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prove expensive t o cons umers. The major areas of potent ial substitution would 

be in resident ia l, commercial , and i ndus tri al heat i ng. While widespread use of 

heat pumps would reduce the cost differential by mak ing electricity use more 

efficie nt, the cost of t he capital needed to generage and transfer the electri 

city would still have to be paid, raising prices at the consumer levels. How

ever, many of the technol og ical developments that could improve efficiency and 

make such options more attractive are sti l l in early stages of development. 


The third option open to the Nation is the option of reducing demand through 

an aggressive conservat ion program in order to use the remaining supplies of 

the availabl e fuels as jud i ciously as possible. The existing and proposed 

conservation program can reduce demand growth significantly. However, these 

conservation programs involve extensive regulation and are largely designed to 

reduce aggregate energy usage, but not necessarily directed to conserving the 

specific fuels that will be in short supply. 


, Natural gas appears to be the fuel most likely to be in short supply in the 
1975-1990 period. Unless an economically feasible approach can be found for 
pro~ucing syn~he~ic gas from coal in large quantities, either growing quantities 
of lmported llqUld natural gas may have t o be used or conservation will have to 
be pursued intensively for this fuel. 

In order to conserve petroleum, it is clear that the major attention must be 
paid to the Transportation Sector. Almost half of total petroleum usage in 
1974 was for transportation and t his percentage is expected to remain unchanged 
through 1990, unless major modifi cations are made in the transportation system. 
While automobiles are li kely to be made much mo re efficient over the next decade, 
gasoline demand will ultimatel y increase again as the number of autos increase, 
unless a basic change in the pattern of usage is made or transportation fuel use 
is shifted, probabl y to electr i city. Both alternatives involve large capital 
investment, technological uncertai nties, and difficult social and environmental 
decisions. 

In summary, the Nation faces difficult decisions relating the post-1985 period. 
The choice is among a continuation of existing energy demand patterns, while 
substituting syntheti c fuels for declining natural sources; attempting to shift 
end-use patterns to electric i t y generated from coa l , nuclear, solar, and geo
thermal sources; or greater efforts to conserve energy. Each of these alterna
t ives invol ves diffi cult t echn ica l, economic, env ironmen t al, and social choices; 
bu t t he l on ge r we del ay , the mo re diffi cult and expens i ve the transition. If 
these poli ci es are not successful the result will be greater reliance on foreign 
energy i mpo rts. The choice i s diffi cult; none of the alternatives are easy. 
But the course that i s set wi ll determine the we ll-being of future generations. 

The rest of this Report examines the major energy trends and issues now facing 
the Na t ion. The people who contributed to this effort are listed in Appendix H. 
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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: 

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

• 	 Resource es t imates were rev ised downward substantially by the Federal 
Energy Administration (FEA) and the U.S. Geological Survey (USGS). 

• 	 The schedule changed for Federal leas ing of Outer Continental Shelf 
(OCS) lands. 

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

• 	 The oil and gas pri ce controls debate led to more intensive evaluation 
of their effects. 

The purpose of this chapter is to estimate future oil 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. 

PE RSP ECTI V E 

The out look for domestic oil supply is clouded with uncertainty. The extent 
and ava ilability of domestic resources, Federal OCS leasing policy, form and 
duration of oil price controls, success of tertiary recovery techniq ues, and 
part icipa tion of State and local governments will determine our future pro 
ducti on possibilities. 
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In recent years, significant changes have occurred in domestic crude oil pro 

duct ion , reserves, imports, pri ces, and cons umption. Thi s sect i on di scusses 

t he present oil supp ly situation , the events leadi ng up to it, and t he short

term supply and demand outlook. 


The Present Situation 

The present oil suppl y s i t uat ion is bes t characteri zed 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 steadil y decli ni ng since 1970 (when nearly 
10 bi lli on barrels were added i n North Alaska, but no oil has yet been 
produced). 

• 	 Domestic production levels have been decreasing since 1970, but may be 
beginning to fal l more slowly. 

• 	 Federal leasing of oes lands has been stepped up. 

• 	 Drilling effor t for oil has been increasing since 1972, after declin
ing for 15 years. 

• 	 Domestic oil consumption has decl ined from 1973 levels. 

The relevant historical perspect ive behi nd these observations can be divided 
into two parts; the dividing po in t is the Arab oil embargo of 1973. 

Pre-Embargo Period 

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

• 	 Crude oil prices remained relatively flat (actually declining when 
adjusted for inflation; see Figure 11-1). 

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

• 	 A large amou nt of cheap foreign crude oil overshadowed the world 
petroleum ma r ket; its import into the United States, however, was 
limited sever ely by mandatory oil import quotas. 
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Figure 11-1 
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These factors created a pre-embargo domestic oil supply s i t uation with a number 
of impor t ant features: 

• Oil dri lling declined steadily after 1959 for t wo major reason s (see 
Fi gure 11-2) : decreased prof itabil i ty of do mestic production in mature 
produci ng areas (because of rising cos t s and f l at oil pr i ces in the 
face of cheap fo rei gn oil); and the lack of access to Federal lands in 
fro nt ier areas (OeS and Alaska). 

• In response to decreased drill ing , dome st i c oil rese rves declined 
stead i ly af ter 1966 (except for Nor th Al as kan reserves added in 1970; 
see Fi gure 11 -3 ). 

• Unt il 1970, product ion i ncreased, at wh i ch po i nt full capacity was 
reac hed. Afte r t he 1970 peak, domesti c product ion beg an to follow 
res erves downward (see Figure 11-4). 

Figure 11 -2 

Oil Dril ling Trends 

Millions of Feet 
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• Meanwhi le, domestic oil consump t ion i ncreased steadily in the face of 
t hi s prod uction trend, reaching a pre-embargo peak in 1973 of over 17 
mill i on ba r rel s per day (MMB/ O) (see Figure 11-5). I 125 Total Footage Drilled 

• In t urn, t he widening ga p between domest i c oil consumption and domestic 
produc t i on was filled with increasing quant i t i es of cheap oil imports 
(see Fi gu re 11-6). 

• These growing U. S. imports soon caused Western Hemisphere sources to 
reach their production capaci t ie s . Af terwa rds, the importance of the 
We st ern Hem i s phere began to dec l ine as an increa si ng percentage of 
impo r t s came from the Eastern Hemisphere (see Figure 11-7). 

• Finally, the makeup of t he imports shi f t ed f rom crude to products, as 
a by- prod uc t of import quota exempt ions in PAD I, environmental require~ 
ments for low su lfur fuel oil, and various incenti ves imbedded in price 
control s (see Figure 11 -8). 

Post-Embargo Peri od 

The changes in t he oi l supply situation caused by t he 197 3 Arab oil embargo 
cannot be overemphas ized. They have caused a rethinkin g, at a high national 
priority, of the ent ire domestic energy situation. 

After 1973, the t hree maj or pre-embargo f ac t ors we re no l onger present; they had, 
howeve r, been repl aced by others: 

• Imports became expens i ve - up t o $12 a barre l, excluding any import 
fees. 
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Figure 11·3 

U.s . Proved Reserves of Crude 0 11· 
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FIgure 111·4 

U.S. Crude Oil Production 
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Figure 11-6 

U.S. Oil Consumption By Source 

Figure 11-5 
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Figure 11-7 

Total U.s . Petroleum Imports by Regional and 
Organizational Sources 
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Figure 11-8 

Petroleum Imports 

Percen t of Total Imports 

70 

Crude 

,, , \ , 
\ 

, \
40 , \

\ ,
\ , \ 
\ ~", , \", , \, ,

\ , \ 
\~--' 
\ 
\ 

30lL------__~________-}.;-______~~________~s___--____~________~ 
1950 55 60 65 70 75 

60 

50 

t\" , \.." ----

Products - - - -

I 
I 

I 
I 

I 
I 

I 
I 

I 
~_J 

I 
I 
I 
I 

r--...1 
I 

~ 
I \ 

\ 
\ 
\ 
\ 
\ 
\, 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

SOurce: u.s. Bureau of Mines . 

59 



• In response, domes t ic crude oil prices increased sharply, on average
f rom around $3 t o over $8 nominal ly and to nearly $5 in constant dollars 
(see Figure 11-1) . 

These t wo facto rs have been the major de te rminants of the oil supply situation 
i n 1974 and 1975: 

• 	 Although pr i ce contro l s remained i n effec t for 1I01d ll oil, II new" oil sold 
at the wel l head at a f ree mar ket pr i ce. This has changed under the 
Energy Poli cy and Conservat ion Act (EPCA). 

• 	 For t he f irs t time in recent history, domes t ic demand declined, from a 
hi gh in 1973 of about 17 . 3 MMB/D, t o a 1975 f igure of approximately 
16. 2 MMB/ D (see Figure 11- 5). 

• 	 Drilling activit i es for oil increased dramatically in 1974 and again
in 1975. As an in di cation, the ac t i ve ro tary ri g count in 1975 reached 
1,877, the hig hest count si nce 1962. 

• 	 Federa l leasi ng on t he OCS stepped up ma rkedl y. 

• 	 Hi gher prices sti mula ted con s iderat ion of tert i ary processes to increase 
crude oi l recovery. 

• 	 Domestic crude oil production began to s low its decline in 1975. 

Effects of the Energy Policy and Conse rvation 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 pri ce con t rols required by the EPCA. 
The precise course of near-term consumpti on and production is uncertain, because 
the effects will be closely related to fi nal implementation of the legislation.
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 product ion will remai n relatively level in the next two years, 
imports would have reached 8.0 MMB/D in this period had several conservation 
measures not been in effect. The impact of these measures will be to reduce 
expected imports to between 6.0 and 7.0 MMB/D in 1977-1978. Uncertainties remain 
with respect to inc l usion of Alaskan production in the calculation of the 
average price, the future levels of the production incentive factor, and the 
f inal effect of the program on petroleum industry decision-making. 
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BUSINESS-AS-USUAL SUPPLY OUTLOOK 

The future oil suppl y outlook is estimated fo r a ran ge of geological assessments 
and under differen t policy assumpti ons. This range of outl ooks is indicated 
by three supply forecasts, entitled: Pessimistic, Business-as-Usual (BAU), and 
Optimistic. These represent t hree points on a spectrum of potenti al futu re oi l 
supply levels. 

Equally important, these forecasts rep resent supply "possibili ti es ," in light 
of the assumptions underlying each ou tlook and di f feren t import prices of crude 
oi l and its coproducts (a ssoci ated-d is solved gas and natural gas li qui ds). 
These "possibiliti es" are conver ted into an estimate of actual production by 
the overall Project Independence Evaluation System (PIES), after considera t ion 
of the demand for crude and its coproducts as wel l as of the major costs incurred 
to convert crude to products useful to energy consumers (e.g., transportation, 
refin ing, distribu t ion, etc.). Appendix A expla i ns how th is system works. 

Among these three outlooks, the forecast resulting from the BAU Outlook is the 
cent r al one. From an oil supply perspective, this outlook reflects the U.S. 
Geo logical 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 techn ically and economically 
and are applied at a moderately optimistic pace; (3) oi l 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. 

Oi l supply estimates are made primaril y on the basis of a set of assumptions 
which are considered most likely. The assumptions that make up the BAU supply 
possibil ity outlook are summarized in Table 11-1. These assumptions and the 
uncertai nty surrounding them are discussed in subsequent sections of this 
chapter. 

Table 11-1 

BUSIN ESS-AS-USUAL SUPPLY OUTLOOK ASSUMPT IONS 

Resource Estimates USGS Stati st ical Mean. 

DCS Lea sing (1 975-1 984) 26.8 million acres. 

Investment Ta x Cred i t 10% through 1977 ; 7% thereafter. 

Alaskan pipeline capacity 2. 0 MMB/ D in 1980 ; 2. 5 MMB/D in 1985. 

Price Controls Removed withi n a few years. 

Tert iary Recovery Te rtia ry me thods prove out, but are 


ap pl ied at a moderate pace. 

* 	 This reso urce outlook is refe rred t o as the "stat i st ical mean " in USGS 
Circula r 725, from whic h t he supply possibilit i es describe d here are deri ved. 
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The Optimisti c and Pessi mistic outl ooks differ from BAU wi th respect to level 
of geo logical success, t he rate of leasing offshore~ t he degree of success and 
pace of application of tertiary oi l recovery, and t he fate of the investment 
tax credit. The speci f ic assumptions underl ying each suppl y outl ook are detail 

ed i n a l ate r section. 
Wi th i n the overal l PIES, these oil su ppl y outlooks be come building blocks of a 
var iety of comprehens ive energy scenarios . The connect ions between PIES 
scenarios and BAU oil s upply possibil ities are shown in Table 11-2 (the other 
two oil supply outl ooks are also recon r iled with PIES scenarios) . 

Table 11-2 

OIL SUPPL Y OUTLOOKS AND PIES ENERGY SCENARIOS 

Pessimi st ic BAU Optimistic
Energy Scenario 

X 

Accelerated X 

Reference X 

Conservation X

Regiona l Limitation X 

Regulatory X 

Electrifi cation 

Suppl y Pess imism 

X 


Two of t hese energy scenarios (Regulatory and Supply Pessimism) reflect price 
regul ation. These price regulation scenari os ill ust rate the way PIES converts 
supply possib ilit ies in to an esti mate of actual fu tu re oil production. For 
scenarios which envis i on pri ce regulation, PIES excludes from the production 
estimate the supply possibi l ities which are not economically viable at the 
regulated oil pri ce. 

Busjness -as-Usual Suppl y Possibili ties 

The $13 BAU Oil Supply Trajectory* 

Under any one oil suppl y outl ook--for example, BAU- -future oil supply 
possibil i ties vary ove r t i me betwe~n geographical areas , between the portion 
of the overall resource base from wh i ch they may be withdrawn (e.g., newly 
discovered fie l ds versus known f i elds), and between the mix of recovery 

-~-.----

* 	Throughout th is chapter, domestic production wil l be quoted at the world oil 
price (in cons t ant 1975 do l l ars) with which i t compet es . When these supply 
possi bilities mesh wi th t he consumption input to the main PIES, the actual 
wellhead price of domes t ic producti on woul d be less than the competitive im
ported oil price, t he difference lying mainly in the transportation cost from 
wel l head t o refinery. 
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technology employed (e.g., primary, secondary and tertiary methods) . Along each 
of these dimensions the quantities in any future year also vary with the prices 
of crude and coproducts that the producing industry expects will prevail. At 
$13 and under BAU conditions, a number of important observations emerge con
cerning the make-up of future oil supply possibilities (see table 11-3 which 
shows the BAU supply possibilities estimated to be available if the industry 
expects $13 per barrel import prices (in constant 1975 dollars) and identical 
pri ces, on a BTU-equivalent basis, for the crude and its coproducts): 

• 	 The main source of today's domestic crude production--lower-48 onshore 
initial reserves--will shrink by two-thirds by 1985 and by 80 percent 
by 1989. Before crude production on the 10wer-48 can expand, the with
drawals Which account for this decline must be replaced. 

• 	 Sufficient new 10wer-48 onshore production can become available to 
approximately sustain today's production rate through 1985. 

Through 1980, withdrawals from today's proved reserves will be replaced 
mainly by fluid injection projects, extensions, and revisions applicable to 
known fields (labeled Olld Field Secondary in Table 11-3). By 1985, however, 
new fie lds, and more elaborate tertiary recovery technology must replace the 
fu r ther decline in production from existing onshore reserves. This replacement 
is estimated to occur as follows: 40 percent from new fields, 40 percent from 
technica lly straightforward expansion of the production capacity of known 
fiel ds and 20 percent from tertiary recovery. After 1985, production from new 
fie lds and tertiary recovery must accelerate in order to counter the dwindling 
potenti al of primary recovery methods in old fields. 

Since the 10wer-48 onshore can just offset further decline at $13 and 
unde r BAU conditions, growth in total domestic oil supply at $13 must come from 
less mature provinces. Two areas, the lower-48 OCS and Alaska (onshore and 
offshore) , are expected to provide growth. Of the two, Alaska has the greater 
potential . 

• 	 In 1985 under BAU assumptions, potential Alaskan c~ude production is 
estimated to equal 3.1 MMB/D, or about one-fourth of total domestic 
production (see Table 11-3). 

• 	 Of this, at least 1.6 MMB/D--from reserves already proven at Prudhoe 
Bay--is reasonably well assured. The balance--0.8 MMB/D from the 
Beaufort Sea and other areas on the Alaskan oes plus 0.7 MMB/D from 
other North Slope regions--depends upon reasonable geological fortune, 
new technology, and substantial institutional effort. 

Wi thout more accelerated effort in Alaska and successful results from 

additi onal oi l search, continued withdrawal of today's proved reserves on the 

~orth Slope will cause Alaskan production to decline slightly between 1985 and 

989. One Alaskan area likely to provide growth in response to accelerated 


effort is NPR-4, whose development is excluded from the BAU Outlook (but is 


63 



Table II-3 

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

1975 1980 1985 1989 

Lower-48 Onshore 
0.8 1.9 2.2 

New Field Primary/Secondary 	 2.0 1.82.0
Old Field Secondary 0.5 1.0 1.3 

Tertiary 4.2 2.4 1.5
7.0
Initial Reserves 

7.3 6.87.0 7.5 
Subtotal 

Lower-48 OCS 
0.6 0.50.2 0.6 

Pacifi c 	 1.4 1.4 1.11 .0 Gulf of Mexico 	 0.10.1 0.1 
Atlantic 

2.1 1.71.2 2.1 
Subtotal 

Alaska 
0.4 0.8 

Beaufort Sea 0.3 0.4 0.40.2
Other OCS 1.7 2.3 1.7 
North Slope 
NPR-4 

2.90.2 2.0 3.1 
Subtotal 

Other 
0.20.2 0.2 

NPR-1 
Tar Sands 0.1 0.2 0.3 
Heavy Hydrocarbons 

0.50.3 0.4
Subtotal 

8.4 ll.9 12.9 11.9 
Total Crude 	 1.81.5 1.9 1.8
Natural Gas Liquids (NGL)** 

13.710.0 13.8 14.7
Total Liquids 

* 	 Throughout this chapter, domestic production is presented as a supply 
possibility at a given equivalent imported oil price. For the actual 
solutions from the main PIES supply and demand model, which may be different 
from the supply possibilities at t hat price, see Chapter I. 

** Excludes NGL's produced at refineries. 

64 

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 10wer-48 OCS i s the second most important area for expanding dome st ic 
production. 

Assuming that the BAU leasing schedule is achieved and the geological • potential of the OCS has been assessed correctly, 10wer-48 OCS pro
duction can almost double by 1985. If so, this area will account for 
16 percent of total crude production that year (see Table 11-3). 

Similar to onshore, OCS production growth must follow after replacement• of withdrawals from today's OCS reserves--principal1y 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 10wer-48 OCS increase--0.5 MMB/D--should come 
from the Atlantic and Pacific. 

As wil l be emphasized later, the assumed rate of leasing limits the lower 
48 oes production estimate over the period of the BAU Outlook. Consequently, 
an inadequate leasing rate can cause a decline in 10wer-48 OCS production 
after 1985. 

The balance of any increase in crude production is envisioned to stem from 
NPR-l an d heavy hydrocarbons. Both make an important contribution to future 
suppl y, bu t certainly one that should be dwarfed by Alaska, the 10wer-48 OCS 
and even by replacement of today's productive capacity on the 10wer-48 onshore. 

Final ly, the balance of total conventional petroleum liquids available 
domestica l ly is expected to consist of coproducts of crude production (liquid 
deri vati ves of associated-dissolved gas) and of non-associated gas. These 
add itional l iquids--NGL's--are expected to account for about 12 percent of total 
product i on (see Table 11-3). 

Effects of Price on BAU Supply 

The ove rall level of BAU oil supply possibilities changes substantially if 
~rice expect ations are higher or lower than $13 (see Table 11-4). This change 
1S the result of different price effects in various geographical areas, different 
componen t s of the resource base, the rate of drilling and changes between alter
native 0; 1 recovery methods. 
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Table II-4 

1985 BAU OIL PRODUCTION AT AL1ERNATIVE IMPORT PRICES 
(MMB/D) 

EXEected Oil Price 

Source $8 $13 $16 Figure 11-9 

4.4 7.3 7.7 Crude Oil Production at Three Prices (SAU)
Lower-48, Onshore 
Lower-48, OCS 1.9 2.1 2.3 

Subtotal 6.3 9.4 10.0 

Alaska 2.3 3. 1 3. 1 

Other 0.4 0.4 0.6 

Total Crude 9.0 12.9 13.7 

NGL's 1.1 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): 

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

(mmb / d ) 

16 

14 

12 

10 

8 

• Through 1980, however, time lags are estimated to make the response 
smaller (1.6 MMB/D). By 1985 major time delays should be resolved. 8 

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). 

4 

The largest share (75 percent) of the 4.0 MMB/D growth in response to 
price by 1985 occurs onshore in the 10wer-48. In these onshore areas, the 
supply response from $8 to $13 stems from new fields and from more sophisticated 2 

tertiary recovery methods• 

• The 2.9 MMB/D price response onshore in the 10wer-48 is made up of 2.0 
MMB/D from new fields, primary and secondary, and 1.0 MMB/D from tertiary 

recovery . 
• This indicates that replacing today's productive capacity in the 10wer-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 10wer-48 OCS (5 oercent). 
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The components of f uture supply which are price insensi tive by 1985 need 

careful int erpretati on . 
• 	 The assumed rate of leasing constra ins the estimate from t he lower 

48 oes through 1985 (and, generall y , through 1989 also). 

• 	This Suggests that the result of less leasing is a greater reliance 
on higher-priced foreign supply sources in lieu of lower cost 
domestic resources offshore. 

• 	 In the case of tertiary recovery, price insensitivity above $12 is 
a function of the pace of technical development as well as the rate 
of application of new technology i n the field. This conservation 
represents a judgment in response to the speculative nature of 
tertiary recovery technology. 

• 	 In the case of Alaska, the mild price response reflects the joint 
effects of leasing rates and pipeline capacity constraints. The 
supply response in later years, however, could be greater. 

There are also two other implications of constraints other than price. 
First, careful scrutiny is needed to insure that an unrealistically conser
vative estimating bias does not exist. The other is that relieving supply 
bottlenecks-- both a physical and institutional nature--may become a more

ofimportant and cost-effective policy as prices rise to very high levels. 

Reserves and Resources 
A crucial assumption underlying the analysis of oil production estimates is 
the assessment of the resources, both discovered and undiscovered, from which 
production must ultimately come. The resources assessments fall into three 
categories: proved reserves, indicated and inferred reserves, and undis
covered recoverable resources. Each of these categories will be discussed, 
followed by a description of their use in the FEA oil supply model. 

Proved Reserves 
Past estimates of U.S. petroleum reserves have been characterized by a 

high degree of uncertainty resulting in a broad range of estimates, none of 
which could be considered definitive. Recognizing that a key element in 
formulating a national energy policy is the development of a reliable estimate 
of remaining domestic crude oil and natural gas reserves, the Federal Energy 
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Administration Ac t of 1974 req ui red FEA to pre pa re a ".. .complete and inde
pendent analysis of actua l oil and ga s reserves and resources in the United 
States and its Outer Con ti nent al Shelf . .. 11 The FEA repor t on reserves was 
submitt ed to t he Con gress in October, 1975. The FEA survey of reserves es ti 
mated that proved oil reserves were 38 bi ll ion barrels , wi th most of t he 
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 oil 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
du ction not to continually decline. It is proving these other resource cate
go ries that will supply future production. 

Indicated and Inferred Resources 

Indicated reserves are those reserves as yet unproven but believed recov
era ble 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 limit of an oil 
f iel d. 

Und iscovered 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, 
bu t ra t her as a ra nge of quantities and probabilities. The statistical mean 
of the range of quantities is USGSls estimated point where there is a 50-50 
chance of the actual amount being above or below that quantity. The 95 
pe rcent 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 oil 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 Tab le II-5). 
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Table Il-5 

US GS-725: 
RES ERVES AND UN DISCOVERE D RESOURCES 

(B i ll ions of Barrel s) 
Resources 

Undiscovered Recoverabl eRese rves 
Demon strated In f erred 

Statistical 95%-5% 

Region Measured Ind icated 
Mea n Rang~-

Economic Resources* 
Lower-48 onshore 21.1 4. 3 14 .2 44 29-64 

Lower-48 offshore 3.1 0. 4 2. 6 18** 11-28 

A1as ka offshore 0. 2 0 0.1 15 3-31 

Alaska onshore 9.9 negl j!lib 1 e 6. 1 12 6-19 

- - - - -

Subtotal-Economic 34.3 4.7 23 .0 89 50-127 

- - - - -
- - - - - - - - - -

Sub-Economic 120 negligible 20 57 44-111 

* Economic at pre-embargo prices . ** Adjusted for resources at water depths greater than 200 meters. 

Resource Assessments in the Estimation Process 

Crucial to the modeling effort for projecting future oil production is the 
capabtl ity of the model to "capture" this entire ran ge of the resource base. 
The USGS, in Circular 725, delineates the resource base into the various cate

gories (see Figure 11-10). 
The FEA oil supply model performs si x production calculations for each 

expected price in each region during each year . These six "types" of producti on 
correspond to t hese resou rce cat egori es int o wh i ch the domestic resource base is 
divided by the USGS. The labels t he model uses t o des ignat e production from each 
of these categori es is also shown i n Figure 11-1 0 . 

Several observations emerge regardi ng reserve and resource assessments (see 

Table II-5):
• Us i ng t he USGS "s t a tis t i ca 1 me an " for und i scovered resources, 151 bi11ion 

barrels of "undi scovered" and "identified" (demo ns trated plus inferred) 
resources remain economi cal l y recoverabl e. Ano t her 197 billion barrels 
potent ial (classifi ed as sub-economic ) mi ght ulti mat ely become recoverable 
at pri ces above pre-emba rgo l evels with new t echnology and time. Bot n 
amo un t s compare to cumul at ive domest i c oil producti on to date of about 

105 bi l l ion barrels. 
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• Of these potential reso urces, t he indicated and inferred porti on (which 
are cons idered to be more nearly assured) are la rge. Ultimately , 80 
percent of the withdrawals from today ' s proved or "measured" reserves 
might be replaced from these two categories. 

• The uncertainty 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 
being discovered and recovered. As will be shown later, this resource 
uncertainty causes future production estimates to be equally uncertain. 

• Over half of the 89 billion barrels of the statistical mean of undis
covered recoverable resources resi de in immature regions with little or 
no production or cost history (Alaska and offshore). This fact further 
increases the uncertainty of oil supply projections. 

• Finally, the quantity of resources which the USGS considers "sub-econo
mic" at pre-embargo prices is very large--1 97 billion barrels. Higher
prices, new technology and time may make a substantial portion of this 
resource attractive for production . This fact, too, significantly com
plicates the problem of estimating future oil supplies, especially at 
prices substantially above pre-embargo levels. 

The adequacy of the resource base to provide projected reserve levels is 
illustrated by the quantities of resources that must be proved as reserves 
to achieve the BAU forecasts at different prices during the l5-year time span 
of the projections (see Table 11-6). 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: 

• In order to capture the production from inferred reserves, the "secondary 
recovery from old fields" production category has been expanded to include 
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 is considered sub-economic at pre-embargo 
prices, and stems from the sub-economic reserve category. 

• 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). 

• A little less than a third more comes from secondary development of old 
fields (the definition of which has been enlarged to include inferred 

reserves. ) 
• The final sixth of the reserves added is due to development of tertiary 

recovery processes, which were sub-economic at pre-embargo prices. 
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• 	 Even at $16. less than half of the economically recoverable resources 
available are proved as reserves , which is only about 21 percent of the 
total resources avail able (both economic and sub-economic ) . 

• 	 Ter ti ary re serves, wh i ch are deri ved fr om a re source category of poten
tiall y enormous si ze (177 bi l lion barrel s ), has reached on l y a very low 
level by 1989 (10.9 bil l ion barrels). 

resource base 
The results of the fifteen year projections depend upon the into reserves 

assumptions and also on the effor t requ i r ed to convert resources 
and subsequently to produce them. 

O~S Leas i nq 
During 1974,1.8 mi l lion acres of oes lands were leased, or about 26 percent of 
the total of 6.8 mi l lion acres l eased bet ween 1964 and 1974. The assumed 
Business-as-Usual OCS leasing will amount to 34.4 million acres between 1975 

and 1989 (see Table 11- 7). 

Table II -7 

BUSI NESS-AS-USUAL LEASING 
(Mi l lions of Acres) 

Period 

1975-79 
1980-84 
1985-89 

Total 

Percent 

Total 
MM 

Acres 

15.8 
11.0 
~ 

34.4 

% of 
Total 

46 
32 
22 

100 

Alaska* 
MM 

Acres 

4. 5 
2. 6 
2.0 

9.1 

26% 

Cal i fo rnia 
MM 

Acres 

3.1 
0.9 
0.6 

4.6 

13% 

Gul f of Mexi co 
MM 

Acres 

4.1 
4.6 
2.8 

11 .5 

33% 

Atlantic 
MM 

Acres 

4.2 
2.9 
2.2 

9.3 

27% 

of total 

* Excludes Beaufort Sea 

The schedules were based on assumptions concerning lease sales and the attrac
tiveness of the areas offered to the industry. These assumptions include: 

• 	 There will be six sales per year thro ugh 1990. 

• 	 800,000 acres will be offered i n each sale. 
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• 	 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 rationab1e 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: 

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

• 	 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. 

• 	 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 later. 

• 	 The number of sales per year and percentage of acres leased may be opti 
mistic in light of recent experience. 

Dri lli ng Capacity 

Ann ual drilling rates respond to many factors, including: 

• 	 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 po ints concerning the BAU drilling profiles, are important: 

• 	 Dri lling at $8 oil prices will be much lower than at higher prices since 
l i t t le onshore oil from new fields is economic at $8 (see Figure 11-11). 
The bulk of the drilling in the first 5-year period (1975-1979) is 
utili zation of existing rigs. and in the latter years, drilling is 
exc lusively 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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• 	 In the precedi ng 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 mi 11 i on 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. 

En hanced Recovery 

Any discussion of enhanced oil recovery first requires a clarification of the 
t erms 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: 	 All thermal techniques, including: 

• 	 Cyclic steam injection (steam soak, huff &puff) 
• 	 Steam drive 
• 	 In Situ combustion 

Improved water or gas drives 

• 	 Surfactant (miceller slug, caustic, etc.) 
• 	 Miscible (carbon dioxide, high pressure gas, etc.) 
• 	 Polymer 

Enhanced recovery projects generally are initiated while the field is still pro
duc i ng under primary drive. Thus, while approximately 50 percent of U.S. 
producti on, 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 
incremen tal 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 
tota l crude production--a slight increase over the present 25 percent 
(see Table 11-8). 
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• 	 The bulk of enhanced recovery production remains secondary methods; 
these are generally feasible in old fields at prices below the $8 level. 

• 	 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. 

Tabl e II-8 


1985 BAU PRODUCTION FROM ENHANCED RECOVERY AT 

ALTERNATIVE OIL PRICES 


(MMB/D) 


Crude Oi 1 Pri ce
T~~e Recover~ 

$16$13~8 

Secondary 2.22.22.2Old fields* 0.40.40.4New fields 
2.62.62.6Subtotal 

Tertiary 0.90.90.1Old fields negligible
New fields negligible negligible 

1.01.00.1Subtotal 
3.63.62.7Total Enhanced 

12.9 13.79.0Total Crude Production 

26%
30% 	 28%%Enhanced of Total 

* Also contains production from inferred reserves. 

Increased tertiary production is expected to be largely the result of steam or 
C 2 injection which, of all the tertiary techniques, are best understood and0provide the fastest response. 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 (see Table 11-9). 
The reason for short-term production constraints is that tertiary recovery i s 
essentially in the research and planning stage as a commercial recovery 
technique. 
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Table II-9 

POTENTIAL TERTIARY RESERVE ADDITIONS AND PRODUCTION 

Ma rginal Incremental Total Tertiar~ Product ion 
Oil 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. 1 0.4 0.9 1.9 

Several years must be spent in screening prospective fields, designing displace
men t mechanisms, customizing chemicals, conducting pilot projects, lining up 
eq uipment, materials, and trained manpower. Thereafter, a delay of one to four 
yea rs will occur while the recovery agent works its way through the reservoir, 
disp lacing 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 
tert iary recovery applications so that more sophisticated tertiary projects will 
yiel d production by 1985, rather than in some later period. 

North Alaskan Develo~ment 

In mi d-1975, Alaskan crude production averaged 190 thousand barrels per day. 
Th is production occurred almost entirely within state waters offshore in South 
Alaska . 

Under the BAU Outlook and with $13 import prices,* Alaskan crude production 
possibi lities reach 3.1 MMB/D by 1985--a sixteen-fold increase in ten years 
(see Ta ble 11-3) . Of these, 2.7 MMB/D depend upon North Alaskan development, 
pri nc i pally in and around the Prudhoe Bay area of the North Slope. Major pro
duc ing areas expected in North Alaska and the route of the Trans Alaska Pipeline 
System (TAPS) are shown in Figure 11-12. 

These North Alaskan supply possibilities account for about 21 percent of total 
potent i al domestic BAU crude production in 1985. Without further effort, however, 
full y exploiting these possibilities by 1985 would lead by 1989 to a production 
decl ine 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 
diffi cul t transportation problems. 

* ~hrou g hou t, when import prices are expected to be $13, North Alaskan production 
ls.li mited to reserves economically viable up to about $10 at the wellhead. 
ThlS is done to represent, in this chapter, the substantially higher transport
costs of North Alaskan oil. 
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Nor th Al as ka Resou rce and Reserve Potentia l 

Onshore Ala ska oi l product ion pos si bi l i t i es - -as we ll as those from the 
Beaufort Sea--a re esti mated outside of the FEA model throu gh field-by-field 
engineering assessments (Thi s methodo l oqy, however, produces economicall y
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 11-5) . At $13, the BAU 
outlook envisions t hat North Alaskan development wil l convert approximately 50 
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 
wi th respect to its actual existence and to its economic viability. The con
f i dence associated with the ba l ance of the reserves envisioned under BAU contrasts 
sharply with the Prudhoe Bay Field (see Table 11-10). The majority of the 
remainder (Other North Slope Private) is discovered, but its extent--and, 
con sequently, the ultimate volume of reserves forthcoming--is only partially 
del ineated. In turn, its performance under production (especially the producing 
rate of each well, to which economics in north Alaska are critically sensitive) 
mai nly is assumed by analogy with Prudhoe Bay. Consequently, its economics tend 
to be speculative. 

Table II - 10 

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

Reserves** Status 
Area Expected Discovered Delineated Developed 

Prudhoe Bay 9.6 Yes Yes 10% 
Other North Slope 3.2 Yes Partially No 

Pri va t e* 
Beaufor t Sea 2.3 Not Leased No No 

Subtotal: BAU 	 15. 1 

NPR-4*** 	 4.0 No No No 

* Cons i sts of four fields: Gwndyr Bay, North Prudhoe, Kuparuk, and Lisburne . 
** 	 Higher pr ices and technology could increase this amount by about 2.4 billion 

barrel s. Of this, half is estimated to be too expensive at $13; it consists 
of und i scove red oil around Kavik and a heavy hydrocarbon deposit overlaying 
the Prudhoe Bay Field. The balance is technically infeasible, awaiting the 

* 	 capaci ty to dr ill in waters deeper than 20 feet in the Beaufort Sea. 
** NPR-4 whi ch i s included only under the Optimistic Outlook, is also illustrated 

here. 
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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 Alas ka 

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 Alas ka 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: 

• 	 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). 

• 	 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 life of the first loop. 

• 	 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. 

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

Si nce construction of TAPS was ini tiated in 1973, the pace of devel opment 
at the Prudhoe Bay field in North Alaska has accelerated dramatical ly. 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: 
• 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 l arger than has been accomplished to 
date (75 wells) . 

• Three sizeable pipeline projects must be substantially completed by 1982 
(a Beaufort Sea link to TAPS, a gas pipeline, and the first TAPS loop; 
see Figure 11-14). 

• The development capacity--ignoring the effects of new discoveries--is 
both front-end loaded and highly peaked. That is, development drilling 
will increase rapidly until 1983 and will quickly decline thereafter 
(see Figure 11-14). 

The major observation with respect to North Alaskan development is that the 
BAU oil supply outlook is far from the status quo. The results expected from 
the outlook require an expeditious mobilization of effort, encompassing institu
tional steps such as leasing and substantial money and "bricks and mortar." 

Development of Alaska beyond the BAU outlook will require more than large 
capital investments, geological success, and extensive drilling and logistics; 
it could also involve large-scale construction and influx of population in ma ny 
sensitive areas. Any Alaskan development will need careful consideration of 
attendant environmental and socioeconomic impacts. Such consideration implies 
a high degree of cooperative effort among Federal, State and local officials, and 

private parties. 

84 

Figure 11-14 

North Alaska Drill ing and Logistical Effort (BAU) 
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SUPPLY UNCE RTAINTIES : THE OPTIMISTIC AND PESSIMISTI C SUPPLY OUTLOOKS 

The description of the BAU supply outloo k discussed the influence of geology on 
the price response of 10wer-48 onshore supply . I t also noted the non-price 
constraints which bind tertiary recovery supply possib i l it ies (e. g., specula
tive technology) as well as the 10wer-48 oes (e.g. , l easi ng ra t e) and Alaska 
(e.g., logistics). The combined effect of these maj or est imat ing assumptions 
is large. 

Consequently, a large degree of uncertainty surroun ds the cent ral, BAU supp ly 
possibilities forecast. This uncertainty consists of t hree elements : geo lo
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 
oil supply, these are three of the most important and fundamental ones. 

To delineate the uncertainty about the future oil 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 bei ng at least this 
amount. The Pessimistic Outlook couples this more certa i n (but lower) resource 
potential with less successful and less aggress ively applied tert i ary recovery 
technology. Finally, this outlook envisions a lower rate of leasing and a 
slower buildup of Alaskan facilities. 

The other outlook, Optimistic, reflects l ower geol ogical confidence , one which 
has about one chance in five of actually cont ain i ng thi s amo un t of resources. 
Geological optimism is coupled with comparable opt imism regardi ng tert iary 
recovery, the leasing rate, and the attainabl e pace of Alaskan development. The 
estimating assumptions underlying both of these add i tional outlooks are 
summarized in Table 11-11. 

Uncertainty Effects on Total Crude Production 

There is considerable variation in crude product ion possi bi l ities as assumptions 
are modified: 

• 	 In 1980 and at $1 3 the Opti mi stic Outlook i s 3.9 MMB/D higher t han the 
Pessimistic Outlook (see Figure 11-15). 

• 	 This difference of 3.9 MMB/D represen t s al most t wice the producti on 
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 i s almost 70 percent higher 
than the Pessimistic, and the difference continues to i ncrease . 

These two factors--uncertainty and its increas in g in f luence as estimates reach 
farther and farther into t he futu re--produce widely va rying outlooks for the 
direction of domestic oil suppl y an d prices in t he l onger t erm. Speci f ically: 
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Figure 11-15 

Crude Oil Production Under Al ternative Outlooks 
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• At $8, all but the Optimistic Outlook show a steady decline from today' s 
production levels t hroughou t t he fo recast peri od. 

• At $13, all outlooks evidence some potential supply increase through 
1980. After 1980, however, Pessimistic declines rapidly and BAU remains 
steady. The Optimistic Outlook increases until 1985, then a slow de
cline commences (see Figure 11-15). 

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

Components of Oil Supply Uncertainty 

The changes in the oil supply possibilities across the three supply outlooks 
have geographical, resource base, and recovery method implications (see Table 
11-12 ). The following observations are important: 

• 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. 

• On the Pessimistic side, however, less fortunate geological experience 
on the 10wer-48 onshore (0.8 MMB/O), the rate of OCS leasing (0.4 MMB/O), 
and the production rate which can be sustained on the North Slope 
(0.9 MMB/O) stand out as the major uncertainties. These three elements 
account for 75 percent of the lower supply possibilities represented 
in the Pessimistic Outlook. 

• 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/O) 
add another 3.2 MMB/D to the Optimistic Outlook compared to BAU. These 
three elements again account for about 75 percent of the elevated 
potential estimated under the Optimistic Outlook. 

An important twofold message lies behind these widely varying production outlooks. 
First, geological uncertainty of the magnitude reflected in USGS Circular 725, 
coupl ed with the economic unknowns in untried frontier areas, produce major 
uncert ainty in future production estimates. It may be that even very large sums 
expended in refining geological assessments and hypothetical petroleum engineering 
estimates could not reduce substantially the intrinsic uncertainty underlying
domest ic oil resource potentials. 

Second, a large degree of this uncertainty is not intrinsic to nature but 
~ather is policy-determined. Geological uncertainty may not respond dramatically 
~.a.much l arger effort; the reliability of tertiary technology and the avail-

a lllty of supply from the OCS and Alaska--through leasing and more intensive 
devel~pment--probably will. Thus, the importance of resolving outstanding policy 
qUestlons on these subjects is very clear. 
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ALTERNATIVE 


Lower-48 Onshore 
New Field Primary/Secondary 
Old Field Secondary 
Tertiary
Initial Reserves 

Subtotal 

Lower-48 OCS 

Pacific 

Gulf of Mexico 

Atlantic 


Subtotal 

Alaska 
Beaufort Sea 

Other OCS 

North Slope 

NPR-4 


Subtotal 

Other 

NPR-l 

Tar Sands 

Heavy Hydrocarbons 


Subtota 1 

Total Crude 
Natural Gas Liquids 

Total Liquids 

Table II-12 
1985 PRODUCTION AT $13 PRICE 

(MMB/ D) 

SUQQ1~ Outlook 

Table 11-13 


CONTRI BUTION TO ESTIMATING UNCERTAINTY FROM GEOLOGIC,

DRILLING, LEASING AND ALASKA SCENARIOS 


Pessimis t ic BAU 

1. 3 1.9 
2.0 2.0 
0.8 
2.4 

1.0 
2.4 

6.5 7.3 

0. 5 0.6 
1.1 
0. 1 

1. 4 
0.1 

1.7 2.T 

0.4 
0.3 
1. 4 

0.4 
2. 3 

1.7 3.T 

0.2 

0.2 0. 2 

0. 2 0. 4 

10 .1 12. 9 
1. 7 1.8 

11.8 14.7 

Optimistic 

2. 1 
2. 7 
1.5 
2.4 

8. 7 

0. 9 
1. 9 
0.2 

3.0 

0.7 
0.5 
2.7 
0.9 

4.8 

0.2 

0.3 

0.5 

17.0 
2.1 

19.1 

Major Areas of Uncertainty in the Oil Supply Outlook 

The four major areas of uncertainty in the oil supply outl ook are the resource 
base, drilling effort, OCS leasing schedules , and enhanced recovery. The 
Optimistic and Pessimistic supply possibilit i es i ncorporate different assumptions 
concerning these factors. The incremental impact on 1985 crude oi l production 
at $13 varies with these assumptions (see Tabl e 11-13). 
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(1985 Crude Oil 

BAU Base Production 
Geological* 
Drill ing 
Leasing 
Alaska and other 

Scenario production 

Production (MMB/D) 

Scenario 
Optimfsti-c- Pessimistic 

12.9 12.9 
+l.T -0.7 
+0.3 -0.1 
+0.9 -0.4 
+1.8 -1. 6 

17 .0 T"O:T 

* Enhanced recovery is implicit in these figures. 

Inferred Reserves and Undiscovered Recoverable Resources 

Several points to be noted concerning resource levels chosen for each 
scenar io are (see Table II-14): 

• 	 The Optimistic resource levels are determined statistically and corres
pond to about a one in five chance that they are this high. 

• 	 The Pessimistic resource levels have approximately a four in five chance 
to 	be at least this wuch. 

• 	 The higher inferred reserve level in the Optimistic supply outlook is a 
result of subjective judgment by the USGS concerning inferred reserves 
in East Texas, which departed from its normal statistical procedure to 
report a more optimistic quantity. The more conservative statistical 
estimate was used for the BAU and Pessimistic outlooks. 

Dri 11 i n9 Levels 

There are several important points with respect to drilling levels: 

• 	 Increased drilling is largely the result of the higher resource base, 
but also the result of other factors which are varied for each outlook 
(see Table II-15). 

• 	 OCS drilling increases because of increased leasing which will be 
discussed as the next area of uncertainty. 
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~ .~ ~• The largest part of t he drill ing di fference onshore occurs late inl the -en I alforecast as dril l i ng "builds up" or "runs down, " whi ch consequent y 
I CO')E

lessens the impact on 1985 production (see Figure 11-16) . 
a. 
0 
- I 

ICO'),..Table 11-14 
w II 

ALTERNATIVE GE OLOG ICAL OUTLOOKS
USGS-725 : (Billi ons of Barrels) 


optimistic
BAUPessimistic 
34.334.334.3 23. 1 18. 5*Measured Reserves 18.5* 


Inferred Reserves 
 57.452.852 .8Reserves tnsubtotal: 
~ I60.0 0Undiscovered Recoverable 44.028. 0 49.6 0 ILower-48 Onshore 15.6 33.0 

16.3 -...12.0 IOCS** 7. 7 ~ 
Alaska - Onshore I0125.989.0"51.3 CI) I

subtota 1 "C183.3 .-> Q) I141.8 ...104.1 +-'
(U () ITotal 
C 

'--'... Q) I 
CI) 0 

~* Adjusted to reflect lower East Texas inferred. ... I 
** Adjusted to include water depths greater than 200 meters. a.. I<t ... I 

enCD ~ 
0 C)Table 11-15 'C 

C \- I0IMPACT OF ALTERNATIVE SUPPLY OUTLOOKS ON DRI LLING ACTIVITY AT $13 ::l +-' Q) 

(Millions of Feet Drilled: 1975-1985) en E.- I i=OptimisticBAU 0Pessimistic ... I 

4:1 ,405.8 1 ,144 .3 -...0 co833.4 1.0297.0212.1Lower-48 Onshore 151.8 0>CI) 
~ 

OCS 1,702,8 .CD1 ,356.4 ..985 .2 I.Total >.- I.. 
CJ I 

-
co <OCS Leasin9.- """ I Q; I 

Q)The difference in oes leasing schedules occurs solely because of a variance 0) u. II - c: '0in the assumed acreage per lease sale. The BAU Outlook assumed 800,000 acres e .- (f) I 
~per sale would be offered; whereas the Optimistic assumed 1,200,000 acres and the - c 
0) ---'- 52 " II L 0 

0 c oPessimistic 500,000 acres (see Table 11 -16). u: 0 0~ C 
N 
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Table II-16 

LEASING SCHEDULES UNDER ALTERNATIVE SCENARIOSOCS (Millions of Acres Leased) 

Period Pessimistic BAU Optimistic 

1975-79 
1980-84 
1985-89 

11.3 
6.9 
4.7 

15.8 
11.0 
7.6 

21. 7 
16.5 
11.8 

Total 22.9 34.4 50.0 

Enhanced Recover~ 

There are considerable differences of opinion among experts as to which 
enhanced recovery techniques are applicable to which reservoirs. or whether 
they are applicable at all. These differences account for the variations in 
projected reserves and production rates for specific times in the future. 

To reflect this uncertainty. the Pessimistic and Optimistic supply outlookS 
have different levels of enhanced recovery (see Table 11-17). 

Table II-17 

1985 PRODUCTION FROM ENHANCED RECOVERY UNDER 

ALTERNATIVE OUTLOOKS AT $13 


(MMB/D) 


Outlook 
Q£timisticBAUPessimisticType Recovery 

Secondary 	 2.2 3.32.2Old Fields 	 0.40.40.3New Fields 
3.72.62.5Subtotal 

Tertiary 	 0.9 1.20.6Old Fields 	 negligible 0.1negligible
New Fields 

1.31.00.6Subtotal 
5.03.63. 1Total Enhanced Production 

Several points concerning enhanced recovery are worth noting: 
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• 	 Secondary recovery from old fields remains at the same level for both 
Pessimistic and BAU outlooks. as it is targeted to USGS indicated and 
inferred reserves· 

• 	 Tertiary recovery shows a large range of possibilities--from 0.6 MMB /D
to 1.3 MMB/D in 1985 at an expected import price of $13 per barrel. 
These production quantities were based on high and low estimates. given 
that tertiary recovery processes prove out in practice. 

• 	 Enhanced recovery in the Optimistic outlook increases from a 1975 high
of around 2.0 MMB/D to 5.0 MMB/D. However. enhanced production still 
accounts for only 30 percent of total production. a figure only slightly 
up from the present 25 percent. 

• 	 The timing of production from enhanced recovery technology is affected 
by many variables which are not yet fully understood. One of these key 
variables is economics. which is an especially important consideration 
since there is a 3-5 year time lag between investment and oil recovery. 
Economic factors. however. still remain speculative since so few field
wide commercial applications have been undertaken that there is an 
insufficient data base for generalization. Also. some techniques 
require chemicals or compounds which are not currently available on a 
large scale. 

Uncertainties in North Alaskan Development 

Alaskan crude production in 1985 at $13 was shown to vary from 1.7 MMB/D 
(Pessi mistic) to 4.8 MMB/D (Optimistic). as indicated in Table 11-12. This 
di fference represents 45 percent of the total swing between outlooks in potential 
domest ic crude supply in 1985. North Alaska makes up 2.9 MMB/D of this difference. 
Three things account for the large uncertainty there: geological fortune. rate 
of development. and accessibility to NPR-4 (itself additionally contigent upon 
geological success and rate of development). 

Eac h of the alternative outlooks varies from BAU to a large extent due to 
the rat e of development. Both. however. do represent varying degrees of geologi
cal fortune. In the Pessimistic case. worse geological experience occurs in the 
fiel ds envisioned to prove productive and economically viable under BAU (see
Table 11-18). 

For the Optimistic case. the BAU fields are worked more quickly; no greater 
amounts of reserves are expected. In contrast. NPR-4 reflects the joint effects 
of geologi cal fortune and an expeditious development program. It can be argued 
that t he f ate of NPR-4 hinges on future geological fortune, because 30 years of 
geolog i ca l work in NPR-4 has yet to establish a single "reserve" in the sense 
applied anywhere else across the domestic petroleum resource picture. 

Under BAU conditions. the coordination required between production capacity 
and logistical capacity was described. The coordination problem, of course, 
beco~es even more delicate in the face of widely varying uncertainty about the 
magnltude of resources available in North Alaska, the timing of accessibility to 
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them, and rates of productive capacity bu i ld-up t hat mi ght be achieved (see 
Figure 11-1 7 which port rays traject or i es of t he t hree al ternative product ion 
possibilities for North Al as ka as well as the impli cati ons of t he OptimistiC 
Outlook for TAPS capacity requirement s). 

Ta ble II -18 

1985 COMP ONENT S OF NORTH ALASKA UNCERTAINTY 
(MMB/D) 

Alternative Outlook 
OptimistiCPess imistic 

Business-as-Usual 2.7 2.7 

Geo l ogica l Fo r tune -0.5 
Rate of Development -0.8 +0.7 

+0.9 
NP R-4 

Alternat ive Outlook 1.4 -U 

The most important points which emerge f rom the figure concern the maximum 
production l ikely to be r ealized under t he Opti mistiC Outlook. Although peak 
production pos si bilities of about 4.5 MMB/D are estimated, expansion of TAPS 
beyond loop #2 (3. 0 MMB/D) looks doubtful f or two major reasons: 

• Coinc ident product i on peaks, caused by rapid buildup of North Alaskan 
production from al l likely fields through 1985, lead to an equally 
sharp decline thereafter. 

• Since achi eving the 4.5 MMB/D peak requires bringing 60 percent of the 
USGS-estimated resource base in to play, finding reserves to fill another 
pi pel i ne more t han temporaril y, while maintaining 3.0 MMB/D throughput 
for a do ubly-l ooped TAPS, will be difficult.* 

From t his per spective , t he li ke l ihood of loop #2 appears to depend heavily 
on either NPR-4 or t he porti on of the resource base not covered in this outlook. 
The same poin t made earlie r under BAU concerni ng TAPS l oop #1 obtains equally 
here: The expansion of TAPS I capac ity to 3. 0 MMB/D by 1985 requires that the 
reserves t o support it be identi f ied soon. 

Toward the Pessimist i c end of the spectrum of North Alaskan production 
poss i bilities, incremental TAPS capac ity is a lesser issue. There, it appears 
t ha t t he disposit ion of NP R-4 - -with in stitutional difficulty due partly to the 
requi rement for a ma jor , 400-mi le pipel i ne requi red to link up with TAPs--may 
control the future of l oop #1. 

* Pe rhaps addit ional recove ry and inclus ion of additional deposits in the 
recoverabl e resource base , at higher pr i ces than imagined in USGS-725, 
would al t er thi s as sessment. 
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Figure 11-17 

Outlooks for North Alaska Crude Production 
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The major point here, however, concerns the uncertainty, not the wisdom of 
anyone specific TAPS capacity. At this juncture, the question of appropriate 
TAPS capacity for 1985 is impossible to calculate. The key to the solution is 
more tangible knowledge about the resource base, both how much is there, and at 
what price it becomes economically viable. In turn, obtaining tangible know
ledge requires geologica l /geophysical work and exploratory dril l ing. 

THE ESTIMATING APPROACH AND THE FEA MODEL 

The BAU estimating assumptions are converted to oil supply estimates through 

two separate estimating tools. Oil supply estimates for the 10wer-48 states 

and most of the Alaskan oes are derived using an FEA model, which deals in 

aggregate fashion with twelve large geographical areas. 

The most speculative, immature areas (the Alaskan North Slope, Beaufort Sea, 

and the Naval Petroleum Reserves) are estimated throuqh individual engineering

oriented assessments. These engineering-oriented assessments provide geograph~

ical detail, but otherwise calculate supply possibilities consistent with the 


FEA model. 
The original FEA oil supply model, utilized in the 1974 Project Independence 

Report, used subjective judgments about resources, drilling levels, recovery 

rates, decline rates, costs, and other factors to produce annual production 

quantities for each of twelve petroleum regions. Since these estimates. the 

model has been improved in four major ways: 

• 	 Total oil dril l ing is estimated within the model, and its allocation 
among regions is derived rather than judged subjectively. 

• 	 Finding rates and enhanced recovery rates are linked formally to USGS 
estimates of the domestic resource base. 

• 	 oes leasing schedules are translated into drilling schedules and pro
duction levels using regional parameters which better represent the 
unique geological characteristics of each oes area. 

• 	 Al l other estimating factors have been reviewed and substantially re
vised, based on an additional year of actual supply experience. 

The major inputs to the model are: 

• 	 Resource assessments. These data consist of existing oil in place, 
reserve levels, and estimates of future reserves potentially available 
from both known fields and newly discovered fields. 

• 	 Recovery factors. These regional factors are based or historical analy
sis, and estimate the percentage of oil in place found which will con
sequently be produced. There are, in fact, six recovery factors for 
each region, one for each IItype ll of production. 
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• 	 Beplet ; Qn . fractions. These regional factors ~aEe _ based on: }9Z4 produc
tion hi story, and perta in to the rate that crude oil is produced from 
reserves. These factors provide for a systematic dwindling of existing 
reserves wh i ch have to be repl aced by new discoveries in order to main
ta in product ion l evels. 

• 	 Costs. Costs are of two types: drilling costs and other investments 
necessary to find oil and convert it to proved reserves, and operating 
costs necessary to produce the oil from reserves, once proved. These 
cost fac t ors have been estimated from historical analyses and from 
judgment al decisions concerning cost escalation due to, say, deep wells. 

These four maj or i nput s (and many other less critical factors) permit the model 
to derive annual regi onal production figures at different price levels. 
Briefly, the ca lculati on procedure consists of six broad steps: 

• 	 The expected oil price and drilling rig supply parameters combine to 
determine the total' domestic oil drilling over time and its allocation 
among twel ve oi l regions. 

• 	 Finding rates, derived from USGS resource assessments, then combine 
with drilli ng to determine the amount of oil-in-place found by the 
drilling process. 

• 	 Regional recovery rates--one for each of three recovery methods in 
old and in new f i elds--combine with various lead time factors to 
allocate successi ve portions of this oi1-in-p1ace into proved reserves. 

• 	 As each portion of the oi1-in-p1ace is proved, the minimum-acceptable 
price at which i t becomes economically attractive is calculated. The 
calculation cons i sts of a discounted cash flow analysis of each reserve 
addition. This cal cul at ion considers the investment required to prove 
it, the operating costs subsequently required to produce and sell it 
(e.g., royalties), and the time profile over which it will be produced
and sold . 

Depletion fractions--or decline rates--are used to calculate future• annual production resulti ng from proved reserves added each year at 
each minimum-acceptable pri ce. 

Finally, in each year the production which is available at successively• higher prices is cumul ated to produce a curve of production vetsus 
price (or a supply curve) . 
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LONG TERM DEMAND FORECAST 

The Proj ect Independence Evaluation System (PIES) links the supply project ions 
delineated in this chapt er wi th demand scenari os fo r each sector of the economy. 
The linkage is accompli shed in the main PIES linear programming model which 
finds an equilibrium solution for domesti c consumpti on and total supply of all 
energy resources .. It determines t his equ i libri um so lut i on by considering the 
flow of energy resources from areas of supply to areas of consumption, and 
supplements any shortfal l i n domesti c product ion with imports. The PIES model 
does this for a range of energy scenar i os and for several pri ces . 

Under the PIES Reference Scenar io , there is a wi de vari ation between demand 
growth rates at three imported oi l pri ces : $8 , $13 , and $16 (s ee Figure 11-18). 
This growth is based on BAU suppl y poss ibil ities at t hese same prices. Several 
~oints are important : 

• 	 At $8 world oi l prices, domestic consumpt ion rises at a compounded 
growth rate of 3.9 percent between 1974 and 1985. Imports of nearly
14.0 MMB/D must be brought in to f i l l t he gap between consumption and 
domestic production . 

• 	 At $13 domes ti c consumpti on increases at about half the historical 
pace, or about 2.0 percent compounded annually. Domestic production 
fills 70 percent of this demand in 198~ and imports of only about 6.0 
MMB/D are necessary to fill the gap . 

• At $16 world oil prices, consumption grows at a slower rate of only 1.4 
percent per year, and domestic production supplies all but about 3.0 
MMB/D of that amount by 1985. 

These same consumption solutions can also be broken down by consuming sector 

(see Figure 11-19). 


Several observations regarding sector demand at $13 world oil prices are impor

tant (see Table 11-19): 


• 	 The transportation sector ; s quant itati vel y the l argest of the final 
consuming sectors, accounting fo r about half of total oil demand. The 
trend towards smaller, more fuel -efficient automobil es is expected to 
continue and to have a major impact i n reducing demand growth between 
now and 1985 . 

• 	 At $13 world oil prices, consumption of oil by el ectric utilities is 
expected to decline substantiall y as coal and nuclear plants replace 
0;1 in base-loaded generation. At hi gher or lower pr ices, electric 
utilities show the greatest l evel of demand elasticity of all the 
sectors, and at $8, consumption by th is sector rises from 6.5 to 16.0 
percent of total consumpt i on. 

• 	 In the ho us ehol d/commercial sector, t he ef fec t of a substantial rise in 
delivered oil prices is partiall y offset by an equivalent rise in de
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Figure 11-18 


Projected Petroleum Consumption (Reference Scenario) 
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Figure 11-19 

Outlook for Petroleum Consumption by Sector 
(Reference Scenario) 
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1985 ---------1 
Imported Oil 

controlled natura l gas prices , thus mai ntain i ng oills share for heating
in the 1974 -85 period. 

• About 30 percent of petro leum consump t ion in the industrial sector is 
for raw materia l s and coking, and is not ~ery sensitive to price. This 
reduces the impact of rising prices o~ ~~R§ umption. 

Table 11-19 

HISTORICAL AND FORECASTED ANN 
BY ECONOMI G

L DEMAND GROWTH RATES,
OR 

Transportation 
Electric Utilities 
Household/Commercial
Industrial 

Total 

1960-72 

4.3% 
15.4 
2.6 
3.7 

4.2% 

* At $13 per barrel imported oil. 

SUMMARY AND IMPLICATIONS OF ALTERNATIV 

The preceding sections of this chapte 
and presented three alternative outl o 
possibilities may evol ve over the ne 

Several things are important to note 
(see Figure 11-20): 

• The effects of price are lar 
expectations set a course 0 
felt immediately, but, 

• Under $13 expectations dome 
pre-1970 upward trend. 

• Under the assumed BAU condi 
tertiary technology success. 
development effort), supply 
in 1985 and will trend down 

Reference Scenario 
___ -74 1974-85* 

~ .3 % 2.1 % 
.4 -2.3 

~ .7 2.8 
2.1 3.1 

0.7% 2.0% 

LOOKS 

domestic oil supply in perspective, 
or how our domestic oil supply 
years . 

rning BAU oil supply possibilities 

cumulative; todayls price 
,fvity whose results are not 
"4 continue indefinitely. 

il supply can regain its 

(leasing constraints, moderate 
a large, but not crash, Alaskan 

ibilities at $13 will have peaked 
once again. 

• At a low pri ce of $8, BAU crude oi l production maintains current
levels. 
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Figure 11·20 

Crude Oil Production at Three Prices (BAU ) 
(mmb/d) 
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• At a hi gher price of $16, crude oil product ion until 1985 proceeds 
on a sli ghtly hi gher trajectory than at $13, averag i ng about 
0.5 MMB/ D higher. By 1985 , however , when the $13 supply trajectory 
peaks and begins to decline , supply possibiliti es at $16 continue 
to t rend upward to peak at a po i nt beyond 1990. 

The effort necessary to produce t hese BAU oil suppl y poss i bi l ities is large 
by hi stori ca1 st andards (see Fi gures II -21 through II -23) : 

• A massive expl ora to ry and devel opment al drilling effort is required.
Annual oil dr illing mu st more than double by 1985, to approach its 
all-time high reached i n 1956. 

• In addition to dri l ling, accompl ishment of these supply possibilities 
requires a hi gh level of Federal OCS l eas ing. 

• The most comprehens i ve measure of the total effort is the capital 
required to f uel it. Capi tal expenditures for 0; 1 must more than 
double (in constant 1975 dol l ars ) by 1985. 

• Tertiary recovery mu st succeed techni cally and economically, and 
must be applied at a moderatel y brisk pace. 

• North Alas kan devel opmen t must proceed at a rate capable of expanding 
Alaskan crude producti on s ixt een-fol d over ten years. 

Wi th respect to the oi l supply possibili ty outl ooks estimated he re, the final 
results will depend on three things: geological fortune, technology (in the 
case of tertiary recovery) and the poli cy environment. It is in these areas 
that the large uncertainty i n future potentials appears impossible to resolve 
at t his point. Unfortunatel y , the impl i cations of this range of outcomes for 
oil supply possibilities is very large (see Figure II-24). 

Previous comments on uncertai nty bear repeat ing here. First, a large share 
(about half) of this variation across outlooks accurately portrays the 
fundamental geological unknowns inherent i n the oil bus iness. These are 
revealed directly in USGS Ci rcu l ar 725. These geological unknowns--and the 
economic uncertaint1y they crea te in a forecas t dominated as is this one by 
fronti er areas--can only be expected to produce an uncertain forecast of oil 
production possibili t ies 15 years forward in time. Large geo10gical/ 
geophys ical expenditures and hypothetical petroleum engineer ing estimates of 
economi c potential may not substanti al ly reduce the uncer t ain ty intrinsic 
to dome stic oil resources. 

A large degree of uncert ainty, howe ve r, is not natural, but rather, is policy
determi ned. Geological uncertainty may not respond dramatically to our will. 
In contrast, policy-determined unce rta inty should respond to effort. 
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