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MEMORANDUM OF THE CHAIRMAN
To Members and Ex Officio Members of the National Fuels and Energy 

Policy Study (S. Res. 1^5, 92d Congress'), Committee on Interior 
and Insular Affairs:

In 1975, almost 40 percent of domestic petroleum demand will be 
met by imports from abroad.

Our continuing reliance on oil imports, and the experience of the 
Arab embargo, have strengthened the case for establishing a system 
of strategic reserves. The very existence of such reserves could help 
to deter future embargos, as well as protect the U.S. economy from 
the impact of interruptions in vital energy supplies.

The 94th Congress must authorize the creation of a strategic 
reserve system. Hopefully, the development of additional reserve 
storage can begin this year.

The Armed Services and Interior Committees have already held 
joint hearings on strategic reserves issues. Both committees are 
giving priority to the development of legislation on this subject.

At my request, the Interior Committee staff has prepared this 
collection of materials on the subject of strategic reserves for the 
use of Senators participating in the National Fuels and Energy 
Policy Study.

Henry M. Jackson, Chairman.
(in)
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UNIVERSITY 

LIB ; RY

M * ' ■ • T”r" A N





INTRODUCTION
Realistically, there seems little doubt that the United States will 

be heavily dependent on oil imports for the next few years.
In 1973, 35.3 percent of total U.S. petroleum consumption was met 

through imports of crude oil and petroleum products. In 1974, we 
relied on imports for 37 percent of our requirements. Forecasts for 
1975 suggest that imports will contribute over 40 percent of domestic 
consumption.

Obviously, the degree of reliance on imports will depend on the 
success of efforts to restrain demand through conservation programs 
and increased domestic production. But the lead times involved in 
securing pay-offs from either production or conservation programs 
assure substantial reliance on imports for the next decade.

The FEA has concluded, in its Project Independence study, that 
“oil imports will remain level or rise in the next few years, no matter 
what long-term action we take.”

As long as substantial reliance on foreign oil is inevitable, some 
provision must be made to protect the Nation’s economy against the 
impact of import interruption. The experience during the Arab em­
bargo from mid-October 1973 to mid-March 1974 showed how serious 
that impact can be. During the first quarter of 1974, when the full 
effect of the embargo was felt, imports averaged 2.2 million barrels 
per day below earlier projections. The resulting cutback in petroleum 
consumption was accompanied by a 7-percent decrease in real GNP, 
rather than the increase forecast before the embargo.

Reporting on the effects of the embargo, the National Petroleum 
Council found that—

While the primary effects on industry were held to a minimum, the secondary 
repercussions resulting from disruptions in world energy markets and from con­
sumer reactions were significant. Gasoline shortages and rising fuel prices trig­
gered a demand shift toward smaller cars, which slowed activity in domestic 
automotive and related industries. The tourist industry and vacation areas were 
hard hit. Repercussions in money markets contributed to slowdowns in the housing 
and construction trades.

The relatively short duration of the embargo, coupled with strong 
energy conservation efforts, kept the impact of the embargo within 
manageable limits, but a prolonged embargo could have far more 
serious effects. Obviously, the degree of vulnerability depends on the 
level of imports. The Project Independence report, asserting that 
vulnerability to import disruptions depend on world prices, concluded 
that—

At $7 oil and no new domestic policy actions, imports will reach 12.3 M bbl/d in 
1985, of which 6.2 M bbl/d are susceptible to disruption. A 1-year embargo 
could cost the economy $205 billion.

At $11, imports will decline to 3.3 M bbl/d by 1985, and only 1.2 M bbl/d are 
susceptible to disruption, at a cost of $40 billion for a 1-year embargo.

(V)
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Thus, the impact of a future embargo could be serious enough to 
justify comprehensive—albeit costly—measures to minimize such 
impacts.

The need for building stockpiles of petroleum has been increasingly 
discussed as the Nation’s dependence on imports has grown. In 1970, 
the Cabinet Task Force on Oil Import Control recommended that—

* * * further intensive study be given to the feasibility of developing safe­
guards for U.S. oil security by means other than import controls, with a view to 
possible legislative recommendations. Particular alternatives meriting continued 
study are underground and conventional storage, subsidization of shale oil or 
coal oil capacity, and the development of deliverable emergency productive 
capacity in Naval Petroleum Reserve No. 4.

In opening hearings on oil import issues in January 1973, Senator 
Jackson asked:

If overseas imports are genuinely insecure—and I believe they are—how has it 
happened that we have no contingency reserve either in the form of storage or in 
the form of reserve producing capacity? How is it possible that there is no plan— 
and up to today at least, not even a public proposal to create such a strategic 
reserve?

The Department of the Interior, in a submittal for the hearings, 
agreed that a storage program “may be very desirable to help offset 
against short-term supply interruptions as to provide a cushion 
against longer-term interruptions in imports.” But the Department 
deferred specific proposals pending the outcome of its own studies and 
a study by the National Petroleum Council.

The final report of the National Petroleum Council on this subject 
dated September 10, 1974, concluded that the United States should 
develop an emergency petroleum security storage system. The report 
asserted that a substantial volume of such storage was needed and 
that “efforts to implement such a program should begin immediately 
because of the long construction lead times involved.” The report 
went on to state that—

First consideration should be given to providing crude oil security storage to 
protect domestic refinery runs. This study indicates that 500 million barrels of 
crude storage in combination with normally available inventories will provide 
90 to 180 days of supply for a large percentage range of crude imports presently 
foreseen. Crude storage can be efficiently located in one or more Gulf Coast 
salt dome projects and integrated with the crude transportation system that will 
serve Gulf Coast deep-water terminals. Specific circumstances and specific 
logistical problems could require storage of fuel oil at strategic locations on the 
East Coast.

Other recent energy studies have reached the same conclusion as 
the National Petroleum Council.

The preliminary report of the Ford Foundation’s Energy Policy 
Project in mid-1974 concluded that if the Nation chooses to increase 
imports—

It is incumbent on us to undertake a positive program for dealing with future 
cutoffs—a strategic storage program.

The report pointed out that it had been normal practice for in­
dustry to maintain inventories of 40 to 50 days supply to deal with 
seasonal demands and operating requirements. This normal inventory 
is not adequate in the event of a sudden interruption.

An economic evaluation of the concept of energy self-sufficiency by 
the MIT Energy Laboratory Policy Study Group, published this fall 
by the American Enterprise Institute for Public Policy Research,



VII

iXdoiXTr”*j'C°n d be Pr.ovlded against import disruption by the 
‘^P01-1 P°lic‘es. one important element of lS3Mfbe O1 Tckpl T The study found thatthe maintenance 

d»v » t ‘ a8al?st a i-year cutoff of 2 million barrels per 
day of imports would cost about $990 million a year. If industry were 
sXTV"^0^ SUCh a ‘he cost ofLil delivered to LT 1 cT?a gauL™* m°re “ 25 “ntS & barrel> °r tw°-thirds of 

nJ™?™ ?olicy Committee of the Committee for Economic
Development released a statement on energy policy in December 1974 
which endorsed the concept of strategic reserves. r’ecemDer la74’ 
United International Energy Program, signed by the
1974 r and other major oil consuming nations in September 
resLVeTsXLn^ Pupating country to maintain “emergency 
no neLoil imports.” “ COnsumPtlon for at least 60 days with 
me^6;^ State? ®urrently meets the requirements of the Agree- 
Srves M in I TP because the Agreement defines emergency re- K^»d p^iZVMlable “""s such as pah-oleum in Lnk 

AXm»nInteiMr Committee’s hearing on the International Energy 
th-e administration witnesses made 

under th compliance with the requirements for emergency reserves 
^enuin Was 110 for the establishment of agenuine strategic reserve.
aDOT^Pd^ state of the Union message on January 15, 1975, 

a strate^c storage Program of 1 billion barrels of oil for 
thr^^Pr^ anr ?°° 1111 -10n barrels for defense purposes.” This was 

first Presidential commitment to establishing a strategic reserve.
197? Jeni^g hearings on strategic reserves legislation on March 11 
creating suchrresaerveOsT364 ‘b™ COm”ellmg arguments for

oasS°“7^^





CONTENTS

Page
Memorandum of the Chairman___________________________________ m
Introduction___________________________________________________ v

I. Excerpts from the Project Independence Report—Emergency 
Stockpiles_____________________________________ i

II. Excerpts from the National Petroleum Council’s Report on Inter­
ruption of Petroleum Imports into the United States: Available 
Alternatives_______________________________________ 21

a. Recommendations___________________________________ 28
b. Emergency Standby Petroleum Supplies_______________ 33
c. Economic Analysis of the Cost of Maintaining Standby

Emergency Supplies_______________________________ 52
III. Excerpts from the National Petroleum Council’s Report on Petro­

leum Storage Capacity_____________________________ 57
a. Introduction and Summary___________________________ 60
b. Concepts of Petroleum Distribution and Storage__________ 66
c. Crude Oil—Summary of Findings______________________ 72

IV. Emergency Energy Capacity: An Interim Report by the Depart­
ment of the Treasury, Office of Energy and Natural Resources, 
October 18, 1973___________________________________ 77

V. Excerpts from Senate Interior Committee Hearing on Strategic 
Petroleum Reserves Proposal, May 30, 1973____________ 133

a. Testimony of Dr. Walter J. Mead_____________________ 136
b. Article by Dr. Walter J. Mead and Philip E. Soresen, “A

National Defense Petroleum Reserve Alternative to Oil 
Import Quotas,” August 1971_______________________ 164

c. Testimony of Dr. John H. Lichtblau___________________ 178
VI. “Oil and National Security,” Naval War College Review, May-June 

1974 _------- 199
VII. Alternatives for Petroleum Storage___________________________  219

a. Techniques of Geostock for Storage in Leached Cavities____  221
b. Storage in Salt Domes—excerpts from paper by Dow

Chemical Company________________________________ 229
c. Rock-Cavern Type Storage—article in Oil and Gas Journal, 

October 28, 1974______________________________ 237
d. Storage in Coal—article in Oil and Gas Journal, December 25, 

1972------------------------------------------------------------ 251
VIII. Status of Naval Petroleum Reserves—Presentation by Department 

of the Navy to a joint hearing of the Senate Committees on 
Armed Services and Interior and Insular Affairs, March 11, 1975, 
and accompanying graphics________________________ 255

IX. Legislation pending before the Senate Committees on Armed Services 
and Interior and Insular Affairs on Strategic Reserves: S. 594 
(Titles I and II), S. 677, S. 1113, S. J. Res. 9, and S. J. Res. 13_____ 287

(IX)





I. Excerpts From the Project Independence Report—Emergency 
Stockpiles

(1)





Federal Energy 
Administration

Project 
Independence 
Report

Project 
Independence

November 1974



4

Emergency Stockpiles

Existing Emergency Stockpiles: Today our only existing source of 
emergency supplies are current petroleum inventories. Normal inventory levels 
of crude oil and refined products in the United States are generally in the 
range of 800-1,000 million barrels. If total demand is in the range of six 
billion barrels per year, total inventories are on the order of 15 to 20 
percent of annual demand or 60 days supply. Stocks of crude oil are generally 
a small fraction of consumption (4 percent) while stocks of finished products 
comprise the majority of the inventory. The current inventory level of 
approximately 450 million barrels over and above working and seasonal stocks 
would be sufficient to offset completely in total volume the effects of the 
73-74 embargo. However, the mix of crude and products would be very badly 
matched to the cutoff quantities. Table VI1-13 summarizes the current United 
States stock position and its potential for use in an emergency. Table VII-14 
illustrates the problem of seasonality for several key products.
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Table VII-13 
Current "Emergency" Storage Capacity 

(in millions of barrels)

Product

1972 
Average 
Total .. 
Stocks-t/

1972 
Average 
Consumption

Days 
Usable 
Storage

Crude Oil 279.4 11.7^ 23.9
Gasol i ne 216.0 6.4 33.8
Distillate 148.1 2.9 51.1
Residual Fuel 56.9 2.5 22.8
TOTAL

1/ Stocks at primary storage locations only.
2/ Runs to stills used as consumption measure.

Table VII-14
Seasonal Variation in Product Storage Levels

Product

_____Win
Average 
Stocks

ter 1972 4 Summer 1972 5

Demand
ho.
Days

Average 
Stocks Demand

i.O.
Days.

Gasoli ne 242.4 6.0 40.4 193.1 7.0 23.3
Distillate 128.0 3.8 33.7 153.0 2.0 76.5

4/ Jan. Feb. March
5/ June, July, Aug.
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As the 1973-74 embargo demonstrated, however, it is highly unlikely 
that the Nation could, in fact, fully utilize its current inventories. 
Current stocks are not well distributed either among products or geographically, 
crude oil and residual stocks are relatively low, particularly on the East 
Coast. The use of these stocks would, in fact, result in localized shortages. 
Thus, perhaps less than one-half of the potential could be drawn down during 
an emergency. Whether it would be drawn is another matter. The United States 
and European experiences of last year have shown that available supplies are 
generally not drawn down due to the lack of knowledge of the duration of an 
emergency and the feeling that stocks should be saved for a possible worse 
situation.

Alternative types of additional emergency storage. The following dis­
cussion is an excerpt from the most recent summary report by the National 
Petroleum Council undertaken at the direction of the Secretary of the Depart­
ment of the Interior

"There are three basic alternatives for providing standby petroleum 
supplies to offset a sudden loss of imports. These are: (1) shut-in 
or reduction of production from domestic oil fields, (2) storage of 
crude after production from underground reservoirs and (3) storage of 
refined petroleum products. Several major factors must be considered 
in developing an optimum emergency standby system. First, standby 
supplies must be located so that facilities existing at the time of an 
emergency can transport such supplies to locations where needed at 
rates sufficient to replace imports that cannot be offset by other means. 
Second, the capability to construct associated facilities and obtain 
sufficient crude and/or product to fill programmed storage in the desired 
time frame must be assessed. Finally, the total cost to the Nation of 
available alternatives must be weighed against the degree of protection 
provided.

The alternative of providing standby supplies by shutting-in or 
reducing production from domestic oil fields has major disadvantages. 
Such action would simultaneously reduce the supply of indigenous oil 
and gas to the United States economy. Reduced crude production would have 
to be offset by increased imports, if available; however, imported crude 
would probably have a high sulfur content and many United States refineries 
cannot process such crude. This would also make the United States even 
more dependent on imports and would adversely affect the United States' 
economy and balance of payments. Administration of such a program would 
be extremely complex. For example, provisions would have to be made to 
compensate owners of shut-in production for reduced current income and.
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in many cases, reduced ultimate recovery. Establishment of fair compen­
sation would be difficult and litigation on behalf of such owners would 
probably result. In addition, such action would cost the Nation from 5 to 
10 times more per barrel of daily production capacity than security 
storage of crude or product.

Security storage of refined products or crude after production 
can be located above ground in steel tanks or underground in caverns 
leached in salt or mined in hard rock. The primary advantage of steel 
tank storage is locational flexibility and the ease with which supplies 
can be integrated into the existing petroleum logistical system. The 
major disadvantage of above ground tank storage is the high cost — 
$3.80 to $7.00 per barrel, depending on location, type of storage and 
local conditions. The availability of steel for timely construction of 
very large scale tankage projects is also of concern.

In contrast, storage in salt domes can be provided for $0.60 to 
$0.85 per barrel if the volume to be stored exceeds 100 million barrels. 
Many salt domes on the Gulf Coast are capable of accommodating storage 
projects of several hundred million barrels. Extensive experience with 
such storage in the United States has proven its safety and reliability. 
Since crude or product is stored in large caverns, very high redelivery 
rates are possible. For example, a single 200 million barrel project 
might require only 20 to 40 wells and be capable of a redelivery rate 
of several million barrels per day during an emergency. Although other 
underground storage alternatives were also evaluated (mined caverns, 
salt beds, abandoned mines, depleted reservoirs), storage in salt domes 
has the lowest cost. Such storage is normally located 2,000 feet below 
the surface and is, therefore, more secure against natural disasters and 
sabotage than steel tank storage.

Crude oil storage in salt domes appears more practicable than 
refined product storage. The potential for weathering is reduced, and 
any quality problems that might occur with crude oil could be corrected 
during refining. Problems of quality control, questions of what grades, 
types and volumes of finished products to store and the seasonal nature 
of major product demands would exist for high-volume security storage 
of refined products over an extended period of time in a salt dome 
environment. Additionally, transportation of product from salt dome 
storage to terminals would be more difficult and expensive than for 
crude. Thus, if a product security storage program is implemented, 
storage aboveground in higher cost steel tankage is probably the best 
alternative. It is recognized that residual fuel oil imports present 
a special case because such imports are concentrated on the East Coast.

A security storage volume of about 500 million barrels in combina­
tion with other available supplies would provide protection commensurate 
with similar programs in effect in other consuming nations. Proposed 
new Gulf Coast deepwater terminal and pipeline facilities, which should be 
in service in 1978, will be capable of transporting imported crude to a

49-868 0 - 75 -2
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large percentage of Midwest and Rocky Mountain refineries. Therefore, 
salt dome storage projects should be located near deepwater terminal 
tank farms to ensure easy distribution of security storage crude to 
refineries during an emergency.

Location of security storage crude for East Coast refineries in 
Gulf Coast salt domes will save $4 to $5 per barrel in storage cost. 
Gulf Coast deepwater terminals can be designed to permit loading of 
security storage crude for delivery to the East Coast during an 
emergency. However, use of foreign flag vessels to augment the United 
States' fleet may be required to ensure timely delivery during an 
emergency. Need for storage on the West Coast will depend on supply 
self-sufficiency there. Factors to be considered include the impending 
availability of North Slope crude and flexibility to ship crude from 
the Gulf Coast.

Leaching of several hundred million barrels of salt dome storage 
could be completed in about 6 years. Significant storage could be ready 
to fill about 1979, which is consistent with the anticipated startup 
of Gulf Coast deepwater terminals. Therefore, completion of a 500 
million barrel crude storage program in the early 1980's appears feasible 
if crude can be made available for fill."

Crude and residual oil are the most attractive substances for emergency 
storage. They are the least covered by normal inventories in terms of the 
days of imported supply normally held. They are also fortunately the 
least costly form of petroleum to store. As long as there is sufficient refinery 
capacity available during the emergency, storage of crude also gives maximum 
flexibility to response to the cutoff.

The effectiveness of the storage options depends on the proximity of 
the appropriate types of crude to refineries, and where sufficient transport 
capacity will be available during the emergency. Specific further study 
of these considerations will be required for the development of these options.

The types and costs of emergency storage are summarized in Table VI1-15.
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Costs and Benefits of Emergency Stockpiles. Two basic costs must be 
considered in deriving economically-efficient emergency petroleum stockpile 
levels. One cost is simply the direct investment costs of storage facilities, 
of acquiring a specified quantity (millions of barrels, MMB) of petroleum, 
and of maintaining those storage facilities over some stockpile program 
lifetime (years).

Estimates of these components of storage costs are as follows:

° Cost of Storage Facilities: this example assumes a $0.85 per 
barrel facilities purchase and development cost. This corresponds 
to the upper end of the salt dome facilities costs estimates.

° Cost of Oil to be Stored: this example assumes $10.50 per barrel 
investment. In fact, this is a parameter of the analysis, and will 
vary from case-to-case.

° Maintenance Cost--estimated at $.01 per barrel per year for salt dome 
storage.

Thus, the capital cost of oil storage is estimated to be $11.35 per 
barrel. Of this amount, only $0.85 is really a capital expenditure on a 
depreciable asset. The other $10.50 is an investment which would be re­
covered when the oil is withdrawn and used. In fact, the value of the oil 
in a time of shortage could be lower or higher than its original cost, 
resulting in a net return on the investment in that oil,* or lower resulting 
in a capital loss.

For the purposes of the analysis, the annual costs of storage were 
calculated as 15 percent of the capital outlay per year plus the maintenance 
costs, as follows:

$ 1,00/bbl facilities purchase cost
+10.50/bbl oil purchased cost__________
$11.50/bbl total capital outlay per year
X 15

= $1.57/bbl/yr carrying cost of petroleum fi11
$ .15/bb1/yr averaged annual amortized facilities (10 yrs)
+ .01/bbl/yr maintenance costs_____________ ____________
$1,73/bbl/yr total annual storage costs

If stockpiles are to be publicly held, then the 15 percent rate is 
very conservative because it represents a relatively high opportunity rate 
for public sector investment. On the other hand, the 15 percent rate may 
be low if stockpiles are privately held.

♦This may require controls on any resulting inventory profits if these 
stockpiles are privately owned.



11

The total cost of a stockpile program is equal to the product of this 
cost per barrel per year times the total level of stockpile in barrels 
times the design lifetime of the program in years.

The cost of energy supply disruption in the economy is the second cost 
involved. The potential GNP losses resulting from a shortfall will be 
incurred (but incurred each time) if a severe embargo (in comparison to 
emergency supply capacity) were actually experienced.

The total GNP costs of supply vulnerability are estimated by determining 
the amount which would be drawn out of the stockpile each day and the amount 
that can be saved by emergency supply and standby conservation measures 
(assumed equal to 1 MM B/D). These available savings are subtracted from the 
total level of supply cutoff, to determine the shortfall experienced in the 
economy. Finally, the estimated GNP impact of that shortfall is calculated 
at the rate of $33 billion annually per 1 MM B/D shortfall.

Table VII-16 demonstrates the effect of stockpiles in reducing the 
economic impact of a supply disruption in the absence of an IEP agreement. 
The costs shown for the disruption are those for a shortfall of 4.8 MM B/D 
resulting from an embargo against a United States import level of 9 MM B/D 
generated by insecure sources which maintain a 60 percent share of world import 
supply (refer to the previously specified embargo threat parameters). The 
period of interruption is assumed to be one year. The costs shown for the 
stockpile are for 10 years of storage based on the costs presented above.

Figure VII-7 shows the maximum GNP cost of supply vulnerability as a 
function of the stockpile level, the cost of the stockpile, and finally the 
total cost. The total cost is minimized in the neighborhood of 1400 million 
barrels of storage. This implies that if the United States import level is 
known (in this example, 9 MM B/D), and the stockpile is designed to minimize 
vulnerability, then the optimal size is about 1.5 billion barrels.

Table VII-16

Stockpile Costs and GNP Costs of
Residual Vulnerability for U.S. Imports of 6 MMB/D

Stockpile Level (MMB)

500 1000 1500

Ten Year Costs of 
Stockpile ($ Billions) 8.7 17.3 25.9

GNP Cost of Supply
Disrvctier with
Stockpile (S Billions) 80 30 0

Total Cost 88.7 47.3 25.9
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Figure VII-1
COSTS OF VULNERABILITY AS A FUNCTION OF STOCKPILE SIZE
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Table VII-17 contains the results of applying this analytical approach to 
the various levels of total United States imports. As before, the embargo 
group s market share is assumed to be 60 percent, and they are assumed to interrupt 
their supply. The disruption is assumed to be targeted on the United States, 
which is assumed to suffer 50-150 percent more than the overall proportional 
world shortfall at low United States import levels, and 50 percent at higher levels.

TABLE VII-17

Minimum Cost Stockpile Size 
Based on Vulnerability Costs 

for Various U.S, keort Levels

Total U.S.
Imports Insecure 

Supplies
Nin Cost 
Stockpile

Size

Numbered
Days Imports 
in Nin Cost

Stockpile{k 3/u) (;..j b)

3 1.2 - 2.0 73 - 365 23 - 125

6 3.0 - 5.0 730 - 1460 117 - Z34

9 4.8 - 5.3 1400 - 1925 156 - 214
12 6.6 2000 167

15 8.4 2700 180

1/ Assumes desirability of insuring against one occurrence - not an 
expected value.
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Several major sources of uncertainty are not accommodated by this 
analysis. First, the United States import level cannot be known with 
certainty in advance; thus if there is a substantial chance that the United 
States import level could be higher, then the optimal stockpile size would 
also be higher. Moreover, interruptions of a more severe level and/or more 
protracted duration are possible. The high GNP costs associated with these 
possibilities will almost certainly increase the optimal stockpile size. 
Thus, the estimate of the optimal stockpile size based on vulnerability 
costs probably underestimates the optimal size.

Figure VII-8 can be used to estimate the marginal costs (per barrel 
of import) of providing supply security using a strategic stockpile. 
From this Figure, the expected costs of the postulated supply disruption in 
the Base Case is approximately $150 billion for United States imports of 
10 MM B/D. Those costs are slightly less than $50 billion when the Base 
Case is moderated with a 1 billion barrel stockpile (including $10 billion 
of 10 year stockpile program costs).

In order to moderate the Base Case to an expected cost of approximately 
$50 billion, by an alternative program of import demand reduction, the 
assumed 10 MM B/D dependence would have to be reduced almost by a half, 
i.e., 5 MM B/D (refer to Figure VII-8). Given domestic energy supply/demand 
analyses and world oil prices postulated in the Base Case, there is a least 
cost combination of domestic supply stimulation and demand restraint 
required to reduce an import dependence level by 5 MM B/D, i.e., from 10 
MM B/D to 5 MM B/D.

The cost of reducing import demand, divided by 1825 MM B (i.e., 5 MM B/D 
times 365 days/year), would be the average annual marginal cost per barrel 
of supply security resulting from initiatives to moderate domestic supply/demand.

In this example, the corresponding marginal cost per barrel of supply 
security, available through development of a 1 billion stockpile, can be 
calculated as follows: a one billion barrel stockpile has an estimated 
average annual cost of $1.73 billion. This stockpile would permit a 10 MM B/D 
level of import dependence (i.e., 5 MM B/D greater than under the previous 
case), without increasing the expected costs of supply insecurity over that 
incurred with a 5 MM B/D import level. This divides the annual stockpile 
security cost ($1.73 billion) by the additional 1825 MM B (5 MM B/D x 365) 
annual import consumption, yielding a marginal cost per barrel of $0.70.

Stockpiles and "Self-Targeting." Market forces apparently tended to 
distribute the total shortfall to some extent during the 1973-74 embargo; 
i.e., the United States did not bear the intended total impact. Market forces 
generally operate to send oil to those markets willing to pay the embargo- 
induced higher price. Once an export shortfall occurs, and the United States 
begins to draw down stockpiles, market forces might divert oil to other 
markets which could have gone to the United States if no drawdown occurred.
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Figure Vll-|

VULNERABILITY COSTS AS A FUNCTION OF U.S. IMPORTS 
WITH NO STORAGE AND WITH 1 BILLION BARREL AND 2 BILLION 

BARREL STOCKPILES
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If the United States were to draw down its stocks in direct proportion 
to the export shortfall on the world market, it would in effect replace 
the world shortage; i.e., the United States stockpile flow would simply 
replace the disrupted flow. Theoretically, no world oil price increase 
would result.

An international shortfall sharing program such as the IEP would prevent 
this burden from being placed exclusively on the United States.

If the United States were not in an IEP, and were to draw down its 
stocks in direct proportion to the export shortfall on the world market, 
such a policy would draw down United States emergency stocks rapidly and 
would distort the market pattern. In effect the United States would carry 
the brunt of the embargo. If oil companies distribute the oil, stockpile 
drawdown may encourage them to shift that portion of residual imports*  
(which would have gone to the United States) to other importing nations 
willing to pay a higher price. Thus, if the United States wants to continue 
to receive some portion of that available supply, it might be necessary to 
regulate industry behavior, manage the stockpile directly, or both. Even 
if the U.S. controls the stocks, the oil industry might be motivated to 
shift imports away from the United States, in expectation that the United 
States Government would utilize stocks.**

Given this dynamic interaction between the United States stockpile 
and the world market, the United States may be motivated to acquire 
increasingly larger stockpiles to protect itself. It is difficult to 
anticipate the limit, i.e., how much stockpiling is enough to protect the 
United States from both the actual insecurity of its imported supply and 
the market forces once supplies are short.

A figure other than the annual cost of $33 bi 11ion/mi11ion barrel/day 
figure used in these examples could yield a different size stockpile as 
would a different perception of the threat to imports. Moreover, the optimal 
stockpile size is affected by the degree of low cost demand restraint available, 
K, assumed here to be 1 million b/d. A larger value of ]< would result in 
a lower stockpile requirement. The significance of these numbers in determing 
United States strategic stockpiles warrants efforts to further refine these values.

Market Impacts of Building Stockpiles. This section addresses the market 
impacts involved in building emergency stockpiles. Two related issues are 
of special importance:

1. The level of world market price fluctuations stimulated by short 
term increased petroleum demands during a buildup period; and

2. The extent to which emergency storage buildup programs may hold 
up world oil prices in an otherwise declining price market.

A world oil model has been used to study the short term market effects.***  
Assumptions about the demand elasticities of primcipal oil importing countries 
are contained in a technical appendix. Two key assumptions should be kept in 
mind:

* Post embargo available imports.
** IEP would largely eliminate this problem.
*** This is based on an adaptation of the Kennedy-Houthakker world oil model.
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1' Jhe supply for United States (and other consumer country) storage 
buildup levels treated below are assumed to be purchased from the 
world export market.

2. Producer countries are not assumed to cooperate by increasing 
export supply during the buildup.

Both of these assumptions are conservative in analyzing the potential 
market price effects of a storage buildup program. If the United States 
develops an alternative source of supply for storage buildup (e.g., Naval 
Petroleum Reserve #1), then substantial savings could be realized by 
avoiding the investment and carrying costs of purchasing the supply. In 
addition, it would avoid any transient increases in world oil prices and 
the increased costs of imported oil for oil importing countries during the 
duiIdup.

Furthermore, if oil supporting countries increase export supply during 
b“llduP (especially if shut-in capacity were available), then no 

the ne9ative side. this analysis underestimates
stocks^ pflCe effects lf other countries simultaneously attempt to build

the market Wact of several possible United States 
petroleum stockpile buildup programs. These are representative of the stock- 
TaMp m the JEP aod/°r a supplemental storage development.
Table VI1-19 presents the estimated 10 year average cost per barrel imported 
associated with the impact on world oil prices of acguiring varying United 

examP1e> given the indicated world oil price 
assumed to hold through 1980, and the United States consumption and import 
levels. United States acquisition of a 144 million barrel stockpile (equal to 
45 days of imports at 3.19 MM B/D) would result in increased United States 
import costs for all its imports of $542 million (or $.05/barrel of oil 
in storage oyer 10 years) due to the impact of increased world oil prices 
during the storage buildup. This would occur assuming a six-year buildup 
period beginning in 1975 and ending in 1980.

The calculations assume that only the United States builds up emergency 
storage during this period If West Europe and Japan, for example, were 
to undertake simultaneous (with the United States) acquisition of 45 days 
or 90 days of stocks, given their respective import levels, over this same

then Dnited StateS stockpile acquisition costs shown in Table VII-18 
would be increased by approximately four times.

from ana?^es based on a Pr°Jected decline in world oil prices
Jk t0 $6/bb1’ and for higher and lower economic growth rates confirm 

that these costs are fairly representative over a wide range of such parameters.

in ,h°iStS f°r. the alternative storage buildup programs depicted
in Table VII-18, while not insignificant, amounts to a security cost of 5-20 
cents per barrel of import over a 10 year period.
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TABLE VII-1R

Medium Growth Projections for 1980:

A. Continuation of $9*  ** *** ****/bbl (f.o.b. Persian Gulf)
US consuiaption 16.62 B/D
US imports 3.19 liil B/D

Buildup'-'*
Program

S,i ze 
(MB)

Cost Due to 
Price Increase 

($ Billions)

Ten Year *’* 
Average 
Cost/bbl 
Imported

45 Days 
Imports 144 0.542 0.05

90 Days
Tmnnrt l i

288 1.074 0.09 
_ _______  _ i

0.10
rtf ★★★★D/o
Consump­
tion

303 1.140

★ ★★★★
90 Days 
Imports 
and 5% 
Consump­
tion

591 2.224 0.19 
f

*Constant 1972 dollars
**Buildup is assumed at a uniform rate over 1975-1980.

***0nly the incremental costs due to increased price of U.S. Imports 
during stockpile oil acquisition program.

****5 percent of total U.S. consumption
★★★★★Stockpiles equivalent to 90 days of imports (at 3.2 MMB/D), plus 

auxiliary stockpile equivalent to 5 percent of U.S. consumption.
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Stockpile buildup programs have been analyzed for their impact on 
S^perio^assuming^ W0Nd °i] Price traJector^ °ver the 1974-

a
b.
c

. A continuation of $9/bbl (f.o.b. Persian Gulf, 1972 dollars)-

. A uniform decline in price from $9 to $6/bbl over the ^year’period- 

. A uniform decline in price from $9 to $3/bbl over the 6-year period.

In all cases and for various United States and other country stockpile 
buildup rates the general effect on market price appears to be JonceSated 
nf transient increase in world oil price occurring in the first year
o the buildup program. Thereafter, the market price substantially returns

;uPi?ecs,s„5f wtet n "ou,d

h1HiduJ9n^II‘9-Present;! the ^P^1 market impact of several storage 
$9/bblPtn inTh mark!t 12 WhlCh prices are Pr°jected decline from 
above t0 *6^bb ‘ The costs of such impacts were considered in Table 19

coon 1stora,9e builduP programs on a declining market price are
seen to be limited largely to the initial year of the program. The 
e'fect, moreover, could be even less pronounced since the decline in the 
market price is likely attendant to increasing export supplies. This would 
nrir/n make lt dlff]cu1t for oi1 exporters to control their production/ 
distinoui!h!d €° aS t0 advantage of the increased stockpile demand as 
distinguished from overall growth in demand.

niu ™is analysis giveLa Preliminary assessment of the effect of a stock- 
these effects°fully.W°r1d °1 PHCe' Analysis is continuing to evaluate
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AVAILABLE ALTERNATIVES FOR RESPONSE TO FUTURE IMPORT DENIAL

Among the steps the Committee considered for response to a 
future denial are:

• Conversion to alternate fuels,

• Emergency production,

• Reduction of consumption, and

• Emergency standby petroleum supplies.

Conversion to Alternate Fuels

It has been previously assumed that, in a denial period, some 
relief could be obtained by converting industrial and utility boilers 
from oil or gas to coal. The opportunities are primarily in the 

electric utility sector but are quite limited. The medium case 

projection of fossil fuel use in electricity generation indicates a 
trend away from oil and gas to coal. Furthermore, the recently 
passed Energy Supply and Environmental Coordination Act of 1974 

provides the authority to require oil and gas burning power plants 
to switch to coal. The law also permits the Federal Government to 

direct that new power plants use coal as the primary energy source. 
Since a high degree of the potential for conversion to coal will be 

realized over the next several years on a non-emergency basis, there 

will be little or no future emergency coal substitutability for oil 
and gas in industrial or utility plants.

Emergency Production

As noted earlier, legal and economic problems involved in 
additional oil and gas production from private fields and Naval 

Petroleum Reserves precluded their use during the recent embargo. 
The potential from private fields will decline over time and this 

source can be counted on to provide only a small amount of the 

required volume of emergency supplies in the event of an imports 
curtaiIment.

Reduction of Consumption

During a denial period, energy consumption can be reduced by 
voluntary or mandatory measures. The quantification of savings 

through voluntary steps is difficult because it requires an assump­
tion of the level of compliance on the part of the public. Substan­

tial potential reductions exist in every energy use sector, such as 
increased car-pooling in transportation, thermostat adjustments and 
reduced lighting in the residential and commercial sectors, and 

increased operating efficiencies in the industrial and utility 
sectors. In many cases, consumption can be voluntarily reduced 
promptly and with little or no capital investment. In other
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instances, reductions effected by such measures as increased insu­
lation and automotive design improvements require investments and 

time to produce results.

The voluntary actions which would be most effective in respond­

ing to an unanticipated interruption in energy supply would be those 
steps which the public would be willing to implement freely. The 

effectiveness or compliance level of these measures would relate 

directly to the cost to the individual or business. Therefore, it 
has been assumed that only those measures requiring little or no 

investment would be effective in a short-term emergency situation. 
A review of such activities in each of the major energy use sectors 

indicates potential consumption reductions of approximately 1.0 
MMB/D and 1.1 MMB/D in 1980 and 1985, respectively.* Since the 
level of reductions achieved through voluntary curtailment is almost 

completely dependent upon public compliance, it is imperative that 

an extensive public information program be initiated at the time of 

any emergency to ensure favorable public response.

In the event that voluntary demand reductions are not sufficient 
to bring demand into balance with supply, mandatory actions such as 

allocation and rationing would be required.

Emergency Standby Petroleum Supplies

There are three basic alternatives for providing standby petro­

leum supplies to offset a sudden loss of imports. These are: 
(1) shut-in or reduction of production from domestic oil fields, 

(2) storage of crude after production from underground reservoirs 
and (3) storage of refined petroleum products. Several major fac­
tors must be considered in developing an optimum emergency standby 

supply system. First, standby supplies must be located so that 

facilities existing at the time of an emergency can transport such 
supplies to locations where needed at rates sufficient to replace 

imports that cannot be offset by other means. Second, the capabil­

ity to construct associated facilities and obtain sufficient crude 
and/or product to fill programmed storage in the desired time frame 

must be assessed. Finally, the total cost to the Nation of avail­

able alternatives must be weighed against the degree of protection 

provided.

The alternative of providing standby supplies by shutting in 

or reducing production from domestic oil fields has major disad­

vantages. Such action would simultaneously reduce the supply of 

indigenous oil and gas to the U.S. economy. Reduced crude produc­

tion would have to be offset by increased imports, if available;

* Editor' s Note: 
mandatory speed limit 

passed in California

These estimates include the savings from 
reductions and legislation similar to that 

to reduce electricity usage.
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however, imported crude would probably have a high sulfur content 

and many U.S. refineries cannot process such crude. This would 
also make the United States even more dependent on imports and 
would adversely affect the U.S. economy and balance of payments. 

Administration of such a program would be extremely complex. For 
example, provisions would have to be made to compensate owners of 

shut-in production for reduced current income and, in many cases, 

reduced ultimate recovery. Establishment of fair compensation 
would be difficult and litigation on behalf of such owners would 

probably result. In addition, such action would cost the Nation 

from S to 10 times more per barrel of daily production capacity 
than security storage of crude or product.

Security storage of refined products or crude after production 

can be located aboveground in steel tanks or underground in caverns 

leached in salt or mined in hard rock. The primary advantage of 

steel tank storage is locational flexibility and the ease with which 

supplies can be integrated into the existing petroleum logistical 

system. The major disadvantage of aboveground tank storage is the 
high cost--$3.80 to $7.00 per barrel, depending on location, type 

of storage and local conditions. The availability of steel for 

timely construction of very large scale tankage projects is also 
of concern.

In contrast, storage in salt domes can be provided for $0.60 

to $0.85 per barrel if the volume to be stored exceeds 100 MMB. 
Many salt domes on the Gulf Coast are capable of accommodating 

storage projects of several hundred million barrels. Extensive 

experience with such storage in the United States has proven its 
safety and reliability. Since crude or product is stored in large 

caverns, very high redelivery rates are possible. For example, a 

single 200 MMB project might require only 20 to 40 wells and be 

capable of a redelivery rate of several million barrels per day 

during an emergency. Although other underground storage alterna­
tives were also evaluated (mined caverns, salt beds, abandoned 

mines, depleted reservoirs), storage in salt domes has the lowest 

cost. Such storage is normally located 2,000 feet below the sur­

face and is, therefore, more secure against natural disasters and 
sabotage than steel tank storage.

Crude oil storage in salt domes appears more practicable than 

refined product storage. The potential for weathering is reduced, 

and any quality problems that might occur with crude oil could be 
corrected during refining. Problems of quality control, questions 

of what grades, types and volumes of finished products to store 

and the seasonal nature of major product demands would exist for 

high-volume security storage of refined products over an extended 

period of time in a salt dome environment. Additionally, transpor­

tation of product from salt dome storage to terminals would be more 

difficult and expensive than for crude. Thus, if a product security 
storage program is implemented, storage aboveground in higher cost 

steel tankage is probably the best alternative. It is recognized 

that residual fuel oil imports present a special case because such 
imports are concentrated on the East Coast.
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Because of the apparent inability to protect against a substan­
tial import interruption by any other means, it is concluded that a 

substantial volume of crude security storage is required. Such 
storage should be located in Gulf Coast salt domes. A security 

storage volume of about 500 MMB in combination with other available 

supplies would provide protection comihensurate with similar programs 

in effect in other consuming nations. Proposed new Gulf Coast deep­

water terminal and pipeline facilities, which should be in service 
by 1978, will be capable of transporting imported crude to a large 

percentage of Midwest and Rocky Mountain refineries. Therefore, 

salt dome storage projects should be located near deepwater terminal 

tank farms to ensure easy distribution of security storage crude to 
refineries during an emergency.

Location of security storage crude for East Coast refineries 
in Gulf Coast salt domes will save $4 to $5 per barrel in storage 

cost. Gulf Coast deepwater terminals can be designed to permit load­
ing of security storage crude for delivery to the East Coast during 

an emergency. However, use of foreign flag vessels to augment the 

U.S. fleet may be required to ensure timely delivery during an emer­

gency. Need for storage on the West Coast will depend on supply 

self-sufficiency there. Factors to be considered include the impend­
ing availability of North Slope crude and flexibility to ship crude 
from the Gulf Coast.

Leaching of several hundred million barrels of salt dome stor­

age could be completed in about 6 years. Significant storage could 
be ready to fill about 1979, which is consistent with the antici­

pated startup of Gulf Coast deepwater terminals. Therefore, comple­
tion of a 500 MMB crude storage program in the early 1980's appears 
feasible if crude can be made available for fill.

Foreign crude could be utilized for fill; however, cost, timely 

availability, and high sulfur content are of concern. Production of 

certain domestic fields above MER to provide storage fill appears to 

be an unlikely possibility. Elk Hills (NPR-1) crude is low in sul­

fur content, and represents a reliable large volume, low cost source 

of supply. Another potential source of oil to fill security storage 

would be Federal Government royalty entitlements. An advantage of 

using this oil is that it would be clearly established that it would 

be available to meet either public (defense) or private needs under 

emergency conditions without introducing difficult problems of owner­

ship, equity or compensation for inventory holding costs. It must 

be recognized, however, that commitment of royalty oil to security 

storage would increase oil import requirements in order to balance 
supplies with current consumption.
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RECOMMENDATIONS

In submitting its recommendations, the National Petroleum 
Council's Committee on Emergency Preparedness feels that the follow­
ing points should be emphasized:

• We will likely be more dependent on foreign oil in the 
future. The extent of increased U.S. dependence on import­
ed oil will largely be determined by our ability to con­

serve energy and increase domestic energy production. In 

the event of greater dependency on imports, a future embargo 

would have more severe and lasting effects on the U.S. econ­
omy if proper preparation has not been undertaken.

• We cannot base plans on favorable weather conditions. The 

winter of 1973-1974 was 8 percent warmer than normal in the 

United States and almost 5 percent warmer than the previous 

year. The resulting reduction in consumption of all heat­
ing fuels significantly reduced the severity of the oil 

shortage. This favorable circumstance cannot be assumed 
for future planning.

• Emergency conservation potential will diminish over time. 
Until the fall of 1973, energy in the United States was 

relatively inexpensive and many users were little concerned 
with energy conservation. Due to widespread public response 

to the need to conserve during the recent embargo and price 
increases following the embargo, major efforts are being 

made to conserve energy. Thus, there will be less potential 
for quick and easy conservation measures, and future supply 
shortages will more rapidly begin to impinge on critical 
energy requirements.

• Public support of emergency measures must be secured through 
avoidance of misunderstanding as to the reality, the extent 
and the impact of an interruption. Industry and government 
were ill-equipped to communicate the complex nature of the 

impact of the embargo on the economy and on the industry's 

complicated logistical system. As a result, the public 
became occupied with the question of whether an oil short­

age even existed. Industry reporting procedures were not 

well enough developed to provide the kind of detail required 

to monitor the shortage effectively. In the event of a 

future embargo, the government, the communications media and 

industry need to be better equipped to appraise and communi­
cate the problems to the American public resulting from an 
interruption in supply.

The Council realizes that years, perhaps decades, will be 

required to achieve the goal of energy self-sufficiency. In the 

interim, specific though flexible procedures must be developed to 
prevent any future interruption of energy supplies from exerting 
unacceptable pressures upon the U.S. economy.
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In the interest of emergency preparedness, the National Petro­
leum Council submits the following recommendations:

1. The United States must adopt and implement national energy 
policies designed to increase the Nation's self-sufficiency in 
energy.

Sound and consistent government policies are required if energy 

conservation is to be encouraged and if the various energy suppliers 

to this country are to develop maximum domestic energy supplies and 

thereby minimize the need for and cost of emergency preparedness to 

protect against a sudden energy emergency. The key elements of such 

policies were outlined in the NPC's report, U.S. Energy Outlook, and 
are reaffirmed in this report:

• The United States must adopt broad national objectives for 
solving the energy problem.

• Healthy, viable and expanding energy industries should be 
encouraged by government.

• Import policies should not hinder the growth of domestic 
refining capacity.

• Field prices of natural gas should be allowed to reach com­
petitive levels.

• A balance should be sought between environmental goals and 
energy requirements.

• Both the government and industry should continue to promote 
energy conservation and efficiency of energy use.

• Access to the Nation's energy resource potential underlying 
public lands should be accelerated.

• Energy research and development of technology should be 
accelerated.

• Tax policies should foster the discovery and development of 
domestic energy resources.

• The United States should support its nationals engaged in 
energy operations abroad.

2. The United States should develop an operational definition of 
an energy emergency.

At the outset of the recent embargo, the Nation found its 

emergency mechanisms inappropriate because emergency preparedness 
plans were based solely upon a military or defense-type emergency. 

An important lesson of the embargo is that the United States needs 

to define an "energy emergency," thus empowering its administration 

to take appropriate emergency actions in the event threatened or 
actual economic sanctions or boycotts are applied against this
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country. The form of these powers should be such that a high degree 
of flexibility in administration is allowed. Such powers would serve 
the country both as a deterrent to external economic pressure and as 

an effective means of response should such pressure be applied.

3. Standby emergency preparedness plans should be developed to 
allow participation by industry personnel.

Through the Emergency Petroleum and Gas Administration (EPGA), 

the United States has access to the knowledge and experience of 

experts and technicians within the petroleum industry. The exper­

tise of these individuals is the cornerstone of the EPGA's effec­

tiveness and organization in a declared national emergency.

It became clear in the initial stages of the recent embargo 

that because of the "conflict of interest" and antitrust statutes, 

personnel in industry would not be able to respond to the govern­
ment's request to staff the Energy Allocation Planning Task Force 

(EAPTF) and the Office of Petroleum Allocation (OPA). It is appar­

ent that this inability to serve on the part of industry personnel 
seriously affected the government's program. A future energy emer­

gency is likely to produce the same result unless corrective action 
is taken.

To obviate this problem and to provide the government with the 
personnel necessary to deal effectively with such emergencies would 

require substantial amendments to the existing conflict of interest 

and antitrust statutes.

4. The Federal Government should reassess the potential and use 
of the Naval Petroleum Reserves in a future emergency.

Of the four Naval Petroleum Reserves, only NPR-1 (Elk Hills in 

California) has any near-term potential producing capacity for use 
in an emergency. In 1972, the Comptroller General estimated about 

$69 million would be required to develop NPR-1 to its maximum 

efficient rate of 267 MB/D. This rate might be achieved within 2 

to 3 years. Regardless of the future dispositions of this reserve, 

the National Petroleum Council recommends that the requisite devel­
opment be completed since it would greatly enhance the value of NPR-1 

to the Nation.

Because of the uncertainties regarding the Nation's future 
energy position, the Council recommends that decisions on the ulti­

mate disposition of whatever potential capacity is developed in 

Naval Petroleum Reserves be made after the reserves have been evalu­

ated.

5. The United States should develop standby emergency consumption 
reduction measures.

The United States should have available emergency consumption 
reduction programs specifically designed for responding to an energy 

supply interruption and available for immediate use. While the FEO
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rapidly implemented the provisions of the Emergency Mandatory Petro­

leum Allocation Act of 1973, this legislation was not totally appro­

priate for an embargo situation. In addition, calls for voluntary 

use curtailment were often hastily conceived, and the consumer, 
though willing, was often confused. Any standby energy demand re­

duction measures developed for use in future emergencies should be 
strongly oriented toward consumer education and cooperation. While 
a mandatory rationing system should be carefully developed, its use 

should be restricted until the effectiveness of other measures has 

been obtained. The gasoline retailing techniques (odd-even day 
sales, Sunday closings, minimum sale requirements, staggered and 

posted hours of services, etc.) used during the recent embargo sug­
gest that substantial reductions in gasoline consumption can be 
managed without resorting to a coupon rationing system.

6. In an emergency situation, options to increase domestic energy 
supplies through additional oil and gas production and additional 
use of coal should be utilized.

The volume of temporary emergency oil production available 
from private fields is quite small compared to the potential size 
of an import interruption. This capacity above MER can be expected 
to decline to a negligible amount by the early 1980*s. There are a 

number of legal and regulatory constraints to the effective utili­

zation of such capacity. However, despite these problems such 

short-term emergency production could provide a degree of protec­
tion during the remainder of this decade and should be made avail­

able if practicable. This will require that state and federal 
regulatory agencies cooperate in developing acceptable procedures 
that will permit such emergency production.

Opportunities for converting utilities from oil or gas to 
coal will be limited since significant conversion is underway or 

planned. Since some small potential in dual-fired plants will 

remain through the end of the decade, conversion of these plants 

should be part of an emergency preparedness plan. In order to keep 
the Nation’s future options as open as possible, it appears prudent 

to require such new oil or gas-fired power plants as may be approved 
to construct and maintain coal handling and burning facilities. 

Provisions for variances in environmental regulations during an 

emergency will assure the contribution of coal substitutability in 
an emergency.

7. The United States should develop an emergency petroleum secu­
rity storage system.

The United States should create a petroleum security storage 
system that, in combination with other available measures, will 

provide adequate time to react positively to a substantial, sudden 
interruption in petroleum imports. Objectives concerning the ulti­

mate size and structure of such a program will undoubtedly change 

with time because of the constantly changing world political and 

economic environment. However, it is clear that a substantial vol­
ume of petroleum security storage is needed within the United States 

and that efforts to implement such a program should begin immediately
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because of the long construction lead times involved. Such a pro­

gram must, of course, consider future U.S. obligations which may 
arise from international emergency energy sharing programs.

First consideration should be given to providing crude oil 

security storage to protect domestic refinery runs. This study 

indicates that 500 MMB of crude storage in combination with nor­

mally available inventories will provide 90 to 180 days of supply 

for a large percentage range of crude imports presently foreseen. 

Crude storage can be efficiently located in one or more Gulf Coast 

salt dome projects and integrated with the crude transportation 
system that will serve Gulf Coast deepwater terminals. Specific 

circumstances and specific logistical problems could require stor­
age of fuel oil at strategic locations on the East Coast.

Among other important considerations to be resolved are the 
extent of government and/or industry financing and administration 

of the emergency storage and its fill. The Council feels that 
security storage should not be utilized until after (1) a proper 

declaration of an energy emergency by government and (2) appropriate 
voluntary and mandatory standby consumption reduction measures have 
been implemented.
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Chapter Four

EMERGENCY STANDBY PETROLEUM SUPPLIES

There are three basic alternatives for providing standby ne- 
tiv^is toPsh^510 a sudden loss of imports. One alterna­

tive is to shut in or reduce production from domestic oil and gas 

reservoirs to provide spare producing capacity that could be turned 
on during an emergency. Shut-in crude production would replace 

Sil™!.1®? CrUdk lmports’ whlle shut-in gas production might be 
utilized as a substitute for imported liquid fuels. The second 

reservoir^and th store crude oil after production from underground 
reservoirs and the third is to store refined petroleum products.

Storage of refined petroleum products or crude after produc- 

“°LCan be l°catfd aboveground in tanks or in underground caverns 
nn^fhi2 I°Ck Or *eached ln salt- VerY high redelivery rates are 

fr°m S“Ch st°rage relative to production from natural pe­
troleum reservoirs. To provide effective emergency producing ca- 

pa^ty».shut-in reserves must be developed with adequate wells. 

A^?’.fieid facilities must be capable of handling produced fluids 
efficiently at emergency rates without waste or damage to the en- 

vironment. In addition, transportation facilities existing at the 
f emergency must be capable of moving standby supplies to 

locations where needed at rates sufficient to replace those imports 
tnat are interrupted and cannot be fully offset by other measures 

(discussed in Chapter Three).

a!fern^tlve °f shutting in or reducing production from 
domestic oil. and gas fields has several disadvantages. The major 

disadvantage is that such action would simultaneously reduce the 

supply of indigenous oil and gas to the U.S. economy. This could 
be offset in two ways.

in jethod 1S to increase crude imports to replace shut-
in domestic crude production (gas produced with shut-in crude could 

not be replaced by imports). However, this may not be possible be- 

cause of rapidly increasing competition for available crude supplies 
worldwide. Furthermore, most domestic crude has a low sulfur con­

tent whereas imported crude, if available, would quite likely be 

without cUhftr\M?ny U:S• reflneries cannot process such crude 
b 1 ^al capital investment and lead time for conversion.

In addition, such action would make the United States even more 

on1imP°rts> which would defeat the basic purpose for which 
on Syn cPP eS Were created. It would also have a negative effect 

on the U.S. economy and balance of payments.

A second method to offset domestic production reductions (with­

out increasing crude imports) is to reduce consumption and thus, off­
set reduced product availability resulting from running U.S. re- 

tineries spare. This alternative would probably require rationing 
and would create severe problems for industry, business and the con­

sumer and would adversely affect the U.S. economy
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There are several other disadvantages to reducing domestic 

production:

• A nationwide prorationing or shut-in reserve program would 

require a massive and complex administrative system. Pro­
visions would have to be made to compensate the owners of 

reduced production for loss of current income. There is a 

strong probability of litigation on behalf of such owners.

• If oil or gas reservoirs that have produced for a number 

of years were shut-in, there is a high probability that 
ultimate oil and gas recovery would be reduced because es­

tablished reservoir pressure gradients would permit uncon­

trolled migration of oil, gas and water within such 

reservoirs.

• In addition, such uncontrolled migration could result in 

some properties not being returned to production after a 

long shut-in (e.g., leases located on the edge of a field 
having a natural water drive). This would affect equities, 

with some owners gaining and others losing reserves. Es­
tablishment of fair compensation for owners suffering re­

duced ultimate recovery would be extremely difficult.

• The cost of maintaining shut-in reserves in a state of op­
erational readiness would be high, particularly in hostile 

environments such as offshore and the Arctic.

• A reduction in tax and other revenues to local governments, 

and decreased demand for services associated with field 

operation, would have a particularly negative effect on 

the economy of areas where shut-in fields were located.

• It is reasonable to expect a delay in bringing reserves 

that have been shut in for some time up to full production 

potential. For example, wells located offshore Louisiana 

often partially fill with sand and require remedial work 

to re-establish production after being shut-in for a sig­
nificant period. The larger the amount of shut-in re­

serves, the more difficult it would be to mobilize the 
work force and equipment required to place such reserves 

on production, particularly if they were located in a 

remote area.

• Finally, such a course of action would cost the Nation from 

S to 10 times more per barrel of daily producing capacity 

than storage of crude or products in aboveground steel 

tanks or underground salt domes.*

* Refer to Appendix D for a complete discussion of the cost of 

these alternatives.
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SECURITY STORAGE OF REFINED PRODUCTS OR CRUDE AFTER PRODUCTION

To be fully effective, a petroleum security storage program 
must meet two basic requirements:

• It must provide a sufficient volume of crude or product to 
satisfy the desired level of protection.

• Associated facilities must be capable of delivering such 
crude or product at the required daily rate. For example, 
if protection against an import interruption of 3 MMB/D 

for 180 days is to be provided by security storage, 540 MMB 
of crude and/or product is required. More importantly, 

capacity must be provided to deliver such crude or product 
to those locations where it is needed at a rate of 3 MMB/D.

Aboveground Storage in Tanks

The primary advantage of aboveground storage in tanks is loca­
tional flexibility. Such storage can be easily integrated into the 

existing petroleum logistical system. Crude can be stored in tanks 

at individual refineries, and refined products can be stored at the 

optimum location for rapid supply to consumers, either at refiner­
ies or product terminals.

One disadvantage of tank storage is the cost per barrel of 

storage capacity. Such cost is a function of location, local con­

struction requirements and tank size. An additional disadvantage 
is vulnerability to sabotage, natural disasters or acts of war.

Location plays an important role in tank cost. An obvious 
factor is location with respect to existing transportation facil­

ities. A remote storage location requiring an expensive pipeline 

connection would add significantly to the unit cost. A second fac­
tor is the variation in material and construction cost at different 

locations in the United States. For example, it is estimated that 

a 5 MMB crude tankage project using simple foundations at an exist­
ing Gulf Coast refinery would cost about $3.80 per barrel, whereas 

a similar installation in the New York-Philadelphia area would 
cost about $5.20 per barrel.* If pilings must be driven to provide 

an adequate foundation, the cost per barrel could easily increase 

by 70 to 100 percent. It is recognized that actual estimates for 

a specific site may vary significantly from these values. However, 

the above comparison is believed to be representative of an average 
installation.

s Edi tor' s Note: While tanks can be constructed from various 

materials such as concrete, all cost comparisons in this report 

are based on steel tankage construction and mid-1974 dollars un­

adjusted for inflation. Because of rapidly rising costs, facilities 

constructed in the late 1970's will likely be much more expensive 
than indicated.
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A third factor is the economy of scale provided by large tanks. 
Crude storage to protect the runs of a major refinery could utilize 

hprf!™anrAhb!CaUS%the security storage requirement would probably 

dayu Of Protectlon f°r a 200 MB/D refinery equals 12 
MMB) and the number of crude segregations should be relatively 

small. On the other hand, product storage at terminals with rela- 

tively low throughput might require several small tanks because of 
the need to segregate a large number of individual products and 
grades or because sufficient land is not available to construct 
large tanks.

The cost of a typical 2 MMB East Coast clean product storage 

facility utilizing an average 180 MB tank would be about $5.70 per 

a 500JMB storage facility utilizing an aver­
age 70 MB tank would cost about $7.00 per barrel. These costs 

would be even higher if heated tanks were required for viscous 
products.

In summary, the cost to construct steel tank storage at sites 
that can be tied into existing installations with minimum addition­

al facilities should be in the general range of $3.80 to $7.00 per 
barrel. Higher costs would be anticipated for the following: 
locations near existing East Coast refineries versus Gulf Coast 
locations; product versus crude tankage; small versus large tanks; 
soil conditions requiring special foundations; and construction at 
locations that are a significant distance from existing terminal 
or refinery sites.

Tankage Construction Limitations

If a large-scale security storage program utilizing steel 

tankage were undertaken, the capacity to construct such tankage as 
rapidly as desired could become a limiting factor. About 3,400 
tons of steel are required to provide 1 MMB of tank storage capac- 

^y* If the United States is to achieve a high degree of energy 

independence by 1985, a staggering amount of drilling and con­

struction of refineries and other energy related facilities will be 
required. For example, total tankage for the two proposed Gulf 

Coast deepwater terminal tank farms (LOOP and SEADOCK) will probably 

exceed 50 MMB. These projects and many other energy related facil­
ities will be constructed during the next 5 years.

This will (1) place an enormous load on the construction and 
fabrication industries, (2) significantly increase the demand for 

steel and (3) lengthen the interval between the time that materials 

are ordered and construction is completed. Therefore, the avail­
ability of steel must be given careful consideration in planning 

the facilities required for timely implementation of an emergency 
preparedness plan.

Underground Storage

Three proven methods of providing underground storage for pe­

troleum are: (1) cavities leached in salt domes or salt beds, (2)
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cavities mined in hard impermeable rock formations such as granite, 

shale or limestone, and (3) abandoned underground mines that have 
been specially adapted for storage.

A wide variety of hydrocarbon products and petrochemical feed­
stocks are stored underground. According to a Natural Gas Proces­

sors Association report of August 1973, about 255 MMB of light hy­
drocarbon underground storage capacity exists in the United States. 

About 95 percent of this capacity is located in cavities leached 
either in salt domes or salt beds, and only about 5 percent is in 
cavities mined in hard rock.*

Salt Dome Storage

As illustrated by Figure 10, a salt dome is a massive column 
of rock salt, typically 0.5 or more miles wide, thrusting upward 

from many miles below the surface and topped by a thick caprock. 

The top of the salt may be near the surface, and in many cases, 

salt from such domes is mined for commercial use. Salt mining op­

erations have resulted in creation of many millions of barrels of 

cavities which might be utilized for underground storage purposes. 

Also, there are more than 350 known salt domes within a 50,000 
square mile area along the Gulf Coast (Figure 11).

Underground petroleum storage projects have an excellent rec­
ord of safety and reliability based on more than 20 years of ex­

perience. Additionally, because salt caverns are generally located 

2,000 or more feet below the surface, maximum protection against 
hazards such as fire, storm and sabotage is provided. Some 180 MMB 
of salt dome storage capacity are presently utilized. Individual 

storage well capacities commonly range from 0.5 MMB to 2 MMB, and 

a number of wells are designed to store up to 5 MMB. Even larger 

individual storage caverns are technically feasible.

Underground storage in leached salt dome cavities can be pro­
vided at a cost of $0.60 to $0.85 per barrel (1974 dollars), de­

pending upon the cost of pipelines required to connect the storage 
facility to distribution facilities and the distance from a suit­

able brine disposal and water source area. This estimate does not 
include the cost of crude or product to fill such storage and is 

valid only for large volume projects (100 MMB or greater) consist­

ing of wells having individual storage capacities of at least 3 MMB. 

These costs are based on a detailed analysis of several typical 

salt domes on tne Texas and Louisiana Gulf Coast. Gulf Coast salt 
domes have an extremely large total storage potential. A few of 

these domes, such as Stratton Ridge, are large enough to provide 

1 billion barrels of storage capacity, and many domes are large 

enough to provide a storage capacity of several hundred million 
barrels.

* Natural Gas Processors Association, L-P Gas Storage Surveu-- 
1973, Tulsa, Oklahoma (August 1973).
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LEGEND

WELL CAPACITIES:

<1» 10 MILLION BARRELS
(2) 7.5 MILLION BARRELS
(3) 5MILLION BARRELS

DIMENSIONS:

To Ui D«ptt> Dtam«t»f

(1) 4500 Ft. 293 Ft.
(2) 4000 Ft. 283 Ft.
(3) 3500 Ft. 266 Ft.

TOP OF SALT

Figure 10. Typical Salt Dome and Storage Wells.
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The leaching of a salt dome storage well is a fairly simple 
process. First, a well is drilled into the top of the salt forma­

tion. Several steel casing strings are set and cemented to protect 

freshwater beds and to seal off all intervening formations. Fresh 
water is then pumped down an inner string of pipe. The salt is 

dissolved and the resulting brine solution is circulated back to 

the surface where it is disposed of by one of several methods de­

signed to fully protect the environment. For very high water cir­
culation rates, an acceptable technique is to transfer the brine 
by pipeline to a point several miles offshore for disposal.

After leaching, the well is filled by pumping product or crude 

into the cavern and displacing brine. The oil, of course, floats 

on top of the brine that remains. Because the oil is stored in a 
large cavern, it can be withdrawn at a very high rate by pumping 

water down a tubing string at an equal rate to displace product up 

the casing-tubing annulus. With proper casing design, delivery 

rates of 200 MB/D per well are readily achievable. Thus, a 100 MMB 
storage project might require only 10 to 20 wells which could have 

a combined redelivery capacity of over 1 MMB/D. Water for dis­

placement need not be stored in pits. Rather, it would be supplied 
from either a large body of fresh water, such as a river, or from 

the Gulf of Mexico via pipeline. For very high product displace­

ment rates, the Gulf might be the most practical source of supply.

Figure 12 illustrates how economy of scale affects the unit 

cost of a typical salt dome storage project. The cost of construct­
ing a 100 MMB project is indicated to be one unit per barrel of 

storage capacity. A 50 MMB project is indicated to cost 1.25 units 

per barrel or 25 percent more than the 100 MMB project. Similarly, 
a 20 MMB project would cost nearly twice as much per barrel as a 

100 MMB project. Projects larger than 100 MMB should exhibit costs 
somewhat below one unit per barrel. This indicates that substan­

tial cost savings can be achieved by combining storage requirements 
in large caverns at a single location.

The $0.60 to $0.85 per barrel cost range assumes a plentiful 
and nearby supply of water to leach the caverns and the disposal 

of brine offshore. For large caverns, about 7 barrels of fresh 

water are required to leach 1 barrel of storage. Seawater can be 

used for leaching if adequate fresh water is not available. This 
would not add significantly to the unit cost if the project were 

located near the Gulf. The assumption of offshore brine disposal 
capability is also important. About 1.3 MMB/D of brine would be 

produced from development of a 200 MMB storage site in 3 years. 

Subsurface disposal of such a volume would be physically impossible 

at most locations and in addition, prohibitively expensive. After 

leacning is completed, a properly sized offshore brine disposal 

pipeline could be used to supply seawater for crude displacement 

at very high rates if a sufficient supply of fresh water is not 
available.

It is recognized that water requirements and brine disposal 

considerations associated with large-volume salt dome storage proj­
ects raise questions concerning environmental protection. These
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Figure 12. Salt Dome Storage--Economy of Scale Index of Relative 

Construction Cost per Barrel of Storage.

questions will of course be addressed in the planning, authoriza- 

tton and execution of specific projects. However, at most appli­

cable Gulf Coast locations, it appears that sufficient water sup­

plies can be obtained and that the environmental effects of dis­

posing of essentially pure sodium chloride brine through a properly 
designed Gulf of Mexico disposal system will be small.

Storage cavities leached in salt beds are also a proven tech­

nique, although the potential utility of such beds for large volume 

security storage projects is limited. Most salt beds are located 
inland where freshwater costs are relatively high and where sub­

surface brine disposal would be required, thus making very large 
volume projects impractical.

Mined Cavern Storage

There are currently some 60 U.S. storage projects in mined 

caverns in hard rock. These generally vary in size up to about 
800 MB and are usually used to store light hydrocarbons under pres 

sure. Storage costs in mined caverns are substantially higher per
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barrel than salt dome storage capacity. In addition, ample salt 

domes are available, and such storage has been extensively utilized 

by industry with demonstrated effectiveness. Therefore, mined cav­

ities need not be considered for large-scale security storage 

projects .

Storage in Abandoned Mines

Storage of crude in specially converted abandoned mines is a 

proven technique. Although no such storage exists in the United 
States, a large project has been in operation in South Africa since 

1969. Under ideal conditions, costs for this type of project can 

be competitive with salt dome storage. However, if suitable mines 
cannot be found near existing distribution systems, construction 

of transportation facilities to remote locations would add signif­

icantly to project cost. The potential for large-volume storage 
projects in abandoned U.S. mines is questionable. Detailed surveys 

would be required to ensure that products could not leak from such 

mines. Since salt dome storage is a proven technique at competitive 

(and probably lower) cost, it appears preferable to the alternative 

of abandoned mine storage.

Storage in Depleted Reservoirs

The possibility of storing crude in depleted oil reservoirs 
has been considered in the past. This type is not practical for 

several reasons. First, even if reservoir pressure has not been 
depleted, the rate at which crude can be injected into and with­

drawn from porous reservoir rock is normally limited to the order 

of hundreds of barrels per day per well. This is severely re­
strictive compared to several hundred thousand barrels per day 

from a salt dome storage well. In addition, experience indicates 

that crude loss from such a system would be high.

Gas Storage

Over 6 TCF of underground gas storage capacity currently ex­

ists in the United States. Such storage is drawn down to meet 

heating season demand in excess of producing and transportation 

capacity and refilled during the non-heating period. The cost to 

develop new working gas storage capacity is about $l,250/MMCF. 
This cost, which includes development and related facilities but 

excludes the cost of gas fill, is about 8 to 10 times as high as 

salt dome crude storage on a BTU equivalent basis. In addition, 

it is doubtful that a significant volume of gas over and above 

that necessary to satisfy normal requirements will be available 

for security storage fill.

On balance, salt dome storage appears to be by far the most 

viable and lowest cost method of underground storage. In addition, 

the per barrel cost of such storage is only 10 to 20 percent of the
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cost of steel tank storage. Salt dome storage also provides maxi­

mum opportunity to reduce unit cost through economy of scale. In 

mat®^lal availability, particularly steel, appears to be 
less of a problem than with construction of very large amounts of 

steel tankage. Salt dome caverns can normally be filled and emp­
tied many times without causing structural integrity problems, even 

Wacer or. ^awater is utilized to displace stored crude 
or product. Since infrequent usage of security storage is antici­

pated, cavern enlargement during water displacement should not be 

Problem- Also, after leaching facilities are in­

stalled, salt dome storage can be expanded rapidly at a relatively 
low incremental cost per barrel. 7

ASPECTS OF CRUDE VERSUS PRODUCT STORAGE

. ” Sa^ d°me cavern storage is accepted as the least expensive
and generally most feasible storage technique in view of steel and 

appropriate land availability problems, the Texas/Louisiana Gulf 
oast is indicated as the best location for emergency inventory.

Location/Distribution

In deciding whether crude or products or a combination are to 

be stored, distribution facilities are of primary concern. If 
crude were stored, it would be possible and desirable to locate 

the caverns within convenient distance of crude distribution facil­

ities such as the contemplated LOOP and SEADOCK projects, existing 

pipelines and marine terminals. If products were stored, the best 

location would be contiguous to existing marine (ship and bargel 
terminals and product pipelines such as Explorer and Colonial. 
Further analysis is required to determine whether, under the various 

likely circumstances of a crude and/or product import cutoff, suf­
ficient capacity would exist in the available product distribution 

system from Gulf locations to make product storage logistically 
viable. Perhaps supplementary marine terminal facilities would be 
indicated in order to develop the necessary product distribution 
capacity and flexibility.

Product Import Cutoff

thA studies should be made of the projected imports into
the United States of crude and products and of projected domestic 
refinery capacity plus presumed available Caribbean refinery capac­

ity A range of product import cutoff cases, with and without 

crude cutoff, could be considered and tested against the logisti­

cal viability of various combinations of crude and/or product stor­

age at Gulf Coast locations. Such studies may indicate that prob­
lems will exist if there is no product storage at all--for exam­

ple to meet the very large heavy fuel oil demand that is concen­

trated in the Northeastern states. Much of this fuel oil demand 

is normally supplied by imports largely from Caribbean refineries. 
It is possible that there will not be sufficient refinery yield
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and distillate blending flexibility, conversion to alternate fuels, 
conserved consumption and running of domestic crude in possibly 

available Caribbean refineries to offset completely the effects of 
a fuel oil import cutoff.

If studies indicate a need for fuel oil storage to meet such 
Northeast demand, or that similar studies reveal a special need for 

product storage in other parts of the country, then further studies 

can determine if central storage of products in the Gulf area is 
a viable way to meet the problem. If not, product storage geo­

graphically proximate to the demand would be indicated.

Quality Considerations

Deterioration, weathering or contamination problems should 
not be a concern for crude oil when Stored for long periods, es­

pecially under pressure in salt dome caverns. In any case, the 

normal refining process would likely correct these problems with­

out undue penalty. With respect to products, there is more of a 
possibility that long-term storage would affect product specifica­

tions, particularly if salt dome caverns were utilized. Studies 

of quality maintenance while in storage for each product should be 

undertaken, together with a determination of the treating and/or 

processing required to correct any problems uncovered, including 
the costs.

Flexibility Considerations

Storage of crude will, of course, provide a full slate of 

products when refined and avoid the necessity, as in the case of 

products, of deciding the quantities of each grade, specification 
and type of product to store in order to meet projected future 

demand. Furthermore, there are far fewer segregations required for 

crude oil versus the full range of products. Accordingly, indi­
vidual storage volumes in the case of salt dome caverns can be 

greater for crude, thus realizing the economies of size. Also, 

some products (e.g., heavier grades of resid) cannot be stored in 

salt dome caverns. If storage of these products were indicated, 
steel tankage would be necessary.

FACILITIES FOR FILLING STORAGE AND MOVEMENT OF CRUDE 

FROM GULF COAST SALT DOMES TO OTHER LOCATIONS

Total U.S. security storage crude supplies could be located 
in Gulf Coast salt domes to take advantage of lower construction 

cost. However, in this event, transportation facilities must be 

capable of both filling such storage efficiently and transporting 
security storage crude to other areas of the Nation, particularly 

PAD District I, during an import interruption, with minimum delay

Figure 13 shows the location of two proposed deepwater crude 

unloading terminals, LOOP and SEADOCK (neither project is designed
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for finished product throughput). Both projects are still in the 

preliminary design stage, and enabling federal legislation must be 
enacted before these or similar deepwater terminals can be con­

structed in international waters off the United States. However, 

it appears reasonable to assume that either LOOP, SEADOCK or es­
sentially identical projects will be constructed during the late 

1970’s. At both projects, deep-draft very large crude carriers 

(VLCC's) will tie up to buoys (single point moorings) located 20 

to 30 miles offshore and unload crude. The crude will be pumped 

through buried pipelines to onshore tank farms and then to Gulf 

Coast and Midwest refineries.

Figure 13 also shows the sites for several proposed new large- 

diameter crude pipelines to be built for transportation of imported 
crude to U.S. refineries. These include pipelines to be construct­
ed downstream of the LOOP and SEADOCK tank farms and the proposed 

Seaway and Texoma pipelines, which will run from Freeport and 

Beaumont, Texas, respectively, to Cushing, Oklahoma. Capline, 
which moves crude from the Gulf Coast to the Chicago area, can be 

expanded, and significant crude pipeline capacity is already in 
service between Cushing and the Chicago area. In addition, there 

is a large network of crude trunklines from North and West Texas 

to the Gulf Coast. Reversal of some of these lines to handle im­

ported crude is being considered. The crude pipelines connecting 

PAD Districts II and IV presently move crude from west to east 

because PAD District IV has a surplus supply. However, should PAD 
District IV become short of crude in the future, one or more of 

these pipelines could be reversed to move imported crude to PAD 

District IV refineries. Figure 13 also shows the location of the 

major U.S. refining centers within each PAD District.

When these facilities are completed, imported crude will be 

able to flow to most of the refining capacity in PAD Districts 
II, III and IV. If Gulf Coast salt domes are utilized for securi­

ty storage, these same refineries could easily receive security 

storage crude during an emergency. It is also feasible to design 

deepwater terminals so that tankers can load crude for shipment to 
other U.S. ports in an emergency. Thus, with proper planning, a 

large percentage of refining capacity east of the Rockies could 

effectively be supplied with crude out of Gulf Coast salt dome 

storage during an emergency.

By 1978, North Slope crude should be available to the lower 48 

refineries. Such production may be capable of offsetting any loss 

in PAD District V crude imports and, therefore, the need to pro­

vide a formal security crude storage system for West Coast refin­
eries appears minimal. Additionally, Elk Hills reserves would be 

available for emergency use in PAD District V. However, if neces­

sary, crude could be supplied to this District during an emergency 

by exchange or direct shipment from Gulf Coast storage.

There is a significant economic incentive to store emergency 

crude for East Coast refineries in Gulf Coast salt domes. This 

would save about $4 to $5 per barrel versus steel tank storage. 
The transportation cost of moving crude by tanker from Gulf Coast
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age to the East Coast during an emergency should not exceed 
;L?errbayel and could be significantly less, depending on the 

cost of chartering in ships at the time of an emergency. If an 

East Coast deepwater terminal is constructed, transportation cost 

V?cr^e GT^f Coar voyage could be minimized to utilizing

i Th® Gulf S°ast deePwater terminal projects are not pres- 
pla™lng to design their facilities to permit tanker loading. 

However, this could probably be accomplished at a relatively low § 

cost, if tankers loading security storage crude during an emergency 
were permitted to discharge ballast water into the Gulf as opposed7 

to pumping it to onshore facilities.

If imports are interrupted, a substantial volume of crude will 

normally be in transit by tanker to the United States. For ex­
ample, about 30 days is required for a tanker to move from the 
Persian Gulf to the United States; therefore, on the average, a 

30 day supply of Persian Gulf imports should be in transit to the 

United States at the time an interruption occurs. Such crude will 
b?. in t^nsit t o both the Gulf and East Coasts and thus, each area 

will be afforded some protection from crude imports on the water. 
If additional crude should be needed for East Coast refineries a 

portion of the in-transit crude destined for the Gulf Coast might 
be diverted immediately to the East Coast. This would reduce trans­

portation cost and provide additional time to divert tankers to 
deepwater terminals to load crude for movement to East Coast ports. 

It sufficient U.S. flag vessels are not available, utilization of 
foreign flag vessels should be allowed.

If a salt dome security storage program is implemented, con­

sideration should be given to utilizing the approximately 100 MMB 
of existing cavities created from salt mining operations at the 
Stratton Ridge salt dome. Consideration should be given to con­

struction of a second salt dome crude storage project in the vicin- 
ity of the pipeline between the LOOP onshore tank farm and the 

Capline terminal. This would enable direct connection of addi­

tional PAD Districts II and III refineries to a security storage 
crude supply. It would also increase total system redelivery ca­

pacity by connecting security storage crude to additional trans­

portation facilities and would eliminate the need to move crude by 
tanker from Texas to Louisiana during an emergency. In the event 

Gulf Coast deepwater terminals are not completed by the time salt 

cavern storage is available, pipeline connections to existing crude 
distribution systems would be required. However, even in this 

case, salt dome storage on the Texas and Louisiana Gulf Coast 
still appears the most attractive means of providing security 
storage. ’

Construction Timing

illustrates the time required to construct a large 
scale Gulf Coast salt dome crude storage project. From the time 
that a contractor is selected, it will take about 2.5 years to 

reach the stage where cavern leaching can begin. During this pe­

riod, engineering design, environmental studies, material acquisi-
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Figure 14. Salt Dome Crude Storage -- Project Construction 
Schedule.

tion, construction of service facilities and a portion of the well 
drilling would be completed. A key assumption is that long lead 

time materials will either be ordered in advance of obtaining neces­

sary permits or that the time required to process permit applica­
tions will be reduced.

Leaching is a time-consuming process requiring the circula­

tion of about 7 barrels of water for each barrel of storage capac­
ity. Completion of 100 MMB of storage capacity per year would re­

quire a water circulation rate of about 1.9 MMB/D. While time to 

complete the ultimate storage capacity of a project is dependent 

on total size, location, degree of urgency and funding, it should 

be possible to leach a 100 to 200 MMB project in 3 years. If fill­

ing of the caverns could be completed in 3 years, the entire proj­

ect from selection of a contractor to completion of fill would 

take about 6.5 years. This schedule suggests that completion of 

such a project by the early 1980*s is possible. It also indicates 

that fill of newly constructed storage could probably not begin 

before 1979. Completion of two such projects simultaneously or 

one much larger project might require additional time depending 

upon the site(s) chosen, fresh water and drilling rig availability, 

etc. Since about 3 years is currently required to obtain materials 

and construct steel tankage, fill could not be initiated much, if 

any, earlier than if the aboveground storage alternative were 

selected.
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Gulf Coast deepwater terminals are expected to become opera­

tional during 1978 or 1979. If imported crude is purchased for 
security storage fill, utilization of deepwater terminals and 
VLCC's for transportation of such crude would minimize the trans­

portation portion of security storage costs. If deepwater termi­

nals are not utilized, importation in smaller vessels might well 

over-load conventional dock facilities. This would make concen­
tration in large-volume storage projects more difficult and expen­

sive. However, the primary incentive for location of salt dome 

storage near deepwater terminal onshore tank farms is the relative 
ease with which security storage crude could be delivered to refin­
eries during an emergency.

ADDITIONAL CONSIDERATIONS FOR EMERGENCY STORAGE RESERVES

Volume of Security Storage Required

In his letter of January 22, 1973, the Secretary of the Inter­
ior requested the NPC to analyze the possible effects of and re­

sponses available to a 3 MMB/D interruption of petroleum imports. 
If protected in total by security storage, this situation would 

require 540 MMB of storage. This volume alone would protect 

against a 6 MMB/D interruption for 90 days. In addition to the 

protection offered by such security storage, protection (time to 
implement emergency preparedness plans) would be provided by im­

ported crude in transit at the time of an interruption and by usable 
U.S. working inventories.

According to the Bureau of Mines, U.S. crude inventories have 
fluctuated between a low of about 230 MMB and a high of about 290 

MMB over the past few years.*  The NPC Committee on Petroleum Stor­

age Capacity has estimated that minimum crude inventories of 240 

MMB are required for the system to remain fully operational. This 
minimum inventory includes line fill, unusable tank bottoms and 

working inventories required to maintain continuous operations. 

Therefore, if an interruption occurred when U.S. inventories were 

near the minimum, no usable inventory would be available, assuming 

operations were to continue at full capacity. To the extent that 

U.S. crude inventories are above this minimum level when an inter­

ruption occurred, that oil would be available for drawdown and use 

as an added cushion before security storage supplies would have to 
be utilized.

Availability of Supplies for Security Storage Fill

Imports could be utilized for security storage fill. An in­

put rate of 500 MB/D would be required to fill 500 MMB of storage 
in 3 years. However, it is possible that surplus foreign supplies 

may not be available for this purpose. Exporting nations have in-

* U.S. Bureau of Mines, Mineral Industries Survey, Monthly 
Petroleum Statements.
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dicated that expansion of producing capacity must be consistent 
with achievement of their national objectives. Politics as well 

as economics will play an important role in determining the upper 
limit of production that these producing nations will allow.

In addition, the cost of imported supplies would be high. 

Assuming world prices at the time security storage fill commences 
are at the current $10 to $12 per barrel level, the fill for a 540 

MMB salt dome storage program utilizing imported crude would cost 
between $5.4 and $6.5 billion. Furthermore, any surplus imported 

crude available for storage fill would probably be high in sulfur 

content. Many U.S. refineries will not be able to process sour 
crude, and relaxation of environmental regulations would be re­

quired during an emergency to permit maximum utilization of sour 

crude in certain areas.

On balance, relying on foreign imports to fill crude storage 
by the early 1980's involves a risk that sufficient crude above 
normal demand may not be available to the United States. The prob­

able high cost and relatively high sulfur content of imported 

crude is also of concern.

Another potential source of crude for security storage fill 

is domestic production. Except for the Naval Petroleum Reserves 

and certain proven reserves on Alaska's North Slope and in t e 

Santa Barbara Channel, all U.S. oil fields are producing at maxi­

mum efficient rate as defined by federal and state conservation 
rules and regulations. While it is believed that certain fields 

could produce at higher rates for short periods during an emergen­
cy without reducing ultimate recovery, the capability of such 

fields to supply emergency crude will be reduced significantly 

through normal reservoir decline by 1979. Also, by 1979 it is 
felt that all existing reserves as well as future exploration dis 

coveries will be producing at MER's consistent with the U.S. goal 

of moving rapidly toward energy self-sufficiency.

As discussed earlier, NPR-1 (Elk Hills) appears to be the 

only Naval Petroleum Reserve with sufficient proven reserves to 

support a substantial rate of production. With proven reserves o 
1 to 1.4 billion barrels, NPR-1 is capable of providing a minimum 
of 500 MMB of security storage fill. If 500 MMB were produced from 
NPR-1 and placed in security storage, remaining NPR-1 reserves of 

several hundred million barrels would still support a substantial 
intrafield producing rate. Additional exploration on NPR-1 could 

add to reserves and, therefore, to producing capacity. This re 
maining producing capacity could be reserved for emergency Produc­

tion, used to provide additional security storage or maintained as 

a Naval Petroleum Reserve.

It should be noted, however, that there is a strong possibil­

ity that not all of the presently indicated recoverable reserves 
could be produced if production were suspended for a period of time 

after as much as 500 MMB had been produced. Losses in recovery 
from partially depleted reservoirs could occur during a prolonged 

shut-in. Accordingly, it should be recognized that once a sub-
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stantial percentage of reserves is withdrawn, it may be necessary 
Elk H?!!™6 pr°duction m order to maximize ultimat^ recovery.. If 

c^ld h?t ! Wer! St°red in Gulf Coast salt domes, such crude 

barrels ner^Zv^t10 ™^65 at a rate °f several million 

Darrels per day. This is many times greater than the rate which 
could realistically be achieved from NPR-1 reservoir rock without 
g^atlv^nha^rih8 ul^mat® recovery. Such action would therefore 

vide^hv nJd i h! natlonal security protection capability pro­
vided by NPR-1 crude reserves. 7 H

tent and3™^0^ E1r Hil!s crude is relatively low in sulfur con- 
ent and could thus be utilized by a high percentage of U S refin- 

adding to environmental problems. Also, utilization 
r H111\crud® for security storage fill would eliminate ?he 

need to purchase an equivalent amount of foreign crude, thus re- 
^stimlted^rt^S^h^V C°St °f fmPfomonting the program by an 

ebLimarea jb to $o billion.

of Flk^iii?8 °r neW pfpefin65 could be used to relocate SOO MMB 
of Elk Hills reserves m a Gulf Coast salt dome facility at a cost 
of about $1 per barrel (230 MB/D for 6 years). If JankLs were 

C^l’or^LCC's'arA0^ . tons (DWT) through the Panama

“d car8°

Another potential source of oil to fill 
be Federal Government royalty entitlements.

security storage would

iS that 11 would be dearly established tha^i^woul^be8 

available to meet either public (defense) or private needs under 
emergency conditions without introducing difficult problems Cf 

wnership, equity or compensation for inventory holding costs It 
must be recognized, however, that commitment of royalty oi! to 

?Crease oil ^Port requirements ?n oJder 

to balance supplies with current consumption.

Among other important considerations to be resolved are the 

extent of government and/or industry financing and administration 
of emergency storage and its fill. The Council feels that secur­
ity storage should not be utilized until after (ij a proper declar- 

ation of an energy emergency by government and (2) appropriate vol- 

stan<">y
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APPENDIX D

ECONOMIC ANALYSIS OF THE COST OF 
MAINTAINING STANDBY EMERGENCY SUPPLIES

Given adequate planning and lead time, there are three basic 

alternatives for providing standby petroleum supplies to offset a 

sudden loss of imports. These are: (.1) shut-in or reduction of 

production from domestic oil fields, (2) storage of crude after 
production from underground reservoirs, and (3) storage of refined 

petroleum products.

Alternatives for storage of emergency petroleum supplies in­

clude aboveground storage in steel tanks or underground storage in 
salt domes, mined caverns or abandoned mines. Restriction of pro­
duction alternatives consists of nationwide prorationing (production 

of the majority of oil fields at less than MER) or shutting-in se­
lected fields completely. This appendix discusses the feasibility, 
initial construction cost and relative economics of these standby 

supply options.

The alternatives which involve maintaining reserves in the 

ground by restricting production require a large total volume of 
reserves to provide the required daily producing capacity. This 

results from the basic mechanism of fluid flow in petroleum reser­

voirs. Extensive investigations have shown that the producing ca­
pacity of most domestic reservoirs will have begun to decline when 
the annual reserve-to-production ratio (R/P) drops below 8.0 (at an 

R/P of 8.0, one-eighth or 12.5 percent of the reserves are produced 
each year). Thus, to provide protection against a 6 month, 3 MMB/D 

interruption (540 MMB total), a minimum shut-in reserve of 8.8 bil­

lion barrels (3 MMB/D x 365 days x 8) would be required. Further­
more, if reserves at this stage of depletion were shut-in and pro­

duced during an emergency, producing capability would decline unless 

replacement shut-in reserves were provided.

Although some fields can and do produce at lower R/P's, it is 

doubtful if enough reserves of this type exist to provide an appre­
ciable amount of shut-in protection. On the other hand, selection 

of fields with significantly higher R/P's would increase the amount 
of reserves dedicated to the program. For example, the Yates field 

is currently producing 50 MB/D and has a deliverable capacity to 
refineries of 110 MB/D (limited by trunkline capacity). Even at 
the higher producing rate, the field R/P would exceed 30, which is 

much greater than the average R/P of 8 assumed in this analysis.

In contrast, storage after production requires producing and 

transferring only the required volume of oil into storage where it 

can be delivered at very high rates when an emergency occurs. For 

example, in comparison to the requirement of 8.8 billion barrels 
mentioned earlier, only 540 MMB of security storage crude would be 

required to provide protection against a 6 month, 3 MMB/D crude 

import interruption.
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PRESENT VALUE COST OF ALTERNATIVES*

standby °f “‘"“‘"I"* emergency

capacity basis. A ner barrel met pare the costs on a unit of 

cause it is the replacement of a omparison is not meaningful be- 
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storage or restH^
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20 Years 10 Years

Salt Dome Storage

TABLE 39

UNIT COST OF PROVIDING
STANDBY EMERGENCY SUPPLIES

(Dollars Per Barrel Per Day)

$0.75 Per Barrel Facility Cost 

$1.00 Per Barrel Facility Cost

930

970

620

660

Steel Tank Storage

$5.00 Per Barrel Facility Cost 1,790 1,370

$7.00 Per Barrel Facility Cost 2,200 1,750

Production Restriction by Shutting in Fields 
or by Prorationing 10,300 7,400

Note: Based on present value cost per unit of supply- Assumptions are that:
• Emergency capacity initiates in 1975 and reserves are retained until 1985 or 1995 when they are sold.
• Cost is present value cost to operators, royalty owners and government (discounted at 10 percent) resulting from 

deferred producing income and/or receipt of direct tax payments.
• Unit costs are based on providing full protection for a 3 million barrel per day, 180 day interruption.

• All costs are calculated in constant 1974 dollars.
• Oil has a constant price of $8.00 per barrel of stored or shut-in crude.

establishing the emergency supply--for example, the cost of build­

ing steel tanks or salt dome storage facilities and of filling such 
storage with crude or products. Second is the cost of maintaining 
the standby supply. This includes the cost of direct labor and 

equipment maintenance required to maintain the capability to pro­
duce at full capacity during an emergency. An additional cost in­
cludes necessary expenditures to construct or replace pipeline, 

transportation and producing facilities.

Another major cost item is the loss in present value profit to 

the owners of shut-in production, government and the economy that 

would result from deferring the production and sale of standby sup­

plies. For example, consider the case of shutting-in existing 
fields to provide emergency spare capacity. Under normal conditions, 

these fields would be produced to depletion over a period of years 
with resulting income accrued to operators and royalty owners from 

the sale of oil and gas. Income to local, state and federal govern­
ments in the form of production, sales and income taxes and, in 

some cases, royalty payments would similarily be deferred. There 
would also be substantial additional costs to the economy which have 

not been quantified in this analysis. It was assumed that emergency 
protection would be required for either 10 or 20 years, at which 

time alternative energy forms would be available and the security 
supplies could be produced and sold. Thus, if the fields were shut 

in to provide standby supplies for 20 years and then produced, in­
come would be deferred for 20 years which would result in a substan­

tial loss in present value to operators, royalty owners and govern­

ment .
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na th! C^S® storage, the sale of crude or products

necessary to fill the storage would also be deferred. These prod­
ucts would also be sold after 20 years with a loss in present value. 
Although substantial, such loss would be far less than for the shut- 

in reserve case because of the smaller total volume involved.

Additional bases used in computing the costs shown on Table 39 
are summarized below:

• Basis for Shut-In Reserve Cost

--Operating expense saved as a result of shut-in equals 21 
percent of revenue.

--Annual maintenance cost of shut-in capacity equals $50 
per barrel per day.

• Basis for Salt Dome Storage Cost

- -Large volume (at least 100 MMB) salt dome storage con­

struction costs would range from $0.65 to $0.85 per barrel, 
depending on location with respect to suitable water 

source and brine disposal areas. Thus, using a cost of 
$0.75 per barrel, a 540 MMB storage program would have a 

total cost of $405 million excluding the cost of crude 
f ill.

- -Construction costs are assumed to be spread over a 5 year 

period starting in 1975, and fill costs over a 3 year 
period beginning in 1978.

- -Maintenance cost of $0.01 per barrel of stored crude per 
year.

• Basis for Steel Tank Storage Cost

--Steel tank storage costs for a large volume crude storage 

project are estimated at $4.00 to $6.00 per barrel. Using 
a cost of $5.00 per barrel results in a total cost of 

$2,700 million for a 540 MMB storage program excluding 
the cost of crude fill.

--Timing of construction and fill costs are assumed to be 
the same as for salt dome storage.

--Maintenance cost is 5 percent of capital investment per 
year.

49-868 0 - 75 -5
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INTRODUCTION AND SUMMARY

INTRODUCTION

At the request of the Department of the Interior, the National 

Petroleum Council has periodically conducted surveys of the avail­

ability of petroleum inventories and storage capacity. Since 1948, 

these reports have provided assistance in evaluating our prepared­

ness to withstand interruption in our normal oil supplies, whether 

by domestic dislocation or by foreign intervention.

On July 12, 1973, the Honorable Stephen A. Wakefield, then 

Assistant Secretary of the Interior, wrote the National Petroleum 

Council requesting an update of its earlier studies on the Nation's 

inventories of petroleum and storage capacities. {See Appendix A for 

request letter.) In the letter, the Department of the Interior rec­

ognized the need for accurate information and a clear understanding 

of the fact that there is a substantial level of inventory which is 

absolutely unavailable for consumption. There is also an inventory 

increment above the absolutely unavailable, which is a necessity for 
uninterrupted refining operations and supply to the ultimate con­

sumers. The sum of the absolutely unavailable inventory and this 
additional inventory increment for continuous supply is termed mini­
mum operating level of inventory. Inventory levels below the mini­
mum operating inventory will result in refinery slowdowns or shut­
downs and product supply runouts. Only those supplies in inventory 

above this point can be considered available for consumption.

In response to this request, the National Petroleum Council 

established a Committee on Petroleum Storage Capacity under the 

Chairmanship of Mr. Chas. E. Spahr, Chairman of the Board, The 

Standard Oil Company (Ohio). The Committee was assisted by a Tech­

nical Subcommittee chaired by Mr. Earl W. Unruh, Vice President, 

Transportation Department, The Standard Oil Company (Ohio). (For 

a listing of the industry members of the Committee and its Subcom­

mittee, see Appendix B.)

The Department of the Interior also asked for a survey of plans 

for the construction of new storage capacity. Although new storage 

is planned in conjunction with several offshore deepwater unloading 

ports and the Trans-Alaska Pipeline, all plans for new refineries, 

expanded capacities of existing refineries and new and expanded 

transportation systems are subject to frequent reassessment. The 

Committee therefore agreed that, at this time, a study of projected 

new storage capacity would not be meaningful.

This report provides national and regional information on the 

Nation's inventories and storage capacities as they are distributed 

throughout the country. The data are broken down by Petroleum Ad­

ministration for Defense (PAD) Districts and by Bureau of Mines 

Refining Districts, as shown in Figure 1. The East and West Coast 

Refining Districts are further subdivided to provide more detailed 

information.
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BUREAU OF MINES REFINING DISTRICTS

GULF COAST

Figure 1.
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This report includes inventory and storage data for the total 

United States, the Virgin Islands and Puerto Rico, and, for the 

first time, data are reported for two dates--March 31, 1973, and 

September 30, 1973--in order to provide a better understanding of 
seasonal variations.

Approximately 1,400 questionnaires were sent to all facets of 
the industry where primary inventories of crude oil and refined 

products exist. A copy of the questionnaire and the aggregate data 

in detail, as reported by the participating companies, appears in 
Appendix C.

The coverage by the NPC survey represents more than 96 percent 
of total inventories reported to the Bureau of Mines. The National 

Petroleum Council is grateful to all who participated in this survey.

Secondary and consumer storage, such as that of chemical com­

panies, utility companies, railroads, trucking companies and the 

military is an integral part of the supply distribution system, but 

due to the lack of firm data on such storage, the Committee felt 

that its inclusion was not possible in the time frame of the study. 

Another type of storage not considered in this report, but of great 

concern to the industry, is that associated with a strategic or 

security storage system. The NPC Committee on Emergency Prepared­

ness is charged with the investigation of this type of storage and 

discusses it in detail in its final report, Emergency Preparedness 
for Interruption of Petroleum Imports into the United States.

SUMMARY

To those not familiar with the petroleum industry and its op­

erations, inventories generally mean only one thing--readily avail­
able supply. To comprehend available supply, one must have an un­

derstanding of the Nation's vast distribution system, its operations 

and its limitations. Inherent in this understanding is the distinc­

tion between total inventories and those accessible for distribution.

The industry's real supply capability is measured by the vol­

ume of inventories available for delivery rather than the total 

volume of inventories reported. Total reported inventories consist 

of absolutely unavailable inventories, working stocks above the 
unavailable level and inventories readily available for distribution.

Unavailable Inventories

Absolutely unavailable inventories are those in tank bottoms, 
in pipelines, in refinery pipelines and operating equipment, plus 

the quantities requried for continuous operation of transportation 

and processing systems and oil in transit by truck, tank car, barge 

and tanker from domestic sources.

Although it might be assumed that the difference between 

total and unavailable inventories would in fact be available for
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distribution, experience has indicated that the U.S. oil logistics 

system simply would not operate if inventories were depleted to the 
absolutely unavailable level.

Minimum Operating Inventories

To operate on a normal basis, an additional substantial incre­

ment of working inventory above the unavailable level is necessary 
for continuity of operations. Such working stocks must also be 

considered unavailable for consumption. The sum of total unavail­
able inventories and working stocks is termed the minimum operating 
level.

The industry's minimum operating level for a given petroleum 
product is difficult to measure because of the seasonal variations 

and the complex interdependency of fuels in the overall distribution 

system. The best available determination of the minimum operating 
level is obtained by comparing total industry inventory data with 
historical performance in supplying the needs of the consumer. In 

this report, the approach used is to obtain a consensus of minimum 
operating levels by careful study of industry inventory data during 
recent periods of tight supply and spot shortages (see Appendix D). 

Although this approach is somewhat judgmental, the experience of 

companies represented on the Committee has indicated that when 

national inventories fall below the minimum operating levels 
specified in this report, shortages and inefficiencies in the 

distribution system will develop, and run-outs caused by geographic 

dislocation of supply will occur.

The combination of tankage capacity, minimum operating levels 
and the unavailable portion of inventories provides a basis for 

analysis of the oil industry's storage operation within the frame 

work of the existing supply and distribution system. The signifi­

cant conclusion to be drawn from this analysis is that readily 
available inventory represents only a small percentage of the total 
inventory reported.

The differences between unavailable and minimum operating levels 
relative to total inventories are illustrated by applying the results 

of this study to the data reported by the Bureau of Mines. For 

example, such an application shows that while 71.4 percent of the 

total crude oil inventories reported to the Bureau of Mines for 

September 30, 1973, could be considered unavailable, 99.5 percent 
of the total was felt to be representative of the minimum operating 
level. Out of the total clean products and residual fuel oil inven­

tories reported for March 31, 1973, 32.2 percent could be classi­

fied as unavailable, while 97.8 percent was characterized as the 
minimum operating level. Similarly, of the total clean products 

and residual fuel oil inventories reported for September 30, 1973, 

27.1 percent could be termed unavailable, while 97.2 percent repre­
sented the minimum operating level. The derivation of these per­

centages is presented in Table 1.
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Calculated to be Minimum
Reported to Unavailable Operating Level

TABLE 1 

UNAVAILABLE AND MINIMUM OPERATING LEVELS OF PRIMARY INVENTORIES 
(Millions of Barrels)

Bureau of Mines
Total

(1)
Total*

(2)

Percent 
(2M1) 

(3)
Total 

(4)

Percent 
(4H1) 

(5)

Crude Oil

September 30, 1973t 241.3 172.3 71.4 240.0 99.5

Clean Products and Residual Fuel Oil

March 31, 1973 422.4 136.0 32.2 413.0 97.8

September 30, 1973 521.6 141.4 27.1 507.0 97.2

• Derived by multiplying column (1) by percent unavailable from the NPC survey.
t Thirteen million barrels of crude lease stocks are included, being considered completely unavailable.

Note: See Table 2 for details on individual products.

Storage Requirements

NPC surveys dating back to 1948 indicate that the industry is 

still finding it necessary to maintain a total storage capacity of 

at least two barrels for each barrel of actual inventory in the 

tanks, as shown in the following tabulation:

Ratio of Storage Capacity

Date of Survey to Inventory in Tanks

March 31, 1948 2.4:1

June 30, 1950 2.2:1

March 31, 1952 2.2:1

March 31, 1954 2.1:1

March 31, 1957 2.2:1

Sept. 30, 1962 2.0:1

Sept. 30, 1969 1.9:1

Sept. 30, 1973 2.1:1

This relationship is a prime requisite in maintaining oper­

ating flexibility and providing for seasonal variations in demand. 

In no sense can the difference between the actual inventories and 

the storage capacity figures shown herein be taken as an indication 

of available storage space for preparedness against extended inter­

ruption in supply.

In conjunction with an examination of petroleum inventory 
storage, there is significance in briefly reviewing the history of
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its relationship to energy demand. From 1968 through 1973, domes­

tic consumption of petroleum products increased by 28.4 percent. 
During this time, domestic transportation facilities and refineries 

were expanded, yet total inventories showed no increase, indicating 

that the distribution of products was handled through a much more 

efficient network. A growing dependence on foreign crude and prod­

ucts was also a contributing factor to this inventory plateau. Im­
ported petroleum is not included in the Nation's inventory figures 

until it clears customs; therefore, inventories reported at re­

fineries, in pipelines, etc., have not grown at anywhere near the 
same rate as has demand.
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PART ONE

CONCEPTS OF PETROLEUM DISTRIBUTION AND STORAGE

PETROLEUM DISTRIBUTION

It is necessary to understand the Nation's distribution system 

to understand the true meaning of inventories. This system can be 

divided into two basic categories --primary and secondary. Related 

detailed information is provided in a separate NPC report which 

deals with the Nation's transportation of petroleum and its prod­
ucts.*

Primary Distribution Systems

The system of pipelines, tankers and barges that moves crude 

oil from producing areas to refining centers, and the similar 

facilities that move refined petroleum products in bulk to mar­

keting areas, are generally categorized as the primary distribu- 

system. An integral part of this distribution system includes 
the tank farms and terminals which provide tankage for storage at 

all levels in the system. In the transportation of crude oil, siz­

able tankage must be provided at all receiving terminals as well 

as at delivery points, primarily at refinery locations. Because 

the pioduct distribution system is more widespread than the crude 

oil system, industry is required to maintain considerably more 

product tankage in order to maintain normal flexibility in the 

overall operation of the supply system.

Primary Crude Oil Systems

Primary crude oil systems or trunklines are comparable to the 

long lines systems in communications or to the main lines of rail­

roads. They are served by gathering systems in producing areas and 

may pick up crude oil from a large number of gathering systems in 

numerous oilfields as well as from marine unloading terminals.

Due to the variation in quality among crude oils, the trans­

portation systems generally segregate crude by type for movement 
and delivery. Segregation requirements are usually determined by 

quality characteristics such as sulfur content, specific gravity, 

asphalt content, lube oil considerations, etc., which might be 

dictated by the particular needs of a given refinery. Such segre­

gations result in increased storage requirements.

Trunk pipelines generally are routed through focal points or 

"hubs," akin to the hubs of a wheel, where a number of pipelines 

may converge. These hubs are comparable to such locations as 
Chicago, St. Louis, Philadelphia, Houston, etc., on a railroad

NPC, U.S. Petroleum and Gas Transportation Capacities (1967)
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freight interchange system. At such a point, exchanges of oil may 

be made or transfers to carriers destined elsewhere implemented. 

Examples of such locations are Midland and Crane, West Texas; Mexia 

and Longview, East Texas; Cushing, Oklahoma; Casper, Wyoming; and 

Patoka, Illinois. A large amount of storage capacity is required 

at these points not only to enable the oil to be brought into the 

area from numerous producing regions, but also to provide tankage 

for segregation, batching and inventoring necessary for continuous 

pipeline operation before the oil can be moved to refineries.

Primary Products Distribution System

The primary products distribution system is made up of the 

trunk products pipelines which move products overland and the barges 

and tankers that provide for marine movements. While products are 

still in refinery tanks, there is usually a choice as to the direc­

tion in which the products may move, along with a choice of the 

mode of transportation. Once a product is on its way in an element 

of the primary distribution system, it is then committed to the 

geographical area which is serviced by the particular element. For 

example, the Colonial Pipeline extends from the Houston-Beaumont, 

Texas, area to the New York Harbor area, passing through Baton 

Rouge, Atlanta, Greensboro, Roanoke, Washington, Baltimore and 

Philadelphia areas en route. The product in this primary distribu­

tion system can be delivered or diverted to any delivery point along 

its geographical route. While the product is in the pipeline sys­

tem, decisions can still be made regarding its destination along the 

line unless the product has already passed that point. When the 

product is delivered out of the pipeline into a bulk terminal tank 

along the route, it then leaves the primary system and enters the 

secondary system, and the ability to divert that product to a dif­

ferent geographical location becomes even more limited.

Secondary Distribution Systems

The delivery of a shipment from a trunkline to a terminal 

point starts the secondary distribution movement. Shipment from 

the terminal is by truck, barge, railcar or pipeline to a limited 

area in the vicinity of the terminal; delivery points are consumers 
or small marketing bulk plants.

The final step in the distribution system begins at the small 

marketing bulk plants and is handled usually by trucks delivering 

directly to service stations, households or other end-users. Thus, 

the flexibility to divert decreases progressively as the product 

passes from the refinery into the primary and then secondary dis­
tribution systems.

PETROLEUM STORAGE

The survey conducted to obtain the statistical data for this 

study dealt with primary stocks (inventories) and storage capacity.
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Primary petroleum inventories in the United States, surveyed 
in this report, include:

• Crude oil, natural gas liquids and petroleum product inven­

tories at refineries, including domestic oils in transit 
thereto by waterborne means

• Stocks in crude oil trunklines and their terminals 

(Producers’ lease stocks were not surveyed; where used in 

this report, they are considered completely unavailable.)

Stocks in product pipelines, including their terminals

• Product stocks in bulk terminals that receive product by 

tanker, barge or pipeline and all other bulk terminals with 

aggregate storage capacity of 50,000 barrels or more.

These inventory data are reported to the Bureau of Mines for pub­

lication in their monthly petroleum statements. The geographic 

coverage includes the 50 States, Puerto Rico and Virgin Islands 

(details are included in Appendix C); however, only data pertaining 

to the 50 States are included in the overall summaries to conform 

to the Bureau of Mines reporting procedure. Excluded from the sur­

vey were stocks held at such locations as consumer storage tanks, 

service stations, small marketing bulk plants and military installa­

tions. Stocks at these secondary locations are not regularly re­

ported to the Bureau of Mines or any other source.

The survey data make it possible to ascertain the geographical 

location and to break down and delineate storage capacity and stocks 
that are classified as unavailable.

Also addressed is the equally important subject of minimum 
operating inventories. The minimum level of inventories required 

to maintain full operability of the refining and distribution sys­

tem became of special national concern during the recent periods of 

tight supply and spot shortages. It is important to clearly under­

stand the distinction between the unavailable inventory category as 
reported in the survey and the minimum operating level. The un­
available portion of gross inventories as reported herein represents 
only the material in storage in a static or inoperable distribution 

system. Significant additional inventory volume is required to 

sustain an ongoing nationwide refining and distribution system pro­

viding customary levels of service without interruptions of supply 

or without distribution inefficiencies. The minimum operating level 
is defined as the sum of the unavailable category, the working 
stocks required to maintain the system in a normal operating mode, 

and the seasonal inventory prestockage necessary to meet peak con­

sumption periods.
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Due to highly seasonal demands for some petroleum products, 

particularly distillate fuel oil, the petroleum industry must build­

up above the unavailable and normal minimum operating level; sizable 
additional inventories in anticipation of peak demand. For the in­

dustry's two main products--motor gasoline and distillate fuel oil 

--the build-up to peak inventories usually occurs each year at the 

end of March and October, respectively. The capability of the re­

fining industry to shift product yields is somewhat limited, and 

heavy seasonal drawdowns of inventories are required to meet peak 

demands. In addition, the capacity of the various segments of the 

distribution system is fixed and cannot be expanded to a point where 

product can be made available during peak consumption periods at 

rates adequate to meet demand during those periods. For example, 

enough heating oil must be transported and stored in the summer to 

offset the shortfall between refinery output, distribution system 

capabilities and consumer demands during the winter. Details of 

seasonal minimum operating levels for crude and products are arrayed 
on Table 2.

The Trans-Alaskan pipeline system, now under construction, 

shows the concept of tankage capacity, total stocks, unavailable 
stocks and minimum operating inventories. This system will include 

a single 48-inch pipeline, 800 miles long, with a line fill of 9 

million barrels and a single receiving terminal at Valdez having 

approximately 10 million barrels of tank capacity. (For simplicity, 
the following discussion does not include gathering and other 

facilities in North Alaska.) -

The tanks at the Valdez terminal will average approximately 
half full. The 5 million barrels of normal working stocks in the 

tanks allow the pipeline to continue full deliveries into storage 

whether or not tankers are loading oil. Likewise, these working 

stocks permit tankers to be loaded at a rate greater than the pipe­

line delivery rate. This working storage provides flexibility by 

having both room in tanks and oil in tanks for meshing two indepen­
dent operations into a single efficient system.

As illustrated in Figure 2, provision has been made for main­

taining minimum operating inventories below the normal drawdown 
levels. Should the pipeline operation be interrupted for any 

reason, tankers arriving on normal schedule could continue loading 

while the pipeline is being brought back into operation. Conversely, 

the reserve tank capacity above the normal working range would allow 

the pipeline to continue deliveries in the event of a severe storm 

in the Gulf of Alaska which might delay arrival of tankers.

Below the minimum operating inventories are tank bottoms which 
together with pipeline fill make up the unavailable stock which 
normally cannot be removed from the system. For the above example, 

the total inventory that would be reported to the Bureau of Mines 

would vary with the normal operating cycle and would range from 

11.5 million to 16.5 million barrels or, on average, about 14 mil­

lion barrels. Stocks typically reported as unavailable would be the 
pipeline fill and tank bottoms (9.5 million barrels) which would 

account for 68 percent of the total inventory. The additional 2
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operating inventories to about 82 percent of"the'total
inventory. i-vkh

would increase the total

all C°mpone?ts of the above example are existent in
all of the Nation s distribution systems. Where multiple facilities 

are serving differing regional demands, each facility has a unique 

and independent operating cycle. While any single facility or 

severai facilities concentrated within a particular region,’may 
periodically achieve a minimum operating level, all facilities in 

an overall system cannot in the course of normal operations reach 

a minimum operating level at the same time. The regional or snot 
shortages that have occurred in the past reflect conditions wh°re 

Were depleted to ” below this overall minimum! FoJ 

e industry as a whole, with some facilities operating well above 

minimum levels and others at or near minimum, total inventory levels 
approach the mid-point of the normal working range. k is this 

dn^r™^8 ef£eCt tbat llfts the minimum operating level for the in- 
^b°Y,.tbe sum of the minimum operating levels of the 
faciitties. Thus, the above example of an individual 

tadlity has a minimum operating level of only about 82 percent of 
while the industry as a whole is calculated to 

have had a minimum operating level of about 99.5 percent of total 
O1J lnventories reported in September 30 , 1973. The example 

the USe of.total inventory data can create miscon- 
p ons relative to quantities of petroleum readily available foruse.

49-868 0 - 75 -6
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PART TWO

CRUDE OIL--SUMMARY OF FINDINGS

The returns submitted in response to the questionnaire on 

crude oil inventories and storage capacity (excluding producer's 

lease stocks in tanks) are summarized in Table 3 and compared with 

results reported in 1969.

TABLE 3

SUMMARY OF INVENTORIES AND STORAGE CAPACITY*
(Thousands of Barrels)

As of September 30

1969 1973

Total Inventories

Reported by Bureau of Mines 245,912 228,280
Reported to NPC 240,341 221,859
NPC Survey Represents (Percent) 97.7 97.2

Total Unavailable 165,989 154,822

As Percent of Inventories Reported to NPC 69.1 69.8

Working Stocks and Available Inventories 74,352 67,037

As Percent of Inventories Reported to NPC 30.9 30.2

Storage Capacityt 370,326 386,713

Amount in Tanksf 174,526 161,642

Percent Full 47.1 41.8

Inventories of Foreign Origin §

In Bonded Storage -u —
In Transit -n 35,369

• For the purpose of this survey producers* lease stocks were excluded as they were considered as completely 
unavailable.

f Includes earthen and/or concrete reservoir storage capacity.

t Total crude oil inventories excluding producers' lease stock in transit and pipeline fill.

§ Inventories not reported to Bureau of Mines and not included in other categories listed.

Not available; excluded from survey in 1969. 

_____________________________________________________________________________________________________
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hv ^eighth analysis of industry inventories conducted
by the National Petroleum Council during the last 25 years The 
data from this and the previous seven analyses are shown tn Tabte 

cantAt^nS?rlS°n Wlth Previous results discloses several signifi- 
cctiiL irenas. °

Although refinery runs have increased greatly over this 

period, total crude inventories have not varied signifi- 

funrtTAnc L\S 13dicates that refining and transportation 
functions have become more efficient over the years Total 

crude oil inventories reported as of September 30, 1973 

were 222 million barrels as contrasted with 240 million’ 
barrels as of September 30, 1969, and 218 million barrels 

as of September 30, 1962. This represents an 8-percent 
decrease in total inventories since 1969 and a T-'perd^nt 
increase since 1'96’2'. peuent

Unavailable crude oil inventories since 1948 have expect- 
refinery capacity has increased; and un- 

of pipel^n® f11* has increased with the construction
efies expanded crude oil pipelines to supply refin­

eries. fhe decrease m unavailable inventory in 1973 re- 
i incr?ase in crude oil trunklines and
is possibly due to the retirement of some gathering systems 
as domestic crude oil production peaked. ° Y

The minimum 
in Table 2, 

any need fo

operating inventory for crude oil, as indicated 
is considered to be 240 million barrels without 

r seasonal build-up.

For the first time in this survey, 

origins, which is still in transit 

customs, is reported as a separate 
September 30, 1973, was 35 million

crude oil from foreign 

or has not yet cleared 

item. This total, as of 
barrels.

PAD disJricts!^5 resp°nses from the questionnaire broken down by



TA
B

LE
 4

A
N

A
LY

S
IS

 O
F 

C
R

U
D

E
 O

IL
 I

N
V

E
N

TO
R

IE
S

 A
S 

R
tP

O
R

T
E

D
 T

O
 N

PC
‘ 

(T
ho

us
an

ds
 o

f 
Ba

rre
ls

)

• 
E

xc
lu

di
ng

 p
ro

du
ce

rs
' l

ea
se

 s
to

ck
s 

an
d 

ca
rg

oe
s 

in
 t

ra
ns

it 
fr

om
 fo

re
ig

n 
co

un
tri

es
.

M
ar

ch
 3

1
19

48
Ju

ne
 3

0
19

50
M

ar
ch

 3
1 

19
52

M
ar

ch
 3

1 
19

54
M

ar
ch

 3
1 

19
57

Se
pt

. 3
0 

19
62

Se
pt

. 3
0 

19
69

Se
pt

. 
30

 
19

73

To
ta

l 
In

ve
nt

or
ie

s 
H

el
d 

by
 R

ep
or

tin
g 

C
om

pa
ni

es
21

3,
22

4
22

4,
94

8
23

8,
41

3
24

3.
69

2
22

5,
51

6
21

7,
62

6
24

0,
34

1
22

1,
85

9

U
na

va
ila

bl
e 

In
ve

nt
or

ie
s

Ta
nk

 B
ot

to
m

s 
&
 R

ef
in

er
ie

s
O

pe
ra

tin
g 

R
eq

ui
re

m
en

ts
t

34
,0

67
38

,0
31

39
,3

64
41

,4
23

41
,2

77
41

,4
31

44
,7

01
43

,5
95

P
ip

el
in

e 
Fi

ll
30

,5
79

36
,6

18
41

,0
28

44
,3

41
47

,0
36

51
,7

22
60

,3
11

57
,1

41

O
th

er
 U

na
va

ila
bl

e
68

,2
79

67
,7

90
70

,5
14

80
,8

84
69

,2
69

66
,2

54
60

,9
77

54
,0

86

To
ta

l U
na

va
ila

bl
e 

In
ve

nt
or

ie
s

13
2,

92
5

14
2,

43
9

15
0,

90
6

16
6,

64
8

15
7,

58
2

15
9,

40
7

16
5,

98
9

15
4,

82
2

U
na

va
ila

bl
e 

as
 P

er
ce

nt
 o

f 
To

ta
l 

R
ep

or
te

d 
to

 N
PC

62
.3

63
.3

63
.3

68
.4

69
.9

73
.2

69
.1

69
.8

W
or

ki
ng

 S
to

ck
s 

an
d 

A
va

ila
bl

e 
In

ve
nt

or
ie

s
80

,2
99

82
,5

09
87

,5
07

77
,0

44
67

,9
34

58
,2

19
74

,3
52

67
,0

37

4-

t 
C

on
te

nt
s 

of
 ta

nk
 b

ot
to

m
s,

 in
 r

ef
in

er
y 

pi
pe

lin
es

 a
nd

 m
in

im
um

 q
ua

nt
ity

 r
eq

ui
re

d 
to

 a
ss

ur
e 

co
nt

in
uo

us
 p

ro
ce

ss
in

g,
 h

an
dl

in
g 

an
d 

bl
en

di
ng

 v
ar

io
us

 g
ra

de
s 

of
 c

ru
de

 o
il.



TA
B

LE
 5

A
N

A
LY

S
IS

 O
F 

C
R

U
D

E 
O

IL
 I

N
V

E
N

TO
R

IE
S

 
A

N
D

 S
TO

R
A

G
E 

C
A

PA
C

IT
Y
 B

Y 
PA

D
 D

IS
TR

IC
TS

* 
(T

ho
us

an
ds

 o
f B

ar
re

ls
)

• 
Se

e 
m

ap
 o

f 
P

A
D

 D
is

tr
ic

ts
 (F

ig
ur

e 
11

.

I 
I l

us
 W

M
.Iu

dv
s 

in
w

n
lu

ri
M

 a
l 

iv
fin

ut
iu

s 
in

 p
ip

el
in

e 
am

i 
lo

ok
 l

om
w

 a
nd

 in
 t

ra
ns

it 
th

er
et

o.

i 
In

cl
ud

es
 e

ar
th

en
 a

nd
/o

r 
co

nc
ic

to
 r

es
er

vo
ir 

st
or

ag
e 

ca
pa

ci
ty

.

i 
To

ta
l c

ru
de

 s
to

ck
s 

ex
cl

ud
in

g 
pr

od
uc

er
s'
 le

as
e 

st
oc

ks
 in

 t
ra

ns
it 

an
d 

pi
pe

lin
e 

fil
l.

As
 o

f S
ep

te
m

be
r 

30
, 

19
73

PA
D
 D

is
tri

ct
PA

D
 D

is
tri

ct
PA

D
 D

is
tri

ct
PA

D
 D

is
tr

ic
t

PA
D

 D
is

tr
ic

t
II

III
IV

v
TO

TA
L 

U.
S.

1. 
To

ta
l 

In
ve

nt
or

ie
s 

Re
po

rte
d 

by
Bu

re
au

 o
f 

M
in

cs
t

(a
) 

19
69

(b
) 

19
73

18
,1

47
14

,6
10

73
,5

86
67

.8
68

10
5,

20
8

99
,9

58
10

,7
30

11
,4

14
38

,2
41

34
.4

30
24

5,
91

2
22

8.
28

0
2.
 T

ot
al
 I

nv
en

to
rie

s 
Re

po
rte

d
to

 n
pc

i

(a
) 

19
69

(b
) 

As
 p

er
ce

nt
 o

f 
1(

a)
(c

) 
19

73
(d

) 
As

 p
er

ce
nt

 o
f 

1(
b)

18
,0

11
 

99
 3

13
,4

85
92

.3

72
.1

89
98

.1
 

65
,0

42
95

.8

10
3,

85
1 

98
.7

99
,2

97
99

 3

10
,3

23
 

96
.2

11
,5

81
10

1.
4

35
,9

67
94

.1
32

,4
54

94
.3

24
0,

34
1 

97
.7

22
1,

85
9

97
.2

3.
 U

na
va

ila
bl

e 
Po

rti
on

 o
f 

In
ve

nt
or

ie
s

Re
po

rte
d 

to
 N

PC
t

(a
) 

19
69

(b
) 

As
 p

er
ce

nt
 o

f 
2(

a)
(c

) 
19

73
(d

) 
As

 p
er

ce
nt

 o
f 

2(
c)

13
,8

23
76

.7
10

,8
38

80
.4

51
,1

11
70

.8
 

49
.5

56
76

.2

74
,1

01
71

.4
 

70
,2

50
70

.7

7.
71

1 
74

 7 8,
06

1
69

.6

19
,2

43
 

53
.5

16
,1

17
49

 7
/

16
5.

98
9

69
.1

15
4.

82
2

69
.8

4.
 S

to
ra

ge
 C

ap
ac

ity
 R

ep
or

te
d

to
 N

PC

(a
) 

19
69

 
(l>

) 
19

73
24

.9
06

28
.3

1/
96

,4
14

10
2.

04
8

15
9,

77
2

17
6,

64
3

20
,2

81
10

,7
65

68
.9

53
t

59
.9

40
1

37
0.

32
6

38
6,

71
3

5.
 A

m
ou

nt
 in

 T
an

ks
 §

(a
) 

19
69

(b
) 

19
73

14
.1

33
12

,1
36

48
,7

26
41

,5
36

72
,8

17
72

,3
88

6,
43

7
7,

42
9

32
.4

13
28

,1
53

17
4.

52
6

16
1,

64
2

6.
 P

er
ce

nt
 o

f 
Ta

nk
ag

e 
Fi

lle
d

(a
) 

19
69

(b
) 

19
73

56
.7

42
.9

50
.5

40
.7

45
.6

41
.0

31
.7

37
.6

47
.0

47
.0

47
.1

41
.8





IV. Emergency Energy Capacity: An Interim Report by the Depart­
ment of the Treasury, Office of Energy and Natural Resources

(77)





79

EMERGENCY ENERGY CAPACITY: AN INTERIM REPORT

by

Ronald M. Bass

Philip L. Essley, Jr.
Department of the Treasury 

Office of Energy and Natural Resources

L. Duvall Webster, Jr,, Consultant

U. S. Dept, of the Treasury
Office of Energy and Natural 

Resources
Main Treasury Building
Washington, D. C. 20220

October 18, 1973



80

CONTENTS

Page

PREFACE

Chapter I
INTRODUCTION

Chapter II, Part 1

FINDINGS
Potential Disruptions
Lack of Readiness
Existing Emergency Capacity
Future Emergency Capacity if No Storage is Developed

Cost of New Storage Capacity

Other New Measures
Shut-in Production Capacity
Effect of Energy Policy

Chapter II, Part 2
RECOMMENDATIONS

Chapter I 11
SCOPE AND METHODOLOGY

Chapter IV
NATURE OF THE PROBLEM

EMERGENCY CAPACITY IN THE CONTEXT OF OVERALL ENERGY POLICY

RISKS TO CONTINUITY OF SUPPLY OF IMPORTS
Intentional Interruptions of Supply

Intentional Cutoffs
Multiple Producing Nations
Single Producing Nations

Intentional Limitation of Production Increases
Ability of Producers to Act Individually

Internal Political Pressure
Other Causes of Supply Interruptions

1

5
5
6

7
7
7
7
8

10

13

14
16

17
17
18
18
19
20
20
21

Chapter V
EXISTING EMERGENCY CAPACITY

FLEXIBILITY
Fuel Convertibi1ity
Increased Capacity Factors

CONSERVATION AND RATIONING

Conservation
Rationing
Total Savings From Flexibility and Use Curtailment 

EMERGENCY DRAWDOWN OF EXISTING INVENTORIES

Total Stock Levels
Need for Stocks
Price Controls
U.S. Stocks Related to Imports 

Present situation
Effect of emergency conservation measures 

Future situation
Achievable Drawdown of Stocks

EMERGENCY INCREASES IN EXISTING OIL AND GAS PRODUCTION 
RELATIONSHIP OF EXISTING EMERGENCY CAPACITY TO POTENTIAL

IMPORT DISRUPTIONS

22
22
22
24
24
25
25
29
29
29
30
32
33
33
33
34
34
34

35



81

Chapter VI
COST AND AVAILABILITY OF NEW EMERGENCY CAPACITY

THE TYPE OF PRODUCT STORED
TYPE OF STORAGE
LOCATION OF STORAGE FACILITIES
ESTIMATED COST OF STORAGE

Chapter V I I
COST OF A 9O-DAY PROGRAM

Chapter VIII
AUTHORIZATION, FUNDING, PLANNING, AND ADMINISTRATION OF AN 

EMERGENCY CAPACITY PROGRAM
LEGAL AUTHORITY
PLANNING AND ADMINISTRATION
FINANCING AN EXPANDED STORAGE PROGRAM

Page

40
40
42
43
44

45

46
46

47
48

TABLES

TABLE 1. COSTS OF 90-DAYS OF STORAGE RESERVES IN 1980
15

TABLE 2. OIL AND GAS SAVINGS DUE TO ELECTRIC GENERATING PLANT CONVERSION 
TO COAL, PLUS INCREASING CAPACITY FACTOR ON COAL-FIRED PLANTS

23

TABLE 3. EMERGENCY CONSERVATION MEASURES - 1973 SAVINGS POTENTIAL
26-27

TABLE 4. REDUCTIONS IN TRANSPORTATION PETROLEUM CONSUMPTION OBTAINABLE 
BY RATIONING

28

TABLE 5. STORAGE SUMMARY

FIGURES

41

FIGURE 1. U.S. PETROLEUM LIQUIDS SUPPLY AND DEMAND FORECAST 
(CONTINUATION OF PRESENT TRENDS) 1973-1985

2

FIGURE 2. U.S. PETROLEUM IMPORTS
9

FIGURE 3- ESTIMATED TOTAL PETROLEUM IMPORTS AND EXISTING EMERGENCY
CAPAC 1TY

36

FIGURE 4. ESTIMATED IMPORTS FROM ARAB COUNTRIES AND EXISTING EMERGENCY
CAPAC 1TY

37



82

PREFACE

The recent transition of the U.S. from a position of energy 
self-sufficiency to the status of a major energy importer has created 

a concern for the security of oil imports from countries that have 
the political motivation and economic means to maintain a sustained 
curtailment of our oil supply. This study is an evaluation of our 
ability to deal with potential import disruptions, and of programs 

that could minimize the consequences of such disruptions. Our final 
report will be available in the spring of 197^. However, we feel that 
the findings and recommendations we have developed thus far are 
sufficiently substantive to warrant publication of this interim report. 
In most cases, we have omitted the analytical bases of quantitative 
findings from the interim report. Our analyses are essentially 
finished but complete documentation, which will appear in the final 

report, will take time to prepare. Consequently, the interim report 
should be considered only a presentation of results, rather than a 
completely self-contained analysis. We hope these results will provide 
a stimulus for fruitful discussion of this complex issue and for 
favorable consideration of our recommendations.
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CHAPTER I

INTRODUCTION

coXulv the P°tentia' raP'd inCreaSe in import5 it past

Pers k °f-°Ur increasing oil imports must come from a few

he o?low no S Y PrOdUCerS’ Th- ^tion has created
cne roilowing problems, among others:

1. The concentration of oil reserves for meeting rising 

world demand m the hands of a few producers, notably 
Saudi Arabia, gives these producers, both as a group 
and as individuals, monopolistic control over price 
and availability of a major energy source.

2. This control creates political leverage over the U S 

and other importers, which in turn creates public ” 

pressure within the producing countries and peer 
pressure from other Arab nations to exercise that 
leverage to obtain a settlement of Arab-Israeli disputes.

3- The sudden transition to importing much of our 

incremental petroleum demand from undeveloped Arab 
countries with relatively small populations will 

cause a surge in our ba Iance-of-payments deficit and 
an accumulation of dollar reserves in countries that 
cannot absorb the dollars themselves and are not 
currently.finding adequate investment outlets. These 
accumulating reserves:

a. create a strong incentive for the countries to 
produce only enough oil to meet their own 
financial needs, rather than attempting to meet 

demand. This economically motivated production 
limitation would occur largely independent of 
any desire to affect U.S. policy, although 
producing nations are likely to capitalize 
politically on economically motivated production 

curtaiIments-
>

-/ &^:^9ures referred to in the text - - the
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FIGURE 1

U.S. PETROLEUM LIQUIDS 
SUPPLY AND DEMAND FORECAST 

(CONTINUATION OF PRESENT TRENDS) 
1973 - 1985

YEAR
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enable some producers, without reducing spending, 
to forego oil production for a year or more, or 
to freeze production at current levels for as 
long as they wish, to create political pressure 

on the U.S.;

c. create the potential for major disruptions of 
dollar or equity markets, intentional or otherwise 
as the producers seek to protect their monetary 

reserves or to apply political 
rupting these markets.

pressure by dis-

4. The enormous quantities of Persian 
through relatively few facilities.

Gulf exports flow

present inviting 
1i berat ion-front 

targets in a war

These faci1ities 
sabotage targets for local
guerrillas or saboteurs, or military 

among Persian Gulf states.

5. Finally, massive 
long, vulnerable

petroleum importation requires a
. . supply line from the Persian Gulf

and Africa to the U.S. This implies a threat to 

supp y continuity by overt military attack, sabotage 
blackmail, or accidents of nature.

A severe

industrial output, increasing unemployment and a rapid decline in 9 

Such economic disturbances would be likely to 
military intervention to obtain the needed energy

gross national product, 
lead to demands for

supplies.

™'S thr®at tO °Ur future economic wellbeing, and future world

peace, necessitates

• Act'0115 to reduce demand for petroleum products, 
such as energy conservation measures, elimination 
of waste or the substitution of plentiful domestic 

rue Is such as coal.

2. Actions to increase domestic supply of petrol 
such A« c t i mil 1 a* > «« J - : i 1 • _ ' 1 , ■such as stimulating drilling, 
improved oil recovery methods, 
lands for exploration.

eum,
increasing use of 

or opening up new
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3. Actions to provide investment outlets for Arab income 
to encourage increased production and reduce their 

potential for bringing monetary pressure to bear on the U.S.

4. Actions to create a standby reserve, such as emergency 

storage capacity, or a shut-in production reserve, to 
serve as a buffer to minimize the effects of a major 

supply disruption.

This study is oriented primarily toward the last type of action.

The limitation of the scope of this study to emergency capacity 
does not by any means indicate a belief that other actions to reduce 
dependence on foreign supplies are less important than actions to 
create emergency capacity. Neither do we believe that the problems 
emergency capacity can deal with are by any means the most serious 
problems created by heavy reliance on oil imports. On the contrary, 
as the study has progressed, we have become increasingly convinced that 
the other actions are far more important, and that the U.S, would be 
unwise to rely upon a standby reserve or other emergency capacity as 

a major element in its energy and foreign policies. At best, standby 
reserves should be considered as a poor and expensive form of insurance 
that would allow us a brief time to make adjustments in an emergency. 
As a weapon to combat a wilful denial of oil for political or economic 
purposes, any attainable level of emergency capacity is pitifully 

i nadequate.

Our projections, however, indicate that emergency capacity may be 
useful for certain kinds of import interruptions. Further, there have 
been a number of proposals in Congress that have suggested a security 
reserve program as a major element in a U.S. energy policy. Consequently, 
this study was undertaken to determine the costs of a standby security 
reserve program, the logistical problems that might result from such 

a program, and to evaluate existing emergency capacity, including 
emergency conservation, gasoline rationing, and excess working inventories. 
The questions we attempted to answer other than determining the cost of 
a standby reserve were quite simple. We wanted to know (1) where, 
(2) what kind, (3) how much, and (4) when standby security reserves 
should be built to deal with various possible supply cutoffs.

We hope that this study will clarify some of the complexities 
involved and provide sufficient information to allow policy-makers to 
make intelligent decisions concerning the cost and value of standby 

energy reserves.
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CHAPTER II- Part 1

findings

1 • Potential Disruptions.

There are circumstances which could result in a denial of a 
portion of our oil imports from Mideast/North Africa producinq 
countries for as long as a year. Some of these possibilities 

are as fol lows:

• An Arab-Israeli war (total cutoff of 
all Arab exports to the U.S. for an 

indefinite time, currently about 2 MM B/D.

• A decision by major Arab producers to 
limit or eliminate increases in 

production.

• A politically motivated cutoff or 

curtailment, not in a war situation.

• The destruction of producing, pipeline 
or docking facilities during a war 
among Arab states .

A price negotiation confrontation 
between OPEC countries and consuming 

countries.

2- Lack of Readiness.

Although the U.S. has considerable capacity to absorb near-term 
import disruptions, there is a glaring deficiency in planning, 
readiness, and legal authorization for emerqencv measure ?0 makej--------■ ~ 7 । ainii ny , 
. . and legal authorization for emergency measures. To 
best use of existing capacity, we need rapid implementation of 

emergency measures. ----------- •• . -
quite important.

Consequently , a high degree of readiness is

J/ This figure includes 

refined from Arab oi 
indirectly affected.

direct crude oil imports, imported products 

, and some Canadian imports that could be

49-868 0 - 75 -7
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3. Existing Emergency Capacity.

Our existing emergency capacity to reduce the need for oil imports 
without severe economic damage is approximately as follows, in 
equivalent thousands of barrels per day (M B/D):

Gasoline, diesel, and jet 

fuel Rationing -

Emergency Conservation  ̂

excluding transportation fuels

Increased Oil -
Production from existing 
fields

Electric Generating Plant 
conversion to coal, and 

increased use of coal where 
currently used

Drawdown of existing? 

i nventor i es

90 days

180 days

360 days

Equivalent oil savings, 
1000 BBLS/DAY

2500

400

300

500

2^*00

1200

600

a Strictly speaking, methods of reducing demand would not be 
considered as "capacity". In this report,we will consider al 1 
emergency measures which could be used to offset foreign supply 
disruptions as "emergency capacity," including procedures to 
reduce demand.

b Adjusted for expected compliance. This is a highly conservative estimate.

£ Extensive physical and legal preparations are necessary.

d Environmental variance required for most plants.

e One half of existing stocks, excluding working stocks and seasonal 
stocks. This would result in sporadic local shortages and, unless 
excess refinery capacity is available, requires an extension of 
conservation and rationing beyond the end of the cutoff to allow 

restoration of normal inventory levels. Price controls are required 
to avoid withholding of inventories in anticipation of higher 
profits as prices rise due to shortages.
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*• Future Emergency Capacity if No Storage is Developed.

Savings from the above emergency capacity measures will increase 
somewhat in the future. However, imports will increase much faster. 
The approximate relationship is shown in Figures 3 and 4.

5- Cost of New Storage Capacity.

Excluding the cost of standby transportation fac 11 ities, and of 
crude oil or refined products for storage, the estimated cost to 
construct facilities for emergency storage is:

Cost

Salt dome caverns $.50 - ],00 /BBL

Steel tanks $3.00 - 5.00 /BBL 2/

Salt dome capacity is practically unlimited but is available 
only in the Gulf Coast area. Steel tanks are more expensive, take up 

much more land surface, but can be put almost anywhere. Oil for storage, 
if available, would probably cost at least $6 -$7/BBL. Assuming a 
mid-range projection for 1980 of imports of 10 million B/D, a 90-day 

storage reserve would cost about $6 billion initially, plus an 
additional $0.6 billion/year for more storage to account for import 
increases of perhaps 1 million B/D per year beyond I98O.

Construction of new storage capacity would be inflationary 
because such a program is a non-productive use of resources.

6. Other New Measures.

All alternatives to storage are either much more expensive or 
have highly limited potential. For example, standby emergency coal 
burning facilities in new oil-fired electric generating plants would 
be economically justifiable only if a cutoff of li - 2 years or more 

is expected.

7. Shut-in Production Capacity.

Unless we are planning for a supply disruption of two years or 

m°^’kten °r m°re years in the future, shut-in production capacity 
will be appreciably more expensive as an emergency reserve than crude 
oil storage. Since we are now deficient in crude oil, any production 

restriction will require increased imports to offset the shut-in 
production. Our net deficit will not change by shutting in production. 
However, the production capacity of shut-in fields will not decline, 
as it would if they were produced unlace r. ,, • •

j ’ unless the field is in waterflood or
* re=overy (as are most U.S. fields). Hence there will 

be a delayed security benefit with time, as illustrated here

2/ Based on present construction costs. A large scale program could 

well result in shortages of steel plate, labor, and construction 

equipment, perhaps materially increasing costs.
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In addition to the delayed benefit, shut-in production costs are 
more on a barrel for barrel basis than a crude oil storage reserve, 
unless a two or three year supply is desired. Shutting in oil 
production will also reduce associated gas production, exacerbating 
the present gas shortage

Due to the controversy surrounding this issue, we have prepared 
a detailed study, available on request.

8. Effect of Energy Policy.

By 1985, our imports could vary from as little as 4 MM B/D to as 
much as 20 MM B/D depending in large part on the federal energy 
policies adopted. Consequently, energy policy has far more influence 

on our vulnerability to import disruptions than does any storage 

program we could hope to establish beyond 1980. Figure 2 shows the 

possible range of future petroleum imports.
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CHAPTER 11 - Part 2

RECOMMENDATIONS

1. Develop effective rationing and emergency conservation 
readiness programs designed for immediate implementation in the event 
of an oil import disruption. This is the single most effective action 
we can take to improve our ability to deal with an import disruption 
during the next five years. Plans should also be developed to deal with 
a prolonged limitation in Arab exporters' product ion. In the short run, 
rationing is the most equitable way to obtain substantial reductions in 
transportation fuel use. For a prolonged period, however, market 
mechanisms would be more efficient and equitable.

The plans should apply to all energy uses that could affect 
petroleum consumption, including electric power and natural gas 
consumption. To attain a high degree of readiness, the rationing plan 
should incorporate such features as:

• Predesignated and trained national and regional 
administrative personnel and staff.

• Preprinted rationing tickets, predistributed to 
designated distribution centers, if tickets are 
to be used.

• A prearranged system for ticket-holders to 
legally buy and sell tickets among themselves.

• An emergency funding mechanism to allow immediate 
staffing and operation of a rationing program in 

an emergency.

2. Begin immediately a small pilot storage program, say 

20 to 50 million barrels. Much of the oil could be obtained by 
development of Naval Petroleum Reserve #1 (Elk Hills) to replace some 

Arab imports which would then be diverted to storage. This program 
would have the following advantages:

• Legal, administrative and funding mechanisms for 
a security storage program would be established.

• The relevant technology and environmental impact 
would be established and pilot-scale costs would be 
determined, providing a basis for a later decision 
on a multibillion dollar program.

• We would have a test case for obtaining Arab oil
specifically for emergency storage.
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• If Elk Hills were developed, we would have i te 

production available for use in an emergency.

e A small storage reserve would provide some 
protection or deterrent against relatively 
small, short-term cutoffs. These might result 

from token actions by a smaller producer, small- 
scale sabotage, tanker accidents or natural 
d isasters.

3. Establish now a unified emergency capacity organization 

to coordinate and administer the pilot emergency storage program and 

develop emergency plans for conservation, rationing, and use of emergency 

storage, None of the emergency measures will be fully utilized unless 

there is a balanced program with a prearranged strategy for using each 
measure. Emergency plans developed by this group should take into 
account the economic impact of each strategy, allowing for variations 
in different population segments and in geography.

A single organization (possibly a separate division or 
department in an existing agency, or a new agency) should be created to 

carry out the following functions:

• Start a pilot storage program, including 
creation of salt dome storage caverns, 
development of Elk Hills (Naval Petroleum 
Reserve #1), marketing of Elk Hills 

production, and purchase of Persian Gulf 
oiI for storage.

• Develop time-staged, coordinated, emergency plans 
for drawdown and distribution of emergency 
storage, conservation, rationing, and other 
emergency measures. Plans must be designed 
to minimize adverse social and economic 
impacts and to be adjustable to various types 
of emergencies.

• Coordinate plans with any crude oil or 
petroleum product allocation programs that 
may exist, or develop such standby programs 
if necessary.
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Beg'” immediately a long-term, intensive effort to reduce 

energy imports.This effort should at least include:

• A strong domestic demand reduction program 

through

- rational energy pricing;

- legal restrictions on inefficient energy 

use where market forces are ineffective 
in encouraging efficiency (big cars, 
commercial buildings, etc.);

- strong conservation campaign to build 

consumer awareness.

• Maximum stimulation of domestic supply by

- rational energy pricing;

modification of federal policies to 

accelerate domestic exploration and 
development of domestic fossil fuel 

resources to the maximum rate consistent 
with long-term environmental and coal 
mine health and safety policies (notably 
oil leasing and surface coal mining 
policies);

- acceleration of research into alternate 
energy forms (nearly-commercial solar 

energy systems could be an important 
source by 1985), especially coal mining 
and coal use (mine health and safety 
technology, strip mine reclamation, coal 
gasification and liquefaction).
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CHAPTER III

SCOPE AND METHODOLOGY

The main purpose of our study is to determine our existing emergency 
capacity and to evaluate the costs and benefits of establishing additional 
emergency capacity. We have developed energy supply and demand projections, 
adapted from a National Petroleum Council (NPC) study I/, for the years 
1975, 1980, and 1985 to provide a framework for our analysis. We have 
used high (NPC Case IV), intermediate, and low (NPC Case I) demand pro­

jections to study emergency capacity over a range of future possibilities.

We first attempted to catalog the magnitude, duration and relative 
likelihood of the more worrisome potential petroleum import disruptions. 
Emergency capacity measures available to us today (including conservation, 
rationing, and excess working inventories) were then evaluated for 

potential emergency petroleum demand reduction. Problems associated with 
their use, and institutional and legal arrangements required to put them 
into effect were analyzed. The effectiveness of these measures was then 
analyzed in a computer model. The model determines the supply short-fall 
(or additional emergency capacity required) for various potential disrup­

tions, for different regions of the U.S. Logistical problems and emergency 
refinery utilization were also examined with the model.

We have also evaluated the cost of storage and other potential 
measures for increasing emergency capacity. We have pointed out some 
of the problems in developing additional emergency capacity, and have 
evaluated some financing and administrative alternatives. Finally, we 
have made recommendations based on these analyses. This interim report, 
of necessity, treats some of these topics briefly. In particular, no 
model analyses are presented, as these are still in progress.

Pu.S, Energy Outlook, National Petroleum Council, December 1972
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CHAPTER IV
NATURE OF THE PROBLEM

EMERGENCY CAPACITY IN THE CONTEXT OF OVERALL ENERGY POLICY

Decisions to use energy resources, made by private parties acting 
in what they view as their own best interests, are not always socially 

desirable. In such situations an active government role is justified 
to establish a legal framework ensuring that decisions to produce, 
allocate and use energy are made on a socially rational basis. Unfortu­
nately, past federal energy policies have tended to encourage wasteful 
and excessive use of energy and to encourage the use of scarce energy 
resources at the expense of plentiful ones. Our future depencence upon 
foreign energy sources will depend to a great extent upon energy policies 

we adopt during the next few years. The possible range of oil imports 
over the next 10 to 15 years is illustrated in Figure 2. The upper 
curve (NPC Case IV) assumes a continuation of past policies and trends. 
The lower curve (NPC Case I) assumes price increases and other govern­
mental policies to encourage increased domestic oil and gas production 
and use of plentiful coal.

Figures 3 and 4, discussed in detai1 later, give a rough picture of 
our existing emergency capacity in light of existing and potential total 
imports, and imports from oil-rich Arab countries. A vigorous and 
rational federal energy policy would go far toward alleviating the need 
for an emergency storage program, as well as providing many other benefits 
such as reduced balance-of-payments deficits. Conversely, a continuation 
of existing trends will soon result in massive imports with attendant 
severe problems. Under such circumstances, if we assume a requirement of, 
say, 90 days of emergency storage, our emergency storage needs would soon 
become quite large and cost billions of dollars. Such an emergency 

storage program would compete for scarce funds with other federal programs. 
However, with governmental policies that maximize domestic exploration 
and production, use of plentiful fuels, and conservation, our needs for 
emergency capacity become quite modest. The impact of overall federal 
energy policy on the need for emergency storage cannot be overemphasized.

An illuminating comparison can be made between the costs of establish­
ing a 90-day emergency storage reserve in 1980 (buildup of a reserve could 
not be started before 1975) ^for the two import demand cases shown in Figure 
2, with and without assuming that our existing emergency capacity (discussed 
belov) would be used to reduce the need for storage. Assuming $ .60/BBL 

to construct storage cavities and $6.00/BBL oil to fill them, (these costs 
are discussed later in detail), the costs of the four cases are shown in 
Table I. The costs range from zero to 9.5 billion dollars, or almost 
2 $bi11ion/year between 1975 and 1980, dramatically illustrating the 

potential effect of government energy policy on the need for, and cost of, 
emergency storage. Significantly, NPC Case I does not include the effect' 

of long-term energy conservation measures which, if implemented now, could 
result in a demand reduction of two million B/D or more, by 1980.

' This could be as late as 1977 because of the requirement for an environmenal 

impact statement.
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TABLE 1

COSTS OF 9O-DAYS OF STORAGE RESERVES IN 1980

NPC Case Imports, MB/D

_______ Cost ($Bi1 lion)

Use
Existing 
Emergency
Capaci ty

Do Not Use 
Existing 
Emergency 
Capac i ty

1 7 0 4.2

IV 16 5.3 9.5
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Clearly, we need a fundamental commitment to reduce our dependence 
on imported energy especially:

1. Actions to reduce demand for petroleum products, 

such as energy conservation measures, elimination 
of waste, or the substitution of plentiful domestic 
coa 1.

2. Actions to increase domestic supply of petroleum, 

such as stimulating drilling, increased use of 
improved oil recovery methods, and opening up new 
lands for exploration.

We could list many specific recommendations for these and other 
measures. However, this is not the purpose of our study. Nevertheless 
because the impact of these policies on the need for emergency capacity 
is so immense, we feel compelled to at least point to the need for such 
action.

RISKS TO CONTINUITY OF SUPPLY OF IMPORTS

The following circumstances have combined to make oil importers 
vulnerable to actions by major Arab producers:

• A few producing nations, primarily Arab, control 
most of the existing and potential incremental 
world oil production, in an extremely tight 
market.

• These nations have relatively small populations 
and undeveloped economies. Consequently, their 
massive revenues from oil imports are piling up 
as monetary reserves. These reserves create a 
capability to launch political action, and a 
strong economic incentive to restrict production 
increases, independent of political motives.

• The near-term potential for alternative or sub­
stitute energy sources is severely limited for 
importers.

• The Arabs have a political objective, namely, 
settlement of territorial disputes with Israel, 
that they believe can be achieved through 
pressure by the oil importing nations.
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All the above conditions apply to only a small number of countries 
(Saudi Arabia, Libya, Kuwait, Qatar,and the U. A. E.) on whom concern is 

focused. For most other producing countries, revenue from oil exports is 
too important to their economies for them to sustain substantial income 
reductions as a consequence of an intentional, politically motivated 
cutoff or production limitation.

Another possible cause of import disruptions is the destruction of 
petroleum facilities by politically motivated saboteurs, or in the course 
of local warfare among Mideast Nations, not necessarily involving Israel. 
In this case, all producers are subject to disruptions. A further danger 
here is that a producer might capitalize on sabotage of his facilities by 
intentionally delaying repairs.

A third possibility is the total cessation of Arab exports during an 
Arab-Israeli war. Otherwise, Israel has little effect on our oil import 
problems. The.major Arab producers have powerful economic incentives to 
limit production increases. We believe that Arab threats to limit pro­
duction increases unless the U.S. changes its Israeli policy are 

primarily an attempt to capitalize politically on restrictions on 
production increases that would be made in any event.

We shall examine potential temporary supply disruptions and their 
relative likelihoods so that we can evaluate the effectiveness of various 

emergency capacity programs. The prospect of an eventual permanent limit 
on foreign oil availability should be kept in mind, however. What is 
considered an emergency today will inevitably become a chronic condition 
in the not-too-distant future; exactly when depends on the producers' 
willingness to increase production capacity to its ultimate limit. Con­
sequently, any discussion of emergency capacity must be limited to 
dealing with temporary supply dislocations in the next 15 years or so.

Intentional Interruptions of Supply

The lack of supply alternatives in the near-term, and the rapidly 
accumulating monetary reserves of major Arab producers, suggest several 
scenarios that would have a major impact on our oil supply. Most of 
these fall into one of two generic classes; intentional cutoffs, and 

intentional restriction of production increases.
1. Intentional Cutoffs. Most of the major Arab producers 

now have monetary reserves sufficient to cover current 
expenditures for a year or more, with production totally 
shut off. There are no technical limitations on the 
ability of Mideast and North African producers to 
totally shut in fields. Shutting in production for a 
year or so would have no effect on their ultimate 

recovery.
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• Multiple Producing Nations. A total cutoff 
of production by a 11 major Arab producers 

would have a drastic impact on U.S., Japanese, 
and European supply, thus bringing extreme 

pressure to bear on oil importers.

Ho/ever, such an action could be considered an 
act of war by oil importing nations and might 
invite armed intervention by its very severity 
and stated intent. Additionally, internal 
economic activity in producing countries would 
be considerably disrupted for both domestic 
workers and foreign technologists, who must 
either be paid or go home. Current income 
would be foregone by producing countries, and 

current expenditures would have to be met from 
monetary reserves. Finally, the actual or 
implied threat of armed intervention would 
create increasing psychological pressure on the 
producing countreies to restore production as 
the importers' situation becomes more desperate.

In spite of these disadvantages, a total or 

massive cutoff of supplies from Arab countries 
would be likely to accompany an Arab-Israeli 
war. A military stalemate might result in a 
sustained cutoff or curtailment to pressure 
importing nations into forcing a settlement on 
Israel. Such a cutoff could last as long as 

necessary to bring about a settlement.

• Single Producing Nations. For a single producing 

country, however, the risk of inviting armed 
intervention by a total, or partial, cutoff is 

much lower; the impact on world supply would be 
much less, and a military response by the affected 
importing nations would provide other producing 

countries with justification for cutting off oil 
from the military agressor. Hence, the incentive 
for action by a single producing country is higher 
than for group action. With the current extremely 
tight world crude market (which is likely to be 

kept tight by the major incremental producer, Saudi 
Arabia), the sudden loss of one or two million 

barrels per day of the world marked could create 
serious problems for importers. A determined 

smaller producer with adequate monetary reserves, 
such as Libya or Kuwait, could by itself bring 
considerable pressure to bear on importers without 
inviting armed intervention. For producing countries 
that have reached peak production, such as Libya and 
Kuwait, a cutoff now would affect a greater share of 
the world market than would a cutoff in the future.
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2. Intentional Limitation of Production Increases.
Mideast producers can freeze production at current levels 
indefinitely, or arbitrarily limit the production growth 

rate. This would actually increase their income, because 
world price would then go up due to a relatively fixed 

world supply in the face of rapidly growing demand. This 
would cause mild shortages within months, and severe 
shortages within one to two years in most importing 

countries, based on current demand projections. It would 
not affect ultimate recovery.

On grounds of resource conservation and economic 
rationality alone, some producing countries have a great 
incentive to restrict production increases or even to cut 
back production somewhat. Kuwait has already frozen 
production and Libya has cut back production for these 
reasons. These freezes or cutbacks could be implemented 
by producing countries, which meanwhile might hint that 
perhaps they could be convinced to "waste" some oil 
(produce more oil than they need for income to meet current 

expenditures) if only the U.S. would modify its Israeli 

policy. However, a return to a rapid production growth 
is highly unlikely once producing nations have tasted the 
economic fruits of restricted growth. Growth limitation 
can hardly be considered an act of war, and is not likely 

to provoke armed intervention. Although this would not 
create an immediate supply deficit in the U.S., considerable 
pressure would develop in a year or two years from a 
freeze by all producers, or by Saudi Arabia alone, due to 

relatively limited supply alternatives in the face of 
rapidly rising demand. Far from sacrificing revenue, net 
income to producers would actually rise as prices rose 
with a tightening market. Thus, any producer with a 
balanced or surplus budget (i.e., most major Arab producers) 
would not need to draw from his monetary reserves. Further, 
this action might produce pressure upon the U.S. almost 

as great as would a cutoff.
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3« Ability of Producers to Act Individually, Of 

course, Arab producing countries cannot be 
treated as a homogeneous entity. They have 
many problems and disputes with one another 
and cannot be guaranteed to act in concert. 
The threat to security of supply is no less 
for this, however, because:

- World supply will be so tight for the next 
five to ten years, at least, that the loss 

or severe curtailment of production from 
almost any Mideast or North African pro­
ducing country would cause serious supply 
problems for oil importers,

Saudi Arabia and, to a much lesser extent, 
a few other individual producing countries 
can themselves create shortages by freezing 
production at current levels.

The impact of restricting production increases would 
be greater if done now than in the future. There are almost 
no disadvantages to producing countries of freezing pro­
duction indefinitely at current levels, although this is an 
effective option primarily for Saudi Arabia. We reemphasize 
that the economic incentives of higher prices and resource 
conservation are by themselves sufficient to encourage a 
freeze of production by producing nations as a group, or by 
Saudi Arabia alone. Hence, even if a freeze is effected 
with strong hints by the producing nations that ‘'normal" 

production increases would be resumed if the U.S. performs 
certain actions, a resumption of "normal" growth is 
unlikely once the producing countries have tasted the 
economic fruits of restricted production. Consequently, 
we should exert maximum effort to prevent a freeze, since, 
once done, it will probably never be completely undone.

Internal Political Pressure. All major Arab 

producing nations are governed by ruling families. 
As their people become wealthier and better 
educated (many in Western universities), they 

naturally desire more control over their government. 
Additionally, as awareness grows within these countries 
of the ability of these governments to pressure the 
U.S. into forcing a settlement on Israel, there is 
increasing public pressure (stimulated by Palestinian 
and popular liberation-front groups) on the ruling 

families to use their leverage on U.S. policy. The
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ruling families are acutely aware of these 

pressures and feel increasingly compelled to 
take actions to maintain their credibility with 
their public in order to avoid a coup or popular 

revolution. Any action we can take to publicize 
our existing emergency capacity, or to extend 

emergency capacity with additional storage, 
would reduce that pressure, to the extent it 
reduces the Arabs perception of their leverage 
against us. Quantification and publication of 
our existing emergency capacity, which is 
considerable, may in itself constitute a partial 
deterrent to a politically-motivated cutoff.

Other Causes of Supply Interruptions.

In addition to intentional supply curtailments by producing nations, 
there are a number of other potential causes of import disruptions. 
These include sabotage or wartime destruction of production, 
pipeline, or docking facilities, mechanical accidents (including tankers), 
and natural disasters. As far as we can determine, these potential 
disruptions either would have negligible effects on the world market 
or would have effects simi lar to some of the potential disruptions dis­
cussed previously. Because we are primarily concerned with planning 
for disruptions of a given magnitude and duration, not with the motives 

or causes of these disruptions, we shall not further discuss these 
poss i b i1i t i es.

49-868 0-75-8
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CHAPTER V
EXISTING EMERGENCY CAPACITY

We have evaluated existing emergency capacity, both to aid in 
assessing the need for emergency storage and to determine our current 
ability to cope with an import disruption. Emergency capacity consists 
primarily of:

• flexibility in production and use of energy;

• use curtailment by emergency conservation and 
rationing;

• emergency withdrawals of petroleum from storage;

• emergency increase of domestic energy production.

Because a round trip tanker voyage from the U.S. Gulf Coast to the 
Persian Gulf requires 63 days, there would be roughly a 30 day interval 
from the time a cut off was implemented until thefull impact was felt in 

the United States, thereby giving us 30 days to put our emergency measures 
into effect.

FLEXIBILITY

Flexibility allows us to make maximum use of whatever energy is 
available during a disruption. Gasoline rationing is more effective if 
a refinery can shift some output from gasoline to heating oil. If a 
pcwer plant can convert temporarily from oil or gas to coal, shortages 
of oil elsewhere can be partially alleviated, and gas can replace scarce 

oil for some users who can burn either. Both refiners' flexibility to 
vary product mix and users' ability to switch fuels are considered in 
our analyses. We have assumed that flexibility is used to the extent 
necessary to take the greatest possible advantage of use curtailment and of 
stocks of fuel available for drawdown in an emergency.

Fuel Convertibility

One form of flexibility is to substitute domestic coal for imported 

petroleum. The degree of substitution which can be achieved will be 
limited by our ability to switch to coal from oil or gas and by our 

ability to mine and transport additional coal. As a practical matter, 
our ability to substitute coal for oil and gas during an emergency is 
essentially limited to the electric utility industry.

A number of electric generating plants have converted from coal to 
oil or gas in recent years. Many of them retained the capability of 
switching back to coal, or can regain that capability within a few months. 
The Federal Power Commission recently completed a survey of power plant 
convertibility (FPC Form 36). Table 2 summarizes the results of this 

survey.
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TABLE 2

OIL AND GAS SAVINGS DUE TO ELECTRIC 

GENERATING PLANT CONVERSION TO COAL, PLUS 
INCREASING CAPACITY FACTOR ON COAL-FIRED PLANTS

PAD

________ Savings from Conyersion
Savings from Increased 
Capac i ty Factor

Oil to Coa1 Gas to Coal
MB/D MMCF/D Equivalent MB/D MB/D Equivalent Equi va lent

1 505 265 44 54 603

II 37 818 137 37 2)1

III 0 8 1 0 1

IV 2 172 29 0 31

V 0 0 0 0 o———
TOTAL 544 1,263 211 91 846

NOTES

1. Environmental variances from state emission standards are required because most 

reconvertible plants must burn high sulfur coal.

2. Achievable oil savings depends on excess coal mine and rail capacity 

assumed 500,000 MB/D is attainable.
We have

3. Except for PAD I, conversion is 85-100 percent complete in one month. 
For PAD I conversion is about 60 percent complete in one month and over 80 percent 
complete in two months.

4. Gas savings are primarily from interruptible gas burned in the suntner. Hence, 

the savings rate for gas would be approximately twice that indicated above in’ 
the second and third quarters, and approximately zero in the first and fourth 

quarters.

5. All conversion data are from a recently completed Federal Power Commission survey 
(FPC Form 36). 7
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The survey data do not reflect the ability of the coal mining and 
rail industries to meet a sudden surge in demand that would result from 

conversion. The best available opinion is that most of the required 
mining andrai 1 capacity would probably be available. The FPC survey 
data also do not account for potential equipment shortages if a number 
of utilities attempt to restore missing coal transportation, loading, 
storage and handling equipment simultaneously. This could cause the 
conversion time to be greater than estimated by many companies.

In addition, most of the reconverted plants would have to burn a 
high-sulfur coal, and an environmental variance would be required. To 
a 11 cm environmental variances during an emergency, however, would require 
modification of the Clean Air Act by Congress and emergency variances to 
state emission regulations.

Because of the above factors, the actual conversion is likely to be 
less than reported to the FPC. For a long-term supply disruption, substi­
tution approaching that reported to the FPC might be possible.

There are many counterbalancing factors affecting future convert­
ibility. We feel that, on balance, future convertibility will not differ 
materially from the present potential.

Increased Capacity Factors.

Another way for electric utilities to reduce gas and oil consumption 
is to increase the amount of power generated by coal-fired plants, and 

back down on generation from oil and gas fired plants. Some coal plants 
are not now run at maximum output because doing so is either uneconomic, 
or they are old plants that use high sulfur coal, or they are so located 
on a power system that the extra output cannot be used. Hence, increas­
ing the capacity factor of coal fired plants in an emergency would 
require a normally uneconomic mode of operation, or the use of high sulfur 
coal, or (mostly) both. An estimate of the potential for oil savings is 

shown in Table 2.

CONSERVATION AND RATIONING

We feel that there is significant potential for short-term energy 
use curtailment, without severe damage to the economy, or danger to the 
health and safety of the public. We certainly do not wish to deemphasize 
the discomfort, inconvenience, and impact on normal activities accom­
panying most curtailment measures. However, curtailment does represent 
about half of our existing capacity. Potential discomfort and incon­
venience must be evaluated in light of alternatives discussed later.
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Conservat i on.

The principal conservation measures and amounts of specific curtail­
ments are shown in Table 3. Use of curtailment measures are either 
voluntary or mandatory (some measures could be either). Our original 
calculations were based on projections for 1980 and subsequently adjusted 
for other years examined in the study. The measures shown in Table 3 

are categorized as voluntary or mandatory. The voluntary measures 
are assumed to be either high (35% of target) or low (10% of 
target) compliance. In our analyses, the figures for the voluntary 

measures have been adjusted for effects of seasonality, start-up delays, 
and expected level of compliance. In practice, comp 1iance wouId certainly 
depend on the political climate during the emergency. Mandatory measures 
have been adjusted for start-up delays, exceptions, and other problems. 
All these factors are taken into account in using these measures in our 
analyses.The annual average potential savings is currently about 400 M B/D, 
excluding transportation measures.

Rat ioni ng.

Although rationing requires a large, complex, bureaucratic admin­
istration, it is the only way to obtain a sudden large reduction in 
petroleum consumption without creating social chaos. Using a stiff tax 
or allowing market prices to rise to allow for shortages would not assure 
an equitable distribution of limited supply. The equitable and efficient 
allocation normally associated with a freemarket results only when prices 

move gradually over time. This allows both suppliers and users time to 
adjust operations and equipment purchases to changes in price and avail­
ability. Such adjustments cannot be made in the limited time available 

1n an emergency. However, if a sustained cutback is anticipated, market 
prices should gradually be allowed to supplant an initial rationing 

program as an allocation mechanism.

The figures on gasoline rationing',' which may seem large, were derived 
from a study done for the Department of Transportation and from independent 

estimates. We are reasonably confident that this level of rationing is 
achievable, if somewhat uncomfortable. A major factor is that nearly one- 
third of gasoline consumption is in recreation and pleasure driving, which 
should be reducible for short periods.

Our rationing estimates are only for transportation fuels. Other 
fuelscould be rationed. A savings estimate for heating oil would be 
similar to the savings, shown in Table 3-1, for adjusting thermostates. 
Undoubtedly, by far the greatest potential is in transportation fuels. 
We estimate a current potential savings of about 2,500 M B/D.

Table k.
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TABLE 3

EMERGENCY CONSERVATION MEASURES
1973 SAVINGS POTENTIAL

NOTE: Potential savings indicated are the theoretical maximum annual average assuming full 
cooperation for all voluntary measures. The actual savings achieved would probably be 10 
to 20 percent of the potential savings.

3~l-Residential

MEASURE

POTENTIAL ANNUAL 
AVERAGE SAVINGS ,

SEASON WHEN 
MOST SAVINGS
OCCUR

PROBABLE 

MEANS OF 
IMPLEMENTATION

PROBABLE 

DEGREE OF 
COMPLIANCEEQU IV. B/D

A. REDUCE SPACE HEATING

1. Reset Thermostats 3°> 

summer and winter, 
24 hrs . per day 550,000 Winter Voluntary Low

2. Insulate Attics of all 
Existing Homes Lacking 
Adequate Insulation 180,000 Winter Voluntary Low

3- Install Plastic Sheet 
Storm Windows 60,000 Wi nter Voluntary Low

4. Service Oil Burning 

Furnaces 30,000 Winter Mandatory High

5. Shut Off Furnace Pilots 
in Summer 15,000 Summer Voluntary Low

B. REDUCE ENERGY USED FOR LIGHTING

1. Reduce Electricity Used 
Lighting (By a variety 
measures)

for 
of

50,000 All Voluntary Low

2. Shut off Gas Lights 20,000 Al 1 Voluntary Low

C. REDUCE ENERGY USED BY APPLIANCES

1. Stop hot water use in 

clothes washing 180,000 All Voluntary Low

2. Stop use of clothes dryers 100,000 All Voluntary Low

3. Shut off range pilot li ghts 40,000 All Voluntary Low
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3-1. Residential (Continued)

POTENTIAL ANNUA 

AVERAGE SAVINGS
MEASURE EQUIV. B/D

L SEASON WHEN

, MOST SAVINGS
OCCUR

PROBABLE 

MEANS OF 
IMPLEMENTATION

PROBABLE 
DEGREE OF

C. REDUCE ENERGY USED BY APPLIANCES

4. Wash dishes by hand 

instead of by dish­
washers 20,000 Al 1 Voluntary Low

5. Shut off oven pilots 20,000 All Voluntary Low

3-11. Commercial

REDUCE ENERGY CONSUMPTION OF
COMMERCIAL BUILDINGS BY 10% 400,000 All Voluntary High

3-HI. Transportation

A. REDUCE ENERGY CONSUMED IN
AUTOMOTIVE USE

1. Increase by 1 the number 
of passengers in every 

commuting auto 780,000 All **

2. Check auto tune~ups every 
6 months 140,000 All **

3. Reduce highway speed of 

autos, trucks and buses 
to 50 mph 250,000 Al 1 **

B. INCREASE PASSENGER LOAD FACTOR
ON AIRCRAFT TO 65% FROM ^0% 120,000 Al 1 Mandatory High

3-IV. 1ndustr ia1

REDUCE ENERGY CONSUMPTION 10%
IN INDUSTRIAL SECTOR BY A
VARIETY OF MEASURES 1 400,000 All Voluntary Low

** Mandatory implementation may be 
be attained indirectly by gasolii

; possible, but the effects of these measures would probably 
ne rationing. See Table 4.
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TABLE 4

REDUCTIONS IN TRANSPORTATION PETROLEUM 

CONSUMPTION OBTAINABLE BY RATIONING

Reduction in Trans. Demand (%) for:

Measure Gasoli ne Jet Fuel Diesel Fuel

(1) Increase in Load Factors 
and Modal Shifts to Reduce 
Fuel Intensiveness 11.8 30.1 5.9

(2) Cutback in Recreational 
and Pleasure Driving of 

50% 19.0 0 0

(3) Cutback in Personal 
Driving of 25% 3.7 0 0

TOTAL % 34.5 30.1 5.9

1973

Demand, MB/D 6,800 1,100 830

Savings, MB/D 2,3501/ 330^ 50

1' Some additional savings could possibly be obtained from mandatory 

tuneups and reduced speed limits. Because the above estimate is 
already so large, however, we have chosen not to add on these savings.

2/- Because modal shifts (air freight and air passengers to ground 
transportation would take time to accomplish, we have used only the 
savings from increased load factors (120,000 B/D, Table 3-III)-
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Total Savings From Flexibility And Use Curtailment

For electric generation plant conversion, conservation
and rationing taken together, we feel there is a potential for emergency 
curtailment on the order of 3 million B/D, today. This is about 9% of V 

energy demand and 18% of petroleum demand, 
and a high
potential.

. . , -------- However, careful planning
level of readiness are necessary for maximum use of this

EMERGENCY DRAWDOWN OF EXISTING INVENTORIES 

Total Stock Levels.

U.S. stock levels, as reported by the Bureau of Mines, have not 
varied apprec.ably for the last 5 years, in spite of increasing demand. 
During this period, inventory levels have generally been within the 

following ranges:

Crude oi1 and condensate
Refined products
Unfi ni shed oiIs
Liquefied gases

MM BBLS

230-280
500-600
90-105
50-105

Based on 1972 levels of consumpt i on, the above storage levels 

represent approximately 20-24 days of crude supply and 40-50 days of 
refined product supply (including unfinished oils). However any 
expression of stock levels in terms of storage volume is misleading 
because large portions of the crude oil and products in storage cannot 
be withdrawn and are necessary to make the refining and distribution 

system work.

The stock levels listed above include pipeline 
fill volumes within refinery vessels, refinery storage, and storage at 
?nP^?'ama?nK\and Stocks held by marketing companies
in local distribution terminals, in service stations, and by large 
industrial users are not included in the statistics.

Maintaining crude oil or product stocks is expensive and ties up 
capital that could be employed elsewhere. Consequently.it seems 
reasonable to assume that most companies maintain stocks at minimum 

evels. If so, how can we assume that we can obtain some supply durii 
an emergency by drawing down stocks?

Consequently.it
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Need for Stocks.

Stocks maintained by the oil companies can be grouped into three 

genera! categories:

• working stocks;

• seasonal stocks;

• buffer stocks.

Working stocks are those required to make the distribution system 
work. Pipelines must be full at all times. Refinery vessels must always 
contain some crude oil or products. When a pipeline is used to move more 
than one product or different crude oils by batching, separate storage at 
least equal to batch size must be available at each end of the pipeline, 
for each product transported. For the system to operate efficiently the 
storage must be approximately half full at all times. For most efficient 
refinery operation, refiners usually blend crude oils to obtain a uniform 
feedstock mix. This requires crude oil storage at refineries for various 
crudes from which a proper mix is blended. In addition, large stocks of 
unfinished oils are normally kept at refineries for blending and to 

obtain efficient operation of downstream processing units. Tanks are 
usually tapped on the side of the tank rather than at the bottom to allow 
for settling of impurities and sediment. Thus, a portion of the oil in 

any tank cannot be recovered.

Working stocks, such as those described above, are necessary for 
efficient operation of the distribution system. Consequently, there is 
some working level below which stock levels could not be lowered without 

the distribution system malfunctioning.

A second use of stocks is to meet seasona1, or cyclic, variations 
in demand. Demand for certain products, such as heating oil, is highly 
seasonal. It is economically more efficient to run refineries at uniform 
rates,and store excess products produced during periods of low demand for 
use during periods of high demand, than it is to build sufficient 
refinery capacity to meet peak-use demand by refinery runs. Distillate 
stocks generally vary from a low of about 90-100 million barrels at the 
end of the heating season to a high of about 180-230 million barrels at 
the beginning of the heating season. Gasoline stocks usually vary from 
a low of about 190 million barrels in the fall to a high of 260 million 
barrels in the spring. Residual fuel oil stocks generally vary from U0 

million barrels to about 65 million barrels. However, since a large 
portion of our residual fuel oil supply is obtained from the Caribbean 
area, additional volumes of residual fuel oil stocks are undoubtedly 

maintained in that area that are not reported by the Bureau of Mines.
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If the distribution system were perfect, supply and refinery runs 

were constant, and demand followed a regular cyclic pattern, additional 
stocks above working level requirements and seasonal storage would not 
be required. However, our system is imperfect, the weather is unpre­
dictable, and our planning ability is far from perfect. Consequently, 
large buffer stocks are maintained to allow meeting unusual demands, or 
to offset imperfections and irregularities in supply and distribution 

patterns.

As the oil industry's knowledge of its distribution system, and of 
supply and demand patterns, has increased, buffer stocks have decreased 

as a percent of demand. Offsetting a reduction in buffer stocks due to 
increased efficiency, however, will be changing supply-demand relation­
ships and logistic patterns, which may increase the need for additional 
buffer stocks in the future. For instance, rapidly increasing natural 
gas curtailments (due to the gas shortage) are causing a number of 
industrial customers previously supplied by natural gas to switch to 
#2 fuel or propane during curtailments. This has created a large demand 
for #2 fuel and propane in certain areas that exceeds the ability of 

the distribution system and storage facilities in those areas to meet 
such requirements. This combination of rapidly increasing demand (due 

to unusual weather conditions and gas curtailments) and inadequate 
distribution facilities resulted in spot shortages of distillate and 

propane last winter. It has led to a rapid expansion of storage 
facilities in certain areas, and to a backlog in storage construction. 
Unless the gas shortage is solved, we can expect an increasing need for 
buffer stocks and seasonal stocks of propane, distillate fuel, and 
residual fuel oil.

At the request of the Department of the Interior, the National 
Petroleum Council (NPC) has periodically estimated the minimum stock 
levels required to operate our distribution system. The last such 

survey was in September 1969- Presently, the NPC is preparing a new 
survey but the new results are unlikely to be available until late 1973.

Based on minimum stock levels reported in previous NPC surveys the 
following are probably reasonable estimates of present minimum-stock 

levels of several products:

MM BBLS X
July 20, 1973 Est. Minimum Available Stocks
___ Inventory Working Stocks (Difference)

Crude oi1 245 175 70
Gasoli ne 208 75 133
Kerosene 41 15 26
Distil late 150 40 110
Residual fuel 51 15 36
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Comparison of these estimated minimum level with existing 
levels indicates that the U.S. has appreciables quantities of crude oil 
and products in storage that might be drawn down during an emergency. 
In the past, increases in minimum working stock levels have been offset 

by decreases in buffer stocks, such that total stock levels have 
not changed appreciably. Rapidly changing logistic patterns will be 
likely to create a need for increased buffer stocks. If so, we can 
reasonably expect future increases in both total stocks and the stocks 
that would be available for drawdown during an emergency. However, in 
the immediate future, shortages may prevent a stock buildup and further 

reduce the volume of available stocks.

The difference between stock levels and minimum requirements 
represents cyclic and buffer stocks in the system. One can logically 
question whether such stocks will be available for actual use during a 
foreign supply disruption. A number of individuals have stated the 
belief that stocks will not be available since cyclic stocks are required 
for normal seasonal variations and buffer stocks are required to allow 
for irregularities in supply and demand.

However, during an emergency supply disruption we can assume that 
demand will be reduced, through conservation or rationing, reducing the 
need for a large portion of the cyclic stocks normally used to meet peak 
demands. Also, with a reduced demand, there should be less need for 
buffer stocks. Consequently, we can assume that a large portion of the 
indicated available stocks could be utilized. However, we undoubtedly 
would start experiencing local spot shortages as we began utilizing 
buffer stocks, increasing to nationwide shortages as we reduced stocks 

to minimum working levels.

Price Controls.

Emergency draw down of working inventories would not be automatic. 
At the outset of an emergency, the prospect of steeply rising prices, 
caused by shortages, would cause suppliers to withhold inventories 
initially in anticipation of higher profits later on. Price controls 
and inventory reporting, as required in the recently announced Propane 
Allocation Program, would be required to offset this problem. Control of 

petroleum prices is a highly complex problem, as we are currently discovering 
requiring seasonal and other adjustments to achieve a balanced mix of 

products in a limited supply situation. 
Restoration of Stock Levels.

To the extent that buffer and cyclic stocks are drawn down during 
an emergency, they must be built up again after the emergency is over, 

unless demandis reduced permanently. In other words, one effect of 

using these stocks during an emergency would be to cause shortages to 
last beyond the actual cutoff of imports. Stock drawdown, therefore,
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does not actua 1 ly prevent a shortage but causes the shortage to be spread 

over a longer period. By alleviating the severity of a shortage at any 
one time, however, stock drawdowns can be useful. The purpose of cyclic 

and buffer stocks is to smooth out irregularities in supply and demand 
d'SrUPti°n’ KaVe the smoothing

U.S. Stocks Related to Imports.

Present situation.. -------------7---------------------- —- Since we are primarily concerned with the
adequacy of our stocks during an interruption of foreign supplies it is 

more meaningful to relate our stock levels to imports, rather than to
'consumption. However, this becomes meaningless when applied to 

relaliJelv ’nStanCe- S^oline, with large stocks and
min I- J has an extremely large stock availability/

import ratio whereas res.dual fuel, which is largely supplied fral 

imports, would have a lav stock avai labl ily/import ratio

for emer ^St "ean'n9f□Icomparison is to compare total stocks available 
for emergency drawdown with total imports. Based on NPC data and our own 

estimates of working level stocks for items not reported by the NPC we 

estimate total U.S. working stock requirements to be about 400 million 
arrels. Thus, in July 1973, with total stocks around 900 million barrels 

(estimated from AP data on major products) the U.S. had about 500 million 

emeroen bUf-Cr StOCkS that C°U'd be drawn down during a”
IhT. On an.est,mated '973 import level of about 6,100,000 B/D
son '2d,Ca*e avai,ab,e stocks of about 82 days of imports. Of the
500 million barrels of seasonal and buffer stocks, about 75 million 
retained't^T' ‘S that thaSe stocks should be

a * o? ab™ /™ ,< Per,OdS 'ater' tKen approx 'mate ly 425 million
barrels, or about 70 days imports, would have been available in an 

emergency.

Effect of emergency conservation measures. During a major foreign 
supply disruption we can assume that the U.S. would introduce emergency 

conservation measures and would maximize substitution of other energy 
forms for o.1 and petroleum products. An 18% savings in petroleum usage 
iTIotal unreas°"ablal/(th'S corresponds roughly to a 9% reduction 

in total energy usage). With an J8% reduction in petroleum usage , our 
HgJ? ® r F would suffice to meet a complete cessation of current 
(1973) imports for about 140 days,?/

If we further assume that Canadian imports would not be affected 
than our available stocks would be sufficient for about 280 days.

See Findings, and section on existing capacity.

- There may be regional problems or problems with specific products. 
Notably east coast electric generating plants maintain about 25 days 
of residual fuel oil inventory. However, emergency needs can be 

met if refinery operations are modified to increase fuel oil output 

and if electricity use is curtailed.
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Future situation. With the targe volumes of buffer stocks that 
could be drawn down, and with the potential savings from emergency 
conservation measures, the U.S. could presently withstand all but a 
prolonged, major reduction in imports without major consequences. 
Unfortunately, as import levels increase, the relative benefits from 
emergency conservation measures decline significantly. For instance, 
with overseas imports equal to 30 percent of demand, and a 20 percent 
demand reduction, only 10 percent of normal demand would need to be met 
by stock drawdowns. However, if overseas imports rise to 60 percent of 
demand, as some projections indicate, then even with a 20 percent 
demand reduction during a supply disruption,40 percent of normal demand 

would have to be supplied from stock reductions. Thus, it appears that 
whi Ie our buffer stocks are adequate for our present needs, they may be 
woefully inadequate in the igbO's if our import levels continue to 
i ncrease. It is this future possible inadequacy of our buffer stocks 

to serve our needs during an emergency that has led many to suggest that 
the U.S. initiate a system of security reserves as protection against a 
disruption of foreign supplies.

Achievable Drawdown of Stocks.

Many problems would be caused by drawing down cyclic and buffer 
stocks. We should therefore not assume that every last drop of the 
theoretical potential is available for emergency use. For present 
purposes, we have assumed that roughly one-half of the above calculated 
potential could actually be drawn down in an emergency.

EMERGENCY INCREASES IN EXISTING OIL AND GAS PRODUCTION

The recently completed interim report of the National Petroleum 
Council, "Emergency Preparedness For Interruption of Petroleum Imports 
Into the United States", develops in considerable depth an analysis of 
our domestic producing industry capability to increase production for 
short periods of time during an emergency. Their conclusion is that 
this capability is very limited. In summary, they found that:

• The U.S. is already producing almost all existing 
fields at capacity, where capacity is defined as 
the Maximum Efficient Rate (MER) — the highest rate 

of production which can be sustained over a long 
period of time without reservoir damage and loss 
of ultimate oi1 and gas recovery.

• There are a limited number of fields in the 

United States which can exceed the MER for short 
periods of time without reservoir damage.
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• In 197^, the average increase possible from these 

fields over a 180-day period would be about 

570,000 barrels per day. However, the deliverable 
capacity through existing pipelines over the same 
180-day period would only be about 331,000 barrels 

per day. This means that only about 60% of what 
could be produced in an emergency (in excess of 
existing production rates) could actually be 
delivered to refineries.

• By 1978, with a pre-investment of $120 million 

for standby facilities and pipelines, an emergency 

excess capacity of 622,000 barrels per day (all of 
which could be delivered to refineries) could be 
ava ilable.

• Actual attainment of these capacities would require 
the removal of numerous legal and administrative 

obstacles. However, with considerable planning 
and the establishment of emergency preparedness 
plans, many of these obstacles could be overcome.

• In the absence of careful planning, very little 

emergency capacity could actually be made avail- 
ab le.

The NPC report also evaluates the possiblility of emergency gas 
production. The brightest prospect here would be the "seasonal swing 
capacity", which is available as a part of normal natural gas production 
operations. They conclude that an average of about 1.7 billion cubic 
feet per day would be available over a 180-day emergency period begin­
ning in January. This estimate is for the year 1974. The NPC report 

concludes, for a variety of reasons, that other possible sources of 

emergency natural gas production could probably not be utilized in an 
effective manner.

RELATIONSHIP OF EXISTING EMERGENCY CAPACITY TO 

POTENTIAL IMPORT DISRUPTIONS

Figures 3 and 4 show the relationship of our expected emergency 
capacity,in the absence of a special security reserve program,relative 
to possible imports for the two extreme NPC demand cases, and to imports 
from Arab producers running significant budget surpluses (Saudi Arabia, 
Kuwait, Libya, Qatar, U. A. E.). Clearly, our need for additional 

emergency capacity is highly dependent on our success in developing and 
utilizing our <xn energy resources.
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The vast difference in the projected imports for the two cases shown 
in Figure 2 leads to the logical question of which, if either, case is 
realistic. NPC Case IV assumed a continuation of exploration trends 

through 1971 for such factors as number of wells drilled, discovery rates, 
reserves per discovery, etc. We have had substantial increases in the 
wellhead price of both oil and gas during the past year. Drilling has 
increased and should continue to increase, rather than decline as assumed 
in NPC Case IV. Therefore it does not seem unreasonable to assume that 
NPC Case IV is unduly pessimistic, given today's conditions.

NPC Case I projections are based on assumptions of increased drilling, 
an increased finding rate, and an increased use of coal. Considering 
expected future world oil prices and shortages, the first and last assump­

tions seem both reasonable and obtainable. 2/ Certainly they seem less 
optimistic today than they did when they were made, less than a year ago. 
Whether we will also have an increased finding rate is less certain.

Owing to several recent technological developments, however, it 
appears that there may be a reasonable possibility that we can improve 
our discovery rates, perhaps substantially. With rapidly rising wellhead 
prices making improved recovery techniques economical, it also seems 
likely that we may increase recovery from new discoveries and oil fields 
as much as or more than projected by the NPC in their Case I. Recent 
actions by OPEC countries indicate that prices may rise as high, or 
higher than the prices calculated by the NPC to be necessary to obtain 
the results similar to their projections.

When all the above factors are considered, and when the individual 
components of the assumptions underlying the NPC projections are closely 
analyzed, their Case I projection does not seem overly optimistic. In 
fact, it seems attainable if the United States adopts policies that 
encourage increased exploration and development, and increased coal use. 
In particular, the U.S. should at least approach the NPC Case I projections 
and possibly even attain a lower amount of imports than NPC Case I 
if the following conditions are met: (a) domestic energy prices are 
allowed to follow world prices upward; (b) research and development of 
coal gasification, 1 iquifaction, and stack-gas cleanup are speeded; (c) 
the implementation of secondary air quality standards is delayed (which 
may be required anyway because of the refinery shortage in this country); 

(d) excessive environmental restrictions are not allowed to prevent the 
development of U.S. offshore and Arctic reserves (as has been the case in 
recent years); and (e) effective conservation policies are adopted. NPC 

Case I projections represent an obtainable goal that could be achieved if 
we are willing to pay the cost and exercise the self-discipline required 

to adopt the necessary governmental policies.

V This assumes that environmental problems associated with coal 
production can be overcome.
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There is another reason why the NPC Case I projections appear 
attainable. These were made assuming no future demand growth reductions 
due to conservation efforts. Thus, even if our discovery rate is not as 

successful as projected, or we fail short in other areas, such shortfalls 
may be offset by reduced demand. Conservation will move us away from 
NPC Case IV towards NPC Case I. Additionally, energy demand should be 

somewhat dampened by recent energy price increases. How much depends 
on the increase of real energy prices, and on the true sensitivity of 
energy demand to real energy prices and to other non-price factors.

. .. °n other hand, political realities and considerations tend to 
indicate that the policies required to achieve Case I projections may 
not be forthcoming. Having tasted the fruits of victory, environment­
alists will be reluctant to back down, even partially or temporarily 
on adoption of our current environmental program. Consumer advocates 
will press for price controls to keep U.S. energy prices below world 

prices,artificia 11y stimulating demand and dampening exploration activities 
Opponents of big business will likely persist in their efforts to break 
up major U.S. oil companies. If environmental restrictions prevent 
increased use of coa1, if energy prices are rolled back or contained 
at low levels (causing investment money to flow elsewhere), and if the 
major U.S. companies are crippled by court action, then NPC Case I 
projections would appear to be highly optimistic. In fact, under such 
condi11ons ,their Case IV projections might come about in spite of the 
recent price increases and improved drilling rate.

In short, either NPC Case I or Case IV could be realistic, depending 
upon future governmental policies and what happens overseas with regard 
to oil prices and development of new areas. We feel that imports will 
actually fall in between the two projected cases. If the Arabs continue 

to abrogate existing contracts and force prices up, and increase their 
threats to disrupt supplies to bring pressure on our Israeli policies 
(and this seems likely) .this should push the U.S. towards energy self- 
sufficiency.

To summarize, our potential for reducing imports to volumes similar 
to those projected in NPC Case I should not be overlooked. During the 
past year, we have seen numerous projections and heard comments that 
imply that large import levels are inevitable. They are not. It would 
be a mistake to assume that they are. They represent what could happen 

if we don t change some of our energy policies. However, such dire 
projections do not necessarily represent what is likely to happen. We 
still have an opportunity to control our own energy destiny.
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CHAPTER VI
COST AND AVAILABILITY OF NEW EMERGENCY CAPACITY

The most practical form of new emergency capacity in any 
significant quantity is storage of crude oil in salt domes In the Gulf 
Coast states, located near planned superports. There are over 350 
known salt domes along the Gulf Coast. A salt dome is a massive 
column of rock salt from 0.5 to 6.0 miles across, thrusting up from 
depths of about 30,000 feet. The top of the salt may vary from depths 
of 10,000 to a few hundred feet. Over 100 million barrels of under­
ground storage has been established in salt domes during the past 20 
years. Steel tank storage might be of limited use to provide some 
geographic diversity, but is considerably more expensive, and uses more 
land than salt domes. Shutting in production,* or prorationing, either 

in currently producing or undeveloped fields, is extremely costly, 
disruptive to current normal operations, and would provide little 
protection for many years. Similarly, building standby coal facilities 
at new oil-burning power plants is more expensive than oil storage, 
unless a cut-off in excess of two years is expected.

Storage of refined products is expensive, reduces flexibility in 
an emergency, and would require the use of refining capacity (which 

is now in short supply) above normal production to create products for 
storage. Conservation and rationing would probably be required to 
reduce demand so that a portion of refining capacity could be made 
available to produce products for storage.

The unit costs of various storage options, excluding the cost of 

distribution facilities and oil, are given in Table 5- Assuming the 
oil were available for storage, salt dome storage could probably be 
developed at a rate of 100-200 MM BBL/year.

The cost of storage depends upon (1) the type of storage selected, 
(2) the location of the storage, (3) the type of product stored, 
(4) special facilities, such as transportation, needed in conjunction 
with the storage, and (5) the size of the facilities.

THE TYPE OF PRODUCT STORED

Volatile product storage requires more expensive vapor control 
facilities than non-volatile product storage. Consequently, when stored 
above ground we can expect gasoline storage to be more expensive than 
distillate storage or crude oil storage. Residual fuel oil in storage 
requires heating to obtain adequate viscosity for handling. Consequently, 
residual fuel oil storage should be more expensive than crude oil storage.

A detailed report on shut-in production is available on request.
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TABLE 5 

STORAGE SUMMARY*

IX££_______

Construct i on 
Cost Range, 

$/BBL

Annua 1 
Mai ntenance 
Cost. $/BBL

Geographi ca 1 
Limi tations

Speci a 1
Considerations

Above ground

Steel Tanks 3.OO-5.OO .06-. 10 Essentia 11y none.
Several acres required 
at each location.

Capacity of steel plate 
fabrication industry may 
significantly restrict 
construction rate.

Underground

Salt Domes 
(On-shore)

0.50-0.75 .002-.005 Gulf Coast locations 
only.

Costs assume a brine 
disposal pipeline to the 
Gulf.

Salt Domes 
(Off-Shore)

0.75-1.00 .005-.01 Gulf Coast locations 
only.

Possible technical 
problems in drilling 
large diameter (24 to 36 
inch) shafts from 

platforms. Multiple 
d r i 11 i ng Jocat i ons 
required per salt dome.

Abandoned Mines 0.20-1.50 0.5% of
i nvestment

Limited number of fixed 
locations, not neces- 
sar ily near ref i ni ng 
centers and/or distri­
bution fac i1i ti es.

Most are probably 
unsuitable for 
petroleum storage.

Mined Caverns 5.00-10.00 0.5% of
i nvestment

Must be bui 11 in 
existing, ha rd-rock 
format i ons.

None.

* Costs and advantages or disadvantages of shut-in production and depleted porous 

reservoirs are discussed in detail elsewhere. Sufficient cost data were unavailable 
for inclusion of floating-roof pits.
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TYPE OF STORAGE

Broadly, the various types of storage available may be classified 
as follows:

1. Above-Ground

a) Steel tanks — floating or fixed roofs

b) Reinforced concrete tanks — floating roofs

2. Ground level — lined pits — floating roofs

3- Underground

a) Excavated caverns

• Abandoned mines

• Conventional mining

• Solution mining in salt formations

b) Porous formations (for crude oil storage)

• Depleted oil or gas reservoirs

• Original reservoir (shut-in production)

The cheapest containers are abandoned mines, or depleted oil or 
gas reservoirs. Unfortunately, neither are likely to be ideally 
located and would require expensive standby pipeline facilities to move 
the stored product to the point of need during a supply disruption. 
The added transportation cost will eliminate most abandoned mines and 
depleted reservoirs from consideration. Additionally, porous formations 
are not desirable as storage reservoirs for both technical and legal 
reasons. The purpose of security storage is to provide replacement 
supplies for a period of time during a foreign supply disruption. 
However, fluids can be withdrawn from porous reservoirs only at a 
relatively skw rate (as a fraction of the fluid stored). Five to 

eight barrels of crude oil would have to be stored for each barrel 
recovered during the first year of withdrawal. The need for such 
large investment for extra crude oil*  would make storage in abandoned 

reservoirs prohibitively expensive unless we are planning for a long­
term (3-5 year) disruption of supplies.

* To meet an emergency demand of 5 MM B/D for 100 days would 

require a minimum of 500 MM x 365 x 5, or 9.125 billion barrels stored 

100 
in abandoned reservoirs.
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Shut-in production is also an expensive way to store oil for an 

emergency and presents a number of other problems. It provides no 
immediate protection since our demand now far exceeds domestic supply. 
Imports would increase immediately by the amount of domestic production 
shut-in, and our net deficit during a foreign supply disruption would 
remain the same (however, because of a decline in production if a field 
is produced, there would be a net gain over time from shutting in 
production) Shut-in production would also create a refinery problem 

since high sulfur imports would have to replace shut-in (low sulfur) 
domestic production. Technically, there are a number of reasons why 

many U.S. fields cannot be shut-in or have production rates significantly 
reduced without experiencing a loss of ultimate recovery. There are 
also legal reasons why many fields cannot be shut-in. When all factors 

are considered, shut-in production is found to provide minimum security 
at relatively high cost. Except for very special situations, it should 
not be considered for a possible security reserve.

Storage at ground level in lined pits with floating roofs could 
represent relatively low-cost storage for a crude oil "topped" to reduce 

vapor pressure. However, these pits require large land areas and are 
highly vulnerable to sabotage.

The least expensive storage (in large volumes) would likely be in 

caverns excavated in salt domes by solution mining. Rock salt can be 
removed by solution mining at a relatively low cost when the salt domes 
are located close enough to the ocean to allow inexpensive disposal of 
the saturated brine. Large cavities are possible and, with the large 

number of salt domes along the Gulf Coast, essentially unlimited capacity 
could be obtained at costs of approximately one-third to one-tenth of the 
cost of above-ground storage. Further, a number of the salt domes appear 
to be located ideally with respect to our petroleum transportation network. 
Recovery from salt dome storage would be approximately 95% of the oil stored. 
Thus, for every barrel of emergency capacity desired, roughly 1.05 barrels 

must be stored.

LOCATION OF STORAGE FACILITIES

The most logical locations for crude oil storage are at future 
superports (major points of entry of overseas crude oil into the U.S.), 

at transshipping points in the Caribbean, or at refineries. The most 
logical locations for product storage are at refineries, along product 
pipelines, or near markets. Storage at such locations would allow 
utilization of existing transportation systems to move crude oil to 
refineries or products to market. Storage at other locations would 
require construction of standby transportation facilities, at high cost.
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Besides onshore salt domes, underground crude oil storage in 
offshore salt domes near superports located in water with depths 
exceeding 90 feet is also attractive. Supertankers could unload 
directly into storage and during a supply disruption, smal 1 er tankers 
could load directly from storage for delivery to Gulf Coast or East 

Coast refineries. Presumably, during a supply disruption, the Jones 
Act* could be waived temporarily if adequate U.S. flag tankers were 

not available (during a disruption many foreign flag tankers could be 
idle). Offshore salt dome storage development might be slightly more 
expensive than storage in on-shore salt domes due to increased well 
costs. However, savings in transportation facilities and in brine 

disposal would largely offset the increased well costs.

ESTIMATED COST OF STORAGE

The cost estimates in Table 5 include the cost of tanks, land and 
related facilities, but exclude transportation costs and cost of the 

material to be stored. Higher land and labor costs will make above­
ground storage in the East more expensive than along the Gulf Coast.

Salt dome storage compared to other forms provides 
advantages in lower initial costs, greater physical security and lower 
yearly operating costs. Further, crude oil or products stored in 
above-ground tanks will require cycling periodically to avoid deter­
ioration. Crude oil (or products) stored under pressure in salt domes 

will not undergo evaporation and shrinkage and can be stored essentially 
indefinitely without cycling. Yearly savings in operating costs of 

5<-10c per barrel in salt dome storage appear possible compared to 

above-ground storage in tanks.

The Jones Act requires U.S. 
carried in U.S. flag tankers.

intracoastal tanker shipments to be
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CHAPTER VII

COST OF A 90-DAY PROGRAM

We feel it is instructive to consider the cost of a possible 

storage program. We shall evaluate a program, similar to the European 
program, of storing 90 days of total imports in 1980. However, the 
reader should bear in mind that several of the more likely disruptions 
could last far beyond 90 days, although they would probably not involve 
a ISiiL cut-off of imports.

A mid-range estimate of 198O imports is 10 MM B/D. In addition to 
the construction of storage facilities, oil must be purchased. Such 
purchases would probably be made from the same producers we are 
protecting against and, once the purpose is known, these producers 
would undoubtedly charge a premium price, conservatively estimated at 
$6/BBL. Assuming a 60C/BBL salt dome construction cost, the total 

cost' of 900 MM BBL of storage is 5-94 billion dollars. Once the facility 
is built it must be expanded to allow for increasing imports. An 
intermediate projection for the annual rate of increase of imports is 

1 MM B/D. This would add 90 MM BBL/year to the storage at $0,594 
bi 11ion/year, say through 1985. The "present value" of this program 
in 1975, excluding operating costs, is in excess of 8 billion dollars, 
equivalent in cost to about 20 new 200-M B/D refineries (or about the 
same number of new 1000-MW electric generating plants), as much 
domestic refining capacity as could be expected to be added between now 
and 1980. Eight billion dollars also exceeds 4 years of current federal 
expenditures on energy research and, viewed as defense spending, means 

a two percent increase in annual expenditures through 1980.

To fill this storage (filling could not start before 1975 at the 
very earliest) would require, between 1975 and 1980, an average of 

about 500,000 barrels a day. This would be a 5% increase in imports at 
a cost of over 1 billion dollars per year, with a corresponding adverse 
impact on the U.S. balance of payments. Since a round trip by tanker 
from the Persian Gulf takes about 63 days, fifteen to twenty 300,000 

dwt supertankers would be occupied full time carrying oil to fill this 

storage. Clearly, the impact of a storage program on world oil movements 
and U.S. imports between 1975 and 1980 would be significant.

An important point is that relying on existing emergency capacity 
(conservation, rationing, etc.) costs almost nothing unless it is 

actually used in an emergency. On the contrary, new emergency storage 
causes considerable expense while being established.

The cost is actually about 5% higher due to a true recovery rate 
from salt dome storage of about 95%.
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CHAPTER VIII

AUTHORIZATION, FUNDING, PLANNING, AND ADMINISTRATION 
OF AN EMERGENCY CAPACITY PROGRAM

Existing emergency capacity, potentially extremely important, is 
of little value without:

• legal authority for implementation;

• emergency plans and procedures (such as preprinted 

rationing tickets distributed to regional operations 
centers) ready to be used instantly;

• funding for planning and emergency operations;

• administrative Machinery for planning and 

emergency operations.

Although these same features are necessary to use new emergency 
capacity, such as emergency storage, they would probably be provided 
in enabling legislation. However, the planning and use of existing 
and new capacity should be highly coordinated, rather than separate 
operat ions.

LEGAL AUTHORITY

Since many emergency capacity measures are voluntary, no legal 
authorization is required for them.

The major regulatory measures are rationing and reconversion of 
electric generating plants to coal.

For. most regulatory measures, existing legal authority derives 
from the Defense Production Act and the Economic Stabilization Act.

Section 203 (a)(3) of the Economic Stabilization Act of 1970, as 

amended, gives unquestionable authority to control the allocation of 
petroleum and products at the refiner and wholesaler level. In view 
of the legislative history of the statute, it may reasonably be 
considered that the authority extends to the rationing of petroleum 
and products to consumers. Authority for allocation and rationing 
also exists under the Defense Production Act of 1950, but only if the 
material is found by the President to be critical for the national 
defense. As to coal, apparently the sole authority would be in the 
Defense Production Act. However, authority under both Acts expires in 
mid-1974.

It appears that the substitution of coal for oil and gas by large 
scale users could be effected if there were authority to allocate oil 
and gas. That is, the existence of such authority would permit the 
Administration to simply decrease the amount of oil and gas available
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to utilities and industrial users, thus obliging them to turn to some 
other fuel or source of energy. On a short-term basis, coal would 

apparently be the only feasible substitute.

We have determined that most of the reconvertible electric 
generating plants must use a high sulfur coal, which would require 
modification of standards administered under the Clean Air Act. However, 
the Act contains no provision for emergency exceptions. Any long, 
continued use of quantities of coal with a substantial sulfur content 
would be difficult to justify under the Act. Thus, if any legislation 
to deal with a cut-off of overseas oil supplies is to be considered, 
attention should probably be given to an appropriate amendment of the 
Clean Air Act. No such amendment is proposed in the possible legis­
lation annexed to the Petroleum Contingency Plan,*  which instead would 
rely on the concept that non-enforcement of the standards during a 
brief emergency would be appropriate. This approach has potential 
difficulties, including the question of citizen litigation. In many 

cases, emergency variances would also be required for state emission 
regulations.

Comprehensive legislation providing a longei—term authority 
specifically for dealing with non-wartime petroleum or energy 

emergencies is clearly needed.

PLANNING AND ADMINISTRATION

There are currently no funding or personnel dedicated to planning 
for a disruption of oil imports. Neither are there any plans or 
administrative machinery in readiness, or funded, to quickly implement 
conservation campaigns and rationing measures in an emergency. To the 

extent that they exist, planning and administration functions are vested 
in the Office of Oil and Gas, Department of the Interior, and the Office 
of Preparedness, General Services Administration (formerly the OEP). The 
President's Joint Board on Fuel Supply and Fuel Transport has drafted 
a Petroleum Contingency Plan that provides a good start on this highly 
complex problem. A much higher degree of readiness is required, however, 
in funding, designated personnel and procedures if these emergency 

measures are to be of any use. Otherwise, the inevitable confusion 
and start-up delays would render these programs ineffective for several 
months. Neither the Office of Preparedness nor the Petroleum Allocation 
Program (which would undoubtedly bear the brunt of administering these 

measures) is adequately funded or staffed to cope properly with the 

initial planning, preparedness, and emergency operation requirements. 
In the event a security storage program is developed, there will be an 
additional requirement for coordinating the use of that storage with 
other emergency measures. This would help to ensure effective, 
rational, and equitable use of emergency measures and would be essentia! 
to avoid chaos, and conflicting actions by separate agencies. Clearly,

* This plan was prepared recently by the President's Joint Board on 

Fuel Supply and Fuel Transport.
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the responsibility for planning and operations should be housed under 
one roof. The magnitude and nature of the emergency program we have 

recommended is roughly equivalent to managing a large corporation.

A single organization (possibly a separate division or department 

in an existing agency, or a new agency) should be created to carry out 
the following functions:

• Start a pilot storage program, including creation 
of salt dome storage caverns, development of Elk 
Hills (Naval Petroleum Reserve #1), marketing of 

Elk Hills production, and purchase of Persian Gulf 
oil for storage.

• Develop time-staged, coordinated emergency plans 
for drawdown and distribution of emergency storage, 
conservation, rationing, and other emergency 
measures. Plans must be designed to minimize adverse 
social and economic impacts, and to be adjustable 
to various types of emergencies.

• Coordinate plans with any crude oil or petroleum 
product allocation programs that may exist, or 
develop such standby programs if necessary.

FINANCING AN EXPANDED STORAGE PROGRAM

Any of the following methods, or a combination, could be utilized 
to finance a security storage program:

1. Industry controlled storage.

a) Require a specified storage volume as a right 
to import (costs passed on to customers).

b) Tax incentives.

c) Direct government subsidy payments.

2. Government-controlled storage (stockpile program).

Revenue for subsidies, or for purchasing oil and constructing 
storage facilities under a government stockpile program, could be 
obtained from general tax revenues or could be obtained by a special 
tax on gasoline (or perhaps other fuels). Depending upon the landed 

cost of foreign crude oil that is put into storage, each U/gallon 
tax increase on gasoline should yield sufficient revenue over a 1-year 
period to construct storage and store 150-200 million barrels of crude 
oil in salt domes, or around 100 million barrels of products in steel 
tanks.
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The type of financing and the administrative control arrangements 
will depend to a great extent upon the type of products stored and the 
type of storage. Products stored above ground in steel or concrete 
tanks would gradually deteriorate due to vapor losses. To keep products 
of a usable quality will require cycling the stored product (i.e., 

selling the stored product periodically and replacing it with new 
product). To accomplish such recycling at a reasonable cost will 

require a tie-in with normal distribution facilities. Such recycling 
could best be accomplished by the various oil companies. Consequently, 
there would appear to be operating advantages to having industry control 
any product storage.

A simple tax credit against income taxes for the cost of maintaining 

excess storage capacity would create no inducements to a refiner to 
build storage unless the credits exceeded 100 percent of the cost 
(which is a roundabout way of spending government money).

If tax or other incentives are eliminated as a financing method 
for industry-controlled storage, the government must either make direct 

payments to the oil companies or allow them to pass costs directly 
through to the consumer. Since it would be difficult in practice to 
require all marketers, both major and independent, to maintain similar 
storage levels, it would appear to be more equitable to make direct 
government payments for:

• The cost of the increased storage;

• The cost of the products or crude oil in storage;

• Yearly maintenance, cycling, and overhead costs.

Government costs could be recovered, for example, by a special 
tax on gasoline.

If a storage program is undertaken, the significantly lower cost 
for crude oil storage in salt domes indicates that we should maximize 
crude oil storage in salt domes to the extent possible. Since con­
siderable savings are possible in large storage projects, and periodic 
cycling is not required, government ownership and control appears to 
offer advantages for crude oil storage. Salt dome storage could be 

constructed and storage maintained by a government organization that 
would also be responsible for related emergency conservation and 
rationing planning.

Major oil companies or Gulf Coast importers could have cost 
advantages over small independent oil companies or East Coast importers 
by using large, cheap Gulf Coast salt dome storage.
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Testimony by Walter J. Mead, Senior Economist 

The Energy Policy Project (Sponsored by the Ford Foundation), 

presented before the U.S. Senate, Committee on Interior and 

Insular Affairs, May 30, 1973

Senator Jackson's letter to me dated May 23, 1973 raises a 

series of questions related to the general subject of strategic petro­

leum reserves and I will respond to each of them directly. Before 

doing so I want to note that the views I am expressing here are my own 

and not necessarily those of The Energy Policy Project.

The first question raised by Senator Jackson is—should a system 

of strategic petroleum reserves be established? In my view, this nation 

has reached a condition in which petroleum reserves must be expanded 

as quickly as possible. The following reasons support this view: (A) 

The U.S. crude oil reserve production capability has declined to approxi­

mately zero. In 1963, the state of Texas as the leading crude oil 

producing state, permitted oil wells in the state to operate at only 

27% of the maximum efficient rate of production and Louisiana permitted 

a 32% production rate. Similarly, in other market-demand prorationing states, 

production has been curtailed, creating an idle production capacity 

available tc meet an emergency need. The purpose of market-demand pro­

rationing was not to provide an emergency production capability, but pro­

rationing had this side effect. From 1963 to 1972, this idle capacity 

was steadily reduced so that by early 1972, Texas permitted production at 

100% of the maximum efficient rate. Louisiana similarly eliminated all 

idle capacity in 1972. Today, the U.S. oil industry is producing at 

approximately full capacity and, except for the Naval Petroleum Reserves, 

we have no emergency production capability.
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At the same time that production trom some oil fields was being 

expanded, other fields were declining, with the result that U.S. crude 

oil production leveled off, then declined slightly in 1972. But U.S. 

crude oil consumption continued to increase at a 4 1/42 annual growth 

rate. The facts that the U.S. is the world’s largest crude oil producer 

(192 of the total), but consumes about 322 of world consumption, while 

having only 5.52 of the world's crude oil reserves, is convincing evi­

dence that we are going to become even more dependent on foreign crude 

sources. Dependence is an increasingly apparent fact of life. As we 

move into the decade of the 1980's getting about half of our crude oil 

from abroad, we must provide a reserve supply of crude oil to meet possible 

interruptions in normal foreign supplies.

Interruptions may occur periodicalxy, due not to any diabolical 

intent on the part of OPEC nations, but due only to a stalemate in 

negotiations between buyers and sellers on price matters. Such stalemates 

are more likely to occur if consumer nations form a buyer cartel to bargain 

with the OPEC cartel. Economist call this situation a "bilateral monopoly" 

and it normally produces occasional supply interruptions. Other military 

and political supply interruptions have been analyzed by the Cabinet Task 

Force on Oil Import Control.—^

In the past, our approach to the supply security problem has been 

tax subsidies and import quotas to provide Incentives leading to domestic 

production. However, crude oil is not wheat and corn which can be re­

produced year after year. Oil is a non-renewable resource which can only

1/ See pages 125-132, The Oil Import Question, 1970.
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be produced once. Our past policy of stimulating domestic production 

in fact has contributed to our present and growing level of dependence 

on foreign sources. We are reaching the end of the domestic oil self- 

sufficiency road. The events and facts described above have forced the 

President to abolish import quotas on oil. In the future, security of 

supply must be provided by reserve supplies instead of domestic pro­

duction and our annual crude oil needs will be supplied from countries 

that have large remaining reserves of crude oil.

A second question raised by Senator Jackson is—what alternative 

forms of strategic petroleum reserves are available? The following are 

the principal reserve forms:

1. Fully developed but shut-in petroleum reserves (in-situ 

reserves). Naval Petroleum Reserve No.l (Elk Hills) 

located near Bakersfield, Califor—'a is a partially 

developed example of an in-situ reserve.

2. Salt cavern storage. Salt caverns are currently being 

used for natural gas and petroleum product storage in 

the U.S. and Canada. These caverns may be created in 

salt domes or strata located onshore or offshore.

3. Tank storage. Steel or prestressed concrete tanks of 

million barrel capacity could be constructed for this 

purpose.

4. Abandoned underground mines may be converted into oil 

storage facilities.

5. Storage caverns may be created deep underground by 

explosion of a nuclear device.

Third, what are the costs of each alternative storage form?

1. Fully developed, shut-in reserve costs may be estimated 

with considerable accuracy from the Elk Hills record. Accordingly, 

we will use Elk Hills as a case study.

1/ For a more detailed description of the Elk Hills Naval Petroleum 

Reserve along with three other Naval Petroleum Reserves, see W. J. Mead 

and P. E. Sorensen, "A National Defense Petroleum Reserve Alternative to 

Oil Import Quotas," Land Economics, Aug. 1971. pp. 211-224. A copy is 

attached as Appendix B.
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To the extent that other existing fields that are candidates for 

in-situ storage have conditions similar to Elk Hills, the results may 

be generalized to represent in-situ storage costs. The cost of' shutt- 

ing-in a productive oil reservoir are as follows: (A) interest cost 

on the net value that would be received annually from oil (and gas) 

production if the reservoir was liquidated under a normal commercial 

liquidation plan, (B) maintenance and management costs of maintaining 

the field in a ready-reserve status capable of emergency production on 

a 60-day notice basis, and (C) interest, depreciation, and maintenance 

cost on oil and gas pipelines connecting the reserve to other pipelines 

or refineries that would be idle in the event that foreign supplies were 

cut-off.

(A) In order to estimate the interest cost on a shut-in oil field, 

we need an estimate of the market value of the oil in-place acknowledg­

ing that, under commercial operation, the field would be liquidated over 

a period of decades. Therefore, the appropriate method of analysis is 

to determine the discounted present value of a future net income flow. 

This discounted present value would represent what a willing buyer would 

pay to purchase Elk Hills, or a willing seller would demand for a field 

similar to Elk Hills that might be purchased by the Government.
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To estimate the discounted present value of Elk Hills, we need 

an estimate of future oil production from Elk Hills. The remaining 

crude oil reserves are officially estimated at 1,022 million barrels. 

However, there is a widespread history of' conservative reserve estimation 

in the petroleum industry. Under-estimation of the physical reserves 

would result in an under-estimation of the value of this field.—The 

Navy has provided a higher estimate of probable production based on the 

inclusion of "Possible Reserves" from "limited oil bearing strata 

differentiated from those in the massive, main body oil bearing strata", 

and increased in oil recovery due to technological changes since the 

2/
mid-19601s when the reserve estimates were made.— Thus, a more realistic estimate 

of probable future oil production from Elk Hills is 1,363,435,000 barrels, 

plus 1,858 billion cubic feet of gas.

A commercial liquidation of the Elk Hills field is shown in Appendix 

A. An additional $100 million investment is required for field develop­

ment. As this investment is committed, field production would remain 

constant for five years, then a ten percent decline rate would result in 

a total 43 year liquidation period. The value of oil and associated

1/ Buyers of oil fields apparently compensate for (1) under-estimates 

of true reserves and (2) possible increases in the deflated future price 

of oil and gas by using low discount rates. Instead of normal discount 

rates for future net(before-tax) income of about 18%, oil field net income 
appears to be discounted at about 10% (before tax) and some cases of 6^ 

discount rates have been reported

2j See letter dated April 11, 1973 from J. P. Trunz, Jr., Director, Naval 
Petroleum and Oil Shale Reserve, to W. C. Truppner,-Office of Emergency 

Planning. Appendix C.
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gas production is calculated by years in Appendix A, Column 3. Lift­

ing costs are low initially, and rise to a shut-down level in the 43rd 

year. Net revenues by year are shown in Column 7.

The present value of Elk Hills is estimated using a 10Z discount 

rate applied to before-tax income. Normal business judgement would 

require a higher discount rate, perhaps 18Z on a before-tax basis. The 

10Z rate is used to acknowledge arguments made by oil industry' repre­

sentatives that oil properties, in fact, are discounted at uncommonly 

low rates, which have the effect of increasing the purchase price of 

future oil income. Use of the 18Z rate would yield a present value 

for Elk Hills of $2,013,788,700, whereas a 10Z rate yields a $2,813,716,600 

present value.

Using the 10Z discount rate, the nresent value of oil and associated 

gas to be produced over a 43 year liquidation period is $2.06 per barrel 

of oil, compared to $3.98 per barrel at current market prices. Thus, 

discounting at 10Z reduces the current value of future oil by 48Z.

The significance of this present value estimate is that the 

social cost of oil reserves in-situ, is only about half the cost of oil 

purchased in the current market and then stored in tanks or re-committed 

to underground storage. This advantage for in-situ reserves is the 

counterpart of the point that, in an emergency, oil cannot be as quickly 

withdrawn from in-situ storage as it can from tank or cavern storage. 

This latter point requires that, for short-run needs, more in-situ oil 

storage than tank or cavern storage is needed to meet any given short 

term requirements.
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Having estimated the present value of the Elk. Hills field as a 

case study, we must convert the present value estimate into annual costs. 

Using a 6% long-term social time preference rate to make this conversion, 

we obtain annual social costs of $168,823,000.

Annual maintenance costs on idle production facilities and manage­

ment expenses necessary to maintain a shut-in field in a state of 

perpetual readiness are estimated on the basis of current Elk Hills 

costs, $4,000,000 per year.

Standby pipeline capacity to deliver oil from Elk Hills to 

Los Angeles, a distance of about 100 miles, would require a 36 inch 

pipeline having a capital cost of about $50 million. Pumping stations 

and other facilities would cost an additional $10 million.

The pipeline capital costs have been converted to annual costs 

using a 62 social time preference rate —and a 30 year amortization 

period.

Oil production also results in production of associated gas, 

requiring standby gas pipeline facilities. A 100 mile natural gas pipe­

line, with all the required facilities, is assumed to cost $13 million.

The sum of annual interest costs on shut-in petroleum , field 

maintenance and management, and idle pipeline facilities is shown in total 

and on a per barrel of reserve basis in Table I. The cost is $178,376,000 

annually (social cost) for about 1.4 billion barrels of oil and 1.9 trillion 

cubic feet of gas. This amounts to $0.13 per barrel of oil.

V In Mead and Sorensen, an 18% before tax rate of return on the oil 

pipeline was allowed on the grounds that the existing pipeline was 

privately owned. In order to permit comparisons between storage 

alternatives, a 62 social time preference rate is calculated here 

on all pipeline and storage systems
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But the costs per barrel of oil reserve shown in Table I, charges 

all costs against oil, neglecting the fact that gas is produced as a 

joint product of oil production. The gas-oil production ratio is 

1.363 Mcf of gas per barrel of oil. Elk Hills contains an estimated 

1,858,362,000 Mcf of recoverable natural gas. In terms of wellhead 

values, 85% of all in-situ value is in oil, and 15% is in gas. If 

we allocate costs in these percentages, costs per barrel are as shown 

in Table 2.

Table 2 also shows the annual cost of a fully developed Elk Hills 

shut-in reserve in terms of annual emergency production of oil and 

gas. Assuming that emergency production is established on a commercial 

liquidation basis, following a 60-day notice, 127,750,000 barrels 

of oil and 174,123 million cubic feet of gas could be produced in a one 

year period. The annual cost of holding this emergency reserve productibn 

capability is shown to be $1.24/bbl. of oil, and $0.16/Mcf of gas. If 

we think in terms of two years of emergency production, the annual holding 

cost falls to $0.62 per barrel of oil, and $0.08 per Mcf of gas. Costs 

are also shown for 3,4, and 5 year time periods.

The Elk Hills field alone is of sufficient size so that if it was 

developed on a commercial level as indicated in Appendix A, then 

shut-in and maintained fully producible on a 60-day notice basis, it would 

be capable of replacing 86% of the 1972 non-Canadian crude oil imports 

into the entire West Coast (PAD-V) Appendix A shows that production

1/ Total 1972 imports of crude oil into PAD-V were 242,711,000 barrels, of 

which 94,436,000 came from Canada. U.S. Dept, of the Interior, Mineral 

Industry Surveys" December, 1972, p.17. Thus, non-Canadian oil imports into 

PAD-V were 148,275,000 in 1972. This level of imports will probably increase 

in the next three or four years, then decline as Prudhoe Bay oil becomes 

available on the West Coast.
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TABLE 2—Cost per unit of oil and gas reserve, and per unit of production 

over several time periods.

Total annual cost 

Reserve

Annual cost per unit or reserve

Annual cost per unit of 

production under commercial 

liquidation schedule in the 

following time periods:

0IL GAS

$151,620,000 $ 26,756,000

1,363,435,000 bbls. 1,858,362,000 Mcf.

$0.11/barrel $0.014/Mcf

1 year

127,750,000

174,123,000

bbls 

Mcf

oil 

gas.

and 1.18/bbl

0.15/Mcf

2 years 

255,500,000 

348,246,000

bbls 

Mcf.

oil 

gas

and 0.59/bbl

0.08/Mcf

3 years 

383,250,000 

522,370,000

bbls oil and 0.40/bbl

0.05/Mpf

4 years 

511,000,000 

696,493,000

bbls 

Mcf.

oil 

gas

and 0.30/bbl

0.04/Mcf

5 years 

638,750,000 

870,616,000

bbls oil 

Mcf gas

and 0.24/bbls

0.03/Mcf
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could be sustained at 127,750,000 barrels per year for five years 

before a 10% decline rate would begin operating._ If 100% protection 

for PAD-V is desired, then a higher level of investment in field develop­

ment would be necessary. Elk Hills might be extensively developed 

(beyond a commercial liquidation level) to yield 435 million barrels 

of crude oil in one year.—

2. Salt cavern storage may be developed wherever a suitable 

salt dome or strata is available. The process employed requires 

conventional drilling into a salt bed, pumping fresh water into the 

formation and withdrawing and disposing of brine. This process is re­

peated until a cavern of the desired size is developed. When crude oil 

is placed in the cavern, further enlargement of the cavern comes to an 

end.

Most of the onshore known salt domes are located in Texas, Louisiana 

and Mississippi. Other salt occurances are in the Great Lakes region 

and scattered through the Rocky Mountain states and east as far as Kansas. 

Some of these formations might be suitable for oil storage development.

The capital cost (not including oil) of developing 1 million barrels 

of crude storage capacity in salt domes located in the southern states 

onshore has been estimated by the American Petroleum Institute at 

$4,400,000 or $4.40 per barrel. Imported or domestic oil to be placed 

in a salt cavern would cost an additional $4 million or $4 per barrel 

at current prices. Thus capital costs including oil would be $8,400,000 

or $8.40 per barrel.

1/ See letter from Trunz to Truppner in Appendix C.



147

-12-

Land end subsurface rights must be purchased. Some means of 

brine storage and disposal is needed. A $100,000 land cost is added, 

although actual cost might vary widely from this figure.

Annual maintenance on salt dome storage would be minimal or 

negligible. Only occasional checking would be necessary. Maintenance 

is estimated at $10,000 per year. .

The oil storage cavern must be accessible to a pipeline system that 

would have some idle capacity.in the event that foreign supplies vere 

interrupted. We will assume that 10 miles of standby pipeline would be 

necessary to tie into such a system. This pipeline and pumping facility 

is estimated to cost $2 million.

The capital cost, annual cost, and cost per barrel of oil in 

reserve by 1, 2 and 10 million barrel salt dome storage caverns is 

calculated and shown in Table I. Great economies of scale are shown. 

Costs per barrel decline from $0.72 for 1 million barrel storage, to 

$0.33 for 10 million barrels.

3. Tank storage is a highly versatile storage form.—Whereas 

in-situ and salt cavern storage locations are limited by nature, tanks 

can be constructed wherever needed. They would probably be constructed 

at a refinery location where they can be managed in conjunction with a 

refinery. Also, placing tanks near a refinery or major pipeline obviates 

the need of connecting pipelines.

1/ Costs have been estimated for steel tank storage. However, pre-stressed 

concrete tank storage might also be used. Studies by the API, Division of 

Statistics and Economics indicate that the .capital cost of a concrete facility 

might be less than steel. All other storage costs should be the same. 

Relatively less is known about concrete tank storage reliability.



148

-13-

The cost of 1 million barrel tank storage is estimated at 

$4,140,000 for the complete storage facility, or $4.14 per barrel. The 

optimum size is believed to be about 1 million barrels.

Each 1 million barrel storage unit requires about 4 acres of land 

for the tank, associated facilities and open space. Land near refineries 

is assumed to be relatively expensive and a land charge of $200,000 is 

shown for each tank.

Maintenance and management charges for tank storage are relatively 

high, estimated at $190,000 per year. Since storage is above ground, 

there is an obvious security problem. Our cost estimates provide for 

maintenance and management by two men around-the-clock, at an annual 

cost of $130,000. Repainting every two years is an annualized cost of 

$10,000. Supplies and miscellaneous expenses are added amounting to 

$50,000 annually. The total annual cost for tank storage is shown in 

Table I to be $742,800 for 1 million barrel storage, or $0.74 per barrel.

4. Abandoned mine storage may be the cheapest form of short-term 

storage, but depends on the availability of suitable abandoned mines. 

Suitability requires that the mine (1) be structionally stable, (2) have 

formations surrounding the mine that are free of fractures and relatively 

impermeable, (3) contain material either chemically inert or not reactive 

to oil, (4) be free of water flows that may carry contaminants, and (5) 

have a groundwater level high enough above the mine to provide sufficient 

hydrostatic pressure to prevent loss of oil into formations outside the 

mine Based on South African experience, Brandt claimed that abandoned

1/ H.W. Brandt, "Abandoned coal mine converted into uian-made oil field," 

Oil and Gas Journal, December 25, 1972, p.76.
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mine storage uhe facility only) could be enveloped for only about 15Z 

of the cost of steel tanks facilities. Since the tank facility accounts 

for only 40Z of the total tank storage cost (Table I), the reduction 

in total annual cost would be about 35Z. - The case on which Brandt bases 

his estimate provided 17 million barrels of storage and the land cost 

was minimal.

An estimate of the development cost only for abandoned mine 

storage has been constructed by the API. This estimate, based on 10 

million barrels capacity, shows very low cost; $0.54 capital cost per 

barrel of reserve. When other expenses are added and computed on an 

annual basis. Table I shows a relatively low cost; $0.31 per barrel.

5. A nuclear cavity might be created deep underground for crude 

oil storage.

There currently is no experience with this type of storage system. 

There has been a series of nuclear explosions to stimulate gas production 

in the United States, and In Russia there have been two explosions to 

stimulate oil production. A possibility of a nuclear cavity for oil 

storage is limited to non-populated regions, in order to avoid surface 

damage. A twenty-five kilo-ton device might be exploded at least two 

thousand feet below the surface and would yield approximately one million 

barrels of storage capacity. The storage chamber would be approximately 

150 feet in diameter and about 250 feet high. The contaminants would be 

flushed out before oil Is pumped in. Oil might be pumped in approximately 

six months after the explosion. Some experts who work In this area 

argue that radioactive contamination is not a problem, even in the case 

of gas stimulation where gas is recovered shortly after an explosion. The 

radiation danger In the gas stimulation case is limited to about one per 

cent of the natural background exposure. In the case of oil storage the 
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danger would be less, simply because the function would be storage rather 

than production. The stored oil might, in fact, remain in the ground 

for decades. The fissile material becomes incorporated in the molten 

rock (glass) which accumulates in a "puddle" at the bottom of the cavity. 

Evidence accumulated in the last fifteen years of underground explosions 

(about four hundred explosions ranging from a few tons up to five mega-tons) 

indicates there are no long-term seismic effects.

Very little cost data are available. The limited data suggest that 

a nuclear cavity might vary in cost from a low of about half that of 

a steel tank facilities, up to a high about equal the tank cost. High 

and low cost estimates are shown in Table I, indicating that the annual 

cost per barrel of storage might vary from a low of $0.57 to a high of 

$0.72.

In a preliminary sense, use of the nuclear approach is sufficiently 

attractive to warrant further investigation for areas where salt formations 

and in-situ possibilities are not available.

A fourth question raised by Senator Jackson's letter is—what are 

the advantages and disadvantages of different storage forms?

1. From a cost point of view, comparison between in-situ and all 

other storage forms involves the "apples and oranges" problem; reserves 

in-situ are a different product. On a cost per barrel of reserve basis, 

Table I shows that in-situ reserves are the lowest cost form, $0.13 per 

barrel of oil (of if some costs are allocated to gas, $0.11 per barrel of 

oil, see Table 2). In contrast, other forms range from $0.31 per barrel 

of reserve stored in abandoned mines, to $0.74 for tank storage. But, 

in-situ is long-term storage. A normal commercial liquidation schedule 
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permits recovery of only 9.4% of the recoverable reserves In the first 

year of an emergency• This means that in—situ storage cost for one 

year recovery is relatively high—$1.18 per barrel of oil and $0.15 per 

Mcf of gas. In contrast, oil can be recovered quickly from the alter­

native storage systems. However, when oil is fully recovered from the 

quick-recovery systems, all reserves have been exhausted whereas in 

long-term storage by the in-situ system, a like amount of emergency 

production is available for a second, third, fourth and fifth year. As 

a long-term storage system, five years of steady reserve production of 

both oil and gas have a relatively low cost of $0.24 per barrel of oil 

and $0.03 per Mcf of gas. Reserves are available beyond 5 years at a 

10% decline rate.

Elk Hills (Naval Petroleum Reserve No.l) is already in public 

ownership, as are Naval Petroleum Reserves No.2 (Buena Vista adjoining 

Elk Hills), No.3 (Teapot Dome in Wyoming) and No.4 (23,680,000 acres on 

Alaska's North Slope due west of Prudhoe Bay). NPR No.4 is estimated to 

contain from 4 to 25 billion barrels of oil.—However, exploration in 

this area has been inadequate thus far. The process of developing NPR No.4 

would begin with a thorough exploration effort. NPR No.4 may not be 

suitable as a candidate for in-situ reserves because of the high cost of 

maintaining production and transportation facilities in a fully developed 

but shut-in basis. NPR No.4 might be developed for current production, 

using the net income to the government to finance acquisition and development 

of new in-situ reserves in more suitable locations.

V Cabinet Task Force on Oil Import Control, p. 306.

49-868 0 - 75 - 11
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2. From a safety point of view, in-situ reserves rank high, next 

to salt cavern storage, abandoned mine, nuclear caverns, and with tank 

storage having the highest risk factor. Leakage is possible from salt, 

mine and nuclear cavity storage. Average recovery fi on salt dome storage 

has been above 90 percent. However, only 57Z of the stored oil was 

recovered from an Arcadia, Louisiana salt dome. If an entire reservoir 

is under in-situ control, then loss is zero. Oil remains where it has 

accumulated over the centuries.

Nuclear cavities have incompletely evaluated safety problems from 

possible contamination. Ground water contamination is possible, as well 

as possible contamination of stored oil.

There are potentially Severe safety problems in tank storage. 

Sabotage or military operations may cause tank ruptures with consequent 

fires or massive oil spills. This is not a problem for underground 

storage.

3. From a locational flexibility point of view, tank storage ranks 

high. Storage tanks can be constructed where needed, assuming they can 

pass environmental quality and public relations requirements. Salt 

cavern storage can be established only where suitable salt domes are 

available, and most locations are in the Gulf of Mexico area, either 

onshore or offshore. A Bureau of Mines study reported that "there are 

130 onshore salt domes in the Gulf coastal area that offer good possibilities 

for storage sites. Many of these domes are near existing transportation 

facilities." ~ However, salt dome storage is not available in the populous

1/ Bureau of Mines, "Salt Domes in Texas, Louisiana, Mississippi, 
Alabama and Offshore Tidelands: A Survey." 1966, (IC 8313)
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East Coast region. Hence, storage there m >y require tank facilities. 

Nuclear underground explosions disturb the surface by their earthquake 

effects and therefore are not suitable for populated areas.

Fifth, my views were requested concerning S-1586. I offer the 

following:

(1) At least 90 days of petroleum reserve storage is clearly 

a necessity as we move into an era where by necessity, we become 

increasingly dependent on foreign crude oil supplies. However, a reserve 

system of more than 90 days would seem advisable in the long-run.

(2) In my opinion, it would be inadvisable to re-establish the 

now defunct oil import quota system. Import restrictions by a system of 

license requirements as proposed raises a question concerning who is to 

be given the right to import. I see nothing in the history of oil import 

quota administration in the oast that would lead one to believe that the 

national interest will be served by import restrictions. Administration 

will surely conform to the economic interests of the dominant interest 

group—probably oil companies. The national interest in secure petroleum 

supplies can be served with an adequate reserve system.

License or quota administration is extremely complex and requires 

a large bureaucracy. Corruption of public officials becomes a strong 

possibility because valuable rights are dispensed by such officials. 

The complexity of market interference requires that a host of problems 

be pre-answered in legislation and administration. This leads to over­

control and excessive administrative Interference. The proposed Title III 

Oil and Cas Import Regulation seems to reflect these problems.

(3) The proposed budget to "conduct a program of exploration for 

oil and gas on the naval petroleum reserves" is obviously needed. This is 

particularly appropriate for NI'R No.4
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Policy Conclusions

(1) The analysis presented here clearly leads to the conclusion 

that exclusive reliance on any one reserve storage system would be 

unwise.

(2) Rather, a mixed package reserve system is a necessity due 

to regional differences. Long term in-situ reserves offer clear 

advantages in PAD-V where Elk Hills, if developed on a commercial pro­

duction schedule, is capable of providing .a high degree supply security 

for the entire west coast for at least five years of emergency production.

(3) The advantages of in-situ reserves (cost and safety) are 

sufficient to warrant a study of other large reservoirs to determine their 

suitability. Potential existing fields would include the East Texas, 

Willmington, Yates, and the "Main Pass Block" No.112 offshore from 

Louisiana. New fields to be discovered in the future might be included 

for study. Current output from any productive field that is set aside 

in a petroleum reserve system must be replaced by additional imports 

from abroad. But this is true of any storage system. Oil for storage 

is in addition to present domestic and foreign supplies.

(4) Abandoned mine storage is most attractive from a short-term 

cost point of view and is relatively safe. These considerations should 

lead to use of this storage from wherever suitable locations are available.

(5) Salt dome storage is suitable particularly in the Gulf coast 

area. Large scale salt dome storage is low cost for short-term storage 

and is relatively safe. Research should be conducted which would identify 

any long-term effects of the salt environment on crude oil.
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(6) Tank storage is least attractive from both a cost and safety 

point of view. However, it may be utilized where other storage forms 

are not available to fill out any remaining reserve capacity needs.

(7) While a system of crude oil storage is now a necessity, S-1586 

also proposes renewed oil (and gas) import regulations. The President 

has abolished the Oil Import Quota System because it failed to serve 

the national interest. I see no net benefits that would follow from 

re-establishing an import control system.
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EXECUTIVE OFFICE OF THE PRESIDENT 
Office of Emergency Preparedness

WASHINGTON. D.C. 20SU4

MAR - 9 1973 - .

LCDR Kirby E. Brant

Acting Director

Naval Petroleum and Oil Shale Reserves

Department of the Navy ...

Washington, D.C. 20360

Re: Maximum Production Rate -- Naval 

Petroleum Reserve #1.

Dear Commander Brant:

The OEP and the National Research Council are jointly 

conducting a study of the costs and feasibility of various 

methods to obtain emergency energy capacity. One concept we 

are investigating is the concent of a "National Defenr- 

Petroleum Reserve" as proposed by Professors Mead and 

Sorensen in an August 1971 article in Land Economics, and as 

recently proposed in HR 422 submi tted by Representative 

Conte on January 3, 1973.

In their article, Professors Mead and Sorensen state with 

regard to Naval Petroleum Reserve #1 that "The Navy estimates 

that with an additional investment of $278 million, initial 

year emergency production amounting to 453 million barrels 

may be attained." The $278 million investment mentioned 

above is in addition to a $100 million investment to increase 

capacity from the present capacity to 127.75 million barrels 

per year. The combined investment of $378 million does not 

include costs to expand the transportation system to move 

production from the field. '

The Comptroller General of the U.S., in a report to Congress 

dated October 5, 1972, concerning the "Capability of the Naval. 

Petroleum and Oil Shale Reserves to Me'eV Emergency Oil Needs" 

listed remaining reserves in 1IPR §1 as 1,022 million barrels. 

A first year production rate of 453 million barrels would 

result in a first year depletion of 44t of the indicated 

reserves. Such a depletion rate is appreciably higher than 

normal. Also, increases of potential production from 36 mil­

lion harrds/ycar (present potential.) to 453 million barrels 

for an investment of only $378 million ($0. ‘jO.'i/lmrreJ of pro­

duction the first year) .appears appreciably lower than normal 

oil field development costs.
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1o assist our study vc would Appreciate the Navy confirming 

the production rate and .investment data quoted by7 

Professors Mead and Sorensen. We would also appreciate the 
following information:

1. The number of wells required in both the Shallow Oil 

Zone and Stevens Oil Zone to obtain a shut-in capacity suf­

ficient to produce 453 million barrels during the first year 
of an emergency.

2. The spacing that the above number of wells represents.

3. The -cost of drilling and completing each Shallow Oil 
Zone and Stevens Oil Zone well.

4. The cost of surface equipment (excluding pipeline 

facilities from the field) to handle 453 million barrels pro­
duction the first year.

5. The initial rate at the beginning of emergency produc­
tion and the production rate at the end of the first year to 
obtain 453 million barrels during the year.

6. The decline rate during the first year plus the Navy's 
estimate of production during the second year following an 

initial year's production of 453 million barrels.

7. The Navy's estimate of the loss of ultimate recovery, 
if any, that might result from producing MPR #1 at such high 
rates.

8. The manpower requirements 
duce KPR #1 at the above rates.

and operating costs to pro-

9. The manpower requirements and yearly maintenance and 
operating costs to maintain JiPR (fl on a standby basis capable 

of producing 453 million barrels during the first year of any 

emergency. (This assumes that the field will have been fully 
developed prior to being put on a standby basis.) Include in 

the cost estimate any ad valorem taxes that would be levied by 

the County or State Governments against the value of wells and 

equipment. If none are levied, please so state. Also, we 

would, appreciate a breakdown of standby costs into categories 

such as corrosion and maintenance, engineering and testing, 
standby labor.
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10. Any additional investments, such as modification ol 

power distribution networks, ihat might be required to allow 

production at the high initial rate.

11. The time required to bring the field to a state of 

readiness to produce 453 million barrels the first year fol­

lowing appropriation of the necessary funds.

In the event that you do not believe that an initial rate of 

453 million barrels per year is possible,' please indicate 

either the maximum feasible rate, or the rate which the. Navy 

would recommend developing the field as a standby reserve.

In this event, we would appreciate your estimate of the invest­

ment required.to develop the field to produce at the recommended 

or estimated maximum rate, plus answers to the above questions 

at the reduced rate of standby capacity.

Sincerely,

e
W. C. Truppner

Assistant Director for 

Resource Analysis
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EPB:sli

RC/4350 
Serial: * ~ ' ... - .U

11 APR 1S73

Mr. W. C. Truppner
Assistant Director for

Resource Analysis
Executive Office of the President 
Office of Emergency Prepardness 
Washington, D.C. 20504

' ■■ \ Re: Maximum Production Rata ~
Naval Petroleum Reserve No. 1 

Dear Mr. Truppner: '■ ' ■■

Thank you for your letter of March 9, 1973 relating to the oil deliver­
ability of Naval Petroleum Reserve No. 1 (Elk Hills).

In the third paragraph of your above mentioned letter, the remaining 
reserves in Naval Petroleum Reserve So. 1 are quoted as 1,022 million 
barrels. This value la the oil reserves in Naval Petroleum Reserve 
i!o. 1 including Asphrlto as of December 31, 1970. The oil reserves 
quoted in the Mead and Sorenson paper "A National Defense Petroleum Re­
serve Altemativa to Oil Import Quotas" are 1,363,435,000 barrels as of 
December 31, 1969. This larger reserve value is due to:

- a. The inclusion of "Possible Reserves" in the Elk Cills reserve 
estimate. Thau a are estimated recoverable reserves in limited oil bear­
ing strata as differentiated from those In the massive, tinin body, oil 
bearing strata.

b. An increase in oil recovery from an estimated 40Z to 50Z due to 
improvements in technology since the Mid-1950’s when tho Elk Hi 111 
Engineering Coorsittea estimates were made. This larger reserve value 
results in a first year depletion of 33Z as compared to the 443 shown 
in paragraph 3 of your letter. ....

Also, in the third paragraph, 36 million barrsls/year (present produc­
tion) is mentioned. This is equivalent to 93,630 barrals/day. The 
current production from Naval Petroleum Reserve No. 1 is about 3.300 
bnrrels/day. The source of tha number 36 million barrels/year is not 
known here. s

Tha following is offered in reply to Question No. 1 of your letter:
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Shallow Zone' Stevens Zona

Number Operable Wells
Number Locations (estimated) 
initial rate)

Number Wells not Operable - 
(high COR, etc.)

Total Wells & Locations

510
2,540 (150 b/d/w)

200+

3,050

236
S23 (1,000 b/d/w)

1,059

The grand total veils plus locations for the Stevens and Shallow Zones 
is 4,109 plus 6 for Cameros and Dry Gas Zones caking a field total of 
4,115. •. . j... ......

In reply to Question No. 2, tha spacing for the Stevens Zone would be 
ten acres/well and for the Shallow Zeno five acres/well. .

In reply to Question No. 3, the cost of drilling and completing each 
Shallow Oil Zone well is $50,000 and is $113,000 for each Stevens Zone 
vail.
/ •••• ’ " ' •. ‘ . . '' ■ . - ■ • • • - ■ ' '
In reply to Question No. 4, the cost of surface equipment to handle 
453 million barrels production the first year is $153,069,000.

In reply to Question. No, 5, the initial rate at the beginning of the 
emergency production 13 1,505,000 barrels/gay and at the end of tha 
first year is 959,000 barrels/day . :

In reply to Question No. 6, the decline rate during the first year is 
33.62 (loss ratio) and the second year production is 302 million barrels

In reply to Question No. 7, no loss of ultimate recovery is anticipated 
since the closer well spacing required will tend to cause new reserves 
to be developed due to the discovery of additional fault blocks and sand 
lenses and due to better drainage because of less bypassing in the pre­
sently developed areas because of reservoir hetarogeniety.

In reply to Question No. 8, the manpower requirements and operating 
costs under the above rate conditions can be estimated by scaling up 
similar estimates from the 230,000 barrels/day Contingency Plan. The 
estimates are as follows:

445 People " ■
230 M b/d 2 1241 M b/d “ 2,400 People 

$13,160,000
230 M b/d 2 1241 M b/d ■> $95,000,000 in the first year

2
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In reply to Question No. 9, the manpower requirements to waintain Naval 
Petroleum Reserve No. 1 on a standby basis would ba 90 Unit Operator 
cmployaea and 24 Navy employees (2b* wore than at present) and assuming 
the currant philosophy of contracting work will continue. The maintenance 
and operating costa for standby operations can be estimated on the basis 
of current costs as follows:

$3,500,000/Yenr . • ■ • •
1,022 Wells x 4,000 Wells ■ $15,C00,000/Ycar

This office estimates the operation and maintenance costs to range from 
$8,000,000 to $15,000,000/year. Information is not readily available 
which would permit subdividing these costs by categories. The Govern­
ment interest is not taxed by-the State or County Governments. However, 
tha 20* interest in Naval Petroleum Reserve No. 1 owned by Standard Oil

> Company of California, is tazod at tile rate of $1,600,000/ycar by the 
County. Idle standby labor is not contemplated since most work will be 
dene by contract. '• •

la reply to Question Ko. 10, no additional investments such as modifica­
tion of power distribution networks ora contemplated except for pipelines ' 
and for gas compression fcr crude and gas transport from the field.

> reply to Question No. 11, the time required to bring the field to the 
required stats of readiness is eight to ten years.

i In reply to the last paragraph of your letter, the Navy at this tins- 
does not recommend an initial rate of 453 million barrels per al— 
thougu that rate is possible. The maxima rate that the Navy would re­
commend at this time is 755,000 barrels/day and details of the plan for 
this rata will be forwarded to you as soon as it is avai1 able,

. • ' Sincerely yours,

J. P. TRUNZ, JR.
Commander, CEC, USN 

v Director
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A National Defense Petroleum Reserve 
Alternative to Oil Import Quotast 

By WALTER J. MEAD*  and PHILIP E. SORENSEN**

The net social cost to the nation of 
the oil import quota system r esti­

mated to be between one and four bil­
lion dollars annually. Quotas were origi­
nally instituted and now wholly justified 
on national security grounds. But an al­
ternative program is available which of­
fers both a known present degree of na­
tional security at lower cost and a higher 
degree of long-run national security. 
This paper presents the case for that al­
ternative program.

Oil Import Quotas
During World War II the United 

States shifted from a net oil-exporting 
status to a net-importer status. In the 
postwar periods, imports expanded rap­
idly such that in 1957 crude oil imports 
amounted to 1 l.G per cent of domestic 
demand. Faced with increasing foreign 
competition, the domestic oil industry, 
joined by the coal industry, persuaded 
the federal government to institute a 
program of voluntary restrictions on 
crude oil imports in 1957. I he voluntary 
program proved to be ineffective and on 
March 10, 1959, President. Eisenhower,

by proclamation, ordered mandatory 
import quotas.

The President stated that “the basis of 
the new program, like that for the volun­
tary program, is the certified require­
ments of our national security which 
make it necessary that we preserve to the 
greatest extent possible a vigorous, 
healthy petroleum industry in the 
United States.” The Trade Agreements 
Extension Act of 1955 provided that 
“whenever the Director of the Office of 
Defense Mobilization (hereinafter re­
ferred to as ODM) has reason to believe 
that any article is being imported into 
the United States in such quantities as to 
threaten to impair the national security, 
he shall so advise the President,” and that 
the President “shall take such action as
t The authors wish to thank the John Randolph 

Haynes and Dora Haynes Foundation and the Sea Grant 
Program of the National Science Foundation for financial 
support of their research. While retaining complete re­
sponsibility for the analysis, we also want to express our 
appreciation for criticism and comments to M. A. Adel­
man, S. David Freeman, Richard L. Gordon, Stephen L. 
McDonald, and George f. Stigler.

• Profcsssor of Economics, University of California.
Santa Barbara.

•• Associate Professor of Economics, Florida Slate Uni­
versity. Tallahassee.

land Economics is published by the University of Wisconsin 1‘ress. Copyright 1971 by the 
Regents of the University of Wisconsin.
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he deems necessary’ to adjust the imports 
of such article to a level that will not 
threaten to impair the national se­
curity. On /\pril 23, 1957 and again on 
February 27, 1959, directors of ODM 
certified to the President that “crude oil 
and the principal crude oil derivatives 
and products were being imported in 
such quantities and under such circum­
stances as to threaten to impair the na­
tional security.” Neither the certifica­
tions nor any studies submitted prior to 
the certifications provided an economic 
analysis of the oil-import national-secu­
rity relationship. There was no estimate 
of the economic cost of oil import re­
striction and there was no estimate of al­
ternative means of satisfying a national 
security requirement.

A major motive of the oil industry' in 
pressing for import quotas, as for any in­
dustry asking for a restriction in cc~pe- 
tition, was to obtain a higher price for its 
domestic product. The import quota sys­
tem limits imports into Petroleum Ad­
ministration Districts I to IV (the area 
east of the Rocky Mountains) to 12.2 
per cent of estimated domestic produc­
tion in these districts. Imports into Dis­
trict V (the area west of the Rocky 
Mountains including Haw’aii and 
Alaska) are limited to the difference be­
tween (1), the sum of District V domes­
tic production, shipments from Districts 
I-IV into District V, and overland im­
ports from Canada and Mexico; and 
(2), total demand (at the desired price) 
in that District as estimated by the Bu­
reau of Mines. Given this limitation on 
foreign supply, the price of crude oil in 
the United States has increased and the 
gap between United States crude prices 
and world prices of crude oil has wid­
ened up to 1970. The Cabinet Task 
Force on Oil Import Control concluded 
that Middle Eastern crude oil could be 
imported into the United States at a free 

trade cost of $2.14 per barrel. Adding 
the existing tariff of 101/6 cents per barrel 
the delivered price in the absence of 
quotas would be about $2.25 per barrel. 
1 he East Coast delivered price of domes­
tic crude was estimated at $3.89 per bar­
rel. Thus the East Coast premium due to 
oil import quotas was about $1.65 per 
barrel.’ Market place support for this 
conclusion is offered in the fact that im­
port quota tickets distributed free of 
charge to domestic refiners in 1969 
traded at about $1.50 per barrel.2

The import quota system fails in sev­
eral respects as a solution to the national 
security problem. Given import restric­
tions, domestic prices of crude oil and 
finished petroleum products rise above 
their free market levels. Thus an eco­
nomic efficiency problem is created: (a) 
High domestic crude oil prices lead pro­
ducers to develop submarginal fields and 
continue to produce from inefficient 
wells. Resources are misallocated and in 
the process the nation’s security is dam­
aged. (b) Restrictions on imports force 
the United States to accelerate the rate at 
which it depletes its domestic reserves. 
Since oil is a non-renewable resource, fu­
ture security is sacrificed in order to ob­
tain present security, (c) Industries such 
as the petrochemical industry which use 
oil as a feed stock in producing products 
sold on world markets are placed in a 
noncompetitive position. These indus­
tries thus have an incentive io establish 
plants abroad, (d) The question of dis­
tributive equity arises. Consumers must
’Cabinet Task Force on Oil Import Control The Oil 

Import Question (Washington, D.C., February 1970), p. 
19.
’Ibid., p. 2G0. The 1970 curtailment of Libyan oil 

production and the closure of the Trant-Arabian Pipe­
line (reopened in 1971) caused a shortage of oil available 
in the Mediterranean. Compensatory shipments have been 
made from the Persian Gulf around South Africa, as well 
as from other distant shipping points. As a result or the 
increased demand for tankers, shipping rays have in- 
creased sharply, tcmpoiarily eliminating the value of im­
port tickets.
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pay higher prices for refined products 
while owners of crude oil resources re­
ceive windfall gains. The cost of- what­
ever degree of national security we pur­
chase through quotas is in no sense 
equally shared, (e) Finally, important 
quotas are not an effective method for se­
curing a specific level of national secu­
rity since there is no necessary relation­
ship between the quota, on one hand, 
and the volume of reserve productive ca­
pacity on the other. In view’ of these 
problems we should inquire—is there a 
better way to meet our national security 
requirements?

The National Defense Petroleum 
Reserve Proposal

The most attractive alternative 
method of providing a reliable future 
petroleum supply for security purposes 
appears to be a shut-in domestic petro­
leum reserve. McDonald has suggested 
that the federal government “purchase 
wholly or partially developed petroleum 
reservoirs and set them aside as a reserve 
to be drawn upon in the event of emer­
gency.”3 This “explicit national defense 
reserve” w’ould utilize the low’est cost 
method of oil storage, its in-situ natural 
state. Where entire reservoirs are dedi­
cated to a national defense reserve and 
properly maintained, there is no loss 
through oil migration, evaporation, or 
deterioration. That quantity of petro­
leum estimated to be needed for future 
emergency supply may be provided by 
reservoir acquisition. If the need for re­
serves increases, additional reservoir 
purchases can be made. Geographical 
needs for reserve capacity may be pro­
vided by appropriately located acquisi­
tions and by pipeline construction. The 
present import quota system, in contrast, 
is haphazard. In various ways, both do­
mestic and foreign exploration and pro-
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duction are heavily subsidized but no 
provision is made for an explicit reserve 
capacity. If excess capacity is equal to na­
tional defense needs, it is purely a 
chance event.

The Record of Naval Petroleum Re­
serves. There is a little known but highly 
significant history of military petroleum 
reserves in the United States. In 1909, 
President Taft, by executive order, tem­
porarily withdrew from the public do­
main 38,073 acres of potential oil land 
located in the Elk Hills field southwest 
of Bakersfield, California, an area later 
designated as Naval Petroleum Reserve 
No. 1. Subsequent additions to this Re­
serve have increased the total acreage to 
46,095 acres, of which 81 per cent (79 
per cent of the known oil) is owned by 
the federal government. The remaining 
19 per cent is owned by Standard Oil 
Company of California.4 In Jpne 1944, 
the Federal Government entered into a 
“Unit Plan Contract” with Standard 
which gave to the Navy "full and abso­
lute power to determine from time to 
time the rate of prospecting and develop­
ment on, and the quantity and rate of 
production from, the Reserve,” includ­
ing the right to “shut in wells on the Re­
serve if it so desires.”5

Estimates provided by the Navy indi­
cate that the Elk Hills Petroleum Re­
serve as presently developed contains 

’Stephen L. McDonald, "Conservation Policies and Na­
tional Security,” Quarterly of the Colorado School of 
Mines, October 1969, p. 154.

‘ Department of the Navy, "History of Naval Petroleum 
and Oil Shale Reserves," mimeographed (June 30, 1969). 
p. 25.

5 "Unit Plan Contract between Navy Department and 
Standard Oil Company of California Relating to Naval 
Petroleum Reserve No. 1 (Elk Hills)," Contract No. NOd- 
4219, June 19, 1944. As a consideration for entering into 
the Unit Plan Contract, Standard received the right to 
recovery of 25.000.000 barrels of oil from its share of the 
Reserve, together with associated hydrocarbons, or VS of 
Standard’s share of the estimated recoverable oil in the 
shallow oil zone "whichever of said events shall first oc­
cur." Ibid., pp. 10-11.
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1,363,135,000 barrels of recoverable oil 
(utilizing known primary recovery 
methods), plus 1.8 trillion cubic feet of 
gas. This oil reserve amounts to approxi­
mately one-third of the current annual 
United States crude oil consumption. 
The current rated efficient productive 
capacity of the Elk Hills Reserve is 
160,000 barrels per day (58.4 million 
barrels per year) available on a 60-day 
notice basis. The Navy has also esti­
mated that, with an additional SI00 mil­
lion for capital investments, the 60-day 
emergency productivity of this Reserve 
could be efficiently increased to 350,000 
barrels per day (127.75 million barrels 
per year) which would approximately 
equal current foreign imports into the 
West Coast, not counting imports from 
Canada. Initial output levels may be in­
creased further with additional develop­
ment investments.

Reserves in the Elk Hills field are cur­
rently known to be in three different 
zones. The largest is the Stevens zone, es­
timated by the Navy to contain 854.15 
million barrels or nearly two-thirds of 
the presently known Elk Hills Reserve.6 
This zone is partially developed by 236 
wells. All but one of these is in complete 
shut-in status but fully producible on a 
60-day notice. The single exception is 
producing from a different Stevens zone 
field inside the Elk Hills Unit and is op­
erating only to protect the Reserve from 
an adjacent well operated by Atlantic- 
Richfield Company. This single well is 
currently producing at a rate of only 20 
barrels per day. In addition, outside of 
the Elk Hills Unit several operators are 
producing on private land from Stevens 
zone oil. This has forced the Navy to 
produce approximately one million bar­
rels per year from adjacent Reserve 
lands.
. The Shallow zone in the Elk Hills Re­
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serve had its static equilibrium dis­
turbed by early and wartime production 
and is subject to water encroachment 
and possible migration to privately- 
owned properties outside of the Reserve 
unit. In order to protect its reserve the 
Navy is producing approximately one 
million barrels of oil per year from this 
zone to evaluate equipment, monitor res­
ervoir performance and prevent water 
encroachment. This amounts to 0.3 per 
cent of the estimated reserves in this 
zone. Finally, some production is taking 
place from the least developed and the 
smallest of the three zones, the Carneros. 
Annual production currently amounts to 
about 0.4 per cent of its estimated re- 
serve.

In addition to the Elk Hills Reserve, 
there are three other designated naval 
petroleum reserves. In 1910 oil was dis­
covered in the Buena Vista H2L urea, 
immediately south of the Elk Hills Re­
serve. In 1912, President Taft set aside 
30,181 acres as Naval Petroleum Reserve 
No. 2. However, 63 per cent of this acre­
age was already subject to private claims 
and thus only 37 per cent of NPR No. 2 
is in government ownership. Unlike Elk 
Hills, this Reserve is not covered by 
a unit-operating agreement. Conse­
quently, private owners are producing 
oil from this field on a commercial basis 
and the Navy, in order to protec t the 
public interest in the Reserve, has been 
forced to lease its mineral inteo-Ms for 
commercial production. Thus, NPR No. 
2 is not a true national defense petro­
leum reserve but is, rather, in the same 
defense status as an existing productive 
oil field in private ownership. As of Jan­
uary 1, 1969, NPR No. 2 had estimated 
reserves (Navy owned) amounting to

• Department of the Navy. "Navy Rq>ort an of and to 
December 31. 1969. Elk Hill's Field. Naval Petroleum Re­
serve No. 1,’ January 12. 1970, p. 4.

49-868 0 - 75 - 12
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23,054,200 barrels of oil and its current 
annual production, 2.6 million ban els, 
is approximately 11 per cent of its re­
maining reserves. It has no additional 
standby capacity.

Naval Petroleum Reserve No. 3 is 
more renowned for its scandalous history 
than as a petroleum reserve. By execu­
tive order, President Wilson designated 
the Teapot Dome area in 'Wyoming as a 
naval petroleum reserve in 1915. In 1921 
President Harding transferred adminis­
tration of the petroleum reserves from 
the Navy to the Secretary of the Interior. 
In 1922 the Teapot Dome Reserve was 
leased to the Mammoth Oil Company 
formed by Harry’ F. Sinclair, while Elk 
Hills reserves were leased to the Pan- 
American Petroleum and Transport 
Company, owned by Edward L. Doheny. 
Tiie U.S. Supreme Court determined 
that the lease arrangements were prod­
ucts of “conspiracy, corruption and 
fraud" and ordered the lands to be re­
turned to the Navy in 1927. Following 
the Supreme Court judgment, the 
Teapot Dome Reserve was shut in until 
1952. In 1949 and 1950, oil was discov­
ered on private lands adjacent to the Re­
serve and the Navy was subsequently 
forced to withdraw oil from the Reserve 
in order to avoid a drainage loss. In 1968 
production from NPR No. 3 amounted 
to 313,000 barrels. Estimated reserves are 
a relatively modest 50 million barrels. 
Thus, protective production is running 
at a rate of 0.6 per cent per year.

Since oil is a migratory common prop­
erty resource, commercial production 
from adjacent private lands drawing on 
the same oil reservoir has forced the 
Navy to engage in matching commercial 
production from the above three Re­
serves in order to protect the public own­
ership. This production is contrary to 
national defense reserve objectives. The
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obvious solution is for the feder.d gov­
ernment to purchase adjoining private 
interests that tap reservoirs which arc 
part of the Reserves. To date, funds have 
not been made available for this pur­
pose.

Naval Petroleum Reserve No. 4 was 
established in Alaska by President Hard­
ing by an Executive Order signed in 
1923. This Reserve encompasses 
23,680,000 acres which is more than 500 
times as large as Elk Hills in terms of 
geographical area. It is located on the 
North Slope of Alaska directly west of 
the major Prudhoe Bay discoveries. Al­
though three oil fields have been discov­
ered and gas is currently being pro­
duced, the total Reserve has not been ad­
equately evaluated. A drilling program 
carried on between 1944 and 1953 was 
limited to the relatively shaH™” Creta­
ceous zones, while the deeper zones in 
which Prudhoe Bay oil has been found 
have not yet been explored. Estimates 
concerning the recoverable reserves from 
NPR No. 4 have varied from 4 to 25 bil­
lion barrels.7

For NPR No. 4 to qualify as a ready 
reserve, standby delivery capacity must 
be made available. The Cabinet Task 
Force on Oil Import Control estimated 
that a 3-million-barrel-per-day standby 
capacity would require a pipeline from 
the North Slope to Valdez, Alaska having 
an initial cost of $1.9 billion Further­
more, in order for this reserve capacity 
to be of maximum military use, oil 
should be delivered by pipeline to the 
Chicago area. This involves an addi­
tional, but not estimated, cost. Annual 
maintenance cost for the pipeline only is 
assumed by the Task Force to amount to 
$20 million per year. The high cost of 
idle capacity under Arctic, conditions
’The Cabinet Task Force on Oil Import Control, op. 

cit., p. 306.
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TABLE I Estimated Net Before-tax Income, Discounted to Obtain a 
____________ ____ Present Valle for the Elk Hills Naval Petroleum Reserve

Production Value© $3.00/ bbl . Lifting z\dditiona: Before-tax

Year
(thousand for oil, plus gas cost Total lifting capital net income Present value
barrels @41 jf/bbl. of per cost cost (value less at 18%

• of oil) oil = $3.41* barrel (Mill. $) costs) discount

1. 127,750 $435,627,500 $0.25 $31,937,500 $20 $383,690,000 $325,158,0902. 127,750 435,627,500 .25 31,937,500 20 383,690,000 275,558,4843. 127,750 435,627,500 .25 31,937,500 20 383,690,000 233,525,2454. 127,750 435,627,500 .25 31,937,500 20 383,690,000 197,899,6285. 127,750 435,627,500 .25 31,937,500 20 383,690,000 167,710 8996. 117,205 399,699,050 .27 31,6-45,350 368,023,700 136,327,0197. 98,277 335,124,570 .29 28,500,330 306,624,240 96,255,481
8. 88,405 301,461,050 .31 27,405,550 274,055,500 72,906 9809. 69,096 235,617,360 .33 22,801,680 212,815,680 47,979 295

10. 57,937 197,565,170 .35 20,277,950 177,287,220 33,872 496
11. . 48,581 165,661,210 .38 18,460,780 147,200,430 23,833,222
12. 40,735 138,906,350 .41 16,701,350 122,205,000 16,768 000
13. 34,156 116,471,960 .44 15,028,640 101,443,320 11,795 829
14. 28,640 97,662,400 .47 13,460,800 84,201,600 8,297 226
15. 24,015 81,891,150 .50 12,007,500 69,883,650 5,835,98416. 20,136 68,663,760 .53 10,672,080 57,991,680 4,104 071
17. 16,884 57,574,440 .57 9,623,880 47,950,560 2,875 595
18. 14,157 48,275,370 .61 8,635,770 39,639,600 2,014,881
19. 11,870 40,476,700 .65 7,715,500 32,761,200 1,411,025
20. 9,953 33,939,730 .70 6,967,100 26,972,630 984,501
21. 8,346 28,459,860 .75 6,259,500 22,200,360 686 657
22. 6,998 23,863,180 .81 5,668,380 18,194,800 476,886
23. 5,868 20,009,880 .86 5,046,480 14,963,400 332,337
24. 4,920 16,777,200 .92 4,526,400 12,250,800 230,560
25. 4,126 14,069,660 .99 4,084,740 9,984,920 159,259
26. 3,459 11,795,190 1.06 3,666,540 8,128,650 109,899
27. 2,901 9,892,410 1.14 3,307,140 6,585,270 75,467
28. 2,432 8,293,120 1.22 2,967,040 5,326,080 51,716
29. 2,039 6,952,990 1.30 2,650,700 4,302,290 35,408
30. 1,710 5,831,100 1.40 2,394,000 3,437,100 23,956
31. 1,434 4,889,940 1.50 2,151,000 2,738,940 16,187
32. 1,202 4,098,820 1.60 1,923,200 2,175,620 10,878
33. 1,008 3,437,280 1.71 1,723,680 1,713,600 7,266
34. 845 2,881,450 1.83 1,546,350 1,335,100 4,793
35. 709 2,417,690 1.96 1,389,640 1,028,050 3,125
36. 594 2,025,540 2.11 1,253,340 772,200 1,992
37. 498 1,698,180 2.26 1,125,480 572,700 1,248
38. 418 1,425,380 2.40 1,003,200 422,180 781
39. 350 1,193,500 2.60 910,000 283,500 445
40. 294 1,002,540 2.78 817,320 185,220 250
41. 246 838,860 2.98 733,080 105,780 120
32. 207 705,870 3.10 641,700 64,170 61
43. 34 115,940 3.41 115,940 0-

1,369,435 $4,669,773,350 $465,496,610 $100 $4,101,276,740 $1,667,343,242

* Gas is valued at 31^/MCF at Elk Hills. The reserve estimates indicate that there are 1.363 cu
gas per barrel of oil. Thus, the value of the associated gas is 41^/barrel of oil.
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may be offset by some potential advan­
tages in terms of reserve size and absence 
of private claims within the Reserve.

The Opportunity Cost of a Petroleum 
Reserve. The merits of the explicit Na­
tional Defense Petroleum Reserve pro­
posal must be judged, first, on the basis 
of its net social cost relative to alterna­
tive methods and second, by comparison 
of die physical effectiveness of the pro­
posed and alternative methods of supply­
ing oil in emergencies.

The social cost of the proposed alter­
native is the cost of foregone opportuni­
ties, plus the cost of standby equipment 
maintenance and of standby pipeline ca­
pacity. By holding otherwise productive 
reserves idle, we forego the right to pro­
duce oil on an economic liquidation ba­
sis. The foregone opportunity involves 
an interest cost on the immobilized capi­
tal. This cost will be estimated by cuku- 
lating the market price for a developed 
petroleum reservoir such as Elk Hills, 
and then imputing an interest cost to the 
immobilized capital in order to obtain 
an annual capital cost. We will then add 
the estimated cost of continuing mainte­
nance for a shut-in reserve held in 
standby status. We must identify the an­
nual cost of maintaining all of the neces­
sary equipment for an operating oil field 
even though the field in fact is shut in. 
Finally, we will add the estimated an­
nual capital and maintenance cost for 
standby pipeline capacity which must be 
available to connect the reserve field 
with a pipeline gr id.

In order to estimate the costs outlined 
above, we will use the Elk Hills Petro­
leum Reserve as a case study. Elk Hills is 
currently the most fully shut in of the 
nation’s developed oil fields. Further, 
there is an adequate cost history of shut- 
in field management at Elk Hills that 
may be drawn upon. In order to estimate 
the important capital costs we will deter­

mine the price that a willing buyer 
would pay to a willing seller to acquire 
an entire oil field such as Elk Hills. We 
assume that this figure will be represen­
tative of the per-unit capital cost of 
meeting any defined level of national se­
curity needs by means of reserve expan­
sion.

The present value of a delineated pe­
troleum reserve is its future wellhead 
value, minus both the additional capital 
costs necessary to recover the oil and the 
lifting costs, all discounted to the pres­
ent. The Elk Hills Reserve is estimated 
to contain 1,363,435,000 barrels of oil. 
Assuming an orderly rate of commercial 
production at a stable daily output for 
five years, followed by a logarithmic de­
clining output thereafter for a total 43- 
year depletion period, the initial level of 
production amounts to 127,750,000 bar­
rels per year. The annual output based 
on this production schedule is shown in 
Table I. Using early 1970 oil prices the 
wellhead value of Elk Hills oil was $3.00 
per barrel.8 The cost of lifting the oil
’While our analysis uses a 1970 (Spring) market price 

for oil it overstates the social value of oil since both im­
port quotas and market demand prorationing reduce the 
supply of oil and thereby create an artificially high price. 
On the other hand, the depletion allowance and other 
tax favors reduce the after-tax cost of production and 
thereby provide a slight stimulant to exploration and 
production which in turn artificially lowers the price. An 
Interior Department study in 1969 concluded that, in the 
absence of import quotas restricting imports into District 
V, the price of West Coast crude petroleum would decline 
about 75 cents per barrel. (Letter from Cordell Moore, 
Assistant Secretary of the Interior, to '"nator William 
Proxmire. January 16, 1969). After the Interior Depart­
ment study was completed, the price of domestic crude 
was increased approximately 25 cents per barrel without 
a corresponding.change in the world oil price. Therefore, 
we may estimate that if artificial impediments to trade 
were removed, the price of West Coast crude petroleum 
under conditions prevailing at the time of the study 
would decline approximately one dollar per band. We 
would therefore be justified in using, not $3.00 per bar­
rel wellhead price, but $2.00 per barrel. The latter would 
more accurately reflect the social value of oil on the W<st 
Coast. Nevertheless, we have used the 1970 crude market 
price. We expect that additional petroleum reserves 
would be acquired before import quotas would be re­
moved. Thus, present owners of any acquired reserve, 
would not suffer a capital loss due to the United States 
price of crude oil falling to a competitive world level.
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would be low during the early period of 
production and would rise steadily there­
after as field pressure is reduced. We 
have accepted Navy estimates that the 
initial lifting cost would amount to 25 
cents per barrel and would increase loga­
rithmically thereafter until the 43rd year 
when the lifting cost would equal the 
value of the oil. At this point production 
would cease.

As noted earlier, the Navy has esti­
mated that an additional $100 million of 
investment is necessary for full field de­
velopment of the two currently known 
major reservoirs of the Elk Hills Re­
serve. We have assumed an additional 
$20 million capital investment for each 
of the first five years of production.

Table I shows estimated net income 
from commercial operation of the Elk 
Hills Petroleum Reserve, by year, 
through the productive life of the field. 
In order to compute the present value of 
expected future net income we need a 
discount rate which a representative oil 
company would use to capitalize income 
from an oil field. The present value thus 
obtained would approximate the price a 
willing buyer would pay to a willing 
seller for an oil property such as Elk 
Hills.

We have used an 18-per-cent rate to 
discount before-tax net income. Given 
the existence of the depletion allowance 
and other tax arrangements favorable to 
oil production, oil industry taxes are 
minimal. In 1968 the twenty-one largest 
United States oil companies had an aver­
age effective federal income tax rate of 
7.7 per cent.3 From 1962 through 1968 
this average tax rate varied from a low of 
4.0 per cent to a high of 8.3 per cent. Ac­
cordingly, an 18-pcr cent before-tax rate 
of return in the oil industry is equiva­
lent to approximately 16.6 per cent after 
taxes. Given the degree of risk involved 
in estimating oil reserves, together with

uncertain future events (including tax 
legislation), an 18-per-cent discount rate 
for before-tax income appears reason­
able.* * 10

We conclude that the present value of 
the Elk Hills Reserve is $1,667 million. 
I he social cost of this immobilized capi­
tal is the annual interest cost. Utilizing a 
six per-cent social time preference rate, 
the annual interest cost is $100.2 million 
or (dividing by 1,363,135,000 barrels of 
reserve) 7.3 cents per barrel of reserve 
per year.11

In addition, annual maintenance costs 
on the idle production facilities and 
management expenses must be esti­
mated. 1 o fulfill its objectives, a Na­
tional Defense Petroleum Reserve must 
be maintained in a perpetual state of 
readiness. The equipment must be re­
placed when it deteriorates or becomes 
obsolete. These costs are avoidable by li­
quidating the Reserve and are therefore 
chargeable to it. In fiscal year 1969, to­
tal management costs (including admin­
istrative expenses) for the entire Elk 
Hills Reserve were $3,876,036. A four- 
million-dollar annual expenditure for 
maintenance and management is be­
lieved to be adequate. This amounts 

* C.S. Senate, Congressional Record, July 14, 1969
p. 8029.

10 In a 1956-57 study. Lanrillotti found that large firms 
used an average 11-per cent, after-tax target rate of re­
turn in pricing products, and individual firms varied be­
tween 10 and 20 per cent. Robert F. Lanzillotti, "Pricing 
Objectives-in Large Companies," American Economic Re­
view, December 1958, p. 923.

11 By way of comparison, if we assume a 10-pcr-cent 
discount rate for both the private oil company and for 
society, the piesent value of the Elk Hills Reserve is 
$2,315 million and the animal interest cost is $231.5 mil­
lion or 17c per barrel of reserve per year. 'Ihere is no 
reason for assuming that private and social rates o( dis­
count would be (or should be) equal in this situation. 
Cf.. M. S. Feldstein, "1 he Social Time Preference Dis­
count Rate in Cost-Bem.fit Analysis," Economic Journal. 
June 1964, pp. 360-79. Our analysis has not taken any 
credit for the possibility that etude oil prices in the fu 
lure might continue to increase as they have in the past. 
A six percent annual gain would eliminate the holding 
cost on oil reserves.
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to 0.3 cents per barrel of reserve per 
year.

Finally, standby pipeline capacity 
must be available to transport oil to its 
major markets, or to connecting pipe­
lines. Oil production from private lands 
surrounding the Elk Hills Reserve has 
been declining and idle pipeline capac­
ity happens to exist at the moment. 
However, owners of these pipelines will 
expect to be compensated for providing 
continuing standby capacity. Further­
more, we are interested in generalizing 
our findings to other similar fields which 
might be purchased and added to the na­
tion’s petroleum reserves. Accordingly, 
we must estimate the social cost of 
standby pipeline capacity consisting of 
interest bn and amortization of invested 
capital, plus maintenance costs. A 36- 
inch pipeline, 100 miles long, running 
from Elk Hills to Los Angeles involves a 
capital cost of about S50 million. Pump­
ing stations and other facilities add an­
other §10 million. Annual maintenance 
charges would amount to about 
$250,000. Assuming a 30-year pipeline 
life and that the pipeline company re­
quires an 18 per cent before-tax yield on 
its invested capital, the annual interest 
and amortization cost amounts to $10.9 
million.12 Adding the S250,000 annual 
maintenance cost this totals 0.8 cents per 
barrel of reserve per year.

The sum of all estimated annual social 
costs for a petroleum reserve similar to 
the Elk Hills Reserve is SI 15,350,000. 
This amounts to 8.5 cents per barrel of 
reserve per year.’3 Reserves can be made 
available indefinitely at approximately 
this cost by purchase of additional oil 
fields for inclusion in the Reserve sys­
tem. Fields located far from a pipeline 
grid or in an environment involving 
high maintenance costs will involve 
slightly higher annual expenditures.

If a higher level of emergency produc-
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lion is desired, doser well spacing, addi­
tional field production facilities, larger 
pipeline capacity, and greater pumping 
capacity would be necessary, requiring 
additional investment commitments. 
Initial emergency production would be 
higher than provided in the commercial 
production schedule shown in Table I. 
ITe Navy estimates that with an addi­
tional investment of $278 million, initial 
year emergency production amounting 
to 153 million barrels may be attained 
(instead of 127.75 million barrels).’4

Again using a 6-per-cent social time 
preference rate, the annual cost (interest 
and amortization) of an additional $278 
million investment is $20.2 million. 
Standby maintenance costs would in­
crease annual charges by another $10 
million. Adding this to the $115,250,000 
estimated above, we arrive at an annual 
social cost of $145.5 million. Thus, the 
annual cost of holding 1,363,‘too,000 bar­
rels of oil in reserve indefinitely at a 
higher rate of initial emergency produc­
tion becomes 10.7 cents per barrel of re­
serve.

Alternatively, the social cost of an in- 
situ reserve may be expressed as a cost 
per barrel of additional emergency oil

u Pipeline companies do not have the same tax ad­
vantages that oil companies enjoy. They are subject to 
rate regulation. An 18per-cent before tax rate of return 
would produce approximately nine per cent after taxes.

■’Alternatively, assuming a uniform 10-pcr-cent dis­
count rate for private oil companies, pipeline companies 
and society, the sum of all estimated costs is 17.8y per 
barrel of reserves per year.

'* Instead of a constant rate of production for each of 
the first five years, followed by a declining rate of pro­
duction for a total of 43 years, the added investment 
would permit the following liquidation schedule:

Year Production Year Production
(mill, bbls.) (mill, bbls.)

1 452.7 10 13.2
2 301.7 11 9.2
3 200.3 12 5.7
4 133.2 13 3.7
5 89.1 14 2.9
6 61.3 15 • 1.4
7 40.6 16 1.0
8 27.0 17 0.7
9 19.1 18 • 0.5
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supplies in some time period, say one 
year. Thus, the initial 453 million bar­
rels of reserve production capacity is 
available at a carrying cost of $145.5 mil 
lion, or 32 cents per band, for the ini­
tial year.

Comparison: Import Quota and. the 
Petroleum Reserve Alternatives

The social cost of the existing system 
of import quotas has been estimated by 
both the Charles River Associates and by 
the United States Department of the In­
terior. The CRA Study concluded that 
the annual social cost amounted to $3.9 
billion.15 The Department of the Inte­
rior estimated lower costs of the present 
system for two years, 1975 and 1980, un­
der minimum and maximum assump­
tions about domestic production in these 
years.

Prorationing is assumed to continue 
under the quota system.10 Resolving this 
difference of opinion and assumptions in 
favor of the quota system, we will use the 
United States Department of Interior es­
timates of import quota costs, assuming a 
low level of domestic production in the 
absence of quotas.17

According to the analysis of the Inte­
rior Department, the import quota sys­
tem will stimulate an increase in domes­
tic crude oil production (in 1975) by 
2.17 billion barrels at a social cost of 
$2.26 billion. This amounts to $1.04 per 
barrel of additional domestic produc­
tion. Thus, utilizing the most favorable 
estimate of quota system costs, we find 
that the cost of providing petroleum for 
national defense emergencies is clearly 
less expensive under the National De­
fense Petroleum Reserve proposal (32 
cents per barrel of initial year produc­
tion) than under the quota system 
($1.04 per barrel of annual production). 
Whereas shut-in petroleum reserves can 
be maintained indefinitely at the rela­

tively low cost of 8.5 cents per band of 
reserves, high level domestic production 
of a non-renewable resource as provided 
by the quota system cannot be perpetual, 
further, the already high cost of domes­
tic production stimulated by the quota 
system will increase persistently as we 
continue to exhaust the lowest cost do­
mestic reserves.

The Interior Department has also 
studied and published estimates on sev-
” Janies C. Burrows and Thomas A. Domencich. An 

Analysis of the United States Oil Import Quota, A 
Charles Riser Associates Research Study (Lexington, Mas­
sachusetts: 1970). p. 158. This analysis is based on 1968 
data and assumes that prorationing would be impossible 
in the absence of import restrictions. Elasticity of de­
mand is assumed to be —.05.

’•United States Department of the Interior, Bureau of 
Mines, "The Cort of the Oil Import Quota Program: A 
Reconciliation of the Adelman. Blair, Charles River As­
sociates. and United States Dept, of the Interior Esti­
mates,” mimeographed, Sept. 1969, Table 4. Like the 
CRA study, the USDI analysis assumes that prorationing 
would end with the termination of quotas. E__ old is 

'assumed to be highly inelastic, —0.02. Ibid., p. 13.
" The social costs of the import quota system (net of 

income redistribution) consist *of three elements. First, 
society bears the cost of inefficient production which is 
stimulated when the domestic price of oil is increased 
from the $2.14 competitive price to a $3.89 per barrel 
noncompetitive price created by the restriction of foreign 
competition. Second, American buyers suffer a loss of 
consumer’s surplus through foregoing additional quan­
tities of oil which might be purchased at lower competi­
tive world prices. Third, society bears the additional cost 
of inefficiencies arising from state prorationing systems. 
Market-demand prorationing is possible only in a market 
insulated from competition. If import quotas were re­
moved, continuation of the state market-demand prora­
tioning system would be impossible. The estimate of the 
social cost of import quotas should be distinguished from 
the cost to consumers. The latter includes in addition 
the cost of transfer payments from consumers to the oil 
industry. The cost to consumers has been estimated in 
several studies. Adelman wrote that "the annual cost for 
this whole system of organized waste, including the im­
port controls needed to insulate it from foreign competi­
tion ... is just over $4 billion." M. A. Adelman. "Effi­
ciency in Resource Use in Crude Petroleum," Southern 
Economic Journal, October 1964, p. 105. Adelman's esti­
mates for 1962 data were updated by John Blair for 1968 
conditions. Blair's estimate indicated a consumer cost of 
$7.2 billion. United States Congress. Senate, Hearings be­
fore the Subcommittee on Antitrust and Monopoly of the 
Committee on the Judiciary, 91st Cong.. 1st Sess.. Part 1, 
March 11, 1969, p. 40. The Charles River Associates re­
port estimated consumer costs to be $6.2 billion for 1968. 
op. cit., p. 7-17. '1 he Cabinet Task Force estimated that 
the import quota system cost consumers $6.04 billion in 
1969 and that this cost will increase to $9.69 billion by 
1985, op. cit., p. 262. The Interior Department.estimates 
vary from $7.13 billion for 1975 to $8.15 billion for 1980, 
op. cit., p. 8.
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oral alternatives to import quotas, not 
including a shut-in petroleum reserve al­
ternative. (See Tabic II) According to 
the Interior Department analysis, salt 
dome storage at $0.39 per barrel per year 
is the least cost alternative studied.,s 
While this alternative is considerably 
cheaper than import quotas, it is more 
expensive than shut-in petroleum re­
serves for the following reasons: (1) Oil 
for storage must be purchased in the cur­
rent market rather than at a discounted 
present value from some future produc­
tion date. (2) It must bear a lifting cost. 
(3) The purchased oil must be trans­
ported to the site of the salt dome. (4)

(dollars per barrel per year o' additional reserves)

TABLE II—Cost of Strategic On. 

Reserve Alternatives

Program 1975 1980

1. Salt Dome Storage .39 .39

2. Oil Shale Case II1 * * * 1.45’ .51’

3. Present Program (modi­

fied to exclude prora­

tioning) .67 .68

4. Oil Shale-Case I1 1.45’ .68’

5. Steel Tank Storage .98 .98

6. Present Program—with

continued prorationing) 1.04 1.04

7. Subsidize Oil Exploration

Case I’ 1.12* 1.17*

8. Oil from Coal 1.35s 1.35s

9. Subsidize Oil Exploration 

Case IP 1.56* 1.64*

1 Oil Shale Case II assumes that an "improved tech­
nology" is introduced early enough to affect 1980 costs 
whereas Case I assumes delayed technological innova­
tion.

’ 105,000 barrels per day available in 1975.
1,000,000 barrels per day available in 1980.

• Subsidy Case I assumes a "straight subsidy” where­
as Case II assumes this subsidy plus a "large field” 
incentive.

• 3,500,000 barrels per day available in 1978.
5 000,000 barrels per day available in 1981.
6,000,000 barrels per day available in 1983 <^$1.21 
per barrel for Case I; $1.69 per barrel for Case II.

• 100,000 barrels per day available in 1975.
1,000,000 barrels per day available in 1980.

Source: Letter from Mr. John Licca, Deputy Director, 
Office of Oil and Gas, U.S. Department of the Interior, 
to Mr. Phillip Areeda, Executive Director, Cabinet 
Task Force on Oil Import Control, Sept. 19, 1969. 
Table 1.

Finally, it must bear the cost of pumping 
back into the ground lor storage. Re­
covery and storage involve high capital 
costs on which interest must be com­
puted. Finally, salt dome storage in­
volves a net loss of some of the oil placed 
in storage.19

With respect to reserve reliability, 
there are additional doubts regarding 
the merits of restricting the importation 
of oil as a means of promoting United 
States national security. The Cabinet 
Task Force commented as follows. “The 
fixed quota limitations . . . bear no rea­
sonable relation to current requirements 
for protection either of the national 
economy or of essential oil consumption. 
The level of restriction is arbitrary and 
the treatment of secure foreign sources 
internally inconsistent.”20 The economic 
rationalization behind import restric­
tions is that higher crude oil prices are 
needed in order to induce operators to 
explore for and develop new petroleum 
reserves. While the theory in general is 
valid for a limited time horizon, there is 
no specific relationship between the limi­
tation of imports, on one hand, and the 
particular level of desired spare produc­
tive capacity, on the other. In fact, the 
reserve-to-production ratio in the United 
States has been declining persistently, 
until the Prudhoe Bay discoveries in 
Alaska. In 1960 the ratio of proved re­
serves to annual crude oil production 
was 12.8. By 1969 this ratio had declined

11 The reader should be warned of cost comparability 
problems due to ihe use of estimates front diverse studies.
” Stigler suggested in private correspondence that “an 

unregulated system of oil production would also hold 
teserves for etnergcncies. If the price of oil were not fixed 
in an emergency (a huge if), is there even a case for re­
serves?" If the government would guarantee, and if pri­
vate owners of oil resources were willing to accept a 
guarantee, that oil prices would not be controlled or 
subjected to "jawboning" in any future emergency period 
involving a shortage of oil, then private owners would 
indeed have an incentive to provide for probable futuie 
shortages.

M Cabinet Task Force, op. cit., p. 128. For a similar 
point of view, see McDonald, op. cit., p. 153.
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to 9.3. This decline in the rescrve-to-pro- 
duction ratio should in fact be expected. 
Petroleum is a non-rcnewable resource. 
While higher prices will initially bring 
lot th both expanded exploration and 
new discoveries, the best prospects' will 
be exploited first. Having had favorable 
tax treatment for oil in the form of de­
pletion allowances since 1926, and hav­
ing had mandatory import restrictions 
since 19a9, both exploration and produc­
tion have been stimulated for an ex­
tended time period. The best prospects 
have been exploited, leaving the worst 
prospects for the present and future. 
I his indeed is the major shortcoming of 
an oil import restriction program. It sac­
rifices future national security in order 
to obtain a higher degree of current self- 
sufficiency.

The Petroleum Reserve proposal, in 
contrast, would permit any desired level 
of strategic reserve. If reserve needs in- 
dcase, reserves may be expanded 
through additional purchases. Having 
guaranteed whatever level of national se^ 
curity is desired, the nation would then 
be free to import low-cost foreign crude 
oil for current needs.

Whereas the Petroleum Reserve pro­
posal provides for an increase in oil sup­
plies from secure domestic reserves, the 
import quota system stimulates domestic 
exploration and development and 
thereby increases annual domestic sup­
plies. The Quota system provides no re­
serve produc tion capacity whic h may be 
drawn upon for additional oil supplies 
in the event of an emergency.

National security objectives are served 
when a nation allocates its scarce re­
sources in an efficient manner. 'Whereas 
the present system of import quotas leads 
to high cost production and permits 
well-known prorationing inefficiencies, 
the Petroleum Reserve proposals in the 
absence of quotas and prorationing.

would permit the free market to allocate 
resources in a relatively more efficient 
manner.

McDonald has warned that (here are 
some administrative problems arising 
out of both acquisition of a Petroleum 
Reserve system and its management."* 
Selection and valuation of reservoirs 
pose difficult problems since some of the 
most important variables are not subject 
to precise measurement. Multiple own­
ership interests raise equity problems, 
favoritism charges might be heard fre­
quently. Community pressure for vari­
ous objectives might be mounted against 
the federal government. Once a large re­
serve has been established, producers 
might object that it would be used to ex­
ert governmental pressure on crude oil 
prices. Rules would be needed governing 
the start-up and close-down conditions. 
These, and perhaps other problems, 
must be compared with the lower cost 
and greater effectiveness of the proposed 
Petroleum Reserve system. And it 
should be noted that the present import 
quota system has its own serious set of 
administrative problems.

Conclusions and Public Policy Im plica­
tions

A shut-in National Defense Petroleum 
Reserve is found to be the lowest cost 
available means of providing an emer­
gency petroleum supply capacity as an al­
ternative to the present oil import quota 
system. "I he social cost of this in-situ stor­
age system is limited to the interest cost 
on the immobilized investment, the in- 
cicmental maintenance and manage­
ment expenditure, and the cost of 
standby pipeline facilities. The total so­
cial cost of this form of national defense 
reserve is estimated at 8.5 cents per bar­
rel of reserves per year or 32 cents per

31 McDonald, o[>. cit., pp. 155-0.
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barrel of additional emergency oil sup­
plies for one year. This is significantly 
lower than the social cost of (he present 
system of import quotas estimated at 
5 LOI per barrel per year, calculated on 
the basis of additional costs to society of 
incremental domestic production in­
duced by the quota system. The second 
most attractive reserve alternative is oil 
storage in salt domes, estimated at 39< 
per barrel per year.

It is reasonable that in-si tn storage 
should be the lowest cost possible storage 
form. Like any storage arrangement, so­
ciety foregoes immediate consumption 
and must therefore bear the interest cost 
of an immobilized resource. In addition, 
any storage form will involve costs for 
equipment and standby pipeline capac­
ity. However, unlike both salt dome stor­
age and steel tank storage, there is no 
need to first recover the oil, transpo^ it 
to a storage location and then replace it 
in storage. Furthermore, where an oil 
field is 100-per cent owned by the Re­
serve, there is no cost of seepage, evapo­
ration, or deterioration in field storage. 
Unlike the present oil import quota sys­
tem, the shut-in storage proposal in­
volves no interference with the market 
mechanism and there is no consequent 
misallocation of resources due to artifi­
cially high domestic prices of oil and 
production from inefficient wells. Since 
the shut-in reserve proposal docs not in­
volve subsidized current production, it 
docs not require a cash subsidy from con­
sumers to owners of oil resources. The 
reserve proposal provides for an emer­
gency increase in domestic oil supplies 
not provided by the present system. Fi­
nally, since the proposal docs not subsi­
dize current production from dwindling 
United States petroleum reserves, it docs 
not require that future national security 
be sacrificed in favor of immediate secu­
rity.

Three public policy implications 
follow from this analysis. First, on June 
11, 1970, President Nixon sent to Con­
gress a draft of a bill to terminate twenty 
oil leases on federal lands in the Santa 
Barbara Channel and to compensate the 
lessees by producing and selling oil from 
the Elk Hills Naval Petroleum Reserve. 
The bill provided that: "the Secretary of 
the Navy is authorized and directed to 
produce, by whatever means he deems 
necessary, sufficient oil from Naval Pe­
troleum Reserve Number One to fulfill 
the requirements” for reimbursement of 
the lessees. The amount of the reim­
bursement is to be determined by legal 
action in the United States District 
Court. According to one estimate, the ul­
timate compensation may be in the area 
of S300 million.22 If the payment re­
quired is near this amount, approxi­
mately 100 million barrels 7 per 
cent of the total Reserve) will have to be 
withdrawn from Elk Hills. While repur­
chase of the twenty oil leases in the Santa 
Barbara' Channel may be appropriate- 
given the environmental problems— 
there is no necessity to compensate the 
lessees with petroleum from a national 
defense reserve. Instead, compensation 
for lease cancellation should pass 
through the normal Congressional ap­
propriation procedures. This proposal 
failed in the 91st Congress and has been 
expanded and resubmitted to the 92nd 
Congress. The new bill expands from 20 
to 35 the number of leases to be repur­
chased. It further provides for explora­
tion of Petroleum Reserve Number 
Four, for compensating both the Interior 
Department and the Justice Department 
for administrative costs arising out of (he 
repurchase program, and for reimburs­
ing the Treasury Department for rental 
income lost due to the lease cancellation,

a Oil and Gas Journal, June 29, 1970. p. 1.
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all to be financed bv production and sale 
of Elk Hillsoil.

Second, instead of Elk Hills reserves 
being reduced, their low cost and their 
high reliability characteristics suggest 
that they should be expanded. When the 
Elk Hills Petroleum Reserve is fully de­
veloped it will be sufficient to replace all 
non-Canadian imports into the United 
States west of the Rocky Mountains. 
Given the likelihood that Alaskan pro­
duction will be available within a few 
years to further supply national security 
needs of this region, no large-scale ex­
pansion of petroleum reserves is needed 
in District V. However, privatciv-owned 
land in and adjacent to Elk Hills should 
be acquired to remove the threat of fur­
ther drainage from the Reserve. Large- 
scale expansion of petroleum reserves 
cast of the Rocky Mountains is in order. 
Consideration should be given to acquir­
ing privately-owned oil resources adja­
cent to the Teapot Dome Naval Petro­
leum Reserve in Wyoming. Acquisition 
of these private lands would eliminate 
the necessity for offsetting production by 
the Navy and would expand the Reserve 
itself. Reserves should then be acquired 

LAND ECONOMICS

in the important Gulf Coast producing 
area. For example, the recently discov­
ered “Main Pass Block” No. 112 oilshore 
from Louisiana, reported to be one of 
the largest United States oil fields, might 
be purchased in its entirely and placed 
in ready-reserve shut-in status.23 Other 
fields in Texas, Louisiana and Okla­
homa, as needed, would then be ac­
quired to complete the reserve system. In 
all cases, present owners would be fully 
compensated for the discounted present 
value of their holdings.

Third, oil import quotas are a costly, 
inequitable and unreliable method for 
assuring future strategic energy capacity. 
The rationale for oil import quotas rests 
entirely on national security consider­
ations. A National Defense Petroleum 
Reserve would provide greater long-run 
security for the nation at a fraction of 
the cost imposed by the system of quotas. 
Quotas should be progressively elimi­
nated and a National Defense Petroleum 
Reserve program should be established 
at the earliest possible date.

a Oil and Gas Journal, June 1, 1970, 63, p. SO.
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STATEMENT OF JOHN H. LICHTBLAU, EXECUTIVE DIRECTOR, 
PETROLEUM INDUSTRY RESEARCH FOUNDATION

Dr. Lichtblau. I appreciate the committee’s invitation to testify 
at today’s hearings on the subject of strategic petroleum reserves, as 
outlined in title 2 of Senate bill 1586. Strategic reserves as I would 
define it for this purpose are oil supplies located in this country over 
and above normal market and inventory requirements and reserved 
for use only when foreign oil is physically unavailable in sufficient 
quantities.

The need for such reserves under existing conditions has become so 
obvious that it is no longer a controversial issue. Unfortunately, that 
does not mean anything is actually being done about it. There is often 
a world of difference between recognizing the desirability of a course 
of action and specific measures to implement it.

Thus, the President in his energy message acknowledged the need 
for a strategic oil reserve but, so far, the administration has not of­
fered a program to implement it. Neither has the industry, although it 
should be pointed out that the National Petroleum Council is cur­
rently working on a comprehensive study on the subject of emergency 
preparedness which will include a detailed discussion of strategic 
reserves.

One of the merits of Senate bill 1586 is that it is calling public atten­
tion to the need for specific, early action regarding the establishment 
of strategic oil reserves in this country. Perhaps, the principal reason 
why so little has been done on this vital subject up to now is that, like 
so much else in the U.S. oil industry, the need for it is quite new.

Until 3 years ago our domestic excess crude oil producing capacity 
was consistently larger than our total waterborne crude oil imports 
from overseas sources. In 1970, our refineries depended for only 9 per­
cent of their crude oil requirements on such imports and total U.S. 
reliance on waterborne oil imports, crude and refined products, did 
not exceed 18 percent.

This year both these percentages will be nearly twice as high and our 
sustainable excess crude oil producing capacity amounts probably to 
no more than 400,000 barrels per day, equal to one-fifth our total crude 
oil imports from overseas. And this is just the beginning. By 1980 our 
dependency on overseas oil supplies is likely to reach 45 percent of our 
requirements.

Under these conditions the creation of strategic reserves for security 
purposes becomes absolutely essential if the United States is not to be 
subject to the political, military, or accidental vagaries of interna.- 
tional oil supplies. Western Europe and Japan have long recognized 
the need for such reserves and have currently an active policy to in­
crease total oil stocks from their existing level of 65 days of consump­
tion to 90 days over the next 3 to 4 years.

Of course, these countries rely for 90 percent and more of their oil 
supplies on overseas imports, while the United States even by 1980 
will still be about 55 percent self-sufficient, including overland im-
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We need no strategic reserves for our domestic 
and other North American oil supplies.

But for our growing overseas supplies we probably need a higher 
than Europe’s and Japan’s new 

target As one of the world s two superpowers we may become more 
?uoJect, and be more sensitive to the threats and pressures of a cutoff 
m the flow of oil imports than other importing countries.

A large, visible and readily available security storage may well act 
as a deterrent to any politically motivated cutoff of U.S. oil imports 
because the exporting or transit country considering such action is 
much less likely to engage m it if it knows in advance that the United 
States would not begin to feel the impact for many months.

It adequate security stocks of the various qualities of foreign oil 
required here were currently available, U.S. refineries would not have 
to run some 320,000 to 350,000 barrels daily below desired operating 
levels because of inability to obtain the right type of foreign crude oil

Id he enough to stave off the threatening gasoline and/or 
distillate heating oil shortage for this year. Similarly, if security 
storage had been available in the second half of 1970 when the com­
bination of a substantial Government-decreed reduction in Libyan 
oil exports and the sabotage of the trans-Arabian pipeline caused a 
worldwide tanker shortage, there would have been no impact on the 
United States and perhaps the release of supplies from our security 
borage would have eased the tanker shortage sufficiently to have 
affected Libya s exceptional bargaining posture.

Another reason is that our relations with consuming countries re­
quire that we adopt security storage. Until we do this the whole talk 
about a consuming country organization will not be taken very seri­
ously by some of the other consuming countries, because at the moment 
whoever there is the slightest supply shortage we have to frantically 
?earch the world for oil supplies. This is an undesirable situation. It 
tions CUlt tO CPeate an lnternational cooperation under these condi-

The first question that must be answered if we are to proceed from 
the discussion stage to the action stage is who will pay for the cost 
of strategic reserves. This is of great importance for the cost is quite 
large. During the 5 years it would take to develop a level of emergency 
crude oil stocks sufficient to cope with a major foreign supply interrup­
tion the total annual cost may well approach $1 billion.

lor the petroleum industry which will need all obtainable capital 
tor the construction and expansion of domestic refining capacity and 
the search for oil and gas in our offshore areas, the expenditure of 
such an amount would probably require the curtailment of some of 
these projects.

Given the shortage in both domestic refining capacity and oil and 
gas supplies, such a shift in funds would hardly make a net contribu­
tion to the security of U.S. oil supplies. Since the sole justification for 
emergency storage is national security, it should be financed in some 
orm by the Government. The logical means of raising the necessary 

funds would be the security fee which the Government has recently 
imposed on imported oil. J

If this fee were earmarked for this purpose and set at a level de­
signed to cover the cost, it would cease to be an arbitrary figure, 
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subject to political and bureaucractic challenges and pressures in both 
directions. Instead, it would represent the true national security cost 
differential between oil from overseas and from domestic and Cana­
dian sources. This would give the public and its representative finally 
a visible and logical reason for the cost of the oil import control 
program. A fee on the importation of a natural resource which is 
in increasingly short supply domestically may be difficult to justify 
in the long run. But the need to pay for the cost of storing such a 
resource so as to have it available in an emergency is bound to make 
sense to most people.

The security storage facilities financed by the security fee could be 
managed or controlled by the Federal Government through a Gov­
ernment agency established for the purpose of administering the stor­
age program, similar to the strategic materials stockpiling program 
carried on by the Government for many years.

Alternately, it could be handled by a nonprofit public corporation 
functioning under whatever Government regulations are established 
and whose owners would be the crude oil importers. A third alterna­
tive might be a joint industry-Government venture.

Any of these approaches would result in a uniform centralized stor­
age system with exactly equal unit cost, that is cost per barrel, for all 
participants. This would be superior to a system whereby the crude 
oil refiner-importers would be individually responsible for maintain­
ing the required security storage.

Under this latter system the unit cost for storage would vary widely, 
depending on the type of storage facility required, salt domes versus 
steel tanks, the cost and availability of storage sites, as well as differ­
ences in local zoning regulations.

Furthermore, a centralized storage system would be less costly than 
a private system, since it could make optimum use of salt dome facili­
ties and Government land and could build each storage facility of 
sufficient size to justify connections to existing pipelines, barge ter­
minals and deep water ports for redelivery of the stored oil.

The size of the security storage depends on the amount of the secu­
rity fee charged on what kind of interruption we foresee and how 
much security we wish to buy to guard against this potential inter­
ruption. Obviously, the answers to all of these questions are essen­
tially matters of judgment.

For working purposes, however, we would suggest a goal of 4 
months of security storage so that each three barrels of crude oil 
imported from overseas would be backed by one barrel of security 
storage.

In the very extreme case of the complete and simultaneous unavail­
ability of crude oil from all overseas sources, we would, therefore, be 
totally unaffected for the first 4 months. By imposing a modest form 
of compulsory rationing—about 7 or 8 percent of total demand—dur­
ing this period and by drawing down our normal commercial stocks 
of crude oil and refined products which together amount to about 60 
days of consumption, we would probably be able to avoid at least for 
the first 6 months a major impact in our economy and security.

Whether this would be enough to settle or alleviate the crisis and 
whether a 6 months’ protection would be a strong enough deterrent
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against a showdown export embargo is of course a matter of specula­
tion. It is obvious, however, that a 6 months’ protection is far superior 
to what we have now.

Certainly, our existing stock levels must be considered inadequate 
to cope with any major future oil supply crisis. The cost of providing 
4 months of crude oil security stocks depends principally on three 
factors—the volume of imports required for this purpose, the cost of 
imported crude oil, and the type of storage facilities used.

According to a recent National Petroleum Council study, the United 
States will require approximately 9 million barrels daily of total over­
seas oil imports by 1980. If we assume, not unreasonably, that half 
of this volume will consist of crude oil, we will need about 550 million 
barrels of security storage by 1980 to meet our 4 months requirement.

The Interior Department estimated in a 1966 study the capacity of 
unused onshore salt domes in the gulf coast area suitable for petroleum 
storage at 650 million barrels, more than our total requirement. It may 
be assumed that some of these salt domes are no longer available and 
that for this and other reasons one-third of the security storage will 
have to be placed in aboveground steel tanks.

The Cabinet Task Force on Oil Import Control estimated in its 
1970 report the annual cost of crude oil storage, assuming a 20-year 
amortization and an 8-percent discount rate, at 28 cents per barrel 
for salt domes and 55 cents per barrel for steel tanks.

This figure included land cost—for steel tanks—maintenance and 
$2 per barrel for delivered overseas crude oil. If we assume the aver­
age cost of delivered foreign crude oil over the next 5 years at $4 
per barrel and if we increase the other costs in the task force estimate 
by 25 percent for inflationary factors, the total annual per barrel 
storage cost over a 20-year period would be, at 8-percent discount, 
about 55 cents in salt domes and about 90 cents in steel tanks.

I believe the 55 cents compares with Dr. Mead’s 32 cents.
Dr. Mead. It depends on the size of the storage.
Mr. Lichtblau. I think the minimum was 32.
Dr. Mead. Thirty-three for 10 billion barrels.
Mr; Lichtblau. So it is a midfigure between 33 cents and 73 cents 

that Dr. Mead suggested. The 90 cents compares to 74 cents that Dr. 
Mead suggested.

At our assumed ratio of two-thirds salt domes and one-third steel 
tanks, the composite annual cost could be about 66 cents per barrel. 
1 hus, for our 4-month security storage we would have to put a security 
tee of approximately 22 cents per barrel on each barrel of imported 
crude oil from overseas.

Admittedly, this is a very rough calculation. It excludes the cost 
of a redelivery system for the stored crude oil which could well amount 
to several cents per barrel.

Obviously, the 21 cents per barrel current security fee on crude 
oil would not fully cover the cost as calculated above, not only 
because the fee itself is too small, but also because for the next sev­
eral years a substantial part of our imports will come in without fee 
under the current oil import program.

The same applies for the security fee on finished products. It would 
therefore be necessary either to adjust the existing fees upward or to
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levy an additional fee on all oil imports to cover the balance of the 
emergency storage cost.

Some of the other provisions would be: ...
Canard.—The security fee should be removed from pipeline im­

ports of Canadian crude oil. The security of this oil has been officially 
recognized by the U.S. Government as superior to that from any over­
seas destination.

Our oil import policy should reflect this fact which would act as an 
incentive for Canadian oil exploration and, thus, to our potential 
benefit.

Rationing.—Another requirement is the establishment of a standby 
compulsory oil rationing plan. Most European countries have such a 
standby plan because they realize that it cannot be properly designed 
and prepared for implementation in the face of an actual emergency.

Timing of imports.—Finally, consideration should be given to the 
time frame within which to build up the emergency storage to its 
desired level. Given the existing tightness in world oil supplies, it is 
important to bring in the necessary volumes at low enough import rates 
not to affect prices and freight rates significantly. For our suggested 
4 months emergency storage a 5-year buildup would mean an annual 
7-percent increase in U.S. crude oil imports over and above what 
would otherwise be imported.

I would like to say a word about production reserves as opposed to 
storage. It is sugegsted in S. 1586 that, in addition to storing imported 
oil, an emergency reserve can also be acquired by setting aside a per­
centage of existing or potential commercial domestic oil production 
as a reserve. .

In areas where the drilling and connection of wells is relatively 
expensive, such as our offshore areas, the cost may be disproportionate 
when compared with underground storage. But more important than 
comparative costs are several conceptional drawbacks of shutting in 
productive reserves for emergency use. I am talking about commer­
cially productive reserves.

For one thing, underlying each barrel of productive capacity is a 
multiple number of barrels of proved reserves. For operating purposes, 
the required national average reserve-production ratio at MER with­
out gas flaring may be estimated at 1:8.5, that is for each barrel of 
production we must have 8^£ barrels of approved reserve in the 
ground.

Thus, if we wanted to shut in a million barrels per day of production 
we would have to set aside 3.1 billion of proved reserves. On the other 
hand, if we wanted to have emergency storage for 1 million barrels per 
day, we would only have to import a total of 365 million barrels and 
build a redeliverv system of the desired capacity.

The difference in these two methods of emergency storage could 
have a considerable impact on our balance of payments. Using the 
above example, if we wanted to shut in a million barrels per day of 
productive capacity, we would have to import a corresponding volume 
of oil year after year as long as it is available. That is, as long as we 
have no emergency. The storing of imported oil, by contrast, would 
only require the importation of this volume for 1 year, if we felt a 
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1-year security cushion was enough to cope with any realistically 
conceivable international oil emergency.

Thus, by and large, our optimum course of action should be to 
maximize domestic oil production in order to minimize our current 
overseas dependency. At the same time we should import oil above 
our current needs whenever it is economically available, in order to 
develop a reliable emergency storage of whatever capacity we deem 
desirable. J

I have not mentioned oil products in my prepared statement. How­
ever, I would like to call attention to the fact that the U.S. east 
coast is almost entirely dependent on imports for its residual fuel oil 
needs. Utilities at the U.S. east coast are now relying on 70 percent 
ot their generating fuel on residual fuel oil, and virtually all of this 
residual fuel oil comes from overseas destinations. These utilities have 
storage equal to about 22 to 26 days of consumption. Additional resid­
ual fuel oil storage at the east coast is equivalent to 10 or 12 days of 
demand for all purposes. J

So the total storage facilities for residual fuel oil on the east coast 
are relatively low Less than a month, generally. Thus, if this imported 
oil became unavailable for just 1 month, our large electric utilities on 
tne east coast may have to shut down for lack of generating fuel, since 
we produce very little residual fuel oil domestically.

®°, in addition to what I’ve said earlier about crude oil, 
we should consider emergency storage of residual fuel oil used by 
electric power plants, where these plants rely primarily on this par­
ticular fuel. J r

This ends my statement.
[The prepared statement of Mr. Lichtblau follows:]
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Introduction

My name is John H. Lichtblau. I am executive director 

of the Petroleum Industry Research Foundation, Inc. in New York 

City.

1 appreciate the Senate Interior Committee's invita­

tion to testify at today's hearing on the subject of strategic 

petroleum reserves, as outlined in Title II of Senate Bill 1586.

Strategic reserves are oil supplies located in this 

country over and above normal market and inventory requirements 

and reserved for use only when foreign oil is physically un­

available in sufficient quantities.

The need for such reserves under existing conditions 

has become so obvious that it is no longer a controversial issue. 

Unfortunately, that does not mean anything is actually being 

done about it. There is often a world of difference between 

recognizing the desirability of a course of action and specific 

measures to implement it. Thus, the President in his energy 

message acknowledged the need for a strategic oil reserve, but, 

so far, the Administration has not offered a program to implement 

it. Neither has the industry, although it should be pointed out 

that the National Petroleum Council is currently working on a
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comprehensive study on the subject of Energency Preparedness 

which will include a detailed discussion of strategic reserves. 

One of the merits of Senate Bill 1586 is that it is calling 

public attention to the need for specific, early action regarding 

the establishment of strategic oil reserves in this country.

Our New Dependency, on Foreign Oil

Perhaps, the principal reason why so little has been 

done on this vital subject up to now is that, like so much else 

in the U.S. oil industry, the need for it is quite new. Until 

three years ago our domestic excess crude oil producing capacity 

was consistently larger than our total waterborn crude oil 

imports from overseas sources. In 1970, our refineries depended 

for only 9% of their crude oil requirements on such imports 

and total U.S. reliance on waterborn oil imports — crude and 

refined products — did not exceed 18%. This year both these 

percentages will be nearly twice as high and our sustainable 

excess crude oil producing capacity amounts probably to no more 

than 400,000 bld, equal to one fifth our total crude oil imports 

from overseas. And this is just the beginning. By 1980 our 

dependency on overseas oil supplies is likely to reach 45% of 

our requirements.
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The Need for Strategic Reserves

Under these conditions the creation of strategic re­

serves for security purposes becomes absolutely essential if 

the U.S. is not to be subject to the political, military or 

accidental vagaries of international oil supplies. Western 

Europe and Japan have long recognized the need for such re­

serves and have currently an active policy to increase total 

oil stocks from their existing level of 65 days of consumption 

to 90 days over the next 3 to 4 years.

Of course, these countries rely for 90% and more of 

their oil supplies on overseas imports, while the U.S. even by 

1980 will be about 55% self-sufficient, including overland 

imports from Canada. We need no strategic reserves for our 

domestic and other North American oil supplies. But for our 

growing overseas supplies we probably need a higher ratio of 

security reserves to demand than Europe’s and Japan’s new 

target.

As one of the world’s two super powers we may become more 

subject, and be more sensitive, to the threats and pressures of a
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cutoff in the flow of oil imports than other importing coun­

tries. A large, visible and readily available security 

storage may well act as a det^rent to any politically moti­

vated cutoff of U.S. oil imports because the exporting or 

transit country considering such action is much less likely 

to engage in it if it knows in advance that the U.S. would 

not begin to feel the impact for- many months.

If adequate security stocks of the various qualities 

of foreign oil required here were currently available, U.S. 

refineries would not have to run some 320,000-350,000 barrels 

daily below desired operating levels because of inability to 

obtain the right type of foreign crude oil. This would be 

enough to stave off the threatening gasoline and/or distillate 

heating oil shortage for this year.

Similarly, if security storage had been available 

in the second half of 1970 when the combination of a sub­

stantial government-decreed reduction in Libyan oil exports 

and the sabotage of the Trans-Arabian Pipeline caused a 

worldwide tanker shortage, there would £ave been no impact 

on the U.S. and perhaps the release of supplies from our 

security storage would have eased the tanker shortage suf­

ficiently to have affected Libya's exceptional bargaining

posture.
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Paying for Emergency Reserves

The first question that must be answered if we 

are to proceed from the discussion stage to the action stage 

is who will pay for the cost of strategic reserves. This is 

of great importance for the cost is quite large. During the 

five years it would take to develop a level of emergency 

crude oil stocks sufficient to cope with a major foreign 

supply interruption the total annual cost may well approach 

$1 billion. For the petroleum industry which will need all 

obtainable capital for the construction and expansion of 

domestic refining capacity and the search for oil and gas 

in our offshore areas, the expenditure of such an amount 

would probably require the curtailment of some of these pro­

jects. Given the shortage in both domestic refining capacity 

and.oil and gas supplies, such a shift in funds would hardly 

make a net contribution to the security of U.S. oil supplies.

Since the sole justification for emergency storage 

is national security, it should be financed by the government. 

The logical means of raising the necessary funds would be the 

Security Fee which the government has recently imposed on im­

ported oil. If this fee were earmarked for this purpose and 

set at a level designed to cover the cost,it would cease to 
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be an arbitrary figure, subject to political and bureaucratic 

challenges and pressures in both directions.

Instead it would represent the true national security 

cost differential between oil from overseas and from domestic 

and Canadian sources. This would give the public and its repre­

sentatives finally a visible and logical reason for the cost 

of the oil import control program. A fee on the importation 

of a natural resource which is in increasingly short supply 

domestically may be difficult to justify in the long run. But 

the need to pay for the cost of storing such a resource so as 

to have it available in an emergency is bound to make sense to 

most people.

The security storage facilities financed by the 

security fee could be managed or controlled by the Federal 

government through a government agency established for the 

purpose of administering the storage program, similar to the 

strategic materials stock piling program carried on by the 

government for many years. Alternately, it could be handled 

by a non-profit public corporation functioning under whatever 

government regulations are established and whose owners would 

be the crude oil importers. A third alternative might be a 

joint industry-government venture.
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Any of these approaches would result in a uniform 

centralized storage system with exactly equal unit cost for 

all participants. This would be superior to a system whereby 

the crude oil refiner-importers would be individually respon­

sible for maintaining the required security storage. Under 

this latter system the unit cost for storage would vary widely, 

depending on the type of storage facility required (salt domes 

vs. steel tanks), the cost and availability of storage sites 

as well as differences in local zoning regulations.

Furthermore, a centralized storage system would be 

less costly than a private system, since it could make optimum 

use of salt dome facilities and government land and could build 
9 

each storage facility of sufficient size to justify connections 

to existing pipelines, barge terminals and deep water ports for 

redelivery of the stored oil.

Size and Cost of Emergency Storage

The size of the security storage depends on the 

amount of the security fee, on what kind of interruption we 

foresee and how much security we wish to buy to guard against 

this potential interruption.

Obviously, the answers to all of these questions 

are essentially matters of judgment. For working purposes,
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however, we would suggest goal of four months of security 

storage so that each 3 barrels of crude oil imported from 

overseas would be backed by 1 barrel of security storage. 

In the very extreme case of the complete and simultaneous 

unavailability of crude oil from all overseas sources, we 

would therefore be totally unaffected for the first four 

months. By imposing a modest form of compulsory rationing - 

about 7-8% of total demand - during this period and by draw- 

ing down our normal commercial stocks of crude oil and re­

fined products which together amount to about 60 days consump­

tion, we would probably be able to avoid at least for the 

first six months a major impact on our economy and security. 

Whether this would be enough to settle or alleviate the crisis 

and whether a six months protection would be a strong enough 

deterrent against a show-down export embargo is of course a 

matter of speculation. It is obvious, however, that a six 

months protection is far superior to what we have now. Cer­

tainly, our existing stock levels must be considered inade­

quate to cope with any major future oil supply crisis.

The cost of providing four months of crude oil 

security stocks depends principally on three factors: The 

volume of imports required for this purpose, the cost of 

imported crude oil and the type of storage facilities used.
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According to a recent National Petroleum Council 

study, the U.S. will require approximately 9 million barrels 

daily of total overseas oil imports by 1980. If we assume, 

not unreasonably, that half of this volume will consist of 

crude oil, we will need about 550 million barrels of security 

storage by 1980 to meet our four-months requirement.

The Interior Departmerit estimated in a 1966 study 

the capacity of unused on-shore salt domes in the Gulf Coast 

area suitable for petroleum storage at 650 million barrels, 

more than our total requirement. It may be assumed that some 

of these salt domes are no longer available and that for this 

and other reasons one-third of the security storage will have 

to be placed in above-ground steel tanks.

The Cabinet Task Force on Oil Import Control esti­

mated in its 1970 report the annual cost of crude oil storage, 

assuming a twenty-year amortization and an 8% discount rate, 

at 28^/bbl for salt domes and 55^/bbl for steel tanks. This 

figure included land cost (for steel tanks), maintenance and 

$2.00/bbl for delivered overseas crude oil. If we assume the 

average cost of delivered foreign crude oil over the next five 

years at $4.00/bbl and if we increase the other costs in the 

Task Force estimate by 25% for inflationary factors, the total 
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annual per barrel storage cost over a twenty-year period would 

be about 55^ in salt domes and about $0.90 in steel tanks. At 

our assumed ratio of 2/3 salt domes and 1/3 steel tanks, the 

composite annual cost would be about 66//bbl.

Thus, for our 4-month security storage we would have 

to put a security fee of approximately 22//bbl on each barrel 

of imported crude oil.

Admittedly, this is a very rough calculation; it 

excludes the cost.of a redelivery system for the stored crude 

oil which could well amount to several cents per barrel. Ob­

viously, the 21//bbl current security fee on crude oil would 

not fully cover the cost as calculated above, not only because 

the fee itself is too small but also because for the next several 

years a substantial part of our imports will come in without fee 

under the new program. The same applies for the security fee on 

finished products. It would therefore be necessary either to 

adjust the existing fees upward or to levy an additional fee on 

all oil imports to cover the balance of the emergency storage 

cost.
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Other Provisions

Canada:

The security fee should be removed from pipeline 

imports of Canadian crude oil. The security of this oil 

has been officially recognized by the U.S. Government as 

superior to that from any overseas destination. Our oil 

import policy should reflect this fact which would act as 

an incentive for Canadian oil exploration and, thus, to our 

potential benefit.

Rationing;

Another requirement is the establishment of a 

stand-by compulsory oil rationing plan. Most European 

countries have such a stand-by plan because they realize 

that it cannot be properly designed and prepared for 

implementation in the face of an actual major emergency.

Timing of Imports;

Finally, consideration should be given to the 

time frame within which to build up the emergency storage 

to its desired level. Given the existing tightness in world
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oil supplies, it is important to bring in the necessary 

volumes at low enough import rates not to affect prices 

and freight rates significantly. For our suggested four- 

months emergency storage a five-year build-up would mean 

an annual 7% increase in U.S. crude oil imports over and 

above what would otherwise be imported.

Production Reserves

It is suggested in § 1586 that, in addition to 

storing imported oil, an emergency reserve can also be 

acquired by setting aside a percentage of existing or 

potential commercial domestic oil production as a reserve. 

In areas where the drilling and connection of wells is 

relatively expensive such as our offshore areas, the cost 

may be disproportionate when compared with underground 

storage. But more important than comparative costs are 

several conceptional drawbacks of shutting in productive 

reserves for emergency use. For one thing, underlying each 

barrel of productive capacity are a multiple number of 

barrels of proved reserves. The required national average 

reserve/production ratio at MER, without gas flaring, may 

be estimated at 1:8.5. Thus, if we wanted to shut-in a
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million b/d of production we would have to set aside 3.1 

billion of proved reserves. On the other hand, if we 

wanted to have emergency storage for a million b/d, we 

would only have to import a total of 365 million bbls 

and build a redelivery system of the desired capacity.

Impact on the Balance of Payments

The difference in these two methods of emergency 

storage could have a considerable impact on our balance 

of payments. Using the above example, if we wanted to 

shut-in a million b/d of productive capacity, we would have 

to import a corresponding volume of oil year after year as 

long as it is available. The storing of imported oil, by 

contrast, would only require the importation of this volume 

for one year, if we felt a one-year security cushion was 

enough to cope with any realistically conceivable inter­

national oil emergency.

Summary

Thus, by and large, our optimum course of action 

should be to maximize domestic oil production in order to 

minimize our current overseas dependency. At the same time
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we should import oil above our current 

is economically available, in order to 

emergency storage of whatever capacity

needs whenever it 

develop a reliable 

we deem desirable.
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[From the Naval War College Review, May-June 1974]

Oil and National Security

Recent experience has shown that even a limited and poorly 
maintained Middle Eastern oil embargo can strongly affect 
the economic and temperamental well-being of the United 
States. 11 The potential for a future cutoff, due either to peace­
time political and economic policy or wartime interdiction, 
remains a worrisome contingency for American strategists. A 
viable counter to future threats on our foreign oil supply is 
oil stockpiling, an expensive and complicated procedure, but 
one that cannot be ignored.”

(By Barry M. Biechman and Arnold M. Kuzmack)
The October 1973 war in the Middle East finally witnessed the 

long threatened use of the Arab “oil weapon.” The major Arab oil 
producers—Saudi Arabia, Kuwait, Iraq, the Sheikhdoms on the 
Persian Gulf, Algeria, and Libya—all embargoed shipments of their 
oil to the United States. The embargo was designed to curtail U.S. 
military, economic, and diplomatic support for Israel and to cause 
this Nation to force Israel to return to the pre-1967 cease-fire lines. 
Additionally, the Arab oil producing states announced progressive 
cutbacks in total oil production. Beginning in October, crude oil 
output was to be reduced 5 percent per month frcm the level obtained 
in September 1973. This step would mainly affect Europe and Japan— 
the major consumers of Arab oil—which, it was expected:

made it certain that those nations would not provide any 
support for Israel;

made it more difiicult for the United States to receive Arab oil 
indirectly; and

put pressure on the United States from these important sources 
to accede to the Arabs’ demands.

The production cutback was a short-lived policy. The December 
reduction was canceled and output has since risen, although it seems 
unlikelv to return to prewar levels for some time. Also, the production 
cutback was never a unified policy maneuver. Iraq, for one, flatly 
declined to go along. The embargo was sustained longer and more 
uniformly and continued in effect until March 1974. However, neither 
of these actions have attained their stated ends. The United States 
continues to provide Israel with necessary military equipment and 
diplomatic backing. And, while Israeli forces have withdrawn from the 
Suez Canal, a return to the pre-1967 cease-fire lines appears in the 
cards only for the distant future, if ever. More importantly, despite 
sharp increases in the price of petroleum products in the United States, 
a threatened shortage of fuel oil, and long lines at gasoline stations, 
public support for Israel in the United States remains as high, or 
higher, than it was before the war.

(201)
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In part, the failure of the oil weapon may be attributed to the ad­
ministration’s longstanding policy of standing up to political coercion, 
but a more significant factor is the United States present oil import 
situation. The United States now imports only about 6 percent of its 
petroleum requirements directly from the Middle East, and it obtains 
only 10 percent of its needs from the Arabs even when products which 
are imported from refineries in third nations are included. Unfortu­
nately, this situation is likely to change in the future. Before the war, 
reasonable projections indicated that the United States would import 
about 50 percent of its oil during the 1980 to 1985 period and that at 
least half of this total would have to originate in the Middle East. 
While these projections may now be somewhat high—both because 
the sharp rise in petroleum prices will likely result in a more moderate 
growth in demand and because it will spur greater efforts to develop 
alternative domestic energy sources—there seems little doubt that the 
United States will be significantly more dependent on foreign sources 
for its petroleum supplies in the 1980’s than it is today.

Increasing dependence on imported oil is undesirable for a number 
of reasons. It gives foreign nations greater influence in determining 
the price of oil; it contributes to our unfavorable balance of payments; 
and it greatly increases the leverage wielded by the producing nations 
in the international monetary system. It can, potentially, undermine 
the vitality of the domestic oil industry.

The most disquieting potential consequences of increased depend­
ence on foreign oil are the implications for national security. These 
consequences, a source of concern for all oil importing nations, are 
considered more vital for the United States as its political, economic, 
and military power provides the basis for the Western security system. 
Disrupting the flow of petroleum could be an effective way of waging 
war against this country as well as a potent political lever to influence 
the foreign policy decisions of the United States in peacetime.

It is the intent of this paper to give substance to vaguely felt 
concerns over the national security implications of the energy crisis. 
We aim to determine the degree and the manner to which these 
concerns are real and to examine alternative ways of coping with such 
potential problems. We begin by exploring contingencies, in war and 
in peace, in which supply interruptions might occur, with three 
questions in mind:

What conditions are necessary for oil cutoffs to occur?
How serious would they be?
And what policies could be instituted to deal with them, should 

they occur?
We will not be judging the absolute likelihood of any of these 

scenarios; in fact, some would appear so implausible as to not warrant 
serious reflection. But this the reader will ultimately have to judge 
for himself. Moreover, he will have to decide if the alternative policies 
warrant the cost of implementing them.

THE INTERRUPTION OF PETROLEUM SUPPLIES IN WARTIME

From the beginning of the Second World War through 1943, the 
United States encountered considerable difficulties in supplying petro­
leum products for the war effort. This came about for two reasons.
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First, there was a sharp increase in the Armed Forces’ demand for 
petroleum. Between 1940 and 1945 military demand for petroleum 
increased from 1 to 33 percent of U.S. production,1 and these figures 
take no account of demand increases due to the needs of war-related 
industrial production. Second, German submarines had considerable 
success during the early part of the war in interdicting the movement 
of petroleum from producing to consuming areas, particularly from 
the Caribbean and the U.S. gulf coast to the eastern seaboard.

Much of the concern over future increased U.S. dependence on 
oil imports seems to stem from this experience. Many observers fear 
that, given the increasing rate of demand, the United States in future 
wars would not be able to meet its normal requirements, far less the 
increased demands generated by wartime needs. In a wartime environ­
ment, an adversary with sizable and sophisticated military forces 
could attempt to interdict the movement of petroleum between pro­
ducing areas and the United States, Japan, and Western Europe in 
a number of ways. Our objectives here are to outline the tactics avail­
able to an opponent and the counteractions likely to be taken by the 
West, to describe the forces which each side could bring to bear, 
and to highlight certain critical determinants of the outcome of the 
engagement.

In a conventional war between NATO and the Warsaw Pact—the 
most demanding scenario with regard to petroleum requirements— 
choices facing the Soviet Union involve: first, the points in the oil 
distribution system at which to apply pressure; and secondly, the 
types of weapons to employ.

One possibility would be to deny the oilfield- themselves to the 
\\e>t, either by destroying the fields in air raids or by physically 
seizing the oil producing areas. To the extent that either tactic would 
be practical, the fields along the Persian Gulf, because of their proxim­
ity to the U.S.S.R. and their great output, would seem to be the most 
likely target.

There are, however, implicit difficulties in the airstrike option. Oil­
fields are not particularly vulnerable to air raids with conventional 
munitions as they are comprised of many individual targets, each 
relatively “hard” and individually of low intrinsic value. A somewhat 
more fruitful approach might be to attack the tanker loading ter­
minals. There are only a few such facilities—Kharg Island, Ras 
Tanura, Bahrein, and Abadan—and these will handle a large portion 
of the Gulf’s output in the 1980’s. These targets would be relatively 
easy to repair, however, and would have to be attacked repeatedly. 
An additional problem derives from deficiencies in Soviet airpower. 
Most oilfields in the Gulf area (even those in Iran) are beyond the 
combat range of Soviet fighter aircraft based in the U.S.S.R. Thus, 
the primary vehicles for such strikes—the 700 medium-range bombers 
assigned to the U.S.S.R.’s long-range aviation, less those used in 
other missions or held in reserve to deter China from initiating hostile 
action—would have to carry out the bombing without fighter escorts. 
In such a situation they would be very vulnerable to interceptor air­
craft. Even if no U.S. forces were deployed to the region, the Iranian

1 Cabinet Task Force on Oil Import Control, The OU Import Question: a Report on the Relationship of Oil 
Imports to the National Security, February 1970, p. 233. Cited hereafter as Cabinet Task Force Report
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Air Force, presently composed of only eight tactical fighter squadrons 
but in the process of being expanded and equipped with advanced 
fighter aircraft, would be capable of inflicting heavy Soviet losses.

The second means of denying the oilfields to the West—occupying 
them—would seem to be a better choice. The U.S.S.R. probably 
would not attempt such an exercise by amphibious invasion, as the 
forces it maintains for such operations are quite limited. In addition, 
what forces could be mustered would be vulnerable to attack by 
Western naval forces during the long transit between Soviet ports 
and the Persian Gulf. Nor would the U.S.S.R. be likely to attempt 
an airborne invasion, even though Soviet capabilities in this area are 
more impressive, because of limited fighter escort range and because 
of restrictions on the amount of armor and other heavy equipment 
that could be quickly delivered to the combat theater. The probable 
course of action would be an overland invasion of Iran from the 
Caucasus region and then, assuming such a foray were successful and 
Iranian bases became available for Soviet use, expanding to the other 
producing regions on the gulf one by one.

In peacetime the U.S.S.R. maintains 21 divisions in the Caucasus 
and West Turkestan regions, sufficient forces to occupy Iran—which 
maintains 7-plus divisions at present—within several weeks. This 
swift and decisive victory might be compromised, however, by several 
factors: the fortunes of Soviet troops in Europe, American interven­
tion, and the performance of the Iranian Armed Forces, for example. 
Conceivably, the U.S.S.R. might gain the support of Iraq in such a 
contingency by playing on the deep-seated ethnic and political rivalries 
among the states at the head of the gulf.

A third possibility for the Soviet Union would be to cripple the 
West’s refining capability, a tactic used with considerable success by 
the Allies during World War II. Attacks on the Ploesti refineries 
beginning in May 1944, using only 12,000 tons of bombs, are said to 
have caused a more than 70 percent decrease in Rumanian oil exports 
to Germany by June and a total shutoff by July.2

This success is unlikely to be repeated in Soviet attacks against 
NATO refineries. For one thing, NATO refining capacity is not as 
concentrated as was Germany’s in World War II. Whereas there were 
fewer than 100 refinery targets at that time, there are already more 
than 700 contributing to Western oil supplies, and this number will 
increase in the future. Moreover, more than 40 percent of the West’s 
refining capacity is located in the Western Hemisphere, beyond the 
range of all but a handful of Soviet aircraft.3 Of course, refineries in 
Europe would be important targets, but it would not be of a strategic 
significance comparable to the destruction of German refineries in 
World War II.

A fourth set of options available to the U.S.S.R. would involve the 
interdiction of oil tankers, both those moving crude oil to storage 
areas and refineries and those transporting finished products to con­
sumers. In the early years of World War II, Germany adopted this 
tactic against the movement of oil from the Caribbean and the gulf 
coast to the Northeast United States. Within 4 months of the begin­
ning of this interdiction campaign (February 1942), tanker shipments 
were cut to only 18 percent of the rate in December 1941. Shipments

2 U.S. Strategic Bombing Survey, The Effects of Strategic Bombing on the German War Economy (n.p., 
1945), pp. 78-81.

3 “Worldwide Oil at a Glance,” Oil and Gas Journal, Dec. 25,1972, pp. 82-83.
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continued to decline for another year, reaching a low point of 6 per­
cent of the December 1941 rate in May of 1943. Tanker shipments 
did not return to previous levels until late 1944.4
• Thf. number of Soviet submarines and aircraft committed to an oil 
interdiction campaign would depend, again, on the U.S.S.R.’s per­
ception of other requirements for these forces, their assessment of the 
chances of successfully interdicting oil flows, and their reading of the 
strategic consequences of such a campaign should it be successful. In 
such a campaign the Soviet Union could choose among several poten­
tial chokepoints on the oil routes. Three possibilities come to mind -

One is the offloading facilities, both in Europe and the United States. 
Between 1960 and 1970, the average size of ships in the world tanker 
fleet as expressed in deadweight tons, doubled (from 20,000 to 40,000 
dwt), and their size will rise more sharply in the present decade. At 
the end of 1970, the average size of tankers under construction in the 
West was more than 100,000 dwt. The reason for this increase is the 
introduction of very large crude oil carriers (VLCC’s), ships ranging 
between 175,000 and 600,000 dwt. With the increase in overall tanker 
size has come a sharp rise in the draft of these vessels. A tanker of 
100,000 dwt is likely to have a draft of about 50 feet, while a tanker 
of 500,000 dwt will have close to a 100-foot draft. In the 1980’s, there 
may well be tankers of 1,000,000 dwt, with correspondingly deeper 
drat ts.

These giant vessels require special deepwater offloading facilities 
where they can disgorge their cargoes into pipelines or storage tanks 
or transfer them for final delivery by smaller ships. There are about 
10 such facilities in operation in Europe at present, perhaps 10 more 
are planned. The United States has none, but the ever more obvious 
need for such facilities has led to several proposals under active 
federal consideration. By 1985 there are likely to be 10 deepwater 
facilities in North America. These locations would be tempting 
targets for Soviet bombers, as well as points of reference from which 
submarines might locate incoming tanker shipments.6

Another possibility, probably the most vulnerable point in the oil 
flow network, is the entrance to the Persian Gulf—the Strait of 
on0rmKZ' v *s waterway is only 25 nautical miles wide (outside the 
20-lathom line), and the channel used by deep-draft oil tankers is far 
less—about 2 nautical miles. Either Soviet submarines could deploy 
to the Indian Ocean and torpedo tankers as they left the gulf, or the 
Soviets could attempt to close the channel with sea mines. Assuming 
that Soviet sea mines have a lethal sweepwidth of 200 feet relative to 
a typical VLCC, say of 250,000 deadweight tons, and further assuming 
that Soviet naval doctrine calls for minefields with a 25-percent kill 
probability per passage, then only 200 mines would be required to 
close the 25-mile strait. Another 50 mines might be added to this 
requirement to hedge against technical failures, misplaced drops, 

Chandler Ide, eds., “A History of the Petroleum Administration for War: mi­
ls (Washington, U.S. Government Printing Office, 1946), pp. 87-88

on Interior and Insular Aflairs’Deep WateT Port Policy
Tanker Te™.nals: study >n Depth,” United States Naval Institute 

Insular Affaire h 1973’ PP‘ 56-64’ ak°’ several studies reproduced in Senate Committee on Interior and 
phLTM? P0^ Th highlighted by Adm. Elmo R. Zumwalt, Jr., the Chief of Naval Operations,............the
S J™/16 OrtJ? °?k-1,Sinkill,g just a handful of supertankers in critical passages

mHi tart 1 v tn Gulf for a long tlm8 * * * there is little the U.S. couldnowdo
t?18 Pnssthihty. Source: Statement of the Chief of Naval Operations Before the [Sen­

ate] Committee on Intenor and Insular Affairs (Processed January 1973), pp. 11-12. 1
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and similar errors. If the minefields were laid by submarine, only six 
to eight submarine loads would be required.8 The U.S.S.R. also could 
employ airdropped mines to close the gulf. Medium-range “Badger” 
aircraft can probably carry around 20 mines apiece (if they are not 
also equipped with air-to-surface missiles),9 and only 12 plane loads 
would be required.

Clearly, if unopposed, the Soviet Union would have more than 
ample resources to close the Persian Gulf, but unless they were pre- 
dep oyed before the initiation of hostilities, submarines would have to 
pass through barriers established by the NATO navies between Soviet 
naval bases and the submarines’ expected operating areas. These bar­
riers might be in the various straits between the Pacific and Indian 
Oceans or the area between Greenland, Iceland, and the United 
Kingdom. Moreover, NATO and Iranian ASW forces could patrol in 
the Arabian Sea near the mouth of the gulf. If aircraft were used to 
mine the channel, they would face problems similar to those discussed 
in attempts to bomb the oilfields or loading terminals at the head of 
the gulf. In fact, aircraft on minelaying missions would face greater 
difficulties in that they would have to penetrate further south. On 
the other hand, aircraft on minelaying missions might avoid a large 
portion of Western defensive interceptors by overflying India, or per­
haps Afghanistan and Pakistan, before heading for the Straits of 
Hormuz. This tactic could be partially countered by the use of an air­
craft carrier in the Arabian Sea, but carrier-based air defenses would 
be relatively inefficient if the attacking aircraft remained largely over 
land.

Obviously, some Soviet submarines and aircraft would be destroyed 
but others would succeed in depositing their mines, and since the 
number of successful missions required is quite low (6 to 8 for sub­
marines, 12 for aircraft), it should be expected that the U.S.S.R. 
would be relatively successful. Also, planners should not be too op­
timistic in the effectiveness that mine countermeasure forces (mine­
sweeper ships and specially equipped helicopters) would have in 
clearing the area. Modern sophisticated mines are extremely difficult 
to sweep,10 and the U.S. Navy has been reducing its mine counter­
measure forces (perhaps because of their limited effectiveness). Be­
sides, other priorities will most likely make it necessary to hold back 
a large portion of these forces for mine clearance operations in the 
United States and Western Europe.

Another tactic available to the Soviets would be to attack tankers 
on the high seas. During a war in the 1980’s, roughly 25 to 28 million 
barrels of oil per day would have to be delivered to the United States 
and Western Europe.11 Assuming that tankers averaged 250,000 dwt 
at that time, 13-15 deliveries would have to be made each day. If the

8 Present day Soviet nuclear submarines can carry up to 64 mines apiece but would want to use some of 
this capacity for torpedoes for self-defense or targets of opportunity. See Robert D. Wells, “The Soviet 
Submarine Force,” United States Naval Institute Proceedings, August 1971, pp. 63-79.

’ “Badgers” without ASM’s are reported to carry 9 tons of ordnance internally; see John W.R. Taylor 
and Gordon Swanborough, Military Aircraft of the World (New York: Scribner, 1971), p. 133.

>» Bryon F. Calame, “Deadly and Sophisticated, Navy’s Mines Can Do Everything but Smell,” Wall 
Street Journal, May 10,1972, p. 1.

11 This calculation is founded on the National Petroleum Council’s projections of peacetime oil consump­
tion and production in 1985 and on the authors’ own estimates of incremental demands posed by a major 
war in Europe. The latter was based on U.S. Army planning factors (as specified in Field Manual 101-10-1), 
experience during the Vietnam war (based on data supplied by the Office of the Assistant Secretary of 
Defense for Installations and Logistics), and force levels as presently envisioned. Table 1 shows a brake­
down of incremental demand and required deliveries to Europe, by source.
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average trip from producing to consuming area were 23 days, then at 
any one time there would likely be some 600-700 potential targets on 
the high seas.

In World War II, shipping was protected by sailing in convoys, each 
convoy escorted by destroyers. There might be some difficulty adopt- 
mg this tactic for VLCC’s, however, in that the immense size of these 
vessels makes them difficult to maneuver and, therefore, risky to 
sail close to one another. More likely, the defensive tactic adopted 
vould be to clear the general area through which the oil routes passed. 
I his would be accomplished by attriting the Soviet submarines force 
as it passed through the barriers mentioned earlier and by searching 
to® oil routes with antisubmarine aircraft, based at sea or on land. 
The Soviets probably would not use all their submarines for the oil 
interdiction mission. Even so, a force of 50 to 100 nuclear attack 
submarines could be expected to sink a considerable number of 
tankers before being destroyed by Western antisubmarine warfare 
forces.

Insummary, the most potent threat to Western oil supplies posed 
by the U.S.S. R. in a major NATO-Warsaw Pact conflict would be 
mining the entrance to the Persian Gulf. Of the 25 to 28 million 
barrels of oil which would constitute the daily United States and 
other ^ATO import requirement in such a contingency in the 1980’s, 
11 to 14 million barrels per day (MMB/D) would originate in the 
Persian Gulf (table I).12

TABLE I.—PETROLEUM INCREMENTAL DEMAND AND DELIVERIES IN THE EVENT OF A MAJOR WAR

IN EUROPE IN 1985

[In thousands of barrels per day)

Incremental 
demand

Required 
deliveries 
to Europe

U.S. military forces:
Ground combat forces L.
Tactical air forces 2...
Naval forces3.......

Subtotal.........
U.S. industry__________
Other NATO military forces b.

Subtotal...... ...
Other NATO civilian demand 3

Total...........

200
350

167
175
86

428 550
250 0

0 1,080

678 1,630
0 12,000-16,000

678 13,630-17,630

' 17 divisions and nondivisional elements; a total of 1,200,000 men.
3 nnn h-°rCe squadrons’ 6 carrier air groups, and 1 Marine air wing; a total of 2,100 aircraft (UE).
UUU olllpo.

IO^pp^S ground forces; 2,500 tactical aircraft; and 800 naval ships. These forces represent roughly a 

Italy ; Nethedandl, and NorwayP ‘ eVe S (lnCluding ^serves) of Belgium, Denmark, France, West Germany, 

Ji1!"85 «•? listad in note <9 W.HI consume roughly 25,000,000 barrels of petroleum per day, one-fifth of which 
eithe°r bv^vs^aUAsku^ ^'i'/ tcNorth,Sea)- The de8ree to which ‘his consumption could be reduced— 

.ki physical des‘ruction of industrial facilities or by government imposed rationing—is unclear The lower figure in 
ha tab ? £0"rA°"dS ,0 a t0tal cutoff c‘6erman consumption (such as would occur as far as the United StXs wX con- 

t Ped Th^h^P2r?1mnr(>WaS overrun.by Soviet troops) and a 20-percent reduction in the import requirements of the other 
of^ncrp^prf ^tricVy a 2(H>crcent drop in import needs. This could come about through a combination
rtImf™aSed domestic Production (perhaps with synthetics as Germany did in World War II), rationing, and war-related 
Ud 111328.

originate in the Western Hemisphere outside the United States, 5 MMB/D 
from the Mediterranean (including pipeline output), and 3 MMB/D would originate in West 

Africa. Asian production is assumed to go strictly to Japan.
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What would be the consequences of the denial of this oil, which 
constitutes 20 to 30 percent of the military and civilian demand pro­
jected for the war? During World War II, both Germany and Japan 
had considerable difficulty securing adequate supplies of petroleum. 
Oil shortages played a significant role in weakening the German and 
Japanese war efforts in the form of cutbacks in pilot training, reduced 
war-related industrial production and transportation, and, ultimately, 
restrictions on the mobility, flexibility, and overall effectiveness of 
combatant forces.

However, the interruption of German and Japanese oil supplies 
toward the later part of the war was proportionally far greater than 
the United States and NATO supplies that would be affected by 
blockage of the Persian Gulf. In January 1945 German production and 
imports of petroleum products had been slashed to less than one-fourth 
the monthly average in 1943.13 Similarly, in the spring of 1945, Jap­
anese production and imports of all petroleum products totaled less 
than one-fourth the prewar rate.14 As noted, a cutoff of imports from 
the Persian Gulf would amount, at most, to one-fourth of U.S. and 
NATO demand. Moreover, despite the sharp increase in the depend­
ence of modern-day military forces on petroleum, total military de­
mand is small relative to civilian demand. Consequently, a one-forth 
cutoff is unlikely to affect the consumption of the Armed Forces 
themselves, which would, of course, receive first priority in wartime. 
The reduction would, however, bite strongly into civilian consumption. 
The degree to which such a reduction would be debilitating to the 
war-related industrial effort would depend upon several factors, in­
cluding the scope and effectiveness of any compensatory measures 
which were undertaken.

SUPPLY INTERRUPTIONS IN PEACETIME

Since a major conventional war involving the United States 
appears highly unlikely, most concern over the national security 
implications of increasing oil imports focuses on supply interruptions 
in peacetime. Growing dependence on imports is said to provide a 
ready means for other nations to coerce the United States into making 
foreign policy choices, particularly in connection with the Middle 
East, that it might not otherwise make.
Arab Oil Supply Cutofs.

In this range of contingencies, the major Arab oil producers would 
use their oil exports as a weapon against U.S. support of Israel. This 
might be done as means of influencing the outcome of diplomatic 
negotiations regarding the resolution of the Arab-Israel conflict, 
during a crisis, or during an actual Arab-Israel conflict.

The producers that would most probably be involved are Saudi 
Arabia, Iraq, Kuwait, Algeria, and Libya, of which Saudi Arabia is 
by far the most important. It is important to remember that Iran— 
the second largest producer of petroleum in the Middle East—is not 
an Arab country, that it has amicable relations with both the United 
States and Israel, that it is a rival of several of the Arab countries

” U.S. Strategic Bombing Survey, Oil Division Final Report (n.p., 1947), fig. 16.
M U.S. Strategic Bombing Survey, The Effects of Strategic Bombing on Japan’s War Economy (n.p. 

1946), p. 134.
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just mentioned; therefore, it would have no incentive to participate 
in such a supply interruption. In fact, Iran’s interests would lie in 
helping in defeat the petroleum interruption. It also should be noted 
that many of the Arab nations just listed are ideologically, and some­
times politically at odds (e.q., Iraq-Kuwait and Libya-Saudi Arabia).

There are a number of different ways the Arab countries could im­
plement the interruption in oil flow, each with very different implica­
tions for the United States, Western Europe, and the oil picture gen­
erally. In the first case we consider, the Arab countries decide to halt 
all shipments to the United States but otherwise follow their economic 
self-interest. They would therefore be willing to increase shipments of 
oil to customers other than the United States in hopes of regaining the 
revenues lost by not shipping to the United States. However, this 
policy would greatly reduce the effectiveness of the cutoff as a means of 
coercing the United States, since the world oil market could act to 
neutralize the effect, of the cutoff. Importing countries other than the 
United States could increase their imports of Arab oil, thus freeing non­
Arab sources, including Iran, to meet U.S. needs. Alternatively, swaps 
could be made among consuming nations, or the international oil 
companies could perform the same function.

Obviously, the Arab States would be aware that an interruption of 
this sort would be likely to have only marginal effects on the United 
States. They would view it as a symbolic step—a means of indicating 
displeasure to the United States and, at the same time, helping to still 
pressures originating in the Arab world for more consequential (and 
costly) measures.

In the second scenario, the Arab countries would stop shipments to 
the United States and continue shipments to other Western countries 
but would be unwilling to increase those shipments. Thus, they would 
not attempt to pressure or punish Western Europe as well as the 
United States, but neither would they be willing to permit the sort of 
swaps described above which would vitiate the effectiveness of the 
cutoff.

If this contingency occurred in 1985, when the United States is 
likely to be importing 53 percent of its oil, according to the National 
Petroleum Council,* we estimate that the amount of oil affected would 
be about 5 to 7 million barrels per day, or about 25 percent of U.S. 
consumption. Let us now consider how the world oil system would re­
spond to the cutoff hypothesized here. The market would work to 
supply the unsatisfied demand. With some time delay, existing excess 
capacity in non-Arab countries would be brought into production.

While additional capacity is brought into production, the oil in­
dustry could operate from reduced stocks. Drawing down commercial 
and pipeline stocks in the United States could meet the shortfall for 
perhaps 30 days but, of course, such drawdowns lead to inefficiencies 
and spot shortages in some areas for particular products.

To the extent that existing stocks and excess capacity would not be 
adequate, higher prices and specific Government policies designed to 
conserve energy would reduce demand. Further, high U.S. prices 
would draw supplies away from other countries, resulting in higher

♦The NPC projections were made late in 1972. They do not, therefore, reflect the consequences of the 
October war or subsequent events. One would expect the embargo and resultant shortages to temper the rise 
in U.S. demand and to spur greater output from alternative energy sources.
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prices and reduced demand there and spreading the shortfall through­
out the oil consuming countries. The OECD oil sharing agreement 
could provide a government-to-government mechanism for facilita­
ting the dispersion process. Since, in this case, the shortfall would be 
only a small fraction (6 to 8 percent) of total non-Communist world 
demand and since projected excess production capacity is comparable 
in magnitude to the shortfall, there would seem to be little question 
that the world oil system could handle the situation without severe 
interruptions in meeting petroleum needs, but that increased prices 
and somewhat reduced consumption also would be likely.

The third case of Arab oil supply interruptions is one in which the 
participating Arab States cut off production destined for both the 
United States and Western Europe. Such an action is substantially less 
likely than those previously considered because of the great economic 
cost to the Arabs themselves and because the Western European 
countries have clearly disassociated themselves from U.S. support for 
Israel. Nevertheless, the close association between Western Europe 
and the United States in many other areas and, more importantly, the 
likelihood that an Arab oil cutoff would fail unless Western Europe 
were included make it prudent to consider this wider cutoff.

We estimate that, in 1985, Western European imports of oil from 
Arab countries would be 12 to 15 million barrels per day. Adding to this 
figure the 5 to 7 million barrels per day of U.S. imports from these 
countries, total U.S. and Western European imports from the Arab 
countries in 1985 are likely to be in the range of 17 to 22 million barrels 
per day or about 35 to 45 percent of combined U.S. and Western 
European consumption. Thus, the amount of oil cutoff under this 
contingency is 3 to 4 times as much as would be involved in a cutoff 
aimed at the United States alone.

A cutoff of this magnitude would be too large to be handled com­
pletely by the sort of automatic mechanism discussed above. Probably 
less than 5 million barrels per day of excess capacity would be available 
for reallocation, and some of this might be quite difficult to bring into 
production. As the demand for petroleum is relatively price inelastic, 
it would be difficult to greatly reduce demand through price increases 
alone; stringent Government rationing would be necessary. It is likely 
that the impact on day-to-day life would be as great as occurred in 
World War II, and the impact on industry would be much greater, 
since industry probably would not be a preferred user as was the case 
with war-related industries in World War II.

On the other hand, this sort of cutoff also would have the most 
severe impact on the revenues of the producing nations. Foregoing 
oil revenues is not a decision these governments will take lightly. 
While growing currency reserves provide a cushion, particularly so for 
Saudi Arabia, the expectations of lost income will provide consider­
able incentive against implementation of such a broadly targeted oil 
supply cutoff.

Thus, the third case—a cutoff of Arab exports to both the United 
States and West Europe—is both the one case likely to bring about 
severe economic and social deprivations in the United States and the 
one least likely to occur.
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An OPEC Oil Supply Interruption
This scenario envisions a cutoff involving more than the Arab pro­

ducers. The world’s major petroleum-exporting countries could 
threaten to interrupt shipments to the major importing countries (the 
United States, Western Europe, and Japan) in order to force up the 
price of oil and to increase their own oil revenues. If such a threat were 
carried out, the results could be extremely serious, since OPEC mem­
bers produced 63 percent of the non-Communist world’s oil in 1972 a 
fraction which is unlikely to decrease in the foreseeable future.
Physical Disruption of Oil Flows in Peacetime

In the peacetime contingencies considered so far, the cutoff of oil 
was due to a conscious decision of the governments involved. It is 
also possible, however, that U.S. oil supplies could be disrupted by 
physical damage. One such scenario envisions the sabotage of oil 
facilities m Iran in conjunction with domestic turmoil. Another 
possibility would be inadvertent damage resulting from a war among 
the states at the head of the Persian Gulf—Iran, Kuwait, and Iraq— 
but these threats are most credible if taken in the context of another 
Arab-Israeli war. In such a conflict there would be four relatively 
independent actors; the United States, Israel, the Arab govern­
ments, and Palestinian irregular forces. Of these, only the latter would 
have any incentive to physically damage oil production facilities. The 
United States obviously would not want to damage facilities upon 
which it depends for important supplies. Nor would Israel wish to 
take actions that would make U.S. support more difficult. The Arab 
governments could accomplish the same thing, at less ultimate cost 
through administrative fiat. The Palestinians, on the other hand, could 
see an attack on oil facilities as useful either as a means of exerting 
pressure on the Arab governments for greater support (although the 
possibility of counterreactions would be quite high) or as a direct 
means of influencing the United States.

It is unlikely that such an attack could disrupt oil supplies suf- 
hciently to present significant problems to the United States. The 
oil facilities are relatively isolated and distant from the primary 
focus of the Arab-Israeli conflict, and there are few single targets 
whose destruction would have grossly disproportional effects. These 
factors would make such an effort by the Palestinians difficult and, 
furthermore, would suggest that the oil facilities are unlikely to be an 
accidental victim of military conflict in the area. The one exception 
to this statement are the pipelines leading to the Mediterranean, but 

vY imPor^anc® is 011 the decline in the oil transport system. Thus, 
while a determined Palestinian effort undoubtedly would do con­
siderable damage in dollar terms, its consequence for U.S. oil supplies 
is unlikely to be major.

ALTERNATIVE STRATEGIES AND POLICIES

Contingency Planning
One way to reduce the impact of an oil cutoff is to minimize both 

the amount of time necessary to take compensatory action and the 
degree of attendant inefficiencies in the supply distribution. In order 
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to do this, plans have to be made well in advance for short-term con­
servation mechanisms, production increases, rationing, or other supply 
and demand allocation mechanisms, and the like. The more realistic, 
flexible, and current the contingency planning is, the more it is possible 
to cushion the effect of any oil cutoff. Consideration also should be 
given to improving and strengthening govemment-to-government 
mechanisms for dealing with oil supply interruptions and for allocating 
available supplies.

Measures of contingency planning have two common characteristics: 
they are cheap and they do not go very far toward solving the problem. 
By themselves, they would be unable to handle the more severe con­
tingencies discussed, but they are essential to the success of any 
strategy for dealing with oil cutoffs and should, therefore, be pursued. 
Oil Stockpiles and Similar Measures

Another way to limit the effects of oil supply interruptions is to 
hold stocks of oil, sufficient to outlast the interruption, in reserve. Such 
a strategy would by definition be successful, but it is also expensive 
and presents several practical problems.

A policy of stockpiling oil would be most effective if the U.S. allies 
in Western Europe and Japan undertook similar measures. As was 
noted in the discussion of supply interruption scenarios, the oil supply 
situations of Western Europe and the United States would be closely 
linked both in peacetime and in wartime. Actually, the allies are 
ahead of the United States in the provision of oil stockpiles. Under 
present EEC policy, the West European countries maintain stocks 
equal to 65 days of consumption, and efforts are underway to in­
crease this amount to 90 days by 1975. Britain is reported already 
to have 120 days of oil stocks, and Japan has instituted a policy to 
build up to 60 days of stocks by 1975.15

The major advantage of oil stockpiling or similar strategies is that 
they would be effective against all the contingencies. Depending on 
the duration of the cutoff and the amount of oil affected, a stockpiling 
strategy would reduce the impact of price-motivated cutoffs, politically 
motivated cutoffs, and those which occur in wartime.

Oil stockpiles could take several forms: storage in steel tanks, 
storage in natural formations such as salt domes or coal mines, shut- 
in production capacity, maintaining part of the stockpile in the form 
of coal, and maintaining part of the stockpile in the form of refined 
products rather than crude oil. Each of these variants involves par­
ticular advantages and disadvantages which would have to be weighed 
in designing a stockpile. Space barely permits a listing of some of 
these. There is one set of difficulties which they all must confront— 
financing and the institutional context in which the stockpiles would 
be maintained. Should the U.S. Government own the stockpile? If 
so, how would it be managed? If not, should it be separate from com­
mercially maintained stocks? How would the Government regulate 
it? With respect to financing, how much of the cost should be borne 
by the Federal Government, and how much by the oil companies 
who would, in turn, pass the cost on to the consumer? We have no 

is Sam H. Schurr and Paul T. Homan, Middle Eastern Oil and the Western World” (New York American 
Elsevier, 1971), p. 80; “Japan Envisages Holding of 60 Day Oil Stock by March 1976,” Japan Petroleum 
Weekly (Tokyo), July 24,1972, p. 1; “Directive du Conseil du 20 decembre 1968 faisant obligations aux Etets 
membres de la C.E.E. de maintenir un niveau minimum de stocks de petrole brut etiou de produits petrol­
lers, (68/414/CEE), Journal officiel des Communautfes europ^annes, Dec. 23,1968, No. L308, pp. 14-16.
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answers to these and similar questions, but they must be answered 
it a stockpile strategy is to be considered seriously.

Steel Tank Storage. Crude oil storage in steel tanks is the simplest 
form of oil stockpile, the form most feasible, and the form that presents 
he fewest problems of transition from the normal system to one which 

depends on stockpiles.
Even so, there are a number of difficulties with the steel tank storage 

approach. The size and cost of the stockpile is directly proportional 
to the length of time it is designed to insure against import cutoffs, 
bince theie is no way to be sure how long a peacetime supply interrup­
tion or a war would last, the stockpile would clearly have finite limits 
determined ultimately as a matter of judgment.

Other potentially serious problems involve the availability of land 
tor tank farms, the possible need for reserve transportation capability, 
and, tor the European allies, vulnerability in wartime.

A cost estimate is impossible without specifying where the stockpile 
wilt be set up, its design and potential uses, and such a study is far 
beyond our resources. We can, however, provide some extremely rough 
estimates, mainly so that the reader can decide whether the costs are 
°f an order °* n^g^^d® that justifies further consideration.

1 able 2 presents these calculations. They are based on a very simple 
formula: total cost is equal to the product of the cost per barrel of oil 
storage—including the cost of obtaining the oil, the number of barrels 
per day that must be replaced, and the number of days for which 
protection is desired. As this formula ignores many complicating 

of uncertainty associated with the figures shown in 
the table is likely to be on the order of plus or minus 50 percent.
TABLE 2.—TOTAL COST OF OIL STOCKPILE (STEEL TANKS) TO REPLACE 1985 IMPORTS FROM ARAB COUNTRIES

(In billions of dollars]

Period covered (days)

No 
conservation 

measures

10 percent 
conservation 

measures

90 
180. 
360.

SS Si 

(160) 24.8

(29) $3.6
(57) 7.2
(115) 14.5

Steel tanks.... ..
Land______________
10-yr operating costs_____

Total_______________________________

Storage costs are derived from Cabinet Task Force Report, App. J.

Note: Figures in parenthesis shows number of days for which a stockpile would replace all U.S. imports.

$2.50 
.25 
1.25

4.00

The table does illustrate the factors that are involved in determining 
the most desirable size of the stockpile. First, which imports is the 
stockpile required to replace? The case shown in the table assumes 
replacement of 1985 imports from Arab countries, the case of interest 
when considering politically motivated supply interruptions. How­
ever, the table also shows (in parentheses following the cost figures) 
the number of days for which a given stockpile alternative would 
replace all required imports. Second, how effective should we assume 
oil conservation (demand reduction) measures to be? The table shows 
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two out of a large number of possibilities: no reduction and an average 
1 O-percent reduction. Third, how long should the hypothetical supply 
interruption be assumed to last? This is completely a matter of judg­
ment; table 2 shows three alternatives. With respect to peacetime 
supply interruptions, the major question is how long the boycotting 
governments would be willing or able to do without oil revenues. With 
respect to a major conventional war, the issue is how long the war 
would be likely to last. Finally, it should be kept in mind that the 
costs shown in table 2 represent the total investment plus 10 years of 
operating costs (such as management, repair, maintenance, and evap­
oration loss) for the stockpile. Annual costs would be much less, 
averaging perhaps a tenth of those shown in the table; although there 
may be large costs in the near future caused by initial outlays to set 
up the stockpile.

The table indicates that for a cost of $14.5 billion (or about $1% 
billion per year), the United States could create a stockpile which 
would enable it to replace Arab imports for about a year in 1985, if 
demand reduction measures were taken as well. Under similar condi­
tions the same stockpile would last for about 7 months with no con­
servation measures undertaken. It would last about 120 days if, in 
wartime, no net demand reductions could be achieved but one-quarter 
of peacetime imports could be obtained. As a matter of judgment, 
such a stockpile would appear to be more than enough for a major 
war in Europe and probably adequate for peacetime supply inter­
ruptions as well. While the cost is substantial, it is small when com­
pared, for example, to the cumulative cost of the oil import quota 
program undertaken between 1958 and 1973 for essentially the same 
reasons.

Crude Oil Storage in Natural Formations.—It is also technically 
possible to store large amounts of oil in natural formations, such as salt 
domes and coal mines. The main advantage of such schemes is the 
very low cost when compared to steel tank storage, but natural for­
mations are unlikely to be located just where they are needed. Thus, 
added costs must be assumed for a reserve transportation system.

Shut-In Production Capacity.—Under this scheme, the Government 
would obtain control of certain oilfields in the United States and would 
restrict their production for use in a crisis. For example, the Govern­
ment could buy existing oilfields from their present owners or could 
lease the wells and order the owners not to produce. Alternatively, the 
Government could drill for oil on the Continental Shelf, build pipelines 
to refineries, and hold the wells in reserve. Yet another possibility 
would be to supplement steel tank or natural formation storage lasting 
6 months to a year with a reserve oilfield that is fully proved but not 
drilled.

The primary advantage of a shut-in stockpile is that it obviates the 
necessity of deciding how long a supply interruption to hedge against 
and reduces the cost of erring in this judgment. Also, shut-in capacity 
would have the ability to produce at a given level at least for several 
years, much longer than any supply interruption is likely to last. Thus, 
if it is felt that a very long (more than 1 year) supply interruption is a 
contingency worth hedging against, maintenance of a stockpile in this 
form becomes more attractive. However, there are considerable un­
certainties involved in the feasibility of shut-in capacity schemes. For
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example, how much would it cost to maintain the production equip­
ment (including secondary recovery equipment, perhaps)? What 
would be the expense in providing for a skilled labor force in reserve 
but ready to operate on short notice? Uncertainties also exist concern­
ing maintenance of a transportation system in reserve.

Coal Stockpiles.—Another possible hedge against an interrupted oil 
supply could come in the form either of a coal stockpile or of shut-in 
production capacity for coal. Maintenance of the latter entails the 
same sorts of problems as were mentioned above in connection with 
oil. It is possible, however, that it would be cheaper to maintain stock­
piles of coal near users such as electric generating plants and large 
factories who could switch quickly between different fossil fuels.

Stockpile of Refined Products.—A final possibility would be to main­
tain a portion of the stockpile in the form of refined products. This 
obviously would be the most expensive alternative, but it might reduce 
the uncertainties inherent in those alternatives which require a reserve 
transportation system or excess capacity in the transportation system.

Summary.—A strategy of stockpiling oil appears to be feasible, but 
there are many problems of how to design the system. Some of these 
involve determination of the optimal form of the stockpile, while others 
consider the technical problems of maintaining the stockpile and tran­
sition from the normal to the reserve system in case of emergency. 
Other problems are on a policy level and require judgments as to the 
length of supply interruptions against which it is desired to hedge, the 
amount of oil which would be cut off, and the extent to which demand 
reduction measures could be relied on in case of emergency. While a 
rigorous cost estimate is impossible without answers to some of these 
problems, it is possible to project some useful cost data. The bill will 
be high but not prohibitive: an annual cost of about $1^2 billion ap­
pears to be in the ball park. The stockpiling strategy has the advantage 
that it would work in a multitude of contingencies, only a few of which 
we have discussed: price-motivated supply interruptions, politically 
motivated supply interruptions, and wartime interruptions.
Options Involving Military Forces

In wartime, military forces would be used, of course, to defend the 
flow of petroleum by protecting the oil production facilities, loading 
and unloading facilities, tankers, and ground based transportation 
systems from enemy attack. We have discussed the strategies and 
weapons an adversary could use to attack the oil import system vital 
to the defense of the West.

To fall back on an old adage, the oil importation system is only as 
strong as its weakest links, and while all parts of the system are 
vulnerable—for example, the loading facilities in the gulf and the off­
loading facilities in Europe or the oilfields themselves to ground 
attack it is the entrance to the Persian Gulf, the Strait if Hormuz, 
which provides the weakest link in the system. Since, for technical 
reasons, there is little the United States could do to counter a Soviet 
mine blockade in the strait once the mines are laid and since the num­
ber of mines required to block the channel is small and their successful 
emplacement virtually impossible to prevent, it appears that Western 
Europe and the United States should expect disruptions in the flow 
of oil from the Persian Gulf in the event of a major war with the Soviet 

49-868 0 - 75 - 15



216

Union. Consequently, if tankers cannot safely pass through the Strait 
of Hormuz, it makes little sense to spend substantial sums of money 
to strengthen other parts of the system from the Gulf to the United 
States. For example, a program to build destroyer escort ships to con­
voy tankers from the gulf to the United States would not appear to be 
an efficient allocation of resources. Escort forces still have great value 
in transport systems from the other oil producing regions of the world, 
say, from Latin America, although the question of whether these needs 
impose incremental requirements on U.S. naval force levels can only 
be answered after a more detailed and comprehensive study of a 
United States-Soviet conflict. It should be noted, additionally, that 
the kinds of military forces used only in a combat role, as they would 
be to deal with wartime import interruptions, are totally ineffective 
in protecting the United States from price or politically motivated 
peacetime supply interruptions.

Military force can, however, be an effective political weapon in the 
event of peacetime supply interruptions, despite the recent trend to 
downgrade the utility of military force as means for superpowers to 
secure their objectives vis-a-vis the smaller nations. A military in­
tervention to terminate an oil boycott could well appear to be a viable 
option if the boycotting states controlled a sufficient portion of world 
production and were willing to maintain the boycott long enough to 
seriously impair the functioning of the United States and West 
European economies. In fact, some have argued that a peacetime 
interruption in oil supplies, if politically motivated, would be an 
intolerable form of coercion and would constitute, in the traditional 
international legal sense, casus beili.

There are, however, two factors which could make the intervention a 
failure, even if only viewed from a short-run perspective. First, while 
occupation of the oilfields may be relatively easy, maintenance of their 
production levels could be more difficult in the face of sabotage or 
other opposition. Second, although unlikely, one cannot rule out the 
possibility of Soviet involvement to deter or to counter a U.S. effort 
to seize the oilfields. Finally, assuming the other drawbacks were 
negligible, the long-run costs of the intervention could still overwhelm 
the tactical advantages of ending the oil boycott.

Yet, even acknowledging the risk, a U.S. administration faced with 
an oil related economic slump as well as consumer (that is, electorate) 
pressure to “do something” might well feel compelled to exercise this 
option. Moreover the option would always be available to U.S. 
decisionmakers as it requires little new expenditures and the existing 
U.S. general-purpose forces would be more than ample to complete 
the exercise.

In fact, this is the primary advantage of an armed intervention 
strategy to counter peacetime politically motivated oil boycotts. 
Given the low probability that such a boycott would be maintained 
long on a scale that would seriously impair the economy, more expen­
sive strategies—such as stockpiles—tend to be looked upon un­
favorably. Moreover, the potential threat of armed intervention, 
always present, could be a significant deterrent against attempts at 
an oil boycott. For this reason alone, it would not be wise for an ad­
ministration to deny the possible use of military force for such con­
tingencies, in extremis.



217

CONCLUSIONS

An important conclusion stands out from the above analysis. 
The only strategy that promises to be effective against both peacetime 
and wartime supply interruptions is oil stockpiling. However, before 
implementing such a strategy, there are important technical and 
institutional problems to be solved and important policy judgments 
to be made, particularly as to the assumed length of time that an oil 
cutoff would be likely to last. More strikingly, given that the price 
tag associated with a stockpile may be on the order of $15 billion 
over 10 years, the Nation must decide if the policy is worth its cost.

The cost can be placed in perspective by comparing it with the costs 
of other measures with similar objectives. For example, the cost of 
the oil import quota program has been estimated at $5 billion for the 
year 1969 alone; this program was undertaken ostensibly for the same 
purpose. Or consider another comparison: if the United States 
were to attempt a military defense of the flow of oil imports, it might, 
add, say, two carrier task forces and 75 escort ships to the Navy. 
Such a force would have a 10-year cost of more than $15 billion. Yet, 
because of the vulnerability of the entrance to the Persian Gulf and 
other problems, it might still not be adequate to the task. Thus, 
the cost of a stockpiling strategy does not appear excessively large 
when compared with either what the United States has spent for 
secure oil supplies in the past or what it might consider spending 
in the future. us

Looking at the price tag another way, if the cost of an oil stockpile 
were borne fully by consumers, it would initially increase the price of 
petroleum products an average of one-half cent per gallon, hardly 
noticeable in light of today’s fuel price increases. But neither this 
observation nor the previous ones tell us whether a supply interrup­
tion is likely enough to justify spending what is, in absolute terms, at 
least, still a large sum of money. As is typical in national security 
discussions, some of the contingencies we have considered are unlikely 
but potentially disastrous. Weighing costs and risks in such cases is 
necessarily a subjective process.

In making such judgments, another set of factors should be kept 
in mind. In addition to the threat of an actual oil supply cutoff, a 
more subtle long-term risk to national security exists in the possibility 
that the threat of a cutoff will influence the foreign policy decisions of 
the United States, the oil exporters, and other interested parties. 
Even if the impact of these threats is small in each individual decision, 
the cumulative impact could be harmful to U.S. interests. For ex­
ample, oil producers could be more insistent that the United States 
tailor individual foreign policy decisions to their desires, e.g., not to 
license the export of a certain computer to Israel. Moreover, fear that 
certain actions could lead the Arab oil producers to contemplate or to 
threaten a boycott could lead U.S. decisionmakers to modify certain 
policies even without an overt maneuver on the part of the oil 
producers.

Thus, the existence of an oil stockpile not only would serve to assure 
U.S. oil supplies in the event of major war with the Soviet Union or an 
oil boycott by exporting states, but it would have other more salient, 
if perhaps more subtle, effects. Knowledge of the stockpile and of the 
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fact that any oil cutoff would have to remain effective for longer than 
the number of days of U.S. imports held in reserve, could help deter 
oil producing states from attempting to coerce the United States in 
this manner. It would also bolster the flexibility of U.S. policymakers 
in that they would feel more confident in teaching decisions which 
may be opposed by the oil producers. In addition, the stockpile 
also would strengthen the hand of the United States in negotiations 
over the price of oil.

Similar effects can be obtained by maintaining a viable option of 
military intervention in the event of a prolonged oil cutoff motivated 
by political objectives. Although an actual decision to force the end of 
a boycott by seizure of the production facilities would depend upon the 
specifics of the situation at the time—the setting of the boycott, the 
participants, their reasons, the degree of economic hardship which the 
boycott was causing the United States, and many other factors— 
acknowledgment of the possible use of U.S. military forces could be a 
valuable deterrent not only against oil embargoes but, as in the case of 
stockpiles, against the more subtle and individually less consequential 
forms of coeicicn which the implicit threat of a boycott could help 
bring about.
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[Excerpts from Dow Chemical Co.]

Underground Petroleum Storage

Public attention has recently been focused on the concept of 
underground petroleum storage. Several factors have contributed 
to this newfound interest.

First, the current shoitage of petroleum products has increased 
concern for stockpiling large oil inventories. Second, underground 
oil storage has proved to be the safest and most economical answer 
for large storage needs.

Underground storage is not a new concept. The Canadians used 
this method during World War II * * *.
The Salt Dome

Millions of years ago (during the Jurassic period) a vast sea covered 
most of what is today Texas and Oklahoma. Over a great span of 
geologic time, the sea receded towards its present coastline along 
the Gulf of Mexico. As it retreated, large quantities of salt were 
deposited by evaporation.

These salt beds were eventually covered by deposits of sediments. 
During long periods of time, the thickness of these sediment deposits 
increased to many thousands of feet (fig. 1).

The original layer or bed of salt is called the mother salt bed. 
As sediments mounted above it, the mother salt bed began to move 
m accordance with basic physical laws.

First, the salt was less dense than the sediments that covered it. 
bait has a specific gravity of 2.2. Sediments vary from 1.7-2.0 near 
the surface to 2.4-2.8 at depth. Thus, the salt was lighter or more 
buoyant than its overburden and started to rise just as a piece of wood 
will float in water.

Second, the salt was buried at such a great depth that tremendous 
pressures were exerted on it. Under certain conditions of high pressure 
and elevated temperature, salt behaves in a plastic manner—it begins 
to flow like a think, viscous fluid. The salt isn’t molten, but it flows 
like a glacier—very slowly, oyer great lengths of time (fig. 2). The salt 
started to rise under the influence of high pressure and densitv 
differential. J

Wherever the sediment overlying it was thin or weak, the salt began 
to rise as a giant plug or dome, several thousand feet across. The 
surrounding sediments sank as the salt squeezed up through it. 
Eventually, the salt dome reached a point where the pressure was 
relieved and the densities were in equilibrium, much like a ship floats 
at a certain level by displacing an equal weight of water.

At some locations, the salt made a pronounced mound at the surface. 
™mounds, or salt domes, dot the Texas and Louisiana coast.

Physically, salt domes are giant plugs that have risen to within a 
few hundred feet of the surface. A typical dome might be 1 to 2 miles 
across at a depth of 1,200 feet (fig. 3). The top of the salt dome is 
usually covered by 300 to 400 feet of cap rock, made up of limestone, 
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gypsum, and sulfates. The formation of cap rock is usually attributed 
to water reacting with the salt mass to precipitate insoluble residues.

The salt plug shaft continues down to the mother salt bed, believed 
to lie at a depth of 30-50,000 feet along the gulf coast. This dome, from 
the top down to a level of about 10,000 feet, would contain almost 10 
cubic miles of salt.

A great deal is known about salt domes because oil, gas, and valuable 
minerals are often found near them. The sides of the dome form traps 
that hold oil and gas. The cap rock area contains sulphur deposits. 
And, of course, the salt itself is a valuable mineral.
Mining the Salt

One method to bring the salt to the surface would be to dig a mine­
shaft down to the dome and mine the salt like coal. This would be 
possible only if the salt were near the surface.

A second and more economical technique involves dissolving the 
salt with fresh water forced down a well drilled into the deposit. The 
resulting brine is returned back up a second pipe to the surface.

In practice, drilling a brinewell involves several important steps. 
Here’s a simplified version (fig. 4).

First, a large hole about 3 feet in diameter is drilled to a depth of 200 
to 300 feet. A pipe casing is put in place and cemented to the surround­
ing earth. This pipe penetrates the zone where ground water is found. 
Actually, only water near the surface is potable on the gulf coast domes. 
Down below 2 to 300 feet, the water is brackish. Inside the first casing, 
a smaller hole is sunk into a cap rock above the salt. Typically, the 
drill might hit rock at 800 feet and emerge through it at 1,100 to 1,300 
feet. Pipe is inserted down near the bottom of the cap rock and 
cemented in place along its length to the surface. This pipe terminates 
above the top of the salt.

Inside this casing, a smaller hole is drilled to a minimum of 500 feet 
into the salt. Casing is run in this hole, from ground level to drill 
depth, and cemented back to the surface.

Next, a smaller hole is drilled to the bottom of the well (typically 400 
feet) and two concentric strings of casing are hung off the wellhead 
with the outer casing being approximately 200 feet shorter than the 
inner casing.

Fresh water is forced down the annulus between these last two casing 
strings at several hundred pounds of pressure and dissolves the salt 
into brine. Because the brine is heavier than the fresh water, it collects 
at the bottom of the well where the innermost pipe returns it to the 
surface.

Oil is added to the top of the mining zone to protect the salt at the 
top of the well from the action of the mining water.

The quantities of brine recovered are carefully monitored. Addition­
ally, a special sonar device is lowered into the well to check progress. 
In this way, an accurate picture of the cavern created in the salt 
can be drawn. The sonar device bounces sound waves off the cavern 
walls at depth intervals of several feet. The resulting echoes are used 
to plot the shape and dimensions of the cavern, much like a depth 
gaging sonar can be used to make a contour map of a sea bottom.

Dow practices in brinewell management are extremely conserva­
tive. Zero surface subsidence is a strict Texas division policy. Thus 



231

the ground level is unaltered. No ground water is pumped in the 
mining operation. River water is used.

Additionally, when a cavity reaches a predetermined width, con­
servative by accepted standards, mining is halted. The abandoned 
brmewell can now be used as an immense storage tank below ground 

consider that a typical well might have a 
cavity 800 feet high with a width of 50 to 75 feet near the top and 150 

h? than a 50-story building, such as One
bhell Plaza in Houston. The Washington Monument would fit com­
fortably within this cavity (fig. 5). A cavity this size could store 
almost 2 million barrels of oil. That’s nearly 84 million gallons.

the process of storing and retrieving oil from such a cavity is rel­
atively simple. Oil is forced down the fresh water pipe, displacing 
brine which rises through the bottom pipe to the surface. Because oil 
won t dissolve the salt, it’s safely stored and uncontaminated.

1 o retrieve the oil, the process is reversed. Brine forced down the 
central pipe forces the oil back to the surface.

Each cavity is tested thoroughly and surveyed before being used 
tor storage Besides the sonar mapping, the cavity is pressure tested 
tor a period of several days to insure that no fissures exist. By evalu­
ating pressure readings, an engineer can be certain of the cavity’s 
integrity. J
Underground Storage

The economic advantages of underground storage compared to 
above ground tanks are obvious. Cavity storage requires no container 
maintenance. Cavities can be made with much greater capacities than 
steel tanks.

Underground storage is extremely desirable over above ground 
tanks, but what about its safety and environmental impact?

Aire.—Salt cavity storage is the safest container known for flam­
mable substances The oil in the caverns can’t burn because no air is 
present. The salt itself will not support combustion.

Earthquake — Geologically, the gulf coast area is extremely stable. 
It is not an active earthquake zone. In the unlikely event of a tremor 
past experience with salt domes in other areas has shown that the salt 
nas enough elasticity to absorb most earth movements without frac-

a Quake sheared the well pipe, a second well could be easily 
drilled to recover the oil. J

Collapse. Because of DOW’s conservative mining practices, cavitv 
collapse is an extremely remote possibility. A typical cavity represents 
a -V/J: 'n,eW cu^ic feet in a salt mass of several cubic
miles (fig. 6). The roof of the cavity is narrow so that no wide areas 
of salt or cap rock are unsupported. Additionally, Dow policy is to 
constantly maintain a positive pressure in all wells of several hundred 
pounds. 1 his pressure on the oil or brine pushes against all sides of 
the cavity just as the salt did before removal.

All I exas division wells are in salt domes far beneath the surface, 
typically 1,600 to 3,400 feet down. Thus, the roof of the cavern is 
quite thick in comparison to the small volume of the cavity. Brine 
wells are always spaced several hundred feet apart. Dow’s policies of 
conservative mining and constant positive pressure have resulted in a 
perfect safety record. No Dow brine or storage well has ever collapsed 
causmg any surface subsidence.

49-868 0 - 75 - 16
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Spills and leaks.—The salt cavity is impermeable to oil, since oil 
can’t dissolve the walls. Any brine in the cavity is saturated and 
can’t dissolve any more salt. The oil is contained by solid salt walls, 
thousands of feet thick on the base and sides. Because each cavity 
was pretested with high pressure, engineers are certain that no fissures 
or leaks exist. Additionally, the stored product’s level and pressure 
are monitored. Any change in level or pressure would be detected and 
the cavity pumped out.

Because the oil is under pressure, could it escape back up the drill 
hole? The probability of such an occurrence is extremely low. The 
well casings are set in solid cement along their entire length down to 
the top of the cavity and capped with extremely reliable wellheads 
(valve assemblies). These wellheads are built to withstand pressures 
several times those they are required to handle in use.

In the unlikely event that a wellhead failed, less than 1 percent 
of the oil would come to the surface. The spill could be easily contained 
with dikes around the well area.

The chance of a fire is remote. Crude oil has a very high flash point 
and unlike an oil well, no natural gas would escape to feed a fire. 
Moreover, the fire would extinguish itself when the oil flow stopped.
Environmental Impact

Cavity storage is also the most desirable alternative from an en­
vironmental viewpoint.

Water.—Cavity storage of oil will not pollute ground water in any 
way. The oil is stored several hundred feet below any ground water. 
It’s prevented from entering the water acquifer zone by thick steel 
pipes set in cement in the well. No ground water zones exist at the 
depth of the salt cavity.

Dow has used oil to protect the salt cavity roof from mining water 
action for over 20 years and has never experienced any oil pollution 
of underground water. The chances of a spill contaminating above 
ground water are also remote. Unlike a leak in an aboveground tank 
which would discharge oil down to the leak level, any blowout in a 
cavity would release less than 1 percent of the contents. Once the 
few hundred pounds of pressure were released, the flow would cease. 
A spill of this magnitude could be easily contained with earthen dikes.

Because Dow utilized brine for the production of caustic soda and 
chlorine, none is ever discharged as waste. The brine displaced when 
oil is stored in a cavity is piped to a Dow plant, not discharged into 
a river or stream.

Air.—Underground storage presents no air pollution problems. 
Unlike aboveground tanks, cavities are not vented to the atmosphere 
no oil vapors can escape. The brine that comes into contact with the 
oil will pick up an odor, but Dow engineers have devised a scrubbing 
system that will cleanse the brine of any odor before it is stored on 
the surface.

Appearance.—Cavern storage is by nature much more acceptable 
aesthetically than aboveground tanks. The only evidence of a cavity 
containing a million barrels of oil is a small wellhead. Aboveground 
storage for an equal volume would consist of a tank farm covering 
many acres.

Dow believes that oil storage in mature brine wells represents the 
safest, most economical, practical, and environmentally attractive 
solution to the petroleum stockpiling problems.
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Figure 1

Figure 2

Figure 3
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Figure 6.—Storage Well.



[From the Oil and Gas Journal, Oct. 28, 1974]

Rock-Cave n-Type Storage Can Be Cheaper Option

PJSt mi?ed’ unlined rock-cavern storage for crude 
trends I^p^ has economically more attractive. This trend is likely to continue—on the one hand because of advances in 
fihn^S techn°logy, on the other hand because of rising steel costs for 
aboveground tankage and larger capacity requirements.

though this type storage has had its greatest application in Finland 
parts' of ’the wortd^’ attraCtlVe Seological conditions exist in many

Min/xl cavera first used for hydrocarbon storage in Scandi- 
m the I950®- As hgure 1 shows, this capacity has been 

g eatly expanded since then. Almost all new storage is the rock-cavern

CaVerns YeFe blasted mainly for military purposes. SvnrJM ’ expe™ice revealed that the cost of this type of storage was 
* Bp^ compete successfully with aboveground tankage,

the 1960 s a large proportion of Scandinavia’s refined product 
needs were imported. But in the 1960’s and early 1970’s, ?efin?ng 
capacity was greatly expanded. And because of the recent oil crisis^ 
efforts are under way to expand domestic refining capacity even more.

Fig- i
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Underground storage will be exploited to the maximum in these 
new refineries.

In fact, this is even a factor in site selection.

GENERAL PRINCIPLES

The principles for the cavern storage of petroleum products vary 
somewhat depending on whether the product is stored at atmospheric 
pressure or at overpressure. In either case, the following four pre­
requisites apply:

The product must be lighter than water.
The product must be insoluble in water.
The rock must be strong enough to allow the construction of fairly 

large caverns.
The water table must be constant and its level fairly exactly known.

STORAGE AT ATMOSPHERIC PRESSURE

For storage at atmospheric pressure, the cavern roof is located at 
least 15 feet below the lowest occurring ground water level (fig. 2). 
Ground water seeping into the cavern is continuously pumped away 
by seepage pumps placed just above cavern flood level. Thus a bed of 
water forms at a constant level just above the cavern floor (fixed 
water bed), and the water table in the rock forms a local depression 
draining down toward the water bed in the cavern.

The stored product floats on the water bed, filling the cavern and 
the cracks in the rock, but is contained by the depression in the water 
table (rock is never homogeneous, but always contains cracks).

The amount of ground water continuously seeping into the cavern 
is comparatively small.

In a variant of this system, called mobile water bed, the upper 
surface of the product is always kept on a level with the cavern roof 
by varying the amount of water in the cavern with respect to the 
amount of product (fig. 3). The advantage of this system is that it 
minimizes the amount of air/gas mixture above the product surface. 
Its disadvantage is the large quantities of water that have to be 
handled.

Products stored in rock caverns under atmospheric pressure are 
naphtha, kerosene, gasoline, gas oil, fuel oil, heavy fuel oil, and 
similar products.

STORAGE AT OVERPRESSURE

For storage under pressure, the cavern must be located sufficiently 
deep for the ground water pressure in the rock above the cavern ceiling 
to exceed the gas pressure inside the cavern (fig. 4). The governing 
principle is that the pressure of the ground water seeping in through 
all the cracks in the rock must be greater than the pressure of the gas 
trying to escape. Seepage is continuously pumped away.

Products stored in rock caverns under pressure are crude oil, butane, 
propane, and similar products.

It follows from the above principle that a cavern for the storage of 
crude oil will have its ceiling level about 70 feet below the water table, 
and a cavern for propane about 330 feet below the water table.
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The preceding description of storage under pressure assumes that 
the temperature of the stored product is above the freezing point of 
water. However, storage can take place at lower temperatures. In this 
case the rock around the cavern is cooled, so that the groundwater in 
X?16 ?aAS freezes.toulce and expands (fig. 5). The cavern is thus 
surrounded by a gas-tight envelope of frozen rock.

Products stored in this way are propane, butane, et cetera. In this 
case there is no need for the cavern to be situated at a great depth, 
as long as groundwater is present above the cavern ceiling.

PRODUCT SEEPAGE

It is occasionally difficult to keep up a natural groundwater barrier 
to separate two neighboring storage caverns for different products, 
lo prevent seepage of products between the caverns, it is then neces- 
S to create an artificial water barrier consisting of a small tunnel 

with pressurized water through boreholes (fig. 6).
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CAVERN DESIGN, CONSTRUCTION

The commonest types of rock in the Scandinavian countries are good 
quality granite and gneiss. This means that caverns can have a span of 
50 to 80 feet and a height of 65 to 100 feet. Caverns are designed in the 
form of horizontal tunnels with length between 600 and 1,300 feet 
according to the storage capacity desired. The normal volume of a 
large storage cavern varies between 600,000 and 2 million barrels. 
Often a number of caverns are placed parallel to each other, separated 
by rock of at least 70-foot thickness.

The Scandinavian coasts are particularly rich in outcrops of rock 
with only negligible soil cover, through which a temporary tunnel of 
cross-section 300 to 500 square feet gradient of 1:7 can be driven down 
to the caverns. The tunnel functions as a service road by which heavy, 
modem quarrying equipment can be taken down to the caverns 
(fig. 8). The loosened rock can be driven away by truck.

When blasting is completed, the tunnel is blocked with a concrete 
wall near the cavern and filled with water.

Actual blasting of the cavern takes place in three main stages. 
First, a gallery is blasted out at ceiling level; then the cavern is deep­
ened by the successive blasting out of one, two, or more benches.

Disposal of the excavated rock varies from case to case, and the 
solution to this problem is a major factor in final costs. The rock is 
often crushed and sold as road-making or building material or used in 
the extensive earth works often associated with the building of a 
refinery. The rock can be used in harbor construction, or dumped in 
the sea as filling in land-reclamation projects. In unfavorable cases, 
however, it can be difficult to dispose of excess rock close at hand.

Figure 8

Heavy quarrying equipment, such as this drilling machine, are used in mining 
the caverns (fig. 8). Cavern in advanced stage has pumps suspended into it 
through shaft (fig. 9). This is the piping for a heavy fuel-oil-storage cavern. The 
installation is in a tunnel above the vertical pipe shaft (fig. 10).
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Figure 9

PUMPING

There are two different principles for connections down to the rock 
cavern for pumping, heating, et cetera—submerged and dry pumps 

or submerged pumps a vertical shaft is blasted from the cavern 
ceiling either directly up to the ground surface or up to a horizontal 
tunnel which is in turn connected to the surface. The pumps are 
suspended m the cavern from a concrete deck at the top of the shaft 
(figs 9 and 10). The submersible pumps are of the centrifugal type.

1 he pump and motor are constructed as a single unit which hangs 
m the riser pipe. The cables for the motor are run in cable conduits 
fixed to the riser. Both conduits and motor are filled with water If 
the product is stored warm, the water is circulated through the motor 
and cooled.

Turbine pumps may be installed if the product is stored at a higher 
temperature. In this case, the motor is placed on the concrete deck 
and drives the pump in the cavern via a long axle.

For dry pumps, a separate pumproom is blasted out alongside the 
ends of the caverns at or just below cavern floor level. A vertical shaft 
leads rom the pumproom to the ground surface, and small horizontal 
tunnefs connect the pumproom to each of the caverns (fig. 7).

I he small tunnels are closed off with concrete walls with pipe 
apertures, so that caverns are connected via pipes with the pump- 
room. Conventional centrifugal pumps, installed dry in the pumproom 
pump the product directly from the caverns up to the surface via 
pipes in the shaft.

It is important to design and locate the pumproom so product 
cannot seep through the rock from the caverns into the pumproom. 
In the case of explosive products such as crude oil, seepage into pump- 
room and shaft must be prevented by concrete walls standing free 
from the rock. The space between the concrete wall and the rock is 
tilled with pressurized water.
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Figure 10
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In the case of medium pump capacities, submersible pumps are eco­
nomically preferable. If a high pump capacity is required, it is more 
economical to choose dry pumps in a pump room at a deep level, ex- 
pecia!ly if the same pumps can be used to serve a number of caverns.

About half of the crude-oil storage that has been built for refineries 
nas submersible pumps and the rest dry pumps.

HEATING

When necessary, products are heated or kept warm either by heating 
the water bed or by circulating the oil through a heat exchanger.

Ihe water is warmed by pumping it with a circulation pump from 
one end of the cavern up through a heat exchanger and back to the 
other end of the cavern.

If the oil is heated directly, it is pumped out of the cavern by a cir­
culation pump through a heat exchanger and then back to the cavern 
via a pipe system which distributes the heated oil to a number of 
points in the cavern. In some cases, both systems are installed and 
used in combination to heat the product.

If viscous products are to be stored at a high-temperature, it is more 
practical to heat the product directly because if the water bed were 
heated there would be a risk of a troublesome emulsion layer forming 
between the water bed and the product. For heating of crude oil and 
other light products, the less expensive system of heating the water 
bed is preferable. &

STORING CRUDE OIL

Two special problems are associated with crude-oil stores: sludee 
and gas. 5

The question of how to deal with sludge in crude oil gave rise to 
much anxiety at first because once a rock cavern has been taken into 
service it is not a practical possibility to go down into the cavern to 
remove stodge. Experience has shown, however, the stodge has not 
caused the difficulties that had been feared. Caverns are made deeper 
to give a water bed of 2 to 3 foot depth.

The product is pumped in at one end of the cavern and out at the 
other, and the sludge is allowed to settle into the water bed. The 
long-term risk exists that the accumulated quantities of stodge will 
eventually reduce the storage volume, but it is felt that this must be 
accepted, especially since the amount of stodge after 5 to 10 years 
operation has proven less than had been feared.

To minimize the escape of gas and avoid loss of storage volume, 
a number of caverns are connected together so that gas can be trans­
ferred from a cavern with high pressure to one with lower pressure. 
It is also possible to connect caverns to aboveground storage if these 
exist. Crude oil is stored under a pressure of 0.5 -2.5 bar.

LEVEL CONTROL

The to vol of the product surface in the cavern is controlled by means 
of float gauges with high and low-level alarm contacts. The high- 
level contact operates a valve in the incoming pump line, which closes 
and thus prevents overfilling. The low-level contact stops the product 
pumps.
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The interface between the product and the water bed is controlled 
by means of a set of probes which are normally of the conductive 
type, though ultrasonic sounding is also used. Controls start and 
stop the seepage pumps, and trigger alarms indicating excessively 
high- or low-interface levels. The high-interface alarm stops the product 
pumps to avoid water being drawn up with the product. The low- 
interface alarm stops the seepage pumps to prevent product being 
pumped along with the seepage water.

Cost comparisons, above and belowground
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VOLUME MEASUREMENT

The walls of a rock cavern are not flat and smooth, but relatively 
irregular. To allow determination of the volume of stored product, the 
volume of the cavern is measured photogrammetrically immediately 
after blasting is completed. This measurement gives the area of the 
horizontal surface at all levels desired. The level controls indicate the 
levels between which the product is stored. An estimate can now be 
made of the stored volume. This method gives a statistical accuracy 
of better than 0.5 percent.

CONSTRUCTION TIME

The total time required for all stages of the construction of a rock 
cavern, including all installation work, is about 1 year for a storage 
volume of 600,000 barrels and about 2.5 years for a storage volume 
of 6 million barrels. These construction times are much longer than 
those normally required for aboveground storage tanks, but with the 
present extremely long delivery time for sheet metal the difference is 
not so great. The cavern storage is that part of a new refinery which 
takes longest to construct. Planning should allow for the underground 
work to be started at an early stage.

OPERATING, CONSTRUCTION COSTS

A relatively large proportion of the initial cost of a rock-cavern 
installation is fixed and independent of the size of the cavern. The 
additional cost for greater size is comparatively small. This means 
that the cost per unit storage volume is high for a small installation, 
but falls rapidly as volume increases. .

In good-quality rock, the economic limit for a rock-cavern installa­
tion compared with an aboveground installation is considered to be 
around a minimum volume of 150,000-200,000 barrels. For propane 
the limit is still lower, about 60,000 barrels. The cost of a rock-cavern 
installation increases if the rock is of poor quality.

In the Scandinavian countries mentioned, an overall cost comparison 
per unit storage between underground and aboveground storage in a 
fair-sized installation of 600,000-bbl capacity or more shows that costs 
for construction, land acquisition, maintenance, and insurance are in 
favor of the rock cavern, while operating costs for pumping of product 
and disposal of seepage water are to its disadvantage.

A comparison shews that the cost per unit stored is some 20-40 
percent lower in the case of rock caverns (Fig. 11).

This is a result of a relatively favorable development over the last 
decade—partly because of advances in blasting techniques, giving pro­
portionally lower wage costs, and partly because of increased size of the 
installations (Fig. 12).

The cost of abovegiound storage tanks has developed less favorably 
as a result of rising steel costs and increasing quality and capacity de­
mands. Embankments around these tanks are also a factor.

These developments mean that it has become economical to blast 
cavern installations in poorer quality bedrock because a margin exists 
to cover the costs of reinforcing poor-quality rock.
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Underground storage also offers important environmental and 
security benefits.

ENVIRONMENTAL ASPECTS

Storing of petroleum and products in rock caverns has many ad­
vantages from the viewpoint of environmental protection. The installa­
tion is not visible aboveground and therefore does not spoil the land­
scape. ihe risk of fire is very small, and the installation is easily pro­
tected against sabotage.

In areas where the variations of the water table are known there is 
absolutely no risk of pollution of the ground water. On the other hand, 
great caution must be exercised in planning an installation in a place 
where the groundwater is used for water supply, since this can cause 
tne water table to fall in the future. Seepage water must be treated and 
purihed, just like all other water from a refinery which may be polluted 
with oil products.

An unlined rock cavern can also be designed to withstand earth­
quakes.

REFINERY STORAGE

A goal when planning a new refinery is to store the greater part of 
the crude oil and about 75 percent of final products in rock caverns, 
similarly, when an existing refinery is expanded, rock caverns may be 
used to give the additional storage volume required. Until now 
however all storage of intermediate products has been in tanks above­
ground. The ground surface above the caverns can be used as process- 
mg area, for aboveground stores, or for other purposes. Fig. 13 and 14 
show how underground storage can be collocated beneath surface­
storage and processing facilities.

Because crude oil and products are stored at different depths and 
because the explosion risks are different, it is usually preferable to 
separate the two. The distance between the two stores should be at 
least 1,500 ft.

The import harbor, crude-oil storage, and processing area are placed 
m proximity to each other in that order. A refinery with a yearly 
capacity of 8-10 million tons (160,000-200,000 b/d) requires a crude- 
°r consisting of 3 to 4 separate rock caverns each with a volume 

.1—2 million bbl, so that the total crude-oil store amounts to 6 
million bbl.

The final product-storage area is similarly placed at a convenient 
point between the process area and the road, ship, or railway distribu­
tion terminals as the case may be.

The location of the individual caverns relative to each other is de­
termined by the type of product, the risk of explosion, and the risk of 
product seepage in and between neighboring caverns. A refinery with a 
yearly capacity of 8-10 million tons will normally have stores for five 
or six different final products with a volume totaling 3 million bbl.

Seven of the nine refineries in Norway, Finland, and Sweden use rock 
caverns for storage (Table 1).

49-868 0 - 75 - 17
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Table 1

Cavern storage in Scandinavia

Country, 
company

Refinery Annual production,
Hydrocarbons 

stored in 
caverns*location million tons

FINLAND
Neste OY Naantali 2.6 Crude oil
Neste OY Porvo 6.4 Crude oil,

NORWAY
Raffinor A/S & Co - Mongstad 4.0

Refined product

Crude oil,
(in operation 1975) 

A/S Norske Shell Sola 2.4
Refined product
Crude oil

A/S Norske Esso Slagen 5.0 0
SWEDEN
BP Raffinaderi AB Gothenburg 5.2 0
Koppartrans Oljeaktiebolag Gothenburg 4.4 Crude oil, 

propane 
Crude oilAB Nynas Petroleum Nynashamn 2.8

Scanraff (OK - TEXACO) Lysekil 6-8 Crude oil,
Refined product

*20 million bbl crude oil out of 30 million total crude-oil storage.
15 million bbl refined products out of 20 million bbl total product storage.

In this group, total crude-oil storage amounts to 30 million barrels 
of which 18 million is stored in rock caverns Other stores amount 
to 18 million barrels of which 12 million are stored in rock caverns.

OTHER REGIONS

Underground oil storage exists or is under construction in the follow­
ing types of rock: granite, gneiss, limestone, sandstone, and chalk. 
Poor-quality rock needs reinforcement and may not have been sub­
jected to major tectonic disturbances.

On the basis of the geological properties of the bedrock, a rough 
classification is made below of a large number of regions with reference 
to the chances of finding rock suitable for underground petroleum and 
product storage:

Regions richly endowed with places suitable for rock-cavern storage: 
eastern Canada, western and southern Greenland, northern and eastern 
South America, Red Sea coast, Tanzania, Mozambique, Madagascar, 
South Africa, Angola and Liberia, India, the northern part of western 
Saudi Arabia, Southwestern Australia, parts of the Soviet Union, es­
pecially Murmansk and the Taimyr Peninsula, Scandinavia, western 
France, possibly western Spain and Portugal.

Regions where it should be possible to find sites suitable for rock 
storage: Eastern United States of America including South Carolina, 
North Carolina, Virginia, Pennsylvania, New Jersey, Massachusetts 
and farther north, Western Africa, northern, northeastern, and south­
eastern Australia, Tasmania, England, Ireland, and certain parts of 
Central Europe.

Regions where systematic searching may reveal isolated places 
suitable for rock-cavern storage: western Canada, western United 
States of America, western South America, northwestern Africa, Iran, 
Indonesia, Japan, and New Zealand.
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K There arc cheaper methods of storing petroleum and products 
than in blasted rock caverns, such as in salt domes, exploited oil bores 
or in abandoned mines. But such alternatives are not available every­
where and it is certam that rock-cavern storage in the future will be 
used more frequently. It is an alternative worthy of consideration in 
the planmng of refinery storage.
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Abandoned coal mine 
converted into man-made oil field
WHAT IS the most practical method 
for storing a huge quantity of crude 
oil for a long period to assure avail­
ability if conditions curtail supply? 
Underground storage is a logical an­
swer.

Can abandoned mines be used for 
this purpose? That is the proposal 
Fenix & Scisson International Inc. sub­
mitted to the S.F.F. Association (act­
ing in behalf of the Department of In­
dustries of the Republic of South 
Africa), Johannesburg, South Africa, 
in October 1966. Fenix & Scisson’s 
previous experiences made the firm 
reasonably certain that a mine could 
indeed be used for storing crude oil.

. And subsequent work has borne out 
this conviction. A coal mine was con­
verted to store a quantity of crude oil 
equivalent to a sizable oil field. Total 
cost of purchasing, testing, and con­
verting the mine was less than 15% 
of that for conventional steel tanks. 
Operating and maintenance costs are 
proving to be about 2% of those ex­
perienced at two large tank farms 
owned and operated by the associa­
tion.

Selection of a mine. Fenix & Scisson 
briefly looked at a number of mines 
on the client’s behalf before selecting 
one which appeared to be worthy of 
detailed study to determine if:

1. The mine was structurally stable.
2. formations surrounding the mine 

are relatively impermeable, and free 
of fractures.

3. Formations in contact with the

H. W. Brandt

The author . . . 
H. W. Brandt is a se­
nior mining engineer 
with Fenix & Scisson 
Inc., Tulsa. Since join­
ing the firm in 1963, 
he has participated in 
engineering studies for 
USAEC, solution mining 
studies, and under­
ground storage-cavern 
construction. From 1966 
to 1972, he was res­
ident manager in Jo­
hannesburg, South Afri­
ca. After obtaining BSc in mining engineering 
at Lehigh University in 1950, he worked in the 
coal and mining industries, serving in various 
capacities for Hudson Coal Co., International 
Salt Co., and Jeffrey Manufacturing Co.

H. W. Brandt says . ..
Purchase of large mine and its conversion to store crude oil cost 
less than 20^/bbl of capacity. Performance to date indicates long­
term stability for mine and for stored oil.

stored crude oil are either chemically 
inert or not reactive to the product.

4. Water inflows into the mine are 
free of contaminants which would ad­
versely affect the stored product.

5. The groundwater level is high 
enough above the mine to provide suf­
ficient hydrostatic pressure to prevent 
loss of crude oil into formations sur­
rounding the mine.

First step in conversion of the mine 
was a detailed feasibility study to 
determine if it met those criteria.

Ventilation was reestablished in the 
mine, after which more than 6 miles 
of perimeter workings and many miles 
of entries were inspected. General con­
dition of the mine was determined in 
terms of: present and continuing sta­
bility; existence of open fractures, 
fissures, and dykes; and sources and 
rates of water inflows.

Structural stability. The mine, in 
operation from June 1937 to January 
1962, was developed by the room-and- 
pillar method. Openings averaged 6.5 
ft in height and were from 16 to 22 ft 
wide. Pillars (spaced at 40-ft centers) 
ranged in size from 18 to 24 ft on a 
side. Inspection revealed no evidence 
of any weight on either roof or pillars. 
There was considerable slabbing of 
the coal roof in older sections, but this 
was confined to a thickness of 1 ft or 
less, and was the result of weathering 
rather than stress failure.

The pillars were found to be in ex­
cellent condition throughout the mine. 
They were closely examined for spal­
ling which normally would indicate 
they had been subjected to abnormal 
loading conditions. Such a condition 
often causes a pillar to spall until it 
resembles an hourglass rather than 
its original cube shape.

No evidence of spalling was found. 
Next question was whether the mine 
would retain its stable condition over 
the years. Extensive calculations were 

made to determine long-term theoret­
ical stability. Physical dimensions 
(height, width, length, and shape) of 
the rooms and pillars were surveyed 
in 10 representative areas of the mine. 
Compressive strength of the coal seam 
was determined from core samples 
which were tested in a laboratory. The 
core samples were taken from test 
holes drilled for that purpose. This in­
formation was used to calculate the 
theoretical safety factor of the mine 
by employing a method developed by 
Dr. M. P. G. Salamon.'

The calculated safety factors indi­
cate that the mine will remain in a 
stable condition for many years. Small 
thin, calcite-filled fractures were 
found throughout the mine in the pil­
lars and coal roof. The coal seam was, 
however, almost entirely free of open 
fractures and fissures.

One small section of the mine con­
tained a large number of filled frac­
tures which had affected the mining 
operations. Evidence of this was two 
small caved areas and presence of the 
only timber supports found in the 
mine. The caved area were subse­
quently isolated from the remainder of 
the mine by installing bulkheads in the 
connected openings.

Surrounding formations. Formations 
surrounding the mine were studied to 
be assured they were relatively im­
permeable and free of fractures. 
Twenty-six NX-sized (3-in. diameter) 
boreholes were drilled at regular inter­
vals outside the mine perimeter. Each 
hole was subjected to fluid-injection 
tests in an interval extending through 
the coal seam from 30 ft above it to 
30 ft below it.

Two inflatable packers were mount­
ed at predetermined intervals on %-in. 
pipe and run into the hole to the 
proper depth. The packers were in­
flated to isolate the formation between
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ABOVE GROUND: Facilities on the surface include the head (above, left) for a measuring hole, containing apparatus 
for remotely and manually gauging liquid levels and temperatures. The 12-in. vapor stack (above, center) has flame 
arrestor for venting gases from stored crude. Two-thousand-gpm pumps (above, right) lift oil from storage to surface 
Water pumps (below left) remove excess groundwater which may accumulate in the mine. Pump station (below right) 
moves crude into and out of storage. 5

them. Sufficient water was injected to 
fill the open space between the pack­
ers as well as the %-in. pipe back to 
the surface. Pressures ranging from 0 
to 10 psig were then applied to the 
system at the surface and the rate of 
fluid loss to the formation was mea­
sured.

This procedure was repeated until 
the entire test section had been tra­
versed. Permeabilities of the forma­
tions surrounding the mine were gen­
erally low. This indicated that forma­
tions surrounding the perimeter would 
contain the fluid when the mine was 
filled. Samples of the cores from test 
intervals were analyzed in a labora­
tory to determine permeability, poros­
ity, and uniaxial compressive strength. 
Permeability measurements compared 
very favorably with the in situ test 
results.

Decision was then taken to proceed 

with the final test—a hydrostatic test 
of the mine itself.

Mine hydrostatic test. As a final test 
of the integrity of the mine as a 
storage.vessel, it was to be filled with 
water. Pumping operations were 
begun, and the desired level was 
reached in March 1967.

During the first few days after level 
observations began, it behaved erratic­
ally. At the same time, large air 
bubbles were observed at a shaft lo­
cated in a low section of the mine. A 
review of the mine contours revealed 
that a lot of air could have been 
trapped above the water in domed 
areas.

These domes would have to be 
vented before stable test conditions 
could be reached.

Accordingly, vent holes were drilled 
from the surface into the approximate 
centers of the five major domes.

Trapped air was released. Water-level 
conditions stabilized shortly after­
wards, and tests continued for 21 days. 
During that time, water level re­
mained constant.

During tests, charts of the water­
level recorder showed two cyclic 
traces—one regular with a 12-hr pe­
riod and a %-in. amplitude; and one 
irregular. Tidal movements of the 
earth’s crust, believed to be the cause 
of the regular trace, were confirmed 
by a gravity-meter survey.

The irregular trace was attributed 
to changes in atmospheric pressure, 
affecting the level of the "under­
ground lake” which covered more than 
330 acres.

The water was not pumped from the 
mine until 2 months after the test had 
been officially declared at an end. 
During that time, the level remained 
constant.
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BELOW GROUND- Fill hole and typical curbing (above, left) indicate simplicity of mine preparation to receive crude. 
Triply completed measuring hole (above, right) houses float and recording thermometer Third string can be used for 
hand dipping or for manually measuring levels and temperatures. Oil pump-out holes (below, left) uses protective 
screens, one bolted to mine roof. Typical casing support in pump-out hole (below, right) fits in 8-ft-diameter, 12-tt-

deep concrete-lined sump.

Ventilation fans were activated and 
the mine reentered as the water level 
dropped. When the mine was pumped 
dry, it was found that approximately 
66% of the roof area had never been 
in contact with the water. This de­
notes a roof impervious to gases as 
well as liquids.

Also important to the water test was 
the static water levels in the perim­
eter boreholes. These levels responded 
to changes in the mine water level 
during the filling, testing, and empty­
ing periods. While filling and empty­
ing, the respective rise and fall of 
levels in the perimeter holes was co­
incidental with, and almost equal to. 
rise and fall in the mine water level.

Water levels in all of the perimeter 
holes were above the coal, even when 
the mine was empty. Hence, the fluc­
tuations confirmed that there was 
communication between the coal seam 

and the overlying water table.
Additional information. During the 

mine inspection, samples of the coal 
and mine water were taken. These 
samples were analyzed at a laboratory 
to determine that neither the coal nor 
the water would react to the crude oil.

Water seepage into the mine through 
the perimeter workings was very 
slight, and almost nonexistent in the 
remainder of the mine. In all in­
stances, seepage was noted as coming 
from clay-filled fractures in the coal. 
Although quantity of seepage was 
small, its presence served as a warn­
ing that liquids could be lost through 
these channels should the hydrostatic 
head be reversed at the time the mine 
was filled with liquid. Total inflow was 
calculated at 27 gpm, most of which 
was entering through shafts and bore­
holes which would be sealed off before 
conversion was complete.

Studies of the effect of earthquakes 
in the general area disclosed no evi­
dence of damage to any of the mines. 
Records indicate the area is subject 
to an occasional tremor of very low 
magnitude.

Underground and surface facilities 
were completed, and the mine filled 
with crude oil in 1969. Facilities in­
clude pumps to deliver the oil to the 
main pipeline when needed. Conver­
sion cost, including purchase of the 
mine, was less than 20e/bbl of oil 
stored.

Based on the success of the first op­
eration, several other similar con­
tainers have been completed.

Reference
I. "A Method of Designing Bord (Room) 

and Pillar Workings," Dr. M. P. G. Sala- 
mon, Collieries Research Laboratories, 
Chambers of Mines of South Africa, C.O.M. 
Reference: Project No 804-66, Research 
Report No. 72/66.
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Mr. Chairman and members of the Armed Services and Interior and 

Insular Affairs Committees, I am very pleased to be afforded the op­

portunity to discuss the Naval Petroleum and Oil Shale Reserves and 

plans for allowing them an increasing contribution to our energy needs.

I would first like to provide background information, starting with 

a brief history of the Reserves, then telling you of accelerated activ­

ity during the last two fiscal years.
The Naval Petroleum and Oil Shale Reserves were created between 

1912 and 1924. Upon recommendations of United States Geological Survey, 

Presidents Taft, Wilson, Coolidge and Harding established the petroleum 

reserves by withdrawal of relatively small but selective acreages of 

domain to be administered by the Navy as an assured defense fuel supply. 

Congress placed these Reserves under authority of the Secretary of the 

Navy by an Act dated June 4, 1920 (41 Stat. 813).

The abbreviated table below provides pertinent statistics on the

Naval Petroleum and Oil Shale

Drnvod Rp^PrVPS

Reserves system:

Estimated New Reserves Area

MM/bbls 
Oil

MM/Mcf 
Gas

MM/bbls 
0il_

MM/Mcf 
Gas Acres 

46,095* 
30,181* 
9,481 

23,680,000 
145,333

under a Unit 
pates in the 
the Depart-

NPR#1 • 1,009.6 1,180 46Z
NPR #2 15.6 NA 0
JpR #4 100.1 160.6 10,000-33,000 60,000-192,000
NOSR -0- -0- 16,000 -0-
(jointly)

★Contains both Government and private titled
olan with the Standard Oil Company of California who partici 
amount of 20%. SOCAL also operates NPR-1 under contract to 
ment of the Navy.
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During the last decade significant additions to knowledge of the 

reserves have teen obtained. However, owing.to funding at the $5f’-$8M 

per year level, no substantial progress was made toward establishing the 

full potential of the Naval Petroleum Reserves as a rapidly available 

source of emergency oil. In 1967, the Navy initiated preparation of a 

complete plan for the exploration and development of all reserves. The 

plan was completed in April of 1973 and forwarded to the President, and 

in the fall of 1973, when the oil embargo created shortages, the Secretary 

of the Navy made a determination that NPR-1 should be produced. This 

action was approved by the President and sent to the Congress. A 

modification of the administration bill was passed in the Senate, and in 

the House of Representatives the Armed Services Committee held compre­

hensive hearings. Production from NPR-1, Elk Hills, was not recommended 

by the Committee at that time. The Committee concluded, however, that 

NPR-2 and NPR-3 were of little value as viable reserves and, therefore, 

the Navy should consider producing at these locations and using funds so 

derived to finance exploration and development of NPR-1 and NPR-4. 

While the original bill for production at Elk Hills was not passed in 

Congress, there was,- however, an appropriation provided for exploration 

and development at NPR-1 and NPR-4 of $11.5M and $47.5M, respectively, 

and a substantial program was initiated. The budgetary figures appearing 

in the legislation were drawn from the Navy plan of 1973. Congress 

followed in FY 75 with $64.4 million to continue the program. DOD has 

now established in their planning a continuation of this effort through 

the Fiscal Year Defense Plan years.
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As related above, the budget actions of 1974 and 1975 together with 

the ongoing Fiscal Year Defense Plan have been derived from the explo­

ration and development plan submitted by the Navy in April of 1973. I 

would like to summarize the objectives of that plan.

The Development Plan for Naval Petroleum Reserve No. 1 calls for 

the creation of a 400,000 barrel of oil per day production capability 

and includes all projects that are typical of any major oil 

field development. Not only must additional wells be drilled, but the 

allied surface facilities must be installed within the Reserve to handle 

the oil, gas, and water in accordance with sound oil field engineering 

practices. Our five year exploration and development plan calls for the 

drilling of some 50 to 76 exploratory wells at a cost of about $30 

million and completing the development of the field with 829 wells 

together with production facilities at a cost of $417 million. The 

exploratory effort is designed to more completely define the extent of 

the Elk Hills reserves, and the development program will establish the 

desired expanded production capabilities from the various oil pools. Of 

the development wells to be drilled, about 550 will take approximately 

30 days each to drill to 8,000' - 10,000' depths (Stevens and Carneros 

Zones). • The remaining development wells will be drilled to an average 

depth of about 3,500' to penetrate the shallower oil and gas zones. The 

exploration wells will vary in depths from 1,500' to 20,000' (basement 

rock). Prior to this time, the deepest well at Elk Hills has been 

12,856'. Thus, we will be drilling to basement rock for the first time. 

When completed, the wells will be connected to tanks and gauging facil­

ities to handle the produced oil, gas, and water. Over 75 tank settings

will be upgraded and 24 new settings will be constructed over the next
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five years. These tank settings would then stage the produced hydro­

carbons through approximately 250 miles of new oil and gas lines across 

the Reserve to shipping facilities and gas processing plants.

Additional automated crude oil shipping facilities referred to as 

LACTS (leasing automatic custody transfer stations) are being installed 

at the perimeter of the Reserve for possible connection to the various 

available commercial pipelines. Produced gas will be stripped of its 

liquids for sale at competitive bid and the residual dry gas would be 

reinjected into the reservoir to maintain pressure, thereby maximizing 

ultimate oil recovery. Although proposed funding allows for construction 

of natural gas processing plants on the Reserve capable of processing 

300,000 MCF per day of gas, negotiations are presently underway for the 

purchase or lease of existing privately owned plants located near the 

Reserve. Successful negotiations in this area may reduce the overall 

costs of the development plan. Other surface facilities to be con­

structed include storage facilities, cathodic protection, vapor recovery 

systems, electrical service extensions, new pumping units, and construction 

of over 120 miles of access roads.

Of the $93 million dollars provided by Congress to date, over $64 

million'dollars has been committed in the awarding of 25 construction 

contracts and multiple well drilling contracts. The remaining $29 

million will be committed to additional drilling contracts as soon as 

the availability of casing and materials allows. The commitment rate of 

funds to date has been slowed by the world-wide heavy demand for oil 

field supplies. For example, it takes at least six months to obtain 

steel casing, pumping units are delivered 18 to 24 months after ordering, 

and compressors take 18 months to obtain.
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Acceleration of materials installation could be made only if 

commercial orders wer-e to be preempted, which we have tried to avoid 

since such action would be almost certain to impair the progress of 

private oil companies in the search for additional oil reserves. Only in 

the case of tubular goods have we resorted to priorities. To date, a 

total of 32 producing development wells have been drilled to 9,500' 

(Stevens Zone), two 25,000 barrel a day shipping facilities are under 

construction, 25 additional drilling sites have been constructed with an 

additional 100 under contract to be completed at a rate of 10 per month. 

We are presently drilling wells at a rate of 7 per month utilizing 5 

drilling rigs. By September we should have 8 rigs working on the Re­

serve, completing 15 wells per month. A maximum of 12 rigs will be 

employed in the last three years of the program which will yield a rate 

of 20 well completions per month. The present natural gas processing 

plant on the Reserve is being increased in capacity from 50,000 MCF a 

day to 94,000 MCF per day, pumping units have been ordered and will 

arrive at a rate of 4 per month starting in March, increasing to 14 per 

month in January 1976. Twenty miles of primary roads have been con­

structed or upgraded.

As mentioned, an exploration program is also in progress. A total 

of 10 exploratory wells has been drilled to date in various areas of the 

Reserve. The exploration and development wells have demonstrated that 

recoverable oil in the reserve will be increased by at least 100 million 

barrels, and this is a conservative preliminary estimate. Our deep test 

exploration well will for the first time penetrate formations which are
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productive in the vicinity of the Reserve. As a result, real potential 

exists for further increasing the total oil reserves.

Thus, the producing capability of the Reserve is actively in the 

process of being increased to 400,000 barrels of oil per day with a 

targeted completion date of 1980. With Congressional approval of Title 

I of the President's proposed Energy Independence Act, production of 

130,000 BOPD should be possible within several months and 250,000 BOPD 

or more by 1977. Production at any significantly higher levels prior to 

completion of the on-going development plan may deny the attainment of 

capability to achieve the full 400,000 BOPD production level. The 

capability is similarly being rapidly developed to move this production 

to the various shipping points on the periphery of the Reserve. Movement 

of the crude oil beyond the Reserve shipping points is limited by the 

available surplus capacities in the various commercial pipelines which 

either are connected or could be connected to our shipping points. 

Currently the surplus capacity of these pipelines is about 130,000 BOPD. 

Within 18 months, connections could be made to accommodate the off- 

Reserve transport of 155,000 BOPD total Elk Hills production, and 

355,000 BOPD total within 36 months. Each of these pipeline capacity 

levels has an attendant capital cost for additional off-Reserve pipeline 

connection, pumps, etc., increasing to $53 million to obtain a deliverability 

of 355,000 BOPD. No funds have been requested to meet any of these 

requirements. It appears that some private capital would be forthcoming 

in this regard should sustained increased production be guaranteed.

The obtainable pipeline transport capabilities recounted above have 

been found to accommodate the API gravity of oil produced at Elk Hills.
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In this regard, ard in a further effort to test the prospective outlets 

for possible increased levels of Elk Hills oil production, we have also 

surveyed the current and projected crude oil feed stock deficiencies at 

California refineries.

Due to the common practice of oil companies to trade or exchange 

various grades of crude oil to obtain gravities which can be utilized at 

a given refinery, it is not necessary to be concerned with the gravities 

of Elk Hills production other than to note that a range of gravities is 

producible which could be utilized at various California processing 

centers. The present apparent combined crude oil feedstock spare capacity 

at California refineries is about 139,000 BOPD, out of a total statewide 

refining capacity of 1,755,000 BOPD. That is to say, this additional 

rate could be processed with current commercial plant capabilities. 

Therefore, production open-up at Elk Hills beyond about 139,000 BOPD 

could not be accommodated by the present California refinery industry 

unless West Coast imports were commensurately curtailed. (Currently 

about 700,000 BOPD.) An alternative might be marine transport to extra­

state refining centers. The current total refining spare capacity of 

about 139,000 BOPD is distributed among the Bakers^ield/San Francisco/Los 

Angeles-areas in 73,000/0/66,000 BOPD increments respectively, and the 

only major integrated company identifying any current spare capacity is 

the SOCAL refinery at Bakersfield (16,000 BOPD).

Projection of spare capacities one or more years ahead is extremely 

risky in view of the many variables involved. The impact of Alaskan 

oil, future of foreign imports, and uncertain plans for expanded refining 

capacities all serve to complicate the issue. However, no major integrated 

company projects any additional spare refining capacity for the next
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five years, and expansion plans for the independents are contingent upon 

numerous complex varieties, including .long lead time materials and 

equipment, which preclude the reasonable projection of future spare 

capacities.

In summary, attainable pipeline capacities servicing Elk Hills and 

spare California refining capacities are currently projected to be in 

the 130,000 - 150,000 EOPD range for the next three years. Pipeline 

capacities could be more than doubled by the end of these three years, 

but no definitive growth in spare refining capacities can be accurately 

forecast. To the contrary, shrinkage of the current spare capacities 

can be anticipated when Trans-Alaska Pipeline comes on stream during the 

3rd or 4th quarter 1977. Early open-up of Elk Hills production would be 

constrained by attainable pipeline capacities for 2 to 2 1/2 years, when 

production could increase to a field maximum efficient rate of 250,000 

BOPD — less than attainable pipeline capacities, but considerably more 

than current California spare refining capacity.

During the recent contacts with pipeline and refining companies, 

the Navy was cautioned that the figures provided were accurate as of the 

date submitted and are subject to change without notice.

Nav^l Petroleum Reserve No. 2, located at Buena Vista Hills, 

California, was leased out in the 1920s when the Reserves were under the 

jurisdiction of the Secretary of the Interior, is fully developed, and 

produces income of about $1 million per year.

Naval Petroleum Reserve No. 3 at Teapot Dome, Wyoming, is the 

smallest of the reserves and has approximately 150 productive wells and 

has the capability of producing 2,000 BOPD without additional drilling.
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During the two past years, FY 74 and FY 75, this Reserve has been 

operating ci a budget of approximately $3C0,C00/year.

Development plans for this Reserve have been prepared which call 

for the drilling of 562 wells over a five year period. During this 

development phase, production could take place such that at the con­

clusion of the five years the average production would equal 12,700 

BOPD. The estimated cost of this plan, including wells and shipping 

facilities, is $69.8 million. Discussions with the pipeline company in 

the area indicated that sufficient surplus capacity exists to handle NPR 

No. 3 production. Similar investigation into the spare refining capac­

ity in the Casper, Wyoming, area resulted in the conclusion that the oil 

produced could be refined in the immediate area.

NPR 3 also has additional areas requiring exploration. The ex­

ploration plan identifies 16 possible locations for additional hydro­

carbon accumulations which have excellent possibilities for increasing 

the productive potential of NPR 3. The cost of the 16 well exploration 

program is estimated at some $1.7 million and is planned to be accomplished 

over a five year period.

Naval Petroleum Reserve No. 4 in Alaska is actively being explored 

to determine the extent of the Reserve's assets. As with any property 

determined to contain hydrocarbons, exploration must take place prior to 

defining and preparing development plans. Over the seven year life of 

the Navy's current plan for NPR 4 exploration program, some 10,000 miles 

of seismic exploration will be conducted, and 26 exploratory "WeiIs 

drilled. The total cost of the program is estimated to be $382 million. 

Briefly, seismic exploration consists of transmitting shock waves through 

the earth and recording the return signals. Processing the return
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signals allows the identification of structural changes in the sub­

surface depositions which have hydrocarbon potential. Only by drilling 

a well can one determine if the subsurface structures contain oil and/or 

gas.

For FY 74 and 75, $30 million has been provided for the exploration 

of NPR 4 of which $27.4 million has been expended or obligated. The 

remaining funds will be obligated by June of 1975. As in the fiscal 

obligation rate of Elk Hills development funds, the obligation of funds 

for NPR 4 has been slowed by the world wide shortage of oil field 

equipment. For example, in excess of six months are required to obtain 

steel for wells, well head equipment, and other equipment. The supply 

situation for NPR 4 is compounded due to the short 2 month shipping 

season on the Arctic coast. As a result, all materials required for the 

exploration effort must be purchased and delivered to Seattle, Washington 

by May of each year. Materials and supplies presently being utilized 

for exploration were shipped during May 1974. Because of the long lead 

time for materials and supplies acquisition and the short shipping 

season, it is extremely important that continuous funding be provided to 

prevent prolongation of the program. A one year funding gap will cause 

the program to suffer a two year setback. The funds provided in the FY 

74 Supplemental appropriations and FY 75 Appropriations Acts have 

allowed significant progress outlined below to be made. Future funds 

requested for FY 76 will permit the Navy to conduct an additional 3,100 

miles of seismic exploration and drill 3 wells to find the vast hydro­

carbon deposits which underlie NPR 4.

The first year of the Navy's exploration was completed during FY 74 

by conducting 1,049 miles of seismic exploration and by mid-1975 we
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will have corseted 35C0 miles. Processing this information indicates 

that several prec’caina-1 structures exist in the area covered. The 

initial pattern of the seismic exploration was on an approximate 6 mile 

square grid. After identification of the subsurface structures, detailed 

seismic work was accomplished in specified areas. As a result of the 

detail work, locations were chosen for the first two exploratory wells. 

The drilling of the first of these wells, at Iko Bay near Barrow, has 

been completed and testing of the well is now being done. We did not 

find significant oil, but it appears that the testing will show it to be 

a commercially productive gas well. This well was drilled to a depth of 

about 3000 feet. The drilling of the next exploration well will commence 

later this week. It is located near Cape Halkett (between Barrow and 

Prudhoe Bay) and it will be drilled to a depth of 10,000 - 12,000 feet.

Based on the data already in hand, together with the new information 

that we are obtaining every day, we would expect within 1-1/2 to 3-1/2 

years to have sufficient data on which to base the development program 

which must precede production. Given the magnitude of this program, it 

can best be accomplished by entering into arrangements with private 

industry.

The. program, as you can see, is well underway. It has been possible 

to accomplish this work under authorization provided by the existing 

statutes together with fiscal appropriations which have been increased 

during the last two years; with approval of the budget which has been 

submitted in FY 76, the program can continue. On the other hand, in 

order to meet our country's increasing energy challenge, it will be very 

important to take even more aggressive action. Some of
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the measures that have been introduced in the House and Senate would 

take such action and I 'would like to comment briefly on them.

Senate Joint Resolution 13, introduced by Senator Cannon, would 

authorize the production of petroleum from NPR 1 for national defense 

purposes at a rate not to exceed the maximum efficient rate in accordance 

with sound engineering and economic principles. The proceeds from such 

production would be placed in a special account in the Treasury to be 

used for the exploration, development, and production of all of the 

Naval Petroleum and Oil Shale Reserves. This Joint Resolution, which is 

virtually identical to S.J. Res. 176, 93rd Congress, which as I noted 

earlier was passed by the Senate but not by the House, is based on a 

Determination made by the Secretary of the Navy on November 6, 1973, in 

accordance with our statutes (10 U.S.C. 7422), that production was 

needed for national defense purposes. In that Determination it was 

noted that the then present supplies of petroleum were not sufficient, 

even through mandatory allocation, to meet both the needs of military 

readiness and essential civilian needs, including those vital to defense. 

It was also noted that certain international events, i.e., mainly the 

embargo, were contributing seriously to the growing deficit in source of 

military petroleum supply and had led to reduced availability from 

sources outside the United States where the Armed Services normally 

procure 50% of their needs. As we all know, the conditions under which 

that Determination was made have changed considerably and therefore the 

Determination could now be challenged. We do feel that production of 

the Reserves for the purposes of constructing, managing, and filling a 

national strategic petroleum reserve could be justified as a national



270

defense requirement, but we 'nave taken a different approach to this 

matter which I will discuss later in my statement.

S. 677, which was introduced by Senator Jackson, would create 

strategic energy reserves in storage capable of replacing energy imports 

for at least ninety days in order to reduce the impact of interruptions 

or reductions in imports of energy supplies. Included within the 

strategic reserve system would be (1) national strategic energy reserves; 

(2) industry storage reserves; (3) utility storage reserves; and (4) 

coal storage reserves. The national strategic energy reserve would be 

composed of crude oil produced from Federal lands, including the naval 

petroleum reserves to the extent authorized by law, and crude oil to 

which the United States is entitled as royalty from future production 

upon Federal lands, including the Outer Continental Shelf.

While we agree with the philosophy of a strategic reserve system 

as set forth in Senator Jackson's bill and with the concept of production 

in Senator Cannon's resolution, we have problems with specific provisions 

on which I defer to the FEA for discussion. Also, we feel that more 

aggressive, and more comprehensive, action should be taken.

To this end, the President has submitted to the Congress for action 

the Energy Independence Act of 1975 (S. 594). Titles I and II of that 

bill are closely linked and provide the President with general authority 

pertaining to the subject under discussion today. I would like to 

provide a brief summary of these titles, highlighting some of the actions 

which would be taken to implement its objectives. There is provision 

made for a National Strategic Petroleum Reserve of up to 1 billion 

barrels for the civilian economy which is provided in Title II and a 300 

million barrel reserve for the military which is provided in Title I. 

Title I also provides
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for production at Elk Hills and other Naval Petroleum Reserves for 

storage in the National Strategic Petroleum Reserve, for replenishment 

of Department of Defense stocks, and for sale and exchange. A special 

fund would be established in the Treasury derived from the funds realized 

from sale of this petroleum. The special fund will provide monies for 

exploration and development of all of the petroleum reserves and will 

provide for the establishment of the National Strategic Petroleum Re­

serve. As you can see, Titles I and II are closely related and, when 

enacted, will provide the nation with a .means for a viable storage 

"insurance policy" against interruption in transportation of petroleum. 

The Naval Petroleum Reserves that will be used in part to fill the 1.3 

billion barrel system will simply be transferred to a form of storage 

that is more accessible should an emergency arise.

In addressing the issue of producing at Elk Hills we have commonly 

discussed an initial goal of 160,000 barrels per day. As I mentioned 

earlier in my statement, we are mindful of the transportation and re­

finery requirements and have recently been working with the owners of 

pipelines and refineries in the California area to determine what 

action needs to be taken to assure delivery. Our initial review shows 

in excess of 100,000 barrels per day can be accommodated rather quickly 

and that with additional connections to existing pipelines and assuming 

the requisite spare refinery capacity we would be able to approach 

160,000 barrels per day in a matter of months.

The current proposal has followed the pattern of previously intro­

duced legislation in assuring that the oil will be offered for sale in 

such a way that all companies, large and small alike, may be afforded a 

49-868 0 - 75 - 18
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fair opportunity to participate. We have authority within current 

legislation and with the assistance of the Small Business Act to allocate 

appropriate amounts to the smaller companies.

As you know, Standard Oil Company of California is the partner of 

the Government at Elk Hills. They own approximately 20% of the field 

and we operate under an agreement which provides for sharing of pro­

duction in that ratio. Much has been said about what would happen if 

Elk Hills were opened for other than national defense. We have ini­

tiated discussions on that subject with Standard Oil and would plan to 

negotiate modifications to the existing Unit Plan Contract which would 

protect the partners' positions under the new legislation.

In a separate relationship, Standard Oil of California has been for 

the last several years our operating contractor at Elk Hills. This is 

a competitively awarded contract renewable approximately every five 

years and is separate and distinct from the Unit Plan Contract.

On January 7th of this year, Standard Oil informed us of their 

desire to withdraw from the operating responsbility. They cited the 

fact that the very large drilling program planned for Elk Hills would 

demand management resources which they felt were sorely needed in other 

areas where they are trying to increase the supply of petroleum; in 

addition, they stated they are mindful of the frequent congressional and 

public concern regarding the potential conflict of interest which 

results from their several roles. While we agree with them that the 

parties have been able to maintain appropriately separated business 

relationships, we are sympathetic to both of their citations and, there­

fore, indicated a willingness to seek a replacement contractor. There­

upon Standard provided formal notice on February 13th. Our contract 
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allows either party to withdraw with nine months notice and Standard Oil 

has asked that we accelerate that schedule if.at all possible. We are 

moving out immediately to prepare a Request for Quotation for this job. 

Without this early severance of our relationship, a new competition 

would have been scheduled for June of 1976. Based on responses in the 

past and informal inquiries, we are confident that a capable contractor 

will be found. The Navy is proceeding to accomplish this.action in as 

short a time as possible.

For NPR's 2 and 3, Title I provides for completion of development 

at NPR 3 and production from both fields. This was a recommendation 

from hearings conducted by the House Armed Services Committee last year.

Of the petroleum available at NPR-4 it is planned to utilize at 

least 20Z for the National Strategic Petroleum Reserve or such other 

amount as determined by the President and to make the remainder avail- 
tb

able to the public economy. As was indicated earlier in the discussion, 

we are expecting to be ready in the near term for participation by 

commercial industry in the development program. Starting immediately, 

the Navy would plan to begin an analysis of the optimum contracting 

procedures for obtaining this participation. We will consider compet­

itive leasing, competitively negotiated contracts and other arrangements. 

We will seek to establish the best means by which participation can be 

made attractive to Industry and yet will assure for the Government 

receipt of full value for the petroleum in NPR-4.

In summary, I would like to establish that we have in being a 

planned program that is on schedule. This will provide in the next 

several years a much needed improved development status of the Naval
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Petroleum Reserves. In order to capitalize on the potential of these 

Reserves, the Administration has introduced a.Bill providing for the 

National Strategic Petroleum Reserve, which instead of shut-in pro­

duction capability provided in the first instance, will provide a large 

volume of petroleum for ready delivery at high rates. This more aggressive 

program requires new legislation as proposed by the Energy Independence 

Act of 1975, which we believe has been carefully designed to assure 

optimum utilization of the Naval Petroleum Reserves for the increasing 

energy needs of the United States. The plan preserves the concept, 

inherent in the existing statute, of a protected source of supply for 

times of emergency for military and civilian economy alike.

We therefore strongly support enactment of S. 594 -- the President's 

Energy Independence Act of 1975.
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IX. Legislation Pending Before the Senate Committees on Armed 
Services and Interior and Insular Affairs on Strategic Reserves
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94th CONGRESS 
1st Session S. 594

IN THE SENATE OF THE UNITED STATES
February 5,1975

Mr. Hugh Scott introduced the following bill; which was read twice and. by 
unanimous consent, referred to the Committees on Armed Services, Bank- 

Housing and Urban Affairs, Commerce, Finance, Government Opera­
tions, Interior and Insular Affairs, the Judiciary, Labor and Public 
Welfare, and Public Works

A BILL
To increase domestic energy supplies and availability; to restrain 

energy demand; and to prepare for energy emergencies, and 
for other purposes.

To increase domestic energy supplies and availability by authorizing produc 
XPe,r°'e"m -“A
Petroleum Reserve, assuring increased supplies of natural gas at reasonable

i ! 7 ’ amend,n«the Clean Air Act, altering regulatory 
practices and procedures of governing electric utilities, assuring timely 
siting, consideration, approval and construction of necessary energy 

fTK" from
°P petroleum ^sources; to restrain energy demand by 

providing national energy conservation standards for new residential and 
cornmeal bulIdlngs, autl,orizing the Meral Energy Admin“n™

(1)

(289)
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2
assist States in winterizing dwellings of low-income persons, and providing 
for the labeling of major appliances and motor vehicles; to prepare for 
energy emergencies by providing standby energy authorities and imple­
menting the International Energy Program; and for other purposes.

1 Be it enacted by the Senate and House of Representa-

2 tires of the United States of America in Congress assembled,

3 That this Act may be cited as the “Energy Independence

4 Act of 1975”.
TABLE OF CONTENTS

Sec. 1. Short Title—Energy Independence Act of 1975.

PART A—INCREASING DOMESTIC ENERGY SUPPLIES AND 
AVAILABILITY

TITLE I—NAVAL PETROLEUM RESERVES

Sec. 101. Findings and Policy.
Sec. 102. Amendments to chapter 641 of Title 10, U.S.C.

a. New section 7420.
b. Amendment to section 7421 (a).
c. Amendment to section 7422(a).
d. Amendment to section 7422(b) (2).
e. Amendment to section 7422 (c).
f. Amendment to section 7423.
g. Amendment to section 7426(d).
h. Amendment to section 7430 (b).
i. Amendment to section 7431.
j. Amendment to section 7432.
k. Amendment to section 7433(b).
1. Amendment to section 7438(c) (2).
m. New sections 7439-7440.

Sec. 103. Amendment of chapter analysis.

TITLE II—NATIONAL STRATEGIC PETROLEUM 
RESERVE (CIVILIAN) ACT OF 1975

Sec. 201. Short title.
Sec. 202. Findings.
Sec. 203. Declaration of policy.
Sec. 204. Definitions.
Sec. 205. General provisions.
Sec. 206. Condemnation proceedings.
Sec. 207. Terms and conditions.
Sec. 208. Injunctions and other relief.
Sec. 209. Annual reports.
Sec. 210. Delegation of authority.
Sec. 211. Special fund.
Sec. 212. Authorizations.
Sec. 213. Severability.
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PART A—INCREASING DOMESTIC ENERGY 

SUPPLIES AND AVAILABILITY

TITLE I 

findings and policy

Sec. 101. (a) The Congress finds that the Naval Petro­

leum and Oil Shale Reserves originally established to insure 

an adequate supply of oil for United States Navy require­

ments are of even greater importance today when the com­

plete petroleum needs of the Department of Defense are much 

greater than that of the Department of the Navy alone; these 

needs, combined with the dependence of the total economy 

on energy, require assurance of a sufficient supply of petro­

leum readily available to meet the emergency requirements 

of national security, including defense mobilization, military 

and essential civilian needs. It is recognized that the depend­

ence on imports of energy supplies is inappropriate because 

they are subject to disruption and, therefore, alternative solu­

tions are necessary.

(b) The assets of the Naval Petroleum and Oil Shale 

Reserves, as yet not fully developed, are identified as power­

ful potential contributors to a domestic solution for this na­

tional problem. The development and utilization of these re­

serves require maintenance and management in the light of 

modem technology, not only to explore and develop such 

reserves to a state of ready availability for use, but also for
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conversion thereof to such form, for sale and/or transporta­

tion to and storage thereof in a National Strategic Petroleum 

Reserve at such geographical locations, as will make the re­

sources thereof readily available to meet the anticipated 

emergency needs of national security.

(c) It is hereby declared to be the policy of the United 

States to fully explore, develop, and produce the Naval Pe­

troleum and Oil Shale Reserves and to create with the petro­

leum and revenue produced therefrom a National Strategic 

Petroleum Reserve capacity and maintain such reserves in 

storage until needed for the emergency needs of national se­

curity. The Reserve shall consist of not more than 1,300,000,- 

000 barrels of which 300,000,000 barrels is for military use 

(military) and up to 1,000,000,000 barrels is for civilian 

use (civilian).

Sec. 102. Chapter 641 of title 10, U.S.C. is amended as 

follows—

(a) Immediately preceding section 7421, insert the fol­

lowing new section:

“§ 7420. Definitions

“ (a) In this chapter—

“ (1) The term ‘national security’ shall include the 

needs of, and planning and preparedness to meet essen­

tial civilian and military emergency energy requirements
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relative to the national safety or economy, particularly 

resulting from foreign military or economic actions;

‘(2) ‘Naval Petroleum and Oil Shale Reserves’ 

means the Naval Petroleum and Oil Shale Reserves 

established in this chapter, including Naval Petroleum 

Reserve Numbered 1 (Elk Hills), located in Kern 

County, California, established by Executive order of the 

President of September 2, 1912; Naval Petroleum Re­

serve Numbered 2 (Buena Vista Hills), located in Kern 

County, California, established by Executive order of 

the President of December 31, 1915; Naval Petroleum 

Reserve Numbered 3 (Teapot Dome), located in Wyo­

ming, established by Executive order of the President of 

December 13, 191<2; Naval Petroleum Reserve Num­

bered No. 4, Alaska, on the north slope of the Brooks 

Range; established by Executive order of the President 

of February 27, 1923; Oil Shale Reserve Numbered 1, 

located in Colorado established by Executive order of the 

President of December 6, 1916, as amended by Execu­

tive order of June 12, 1919; Oil Shale Reserve Num­

bered 2, located in Utah, established by Executive order 

of the President of November 17, 1924; Oil Shale Re­

serve Numbered 3, located in Colorado, established by 

Executive order of the President of September 27. 1924;

“(3) ‘petroleum’ shall be deemed to include crude
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1 oil, gas, natural gasoline and other related hydrocar- 

2 bons, oil shale, and the products of any of such re- 

3 sources; and

4 “ (4) ‘Secretary’ means the Secretary of the Navy.”

5 (b) Section 7421 (a) is amended by striking out the

6 words “in section 7438 hereof” and adding the following 

7 in lieu thereof: “by this title”.

8 (c) Section 7422 (a) is amended by striking out the

9 word “Secretary of the Navy” where it appears in that sec-

10 tion and substituting in lieu thereof the words “President, in 

11 consultation with the Secretary,” and by striking out the 

12 words “subject to approval by the President”.

13 (d) Section 7422 (b) (2) is amended to read as follows:

14 “(2) The production of petroleum from the Naval Pe-

15 troleum Reserves whenever and to the extent that the Pres- 

16 ident finds that such production will contribute to the na- 

17 tional security by making petroleum available for (i) storage 

18 as part of the National Strategic Petroleum Reserve in 

19 facilities at strategic locations; (ii) for sale or exchange 

20 pursuant to section 7430 for production of revenue to be 

21 covered into the Special Fund for the purpose enumerated in 

22 section 7432; (iii) the replenishment of the Peacetime Op- 

23 erating Stocks and the Prepositioned War Reserve Stocks of 

24 the Department of Defense upon transfer of credit to the Na- 

25 tional Strategic Petroleum Reserve Special Fund, hereinafter
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established from the appropriation accounts available there­

for, in the amount of the net value of such supplies so 

delivered.”

(e) Section 7422 (c) is amended to read as follows:

“(c) In Naval Petroleum Reserve Numbered 4, the 

Secretary may under subsection (a) :

“ (1) develop the South Barrow gas field to supply 

gas to installations of the Department of Defense and 

other agencies of the United States located at or near 

Point Barrow, Alaska, the native village of Barrow, and 

other communities and installations at or near Point Bar­

row, Alaska, and,

“ (2) develop and produce petroleum in accordance 

with the provisions of section 7439 of this chapter.” 

(f) Section 7423 is amended by striking out the words 

“national defense” and “Secretary” where they appear in 

that section and substituting in lieu thereof, respectively, the 

words “national security” and “the President in consultation 

with the Secretary”.

(g) Section 7426(d) is amended by striking out “one- 

third of”.

(h) Section 7430 (b) is amended by adding at the end 

thereof the following: “The terms of such sales, or exchanges 

as provided in section 7430 (a), shall be so arranged as to 

give full and equal opportunity for acquisition of, or exchange
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1 for, the petroleum by all interested companies, including 

2 major and independent oil refineries alike.”

3 (i) Section 7431 is amended by adding “ (a) ” before

4 the present section and then adding the following:

5 “(b) For those transactions provided for in section 7422

6 (b) (2) of this title, consultation (except for consultation on 

7 the overall plan for the exploration, development, and pro- 

8 duction of Naval Petroleum Reserve Numbered 4) is not 

9 required in connection with particular contracts or other simi- 

10 lar transactions undertaken in the exploration, development, 

11 and production of Naval Petroleum Reserve Numbered 4 and 

12 in the implementation, filling, maintenance, and management 

13 of the National Strategic Petroleum Reserve.”

14 (j) Section 7432 is amended to read as follows:

15 “§ 7432. National Strategic Petroleum Reserve Special

16 Fund

17 “(a) There is established on the books of the Treasury

18 a new account to be designated as the National Strategic 

19 Petroleum Reserve Special Fund (referred to in this chapter 

20 as the “Special Fund”). With the exception of proceeds 

21 realized from that portion of Naval Petroleum Reserve 

22 Numbered 4, made available to the public economy under 

23 section 7439 (b) which proceeds shall be covered into the 

24 Treasury as miscellaneous receipts, there shall be credited 

25 into the Special Fund:
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12

“ (1) all proceeds realized under chapter 641 from 

the disposition of the United States share of petroleum 

produced, including royalties;

“ (2) the net proceeds, if any, realized from the 

exchanges of petroleum accruing to the benefit of any 

component of the Department of Defense or any other 

Federal agency as a result of such exchanges;

“ (3) such sums as are or may be appropriated 

for the maintenance, operation, exploration, develop­

ment, and production of the Naval Petroleum and Oil 

Shale Reserves; and

“ (4) such sums as may be appropriated for the 

operation, maintenance, management, and construction 

of facilities and purchase of petroleum for the National 

Strategic Petroleum Reserve, (civilian) and (mili­

tary) .

“(b) The Special Fund shall be available to the Presi­

dent in such sums as are specified in annual appropriation 

acts for the expenses of (1) the exploration, prospecting, 

conservation, development, use, operation, and production 

of the Naval Petroleum and Oil Shale Reserves as author­

ized by chapter 641, (2) the construction and operation of 

facilities on or off the Naval Petroleum and Oil Shale Re­

serves, including pipelines from Reserve to point of sale,
25 (3) the operation, maintenance, management and construc-
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tion of facilities and purchase of petroleum for the National 

Strategic Petroleum Reserve (military) as provided in 

section 7440 of chapter 641, and (4) the operation, mainte­

nance, management and construction of facilities and pur­

chase of petroleum for the National Strategic Petroleum 

Reserve (civilian) as provided in title II of this Act. The 

budget estimates for this Fund shall be presented by the 

President independently of the budget of the Department 

of the Navy and the Department of Defense.

“(c) The President is authorized to transfer to depart­

ments and agencies such sums as he deems appropriate to 

carry out the purposes of subsection (b) and into the Treas­

ury of the United States as miscellaneous receipts any 

amounts of the Special Fund determined by him to be in 

excess of projected requirements.”

(k) Section 7433 (b) is amended by deleting the word 

“All” and substituting in lieu thereof the words “Except 

as may be otherwise expressly provided in this chapter 

with respect to the National Strategic Petroleum Reserve 

Special Fund, all”.

(1) Section 7438(c) (2) is amended by striking out 

the words “national defense” and substituting in lieu thereof 

the words “national security”.

(m) Immediately following section 7438 insert the 

following new sections:



299

14

1 § 7439. Utilization of Naval Petroleum Reserve Num-

2 bered 4

3 “(a) As determined by the President, taking into

4 consideration the recommendation of the Secretary, private 

5 capital may be utilized in the exploration, development, and 

6 production of Naval Petroleum Reserve Numbered 4, includ- 

7 ing provision for transportation and other facilities, under 

8 such arrangements as will provide an incentive for partic- 

9 ipation by such private capital consistent with the public 

10 interest and the objectives of the National Strategic Petro­

ll leum Reserve. In securing the participation of such private 

12 capital and as determined by the President taking into con- 

13 sideration the recommendation of the Secretary, the Secre- 

14 tary is authorized to enter into competitively bid leases or 

15 competitively negotiated contracts or other appropriate 

16 arrangements which provide adequate compensation to the

United States in the form of bonuses, royalties, fixed prices, 

18 profit sharing agreements, or any other type of provision.

(b) At least 20 per centum of the petroleum avail- 
20 able in Naval Petroleum Reserve Numbered 4, or such other 

21 amount as is determined by the President to be necessary 

22 to insure an adequate supply of petroleum for the national 

23 security, shall be utilized for th > purposes of the National

Stiategic Petroleum Reserve. The remainder of the petro­

leum shall be made available for the public economy.

49-868 0 - 75 - 20
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“ (c) The Secretary is authorized to utilize the services 

of any other agency of the executive branch with the con­

currence of the agency head affected in the exploration and 

development of the Naval Petroleum Reserve Numbered 4 

subject tc appropriate reimbursement.

“§ 7440. National Strategic Petroleum Reserve (Military)

“(a) There is hereby created under the management 

and responsibility of the Secretary a National Strategic Petro­

leum Reserve (military) which shall include a stock of 

readily deliverable petroleum in the amount of 300,000,000 

barrels to meet the emergency needs of military use for na­

tional security. This reserve is in addition to a National 

Strategic Petroleum Reserve (civilian) as provided for in 

title II of the Energy Independence Act of 1975. In com­

puting the above amount, the Peacetime Operating Stocks 

and Prepositioned War Reserve Stocks of the Department 

of Defense shall not be included. The National Strategic 

Petroleum Reserve (military) shall include petroleum as 

defined in section 7420, stored at strategic locations or avail­

able for delivery to such locations, facilities for storage, trans­

portation or processing thereof.

“(b) The Secretary shall with the approval of the 

President define and publish in the Federal Register the 

scope and projected objectives of the National Strategic 

Petrol* j.m Reserve (military), revised as may be appro-
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priate to reflect the current status thereof. The Secretary 

shall include such information in the quarterly report to the 

Congress made pursuant to section 7434 of chapter 641.

“(c) The Secretary is authorized to request proceedings 

whenever he deems it necessary to implement and manage 

the National Strategic Petroleum Reserve (military) to be 

instituted by the Attorney General in any court having juris­

diction of such proceedings to acquire by condemnation, any 

real or personal property, including facilities, temporary use 

thereof, or other interests therein, together with any personal 

property located thereon or used therewith, that he deems 

necessary. Before condemnation proceedings are instituted 

pursuant to this chapter 641, an effort shall be made to 

acquire the property involved by negotiation unless, because 

of reasonable doubt as to the identity of the owner or owners, 

because of the large numbers of persons with whom it would 

be necessary to negotiate, or for other reasons, the effort to 

acquire by negotiation would involve, in the judgment of 

the Secretary, such delay in acquiring the property as to be 

contrary to the national interest. In any condemnation pro­

ceeding instituted pursuant to this section, the court shall not 

order the party in possession to surrender possession in ad­

vance of final judgment unless a declaration of taking has 

been filed, and a deposit of the amount estimated to be just 

compensation has been made. Unless title is in dispute, the
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1 court, upon application, shall promptly pay to the owner 

2 at least 75 per centum of the amount so deposited, but such 

3 payment shall be made without prejudice to any party to the 

4 proceeding. Property acquired under this section may be oc- 

5 cupied, used, and improved for the purposes of this chapter 

6 prior to the approval of title by the Attorney General.

7 “(d) Subject to appropriate reimbursement and the

8 concurrence of the affected agency head, the Secretary is 

9 authorized to utilize the services of any other agency of the 

10 executive branch in the planning and performance of such 

11 functions as may be appropriately performed by such agencies 

12 in the accomplishment of the objectives of the National 

13 Strategic Petroleum Reserve (military).

14 “(e) If the President determines that the national se-

15 curity is threatened by an emergency such as an embargo by 

16 a foreign country or increased requirements caused by armed 

17 conflicts which result in a requirement for petroleum prod- 

18 ucts in excess of the maximum supply thereof otherwise 

19 available in the United States, the resources of the National 

20 Strategic Petroleum Reserve (military) may be utilized as 

21 directed by the President to meet military requirements for 

22 the duration of such emergency.

23 “ (f) After depletion during an emergency, the estab-

24 lished level of petroleum to be maintained in the National 

25 Strategic Petroleum Reserve (military) for future use may
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1 be replenished by production from the Naval Petroleum and

2 OU Shale Reserves or by petroleum purchased by expendi-

3 tures from the Special Fund or other sources.”

4 Sec. 103. The chapter analysis for chapter 641 of title

$ 10, United States Code, is amended to read as follows:

“CHAPTER 641.—NAVAL PETROLEUM RESERVES
“Sec. 7420. Definitions.
“Sec. 7421. Jurisdiction and control.
“Sec. 7422. Administration.
‘‘Sec. 7423. Periodic reexamination of production requirements.
“Sec. 7424. Protection of oil reserves; contracts for conservation.
“Sec. 7425. Acquisition by condemnation and purchase.
“Sec. 7426. Cooperative or unit plans affecting Naval Petroleum Reserve 

Numbered 1.
“Sec. 7427. Cooperative or unit plans in the naval petroleum reserves.
“Sec. 7428. Agreement and leases: provision for change.
( Sec. 7429. Re-lease of certain lands: lessee’s preferential right.
“Sec. 7430. Disposition of products.
“Sec. 7431. Requirements as to consultation and approval.
“Sec. 7432. Expenditures: appropriations chargeable.
“Sec. 7433. Disposition of royalties.
“Sec. 7434. Quarterly reports to Armed Services Committees.
“Sec. 7435. Foreign interest.
“Sec. 7436. Regulations.
“Sec. 7437. Violations of lessee.
“Sec. 7438. Rifle, Colorado, Plant; possession, use, and transfer of.
“Sec. 7439. Utilization of Naval Petroleum Reserve Numbered 4.
“Sec. 7440. National Strategic Petroleum Reserve (military).”.

6 TITLE II
? SHORT TITLE

Sec. 201. This title may be cited as the “National Stra-

9 tegic Petroleum Reserve (Civilian) Act of 1975”.

0 findings

1 Sec. 202. The Congress hereby finds that—

(a) the Nation is and will continue to be depend-
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ent upon imports from foreign sources to meet a signifi­

cant portion of its energy needs;

(h) imports of energy supplies are subject to 

disruptions;
(c) such disruptions could impair the national 

health and welfare, adversely affect commerce, and 

jeopardize our national security;

(d) there is a need to protect the Nation from the 

deleterious effects of any oil import disruptions,

(e) emergency petroleum storage is a cost-effective 

and environmentally effective method for reducing the 

impact of an import disruption;

(f) a strategic petroleum reserve system will pro­

vide protection against a disruption of oil imports over a 

significant period of time;

(g) a strategic petroleum reserve system will sup­

port the energy requirements of the United States in 

time of import disruptions and national emergencies; 

and
(h) the public interest requires that a strategic 

petroleum reserve program be consistent with the objec­

tive of preserving an economically sound and competi­

tive petroleum industry, and that the program provide
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for a minimization of economic distortion, inflexibility, 

and unnecessary interference with market mechanisms.

declaration OF policy

Sec. 203. It is hereby declared to be the policy of the 

United States to create a National Strategic Petroleum Re- 

serve of up to 1,300,000,000 barrels of petroleum (consisting 

of 300,000,000 barrels in the National Strategic Petroleum 

Reserve (military) as authorized by title I of the Energy 

Independence Act of 1975, and up to 1,000,000,000 bar­

rels for the National Strategic Petroleum Reserve (civilian) 

as authorized by this title) capable of reducing the impact of 

disruptions of oil imports.

DEFINITIONS

Sec. 204. As used in this Act—

(a) the term “petroleum” means—

(1) crude oil;

(2) natural gas liquids; and

(3) refined petroleum products, including but 

not limited to gasoline, naphtha, kerosene, distillates, 

residual fuel oil, refined lubricating oils, diesel fuel, 

unfinished oils, and liquefied petroleum gases.

(b) the term “interests in land” includes, but is 

not limited to, fee ownership, easements, leaseholds, sub­

surface and mineral rights;

(c) the term “storage facilities” means those facili-
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1 ties in which significant amounts of petroleum are or can

2 be stored;

3 (d) the term “related facilities” means those neces-

4 sary appurtenances to storage facilities, including, but

5 not limited to, pipelines, roadways, reservoirs, and salt

6 brine lines;

7 (e) the term “National Strategic Petroleum Re-

8 serve” means the National Strategic Petroleum Reserve

9 (military) as provided in title I of the Energy Inde-

10 pendence Act of 1975 and the National Strategic Petro­

ll leum Reserve (civilian) as provided by this title;

12 (f) the term “National Strategic Petroleum Reserve

13 (civilian) ” means petroleum owned by the United

14 States and stored in the civilian portion of the National

15 Strategic Petroleum Reserve and the Industrial Strategic 

16 Petroleum Reserve (civilian) ;

17 (g) the term “Industrial Strategic Petroleum Re-

18 serve (civilian) ” means that portion of the National

19 Strategic Petroleum Reserve (civilian) which consists of

20 petroleum owned by importers or refiners and stored 

21 pursuant to section 205 (j) of this title;

22 (h) the term “person” means any natural person,

23 corporation, partnership, association, consortium, or any 

24 entity organized for a common business purpose which

25 does business in any part of the United States, the Com-
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monwealth of Puerto Rico, the United States territories 

and possessions, or the District of Columbia;

(i) the term “national security” shall include the 

needs of, and planning and preparedness to meet essen­

tial civilian or military energy requirements relative to 

the national safety or economy, particularly resulting 

from foreign military or economic actions.

general provisions

Sbc. 205. There is hereby created a National Strategic 

Energy Reserve (civilian). To implement the creation of this 

Reserve, the President, in furtherance of and not in limitation 

of any other authority, is authorized to:

(a) promulgate rules, regulations, or orders neces­

sary or appropriate to implement the provisions of this 
title;

(b) acquire by purchase, condemnation or other­

wise, land or interests in land for the location of storage 

and related facilities;

(c) construct, purchase, lease or otherwise acquire 

storage and related facilities;

(d) use, lease, maintain, sell or otherwise dispose of 

storage and related facilities acquired pursuant to this 
title;

(e) create a National Strategic Petroleum Reserve 

(civilian) by acquiring petroleum for storage;
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1 (f) execute any contracts necessary to carry out the

2 provisions of this title;

3 (g) require that performance under contracts and

4 orders (other than contracts for employment) which he

5 deems necessary or appropriate to implement this title

6 shall take priority over performance under any other 

7 contract or order, and for the purpose of assuring such

8 priority, to require acceptance and performance of such

9 contracts or orders in preference to other contracts or

10 orders by any person he finds to be capable of their per­

il formance, and to allocate materials and facilities in such

12 manner, upon such conditions and to such extent as he

13 shall deem necessary or appropriate to achieve the objec-

14 fives of this title;

15 (h) cause proceedings, whenever he deems it

16 necessary to implement this title, to be instituted in any

17 court having jurisdiction of such proceedings to acquire

18 by condemnation, any real or personal property, in-

19 eluding facilities, temporary use thereof, or other inter-

20 ests, therein, together with any personal property located 

21 thereon or used therewith, that he deems necessary to 

22 achieve the objectives of this title;

23 (i) waive application of the provisions of the Fed-

24 eral Property and Administrative Services Act of 1949,

25 as amended, with respect to procurement necessary for
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the purpose of this title, if he finds it is in the national 

interest to do so;

(j) create an Industrial Strategic Petroleum Re­

serve as part of the National Strategic Petroleum Reserve 

(civilian) by requiring any person engaged in the im­

portation or refining of petroleum to acquire, store, and 

maintain reserves of petroleum under such terms as the 

President deems necessary;

(k) require that the Industrial Strategic Petroleum 

Reserve (civilian) portion of the National Strategic 

Petroleum Reserve (civilian) be stored in facilities 

owned, controlled, or audited by the United States at 

such reasonable terms as he may specify;

(1) require the replenishment of the Industrial 

Strategic Petroleum Reserve (civilian) ; and

(m) replenish the National Strategic Petroleum 

Reserve (civilian).

CONDEMNATION PROCEEDINGS

Sec. 206. Before condemnation proceedings are in­

stituted pursuant to this title, an effort shall be made to 

acquire the property involved by negotiation unless, because 

of reasonable doubt as to the identity of the owner or owners, 

because of the large number of persons with whom it would 

be necessary to negotiate, or for other reasons, the effort 

to acquire by negotiation would involve, in the judgment
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1 of the President, such delay in acquiring the property as to

2 by contrary to the national interest. In any condemnation 

3 proceeding instituted pursuant to this section, the court shall 

4 not order the party in possession to surrender possession in 

5 advance of final judgment unless a declaration of taking has 

6 been filed, and a deposit of the amount estimated to be just 

7"~-cumpensation has been made, under the first section of the 

8 Act of February 26, 1931 (46 Stat. 1421), providing for 

9 such declarations. Unless title is in dispute, the court, upon

10 application, shall promptly pay to the owner at least 75 

11 per centum of the amount so deposited, but such payments 

12 shall be made without prejudice to any party to the proceed- 

13 ing. Property acquired under this section may be occupied, 

14 used, and improved for the purpose of this title prior to the 

15 approval of title by the Attorney General as required by 

16 section 355 of the Revised Statutes, as amended.

17 TERMS AND CONDITIONS

18 Sec. 207. (a) Upon a finding by the President that 

19 the national security is threatened, he is authorized, on such 

20 terms as he determines to be reasonable and equitable and 

21 in a manner consistent with the public interest requirements 

22 of 202 (h), to use, sell, or otherwise dispose of all or any 

28 part of the government owned portion of the National 

24 Strategic Petroleum Reserve (civilian) and order the dis- 

25 position and allocation of all or any part of the Industrial
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1 Strategic Petroleum Reserve (civilian) portion of the Na- 

2 tional Strategic Petroleum Reserve (civilian).

3 (b) Upon a finding that all or any part of the Na-

4 tional Strategic Petroleum Reserve (civilian) is no longer 

5 necessary to meet the requirements of this title, the Presi- 

6 dent may, in a manner consistent with the public interests 

7 requirement of 202 (h) :

8 (1) dispose of all or any part of the government

9 owned portion of the National Strategic Petroleum

10 Reserve (civilian) at a reasonable price; and

11 (2) allow or require any person owning petroleum

12 in the Industrial Strategic Petroleum Reserves (civil- 

13 ian) to remove or otherwise dispose of such petroleum.

INJUNCTIONS AND OTHER RELIEF

Sec. 208. Whenever it appears to any person authorized 

16 by the President to exercise authority under this title that 

17 any person has engaged, is engaged, or is about to engage 

18 in any acts or practices constituting a violation of any rule, 

19 order, or regulation issued under this title, the President 

20 may request the Attorney General to bring an action in 

21 the appropriate district court of the United States to enjoin 

22 such acts or practices, and upon a proper showing a tem- 

23 porary restraining order or a preliminary or permanent 

24 injunction shall be granted without bond. Any such court
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1 may also issue mandatory injunctions commanding any

2 person to comply with any such rule, order, or regulation.

3 ANNUAL REPORTS

4 Sec. 209. (a) Within one year after the date of enact-

5 ment of this title, the President shall prepare and submit to

6 the Congress a report setting forth those actions taken and 

7 his plans for providing a strategic energy reserve system in 

8 accordance with sections 202 and 203 of this title. The report 

9 shall include, but not be limited to, consideration of:

10 (1) a comprehensive environment assessment;

11 (2) the manner (s) of storage, chosen from among

12 the alternative types of storage facilities;

13 (3) the proposed locations of such facilities and the

14 proximity of each to necessary transportation facilities; 

15 (4) the most attractive substances for emergency

16 storage;

17 (5) the size of the stockpile and the most economi-

18 cally efficient stockpile levels;

19 (6) a program schedule for this reserve system,

20 taking into account the capability to construct related 

21 facilities and obtain sufficient petroleum products to free 

22 programmed storage in the desired time frame;

23 (7) the direct cost of the reserve system, including:

24 (a) cost of storage facilities;

25 (b) cost of petroleum to be stored; and
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1 (c) maintenance and operation costs;

2 (8) the market impact of developing the storage

3 program, taking into account:

4 (a) availability and price of oil field supplies

5 and equipment and the effect upon domestic produc­

ts tion;

7 (b) the level of world market price fluctuations

8 stimulated by short-term increased petroleum de-

9 mands during a build-up period;

10 (c) the extent to which the reserve system

11 build-up may hold up prices in an otherwise declin-

12 ing price market; and

13 (d) the extent to which purchases for the

34 reserve system will affect competitive markets.

15 (9) the ownership of the storage facilities; and

16 (1°) the ownership of the stored substances.

17 (b) Each year thereafter, the President shall prepare

38 and transmit to the Congress a report summarizing all 

19 actions taken under the authority of this title, with an 

20 analysis of their impact and an evaluation of their effective- 

21 ness in implementing the provisions of this title.
22 DELEGATION OF AUTHORITY

23 Sec. 210. The President may delegate any authority 

24 conferred upon him by this title to such officers, depart-
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1 ments, and agencies of the United States as he deems 

2 appropriate.

3 SPECIAL FUND

4 Sec. 211. The President is authorized to use the Special 

5 Fund established by title I the Energy Independence Act 

6 of 1975 in any manner necessary to implement the pro- 

7 visions of this title.

8 AUTHORIZATIONS

9 Sec. 212. There are authorized to be appropriated such 

10 sums as may be necessary to carry out the provisions of 

11 this title.

12 SEVERABILITY

13 Sec. 213. If any provision of this title or the applicability 

14 thereof to any person or circumstances is held invalid, the 

15 remainder of this title and the application of such provisions 

10 to other persons or circumstances shall not be affected 

17 thereby.
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94tii CONGRESS 
1st Session S. 677

IN THE SENATE OE THE UNITED STATES
February 12,1975

Mr. Jackson introduced the following bill; which was read twice and referred 
to the Committee on Interior and Insular Affairs

A BILL
To establish a Strategic Energy Reserve Office in the Federal 

Energy Administration, to create a strategic energy reserve 
system to minimize the impact of interruptions or reduc­
tions of energy imports, and for other purposes.

1 Be it enacted by the Senate and House of Representa-

2 tires of the United States of America in Congress assembled, 

3 That this Act may be cited as the “Strategic Energy Re- 

4 serves Act of 1975”.

5 TITLE I—GENERAL PROVISIONS

Sec. 101. Findings.— (a) The Congress hereby deter- 

7 mines that—

(1) the Nation’s increasing dependence on for-

49-868 0 - 75 - 21
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1 eign energy sources poses a significant threat to the Na-

2 tion’s economy, security, and well-being;

3 (2) there is a continuing danger that imports of

4 energy supplies will be subject to interruption or reduc- 

5 tion for political or economic reasons;

G (3) such interruptions or reductions would have a

7 disruptive economic effect, creating hardship for millions 

8 of Americans; and

9 (4) there is a clear need to minimize the impact

10 of such interruptions or reductions through the establish- 

11 ment of a national system of strategic energy reserves. 

12 Sec. 102. Declaration of Policy.—It is hereby de- 

13 dared to be the policy of the United States to create over 

II a period of five years, and to maintain thereafter, strategic 

15 energy reserves in storage capable of replacing energy im- 

16 ports for at least ninety days in order to reduce the impact 

17 of interruptions or reductions in imports of energy supplies. 

18 TITLE II—STRATEGIC ENERGY RESERVE

19 SYSTEM

20 Sec. 201. General Provisions —(a) In order to pro- 

21 tect the United States economy against interruptions in en- 

22 ergy imports and to provide adequate energy inventories for 

23 national security purposes there is hereby created a strategic 

24 energy reserve system (hereinafter referred to as the “sys-
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tem”) for those fuels subject to the provisions of this Act 

which shall be composed of the following:

(1) national strategic energy reserves;

(2) industry storage reserves;

(3) utility storage reserves; and

(4) coal storage reserves.

(b) There shall be established in the Federal Energy 

Administration a Strategic Energy Reserve Office (herein­

after referred to as the “Office”). The Administrator acting 

through the Office shall exercise authority over the estab­

lishment, management, and replenishment of the strategic 

energy reserve system provided for in this Act. The Office 

shall have a Director appointed by the President with the 

advice and consent of the Senate.

(c) As used in this Act, the terms “refined petroleum 

products” means gasoline, naptha, kerosene, distillates, re­

fined lubricating oils, diesel fuel, unfinished oils, and liquified 

petroleum gases.

Sec. 202. National Strategic Energy Reserves.— 

(a) There are hereby authorized to be created national 

strategic energy reserves, which shall consist of crude oil 

stored in tanks, natural geological formations, or otherwise, 

and a national strategic coal stockpile.

(b) The Administrator is hereby authorized and di-



318

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

4

rected to establish within five years, and maintain thereafter, 

national strategic energy reserves equal to 25 per centum 

by volume of crude oil imports for three consecutive months.

(c) For the purpose of this section, the base period for 

determining the three-month equivalent of 25 per centum of 

crude oil imports shall be those three consecutive months in 

the preceding twelve months in which import levels were the 

highest.

(d) For the purpose of establishing and maintaining 

the reserves authorized in subsection (b) hereof, the Ad­

ministrator is authorized to place in storage, transport, or 

exchange:

(1) crude oil produced from Federal lands, in­

cluding the naval petroleum reserves to the extent au­

thorized by law; and

(2) crude oil to which the United States is entitled 

as royalty from future production upon Federal lands, 

including the Outer Continental Shelf.

Sec. 203. Industry Storage Reserve.— (a) For the 

purpose of creating an industry storage reserve, the Adminis­

trator is authorized to require that within five years after 

the date of this Act, every importer of crude oil, residual 

fuel oil, or refined petroleum products accumulate and there­

after maintain in storage in tanks, natural geological forma­

tions, or otherwise a strategic reserve for each such com-
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1 munity equivalent to the highest three-month level of such 

2 commodities imported by him in the preceding twenty-four 

3 months. Such strategic reserves shall be available for dis- 

4 tribution according to the terms and conditions set forth in 

5 title III of this Act.

6 (b) Within ninety days of the date of enactment of

7 this Act, the Administrator shall review alternatives for 

8 financing the industry storage reserve, including but not 

9 limited to, financing solely by industry; financing by Gov- 

10 eminent through grants, rebate of import fees, tax credits, 

11 or other means; and financing through some combination 

12 of industry and Government participation, and shall recom- 

13 mend to Congress a program for financing the industry 

14 storage reserve that equitably distributes the costs thereof 

15 among different regions of the country with regard for the 

16 impact on consumers and the need to maintain the com- 

17 petitive viability of all sectors of the petroleum industry.

18 (c) From the date of enactment of this Act until such

19 time as the industry storage reserves authorized by subsec- 

20 tion (a) of this section are complete, a per centum of readily 

21 available inventories (as defined in subsection (f) of this 

22 section) shall be reserved in storage and dedicated for use 

23 as strategic reserves, to be used under the terms and condi- 

24 tions set forth in title III. Such per centum shall be deter-
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1 mined by the Administrator, but in no. event shall exceed 

2 10 per centum of readily available inventories.

3 (d) Every barrel of crude oil, residual fuel oil, or refined

4 petroleum products imported and stored in the industry 

5 storage reserve shall be exempt from any import license fees 

6 now or hereafter imposed.

7 (e) Nothing in this section shall be construed to transfer

8 title of any crude oil, residual fuel oil, or refined petroleum 

9 products to the United States or to a third party.

10 (f) For the purposes of this Act, the industry storage

11 reserve shall consist of readily available inventories which 

12 can be drawn down without affecting the importer’s opera- 

13 tions at normal capacity. Such readily available inventories 

14 shall not include minimum working level inventories or 

15 otherwise unavailable stocks.

16 Sec. 204. Utility Storage Reserves.—Within two 

17 years after the date of enactment of this Act, all fossil-fueled 

18 baseload electric power generating stations with a generating 

19 capacity of one hundred million British thermal units or more 

20 in an hour shall establish and thereafter maintain fuel reserves 

21 sufficient to maintain normal power generation for a period 

22 of not less than three months.

23 Sec. 205. Coal Storage Reserves—The Administra- 

24 tor, in cooperation with the Administrator of the General 

25 Services Administration, is authorized and directed within
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1 five years after the date of enactment of this Act, to stockpile 

2 and maintain a national strategic coal reserve, equivalent to 

3 six months ot coal consumption. Such reserve shall consist 

4 of (1) federally owned coal mined by or for the United 

5 States from federally owned coal lands, and (2) Federal 

6 coal lands from which coal could be mined for consumption 

7 within thirty days of an order to do so. Lands to be mined 

8 or dedicated for this purpose shall be selected by the Secre- 

9 tary of the Interior within six months of the date of enact- 

10 ment of this Act.

11 TITLE III—ADMINISTRATION

12 Sec. 301. Authority of the Administrator.—To 

13 implement the establishment, management, and replenish- 

14 ment of the system, the Administrator, in furtherance of 

15 and not in limitation of any other authority, is authorized to— 

16 (a) promulgate rules, regulations, or orders neces-

17 sary or appropriate to implement the provisions of this 

38 Act;

19 (b) acquire by purchase, condemnation, or other-

20 . wise, land or interests in land for the location of storage

21 and related facilities;

22 (c) construct, purchase, lease, or otherwise acquire

23 storage and related facilities;

24 (d) use, lease, maintain, sell, or otherwise dispose
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1 of storage and related facilities acquired pursuant to this

2 Act;
3 (e) execute any contracts necessary to carry out the

4 provisions of this Act;

5 (f) require that performance under contracts and

6 orders (other than contracts for employment) which he

7 deems necessary or appropriate to implement this Act

8 shall take priority over perfonnance under any other 

9 contract or order and for the purpose of assuring such

10 priority, to require acceptance and performance of such

11 contracts or orders in preference to other contracts or

12 orders by any person he finds to be capable of their per-

13 formance, and to allocate materials and facilities in such

14 manner, upon such conditions, and to such extent as he

15 shall deem necessary or appropriate to achieve the ob-

16 jectives of this Act;

17 (g) cause proceedings, whenever he deems it neces-

18 sary to implement this Act, to be instituted in any court 

19 having jurisdiction of such proceedings to acquire by

20 condemnation, any real or personal property, including

21 facilities, temporary use thereof, or other interests, there- 

22 in, together with any personal property located thereon 

23 or used therewith, that he deems necessary to achieve the 

24 objectives of this Act;

25 (h) waive application of the provisions of the Fed-
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1 eral Property and Administrative Services Act of 1949, 

as amended, with respect to procurement necessary for

3 the purpose of this Act, if he finds it is in the national 

4 interest to do so;

5 (i) order the use of all or part of the strategic re-

6 serves established pursuant to this Act, when imports of

7 crude oil, residual fuel oil, and refined petroleum prod-

8 nets have fallen significantly or will within thirty days 

9 in his judgment, fall significantly below existing require-

10 ments for such imports, resulting in an existing or pros-

11 pective shortage of at least 10 per centum of import 

12 requirements; .

13 (j) require that the replenishment of depleted re-

14 serves is accomplished expeditiously ; and

(M establish price levels and allocation procedures 

16 for the national strategic energy reserves created pur- 

17 suant to sections 202 and 205 of this Act but nothing in

18 this Act shall be deemed to authorize the Administrator

19 to exercise such authority with respect to the industry 

20 and utility storage reserves created pursuant to section 

21 204 of this Act.

22 Sec. 302. Condemnation Proceedings.—Before any 

23 condemnation proceedings are instituted pursuant to this Act, 

24 an effort shall be made to acquire the property involved by 

25 negotiation unless, because of reasonable doubt as to the
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1 identity of the owner or owners, because of the large number 

2 of persons with whom it would be necessary to negotiate, or 

3 for other reasons, the effort to acquire by negotiation would 

4 involve, in the judgment of the Administrator, such delay in 

5 acquiring the property as to be contrary to the national inter- 

6 est. In any condemnation proceeding instituted pursuant to 

7 this section, the court shall not order the party in possession 

8 to surrender possession in advance of final judgment unless a 

9 declaration of taking has been filed, and a deposit of the 

10 amount estimated to be just compensation has been made, 

11 under the first section of the Act of February 26, 1931 (46 

12 Stat. 1421), providing for such declarations. Unless title is in 

13 dispute, the court, upon application, shall promptly pay to 

14 the owner at least 75 per centum of the amount so deposited, 

15 but such payments shall be made without prejudice to any 

16 party to the proceeding. Property acquired under this section 

17 may be occupied, used, and improved, for the purpose of this 

18 Act prior to the approval of title by the Attorney General as 

19 required by section 355 of the Revised Statutes, as amended. 

20 Sec. 303. Strategic Energy Reserves Fund.—There 

21 is hereby created in the Treasury of the United States a stra- 

22 tegic energy reserves fund. All import fees levied on petro- 

23 leum imports shall l>e paid into such fund. Such fund shall be 

24 used for the creation and maintenance of the national stra-
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1 tegic energy reserves created by sections 202 and 205 of this 

2 Act.

3 Sec. 304. Disclosure, Inspection, Investiga- 

4 tion.— (a) Every importer or user of fuels subject to the 

5 provisions of this Act shall prepare such accounts, records 

6 of cost-accounting procedures, correspondence, memoran- 

7 dums, papers, books, and other records as the Administrator 

8 may by rule and regulation prescribe as necessary or appro- 

9 priate for purposes of the administration of this Act.

10 (b) The Administrator shall at all times have access to

11 and the right to inspect and examine all producing, transpor- 

12 tation, storage, refining, or processing facilities, and all ac- 

13 counts, records, and memorandums of persons subject to 

14 the provisions of this Act; and it shall be the duty of such 

15 persons to furnish to the Administrator, within such reason- 

16 able time as the Administrator may order, any information 

II with respect thereto which the Administrator may by order 

18 require.

19 Sec. 305. Petroleum Storage Prototype Pro- 

20 gram —(a) To evaluate the practicality of and to iden- 

21 tify the problems attendent upon the storage of petroleum in 

22 mines, salt domes, or other geological formations, the Admin- 

23 istrator is authorized to establish a prototype program for 

24 such storage. This program shall provide for the actual
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1 storage if necessary to achieve the purposes .of this section, 

2 of such volumes of crude oil, residual fuel oil, or refined 

3 petroleum products as may be required for test and evalua- 

4 tion purposes in not less than one but no more than three 

5 mines, salt domes, or other' geological formations, located 

6' onshore or offshore on the Federal lands.

7 (b) Within one year after the date of enactment of this

8 Act the Administrator shall submit to the Congress a report 

9 on the prototype program if any, for the storage of petroleum

10 in mines, salt domes, or other geological formations. This 

11 report shall include but not be limited tor (1) description of 

12 environmental, technological, and material problems encoun- 

13 tered; (2) cost per barrel of petroleum stored; (3) evalua- 

14 tion of the practicability of large-scale, long-term storage of 

15 petroleum in mines, salt domes, or other geological forma- 

16 tions; and (4) recommendations for and factors to be con- 

17 sidered in the development of such a large-scale, long-term 

18 program.

19 (c) The Secretary of the Interior is authorized to claim

20 in kind for the purposes of this section and the Administra- 

21 tor is authorized for the purpose of the establishment of the 

22 petroleum storage prototype program requited by this sec- 

23 tion, to transport, exchange, and store incidental to that 

24 program such per centum as may be required of all crude 

25 oil which the United States owns or is entitled to as royalty
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oil from future production upon Federal lands, including the 

Outer Continental Shelf.

Sec. 306. Annual Reports.—The Administrator shall 

prepare, have printed, and transmit to the President and 

the Congress an annual report summarizing all actions taken 

under authority of this Act, with an analysis of their im­

pact, an evalution of their effectiveness in fostering the 

objectives listed in section 102, and any recommendations 

he may address to Congress for legislation regarding the 

matters governed by this Act.

Sec. 307. Authorization of Appropriations.— 

There are hereby authorized to be appropriated to the Ad­

ministrator such funds as are necessary for implementation 

of the provisions of this Act.

Sec. 308. Severability.—If any provision of this Act 

or the applicability thereof to any person or circumstance is 

held invalid, the remainder of this Act and the application 

of such provision to other persons or circumstances shall not 

be affected thereby.
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94th CONGRESS 
1st Session S. 1113

IN THE SENATE OF THE UNITED STATES
March 7,1975

Mr. Hatfield introduced the following bill; which was read twice and referred 
to the Committees on Armed Services, Interior and Insular Affairs, and 
Banking, Housing and Urban Affairs, jointly, by unanimous consent.

A BILL
To authorize the Secretary of the Interior to establish, on certain 

public lands of the United States, national petroleum 
reserves, the development of which needs to be regulated 
in a manner consistent with the total energy needs of the 
Nation, and for other purposes.

1 Be it enacted by the Senate and House of Bepresenta- 

2 fives of the United States of America in Congress assembled, 

3 That in order to develop petroleum reserves of the United 

4 States which need to be regulated in a manner to meet the 

5 total energy needs of the Nation including but not limited to 

6 national defense, the Secretary of the Interior is authorized 

7 to establish national petroleum reserves on any reserved or 

8 unreserved public lands of the United States (except lands 
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1 in the National Park System, the National Wildlife System, 

2 the Wild and Scenic Bivers System, the National Wilderness 

3 Preservation System, and areas now under review for inclu- 

4 sion in the Wilderness System in accordance with provisions 

5 of the Wilderness Act of 1964).

6 Sec. 2. No national petroleum reserve that includes all 

7 or part of an existing naval petroleum reserve shall be estab- 

8 lished without prior consultation with the Secretary of 

9 Defense and when so established the portion of such naval 

10 reserve included shall be deemed to Le excluded from the 

11 naval petroleum reserve.

12 Sec. 3. (a) The oil and gas in the national petroleum 

13 reserves in the contiguous forty-eight States established pur- 

14 suant to this section may be developed under terms and con- 

15 ditions prescribed by the Secretary of the Interior. Such 

16 terms and conditions shall be published in the Federal Reg- 

17 ister, but shall not become effective until sixty days after final 

18 notice has been published and submitted to the Congress (not 

19 counting days on which either the House of Representatives 

20 or the Senate is not in session for three consecutive days or 

21 more) and then only if neither the House of Representatives 

22 nor the Senate adopts a resolution of disapproval. Any such 

23 proposed plan shall explain in detail the method of develop- 

24 ment and production proposed, shall provide for disposal and
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1 transportation of the oil consistent with the public interest, 

2 and shall give full and equal opportunity for development of 

3 or acquisition of, or exchange for, the petroleum by qualified 

4 persons including major and independent oil producers or 

5 refiners alike. Any such proposed plan by the Secretary shall 

6 also explain the relative need for developing the oil and gas 

7 resources in order to meet the total energy needs of the 

8 Nation, compared with the need for prohibiting such devel- 

9 opment in order to further some other public interest.

10 (b) Any oil or gas produced from such petroleum

11 reserves, except such oil or gas which is either exchanged in 

12 similar quantities for convenience or increased efficiency of 

13 transportation with persons or the government of an adjacent 

14 foreign state, or which is temporily exported for convenience 

15 or increased efficiency of transportation across parts of an ad- 

16 jacent foreign state and reenters the United States, shall be 

17 subject to all of the limitations and licensing requirements of 

18 the Export Administration Act of 1969 (Act of Decem- 

19 ber 30, 1969; 83 Stat. 841) and, in addition, before any oil 

20 or gas subject to this section may be exported under the 

21 limitation and licensing requirement and penalty and enforcc- 

22 ment provisions of the Export Administration Act of 1969 

23 the President must make and publish an express finding that 

24 such exports will not diminish the total quality or quantity
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1 of oil and gas available to the United States and are in the 

2 national interest and are in accord with the Export Admin- 

3 istration Act of 1969.

(c) The Secretary of the Interior is hereby authorized 

5 and directed to explore for oil and gas on Naval Petroleum 

6 Reserve Numbered 4 and he shall report annually to Con- 

1 gress on his plan for exploration of such reserve: Provided, 

8 That no development leading to production shall be under- 

9 taken unless authorized by Congress.

49-868 0 - 75 - 22
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i CONGRESS Cl f DrO A
IstSession J. y

IN THE SENATE OF THE UNITED STATES
January 21,1975

Mr. Tunney (for himself and Mr. Cranston) introduced the following joint 
resolution; which was read twice and referred to the Committee on Armed 
Services

JOINT RESOLUTION
Relating to the development of and the production of petroleum 

from Naval Petroleum Reserve Numbered 1, and to direct 
the exploration of Naval Petroleum Reserves Numbered 
1 and 4, and for other purposes.

1 Resolved by the Senate and House of Representatives

2 of the United States of America in Congress assembled, 

3 That this joint resolution may be cited as the “Naval 

4 Petroleum Reserves Defense Production Authorization Act

5 of 1975”.
6 findings

7 Sec. 2. The Congress hereby determines that—

8 (1) nationwide shortages of crude oil, residual

9 fuel oil, and refined petroleum products caused by
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1 inadequate domestic production and other factors now

2 exist;

3 (2) the threat of disruptions in the availability

4 of imported energy supplies and the high prices for such 

5 supplies so imported, particularly crude oil and petroleum 

6 products, pose a serious risk to national security, eco-

7 nomic well-being, and health and welfare of the

8 American people;

9 (3) the result of domestic petroleum shortages and

10 the threat of disruptions in the availability of petroleum

11 to the Armed Forces of the United States from sources

12 outside of the United States has been or is likely to deny

13 to the Armed Forces petroleum essential to the national

14 defense;

I5 (4) the state of development of Naval Petroleum

16 Reserve Numbered 1 is not adequate for the production

17 of petroleum in the volume required for national defense; 

18 and

19 (5) Naval Petroleum Reserves Numbered 1 and 4

20 have the potential to contribute significantly to national

21 defense petroleum requirements, but due to inadequate

22 exploration the full extent of that potential is undeter-

23 mined.
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1 PURPOSES

2 Sec. 3. The purposes of this joint resolution are to—

3 (1) assure the production of Naval Petroleum Re-

4 serve Numbered 1 if the Secretary of the Navy, with the

5 approval of the President, finds that such production is

6 needed for national defense;

7 (2) grant the authorization of the Congress for the

8 production and development of Naval Petroleum Reserve 

9 Numbered 1 as is required by chapter 641 of title 10,

10 United States Code, and direct that production be

11 commenced as provided for in this joint resolution; and 

12 (3) authorize and direct the exploration of Naval

13 Petroleum Reserves Numbered 1 and 4.

14 AUTHORITY FOR PRODUCTION

15 Sec. 4. If within thirty days following the enactment of 

16 this joint resolution the Secretary of the Navy, with the 

17 approval of the President of the United States, has trans- 

18 mitted to the Congress a finding that the production of Naval 

19 Petroleum Reserve Numbered 1 is needed for national de- 

20 fense, the production of petroleum from such reserve is 

21 hereby authorized and directed in order to insure that the 

22 needs of national defense are met. Such reserve shall be 

23 developed and produced at its maximum efficient rate in 

24 accordance with sound engineering and economic principles.
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I Subject to the provisions of section 9 of this joint resolution, 

2 such production shall commence within thirty days follow- 

3 ing the date on which such findings of the Secretary of the 

4 Aavy are transmitted to the Congress.

5 DISPOSITION OF PRODUCTION

6 Sec. 5. Any disposition of the United States share of 

7 production authorized by this joint resolution shall be in 

8 accord with chapter 641 of title 10, United States Code, 

9 and shall be conducted in a manner so as to insure that 

10 an amount of petroleum equal in value to the crude oil 

11 supplied from Naval Petroleum Reserve Numbered 1 shall 

12 be made available to the Armed Forces of the United States 

13 for defense purposes. Any disposition shall be effected by 

14 competitive bid, and shall be so arranged as to give full 

15 opportunity for acquisition of the petroleum by all inter- 

16 ested companies, particularly independent oil refineries. Any 

17 corporation or other entity operating a pipeline or other 

18 mode of transportation for transporting oil or gas from 

19 Naval Petroleum Reserve Numbered 1 shall, in transporting 

20 such oil or gas, be considered a common carrier for purpose 

21 of any Federal law.

disposition of receipts

Sec. 6. There is hereby established in the Department 

24 of the Treasury a Naval Petroleum Reserve Account. During 

25 the period of increased production authorized by this joint
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1 resolution or as may be hereafter authorized, there shall

2 be transferred of credited to such account (1) any or all

3 proceeds realized under chapter 641 of title 10, United

4 States Code, from the disposition of the United States share 

5 of petroleum or refined products, oil and gas products pro- 

6 duced, including royalty products, and the net proceeds, 

7 if any, realized from exchanges within the Department of 

8 Defense or refined products accruing to the benefit of any

9 of the military departments of the Department of De- 

10 fense as the result of such exchanges, and (2) such 

11 funds as may be appropriated by the Congress for the Naval 

12 Petroleum Reserve Account, to remain available until ex- 

13 pended. Funds transferred, credited, or appropriated to such 

14 fund shall be available for expenditure only to the extent 

15 provided from time to time in appropriation Acts.

16 EXPLANATION

17 Sec. 7. The Secretary of the Navy shall conduct pro- 

18 grams of exploration for oil and gas on Naval Petroleum 

19 Reserves Numbered 1 and 4 in order to determine the extent 

20 of oil and gas resources therein. These programs shall be 

21 completed—
22 (1) within five years from the date of enactment

23 of this joint resolution in the case of Naval Petroleum 

24 Reserve Numbered 1, and

25 (2) within ten years from the date of enactment
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1 of this joint resolution in the case of Naval Petroleum 

2 Reserve Numbered 4.

3 The Secretary of the Navy shall make anneal reports to 

4 the Committees on Armed Services of the Senate and the 

5 House of Representatives regarding the progress, results, 

6 and findings of these exploration programs, and shall include 

7 m such reports such recommendations as he deems appro- 

8 priate regarding development, production, sale, exchange, 

9 transportation, or storage of oil and/or natural gas found 

10 to exist on the naval petroleum reserves.

11 appropriations

12 Sec. 8. (a) For the exploration of Naval Petroleum 

13 Reserve Numbered 4, as required by this joint resolution, 

14 there is authorized to be appropriated to the Secretary of 

15 the Navy the sum of $24,000,000 for the fiscal year ending 

16 June 30, 1975, and $44,000,000 for the fiscal year ending 

17 June 30, 1976, to remain available until expended.

(b) For the production of Naval Petroleum Reserve 

19 Numbered 1, as required by this joint resolution, there is 

20 hereby authorized to be appropriated to the Secretary of the 

21 Navy the sum of $15,500,000 for the fiscal year ending 

22 June 30, 1975, and the sum of $12,000,000 for the fiscal 

23 year ending June 30. 1976. Funds appropriated under this 

24 subsection shall remain available until expended.

(e) For the exploration of Naval Petroleum Reserve



338

7

1 Numbered 1, as required by this joint resolution, there are

2 authorized to be appropriated to the Secretary of the Navy

3 from the Naval Petroleum Reserve Account established by 

4 this joint resolution such sums as are necessary to achieve 

5 the purposes of this joint resolution for the fiscal year ending 

6 June 30, 1975, and for the three succeeding fiscal years.

7 (d) For the exploration of Naval Petroleum Reserve

8 Numbered 4, as required by this joint resolution, there are

9 authorized to be appropriated to the Secretary of the Navy 

10 from the Naval Petroleum Reserve Account established by 

11 this joint resolution such additional sums as are necessary to 

12 achieve the purposes of this joint resolution for the fiscal 

13 year ending June 30, 1975, and for the nine succeeding fiscal 

14 years.
15 REPORTS

16 Sec. 9. (a) Within thirty days following the date of 

17 the enactment of this joint resolution, the Attorney General 

18 shall prepare and submit to the Committees on Armed 

19 Services of the Senate and the House of Representatives a 

20 report describing the rights, duties, and obligations of the 

2i United States and any other party or parties having any 

22 contractual or other interests in Naval Petroleum Reserve 

23 Numbered 1.

24 (b) Within thirty days following the date of the enact-

25 ment of this joint resolution, the Administrator of the Fed-
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1 eral Energy Administration shall prepare and submit to the 

2 Committees on Armed Services of the Senate and the House 

3 of Representatives a report on the estimated costs of produc- 

4 tion and methods of avoiding excess profits as a result of 

5 such production authorized by this joint resolution.

6 (c) Notwithstanding any other provision of this joint

7 resolution, no funds appropriated pursuant to section 8 for 

8 production on Naval Petroleum Reserve Numbered 1 may 

9 be expended and no authority contained in sections 4 and 

10 5 may be exercised until after the expiration of the fifteen- 

11 day period following the date of the submission of the last 

12 of such reports required by subsections (a) and (b) of 

13 this section.

14 DEFINITION

I5 Sec. 10. As used in this joint resolution the term 

16 “petroleum” means petroleum, crude oil, and associated gas 

17 and other hydrocarbons.
18 SEPARABILITY

I9 Sec. 11. If any provision of this joint resolution or the

20 applicability thereof is held invalid, the remainder of this

21 joint resolution shall not be affected thereby.
22 LOW SULFUR OIL

Sec. 12. Insofar as practicable, low sulfur oil produced

24 pursuant to this joint resolution in Naval Petroleum Reserve

25 Numbered 1 shall be made available to areas to meet the

26 requirements of the Clean Air Act.
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IN THE SENATE OF THE UNITED STATES
January 23,1975

Mr. Robert C. Byrd (for Mr. Cannon) introduced the following joint reso­
lution; which was read twice and referred to the Committee on Armed 
Services

JOINT RESOLUTION
Authorizing increased production of petroleum from the Elk 
Hills Naval Petroleum Reserve for national defense purposes.

Whereas chapter 641 of title 10, United States Code, directs the 
Secretary of the Navy, among other things, to use and 
operate all properties within the naval petroleum reserves as 
are or may become subject to the control and use by the 
United States for production of petroleum whenever and to 
the extent the Secretary, with the approval of the President, 
finds such production required for the national defense, and 
whenever such production is authorized by a joint resolution 
of the Congress; and

Whereas such a finding of the necessity for such production 
to the extent herein authorized has been made by the Secre­
tary of the Navy in his action dated November 6, 1973,
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which finding has been approved by the President: Now, 
therefore, be it

1 Resolved by the Senate and House of Representatives 

2 of the United States of America in Congress assembled, 

3 That the production of petroleum (including crude oil and 

4 associated gas and other hydrocarbons) from Naval Petro- 

5 leum Reserve Numbered 1 is hereby authorized at a rate to 

6 help insure that the needs of national defense are met, but 

7 not to exceed the maximum efficient rate in accordance with 

8 sound engineering and economic principles. Such produc- 

9 tion (to the extent in excess of that otherwise authorized

10 by chapter 641 of title 10, United States Code) is to com- 

11 mence within forty-five days after the date of enactment 

12 of this joint resolution.

13 DISPOSITION OF PRODUCTION

14 Sec. 2. The Secretary of the Navy shall dispose of the 

15 production herein authorized as provided in chapter 641 

16 of title 10, United States Code, by means of sales, uses, 

17 or exchanges effected, determined, or agreed upon after the 

18 date of enactment of this joint resolution. As required by 

19 said United States Code, all sales shall be effected by com- 

20 petitive bid. The terms of the disposition shall be so arranged 

21 as to give full and equal opportunity for acquisition of the 

22 oil by all interested companies, including major and inde- 

23 pendent oil refineries alike.
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1 DISPOSITION OF RECEIPTS

2 Sec. 3. (a) There is hereby established on the books 

3 of the Treasury Department the Naval Petroleum Reserve 

4 Account. This account shall be administered by the Sec- 

5 retary of the Navy under such regulations as the Secretary 

6 of Defense may prescribe. Into such account there shall be 

7 transferred or credited during the period of increased pro- 

8 duction authorized by this joint resolution or as may be 

9 hereafter authorized (1) unobligated balances of appro-

10 priations made available to the Department of the Navy for 

11 fiscal year 1975 for exploration, prospecting, conservation, 

12 development, use, and operation of the naval petroleum and 

13 oil shale reserves, (2) all proceeds realized under chapter 

14 641 of title 10, United States Code, from the sale of pe- 

15 troleum or refined products, oil and gas products, including 

16 royalty products, (3) the net proceeds realized from sales 

17 within the Department of Defense of refined petroleum 

18 products accruing to the benefit of the Department of De- 

19 fense as the result of exchanges, and (4) such funds as may 

20 be appropriated for the Naval Petroleum Reserve Account. 

21 All funds transferred or credited to such account shall 

22 remain available until expended.

23 (b) Funds available in the Naval Petroleum Reserve

24 Account shall be available for the expenses of (1) produc- 

25 tion, including preparation for production, as authorized



343

4

1 by this joint resolution and as may hereafter be authorized, 

2 (2) all capital costs necessary for facilities both within 

3 and outside the reserve incident to production and delivery 

4 of crude petroleum, and (3) exploration, prospecting, con- 

5 servation, development, use, and operation of the naval 

6 petroleum and oil shale reserves as authorized by chapter 

7 641 of title 10, United States Code.

O
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