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Chapter II
OIL

INTRODUCTION

The forecasts of future oil supply contained in the Project Independence Report
were conditioned upon numerous policy assumptions and a forecasting technique
with many inherent uncertainties. In the ensuing year, several events occurred
in rapid succession that affected the basic assumptions and methodology and
changed this year's analysis:

e The Tax Reduction Act of 1975 modified the tax and depletion situation.

e Resource estimates were revised downward substantially by the Federal
Energy Administration (FEA) and the U.S. Geological Survey (USGS).

®» The schedule changed for Federal leasing of Outer Continental Shelf
(0CS) 1lands.

e The rate of development envisioned for Northern Alaska was revised
upward.

e The oil and gas price controls debate led to more intensive evaluation
of their effects.

The purpose of this chapter is to estimate future 0il production possibilities
over a range of geological assessments and under different policy assumptions.
To do this, an historical perspective is established; the analytical techniques
used to forecast oil supply possibilities are explained and areas of uncertain-

ty are identified; and the implications of this analysis for future policy are
discussed.

PERSPECTIVE

The out1ook.f0r domestic oil supply is clouded with uncertainty. The extent
and aya11ab111ty of domestic resources, Federal OCS leasing policy, form and
duration of oil price controls, success of tertiary recovery techniques, and

participation of State and local governments will determine our future pro-
duction possibilities.
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In recent years, significant changes have occurred in domestic crude oil pro-
duction, reserves, imports, prices, and consumption. This section discusses
the present 0il supply situation, the events leading up to it, and the short-
term supply and demand outlook.

The Present Situation

The present o0il supply situation is best characterized by the following:

¢ The United States now imports almost 40 percent of the oil it consumes.

® Price controls on domestic production have been in effect since 1973.

® Proved reserves have been steadily declining since 1970 (when nearly
10 billion barrels were added in North Alaska, but no oil has yet been
produced).

o Domestic production levels have been decreasing since 1970, but may be
beginning to fall more slowly.

o Federal leasing of OCS lands has been stepped up.

® Drilling effort for oil has been increasing since 1972, after declin-
ing for 15 years.

® Domestic oil consumption has deciined from 1973 levels.

The relevant historical perspective behind these observations can be divided
into two parts; the dividing point is the Arab oil embargo of 1973.

Pre-Embargo Period

Three major factors shaped domestic 011 supply from the Fifties to the early
Seventies:

® Crude oil prices remained relatively flat (actually declining when
adjusted for inflation; see Figure II-1).

o Conservation practices in major producing states held crude oil pro-
duction well below full capacity until about 1970.

® A large amount of cheap foreign crude o0il overshadowed the world

pgtfoleum markets; its import into the United States, however, was
Timited severely by mandatory oil import quotas.
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Figure lI-1
average Wellhead Price of U.S. Crude
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Source: U.S. Bureau of Mines, U.S. Bureau of Labor Statistics, American Petroleum
Institute and Federal Energy Administration.
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These factors created a pre-embargo domestic oil supply situation with a number
of important features:

e 0il drilling declined steadily after 1959 for two major reasons (see
Figure 11-2): decreased profitability of domestic production in mature
producing areas (because of rising costs and flat oil prices in the
face of cheap foreign 0il); and the lack of access to Federal Tands in
frontier areas (0CS and Alaska).

e In response to decreased drilling, domestic 0il reserves declined
steadily after 1966 (except for North Alaskan reserves added in 1970;
see Figure 1I-3).

e Until 1970, production increased, at which point full capacity was
reached. After the 1970 peak, domestic production began to follow
reserves downward (see Figure II-4).

e Meanwhile, domestic oil consumption increased steadily in the face of
this production trend, reaching a pre-embargo peak in 1973 of over 17
million barrels per day (MMB/D) (see Figure 11-5).

e In turn, the widening gap between domestic oil consumption and domestic
production was filled with increasing quantities of cheap oil imports
(see Figure 11-6).

e These growing U.S. imports soon caused Western Hemisphere sources to
reach their production capacities. Afterwards, the importance of the
Western Hemisphere began to decline as an increasing percentage of
imports came from the Eastern Hemisphere (see Figure 1I1-7).

e Finally, the makeup of the imports shifted from crude to products, as

a by-product of import quota exemptions in PAD I, environmental require=

ments for low sulfur fuel oil, and various incentives imbedded in price
controls (see Figure 11-8).

Post-Embargo Period

The changes in the oil supply situation caused by the 1973 Arab oil embargo
cannot be overemphasized. They have caused a rethinking, at a high national
priority, of the entire domestic energy situation.

After 1973, the three major pre-embargo factors were no longer present; they had

however, been replaced by others:

e Imports became expensive -- up to $12 a barrel, excluding any import
fees.
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Figure l1-2
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Figure II-3
U.S. Proved Reserves of Crude Oil
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Figure 11-6
U.S. Oil Consumption By Source
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Figure 11-7 Figure 1I-8
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e In response, domestic crude oil prices increased sharp]y, on average
from agound $3 to over $8 nominally and to nearly $5 in constant dollars

(see Figure II-1).

These two factors have been the major determinants of the 0il supply situation
in 1974 and 1975:

e Although price controls remained in effect for "old" oil, "new" oil sold
at the wellhead at a free market price. This has changed under the
Energy Policy and Conservation Act (EPCA).

e For the first time in recent history, domestic demand dec]ingd, from a
high in 1973 of about 17.3 MMB/D, to a 1975 figure of approximately
16.2 MMB/D (see Figure II-5).

e Drilling activities for o0il increased dramatically in 1924 and again
in 1975. As an indication, the active rotary rig count in 1975 reached
1,877, the highest count since 1962.

o Federal leasing on the OCS stepped up markedly.

e Higher prices stimulated consideration of tertiary processes to increase
crude oil recovery.

e Domestic crude 0il production began to slow its decline in 1975.

Effects of the Energy Policy and Conservation Act of 1975

The short-term outlook for supply and demand for crude oil in the United States
is in transition, due to changes of oil price controls (equired by the EPCA.

The precise course of near-term consumption and product19n is uncerta1p, begause
the effects will be closely related to final implementation of the Tegislation.
EPCA's possible effects, however, cannot be ignored. Domestic consumption will
increase in the short term regardless of the EPCA as the economy recovers.
However, the lowering of crude oil prices under EPCA will increase demand even
further. Because production will remain relatively level in the next two years,
imports would have reached 8.0 MMB/D in this period had severa1 conservation
measures not been in effect. The impact of these measures will be to rqduce \
expected imports to between 6.0 and 7.0 MMB/D 1n_1977-1978. Ungerta1nt1es remain
with respect to inclusion of Alaskan production in the ca]cu]at1on of the
average price, the future levels of the production 1nceqt1ve fgctor, and the
final effect of the program on petroleum industry decision-making.
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BUSINESS-AS-USUAL SUPPLY OUTLOOK

The future o0il supply outlook is estimated for a range of geological assessments
and under different policy assumptions. This range of outlooks is indicated

by three supply forecasts, entitled: Pessimistic, Business-as-Usual (BAU), and

Optimistic. These represent three points on a spectrum of potential future oil

supply levels.

Equally important, these forecasts represent supply "possibilities," in 1ight

of the assumptions underlying each outlook and different import prices of crude
0i1 and its coproducts (associated-dissolved gas and natural gas liquids).

These "possibilities" are converted into an estimate of actual production by

the overall Project Independence Evaluation System (PIES), after consideration

of the demand for crude and its coproducts as well as of the major costs incurred
to convert crude to products useful to energy consumers (e.g., transportation,
refining, distribution, etc.). Appendix A explains how this system works.

Among these three outlooks, the forecast resulting from the BAU Outlook is the
central one. From an 0il supply perspective, this outlook reflects the U.S.
Geological Survey (USGS) geological assessment which it believes has a 50-50
chance of proving-out in actual practice over time.* In terms of assumptions,
the BAU outlook is moderately optimistic in several areas: (1) OCS leasing
proceeds according to the Department of Interior's announced leasing schedule;
(2) tertiary oil recovery methods prove successful technically and economically
and are applied at a moderately optimistic pace; (3) oil and gas deregulation
occurs over the next few years; and (4) the present provisions of the Federal
tax code which affect crude oil economics remain unchanged.

0i1 supply estimates are made primarily on the basis of a set of assumptions
which are considered most 1ikely. The assumptions that make up the BAU supply
possibility outlook are summarized in Table II-1. These assumptions and the
uncertainty surrounding them are discussed in subsequent sections of this
chapter.

Table II-1
BUSINESS-AS-USUAL SUPPLY OUTLOOK ASSUMPTIONS

Resource Estimates

0CS Leasing (1975-1984)
Investment Tax Credit
Alaskan pipeline capacity
Price Controls

Tertiary Recovery

USGS Statistical Mean.

26.8 million acres.

10% through 19773 7% thereafter.

2.0 MMB/D in 1980: 2.5 MMB/D in 1985.
Removed within a few years.

Tertiary methods prove out, but are
applied at a moderate pace.

* This resource outlook is referred to as the "statistical mean" in USGS

Circular 725, from which the supply possibilities described here are derived.
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The Optimistic and Pessimistic outlooks differ from BAU with respect to level

of geological success, the rate of leasing offshore, the degree of success and
pace of application of tertiary oil recovery, and the fate of the investment
tax credit. The specific assumptions underlying each supply outlook are detail-
ed in a later section.

Within the overall PIES, these oil supply outlooks become building blocks of a
variety of comprehensive energy scenarios. The connections between PIES
scenarios and BAU o1l supply possibi]ities are shown in Table 11-2 (the other
two oil supply outlooks are also reconciled with PIES scenarios).

Table II-2
OIL SUPPLY OUTLOOKS AND PIES ENERGY SCENARIOS

Pessimistic BAU Optimistic

Energy Scenario
Accelerated X
Reference

Conservation

Regional Limitation

Regulatory

Electrification

Supply Pessimism X

> > o< DX X<

Two of these energy scenarios (Regulatory and Supply Pessimism) reflect price
regulation. These price regulation scenarios illustrate the way PIES converts
supply possibilities into an estimate of actual future 0il production. For
scenarios which envision price regulation, PIES excludes from the production
estimate the supply possibilities which are not economically viable at the
regulated oil price.

Business-as-Usual Supply Possibilities

The $13 BAU 0i1 Supply Trajectory*

Under any one 0il supply outlook--for example, BAU--future oil supply
possibilities vary over time between geographical areas, between the portion
of the overall resource base from which they may be withdrawn (e.g., newly
discovered fields versus known fields), and between the mix of recovery

* Throughout this chapter, domestic production will be quoted at the world oil
price (in constant 1975 dollars) with which it competes. When these supply
possibilities mesh with the consumption input to the main PIES, the actual
wellhead price of domestic production would be less than the competitive 1m-

ported oil price, the difference lying mainly in the transportation cost from
wellhead to refinery.
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Table II-3

S AT $13*
BAU OIL PRODUCTION POSSIBILITIE
(MMB/D)

1975 1980 1985 1989

—me | e

Lower-48 Onshore

-- . 1.9 2.2

New Field Primary/Secondary ~ g'g 474 1

01d Field Secondary = o 34 33

iaduiy 7.0 4.2 2.4 158
Initial Reserves o 4.2 2.4

Subtotal 7.0 1% 7:3 6.8

Lower-48 0CS

Pacific 0.2 ?.2 ?.2 ?.?

Gulf of Mexico 1;9 0:1 e, 01
Atlantic A= u. 1t Hel

Subtotal .2 2 2% 1.%

Alaska 8

-~ i 0.4 0.

giﬁ:£08ESSea 0.2 ?.; g.g ?.g

North Slope :: i i e
NPR-4 SR Aii=d By

Subtotal 0.2 2.0 B 2.9

Other

NPR-1 -- 0.2 0.2 0.2

Tar Sands X Oj; /63 0.3

Heavy Hydrocarbons = U.1 v.2 #
-- 4

Subtotal Reia? 0.3 0.4 0.5

8.4 19 12.9 11.9

Total Crude Iy -

Natural Gas Liquids (NGL)** 1.6 1.9 1.8 -8

Total Liquids 10.0 13.8 14.7 3.7

* Throughout this chapter, domestic product1on.1s p(esentggraihg ZEQEL%
possibility at a given equivalent imported 011 pr1c?. Lomelid: 2 era
solutions from the main PIES supply and qemand model, W :
from the supply possibilities at that price, see Chapter l.

x%x Excludes NGL's produced at refineries.
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included in the Optimistic Outlook). In Alaska, the areas next in importance
are on the Alaskan OCS, especially the Gulf of Alaska and the Beaufort Sea.

The lower-48 0OCS is the second most important area for expanding domestic
production.

e Assuming that the BAU leasing schedule is achieved and the geological

potential of the OCS has been assessed correctly, lower-48 OCS pro-
duction can almost double by 1985. 1If so, this area will account for
16 percent of total crude production that year (see Table II-3).

Similar to onshore, OCS production growth must follow after replacement
of withdrawals from today's OCS reserves--principally in the Gulf of
Mexico. For example, the net increase of 0.4 MMB/D in the Gulf of

Mexico by 1985 requires gross additions of productive capacity of 1.1
MMB/D.

By 1985 the balance of the lower-48 OCS increase--0.5 MMB/D--should come
from the Atlantic and Pacific.

As will be emphasized later, the assumed rate of leasing limits the lower
48 0CS production estimate over the period of the BAU Outlook. Consequently,

an inadequate leasing rate can cause a decline in Tower-48 0CS production
after 1985.

The balance of any increase in crude production is envisioned to stem from
NPR-1 and heavy hydrocarbons. Both make an important contribution to future
supply, but certainly one that should be dwarfed by Alaska, the lower-48 OCS
and even by replacement of today's productive capacity on the lower-48 onshore.

Finally, the balance of total conventional petroleum 1iquids available
domestically is expected to consist of coproducts of crude production (1liquid
derivatives of associated-dissolved gas) and of non-associated gas. These

additional 1liquids--NGL's--are expected to account for about 12 percent of total
production (see Table II-3).

Effects of Price on BAU Supply

~ The overall level of BAU oil supply possibilities changes substantially if
Price expectations are higher or lTower than $13 (see Table II-4). This change
1S the result of different price effects in various geographical areas, different

components of the resource base, the rate of drilling and changes between alter-
native oil recovery methods.
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Table 1I-4

1985 BAU OIL PRODUCTION AT ALTERNATIVE IMPORT PRICES

(MMB/D)
txpected 01l Price

Source 8 $13 $16
Lower-48, Onshore 4.4 7.3 7.7
Lower-48, 0CS 4D 2.) £:3
Subtotal 6.3 9.4 D0
Alaska 2.3 3% 3.1
Other 0.4 0.4 0.6
Total Crude 9.0 12.9 13.7
NGL's 153 1.8 2.4
Total Liquids 10.1 14.7 16.1

In 1985, several things concerning the potential response of oil supply
to price are important to note (see Figure 11-9):

e Between $8 and $13, the estimated crude supply response is large--4.0
MMB/D by 1985.

e Through 1980, however, time lags are estimated to make the response
smaller (1.6 MMB/D). By 1985 major time delays should be resolved;
thereafter continuing decline in the quality of resources found causes
the difference between $8 and $13 to grow further (to 5.3 MMB/D in 1989).

The largest share (75 percent) of the 4.0 MMB/D growth in response to
price by 1985 occurs onshore in the lower-48. In these onshore areas, the
supply response from $8 to $13 stems from new fields and from more sophisticated
tertiary recovery methods.

e The 2.9 MMB/D price response onshore in the lower-48 is made up of 2.0
MMB/D from new fields, primary and secondary, and 1.0 MMB/D from tertiary
recovery.

e This indicates that replacing today's productive capacity in the 1ower-48
states--by 1985 and to an even greater extent beyond 1985--depends on the
more expensive components of potential future supply.

The next most important contributions to the supply response between $8 and
$13 are Alaska (20 percent) and the lower-48 0CS (5 percent).
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Figure 1I-9
Crude Oil Production at Three Prices (BAU)
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Administration Act of 1974 required FEA to prepare a ". . .complete and inde-
pendent analysis of actual o0il and gas reserves and resources in the United
States and its Outer Continental Shelf. . ." The FEA report on reserves was
submitted to the Congress in October, 1975. The FEA survey of reserves esti-
mated that proved 0il reserves were 38 billion barrels, with most of the
potential contained in Texas, Alaska, California, and Louisiana.

This contrasts with an assessment by the USGS which, using data supplied
by the American Petroleum Institute (API), estimated United States crude oil
reserves at 34 billion barrels. Even though proved reserves is the category
of resources about which the most is known, some differences still exist

between the two estimates, which is even further magnified in trying to assess
correctly the entire resource base.

These proved reserves of crude 0il represent the most definitive source
for future production, but as they are drawn down by production, the reserve
pool must be supplemented by other categories of resources in order for pro-

duction not to continually decline. It is proving these other resource cate-
gories that will supply future production.

Indicated and Inferred Resources

Indicated reserves are those reserves as yet unproven but believed recov-
erable from known fields using known fluid injection techniques. According
to the USGS Circular 725, they amount to 4.7 billion barrels. Inferred
reserves are those inferred from demonstrated reserves (measured plus indi-
cated) and are, therefore, more speculative. Circular 725 has inferred
reserves amounting to 23 billion barrels. These additions are due to

extensions, revisions, and new horizons within the defined 1imit of an oil
field.

Undiscovered Resources

The USGS also reports assessments of undiscovered recoverable resources
based on historical and geological data. To emphasize the uncertainty
involved with these assessments, they are reported not as point estimates,
but rather as a range of quantities and probabilities. The statistical mean
of the range of quantities is USGS's estimated point where there is a 50-50
chance of the actual amount being above or below that quantity. The 95
percent point is the USGS estimate that there is a 95 percent chance that
there is at least this amount, and the 5 percent point is where there is only
a 5 percent chance that there is at least this amount. As an example of this
technique, the USGS estimate for economically recoverable o1l resources in
the United States has a statistical mean of 89 billion barrels, a 95 percent

point of 50 billion barrels, and a 5 percent point of 127 billion barrels
(see Table II-5).
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Figure 11-10
Petroleum Resources Of The United States
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d and inferred portion (which
are large. Ultimately, 80

e Of these potentia] resources, the indicate
d or "measured” reserves

are considered to be more nearly assured)
percent of the withdrawals from today's prove
might be replaced from these two categories.

associated with undiscovered recoverable resources is

large (indicated by the wide spread of the 95 to 5 percent range). The
quantity represented by this range amounts to plus or minus more than

40 percent of the 89 billion barrels which have a 50-50 chance of
As will be shown later, this resource

being discovered and recovered.
uncertainty causes future production estimates to be equally uncertain.

barrels of the statis
s reside in immature
(Alaska and offshore). Thi
ply projections.

e The uncertainty

tical mean of undis-
regions with little or

Over half of the 89 billion
s fact further

covered recoverable resource
no production or cost history
increases the uncertainty of oil sup
the USGS considers "sub-econo-
--197 billion barrels. Higher
may make a substantial portion of this
This fact, too, significant]y com-
plies, especially at

ntity of resources which

e Finally, the qua
es is very large

mic" at pre-embargo pric
prices, new technology and time
resource attractive for production.
plicates the problem of estimating future oil sup

prices substantially above pre-embargo levels.

rovide projected reserve levels is

The adequacy of the resource base to p
of resources that must be proved as reserves

i1lustrated by the quantities

to achieve the BAU forecasts at different prices during the 15-year time span
of the projections (see Table II- . The quantities are derived from results
of the oil supply model. Several points concerning the adequacy of the
resource base to provide projected reserve levels are important:

e In order to capture the production from inferred reserves, the "secondary
s been expanded to include

recovery from old fields" production category ha

all production from the economic portions of both indicated and inferred
reserves. This includes primary production from inferred reserves. Ter-
tiary production from old fields 1is considered sub-economic at pre-embargo
prices, and stems from the sub-economic reserve category.

e At $13, about 55 percent of the total of 48.9 billion barrels of reserves
added is through primary and secondary development of new fields (dis-
covered subsequent to 1/1/75).

more comes from secon
hich has been enlarge

e A little less than a third dary development of old
fields (the definition of w d to include inferred
reserves.)

due to development of tertiary

he reserves added is
mic at pre-embargo prices.

o The final sixth of t
which were sub-econo

recovery processes,
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Table 11-6

(Billions of Barrels)

BAU PROVED RESERVES ADDED, 1975-1989

Expected 0i1 Price

$13
%

Bbl1.

%

$8

Bb1.

USGS-725 Mean

New Field Primary and

USGS "Economic"

43
67

2.0
14.4

26.7 35
14.4 67

14
67

10.8
14.4

3.b%
4 15

Secondary
01d Field Secondary

41.1 42 46.4  A47%

28%

27.2

98.1

Sub-total

™~ oy
co

™ Lo
o~

[N
co

~Oo

oo
O N

New Field Tertiar
01d Field Tertiari

USGS "sub-economic"
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10.9

177.0

Sub-total

al.a

48.9

278

275.1

Total

Lower-48 0CS adjusted for resources at water depths

*
Alaska onshore and Beaufort Sea excluded

greater than 200 meters.



i rces
E at $16, less than half of the egonom1ca]1y recoze;iblgrggzguof e
: Ver}]able a;e proved as reserves, wh1ch is only abounomicg
iéi;1 resources available (both economic and sub-eco A

i ce category of poten-
i s, which are derived from a resour prs
’ 1?2%};r2ngi;§21esize (177 billion barrels), has reached only a very
Tevel by 1989 (10.9 billion barrels).

j i ce base
The results of the fifteen year prQJect1ons depend uzggrgzi ?iigu;eserves
pt?ons and also on the effort required to convert re
assum

and subsequently to produce them.

0CS Leasin

cent of
i 1974, 1.8 million acres of 0CS lands were 1easidiggz ab$ﬁz igszﬁzd
Dur1ngt 1 o% 6.8 million acres leased between 1964 qq1_ ’ aéres e assy e o7
g:iiﬁgsz-as—Usha1 0cS leasing will amount to 34.4 miii10

and 1989 (see Tabie 111}
Table 11-7

BUSINESS—AS-USUAL LEASING
(Millions of Acres)

Total Alaska* california Gulf OQMMEX1CO At];at1c
i o i o Acres Acres
Period Acres Total Acres Acres
4.1 4.2
1975-79 15.8 46 4.2 g.; e =5
1980-84 1.0 32 2% 0.6 b e
1985-89 1.6 X 2.0 0.6 2.8 g
1155
Total 34.4 100 9.1 4.6 ;'
Percent 26% 13% 33%

of total

EETEEY L SRR

* Excludes Beaufort Sea

; the attrac-
: ng lease sales and .
ere based on assumptions concerni : clude:
lgiezgzidgLeihg areas offered to the industry. These assumptions 1n

e There will be six sales per year through 1990.

e 800,000 acres will be offered in each sale.
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e The percentage of acres leased of those offered in each sale will be:
- 1976 and 1977 75%

- 1978 through 1982  55%
- 1982 through 1989  35%

The rationable for the higher percentage leased figure in the early years is

based on the fact that the early nominations of acreage will be those with the
most attractive structures.

Several points are important:

e The percentage of acreage leased assumption leads to nearly half of the
acreage to be leased in the first five years.

e The acreage leased in the 15-year period is divided almost equally
between mature and frontier areas, i.e., 46 percent in California and
the Gulf of Mexico, and 54 percent in Alaska and Atlantic areas.

e The lead time between acres leased and production is long; consequently
the effects of the increased leasing in the early years is not felt until
much Tlater.

[

The number of sales per year and percentage of acres leased may be opti-
mistic in 1ight of recent experience.

Drilling Capacity

Annual drilling rates respond to many factors, including:

e Industry expectations of oil price and its translation into demand for

drilling equipment.

Present supply of drilling rigs and their expected usage over time.

® Current rig manufacturing capability.

® Capability of the rig-producing industry to expand capacity over time.
Several points concerning the BAU drilling profiles, are important:

® Drilling at $8 oil prices will be much Tower than at higher prices since
little onshore 0il from new fields is economic at $8 (see Figure II-11).
The bulk of the drilling in the first 5-year period (1975-1979) is
utilization of existing rigs, and in the latter years, drilling is
exclusively off-shore.

@

The large jump in drilling between $8 and $13 reflects the fact that the

lower-48 onshore regions have a large amount of undiscovered oil that is
economic only at prices above $8.
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Figure 11-11

Drilling Activities for 0il (BAU)
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e In the preceding 15-year period (1959-1973), drilling activities for oil
declined steadily from over 150 million feet to a low of 75 million feet
per year. The $13 drilling trajectory reverses that decline and peaks
in 1985 at nearly 160 million feet. Drilling activities for oil at $13 in
the period 1975 to 1989 are expected to average about 120 million feet

per year, compared to a yearly average in the preceding 15 years of
about 108 million feet.

At an expected oil price of $16, drilling is constrained early by rig

availability. The greatest production response at $16 occurs later in
the forecast as $13 opportunities decline.

Enhanced Recovery

Any discussion of enhanced oil recovery first requires a clarification of the

terms involved, due to the current differences regarding definitions. For the
purpose of this report the following apply:

SECONDARY RECOVERY: Waterflooding and non-miscible

gas injection, including pressure
maintenance

TERTIARY RECOVERY: A1l thermal techniques, including:

e Cyclic steam injection (steam soak, huff & puff)
e Steam drive

e In Situ combustion
Improved water or gas drives

e Surfactant (miceller slug, caustic, etc.)

e Miscible (carbon dioxide, high pressure gas, etc.)
e Polymer

Enhanced recovery projects generally are initiated while the field is still pro-
ducing under primary drive. Thus, while approximately 50 percent of U.S.
production, or 4.25 MMB/D, is currently being produced from fields under enhanced
recovery, only about 25 percent (slightly over 2 MMB/D) is attributable incre-
mentally to the enhanced recovery projects. In the FEA forecasts, only the

incremental amount of oil produced from a field under enhanced recovery is that
directly attributable to the technique.

Several observations emerge:

® Enhanced recovery production rises to approximately 26 to 30 percent of

total crude production--a slight increase over the present 25 percent
(see Table 1I-8).
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i i dary methods;
e The bulk of enhanced recovery productTOn remains secon
these are generally feasible in old fields at prices below the $8 level.

e Tertiary methods show a large price response between $8 and $13.

Above

$13, tertiary production in 1985 is constrained by lags in research,

planning and commercialization, not prices.

Table II-8

1985 BAU PRODUCTION FROM ENHANCED RECOVERY AT

ALTERNATIVE OIL PRICES
(MMB/D)

Crude 0il1 Price

Type Recovery

$8 3
Secongigyfie1ds* 2.2 £.2
New fields 0.4 0.4
Subtotal 2.6 2i6
Tertig;ﬁ fields 0.1 0.9
New fields negligible negligible
Subtotal 0.1 1.0
Total Enhanced 257 3.6
Total Crude Production 9.0 12.9
% Enhanced of Total 30% 28%

* Also contains production from inferred reserves.

0.9
negligible

1.0

3:8
13.7
26%

Increased tertiary production is expected to be largely the result of steam or

c02 injection which, of all the tertiary techniques,
provide the fastest response.

are best understood and

This outlook, however, remains speculative due

to the dearth of data and the range of theories concerning tertiary recovery

potential.

Available data suggest that near-term production rates (1980} from tertiary re-
covery cannot be increased by increasing the expected oil price

The reason for short-term production qonstraints is
essentially in the research and planning stage as a
technique.
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(see Table II-
that tertiary recovery 15
commercial recovery

9).

Table II-9

POTENTIAL TERTIARY RESERVE ADDITIONS AND PRODUCTION

Marginal Incremental Total Tertiary Production
011 Reserves (MMB/D)

Price Added 1980 1985 1989

(Billions of Barrels)

$ 8 0.6 0.1 0.1 0.1
10 3.4 0.4 0.6 0.5
12 3.9 0.4 0.9 1.3
14 3 0.4 0.9 1.9

Several years must be spent in screening prospective fields, designing displace-
ment mechanisms, customizing chemicals, conducting pilot projects, Tining up
equipment, materials, and trained manpower. Thereafter, a delay of one to four
years will occur while the recovery agent works its way through the reservoir,
displacing the oil toward the producing wells. This short term delay, however,
does not mean that higher prices are unproductive with regard to tertiary
technology. A higher price immediately will accelerate the overall rate of
tertiary recovery applications so that more sophisticated tertiary projects will
yield production by 1985, rather than in some later period.

North Alaskan Development

In mid-1975, Alaskan crude production averaged 190 thousand barrels per day.

This production occurred almost entirely within state waters offshore in South
Alaska.

Under the BAU Outlook and with $13 import prices,* Alaskan crude production
possibilities reach 3.1 MMB/D by 1985--a sixteen-fold increase in ten years
(see Table II-3). Of these, 2.7 MMB/D depend upon North Alaskan development,
principally in and around the Prudhoe Bay area of the North Slope. Major pro-

ducing areas expected in North Alaska and the route of the Trans Alaska Pipeline
System (TAPS) are shown in Figure II-12.

These North Alaskan supply possibilities account for about 21 percent of total
potential domestic BAU crude production in 1985. Without further effort, however,
fully exploiting these possibilities by 1985 would lead by 1989 to a production
decline of 0.6 MMB/D in North Alaska. This factor--coupled with the economics

of North Alaskan oil and gas logistics--complicate the Alaskan outlook, and
require the careful evaluation of the reserve development potential and the
difficult transportation problems.

i ThrOQQhOUt, when import prices are expected to be $13, North Alaskan production
1s limited to reserves economically viable up to about $10 at the wellhead.

This is done to represent, in this chapter, the substantially higher transport
Costs of North Alaskan oil.
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North Alaska Production Areas

Figure -12

North Alaska Resource and Reserve Potential

Onshore Alaska 0il production possibilities--as well as those from the
Beaufort Sea--are estimated outside of the FEA model through field-by-field

engineering assessments (This methodology, however, produces economically
comparable results plus more geographical detail).

Of the 27 billion barrels of undiscovered, recoverable resources estimated
by the USGS to exist onshore and offshore in Alaska, the overwhelming share of
the potential stems from northern Alaska (see Table II-5).

At $13, the BAU
s R : outlook envisions that North Alaskan development will convert approximately 50
QEES:FKJ \“jsy, J percent of this resource potential into proved reserves by 1989.

In turn, about 9.6 billion barrels in the Prudhoe Bay field is well-assured
with respect to its actual existence and to its economic viability.

The con-
fidence associated with the balance of the reserves envisioned under BAU contrasts
sharply with the Prudhoe Bay Field (see Table II-10).

The majority of the
remainder (Other North Slope Private) is discovered, but its extent--and,
- consequently, the ultimate volume of reserves forthcoming--is only partially
o delineated. In turn, its performance under production (especially the producing
u rate of each well, to which economics in north Alaska are critically sensitive
é‘ mainly is assumed by analogy with Prudhoe Bay. Consequently, its economics tend
to be speculative.
8
e Table II-10
a

BARF

POSSIBLE NORTH ALASKA RESERVES AT $13
(Bi11ions of Barrels)

Reserves**

Status
Area Expected Discovered Delineated Developed
Prudhoe Bay 9.6 Yes Yes 10%
Other North Slope L Yes Partially No
Private*
Beaufort Sea 2.3 SVNOL Leased® ! Roe L W
Subtotal: BAU 15.1
NPR-4+%* 4.0 NO _____ NO _____ Ng L
L *: Consists of four fields: Gwndyr Bay, North Prudhoe, Kuparuk, and Lisburne.
1 Higher prices and technology could increase this amount by about 2.4 billion
: ‘ barre1§. Of this, half is estimated to be too expensive at $13; it consists
s PN '3~ﬁ‘ of undiscovered o1l around Kavik and a heavy hydrocarbon deposit overlaying
2 »fx\ ‘e the Prudhoe Bay Field.
s : / / / _=/ "_'I
\ 3 :

The balance is technically infeasible, awaiting the

o Capacity to drill in waters deeper than 20 feet in the Beaufort Sea.
ugR-4 which is included only under the Optimistic Outlook, is also illustrated
re.
80
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The final portion (the Beaufort Sea) underlies waters not yet leased.
Accordingly, not only is its existence geologically uncertain and its economic
performance in question, but its accessibility is speculative.

Production Possibilities in North Alaska

Production possibilities in North Alaska depend upon the amount of reserves
available at various minimum acceptable import prices for crude and its copro-
ducts. The economics of north Alaska logistics, however, generally will con-
trol the rate at which production possibilities are translated over time into
actual production.

Pipeline capacity to serve North Alaska oil fields must be bought in large
increments, each of which represents a large capital expenditure. For example,
TAPS (2.0 MMB/D of pipeline capacity) is expected to cost about $6 billion in
1975 dollars. A two-step looping program--that is, adding loops to increase
the flow in uphill segments to expand TAPS to 3.0 MMB/D--would require an addi-
tional $3 billion. Additional capacity would necessitate a second pipeline,
perhaps, at an additional $6 billion, or more, depending on its route.

Normally, outlays for pipeline capacity are planned to be recovered over
an operating life of no less than 10 years; a 15-year life, however, is more
typical. Consequently, the reserves to keep full existing planned capacity
(2.0 MMB/D) as well as to sustain the incremental capacity (0.5 MMB/D) for a
minimum of 10 years must be reasonably well in hand in order to promote con-
sideration of looping TAPS.

The key features for North Alaskan development and likely evolution of TAPS'
capacity under the BAU Outlook are as follows:

e Expansion of TAPS under the BAU Outlook (and in turn, the actual crude
production to be expected from Alaska in the 1980's) depends on the
Beaufort Sea (see Figure II-13).

e Even if the Beaufort Sea proves prolific, and is exploited according to
the moderately optimistic schedule envisioned under BAU, north Alaska
production barely can fill a 2.5 MMB/D TAPS for the minimum 10-year
economic 1ife of the first loop.

e Any looping of TAPS above 2.5 MMB/D (and, perhaps even occupying fully
its 2.5 or 2.0 MMB/D capacity) depends on greater geological fortune
from the already discovered fields as well as on substantial new
findings to add production during the post-1985 period. Potential
sources of additional north Alaska production possibilities, such as
NPR-4, are discussed further under the Optimistic Outlook.

e Maintaining the flow through a looped TAPS after 1985 is particularly
dependent upon production from new findings. New findings must occur
soon, because construction lead times generally require that the looping
decision be made within the next three to four years.
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Figure 11-13

North Alaska Crude Production (BAU)
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Magnitude of the Developmental Effort

Since construction of TAPS was initiated in 1973, the pace of development

at the Prudhoe Bay field in North Alaska has accelerated dramatically.

To com-

plete the development of Prudhoe and to further attain the BAU outlook, the

current pace must quicken substantially.

Several things concerning the BAU development effort in North Alaska are

important to note:

e First, the effort requires substantially faster drilling than experienced

through 1975.

Developmental drilling from 1975 through 1989 (about 1,765

wells) must be more than 20 times larger than has been accomplished to

date (75 wells).

e Three sizeable pipeline projects must be substantially completed by 1982

(a Beaufort Sea 1ink to TAPS, a gas
see Figure 11-14).

pipeline, and the first TAPS 1o0p;

e The development capacity--ignoring the effects of new discoveries--is

both front-end loaded and highly peaked.
1983 and will quickly decline thereafter

will increase rapidly until
(see Figure 11-14).

That is, development drilling

The major observation with respect to North Alaskan development is that the

BAU o0il supply outlook is far from the stat
the outlook require an expeditious mobiliza
tional steps such as leasing and substantia

Development of Alaska beyond the BAU o
capital investments, geological success, an

us quo. The results expected from
tion of effort, encompassing institu-
1 money and "bricks and mortar."

utlook will require more than large
d extensive drilling and logistics;

it could also involve large-scale construction and influx of population in many

sensitive areas.

attendant environmental and socioeconomic impacts.

Any Alaskan development will need careful consideration of

Such consideration implies

a high degree of cooperative effort among Federal, State and local officials, and

private parties.
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Figure 1I-14
North Alaska Drilling and Logistical Effort (BAU)
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Wells Drilled Per Year

250 -

200 =

Development

100

Exploration and Delineation

85



SUPPLY UNCERTAINTIES: THE OPTIMISTIC AND PESSIMISTIC SUPPLY OUTLOOKS

The description of the BAU supply outlook discussed the influence of geology on
the price response of lower-48 onshore supply. It also noted the non-price
constraints which bind tertiary recovery supply possibilities (e.g., specula-
tive technology) as well as the lower-48 0CS (e.g., leasing rate) and Alaska
(e.g., logistics). The combined effect of these major estimating assumptions

is large.

Consequently, a large degree of uncertainty surrounds the central, BAU supply
possibilities forecast. This uncertainty consists of three elements: geolo-
gical potential, technology (in the case of tertiary recovery), and the policy
environment (evidenced in the leasing rate and achieveable rates of development
in Alaska). Of the many questions which pervade any attempt to estimate future
0il supply, these are three of the most important and fundamental ones.

To delineate the uncertainty about the future o0il supply, the BAU Outlook is
bracketed by two others. One, Pessimistic, reflects a geological outlook which
has approximately four chances out of five of actually being at least this
amount. The Pessimistic Outlook couples this more certain (but lower) resource
potential with less successful and less aggressively applied tertiary recovery
technology. Finally, this outlook envisions a lower rate of leasing and a

slower buildup of Alaskan facilities.

The other outlook, Optimistic, reflects lower geological confidence, one which
has about one chance in five of actually containing this amount of resources.
Geological optimism is coupled with comparable optimism regarding tertiary
recovery, the leasing rate, and the attainable pace of Alaskan development.
estimating assumptions underlying both of these additional outlooks are

summarized in Table II-11.

The

Uncertainty Effects on Total Crude Production

There is considerable variation in crude production possibilities as assumptions
are modified:

In 1980 and at $13 the Optimistic Outlook is 3.9 MMB/D higher than the

.
Pessimistic Outlook (see Figure I1-15).

This difference of 3.9 MMB/D represents almost twice the production
expected from the Alaskan North Slope in 1980.

The implications of uncertainty are large by 1980, and continue to increase
over time. By 1985 at $13, the Optimistic forecast is almost 70 percent higher

than the Pessimistic, and the difference continues to increase.
These two factors--uncertainty and its increasing influence as estimates reach

farther and farther into the future--produce widely varying outiooks for the
direction of domestic oil supply and prices in the longer term. Specifically:
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e At $8, all but the Optimistic Outlook show a steady decline from today's
production levels throughout the forecast period.

e At $13, all outlooks evidence some potential supply increase through
1980. After 1980, however, Pessimistic declines rapidly and BAU remains
Figure i1-15 steady. The Optimistic Outlook increases until 1985, then a slow de-

. cline commences (see Figure II-15).
Crude Oil Production Under Alternative Outlooks

e At $16, the Pessimistic Outlook still reflects a supply potential some-
what akin to today's levels through 1989. The other two outlooks
(mmb/d) increase over the entire forecast period.

18 ™=

$13 Optimistic

Components of 0il Supply Uncertainty

16 Historical Projected . The changes in the o0il supply possibilities across the three supply outlooks

have geographical, resource base, and recovery method implications (see Table
| II-12). The following observations are important:
e ® Most importantly, uncertainty occurs evenly across all of the major

components of potential supply, on both the Pessimistic side and the

Optimistic side of BAU.
12
¢ On the Pessimistic side, however, less fortunate geological experience
: s on the lower-48 onshore (0.8 MMB/D), the rate of 0CS leasing (0.4 MMB/D),
1970 All-Time High and the production rate which can be sustained on the North Slope
————————————————— (0.9 MMB/D) stand out as the major uncertainties. These three elements
$13 Pessimistic account for 75 percent of the lower supply possibilities represented
| in the Pessimistic Outlook.

o Alternatively, on the Optimistic side, better tertiary recovery results
combine with more fortunate geological experience to cause a 1.4 MMB/D
higher estimated supply potential. Offshore leasing (0.9 MMB/D) and
the combination of access to and successful results in NPR-4 (0.9 MMB/D)
add another 3.2 MMB/D to the Optimistic Outlook compared to BAU. These

b} 22 three elements again account for about 75 percent of the elevated

potential estimated under the Optimistic Outlook.

AQ important twofold message lies behind these widely varying production outlooks.
2P First, geological uncertainty of the magnitude reflected in USGS Circular 725,
coupled with the economic unknowns in untried frontier areas, produce major
l | | { ) uncertaiﬂﬁy in future production estimates. It may be that even very large sums
0 1985 1990 €xpended in refining geological assessments and hypothetical petroleum engineering
1965 1970 1975 1980 estimates could not reduce substantially the intrinsic uncertainty underlying
domestic 0i1 resource potentials.

Second, a large degree of this uncertainty is not intrinsic to nature but

& rather is policy-determined. Geological uncertainty may not respond dramatically
0 @ much larger effort; the reliability of tertiary technology and the avail-

3b1]1ty of supply from the OCS and Alaska--through leasing and more intensive

eVE]QPment--probab]y will. Thus, the importance of resolving outstanding policy
Questions on these subjects is very clear.
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Table II-12
ALTERNATIVE 1985 PRODUCTION AT $13 PRICE

(MMB/D) : Table II-13
Supply Outlook CONTRIBUTION TO ESTIMATING UNCERTAINTY FROM GEOLOGI
Pessimistic BAU Optimistic DRILLING, LEASIN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>