As indicated above, there are also a variety 

of government policies that, when employed, 
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can dampen the demand for oil and gas. The 
return to free-market pricing in a rising price 
market and/or the imposition of taxes, fees, 
or tariffs produces price-induced conservation. 
The adoption of quotas on imports has also been 
used as a means for curtailing import de
pendence. 

Other fuel conservation initiatives, such as 
lowering highway speed limits, allowing tax 
credits for insulation and weatherization activ
ities, promoting energy efficiency standards
all contribute to a dampening of demand for 
specific fuels. Promulgating standards for 
restricting the use of specific fuel types (e.g., the 
restrictions on gas used as a boiler fuel under 
the Powerplant and Industrial Fuel Use Act) can 
also force a shift in demand to alternative 
energy sources. 



CHAPTER EIGHT 

INTERNATIONAL FACTORS 

INTRODUCTION 

Oil is a fungible, easily transportable, and 
internationally traded commodity that is vital 
to the U.S. economy. Petroleum fuels were uti
lized primarily for lighting in the 1800s, but use 
increased very rapidly following the develop
ment of the internal combustion engine, nation
al electrification, and growth in heavy industry. 
In 1985, oil's contribution to total U.S. energy 
use was over 40 percent. 

Natural gas is also vital to U.S. energy sup
ply; gas provided about one-quarter of total 
energy in 1985. Although natural gas is not as 
easily transported as oil, the nation's extensive 
pipeline system makes gas readily available in 
most areas. The United States imports natural 

gas from Canada, can import from Mexico, and 
imports small quantities of LNG. Natural gas is 
used as a feedstock for manufacturing ammonia 
and methanol, which are internationally traded. 

Since 1949, U.S. oil consumption has ex
ceeded domestic production, and the nation has 
depended upon oil imports to make up the 
balance. Net oil imports have ranged as high as 
46 percent of total U.S. consumption. In 1985, 
net imports were about 27 percent of total con
sumption, but in 1986 rose to 33 percent. 

Although the United States controls only 
about 5 percent of non-communist world crude 
oil reserves, it accounts for 23 percent of crude 
oil production and 34 percent of oil consump
tion, as shown in Thble 4 7.  

TABLE 47 

U .S. OIL POSITION IN THE NON-COMMUN IST WORLD 

Total 
Non-Communist u .s. % 

u .s. World of Total 

Crude Oil  Reserves-1 2/31 /85 
<Bil l ion Barrels) 28 61 9 5 

1 985 Crude Oil  Production C M M B/Dl 9.0 38. 7  23 

1 985 Oil Consumption C M M B/Dl • 1 5 . 7  46.4 34 

' Includes natural gas l iquids, net imports from communist countries, refinery gai n ,  inventory change, tar 
sands, shale, and synthetic fuels. 
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Oil is produced, refined, transported, and 
marketed worldwide, and because of U.S. depen
dence on imports, it is impossible for the United 
States to operate in isolation from the world oil 
market. A significant shortage of oil anywhere 
in the world inevitably will affect the United 
States. Even if a shortage did not directly affect 
U.S. imports, it would drive up the world price 
of oil. Defense and energy treaties link the 
United States with many countries and provide 
for the sharing of oil supplies in the event of a 
severe supply interruption. A thorough dis
cussion of the oil-sharing provisions of the 
Agreement on an International Energy Pro
gram, signed by the United States and 20 other 
countries, is included in the NPC report 
Emergency Preparedness for Interruption of 
Petroleum Imports into the United S tates, 
published in April 198 1 .  

OPEC SUPPLY 

Thble 48 shows OPEC oil production from 
1960 through 1985. OPEC was established in 
1960 after the government of Iraq invited 
delegations from Iran, Saudi Arabia, Kuwait, 
and Venezuela to discuss how the countries 
could play a greater role in decisions affecting 
their oil resources. These countries were con
cerned that their oil revenues were being eroded 
by price reductions being made unilaterally by 
international oil companies operating within 
their borders. Membership was open to any ex
porting country accepted by all five original 
members. Qatar became a member in 1961,  
Indonesia and Libya in 1962, Abu Dhabi (which 
later became part of the United Arab Emirates) 
in 1967, Algeria in 1969, Nigeria in 197 1 ,  
Ecuador in 1973, and Gabon in 1975.  As time 
passed, the group began negotiations with the 
international oil companies regarding levels of 
prices, production, and taxes. 

In 1971 ,  five-year agreements, known as the 
Thhran and 1tipoli Agreements, were made by 
Middle East and North African OPEC countries 
and a number of oil companies. Crude oil prices 
were increased modestly, then were to be 
stabilized-except for inflation adjustments
for five years. The agreement was abrogated by 
OPEC members in 1973. 

The energy crisis of 1973 began with the 
Arab/Israeli war. The war caused an oil-buying 
panic in Europe and Japan, with nations and 
industries attempting to purchase as much oil 
as they could. The posted price for crude oil 
quickly increased from around $3 per barrel in 
early October to about $5 per barrel in mid
October, when Saudi Arabia and other Arab 
states announced that they were cutting back 
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on production and instituting an embargo of 
shipments of oil to the United States and other 
supporters of lsrael. In 1974, Middle East OPEC 
countries increased production, but OPEC 
crude oil postings were also increased to about 
$12 per barrel. Oil price postings then remained 
relatively flat through November 1978, with the 
result that postings in constant dollars declined 
about 15 percent. 

In late 1978, the Iranian revolution inter
rupted the flow of Iranian oil exports to the 
world market. In March 1979, Iran resumed 
exports on a reduced scale, but uncertainty 
about security of supply persisted in the 
market. Panic buying and an historic inventory 
buildup, beginning in the second quarter, led to 
spot prices as high as $40 per barrel by the end 
of 1979. Official selling prices for Arabian light 
crude oil increased in a series of steps from 
about $13 per barrel on January 1, 1979, to $26 
per barrel on January 1, 1980, and premiums 
of several dollars per barrel were widespread for 
the next two years. 

The reduced Iranian exports early in 1979 
were partially offset by increased exports from 
other producers. Average OPEC production in 
1979 was more than 1 MMB/D higher than in 
1978. Thtal non-communist world crude oil pro
duction reached a record level of almost 49 
MMB/D in 1979. Saudi Arabian crude oil pro
duction averaged about 9.5 MMB/D for the year. 

The conflict between Iran and Iraq broke 
out in September 1980, further adding to uncer
tainty about oil supply and price. Oil exports 
from both countries essentially ceased for a 
time. Average 1980 total OPEC production was 
4 MMB/D less than 1979 production. By year
end, OPEC posted crude oil prices had been 
increased to $34 per barrel, with spot prices 
exceeding $40 per barrel. 

After the very abrupt and rapid price 
changes of 1979 and 1980, the non-communist 
world underwent the deepest recession since 
the Great Depression of the 1930s. Demand for 
oil came down rapidly, as consumers responded 
by changing thermostat settings, driving less, 
and adding insulation. Industrial output was 
reduced by the recession, and industrial energy 
use declined correspondingly. Many industries 
instituted conservation programs, as did state 
and national governments. 

At higher prices, the search for oil and gas 
in non-OPEC countries of the world was stepped 
up, and non-OPEC production began to in
crease. The decrease in demand and increase 
in non-OPEC production lowered the amount of 
oil required from OPEC, forcing OPEC to reduce 
production in order to keep supply in balance 



TABLE 48 

OPEC CRUDE OIL PRODUCTION • 
<Million Barrels Per Day> 

1 960 1 965 1 970 1 97 1  1 972 1 973 1 974 1 975 1 976 1 97 7  1 978 1 979 1 980 1 98 1  1 982 1 983 1 984 1 985 -- -- -- -- -- -- -- -- -- --
Middle East 

Arab Gulf 
Saudi Arabia 1 .3 2 . 2  3 . 8  4.8 6 . 0  7 . 6  8 . 5  7 . 1  8 . 6  9.3 8.3 9.5 9.9 9 . 8  6 . 5  5 . 1  4 . 7  3 . 4  
Kuwait 1 . 7 2 . 4  3 . 0  3.2 3.3 3 . 0  2 . 6  1 . 9  2 . 0  1 . 8 1 .9 2 . 3  1 .4 1 . 0 0 . 7  0.9 1 .0 0 . 9  
U .A . E .  0 . 0  0 . 3  0 . 8  1 . 1  1 . 2 1 . 5 1 .  7 1 . 7 1 . 9 2 . 0  1 . 8 1 .8 1 .  7 1 .5 1 . 3 1 . 1  1 . 1  1 . 2 
Qatar 0.2 0 . 2  0.4 0.4 0.5 0.6 0 . 5  0 . 4  0 . 5  0.4 0 .5 0 . 5  0 . 5  0.4 0.3 0.3 0.4 0 .3 

Su btotal 3.2 5.1  7 . 9  9 . 5  1 1  . 0  1 2 . 7  1 3 . 2  1 1  . 3  1 3 . 2  1 3. 7  1 2 .8 1 4 .4 1 3. 7  1 2 .8 8.9 7.6 7 .4 5 . 9  

I ran 1 . 1  1 .9 3.8 4.5 5 . 0  5 . 9  6 . 0  5.4 5.9 5 . 7  5 . 2  3 . 2  1 . 7 1 .4 2 . 2  2 . 4  2 . 2  2 . 2  
I raq 1 .0 1 . 3 1 . 6 1 . 7 1 . 5 2 . 0  2 .0 2 . 3  2 . 4  2 . 4  2 . 6  3 . 5  2 . 6 0.9 1 . 0 1 . 1  1 . 2 1 .4 

Subtotal 2.0 3 . 2  5 . 4  6 . 2  6 . 5  7 . 9  8.0 7 . 6  8 . 3  8 . 0  7 . 8  6 . 6  4.2 2 .4 3 . 2  3.4 3.4 3 . 6  

Total 5.2 8.3 1 3 .3 1 5 . 7  1 7 .5 20.6 2 1 . 2  1 8 .9 2 1 .5  2 1 . 7  20.6 2 1 .0 1 7 .9 1 5 . 2  1 2 . 1  1 1  . 0  1 0 . 7  9.5 

Latin America 
Venezuela 2 . 9  3 . 5  3 . 7  3 . 6  3 . 2  3 . 4  3 . 0  2 . 4  2 . 3  2 . 2  2 . 2  2 .4 2 . 2  2 . 1  1 . 9 1 .8 1 .8 1 . 7 
Ecuador 0.0 0 . 0  0 . 0  0.0 0 . 0  0.2 0.2 0.2 0.2 0.2 0.2 0.2 0 .2  0 . 2  0 . 2  0 . 2  0 . 3  0 . 3  

Total 2 . 9  3 . 5  3 . 7  3 . 6  3 . 2  3 . 6  3 . 2  2 . 5  2 . 5  2 . 4  2 . 4  2 . 6  2 . 4  2 . 3  2 . 1  2 . 0  2 . 1  2 . 0  

Africa 
Li bya 0.0 1 . 2 3 . 3  2 . 8  2 . 2  2 . 2  1 . 5 1 . 5 1 . 9 2 . 1  2 . 0  2 . 1  1 .8 1 . 1  1 . 2 1 . 1  1 . 1  1 . 1  
Algeria 0.2 0.6 1 .0 0.8 1 . 1  1 . 1  1 . 0 1 .0 1 . 1  1 . 2 1 . 2 1 . 2 1 . 0 0.8 0 . 7  0 . 7  0 . 6  0 . 6  
N igeria 0.0 0.3 1 . 1  1 . 5 1 .8 2 . 1  2 . 3  1 .8 2 . 1  2 . 1  1 . 9 2 . 3  2 . 1  1 .4 1 . 3 1 . 2 1 .4 1 .5 
Gabon 0.0 0.0 0 . 1  0 . 1  0 . 1  0 .2  0 . 2  0 . 2  0 . 2  0 .2  0 .2  0.2 0.2  0 . 2  0 .2  0 . 2  0 . 2  0 . 2  

Total 0.2 2 . 1  5 . 5  5 . 2  5 . 3  5 . 5  5 . 0  4.5 5.3 5.5 5 . 3  5 . 8  5.0 3 . 5  3 . 3  3.2 3.3 3.3 

Asia 
I ndonesia 0.4 0.5 0.9 0.9 1 .1  1 .3 1 .4 1 .3 1 .5 1 .  7 1 . 6 1 . 6 1 . 6 1 . 6 1 . 3 1 .3 1 . 5 1 . 3 

Total OPEC 8.7 1 4.3 23.4 25.3 27. 1 31 .0 30. 7 27.2 30. 7  3 1 .3 29.8 30. 9 26.9 22.7 1 8. 9  1 7.6 1 7.6 1 6.0 

' Production data are shown for current OPEC members regardless o f  when they became members. Neutral Zone production divided between Saudi Arabia a n d  Kuwait. Columns may 
not add due to rounding .  

Source: Energy I nformation Administration.  I � 
01 .._] 



with demand and support the high prices. From 
1980 through 1985, the reduction in OPEC out
put came disproportionately from the Middle 
East OPEC countries. 

OPEC crude oil production, which was 
about 3 1  MMB/D in 1979, was deliberately 
reduced in a series of steps to 16 MMB/D in 1985 
to keep world supply and demand in balance 
and maintain prices. Saudi Arabia accounted for 
much of the decrease, reducing its production, 
which had reached about 10 MMB/D in 1980 
and 1981,  to only 5 MMB/D in 1983, and to less 
than 3 MMB/D for several months in 1985. Con
tinuation of then-current trends of falling de
mand and rising non-OPEC production would 
have led to further erosion of Saudi Arabian and 
OPEC production during 1986. The Saudis, in 
September 1985, decided to increase their pro
duction and market share rather than suffer fur
ther reductions. Late in 1985, OPEC concurred 
with Saudi policy to preserve market share. The 
resulting imbalance in supply and demand, 
heightened by the psychological impact of 
Saudi Arabia's abandonment of its balancing 
role, led to tumbling oil prices early in 1986. 

In December 1986, OPEC agreed to produc
tion quotas through the first half of 1987 and 
a return to fixed prices in the range of $18 per 
barrel. By the end of 1986, spot crude oil prices 
had risen to about $18. It is uncertain whether 
the agreement will be continued after mid-1987. 

Thble 49 compares the populations, crude 
oil reserves, production, and excess crude oil 
productive capacity of the OPEC countries with 
the rest of the non-communist world. OPEC has 
77 percent of non-communist oil reserves (68 
percent of total world), and 83 percent of OPEC 
reserves are in Middle East OPEC countries. 
Middle East OPEC, other OPEC, and non-OPEC 
crude oil production is shown in Figure 52. The 
figure shows historical data for 1960-85 and 
NPC survey results for the upper price trend 
from 1990-2000. 

NON-OPEC SUPPLY 

Thble 50 is a history of non-OPEC crude oil 
production from 1960, by major producing 
country and by continent. Thtal non-OPEC pro
duction was 9 MMB/D in 1960 and increased to 
about 15 MMB/D in 1970. About 4 MMB/D of the 
increase in non-OPEC production over that 
period was in the United States, Canada, and 
Latin America. The United States, although a 
net importer, was operating at less than capaci
ty during this period because of prorationing. 

From 1970 through 1976, total non-OPEC 
crude oil production changed little. U.S. produc
tion reached a peak of 9.6 MMB/D in 1970, then 
declined to 8.1  MMB/D in 1976. Although 
worldwide drilling activity increased after 1973, 
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OPEC AND NON-OPEC POPULATION AND 
CRUDE OIL PRODUCTION CAPABILITY 

Crude Oil 1 985 
Reserves Crude Oil 

Population (Billion Production 
(Millions> Barrels) (MMB/D> 

Arab G u lf *  1 5  300 5 .9  
I ran/ I raq 60 92 3 .6 
Other OPEC 31 5 83 6.5 

Total OPEC 390 475 1 6.0 

Other Non-Co m m u nist 2,960 1 44 2 2 . 7  

Total Non-Communist World 3,350 6 1 9  38. 7  

' Saudi Arabia, Kuwait, United Arab Emirates, Qatar, and Neutral Zone. 

Excess 
Capacity 
(MMB/D> 

8 
1 

2 

1 1  

0 

1 1  
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Figure 52.  Non-Communist World Crude Oil Production. 
NOTE: The survey collected data for the years 1990, 1995, and 2000. Trend lines are drawn through the survey data points. 

it was several years before the results of this 
drilling markedly affected production. 

By 1977, the response of increased drilling 
to higher prices since 1973 and the develop
ment of discoveries made in the late 1960s and 
early 1970s began to have a significant impact 
on non-OPEC crude oil production. Production 
increased by an average of 1 MMB/D per year 
from 1976 through 1985, from slightly over 14 
MMB/D to nearly 23 MMB/D. United Kingdom 
production rose from zero in 1975 to 2.5 MMB/D 
in 1985. Mexican production increased from 0.8 
MMB/D in 1975 to 2.7 MMB/D in 1985. The U.S. 
production decline was reversed, with output in
creasing from 8. 1 MMB/D in 1976 to 9.0 MMB/D 
in 1985. Although drilling activity has been 
declining since 1982, the development of dis
coveries made during the 1979-82 period, when 
drilling was at all time high levels, has con
tributed to the increases in production in the 
last several years. 

WORLD CRUDE OIL RESERVES 
AND RESOURCES 

Thtal world proved crude oil reserves as of 
year-end 1985, including communist areas, 
were 700 billion barrels, as shown in Thble 5 1 .  
Middle East OPEC has 5 6  percent of total world 
crude oil reserves and 63 percent of non
communist reserves. OPEC's reserves were 4 75 

billion barrels, 77 percent of non-communist 
crude oil reserves. The United States has only 
5 percent of non-communist world reserves, and 
North America, South America, and Western 
Europe combined have only 23 percent. 

A number of estimates of worldwide un
discovered recoverable resources of crude oil 
have been published. In recent years, the typical 
mid-range estimate has been about 1 trillion 
barrels for the entire world, with 25 to 50 per
cent in the Middle East. The estimates are based 
upon probabilities of occurrence of crude oil in 
known geological basins. 

The Middle East, in addition to its large 
reserves, has other significant advantages over 
non-OPEC producing countries, particularly the 
United States. The Ghawar field in Saudi Arabia 
is the world's largest oil field-at 83 billion bar
rels of reserves-several times the size of total 
U.S. reserves of 28 billion barrels. The Ghawar 
field can produce at 5 .5 MMB/D from only 332 
wells, an average of 16,600 barrels per day from 
each well. Thtal U.S. production of 9.0 MMB/D 
comes from 647,000 oil wells, an average of 14 
barrels per day. About 460,000 of these wells are 
stripper wells averaging about 3 barrels per day. 
The remaining wells average about 4 1  barrels 
per day. 

The Burgan field in Kuwait is the world's 
second largest field, with 70 billion barrels of 
reserves. This field has produced at 1 MMB/D 
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I TABLE 50 

NON-OPEC CRUDE OIL PRODUCTION 
(Million Barrels Per Dayl 

1 960 1 965 1 970 1 971 1 972 1 973 1 974 1 975 1 976 1 977 1 978 1 979 1 980 1 98 1  1 982 1 983 1 984 1 985 
-- -- -- -- --

North America 
U n ited States 7 . 0  7 . 8  9 . 6  9 . 5  9.4 9 . 2  8 . 8  8 . 4  8 . 1  8 . 3  8 . 7  8 . 6  8 . 6  8 . 6  8 . 7  8 . 7  8 . 9  9 . 0  
Canada * 0 . 5  0 . 8  1 .3 1 .4 1 .5 1 . 8 1 . 7 1 .4 1 .3 1 .3 1 . 3 1 .5 1 . 4 1 .3 1 .3 1 .4 1 .4 1 .5 

Total 7 . 6  8 . 6  1 0 .9 1 0 .8 1 1 .0 1 1  .0  1 0 .5 9.8 9.4 9.6 1 0 .0 1 0 . 1  1 0 .0 9 . 9  9 . 9  1 0 . 1  1 0 .3 1 0 .5 

Latin America 
Mexico 0 . 3  0 . 3  0 . 5  0.5 0 . 5  0 . 5  0 . 6  0 . 7  0 . 8  1 . 0 1 .2 1 . 5 1 . 9 2 . 3  2 . 8  2 . 7  2 . 8  2 . 7  
Others 0 . 6  0 . 8  1 . 1  1 . 1  � 1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 . 1  1 .2 1 . 2  1 . 3 1 .3 1 . 3 1 .4 1 .5 1 . 6 

Total 0.9 1 . 1  1 . 5 1 .6 1 .6 1 .6 1 . 7 1 . 8 1 . 9 2 . 1  2 . 4  2 . 7  3 . 2  3 . 6  4 . 1  4 . 2  4 . 3  4 . 3  

Western Europe 
U n ited Kingdom 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0 . 0  0 . 0  0 . 2  0.8 1 . 1  1 . 6 1 . 6 1 .8 2 . 1  2 . 3  2 . 5  2 . 5  
Norway 0 . 0  0.0 0.0 0.0 0.0 0.0 0 . 0  0 . 2  0 . 3  0.3 0.4 0.4 0 . 5  0 . 5  0 . 5  0 . 6  0 . 7  0 . 8  
Others 0 . 3  0 . 4  0.4 0.4 0.3 0.4 0.4 0.3 0 . 3  0.3 0.3 0 . 3  0.3 0 . 3  0.4 0.4 0.4 0.4 

Total 0 . 3  0 . 4  0 .4 0.4 0.4 0.4 0.4 0 . 5  0.8 1 . 3 1 . 7 2 . 3  2 . 4  2 . 6  2 . 9 3.3 3.6 3 . 8  

Middle East 0 . 1  0 . 1  0 . 6  0 . 6  0 . 6  0 . 5  0 . 6  0 . 6  0 . 6  0 . 6  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 6  0.6 0.7  

Africa 
Egypt · 0 . 1  0 . 1  0 . 3  0.3 0.2 0.2  0 . 2  0 . 2  0 . 3  0 . 4  0 . 5  0 . 5  0 . 6  0 . 6  0 . 7  0 . 7  0 . 8  0 . 9  
Others 0 . 0  0.0 0 . 2  0.2 0 . 2  0 . 3  0 . 3  0 . 3  0 . 2  0 . 3  0 . 3  0 . 3  0 . 4  0 . 4  0 . 5  0 . 6  0 . 6  0 . 7  

Total 0 . 1  0 . 1  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 6  0 . 7  0 . 8  0 . 9  1 . 0 1 . 1  1 .3 1 . 5 1 .6 

Far East and Oceania 0 . 1  0.2 0.5 0.7 0.8 0 . 9  0 . 8  0 . 9  1 . 0 1 . 0 1 . 1  1 .3 1 . 2 1 . 2 1 .3 1 . 5 1 . 7 1 .9 

Total Non-OPEC 9.0 1 0. 5  1 4 . 5  1 4 . 5  1 4.8 1 4. 7  1 4.4 1 4.2 1 4.3 1 5.4 1 6.6 1 7. 7  1 8.3 1 8.9 1 9.9 20.8 22.0 22.7 

* Includes tar sands. 

Source: Energy I nformation Administration.  Columns may not add due to rou nding . 



TABLE 5 1  

PROVED RESERVES O F  CRUDE OIL 
AT YEAR-END 1 985 

(Billion Barrels) 

United States 28 
Canada 7 
Mexico 49 

North America 84 
South America 35 
Western Europe 26 
Africa 57 
Middle East • 398 
Far East and Oceania 1 9  
Non-Communist World 61 9 
Eastern Europe, U .S .S . R . ,  China 81 

Total World 700 

' Middle East OPEC reserves are 392 billion barrels, and total 
OPEC reserves are 475 billion barrels. 

from 390 wells. an average of 2,600 barrels per 
day. Saudi Arabia's Safaniyah field is the world's 
largest offshore field, with reserves at 32 billion 
barrels. This field has produced at 1 . 5  MMB/D 
from 188 wells, an average of 8,000 barrels 
per well per day. 

There are many large fields with highly pro
ductive wells in the Middle East. The map at the 
end of this chapter shows the location of the 
major fields and their proximity relative to the 
Soviet Union. The map was prepared in 1984 
and is included for illustrative purposes. Several 
major construction projects have been com
pleted since then and others are underway or 
planned. 

The map also shows the location of the 
Strait of Hormuz in the Persian Gulf, where a 
blockade of the Persian Gulf would most likely 
occur. The map also shows the Suez Canal and 
the Gulf of Aden, other locations where military 
actions could cause disruptions of oil supplies. 
Pipelines carrying Middle East oil to the Medi
terranean and the Red Sea are also vulnerable 
to attack. 

Because the Middle East contains 63 per
cent of non-communist world reserves and 
potentially a large portion of undiscovered 
resources, increasing dependence upon this 
volatile area by the non-communist world is in
evitable. The challenge to the United States and 
the rest of the world is to manage this 
dependence to minimize economic and military 
vulnerability. 

FUTURE NON-OPEC PRODUCTION 

Major production declines are probable in 
the United States and in the North Sea as an
nual reserve additions in those areas fall below 
annual production. Both areas have shown large 
increases in reserve additions thus far in the 
1980s, but drilling has dropped to much lower 
levels in 1986 because of the fall in world oil 
prices. The NPC Oil & Gas Outlook Survey, 
reported in Chapter Five, shows that survey 
respondents believe that non-OPEC reserve ad
ditions and production will decline with either 
of the two price trends considered in the survey. 

The survey results are shown in Thble 52 for 
non-OPEC supplies. The survey respondents be
lieved that U.S. production would decline faster 
than other non-OPEC production. The survey 
shows that non-OPEC production, excluding the 
United States, increases through 1995 in the up
per price trend, but declines continuously in the 
lower price trend. U.S. production is shown to 
decline continuously with either trend. These 
results reflect the high cost of finding and 
developing oil in the United States and the fact 
that the country has been extensively explored. 
Few large fields remain to be discovered except 
in frontier areas. 

If oil prices remain at low levels, it is possi
ble that some non-OPEC governments may offer 
better terms to exploration and development 
companies. Governments may ]?e willing to re
duce their levels of ownership in new projects 
or provide tax holidays or other incentives. 
Governments active in the North Sea, such as 
the United Kingdom and Norway, are possible 
candidates for putting together more attrac
tive deals, and some concessions were made 
in 1986. 

A small but significant portion of non
communist world oil supply consists of imports 
from communist countries, including China 
and the Soviet Union. These countries need to 
export oil to generate hard currency for certain 
imports, including grains, machinery, and 
technology. However, the NPC surveys show 
non-communist world imports of oil from com
munist countries declining from 1.8 MMB/D in 
1985 to 0.8 MMB/D in 2000. Net communist ex
ports could be higher if the Soviets increase the 
rate at which they substitute natural gas for oil 
internally. 

Imports of oil from the Western Hemisphere 
and from Western Europe are considered to be 
more secure than supplies from most other 
areas. The governments of the North Sea coun
tries and the North American continent are con
sidered to be more stable than governments in 
the Middle East and Africa. Over time, these 

1 6 1  



TABLE 52 

SURVEY REPONSE 
NON-OPEC CRUDE OIL AND NATURAL GAS LIQUIDS PRODUCTION * 

CMM B/D> 

Actual 
1 985 

Upper Price Trend 

U nited States 1 0 .6  

Other Non-OPEC Countries 1 4 .6  

Total Non-OPEC Supply 25.2 

Lower Price Trend 

U nited States 1 0 .6 

Other Non-OPEC Cou ntries 1 4 .6 

Total Non-OPEC Supply 25.2 

• Excludes tar sands, shale, and other synthetics. 

situations could change. Future governments in 
Canada,- Mexico, or other countries could 
become reluctant to export oil to the United 
States, or may have less oil available for export. 

During the 1970s, Canada reduced its ex
ports of crude oil from the interior provinces to 
the United States in order to reduce the de
pendence of the eastern provinces on imports 
of overseas crude oil. Exports to the United 
States fell from 820 MB/D in 1975 to 360 MB/D 
in 1978, and were kept at about that level 
through 1981.  Since then, exports have grown 
and in 1985 averaged about 700 MB/D. 

Diversification of supply probably is a bet
ter strategy than depending upon one or two 
neighboring countries. However, because of the 
international nature of the world oil market, 
diversification of import sources will not in
sulate the United States from a price-induced 
energy crisis. 

From the standpoint of protecting supply 
routes, the rule is that the shorter the route the 
better. Again, Western Hemisphere sources and 
Western Europe would be favored over most 
other areas. The distance from Saudi Arabia to 
Galveston, Thxas, around the Cape of Good Hope 
is 12,500 nautical miles, while the distance from 
the North Sea to the U.S. East Coast is 3,300 
nautical miles. 
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1 990 1 995 2000 

9.4 8 .3 7 .5 
1 5 .3  1 5 .6  1 5 . 0  

24. 7  23.9 22.5 

8 . 4  6 . 7  5 . 5  
1 4 . 0  1 3 . 7  1 3 . 1  

22.4 20.4 1 8.6 

FOREIGN DEMAND 

Thble 53 shows historical oil consumption 
for the non-communist world and regions in
cluding North America, Latin America, the Mid
dle East, and Japan. 

Consumption of oil in the non-communist 
world grew at very high rates prior to 1973; from 
1960 through 1973, the average rate was 7.6 
percent per year. Following the first oil price 
shock, demand declined for two years at about 
1 . 5  percent per year and then began to increase 
at 3 percent per year through 1979. However, 
with the second oil price shock in 1979, demand 
began to fall again and declined through 1983 
at about 3 percent per year. In 1984, consump
tion increased about 3 percent, but declined by 
about the same percentage in 1985. 

Effects of the first oil price shock in 
1973-74 were still being felt by the time the 
second oil price shock occurred, and the 
pressures of the second shock reinforced those 
arising from the first. Cars were still being 
downsized, regulations were in place in many 
countries relative to insulating houses and 
buildings, appliances had been made more ef
ficient, and industries were still replacing old 
equipment with new, more efficient equipment. 
Because much of the capital stock turns over 
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TABLE 53 

NON-COMMUNIST WORLD 
OIL CONSUMPTION • 

(Million Barrels Per Day) 

1 960 1 965 1 970 1 97 1  1 972 1 973 1 974 1 975 1 976 1 97 7  1 978 1 979 1 980 1 98 1  1 982 1 983 1 984 1 985 -- -- -- -- -- -- -- -- -- -- -- -- --

North America 
United States 9 . 8  1 1  . 5  1 4. 7  1 5 .2 1 6 .4 1 7 .3 1 6 . 7  1 6 . 3  1 7 .5 1 8. 4  1 8 .9 1 8 .5 1 7 . 1  1 6. 1  1 5 . 3  1 5 . 2  1 5 . 7  1 5 . 7  
Canada 0.8 1 . 1  1 . 5 1 .5 1 .6 1 . 7 1 . 7 1 . 7 1 . 7 1 .8 1 . 7 1 . 9 2 .0 1 .8 1 .6 1 .5 1 .5 1 . 5 

Total 1 0 .6 1 2 . 7  1 6. 2  1 6 . 7  1 8 . 0  1 9 .0 1 8. 4  1 8 .0 1 9 .2 20.2 20.6 20.4 1 9 . 0  1 7. 9  1 6.9 1 6. 7  1 7 .2 1 7 . 2  

Latin America 1 .5 2 . 0  2 . 7  2 . 9  3 . 1  3 . 4  3 . 5  3 . 5  3 . 8  3 . 9  4 . 1  4 . 2  4 . 8  4 . 7  4.8 4 . 7  4.6 4.6 

Western Europe 
France 0 . 6  1 . 1  1 .9 2 . 1  2 . 2  2 . 4  2 . 3  2 . 1  2 . 3  2 .2 2 . 2  2 . 4  2 . 3  2 . 0  1 .9 1 . 9 1 . 9 1 . 8 
Italy 0.4 1 .0 1 .8 1 . 9 2 . 1  2 . 2  2 . 1  1 .6 1 . 8 2 . 0  2.2 2 . 0  1 . 9 1 .9 1 .8 1 . 7 1 .6 1 . 7 
U nited Kingdom 0 . 9  1 .5 2 . 1  2 . 1  2 . 2  2 . 3  2 . 1  1 .9 1 .9 1 .9 1 .9 1 .9 1 .  7 1 .6 1 .6 1 .5 1 .8 1 .6 
West Germany 0.6 1 .6 2 .4 2 . 6  2 . 8  2 . 9  2 . 6  2 . 5  2 . 7  2 .8 3.1  3 . 1  2 . 7  2 . 5  2 . 3  2 . 3  2 . 3  2 . 4  
Other 1 .3 2 . 4  4 . 1  4 .2 4.6 4.7  4 .6 4.6 4.9 4.9 5 .0 5 .2 5 . 0  4 . 8  4 . 5  4 . 4  4.2 4 . 2  

Total 3 . 9  7 . 5  1 2 .5 1 3 . 1  1 4.0 1 4 .9 1 3 .9 1 3 .3 1 4 .2 1 3 .9 1 4.4 1 4 . 7  1 3. 5  1 2 .5 1 2 . 1  1 1  .8  1 1 .8 1 1 . 7 

Middle East 0 . 5  0 . 7  0 . 9  · 1 . 1  1 . 1  1 .3 1 .3 1 . 3 1 .4 1 . 5 1 .6 1 .8 1 .9 2 . 1  2 . 2  2 . 3  2 . 5  2 . 5  

Africa 0 . 4  0 . 6  0 . 7  0.8 0.9 1 .0 0.9 1 . 0 1 . 1  1 . 2 1 . 3 1 .4 1 .5 1 . 5 1 . 7 1 .  7 1 . 8 1 . 8 

Far East and Oceania 
Japan 0 . 7  1 . 7 3 . 9  4 . 2  4.4 5 . 1  5 . 0  4 . 5  4 . 8  5 . 2  5 . 1  5 . 5  5 . 0  4 . 9  4 . 6  4.4 4.6 4 . 3  
Other 0 . 8  1 . 3 2 . 2  2 . 4  2 . 6  2 . 8  2 . 8  2 . 8  3 . 2  3 . 5  3 . 7  4 . 0  4.0 4.0 4 . 0  4 . 1  4 . 2  4 . 3  

Total 1 . 5 3.0 6 . 1  6 . 6  6 . 9  7 . 9  7 . 8  7 . 3  8 . 0  8 . 7  8 . 8  9 . 5  8 . 9  8 . 8  8 . 6  8 . 5  8 . 8  8 . 6  

Total Non-Communist 
World 1 8.3 26.5 39.4 42. 5  45. 1 47.6 47.5 46.2 47.4 50.2 50.6 52.0 49.6 47.4 46.3 45.5 47.0 46.4 

• Apparent consumption ; Energy I nformation Administration data. Columns may not add due to rounding . 



slowly, the effects of these changes will still be 
felt in the 1990s. 

Changes in currency exchange rates and 
consumption taxes also have affected demand. 
Usually, crude oil prices are denominated in U.S. 
dollars. Because of the depreciation of curren
cies relative to the dollar in the early 1980s, the 
prices of oil in local currencies stayed high even 
though the oil price in dollars was falling, as 
shown in Figure 53.  Some Western European 
countries and Japan increased consumption 
taxes on some petroleum products while crude 
oil prices were coming down. This also helped 
to keep the price to consumers high and re
duced demand. 

In some countries, government policies are 
bringing about the substitution of other fuels for 
oil. In the Soviet Union, natural gas is being 
substituted for oil in many uses including space 
heating and electricity generation. In Scan
dinavia, coal is being substituted for oil in 
similar applications. In France, a strong nuclear 
program is in progress, which will bring about 
generation of most of the country's electricity 
from fission. 

The NPC survey included estimates of 
future U.S. and foreign oil consumption. Aggre
gate foreign demand for oil is shown to increase 
from 30.7 MMB/D in 1985 to 35 MMB/D in 2000 
in the upper price trend case. Demand in the 
lower price trend case increases to 38 MMB/D 
in 2000. U.S. demand increases from 15 .7  
MMB/D in 1985 to 17.4 and 19.9 MMB/D in 2000 
in the upper and lower price trends, respectively. 
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POLITICAL FACTORS 
Just as certain events-wars, revolution, 

frenzied buying, psychological factors-have af
fected U.S. vulnerability to energy crises in the 
past, such events are likely to affect U.S. vulner
ability in the future. Cooperation among OPEC 
members in reducing output to create supply 
deficits could contribute to future price shocks. 
Many foreign countries have very high debt 
levels. Defaults on loans by Mexico would have 
an unfavorable impact on Mexican oil develop
ment. Low oil prices jeopardize banks that have 
made a high proportion of energy loans. 

Wars and revolutions also constitute a 
threat to non-communist world energy supplies. 
Any war or uprising, including terrorist attacks, 
that could bring about damage to major Middle 
East oil-producing areas would have an impact 
on supply and could possibly trigger a crisis. 
Another possibility is an embargo on shipments 
from the Middle East to a particular country or 
countries, similar to the Arab oil embargo of 
1973. Embargoes are not generally effective 
because it is impossible to totally restrict flows 
from one area to another, but embargoes accom
panied by production cutbacks can be effective. 
Embargoes also increase uncertainty about sup
plies and price and can trigger bidding wars and 
hoarding. 

FOREIGN REACTIONS TO 
U.S. POLICIES 

U.S. foreign policy is another factor that 
affects the nation's vulnerability. U.S. support of 

45 

Figure 53. Purchase Price of Arabian Light Crude Oil--Selected Currencies. 
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Israel contributed to the Arab oil embargo in 
1973. U.S. relations with Iran and Libya have 
been strained by the hostage crisis in 1980 and 
terrorist activities. 

U.S. policies with regard to aid to certain 
countries such as Israel, Egypt, and Saudi 
Arabia tend to cause unfavorable reactions and 
increase tensions in some other foreign coun
tries. Israel generally opposes U.S. aid to Arab 
countries and vice versa. Support of the Shah 
contributed to the anti-American feeling in Iran 
following the revolution. 

SUMMARY OF INTERNATIONAL 
FACTORS 

• The United States is dependent upon oil 
imports, and its dependence will increase 
in the future. 

• The United States possesses only about 
5 percent of non-communist world crude 
oil reserves, but in 1985 accounted for 23 
percent of crude oil production and 34 
percent of total oil consumption. 

• Middle East OPEC countries have 63 per
cent of non-communist world crude oil 
reserves, and in 1985 accounted for 25 
percent of crude oil production, most of 
which was exported. 

• Middle East OPEC oil fields and wells are 
prolific. Oil wells typically produce 

several thousand barrels per day, com
pared to about 14 barrels per day for 
average U.S. wells. 

• The oil crises of the 1970s were triggered 
by supplydisruptions initiated in the Mid
dle East, and the oil price "collapse" in 
1986 was also triggered by actions of 
Middle East OPEC countries. The tre
mendous reserves and prolific fields and 
wells of the Middle East OPEC countries 
vest those countries with the power to 
quickly create oversupplies or shortages 
and thereby create havoc in world oil 
markets. 

• The volatile politics of the Middle East 
are likely to lead to future disruptions of 
oil markets. 

• The industrialized world has reacted to 
higher oil prices by reducing consump
tion and initiating conservation. 

• The non-OPEC oil and gas industry has 
reacted to higher oil prices by increasing 
exploration and oil and gas production. 

• The current oil situation, characterized 
by oversupply and low prices, will lead to 
falling non-OPEC oil production and will 
rapidly increase non-communist world 
dependence on imports from Middle East 
OPEC countries, thereby increasing 
vulnerability to a supply disruption. 
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THE MIDDLE EAST 
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Section III 
Policy Options 



CHAPTER NINE 

POLICY 0P1'IONS 

INTRODUCTION 

Although all constituencies may not agree 
about what specific policy options for avoiding 
or

_ 
mitigating vulnerability to future energy 

cnses may be best, it is clear that there are basic 
guidelines that should apply to government 
policies. The industry believes that past lessons 
strongly suggest the need for stability and 
predictability in government actions. 

Positive government energy policies that 
encourage, rather than discourage, domestic 
petroleum exploration and production will lead 
to a more stable, secure energy future for the 
United States. Thx incentives, decontrol of 
natural gas prices and markets, and opening 
unexplored federal lands to search for new large 
oil and gas fields are a few examples of such 
policies. 

Environmental regulations should give con
sideration to the need to avoid or mitigate 
vulnerability to future energy crises in the 
evaluation of the cost and benefits associated 
with such regulations. 

The appropriate role of government in the 
energy market should be limited and thought
ful. The government should strive to look at 
energy policy formation in the long term and 
within the context of broad public policy. In 
evaluating policy options, government should 
carefully weigh their efficiency in order to select 
t�e option, or combination of options, that pro
VIdes the greatest reduction in oil import 
dependence at the least cost to the economy. 
Decisions made in this fashion would help pro
vide a climate within which prudent business 
decisions can be made, and would benefit all 
Americans. 

The options discussed in this chapter have 
been grouped into two categories: (1) those 
directed at reducing the United States' growing 
dependence on imported crude oil and products 
and (2) those intended to reduce the likelihood 
of an energy crisis and/or to mitigate its impact. 
The former group is further divided into options 
that act to increase domestic oil and gas sup
plies, by stimulating exploration and develop
ment activity, and options that act to reduce 
demand for oil and gas. 

Although not specifically discussed, 
another option is a floor price to guarantee a 
minimum price to oil producers that would 
maintain reasonable production and reserve 
levels. The price floor could be financed through 
various methods, such as a consumption tax or 
an import fee, both of which are discussed 
below. 

OPTIONS TO REDUCE DEPENDENCE 
ON IMPORTED OIL-STIMULATE 
OIL AND GAS SUPPLIES 

The following policy options operate to in
crease U.S. oil and gas domestic reserves and 
production: 

1. Encourage greater access to federal lands 
with potential oil and gas resources, on
shore and offshore, and improve the lease 
terms under which such lands are 
offered. 

2. Remove tax disincentives and use posi
tive incentives to maintain existing pro
duction and to stimulate new oil and gas 
exploration and development activity. 
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3. Stabilize the price of oil by use of oil im
port fees at a level that will reduce con
sumption and stimulate domestic oil and 
gas production. 

4. Promote research and development to in
crease the recovery of oil and gas already 
discovered, much of which cannot be 
produced economically with current 
technology, and to develop the longer 
range technologies required to produce 
alternative fuels. 

5. Decontrol natural gas prices and markets 
by repeal of NGPA price controls on old 
gas, NGPA incremental pricing provi
sions, and the Fuel Use Act. 

In the discussion of each of the options, the 
advantages and disadvantages peculiar to major 
options are presented in bullet format, but 
minor options are limited to a simple narrative. 
However, there are some general observations 
that apply to each of this first group of options: 

• Stimulation of oil and gas exploration 
and development activities increases U.S. 
domestic supplies, which reduces the 
growth of U.S. oil import dependence and 
vulnerability to future energy crises and 
reduces the likelihood of future price 
shocks and economic dislocations. 

• The most important reason to stimulate 
domestic oil and gas supplies and reduce 
dependence on imported oil is to protect 
the national security, both from an 
economic standpoint and to meet war
time mobilization requirements should 
the need arise. 

• Increasing exploration and production 
activity in the United States will do much 
toward preserving the domestic oil field 
service and supply industry. This is an 
important consideration in determining 
the ability to respond to a supply disrup
tion or to a need to increase production 
rapidly. 

• The reduction of oil imports operates to 
reduce U.S. balance of trade deficits. In 
1985, net payments for oil imports cost 
$45 billion, by far the single largest com
ponent of U.S. imports. 

• Additional U.S. oil and gas production in
creases federal, state, and local revenues 
from income taxes, ad valorem taxes, 
severance taxes, and royalties. 

• Government intervention in support of 
the industry cannot be expected to cease 
when the need for this support ends. As 
a result, interference in the industry's 
operations and pricing for the long term 
would become more likely. 
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Improve Access to Federal Lands 

U.S. oil and gas exploration and production 
can be increased if the federal government takes 
actions to improve industry access to federal 
lands, onshore and offshore, and to eliminate 
moratoria and other delays on OCS leasing. The 
potential for oil and gas reserves on federal lands 
is considerable. However, exploration for and 
development of these reserves have been severe
ly restricted by governmental land use legisla
tion and policies. 

Exploration began in federal waters off 
California in 1963 and has been quite suc
cessful. In all, about 2 billion barrels of oil have 
been found. Six fields of over 200 million bar
rels each have been discovered on the California 
OCS in the last 1 5  years. California offshore leas
ing, however, remains a major issue. A congres
sional negotiating team is meeting with the 
Department of the Interior, and leasing oppo
nents continue to ask Congress, the state, and 
local jurisdictions to impose restrictions that 
would make it more difficult to lease and 
develop offshore lands. 

In 1985, Congress enacted a moratorium on 
the leasing for oil and gas development for large 
portions of the OCS off California. This 
moratorium prohibited the leasing of 6,460 off
shore tracts covering over 37 million acres, 
about 63 percent of the California OCS planning 
area. Although Congress did not officially ex
tend the moratorium for fiscal 1987, it delayed 
the opening of bids for any California OCS lease 
sale until at least February 1 ,  1989. Estimates 
of the undiscovered oil and gas resources for this 
area range from 1 .25 to 5 billion barrels. Peak 
production estimates range from 172 MB/D to 
688 MB/D. 

In U.S. onshore areas, 90 million acres of 
federal wilderness areas and 7 1  million acres 
of national parks and wildlife refuges have been 
closed to mineral leasing. Congressional leas
ing moratoria have placed an additional 95 
million acres being considered for wilderness 
designation off-limits to leasing and exploration, 
even though this was not the intent of the 
original legislation. In total, 256 million acres 
of federal lands have been closed to oil and gas 
leasing, equivalent in area to Texas plus 
California. 

Probably the most prominent onshore oil 
and gas prospect is the coastal plain of the Arc
tic National Wildlife Refuge (ANWR) in Alaska. 
Geologists believe this single, remote area con
tains the most significant amounts of oil and gas 
of any onshore region in the United States. 
Estimates of undiscovered resources within 
ANWR are comparable to Prudhoe Bay, which 
produces approximately 20 percent of the na-



tion's domestic crude oil supply. Ninety-two per
cent of ANWR's 19 million acres would remain 
closed even if leasing were permitted. Of the 
remaining 8 percent of ANWR acreage in the 
coastal plain, only a fraction would ultimately 
be used for oil production. 

Even if improved access to federal lands is 
allowed, the long lead times involved in explor
ing for and developing oil and gas reserves mean 
that production cannot be expected to begin un
til the mid to late 1990s. Nearly five years are 
projected for obtaining all the required permits 
and plan approvals, and completing exploration 
and delineation drilling. Another five years 
would be required for development drilling and 
the construction of facilities and pipelines. 

In deciding whether to allow increased ac
cess to federal lands, onshore and offshore, the 
benefits of and national need for domestic oil 
and gas production must be weighed against 
the environmental risks. For onshore areas, 
such as the coastal plain of ANWR and the 
Rocky Mountains, the benefits of oil devel
opment should be weighed against disruption 
of only a small portion of the total area. 

The issue here is not merely gaining access 
to more acreage. Rather, the issue is gaining ac
cess to promising prospects that could yield 
reserves and production that would significant
ly reduce U.S. dependence on oil imports. Only 
small areas of offshore California, the Rocky 
Mountains, and ANWR are highly prospective, 
and exploratory drilling would be largely con
fined to those areas. Improved technology and 
careful attention to environmental consider
ations make it possible to develop oil and gas 
production in a way that is compatible with 
multiple uses of areas both onshore and 
offshore. 

Advantages 

• Because of the pressing need to add new 
domestic oil and gas reserves, opening 
the most promising, highest potential 
areas first would help concentrate in
dustry investment in prospects where 
new oil and gas production could be the 
greatest. 

• Accelerated leasing and land access in 
areas such as offshore California, the 
Rocky Mountains, and the Alaskan North 
Slope, where there are existing oil pro
duction and transportation facilities, 
would help reduce the long lead times in
volved in the development process. 

• Removal of leasing moratoria and land 
restrictions will stimulate economic ac
tivity. 

Disadvantages 

• Oil and gas development may conflict 
with land-use goals for federal lands. 

• Drilling rigs operating in OCS waters can 
conflict with the aesthetics of scenic ocean 
vistas, particularly offshore California. 

• Offshore oil spills could disrupt portions 
of the marine habitat of endangered 
species. 

• Development in the Arctic could disturb 
the migrating patterns of certain wildlife. 

Enhance Federal Leasing Policies 

The leasing, exploration, and development 
of federal oil and gas lands could be facilitated 
by changes in the lease terms. Among the possi
ble changes are reducing minimum bonus bids 
and rentals, extending lease terms, reducing 
royalties, and exploring alternative methods to 
awarding leases, such as work commitments 
and royalty or profit-share bidding. At current 
oil price levels, reduced minimum bids and 
alternative methods of awarding leases may be 
appropriate measures to conserve industry 
capital and enhance the economic viability of 
exploration on the OCS. Reducing rentals and 
lengthening lease terms will prevent premature 
abandonment of federal leases, and will allow 
drilling schedules to b e  determined by 
economic considerations. Reducing royalties 
would prolong the life of existing fields, lower 
the threshold volumes required to justify 
development of new fields, and thereby increase 
oil and gas production. 

The leasing of federal lands has been a 
significant source of revenue for the govern
ment. Through 1 983, the federal government 
had collected $68 billion from lease bonuses 
and oil and gas royalties from OCS lands, which 
was 54 percent of the total cumulative value of 
oil and gas production from these lands. Re
duced bonus bids, royalties, and rentals would, 
however, reduce federal revenues to the extent 
that they are not offset by higher tax revenues 
from increased or extended production. In ad
dition, royalty and profit share bidding could 
result in delays in exploration and development 
activities and would reduce industry's motiva
tion to develop new technology. 

Provide Incentives to Encourage 
Exploration and Production 

Changes in federal, state, and local tax 
codes could be used to encourage the explora
tion and production of U.S. oil and gas reserves. 
These initiatives could either remove existing 
disincentives to exploration and production 
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activity or provide new incentives for such ac
tivity. These new incentives could favor capital
intensive business in general, the petroleum 
industry in particular, or at the extreme, be 
highly targeted to preserve existing marginally 
economic production. In addition, non-tax 
policy initiatives could be used to encourage ad
ditional exploration and production activity or 
preserve existing production. 

According to the Joint Committee on Thxa
tion, in recent years the oil industry has had 
effective tax rates considerably higher than the 
average for all U.S. industry. When the Wind
fall Profit Thx is taken into account, the oil in
dustry's effective tax rate has been the highest 
of any U.S. industry. Calculations by the 
American Petroleum Institute indicate that for 
the 1980-85 period, the petroleum industry's 
effective tax rate, including the Windfall Profit 
Thx, averaged 65 percent higher than the 
average for all industry. 

Remove Existi g Disince ti es 

Actions that would mitigate existing dis
incentives to petroleum exploration and produc
tion include: 

1. Allowing the immediate expensing of 100 
percent of intangible drilling costs in 
calculating federal income tax liability 
and expanding definition to include geo
logical and geophysical costs and unre
covered surface casing. The Thx Reform 
Act of 1986 requires that major oil com
panies defer recognition of 30 percent of 
these costs. Based on 1985 data, this pro
vision would expose about $6 billion of 
industry cash flow to earlier taxation. 

2. Relaxation or removal of the 50 percent
of-net-income limitation on percentage 
depletion. Percentage depletion deduc
tions. which are still available to indepen
dent oil companies but not to majors. may 
not exceed 50 percent of a company's net 
income. In times oflow prices and meager 
earnings, this limitation substantially 
reduces the intended cash flow benefit 
from percentage depletion. 

3. Removal of oil and gas preference items 
from alternative minimum tax compu
tation. 

4. Reduction of state severance taxes on 
petroleum extraction. Currently, states 
collect a percentage of wellhead revenue 
ranging to more than 1 2  percent, regard
less of profitability. In 1985, petroleum 
industry severance and exploration and 
production property tax payments totaled 
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$6.5 billion. In 1 986, this figure is 
estimated at about $4 billion. 

5. Repeal of the Windfall Profit Thx. Although 
essentially inoperative in times of de
pressed oil prices, this excise tax on 
revenue has siphoned $68 billion from the 
industry plus another $10 billion from 
royalty owners since its imposition in 
1980. Existence of the tax dampens pros
pects for future cash flow rejuvenation 
from price increases, rendering current in
vestments less attractive. It also imposes 
a significant accounting and reporting 
burden on oil firms. 

Prov· e Tew rentive 

Actions that would provide new incentives for 
exploration and production activity include: 

1. Providing an Investment Thx Credit in
cluding credits for research and explora
tion activity. The recent repeal of the 
investment tax credits has been estimated 
to reduce petroleum industry cash flow by 
$4.5 to $6.5 billion through 199 1 .  

2. Restoring industry-wide percentage de
pletion at a 27.5 percent rate. 

3. Enacting more rapid asset depreciation 
schedules. 

4. Providing a price guarantee for domestic 
oil and gas discovered and produced after 
a specified date. The price guarantee, 
possibly financed by a consumption tax. 
would have to be high enough to make ex
ploratory drilling attractive. The price 
could be guaranteed for oil and gas pro
duced in the future from new fields 
discovered after the legislation is passed. 
If the actual price of oil and gas is above the 
guarantee level, the government would 
pay nothing. Even if market prices are 
below the guarantee level, the exposure of 
the government would be limited because 
only successful, newly discovered oil ar;td 
gas fields would be covered. This guar
anteed future price would represent an 
incentive price floor for new oil. 

5. Restoring prior law treatment of taxes 
paid to foreign governments. Restric
tions recently imposed on foreign tax 
credits reduce petroleum industry cash 
flow by an estimated $2 to $3 billion 
through 199 1 .  

I n  a period of depressed prices, the cost of 
production for low volume "stripper" wells, 
heavy oil, and enhanced recovery operations 
may equal or exceed the price received, 



resulting in out-of-pocket losses or shut in of 
that production. Once shut in, many wells can
not be economically reactivated (due to me
chanical and/or reservoir deterioration) even at 
dramatically higher price levels. Many of the 
actions noted above could be specifically 
targeted to sustain marginal production. Other 
measures that could be considered include 
outright grants per barrel of production and 
non-interest-bearing, volume-related loans with 
repayment obligations and timing tied to escala
tion of oil prices. 

Advantages 

• Removing existing disincentives and pro
viding new incentives through the tax 
code would encourage exploration and 
development activity. At the same time, 
reducing the oil industry's tax burden 
would improve current and expected 
future cash flow, thus providing internal
ly generated funds to finance invest
ments and attracting external funds. 

• Unlike tariffs, use of the tax code to pro
vide incentives for petroleum exploration 
and production would not impair the in
ternational competitiveness of U.S. 
manufacturers. 

• Capital-intensive industries in general 
are penalized by the U.S. tax system's 
bias toward consumption and against in
vestment. Restoring the Investment Thx 
Credit, accelerating depreciation deduc
tions, and providing other investment 
incentives would lessen this bias. Such 
measures would help stimulate petro
leum exploration and production activity 
by reducing taxes and increasing invest
ment incentives. 

• Policies designed to support existing 
marginal production would have a mea
surable immediate and continuing effect 
on the availability of domestic oil, would 
help sustain the oil field service industry, 
and would permit recovery and utiliza
tion of proven petroleum reserves that 
might otherwise be foregone. More than 
4 billion barrels of proven reserves are 
associated with stripper production. 

Disadvantages 

• PreferenUal tax treatment for any par
ticular industry would distort investment 
decisions, preventing capital from flow
ing to its most efficient use. This would 
violate the goal of neutral tax impact 
widely endorsed during the recent tax 
reform debate. 

• Providing incentives for domestic pro
duction when less expensive imports are 
available is an imprudent "drain Ameri
ca first" strategy. 

• It may be more cost effective and eco
nomically efficient to use the public 
funds to expand strategic stockpiles 
rather than to promote exploration and 
production activity. 

• A reduction in tax payments by the oil 
and gas industry would require tax in
creases elsewhere, reduced funding of 
other programs, or the acceptance of a 
higher federal budget deficit, which 
would result in higher interest rates, a 
stronger dollar, and a worsened trade 
deficit. 

• Thrgeting stripper wells or other mar
ginal oil production for special incentives 
would arbitrarily discriminate against 
other existing or prospective production. 
It would be more efficient and cost effec
tive to allocate the funds involved to sup
port new exploration activities if the 
combined cost of finding, developing, 
and producing new reserves were expect
ed to be less than the cash operating cost 
of marginal production. 

• Thx incentives are effective only for reci
pients who are paying taxes. 

Enact an Oil Import Fee 

An approach to reducing U.S. dependence 
on imported oil is through enactment of an oil 
import fee-a tariff on imports of crude oil and 
petroleum products. An oil import fee would 
stimulate domestic energy production while 
simultaneously reducing energy demand, in 
particular oil demand. But the fee would also 
impose economic costs on the U.S. economy, in 
terms of increased inflation and reduced 
economic growth and international com
petitiveness. The benefits of reduced import 
dependence and diminished vulnerability to an 
oil supply disruption must be balanced against 
these costs when evaluating any proposal for an 
oil import fee. 

An import fee could be either a fixed fee or 
a variable fee that phases out when world oil 
prices reach a target price. A fixed fee would be 
set at a specific amount per barrel. A variable 
fee would equal the difference between a target 
crude oil price and the price of imported oil, 
thus raising the import price to the target level. 

An oil import fee would raise the U.S. price 
of imported oil, and with it the price of domestic 
oil. Natural gas prices and, to a lesser extent, the 
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prices of other U.S. energy supplies would also 
rise, although not necessarily in proportion to 
the oil price rise. 

Any import fee would need to be imposed 
on both crude oil and refined petroleum product 
imports, otherwise import patterns would im
mediately shift toward products only. Such a 
shift would not only be detrimental to the 
domestic refining industry, but could also com
pletely negate the objectives sought by the tariff 
on crude oil. 

Advantages 
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• Energy security would be enhanced by 
lowering import dependence and vulner
ability to future supply disruptions, 
through both increased domestic pro
duction and conservation created by the 
higher price. By 1990, imports would be 
reduced by 26 percent by a fee that 
would raise the crude oil price from the 
NPC survey lower price trend to the up
per price trend. Such a fee would defer 
a 50 percent dependence on foreign oil 
by five years, until about 1995. A larger 
fee could postpone a 50 percent depen
dence to a later date. 

• Price stability at an adequate level, which 
may be achieved through a variable oil im
port fee, would encourage domestic pro
ducers to continue exploration and 
development in high cost, high-reserve
potential areas, including frontier areas 
such as Alaska and the deep water U.S. 
Outer Continental Shelf. These areas are 
believed by the USGS to contain 35 billion 
barrels of oil, an amount equal to the total 
oil reserves added in the United States dur
ing the last 1 5  years. 

• Over 100,000 stripper wells, producing 
in total as much as 250,000 barrels of 
oil per day, could be maintained. Once 
plugged, the reserves from these margin
al wells could be permanently lost. 

• An oil import fee would raise significant 
revenue for the federal government. This 
revenue would come from the fee on 
foreign imports, increased income taxes 
from domestic producers, and increased 
federal royalties. In addition, increased 
state income and severance taxes could 
be generated. 

• An import fee would increase explora
tion and production activities, would re
juvenate the petroleum industry service 
sector, and would restore a portion of the 
229,000 jobs lost in that sector from 
1982 to December 1986. 

• An import fee would strengthen the 
balance sheets of many "problem 
banks" with oil sector loans, minimizing 
the federal government's continued 
bailout of failed banks. 

• A simple fee could be imposed using the 
existing duty payment process admin
istered by the U.S. Custom Service. (A 
very small tariff is already imposed, 10.5 
cents per barrel on crude oil and 52.5 
cents per barrel on petroleum products
exclusive of Superfund.)  Thus, establish
ment of a new bureaucracy could be 
unnecessary. 

Disadvantages 

• An import fee would have an immediate 
impact by raising the inflation rate and 
reducing GNP. This reduction in activity 
would cause a decline in corporate and 
individual income taxes collected from 
non-energy companies and their em
ployees. This could ultimately offset the 
increase in taxes collected from the oil 
industry. 

• Areas with no oil production, but a heavy 
dependence on fuel oil, would be ad
versely impacted by an oil import fee, 
which would be perceived as inequitable 
and politically troublesome. 

• Enactment of an oil import fee would 
cause difficulties between the United 
States and its trading partners. It would 
violate the U.S. commitment under the 
General Agreement on Thriffs and 'frade, 
as well as bilateral agreements with 
Canada and Venezuela. Mexico and 
Canada could be impacted if U.S. imports 
declined significantly, impairing both 
countries' ability to reduce foreign debt. 
Exemptions to "favored nations" or 
selected products would greatly reduce 
the effectiveness of the fee as a revenue 
contributor and as a mechanism for 
raising domestic oil prices. 

• If the fee on petroleum products was not 
set in proper relation to the fee on crude 
oil, inequities among individual pro
ducers and refiners would be created. 
This could lead to a perceived need for 
select exemptions and the entitlements. 
The experience with the entitlements 
program in the 1970s is especially in
structive here. 

• If a similar fee is not placed on imported 
natural gas, Canadian and Mexican gas 
imports would be stimulated, which 



would reduce the effectiveness of the fee 
in stimulating domestic gas production. 

• Many key U.S. industries dependent on 
oil and natural gas, e.g .. agriculture and 
petrochemicals, would be competitively 
disadvantaged in domestic and foreign 
markets. 

• An oil import fee could evoke trade 
retaliation by the major oil-producing 
countries. 

• Enactment of a variable fee, or any fee com
plicated by exemptions, would require 
establishment of a new bureaucracy. Even 
a simple fee could require additional 
bureaucracy to prevent potential evasion. 

Encourage Research and 
Development Activities 

Efficiencies in exploration and development 
as well as increased recoverability historically 
have been and can continue to be aided through 
targeted research and development. Research 
and development can be supported and en
couraged by the government in both the public 
and private sectors through direct grants and 
appropriate tax incentives. 

The amount of publically supported oil and 
gas research is small relative to public research 
support in other energy areas. The current low 
oil and gas prices have resulted in a reduction of 
private research and development in areas of oil 
and gas supply and demand, with little likelihood 
of restoration or increases in the near future. As 
research and development activities are in
vestments in the future, the impact of lessened 
activity today will compound problems later. 

The U.S. resource base in oil and natural 
gas is substantial, both for new discoveries and 
for increased recovery from existing reservoirs. 
But the resource base is marginal, and convert
ing it to reserves is a relatively high cost pro
position. Most reserves in the United States 
must be developed in small increments or from 
remote frontier areas. Although marginal, the 
U.S. oil and gas resource base is substantial and 
particularly amenable to development cost 
reductions arising from research activities. 

Advantages 
• A research and development support pro

gram by the government in all aspects of 
oil and gas extraction could enhance the 
recoverability of already discovered and 
potential U.S. reserves that would other
wise be unrecoverable. 

• Government aid, in the form of grants 
and direct research, could help sustain 
the research effort in developing syn
thetic fuels that would yield significant 
benefits later on. 

• Publication requirements associated 
with government-sponsored research 
projects would result in dissemination of 
information throughout the industry. 
This would be particularly helpful to the 
small operators who do not have access 
to privately funded research. 

• A government support program, if im
plemented soon, would maintain some 
parts of skilled research teams that 
would otherwise break up or go into 
other fields of work. 

• Cooperative research projects conducted 
by a group of companies, permitted un
der the limited antitrust protection given 
by the 1984 Cooperative Research Act, 
would eliminate duplication of effort and 
promote cross-fertilization of ideas, and 
thus enhance the prospects of earlier 
commercialization of research results. 

Disadvantages 
• The results of government-sponsored 

research are in the public domain, which 
makes them less desirable for a company 
whose main focus is on proprietary 
research. This might make some com
panies reluctant to participate. 

• Cooperative research. encouraged by the 
government, might tend to eliminate the 
diversity of approach and quality of 
results that come from the individual 
company research efforts. 1b avoid this, 
government-supported activities should 
complement private efforts. 

• Government-subsidized, large-scale 
demonstration projects are commonly in
effective; government support of projects 
at the research and development level are 
more appropriate. 

Decontrol Natural Gas 
Prices and Markets 

Decontrol of natural gas field prices. repeal 
of the incremental pricing provisions of the 
Natural Gas Policy Act of 1978, and repeal of 
the provisions of the Fuel Use Act prohibiting 
the use of natural gas as a primary fuel for new 
power plants and major fuel burning installa
tions would promote the development and pro
duction of gas that would not otherwise be 
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available and would create a more efficient 
energy market. 

Interstate sales by producers have been 
regulated since the 1954 Phillips decision of the 
U.S. Supreme Court. The NGPA extended price 
controls to intrastate sales. On January 1 ,  1985, 
the NGPA removed controls on about half of the 
gas being produced. However, over 20 categories 
and subcategories of old gas remain under per
manent price ceilings. 

The Department of Energy has estimated 
that complete decontrol of natural gas field 
prices would provide an additional 30 to 34 TCF 
of natural gas supplies, an increase of about 20 
percent in gas reserves in the lower 48 states. 
Market prices for this natural gas would permit 
existing wells to produce longer by lowering 
abandonment pressures, would improve the 
economics of well stimulations and workovers, 
and would encourage "infill" well drilling in old 
fields-the drilling of additional wells between 
existing wells for more efficient recovery. 

The DOE estimate of additional gas reserves 
added through price decontrol is approximate
ly twice the current annual natural gas produc
tion rate. These additional supplies would make 
it possible to raise natural gas production rates 
by around 1 . 5  TCF per year, eliminating the 
need for approximately 750 MB/D of crude oil 
imports. 

The NGPA also contains incremental pric
ing provisions designed to discipline interstate 
pipelines in their gas purchasing practices. 
These regulations require the pipelines to in
clude in the gas price to large industrial boiler 
fuel users gas purchase costs that exceed 
specified threshold levels. The prices for these 
users cannot exceed the price level established 
by FERC, based on alternative fuel costs. FERC 
has set this price at a residual fuel oil price level. 
Consequently, since this ceiling approximates 
the current market price for natural gas, the in
cremental pricing provisions are not currently 
impacting the price of natural gas for these 
users. However, a future commission could set 
natural gas prices higher for large industrial 
boiler fuel users. 

The Powerplant and Industrial Fuel Use Act, 
also enacted in 1978, was designed to shift elec
tric utility power plants and major industrial 
fuel-burning installations from oil and gas to 
coal and renewable energy sources. The Act pro
hibits the use of natural gas and oil in new elec
trical utility power plants and some new large 
industrial facilities. The Act empowers the Sec
retary of Energy, upon petition, to grant tem
porary and permanent exemptions from the 
prohibition for a set of site-specific situations. 
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Exemptions for cogeneration facilities have been 
common, and several proposals to construct 
major utility-owned, gas-fired generating 
facilities under exemptions are actively being 
pursued. 

Advanta es 

• Allowing all natural gas to achieve free
market prices would result in significant 
long-range increases in gas supplies that 
could be developed and produced over 
the next 10 to 20 years. 

• These additional gas supplies would 
create downward pressures over time on 
prices of natural gas and competing 
fuels, keeping prices lower than they 
might otherwise be. 

• The additional gas produced over time 
from old fields would require few new 
downstream facilities; thus this supply 
could reduce the average unit transpor
tation cost of gas delivered to consumers. 

• More work in fully developing old gas 
fields would provide jobs for American 
workers and boost local economies. 

• Thtal decontrol of natural gas markets 
would send proper price signals through 
the economy, which would allow faster 
responses by producers and consumers 
alike to changes in energy prices, which 
would moderate the cycles of oversupply 
and shortage. 

• Thtal price decontrol would reduce federal, 
state, and industry administrative costs. 

• Repeal ofNGPA incremental pricing (a pro
gram that is not currently operative) would 
remove possible future discrimination 
against boiler fuel users of interstate gas, 
permitting equal costs for competing com
panies in the same industry. 

• Projections of U.S. electricity demand 
growth, when compared with the new 
generating capacity currently under con
struction or identified in utility plans, 
indicate that a significant amount of new 
capacity will have to be provided during 
the 1990s from initiatives that are not yet 
identified.  Although combined-cycle 
power plants fired primarily by natural 
gas would be attractive options for a por
tion of this capacity, the exemption pro
cedure of the Fuel Use Act, particularly 
for proposals that will be initiated several 
years in the future, adds significant 
uncertainties to an already uncertain 
planning environment, and reduces the 
attractiveness of the gas option. 



• Natural gas is an extensive domestic 
resource, efficient, cost effective, and en
vironmentally desirable, and it has an in
herent capability to maintain diversity in 
the mix of fuels to meet national energy 
requirements. Increased diversity im
proves the reliability of the energy 
system in response to failure of any indi
vidual energy supply source. 

• Greater use of gas to serve the increas
ing fuel requirements of electric utilities 
would compensate for gas market loss in 
the energy-intensive manufacturing in
dustries arising from restructuring of the 
U.S. industrial base. 

• Increased demand for gas in the growing 
electric utility sector would reduce mar
ket uncertainty and encourage invest
ment in exploration and development of 
domestic gas resources. 

• Gas-fired, combined-cycle power plants 
provide an option for utilities to add effi
cient small increments of capacity with 
short lead times (3 years from the date 
of order as compared to 6 to 10 years for 
coal plants) . This option would reduce 
the danger of capacity shortfalls arising 
from greater than anticipated load 
growth. 

• Most projections of U.S. energy outlook 
include a heavy reliance on coal, in
volving a 40 to 50 percent increase over 
current consumption by the year 2000. 
Greater use of gas in electric utilities 
would mitigate somewhat the environ
mental and logistical problems asso
ciated with increased coal use. 

• To comply with the exemption process 
of the Fuel Use Act takes between 3 and 
14 months to complete and costs 
anywhere from $10,000 to $100,000. 

Disadvantages 
• Because of unequal regional endow

ments of old price controlled gas, con
sumers in some areas could pay more for 
their gas, in the short run, if all gas prices 
were decontrolled. 

• Decontrol may lead to congressional in
itiatives to impose excise taxes on old 
gas, which would be counterproductive. 

• Old gas decontrol would affect many con
tracts, business relationships, and fi
nancial obligations, many of which are 
of long standing. A sudden switch from 
a controlled to a decontrolled market 

could cause severe transition problems 
for certain companies and individuals. 
Among the issues affected by decontrol 
of old gas are: 

1) Contract provisions 

2) Transportation problems 

3) Relationships between federal and 
state governments 

4) Anti-trust issues 

5) Relative competitive advantages and 
disadvantages of individual producers, 
pipelines, or distributors. 

• The standby fuels for gas-fired, combined
cycle electric generating plants are likely 
to be petroleum products (probably dis
tillates) , which could increase the poten
tial national use of oil in the event of 
seasonal gas supply constraints or a sup
ply shortfall. 

• Removal of restrictions on natural gas as 
a primary fuel is likely to encourage 
utilities to adopt the gas option for some 
portion of new electric generating capaci
ty, thereby reducing the use of a known 
domestic abundant resource-coal-and 
not reserving gas and domestic oil to 
displace imported petroleum in more 
specialized uses. 

• Reduced use of coal would lower the rate 
of growth of domestic employment in the 
coal mining and railroad service 
industries. 

OPTIONS TO REDUCE DEPENDENCE 
ON IMPORTED OIL-REDUCE OIL 
AND GAS DEMAND 

Another way to reduce U.S. dependence on 
oil imports is to reduce demand. Options to 
reduce demand are presented in this section. 

The oil price shocks of the 1970s demon
strated that oil demand is responsive to changes 
in prices. After peaking in 1978 at 18.9 MMB/D, 
U.S. oil demand declined following the second 
price shock to 15 .7  MMB/D in 1985. The policy 
options presented are to: 

1 .  Reduce demand by increasing the price 
of oil through consumption and excise 
taxes 

2. Create incentives and mandates to con
tinue energy conservation efforts 

3. Encourage greater use of alternative fuels 
as substitutes for oil and gas. 
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Enact Energy Consumption 
and Excise Taxes 

A tax on energy consumption would raise 
the price of energy and stimulate conservation. 
Such a tax would also raise general revenue or 
finance incentives for exploration, development, 
and production of domestic energy reserves. 

Among options to be considered are a con
sumption tax or a BTU tax on all energy sup
plies, an excise tax on all oil supplies or refined 
petroleum products. and an increase in the 
motor fuels excise tax. 

A broad-based energy consumption tax 
could be applied to most domestic and imported 
energy supplies. including oil, natural gas, coal, 
and nuclear power. Renewable resources, such 
as wood, solar, and hydroelectric power, could 
be exempted. The tax could be assessed as a 
percentage of the cost of energy or at a flat rate 
per BTU. The tax could be collected at the point 
of production or importation, or at the whole
sale level. 

A per barrel tax could be imposed on all 
crude oil (foreign and domestic) used by 
refineries, with a similar tax applicable to im
ported petroleum products. The crude oil tax 
could be collected at the refinery gate. The tax 
on imported products could be collected at the 
time of importation when U.S. Customs tariffs 
are collected. The Congressional Budget Office 
has estimated that a $5 per barrel oil excise tax 
would generate $22 to $25 billion per year in 
federal revenue. 

A variation of the preceding oil excise tax 
would be an excise tax similar to the motor fuels 
tax levied on all refined petroleum products. 
The effects would be similar to the oil excise tax, 
but collection procedures would resemble those 
for the motor fuels tax. 

The federal excise tax on motor fuels 
(gasoline and diesel) could be raised. The addi
tional annual revenue is projected to be more 
than $1 billion for every 1 cent per gallon in
crease. However, unless current laws were 
changed, the additional revenue would flow in
to the Highway 1tust Fund. 

Advantages 

176 

• Consumption taxes on energy or oil 
would reduce demand. 

• Consumption taxes would raise revenue 
that could be used to maintain existing 
production and stimulate new oil and gas 
exploration and development activity. 

• Consumption taxes without exploration 
and production incentives would reduce 

oil imports, but not as much as an import 
fee since domestic production is not 
stimulated. Thxes on oil consumption 
would reduce imports more than broad 
energy taxes. 

• An oil excise tax would encourage do
mestic natural gas and coal production, 
since their prices could rise with the tax 
inclusive price of oil. 

Disadvantages 

• Consumption taxes without exploration 
and production incentives would not 
stimulate domestic exploration and de
velopment of energy because the prices 
to producers would be unaffected. 

• U.S. economic growth would be slowed 
and inflation would be increased. 

• Consumption and excise taxes, like an oil 
import fee, are considered to be re
gressive. For example, households with 
incomes below $7,400 per year spend 
about 8 percent of their income on gas
oline, while those with incomes above 
$36,000 typically spend about 4 percent. 

• Most energy consumption taxes would 
impair the ability of U.S. manufacturers 
to compete with foreign companies in the 
United States and abroad. An increase in 
motor fuels excise tax would have the 
least effect on the costs of U.S. goods, ex
cept for goods for which transportation 
in the United States accounts for a large 
share of the final cost. 

• Most energy consumption taxes would be 
difficult to administer and collect. The 
tax must be determined for each form of 
energy so that it does not upset the com
petitive position of that energy form rel
ative to others. An inappropriate tax 
differential between crude oil and prod
ucts could increase petroleum product 
imports or encourage refinery inefficien
cies. A tax on motor fuels would be easi
est to administer, because collection and 
accounting systems are already in place. 

• Th various degrees, energy consumption 
taxes would result in economic distor
tions. These distortions would be smaller 
for broad-based energy taxes, which 
would raise a given amount of revenue 
with the lowest tax rate. 

Create Incentives and 
Mandates for Conservation 

Peacetime energy conservation was never 
an issue of national importance until the 1973 



Arab oil crisis exposed the nation's vulnerabili
ty to disruptions of its major energy source. The 
crisis triggered a wide-ranging response by 
public officials aimed at reducing energy con
sumption, especially oil. Many of the incentives 
and mandates are still in place, but it is gene
rally accepted that price has been the principal 
driving force for conservation to date. Oak Ridge 
National Laboratory has attributed 70 percent 
of U.S. energy savings in the early 1980s to price 
response.1 The decline in oil prices that began 
in 1982 has led to a reduced commitment to 
conservation, and mandated standards are now 
being ignored or moderated. 

A renewed commitment to such standards 
and incentives is one of the options to reduce the 
nation's vulnerability to future energy crises. 

Recent studies indicate that the 55 mile per 
hour speed limit saved about 150,000 barrels 
per day of gasoline until at least 1983. However, 
the current law is frequently violated and dif
ficult to enforce because of diminishing public 
support. 

Maintaining the 27.5 miles per gallon (MPG) 
Corporate Average Fuel Economy (CAFE) stan
dard for new automobiles would reduce gasoline 
consumption about 250 MB/D in the year 2000, 
compared to the volume consumed ifthe tempo
rary 26.0 MPG standard were extended to 2000 
(ifboth standards were binding) . Some automo
bile manufacturers claim, however, that main
taining the 27.5 MPG standard could cost U.S. 
industry thousands of jobs due to the shutdown 
of large-car plants, and that new automobile 
efficiencies will continue to improve even after 
the mandated efficiencies have been achieved. 

Encourage Greater Use of 
Alternative Fuels to Oil and Gas 

While the United States possesses proved 
reserves of only 28 billion barrels of oil and 193 
TCF of natural gas-4 percent and 5 percent, 
respectively, of world totals-the U.S. possesses 
283 billion short tons of coal, 29 percent of the 
world's total recoverable coal reserves. These 
coal reserves are roughly equal to 80 times 
the total energy consumed in the United States 
in 1985. 

In 1985, coal provided 23 percent of U.S. 
total energy consumption, primarily in the 
generation of electricity. In 1985, 56 percent of 
U.S. electricity was generated from coal, up from 
46 percent in 1970. The NPC Oil & Gas Outlook 

1Sawhill. John C .. and Cotton, Richard. eds., "Energy 
Conservation Successes and Failures." 1986. 

Survey shows coal usage increasing by 45 per
cent between 1985 and 2000. 

Nuclear energy has shown the most 
dramatic growth over the past 25 years, increas
ing from zero in 1960 to almost 16 percent of 
all U.S. electricity generated in 1985. The NPC 
survey shows nuclear growing by almost 50 per
cent from 1985 to 2000. 

The NPC survey shows the contributions of 
coal and nuclear to U.S. energy requirements 
to be the same for both price trends. This is due 
primarily to the long lead times required to con
struct new generating stations. Most of the new 
power plants that will be operating in 2000 have 
already been announced and included in the 
survey responses. However, should electricity re
quirements grow faster than shown in the 
survey, the only ways to meet the increased re
quirements would be by construction of com
bined cycle plants burning natural gas and 
distillate and by increased consumption of 
residual fuel oil in older oil-fired plants. This 
would increase U.S. oil imports. 

Th avoid this eventuality, options to en
courage the use of coal and nuclear could be 
developed. Such options include amending the 
Clean Air Act to allow the use of low sulfur coal 
without stack-gas scrubbing when emissions 
are already in compliance, developing environ
mentally acceptable licensing and permitting 
procedures to reduce the costs and construction 
time of coal-fired and nuclear power plants, and 
reducing the transportation costs of coal. 

OPTIONS TO REDUCE THE 
LIKELIHOOD OF ENERGY CRISES 
AND/OR MITIGATE THEIR IMPACT 

These policy options are to: 

1. Diversify oil supply sources to reduce the 
likelihood that a disruption of a single 
source could precipitate a crisis 

2. Pursue diplomatic policies that promote 
greater stability in the Middle East and 
Africa and greater interdependence with 
the United States 

3. Expand and use strategic petroleum 
reserves to enhance the ability to limit 
the effects of supply shortages and price 
increases; the presence of such reserves 
reduces the likelihood of disruptions be
ing used as a political tool 

4. Develop fiscal and monetary policies that 
could be used to mitigate the impacts of 
oil price shocks, and could act to reduce 
the likelihood of oil supply disruptions. 
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Diversify Oil Supply Sources 

There have been six major oil supply 
disruptions since World War II, not all of which 
precipitated a world oil supply crisis. All of these 
disruptions were caused by events in the Mid
dle East: the Iranian nationalization of the 
British Petroleum concessions in 1951,  the Suez 
crisis in 1956-57,  the June War in 1967, the 
Arab oil embargo in 1973, the Iranian revolu
tion in 1978, and the Iran/Iraq war beginning 
in 1980. The disruptions had a minimal impact 
when surplus productive capacity existed out
side of OPEC. A useful goal is the diversifica
tion of oil supply sources for the world as a 
whole. This would diminish the impact of a 
disruption in any single source of supply, and 
would decrease the ability of some oil exporters 
of using oil as a political weapon. 

Because oil is an international commodity, 
the United States cannot isolate itself from the 
impact of a world oil supply disruption or price 
increase by diversifying its import sources. Even 
though imports of oil from the Western Hemi
sphere and from Western Europe are probably 
more secure than supplies from most other 
areas, crude oil is traded in an integrated 
worldwide market. Because of this integration 
and U.S. participation in International Energy 
Agency sharing agreements, a major physical 
disruption anywhere in the non-communist 
world would be felt, even if the specific imports 
of the United States were not disrupted. Further
more, a rise in the world price of crude oil will 
be reflected in the United States regardless of 
the source of imports. 

Pursue Diplomatic Policies 

The Middle East has almost two-thirds of 
the non-communist world's proved oil reserves 
(Thble 51 in Chapter Eight) and is the world's 
lowest cost oil producer. U.S. dependence on oil 
as an energy source will continue in the long 
term, and the United States will rely on the Mid
dle East for oil to a significant extent. Middle 
East oil supplies are critical to the non
communist world. 

One option to reduce the likelihood of an 
oil crisis is to pursue diplomatic policies that 
promote greater stability in the Middle East and 
Africa and greater interdependence with the 
United States. Substantial economic inter
dependence can reduce the likelihood of price 
shocks and the attractiveness of using oil as a 
political weapon. Energy policy is a part of 
overall U.S. economic, diplomatic, and defense 
objectives in the world. There is a tradeoff be
tween such objectives and the need to protect 
the domestic economy from an oil crisis that 
may be triggered by events in the Middle East. 
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Expand and Use Strategic 
Petroleum Reserves 

In response to the Arab oil embargo in 
1973-7 4, the U.S. Congress authorized the crea
tion of the SPR, to be used in times of oil disrup
tions to mitigate the effects of physical shortages 
and restrain the oil price increases associated 
with such supply/demand imbalances. The SPR 
currently contains more than 510 million bar
rels of oil. With declining exploration activity 
and oil production and increasing oil imports, 
an option to consider is increasing the size and 
delivery capacity of the SPR, at least to the 
current goal of 750 million barrels and possibly 
beyond as oil import dependence grows. U.S. 
allies, trade partners, and other consuming 
nations might also be encouraged to establish 
and maintain strategic petroleum stockpiles of 
their own. 

One study analyzed the ability of an SPR 
drawdown to mitigate the impact of an oil sup
ply disruption involving a reduction in OPEC 
production of 7 MMB/D for one year. The results 
showed that, in the case of a unilateral 
drawdown by the United States, use of the SPR 
would offset about one-third of the loss in GNP 
traceable to the shock. 2 

Adva t ge 

• 'The maintenance of strategic petroleum 
reserves provides consuming nations 
with the ability to offset limited, tem
porary supply curtailments resulting 
from embargoes and other oil supply 
disruptions. 

• The timely release of oil from the 
reserves could also assist in holding 
down prices and reducing panic buying. 

• The very existence of a sizeable strategic 
reserve reduces the likelihood that oil
exporting nations would utilize oil em
bargoes and production cuts as political 
or economic weapons. 

• Increasing the size of the Strategic 
Petroleum Reserve acts to maintain a 
given level of responsiveness to an oil 
disruption as oil import volumes are 
increasing. 

• With oil prices down, the costs of expand
ing the reserves have been reduced. 

• Purchasing greater quantities when 
prices are low is not only fiscally sensi
ble, but also helps stabilize prices by 
increasing overall demand. 

2See the review by Hubbard, Glenn. and Weiner, 
Robert, "Managing the Strategic Petroleum Reserve: Energy 
Policy in a Market Setting." Annual Review of Energy 10 
(1985): pp. 515-556. 



Disa n. 
• The principal drawback to the creation 

and maintenance of a strategic reserve is 
the cost involved in creating storage 
facilities, purchasing the oil to be placed 
in storage, and maintaining the facilities. 

• Without the cooperation of other con
suming nations to develop their own ade
quate strategic reserves, the United 
States could be required through treaty 
agreements to utilize its SPR to mitigate 
supply disruptions directed at other 
countries. Lack of international stockpile 
coordination would reduce the effec
tiveness of an SPR release in mitigating 
the economic costs of an oil supply 
disruption. 

• In the event of an extended supply 
disruption, the reserves could be ex
hausted while only delaying the inevit
able oil price increase. 

Develop and Use Monetary 
and Fiscal Policies 

In the event of an oil price shock, monetary 
and fiscal policies could be used to lessen the 

economic costs the shock would inflict. 3 Such 
policies could prevent a large drop in aggregate 
demand by stimulating consumption and in
vestment, or they could ease the adverse im
pacts on production costs and productivity by 
reducing labor costs and increasing the capital 
stock. The goal of these policy responses is to 
reduce the income and unemployment costs of 
an oil supply disruption/price shock without in
flicting an unacceptable stimulus to inflation. 
Having such policies on the shelf and known to 
the oil-exporting countries upon which the 
United States depends for oil imports would 
reduce the effectiveness and likelihood of oil 
supply disruptions being used as a political 
weapon. Several potential short-run macroeco
nomic policies and their underlying goals are 
shown in Thble 54. 

3!n a 1983 study, the Stanford University Energy 
Modeling Forum 7 (EMF7) considered several policies for 
reducing the economic costs of an oil price shock. For a 
detailed discussion of the EMF7 study and the principal con
clusions, see Hickman, Bert and Huntington, Hillard, 
"Macroeconomic Impacts of Energy Shocks: An Overview." 
EMF Working Paper 7.2, Stanford University, 1984. 

TABLE 54 

(1 ) 

(2) 

(3) 

SHORT-RUN MACRO POLICY RESPONSES TO OIL SUPPLY SHOCKS 
Fiscal 

Responses 
Temporary red uction 
in personal income 
taxes 

Temporary reenactment 
of the investment 
tax credit 

Temporary decrease 
in payrol l  taxes 

(4) 

(5) 

(6) 

Monetary 
Responses 

One-shot increase 
in the level of 
money supply 

Permanent increase 
in the growth of 
the money supply 

Temporary decrease 
in monetary growth 

(1 ) 

(2) 

(3) 

(4) 

(5) 

(6) 

Intended 
Impacts 

Stimulate consumer 
spending 

Stim u late busi ness 
investment, thereby 
improving productivity 
and speeding adjustment 
to hig her oil  prices 

M itigate any 
decline in  the demand for 
labor; red uce inflationary 
pressure 

M itigate rise in  
i nterest rate and 
drop in aggregate 
demand without perma-
nently i ncreasing rate of 
inflation 

M itigate rise in 
i nterest rate and 
drop in  aggregate 
demand 

Avoid increase in 
the price level 
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APPENDIX A 

THE SECRETARY OF EN ERGY 
WASHINGTON, D . C .  20585 

S e p t e m b e r  2 3 , 1 9 8 5  

D e a r M r .  B a i l e y :  

S i n c e  t h e 1 9 7 0 ' s e n e r g y c r i s e s , t h e r e h a v e  b e e n  
n u m e r o u s t e c h n i c a l  d e v e l o p m e n t s  i n  t h e  p r o d u c t i o n  a n d  
c o n s u m p t i o n o f  e n e r g y  a s  w e l l a s  n e w a n a l y t i c a l  t o o l s  
a n d  m o d e l s d e v e l o p e d  f o r  l o o k i n g  t o  t h e  f u t u r e . O u r  
e n e r g y e f f i c i e n c y h a s  i n c r e a s e d ; d o m e s t i c  e n e r g y  
r e s o u r c e s  a r e b e i n g d e v e l o p e d  m o r e e f f e c t i v e l y ;  r e a l  
p r i c e s  h a v e  d e c l i n e d ; U . S .  d e p e n d e n c e  o n  f o r e i g n e n e r gy 
s o u r c e s  h a s  d i m i n i s h e d ; a n d  t h e  N a t i o n ' s  v u l n e r a b i l i t y 
t o  e n e r g y  s u p p l y  d i s r u p t i o n s  h a s  b e e n  r e d u c e d . 
H o w e v e r ,  w e  m u s t  n o t  b e c o m e  c o m p l a c e n t  b e c a u s e  t h e  
f a c t o r s  t h a t  d e t e r m i n e  f u t u r e e n e r g y s u p p l y  a n d  d e m a n d  
a r e c o n s t a n t l y  c h a n g i n g .  

A c c o r d i n g l y ,  I a m  r e q u e s t i n g  t h e N a t i o n a l  
P e t r o l e u m  C o u n c i l t o  u n d e r t a k e  a n e w  s t u d y e x a m i n i n g 
t h e  f a c t o r s a f f e c t i n g t h e N a t i o n ' s  f u t u r e s u p p l y  a n d  
d e m a n d  o f  o i l a n d  g a s . T h e  s t u d y s h o u l d  a l s o e x a m i n e  
t h e  s e t  o f  f a c t o r s  t h a t  p r e c i p i t a t e d  t h e  1 9 7 0 ' s  e n e r g y  
c r i s e s , t h e i r f i n a n c i a l  i m p a c t  o n  t h e . N a t i o n ' s  e c o n o m y , 
t h e  a p p r o p r i a t e n e s s  o f  g o v e r n m e n t ' s  r e s p o n s e , a n d  t h e 
p o t e n t i a l  f o r a r e c u r r e n c e . T h i s  r e t r o s p e c t i v e 
a n a l y s i s  s h o u l d  p r o v i d e  a d v i c e  o n  h o w t h e v u l n e r a b i l i ty 
t o  f u t u r e c r i s e s  c a n  b e  a v o i d e d  o r  m i t i g a t e d . 

F o r  t h e p u r p o s e  o f  t h i s  s t u dy ,  I d e s i g n a t e  D o n a l d  
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 

In May 1946, the President stated that he had been impressed by the contribution made through 
government/industry cooperation to the success of the World War II petroleum program. He felt 
that this close relationship should be continued and suggested that the Secretary of the Interior 
establish an industry organization to provide advice on oil and natural gas matters. Pursuant to 
this request, Interior Secretary J.  A. Krug established the National Petroleum Council on June 18,  
1946. In October 1 977, the Department of Energy was established and the Council's functions were 
transferred to the new department. 

The sole purpose of the NPC is to advise, inform, and make recommendations to the Secretary 
of Energy on any matter, requested by him, relating to petroleum or the petroleum industry. Mat
ters that the Secretary of Energy would like to have considered by the Council are submitted as 
a request in the form of a letter outlining the nature and scope of the study. The council reserves 
the right to decide whether it will consider any matter referred to it. 

Examples of recent major studies undertaken by the NPC at the request of the Department 
of Energy include: 

• Materials and Manpower Requirements ( 1979) 

• Petroleum Storage & Transportation Capacities ( 1 979) 

• Refinery Flexibility ( 1979, 1 980) 

• Unconventional Gas Sources ( 1980) 

• Emergency Preparedness for Interruption of Petroleum Imports into the United S tates ( 198 1)  

• U.S. Arctic Oil & Gas ( 198 1 )  

• Environmental Conservation-The Oil and Gas Industries ( 1982) 

• Third World Petroleum Development: A S tatement of Principles ( 1 982) 

• Petroleum Inventories and S torage Capacity ( 1984) 

• Enhanced Oil Recovery ( 1 984) 

• The Strategic Petroleum Reserve ( 1984) 

• U.S. Petroleum Refining ( 1986). 

The NPC does not concern itself with trade practices, nor does it engage in any of the usual 
trade association activities. The Council is subject to the provisions of the Federal Advisory Com
mittee Act of 1972. 

Members of the National Petroleum Council are appointed by the Secretary of Energy and repre
sent all segments of petroleum interests. The NPC is headed by a Chairman and a Vice Chairman, 
who are elected by the Council. The Council is supported entirely by voluntary contributions from 
its members. 
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NATIONAL PETROLEUM COUNCIL MEMBERSHIP 198 7 

ALLEN, Jack M. 
President 
Alpar Resources, Inc. 

AMES, Eugene L., Jr. 
President 
Venus Oil Company 

ANDERSON, Glenn P. 
President 
Andover Resources Corporation 

ANGEW, Ernest, Jr. 
Petroleum Engineer 
Midland, Thxas 

BADEN, John A. 
Executive Director 
Maguire Oil and Gas Institute 
Southern Methodist University 

BAILEY, Ralph E. 
Chairman and Chief Executive Officer 
Conoco Inc. 

BARNES, James E. 
President and Chief Executive Officer 
MAPCO Inc. 

BARTON, W. A. 
Chairman Emeritus 
Barton Valve Company, Inc. 

BASS, Sid R. 
President 
Bass Brothers Enterprises, Inc. 

BOOKOUT, John F. 
President and Chief Executive Officer 
Shell Oil Company 

BOWEN, W. J. 
Chairman of the Board and 

Chief Executive Officer 
'fransco Energy Company 

BRICKER, William H. 
Chairman of the Board 
Diamond Shamrock Corporation 

BUFKIN, I. David 
Chairman of the Board and 

Chief Executive Officer 
Thxas Eastern Corporation 

BURKE, Frank M.,  Jr. 
Chairman and Chief Executive Officer 
Burke, Mayborn Company, Ltd. 

CALDER, Bruce 
President 
Bruce Calder, Inc. 

CARL, William E. 
President 
Carl Oil & Gas, Inc. 
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CARVER, John A.,  Jr. 
College of Law 
University of Denver 

CHANDLER, Collis P. , Jr. 
President 
Chandler & Associates, Inc. 

CHENAULT, James E., Jr. 
President 
Lone Star Steel Company 

CHILTON. H. T. 
President and Chief Executive Officer 
Colonial Pipeline Company 

CHRISMAN, Neil D. 
Senior Vice President 
Morgan Guaranty 1tust Company 

of New York 

CLARK, E. H. ,  Jr. 
President and Chairman of the Board 
Baker International 

COOK, Lodwrick M. 
Chairman of the Board and 

Chief Executive Officer 
Atlantic Richfield Company 

COPELAND, Mark G. 
Partner 
Copeland, Landye, Bennett and Wolf 

COPULOS, Milton 
Energy Analyst 
Heritage Foundation 

COX, Edwin L. 
Chairman 
Cox Oil & Gas, Inc. 

COYLE, Alfred J. 
Managing Director 
PaineWebber, Incorporated 

CRUIKSHANK, Thomas H. 
President and Chief Executive Officer 
Halliburton Company 

DORN, David F. 
President 
Forest Oil Corporation 

EMISON, James W. 
President 
Western Petroleum Company 

ERICKSON, Ronald A.  
Chairman of the Executive Committee 
Erickson Petroleum Corporation 
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FOSTER, James J. 
President 
Venture 1tading Company. Inc. 

GARY, James F. 
International Energy Advisor 
Honolulu, Hawaii 

GLANVILLE, James W. 
General Partner 
Lazard Freres & Co. 

GONZALEZ, Richard J. 
Energy Economic Consultant 
Austin, Texas 

GOTTWALD, F. D. , Jr. 
Chief Executive Officer, 

Chairman of the Board and 
Chairman of the Executive Committee 

Ethyl Corporation 

GRACE, J. Peter, Jr. 
Chairman and Chief Executive Officer 
W. R. Grace & Co. 

HALBOUTY, Michel T. 
Chairman of the Board and 

Chief Executive Officer 
Michel T. Halbouty Energy Co. 

HALL, John R. 
Chairman and Chief Executive Officer 
Ashland Oil, Inc. 

HALL, Ronald E. 
President and Chief Executive Officer 
Citgo Petroleum Corporation 

HAMILTON, Frederic C. 
Chairman, Chief Executive Officer 

and President 
Hamilton Oil Corporation 

HAMMER, Armand 
Chairman of the Board and 

Chief Executive Officer 
Occidental Petroleum Corporation 

HANLEY, Wm. Lee, Jr. 
Chairman 
Hanley Petroleum Inc. 

HANZLIK, Rayburn D. 
Associate 
Heidrick and Struggles 

HARTLEY, Fred L. 
Chairman and Chief Executive Officer 
Unocal Corporation 



HAUN, John D. 
President 
Barlow & Haun, Inc. 

HEFNER, Raymond H., Jr. 
Chairman and Chief Executive Officer 
Bonray Energy Corporation 

HERINGER, Charles J., Jr. 
Chairman and Chief Executive Officer 
HER CO 

HESS, Leon 
Chairman of the Board and 

Chief Executive Officer 
Amerada Hess Corporation 

HOBBS, Marcia Wilson 
Community Leader 
Los Angeles, California 

HOFFMAN, Thrry 
Regulatory Consultant 
St. Paul, Minnesota 

HORTON, Robert B. 
Chairman of the Board and 

Chief Executive Officer 
The Standard Oil Company 

BUFFINGTON, Roy M. 
Chairman of the Board and 

Chief Executive Officer 
Roy M. Buffington, Inc. 

HUNT, Ray L. 
Chairman, President and 

Chief Executive Officer 
Hunt Consolidated, Inc. 

HUTCHISON, William L. 
Chairman of the Board 
Thxas Oil & Gas Corp. 

JOHNSON, A. Clark 
Chairman and Chief Executive Officer 
Union Thxas Petroleum Corporation 

JONES, A. V. , Jr. 
Partner 
Jones Company 

JONES, Jon Rex 
Partner 
Jones Company 

KELLER, George M. 
Chairman of the Board and 

Chief Executive Officer 
Chevron Corporation 

KEPLINGER, H. F. 
President and Chairman of the Board 
The Keplinger Companies 

KETELSEN, James L. 
Chairman and Chief Executive Officer 
Tenneco Inc. 

KINNEAR, James W. 
President and Chief Executive Officer 
Texaco Inc. 

KOCH, Charles G. 
Chairman and Chief Executive Officer 
Koch Industries, Inc. 

KUEHN, Ronald L., Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

LAY, Kenneth L. 
Chairman of the Board and 

Chief Executive Officer 
Enron Corp. 

LICHTBLAU, John H. 
President 
Petroleum Industry Research 

Foundation, Inc. 

LIEDTKE, J. Hugh 
Chairman of the Board 
Chief Executive Officer 
Pennzoil Company 

McCLEMENTS, Robert, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Sun Company, Inc. 

MacDONALD, Peter 
Chairman 
The Navajo 'fribal Council 

McLEAN, C. M. 
Independent Petroleum Geologist 
Lafayette, Louisiana 

McPHERSON, Frank A. 
Chairman and Chief Executive Officer 
Kerr-McGee Corporation 

MAGUIRE, Cary M. 
President 
Maguire Oil Company 

MAYER, Frederick R. 
President 
Captiva Corporation 
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MEDDERS, Thm B. , Jr. 
Partner 
Medders Oil Company 

MEEK, Paul D. 
Chairman of the Board 
American Petrofina, Incorporated 

MEIDINGER, Judy 
Chciirman of the Board 
Koniag Inc. 

MILLER, C. John 
Partner 
Miller Energy Company 

MISBRENER, Joseph M. 
President 
Oil, Chemical & Atomic Workers 

International Union, AFL-CIO 

MITCHELL, George P. 
Chairman, Chief Executive Officer 
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APPENDIX B 
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APPENDIX C 

ECONOMIC MODELING 

Modeling and Analytic Approaches 

In addition to the lack of historical ex
perience with an oil shock, there were a number 
of technical reasons for the slowness in 
recognizing the impacts of the 1973 oil embargo 
and the ensuing rise in oil prices. For example, 
the modem theory of aggregate supply had only 
begun to reach the technical journals in the late 
1960s, with the work of Milton Friedmani and 
Edmund Phelps,2 among others, and the oil 
shock had aggregate supply as well as aggregate 
demand impacts. 

Even the aggregate demand impacts of the 
first oil shock were surprisingly slow to be 
recognized: surprisingly because fiscal policy 
had been the demand-management success 
story of the previous decade. The first reference 
in The Wall Street Journal to the impact of 
higher fuel prices on consumer disposable in
comes was an article in early January of 197 4, 
nearly three months after the imposition of the 
Arab oil embargo. Not surprisingly, the author 
of that piece was Walter Heller, who had been 
one of the principal architects of the successful 
Kennedy-Johnson tax cut of the early 1960s. 
The February 197 4 Report of the Council of 
Economic Advisors did not place much em
phasis on aggregate demand impacts. 

In the absence of historical experience, 
macroeconomic impact estimates seemed to be 
made on the backs of envelopes. Inflation im-

1For example, Friedman, Milton, "The Role of 
Monetary Policy." American Economic Review, vol. 58 
(March 1968). pp. 1-17.  

2For example, Phelps. Edmund S. ,  "Money Wage 
Dynamics and Labor Market Equilibrium." Journal of 
Fblitical Economy, vol. 76 (July/August 1968), pp. 687-711.  

pacts were typically estimated from energy 
weights in the various price indexes (apparent
ly without correcting for stage of processing: 
fuel becomes an input cost in fuel-using 
industries) . 

Real output impacts were estimated by 
backing out some amount of oil consumption 
and trying to tie shortages to levels of industrial 
activity, perhaps with some scope for interfuel 
substitution or conservation. One shortcoming 
of this approach was the extreme year-to-year 
variability in the observed relationship between 
growth in energy consumption and growth in 
real output. Furthermore, one could never tell 
how much of a reduction in oil demand in a 
recession year (such as 1974) was due to "short
age" and how much to other factors. 

In any event, most forecasts of macroeco
nomic impacts based on "shortages" missed the 
mark. The recession deepened during 1974-in 
part due to Fed tightening of the money supply 
(though that action affected primarily the lat
ter part of 1974)-rather than easing, as many 
commentators expected and as would have been 
implied by the lifting of the embargo and freer 
availability of product. What happened was that 
the resource cost of obtaining imported oil 
increased during the embargo but did not fall 
when supplies became more abundant. In 
short, the quantity approach failed to reflect the 
issue of acquisition cost in the 1974 period. 

pee ive Stu i 

Several retrospective studies of the impact 
of the first oil shock have been made. One can 
classify them in terms of five somewhat overlap
ping approaches: 

1)  Indirect production function: reduced 
energy input 
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2) Production function: capital 
obsolescence/potential GNP 

3) Extensive growth decomposition (pro
duction function) 

4) Conventional econometric model 
simulation 

5) Econometric-process model simulation 

The first three approaches relate economic 
output to factor inputs. Capital, labor, and 
natural resources are the three classic factors 
of production; empirical macroeconometric 
analyses often ignore the resource inputs. In 
practice, one does not necessarily estimate a 
production function directly in terms of factor 
inputs; measurement issues (how much capital 
is used, for example) and technical statistical 
issues often dictate the approach taken. 

Under the assumption of competitive 
marketplaces, one can relate uniquely estimates 
of demand equations for each factor to the 
underlying production function. Specifically, 
demand for each factor depends upon relative 
factor prices and total output. By this indirect 
method, one can avoid some rather messy 
measurement problems. 

The first approach cited above takes full use 
of the indirect approach by making energy a fac
tor of production. Then, in principal, one can 
solve for the underlying production function 
and ask the question, "What would have hap
pened if energy prices did not increase in 
1974?" Moreover, one can ask the question 
without trying to guess how great the "short
age" was (if any). 

Unfortunately, despite its theoretical appeal 
and its occasional use in the literature, the ap
proach fails. Specifically, the indirect approach 
assumes that the underlying markets are com
petitive. In the case of energy during the early 
1970s (and, arguably, before),  the marketplace 
was anything but competitive. All energy com
modities and products were subject to the price 
controls of the Nixon administration. Moreover, 
other energy prices-natural gas and electrici
ty, for example-were subject to price controls 
for longer periods; even crude oil prices were ef
fectively regulated (before OPEC's 1973 em
bargo) through domestic production limitations 
such as prorationing by the Thxas Railroad Com
mission and limitations on imports. 

In a world of price controls, the fundamen
tal law of demand need not apply. Specifically, 
it may be true that raising price will lead to rais
ing consumption. If this situation occurred (as 
it may have in the early 1980s with natural gas 
price regulation under NGPA), then, obviously, 
OPEC's actions to raise U.S. energy prices would 
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have led to an increase in U.S. real economic 
output. Such an implication would hardly be 
credible. 

The second approach-estimating the effect 
on the capital stock and, thus, potential output
is more fruitful. Essentially, the notion is that 
rising energy prices in the 1970s rendered some 
fraction of the capital stock uneconomic to 
operate. With a smaller capital stock, the 
economy's potential output is lower. Rasche and 
Thtom3 estimate that potential output fell for 
this reason by perhaps 5 percent between the 
last quarter of 1973 and the third quarter 
of 1974. 

The 5 percent figure seems high, given that 
the peak to trough decline in GNP was slightly 
less-4.3 percent-and the U.S. economy was at 
full employment in the fourth quarter of 1973, 
and that the inflation rate fell markedly by 1976. 
If capacity fell more than output (though, to be 
sure, industrial production fell by nearly 15 per
cent) from a position of full employment, infla
tion should not have declined much and could 
well have increased. 

Studies using the third approach-the 
detailed decomposition of growth rates into 
sources-tend to agree with the above criticism. 
Denison,4 for example, finds only limited im
portance to the aggregate supply effects of 
reduced energy consumption in the post-1973 
period, though there was a greater impact 
post-1979. His analysis is in terms of explained 
and residual productivity growth and includes 
the following considerations: the timing of the 
slowdown in residual productivity growth after 
1973, the fact that energy conservation was 
underway well before the OPEC embargo, the 
failure of published business opinion to reflect 
any impact of energy on productivity, and the 
small share of energy in output in 1973 (albeit 
larger by 1979, when greater conservation was 
observed as well) . 

Econometric models (the fourth approach) 
and econometric/process models (the fifth ap
proach) represent the most complete and com
plex set of estimates. Different models produce 
different results, not only because of their pro
perties but also because of the way the simula
tions are controlled. 

SRasche. Robert H., and Th.tom, J. A., "The Effects of the 
New Energy Regime on Economic Capacity, Production, and 
Prices." Federal Reserve Bank of St. Louis Review (May 
1977), pp. 2-12, and "Energy Resources and Potential GNP." 
Federal Reserve Bank of St. Louis Review (June 1977), 
pp. 10-24. 

4Denison, Edward F. , 'Itends in American Economic 
Growth, 1 929-1982. Washington, DC: The Brookings 
Institution, 1985, pp. 52 ff. 



1\vo key-and somewhat related-modeling 
issues concern the specification of energy sec
tor inputs and the treatment of macroeconomic 
policy. Both items are important in any single 
simulation and in comparing simulations with 
different models. 

The first issue arises because models are 
constructed with different elements and 
because items excluded from a model might be 
the most important sources of impact. For ex
ample, it was not uncommon, prior to 1973, for 
econometric models not to incorporate energy 
prices explicitly. Now models typically include 
some detail for the energy sector. In any event, 
the modeling issue is to find adequate represen
tations for items outside of the model. 

The policy issue can be more serious. Fiscal 
and monetary policies obviously affect the per
formance of the economy, hence one would like 
to keep them "unchanged" to separate out the 
impacts of changing oil prices. However, the no
tion of "unchanged" policy is far from unam
biguous, even apart from sharp differences of 
opinion in how policies actually work. 

For example, holding fiscal policy constant 
can mean that federal purchases are unchanged 
in either nominal or real terms. Holding state 
and local government expenditures constant 
involves the same choice. Holding transfer 
payments constant can mean either holding 
programs unchanged or amounts of money 
transferred unchanged. On the tax side, tax 
rates or tax revenues can be held constant, in 
nominal or real terms. 

Monetary policy can be held constant by 
setting any of several monetary aggregates, in 
nominal or real terms. Alternatively, an 
instrument-e.g., nonborrowed reserves or an 
interest rate-may be held constant. All of these 
variables may be controlled in a simulation, and 
the issue is what assumptions are made, ex
plicitly or implicitly. 

A recent trend in econometric models 
recognizes that economic policy is not made in 
a vacuum. More and more models have reaction 
functions for monetary policy, in which the 
Fed's actions depend on what happens in the 
economy. As a modeling issue, is monetary 
policy being held "constant" if a reaction func
tion is left in place? Analytically, keeping policy 
at least partially endogenous will act to mitigate 
the impacts of external shocks, such as oil price 
changes. Moreover, it is arguable that keeping 
the rules under which the Fed operates un
changed (i.e., the reaction function) is a form of 
holding monetary policy constant, albeit a 
somewhat complicated one. 

In any event, holding policy "constant" is 
hardly a trivial exercise. 

Holding economic policy constant, more
over, is not the only control issue in working 
with macroeconometric models. Many behav
ioral relationships are omitted from models for 
perfectly valid reasons. However, one may not 
wish to ignore these relationships in the case 
of such sharp discontinuities such as oil price 
shocks. 

TABLE C- 1 

I MPACT OF 1 973 OIL PRICE SHOCK 
CDRI Model Results> 

1 973 1 974 1 975 1 976 

Percent Difference in Levels 

Real G N P  -0.5 -3.3 -5.3 -4 . 5 
Real Consumption -0.4 -3. 0 - 5 . 6  - 5 . 7  
Real Nonresidential Investment -0.5 -5 . 5 - 1 1 . 5 -9.4 
I ndustrial Production -0.7  - 5 . 2  -9 . 1 -7 .4 
Housing Starts -3.0 - 1 8 . 9  -23.3 - 1 0.9 
U n it Car Sales -3.3 -23.3 -29.9 -23.2 
U nemployed Persons 1 . 7 1 4 . 1  1 9 . 6 1 8 . 2  

Difference in Inflation Rates 

G N P  Deflator 0 . 1  1 .5 1 .6 -0 . 1 
Consumer Price I ndex 0 . 7  4 .0 1 .6 0 .3  

Source: Eckstein ,  Otto, The DR/ Model o f  the U.S. Economy. New York: McGraw-Hi l l  Book Company, 1 983 , 

p. 244. 
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() ,i:.. I TABLE C-2 

ECONOMIC I M PACT OF 1 9 73 OIL PRICE SHOCK 
(Actual versus Hypothetical No-Shock Case, Wharton Mark 8 Modell 

1 973 1 974 1 975 1 976 --
0-4 0-1 0-2 0-3 0-4 0-1 0-2 0-3 0-4 0- 1  0-2 0-3 -- --- --- --- --- --- -

Real GNP 
(Bil l ion 1 982 $) 0 . 1 7  -2 .53 -7 .94 -1 1 .09 -26. 1 6  -37 .83 -48.85 -58.87 -66. 77 -73.06 -77.68 -79. 70 
% Difference 0.01 -0.09 -0.29 -0.41 -0 .96 -1 .41 - 1 . 79 -2 . 1 0  -2 .35 -2.52 -2 .66 -2 . 72 

GNP Deflator 
(1 982 = 1 om -0. 1 0  -0. 1 6  0 .05 0 .53 0 . 74 0.98 1 . 1 5  1 . 1 7  1 . 1 7  1 .28 1 .45 1 .65 
% Difference -0.20 -0.31 0 .09 0 .98 1 . 34 1 . 74 2 .03 2 .02 1 .98 2 . 1 5 2.41 2 . 70 

Consumer Price I ndex 
(1 967 = 1 om 0.57 2 . 1 1 3. 1 9  3.71  4.59 4.88 5 .08 5.20 5 .48 6 .04 6.56 6.72 
% Difference 0.42 1 . 51 2 . 25 2 .55 3.08 3.22 3. 32 3 .34 3.46 3 . 77 4.08 4. 1 1  

U nemployment Rate (% Points) 0.00 0.02 0 .08 0 . 1 6 0 .32 0.53 0 . 78 0.98 1 . 1 5  1 .28 1 .37 1 .41 

I nterest Rates <% Points> 
3-Month T -Bi l ls 0 .00 0 .25 0.93 1 .34 1 .30 1 . 1 8  0 .84 0.49 0 .24 0 . 1 7  0.22 0 .24 
AAA Bonds 0 .00 0.09 0.33 0.58 0.75 0.85 0.77 0.55 0 .36 0 .28 0.36 0 .51  

Consumption 
<Bi l l ion 1 982 $) -1 .95 -7 .85 -1 3.40 - 1 7.59 -25.33 -32 .32 -38.87 -44.33 -49.33 -54.07 -58 . 1 6  -61 . 1 8  
% Difference -0. 1 2 -0.47 -0.79 -1 .03 - 1 . 50 -1 .89 -2 .22 -2.51  -2.75 -2 .94 -3 . 1 4  -3.26 

Nonresidential Fixed 
Investment 

(Bi l l ion 1 982 $) 0.27 0.95 1 .20 0.59 - 1 .25 -3.97 -6.85 -1 0 .03 - 1 3.04 - 1 5 .51  -1 7.63 -1 9.35 
% Difference 0.08 0 .29 0.37 0 . 1 9  -0.41 -1 .37 -2.40 -3.44 -4.35 -5.08 -5.67 -6.07 

Industrial Production 
(1 977 = 1 00l 0.32 1 .2 1  1 .51  0.36 -0.92 -1 .62 -2.48 -3.09 -3.27 -3. 1 0 -2 .93 -3. 1 7  
% Difference 0.33 1 .32 1 .65 0.38 - 1 .01 -1 .93 -2.96 -3 .53 -3.61 -3.32 -3.08 -3.28 

Car Sales <Mi llions> -0.20 -0.76 - 1 . 1 0  -1 . 1 9 - 1 .38 -1 .57 -1 .55 - 1 .42 -1 .41 -1 .37 -1 .35 -1 .30 
% Difference -2.02 -7.63 - 1 1 . 1 1  -1 0 .08 -1 6.01 - 1 6.00 -1 6.36 -1 3.61 - 1 3.08 -1 2 . 00 -1 2 .03 - 1 1 .64 

Housing Starts <Mi l l ions) -0.01 -0.02 -0.05 -0.07 -0. 1 0  -0. 1 4  -0. 1 8  -0.21 -0.20 -0.21 -0.21 -0.20 
% Difference -0.35 - 1 .57 -3. 1 9  -5.63 -9.06 -1 1 .95 - 1 4. 1 1 -1 3 . 73 -1 2 . 78 - 1 2 . 26 - 1 2 .24 - 1 1 .39 

Trade Balance 
<Bil l ion $) -0.71 -1 .35 -9.86 -8.90 -9.40 -7.62 -6.00 -7.77 -8.99 -8.38 -8.45 -8.67 

Federal Budget Deficit 
<Bi l l ion $) -0.28 0 . 1 0  0.25 -0.78 -2. 75 -4.72 -6.55 -9.88 - 1 2 .27  -1 2 .43 -1 2 .35 -1 2 . 78 

Oil Consumption 
<MMB /Dl -0.02 -0 . 1 0 -0. 1 6  -0.25 -0.42 -0.55 -0.61 -0.71  -0.85 -0.97 -0.95 -1 .02 
% Difference -0. 1 5  -0.58 - 1 .00 -1 .51 -2 .34 -3.09 -3.74 -4.28 -4.83 -5 . 1 4  -5.45 -5 . 78 

Oil Imports 
<Bi llion 1 982 $) -0. 1 8  -0.68 - 1 .73 -2.51 -5.92 -5.52 -6.87 -8. 1 8  -9.32 -1 0.31 - 1 1 .23 -1 2 .08 
% Difference -0.20 -1 .08 -2 . 1 2  -3.09 -4.54 -6.90 -9.02 -9.58 -1 0.39 -1 1 .22 - 1 1 .29 -1 1 .47 



TABLE C-3 

ECONOMIC IMPACT OF 1 979 OIL PRICE SHOCK 
<Actual versus Hypothetical No-Shock Case, Wharton Mark 8 Model> 

1 979 1 980 1 98 1  
0-1 0-2 0-3 0-4 0-1 0-2 0-3 0-4 0- 1 Q-2 Q-3 Q-4 

-- --- --- --- --- --- --- --- -

Real GNP 
(Billion 1 982 $J -2.98 - 1 0 .38 - 1 7 .00 -27.37 -43.42 -60.40 -79.07 -93 .28 - 1 03.79 - 1 1 2 . 50 - 1 1 8.42 - 1 1 8. 1 6 
% Difference -0.09 -0.33 -0.53 -0.85 - 1 .32 - 1 .88 -2 .44 -2 .84 -3. 1 0  -3 .35 -3. 52 -3.57 

GNP Deflator 
C1 982 = 1 OOJ -0.05 -0.03 0.35 0.76 1 .24 2 . 22 2.81  3 .26 3 .72 3.97 4. 1 0  4.50 
% Difference -0.07 -0.04 0 .44 0.94 1 .51  2 .68 3.35 3.80 4.23 4.46 4.50 4.87 

Consumer Price I ndex 
(1 967 = 1 00J 0.62 2 .27 3 .78 5 . 54 7 .63 8.91  1 0.82 1 2 .09 1 2 .27 1 2 .45 1 2 .91 1 3.22 
% Difference 0.30 1 .07 1 .74 2.49 3.33 3 .77 4.53 4.94 4.88 4.84 4.89 4.93 

U nemployment Rate C% Points) 0.02 0.08 0 . 1 9  0 .33 0. 53 0 . 78 1 .07 1 .34 1 .57 1 . 72 1 .83 1 .86 

I nterest Rates C% Pointsl 
3-Month T-Bills 0 .00 0 . 1 4  0.53 0 .84 1 . 1 0  1 .41 1 .38 1 . 1 1 0.83 0 .54 0 .25 0.04 
AAA Bonds 0 .00 0.05 0 .21  0.42 0.68 0.86 0.92 0.92 0.80 0 .67 0.59 0.53 

Consumption 
CBil l ion 1 982 $J - 1 .94 -7.33 - 1 3.22 -21 .29 -32 .53 -41 .85 -52.88 -62 .55 -69.68 - 73.84 -77.89 -79.51 
% Difference -0. 1 0  -0.37 -0.66 - 1 .04 - 1 .58 -2.08 -2 .58 -3.02 -3.33 -3.53 -3.71 -3.80 

Nonresidential Fixed 
Investment 

(Bil l ion 1 982 $J -0.07 -0.43 - 1 .28 -2.87 -5.41 -8.76 - 1 2 .48 - 1 6.72 -21 .20 -24.67 -26.98 -27.74 
% Difference -0.02 -0 . 1 1 -0.33 -0 .72 -1 .34 -2 .30 -3.28 -4.29 -5.26 -5.94 -6.36 -6.62 

I ndustrial Production 
(1 977 = 1 00J 0.26 1 .05 1 .48 1 .00 0.32 -0 .89 -2 .71  -4.26 -5 .75 -6.76 -6.64 -5.97 
% Difference 0 .24 0.95 1 .34 0.91  0 .29 -0.83 -2.51  -3.76 -4.96 -5.77 -5.64 -5.29 

Car Sales CMil l ionsJ -0. 1 5  -0.60 -0.99 - 1 .44 -2 .20 -2 .54 -2.75 -2.80 -2.64 -2 .41 -2.20 -2.03 
% Difference - 1 .34 -5 .42 -8.45 - 1 2 .68 - 1 7 .48 -24.94 -24. 1 0  -24.03 -21 .47 -23.27 -1 9.97 -22.28 

Housing Starts CMi l l ionsl -0.01  -0.02 -0.05 -0.08 -0. 1 2  -0 . 1 5  -0.20 -0.21 -0.23 -0.22 -0.21 -0. 1 9  
% Difference -0.40 - 1 .31 -2.60 -4.98 -9. 1 2  - 1 2.54 - 1 2 .93 -1 2 .34 - 1 4 .36 - 1 6 .36 -1 8.21  - 1 8.33 

Trade Balance 
(Bi l l ion $l -0 .73 -3.60 -6.39 - 1 0.62 - 1 1 .39 - 1 0.48 -3.44 -6.50 -5.04 -5. 1 7 -3.27 - 1 .27 

Federal Budget Deficit 
(Bil l ion $J -0.44 -0.93 - 1 .28 -3.00 -4.98 -5.00 -9.36 - 1 3 .70 - 1 8 .58 -22.43 -25 . 1 8  -23.67 

Oil Consumption 
C M M B /DJ -0.02 -0.07 -0 . 1 4 -0.27 -0.45 -0.57 -0 .79 - 1 .08 - 1 .33 - 1 .44 - 1 .66 - 1 .91 
% Difference -0. 1 0  -0.39 -0.78 - 1 .43 -2 .37 -3.35 -4.68 -5.87 -7 .24 -8.43 -9.64 - 1 0 .68 

Oil Imports 
(Billion 1 982 $J -0.09 -0.53 - 1 .25 -2 .36 -4.04 -6.05 -8 .42 - 1 1 . 1 1  - 1 4 .00 - 1 6.67 -1 9. 1 6  -21 .61  

n I % Difference -0.09 -0.50 - 1 .23 -2.23 -4.05 -6.57 - 1 0 .51  - 1 2 . 52 - 1 5 .84 - 1 8.31  -20.95 -24. 1 2  ' C1l 



C-6 

TABLE C-4 

POST- 1 973 INDUSTRIAL PRODUCTION INDEXES, OIL AND GAS INDUSTRIES 
<Percentage Changes from November 1 9 73> 

After After After 
Industry One Year Two Years Three Years 

Crude Oi l  and Natural Gas 
Extraction - 2 . 8  -4.5 -4.4 

Production , Crude Oi l  and 
Natu ral Gas -6.2 - 1 0 . 4  - 1 1 . 7 

Crude Oil  (Total) -5.9 -9.4 - 1 2 . 0  
Alaska and Cal iforn ia - 2 . 8  -3.6 -0.3 
Texas -4.0 -6.6 -9.9 
Lou isiana and Other -8.4 - 1 3 . 4  - 1 6.6 

Natural Gas -6.7 -1 2 . 9  - 1 1 . 5 

Dri l l ing and Services 1 6 . 4  2 9 . 9  3 7 . 4  

POST- 1 979 INDUSTRIAL PRODUCTION INDEXES, O I L  A N D  GAS I NDUSTRIES 
<Percentage Changes from February 1 979> 

After After After 
Industry One Year Two Years Three Years 

Crude Oi l  and Natural Gas 
Extraction 7 . 2  1 0 . 1  1 6 . 1  

Production , Crude Oi l  and 
Natu ral Gas 2 . 7  - 0 . 3  0 .6  

Crude Oi l  CTotaD 1 . 6 0 . 3  1 .3 
Alaska and Cal iforn ia 1 5 . 8  1 7 . 2  2 4 . 8  
Texas -5. 1 -8. 1 -1 0 . 6  
Lou isiana and Other - 1 . 2  -3.0 -3.3 

Natural Gas 8 . 1  2 . 2  3 . 2  

Dri l l ing and Services 30.5 6 7 . 8  1 03 . 8  



TABLE C-5 

SHORT-TERM IMPACTS OF N PC PRICE SCENARIOS 

1 985 1 986 1 987 1 988 1989 --- ---
Q-4 Q-1 Q-2 Q-3 Q-4 Q-1 Q-2 Q-3 Q-4 0-1 Q-2 Q-3 Q-4 Q-1 --- --- --- --- --- --- --- --- --- ---

Wharton PC Mark 8 
Real GNP <Billion 1 982 $J 

Lower Price Trend 3,590.80 3,700.30 3,683.80 3,71 6.90 3, 762.40 3,800.60 3,828.60 3,855.20 3,876.20 3,889.20 3,91 3.20 3,940.60 3,968.70 3,987.70 

Upper Price Trend 3,590.80 3,654.00 3,644.90 3,674.80 3,715. 70 3,746. 70 3,770.50 3,796.50 3,81 9.00 3,834.20 3,863.90 3,897.70 3,929.50 3,948.00 

Inflation Rate 
<Annualized Rate of Change 
in Consumer Price I ndexl 

Lower Price Trend N/A -4.57 -2.89 1 .81  3.30 4.39 4.40 4.30 4.1 5  5.05 4.62 4.54 4.46 5.22 

Upper Price Trend N/A -0.75 -0. 73 2 . 76 3 . 76 4. 98 4.87 4.53 4.37 5.40 4.87 4.63 4.64 5.58 

Car Sales <Millions) 
Lower Price Trend 1 0.30 1 1 .70 1 1 .50 1 1 .00 1 0.80 1 0.50 1 0. 1 0  1 0. 1 0  1 0.00 9.90 9.90 9.90 9.90 9.80 

Upper Price Trend 1 0.30 1 1 .00 1 0. 70 1 0.50 1 0.50 1 0.30 1 0.00 1 0. 1 0  1 0.20 1 0.20 1 0.20 1 0.30 1 0.40 1 0.30 

Unemployment <Percentage) 
Lower Price Trend 7 .00 6.50 6.40 6.30 6.20 6. 1 0  6.00 6.00 6 . 1 0 6.30 6.40 6.60 6.70 6.90 

Upper Price Trend 7 .00 6.70 6.80 6.80 6. 70 6. 70 6.60 6.60 6.70 6.80 7.00 7.00 7 . 1 0  7.20 

Washington University Model 

Real GNP <Billion 1 982 $J 
Lower Price Trend 3,590.80 3,623.50 3,644.50 3,681 .70 3,71 2.60 3,742.80 3,767.60 3,792. 70 3,81 5.50 3,841 . 1 0  3,869.30 3,897. 1 0 3,926.60 

Upper Price Trend 3,590.80 3,623.50 3,639.90 3,671 . 10 3,697.70 3,724.00 3,744.80 3,766.60 3, 786.60 3,809. 1 0  3,834.20 3,859.30 3,886.30 

Inflation Rate (1 967 = 1 OOJ 
<Annualized Rate of Change 
in Consumer Price l ndexl 

Lower Price Trend N/A 1 .48 -3.97 3 . 1 2  2 . 1 0  2.95 2.93 3.28 3.01 3.59 3.44 3.53 3.85 

Upper Price Trend N/A 1 .48 -2.29 3.41 2.44 3.41 3.30 3.46 3.30 3.92 3.58 3.59 3.85 

Car Sales, Domestic <Mil lions) 
Lower Price Trend N/A 7.90 8.00 7.80 8 . 1 0 8.00 7 .70 7. 40 7.20 7.20 7 . 1 0 7.00 7.00 

Upper Price Trend N/A 7 .90 7.90 7.60 7.90 7.80 7.40 7.1 0 6.90 6.90 6.80 6.70 6.70 

Unemployment <Percentage) 
Lower Price Trend 7.00 7 . 1 0 7.00 7.00 6.90 7.00 7.00 7.00 7.00 6.80 6.60 6.50 6.40 

Upper Price Trend 7.00 7. 1 0  7 . 1 0 7. 1 0  7.00 7.20 7.30 7.30 7.30 7 . 1 0 7.00 6.90 6.90 

I 
() 
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0 00 TABLE C-6 

LONG-TERM IMPACTS OF NPC PRICE SCENARIOS 
LOWER PRICE TREND-4 PERCENT REAL GROWTH IN OIL PRICES FROM $1 2 I N  1 986 

CDRI Model) 

Average Refiners' Acquisition Price 
(Dollars per Barrell 

1 985 1 986 1 987 1 988 1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

Crude Oil, Imported 27.04 1 1 .47 1 2 .55 1 3.74 1 4.86 1 6. 1 7  1 7.67 1 9.36 2 1 .24 23.35 25.71 28.27 31 .07 34. 1 4  37.51 4 1 .20 
Percentage Change -6.3 -56.6 9.4 9.5 8 . 1  8.9 9.3 9.6 9.  7 9.9 1 0. 1  9.9 9.9 9.9 9.9 9.8 

Average Refiners' Acquisition Price 
(Dollars per Barrell 

Crude Oil, Composite 26.75 1 2 .00 1 2.74 1 3.74 1 4.80 1 6.07 1 7 .52 1 9. 1 6  21 .00 23.08 25.42 27.96 30.74 33.78 37. 1 3 40.78 
Percentage Change -6.6 -55.2 6.2 7.9 7 . 7  8.5 9.0 9.4 9.6 9.9 1 0. 1  1 0. 0  9.9 9.9 9.9 9.9 

Gross National Product 
(Billion 1 982 $) 
Percentage Change 

3,570.0 3,654.5 3,761 .3 3,884.5 3,949.8 4,055.0 4,1 85.9 4,302.6 4,408.1 4,503.7 4,603.3 4,71 1 .9 4,829.5 4,956.9 5,087.4 5,224.9 
2.2 2 .4 2 .9 3.3 1 . 7 2 . 7  3.2 2.8 2 .5  2.2 2.2 2.4 2.5 2.6 2.6 2.7 

GNP Price Deflator 
Percentage Change 

1 . 1 1 7  1 . 1 47 1 . 1 71 1 .2 1 2  1 . 257 1 .31 2 1 .374 1 .442 1 .5 1 7  1 .600 1 .688 1 .778 1 .873 1 .972 2.074 2 . 1 81 
3.4 2.6 2.2 3.5 3 .7  4.3 4.7 5 .0 5 .2  5.4 5 .5  5.4 5.3 5 . 3  5 .2  5.1 

Consumer Price Index (All U rban) 
Percentage Change 

3.221 3.264 3.351 3.483 3.61 9 3 . 773 3.947 4 . 1 42 4.352 4.582 4.836 5.097 5.369 5.650 5.943 6.255 
3.5 1 .3 2.7 4.0 3.9 4.3 4.6 4.9 5.1 5.3 5 .5  5.4 5.3 5 .2  5 .2  5.3 

Personal Consumption Expenditures 
CBillion 1 982 $l 2,313.0 2,399.5 2,470.4 2,543.1 2,579.4 2,638.9 2,709.7 2,776.3 2,838.5 2,892.8 2,950.3 3,01 1 .8 3,074.6 3,144.3 3,216.9 3,292.2 
Percentage Change 3.3 3.7 3.0 2.9 1 .4 2 . 3  2 . 7  2.5 2.2 1 .9 2.0 2 . 1  2.1 2.3 2.3 2.3 

Gross Fixed Private Nonresidential 
Investment 

(Billion 1 982 $l 472.1 466.5 
Percentage Change 9. 7 - 1 . 2  

Industrial Production Index 1 .245 1 . 257 
Percentage Change 2.3 1 .0 

Unit Sales of Automobiles (Mill ions> 1 1 . 1 1 1 .2 
Percentage Change 7 . 1  0.4 

Housing Starts, Private Including 
Farm (Millions> 1 . 7 41 1 .966 

Percentage Change - 1 .2 1 2.9 

Unemployment Rate, 
All Civilian Workers (Percent> 7.20 7.05 

Average Market Rate on 
U.S. Gov't. 3-Month Bills (Percent> 7.48 6.1 3 

Average Yield on Moody's 
AAA Corporate Bonds (Percent> 1 1 .37 9.04 

Exports Of Goods & Services (Net> 
(Billions of Dollars) -78.5 -91 .3 

Federal Government Surplus Or 
Deficit (-J, MIA Basis (Billions of Dollars> -200.0 - 1 91 .9 

468.4 489.0 499.9 5 1 0.9 
0.4 4.4 2 .2  2 .2  

1 . 297 1 . 351 1 .367 1 .406 
3.2  4.2 1 .2 2.9 

1 1 .6 1 1 .6 1 0.8 1 0 .9 
4.0 -0.6 -6.8 1 .2 

1 .827 1 . 769 1 .727 1 .685 
- 7 . 1  - 3 . 2  - 2 . 4  -2.4 

6.78 6.46 6.64 4.77 

6.02 5.23 5.36 5.86 

8.61 8.08 8.02 8.38 

-73.7 -57.3 -44.1  -27.9 

- 1 37.9 - 1 45.0 - 1 32.4 - 1 1 3.2 

538.5 
5.4 

1 .464 
4.1  

1 1 . 2 
3.0 

1 .758 
4.3 

6.59 

6.05 

8.41 

-21 .8 

-99.8 

562.7 
4.5 

1 .51 2 
3.3 

1 1 .4 
1 . 7 

1 . 791 
1 .9 

6.49 

6.08 

8.45 

- 1 3.5 

-97.1  

589.3 
4.7 

1 . 551 
2.6 

1 1 .5 
1 .0 

1 .778 
-0.7 

6.51 

6.08 

8.43 

- 1 1 .5 

-98.0 

61 8.2 643.9 666.4 692.2 720.2 751 . 7  784.1 
4.9 4.2 3.5 3.9 4.0 4.4 4.3 

1 .589 1 .633 1 .675 1 .  724 1 .  777 1 .829 1 . 884 
2.4 2.8 2.6 2.9 3 . 1  2.9 3.0 

1 1 .5 1 1 . 7 1 1 . 9 1 2. 1  1 2.3 1 2 .5 1 2 .6 
0.0 1 .4 1 .7 1 .4 1 .9 1 .3 1 .3 

1 .  722 1 .661 1 .6 1 8  1 .61 8 1 .657 1 .697 1 .  7 1 9  
-3.2 -3.5 - 2 . 6  0.0 2 . 4  2 . 5  1 .3 

6.64 6.76 6.82 6.82 6.75 6.64 6.51  

6.04 6.00 6.00 5.98 5.96 5.94 5.92 

8.34 8.25 8.23 8.21 8. 1 4  8. 1 0  8.08 

- 1 0.3 -7.4 4.8 1 9.5 29.7 34.0 39.5 

- 1 01 .6 - 1 09.2 -1 1 6.3 - 1 1 7 . 1  -1 1 4. 7  - 1 1 3. 6  -1 1 3.7 
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Average Refiners' Acquisition Price 
(Dollars per Barrell 

Crude Oil, Imported 
Percentage Change 

Average Refiners' Acquisition Price 
(Dollars per Barrell 

Crude Oil, Composite 
Percentage Change 

Gross National Product 
!Billion 1 982 $l 
Percentage Change 

GNP Price Deflator 
Percentage Change 

Consumer Price Index !All Urban) 
Percentage Change 

Personal Consumption Expenditures 
!Billion 1 982 $l 
Percentage Change 

Gross Fixed Private Nonresidential 
Investment 

<Billion 1 982 $l 
Percentage Change 

Industrial Production Index 
Percentage Change 

Unit Sales of Automobiles !Millions) 
Percentage Change 

Housing Starts, Private Including 
Farm !Millions) 

Percentage Change 

Unemployment Rate, 
All Civilian Workers <Percentl 

Average Market Rate on 
U .S. Gov't. 3-Month Bills !Percent) 

Average Yield on Moody's 
AAA Corporate Bonds <Percentl 

Exports Of Goods & Services !Netl 
!Billions of Dollars) 

Federal Government Surplus Or 

TABLE C-7 

LONG-TERM IMPACTS OF N PC PRICE SCENARIOS 
LOWER PRICE TREND-5 PERCENT REAL GROWTH IN OIL PRICES FROM $ 1 8  IN 1 986 

CDRI Modell 

1 985 1 986 1 987 1 988 1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

27.04 
-6.3 

26.75 
-6.6 

3,570.0 
2 .2  

1 . 1 1 7  
3.4 

3.221 
3.5 

2,313.0 
3.3 

472.1  
9 . 7  

1 .245 
2.3 

1 1 . 1 
7 . 1  

1 . 741 
- 1 .2 

7.20 

7.48 

1 1 .37 

-78.5 

1 7.26 
-36.2 

1 8.00 
-32 . 7  

3,653.4 
2.3 

1 . 1 47 
2.6 

3.295 
2.3 

2,386.0 
3.2 

1 8.94 
9.8 

1 9.23 
6.8 

3,752.0 
2 . 7  

1 . 1 78 
2.7 

3.41 7 
3 . 7  

2,439.6 
2 .2  

20.95 
1 0.6 

20.95 
8.9 

3,855.0 
2.7  

1 .226 
4 . 1  

3.573 
4.6 

2,502.4 
2 .6 

469.8 473.7 489.6 
-0.5 0.8 3.4 

1 . 252 1 .281 1 .31 9 
0.5 2.3 3.0 

1 0.9 1 0.9 1 0 . 8  

- 2 . 2  0 . 5  - 1 . 4  

1 .943 1 . 748 1 .697 
1 1 .6 - 1 0.0 -2.9 

7.06 6.84 6.66 

6.24 6.33 5.67 

9. 1 3  8.92 8.44 

-98.8 -72.7 -58.9 

22.87 
9.2 

22.79 
8.8 

3,913.4 
1 .5 

1 . 276 
4.1 

3.729 
4.4 

2,538.8 
1 .5 

496.3 
1 .4 

1 .328 
0.6 

1 0.3 
-4.2 

1 .667 
- 1 .8 

6.94 

5.88 

8.53 

-50.4 

25. 1 4  
9.9 

24.98 
9.6 

4,018.9 
2 . 7  

1 .334 
4.5 

3.903 
4 . 7  

2,597.4 
2.3 

507.8 
2 .3 

1 .365 
2.8 

1 0.5 
2.0 

1 .637 
- 1 .8 

7.05 

6.44 

8.97 

-37.8 

27.73 
1 0.3 

27.49 
1 0. 1  

4 , 158.3 
3 .5  

1 .400 
4.9 

4.095 
4.9 

2,669.2 
2.8 

537.3 
5 . 8  

1 .426 
4.5 

1 1 .0 
4.2 

1 .740 
6.2 

6.77 

6.45 

8.94 

34.2 

30.67 
1 0. 6  

30.36 
1 0.4 

4,279.4 
2.9 

1 .472 
5 . 2  

4.307 
5.2 

2,736.7 
2 . 5  

559.1  
4 .1  

1 .477 
3.5 

1 1 .2 
2.2 

1 .801 
3.5 

6.56 

6.39 

8.90 

-28.6 

33.98 
1 0.8 

33.59 
1 0.6 

4,390.9 
2.6 

1 . 551 
5.4 

4.537 
5 .3 

2,801 .1  
2.4 

587.7 
5.1  

1 .5 1 8  
2.8 

1 1 .4 
1 .3 

1 . 792 
-0.5 

6.51 

6.37 

8.85 

-30.4 

37.70 
1 1 .0 

37.27 
1 0.9 

4,495.0 
2.4 

1 .638 
5.6 

4.788 
5.6 

2,859.5 
2 . 1  

61 9.6 
5.4 

1 .558 
2.7 

1 1 .4 
0.5 

1 .740 
-2.9 

6.53 

6.33 

8.75 

-34.2 

4 1 .90 
1 1 . 1 

41 .43 
1 1 .2 

4,597.8 
2 .3 

1 .732 
5 . 7  

5.067 
5.8 

2,920.3 
2 . 1  

645.4 
4.2 

1 .601 
2.7 

1 1 .6 
1 . 7 

1 . 677 
-3.6 

6.59 

6.31 

8.69 

-37.1  

46.49 
1 1 .0 

45.98 
1 1 .0 

4,702. 7 
2 .3  

1 . 830 
5 . 7  

5.358 
5.7 

2,982.8 
2 . 1  

666.0 
3.2 

1 .639 
2.4 

1 1 .8 
1 .6 

1 .625 
-3. 1 

6.65 

6.30 

8.69 

-30.9 

51 .55 
1 0. 9  

5 1 .01 
1 0.9 

4,81 2.7 
2 .3  

1 .933 
5.7 

5.664 
6.7  

3,044.6 
2 . 1  

689.2 
3.5 

1 .682 
2.6 

1 1 .9 
1 .2 

1 .61 7 
-0.5 

6.69 

6.29 

8.70 

-24.1 

57. 1 6  
1 0.9 

56.57 
1 0.9 

4,930.0 
2.4 

2.042 
5.6 

5.982 
5.6 

3,1 1 2.2 
2 .2  

71 4.3 
3.6 

1 . 728 
2 . 7  

1 2 . 1  
1 . 7 

1 .647 
1 . 9 

6.68 

6.27 

8.67 

-24.0 

63.37 
1 0.9 

62.72 
1 0.9 

5,046.8 
2.4 

2 . 1 54 
5.5  

6.31 6 
6.6 

3, 1 81 .0 
2.2 

741 .6 
3.8 

1 . 771 
2.5 

1 2 .3 
1 .0 

1 .681 
2.0 

6.64 

6.26 

8.66 

-33.1 

70.23 
1 0.8 

69.52 
1 0.8 

5,168.0 
2.4 

2.271 
5.4 

6.671 
5.6 

3,251 .4 
2 .2  

769.0 
3.7  

1 .8 1 6  
2.5 

1 2 .4 
1 .0 

1 . 697 
1 .0 

6.60 

6.25 

8.69 

-43.0 

Deficit <-), MIA Basis <Billions of Dollars) -200.0 - 1 92.0 - 1 45.3 -1 60.8 - 1 53.2 -1 36.4 -20.0 - 1 1 4.6 - 1 1 3.0 - 1 1 3.5 - 1 2 1 .8 -1 32.6 - 1 39.2 - 1 44.1  - 1 53.7 - 1 67 .5 



APPENDIX D 
NPC OIL & GAS 0UTWOK SURVEY 

AND ADDITIONAL DATA ON EXPWRATION, PRODUCTION, 

AND RESERVES 

Provisos Regarding the NPC Survey 
of Oil & Gas Outlook 

The NPC Oil & Gas Outlook Survey re
quested detailed energy outlooks for the U.S. 
and non-communist world under two price 
trends provided by the DOE in the attached let
ter of May 14, 1986. The upper price trend starts 
at an average refiner crude oil acquisition price 
of $18 per barrel in 1986, rising 5 percent per 
year in real terms to $36 per barrel in the year 
2000. The lower price trend starts at $12 per 
barrel in 1986, rising 4 percent per year in real 
terms to $21 per barrel in 2000. 

The analysis of the survey responses was 
complicated by the varying degree of detail pro
vided among the responses. While 52 question
naires were distributed, 28 of the 33 responses 
received were in a usable form. 

Even sophisticated statistical analysis of 
past events is inadequate for predicting the 
future if the historical data do not contain an 
event similar to the current or expected future 
events. This limitation is reflected in this sur
vey. Energy forecasters have no recent historical 
events to measure the impact of sharply fall-

ing prices of petroleum. nor has there been a 
period in history when the price of petroleum 
grew in real terms at a 4 to 5 percent rate for 
fifteen years. 

Fewer forecasts were received for the lower 
price trend. A number of respondents indicated 
that their proprietary models yielded results 
that were unacceptable or that their models 
could not reach a feasible solution in the later 
years in the lower price case. 

Despite the difficulties experienced by some 
forecasters in developing "reasonable" 
responses to the two price outlooks provided, 
the general story told by the responses of ex
perts is consistent as to direction if not as to the 
absolute level of specific variables. Both the 
domestic supply and demand of oil and gas are 
responsive to economic forces. Low prices 
stimulate demand and retard supply, and the 
reverse is true for higher prices. Hence the 
survey responses are not unreasonable in pro
jecting higher oil imports in the lower price 
trend than in the upper price trend, although 
individual respondents and others may dis
agree with the projected level of oil imports in 
the later years. 
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Department of Energy 
Washington , DC 20585 

May 1 4 , 1 986 

Mr . J am e s  L .  K e t e l s e n  
C h a i rman a n d  C h i e f  Exec ut i v e Offi c e r  
Te n neco I n c o rpo r a t ed 
Ten n eco Bu i l d i n g 
Post O f f i ce B o x  2 5 1 1 
Ho u sto n , TX 7 7001  
De a r  Mr . K e t e l s e n : 

Immed i at e l y  f o l l owi n g  t he Ap r i l 2 2 ,  1 986 , meet i n g  o f  t h e  
Nat i o n a l  Pet ro l e um C o u n c i l  ( NPC )  Comm i ttee on U . S .  Oi l a n d  Ga s 
Out l oo k ,  t he Coo rd i n at i n g Subcomm i ttee met . A p r i me a g e n d a  i t em 
wa s to d i sc u s s  c r i t i c a l  path i tem s  fo r the s t udy ex am i n i n g the 
p r i ma ry fa c t o r s  a f fect i ng t he Na t i o n ' s fut u re s u p p l y  a nd d em a nd of  
o i l and g a s . 

It was a g reed t h at t he Depa rtment o f  E n e rgy wo u l d p ro v i de t wo 
o i l p r i c e  c a s e s  i nt e nded to sug gest a range o f  pl a u s i b l e  p r i c e s  as  
a s s umpt i o n s  f o r  t he p u r po se of t h i s  st udy . In  re s po n s e , we wo u l d 
p ro p o s e  t h e  fo l l owi n g  s i m p l i fi ed c a s e s : 

1 .  C a s e  A - - St a rt i ng at $ 1 2  per b a r re l  i n  1 986 a n d  
i n c re a s i n g  by fou r  pe rce n t  pe r ye a r  t o  
a b o u t  $21  per b a r rel i n  t he yea r 2000 . 

2 .  Ca s e  B - - S t a rt i n g at $ 1 8  p e r  ba r re l  i n  1 986 a n d  
i n c rea s i ng by f i ve p e rcent p e r  ye a r  t o  
a b o u t  $36  p e r  b a r r e l  i n  t h e  ye a r  2000 . 

These o i l  p r i c e s  a re e x p r e s s ed i n  1986 d o l l a rs and s h o u l d b e  
i n t e r p reted a s  t h e  U . S .  Compo s i te R e f i n e r  Ac q u i s i t i o n C o s t . 

We app rec i a te t he e fforts of you and t he ot h e r  N P C  m emb e rs on 
t h i s m o st i m po r t a n t  st udy . 

c c : 

D-2 Ma r s h a l l Ni c h o l s 

S i n ce re l y ,  

�(.� • •  I.Q. 
Do na 1 d L .  Ba u e r  
Act i n g As s i s t a n t  Sec ret a ry 

fo r F o s s i l E n e rgy 



I N S T R U C T I O N S  

NPC SURVEY OF U.S. AND WORLD ENERGY 

AND OIL SUPPLY /DEMAND FORECASTS 

* * * * * * * * * * * * * * * * * * * * * * * * 
* * 
* Please return surveys by June 1 6 ,  1 9 8 6  to: * 
* * 
* * 
* John H .  Guy, IV * 
* Deputy Executive Director * 
* National Petroleum Council * 
* 1 6 2 5  K Street , N. W .  * 
* Washington, D.C.  2 0 0 0 6  * 
* * 
* * * * * * * * * * * * * * * * * * * * * * * *  

This survey is being conducted by the Future Supply/Demand Factors Task Group of 
the National Petroleum Council Com m ittee on U .S. O il and Gas Outlook. The 
responses will be analyzed and consolidated, if possible, by the Task Group into 
consensus forecasts based upon the price trends provided. No individual forecasts 
will be identified in the NPC report .  However, the survey responses will beco m e  
part of the permanent record of the study and w ill b e  available for public 
inspection in the NPC offices. 

There are two sets of for ms for each of the follow ing tables, one for each of the 
price trends, upper and lower: 

I. Non-Comm unist World Oil Supply/Demand Balance. 
II. Total U .S. energy consumption by fuels and by consum ing sectors. 

III. U .S. liquid fuels and natural gas supplies. 
A.  U .S. crude and condensate production. 
B. U .S. marketed natural gas production. 

IV. Proved U .S.  oil and gas reserves. 

Each table requests da ta for 1 9 9 0 ,  1 9 9 5  and 2 0 0 0 .  Preli minary 1 9 8 5  (or 1 9 8 4 )  
actuals have been provided by the DOE as a guide. (These numbers are generally 
consistent with the data in the Monthly Energy R eview of January 1 9 8 6).  
Respondents are encouraged, if they are unable to resolve definitional di fferences 
between their da ta and that re flected in the 1 9 8 5  est imates, to provide their own 
1 9 8 5  esti mate. 

Note that the forms are generally designed to allow completion at varying levels of 
detail. W e  will use the responses at whatever level you are able to provide. 

Please note that,  especially for the details of U .S.  supply in Tables III A and B, the 
impact of the change from the high to the low price trend is m ore significant than 
the absolute level of any subcategory. 

It is im portant to note the accompanying assumptions, especially the two price 
trend cases. These are simplified trends provided by the D O E  for purposes of this 
study. They are not forecasts of future prices, but are intended to suggest a range 
of plausible prices, and m ore importantly, provide insight into the impact of lower 
prices on the oil and gas outlook. 
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Please provide the gas prices that you feel would prevail consistent with these two 
oil price trends and the ra tionale utilized to arrive at such gas prices. 

It is further requested that you return with the completed survey forms any 
explanatory notes you feel necessary for an accurate interpretation of the forecast 
data you supply, as w ell as any signi ficant differences in assumptions. 

Please use existing forecasts whenever available. We recognize addit ional work 
will be necessary in som e  cases to provide reasonable esti mates for the survey. 

In order to expedite the processing of your response, leave blank any question you 
are unable to answer. If you wish to indicate zero quantity for a product,  insert a 
"0."  A negative quantity should be bracketed, i .e.,  ( 159 ). Only provide infor mation 
for the categories indicated on the tables. If you w ish to supply infor mation not 
requested in the tables, please attach additional sheets. Also, please use the units 
indicated on the table when completing the survey. If your data is in a different 
for m ,  please provide conversion factors and note the units used on the table. 

Table II in the attached questionnaire requests consum ption in the form of Btu 
equivalents. Som e  respondents may forecast petroleum liquids consum ption in 
barrels. These should be converted to Btu equivalents as follows: 

1 .  If  petroleum liquids are forecast within sectors by individual product 
barrels, then convert to Btu equivalents using the enclosed EIA Conversion 
Factors. 

2. If petroleu m liquids are forecast within sectors by total barrels only, then 
use the following co mposite conversion factors based on 1 9 8 5  data: 

Transportation 
R esidential/Co m m ercial 
Industrial 
Electrical Generation 
Non-Energy 

M illion Btu/BBL 

5.42 
5.25 
5.66 
6.24 
4.93  

These tables are prepared on Lotus 1-2-3 spreadsheets (version 1 A  or version 2), 
and a disk with the blank worksheets and sum mation for m ulas is included to 
expedite your response if  desired. The instructions and description of the 
worksheets are contained on the disk in a file which can be printed by the DOS 2.0+ 
(IBM PC or compa tible) com mand PRINT d:READ M E  where d:  is the diskette drive 
specification. 

Please include the na m e  and phone number of the individual in your organization to 
be contacted if  any questions arise as we review the completed for ms. Company 
identification is encouraged, but if you are not willing to submit responses on this 
basis, please submit your response with a simple classification of your firm ,  e.g., 
oil or gas, consulting, financial, etc., and no other identification. 

If any questions arise regarding the survey, please contact Mr. John H. Guy IV, 
Deputy Executive Director, National Petroleum Council, 1 6 2 5  K Street, N.W.,  
Washington, D.C.  2 0 0 0 6  ( 2 0 2) 393-6 1 00 .  



PRICE ASSUMPTIONS 

In order to provide background for a range of plausible future U .S. oil and gas 
outlooks (and recognizing there are considerable studies available based on prices 
prevailing in 1 9 8 5),  the Depart m ent of Energy has provided two si mplified price 
trends: 

Upper Price Trend 
(5%/Year Growth) 

Lower Price Trend 
(4%/Year Growth) 

World Oil Prices* 
1 98 6  $/Bbl. 

1986  1990  

1 8  2 2  

1 2  14 

* U.S. Composite R efiner Acquisition Cost 

1 9 9 5  2 0 0 0  

2 8  3 6  

1 7  2 1  

There are many possible price paths which could occur betw een now and 2 0 00 .  I t  is 
hoped that these w ill provide a basis for U .S. oil and gas outlooks which will be 
useful in identifying the critical factors behind the future outlooks, and at the 
same time, be neutral trends which will allow individual subm issions w ithout 
concern for submission of proprietary forecasts. 

The upper price trend is consistent with scenarios w here it is assum ed that OPEC 
countries act quickly to stabilize world oil prices by constraining production, and 
continue to adjust production to balance market share and revenue interests. 

The lower price trend is consistent with scenarios where it is assumed that OPEC 
production is relatively unconstrained, but demand is lower due to, for exa mple, 
competition from alternative fuels and continued conservation. 

While the low er trend is plausible, many forecasters may feel that w ithout very 
special circu mstances, the supply/demand pressures a fter a period of t ime would 
force an increase in the price in order to avert shortages. W hile we do not w ish to 
require another set of survey responses, it would be useful if respondents do have 
an esti mate of the tim ing and rate of increase w hich m ight occur in such a 
"bounce-back," they describe this on the last page of the assumptions. 
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OTHER BASIC ASSUMPTIONS 

The following are assumptions that should be used when developing the future 
energy supply/demand scenarios for both the high and low price trend. When 
extrapolating figures fro m  recent company in-house forecasts, a fter trying to make 
forecasts consistent with these assum ptions, if major differences in assum ptions 
still exist for either the high or low price trend, please note those differences in. 
the space provided on the next page. 

1 .  Economic: U.S.  

R eal GNP growth is  expected to move along a stable trend path with continued 
m odest inflation. 

Please specify your assu m ed ra tes for: 

a. R eal GNP 

Actual 
1 9 8 5  

High Price Trend 2 .  2 
Low Price Trend 2 .  2 

b. Price Inflation 
(GNP Price Deflator) 

High Price Trend 3 .  3 
Low Price Trend 3 .  3 

1 9 9 0  
Over 
1985  

1995  
Over 
1 9 9 0  

2 0 0 0  
Over 
1 9 9 5  

2 .  F inancial 

a .  No dra matic change in exchange rates betw een the world's currencies. 

b. No worldwide banking or financial crises. 

3. Govern m ent 

a.  Dom estically, no change in present laws, e.g., no early deregulation of 
natural gas, no early phase out of W indfall Profits Tax,  continuation o f  
current tax law .  

b .  C urrent environm ental regulations will continue as  presently designa ted. 

c. Leasing policies as presently constituted w ill continue. 

4.  Political 
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a. Dom estically, no unforeseen events not presently planned for are assum ed. 

b. Internationally, no drastic changes in the world are assumed ,  such as new 
major wars, revolutions or the end of OPEC.  



5. Technological 

a.  No new major technological breakthroughs in either the production or 
consum ption of energy. 

b. Refining capacity will be adequate at all t imes to allow for conversion of oil 
to m eet light product demand. 

6. Conservation and Fuel Use 

Please provide any com ments on your assumptions affecting energy efficiency, 
especially: 

a. Automobile efficiency/ fleet average. 

b. Major assu m ptions impacting the use of different for ms of energy. 

c. Electricity growth rates and treat ment of cogeneration ( if  not as a pri mary 
fuel input by sector). 

7. Please highlight specific (step function) assum ption changes between the upper 
and low price trend cases. 

If there are any significant deviations fro m these assum ptions that result in 
substantial changes in the supply or demand for oil or gas,  then those exceptions 
should be noted below.  
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Approximate Heat Content of Petroleum Products 
Million Btu 
per Barrel 

Asphalt . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 6.636 
Aviation gasoline . . . . . . . . . . • . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 5.048 
Butane . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . • . . . 4.326 
Butane-propane mixture' . . . . . . • . . . . . . . . • . . . . . . • . . . . • . . . . • . . . 4. 1 30 
Distillate fuel oil . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . • . . . 5.825 
Ethane . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . • . . . . • . . . . • . . . . • . . . 3.082 
Ethane-propane mixture2 . • • • . • • • • • • • • • . • • • • • • . • • . • . • • . • . . • . • 3.308 
lsobutane . . . . . . . . . . . . . . . . . . • . • . . . . . . • . . . . . . • . . . . • . . . . . . . . 3.974 
Jet fuel-kerosene type . . . . . • . • . . . . . . . . . . . . . . . • . . . . • . . . . • . . . 5.670 
Jet fuel-naphtha type . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . • . . . 5.355 
Kerosene . . . . . . . . . . . . . . . . • . • . . . . . . . . . . • . . . . • . . . . • . • . . • . . . 5.670 
Lubricants . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . • . . . . . . . . . • . . . 6.065 
Motor gasoline . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . 5.253 
Natural gasoline . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . • . . . 4.620 
Pentanes Plus . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . 4.620 
Petrochemical feedstocks 

Naphtha 400°F or less . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . .  

Other oils over 400°F . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . .  

Still gas . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . • . . . . • . . . . . . . . . . .  

Petroleum coke . . . . . . • . • . . . . . . . . • . . . . . . . . . . . . . • . . . . • . . . . . .  

Plant condensate . . . • . • . . . . . . . . . . • . . . . . . . . • . . . . • . • . . • . . . . . .  

�����=� i���
-�ir : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Road oil . . . . . . . . . . . . . . • . . . . . . . . . . •  : . . . . . • . • . . • . . . . . . . . . . .  

Special naphtha . . . . . . . . • . • . . . . . . . . . . • . . . . . . . . . . . • . . . . • . . . .  

Still gas . . . . . . . . . . . . . . • . • .  : . . . . . . . . . . . . . . . . . . . . . . . • . • . . . .  

Unfinished oils . . . . . . . . .  ; . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . .  

Unfractionated stream . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . • . . . .  
Wax . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . .  

Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . • . . . .  

160 percent butane and 40 percent propane. 
270 percent ethane and 30 percent propane. 

Monthly Energy Review January 1 986 
Energy Information Administration 

5.248 
5.825 
6.000 
6.024 
5.41 8 
3.836 
6.287 
6.636 
5. 248 
6.000 
5.825 
5.41 8 
5.537 
5.796 
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NATIONAL PETROLEUM COUNCIL 

SURVEY OF U.S. AND WORLD ENERGY 

AND OIL SUPPLY/DEMAND FORECASTS 

Cover Page 

R eporting Organization: 

Address: 

Date Internal Forecast Prepared: 

P erson to be Contacted 
i f  Questions Arise: 

Telephone Number: 

Please return by June 16 ,  1986:  John H .  Guy, IV 
Deputy Executive D irector 
National Petroleum Council 
1625  K Street, N . W .  
Washington, D .C .  2 0 006 
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TABLE D- 1 

UPPER PRICE TREND 
NON-COMM U NIST WORLD OIL SUPPLY /DEMAND BALANCE 

CThousand Barrels Per Day) 

Actual 
1 985 1 990 1 995 2000 

Consumption 
U nited States 1 5 , 726 1 6 ,331 1 7 , 004 1 7 ,403 
Western Europe 1 1 ,673 1 1  , 89 1  1 2 , 1 1 6  1 2 ,362 
Japan 4 , 336 4 ,531 4 , 658 4 , 667 
Other OECD 2 , 543 2 ,562 2 ,635 2 , 7 1 2 
Rest of World • 1 2 , 1 70 1 2 ,883 1 4 ,061 1 5 ,306 

Total Consumption 46,448 48, 1 98 50,474 52,450 

Supply 
Non-OPEC Crude & Condensate Productiont 

U nited States 8 ,971  7 , 959 6 , 990 6,353 
Canada (excluding tar sands) 1 ,296 1 , 265 1 , 252 1 ' 1 82 
Mexico 2 , 735 3 , 01 5 3 ,351 3 , 664 
Western Europe 3 , 750 3 , 5 1 5 3 , 1 00 2 , 636 
Other Non-OPEC 5 , 759 6 , 380 6 , 624 6 ,296 

Total Non-OPEC Crude & Condensate 2 2 , 5 1 1 22 , 1 34 21 , 3 1 7 20, 1 31 

Non-OPEC N G L  Production 2 , 696 2 , 592 2 ,586 2 ,388 

OPEC Crude & Condensate Production t 
Ecuador 278 274 260 234 
Venezuela 1 ,674 1 ,855 1 ,992 1 ,967 
Algeria 643 690 724 706 
Gabon 1 53 1 47 1 34 1 1 7  
Libya 1 ,059 1 , 2 1 8 1 ,399 1 ,483 
N igeria 1 ,471 1 , 724 1 , 798 1 , 795 
I ran 2 ,201 2 , 344 2 , 887 3 , 1 1 7  
I raq 1 ,433 2 , 1 75 2 , 663 3 , 1 6 1  
Kuwait 846 1 , 065 1 ,395 1 ,821  
Qatar 301 327 396 409 
U n ited Arab Emirates 1 , 1 93 1 ,307 1 ,6 1 8 2 , 030 
Saudi Arabia 3 , 2 1 8 4 , 47 1  5 ,554 7 ,374 
Neutral Zone 340 347 422 455 
I ndonesia 1 ,258 1 ,374 1 ,3 1 4 1 , 250 

Total OPEC Crude & Condensate 1 6 ,068 1 9 ,31 8 22 ,556 25,91 9 

OPEC N G L  Production 1 ' 1 1 0 1 , 301 1 ,400 1 ,600 

Total Crude, Cond . ,  & N G L  Production 42,385 45,345 4 7 ,859 50,038 

Tar Sands,  Shale & Other Syn . Fuels 436 488 592 7 1 3 
Ref inery Gains & I nventory Change:f: 1 ,330 874 924 930 
Net I mports from Com m .  Countries 1 ,804 1 ,491 1 ,099 769 

Total Oil Supply 45,955 48, 1 98 50,474 52,450 

Errors & Omissions 493 0 0 0 

• I ncludes OPEC, middle income countries, and the less developed countries. 
tDoes not include tar sands, shale, and other synthetics, which are reported below. 
:j: lncludes strategic reserves. 

D- 1 0  



tl ' 
� 
� 

TABLE D-2 

UPPER PRICE TREND 
TOTAL U.S. ENERGY CONSUMPTION BY FUELS AND BY CONSUMING SECTORS 

CTrillion BTU Per Year) 

Primary Energy Inputs to Secto r •  Total Electricity 
Petroleum Natural Gas Hydro- Geo- Primary Distributed Energy:j: 

Liquids (Dry) Coal Nuclear Electric Thermal Othert Energy to Sector Consumption 
--- --- --- ---

Total • 
Actual 1 985 30,922 1 7 ,868 1 7 ,488 4 , 1 60 2,871 97 3,242 76,648 - 76 ,648 

1 990 32 , 1 89 1 8 , 1 28 1 9, 1 78 5 ,91 5 3 ,465 1 54 3 , 1 52 82 , 1 81 - 82 , 1 81 
1 995 33,520 1 7 ,826 22 ,038 6 , 1 69 3,480 1 99 3,336 86, 568 - 86,568 
2000 34,328 1 7 ,485 25,31 8 6,21 0 3,540 238 3,444 90, 563 - 90,563 

Residential /Commercial 
Actual 1 985 2 , 584 7 ,063 1 81 - - - 1 ,070 1 0,898 5 ,055 1 5 ,953 

1 990 2 , 656 7 ,267 1 95 - - - 939 1 1  ,057 5 ,646 1 6, 703 
1 995 2 , 630 7 ,238 1 95 - - - 958 1 1  ,021 6 , 242 1 7 ,263 
2000 2 ,534 7,31 0 200 - - - 953 1 0 , 997 6, 746 1 7 , 743 

Transportation 
Actual 1 985 1 9,548 526 - - - - - 20 ,074 1 2  20,086 

1 990 20,200 550 - - - - - 20,750 1 3  20, 763 
1 995 20,800 535 - - - - - 2 1 ,335 1 5  21 , 350 
2000 2 1 ,200 525 - - - - - 2 1 , 725 1 5  2 1 , 740 

Industrial 
Actual 1 985 3 ,900 7 , 1 28 2 , 658 - - - 1 , 740 1 5,426 2 ,81 3 1 8,239 

1 990 4,262 7 ,487 §  2,91 6 - - - 1 , 7 1 5 1 6,380 3,255 1 9,635 
1 995 4,629 7 ,396§ 3 , 246 - - - 1 , 739 1 7 ,01 0 3,692 20,702 
2000 4 , 781 7,327§ 3 ,650 - - - 1 , 781 1 7 ,539 4, 1 36 21 ,675 

Electric Utility 
Actual 1 985 1 ,090 3 , 1 51  1 4 , 549 4 , 1 60 2 ,871 97 432 26,350 (7 ,880) 1 8,470 

1 990 1 ,066 2 ,824 1 5,984 5,91 5 3 , 465 1 54 498, 29,906 (8,91 4) 20,992 
1 995 1 ,21 0 2 ,657 1 8, 509 6 , 1 69 3 , 480 1 99 639, 32,863 (9,949) 22 ,91 4 
2000 1 ,297 2 ,323 21 ,374 6,21 0 3 , 540 238 7 1 0 ,  35 ,692 (1 0 ,897) 24, 795 

Non-Energy & Others • • 
Actual 1 985 3,800 - 1 00 - - - - 3,900 - 3,900 

1 990 4,005 - 83 - - - - 4,088 - 4,088 
1 995 4,251 - 88 - - - - 4,339 - 4,339 
2000 4 ,5 1 6  - 94 - - - - 4,61 0 - 4,61 0 

" Standard Conversion Factors-Petroleum Liquids (totall: See conversion table on page D-8; Natural Gas: 1 ,030 BTU/Cubic Foot; Coal: 2 1 .4 MMBTU/Short Ton ; Nuclear, Hydro, Geo
thermal, Imports: 1 0,400 BTU/KWH <equiv. fuel input in steam plantl; Electricity Distributed : 3,41 2 BTU/KWH. 

tSolar/Wood/Other. 
:j:Energy consumption equals primary energy inputs plus electricity distributed for all sectors, except " Electric Utility . "  For electric utility sector, energy consumption equals total primary 

energy less electricity distributed. Include cogeneration under the sector operating the facility. 
§I nclude lease and plant gas. 
11 nclude electricity net imports as if generated by utility. 

• " I nclude synthetic fuel production conversion losses (if anyl and Products Reclassified (a negative adjustment). 



TABLE D-3 

UPPER PRICE TREND 
U .S. LIQUID FUELS AND NATURAL GAS SUPPLIES 

Actual 
1 985 

Oil CThousand Barrels Per Day) 
Domestic Production-Total 1 0 ,580 

Crude Oil  & Lease Condensate 8 ,971  
Natural Gas Liquids 1 ,609 

Net I mports • 4 , 1 68 
G ross I mports-Total 4 , 949 

Crude Oil *  3 ,083 
Products t 1 ,866 

G ross Exports-Total (781 ) 
Processi ng Gai n ,  etc. :j:  702 
Synthetic Liquids§ 55 
From <To) I n ventory • 221  

Total Oi l  Supply 1 5, 726 

Gas <Billion Cubic Feet Per Year> 
Net Dry Gas Production 1 6 ,382 

Marketed Production of Wet Gas , 1 7 , 1 98 
Extraction Loss, Transfers Out (81 6) 

G ross I mports-Total 950 
Canada 926 
Mexico 0 
Liquefied Natural Gas 24 

G ross Exports-Total (57) 
From <To) I nventory <Transmission 

Loss & U naccounted) (1 20) 
Total Dry Natural Gas 1 7 , 1 55 

Syngas & Other Supplemental 
Gaseous Fluids 1 26 

Total Gas Supply 1 7,281 

• Deduct crude oi l  supplied to the SPR (1 1 8  M B/D i n  1 985) . 

tl ncludes NGL,  alcohol, and other u nfinished. 

1 990 1 995 

9,359 8 ,259 
7 , 959 6 , 990 
1 ,400 1 ,269 
6 ,2 1 4  7 ,937 
6 , 905 8 , 6 1 7 
4 , 605 5 ,91 7 
2 ,300 2 , 700 

(691 ) (680) 
709 738 

49 70 
0 0 

1 6,331 1 7,004 

1 6 ,356 1 5 , 1 8 7 
1 7 , 1 2 7  1 5 ,902 

(771 ) (71 5) 
1 ,344 2 , 220 
1 ,344 2 , 095 

0 1 25 
0 0 

(55) (55) 

(245) (245) 
1 7 , 400 1 7 , 1 07 

200 200 

1 7,600 1 7,307 

2000 

7 , 495 
6 , 353 
1 , 1 42 
9 , 068 
9 , 667 
6 , 667 
3 , 000 

(599) 
750 

90 
0 

1 7,403 

1 4 ,455 
1 5 , 1 36 

(68 1 ) 
2 ,61 6 
2 , 1 96 

220 
200 
(55) 

(240) 
1 6 , 776 

200 

1 6,976 

t l ncludes other hydrocarbon and hydrogen refinery inputs, "unaccounted for" crude oil  inputs 
and losses. 
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§ I ncludes tar sands, shale, alcohols, and other synthetic fuels. 

,Excludes quantities for repressuring, vented and flared. 



TABLE D-4 

UPPER PRICE TREND 
U .S. CRUDE OIL AND CONDENSATE PRODUCTION 

<Thousand Barrels Per DayJ 

Actual 
1 985 1 990 1 995 2000 

Existing Fields 8,971 7,683 6,39 1 5,260 

Developed Production • 8,421 5 ,351 3 , 5 7 7  2 , 1 73 
Lower 48 6,596 3 , 972 2 ,582 1 , 5 1 1 

Onshore 5 , 364 3 ,209 2 , 058 1 , 2 1 8 
Offshore 1 ,232 763 524 293 

Alaska 1 ,825 1 ,379 995 662 

New l n vestmentt 1 , 72 7 2 , 1 04 2 ,239 
Lower 48 1 ,507 1 , 764 1 ,853 

Onshore 1 ' 1 24 1 ,352 1 ,477 
Offshore 383 41 2 376 

Alaska 220 340 386 

Enhanced Oi l  Recovery:j: 550 est. 605 71 0 848 
Lower 48 550 est. 574 672 782 

Onshore 532 est. 552 640 7 1 8 
Offshore 1 8  est. 22 32 64 

Alaska 0 31 38 66 

New Discoveries§ 276 599 1 ,093 

Lower 48 276 499 771 
Onshore 1 87 322 504 
Offshore 89 1 77 267 

Alaska 1 00 322 

Memo: Stripper, 1 , 270 1 , 096 988 884 

Total 8,97 1  7,959 6,990 6,353 

' Excludes EOR projects in production before January 1 ,  1 986. I ncludes recompletions ,  workovers, and normal 
maintenance. 

tExtensions, development dril l ing, infill dril l ing, and new pools in  known fields since January 1 ,  1 986. Excludes 
new investment in EOR. 

:j: lncludes production from EOR projects in place prior to January 1 ,  1 986, and new EOR projects added to known 
(1 985) fields after January 1 ,  1 986. 

§ I ncludes all recovery production, including EOR, from new discoveries since January 1 ,  1 986. 

,I ncluded as portion of developed production. The data used were for January 1 ,  1 985. 
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TABLE D-5 

UPPER PRICE TREND 
U .S. MARKETED NATURAL GAS PRODUCTION 

CBillion Cubic Feet Per Year> 

Actual 
1 985 1 990 1 995 

Existing Fields 1 7, 1 98 1 5, 793 1 3,041 

Developed Production • 1 7 , 1 98 1 1 ,240 7 , 062 
Lower 48 1 6,877 1 0 ,950 6 ,787 

Onshore 1 2 ,245 7,968 5 , 060 
Offshore 4,632 2 ,982 1 , 727 

Alaska 321 290 275 

New l nvestmentt 4,553 5 ,979 
Lower 48 4,503 5 ,904 

Onshore 2,61 3 3,409 
Offshore 1 ,890 2 ,495 

Alaska 50 75 

New Discoveries:j: 1 ,334 2,861 

Lower 48 1 ,334 2 ,851 
Onshore 71 6 1 ,455 
Offshore 61 8 1 ,396 

Alaska 0 1 0  

Total 1 7, 1 98 1 7, 1 27 1 5,902 

' I ncludes recompletions, workovers, and normal maintenance. 

tExtensions, development drilling, infill dri l l ing, and new pools in known fields since January 1 ,  1 986. 

:j:lncludes all recovery/production from new discoveries since January 1 ,  1 986. 

TABLE D-6 

UPPER PRICE TREND 
PROVED U.S. OIL AND GAS RESERVES ' 

Cas of December 31 stl 

Actual 
1 985 1 990 1 995 

Total 
Crude Oil (bill ion barrels> 28.4 23.2 1 8.5 
Natural Gas Liquids (billion barrels> 7 .94 5.3 4.5 
Natural Gas-Dry CTCFl t 1 93.4 1 66.9 1 51 .9 

Onshore Clower 48> 
Crude Oil (billion barrels) 1 7.8 1 3.8 1 1 .0 
Natural Gas Liquids (billion barrels) 6.81 4.5 3.8 
Natural Gas-Dry ITCFlt 1 22.2 94.3 81 .0 

Offshore Clower 48) 
Crude Oil (billion barrels> 3.5 3.3 2 .9  
Natural Gas Liquids (bill ion barrels) 0 . 75 0.8 0 . 7  
Natural Gas-Dry ITCFlt 37.3 38.6 37.3 

Alaska 
Crude Oil (bill ion barrels> 7 . 1  6 . 1  4 .6  
Natural Gas Liquids (bill ion barrels) 0.38 0.01 0 .01  
Natural Gas-Dry CTCFlt 33.9 34. 0  33.6 

Memo: (in m i llions> 
Cumulative footage dril led from 1 /1 /86 1 , 1 76 2 ,592 
Cumulative wells drilled from 1 /1 /86 .236 .51 6 

• Assumptions consistent with those used by the Energy I nformation Agency publication DOE/EIA-021 6(85!. 

tTCF = trillion cubic feet. 
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2000 

1 0,888 

4,471 
4,221 
3 , 1 94 
1 ,027 

250 

6,41 7 
6,31 7 
3,846 
2 ,471 

1 00 

4,248 

4,2 1 8  
2 , 367 
1 ,851 

30 

1 5, 1 36 

2000 

1 7.6 
4.2 

1 41 .5 

1 0.4 
3.5 

73.5 

2.9 
0.7 

34.4 

4.3 
0.01 
33.6 

4,258 
.849 



TABLE D-7 

LOWER PRICE TREND 
NON-COMMUNIST WORLD OIL SUPPLY/DEMAND BALANCE 

<Thousand Barrels Per Day) 

Actual 
1 985 1 990 1 995 2000 

Consumption 
U nited States 1 5 , 726 1 7 ,625 1 8 ,977 1 9 , 938 
Western Europe 1 1  ,673 1 2 ,681 1 3 , 269 1 3 ,861 
Japan 4 , 336 4 , 845 5 , 044 5 , 284 
Other OECD 2 , 543 2 ,657 2 , 833 3 , 031 
Rest of World • 1 2 , 1 70 1 3 , 1 93 1 4 ,52 7  1 5 ,870 

Total Consumption 46,448 5 1 ,000 54,650 57,984 

Supply 
Non-OPEC Crude & Condensate Prod uction t 

U n ited States 8 , 9 7 1  7 , 1 36 5 , 654 4,542 
Canada (excluding tar sands) 1 , 296 1 ,073 1 ,033 978 
Mexico 2 , 735 2 , 980 3, 203 3,446 
Western Europe 3 , 750 3 , 343 2 ,584 2 ,041 
Other Non-OPEC 5 , 759 5 ,443 5 , 578 5 , 433 

Total Non-OPEC Crude & Condensate 2 2 , 5 1 1 1 9 ,975 1 8 , 052 1 6 ,440 

Non-OPEC Natural Gas Liqu id Production 2 , 696 2 , 464 2 ,367 2 , 1 58 

OPEC Crude & Condensate Production t 
Ecuador 278 289 256 245 
Venezuela 1 ,674 1 ,929 2 , 1 29 2 , 1 22 
Algeria 643 770 781 776 
Gabon 1 53 1 63 1 60 1 60 
Libya 1 ,059 1 ,345 1 ,520 1 ,606 
N igeria 1 ,471 1 ,841 1 ,879 1 ,900 
I ran 2 , 201 2 , 725 3 ,350 3 ,901 
I raq 1 ,433 2 , 734 3 , 406 4 , 1 84 
Kuwait 846 1 ,398 1 , 823 2 , 264 
Qatar 301 390 41 7 406 
U n ited Arab Emirates 1 ' 1 93 1 ,567 1 ,962 2 , 264 
Saudi  Arabia 3 , 2 1 8 7 , 2 2 1  1 0 ,438 1 3 ,228 
Neutral Zone 340 424 481 483 
I ndonesia 1 , 258 1 ,535 1 ,526 1 , 520 

Total OPEC Crude & Condensate 1 6 ,068 24 ,331 30, 1 28 35,059 

OPEC Natural Gas Liqu id Production 1 ' 1 1 0 1 ,446 1 ,694 1 ,961 

Total Crude, Cond . ,  & NGL Production 42,385 48, 2 1 6 52 ,241 55,61 8 

Tar Sands, Shale & Other Syn . Fuels 436 424 499 605 
Refinery Gains & I nventory Change:j: 1 ,330 958 949 975 
Net I mports from Comm .  Cou ntries 1 ,804 1 ,403 961 786 

Total Oil Supply 45,955 5 1 ,001 54,650 5 7,984 

Errors & Omissions 493 0 0 0 

• I ncludes OPEC, middle income countries, and the less developed countries. 

tDoes not include tar sands, shale, and other synthetics, which are reported below. 

:j: l ncludes strategic reserves. 
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TABLE D-8 

LOWER PRICE TREND 
TOTAL U.S. E N E RGY CONSUMPTION BY FUELS AND BY CONSUMING SECTORS 

CTrillion BTU Per Year> 

Primary Energy Inputs to Sector • Total Electricity 
Petroleum Natural Gas Hydro· Geo- Primary Distributed Energy:j: 

Liquids mry> Coal Nuclear Electric Thermal Othert Energy to Sector Consumption --- ---
Total " 

Actual 1 985 30,922 1 7,868 1 7 ,488 4 , 1 60 2,871 97 3,242 76,648 - 76,648 
1 990 34, 779 1 7 ,460 1 9,268 5,91 5 3,465 1 24 3, 1 52 84, 1 63 - 84,1 63 
1 995 37 ,502 1 5 ,960 22,437 6, 1 69 3,480 1 76 3,336 89,060 - 89,060 
2000 39,449 1 5 ,426 25,262 6,21 0 3 , 540 21 6 3,444 93,547 - 93,547 

Residential/Commercial 
Actual 1 985 2 ,584 7 , 063 1 81 - - - 1 ,070 1 0,898 5 ,055 1 5,953 

1 990 2 ,855 7 ,330 1 95 - - - 939 1 1  ,31 9 5 , 731 1 7 ,050 
1 995 2 ,947 7 ,31 2 1 97 - - - 958 1 1 ,41 4 6,359 1 7, 773 
2000 2 ,923 7,41 7 1 89 - - - 953 1 1  ,482 7 ,026 1 8,508 

Transportation 
Actual 1 985 1 9,548 526 - - - - - 20,074 1 2  20,086 

1 990 21 , 1  00 525 - - - - - 2 1 ,625 1 3  21 ,638 
1 995 22 ,000 480 - - - - - 22,480 1 6  22,496 
2000 23,000 465 - - - - - 23,465 1 8  23,483 

Industrial 
Actual 1 985 3 ,900 7 , 1 28 2 ,658 - - - 1 , 740 1 5 ,426 2,81 3 1 8,239 

1 990 4,805 7 ,31 3§ 2 ,829 - - - 1 , 7 1 5 1 6,662 3,306 1 9,968 
1 995 5 ,61 7 6,538§ 3,207 - - - 1 , 739 1 7 , 1 01 3, 795 20,896 
2000 6 , 1 1 8  6, 1 52 §  3,393 - - - 1 , 781 1 7 ,444 4,31 5 21 , 759 

Electric Utility 
Actual 1 985 1 ,090 3 , 1 51 1 4,549 4 , 1 60 2 ,871  97 432 26,350 (7,880J 1 8 ,470 

1 990 1 ,954 2 , 292 1 6, 1 71 5,91 5 3,465 1 24 4981 30,41 9 (9,050J 2 1 ,369 
1 995 2 ,559 1 ,630 1 8,953 6, 1 69 3,480 1 76 6391 33,606 (1 0 , 1 70J 23 ,436 
2000 2 , 686 1 ,392 2 1 ,582 6,21 0 3,540 21 6 7 1 0 1  36,336 (1 1 ,359) 24,977 

Non-Energy & Others • • 
Actual 1 985 3,800 - 1 00 - - - - 3,900 - 3,900 

1 990 4,065 - 73 - - - - 4, 1 38 - 4 , 1 38 
1 995 4, 379 - 80 - - - - 4,459 - 4,459 
2000 4,722 - 98 - - - - 4,820 - 4,820 

" Standard Conversion Factors-Petroleum Liquids (totall: See conversion table on page D-8; Natural Gas: 1 ,030 BTU /Cubic Foot; Coal: 2 1 .4 M M BTU /Short Ton; Nuclear, Hydro, Geo
thermal, Imports: 1 0,400 BTU /KWH (equiv. fuel input in steam plantl; Electricity Distributed: 3,41 2 BTU /KW H .  

tSolar /Wood /Other. 
:j:Energy consumption equals primary energy inputs plus electricity distributed for all sectors, except "Electric Utility. " For electric utility sector, energy consumption equals total primary 

energy less electricity distributed. Include cogeneration under the sector operating the facility. 
§ I nclude lease and plant gas. 
, Include electricity net imports as if generated by utility. 

• " Include synthetic fuel production conversion losses (if anyl and Products Reclassified (a negative adjustment>. 



TABLE D-9 

LOWER PRICE TREND 
U .S. LIQUID FUELS AND NATURAL GAS SUPPLIES 

Actual 
1 985 

Oil CThousand Barrels Per Day) 

Domestic Production-Total 1 0 ,580 

Crude Oil & Lease Condensate 8,971 

Natural Gas Liquids 1 ,609 

Net Imports • 4 , 1 68 

G ross I mports-Total 4 ,949 

Crude Oi l * 3 ,083 

Productst 1 ,866 

Gross Exports-Total (781 ) 

Processing Gai n ,  etc . :t:  702 

Synthetic Liq u ids§ 55 

From <To) I nventory • 221 

Total Oil  Supply 1 5, 726 

Gas <Billion Cubic Feet Per Year) 

Net Dry Gas Production 1 6 ,382 

Marketed Production of Wet Gas 1  1 7 , 1 98 

Extraction Loss, Transfers Out (81 6) 

Gross I mports-Total 950 

Canada 926 

Mexico 0 

Liquefied Natural Gas 24 

G ross Exports-Total (57) 

From <To) Inventory <Transmission 

Loss & Unaccounted) (1 20) 

Total Dry Natural Gas 1 7 ' 1 55 

Syngas & Other Supplemental 

Gaseous Fluids 1 26 

Total Gas Supply 1 7,281 

• Deduct crude o i l  supplied to  the SPR (1 1 8  M B/0 in 1 985) . 

t lncludes NGL, alcohol, and other unfinished. 

1 990 1 995 

8 , 420 6 , 742 

7 , 1 36 5 , 654 

1 ,284 1 ,088 

8 ,439 1 1  ,397 

9 , 1 39 1 2 ,082 

6 ,439 8 , 382 

2 , 700 3 , 700 

(700) (685) 

725 793 

41  45 

0 0 

1 7,625 1 8,977 

1 5 ,459 1 3 ,345 

1 6 , 1 87 1 3 ,974 

(728) (629) 

1 , 582 2 , 220 

1 , 582 2 , 095 

0 1 25 

0 0 

(55) (55) 

(235) (21 5) 

1 6 , 751  1 5 , 295 

200 200 

1 6,951 1 5,495 

2000 

5,484 

4,542 

942 

1 3,608 

1 4 ,256 

9,556 

4, 700 

(648) 

800 

46 

0 

1 9,938 

1 2 ,426 

1 3 ,01 1 

(585) 

2 ,61 6 

2,281 

300 

35 

(55) 

(2 1 0) 

1 4 , 777 

200 

1 4,977 

:j:lncludes other hydrocarbon and hydrogen refinery inputs, "unaccounted for" crude o i l  inputs and losses. 

§ Includes tar sands, shale, alcohols, and other synthetic fuels. 

,Excludes quantities for repressuring, vented and flared . 
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TABLE D-1 0  

LOWER PRICE TREND 
U .S. CRUDE OIL AND CONDENSATE PRODUCTION 

CThousand Barrels Per Day) 

Actual 
1 985 1 990 1 995 2000 

Existing Fields 8,971 7,020 5,380 4,004 

Developed Production • 8,421 5 ,373 3 , 599 2 , 1 30 
Lower 48 6,596 3,954 2 , 543 1 ,489 

Onshore 5 , 364 3 , 1 84 2 , 006 1 ' 1 85 
Offshore 1 ,232 770 537 304 

Alaska 1 ,825 1 ,41 9 1 ,056 641 

New l nvestmentt 1 , 1 82 1 ,387 1 ,492 
Lower 48 1 ,076 1 , 208 1 , 294 

Onshore 780 900 963 
Offshore 296 308 331 

Alaska 1 06 1 79 1 98 

Enhanced Oil  Recovery:j: 550 est. 465 394 382 
Lower 48 550 est. 448 377 359 

Onshore 532 est. 436 365 342 
Offshore 1 8  est. 1 2  1 2  1 7  

Alaska 0 1 7  1 7  23 

New Discoveries§ 1 1 6  2 74 538 

Lower 48 1 1 6  237 458 
Onshore 60 1 38 289 
Offshore 56 99 1 69 

Alaska 37 80 

Memo: Stripper, 1 , 270 901 626 468 

Total 8,97 1 7, 1 36 5,654 4,542 

• Excludes EOR projects in production before January 1 , 1 986. Includes recompletions, workovers and normal 
maintenance. 

tExtensions, development dril l ing , infi l l  dri l l ing,  and new pools in known fields since January 1 ,  1 986. Excludes 
new investment in EOR. 

:j:lncludes production from EOR projects in place prior to January 1 ,  1 986, and new EOR projects added to known 
(1 985) fields after January 1 , 1 986. 

§ Includes all recovery production,  including EOR, from new discoveries since January 1 ,  1 986. 

1 1ncluded as portion of developed production. The data used were for January 1 ,  1 985. 



TABLE D-1 1 

LOWER PRICE TREND 
U.S. MARKETED NATURAL GAS PRODUCTION 

CBIIIion Cubic Feet Per Year) 

Actual 
1 985 1 990 1 995 

Existing Fields 1 7, 1 98 1 5,225 1 1 ,9 1 4  

Developed Production • 1 7, 1 98 1 1  , 1 80 6 ,735 
Lower 48 1 6,877 1 0,890 6,460 

Onshore 1 2,245 7 ,894 4 , 772 
Offshore 4,632 2 , 996 1 ,688 

Alaska 321 290 275 

New l nvestmentt 4,045 5 , 1 79 
Lower 48 3 ,995 5 , 1 04 

Onshore 1 ,840 2,832 
Offshore 2 , 1 55 2,272 

Alaska 50 75 

New Discoveries:j: 962 2,060 

Lower 48 962 2 ,050 
Onshore 491 957 
Offshore 471 1 ,093 1 ,344 

Alaska 0 1 0  

Total 1 7, 1 98 1 6, 1 87 1 3,974 

• Includes recompletions, workovers, and normal maintenance. 

tExtensions, development dril l ing, infill drilling, and new pools in known fields since January 1 ,  1 986. 

:j:lncludes all recovery/production from new discoveries since January 1 , 1 986. 

TABLE D- 1 2  

LOWER PRICE TREND 
PROVED U .S. OIL AND GAS RESERVES • 

Cas of December 31 stl 

Actual 
1 985 1990 1 995 

Total 
Crude Oil (bi l l ion barrels) 28.4 20.2 1 4.6 
Natural Gas Liquids (billion barrels) 7 .94 4.8 3.8 
Natural Gas-Dry CTCFl t 1 93.4 1 49.2 1 24.5 

Onshore Clower 48) 
Crude Oil (billion barrels) 1 7.8 1 1 .9 8.3 
Natural Gas Liquids (bi l l ion barrels) 6.81 4.1 3.2 
Natural Gas-Dry CTCFlt 1 22 .2  82 .0  61 .0  

Offshore Clower 48) 
Crude Oil (billion barrels) 3.5 3 .0 2 . 5  
Natural Gas Liquids (billion barrelsl 0.75 0 . 7  0 .6 
Natural Gas-Dry CTCFlt 37.3 33.2 29.5 

Alaska 
Crude Oil (billion barrelsl 7 . 1  5 . 3  3.8 
Natural Gas Liquids (bi l l ion barrelsl 0 .38 0.01 0 .01  
Natural Gas-Dry CTCFlt 33.9 34.0  34.0 

Memo: On mi llions) 
Cumulative footage drilled from 1 /1 /86 767 1 ,549 
Cumulative wells drilled from 1 /1 /86 . 1 36 .328 

• Assumptions consistent with those used by the Energy Information Agency publication DOE/EIA-021 6(85). 

tTCF - trillion cubic feet. 

2000 

1 0,090 

4,1 45 
3,895 
2 ,899 

996 
250 

5 ,945 
5 ,845 
3,335 
2,51 0 

1 00 

2,921 

2 ,891 
1 ,547 

30 

1 3,01 1 

2000 

1 3.8 
3.3 

1 1 6.0 

8.0 
2 . 7  

54.0 

2 .8 
0.6 

28. 1 

3.0 
0.01 
33.9 

2 ,508 
.537 
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Reconciliation of the 1985 Thtals 
Used in Tables D-2 and D-8 
With EIA's June 1986 Monthly 
Energy Review 

NaTE: All units shown in this discussion are 
in trillions of BTUs per year unless otherwise 
noted. 
Industrial 

• Numbers for industrial use are for energy 
use only and exclude feedstocks. In
dustrial feedstocks are shown under 
"Non-Energy and Others" and when add
ed to industrial energy use, agree with 
the totals for 1985 in the Monthly Energy 
Review (MER). 

• The feedstock (non-energy) use in in
dustry was taken from draft NEPP-VI 
tables that show actual use in 1985. 

Petroleum Liquids = 3,800 

- Gas = 800 

- Coal = 100 

• Industrial use of hydro and coke exports 
is not in the survey table. 

Utility 

• Hydro in the MER includes electricity im
ports. These are shown on page 13 to be 
418. When subtracted from the hydro 
number (3,289) on page 33, the result is 
the 2,87 1 in the survey table. The 418 of 
imports are included under "other" in 
the survey table. 

• Geothermal, included under "other" in 
the MER, was determined by private 
communication with EIA to be 199. Sub
tracting the 199 from the 213 of other in 
the MER leaves 14 of other renewables 
used in central station applicatiops. The 

Effects of Prices on Costs 
of Finding, Developing, and 
Producing Oil and Gas 

Prices vs. Rig Count 

New oil price data in Figure 34 are based on 
the postings of a representative operator for 

D-20 

survey table shows 97 instead of 199 
because EIA used a conversion factor for 
equivalent energy report of 21 ,303 
BTU/kwh and the survey used 10,400 
BTU/kwh. 

• Adding together the 418 of imports and 
the 14 of other renewables gives the 432 
shown as "other" in the survey table. 

Renewables 

• The MER does not include decentralized 
(dispersed) renewables in its total energy 
consumption. Thus, this consumption 
was taken from the draft NEPP-VI projec
tions and added to the MER totals. The 
sectoral breakdown was taken from Th.ble 
B-2 of the NEPP-VI draft report. 

• The 33 of industrial hydro shown in the 
MER (page 29) is included in the "other" 
column in the survey. It is not shown 
separately in the hydro column. 

Reconciliation 

The following calculation reconciles total 
1985 energy use shown in the June 1986 MER 
with the total consumption shown in the survey 
table. 

Total Shown in MER 

Add: 

Renewables in the Residential/ 
Commercial Sector 

Renewables in the Industrial Sector 
(Including Hydro) 

Coke Exports by Industry 

Subtotal 

Subtract: 

Discrepancy in Geothermal 
Number (199·97) 

Industrial Hydro Already in 
MER Thtal 

Rounding Error 

Total Shown on Survey Table 

73,959 

1 ,070 

1,740 

13 
76,782 

-102 

-33 
+ 1  

76,648 

West Thxas sour 33 degree gravity crude oil. 
These postings are based on new oil and then 
upper tier prices from 1973 until the start of 
phased decontrol of oil prices in June 1979. 
Average U.S. crude oil and gas prices were 
calculated by flrst converting average gas prices 
to equivalent crude oil prices using a heat 
content equivalency of 5. 7 MCF per barrel of 



crude oil and then volumetrically weighting 
average oil prices 1 .2 and the converted gas 
prices. The Hughes rig count is the annual 
average of the weekly reports by the Hughes 
Thol Co. of the number of rotary rigs that are 
actually drilling when their survey is made 
each week. 

Observed Rig Productivity 

The following table shows how observed rig 
productivity (wells/rig) has varied over the 1970 
and 1985 time period: 

API Well Hughes Rig Wells Average 
Completions Count Per Rig Depth (Ft.) 

1 970 28, 173 1 ,028 27.4 4,9 18 
1981 89,993 3,970 22.7 4,54 1 

1 982 83,889 3 , 105 27 .0 4,475 

1 983 75,738 2 ,232 33.9 4 , 1 80 

1 984 85,094 2,428 35.0 4,336 
1985 72.086 1 ,976 36. 5 4,438 

Wells per rig would be expected to vary as 
an inverse function of well depth, with a change 
in average well depth causing a larger change 
in the ratio of wells per rig. However, as the rig 
count rose during the 1970s, the opposite oc
curred as observed rig productivity decreased 
from 27.4 in 1970 to 22.7 in 1981, in spite of an 
8 percent reduction in the average depth per 
well. This could have been caused by the use 
of outdated equipment that normally would 

1U.S. Department of Energy, Energy Information 
Administration, Monthly Energy Review, May 1 986. 
DOE/EIA-0035 (86105), Washington, DC, August 1986. 

2DeGolyer and MacNaughton, 20th Cen tury 
Petroleum Statistics 1 985. Dallas, TX, November 1985. 

The Effect of Prices 
on Drilling and Reserves 

Industry Expenditure Data 

Thble D-13 sets forth the data used to 
prepare Figure 37.  Data in the table are actual 
data through 1984 and are partially estimated 
for 1985. Data for 1986 are completely esti
mated using procedures outlined in Thble D-14. 

The drilling and completion costs for ex
ploration and development investments in Thble 
D-13 are based on the Joint Association Survey 

have been retired, using equipment for drilling 
tasks that were less than optimum, and the in
flux of inexperienced drilling crews. With the 
reduction in rig count after 1981,  this process 
was reversed and rig productivity increased to 
36.5 in 1985, or 61 percent over the 1981 level, 
while the average well depth decreased by only 
2 percent from the 1981 well depth. The in
crease over the total time period of wells per rig 
from 27 to 36, or 33 percent, is a significantly 
larger percentage change than the 10 percent 
decrease in well depth from 4,918 to 4,438 feet. 

The data in the above table are not com
pletely compatible since the oil well, gas well, 
and dry hole completions included in the API 
well completion column, which are based on 
API's Quarterly Completed Well Reports, in
cludes wells that are completed by other types 
of rigs that are not included in the Hughes 
rotary rig count. However, the U.S. total well-to
rig ratio in the above table tracks in a nearly 
parallel fashion the ratio calculated for the 17 
states that predominantly use rotary rigs. Con
sequently, this ratio has in the past been a good 
surrogate for rig productivity. The recent 1986 
crude oil price drop could have caused a change 
in mix in the type of rigs by increasing the 
emphasis on cheap shallow wells that can be 
drilled by cable tool rigs. This could cause fur
ther increases in wells per rig. This could also 
have affected the wells per rig count in 1983 
through 1985 in all states, including those that 
predominantly use rotary rigs. 

Irrespective of the reason for the increase 
in wells per rig in recent years, all factors that 
will cause the index to increase, namely
increased efficiency, lower well depths, and 
shifts to other types of drilling-will also result 
in lower average completed well costs. 

of Expenditures and Revenues during 1970 
through 1975 and the Joint Association Survey 
of Drilling Costs during 1978 through 1985. For 
the years 1976 and 1977, total drilling and com
pletion costs reported in the Joint Association 
Survey of Drilling Costs by oil wells, gas wells, 
and dry holes were apportioned between ex
ploration and development investments by us
ing the APP exploratory and development well 

3Arnerican Petroleum Institute, Well Completions and 
Footage Drilled in the Uni ted S tates, 1 9 70-1 982. 
Washington, DC, January 1985. 
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' I TABLE D-1 3  !'.,;:) 

!'.,;:) 
EXPENDITURE H I STORY O F  THE PETROLEUM I N DUSTRY 

1 9 70 1 97 1  1 97 2  1 973 1 974 1 9 75 1 976 1 9 7 7  
--- --- --- --

Exploration Investment C$MMl 
Dri l l ing and Completing 845 799 945 1 ,059 1 ,681 2 , 337 2 ,477 3 , 1 46 
Lease Bonus 1 , 1 03 254 2 , 629 3 ,460 5 ,401 1 ,871 3,026 2 , 697 
Operating 91 7 952 1 , 005 988 1 ,373 1 , 667 1 , 794 2 , 1 1 2  

Total 2 ,865 2 ,005 4 ,579 5 , 507 8 ,455 5 ,875 7 ,297 7 , 955 
Development Investment C$MMl 

Dri l l ing and Completing 1 , 734 1 ,572 1 ,869 2 ,01 6 2 , 686 4 ,234 4 ,985 6,81 0 
Lease Equipment 443 388 497 620 907 1 , 683 1 ,595 1 , 787 
Improved Recovery 285 323 31 0 276 399 556 381 467 
Development Overhead 390 387 41 7 297 521 790 1 ,41 7 1 , 1 68 

Total 2 ,462 2 ,670 3 , 093 3 ,209 4 , 5 1 3 7 ,263 8,378 1 0 ,232 
Production Expense C$MMl 

Operating Cost 2 ,379 2 ,504 2 , 563 3 , 1 38 3,876 4 , 765 5 , 431  6 ,499 
Production Overhead 41 6 465 467 586 701 904 1 , 030 1 ,083 

Total 2 , 795 2 ,969 3 ,030 3 , 724 4 ,576 5 , 670 6,461 7 ,582 
Revenue C$MMl 

Crude Oil and Condensate 1 1  ' 1 84 1 1  ,709 1 1  '71 2 1 3 ,074 2 1 ,588 2 3 , 1 1 1  24,373 25,787 
Natural Gas 3 , 748 4,094 4 , 1 91 4 ,892 6,567 8 ,949 1 1  , 572 1 5 ,820 

Total 1 4 ,933 1 5 ,803 1 5 ,903 1 7 ,966 2 8 , 1 55 32 ,059 35,946 41 ,607 
Royalty@ 1 5% C$MMl 2 , 240 2 ,370 2 , 386 2 , 695 4 ,223 4 ,809 5 , 392 6,241 
Operating Taxes 

Property and Severance ($MMl 857 882 882 971 1 ,61 6 1 ,845 1 ,999 2 , 2 1 9 
Property and Severance (% Rev. l  5 . 74 5.58 5 .55 5 . 40 5 . 74 5 . 76 5 . 56 5.33 
Windfall Profit Tax ($MMl 0 0 0 0 0 0 0 0 

G N P  Deflator 
Annual Escalation (Ofol 5 . 5 5 . 7  4 . 7  6 . 5  9 . 1 9 .8 6.4 6. 7 
1 986 I ndex 0 .366 0 .387 0 .405 0 .431 0 .470 0 .51 6 0 .549 0 . 586 

1 986 Real Dollars C$MMl 
Exploration 7 ,834 5 , 1 87 1 1  ,31 4 1 2 , 776 1 7 ,979 1 1 ,378 1 3 ,282 1 3 , 570 
Development 6, 732 6,907 7 ,642 7 ,445 9 ,602 1 4,076 1 5 ,250 1 7 ,455 

Su btotal 1 4 , 566 1 2 ,094 1 8 ,956 20,221 2 7 , 581 25 ,454 28 ,532 31 ,025 
Operating Cost 7 ,643 7 , 681 7 ,486 8 , 640 9 , 731  1 0,980 1 1  ' 760 1 2 ,934 

Subtotal 22 ,209 1 9, 774 26 ,442 28,861 37,31 2 36,434 40 ,292 43 ,959 
Royalty and Property/Severance Taxes 8 ,468 8 ,41 4 8,073 8, 504 1 2 ,41 7 1 2 ,887 1 3 ,453 1 4 ,432 

Subtotal 30,677 28 , 1 88 34 ,51 6 3 7 , 365 49 , 729 49,32 1 53,744 58,390 
Windfall Profit Tax 0 0 0 0 0 0 0 0 

Total 30,677 28 , 1 88 34 ,51 6 37, 365 49 , 729 49,32 1 53, 744 58,390 
Reinvestment Ratio C% of Net Revenue) 

Dri l l ing and Completing 20.4 1 7 .6  20.8 2 0 . 1  1 8 .2  24 . 1  24.5 28.1 
Exploration, Development, and Production 70.7  63.5 85 . 7  8 7 . 8  8 0 . 1  7 5 . 8  79.0 79.1  



TABLE D- 1 3  (Continued) 

1 978 1 979 1 980 1 98 1  1 982 1 983 1 984 1 985 1 986 

Exploration Investment C$MM> 
Dri l l ing and Completing 4, 246 5 ,075 7 , 224 1 2 , 1 85 1 2 ,427 7' 1 71 7 , 1 02 6 ,692 4 , 3 1 5 
Lease Bonus 4,489 7 ,801 6,927 1 2 ,460 9 , 834 8 ,068 7 , 653 4, 563 2 , 303 
Operating 2 , 521 3 ,388 4 ,858 6 ,599 8 ,035 6 ,590 6 ,931 6 , 723 4 , 706 

Total 1 1  ,256 1 6 ,264 1 9 ,009 31 ,244 30,296 21 ,829 21 ,686 1 7,978 1 1 ,324 
Development Investment C$MM> 

Dri l l ing and Completing 8,81 5 1 1 ,004 1 5 , 576 24 ,480 2 7 , 001  1 7,934 1 8 , 1 04 1 7 ,005 9 , 2 75 
Lease Equipment 2 , 479 2 ,526 4 , 260 5 ,374 5 ,896 4,371 4 , 744 4,41 2 3 , 971 
Improved Recovery 645 584 953 1 ,496 1 ,990 1 ,431 1 ,451 1 , 349 1 ,21 4 
Development Overhead 1 , 1 1 5  1 ,467 1 ,861 2 , 356 2 , 1 62 2 ,302 2 , 762 2 , 569 2 , 055 

Total 1 3, 054 1 5 ,581 22,650 3 3 , 706 3 7 , 049 26 ,038 27,061 25,355 1 6,51 5 
Production Expense C$MM> 

Operating Cost 7 ,391 9,556 1 2 , 1 89 1 7 , 1 01 1 8 ,240 1 6,458 1 5 ,368 1 5 , 522 1 3 ,51 5 
Production Overhead 1 ,300 1 ,536 2 ,063 2 ,879 3 ,846 3 ,262 4 , 2 76 4 ,31 9 3 , 775 

Total 8 ,691 1 1  ,092 1 4 ,252 1 9 ,980 22,085 1 9 , 720 1 9 ,644 1 9,841 1 7 ,290 
Revenue C$MM> 

Crude Oil  and Condensate 28,602 39,449 67,922 99,408 90 ,038 83,048 84 , 1 1 0  78,871 40 ,056 
Natural Gas 1 8 ,076 24, 1 56 32,086 39,51 3 45 ,559 43 ,569 48,492 43 , 1 67 29,530 

Total 46 ,678 63,605 1 00, 008 1 38,921 1 35 , 597 1 26,61 7 1 32 , 602 1 22, 038 69 ,586 
Royalty @ 1 5% C$MM> 7 , 002 9,541 1 5 ,001  20 ,838 20,340 1 8 ,993 1 9 ,890 1 8 ,306 1 0, 438 
Operating Taxes 

Property and Severance C$MMl 2 ,51 6 3 , 003 5 , 1 49 7 ,369 7 , 555 6 , 740 7 ,088 6 ,540 3 , 723 
Property and Severance (% Rev.l 5 . 39 4 . 72 5 . 1 5 5 .30 5 . 57 5.32 5.35 5 .35 5 . 35 
Windfall Profit Tax C$MMl 0 0 8 , 648 22,605 1 4, 797 9, 425 7 ,833 5 ,000 0 

G N P  Deflator 
Annual Escalation C%l 7.3 8 . 9  9 . 0  9 . 7  6 . 4  3 . 9  3 . 8  3 . 3  3 .0  
1 986 Index 0.629 0 .685 0 . 747 0.81 9 0.871  0 . 905 0 .940 0.971 1 .000 

1 986 Real Dollars C$MM> 
Exploration 1 7 ,895 23, 744 25,460 38, 1 47 34, 764 24,1 08 23 ,074 1 8 ,51 7 1 1  ,324 
Development 20, 754 2 2 , 747 30,337 41 , 1 53 42,51 4 28,757 28,793 26,095 1 6, 5 1 5 

Su btotal 38,649 46,491  5 5 , 797 79,300 7 7 , 2 78 5 2 , 865 51 ,866 44,61 3 27 ,839 
Operating Cost 1 3,81 7 1 6, 1 93 1 9 ,089 24,394 2 5 , 343 2 1 , 779 20,901  20 ,436 1 7, 290 

Su btotal 52 ,466 62 ,683 74,885 1 03 , 694 1 02, 621 74,645 72 , 767 65, 049 45 , 1 29 
Royalty and Property/Severance Taxes 1 5, 1 32 1 8 ,31 3 26,989 34,440 32,009 28,420 28, 705 25,591 1 4 , 1 61 

Su btotal 67 ,598 80,996 1 01 ,874 1 38 , 1 34 1 34 , 630 1 03,064 1 01 ,472 90 ,640 59, 290 
Windfall Profit Tax 0 0 1 1  , 583 2 7 , 599 1 6 ,979 1 0 ,409 8,334 5 , 1 50 0 

Total 67,598 80, 996 1 1 3,457 1 65 , 733 1 5 1 ,609 1 1 3,473 1 09,806 95 , 790 59, 290 
Reinvestment Ratio (% of Net Revenue> 

Dri l l ing and Completing 32.9 29.8 26.8 31 . 1  34 .2  23.3 22.4 22.8 23.0 
Exploration, Development, and Prod uction 89. 5  85.0 82 .0 97.3 9 7 . 0  77.8 73.9 72.0 82.6 

0 I Note: Data for 1 986 and portions of 1 985 are estimated. ' � c.v 



TABLE D- 1 4  

ESTIMATED 1 986 EXPENDITURES FOR PETROLEUM INDUSTRY 

Actual Estimated Percent 
1 985 1 986 Reduction Comments 

Production 
Crude Oil and Condensate (MMBl 3,274 3 , 1 64 3 Based on Dept. of Energy Jan. 7, 1 987 estimate 
Wet Marketed Natural Gas (BCFl 1 7 , 1 98 1 6,665 3 
Lease Hydrocarbons (MMBEl 6,291 6,088 3 Based on 5 . 7 MCF/BE 

Price 
Crude Oil and Condensate ($/Bl 24.090 1 2 .660 48 Based on revising Sept. 1 986 price with 

posting changes 
Wet Marketed Natural Gas ($/MCFl 2.51 0 1 . 770 29 Used Aug. 1 986 for remainder of 1 986 
Lease Hydrocarbons ($/BEl 1 9.398 1 1 .431 41 

Revenue 
Crude Oil and Condensate ($MMl 78,871 40,056 49 
Wet Marketed Natural Gas ($MMl 43, 1 67 29,530 32 
Lease Hydrocarbons ($MMl 1 22,038 69,586 43 

Activity 
Average Seismic Crew Months 378 1 97 48 Estimated Oct. 1 986 level through rest of 1 986 
Exploratory Well Completions 1 2 ,523 8,967 28 Estimated fourth quarter 1 986 equals third 

quarter 1 986 
OCS Lease Bonuses 1 ,563 203 87 Actual for 1 986 
Non OCS Lease Bonus 3,000 2,1 00 30 Estimated 
Development Well Completions 59,563 36,1 55 39 Estimated fourth quarter 1 986 equals third 

quarter 1 986 

Unit Costs 
Development Well ($MM/Welll 0.305 0.275 1 0  Estimated 
Exploration Well ($MM/Welll 0.556 0.500 1 0  Estimated 
Operating Expense ($/BEl 2 .525 2.273 1 0  Estimated 
Production Overhead ($/BEl 0.696 0.626 1 0  Estimated 
Royalty (Fraction of Revenue) 0. 1 50 0 . 150 0 Value in 1 985 
Property and Severance 

(Fraction of Revenue) 0.0535 0.0535 0 Value in 1 985 
API Development Weii/JAS 

Development Well 1 .070 1 .070 0 Value in 1 985 
API Exploratory Weii/JAS 

Exploratory Well 1 .040 1 .040 0 Value in 1 985 

Exploration Investment ($MMl 
Drilling 6,692 4,31 5 36 Activity times unit cost/API-JAS well ratio 
Lease Bonus 4,563 2,303 50 Sum of OCS and non-OCS bonus activity 
Operating 6,723 4,706 30 Estimated 

Total 1 7,978 1 1 ,324 37 

Development Investment ($MMl 
Drilling 1 7,005 9,275 45 Activity times unit cost/API-JAS well ratio 
Lease Equipment 4,41 2 3,971 1 0  Estimated 
Improved Recovery 1 , 349 1 ,2 1 4  1 0  Estimated 
Development Overhead 2 ,569 2,055 20 Estimated 

Total 25,335 1 6,51 5 35 

Production Expense ($MMl 
Operating Cost 1 5 ,522 1 3,51 6 1 3  Unit cost times production 
Production Overhead 4,31 9 3,775 1 3  Unit cost times production 

Total 1 9,841 1 7,291 1 3  

Royalty and Operating Taxes ($MMl 
Royalty 1 8,306 1 0,438 43 Same as revenue reduction 
Property and Severence Tax 6,540 3,723 43 Same as revenue reduction 

Total 24,846 1 4, 1 61 43 

Windfall Profit Tax ($MMl 5,000 0 1 00 

Total Expenditures ($MMl 93,000 59,291 36 
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completions distributions by type of well. 
Development drilling and completion costs for 
1976 and 1977 were determined by difference. 

The remaining expenditures, except for 
royalty and windfall profit taxes, were based on 
the Joint Association Survey of Expenditures 
and Revenues from 1970 through 1972, the 
Bureau of the Census Annual Survey of Oil and 
Gas during 1973 through 1982, and the API 
Survey of Oil and Gas Expenditures for 1983 
and 1984. The Bureau of the Census data had 
to be adjusted for a lack of complete coverage 
in their net company interest statistics as shown 
in the following table: 

Census Reported Share of U.S. Total (%) 
1973 1977 1982 Source of Total 

Net Oil and DOE Monthly 
Gas Value 94.4 92.8 86.5 Energy Review 

Net Oil and Gas DOE Monthly 
Equivalent Production 93.2 91.7 87.3 Energy Review 

Completed Well Costs 81 .4 80.0 69.4 JAS Section I 
Wells Drilled NA 69.3 60.4 JAS Section I 

The published data in the Bureau of the 
Census reports are segregated into nine com
pany size strata, according to total lease 
revenues, making up the first 200 companies, 
and then a tenth size stratum containing all 
other companies. The first 200 companies were 
required to complete the survey, while a random 
sample according to size distribution was 
selected for the remaining companies. Accor
dingly, it has been assumed that the character 
of the companies not included in the Bureau of 
the Census survey is most closely represented 
by the tenth size stratum for all other com
panies. 

Expenditure data for other companies in 
the tenth size stratum were compared to their 
reported data for the items in the above table 
to form a basis for grossing up to a total value 
for these other companies, since the amount of 
understatement by these items are known for 
the total United States. The following com
parisons were used to gross up the expenditure 
data calculations shown in Thble D-15. 

Expenditures 

Property and Severance 
Thxes 

Operating Costs 

Production Overhead 

Development Overhead 

Lease Equipment 

Improved Recovery 

Lease Bonus 

Exploration Operating 

Comparison Data 

Oil and Gas Value 

Oil and Gas Production 

Oil and Gas Production 

Completed Wells Costs 
(Oil, Gas. & Dry) 

Oil & Gas Completed Well 
Costs 

Oil and Gas Value 

Oil and Gas Value 

Oil and Gas Value 

Since the Bureau of the Census did not 
report improved recovery expenditures during 
1973 through 1975, the improved recovery ex
penditures reported by the Joint Association 
Survey of Expenditures and Revenues for 1973 
through 1975 were used. Accordingly, the devel
opment overhead expenditures in Thble D-15 
had to be reduced by these expenditures as 
shown in the following table: 

Year 

1 973 
1 974 
1 975 

Bureau of 
Census 

Development 
Overhead 

($MM) 

573 
920 

1 .346 

Joint Assn. 
Survey 

Improved 
Recovery 

($MM) 

276 
399 
556 

Revised 
Development 

Overhead 
($MM) 

297 
521 
790 

Costs during 1985 for the items in Th.ble 
D-15, excluding exploration operating, lease 
bonus, and property and severance taxes, were 
estimated by adjusting 1984 costs by DOE4 
estimates of the variations in costs between 
1984 and 1985 for lease equipment and operat
ing cost. Property and severance taxes were 
varied between 1984 and 1985 in accordance 
with the variation in oil and gas revenue while 
exploration operating expense was assumed to 
be reduced by 3 percent. 

The data on lease bonus expenditures were 
modified to conform with OCS leasing expen
ditures, as shown in Thble D-16. The total expen
diture amounts are listed under column 4 in

' 

this table. These expenditures are as reported 
by the Joint Association Surveys during 
1959-72; they are based upon the adjusted an
nual surveys of oil and gas by the Bureau of the 
Census in Thble D-15 during 1973-82; and they 
are from the American Petroleum Institute's 
Survey on Oil and Gas Expenditures for 1983 
and 1984. The OCS lease bonus expenditure 
amounts are listed under column 2 with the 
December portion of same listed under column 
3. The source of the OCS data is the Minerals 
Management Service of the U.S. Department of 
the Interior. Columns 5 and 6 pertain to the non
OCS lease bonus expenditures. 

The data gathering procedures do not dif
ferentiate between cash and accrual systems of 
accounting. OCS bonus payments are not due 
until 30 days after the sale date. Accordingly, 
the DecemberOCS expenditures under column 3 
can be included in either the current or the 

•u.s. Department of Energy, Costs and Indices for 
Domestic Oil and Gas Field Equipment and Production 
Operations 1 985 by Energy Information Administration. 
DOE/EIA·0185 (85), Washington, DC, April 7, 1986. 
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I TABLE D- 1 5  t-.:l 
(j) 

ADJUSTMENT OF BUREAU OF CENSUS DATA - 1 973- 1 982 
(Millions of Dollar> 

Property and 
Severance Operating Production Development Lease Improved Lease Exploration 

Taxes Costs Overhead Overhead * Equipment Recoveryt Bonus Operating 
--

Reported by 
Bureau of 
Census 

1 973 925 2 , 787 497 51 7 572 0 3 ,552 935 
1 974 1 ,534 3 ,499 601 850 824 0 5 ,774 1 ,296 
1 975 1 , 746 4,31 1 769 1 ,265 1 ,500 0 1 ,61 5 1 ,555 
1 976 1 ,898 4,877 866 1 ,334 1 ,487 378 3 ,024 1 ,671 
1 977 2 ,099 5 ,71 4 905 1 ,048 1 ,608 461 2 ,580 1 ,962 
1 978 2 ,379 6,546 1 ,070 908 2 , 1 75 639 2 ,885 2 ,360 
1 979 2 ,750 7 ,834 1 ' 1 81 1 , 1 46 2 , 1 46 528 7 ,037 2 ,939 
1 980 4,565 1 0 , 1 91 1 ,71 0 1 ,457 3 ,573 941 7,899 4,225 
1 981 6 ,639 1 4 ,545 2 ,245 1 '71 7 4 ,760 1 ,458 1 1  ' 1 88 5 ,906 
1 982 6,609 1 5 ,51 5 3,048 1 ,691 5 , 1 35 1 ,944 8 , 1 63 6,71 2 

Adjusted Data 

1 973 971 3 , 1 38 586 573 620 0 3 ,727 988 
1 974 1 ,61 6 3 ,875 701 920 907 0 6,041 1 ,373 
1 975 1 ,845 4 ,765 904 1 ,346 1 ,683 0 1 ,730 1 ,667 
1 976 1 ,999 5,431 1 ,030 1 ,41 7 1 ,595 381 3 , 1 67 1 , 794 
1 977 2 ,2 1 9 6,499 1 ,083 1 , 1 68 1 ,787 467 2 ,697 2 , 1 1 2  
1 978 2 ,51 6 7 ,391 1 ,300 1 ' 1 1 5  2 ,479 645 3,071 2 ,521 
1 979 3,003 9 ,556 1 ,536 1 ,467 2 ,526 584 7,493 3,388 
1 980 5 , 1 49 1 2 , 1 89 2 ,063 1 ,861 4 ,260 953 8,653 4,858 
1 981 7 ,369 1 7 , 1 01 2 ,879 2 ,356 5 ,374 1 ,496 1 2 ,373 6 ,599 
1 982 7 ,555 1 8,240 3,846 2 , 1 61 5,896 1 ,990 9 ,922 8,035 

" Includes other capital. 

t lncluded in development overhead during 1 973 through 1 975. 



TABLE D- 1 6  

LEASE BONUS EXPENDITURES 
<Millions of Dollars> 

OCS Lease Bonus Total 
Year Total December Lease Bonus 

1 970 945 847 7 1 4  
1 971 96 642 
1 972 2 , 251 1 , 666 1 , 722 
1 973 3,082 1 ,491 3 , 727 
1 974 5 , 023 6,041 
1 975 1 , 088 41 7 1 , 730 
1 976 2 ,243 3 , 1 67 
1 977 1 ,569 2 ,697 
1 978 1 , 767 872 3,071 
1 979 5 , 079 1 , 305 7 , 493 
1 980 4, 205 8,653 
1 981 6,61 3 322 1 2 ,373 
1 982 3, 987 9, 922 
1 983 5 , 749 8,068 
1 984 3,928 7 ,653 
Totals 47,625 77,673 
1 985 1 , 563 1 24 

following year's total under column 4.  
Therefore, the non-OCS bonus amounts listed 
under column 5 are obtained by subtracting 
OCS sale amounts from total U.S. expenditure 
amounts. These numbers are obviously in error 
in a couple of years where negative numbers are 
calculated and could be in error during any year 
having a December lease sale. For those group
ings of years containing significant December 
OCS sales amounts, the non-OCS expenditures 
have been averaged and listed in column 6, 
yielding a revised schedule of lease bonus 
expenditures in the last column. 

OCS lease sale expenditures are known for 
1985 and are tabulated on the bottom of the 
table. Non-OCS lease bonus expenditures were 
decreased by approximately 20 percent to ob
tain estimated total lease bonus expenditures 
for 1985. 

Crude oil and natural gas royalty data, on 
an industry basis, are not available. However, it 
was possible to work up in most years the gross 
and net (after deducting royalty) crude oil pro
duction volumes for large, medium, and small 
companies, which generally accounted for 
about two-thirds of the total U.S. production (see 

U .S. Non-OCS Lease Revised 
Bonus U.S. Total 

Unadjusted Adjusted Lease Bonus 

(231 ) 1 58 1 , 1  03 
546 1 58 254 

(529) 378 2 , 629 
645 378 3 ,460 

1 , 01 8 378 5 , 401 
642 783 1 ,871 
924 783 3 , 026 

1 ' 1 28 1 ' 1 28 2 , 697 
1 ,304 2 , 722 4,489 
2 ,41 4 2 , 722 7 ,801 
4,448 2 , 722 6,927 
5 , 760 5 , 847 1 2 ,460 
5 , 935 5 , 847 9,834 
2 , 3 1 9 2 ,31 9 8,068 
3 , 725 3, 725 7 ,653 

30,048 30,048 77,673 
3,000E 4 , 563 

Thble D-13). The net and gross crude oil volume 
factors appeared generally steady at about 0.85 
without any strong tendency for variation with 
company size or time. It has been assumed that 
a 15 percent royalty rate can also be applied to 
natural gas volumes and further be applicable 
to revenue amounts based on oil and gas pro
duction volumes and prices. 5·6 

Windfall profit tax payments have been 
reported by quarter by the Internal Revenue Ser
vice from the commencement of the tax in 1980 
through the third quarter of 1985. The 
payments listed in Thble D-13 exclude the royal
ty owners' share of the tax payments. Values for 
1985 were obtained by extrapolating the trend 
observed during the first three quarters of 1985. 

5U.S. Department of Energy, Energy Information 
Administration, Monthly Energy Review, September 1 986. 
DOE/EIA-0035 (86105). Washington, DC, December 1986. 

6January 10, 1987, letter from Dr. H. A. Merklein, 
Department of Energy, to Dr. E. H. Murphy, American 
Petroleum Institute. 
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Reserves Discussion 

The division between reserve growth and 
new field discoveries of reserve additions of 
crude oil and natural gas in the United States 
from 1970 to 1985 was calculated as follows. 
First, the gross reserve additions for oil and gas 
from 1970 to 1983 were determined for each 
state or district and for the nation as a whole. 
(Gross reserve additions in any one year are the 
sum of net adjustments, net revisions, exten
sions, new pool discoveries, and new field 
discoveries.) The data used to determine gross 
reserve additions were the annual reports of the 
APIIAGA on reserves of crude oil, natural gas, 
and natural gas liquids in the United States; 
the annual reports ofEIA on U.S. crude oil, natu
ral gas, and natural gas liquids reserves; and 
R. Nehring, Linking U.S. Oil and Gas Reserve 
Estimates, The Rand Corporation, N -2049-DOE, 
September 1983 (this report linked the two sets 
of reserve estimates for crude oil and natural gas 
by state or district). The estimates of gross 
reserve additions were adjusted for the large net 
negative revisions in natural gas reserves in the 
Louisiana and Thxas Gulf Coast region during 

NPC Survey Reserve-to-Production 
Ratio Analysis 

The projected decline in reserves does not 
result in a proportional decline in production 
(see table below). Both oil and gas production 
are projected to decrease at a slower rate than 
reserves. As a result, the ratio of reserves-to
production (the R/P ratio) declines during the 
next 15 years from 9.2 to 7.9 (lower price) and 
6.9 (upper price) for crude oil and condensate. 

PROJECTED DOMESTIC RESERVE-TO-PRODUCTION 
RATIOS - 1985-2000 

Crude Oil and Condensate 
1985 
1990 
1995 
2000 

Natural Gas, Wet• 
1985 
1990 
1995 
2000 

Lower Upper 
Price Trend Price Trend 

9.2 9.2 
8.4 7.9 
8.0 7.4 
7.9 6.9 

1 1 .8 ( 1 0.2) l l .8 ( 10.2) 
10. 1 (8.3) 10.3 (8.7) 
10.3 (8. 1)  10.6 (8.7) 

9.9 (7.6) 10.8 (8.7) 

•oata for 48 contiguous states are in parentheses. 

For natural gas, the R/P ratio for the entire 
United States declines from 1 1 .8  to 9.9 (lower 
price) and 10.8 (upper price). For the contiguous 
48 states-the area from which domestic gas 
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this period (45.3 TCF total). Excluding these 
negative revisions, gross reserve additions of 
natural gas from 1970 to 1985 were thus 
calculated at 240.5 TCF. 

Using the API/AGA estimates of ultimate 
recovery by year of discovery, the latest estimate 
in the Significant Oil and Gas Fields data base 
of known recovery of crude oil and natural gas 
for all significant fields (one million barrels or 
more) discovered since 1970, and estimates of 
oil and gas discovered in fields that were not 
significant, the amount added to reserves from 
new discoveries was determined in each state 
or district. For the United States as a whole, this 
added up to 1 1 .4 billion barrels of crude oil and 
144.0 TCF of natural gas. Reserve growth in 
older fields was then calculated as a residual, 
the amount added from new discoveries being 
subtracted from gross reserve additions. 
Reserve additions from reserve growth were 
thus determined to be 23.3 billion barrels of 
crude oil and 96.5 TCF of natural gas for the 
1970-85 period. As a result, approximately 67 
percent (23.3 7 34. 7) of crude oil and 40 percent 
(96.5 7 240.5) of natural gas has come from 
reserve growth in fields discovered prior to 1970. 

supply will essentially be drawn-the R/P ratio 
for natural gas declines from 10 .2  to 7.6 (lower 
price) and to 8.7 (upper price) . 

The crude oil and condensate R/P ratios are 
lower in the upper price trend than in the lower 
price trend because respondents apparently 
projected that the higher prices would permit 
the drilling of more marginal wells and more in
fill wells to boost production. These wells would 
generally be expected to have lower ultimate 
recoveries and lower R/P ratios than the 
average well. This more than offsets the impact 
of a higher activity level that increases the 
relative number of initial well completions that 
are produced for only a portion of the year, 
thereby increasing the R/P ratio. Although the 
same factors would also affect gas well drilling, 
the respondents probably also included the 
drilling of more deep gas wells and unconven
tional gas wells in the upper price trend. These 
wells would have higher R/P ratios than the 
average gas well and could in conjunction with 
the increased activity levels be the reason the 
RIP ratio is higher for the upper price trend than 
for the lower price trend for natural gas. Since 
the R/P ratio is smaller in the lower price trend 
for natural gas, reserves decline at a faster rate 
than in the upper price trend and production 
remains relatively higher. Lower activity levels 
in the lower price trend arise from the reduced 
incentive to explore and develop. 



APPENDIX E 
IPAA/SIPES DRILLING SURVEY 

The Independent Petroleum Association of 
America (IPAA) and the Society of Independent 
Professional Earth Scientists (SIPES) surveyed 
their memberships with the intent of determin
ing how the recent oil price decline has im
pacted the near-term outlook for drilling. The 
respondents were asked to estimate their par
ticipation in wells from 1986 to 1990 based on 
three alternate price levels for oil and gas: $13 
per barrel and $1 .30 per thousand cubic feet 
respectively; $20 per barrel and $2.40 per thou
sand cubic feet; and $27 per barrel and $3.50 
per thousand cubic feet. The low and middle 
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price assumptions here approximate the lower 
and upper price trends of the NPC Oil & Gas 
Outlook Survey. There were 1 ,023 usable 
responses out of an estimated 7,000 potential 
respondents. The responses covered participa
tion in 18, 102 wells in 1985, for an average of 
17.7 well participations and $2.4 million invest
ment per respondent. 

The data is best summarized by using 1985 
as a base year and expressing the number of 
wells in which respondents would participate as 
a percentage of that base. 
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Figure E- 1 .  Activity Change for All Respondents. 
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PERCENTAGE CHANGE IN 
RESPONDENT ACTIVITY 

Percentage of 1985 Base 
at 1985 1986 1987 1988 1989 1990 

$13/$1 .30 100 2 1 .6 18.3 15.6 14.0 14.7 
$20/$2.40 100 50.0 51 .2  51 .3  50.6 52.5 
$27/$3.50 100 95.3 106.8 1 12.8 1 16.8 124.0 

Clearly, a substantial reduction in drilling 
activity is projected by the respondents for the 
low and middle price assumptions. These drill
ing trends largely confirm the level of domestic 
activity implied by the NPC Oil & Gas Outlook 
Survey. The high price assumption in this 
IPAA/SIPES Survey represents approximately 
the oil price before the recent decline, and 
respondents indicate a decline in 1986, followed 
by moderate growth in drilling thereafter. 

A breakdown of survey results was made by 
operating size of respondent, by comparing the 
estimates of respondents above and below the 
average of 17 wells per respondent in 1985. 
Those who participated in less than 17 wells in 
1985 represented over 70 percent of the 
respondents. Of significance was that these 
smaller operators showed a more extreme 

response in estimated well participation in both 
high and low price assumptions. 

PERCENTAGE CHANGE IN 
RESPONDENT ACTIVITY 
FEWER THAN 17 WELLS 

Percentage of 1985 Base 
at 1985 1986 1987 1 988 1989 1990 

$13/$1 .30 100.0 19.2 14.0 12.3 1 1 .5  1 1 .8 
$20/$2.40 100.0 61 .6 64.8 67.0 68.4 69.3 
$27/$3.50 100.0 124.0 143.8 154.0 162.9 171 . 1 

PERCENTAGE CHANGE IN 
RESPONDENT ACTIVITY 

MORE THAN 1 7  WELLS 

Percentage of 1985 Base 
at 1985 1986 1987 1988 1989 1990 

$13/$1 .30 100.0 22.4 19.7 16.7 14.8 15.7 
$20/$2.40 100.0 46.0 46.5 45.9 44.5 46.8 
$27/$3.50 100.0 85.5 94. 1 98.7 101 .0 107.8 

The above tends to confirm the empirical 
observation that the smaller operators respond 
faster and to a greater degree than the larger 
entities. 

NATIONAL PETROLEUM COUNCIL DRILLING SURVEY 

Thtal wells participated in during 1985 

Thtal investment in these wells (approximate) 

Assuming present law tax treatment, availability of good quality prospects and 1985 drilling costs, plus/minus 
inflation (if any), we would anticipate participating in the following number of wells if the average prices were: 

1 986 

1987 

1 988 

1 989 

1990 

$ 1 3/BBL 
$ 1 .30/MCF 

$20/BBL 
$2.40/MCF 

Please return by June 16, 1986 to: John H. Guy, IV, Deputy Executive Director 
National Petroleum Council 
1 625 K Street, N.W. , Washington, D.C.  20006 
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$2 7/BBL 
$ 3 . 50/MCF 



APPENDIX F 

ACRONYMS AND ABBREVIATIONS 

ANWR-Arctic National Wildlife Refuge 

API-American Petroleum Institute 

BOE-barrel of oil equivalent 

BTU-British thermal units 

CAFE-Corporate Average Fuel Economy 

DOE-U.S. Department of Energy 

DRI-Data Resources, Inc. 

E&D-exploration and development 

EIA-Energy Information Administration 

EOR-enhanced oil recovery 

EPA-Environmental Protection Agency 

EPCA-Energy Policy and Conservation Act 

FEA-Federal Energy Administration 

FEO-Federal Energy Office 

FERC-Federal Energy Regulatory 
Commission 

FPC-Federal Power Commission 

GOP-gross domestic product 

GNP-gross national product 

IPAA-Independent Petroleum Association 
of America 

LNG-liquefied natural gas 

MB/D-thousand barrels per day 

MCF-thousand cubic feet 

MMB/D-million barrels per day 

MW-megawatts 

NGA-Natural Gas Act 

NGPA-Natural Gas Policy Act 

NPC-National Petroleum Council 

OCS-Outer Continental Shelf 

OECD-Organization for Economic Coopera
tion and Development 

OPEC-Organization of Petroleum Exporting 
Countries 

SIPES-Society of Independent Professional 
Earth Scientists 

SMPs-special marketing programs 

SPE-Society of Petroleum Engineers 

SPR-Strategic Petroleum Reserve 

TCF-trillion cubic feet 

USGS-United States Geological Survey 
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INDEX 

Access to federal lands. See Federal lands, access 
Acid rain 

and coal burning technology, 1 5 1  
environmental policies, 150 

Air emissions, 149, 150-51 
Allocation controls 

background, 16 
crude oil buy-sell program, 46, 5 1-52 
crude oil decontrol, 48, 53-54 
and demand, 153 
Eagleton amendment to Economic 

Stabilization Act, 44 
Emergency Fuels and Energy Allocation 

Act of 1973, 44 
and gasoline shortages, 5 1-53 
historical base periods, 52 
primary user classification, 52 
state set-aside allotments, 52 
Voluntary Petroleum Allocation Program 

of 1973, 45 
Alternative fuels 

environmental policies affecting 
consumption, 151-52 

government incentives, 177 
international effects on oil consumption, 1 12-14 
technological advances, 1 31-33 
See also Coal; Nuclear power 

American Petroleum Institute (API) Crude 
Oil Price Effects Survey, 2 1  

APIIAGA reserves report, 124 
Arab oil embargo 

background, 15,  33 
economic impact. 63-65, C-1-C-6 
government response, 16-18, 45-48 
OPEC crude oil production, 156 
price controls, 46 

Arctic production, 128 

Biomass energy, 1 12 
Brazil, alternative fuel use, 1 14 
Buy-sell allocation program for crude oil, 

46, 51-52 

California, offshore federal lands access, 143, 168 
Canada, natural gas import source, 99 
Clean Air program, 49 
Coal 

as alternative energy source, 30-31 ,  1 10-14 
and environmental policies, 151-52 

government incentives, 177 
post-WWII government policy, 40 
technological advances (gasification and 

liquefaction), 131-32 
See also Alternative fuels 

Connally Hot Oil Act of 1932, 39 
Conservation 

effect of oil prices, 105-6 
government incentives, 14, 1 76-77 
government initiatives following energy 

crises, 46, 5 1  
technological advances, 129-3 1 

Consumption 
of alternative fuels, 1 1 1  
aviation fuels, 105 
and conservation, 105 
effect of decontrol, 54 
energy consumption and excise taxes, 176 
foreign demand, 162-64 
fuel switching by industrial users, 105 
future U.S., D-1 1 ,  D-16 
impact of economy, 107-10 
international effects of alternative fuels, 1 12-14 
and oil prices, 79, 103-14 
transportation fuels, 103 

Cost of Living Council 
and price controls, 42 
Special Rule No. 1 ( 1973), 44, 45 

Crude Oil Equalization Thx , 49 
Crude oil prices. See Oil prices 
Crude Oil Windfall Profit Thx. See 

Windfall Profit Thx 

Decontrol 
Carter era, 49-50 
of crude oil, 18, 53-54 
Ford era, 48 
of natural gas, 59-61 
Reagan era, 54 

Demand 
and environmental policies, 149-52 
government energy policy options, 175-77 
government restraint measures following 

energy crises, 46, 49 
impact of economy, 107-10 
increase from 1960 to 1980, 42 
noncommunist foreign demand, 162-64 
NPC survey projections, 26-30, D-10, D-15 
and oil price changes, 82, 103-14 
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and price controls and conservation 
initiatives, 153-54 

See also Supply 
Department of Energy. 49 
Department of Energy (DOE) reserves report. 124 
Department of Interior Oil and Gas Division. 40 
Depletion allowance, 48 
Deregulation. See Decontrol 
Diplomatic policies 

effect on supply. 153, 164-65 
government energy policy options, 14, 178 

Drilling 
and decontrol, 53, 54 
equipment levels and oil price decline, 136-39 
IPAA/SIPES drilling survey, 2 1 ,  79, 93-94, 

E-1-E-2 
NPC survey, 94 
and oil prices, 2 1-23, 85-91 .  D-20-D-21 
technological advances, 126-29 

Econometric studies 
of oil price decline, 72 
of oil price shocks, 65-67, C-1-C-6 
symmetry of response, 70-71 

Economic Stabilization Act, 42 
Economy 

and oil price decline, 24-25, 70-74 
econometric studies, 72, C-1-C-9 
regional and sectoral impact, 7 1-72 

and oil price shocks, 8,  19-20, 63-74 
econometric studies, 65-70 
regional and sectoral impact, 67-79 

Electricity prices, and demand, 1 10 
Emergency Energy Conservation Act of 1979, 5 1  
Emergency Fuels and Energy Allocation Act 

of 1973, 44 
Emergency Natural Gas Act of 1977, 19, 57 
Emergency Petroleum Allocation Act, 45, 48 
Employment in petroleum industry, and oil 

price decline, 135-36 
Energy crises 

background, 33-37, 39-42 
government policy options, 1 77-79 
See also Arab oil embargo; Iranian oil 

shortfall;  Oil prices, shocks 
Energy Information Administration (EIA) 

Annual Energy Outlook 1985, 26 
Energy intensiveness. See Consumption 
Energy policy. See Government energy policies 
Energy Policy and Conservation Act (EPCA), 48 
Energy Security Act. 53 
Energy 'frust Fund ( 1979), 53 
Enhanced oil recovery (EOR) 

production projections, 96-97, D-13, D-18 
technological advances, 129 

Entitlements program, 12, 4 7 
Environmental policies 

and alternative fuels consumption, 151-52 
and demand, 149-52 
and exploration and production levels, 12 
exploration and production wastes, 148-49 
offshore federal lands, 143-45 
onshore federal lands, 145-4 7 
petroleum industry compatibility, 14 7 
and supply/demand, 49, 143-49 

Equipment. and effect of oil price decline. 136-39 
Exploration and production 

decontrol incentives, 53 
delayed response to price changes, 92 
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and environmental restrictions, 49 
equipment levels and oil price decline, 136-39 
expenditure reduction factors, 89 
FPC Order 410. 58 
and natural gas price controls, 59 
non-OPEC production projections, 161-65, 

D-10, D-15 
and oil prices, 2 1-24, 85-92 
and price controls, 49 
reduced U.S. levels, 3, 1 1-12 
research incentives, 173 
research levels and oil price decline, 140 
tax incentives. 169-71 
technological advances, 126-33 
wastes, environmental issues, 148-49 

Federal Energy Administration (FEA), 46 
Federal Energy Office (FEO). 46 
Federal lands, access 

government energy policy options. 12-13, 168-69 
offshore, 143-45 
onshore, 145-47 

Federal leasing, government policy options, 169 
Field service industry 

impact on communities, 141 
and oil price decline, 3, 11,  23, 92, 133-35 
outlook, 139-41 
and stimulating U.S. production, 168 
technology exporter role threatened, 140-41 

Financing 
and oil price decline, 23, 92, 134-35 
revenue reinvestment rates, 87-91 

Fuel switching, 29-30, 35, 60, 105 
Fuel Use Act of 1973, 173, 174 

Gas bubble. See Natural gas, excess deliverability 
Gasoline shortages 

and allocation controls, 5 1-53 
and crude oil buy-sell program, 5 1-52 
following Arab oil embargo, 46 
following Iranian oil shortfall.  18,  5 1  
and tank topping, 52-53 

Gasoline vapor emissions, 149-50 
Geothermal energy. 1 1 2  
Government energy policies 

economic impact of responses to oil price 
shocks, 69, C-1-C-6 

options, 13-15, 167-79 
and petroleum industry. 12-13 
pre-1973 history, 39-41 
and U.S. vulnerability, 37 

Great Plains Gasification Plant. 59 

Heating Oil 
mandatory allocation program of 1973, 45 
price controls, 44 

Hydropower. 1 1 2  

Import/export restrictions, 153 
Import quota program, 12 
Imported oil. See Oil imports 
International Energy Agency. 48 
IPAA/SIPES Drilling Survey. 2 1 ,  79, 93-94, E-1-E-2 
Iranian oil shortfall 

background, 18, 33 
economic impact. 64-74, C-1-C-6 
effect on decontrol efforts, 53 
government response, 18, 50-54 
OPEC crude oil production, 1 56 



Liquefied natural gas (LNG), 59, 99-103 

Mexico, as natural gas import source, 99 
Mine Safety Program, 49 
Mineral Leasing Act of 1920, 39 
Mineral Management Service petroleum 

resource estimates, 120-25 
Monetary policy 

to avoid energy crises, 179 
and oil price shocks, 69 

Multinational oil companies, 40 

National Energy Plan ( 1977) 
background, 18, 49-50 
and natural gas pricing, 58 

National Petroleum Council (NPC) Oil & Gas 
Outlook Survey 

aggregate of responses, D-10-D-19 
assumptions, D-5-D-7 
background, 92-93 
conservation, 105-6 
consumption, 103-14 
drilling levels, 94 
economic performance projections, 72-7 4 
field service industry and oil price decline, 133-41 
international supply factors, 1 55-65 
oil import levels, 5,  27 
petroleum resource estimates, 122-25 
professional training figures, 133-36 
reserve additions, 94-95 
supply/demand outlook, 26-30, 79- 1 16 
U.S. natural gas supply, 99-103 
U.S. petroleum resource base, 1 17-25 

National security 
and oil imports, post-WWII period, 40 
and petroleum industry, 3-4, 7 
and stimulating U.S. production, 168 

National Wilderness Preservation System 
Act of 1964, 145 

Natural gas 
area pricing, 56, 83 
background, 54-58 
company-by-company pricing, 55-56, 83 
curtailments, 19, 56-57, 83 
decontrol, 14, 49, 173-75 
dual market, 55, 56, 60 
early regulation of. 55 
effect of prices on production, 103 
energy crises. 34 
excess deliverability, 60-61,  84, 103 
FERC transportation program, 61 
government response to shortages, 58-61 
growth as energy source, 54 
national ceiling price, 58, 60, 61. 83 
Panhandle Eastern Pipeline case, 55 
Phillips Petroleum decision, 55 
pipeline minimum bills, FERC Order 380, 61.  85 
political issues in regulation, 59 
price history, 83-85 
reserve additions, 1 1 , 60 
reserve to production ratio, 38, 56, 58, D-28 
resource base estimates, 125-26 
shortages, 56 
special marketing programs, 61, 85 
supplemental sources (imports), 59, 99-103 
supply/demand, NPC survey, 29-30, 

99-103, D-11-D-12, D-16-D-1 7  
take o r  pay contracts, 8 5  
technological advances, deep and 

unconventional gas, 128 

U.S. supply, 91-92, 99-103 
Natural Gas Act of 1938, 55 
Natural Gas Policy Act of 1978 (NGPA), 

13,  19, 59-60, 83. 1 73-74 
New Zealand, alternative fuel use, 1 14 
Nitrous oxide emission controls, 150-5 1 
Nuclear power 

as alternative energy source, 30-31,  1 10-14 
and environmental policies, 15 1-52 
government incentives, 1 7 7  
See also Alternative fuels 

No. 2 fuel oil. See Heating oil 

Office of the Petroleum Coordinator of the 
National Defense ( 1941) ,  39 

Otfshore production, 127-28 
Oil and gas resources. See Petroleum resource base 
Oil import fee, 13,  1 7 1-73 
Oil imports 

communist to noncommunist countries, 161 
crude oil import tariff of 1932, 39 
effect of decontrol, 54 
government energy policy options, 167-79 
Iranian oil shortfall, 50-5 1 
license fee program, 44 
Mandatory Oil Import Program 

( 1959-1973), 4 1  
non-OPEC sources, 161-62 
NPC survey projections, 27, 98-99, D-12, D-17 
and oil price decline. 24 
outlook, 79 
pre-1973 government policy. 39-41 
U.S. dependence, 3, 5- 10, 15, 33-38, 42, 44, 

48-50, 167-79 
Voluntary Oil Import Program, 41 

Oil prices 
cost basis pricing. 145 
effect on conservation, 105-7 
effect on consumption, 103-16 
effect on drilling, 86-91, 93-94 
effect on exploration and production, 92 
effect on reserve additions, 94-95 
historical trends, 33-34, 80-82 
instability, 7-8. 25-26, 81-82 
and Iranian oil shortfall, 50-5 1 
and macroeconomic performance, 72-7 4 
National Energy Plan ( 1977), 49-50 
price controls. 42-45 
price freeze, 1973, 45 
and supply/demand outlook, 25-26, 77, 99-1 16, 

D-2. D-5 
See also Oil prices. decline; Oil prices, shocks 

Oil prices, decline 
background, 3-4, 5, 12, 33 
economic impact, 24-25, 70-74 
effect on drilling, 21-23 
effect on exploration and production, 2 1-24, 33 
effect on field service industry. 23, 33, 133-41 
macroeconomic impact, 7 1  
regional economic impact, 7 1-72 
sectoral economic impact, 72 
and supply/demand outlook, 25-30 
symmetry of economic response. 70-71 
See also Oil prices 

Oil prices, shocks 
econometric studies, 65, C-l-C-6 
economic impact, 19-20, 64-74 
and foreign demand, 162-64 
future economic impacts, 20-21 
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government energy policy options, 167-79 
government response, economic impact, 69 
and monetary policies, 14, 179 
regional economic impact, 67-69 
and reserves growth, 124 
sectoral economic impact, 67-69 
U.S. vulnerability, 7-8, 34-38, 41-45, 53 
See also Arab oil embargo; Iranian oil 

shortfall;  Oil prices 
Oil shale, 131-32 
Oil supply disruptions. See Energy crises; Oil 

prices, shocks 
Old Oil Allocation Program. See Entitlements 

Program 
Organization of Petroleum Exporting 

Countries (OPEC) 
background, 15, 33, 41-42, 81-82 
crude oil production, 156-58 
excess productive capacity, 37 
and oil prices, 3 ,  7-8, 25-26, 82 
and oil price decline, 21 
production levels, 8 
supply levels, NPC survey, 5, 28-29, 99, D-10, D-15 
U.S. reliance, 42 

Outer Continental Shelf Lands Act Amendments, 143 

Panic buying, 50 
Petroleum Administration for War, 39, 40 
Petroleum Industry War Council, 39, 40 
Petroleum resource base 

alternative fuels, 13 1-33 
estimates, 1 17-25 
federal lands, 143-47 
recoverability, 1 18 
reserve growth, 124-25 
U.S. , 117-25 
world reserves, 159-61 

Phillips Petroleum Co. vs. Wisconsin, 55 
Powerplant and Industrial Fuel Use Act of 1973. 

See Fuel Use Act of 1973 
Price controls 

background, 16, 42 
crude oil decontrol, 53-54 
effect on conservation, 106 
effect on demand, 153 
Entitlements Program, 4 7 
following Arab oil embargo, 46 
following Iranian oil shortfall, 48-50 
under National Energy Plan ( 1977), 49 
on natural gas, 55-61 
replacement cost basis, 49 

Price floor, 13, 167, 170 
Professional training for petroleum industry 

careers, enrollment, 135-37 
Propane 

demand increase, 44 
mandatory allocation program, 45 

Prorationing (by states), 39, 40-41, 80 
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