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National Petroleum Council
(Estal)]islle(l Ly tlle Secreti;lr)Y or tlle Hnterior)

August 6, 1975

My dear Mr. Secretary:

On behalf of the members of the National Petroleum Council, I am pleased
to transmit to you herewith the National Petroleum Council report Petrolewn
Storage for National Security, approved by the Council at its meeting on
August 6, 1975. The attached study, which is in response to a December 31,
1974 request from Assistant Secretary of the Interior, Jack W. Carlson,
stresses the urgency of creating a crude oil national security storage system
and recommends a plan for establishing a sound program. The recommended pro-
gram includes a 500 million barrel crude oil reserve held in U.S. Gulf Coast
salt domes and connected to the existing and planned petroleum logistical sys-
tem. The Federal government's share of production from the Naval Petroleum
Reserve at Elk Hills, California is recommended to form the basis of fill.

Although determination of the optimum amount of crude oil that should be
placed in the security storage system is based on numerous subjective decisions,
the National Petroleum Council believes that a 500 million barrel program is a
- sound objective. A substantially smaller volume would provide little ability
to withstand an import interruption, whereas a much larger effort would be
excessively costly in terms of direct investment and diversion of manpower and
materials from other needed areas. A much larger petroleum storage system
would encounter diminishing added security benefits; and as the size of the
program increases, costs of pil placed in storage may well rise. Moreover,
over the longer term, genuine security of supply can be obtained only by
sharply reducing the Nation's dependence on imported fuel supplies.

Based on refinery/logistical analyses, the NPC recommends that a crude oil
security storage system be developed. If a future interruption were all crude
oil, only minor, readily covered product shortfalls would occur. In a 3 million
barrel per day interruption of 60% crude oil and 407 refined products, most
product requirements could be met. The only potentially significant product
shortfall calculated was on the order of 400 to 600 thousand barrels per day of
residual fuel oil on the U.S. East Coast. A number of options, such as refinery
yield flexibility, distillate blending, reduced demand and fuel conversions,
were analyzed and considered probably adequate to cover such a shortfall. However,
specific further steps are recommended to verify this conclusion.

I would like to express the Council's concern over proposals which appear to
provide quick security storage solutions, for the Nation must realize that no
practical quick solutions exist and begin now on a comprehensive program such
as the one proposed in this report. Attempts to implement near-term, temporary
security storage could seriously dilute efforts to achieve the more meaningful
ultimate program by providing a false sense of security, misdirecting resources
and confusing program priorities. In short, a make-shift program may be of
less value than no program at all.

It is imperative to underscore the urgency of the Federal government's
proceeding immediately with a crude oil security storage program. The time
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for studies is over and we must now proceed with specific impelmentation plan-
ning. This phase can be best expedited with least risk of costly mistakes and
needless delays if major decisions are made with access to the knowledge of
experienced industry personnel. Sound professional advice will be required

on siting of storage and terminal facilities, sizing of storage pumps, pipelines
and a host of related matters in order to assure the optimum integration of the
security storage system into the U.S. petroleum logistical system. Provisions
must be made for formal access to the expertise of the petroleum industry:

The National Petroleum Council and the industry stand ready to provide whatever
assistance possible. :

I call your attention to the recommendation of the Council that the Federal
government own and control the entire crude oil security storage capability.
Because the Council believes strongly that the free market system will provide
the greatest degree of long-term energy security, the decision that the Federal
government should own and control the entire security storage capability was a
difficult recommendation to make. This recommendation reflects the fact that
a national security petroleum storage program is designed to provide insurance
against a threat to the Nation's economic well-being and to its military security.
The beneficiaries of a security storage program are the Nation as a whole, its
economy, and all its people in their roles as producers and consumers. Further,
this recommendation reflects the very large financial burden of the program, '
the ownership of crude by the government through production of Elk Hills, and
the necessity of the private sector to devote its resources to the very formidable
task of increasing domestic energy supplies. There simply is not enough money
for the petroleum industry to undertake both efforts simultaneously. In the
next several years, when a security storage system would be implemented, industry's
capital requirement will double or triple. In fact, serious concern exists over
the industry's ability to generate the required capital for needed energy resource
development. '

In the design and implementation of a security storage program, we must also
not lose sight of the real keys to long-term security of supply--the strenuous
implementation of fuel conservation measures and a greatly expanded effort to
increase production of domestic oil, gas, and other forms of energy. If we are
able to take effective steps to reduce our dependency upon foreign energy supplies,
we will most certainly minimize the danger of the crippling effects of import
interruptions upon the U.S. economy and effectively reduce our future investment
requirements in security storage.

The National Petroleum Council sincerely hopes that this study will be of
benefit to you and the Federal government in the difficult decision-making proc-
ess that lies ahead.

Respectfully submitted,

Z .

John E. Swearingen
Chairman

Honorable Stanley K. Hathaway
Secretary of the Interior
Washington, D. C.
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INTRODUCTION

PURPOSE

Pursuant to the December 31, 1974 request from Assistant Secretary
of the Interior, Honorable Jack W. Carlson, the National Petroleum
Council (NPC) presents herein its study of the major factors involved
in the implementation of a security storage system similar to that
recommended in the NPC report of September 10, 1974 entitled, Emer-
gency Preparedness for Interruption of Petroleum Imports into the
United States. In addition to developing a more in-depth analysis
than was presented in the material previously submitted to the Sec-
retary of the Interior on this subject, this report focuses on the
logistical, economic and environmental considerations of the program.

This report first analyzes the NPC's recommended crude oil storage
system from the standpoint of logistical and refining capabilities.
The ability of such a system to cover specific regional product short-
ages which might occur as a result of an interruption of crude imports
or a combination of crude and product imports is evaluated to determine
the need for supplementary product storage programs. Based on the
conclusions of this analysis, which show that the security storage
system should be filled predominantly with crude oil, the possible al-
ternative sources of fill are then discussed. The physical storage
facilities and their associated costs have been discussed in pre-
vious NPC reports(l) and are updated in light of current technologi-
cal and economic conditions with emphasis on environmental protection.
A storage program of the magnitude envisioned by the NPC could have an
initial cost in excess of $7 billion. The financing problems of such
a system are analyzed and various alternatives are suggested. Since
the Federal Government will be involved throughout the development and
operation of a petroleum security storage system, a number of actions
that the government could take to expedite implementation are identi-
fied as well as some of the effects of governmental inaction. Finally,
the recommended security storage system is compared with that main-
tained by other nations and with that suggested by international agree-
ment.

It is intended that this report present pertinent policy options
and their implications to assist the Secretary of the Interior in his
deliberations regarding the implementation of a security storage
system. The options are numerous and the costs in absolute terms are
high. By design this report has not addressed all conceivable options,
but is focused on those options the Council believes would offer the
Nation the lowest cost and greatest overall benefit.

(1) Underground Petroleum Storage Facilities, 1952. Emergency
Preparedness for Interruption of Petroleum Imports into the
United States, Interim Report, July, 1973, and Final Report,
September, 1974.




BACKGROUND

NPC Reports

On September 10, 1974, the National Petroleum Council approved
and transmitted to the Secretary of the Interior a report entitled,
Emergency Preparedness for Interruption of Petroleum Imports in the
United States. That report was made pursuant to requests from the
Secretary of the Interior in December, 1972, and January, 1973, asking
the Council to examine options that may be available to the United
States in the event that supplies of imported petroleum--up to 3 mil-
lion barrels per day (MMB/D)--were interrupted for a period of up to 6
months. The September Report outlined a number of options for an over-
all program of emergency preparedness which would include measures for
energy consumption reduction, conversion to alternate fuels, additional
0il and gas production, and maintenance of emergency standby petroleum
supplies. The Council concluded that while all four avenues should
be pursued vigorously, a standby petroleum reserve would be the
major factor in compensating for a future embargo or supply inter-
ruption.

In the September Report, the Council stated:

It is clear that a substantial volume of petroleum se-
curity storage is needed within the United States and
that efforts to implement such a program should begin
immediately because of the long construction lead time
involved.

Further, the Council stated that its study "indicates that 500 MMB
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."

In a letter dated December 31, 1974, the Assistant Secretary of
the Interior, Honorable Jack W. Carlson, cited the recommendation of
the Council for a security storage reserve and requested the Council
to:

...undertake as a matter of urgency a study of the major fac-
tors involved in the implementation of a security storage sys-
tem....Your analysis should include, but not necessarily be limi-
ted to, discussions of; the optimum size of the security storage
system in terms of total volume and deliverability; the alter-
natives available for providing this storage as expeditiously
as possible; the financing problems which could be expected to
arise; the sources and types of fill for the storage; and
Federal actions that could assist in expediting the development
of the security storage system as well as Federal actions that
might deter development. In addition your analysis should
include discussions of the relative needs for crude versus
product storage and any specific geographical, logistical or
environmental problems which you would anticipate to be encoun-
tered were the Nation to be confronted with another energy emer-
gency. (See Appendix A for Request Letters.)



The Committee on Emergency Preparedness of the National Petroleum
Council was reactivated and charged with preparing for the Council's
consideration a report in response to the Secretary of Interioxr's
request. The Committee was chaired by Carrol M. Bennett, Chairman
of the Board, Texas Pacific 0il Company, and assisted by the Coordin-
ating Subcommittee, chaired by Edward T. DiCorcia, Assistant General
Manager, Supply Department, Exxon Company, U.S.A. (See Appendix B
Committee Rosters.)

Embargo Experiences and Long-Term Supply/Demand Outlook

From mid-October, 1973, to mid-March, 1974, the United States
experienced an embargo of o0il shipments by a number of exporting
countries, the fourth sudden oil import stoppage of political origin
in the past 25 years. This was the first time the country found
itself without spare domestic producing capacity to offset such
interruptions, and shortage conditions resulted. The embargo sharply
reduced the amount of o0il exported to the United States and other
countries and, at the same time, world prices for crude oil and
petroleum products escalated. However, the effects of the embargo
on the United States supply situation were not felt immediately.

The long supply. lines from the Middle East to the United States
provided considerable lag time, but, by mid-December reduced receipts
of petroleum became apparent, with the full impact of the embargo--
about 2.2 MMB/D--occurring during January, February, and March of
1974.

It has been estimated that the cutback in petroleum consumption
during the first quarter of 1974 was accompanied by a 7 percent de-
crease 1in real Gross National Product (GNP); whereas, a modest increase
had been expected prior to the embargo. Unemployment also increased
during the embargo. There was substantial disruption of petroleum
markets and considerable inconvenience and apprehension was caused
for various segments of the consuming public. The situation might
have been worse were it not for conservation efforts and for the
occurrence of unusually mild winter weather. If the United States
were to have available, at the time of a potential future import
interruption, a petroleum reserve system of sufficient deliverability
and capacity to compensate for the majority of supplies denied,
effects such as those experienced during the 1973-1974 interruption
could be mitigated or perhaps prevented entirely.

In order to evaluate the Nation's future import dependency, the
Council in its previous Emergency Preparedness Study found it nec-
essary to have an updated longer term supply/demand outlook. The
staff of the National Petroleum Council was requested to poll several
private sources of then current United States energy supply/demand
projections and developed an average or "medium" case to reflect the
consensus of data received. The data in that survey were based on
knowledge and conditions that existed in the summer of 1974. Implicit
in the survey's medium case is a relatively stable but high level of
imports in the period 1978 to 1990. These import projections, as
shown in Table 1, average 8 MMB/D.



TABLE 1

SURVEY OF PROJECTIONS OF TOTAL U.S. PETROLEUM IMPORTS
(MiTTion Barrels Per Day)

1978 1980 1985 1990

High Range of Data Received 9.4 10.2 12.5 12.0
Low Range of Data Received 5.2 5.3 5.4 4.0
Calculated Medium Case 7.8 7.8 8.4 8.1

Source: NPC, Emergency Preparedness for Interruption of Petroleum
émpor;z into the United States, September, 1974, Table 17,
age 54.

The medium case projection of about 8 MMB/D total crude and
products imports through 1990 might be reduced by approximately
1 MMB/D through various conservation measures, leaving a possible
7 MMB/D import rate to be protected by security storage in the
1980's. It is unlikely that there would be a total denial of such
imports, and to provide long-term insurance against the risk of loss
of all imports does not appear to be cost-effective. The most ef-
fective protection against an interruption of imported oil is to
achieve the highest practical level of domestic energy self-suffi-
ciency through maximum development of domestic energy resources.
Nevertheless, effective emergency preparedness plans which include
security petroleum storage can provide the United States with sub-
stantial protection against the effects of a future import inter-
ruption, such as one which might result from an embargo imposed by
exporting nations or from natural or man-made damage to critical
producing or transportation facilities.

SUMMARY OF OVERALL EMERGENCY PREPAREDNESS CONSIDERATIONS

This report differs from previous NPC Emergency Preparedness
reports in that it deals with just one facet of overall emergency
preparedness planning - —security storage. For reference, the Council's
prior conclusions regarding other available alternatives for response
to import denials are summarized below.

Conversion to Alternate Fuels

Potential petroleum savings from conversion of gas and oil
burning industrial and utility boilers to coal during the first 90
days of an interruption were estimated to physically total 250 thou-



sand barrels per day (MB/D) (23 million tons[MMT] of coal), but ac-
tual savings were estimated to be more likely within a range of 40

to 120 MB/D, recognizing the constraints involved in coal production,
transportation, and environmental standards. Actual savings achieved
during the first quarter of 1974 were 61 MB/D. The Energy Supply and
Environmental Coordination Act of 1974 provides the authority to re-
quire o0il and gas burning power plants to switch to coal, and also
permits the Federal Government to direct that new power plants use
coal as the primary energy source. It is anticipated that much of
the additional potential for conversion to coal will be realized over
the next several years on a non-emergency basis; therefore, there will
be little future emergency coal substitutability for oil and gas in
industrial or utility plants by the 1980's.

Emergency Production

Legal, physical and economic problems precluded temporarily
increasing o0il and gas production from private fields during
the 1973-1974 embargo. There are several oil fields in Texas
which, on a temporary basis, have producing capability above their
long-term maximum efficient rate (MER);(Z) however, the potential
from currently producing fields will decline over time. Thus, this
source could provide only a small amount (about 100 MB/D in 1978) of
the required volume of emergency supplies in the event of an import
curtailment even if the many problems could be overcome. The primary
known untapped source of temporary additional production is the Naval
Petroleum Reserves (NPR).

Reduction of Consumption

Consumption reduction is a fast and effective response in an ener-
gy emergency. In many cases, consumption can be curtailed promptly and
with little or no capital investment. In other instances, reductions
require investments and time to produce results. A review of each of
the major energy-use sectors indicated potential emergency consumption
reductions totalling approximately 1 MMB/D in 1980 and 1985 as still
being available (above base case on-going conservation) to utilize in
response to an imports denial.

Emergency Standby Petroleum Supplies

Three basic alternatives for providing standby supplies to
offset a sudden loss of imports were considered:

[ 3 Shut-in or reduce production from domestic oil fields,
° Store refined petroleum products, and
° Store crude oil after production.

(2) MER is defined as the highest rate of production that can be
sustained over a long period of time without reservoir damage
and significant loss of ultimate oil and gas recovery. Production
in excess of MER for sustained periods may result in both loss
of recovery and premature loss of producing capacity.



Shutting-in or reducing production from domestic fields would
reduce the supply of indigenous o0il and gas available to the United
States economy. In order to maintain comsumption, a corresponding
increase in imports would occur with attendant adverse affects on
the U.S. economy and balance of payments. Additionally, maintaining
a security storage system in natural reservoirs is highly inefficient
when compared to maintaining readily deliverable petroleum reserves
after production. It was therefore the conclusion of the September,
1974 report that the Nation should maintain a strategic reserve of
produced petroleum. Further, the Council recommended that first
consideration should be given to providing crude o0il storage to
protect domestic refinery runs. The NPC study indicated that 500
MMB, together with normally available inventories, would provide 90
to 180 days of a large percentage range of crude imports foreseen.



FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

The Nation has become increasingly dependent on oil imports,
which currently constitute 35-40 percent of United States oil
consumption and about 20 percent of total energy consumption. The
purpose of national security petroleum storage is to reduce the
Nation's vulnerability to possible future denials of imported oil
which might occur for political reasons to bring pressure for
changes in United States foreign (or even domestic) policies, or as
a result of armed conflict in foreign producing areas. Based on
previous NPC estimates, a future embargo or similar event which
resulted in the loss of 3 MMB/D of United States oil supplies for an
extended period of time could cause a reduction in real gross national
product of such magnitude that, translated into human terms, could
result in more than two million workers losing their jobs. Economic
effects of this magnitude could not be confined to any one industry,
any one group of consumers, or any one geographic area, but would
affect the entire Nation. The Council believes that it is incorrect
to assume that only selected industries (such as the petroleum
industry), selected consumers (such as automobile owners), or selected
areas of the country (such as the Atlantic coastal states), primarily
benefit from insurance against a future interruption of o0il imports.
A national security petroleum storage program is designed to protect
the Nation against a threat to its economic well-being and to its
military security. The beneficiaries of a security storage program
are the Nation as a whole: its economy, and all its people in their
roles of producers and consumers.

The nature and purpose of petroleum security stocks needs to be
clearly distinguished from the substantial working stocks of crude
and products maintained by industry. These stocks are owned and
financed by the many private companies that make up the petroleum
industry for the purpose of operating efficient supply systems in
every region of the country. In order to furnish this highly complex
service reliably, highly fragmented and widely dispersed increments
of working stocks are used by the many individual competing companies
to assist in preventing interruption to their customers' supplies,
which might result from a wide variety of daily operating contingencies
(such as tanker and barge delays, refinery equipment shutdowns,
pipeline outages, etc., as well as for seasonal demand variations).
National security petroleum stocks on the other hand are intended to
provide insurance against an entirely different contingency, and
would be used and controlled under entirely different circumstances.

The goals of an effective petroleum security storage program
include:

) Security storage facilities built with sufficient capacity
to insure against a reasonable range of anticipated risk.

° Facilities designed and located for quick and efficient
movement of security stocks into the U.S. supply system to
replace lost imports.



° An expeditious construction schedule (as import levels and
vulnerability are already significant and growing).

o Petroleum security stocks that are clearly distinguished
from working stocks of crude and product maintained by indus-
try.

° Minimum program cost distributed equitably to beneficiaries.

o Tight control of system operation to ensure that the security
stocks are actually on hand in the event of an emergency.

° Avoidance of undue complexity in ownership, financing and
administrative requirements.

e Provide the benefits of petroleum security storage without
reducing energy resource development.

The summary findings, conclusions and recommendations of this report
are listed below, and are intended to respond to the questions directed
to the Council in Assistant Secretary Carlson's letter of December 31,
1974.

I. OPTIMUM SIZE OF STORAGE SYSTEM AND RELATIVE
NEEDS FOR CRUDE VERSUS PRODUCT STORAGE

Total petroleum imports in the United States in 1978 to 1990 are
estimated in this report to average approximately 8.1 MMB/D, or 1.2 MMB/D
higher than immediately prior to the 1973-1974 Arab oil embargo. Crude
0il imports have been estimated to increase to approximately 5.5 MMB/D,
or 2 MMB/D more than in November, 1973. 1In the 1980's, emergency energy
conservation measures are estimated to be available to reduce total pe-
troleum demand in the U.S. by about 1.0 MMB/D, leaving a net shortfall
of about 4.5 MMB/D if there were a total crude oil denial, or about 7
MMB/D in the unlikely event of a total petroleum imports denial. There-
fore, 500 MMB of security storage might cover a total imports denial
of 70 days and a total denial of crude o0il for 110 days. In-addition to
the protection offered by such volumes in security storage, protection
(time to implement emergency preparedness plans) would be provided by
volumes of crude and product in transit at the time of an interruption
and that in usable United States working inventories. Further, import
interruptions of total imports are considered highly unlikely. Thus,
actual supply coverage afforded by a 500 MMB program in response to
a more likely 3 MMB/D denial, in conjunction with other emergency
measures, should exceed 6 months.

While it cannot be predicted what proportion of crude imports
denied would be low-sulfur content crude, currently about one-third of
foreign crude imports can be classified as low-sulfur content. It is,
therefore, reasonable that security storage facilities be designed for
segregated storage such that at least one-third of the crude fill be
low- to medium-sulfur content crude oil.

In order to answer the question of crude versus product storage,
projected petroleum supply and demand patterns were examined to assess



the probable impact of a future petroleum import denial. Feasible
refining and logistical responses were explored, specific product short-
falls were estimated, and appropriate emergency steps were developed for
relieving the indicated shortfalls. Two 3 MMB/D import denial cases
were examined: the first was a loss of only crude; the second was a
combination of 60 percent crude and 40 percent product denial. An as-
sessment was made as to where a future embargo would likely impact
geographically. The petroleum industry response to the estimated
product shortfalls was based on the historical incremental U.S. re-
fining yield patterns for 1969 through 1973 (as reported by the Bur-

eau of Mines), and was determined for three types of security stor-

age crude in order to test for crude quality characteristics. 1In the
crude denial case, only minor product shortfalls were calculated;
however, these were shown to be readily covered within the capabili-
ties of demonstrated refinery flexibility. Therefore, a crude denial
alone appears manageable with security crude storage.

It should be noted, however, that processing of crude does not sig-
nificantly affect liquified petroleum gas (LPG) production. Therefore,
any future requirement for imported LPG should not depend on crude oil
security storage for import denial protection.

The logistics analysis suggests that security crude stocks could
be run in offshore (Caribbean) refineries based on the expected spare
capacity of these refineries during a combined crude and product em-
bargo situation. This expected spare capacity is based on the assump-
tion that a product import denial resulting from a crude supply denial
will be distributed in historical proportions among the normal United
States sources. The United States has traditionally relied on Carib-
bean refiners to supply a high percentage of total United States resid-
ual fuel oil demand. The Caribbean refineries are located in areas
that have historically been friendly to the United States and are an
integral part of the refining capacity normally serving the United
States market and should, therefore, be utilized in an embargo situ-
ation. The security storage crude delivery logistics of supplying
these refineries are similar to those for delivering crude out of
Gulf Coast security storage to East Coast refineries.

The expected overall response to a crude and product denial indi-
cates that most product requirements could be met. The only potential-
ly significant product shortfall after processing security storage
crude is a possible 400 to 600 MB/D residual fuel oil shortfall for
PAD I's requirement. A number of alternative steps, such as demonstrated
refinery yield flexibility, distillate blending, reduced demand, and
fuel conversion, were considered to cover this shortfall and are
estimated to result in a range of additional residual fuel oil
available of 460 to 830 MB/D. In addition, the non-quantified
effects of implementing extraordinary refinery yield flexibility
steps and storing higher residual yield crudes might be available.
Furthermore, in an emergency petroleum supply interruption under the
provisions of the International Energy Program (IEP) Agreement, fuel
0il could be allocated to the United States in lieu of crude.
Therefore, it would appear that covering a 400 to 600 MB/D shortfall
might be achieved although there is some uncertainty in this analysis.



Thus, refining/logistical analyses indicate that with the pos-
sible exception of residual fuel o0il on the East Coast, a substantial
denial of crude o0il and/or refined petroleum products could be
covered with a crude storage program. To confirm the extent of a
potential residual fuel o0il shortfall resulting from interruption of
imported products, an independent and detailed survey is needed of
individual refineries located in PAD Districts I and III (and possibly
the other districts) to determine their physical capability and
flexibility to produce and ship residual fuel oil in an emergency.

It is believed that these refiners can respond by a rapid change in
product mix, although this may require non-optimum operating steps

such as by-passing or shutting down refinery units and/or diverting as-
phalt or other products. The extent to which refineries, logistically
connected to the Northeastern states, can increase fuel oil availabil-
ity is highly dependent on the individual refinery's processing and
shipping facilities and has not previously been documented. Pending
results of such a survey, together with a further assessment of

other potential residual fuel emergency steps, final decision as to

the need, if any, for high cost fuel o0il security storage should be

deferred.

I. Based on the above {indings and conclusions, the National
Petrnoleum Councdl recommends: The {irnst objective of the
national secursty storage program should be to stonre
approximately 500 million barnels of produced crude 04l o4
which at Least one-thind is Low in sulfur content.

II. SOURCES AND ECONOMICS OF CRUDE FILL FOR SECURITY STORAGE

The four principal sources of crude oil which have been considered
for security storage fill are:

® Domestic crude o0il;

° Foreign crude oil purchased and transported to storage;
° Federal royalty oil; and

) Crude o0il from Naval Petroleum Reserve No. 1 (NPR-1).

Security storage crude oil ideally should be of a composition
to facilitate ready substitution in the refining capacity denied
imports with minimal shift in desired product yield and quality; and
deterioration to processing and handling equipment. In addition to
using conventional crude oil, synthetic o0il derived from a source
such as shale was considered, but its cost was found to be substantial-
ly higher, and its availability more distant by several years.

With the exception of o0il obtained from the Naval Petroleum
Reserve, the other sources are already being utilized to meet base

domestic consumption and their diversion to security storage would

10



require a net increase in foreign imports. Increasing the national
requirement for foreign imports is in conflict with current federal
energy policy objectives. Cost of the fill to the Nation would be
effectively the cost of the foreign crude used for replacement,
including tanker transportation. Payment in dollars to the foreign pro-
ducer would be in the direction of adversely affecting the balance of
trade.

Purchased Foreign Crude

Security stocks for use in future import supply interruptions
could be obtained by the purchase of foreign production rather than
domestic production. Host governments, from which the crude would be
supplied, might consider the use of 0il produced in their countries
directly for this purposercontrary to their national interest. How-
ever, the International Energy Program (IEP) Agreement and the United
States' intentions to create a national security reserve, are matters
of public record. It is not possible to predict what adverse actions,
if any, might be taken against the United States if it chose to acquire
foreign crude for security storage fill.

Federal Royalty Crude

The amount of federal royalty oil production reached a peak
volume of 88 MMB for the year 1971. The year-to-year volume has
trended slightly downward since then and totalled 80 MMB in 1974. Fed-
eral royalty oil has been set aside in the past for sale to small refin-
ers who qualify under the rules of the Small Business Administration.
In 1974, 53 percent of the federal royalty oil was supplied to this
group. Royalty oil remaining after meeting the demand of eligible
refiners -- 38 MMB in 1974 -- is sold to the lessee or to the operator
of the lease. As is the situation with regard to purchased domestic
crude, since federal royalty oil is now a portion of base domestic
supply to United States refineries, its diversion to security storage
would require replacement with imports to balance the Nation's
current needs.

Elk Hills Crude

The NPR-1 (Elk Hills field) situated in Kern County near Bakers-
field, California is reserved by law for use in a national emergency
and requires authorization by the President with the approval of Con-
gress for production in excess of the minimum required to maintain
the field in a state of readiness and to prevent drainage from adja-
cent commercial wells. Average current production from this field is
about 3 MB/D.

The field is reported to have total proven reserves in excess
of 1 billion barrels with possible additional reserves estimated at
0.5 billion barrels as exploration proceeds.

The shallow zone crude, which represents approximately one-
third of the Elk Hills reserves, as typified by an October, 1974
sample, had a 20° API gravity and a sulfur content of 0.9 weight
percent. The gravity of Stevens zone crude, comprising about two-
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thirds of the Elk Hills reserves, ranges from 28° API to 38° API.
Sulfur content ranges from 0.3 to 1.5 weight percent. A sample of
Stevens zone crude taken in December, 1973, which might be indicative
of the average quality of this zone, had a gravity of 31.5° API and

a sulfur content of 0.65 weight percent. Based on these characteris-
tics Elk Hills crude is ideally suited for use in a national security
storage system.

Given the necessary legislative approval and funds, a production
rate of 130 MB/D could be possible within several months and, with
continued development, an ultimate short-term production rate of 400
MB/D might be achieved by 1980. Maximum ultimate recovery of hydrocar-
bons from the field can be achieved by limiting production to the long-
term maximum efficient rate (MER) of the field. The MER currently
reported to be 267 MB/D may be revised after completion of the
current drilling program. If a sustained rate of 267 MB/D could be
maintained, the Navy's share of the production (80 percent) would
completely fill a 500 MMB produced crude security storage system in
6 to 7 years. Production and transfer to storage could continue after
500 MMB should a larger storage system be desired.

Sale or Exchange of Federally-Owned Crude 0il

If federally-owned crude oil (royalty or NPR-1l) were to be the
basis of a national petroleum security storage program, public sales
and/or place and time exchanges might be made to deliver security
crude oil into Gulf Coast storage at lower transportation cost. 1In
the case of NPR-1 crude, there could be a transportation advantage
for delivery of that crude to West Coast refiners in exchange for
comparable crude o0il delivered to security storage locations in the
Gulf Coast.

Funds generated by domestic sale of federally-owned crude oil
might be used to purchase other crude which would incrementally be
foreign oil. If it is assumed, as it has been throughout this
study, that NPR-1 crude oil would not otherwise be produced for
inclusion in the domestic raw material base, funds generated from
the sale of NPR-1 crude oil could be used to offset the purchase
.cost of foreign oil with little, if any, effect on the level of
imports or balance of payments. However, the possibility of sale
and/or exchange for NPR-1 crude oil in PAD District V to accomplish
equivalent security storage fill in PAD District III may become less
likely as Pacific Outer Continental Shelf (OCS) resources are de-
veloped and as North Slope 0il becomes available in District V.

During the 1980's, there will be a significant westward shift
in the center of domestic petroleum supply, moving directionally
away from the consuming regions most vulnerable to an interruption
of imports. National emergency preparedness would be served if the
heretofore largely independent crude oil and product logistical
systems of PADs I-IV and PAD V were connected, as has been advanced
in several proposals. West Coast to Texas pipeline systems may be
built sometime in the future. The likelihood of construction might
be improved if a program is instituted to move NPR-1 produced crude
0il, or equivalent by sale or exchange in PAD V, to security storage
in the Gulf Coast.
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Economics of Security Crude Fill

Since both purchased domestic crude and federal royalty crude
must be replaced by imports, cost of these sources is effectively
the same as that of purchased replacement foreign oil or about $6.5
billion for 500 MMB (1975 dollars).

Under the assumption that NPR-1 crude would not be produced
except as a national security resource, cost of fill from this
source would be equivalent to the out-of-pocket production costs for
development and operation of the field, or about $1.50 to $2.00 per
barrel. Transportation to the Gulf Coast in an assumed pipeline is
estimated to cost $1.15 to $1.35 per barrel, resulting in a total
expenditure cost to the government of approximately $1.5 billion for

500 MMB (1975 dollars). The costs of the four alternative sources
of fill are summarized below:

SOURCES AND ECONOMICS OF CRUDE FILL

Source Delivered Cost ($/B)
Purchase Foreign Crude 12.00 to 14.00
Domestic Crude Equivalent to Foreign
Federal Royalty Crude Equivalent to Foreign
Elk Hills Crude | 2.65 to 3.35

If, however, the assumption were made that legislation is passed
to permit the Naval Petroleum Reserves to be produced and sold into
the domestic economy, diversion in that instance to security storage
would result in foregoing a potential decrease in imports. Under this
assumption, the cost of fill would be the same as the other sources
which is effectively the cost of replacement foreign crude oil, or
$12.00 to $14.00 per barrel (1975 dollars).

Thus, the Council concludes that Elk Hills crude in NPR-1 is
the logical choice as a basis of security storage fill since it is
the only source of fill which would probably not increase foreign im-
ports and is the lowest expenditure cost alternative. Assuming the
Naval Petroleum Reserve would not otherwise be produced, the cost to
the Nation would be the out-of-pocket production costs plus transpor-
tation to the storage site, either physically or by exchange. NPR-1
should be developed to produce at its maximum efficient rate on a
sustained basis and pipeline capacity out of the reserve should be
increased. These measures could be completed by the time Gulf Coast
salt dome storage projects could be ready to accept fill in 1979.
The value of NPR-1 to the Nation as a strategic reserve would,
thereby, be greatly enhanced as its deliverability in time of

need would, in effect, be increased from its current 3 MB/D
to over 3 MMB/D.
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II. Based on the above findings and conclusions, the National
Petroleum Council necommends: The Naval Petroleum Reserve
at ELR HilklLs should be developed and produced. The Federal
Government's share should form the basis of crude security
stocks.

III. STORAGE FACILITIES: CONSTRUCTION, COST, LOCATION
DESIGN, AND ENVIRONMENTAL CONSIDERATIONS

Construction and Cost Considerations

Security storage of crude or refined products 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 is cost which is estimated to range from $6.00 to
$12.50 per barrel (1975 dollars), depending on tank size, location,
and local conditions.

There are three proven methods of storing crude after produc-
tion and refined petroleum products underground: (1) abandoned under-
ground mines that have been specially adapted for storage, (2) new
cavities mined in hard impermeable rock formations such as granite,
shale, or limestone, and (3) existing or new cavities leached in
salt domes or salt beds.

Storage of crude in specially converted abandoned mines is a
proven technique. Under ideal conditions, costs for this type of
storage can be competitive with salt dome storage. However, the
potential for use of abandoned mines for United States storage
purposes does not appear promising. It would likely be more practical
to mine new caverns in suitable rock formations than to try to
utilize abandoned mines. The cost of new mined storage caverns
would be competitive with the cost of steel tanks for storage volumes
in excess of 1 MMB.

A salt dome is a massive column of rock salt, typically 0.5 or
more miles wide, thrusting upward from many miles below the earth's
surface and topped by a caprock. There are more than 350 known salt
domes within a 50,000 square mile area along the Gulf Coast. Many
of these salt domes are located near: the major Gulf Coast refining
centers (Houston, Beaumont/Port Arthur, and New Orleans/Baton Rouge),
and the Gulf of Mexico and major inland waterways (Houston Ship
Channel, Port Arthur [Sabine] Ship Channel, and the Mississippi
River). Underground petroleum storage projects have an excellent
record of safety and reliability based on more than 20 years of
experience. Individual storage caverns of more than 5 MMB capacity,
each, can be constructed with existing technology.

Based on a study of several Gulf Coast salt domes, underground

storage in leached salt dome cavities can be provided at an initial
cost of $0.70 to $1.15 per barrel (1975 dollars), depending upon the

14



cost of pipelines required to connect the storage to distribution
facilities and the distance from suitable water sources and brine
disposal areas. This estimate applies to large volume projects (250
MMB) with individual caverns of 7 MMB. The low end of the cost range
will be typical of a project located on dry land near the Gulf and
major crude trunk lines. The high end of the cost range will be typi-
cal of a project located up to 50 miles from the Gulf with a somewhat
longer crude delivery line. Facilities to permit tanker loading dur-
ing an emergency will add an additional 15¢ to 40¢ per barrel to this
cost. Thus, the likely storage facility cost range appears to be from
$0.85 to $1.55 per barrel (1975 dollars). Combined with the expendi-
ture costs of Elk Hills production, the total recommended program
would cost $3.50 to $4.85 per barrel, or $1.8 to $2.4 billion for a
500 MMB program, as shown below:

SECURITY STORAGE COSTS

MMS$

Facilities ($/B) for 500 MMB
Salt Dome Storage (250 MMB Projects) 0.70-1.15 350- 575
Tanker Loading 0.15-0.40 75- 200
Total Cost of Facilities 0.85-1.55 425- 775
Fill

Elk Hills Production Costs 1.50-2.00 750-1,000
Pipeline Transportation to Gulf Coast 1.15-1.35 575- 675
Total Cost of Fill 2.65-3.35 1,325-1,675
Total Cost for Recommended Program 3.50-4.85 1,750-2,425

If environmental studies begin promptly and engineering design
starts in January, 1976, storage fill could begin in 1979. The
leaching phase for a 250 MMB facility could be reduced from 3 to
1-1/2 years, at an additional cost of 10¢ to 35¢ per barrel (1975
dollars), which might enable completion of the fill perhaps a
year or so earlier than with the normal schedule. However, this
could be justified only if crude can be made available at a rate
sufficient to accelerate storage fill.

There are certain domes where a number of very large cavities
already exist as a result of salt mining operations. While such
cavities may be suitable for crude storage, detailed studies have to
be made to ensure structural integrity and to determine which cavities
could be safely utilized. 1In addition, facilities such as pipelines
and tanker docks have to be constructed to permit delivery of crude
into or out of storage, and this would likely require several years.
Thus, while some storage in existing domes might be made available
prior to 1979, additional information will be required to determine
the practicality of such projects.
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Storage leached in salt beds is also a proven technique; however,
the potential utility of such beds for security storage projects is
limited. Most salt beds are located inland where fresh water costs
are relatively high and where subsurface brine disposal would be
required with attendant environmental problems. Further, placement
of the security storage program in these locations would be logisti-
cally less efficient than in the Gulf Coast.

Location and Design Considerations

If the Gulf Coast offshore terminals, LOOP and Seadock, are
constructed, the most efficient and lowest cost system would be one
250 MMB storage facility integrated with each terminal. If more
than 500 MMB of storage capacity is to be provided in the program,
additional 250 MMB units could be leached. Upon completion of the
deepwater port facilities, imported crude could flow to most of the
refining capacity in PAD Districts II, III and IV. It is also
feasible to design deepwater terminals so that tankers can load
crude for shipment to other United States ports, if such a need is
incorporated in the initial deepwater terminal design. Thus, with
proper location of salt dome storage projects, a large percentage of
refining capacity east of the Rockies can effectively be supplied
with crude out of Gulf Coast salt dome storage during an emergency.
Caribbean refineries could also be supplied if necessary.

If Gulf Coast deepwater terminals are not available in time to
meet the desired program completion schedule, a different set of
salt domes might be selected for storage. In this case, it is
likely that at least three salt dome projects would be required for
optimum logistical efficiency: one near the Houston Ship Channel
refining center; one near the Beaumont/Port Arthur (Sabine) Ship
Channel refining center; and one near the Capline terminal on the
Mississippi River. These inland waterways could be utilized to
transport imported crude to major refining centers in the absence of
deepwater terminals. The absence of deepwater terminals would add
about 20¢ to 40¢ per barrel to the initial storage cost of $0.70
to $1.15 per barrel, depending on the percentage of crude delivered
to adjacent crude pipelines.

The required delivery rate of crude out of storage is difficult
to define because it depends on both the future level of imports and
the rate at which imports are interrupted. Consideration should be
given to a high design delivery rate out of storage, perhaps as much
as the total United States crude and product import rate less emergen-
cy curtailment volume. Even though a total import denial appears
unlikely, the cost of providing such a delivery rate capability
should be a small percentage of total crude storage system costs.
Spare delivery rate capacity would provide flexibility to offset
possible downtime for facility maintenance, bad weather, sabotage,
etc., at one or more sites. On this basis, if two 250 MMB projects
are to constitute the security storage program, each project should
be designed to deliver crude out of storage at a rate equal to at
least the design throughput capacity of the adjacent deepwater
terminal (i.e., about 2 MMB/D). In addition, allowance should be
made for deliveries to other locations by tanker such as the East

16



Coast, the Caribbean, or non-pipeline connected Gulf Coast locations.
This suggests a design rate of between 2 and 3 MMB/D at each location
or up to 6 MMB/D of total delivery capacity. If more than two
storage projects are provided, because deepwater terminals are not
available or a system larger than 500 MMB is constructed, a design
delivery rate as high as 2 to 3 MMB/D for each project might not be
necessary.

Environmental Considerations

The leaching of salt dome caverns, while a fairly simple
process, needs to be carried out carefully to protect the environment.
A well is drilled into the top of the salt formation and several
steel casing strings are set and cemented to protect fresh water
beds and to seal off intervening formations. Fresh water (or sea
water) is then pumped down an inner string of tubing. The salt is
dissolved, and the resulting brine solution is circulated back to
the surface for disposal.

It is recognized that storage area surface requirements, subsur-
face fresh water protection, brine disposal pipeline right-of-way re-
quirements from the storage area to the offshore outfall, fresh water
requirements, and brine disposal considerations associated with large
volume storage projects raise questions concerning impact on the en-
vironment. These questions should be addressed concurrently with the
site selection as a first order of priority after project authoriza-
tion. Of particular importance is optimization of the brine disposal
system design to minimize the environmental impact on marine life
offshore and in nearby bays, marshes, and estuaries, and protection
of onshore wildlife and human amenities. Environmental studies
should include pipeline right-of-way routing and design to minimize
disturbance, and offshore outfall location and distance to produce
adequate dispersion of brine discharged at sea. Development of such
plans and the necessary Environmental Impact Statements will require
ecological studies of the pipeline route and the outfall area,
including biological, chemical, botanical, and oceanographic studies.
However, if storage projects are located near LOOP and Seadock as
recommended, the extensive ecological surveys conducted for these
projects over the past 2 years will be of significant benefit. The
Environmental Protection Agency should be consulted at an early date
in anticipation of securing a discharge permit under the National Pol-
lutant Discharge Elimination System. While leaching and filling are
under way, the system should be monitored to assure proper operation
and compliance with discharge permit requirements.

Thus, it is concluded that storage in large caverns leached in
Gulf Coast salt domes is the lowest cost system currently available.
Individual salt dome storage facilities of 250 MMB (e.g., 36 caverns
of 7 MMB capacity) could provide substantial economy of scale and
can be installed on the Gulf Coast for $0.85 to $1.55 per barrel
(1975 dollars), including tanker loading facilities. Crude security
storage must be effectively integrated into existing and planned
United States crude logistical systems, including direct access to
tanker loading facilities as well as major trunk pipelines. A
design delivery rate out of storage as high as the total United
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States crude and product import rate less emergency curtailment
volume should be considered. Even though a total import denial
appears unlikely, the cost of providing such a high delivery rate ca-
pability could be a small percentage of total crude storage system
costs, and spare deélivery rate capacity would provide flexibility

to offset inevitable facility outages.

III. Based on the above findings and conclusions, the National
Petnoleum Council necommends: National secunity crude o4l
stonage should be in caverns Leached in Gulf Coast salt
domes and connected to existing and pLanned U.S. petroleum
industry Logistical systems.

IV. FINANCING, OWNERSHIP, AND CONTROL OF SECURITY STORAGE

Two basic options exist for the financing and/or ownership of a
crude security storage program: government financing and ownership,
or private financing and ownership. In addition to these two basic
options, a number of hybrid government/private financing and/or
ownership alternatives were examined. There is only one suitable
option for control of national security storage: government control.

Private Ownership Alternatives

All Refiners and Importers

All refiners and all importers of crude and/or products could
be required to expand their working stocks to provide a prescribed
level of national security storage. Presumably, this approach could
place the burden of security storage equitably on all refiners and
all importers and would result in wide physical dispersion of stocks.
However, this approach would require a massive administrative system
to prescribe storage requirements for each participant and an
extensive reporting and monitoring system to confirm the continued
physical existence of the prescribed emergency stocks. Because the
storage would be dispersed and stored primarily in aboveground steel
tanks, economy of scale would be lost, and would be much more costly
than large volume salt dome storage. Because of the varying impact
on private participants, applications for relief from hardship and
requests for exceptions are anticipated, resulting in delays and
considerable practical difficulties.

Crude and Product Importers Only

Only importers of crude and/or products could each be required
to provide a prescribed level of security storage. This approach
places the burden of insurance directly on those who import the
supplies which are insecure. However, placing the burden of national
security storage on only the crude and product importers could place
these operators at a substantial competitive disadvantage with all
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other industry operators. Pressures could arise to "equalize" cost
disparities through further regulatory machinery. This approach
also might not take advantage of the economy of scale of a salt dome
program. Furthermore, this alternative might tend to result in fuel
0il security storage by individual importers. This would be highly
inefficient because of its relatively high cost and because fuel oil
denials could probably be handled by other more cost-effective
emergency steps.

Industry Consortiums

Privately-owned national security storage could be achieved
through formation of industry consortiums to own, develop and
operate large volume, centrally located salt dome storage. This
method would be applicable whether the storage obligation applied
to all refiners and all importers or only to importers. This ap-
proach could achieve economy of scale and would avoid a few of the
problems of administration caused by widely diverse storage loca-
tions. A consortium could provide storage on an equity participa-
tion basis or for a fee. Among the many disadvantages of this ap-
proach is the fact that considerable time would be required to or-
ganize the consortiums and to negotiate equitable participation
and operating agreements. Further, enabling federal legislation
may be required with specific antitrust provisions if this kind of
national security storage venture is to be workable.

Private Financing Alternatives

Several options for financing a privately-owned national security
storage system were examined, including:

° Complete private financing with recovery of capital and
operating costs in a free marketplace.

° Industry financing with government loan guarantees.

°® Industry financing with cost recovery provided by the
government by means of tax credits, import fee or tariff
rebates, or even direct grants.

° Note that while the last two options maintain private
ownership, they amount to indirect government financing
to the extent costs are recovered through government
sources.

While in theory industry should simply recover the costs of
security storage in a free marketplace by increasing product prices,
in practice this option is very uncertain. Should price controls
exist, as they do now, any time during the life of the security
storage project, recovery of the cost would be placed in substantial
jeopardy. Since there is no profit incentive for a private investor
to build, fill, and own national security storage, it will be accom-
plished only in the interest of national security. Because there is no
reasonable way for a private investor to earn a return on his security
storage investment, he must ultimately seek to recover its cost from
the government.
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The problem of sharply increased petroleum industry capital
needs has a significant bearing on security storage financing options.
During the next several years, when a security storage system would
be implemented, industry's capital requirements will double or
triple. 1In fact, serious concerns exist over the industry's ability
to generate the required capital for needed energy resource development.
A number of financing alternatives can be constructed whereby the
government, by means of loan guarantees, loans and grants, tax
credits, rebates on import fees, etc., provides a direct means of
cost recovery. These systems are in reality an indirect means of
government financing with the attendant administrative complexities
and problems of equitable treatment.

Hybrid Ownership

Combined government/private ownership possibilities exist, such
as private industry financing and owning storage facilities, and
government financing and owning the stored oil, and vice versa. 1In
the former case, private owners could anticipate a return on invest-
ment by renting the storage to government through operating fees.
Additionally, such a system might encourage use of industry exper-
tise in the design, construction and operation of the facilities.

In the alternative, government might provide the storage facility
for industry participants to store their oil in. Hybrid ownership
involves inevitable complexities in relationships among the parties
and could be difficult if not impractical to administer.

Government Ownership and Financing

While at first glance it may appear counter-intuitive, the
concept of government ownership of national security storage should
be much more straightforward than any alternative considered. The
factors supporting government ownership and financing include:

® The basic purpose of a national security storage system is
to reduce the risk of external threats to the well-being
of the Nation, a role analogous to that of a major weapons
system.

° The benefits of having petroleum security stocks available,
in the event of an imports denial, accrue to the entire
Nation rather than just a specific industry, group of
consumers, Or region.

[ The nature and requirements of a security storage system
are such that they cannot be undertaken and financed by
private industry as a normal business investment.

° Public policies will determine the level of security
storage and control the access to and disposition of
national security stocks in the event of an emergency.

[ Government already maintains ownership of security reserves
of petroleum at NPR-1.
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° Substantial legal and historical precedent exists for

government ownership and financing of emergency stockpiles
of critical materials.

Government ownership and control of security storage crude and
facilities should not preclude involvement of the private sector in
design, construction, management, and operation. This expertise can
readily be obtained by the government through use of private contrac-
tors, which is common practice in a wide range of government procure--
ment programs.

The government could finance the security storage system from
general revenue funds or from a dedication of existing energy-
related revenues, such as fees on imports, excise taxes on products,
etc. In effect, all taxpayers would pay for the security storage
under either alternative unless incremental energy-related taxes or
fees were imposed, in which case a more direct burden would be
placed on certain energy consumers.

In summary, the Council reiterates that the basic purpose of
the national security crude storage system is to protect the physical
and economic security of the entire Nation. A number of alternative
financing and ownership plans were analyzed in an effort to develop
a program which would achieve the above purpose, attain equitable
participation, and be consistent with the Nation's goal of increased
energy self-sufficiency. The only financing alternatives found to
meet these criteria involve direct or indirect government financing.
The Federal Government should continue to own crude from NPR-1 (or
its exchange equivalent) when transferred to and stored in Gulf Coast
salt domes. Government is also in the best position to own and con-
trol these crude security storage facilities. Design, construction,
management, and operation of the system should be contracted on a
competitive basis to qualified private companies under the supervision
of the appropriate government agency. This agency should not itself
attempt to duplicate or overlap existing private industry capability.

IV. Based on the above gindings and conclusions, the National
Petrnoleum Council recommends: The Federal Government
should ginance, own and control the crude 04l secundity
stonage system utilizing private Aindustry experntise 4in
design, construction, management, and operation.

V. FEDERAL ACTIONS THAT MIGHT ASSIST OR DETER PROMPT IMPLEMENTATION

An early and definitive resolution on the part of the Federal
Government that a security storage petroleum reserve is a matter of
high national priority is essential to the expeditious completion
of the program. Since conditions constantly change, attempts to
answer all questions regarding the ultimate extent of the program
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can only delay the attainment -of an initial degree of security against
petroleum import denials.

One federal department or agency should be designated to
direct the petroleum security storage program. If one federal
department or agency is not clearly designated, competition among
the many federal departments and agencies that could have partial
jurisdiction over individual facets. of a storage program could
substantially delay completion and increase costs.

Completion of environmental studies and preparation of Environ-
mental Impact Statements, as required by the National Environmental
Policy Act, is a first and most important step for the responsible
department or agency. Brine discharge plans should be discussed with
the Environmental Protection Agency (EPA) as early as possible, and
the EPA should be requested by the responsible department or agency
to expedite action on the application for a discharge permit.

Authority under the Defense Production Act should be used if
necessary to expedite delivery of materials or equipment that threaten
to delay the security storage program. The responsible department
or agency should be empowered to exercise the right of eminent
domain should it become necessary in securing the needed surface
sites and pipeline right-of-ways. Because NPR-1l reserves in the Elk
Hills field should be used as the basis for security storage fill,
enabling legislation must be passed to allow development for this
purpose.

To minimize uncertainty in responding to an emergency denial of
petroleum imports, legislation should provide an operational defini-
tion of an energy emergency, require conservation measures prerequi-
site to withdrawals from security storage, and empower the President
to activate withdrawal mechanisms after energy emergency guidelines
are met. Since expeditious movement of o0il out of security storage
will be necessary in an energy emergency, the President should be
authorized to engage vessels not normally permitted in the coastwise
trade to transport oil cargoes between U.S. ports, if required.

Finally, legislation should provide for easing conflict-of-inter-
est and antitrust restrictions to permit knowledgeable industry peo-
ple to assist the Federal Government in implementing any phase of the
security storage program.

It should be noted that positive action by the United States -to
develop a significant petroleum security storage system would fulfill
our obligation under the International Energy Program (IEP) Agreement,
would help to accomplish the IEP objectives, and could result in more
favorable resolution of other IEP/International Energy Agency (IEA)
related matters. The U.S. obligation for emergency reserves under the
IEP is to maintain emergency reserves sufficient to sustain consump-
tion for at least 60 days with no net oil imports based on the average
daily consumption level of the previous calendar year. The govern-
ing board will determine the date at which emergency reserve require-
ments will be raised to 90 days. Security storage requirements for
emergency petroleum reserves in the United States are not fully com-
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parable with most European requirements or the IEP definitions. 1In
1974, the U.S. indigenous crude o0il and natural gas production supplied
almost 63 percent of petroleum requirements. The United States is

also much larger geographically than other IEP countries and requires

a much higher level of working stocks just to maintain an operable
supply and distribution system. When minimum operating inventory levels
for crude o0il and refined products in the United States are considered,
an adjustment of over 800 MMB is required in the IEA formula. At the
current level of imports and stocks, as well as at the projected 1985
level, about 500 MMB of additional storage is required to provide for
protection against a total crude and product import interruption for

90 days. Since an interruption of total imports is believed highly un-
likely, a 500 MMB reserve, in conjunction with other emergency meas-
ures, would protect against a probable denial substantially longer

than 90 days.

V. Based on the above findings and conclusions, the National
Petrnoleum Council rnecommends: Federal Legislative and
administrative action should be taken promptly to authonrize
and expedite a petroleum secundity storage program Lf At A5
to be available forn §4LL by 1979. These actions should
specdfy:

L A single federal department orn agency to oversee
the program;

° The tanget volumes and time schedule for securnity
petroleum stocks to be in stonrage;

° Eanly initiation and completion of environmental
studdies;

° The authornity to develop and produce NPR-1 as the
basis of storage §4LLL;

° The method of government financing;

° Guidelines undern which the President may initiate
emengency withdrawal and transportation; and

° Easing of rnestrnictions on industry pernsonnel to pen-
mit them to assist the government in Amplementing any

phase of Lthe secunity storage proghram.
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CHAPTER I

CRUDE AND PRODUCT STORAGE REFINING/LOGISTICS ANALYSES

INTRODUCTION

The September, 1974, NPC Emergency Preparedness Report
concluded that 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 supplies. It was suggested that 500 MMB of
crude o0il located in caverns leached in Gulf Coast salt domes, in
combination with normally available inventories, would provide supply
protection for a large range of projected petroleum imports.

Although the exact level of security storage required is difficult
to define, it appears that 500 MMB of crude storage is a reasonable
initial approach and represents an ambitious undertaking. The factors
difficult to assess in arriving at a reasonable level are future levels
of demand, level of United States energy self-sufficiency, level and
source of imports, and the timing and duration of the denial.

During the first quarter of 1974, while the 1973-1974 embargo was
in maximum effect, imports averaged 2.2 MMB/D less than earlier projec-
tions and 1.6 MMB/D less than November, 1973, total imports of about 6.9
MMB/D; 3.5 MMB/D being crude oil. As shown in Table 1, projected
average medium case total crude and product imports, for the 1980-1990
period, are 8.1 MMB/D, an increase of 1.2 MMB/D over November, 1973.
However, the projected crude oil imports increase to an average of 5.5
MMB/D, or 2 MMB/D more than November, 1973. It is estimated that in
the 1980's emergency conservation measures could reduce petroleum
demand in the United States by about 1.0 MMB/D, leaving a net shortfall
of about 4.5 MMB/D if there were a total crude oil denial, and about 7.1
MMB/D in the unlikely event of a total petroleum imports denial. A 500
MMB security storage system could, therefore, by itself protect against
a total imports denial of 70 days, and a crude oil only total denial of
110 days. In addition to the protection offered by such volumes in
security storage, protection (time to implement emergency preparedness
plans) would be provided by volumes of imported crude in transit at the
time of an interruption and that in usable United States working
inventories.

European countries, which are much more dependent on imports than
the United States, provide an example. These countries generally
require security storage equivalent to 90 days of prior year imports,
and they permit a portion of industry working stocks to be counted
against such requirements. The level of protection provided by a 500
MMB security petroleum storage system for the United States brackets
the 90-day protection level planned by the other consuming countries.
If authorized in 1975, and expeditiously implemented starting early in
1976, fill could start in 1979 with significant storage available in
the early 1980's. The need for a larger volume is doubtful and the
costs so great that any decision should be deferred at least until
initial steps are taken toward implementation of a 500 MMB first phase.
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The objectives of this chapter are to: (1) examine projected
petroleum supply and demand patterns in the United States, (2) assess
the probable impact of a future crude embargo and combination crude and
product denial, (3) explore feasible U.S. refining and logistical
responses to the hypothetical embargoes, and (4) estimate specific
product shortfalls that cannot be reasonably covered through the proces-
sing of security crude and, for these, to suggest appropriate actions
for relieving the indicated shortfalls.

BASE CASE PETROLEUM SUPPLY AND DEMAND

In order to assess the ability of the U.S. refiners to cover an
embargo-induced petroleum product shortfall with security storage
crude, it is necessary to first establish a base case which describes a
future U.S. petroleum supply and demand situation. The NPC survey
medium case projections for 1978 as reported in the NPC Emergency
Preparedness Report dated September 1974 were used as the basis for the
total U.S. supply situation. The data contained in the September 1974
NPC Report concerning existing and announced U.S. refining capacity
with good or average probability of completion before 1978 were also
used to project U.S. refining capacity for that year by Petroleum
Administration for Defense (PAD) Districts. The previously documented
NPC projections for 1978 were utilized to represent a base case U.S.
petroleum supply and demand balance and domestic refining situation.
However, it should be noted that the results of the analyses of the
U.S. refining and logistical response to a future interruption of
petroleum imports are relatively insensitive to the base case assuming
a relatively constant ratio of crude and product imports, since spare
refining capacity is the most significant variable which would affect
the embargo response with security storage crude. Therefore, the
conclusions and recommendations of these analyses are applicable beyond
1978 and are valid for the period after security storage is completed
in the 1980's.

In order to appropriately allocate among the various PAD Districts
the NPC survey projections for total U.S. petroleum supply and demand,
an analysis was completed by PAD Districts of the U.S. Bureau of Mines
Petroleum Statement (1) year-end summaries for 1969 through 1973 for
historical trends. In this way an estimate was made of a normal 1978
supply and demand situation for each PAD District, as shown in Table 2,
indicating the most probable amount of domestic crude being refined in
each district, the requirements for imported crude, and the probable
level of product imports.

The historical trends as determined from the 1969-1973 U.S. Bureau
of Mines Reports were also used to prorate total U.S. domestic demand
and exports among the PAD Districts. Domestic crude production for
each PAD District was based upon U.S. Bureau of Mines data for 1973
with the following adjustments: PADS I and II were held relatively
constant, PAD IV shows a slight increase of 100 MB/D, PAD V was in-
creased by 1,400 MB/D to reflect North Slope production, and PAD III was

(1)

U.S. Bureau of Mines, "Annual Petroleum Statements,” Mineral Indus-
tries Survey.
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TABLE 2
PROJECTED U.S. SUPPLY/DEMAND BALANCE - 1978

(MiT1Tion Barrels Per Day)

PAD DISTRICTS

I I1 ITI IV v

Domestic Demand 7.8 5.2 3.7 0.5 2.5
Exports 0.02 - 0.11 el 0.07

TOTAL OIL DEMAND 7.82 5.2 3.81 0.5 2.57
Domestic Production ‘

Crude and Condensate 0.1 1.0 5.6 0.8 2.5

NGL and Other 0.02 0.3 1.2 0.04 0.04
Imports

Crude 1.8 1.0 2.0 - 0.2

Products, Unfinished & Other 2.53 0.08 0.19 - -
Processing Gain and Other 0.07 0.12 0.20 0.02 0.09
Interdistrict Domestic Movements

Crude 0.1 1.8 (1.6) (0.3) -

Products, Unfinished & Other 3.2 0.9 (3.78) (0.06) (0.26)

TOTAL OIL SUPPLY 7.82 5.2 3.81 0.5 2.57
MEMO :
Refining Capacity 2.2 4.2 7.1 0.5 2.9
Capacity Usable For Crude 2.0 3.8 6.5 0.5 2.7
Crude Runs 2.0 3.8 6.0 0.5 2.7




adjusted to balance on total. Total U.S. domestic production of natur-
al gas liquids (NGL) and other was prorated for each PAD District in
accordance with historical patterns. Total U.S. crude imports were
allocated to the individual PAD Districts in accordance with historical
trends and the refinery capacity additions indicated earlier, with the
following additional considerations: PAD V crude imports were reduced
to a nominal 200 MB/D to allow for specialty crude and refiners who do
not plan to process North Slope crude; PAD II at 1,000 MB/D included
only 300 MB/D of Canadian crude due to Canadian export curtailment
(whereas in 1973 virtually all 700 MB/D of crude imports were Canadian);
PAD I was set to meet projected demand requirements; PAD IV includes
negligibile imports; and PAD III was balanced on total. Product imports
were prorated in accordance with historical trends with the majority of
U.S. product imports required for PAD I. Interdistrict movements of
both domestic crude and products were based upon historical data and
the projected refinery capacity by PAD Districts. The applicability of
historic relationships for estimating future crude and product import
distributions and interdistrict movements has been assumed; however, it
should be noted that these patterns could change over time.

The total projected U.S. crude runs of 15.0 MMB/D for 1978, which
includes 10.0 MMB/D of domestic production and 5.0 MMB/D of imports, is
distributed among the projected refining capacity for the individual
PAD Districts, as shown in Table 2. Refining capacity includes existing
and announced U.S. capacity with good or average probability of comple-
tion by year-end 1977. Capacity usable for crude after excluding other
refinery inputs and considering historical utilization of reported
capacity is approximately 92 percent of total. Thus, the projected ca-
pacity usable for crude in 1978 is assumed to be 15.5 MMB/D which would
result in approximately 500 MB/D of spare crude refining capacity. This
spare capacity is expected to be primarily in PAD III.

PROBABLE INITIAL EMBARGO EFFECTS

A sudden and limited duration interruption of 3 MMB/D of petroleum
imports was considered which could be either all crude or a combination
of 60 percent crude and 40 percent product denial. An assessment was
made as to where a future embargo would likely impact geographically.
Table 3 shows the denial effects on the assumed 1978 base case imports
of both types of embargoes according to PAD Districts. Figures 1 and
2 show schematically the projected imports to the U.S. and the initial
denial effects. 1In 1978, negligible imported crude and products and
only imported specialty crudes will be required for PAD V. Therefore,
after completion of the Trans Alaskan pipeline, PAD Districts IV and
V would most probably be least affected by a future denial of crude
and products. The need to provide a formal crude security storage sys-
tem for West Coast refineries during the 1980's is uncertain. North
Slope crude deliveries are expected to begin by 1978. However, future
West Coast import volumes will depend on the growth in District V oil
demand which depends in part on the level of gas supplies, the future
level of production from new discoveries, including offshore and secon-
dary/tertiary recovery, the volume of North Slope crude moved into Dis-
tricts I-V, and the availability of Elk Hills crude to meet District V
requirements. Some or all of these factors may be clarified within the
next 2 to 3 years. In addition, it may be possible to supply District
V imports by exchange during an embargo. Therefore, a decision on
crude security storage for District V should be made at a later date.
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TABLE 3

POTENTIAL EMBARGO EFFECTS ON U.S. IMPORTS - 1978

(Mi1lion Barrels Per Day)

PAD DISTRICT

3 MMB/D DENIAL (ALL CRUDE OIL) I I _ITT IV v
Base Crude Imports 1.8 1.0 2.0 0 0.2
Deduct Canadian Crude

from PAD II and Specialty Crude
from PAD V (0.3) L (0.2)
Sub-Total 1.8 0.7 2.0 0 0
3 MMB/D Crude Denial (1.2) (0.5) (1.3) 0 0
Net Crude Imports 0.6 0.2 0.7 0 0
3 MMB/D DENIAL (60% CRUDE AND 40% PRODUCT)
Crude Denial (0.7) (0.3) (0.8) 0
Net Crude Imports 1.1 0.4 1.2 0
Base Product Imports 2.53 0.08 0.19 0 0
Product Denial (1.09)  (0.03) (0.08) 0 0
Net Product Imports 1.44 0.05 0.1 0 0
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Aside from the assumed continuing Canadian crude imports into PAD
II at the already reduced rate of 300 MB/D, for purposes of this esti-
mate it has been assumed that PAD Districts I, II and III would probably
experience a prorata share of either a crude or combination crude and
products denial. It should be noted, however, that re-optimization
under embargo conditions should divert non-embargoed imports and ships
at sea to PAD I from PAD III, with PAD III making up the difference
with security storage crude.

In order to determine the major petroleum products effects of a
future denial of imported crude or crude and products, an analysis was
made of the 5-year incremental U.S. refining yield pattern for 1969
through 1973 utilizing U.S. Bureau of Mines Reports (2). Refinery
output of the major products was plotted for each PAD District as a
function of refinery crude throughput, as shown in Appendix C. The re-
sultant incremental yields (slope of the plots) for PAD Districts I, II
and III, as presented in Table 4, were used to estimate the product-by-
product effects for both embargo situations. These initial embargo
product effects are shown in Tables 5 and 6.

REFINING/LOGISTICS RESPONSE TO A POSSIBLE EMBARGO

The U.S. petroleum industry response to the product shortfalls
estimated above was determined for three types of security storage
crude in order to test for crude quality characteristics. These in-
cluded NPR-1 Elk Hills crude (Stevens zone) and two combinations of low-
and high-sulfur crudes, namely South Louisiana/West Texas Sour and
Nigerian Light/Arabian Light. Average industry conversion refinery and
hydroskimming refinery yields for these crudes and crude mixtures are
shown in Table 7. The yields for the two low-sulfur crudes considered
are quite similar as are also the yields of the two high-sulfur crudes.
Thus the yields of the two crude mixtures are similar for the same
proportion of low-and high-sulfur crudes. The expected refinery yields
from Elk Hills crude are not significantly different from the two low-
and high-sulfur crude mixtures.

For the purpose of this analysis, it has been assumed that security
crude storage will be located in Gulf Coast salt domes to take advantage
of significantly lower project construction costs and attractive
overall economics. ' For projects storing approximately 250 MMB,
construction costs for Gulf Coast salt domes should range from $0.85
to $1.55 per barrel (1975 dollars) including tanker loading facilities
as compared to $6.00 to $12.50 per barrel for steel tank storage. An-
nual maintenance costs after filling and excluding ad valorem taxes are
0.5¢ per barrel for salt dome storage as compared to 2.5¢ per barrel
for steel tank storage. An additional cost would be involved in
transporting the crude from the Gulf Coast to the East Coast when the
crude is required during an emergency. This cost could range between
$0.50 and $1.00 per barrel of crude transported depending upon the size
of the tanker utilized and tanker rates existing at the time.

(Z)U.S. Bureau of Mines, "Annual Petroleum Statements," Mineral Indus-
tries Survey.
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TABLE 4

1969-1973 INCREMENTAL REFINERY YIELDS

(Percent of Crude Runs)

PAD DISTRICT

I I1 I11

Motor Gasoline 44 48 44

Distillate 20 35 36

Jet & Avgas 0 4 2

Heavy Fuel 0il 30 10 17

LPG 6 3 1

TOTAL 100 100 100

TABLE 5
INITIAL EFFECT OF CRUDE EMBARGO
(MiTTion Barrels Per Day)
PAD DISTRICT
I II 11 TOTAL
CRUDE DENIAL (1.2) (0.5) (1.3) (3.0)
PRODUCT EFFECT:

Motor Gasoline (0.53) (0.24) (0.57) (1.34)
Distillate (0.24) (0.18) (0.47) (0.89)
Jet & Avgas - (0.02) (0.03) (0.05)
Heavy Fuel 0i1 (0.36) (0.05) (0.22) (0.63)
LPG (0.07) (0.01) (0.01) (0.09)
TOTAL (1.2)  (0.5) (1.3) (3.0)
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TABLE 6

INITIAL EFFECT OF CRUDE AND PRODUCT EMBARGO
(Mi1Tion Barrels Per Day)

PAD DISTRICT

1 Il II1 Total
CRUDE DENIAL (0.70) (0.30) (0.80) (1.80)
PRODUCT EFFECT:
Motor Gasoline (0.31) (0.15) (0.35) (0.81)
Distillate (0.14) (0.10) (0.29) (0.53)
Jet & Avgas - (0.01) (0.01) (0.02)
Heavy Fuel 0i1 (0.21) (0.03) (0.14) (0.38)
LPG (0.04) (0.01) (0.01) (0.06)
TOTAL (0.70) (0.30) (0.80) (1.80)
PRODUCT DENIAL (1.09) (0.03) (0.08) (1.20)
PRODUCT EFFECT:
Motor Gasoline (0.03) - - 0.03
Distillate (0.10) - (0.02) (0.12)
Jet & Avgas (0.06) - (0.03) (0.09)
Heavy Fuel 0il (0.89) (0.01) (0.03) (0.93)
LPG (0.01) (0.02) - §0.03)
TOTAL (1.09) (0.03) (0.08) (1.20)

TOTAL PRODUCT EFFECT

Motor Gasoline (0.34) (0.15) (0.35) (0.84)
Distillate (0.24) (0.10) (0.31) (0.65)
Jet & Avgas (0.06) (0.01) (0.04) (0.11)
Heavy Fuel 011 (1.10) (0.04) (0.17) (1.31)
LPG (0.05) (0.03) (0.01) 0.09)
TOTAL (1.79) (0.33) (0.88) (3.00)

Furthermore, it was assumed that crude withdrawal from security
storage and shipment would not be limiting factors in an emergency
situation. This assumption was based on selection of specific salt
dome sites being located (1) near major crude pipelines capable of
delivering crude to inland (pipeline connected) refineries in PAD
Districts II and III at rates compatible with normal crude import rates
and (2) with access to water such that tankers can both deliver crude
into storage and be loaded for delivery out of storage to U.S. refiner-
ies in PAD I who normally receive crude by water (see Figure 3 for sche-
matic). If sufficient U.S. flag vessels are not available during an
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TABLE 7

REFINERY YIELDS FROM SELECTED CRUDES

(Percent)
Nigerian Arabian 30/70 South
Light Light Mix La.

Gravity, °API 38 34 35
Sulfur, Wt. % 0.1 1.7 0.2
AVERAGE INDUSTRY CONVERSION REFINERY YIELD, %
Motor Gasoline 63 57 58 58
Distillate 23 27 26 23
Jet & Avgas 11 7 8 13
Heavy Fuel 011 3 8 7 6
LPG _0 1 1 _0
TOTAL 100 100 100 100
HYDROSKIMMING REFINERY YIELD, %
Motor Gasoline 30 25 27 24
Distillate 27 23 24 26
Jet & Avgas 11 7 8 15
Heavy Fuel 0il 27 40 36 30
LPG 2 2 2 2
TOTAL 97 97 97 97

West Tx.

Sour

32
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23
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Mix

60
23
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emergency to transport the security storage crude or to distribute re-
fined products, utilization of foreign flag vessels should be allowed.
Thus, in an embargo situation, PAD Districts II and III could be supplied
with security storage crude through the normal pipeline receipt system
for imported crude. With proper planning, the logistical problems of
delivering security storage crude out of Gulf Coast salt dome storage
during an emergency to PAD I could be minimal. Furthermore, it would
appear logical for the majority of the remaining crude imports during
an embargo situation to be directed to PAD I with PAD Districts II and
ITII supplied out of security storage, thus minimizing the need to ship
security storage crude to PAD I.

In determining the effect of replacing the embargoed crude with
security storage crude, refining yield flexibility was assumed to exist
in each PAD District such that the replacement crude yields could vary
between the average conversion and hydroskimming operating modes to
compensate equally for the heavy fuel o0il shortfall resulting from a
crude denial. This is a reasonable assumption based upon the U.S.
refining industry's demonstrated flexibility to vary yield patterns and
heavy fuel o0il producibility.

Table 8 shows the estimated response to a future crude denial by
major products and PAD Districts for the three types of security crudes.
Processing of crude does not significantly affect liquified petroleum
gas (LPG) production and therefore any future requirement for imported
LPG should not depend on security storage crude for import denial
protection. A slight shortfall of motor gasoline and distillates was
calculated; however, this can easily be offset by a product shift from
jet and aviation fuels. Therefore a crude denial alone would appear to
be manageable with crude only in security storage.

The product response to a combination imported crude and product em-
bargo is presented in Table 9, by PAD District. The denied imported
crude (1.8 MMB/D) would be replaced together with an additional 0.5 MMB/D
of security storage crude to fill spare refining capacity in the United
States. In the event that no spare refining capacity exists in the
future, additional crude running might be achieved during an emergency
situation by deferring otherwise normally planned refinery unit mainten-
ance shutdowns and incurring other non-optimum operating steps. A 3 per-
cent increase of usable capacity from the historic 92 percent to 95 per-
cent of reported capacity would have an equivalent effect of filling the
projected 1978 spare capacity of 500 MB/D. Of the remaining available
0.7 MMB/D of security storage crude, at least 0.6 MMB/D could be run in
offshore (Caribbean) refineries based on the expected spare capacity of
these refineries during an embargo situation. This expected spare
capacity is based on the assumption that a product import denial
resulting from a crude supply denial will be distributed in historical
proportions among the normal U.S. sources (countries of import origin).
Based on U.S. Bureau of Mines data for 1973 (3), product imports from
Caribbean countries represented approximately 50 percent of total U.S.
product imports. Thus in an embargo situation involving 1.2 MMB/D of
denied product imports to the United States, at least 600 MB/D of
spare refining capacity should exist in Caribbean refineries.

(3) U.S. Bureau of Mines, "Annual Petroleum Statement," Mineral Indus-
tries Survey.

37



TABLE 8

ESTIMATED RESPONSE TO CRUDE EMBARGO
(Mi1T1ion Barrels Per Day)

PRODUCT SURPLUS/ (SHORTFALL )WITH SECURITY STORAGE CRUDE
SECURITY STORAGE CRUDE TYPE AND MIX
Initial Embargo Nigerian Light/ So. Louisiana/ Elk
Product Effect Arabian Light West Tx. Sour Hills

PAD I

Motor Gasoline (0.53) (0.15) (0.16) (0.07)
Distillate (0.24) 0.06 0.07 (0.02)
Jet & Avgas - 0.10 0.12 0.10
HFO (0.36) 0.02 - -
LPG (0.07) 0.05) (0.05) §0.05)
TOTAL (1.2) (0.02) (0.02) (0.04)
PAD II

Motor Gasoline (0.24) 0.03 0.05 0.05
Distillate (0.18) (0.05) (0.07) (0.07)
Jet & Avgas (0.02) 0.02 0.02 0.02
HFO (0.05) - - -
LPG 0.01) - - -
TOTAL (0.50) - - -
PAD III

Motor Gasoline (0.57) 0.06 0.06 0.10
Distillate (0.47) (0.14) (0.16) (0.18)
Jet & Avgas (0.03) .07 .09 0.07
HFO (0.22) - - -
LPG (0.01) - - -
TOTAL (1.3) (0.01) (0.01) (0.01)
Total U.S.

Motor Gasoline (1.34) (0.06) (0.05) 0.08
Distillate (0.89) (0.13) (0.16) (0.27)
Jet & Avgas (0.05) 0.19 0.23 0.19
HFO (0.63) 0.02 - -
LPG (0.09) !0.05) (0.05) §0.05)
TOTAL (3.0) (0.03) (0.03) (0.05)
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PAD I

Motor Gasoline
Distillate

Jet & Avgas
HFO

LPG

TOTAL
PAD II

Motor Gasoline
Distillate

Jet & Avgas
HFO

LPG

TOTAL
PAD III

Motor Gasoline
Distillate

Jet & Avgas
HFO

LPG

TOTAL
TOTAL U.S.

Motor Gasoline
Distillate

Jet & Avgas
HFO
LPG

TOTAL

TABLE 9

ESTIMATED RESPONSE TO CRUDE AND PRODUCT EMBARGO
(Mi1lion Barrels Per Day)

SECURITY STORAGE CRUDE TYPE AND MIX

Initial NIGERTAN LIGHT/ARABIAN LIGHT  SO.LOUISIANA/WEST TEXAS SOUR ELK HILLS
Embargo  Run Run Net Run Run Net Run Run Net
Product Crude Crude Surplus/ Crude Crude Surplus/ Crude Crude Surplus/

Effect Onshore Offshore (Shortfall) Onshore Offshore (Shortfall) Onshore Offshore (Shortfall)

(0.33) 0.2 0.16 0.04 0.21  0.16 0.03 0.7 0.23 0.16
. . ) 13
&8.323 o 0.06 (0.01) 0% o.08 0.03 0 oe  0.05 (0.06)
(1.10) 0.2 0.36 (0.52) 0.21 0.3 (0.55) 0.21  0.30 (0.59)
(0.05) 0.0 - (0-04) 0.01 (0.04) 0.01 - (0.04)
(1.79)  0.68 0.58 (0.53) 0.68  0.58 (0.53) 0.68  0.58 (0.53)
(0.15)  0.16 - 0.01 0.17 - 0.02 0.17 - 0.02
(0.10)  0.08 - (0.02) 0.07 - (0.03) 0.07 - (0.03)
(0.01)  0.02 - 0.01 0.02 - 0.01 0.02 - 0.01
(0.04) 0.03 - (0.01) 0.03 - (0.01) 0.03 - (0.01)
(0.03) 0.01 _ (0.02) 0.01 - (0.02) 0.01 - 0.02)
(0.33) 0.3 - (0.03) 0.3 - (0.03) 0.3 - (0.03)
(0.35) 0.63 _ 0.28 0.63 - 0.28 0.67 - 0.32
(0.31)  0.33 - 0.02 0.3] - - 0.29 - (0.02)
(0.04) 0.10 - 0.06 0.12 R 0.08 0.10 - 0.06
(0.17) 0.2 - 0.05 0.22 - 0.05 0.22 - 0.05
(0:01) 0.01 _ - 0.01 - . 0.01 - -
(0.88) 1.29 - 0.41 1.29 - 0.41 1.29 - 0.41
50,343 1.0] 0.16 0.33 1.0 0.16 0.33 1.1 0.23 0.50
0.65) 058 0.56 0.49
R 0.06 0.06 056 0.08 0.09 049 0.05 (0.04)
(1.31)  0.47 0.36 (0.48) 0.46 0.3 (0.51)  0.46  0.30 (0.55)
(0.09)  0.03 : (.06} 0.03 - (0.06)  0.03 : (0.06)
(3.0)  2.27 0.58 0.15) 2.27  0.58 (0.15)  2.27  0.58 (3.15)




The United States has traditionally relied on Caribbean refineries to
consistently supply between 50 to 60 percent of total United States heavy
fuel o0il demand. The bulk of these imports came initially from the
major refining centers in Venezuela, the Netherlands Antilles, and
Trinidad. In more recent years, the Virgin Islands and the Bahamas

have also become major suppliers of fuel oil to the U.S. from the
Caribbean. An even more striking reliance on Caribbean imports is

found on the U.S. East Coast (PAD District I) where imports have supplied
80 to 90 percent of fuel o0il demand over the last decade. Here again

the five major Caribbean refining centers mentioned above supply

almost all of the fuel o0il imports. The domestic supplies for the

East Coast include shipments Of fuel oil from the U.S. Gulf Coast as

well as indigenous fuel oil production on the East Coast.

Total imports of approximately 1.3 MMB (4) were received in 1973
from the Netherlands Antilles, Bahamas, Trinidad, Virgin Islands and
Puerto Rico which represented about 50 percent of the reported capacity
for these countries. (5) These Caribbean refineries are an integral part
of the refining capacity normally serving the U.S. market and should
therefore be utilized in an embargo situation. The security storage
crude delivery logistics of supplying these refineries are similar to
those discussed previously for delivering crude to PAD I. Although
these refineries would probably be supplied with the remaining crude
imports, the same facilities for withdrawing security storage crude
from the Gulf Coast salt dome storage and loading on tankers could
supply these refineries in an embargo situation (see Figure 4).

Since a substantial shortfall of heavy fuel o0il, especially in PAD
I, results from the crude and product denial, security storage crude
processed in offshore facilities would be run at maximum hydroskimming
yields. The maximum hydroskimming yields for the crude types considered
are shown in Table 10. The overall response to a crude and product
denial, as presented in Table 9, indicates that most product requirements
could be met with no insurmountable problems. The only potentially
significant remaining product shortfall after processing security stor-
age crude is PAD I's requirement for heavy fuel o0il in the Northeastern
states. Under the stated assumptions, this shortfall could be 400 to
600 MB/D, or approximately 15 percent of the total U.S. heavy fuel oil
demand in 1978. Depending on the spare refining capacity available at
the time of an embargo, the shortfall may be somewhat larger. Further
consideration specifically aimed at this potential exposure is warranted
in order to develop alternative strategies to mitigate the impact of
a heavy fuel oil shortfall.

STEPS TO COVER HEAVY FUEL OIL SHORTFALL

A possible solution for responding to a heavy fuel oil shortfall
is product security storage. Heavy fuel oil (or acceptable substi-
tutes; e.g., distillates) could be stored in tanks at individual re-
fineries, terminals, and/or at the major utilities and individual in-
dustrial plant locations in the Eastern states. However, this is

(4) 1Ibid.
(5) 0il & Gas Journal, December 31, 1973, Vol. 71, No. 53, Page 88.
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TABLE 10

OFFSHORE HYDROSKIMMING REFINING YIELDS
(Percent)

Nigerian Arab. 30/70 South West Tx. 30/70 Elk

Light Light Mix La. Sour Mix Hills
Naphtha 30 25 27 24 27 26 38
Distillate 21 5 10 23 10 14 9
Heavy Fuel 0il 46 67 60 50 60 57 50
TOTAL 97 97 97 97 97 97 97

very high cost storage and there is a substantial economic incentive to
develop alternative means for covering, or at least easing, heavy fuel
0oil shortages before initiating a costly fuel o0il security storage
construction program on the East Coast. This incentive, based on
covering a 500 MB/D heavy fuel oil shortfall for a 180-day period, could
amount to a capital investment of over $1 billion (1975 dollars) ex-
cluding the cost of fill.

Among the alternative steps to cover a heavy fuel oil shortfall
which should be considered are:

° Demonstrated refinery yield flexibility
° Distillate blending to fuel oil
° Extraordinary refinery yield flexibility as a condition of

security storage crude receipt

) Reduce demand through conservation
° Store heavier crude
® Conversion to coal.

The quantitative impact of these options at the time of an embargo is
uncertain; however, an estimated range of the potential effect of each
of these steps to mitigate a heavy fuel o0il shortage is presented

in Table 11. The actual magnitude achievable will depend upon several
factors prevailing at the particular time on the different steps. Thus
a range of the potential impact on heavy fuel oil availability is

shown as a speculative estimate of what could be expected during an
embargo or emergency situation. A discussion of each of these steps
follows.

42



Demonstrated Refinery Yield Flexibility

Refinery yield variations can provide flexibility in product
mix. When an emergency situation denies the United States a certain
product that is normally imported, domestic refineries can partially
offset the effect by increasing production of that product and, of
course, decreasing production of other products. Directionally the
result would be to spread the shortage, insofar as consumers are
concerned, proportionately among all the products.

In order to reduce the projected heavy fuel o0il shortfall during a
crude and product denial, product flexibility of refineries should be
directed toward increasing the supply of heavy fuel oil and distillates
and reducing the supply of motor gasoline. The ability to vary production
among the end-products was the subject of a survey of U.S. refineries
conducted by the NPC staff in 1973 which asked respondents to indicate
the range in yields possible in 1978 based on projected operable capacity.
The results were presented in the NPC Emergency Preparedness Report dated
September 1974. Experience indicates that a yield change of approximately
2 to 3 percentage points is feasible. This would be equal to about 170
to 250 MB/D of additional heavy fuel oil available from the 8.5 MMB/D
crude processed in PAD Districts I and III to offset the heavy fuel oil
shortfall in PAD I. PAD Districts II and IV could also alter their
yield patterns to supply some additional volume of heavy fuel oil to
PAD I.-

Distillate Blending To Fuel 0il

Additional heavy fuel o0il could be produced, principally at the
expense of middle distillates through deconversion and blending of

TABLE 11
ESTIMATED EFFECT OF EMERGENCY STEPS TO COVER HEAVY FUEL OIL SHORTFALL
(Thousand Barrels Per Day)
Range of Additional

Emergency Steps Heavy Fuel 0il
Demonstrated Refinery Yield Flexibility 170 - 250
Distillate Blending 150 - 200
Extraordinary Refinery Yield Flexibility Not Quantified
Reduce Demand through Conservation 140 - 280
Store Heavier Crude Not Quantified
Conversion to Coal 0 - 100
TOTAL EMERGENCY POTENTIAL 460 - 830
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distillate fuels into heavy fuel oil. In view of the estimated 350 to
450 MB/D surplus producibility of motor gasoline and distillates during
an embargo situation with security storage crude, 150 to 200 MB/D of
distillate blending to heavy fuel o0il is considered to be potentially
achievable. Depending on more rigorous determinations of (1) refinery
yield flexibility, and (2) fuel oil user flexibility, this option might
be significantly expandable.

Extraordinary Refinery Yield Flexibility

During future emergency situations which are so severe as to result
in a heavy fuel o0il shortfall after normal refinery yield adjustment
steps have been implemented, extraordinary refinery yield flexibility
steps could be undertaken. Non-optimum steps could be implemented such
as by-passing and/or shutting down refinery units (cokers, catalytic
cracking units and hydrocrackers), diverting streams normally used to pro-
duce asphalt, and adjusting base heavy fuel o0il yields up to distribution
system limits. 1In this way petroleum product components could be made
available for fuel oil disposition; however, the extent to which this
could be accomplished would likely be limited by the capability of the
individual refinery's existing fuel oil blending equipment, storage
tanks, loading facilities, pipelines, marine and terminal facilities,
all of which involve millions of dollars of substantial investment.

Some refineries may be less restricted than others and, therefore, have
spare fuel o0il producibility which could be utilized during an emergency.
Other refineries have only a limited amount of flexibility to produce
some fuel o0il up to a facility's limit requiring major investment and
high incremental costs to alleviate. Information was not readily avail-
able during the development of this report for predicting a reasonable
range of the additional heavy fuel o0il attainable through extraordinary
refinery steps. Additional work should be completed, including a
survey of individual refineries in PAD Districts I and III, in order to
quantify the potential for increased heavy fuel o0il production through
extraordinary refinery steps.

These extraordinary refinery yield steps would probably require
refinery investment to implement since traditional demand variations
provided for in the typical refinery facilities design do not require
this degree of flexibility.

However, investment for increased refinery heavy fuel oil yield
flexibility would almost certainly be a more attractive alternative
than security storage of heavy fuel oil. Means of cost recovery and
motivation would be required to encourage refineries to invest and to
initiate otherwise non-economic operating steps. For example, a minimum
yield of heavy fuel o0il could be imposed as a condition of receipt of
security storage crude and/or price incentives for yield shifts could
be specified.

Reduce Demand Through Conservation

The policy of the government should be to encouragebthe conservation
of energy. However, even with conservation, a possible future denial
of 3 MMB/D would require emergency energy curtailment. Voluntary
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measures can be expected to offset loss of only a relatively small
volume of imports. Therefore, the Federal Government should have a
standby mandatory allocation authority and plans available for distri-
buting supplies in an equitable manner during an emergency.

Residual fuel oil consumption was reduced by 781 MB/D, or 22 per-
cent of projected domestic consumption during the first quarter of 1974
as shown in the September, 1974 Emergency Preparedness Report. This
reduction was considered to result from several constraining factors:
lower electricity use, warmer than normal weather, 2° F thermostat
setting reduction, lower refinery throughput, lower economic activity
together with allocation and conservation. The extent of energy conser-
vation achieved in the future under normal conditions will depend on
prices, the rate of development of additional sources of energy, and the
intersubstitutability of fuels, which in turn will depend on policies,
laws, regulations, and government actions at all levels.

Also, a future embargo may occur after many price-driven efficien-
cies and voluntary use-curtailments have been effected, and little
"slack" remains. Thus, the actual magnitude of energy conservation
achievable under a future emergency situation is difficult to assess.
However, during an emergency period, when governmental encouragement of
conservation programs would be more emphatic, a net reduction of 4 to
8 percent of heavy fuel o0il consumption may be possible considering
the combined effects of conservation efforts directed toward all petro-
leum products. This would equate to approximately 140 to 280 MB/D of
reduced heavy fuel 0il consumption in 1978.

Store Heavier Crude

Another possible option for increasing heavy fuel oil production
to cover a future denial is to selectively store heavier crudes with
higher fuel o0il yields (e.g., Elk Hills shallow zone crude). While
substantial refinery flexibility exists to shift yields of various
products to meet seasonal needs, the U.S. refineries do not have a
large amount of flexibility with regard to crude types. Alternative
crude supplies would be required which either match closely or exceed
the quality of the interrupted supplies. The crude types and mixes
considered in this study generally qualify as suitable substitutes. A
more detailed analysis of individual refinery facilities would be
required to assess the ability to utilize heavier crudes. The effect
of this step to increase heavy fuel 0il production in the United States
over what has already been assumed is considered to be minor; however,
the ability to utilize heavier crudes could exist in offshore refin-
eries and the associated advantages should be considered further in de-
termining specific security storage crudes.

Conversion to Coal

During an oil denial period, the ability to convert quickly from
heavy fuel o0il to another available fuel could mitigate the potential
economic and social disruptions caused by the denial. 1In addition to
the convertibility of the industrial sector from o0il to gas discussed
above, substitution of coal in electric utility boilers should be
pursued. During the last emergency period, it was estimated that
approximately 250 MB/D could have been converted from oil and gas to
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coal within a 90-day period. Actual convertibility through March, 1974
was approximately 60 MB/D. The unavailability of coal supplies of
proper quality characteristics and the inability to obtain air quality
variances were the principle reasons for lower conversion rates. An
analysis documented in the September, 1974 NPC Report of coal converti-
bility by PAD Districts indicated a maximum future potential convertibil-
ity of 375 MB/D, essentially all of which is located in PAD I.

The Energy Supply and Environmental Coordination Act of 1974 (HR
14368), which was signed into law on June 22, 1974, should directionally
increase the amount of coal being burned in utilities through 1980.
This Act gives the Federal Energy Administration (FEA) authority to
require power plants and other major users burning oil or gas to switch
to coal. These conversions, to the extent possible, must comply with
primary air quality standards of the Clean Air Act. The Act authorizes
temporary suspension of air quality restrictions on coal burning and
requires the EPA under certain conditions to grant exemption from State
Secondary Standard Implementation Plan Regulations to those who convert
to coal. The law also gives the FEA power to allocate low-sulfur
fuels.

The FEA is also authorized to require new power plants to be built
to use coal as the primary energy source if the FEA determines that (1)
using coal will not impair service, and (2) a reliable source of coal
is expected to be available. Under this law, as of June 1974, 42 units
and 23 plants are in line for conversion to coal. Some of these con-
versions will take from 6 months to 3 years. By the order to convert
these plants, the future conversion to coal potential of PAD District I
will be reduced to approximately 90 MB/D; therefore as much as 100 MB/D
is shown in Table 11 for this step. However, if coal conversions are
maximized in the base, there may be no significant increment available
at the time of a future embargo.

Estimated Potential Fuel Oil Flexibility

These scoping estimates indicate a total potential range of ad-
ditional heavy fuel oil available through these particular emergency
steps of 460 to 830 MB/D plus the non-quantified effects of implement-
ing extraordinary refinery yield flexibility steps and possibly storing
higher yielding heavy fuel 0il crudes. In addition to these steps, in
an emergency petroleum supply interruption under the provisions of the
International Energy Program (IEP) Agreement fuel o0il could be allocat-
ed to the United States in lieu of crude. Therefore, it would appear
that covering a 400 to 600 MB/D shortfall could be approached and pos-
sibly achieved through some combination of emergency preparedness steps.

CONCLUSIONS AND RECOMMENDATIONS

The above analysis of the potential effects of a future interruption
of imports and the ensuing refining and logistical response with security
storage crude indicates that:

° A 3 MMB/D crude denial of a duration for which security crude
storage has been designed and sized is manageable, and the
impact on the normal U.S. petroleum supply and demand require-
ments could be minimized to a tolerable level.
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A 3 MMB/D crude and product denial (in a 60/40 percent ratio)
could cause approximately 400 to 600 MB/D shortfall of heavy
fuel o0il primarily in the Northeastern states. The impact of
this shortfall could be mitigated if not essentially eliminated
through appropriate energy emergency action steps; however,
further and more specific quantification will be required

to more definitively assess this potential.

As a result of this analysis it is recommended that:

The U.S. should expeditiously develop a security storage
system to initially provide crude o0il storage for the protec-
tion of domestic refinery runs during future emergencies.

In view of the potential heavy fuel 0il shortfall resulting
from an interruption of crude and product imports, the U.S.
Department of Interior should conduct a detailed review of
the refineries located in PAD Districts I and III (and if
possible the other PAD Districts, Eastern Canada and the
Caribbean) to determine their yield flexibility to produce
heavy fuel o0il under normal conditions and in an emergency
situation. (Suggested questions for such a survey are listed
in Appendix D). Furthermore, PAD I fuel oil users should be
studied in detail to determine their ability to use lighter
0ils on an emergency (albeit non-optimal) basis.

Pending the results of more detailed refinery and fuel oil
user surveys together with a further assessment of other
potential heavy fuel o0il emergency steps, final conclusions
and recommendations regarding heavy fuel or alternative light
0il (e.g., distillate) storage should be deferred, although
it is anticipated that no such security storage will be
required.

Any future projects requiring imported LPG should not depend
on security storage crude for protection against LPG import
denial.

The United States should have available emergency energy-use
reduction programs designed for responding immediately to
interruptions of oil imports.

In selecting the crude type and mix, consideration should be
given to its heavy fuel oil yield characteristics to the
extent that domestic and offshore refining facilities are
capable of processing the heavier crude. Moreover, the
combined effects of shifting refinery yields and running
stored crude may require product specification (sulfur)
relaxation during an embargo.

Standby mechanisms to prompt desired emergency actions, such
as yield shifts toward fuel o0il, should be formulated and
included as part of emergency preparedness planning. For
example, economic incentives are required to provide cost
recovery of otherwise non-economical shifts and to motivate
fast and widespread refiner response.
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CHAPTER II

SOURCES AND ECONOMICS OF CRUDE STORAGE FILL

INTRODUCTION

The preceding chapter discussed the merits of including produced
crude o0il in security storage. This chapter will address the possible
alternative sources for produced crude oil to be used as fill, in
terms of the pertinent factors associated with each, and the relative
expenditure cost to the economy for each source.

There are four principal sources of crude oil which can be
considered for security storage fill. These are:

® Domestic crude oil;

° Foreign crude oil purchased and transported to storage;
° Federal royalty oil; and

° Crude o0il from Naval Petroleum Reserve No. 1 (NPR-1).

In addition to these possibilities using conventional crude
0il, synthetic o0il derived from a source such as shale was considered,
but its cost was estimated to be substantially higher, and its
availability more distant by several years.

With the exception of oil obtained from the Naval Petroleum
Reserve, all other sources of security storage crude would require a
net increase in foreign imports. Presently, domestic production is
declining even though essentially all United States oil and gas
fields are being produced at their maximum efficient rates (MER's).
While this trend will reverse by the early 1980's as new areas enter
the production base, notably from the Alaskan North Slope, year to
year declines will resume after only a brief period, as product
demand growth outstrips increases in domestic crude availability.
Unless new energy sources are developed beyond those presently pro-
jected, or consumption markedly curtailed, increased reliance will
be placed upon imports of crude and products.

Security storage of crude o0il has been recommended as a feasible
means of increased preparedness to deal with the disruptions to the
national security, both economic and military, occasioned by a
denial of petroleum imports. Such stored crude oil, ideally, should
be of a composition to facilitate ready substitution in the refining
capacity denied imports with minimal shift in desired product yield
and quality, and deterioration to processing and handling equipment.
Analysis of projected refining capacity in 1980, in the regions most
severely impacted by a denial of imported crude o0il (i.e., PADS I-
III), suggests 60 percent of the capacity could require low-sulfur
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crudes (i.e., less than 0.5 weight percent sulfur content). While
it cannot be predicted what proportion of the crude imports denied
would be low sulfur, currently about one-third of foreign crude
imports can be classified as low sulfur. Accordingly, crude oil
stored under a security storage program should be segregated into
low-sulfur and high-sulfur components with one-third or more as low-
to medium-sulfur crude.

With this background, each of the potential sources will be
considered and evaluated.

CRUDE OIL SOURCE ALTERNATIVES

Domestic Crude 0il from Existing Production

Programs could be designed to put in storage barrels of domestic
crude diverted from current production and supply to refineries.
The supply and storage obligation could be accomplished as a mandated
sale to the Federal Government by the private producing sector, or
as an assigned responsibility to the several sectors of the petroleum
producing and consuming industries, to include integrated producers
and refiners, independent refiners, jobbers, brokers, marketers,
terminal operators, petrochemical firms, utilities, etc. The issues,
benefits, drawbacks, inequities and possible consequences of govern-
ment versus private ownership, control and funding are discussed at
length in Chapter 1IV.

The amount of domestic crude o0il supply to be diverted and
concurrent increases in foreign import requirement will depend upon
the volume of crude oil to be stored and time period for accomplish-
ing fill. A 500 MMB security storage system crude oil requirement,
filled within 3 years, would equate to an additional daily require-
ment of 450 MB during the fill period. Under these circumstances,
if the basic need were at the first quarter 1975 level (3.8 MMB/D)
during the full fill period, the imports would be increased by
approximately 12 percent: Increasing the national requirement for
foreign imports is in direct conflict with the goals of Project
Independence and the current action programs which seek to re-
duce imports dependency.

Cost of the fill to the Nation would be effectively the cost of
the foreign crude used for replacement including tanker transport.
Payment in dollars to the foreign producer would be in the direction
of worsening the balance of trade. '

From a quality standpoint, withdrawal of domestic crude from
current runs for storage would require the acquisition of replacement
material of equivalent gravity, content and yield characteristics.

This would require careful planning, especially in terms of replacement
of sweet crude sent to storage, as the world supply/demand balance
returns to a situation where the Persian Gulf, with its high-sulfur
crude, becomes the major incremental source.
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Purchased Foreign Crude

If it were feasible and economic to use purchased foreign crude
as security storage fill, the objective of protection from future
import supply interruption would be achieved by the use of foreign
reserves rather than domestic reserves.

An important factor to consider with the use of purchased
foreign crude for storage would be the attitude of the host govern-
ments, from whom the crude would be supplied. It could be speculated
that they might consider the use of o0il produced in their countries
directly for this purpose inimical to their national interests. How-
ever, the International Energy Program Agreement, with its proposed
requirement for the establishment of strategic reserves by all members,
and the U.S. intention to create a national security reserve are
matters of public record. It is not possible to predict what actions,
if any, might be taken against the United States, if it chose to
acquire foreign crude for security storage fill.

The excess supply of foreign crude now available would suggest
that quantities could be acquired for security storage purposes.
However, commitment to a program of substantial volume acquisition
for this purpose would maintain upward pressure on world oil prices.
Any price increase that is occasioned by this increase in demand
requirement has the adverse cost effect not only on the security
storage volumes but on all imported barrels that are increased in
price. In addition, such action would impact adversely on the
energy cost of the less industrially developed nations.

Use of purchased foreign crude for fill increases total imports
directly by the volumes purchased. Cost would be the price paid to
the seller including transportation to the United States. Presumably,
if the government were to purchase the fill, there would be no need
to pay itself import tariff fees and duty. Foreign exchange balances
would be adversely affected by the dollars used for payment in the
foreign exchange portion of the transaction.

Federal Royalty Crude

The Federal Government has historically leased federal lands for
exploration for and production of o0il and gas by the United States
petroleum industry. During the early years, public and acquired
properties onshore were involved. In 1947, President Truman by
Proclamation No. 2667 declared that "The Government of the United
States regards the national resources of the subsoil and sea bed of
the continental shelf beneath the high seas but contiguous to the
coasts of the United States, as appertaining to the United States,
subject to its jurisdiction and control." By authority of this
proclamation, leases were granted by the Federal Government and
petroleum development started outside the boundaries of the states
in the Gulf of Mexico, off Louisiana and Texas. Subsequent addi-
tional legislation has expanded the scope of such leasing, defined
procedures and conditions for such activities.
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Under this program, the Federal Government receives as a condition
of the lease an "owners" royalty payment. This payment which could
be in o0il or money payment was initially a one-eighth royalty for the
onshore tracts leased. In more recent times, the size of the royalty
has moved upward and is commonly one-sixth for offshore leases, though
it has been as high as 32 percent for some lease sale contracts.

The amount of federal royalty oil has increased as the leasing
program expanded and reached a peak volume of 88 MMB for the year
1971. The year to year volume of such oil has trended slightly down-
ward since then and totalled 80 MMB for the year 1974.

Federal royalty oil has been set aside in the past for sale to
eligible small refiners who qualify as small business enterprises
under rules of the Small Business Administration. These refiners
are thus guaranteed an adequate domestic supply of crude oil to meet
the needs of their existing refinery capacities. 1In 1974, 53 percent
of the federal royalty oil was supplied to this group. Royalty
0il remaining after meeting the demand of eligible refiners is sold
to the lessee or to the operator of the lease. During 1974, approxi-
mately 38 MMB were handled in this manner.

The prices received for royalty oil have moved upward with
domestic o0il prices under the price control regulations and as
weighted by the proportions of new and old crude oil produced as
defined by Federal Energy Administration regulations. The estimated
weighted average price received in June, 1975, is in the range of
$7.00 to $7.50 per barrel.

Total federal receipts for royalty oil increased in 1974 over
the same period for 1973 from $494 million to $670 million, largely
the result of increase in the price realized.

If the current rate of royalty oil production were to be main-
tained, and it were to be the sole basis directly or indirectly for
fill of national petroleum security storage, over 6 years would be
required for a 500 MMB system and, of course, longer if a larger
volume program were instituted or the production rate continues to
decline.

In addition, "eligible" refiners who now buy roughly one-half
of all federal royalty oil would be required to obtain replacement
volumes which would presumably be incremental foreign oil at the sub-
stantially higher prices which are required for foreign oil. About
$700 million per year of government revenue would be foregone if all
federal royalty oil were to fill security storage instead of being
sold. This in effect becomes the a cost to the Federal Government for
using this o0il for storage. However, the cost to the Nation would
be significantly higher, possibly on the order of $1 billion per year
at current foreign oil prices.

As is the situation with regard to purchased domestic crude,
since federal royalty o0il is now a portion of domestic supply to
United States refineries, its diversion to security storage would
require replacement with imports to balance the supply. At the 1974
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rate, imports would have to increase 220 MB/D. Dollars paid to
foreign suppliers, insurers and tanker owners for the oil would
contribute to unfavorable exchange balances, just as in the case of
purchasing foreign oil directly for security storage.

Naval Petroleum Reserve Crude

The September, 1974 Report of NPC on Emergency Preparedness for
Interruption of Petroleum Imports into the United States included a
section entitled, "Production from Naval Petroleum Reserves" (1l
which concluded that of these only NPR-1 (Elk Hills) would be capable
of providing significant additional production for a number of
years.

The NPR-1 reserve at Elk Hills is situated in Kern County near
Bakersfield, California. The field is reserved by law for use in
a national emergency and requires approval of the President and
a joint resolution of Congress for production in excess of the min-
imum required to maintain the field in a state of readiness and to
prevent drainage from adjacent commercial wells. Average current
production from this field is 3 MB/D.

The field is reported to have several zones of oil and gas
deposits with two principal zones--a shallow zone at about 3,000
to 4,000 feet, and the thicker Stevens zone at 5,000 to 9,000 feet.
Total proved reserves are reported as 1 billion barrels with possible
additional reserves estimated at 0.5 billion barrels as exploration
proceeds. The Navy has an active 5-year exploration and development
plan which is currently under way with five drilling rigs at work. (2)

The shallow zone crude, which represents approximately one-third
of the reserves, as typified by an October, 1974 sample, had a 20° API
gravity and a sulfur content of 0.9 weight percent. The gravity of
Stevens zone crude, comprising about two-thirds of the reserves,
ranges from 28° API to 38° API. Sulfur content ranges from 0.3 to
1.5 weight percent. A sample of Stevens zone crude taken in December,
1973, which might be indicative of the average quality of this zone,
had a gravity of 31.5° API and a sulfur content of 0.65 weight percent.

A significant volume of associated gas is present in the Stevens
zone and the Navy is developing plans for optimal gas handling as
field development proceeds. Given the necessary legislative approval
and funds, a production rate of 130 MB/D could be possible within
several months and, with continued development, an ultimate production
rate of 400 MB/D might be achieved by 1980.

Maximum ultimate recovery of hydrocarbons from the field can un-
doubtedly be achieved by limiting production to the maximum efficient

(1) Pages 87-89.

(2) Naval Petroleum and Strategic Energy Reserves Serial No. 94-13
(92-103). Statement, Jack L. Bowers, Assistant Secretary of
the Navy at joint hearings before the Committees on Interior
and Insular Affairs and Armed Services, United States Senate,
March 11, 1975, Pages 117, 121.
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rate (MER). The Office of Naval Petroleum Reserves in 1972 estimated
MER at 267 MB/D.(3) The MER may be revised after completion of the
current drilling program. Producing capacity decline with time must
be considered since storage fill would take place over several years.
If a sustained rate of 267 MB/D could be maintained, 98 MMB per year
of total production would be available from NPR-1l. Since the Navy's
share of this is about 80 percent, approximately 80 MMB per year
would be available for fill. If NPR-1 production were to be the bas-
is for a 500 MMB crude security storage system, between 6 and 7 years
would be required to accomplish the fill. However, after removal of
the 500 MMB quantity significant producing capacity would still re-
main at NPR-1 should a larger storage system be instituted.

Production development is not the only relevant factor for pro-
viding NPR-1 produced crude on a direct or indirect basis for secur-
ity storage. Currently, only 130 MB/D of pipeline transport capabil-
ity exists to deliver crude from this area to refining and distribu-
tion centers at Bakersfield, San Francisco and Los Angeles. New
capacity would have to be added in a timely fashion to achieve util-
ity for the crude whether these specific volumes are transported to
storage or sold or exchanged for other produced crude, either foreign
or domestic, to be placed in storage. Assistant Secretary of the
Navy, Bowers, has testified that total pipeline capacity could be
increased from 130 to 355 MB/D within 36 months assuming adequate
planning and funding. (4)

Sale or Exchange of Federally-Owned Crude Oil

If federally-owned crude oil (royalty or NPR-1l)were to be the
basis of a national petroleum security storage program, public sale
and/or place and time exchanges might be made to deliver security
crude oil into Gulf Coast storage at lower transportation cost. 1In
the case of NPR-1 crude, there could be transportation advantage for
delivery of that crude to West Coast refiners, in exchange for com-
parable crude oil delivered to security storage locations in the
Gulf Coast.

Direct exchange to PAD V refiners could back out current foreign
imports under some circumstances with attendant delivery of foreign
imported barrels to the storage location, presumably the Gulf Coast
area. Under such a plan, there would be effectively no net increase
in the amount of foreign imports or greatly added costs to the
Nation except for the investments required to bring on NPR-1 produc-
tion and transport it to points .of refining or exchange.

Exchanges to achieve effective transfer of federal royalty
crude oil into security storage would not have the same net impact
on foreign imports. Since federal royalty crude oil is now a part

(3) Capability of the Naval Petroleum and 0il Shale Reserves to Meet
Emergency Oil Needs B-66927, Report to Congress by the Comp-
roller General of the United States, October 5, 1972, Page 1l6.

(4) Bowers, op. cit.
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of the Nation's domestic runs base, withdrawal by direct or indirect
means has the result of increased imports requirements as previously
discussed.

Direct sale of owned o0il from either federal royalty or
NPR-1 could also be possible assuming delivery capability. Funds
generated by such sale could be used to purchase other crude which
would incrementally be foreign oil. In the case of federal royalty
0il, this has the impact of increased imports and unfavorable balance
of trade effects. If it is assumed, as it has been throughout this
study, that NPR-1 crude oil would not otherwise be produced for
inclusion in the domestic raw material base, funds generated from the
sale of NPR-1 crude oil could be used to offset the purchased cost of
foreign oil with little, if any, effect on the level of imports or
balance of payments. While conceivably such a mechanism could be
logistically advantageous, it could have negative political appeal
because of the required valuation risk of crude value fluctuation
between the time when NPR-1 crude was produced and sold, the time when
imported crude is purchased, and the time when security storage crude
is sold. Continuous ownership of NPR-1 barrels during transforma-
tion from unproduced to produced storage may limit exposure to
political or public criticism for mismanagement.

The possibility of sale and/or exchange of NPR-1 crude
oil to accomplish equivalent security storage fill in PAD
District III will become less likely as additional production is
made available to PAD V from Pacific OCS reserves and the North
Slope operations are begun and brought to the expected level of 2
MMB/D in the early 1980's. While estimates vary, a crude oil surplus
is projected in District V in the early 1980's period.(5)

During this period, there will be a significant westward shift
in the center of domestic petroleum supply moving in a direction
away from the consuming regions most vulnerable to an imports
interruption. The national interest will be served as the largely
heretofore interdependent crude oil and product logistical systems of
PAD I-IV and PAD V are integrated, possibly through the use of one
or more pipelines to connect the areas west of the Rockies with the
extensive distribution network east of the Rockies. Several proposals
have been advanced for such a linkage. The effectiveness of the
national security petroleum storage system would be thereby signi-
ficantly enhanced by providing increased flexibility in the Nation's
ability to use its domestic reserves.

West Coast to Texas pipeline systems may be built at some time
in the future. The likelihood of such construction might be improv-
ed by a program to move NPR-1 produced crude oil, or the equivalent
by sale or exchange in PAD V, to security storage in the Gulf Coast.

(5) The Trans Alaska Pipeline and West Coast Petroleum Supply --1977 -
1982, Arlon R. Tussing, Chief Economist, Committee on Interior
and Insular Affairs, United States Senate, Pages 7, 1l4.
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SYNTHETIC SOURCE MATERIAL

Synthetic crude o0il could also be considered as a source of
fill for a security storage system. Synthetic crude oil could be
produced from shale oil from federal properties or the Naval Shale
Oil reserves. Existing technology would enable the production
of a premium quality, hydrotreated, low-sulfur syncrude. The total
quantity would be limited for practical purposes only by the size of
the venture undertaken and ecological necessities.

However, no commercial shale facilities are now in operation.
Development of an o0il shale industry awaits adequate incentives to
cover the extremely high capital investment required and the associat-
ed risks. Heavy capital demands for other programs of energy develop-
ment are another contributing obstacle. Current projected cost for de-
livered syncrude is estimated to be 40 percent greater than the current
delivered cost of foreign crude oil. Because of this situation, it
is unlikely that significant volumes of syncrude from oil shale will
be available until sometime in the 1980's, if then. While government
programs under the Project Independence objectives could be conceived
to encourage syncrude development, it is unlikely to have any fore-
seeable role in security petroleum storage fill.

A more likely source of security storage barrels for a system
larger than 500 MMB would be remaining NPR-1 reserves, developed
NPR-4 reserves, and possibly new increments of federal royalty oil
from expanded OCS producing operations.

ECONOMIC SUMMARY

Since both purchased domestic crude and federal royalty crude
must be replaced by imports, the cost of these sources is effectively
the same as that of the purchased replacement foreign category. As
representative of imports, a long range price of $11.00 per barrel
for Persian Gulf crude has been estimated by the FEA. This, plus
transportation to the U.S. Gulf Coast at $1.50 per barrel, assuming
a long-term tanker charter rate for very large crude carriers (VLCC'S)
at Worldscale 70, results in a total cost of $12.50 per barrel ex-
cluding tariff fees or duty. This would be cost to the government
for security storage crude fill derived from imports, expressed in
current (1975) dollars.

Under the assumption that NPR-1 crude would not be produced,
except as a national security resource, cost of fill from this
source would be equivalent to out-of-pocket production costs for
development and operation of the field. Order of magnitude esti-

mate for this might be $1.50 to $2.00 per barrel. Transportation
to the Gulf Coast in an assumed existing or expanded pipeline is esti-

mated to cost $1.15 to $1.35 per barrel, resulting in a total expendi-
ture cost to the government of approximately $3.00 per barrel in cur-
rent (1975) dollars.

If, however, the assumption were made that legislation were
passed to permit the Naval Petroleum Reserves to be produced and
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sold into the domestic economy, diversion in that instance to
security storage would result in foregoing a potential decrease in
imports. Under this assumption, the cost of fill from NPR crude
would be the same as the other sources, which is effectively the
cost of replacement foreign oil -- $12.00 to $14.00 per barrel.

Use of syncrude from federal or naval shale oil properties to
supply a later portion of the fill might require a price of about $16.00
per barrel to provide the necessary incentive to produce the material.
If pipeline cost of $1.00 per barrel is assumed for the necessary
transportation, a total of about $17.00 per barrel is the estimated
cost of fill from syncrude material. While this would be a higher
cost to the government than direct purchase of foreign supplies, it
would be money spent in the United States to the benefit of the
United States' economy.

CONCLUSIONS AND RECOMMENDATIONS

Consideration of these factors leads to the following conclusions
relative to produced crude oil fill for security storage:

° Since the United States producing industry is expected to
continue operating essentially at its maximum efficient
rate, the diversion of purchased domestic crude oil to
security storage means that an equivalent volume must be
imported to balance supply thereby resulting in increased
dependence on imports.

° Use of directly purchased foreign oil, if allowed by
the exporting nations, would achieve the desired objective
of protection from foreign supply interruptions by the use
of foreign reserves, but negatively impacts the balance of
payments and greatly increases the expenditure cost for a
national security petroleum storage system.

° Federal royalty oil appears at first to be a logical
candidate for fill, since it is already owned by the
Federal Government. However, its removal from small
business refiners plus the loss of large revenues by the
government, its declining volume, and the need to replace
it with an equivalent volume of imports to balance supply
tend to limit its desirability.

° Elk Hills crude in NPR-1 is the logical choice as a basis
of security storage fill since it is the only source of
fill which would not increase imports and represents the
lowest expenditure cost alternative to the Nation's economy.
Cost would be out-of-pocket production costs plus trans-
portation to the storage site either physically or by
exchange. Production at the estimated maximum efficient
rate considering appropriate decline in capacity would
require about six to seven years after the storage and
delivery facilities are brought into being to receive o0il
at a 500 MMB level.
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These

Production from NPR-1l could be sold or exchanged while a
crude deficit exists in PAD V. One or more interconnecting
pipelines to tie PAD V with PAD I-IV appear as necessary
adjuncts to the Nation's logistical network and would add
flexibility to effective utilization of the Nation's crude
0il reserves. Such facilities would enable more ready
transport or exchange of NPR-1 and/or other PAD V crude

0il surplus to the District's need to the Gulf Coast.

Availability of significant volumes of material from
synthetic type sources appears to be too far in the
future and too costly to be considered as the fill for
the strategic storage system.

conclusions lead to the following recommendations:

Enact necessary legislation to permit the use of the
Federal Government's share of Elk Hills crude as the
basis for direct or indirect fill for a security
storage system.

Develop specific plans for exchange or sale of NPR-1
crude and provide corresponding acquired volumes to
storage sites in the United States Gulf Coast. Where
cost effective, develop plans for movement of NPR-1
crude oil by pipeline into Gulf Coast salt dome storage.

Be alert to possible opportunities to purchase, in a
politically acceptable manner, significant quantities of
foreign crude of satisfactory quality for security storage
fill, if necessary, to supplement NPR-1 supplies.

Consider longer range programs to permit production of
high quality syncrude from oil shale located in federal
or naval reserves for inclusion in an expanded level of
security storage reserves if the cost/benefit ratio would
justify.

58



CHAPTER III

TECHNOLOGY AND ECONOMICS FOR STORAGE FACILITIES

INTRODUCTION

To be fully effective, security petroleum storage must be
integrated into the existing and planned U.S. petroleum logistical
system, including direct access to tanker loading facilities as
well as major petroleum trunk lines. The objectives of this chapter
are to: (1) discuss the alternatives available for providing such
storage, both underground and aboveground, as expeditiously as
possible; (2) estimate and compare the costs of various storage
alternatives; and (3) project the normal and accelerated project
construction schedules for each of these options, assuming that a
large scale security storage program will be given national defense
priorities. The emphasis will be on crude storage because, as
discussed in Chapter I, the need for emergency product storage
appears to be non-existent with the possible exception of residual
fuel oil for PAD District I.

UNDERGROUND STORAGE

There are three proven methods of storing crude after produc-
tion and petroleum products underground: (1) cavities leached in
salt domes or salt beds, (2) cavities mined in hard impermeable
rock formations such as granite, shale, or limestone, and (3) aban-
doned underground mines that have been specially adapted for storage.
About 255 MMB of light hydrocarbon underground storage capacity
exists in the United States. Some 95 percent of this capacity is
located in cavities leached either in salt domes or salt beds, and
about 5 percent is in cavities mined in hard rock.

Salt Dome Storage

As illustrated by Figure 5, 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. There are more than
350 known salt domes within a 50,000 square mile area along the
Gulf Coast (Figure 6). Many of these salt domes are located near
the major Gulf Coast refining centers (Houston, Beaumont/Port
Arthur, and New Orleans/ Baton Rouge), the Gulf of Mexico and the
major inland waterways (Houston Ship Channel, Port Arthur [Sabine]
Ship Channel, and the Mississippi River).

Underground petroleum storage projects have an excellent
record of safety and reliability based on more than 20 years of
experience. Because salt caverns are generally located more than
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2,000 feet below the surface, maximum protection is provided against
hazards such as fire, storm, and sabotage. Some 180 MMB of salt
dome storage capacity are presently utilized for light hydrocarbon
storage in the U.S. 1Individual storage caverns commonly range from
0.5 MMB to 2 MMB, and a number of caverns are designed to store up
to 5 MMB. Even larger individual storage caverns are technically
feasible.

Based on a study of several Gulf Coast salt domes, underground
storage in leached salt dome cavities can be provided at an initial
cost of $0.70 to $1.15 per barrel (1975 dollars), depending upon
the cost of pipelines required to connect the storage to distri-
bution facilities and the distance from a suitable 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 (250 MMB) with individual caverns of 7 MMB.

Figure 7 illustrates how economy of scale affects the cost per
barrel of storage for a typical salt dome project. The cost of
constructing a 100 MMB project is indicated to be one unit per
barrel of storage capacity. A 50 MMB project would cost about 1.3
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Figure 7. Salt Dome Storage--Economy of Scale Index of Relative
' Construction Cost per Barrel of Storage.
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units per barrel or 30 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. For example, the
unit cost for a 250 MMB project would be only 80 percent as much as
for a 100 MMB project. Such savings are possible because after the
high cost leaching and brine disposal system is installed, additional
storage can be leached at low incremental cost. Thus, the cost per
barrel should continue to decline for even larger volume projects.
This indicates that substantial cost savings can be achieved by
combining storage requirements in large caverns at a single location.
Gulf Coast salt domes can be leached to provide an extremely large
volume of underground storage. A few salt domes, such as Stratton
Ridge, located southwest of Houston, 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.

The leaching of a salt dome cavern is a fairly simple process.
First, a well is drilled into the top of the salt formation.
Several steel casing strings are set and cemented to protect fresh
water beds and to seal off intervening formations. Fresh water (or
sea water) is then pumped down an inner string of tubing. The salt
is dissolved, and the resulting brine solution is circulated back
to the surface where it is disposed of by a method designed to
fully protect the environment.

After leaching, the cavern contains salt water. As shown on
Figure 8, it is then filled with o0il by pumping crude down the
annular space between tubing and casing and displacing clean brine
through the tubing string which is set near the bottom of the
cavern. The oil floats on top of the brine that remains. Because
the o0il is stored in a large cavern, it can be withdrawn at a very
high rate by pumping water down the tubing string to displace oil
up the annular space between tubing and casing. This procedure
insures that only clean oil is discharged when the cavern is emptied
and that only clean water is discharged when it is filled with oil.
With proper casing/tubing design, a crude delivery rate on the
order of 200 MB/D per well can be achieved. Thus, a 100 MMB storage
project with only 10 to 20 caverns could have a combined crude
delivery capacity of several million barrels per day if the capacity
of crude trunk lines connecting the storage project to refining
centers and tanker loading facilities is adequate. Water for
future displacement of crude from such caverns need not be stored
in surface pits. Rather, it would be supplied by pipeline from
either a large body of fresh water, such as a river, or the Gulf of
Mexico.

A typical storage system is illustrated on Figure 9. For
large caverns, about 7.5 barrels of fresh water are required to
leach 1 barrel of storage depending on the leaching rate utilized.
Sea water can be used for leaching if adequate fresh water is not
available; however, a second pipeline to the Gulf would be required.
This would not add significantly to the cost per barrel of storage
if the project were located near the Gulf. The assumption of
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offshore brine disposal capability is also important. About 2 MMB/D
(130 cubic feet per second) of brine would be produced from leaching
of a 250 MMB storage project in 3 years. Subsurface disposal

of such a volume would be physically impossible at most locations
and in addition, prohibitively expensive.

It is recognized that storage area surface requirements,
subsurface fresh water protection, brine disposal pipeline right-
of-way requirements from the storage area to the offshore outfall,
fresh water requirements, and brine disposal considerations associ-
ated with large volume storage projects raise questions concerning
impact on the environment. These questions will be addressed
concurrently with site selection as a first order of priority after
project authorization. Of particular importance is optimization of
the brine disposal system design to minimize the environmental
impact on marine life offshore and in nearby bays, marshes, and
estuaries, and protection of onshore wildlife and human amenities.
Environmental studies will include pipeline right-of-way routing
and design to minimize disturbance, and offshore outfall location
and distance to produce adequate dispersion of brine discharged at
sea. Development of such plans and the necessary Environmental
Impact Statement will require ecological studies of the pipeline
route and the outfall area, including biological, chemical, botan-
ical, and oceanographic studies. However, if storage projects are
located near LOOP and Seadock as recommended, the extensive eco-
logical surveys conducted for these groups over the past two years
will be of significant benefit. The Environmental Protection
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Agency will be consulted at an early date in anticipation of securing
a discharge permit under the National Pollutant Discharge Elimi-
nation System. While leaching and filling are in progress, the
system will be monitored to assure proper operation and compliance
with discharge permit requirements.

Although no specific environmental studies have been made for
a very large scale salt dome crude oil storage system in the U.S.,
based upon past experience, it appears that for most applicable
Gulf Coast locations, a suitable water supply for leaching will be
available and that with proper planning and implementation the
environmental effects of the storage facilities and produced brine
discharges will be minimal.

Storage leached in salt beds is also a proven technique;
however, the potential utility of such beds for security storage
projects is limited. Most salt beds are located inland where fresh
water costs are relatively high and where subsurface brine disposal
would be required, thus making very large volume projects impractical.

There are also certain domes such as Stratton Ridge where a
substantial volume of very large cavities already exist as a result
of salt mining operations. While such cavities may be suitable for
crude storage, detailed studies would have to be made to insure
structural integrity and to determine the volume that could be
safely utilized. In addition, facilities such as pipelines and
tanker docks would likely have to be constructed to permit delivery
of crude to storage, and this would require several years. Thus,
while some storage of this type might be made available prior to
1979, additional information will be required to determine the
practicality of such a course of action.

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 significantly lower
project construction cost compared to alternative storage facilities
as will be discussed later in this chapter. However, two important
factors in addition to cost must be considered during the selection
of specific project sites. First, the projects should be located
near major crude pipelines capable of delivering crude out of
storage to inland (pipeline connected) refineries at rates com-
patible with normal crude import rates. Secondly, the projects
must have ready access to water such that tankers can both deliver
crude into storage and be loaded out of storage for delivery to
(1) U.S. refineries who normally receive crude by water, (2) Carib-
bean refineries supplying product imports to the U.S. who are
denied crude during a future embargo, and (3) East Coast refineries
if total U.S. security storage crude supplies are located in Gulf
Coast salt domes.

The most efficient, lowest cost salt dome storage projects
will result if U.S. Gulf Coast deepwater crude unloading terminals
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and associated crude pipelines are constructed as planned. However,
with the current uncertainties regarding government policies
affecting future petroleum demand and crude imports, it is possible
that these deepwater terminals may either be delayed or perhaps not
constructed at all. For this reason, the factors affecting project
location and cost will be described for two cases: (1) Gulf Coast
deepwater terminals are operational by 1979, and (2) Gulf Coast
deepwater terminals are not available in time to complete storage
fill by an acceptable deadline.

Location of Projects if Gulf Coast
Deepwater Terminals Are Constructed

Figure 10 shows the location of two proposed Gulf Coast deep-
water crude unloading terminals, LOOP and Seadock, and the location
of the major U.S. refining centers within each PAD district.
Enabling federal legislation was enacted in 1975 that will permit
these or similar deepwater terminals to be constructed in inter-
national waters off the U.S. coast. Both projects will apply for
permits as soon as the Department of Transportation is ready to
receive applications. The startup of these projects is dependent
on a number of factors which are somewhat uncertain; however, under
favorable conditions, startup in 1979 is feasible. At each project,
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 (neither project is being designed for finished product
throughput). The crude will be pumped through buried pipelines to
onshore tank farms and then to Gulf Coast and Midwest refineries.

Figure 10 also shows the proposed route of several new large
diameter crude pipelines to be built for transportation of imported
crude to U.S. refineries. These include pipelines to be constructed
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. Significant
crude pipeline capacity is already in service between Cushing and
the Chicago area. Capline, which currently moves crude from the
Louisiana Gulf Coast to the Chicago area, can be expanded if
necessary.

In addition, there is a large network of crude trunk lines
from North and West Texas to the Gulf Coast. Reversal of some of
these lines to handle imported crude is being considered. The
crude pipelines connecting PAD Districts II and IV presently move
crude from west to east because District IV has a crude surplus.
However, should District IV become short of crude in the future,
one or more of these pipelines could be reversed to move imported
crude to District IV refineries.

Upon completion of these facilities, imported crude could flow
to most of the refining capacity in PAD Districts II, III and IV.
Therefore, if Gulf Coast salt domes near LOOP and Seadock are
utilized for security storage, these same refineries could easily
receive security storage crude during an embargo. It is also
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feasible to design deepwater terminals so that tankers can load
crude for shipment to other U.S. ports, particularly if such a need
is considered in the initial deepwater terminal design. Such
facilities (primarily pumps) would add about 15¢ to 20¢ per barrel
to the cost of storage (1975 dollars). Thus, with proper location
of salt dome storage projects, a large percentage of refining
capacity east of the Rockies can effectively be supplied with crude
out of Gulf Coast salt dome storage during an emergency. Caribbean
refineries could also be supplied if necessary. The effective
integration of storage projects into the U.S. crude logistics
system, as described, is of major importance and must be accomplished
if the United States is to have a reliable emergency crude storage
system.

If a crude security storage program of 500 MMB or more is
undertaken, at least two salt dome storage projects should be
constructed; one near the Seadock terminal in Texas (Figure 11) and
one near the proposed LOOP to St. James crude pipeline in Louisiana
(Figure 12). Locating a project in both Texas and Louisiana will
enable delivery of crude to a higher percentage of PAD II-IV
refining capacity at a higher rate than if only one storage project
is constructed because each location connects to different major
crude trunk line systems.

Near the Seadock onshore terminal, the Stratton Ridge salt
dome appears particularly suitable for a storage project. Stratton
Ridge could easily accommodate 500 MMB of storage. Near the LOOP
to St. James pipeline, the Clovelly, Chacahoula, and Napoleonville
domes appear suitable for 250 MMB projects and the latter two domes
could each likely accommodate 500 MMB of crude storage. There are
undoubtedly other suitable domes near each location. Detailed
geotechnical, engineering, and environmental studies would be
required to verify the suitability of any specific salt dome for
crude storage.

The required delivery rate of crude out of storage is diffi-
cult to define because this depends on both the future level of
imports and the volume that is likely to be denied during an
embargo. If maximum national security is to be provided, a design
delivery rate out of storage to permit replacement of total U.S.
crude and product imports should be considered. Even though a
total import denial appears unlikely, the cost of protecting against
such an eventuality could be a relatively small percentage of total
crude storage costs, and spare capacity would provide flexibility
to offset possible downtime for project maintenance, bad weather,
sabotage, etc.

On this basis, if two 250 MMB projects are to constitute the
total storage program, each project should be designed to deliver
crude out of storage at a rate equal to at least the design through-
put capacity of the adjacent deepwater terminal (i.e., around 2
MMB/D). In addition, allowance should be made for deliveries to other
locations by tanker such as the Caribbean, East Coast or non-pipeline
connected Gulf Coast locations. This suggests a design rate of be-
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tween 2 and 3 MMB/D at each location or up to 6 MMB/D of total de-
livery capacity. On the other hand, if four 250 MMB storage proj-
ects are provided, a design delivery rate of 2 to 3 MMB/D for each
project might not be necessary.

For a given storage volume, a reduction in total delivery ca-
pacity could be accomplished in several ways; for example, by utiliz-
ing a smaller number of larger caverns, by reducing individual cavern
deliverability (smaller casing and tubing) and/or by installing less
pump horsepower and a smaller crude delivery line. The approach util-
ized depends on a number of factors which would have to be evaluated
for each specific site. However, it appears likely that an increase
in the delivery rate of a 250 MMB project from 2 MMB/D to 3 MMB/D
might be accomplished at a cost of about 5¢ to 10¢ per barrel, depend-
ing on the percentage of crude delivered to tanker loading facilities.

Location of Projects Without
Gulf Coast Deepwater Terminals

If Gulf Coast deepwater terminals are not available in time to
meet the desired program completion schedule, a different set of
salt domes would probably be selected for storage. 1In this case,
it is likely that at least three salt dome projects would be required
for optimum efficiency: one near the Houston Ship Channel such as
Mont Belvieu or Moss Bluff; one near the Beaumont/Port Arthur
(Sabine) Ship Channel (there are several); and one near the Capline
terminal on the Mississippi River such as Napoleonville or the
Choctaw dome. These inland waterways will be utilized to import
crude to major refining centers in the absence of deepwater terminals.
By constructing new tanker receipt facilities and pipelines to the
salt dome storage project, tankers could both unload crude to fill
storage and load crude during an emergency for delivery to U.S.
refineries normally importing crude, and to the Caribbean. 1In
addition, storage co