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ABSTRACT

Public Law 94-2 58 requires that a trans portation system capable

of moving 350 , 000 barrels of crude oil per day from Naval Petroleum

Reserve Number One , Elk Hills , California , to market be provided by

the Navy. Analysis of this law results in the identification of a problem

statement to determine the transportation system which provides maxi-

mum net revenue considering the differential costs and revenues of

the possible alternative pipeline routes.

A methodology is proposed under which alternatives can be con-

sidered in a common forma t and aggregated  so as to make a rational

choice. Costs are  based on eng ineering studies previously conducted.

Revenue from the sale of the crude oil is based on the production

volume multiplied by the well price of the c rude. This well price is

determined by establishing ref inery  market locations , flows , and

prices and subtracting transpor ta tion  costs back to the well . Revenue

from operation of the Navy owned portion of the t ransporta t ion sys tem

is based on the projected pipeline tariff and flow rate.

Application of the methodology to alternative systems under con-

sideratiori by the Navy is done in order to illustrate the methodology

and to provide i~~ormation relating to alternative choice.

4

~ V - 
~~~~~~~~~~~~~~~~ 

• •--

~~ 

• .-• -

— ~~~~ ~~~~ 
~~~~~~~~~ ~~~~~~~~ ). - —



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. -—.—- -

~~~~~~
-—-—.

~~~~~
--- - -•- •  -

~~~~~~

TABLE OF CONTENTS

BACKGROUND  7

A. NAVAL PETROLEUM RESERVES 7

B. NAVAL PETROLEUM RESERVE NUMBER ONE 8

C. LEGISLATIVE ACTION 10

II. NATUR E OF THE PROBLEM 12

A. PUBLIC LAW 94~ 258 12

B. TASK ASSIGNMENTS 15

C. PROBLEM ASSESSMENT 18

D. PROBLEM STATEMENT 21

E. ALTERNATIVE IDENTIFICATION 22

1. Alternative A 22

2. Alternative B 23

3. Alternative C 23

4. Flow Rates ‘3

III. METHODOLOGY 24

A . INVESTMENT COS TS 24

B. OPERATIONS AND MAINTENANCE COSTS 25

C. REVENUE FROM THE SALE OF CRUDE OIL 26

1. Refinery Market and Price Determination 27

2. Transportat ion Cost Determination 29

5

I ~~~~~ 
‘ - -‘ .-

~~~~~~~~~~~.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~. .-.- —--- 
--~~ — - -.-~~-~--~ .-—--~



• • - - .•. -.—-.—-•.• .- -
~~~~~~~==~~~~~~~ 

. • • . -
~~~ 

—.---. •.

a. Navy Pipeline Tariffs - 29

b. Existing Pipeline and Tanker Tariffs  32

3. Tota l Revenue from Sale of C rude 32

D . REVENUE FROM OPERATION OF THE
NAVY PIPELINE 33

E. COMMON FACTORS 33

F. SUMMARY 34

IV . APPLICATION OF METHODOLOGY 35

A . INV ESTMENT AND OPERATIONS !
MAINTENANCE COSTS 35

B. REVENUE FROM THE SALE OF CRUDE OIL 36

1. Ref inery Market Location 36

2. Price of Crude at Refinery Markets  42

3. Transportat ion Costs and Total Revenue  45

a. Alternative A 45

b. Alternative B 48

c. Alternative C 48

C. REVENUE FROM OP ERATION OF THE NAVY
PIPELINE 51

D. NET REVENUE CALCULATIONS 52

V. SUMMARY, COMMENTS AND RECOMMENDATIONS 53

LIST OF REFERENCES 71

INITIAL DISTR IBUTION LIS T 73

6

6

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- ~i • —...-— .-.~~



F.. -- - 
-

I. BACKGROUND

A . NAVAL PETROLEUM RESERVES

There are four Naval Petroleum Rese rves :  Number One , Elk

Hills and Number Two , Buena Vista Hills , both located in Kern  County,

California; Nu mber Three , Teapot Dome in Wyoming; and Number Four

in Northern Alaska. All of these reserves were established throu gh

presidential order from 1912 to 1923. The compelling reason behind

their establishment was the need to provide a secure supply of oil to

the U. S. Navy, which at that time was converting its fleet f rom coal

to oil thels. As a result , the responsibility for adminis t ra t ion and

operation of the petroleum reserves was assi gned to the Depar tment

of the Navy.

Naval Petroleum Rese rve  Number One ~N P R - l) ,  the subjec t  of

this thesis, encompasses 46 , 095 acres of la nd and contains a proven

oil reserve of over one billion barrels  [Ref.  6 , p. 681. Proven

reserves represent  quantities of oil (Or gas)  which geological and

engineering data demonstrate , with reasonable cer tainty,  to be

recoverable from known reservoirs  under existing economic and

operating conditions . There are over 1, 000 wells on the site with

fur ther  drilling currently in p r o g r e s s .  Approximately 20~~ of the

field is owned by the Standard Oil Company of California (SOCAL~ ,
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and the remaining 80% of the field is owned by the United States

government.  For the most par t , NPR- 1 has been kept in a shut- in ,

minimum production status .

NPR-2, located adjacent to NPR_1 , covers 30, 191 acres of land

with a proven reserve of approximately 20 million barrels. This

reserve is fully developed and is in a production status. The United

States government owns 1/3 of the reserve with the remaining 2/3 being

owned by private concerns .

NPR-3, located near Teapot Dome, Wyom ing , includes 9, 481

acres with a proven reserve of over 40 million barrels . This reserv e

is wholly owned by the United States government and is being produced.

The largest land area under the Naval Petroleum Reserve program

is contained in NPR-4 located on the northern coast of Alaska . N P R_ 4

contains 37 , 000 square miles with an est imated reserve  of 10 to 30

billion barrels .  This reserve  is for the most part unexplored and

undeveloped.

B. NAVAL PETROLEUM RESERVE NUMBER ONE , ELK HILLS

The focus of this study is the current  status of N P R_ 1 , Elk Hills.

As of June , 1977 , when NPR-4 will be turned over to the Department

of Interior , NPR ..1 will be the largest Naval petroleum rese rve .

Significant investments have been made and are  projected to be made

in the future into this petroleum reserve.

8
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NPR_1, Elk Hills, is located in Kern County, California, about

35 miles west of Bakersf ield , California . Oil product ion f rom NPR~~1

began in 19 19 f rom a well drilled by SOCAL . In 1942 N P R - 1  was

enlarged to its present  size of 46 , 095 acres by executive order  of

President  Franklin D . Roosevelt .  Following this enlargement, a

unit plan contract  was entered with SOCAL in 1944 for  the exploration ,

development , and operation of all unit land s within the reserve .

The unit plan contract provides that the major  portion of N P R - 1

is to be operated as a sing le p roper ty  controlled b y the Sec re ta ry  of

the Navy acting through the Director of Naval Petroleum and Oil

Shale Reserves , Department of the Navy. The exploration, develop-

ment , and production functions of the reserve  are  under  the d i rec t ion

of an operating committee which is supported by an eng ineering

committee. Both committees are  made up of an equal number of

representatives of the Navy and SOCAL [Ref .  13].

As of 3 July 1976 , slightly more than 302 million barrels  of

crude oil had been provided f rom N P R - l  and ove r 1, 009 million

barrels  were identified as remaining proven reserves .  The revenu e

from the sale of the oil has amounted to more than $265 million and

over $220 million has been invested in the reserve  for  exploration,

development, and production functions [Ref.  8].
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C. LEGISLATIVE ACTION

Prior to 5 April 1976 , N P R _ 1  was operated under  the author i ty

of Chapter 641 , Title 10 United States Code , which granted  the Secre ta ry

of the Navy exclusive jurisdict ion over the petroleum reserve  with

direction to explore , prospect , conserve , develop, use , and operate

the reserve.  Production of the reserve  under this authori ty  was

limited to that which was necessary for protect ion , conservation,

testing, and maintenance of the reserve.  Any other product ion had

to be based on a requirement for nationa l defense  with author iza t ion

required from Congress and the President . Under the terms of this

directive, N P R _ 1  was considered to be a shut_ in  condition , with

production taking place at approximately 2500 bar re l s  per day as of

July, 1976 [Ref.  8].

The now famous oil embargo and fuel crisis of 1973 broug ht about

increased congressional and public interest  in the naval petroleum

reserves .  Although N P R _ 1  is one of the larges t  oil fields in the

United States , problems were encountered in attemp ting to provide

this oil to the market  place. Transportat ion constra ints  result ing

from a limited pipeline capacity from N P R-l  would res t r ic t  the

delivery of crude oil f rom NPR- 1  to 30 , 000 barre ls  per  day. Even

after a 90 day period to allow for expansion of the existing facilities ,

the maximum delivery rate would be 130 , 000 barrels . With thousand s

of peop le waiting in line to purchase gasoline and military operations

10
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• being curtailed due to fuel shortages , Congress found itself under

increasing pressure to take action to alleviate the fuel shor tage  and

open up the naval petroleum reserves  to full product ion.

The action relative to the naval petroleum rese rves  taken by Con-

gress  and approved by the President  is contained in Public Law 94-258

of April 5 , 1976 [Ref .  11]. Title I of this law t r ans f e r r ed  administra-

tion of N P R_ 4  (Alaska) f rom the Department of the Navy to the Depa rt-

ment of the Interior.  Title II of this law authorized production f r o m

the remaining naval petroleum reserves  and requi red  the Navy to

provide a t ranspor ta t ion  sys t em for  the oil produced f rom N P R - 1 •

I
I
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II. NA T UR E OF THE PROBLEM

A. PUBLIC LAW 94~ 258

In determining the specific problem facing the Navy with regard

to Public Law 94-25 8, the viewpoints of the pa rticipants in the action

must be considered. A log ical start ing point for  this analysis is the

U. S. Congress , the initiator of the law.

Leg islative action concerning the naval petroleum r ese rves  was

initiated within the House of Representa t ives .  Briefly, the House

proposed that a system of national petroleum reserves  be established

for both the reserved and unreserved public land s of the United Sta tes .

The naval petroleum reserves  would be included in this proposal.

The development and production of petroleum within this newly estab-

lished na tiona l petroleum re se rve  would then be under taken by the

Department of Interior.

The Senate did not ag ree  with the House proposal  and offered an

amendment to the proposed leg islation. The Senate amendment

authorized production f rom NPR-1 , 2 , and 3 under Navy jur isdic t ion

for 5 years .  The revenues f rom this production would then help offse t

the expens e to complete the development of the naval petroleum

reserves  and to establish the s tra teg ic ene rgy  reserve  sys tem

designed to s tore a quantity of petroleum for emergency use [Ref .  9].

12
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The compromise bill which was the product  of a congress ional

joint committee is Public Law 94-25 8, which is presented  in Appendix

A. A summary of the provisions of this law which af fec t  NPR - 1  follows :

(1)  Production of petroleum from N P R_ 1  will commence im-

mediately at the maximum efficient rat~~ and will continue for a period

of 6 years .  Extension of this production period is allowed if congres-

sional and presidential  approval are gran ted .

(2)  Storage and shipp ing facilities will be constructed , acquired ,

or contracted for, which will be capable of t ranspor t ing  350 , 000 barre ls

of crude oil pe r day to a sh ipp ing or marketing point. Such facilities

will be operational not la te r  than 5 April , 1979.

( 3 )  The petroleum produced will be used , s tored , or sold by the

Secretary of the Navy . Use of the petroleum re fe r s  to energy  require-

ments in connection with operation and production activities , such as

eng ines driving pumping stations. Storage applies only to tha t which

is necessary to t ranspor t  or sell the petroleum. Only b y pres ident ia l

directive can this petroleum be used as part of the s t r a teg ic energy

reserve system. Sale of the petroleum is to be by competitive bidding

‘Maximum efficient rate (MER) re fers  to the maximum rate of
production for a given oil field that cannot be exceeded without a
decrease in ultimate oil recovery.  MER is determined throug h a

— highly technical analysis of information about the oil field. Additionally
the MER must be periodically re-evaluated due to changes  in the field
as result of production. While economic or legal fac tors  do not enter
into the determi nation of MER , they may dictate a lower rate of produc~
tion. Production at a rate less than MER will not lower the ul t imate
recovery from the field [Ref .  1].

13
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for  a contract  t e rm  not to exceed one year .  Additionally, any sing le

purchaser  is limited to not more than 20 ’~ of the total product ion .

(4) A special account entit led Naval Petroleum Rese rves  Special

Account is established. All revenues from and appropriat ions to

naval petroleum rese rve  activities will be credited to this account.

These funds will then be made available for expenditure on (a~ f u r t h e r

development of the reserves , (b) const ruct ion and operation of facil-

ities incident to the product ion and del ivery of the petroleum, (c )  the

construction and operation of facilities associated with the s t ra teg ic

petroleum reserve , including the p rocurement  of petroleum for the

reserves , and (e)  the exploration of the National Petroleum R e s e r v e

in Alaska (previously known as N P R -4 ) .

The congressional  conference committee in a joint statement con-

cerning this bill states tha t the House and Senate bills , thoug h seeking

to achieve somewhat d i f fe rent  objectives through d i f fe ren t  agencies

were both seeking to resolve the long standing issue of great national

importance , how the petroleum resources  owned b y the United States

government in the public lands reserved  for  the four naval petroleum

reserves can best serve the public in teres t  [Ref .  7]. The final

legislative product indicates that  the public in teres t  will be best  served

by develop ing and producing the naval petroleum reserves  and estab-

lishing a s t ra teg ic petroleum rese rve  system, both of which will be

funded f rom revenu e f rom the sale of the crude oil f r o m  the th ree

14
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remaining naval petroleum reserves .  Throug h this law the leg islature

has tasked the Department of Defense , the Depar tment  of Interior , and

the Federal Energy Administrat ion to carry out the provis ions  of the

law.

B. TASK REQUIREMENTS

The Department of Defens e , acting through the Department of the

Navy, is tasked to produce the naval petroleum reserves  at the maxi-

mum efficient rate ( M E R ) .  The MER , descr ibed earl ier , is deter-

mined through an established set of eng ineering calculations with

little leeway in the determinat ion of the final production amount .

Public Law 94-2 58 specifies the capacity which must be t ranspor ted

from Elk Hills (which appears to be determined quite independently

from the MER) , and the law also g ives the required completion date

of 5 April , 1979, for the t ranspor ta t ion  system. The ana lysis , des ign ,

environmental permit procedures , and construct ion time requirement s

point to the fact tha t comp letion within the three  years  allotted will be

difficult. Thus , the Department of Defe ns e and the Navy view the

time resource as a real constraint  in this p ro jec t .

The common use of the Naval Petroleum Reserves  Special Account

by the Department of Defens e , the Department of the Interior , and the

Federal Energy Administration poses a potential problem area .  Each

agency is tasked to ca r ry  out cer ta in  functions which a re  all to be

15
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funded f rom the revenues int o this special account.  The Navy is

to develop and produce the rese rves  as well as cons t ruc t  and operate

a t ransportat ion sys tem f rom NPR- 1 to market .  The Department

of Interior is to exp lore and develop the National Petroleum R e s e r v e

in Alaska . The Federal Energy Administration is to establish and

operate the national s t ra teg ic petroleum rese rves .  Competition

among thes e agencies can be expected for  the fu nd s within the special

account . It is conceivable that during the earl y s tages  of the develop-

ment of this program the high cost of investment and limited output

at NPR- 1 (due to lack of an adequate t ranspor ta t ion sys tem)  mi ght

result in a demand for funds which would exceed the supply, thus

necessitating additional appropriations from Congress  to c a r ry  out

some of the activities. A future cons ideration might involve a Navy

desire to halt production and re turn  N P R _ l  to a shut- in statu s , a f te r

required production and t ransportat ion facilities have been installed

and paid for .  At the same time either the Department of Inter ior

or Federal Energy Administrat ion may desire  fur ther  production in

order to continu e the funding source for their particula r p rograms .

With increasing bud getary pressure  on all federa l  agencies ,

each participant in the special account will have a real inc entive to

fund his particular tasks f rom the revenues f rom the sale of the crude

oil. This factor could result  in conflicting p ressures  concerning the

amount or length of time or production. These specific possibilities

16
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make the general  point that different viewpoints among the pa rt icipants

can emerge at any time to produce confl ic t ing policy on production of

the reserve.

Other participants in this law are  the State of California , pr ivate

oil companies (including SOCAL) , and the user  public. California is

extremely interested in the production of c rude oil f rom several

aspects . This state is a t r e n d - s e t t e r  with regard  to environmental

cons iderations , and as such is concerned about the impact the produc-

tion and transportat ion of this crude oil will have within its boundar ies .

The economic impact is of concern also , especially cons ider ing  the

potential over supply of crude oil along the West Coast resul t ing f r o m

the Prudohoe Bay, Alaska production.

Private oil companies are  interes ted in the choice of t ransporta-

tion systems and the production of c rude f rom N P R -l  as it applies

to their specific in teres ts .  Such fac tors  as use of the t ransporta t ion

system, or supply of crude for ref iner ies , or effect  of crude produc-

tion on existing crude supplies will be of vital interest  to the pr iva te

oil companies operating in the area.  SOCAL will have a defini t e

interest  in the implementation of Public Law 94-2 58 since it owns

some 20% of the oil field under the unit plan contrac t .

User  public interest  in Public Law 94-23 8 is varied and perhaps

apathetic, but the price of petroleum at the gas station pump is a

point of common concern to cunsumers .  Avoiding the gas lines~ of

1973 is also another common consumer concern.

17
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C. PROBLEM ASSESSMENT

Establishing a specific program to meet an agency ’ s tasking

requirements of Public Law 94-25 8 requires  a review of the view-

point s of the other federal agencies involved in the situation. Al-

though the Navy is tasked as the action party in bring ing NPR- 1  under

production and providing the t ransportat ion system, the Navy must

take care to consider the other participants in specif ying the methods

of accomplishment .

Of f irst  concern to the Navy should be complianc e with what will

be called nlhardware s~ requirements of the law. The mandates of the

law will establish the framework within which other choices can be

made. The “hardware t ’ r equirements  of the law can be summarized

as follows:

(1) Produce N P R _ l  at the maximum efficient rate f rom

5 April, 1976 to 5 Ap ril , 1981.

(2)  Construct , acquire , or lease shipp ing facili t ies and pipe-

lines for the purpose of t ransport ing crude from N P R-l  to a ship-

ping or marketing point .

(3)  The transportation system will have a 350 , 000 barrel per

day capacity and will be operational not later than 5 April, 1979.

Next , one should examine the objectives and viewpoints of the

other participant s in the p rogram.  One of the most important a reas

to address is that of costs and revenues , and more specifically, who

pays and who receives.  Under the provisions of the law , all revenues

18
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from the sale of the crude will go into the special account which is

used jointly by the 3 federal  agencies .  Each agency will be in te res ted

in obtaining a proport ionate  share of this revenue in support  of its

own program. Maximization of net revenu e would seem to be a corn-

mon goal.

A potential conflict may ar ise  between the Department of Defe ns e

and the Federal Energy Administrat ion.  In establishing the s t ra teg ic

oil reserves , the possibility exists that the Federal Energy Administra-

tion might determine that the best  method of assur ing  petroleum supp ly

is to leave it in the ground at the naval petroleum re se rves .  This

desire would be in comp lete conflict with the directive to the Navy to

produce the fields at a maximum efficient rate .  An additio nal conflict

mi ght arise between the Department of D ef e n s e and the Federal Energy

Administration over the s t ra tegic  issues concerning oil s torage .  The

change of administration over these supp lies f rom the Department of

Defens e to the Federal Ener gy  Administration could p r e s e n t  conflicting

viewpoints . Both of these issues are  outside the scope of this thesis ,

and are presented as possible questions to answer .

The impact of the state of California on the a l ternat ives facing

the Navy is mainly in the area of environment and ecology. Opposition

can be expected on any aspect of the proposed t ransporta t ion  sy s t em

which presents  a hi gh risk to the environment , especially the air and !

or water  quality. The awareness of California public in te res t  groups

19
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is very high as the result of environmental problems such as the

Los Angeles smog and the Santa Barbara off shore well blow outs.

Any viewpoint taken from the private oil companies would r equ i r e

an individual s t ra tegic  analys is of tha t company, which is beyond the

scop e of this thesis . If such a study were unde r t aken  informat ion on

crude oil supplies , market ing areas , capital investment posture ,

international relations , and tax considerat ions would be importa nt

areas to consider ,

The “public ” is a difficult  enti ty about which to gene ral ize.

Even though N P R - l  is cu r ren t ly the second l a rges t  producing field

in the wes te rn  half of the nation , a comparison of the projected flow

of 350 , 000 barre ls  per day f rom this field to the national demand of

18. 3 million barrels per day indicates the insignificance of this

one field [Ref .  5]. Perhaps the importance of this oil can be bet ter

discussed with regard  to geographic areas of demand. Areas of our

country, including the Midwest , are  currently experiencing oil short-

ages of vary ing degrees .  Other areas , including New Eng land , must

rely heavily on forei gn imported crude oil to meet dema nds. With

respect to a specific area of the country,  350 , 000 barrels  per day

would in fact make a large impact on the supply and demand status

of oil. This idea brings the public market  requirements into the

decision. In other words , where can all of this crude oil produced

under the maximum efficient rate concept be s old ?

20
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D. PROBLEM STATEMENT

In sorting through the various viewpoints and specia l i n t e r e s t

areas of the participants , one finds a myr iad  of ob je c t ives  and prob-

lem definitions . A thesis including the ent i re  scope of these  vi e wpoint s

could be presented  on d iscuss ing  and specif ying the exact problem

facing the Navy in complying with Public Law 94 -258.  In o rder  to

reduc e the problem into a form which is addressable  with in  the scope

of this thesis the problem will be expressed as follows :

Maximize the net revenu e into the Naval Petroleum

Reserves  Special Account taking int o con s ide ra t ion

(1) revenue from the sale of the crude oil , ( 2 )  revenue

from the operation of the t ransportat ion sy s t em , and

(3) investment and operation cost of the t ranspor ta t ion

system.

Choic e of the above problem sta tement  will provide maximum

fund s for use among the three participating federa l  agencies .  It will

also provide for proper resource  allocation concerning the investment

aspect of the decision. Although the environment issue is not specif-

ically addressed in the problem sta tement, in providing the capital

investment costs , compliance with all existing environmental constraints

will be included. This will ensure that each investment a l ternat ive

under consideration will be acceptable under  exist ing environmental

requirements.
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E. ALTERNATIVE IDENTIFICATION

The process of identif ying a l te rna te  methods of t r anspor t ing  c rude

oil f rom N P R _ 1 , Elk Hills , which comply with the provis ions  of Public

Law 94 -2 58 is accomplished by taking the al ternative t ranspor ta t ion

systems currently under cons ideration by the Office of Nava l Petroleum

and Oil Shale Reserves .  No at tempt has been made to genera te  new

alternatives or modify the existing al ternat ives.

The al ternat ive t ranspor ta t ion methods considered in this thesis

are  as follows :

1. Alternative A

Construct  a pipeline between Elk Hill s and Redlands , California .

At R edlands , a connection will be made with a proposed Standard Oil

Company of Ohio (SOHIO) pipeline which will run between Long Beach ,

California , and Midland , Texas. Existing pipelines serving the Midland

area will then allow shipment of the c rude to be made either north into

the Midwest area or east into the Gulf Coast area .

The proposed SOHIO p ipeline is a large capacity p ipeline

with the primary objective of t ranspor t ing  Alaskan crude oil to the

mid-continent region. The project  is current ly in the app lication and

permit stage and its fu ture  is uncertain due to s t rong opposition in

California. Fo .. purposes of this thesis , it will be assumed that the

SOHIO pipeline will be approved and const ructed in a t imeframe which

will allow comp liance with the operationa l deadline for  the Navy pipeline

as established in Public Law 94-25 8.

22
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2. Alterna t ive B

Construct a pipeline from Elk Hills to Port Hueneme , California .

At Port Hueneme a marine terminal will be constructed and shipme nt of

the crude to re f inery  locations will be via tanker.

3. Alternative C

Construct  a pipeline from Elk Hills to Coalinga , California ,

where connection will be made to severa l  existing pipelines which ter-

minate at the refineries in the San Francisco Bay area .  The option

exists under this a l ternat ive  to sp lit par t  of the flow in the Na vy pipe~

line through existing pipelines to the Avila Beach a n d / o r  Es tero  Bay

area (both located near  San Luis Obispo , California I to existing marine

terminals which will allow shipme nt to re f inery  locations via tanker .

4. Flow Rate

The flow rate considered for each of the above al ternatives

allows for an initial capacity of 200 , 000 barre ls  per day with the

ability to expand the flow to 250, 000 barrels per day. The difference

between this capacity and the capacity of 350 , 000 bar re l s  per day

stipulated in Public Law 94-25 8 will be handled by contract ing for the

use of the existing excess pipeline capacity in the Elk Hills a rea .  The

Office of Naval Petroleum and Oil Shale R e s e r v e s  est imates tha t the

exi sting pipeline s leadi ng f rom Elk Hills to various shipping and market-

ing poi nts will be abl e to transpo rt 100 , 000 to 15 0, 000 bar rel s per day.

Determination of the exact excess capacity is a difficult problem , but

present ly over 122 , 000 bar re l s  per day are  being shipped f rom NPR _ 1

through the existing pipeline capacity.
23
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III. METHODOLOGY

The methodology of choosing the best  a l ternat ive f rom the three

previously identified alternatives must be related to the problem

statement of maximizing net r evenues .  In broad terms , the di f ferent ia l

costs and revenues associated with each alternative must be identified ,

aggregated on a common basis , and compared. The t e rm different ia l

is used to describe a cost or revenu e which varies depending on the

choice of alternatives. This concept allows one to disregard the effect

of the common costs and revenues to the three alternatives.

A. INVESTMENT COS TS

The f i rs t  cost to be identified with each al ternat ive is that of the

investment. The investment cost represents the front end cost

required to install the system and begin operations . This cost includes

only the investment costs incurred by the Navy in installing the facilities

under their  control.  Any investments made by outside agencies  or

companies which are not reimbursed b y the Navy are  not cons idered 1:

relevant as investment costs .

In order to aggregate the investment costs with the other cost and 
• -

revenue data which is on an annual basis , the investment  costs must be

a nnualized using p resen t  value techniques.  The discount rate used

for this annualization is 10%, the s tandard rate  prescr ibed  by the

Department of Defense [Ref .  3].
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The choice of an economic life is not quite as s t r a ig h t forward .

The operation of the p ipeline is only a s s u r e d  for  th ree  years  (based

on Public Law 94-2 58) .  Any production of crude oil f rom NPR~~1

af te r  April 1981 , will require Congressional and President ial  approval.

The expected physical life of pipelines is quite a bit longer  than this

three year period - perhaps in the range of 25 to 50 yea r s .  The

Interstate  Commerce Commission ( ICC ) , the federal  regula tory  bod y

controlling inters ta te  oil p ipeline operations , specifies an economic

• life of 20 years for p ipelines for  purposes  of de termining acceptable

ta riffs .

For purposes of this thesis , an economic life of 20 years for the

pipeline will be assumed. The 20 year period is chosen because it

reflects the economic life used in actual pract ice  by the ICC.  Althoug h

the choice of the economic life is an important aspect of the p roblem,

the valu e chosen will not affect  the relative ranking of the al ternat ives

on the basis of net revenu e, since the same economic life will be used

on each alternative.

B. OPERATIONS AND MAINTENANCE COSTS

The next cost considered is that of operations and maintenance.

These costs are estimated for each al ternative on an annual basis .

Annual costs which are common to all a l ternat ives  include exp lorat ion ,

development, and production costs associated with the crude oil in

25
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I
N P R -l .  These costs involve the discovery of the crude , get t ing the

crude out of the ground , and making the crude read y for sale. They

do not depend on the choice of t ranspor ta t ion  a l t e r n a ti v e s ;  t h e r e f o r e

these costs are  not considered relevant to this analysis .

C. R E V E N U E  FROM THE SALE OF CRUDE OIL

The f i rs t  revenue to be identified is that obtained f rom the sale

of the crude oil. The total revenu e f rom this sale is s imply the

qua ntity ~f crude sold multiplied by the pr ice  paid at the well for the

crude. A distinction between the price of the crude oil at the well

and at other points in the t ransportat ion sys tem must be made. Sale

of the crude oil by the Navy is based on t rans fe r of ownership  at a

metering station located at the boundary line at NPR - 1 .  The price

bid for the crude oil at this location will be r e f e r r ed  to as the price

at the well. After  t r ans fe r  of ownership of the crude , it becomes the

responsibility of the owner of the crude to make t ranspor ta t ion

ar rangements . Transpor ta t ion options for the new owner include use

of existing excess capacity in presen t  private pipelines or use of the

proposed Navy pipeline. The Navy pipeline must be operated on the

basis of a common car r ie r , and a tariff  will be charged for  use of the

facilities.

Calculation of the unit  bid pr ice at the well is based on a model

developed b y the Federal Energy  Adminis t ra t ion  (FEA) which was used t

I
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to determine the price at the well for the crude  oil produced at the

Prudhoe Bay Field , Alaska [Ref .  6]. In the FEA model the location

of refineries desir ing to purchase Alaskan crude was determined and

the market price for crude oil was fou nd for  that particula r location.

From this market  price at the re f ine ry ,  the t ranspor ta t ion charges

required to move the crude f rom the oil field to the re f ine ry  were

subtracted.  The resulting price reflects the market price of the c rude

oil at the well . This model is illustrated in Fig. 1.

1. R efinery Market  and Price Determinat ion

To apply the FEA crude oil pr ic ing  model to the a l ternat ive

choice at NPR-  1, one must f i r s t  identif y the ref inery  areas  served

by each alternative.  Then the t ranspor ta t ion  costs to move the crude

oil f rom the oil field to the re f iner ies  must be calculated a rid subtracted

from the market  price of the crude oil at the refine ry, g iving the pr ice

of the crude at the well.

A detailed determinat ion of the ref inery marke t  a reas  under

each alternative is a subject which is complicated by, for example , the

vertical integrat ion of oil companies and the internat ional  aspects of

the petroleum industry.  For purposes of this thesis , est imates of

market locations and f l ows  f r o m  NPR-l  to thes e markets  will be made

based on the location of the Navy pipeline terminals , geographic

limitations, and historical data . Although these choices a r e  ra the r

a rb i t ra ry ,  it is hoped tha t some indication can be obtained as to the

effect  of the market  forces on the revenue f rom the sale of the c rude .
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2 . Transportat ion Cost Determinat ion

Determination of the t ranspor ta t ion  costs for  moving the crude

oil from NPR _ 1 to the various re f inery  markets  also p r e s e n t s a dif-

ficult problem. The f i rs t  leg of the t r anspor ta t ion  system will be via

the Navy pipeline. The method of est imating the tariff for  the Navy

pipeline will be discussed f i r s t .

a. Navy Pipeline Tariffs

The f i rs t  question to answer  in determining the ta r i f f

for the Navy pipeline is , “What is the objectiv e in operating the Navy

pipeline , to break even or to make a prof i t? ” Cons ider the operat ion

of the Navy pipeline on a break even basis.  Sinc e the Navy does not

pay taxes , dividends , and in teres t , the costs of a Navy pipeline on a

break even basis will probably be less than those costs incurred by a

private corporation operating a similar pipeline. LI the tar i f f  for  the

Navy pipeline is assessed  based on this reduced cost basis , the Navy

tariff will probably be less than the tariff for  the pr ivate  corporat ion.

Next , cons ider that of the 350 , 000 barre ls  per  day to be tra ns por ted

from NPR-1 , only 200 , 000 barrels per day will be t ranspor ted  throug h

the Navy pipeline. The remaining 150 , 000 barrels  per day will have

to be transported via existing pipelines operated b y private corporat ions .

These corporations must  base their tar i f fs  on costs which a re  riot

comparable to those of a break even Navy pipeline. Thus , the operat ion

of the Navy pipeline on a b reak  even basis would place the ope ra to r s  of
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the existing pipelines in an undesirable competitive positio n against

the Navy. In the event that the flow of crude from NPR~ 1 was red uced

for any reason (including changes in product ion due to maximum

efficient rate considerat ions) ,  the existing pipelines could conceivably

experience a los s of business  as the result  of their hi gher tariffs . The

Navy would then find itself in the undesirable position of p resen t ing  un-

fair competition to private corporat ions by undercut t ing the pr ice

structure .

Next , consider the operation of a Navy pipeline as a

private corporation which would operate under the regulat ions of the

ICC. The approval of ta r i f fs  by the ICC is based on a cost of service

concept. Common cost fac tors  for pipeline operations have been

identified and guidelines are  established for accounting p rocedures .

The factors  included in the cost of service approach include the rate

of return on the rate base , the debt to equity ratio , debt servicing

charges , operat ing and depreciat ion costs , and taxes .  Treatment  of

factors  such as the maximum rate of r e tu rn , deprecia t ion  methods ,

and economic lives are  specified in o rde r  to a s sure  a commo n basis

for tariff determination. The tariff  is calculated by annualizing the

cost of service factors and dividing this fi gure  by the flow rate  for

the pipeline, thus ar r iv ing at a tar i f f  stated in cost per unit of flow.

App lication of the cost  of service computation to a Navy pipeline is

simply not possible because the fi gures  for taxes , prof i ts , and i n t e r e s t

charges are not a part  of the Navy accounting system.

30

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -— —~~~~~~~~~~~
---,--—--- .- --



— .~~~~~~~~ -. ~~~~~~~~~~~~~~~~ .--- ~~~._ 

An approximation of the cost  of service approach was

developed by Debanne [Ref .  2] . He proposed that pipeline costs could

be condensed fairly accuratel y into a pe rcen tage  per year of the total

pipeline investment cost. His approximation in 1971 for  this pe rcen t -

age was 17%. Using this method , computation of the tar iff  is accom-

plished by multiplying this percent  of investment  cost (1 7%) b y the

investment cost , and then dividing this product  by the a nnual flow

through the pipeline . The result, stated in cost per uni t of flow ,

represents  the approximate ta r iff which would have been determined

from a detailed cost of service anal ysis of the pipeline operation.

This same approximation of the cos t  of service approach

was used in a stud y of petroleum t ranspor ta t ion  costs und e rtaken by

Project Independence in 1974 [Ref.  4]. The percentage of total invest-

ment used in this study was 20% . No explanation was offered as to

the reason for modifying Debanne ’ s fi gure of 17° o. One possible

explanation of this modification is that more recent  data was available

to the Project Independence team in determining this number , but no

confirmation of this explanation has been found.

For purposes of this thesis , the facto r of 20°~ will be

used to estimate the tariff for the Navy pipeline. Under this assumption,

the Navy pipeline will be placed in a “competitive ” position with pr ivate

corporations .
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b. Existing Pipeline and Tanker Ta r i f f s

In computing the t ranspor ta t ion  costs f rom the point of

termination of the Navy pipeline to the re f inery  market , es t imates  of

transportation costs are made based on existing or proposed pipeline

tariffs and t anker  ra tes .  Many variables a r e  p resen t  in the p ipeline

and tanker transportation businesses which make this task difficult.

Ma ny pipelines are  owned and operated by oil companies for their

exclusive use and are not common car r ie rs .  Thus , these pipelines

are not regulated by either federal  or state agencies and do not publish

tariffs for their services.  In dealing with tanker  t ranspor ta t ion , the

size of the tankers , the capacity of the port  areas (in terms of number

and size of t anke r s ) ,  and length of time for the tra nsportat ion agree-

ments (single voyage or lifetime cha r t e r s )  all have an effect  on the

tariff charged.

3. Total Revenue f rom Sale of C rude Oil

By combining the estimate of the Navy pipeline ta riff with

the estimates of the existing or proposed crude oil t r anspo r t a t i on

systems , a total tra nsportat ion cost from N P R - 1  to each ref inery

marke t  can be calculated. Then this t ransportat ion cost can be sub-

tracted from the market price of the c rude oil in the ref inery area  to

obtain the price of the crude at the well . Thus , knowing the price of

the crude at the well and the volume produced , the total revenue

received is s imply the product  of the two fac to r s .
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D. REVENUE FROM OPERATION OF THE NAVY PIPELINE

The next item of revenue to be considered is that result ing f rom

the operation of the pipeline . As previously noted , the basis for deter-

mining the Navy pipeline tariff  is a cost of service approach under an

assumption of a competitive position to public corporations vice a

break even approach. Under these circumstances the revenu e f rom

the p ipeline tariff  will exceed the costs to operate and maintain the

pipeline, result ing in net revenu e to the Navy. The revenue is simply

calculated by multiplying the proposed tariff by the flow.

E. COMMON FACTORS

Factors common to revenue considerations in this ana lysis include

the quantity of c rude transported through the existing pipelines. Public

Law 94-258 mandates that the Navy provide a t ransporta t ion sys tem

capable of t ranspor t ing 350 , 000 barrels  of crude per day to s hipping

or marketing point s , yet the proposed alternative Navy pipelines a re

desi gned for an initial capacity of 200 , 000 barrels  per day with expan-

sion capability to 250 , 000 barr e ls  per day. The d i f fe rence in quantities

is planned to be ha ndled through the use of excess capacity in existing

pipelines serving the Elk Hills area . The choice of an alternative

pipeline route is assumed to have no effect on the revenue f rom the

sale of crude flowing throug h the existing sys tem.  This assumption

is made because the marke t  for  crude at the end of the exis t ing pi peline
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system is predetermined by vir tue of the use of that system. There-

fore , the market forces  are  already in effect  providing a m a r k e t  price

for that c rude at the well . This allows one to t reat  the revenue f rom

the c rude flowing through the existing pipelines as a common item ,

thus allowing elimination from this analysis .

F. SUMMARY

In summary, costs and revenues are identif ied and annualized

using a 10% discount rate and a 20 year  economic life estimate.

Costs and revenues which do not vary according to a l t e rna t ive  choice

of pipelines are  not considered.  Differential  costs identif ied include

investment and operations maintenance costs .  Different ia l  revenues

include receipts f rom the sale of the crude oil flowing th roug h the Navy

pipeline and receipts f rom the tar i f f  a s sessed  for  the use  of the Navy

pipeline . The aggrega ted  amount of these annual costs and revenues

will then provide a basis for selecting the a l te rna t ive  which will result

in the maximum net revenue for the sys tem.
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IV . APPLICATION OF METHODOLOGY

The next step in the analysis of the alternatives at NPR- 1, Elk

Hills , is to establish facts and fi gures and app ly such to the methodology

discussed in Chapter III. In establishing values for the factors  which

comprise the methodology model , numerous assumptions and extrac-

tions from data are required. It is realized that a wide range of ap-

proaches to facts and fi gures exists in this app lication stage.  The

approach taken in this thesis as to costs and revenues can certainly

be questioned and readers  with knowled ge of the situation are encouraged

to do so. Note , however , that the methodology provides a f r amework

for collecting and test ing facts and assumptions . A detailed d i scuss ion

of the author ’s assumptions and sources of data is provided in o rde r

to establish a basis for possible improvements to the application

process .

A. INVESTMENT AND OPERATIONS / MAINTENANCE COSTS

Data on costs , both investment and operat ions/mainte nance , was

obtained from a survey of prel iminary eng ineer ing  studies on the

alternatives (Ref . 9 , 12]. Investment  costs a re  tabulated in Appendix B.

Appendix C presents  the annual operat ions / maintenance costs for  each

alternative.
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A summary of the relative costs to this analysis is p resen ted  in

Table 1.

Table 1. COST SUMMAR Y

COS T (annual) ALTER NATIVE
A B C

INVESTMENT .¼ $11, 985 , 000 $ 9, 517 , 500 S 7 , 050 , 000

OPERATIONS / MAINT $ 2 , 485 , 000 $ 3 , 275 , 000 1, 772 , 000

TOTAL $14, 470 , 000 $12 , 792 , 500 $ 9, 822 , 000

*Investment cost re fe rs  to the equivalent annual cost as calculated
in Appendix B.

B. REVENUE FROM THE SAL E OF CRUDE OIL

In applying the methodology to the anticipated revenue f rom the

sale of the crude , the f i rs t  step is to identif y the re f inery  marke t s

and flows for each alternative.  Geographic limitations and h is tor ica l

demand form the basis for establishing the r e f ine ry  market  locations

and the flow rates to each location.

1. Ref inery  Market  Determination

Consideration of Alternative A shows that the full flow of

c rude oil from N P R _ 1  (2 00 , 000 barrels  per day) must be t ranspor ted  to

Midland , Texas. A major fac tor  which must be considered as part  of

this al ternat ive is the capacity and objective of the SOHIO pipeline ,

through which N P R _ l  crude must t ravel .  The or i ginal capacity of
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the SOHIO line is set at 600 , 000 ba r re l s  per day with expansion capacity

to 1, 200 , 000 barrels  per day, and the main objective of the pi peline is

to t ranspor t  crude oil ori ginating in Alaska to the mid-cont inent  region

of the United States. This means that the crude oil f rom NPR~~1 will

represent  a minority amount of the volume of crude pass ing throug h

the SOHIO p ipeline .

The refinery capacity at Midland , est imated at 265 , 000 barrels

per day and under a 90% utilization fac tor  in 1975 , is not capable of

absorbing the crude from the SCHIO line [Ref .  6 , p. 275].  It then

becomes obvious that the crude  must be t r ans shi pped f rom Midland to

other refine ry areas .  An FEA stud y in October , 1976 , stated that

the only pipelines leaving the Midland area which have excess capacity

are those going east to the Texas Gulf Coast a rea .  No spare  capacity

existed in a northerly direction from Midland , but fu ture  expa nsion

could possibly provide additional capacity to Minneapolis , Minnesota

[Ref. 6 , p. 275] . A review of the actual pipeline deliveries of crude

oil from Midland to ref inery areas in 1972 showed that 74% of the

crude went to Houston , Texas , 24% went to St. Louis , Missouri, and

2% went to Kansas City, Missouri [Ref .  4, p. v-14] .

A reasonable projec t ion  for the distribution of crude oil flowing

into Midland is that the bulk of the crude would be directed toward the

T exa s Gulf Coast due to the availability of excess pipeline capacity.

This projection should , however , take into account fu ture  expansions
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of pipeline capacity f rom Midla nd north to Mi nneapolis . The 1972 data

on actual deliveries of crude from Midland shows that the flow distribu-

tion of 74% to Houston and the remaining 2 6% going north to St. Louis

and Kansas City provides an approximation of this project ion.  There-

fore , an assumption is made that the crude dis t r ibut ion f rom Midland

will be based on the percen tage  of actual deliveries in 1977. The

following locations and flows are used:

Houston , Texas , 74% , (148 , 000 bar re ls p er day) ;

St. Louis , Missouri , 24%, (48 , 000 bar re l s  per  day);

Kansas City, Missouri , 2% , (4 , 000 barre ls  per day).

Alternative B sends the full flow of N P R _ 1  crude (200 , 000

barrels  per  day) via tanker f rom Port Hueneme, California , to a

refinery area.  In considering the refine ry areas on the West  Coast

of the United States , three major areas are  identified , Los Angeles ,

California ; San Francisco, California ; and Seattle , Washington.  In

addition another potential market  for NPR- 1  crude exists b y using the

Panama Canal , thus opening up both the Gulf Coast and East Coast

refinery areas .

Determination of specific ref inery areas and flows serviced

by a tanker  route through the Panama Canal is a difficult , complicated

task. A reasonable assumption on this issue is to recognize  that the

high t ranspor. .. ;:ion cost caused by the long distance and use of relatively •

small tankers due to size restr ict ions on the Panama Canal will probabl y
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limit the use of this route. Another point of considerat ion is the pre-

diction made by the FEA in October , 1976 , that the major  par t ic ipants

in the North S1opt~ crude product ion will obtain a p ro f i t  advantage by

• ma rketing as much crude as possible on the West  Coast , which resul ts

in minimization of North Slope crude market ing into the Gulf Coast ,

Midwest , and East Coast areas [Ref . 6 , p. 175]. At this point , a

s implifying and a rb i t ra ry  assumption is made in o rder  to comp lete

this part of the model. In order  to account for  the hi gh t r a n s p o r t a t i o n

cost to the potential markets , 25% (or 50 , 000 bar re l s  pe r  day) of the

crude  will be assumed to travel via t anker  f rom Port  Hueneme to

Houston , Texas. The remaining 75% of the crude will be divided

among the major West Coast re f inery  a reas .  The basis  for  dis t r ibu-

tion of the c rude on the West Coast is the pe rcen tage  of 1975 r e f i n er y

capacity in each area.  The pe rcen tages  and flows a re  as follows:

Los Angeles, California, 51% (77, 000 barrels per day~;

San Francisco , California , 30% (45 , 000 bar re l s  per day \ ;

Seattle, Washington, 19% (28 , 000 bar re l s  per day~
[Ref .  6 , p. 53].

Note that although these assumptions can , of course , be challenged

as data becomes available , that a change in the per  cent of flow dis. .

tribution does not change the analysis methodology.

Alternative C involves a ra ther  complex d is t r ibu t ion  sy s t em

for the N P R _ 1  crude. The Navy p ipeline to Coalinga , California , is
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proposed to be constructed such that t ie- ins  can be made to exist ing

pipelines serving Avila Beach , California , and Es te ro  Bay, California.

A flow of 5, 000 barrels per day is projected to Avila Beach and 40, 000

barrels per day to Estero Bay. Sinc e both of these locations a re

marine terminals requiring tanker loading, and sinc e both locations

are geographically close together , a s implif ying assumption is made

which considers a sing le flow of 45 , 000 barre ls  per  day to Es tero  Bay.

The remaining flow (155 , 000 barrels  per day) will then go into existing

pipelines for delivery to the San Francisco Bay area ref iner ies .

Under this alternative, the only choices to be made for

refinery locations are for the crude delivered to Es tero  Bay. The

problem of identif ying locations and flows for  a t anke r  route  is simila r

to that discussed under  the previous section on Alternative B. Again

a s implifying assumption is made to t ranspor t  25% of the crude  (11 , 000

barrels per day) through the Panama Canal to Houston. The remaining

flow will be split between the remaining two major West  Coast r e f ine ry

areas  on the basis of 1975 re f inery  capacity as follows :

• Los Angeles , California , 74% (25 , 000 barre ls  per day) ;

Seattle, Washington, 26% (9, 000 bar rel s pe r day)
[Ref.  6 , p. 53].

As an. aid in summarizing the ref inery areas and flow

quantities for  N P R _ l  crude , Figure 2 is presented.
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2. Price of Crude at R efinery Marke ts

Next the price of crude oil at the specific r e f ine ry  locations

is calculated. Attempts to discover the cur ren t  price of crude oil by

contacting the individual refineries in the desired locations failed.

Discus s ion of this problem with economists at Standard Oil Company

of California, revealed that available price data on crude oil is based

solely on the location of the oil field. Since no regulatory agency

requires posting of crude oil prices at ref iner ies , prices for  crude at

refineries is generall y not available outside of the oil compa ny . The

economists also indicated that the p rices of crude at ref ineries is

treated as propr ie tary  information , and as such would probably be

unavailable. Figure 3 presents  a disp lay showing the method used to

determine the crude oil price at the ref iner ies .  This method is based

on the following statement made by the FEA:

“The landed price of imported crude oil in the U. S.
is the world or OPEC price , plus t ranspor ta t ion
costs to the re f inery  plus the 21-cen t s-pe r -ba r r e l
import fee imposed b y the U. S . ” [Ref.  6 , p. 335].

In other words , the OPEC price of crude oil , which is set F . 0. B.

the producer , plus transportation costs and import fees  is the driving

force behind the market  price for crude at any given ref inery.

The price of Saudia Arabian light crude (F. 0. B. Saudia Arabia)

is utilized as representat ive of the OPEC price. The main reason for

choosing the Arabian li ght crude as a basis for  comparison with NPR-1
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FIGURE 3 , CRUDE PRICING AT REFINERY LOCATIONS

SAUDIA
ARABIA

$12.  30 /bb l *

( $1. 3 5 / bb l )  . ( $ 1 . 2 2/ b b l )

_  N

HOUSTON WEST
TX.  COAST

$13.65/bbl $13.52/bbl

($0. 36/bb~~~~~~~~~~~~~~~~~~ 0.45/bb1)

KANSAS CITY TST . LOUIS
MO. MO.

$14.01/bbl $14.10/bbl

LEGEND

Pipeline (Transportati~ n Cost) 
* 

~~~~
0
~~~~~ e

=
F~~~

a b i a n

Saudia Arabia ($12.09!
(Transportation Cost) bbl) plus U.S.

Tanker Route~~~ . import tax ($0.21/bbl)
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crude is due to the s imilarity of the crudes.  The Arabian lig h t is

rated at 34° API arid the N P R - l  crude (Stevens Zone crude which

account s for 67% of the production) is rated at 35° API. On 1 January

1977 , the posted price for Arabian light F . 0 . B .  Saudia Arabia was

$12 . 09 per barrel .  [Ref.  10]. To this amou nt the U . S. import fee of

$. 2 1 per barrel  is added giving a price of $12 .30  per b a r re l .

Transportat ion costs were  then identif ied f rom Saudia Arabia

to both Houston , Texas , and the West  Coast. For each of these routes ,

use of tankers  rang ing in size from 80 , 000 to 160 , 000 deadweig ht tons

(DWT) was assumed so that compatability with port facilities would be

maintained. The port of dest inat ion on the West  Coast was assumed

to be either Los Angeles , San Francisco, or  Seattle. The d if ferent ia l

in distance and rates between Saudia Arabia and the three  West  Coast

ports is felt to be insi gnificant , result ing in the assumption of equal

transportation costs to the three ports . The tariff for  the t r i p to

Houston is $1. 35 per barrel  and to the West Coast is 51. 22 per barre l

[Ref .  6 , p. 155]. Existing pipelines were then used to establish trans-

portation costs from Houston to St. Louis and Kansas City. The posted

tariff from Houston to St. Louis is $. 45 and to Kansas City is S. 36

[Ref. 6 , p. 224] .

Thus we find that the projected price of Arabian light c rude

in each of the ref inery  areas is: West  Coast - $13. 52; Houston , Texa s ,

$13. 65; St. Louis , Missouri , $14. 10; and Kansas City, Missour i ,

$14. 01. This price should be fur ther  modified to accou nt for the
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physical differences  between the Arabian li g ht and N P R - 1  crude.  The

physical character is t ics , such as specific g rav i ty ,  sul pher  cont e nt ,

and product mix output , must be compared in order to adjust the prices

of crude oils to an equal basis.  No data on this comparison between

Arabian light and N P R _ 1  crude was found; t he r e fo r e , no cor rec t ion

is offered for the d ifferenc e in physical character is t ics  between the

two crudes.

3. Transportat ion Costs and Total Revenue

The next step in app lication of the methodology is to identif y

transportat ion costs incurred in moving the crude f rom N P R _ 1  to the

refineries , and to determine the total revenue f rom the sale of the

crude for each al ternat ive.  In o rder  to accomplish these tasks , each

al ternat ive  will be considered s eparatel y.

a. Al ternat ive  A

Figure 4 presents  a display of the flows , t ransporta t ion

costs , and c rud e prices at the ref iner ies  for Alternative A . The f i r s t

leg of the t ransportat ion system is the proposed Navy pipeline f rom

Elk Hills to Redland s , California. As previously discussed in Chapter

3, the tariff for this pipeline is computed on a cost of servic e approach ,

based on a 20% factor on the total investment cost. Using a flow rate

of 200 , 000 barrels per day and assuming that the utilization factor on

the pipeline is 95% , the tar iff  is projected to be $0. 29 per ba r r e l .
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Next , the crude will move from Redla rids , California ,

to Midland , Texas , via the proposed SOHIO pipeline. The FEA has

pr oje ...ted the tariff  for  the entire SOHIO pipeline ( f rom Long Beach ,

California , to Midland , Texas) to be $1. 00 per bar re l  [Ref .  6 , p. 281].

Since the crude from NPR- 1  will be t ransported onl y f rom Redlarids ,

a lesser tariff can be anticipated. On the basis of mileage , the d i s t ance

between Redlands and Midland is approximately 96% of the distance

between Long Beach and Midland . Using this mileage percen tage  as a

basis to project  the tariff f rom Redlands to Midland , the pro jec ted

tariff is $0. 96 per barrel .

From Midla nd , existing pipelines will be used to t r anspor t

the crude to the ref inery locations . Posted tariffs for the existing

pipelines have been identified by the FEA [Ref. 6 , p. 224] . Exact

tariff s are  posted for the Midland to Houston segment , but for the

Midland to St. Louis and Midland to Kansas City segments , a mileage

proportion of the tariff from Midland to Minneapolis is used.

The price of the crude at specific refine ry locations is

t ransfer red  from Figure 3 to the refinery locations on Fi gure 4. For

each refinery location and flow , the transportat ion costs are  then

subtracted back to Elk Hills . Calculation of the total annual revenu e

from the sale of the crude is based on 95% utilization of the Navy

pipeline. The total projected annual revenue for Alternative A is

$847, 720 , 530 .
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b. Alternative B

Figure 5 displays the flows , t ranspor ta t ion  costs , and

crude prices at  refineries for Al ternat ive  B. Again , the f i r s t  leg of

the transportat ion system is the proposed Navy pipeline f rom Elk Hills

to Port Hueneme , California. The tariff for this p ipeline , based on

the cost of service approach , is $0. 25 per barrel .  The cost of tra ns-

portation via tanker from Port Huenern e to the ref inery  areas is based

on data supplied in a Navy funded study of t ranspor ta t ion  a l ternat ives

[Ref. 12 , p. B_ 9 ] .

As before , the crude prices in the ref inery locations is

t rans fe r red  from Figure 3 to Figure 5 and then t ranspor ta t ion  costs

for each route are  subtracted from the ref inery price. The pro jec ted

annual revenue from the sale of crude f rom Alternative B is

$857 , 384 , 453.

c. Alternative C

Figure 6 presents  the flows , t ranspor ta t ion  costs , and

crude prices at the refineries for Alternative C. The tariff for the

f irs t  segment of the system, the proposed Navy pipeline f rom Elk Hills

to Coalinga , is based on the previously described cost of service

approach. The tariff from Coalinga to San Francisco is based on

existing rates , as is the tariff from Coalinga to Estero Bay [Ref.  12 ,

p. B-9].
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Difficulty was encountered in obtaining transpor ta t ion

costs via tanker from Estero Bay to the re f inery  a reas .  The rates

used for Alternativ e B in tanker  t ranspor ta t ion  f rom Po rt Hueneme

were used as a base and were modified sli ghtl y, based on the dif ference

in location between Port Hueneme and Estero  Bay.

Crude prices at the refinery locations were t r a n sf e r r e d

from Figure 3 to Fi gure 6 and transportat ion costs were  subtracted

from the refine ry prices. The total annual revenue from the sale of

crude from Alternative C is calculated to be $903 , 519 , 540.

C. REVENUE FROM OPERATION OF THE NAVY PIPELINE

The next item of revenue to be considered is that derived f rom

the sale of the Navy pipeline service.  This amount is simply the

proposed tariff for each alternative pipeline route multiplied by the

projected flow for  the pipeline .

Table 2 presents a summary of all the revenues identified in

this analysis .

Table 2 . REVENUE SUMMAR Y

REVENUE ALTERNATIVE
A B C

SALE OF CRU DE
R 

847 , 720 , 530 857 , 384 , 453 903 , 519, 540

PIP ELiNE OPERATIONS~ 20 , 111, 500 17 , 337 , 500 11, 789, 500

TOTAL 867 , 832 , 030 874 , 721 , 9 5 3  915 , 309, 040

*Calculation based on flow of 200 , 000 barrels per day with p ipeline
utilization of 95% (annual flow = 69, 350 , 000 ba r re l s)
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D. NET REVNUE CALCULATIONS

The final step in the application of the proposed methodology is

to aggrega te  costs and revenues and compare the net revenues of each

alternative. Table 3 presents  the net revenues from each a l te rna t ive .

Table 3. NET REVENUE SUMMARY

ALTERNATIVE
A B C

REVENUE $867 , 832 , 030 $874 , 721 , 953 $915 , 309, 040

COS T $ 14, 470 , 000 $ 12 , 792 , 500 $ 9, 822 , 000

NET R E V E N U E  $853 , 362 , 030 $861 , 929, 453 5905 , 487 , 040

Comparison of the net revenu e fi gures shows that Al ternat ive  C

will provide maximum net revenue.  A gain , the point is made that many

assumptions and extractions of data surround the fi gures used in obtaining

the net revenu e amounts . The relatively small spread of the total fi gures

indicates that even sli ght modifications to cer ta in  assumptions in the

app lication process  might cause a reorder ing  of the a l ternat ive  ranking . f

The numbers used in the application process  a re  best thoug ht of as an

illustration of the proposed methodology rather than as a basis for  actual

choice.
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V . SUMMAR Y, COMMENTS, AND RECOMMENDATIONS

The approach used in building the methodology to make the alter-

native choice at N P R _ 1 , Elk Hills is basically one of applying a cost

and revenue determi nation model to the concept of maximizing the

net revenue from the system. Costs are  identified based on exis t ing

eng ineering s tudies for each al ternative.  Revenu e determinat ion is

comprised of two parts , tha t f rom the sale of the crude oil and that

f rom the operation f rom the Navy pipeline . The revenue f rcm the sale

of the crude is calculated by determining the market  pr ice  of crude

oil at specific refinery locations and then sub t ract ing  the t ranspor ta-

tion costs f rom the refinery  to N P R _ l , giving the price of the c rud e at

NPR- 1. Then by multiplying the pr ice of the crude at NP R - 1  by the

flow rate , revenue from sale of the crude  is de termined.  PipelLie

operation revenu e is calculated by multiplying the tariff  b y the flow.

Aggregat ion  of these costs and revenues then g ives net revenue , with

the choice of the al ternat ives based on the maximum value of this amount.

In attempting to app ly the methodology in a ri gorous manner , nu-

merous difficulties were encountered.  The comp lexity and siz e of

the petroleum and petroleum transportat ion indust r ies  necess i ta ted

numerous assumptions . As a resul t  of the large number of assumptions

and data extractions required in de te rmin ing  the specific fac tors  of
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the methodology, the application of facts and fi gures to the model is

presented as an illustration of a methodology rather than a ri gorou s

application resulting in a concrete  al ternative recommendation.

Future study in this area with this thesis as a base may prove

fruitful .  A refinement of the application of the methodology would be

a f i r s t  step. A ri gorous application of market  forces  and t ranspor ta t ion

costs to the methodology would result  in net revenu e f igures  which

would be more meaningful toward the actual choice of a l t e rna t ives .

Associated with this more r igorous app lication would be a sensitivity

analysis , that is a variation of the key pa rameters  to see how much

variation is needed to change the a l ternat ive choice from one to

another. The variables which appear to have major impact on the

net revenu e include the quantity of ~~ flowing through the Navy pipeline ,

the particula r ref inery markets  served , and the world (Or OPEC) price

of crude oil. These and perhaps other variables could be studied in

depth to de termine  the effect that changes in the variables have on net

revenue and alternative choice. Utilization of network theory  and

computer analysis might be of ass is tance in per forming  the sensi t iv i ty

analysis since a large number of variable factors can be identified.

The proposed methodology might also be used to maximize revenue

from the p ipeline system which is chosen for installation. Since each

alternative presents  choices for  refinery market locations and trans-

portation routes , the methodology could be applied to the chosen alter-

native in order to maximize revenue f rom that system .
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Because of the net revenue problem s t ruc tu re  it might even be

tha t the best solution is not to build jus t  one pipeline but all three  or

a combination of two. The rationale for  this being that a dynamic

allocation of flow based on the fluctuation of marke t  prices might yield

a maximum net revenu e if a combination of two or all three pipelines

are built. This problem in particular is amenable to computer-network

theory simulation.
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APPENDIX B

April 5 . 1976

~n~~ct
To authorize th e Secretar y of the I nter ior to establish en certain public lands

of the United States nation al petro leuni reserv es the developm ent of whit -h
needs to be regulate d i n a manner  consl,’tent with the total energy IiNe(IS of
the Nation , and for other purposes.

Be it en~wted by the Senote and 1Ion.~e of /?ep re-~enta t ir e9 of the
United State,~ of Am ’ ,-ie--i i n ( ‘onqi-e.~-~ a~.~einh1ed. That this Act may Navai
be cited as the “Naval Pet-roleum Reserves Product ion Act of 1976”. Pe~ oleum

Reserves
TITLE I—NATIONAL PETROLEUM RESERVE IN ALASKA Production

42 Usc 6501
DEFINITION note.

SEC. 101. As used in this  t i t le ,  the tern i “petroleum ’ includes crude 42 usc 6501.
oil , gases (including natural  gas) . nat ural gasoline, and other related
hydr ocarbons. oil shale , and the products of any of such resources.

DESIGN ATION OF TIlE NAT IONAL PETJIOL~~UM R~~~ERVE IN .~LAS1c.~

SEc. 102. The area known as Naval Pet roleum Reserve Numbered 4. 42 usc 6502 .
Alaska. established by Exe cutive order of the President. dated Febru-
ary ~T. 19-23. except for tract Numbered 1 as d€scribed in Public Land 43 CFR app.
Order 344. dated A pril 4. 1961. shall be transferred to and admin-
istered by the Secretary of the Interior in accordance with the provi-
sions of this Act. E ffective on the date of transfe r all lands within
such area shall be redesi gnated as the “National Petroleum Reserve in
Alaska ” (hereinafter  in this title referre d to as the ‘reserve ) . Sub-
j eCt to valid existing rights , all lands within the exterior boundar ies
of such reserve are hereby reserved and withdrawn from all forms of
-ntr an(l disposition under - the J) tlbhc land laws, including the miii-
ing and minera l leasing laws, an d all other Acts: but the Secretary is
.iuthorized to ( 1 )  make dispositions of mineral materials pu Nua n t  to
the Act of .Julv 31. 1947 (61 Stat. 081). as amended (30 U.S.C. 601).
for appropriate use by Alaska Natives. ( 2 )  make such dispositions of
mineral materials and grant such rights-of-wa y, licenses , and perm its
flS may be necessary to carry out his responsibilities under this Act.
and (3) convey t.he surface of lands properl y selected on or before
December 18, 1975. by Native village corporations pursuant to the
Alaska Native Claims Settlement Act. All other provisions of law 43 usc 1601
heretofore enacted and act ions heretofore taken reserving such lands note.
as a Naval Petroleum Reserve shall remain in full force and effect to
the extent not . inconsistent, with this Act.

TRANSFE R OF J CRIS DIrr1 ON

SEC. 103. (a )  .Jurisdiction over the reserve shall be. transferred by 42 usc 6503.
the Secretary of the ~ avy to the Secretary of the Interior on June 1,
1977.

(b) With respect to any activit ies related to the protection of
env ironmental , fish and wildlife ,  and historical or scenic values, the
Secretary of the Interior shall assume all  responsibilities as of the date
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Rules and of the enactment of this title. As soon as possible, but not later than
regulations, the effective date of trans fer , the Seci-etarv of t h e  Interior may pro-

mulgate such rules and re~ ulations as he deems necessary and appro-
priate for the protection ot such values wi th in  the reserve.

(c) The Secretary of the I iit ei ioi- sli~ l l. upon the effectiv e (late of
the transfer of the reserve, assume the responsibiliti es and functions of
the Secretary of the Na vv m dci any con ract s win ich may be in e ifei t
wit h respect to activities w i th i n  t h e  reserve.

(d) On the date of transfe r ’ of ju r isdiction of t i r e  reserve , all equip-
ment, facilities , arid other In ol er~y of t ir e Depai’tnient of the Navy
used in connection with t i r e  opera t ion of t h e  reserve , in c lu d ing all
records , maps, exhibits , and other informational data held by the
Secretary of the Navy in connection wi th  the reserve , shall be tranis-
fei’i’ed without  l’eimnl )ur semell t fr - our t i r e  St ’cret arv of the Nav y to the
Secretary of the Interior who shall th ereafte r be authorized to use
them to carry out the pro~’isions of th is  t i t le.

e) On the date of t ransfe r  of jur i sdic t ion of the reserve , the Secre-
ta rv of the Navy shall t ransfer  to t i re  Secretary of t i r e  Interior all
un expended furu ’ls pr eviousl appl o~ o- inted for - use in connection with
the r eserve and all civi l ian pers onnel ‘ei l in ~rs assigned by th e Secretary
of the Navy to the management ari d operation of the reserve as of
.Tanuarv 1. 1976.

.~DMINIS TRAT1ON (i t ’  T U E  RESF.RVF.

Pe~~oIeum SEC. 104. ( a )  Except irs I)r0Vi lt~.l ii i  subsection c) of this  sect ion.
production , production of petroleum from the reserve is pr o! i i l) ited and no develop—
prohib ition, merit leading to production of p et i-oleurri from the reserve shall be
42 usc 6504. u nde rt aken un t i l  author ized by an Act of Congress.
Explorations. (b) Any exp loration w i t h i n  the Utukok River - . the Teshek pnk

Lake a r-ens, and other areas designated by the Secretary of the Interior
containing any si irni fi cant subsistence , recreat ional , fish and wildl ife .
or historical or scenic value , shall be conducted in a manner  which will
assure the maximum protection of such surface values to the extent
consistent with the requirements of this  Act for the exp loration of the
reserve.

(c) The Secretary of the Nay shall cont inue the ongoing petro leum
exploration pr -ogram wi th in  t i r e  I ese !ve u i n t ’ l  t i r e  dat e of the tr ansfer
of juris d ict ion specified iii st ct iofl 103 i t . Prim ’ to tb e date of ~uch
tran sfe r of jur isdic t io n th e Scer-~t a r v  of t ir e Navy s l r :n l l—

( 1) cooperate fu l l y  wi th  the Secretary of the Interior providing
him access to such faci l i t ies  and such inf or ’nra ti on as lie may
request to facil i tate the t ran sfer  of jurisdiction :

Inform ation , (‘2) provide to the Committees on Interior and Insular Affairs
~ibmittal to of the Senate and the House of Representatives cop ies of any
congressional reports, pl ans. or contracts per ta in ing  to the reserve that are
comm ittees. required to be su bmi t ted  to the Committees on Armed Services of

the Senate and the House of Representatives : and
(3) cooperate an(l consult with ti ’e Secretary of the Interior ’

before executing any new contract or ’ amendment  to any existing
contract pe r t a in ing  to the reserve and allow him a reasonal)le
opportuni ty to comment on such contract or amendment ,  as the
ease may he.

( 1 )  The Secretary of the Interior shall orumcnc e fm ’thet ’ petroleu m
exp loration of the reserve as of the date of t r an s f e r of j ur isdict ion
specified in section 103(a) . In cotul u et in g this exp lor ation effort . the
Secretary of the Inferior—

contacts. ( 1)  is authot -ized to enter in to  contracts for the exp lor ’ation of
the reserve, except that. no such contract may be entered into until
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at least thirty days after the Secretary of the Interior has pro-
vided tire Attor ’ney General with a copy of the proposed contract
and such oth er information its may be appropriate to determine
legal sufficiency and possible v iolations trader, or inconsistenc ies
with , the r rn t i t r ’r r s t  laws If. within such thirt y day period , the
Attorney General adyises th e Secretary of tire Interior that any
such contract would unduly restrict competition or be inconsistent
with tire an t i t r u s t  laws, then tire Secret:rry of the Interior m a y
not execute that contract :

(2) shall  submit  to the Comnrr ittees on Inter ior and Insular Plans , sub—
Affairs  of tire Senate and the h ouse of Rep i-eseir tati ves any new mitt al to
plans or substantial amend m ents to ongoini.r l) laTrs for the exp lora. congressional
tion of the reserve . All such plans or anwndments su bmitted to committees.

suich committees pursuant to ti n s section shall contain a report by 
~~t~o~~e 

by
the Attor ney Gerr er al of the Fnitt ’i l States wi th  respect to the General .anticipated effects of such p la irs or’ a rur e r r dnr i en t s  on conu ipe t i t i on .
Such plans or a m n e n n i n u r e n t s  s ira l  I not be imp lemented un t i l  sixty
day s a fter ’  they ira i-e been ~u ih rn it ted to suit - li cor rr n ii t te e s and

(3) shall repo r t annual l y  to the Co nnunr i t tee s  on Interior and Report to
Iru-r i la r  .~ tI~n i r s  of tire Senate ar id the h ouse of Repre serrtatives on congression al
t ire pr ’oizress of . a n t i f u t u re plans for, exp lorati on of the reserve, committees.

(e)  Fnr t i l  t i re rese r ve is t r-a nsfe r ’r ed to tire j u r r i s th i c t ion  of the Secre-
tary of the Interior , tire Secretar ’y of the N avy is authorized to develop
:ui r t l cont inue  operatio n of t i r e  Sou t h Bat-row gas field , or such other
fields as nnr a~’ be necessary, to supp ly gas at reasonal)le and equ itable
I nh’s to t ir e  n a t i ve  v i l ia ~ e o f Thzr’r ’ow. anti oil ier communit ies  and
iuist ir i  l i t t u  u~ at or’ n e a r Point Barr ow . Alaska. and to installations of
tire Dep ar tnuu ent  of Defense and other agencies of the I nited States
located at or nea r Point Barrow , Alaska. After  su ch tran sfer, the Sec-
r -et ar -y of t ine  In t er io r ’  shall  take such actions as may be necessary to
-o n t in rnme  - t i t h service to such vih1 a~re . co ruur i r u rn i t ie s .  installations, and
agen cies at reasonai)le and equitable rates.

STUDY OF TUE RFSERvE

S~c. 105. ( a )  Section 164 of the Ener-gv Policy and Conserv at ion
Act (~.9 Stat.  ~71. ~S~) ) .  is hereby amended by deleting in the fir-st 42 USC 6244.
sentence “to tire Coiui~ress” and by inser t in g  in lieu thereof ~~t the
Committees on Interior ’ and Insular A ffai r - s  of the Senate and h o u se
of Representatives”,

(h) ( 1) The President shall  direct such Executive department s  and ! 42 usc 6505.
or agencies as he may  deem appropriat e to conduct a stu rd y ,  in con-
suul t at u on with representatives of the State of Alaska. to determine
the best overall procedures to he used in the development, prod uction.
transportation, and dis t r ibut ion of petroleu nr i resources in tir e reserve,
Such study shall include , but shall not be l imited to. a considera-
tion of—

(A )  the al ternative procedures for accomp lishing the devel-
opment , prod rr ction. tra rus p or -t at ion . and distr ibution of the petro-
leum resou rces from the reserve, and

(B ) the economic and environmental consequences of such
alternative ~rocec1u res.

(2) The President shall make semiannual  pi’ogress reports on tire Report to
imp lementation of this subsection to the Committees on Interior and congressional
Insular Affairs  of the Senate and tire House of Repr esentatives begin- committees.
ning not later than six months after  the dat e . of the enactment of this
Act and shall, not later than one year after the t ra nsfer  of jurisdic-
tion of the reserve , and annual l y  thereafter,  report any findings or
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conclusions developed as a result of such stud y together with appro-
priate supporting data and such recommendations as he deems desir-
able. Tine stud y sh all be comp leted and submitted to sucir committees,
together witir recom mended procedures and any proposed legrslation
necessary to imp lement such procedures not later than January 1,
19~0.

42 usc 6505. (c) ( 1)  Tine Secretary of the Interior shall e~-tablish a task forceto conduct a study to deter m ine the values of. an(i best uses for, the
lamrds cont ainrt ’d in the r’esen-~-e. taking into consideration (A) thenatives wlr o l ive on’ depend upo n such la irds . ( B )  tire scenic , histori-
cal, recreational , fish and wi ld l i fe ,  and wilderness values , (C) mm-
em ’al potential , rind D) oti rer  v alnr es of such lands.

(2) Such task force shall be composed of representatives from the
government of Alaska , t i re  Arc t ic  sIOj)e native coflinnuflity, and such
offices and bureaus of the Depau -tment of the Interior as t i re  Secre-
tary of the Interior deems apl)t -opria t e . including , but not li m ited to.
the Bureau of Land Management . the T nited States Fish and Wild-
life Service, tire I iiited States Geolo~ ical Survey, arid the Bureau
of Mines.

R eport t~o (3) TIre Secretary of tire Interior  ~hall submit a report . toget her
congressional w i th  tire concurrirrg or dissenting views , if any . of any mv,n-Federa l
committees, representatives of tire task force, of tire m - u ’su r lt s  of such s tidy to the

Committees on Interior ’ ar id In sular  Affai r ’s of the Senate ant i the
House of Repr -esentativ es wi thin  thn ’ee years a f t e r  tire date of enact-
mer it of ti n s t i t le  and shall include in ~iit lr report his n e t o n u n n u r e i r d a —
tions wi th  respect to t I re  value. best rise , u r nmnl  appropr ia t e  tle s i gnat on
of tir e lands refer’m ’ed to i i i  pan ’agraj )h ( 1) .

ANTITRUST PR OVI SIONS

42 usc 6506. S~ c. 106, Unless otherwise provided by A~t of Congress. whenever
development lead ing to production of petroleum is author ized ,  the
provisions of snni ) sect ions ( g ) .  ( I i ) .  and ( i )  of sect ion 7430 of t i t l e  10 ,

pc~~, p. 309. United States Code, shun ) ) be deemed app licable to the Secn’etarv of the
Interior with respect to ru n es ant i  regul ations , plans of development
and amendnrent s t ire m -et o , arid contracts and operati ng a~rreeme nts . All
plans and proposals sul)mi tte ( l to the Congress u u nd e r  this  t i t le  or
pursuant to leg islation uru t i r or i z i r rg  development leading to pr o(luu c-
tion shall contain a report i)V t ire Att or-n e Gett er -al of tire United
States on tire anticipated effects U iron cOnln l ) e t  i t io nr  of sr u ( - ir  i) lnln s and
proposals.

A t -TfrorrrzA Trox I’U R .~ppnop Rr ATr ( ys

42 USC 6507. Srr. 107. (a)  There are :ir it iiom izetl to be appro pr -iat ed to t ire Depart-
rnent of the Interior such sums irs nu av  l)C necessary to carry out the
provisions of ti n s t i t le .

Commun ity h )  If the Secretary of tire T 11t~.1j 01. deter -mi rine s t i r a t  there is an
municipal i rn nwdi at e  and sub sta nt ia l  m ien-ease in tint ’ need for nur unici pal services
sei~ices and and fa c i l i t ies  in ( -o f l hni lui r i t ie s  located our or neat - the reserve as a dir ect
facilities, result of t ine exp loration and stud y activities arr t i ior ’ize d by this  t i t leFederal f~ and that an unfair  ant i excessive financial burden will  be incurred bynanclal such communities as a result of tire increased need for suclr services andassmrtance . facilities, then he is au t ir or -ize t i  to assist such co ununur un i t i e s  i i i  meeting

the costs of pr oi-idmng increased munic i pal services and facili t ies.  Tire
Secretary of the Inter ior shall carry out tire provisions of th i s  section
throug h existing Federal pro gm’ trnuu s and ir e shall consult w i t l r  t ire heads
of the departments or’ agencies of tire Fedem-ur l Gov er -n rrie r n t  concerned
with the type of services and faci l i t ies  for which f inanci a l  assistance is
being made available.
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TITLE 11—NAVAL PETROLEUM RESERVES

SEC. ~O1. (‘lraptei ’ 641 of t i t l e  I n ) , Unit ed States (‘Oti s . is rurre r rded as
follows : - -(1) Iun rnie di ate l y before sect n onr T4~ 1 ir r ser ’t t ire following new
section
“

~~ 7420. Definitions 10 USC 7420,
( a )  Im n th is  -hap t eu’ —

(1 )  ‘national defense’ includes the needs of. and the planning
a mid I)n -epa i ’t ’dhre ss to irie et. t ’ssei rtia l ti e fen is e . inr si us t n ’i al , and mil i—
tars - em ergen cy errer ’gy re qnr I u - emnnen i t s  n -p in t  ive to tine national
safety , welfare , and economy . i t n i a r - l y m - e sr u i t in rg  fn’ onr fo re i gn
mil i tar y  on’ ecouromic a -t i o u rs

(2) ‘naval petrole uun i reserves’ means t i r e  nava l  pe ti -oleunu and
oil str ide r eser’ves estahlis lr ed b th is  s - inn i , te r ’ . i r r s h u i s l i n r g  Naval
Pet m ’o i e nun n Rese n’ve Y unnmil ) t ’  r e s t  1 ( E lk  I f i l l s )  , locates i in Ker n
(‘ouni tv ,  (‘rt l i fot ’ri i a .  est ab lis lrt ’st Is v Executive on -t i er ’ of the Pre si—
lent. hn te d Sepreuuuher ’  ~~ . 1 I) 1 ~ : Yin cit I Pet n - oie u ru i i  Resen ’ve N u n n u r —

ber-ed 2 ( Bnue n ra Vista ) .  located i n Keu-nr ( ‘t u u u u n t v , ( al i for -nia ,
established iw Executive or’der’ of tint ’ Pi esi denr t , dated Decenr .
her 13. 11) 12 : Naval  Pet ro l e imr u m l~ess ’t-ve ~r u i r m r iseret l  3 (Teapot
l )orire ) . los -tit ed iii Wv or nr ing .  est a inh is i nes i by Execut ive  ot -der of tir e
Pr esids ’nr t.  (late st A pr’iI 3n I . 191 N a v a l  Per roieu nr Reserve N uunn —
beret 1 h Alaska. s- stahl islre 1 by Exe cui t  i ye ons  let- of t I r e  Pr -esid emrt.
dated Fehrr rir i- 27. 192:1 ( u n i t  i i n’es iesi~rnat ed ins t i n e  N n t iourai  Pet r o—
leii tun Re scn ’ve in n —‘ laska u n d e r ’  t i r e  jun  r - i~s I n t  inn ss f t  ire St ’cretar of

Ir e I rrt ei ’ion ’ as provided i ii  th i n ’  Naval  Pet r ol s-  m u  Re serves Pro—
stu n i t  u tm n  Act of i1I7~ ) ( ) i l  Slink Res .u -s e  N nu r ur l ) t ’ u ’ p s t  1. located inn
( olou zr ( Io . estab i isbn’ s I isv Ext ’s-tn t i r e  snn - ( le r ’  of t i re  Presi k ur t , I n t  ed
l)ecenrhe t’ 6, 1916. as am ended hr Execu tiv e or- t ier ’ slated .June 12.
1919: Oil Sh ale Resem-ve N n m n m r b e r e i l 2. lo ’att .tI i i i  I t ah r .  established
by Execut ive  om’deu ’ of t i n e  Pr-e si t l enrt .  dated Det-eml sen 6. 1916: r n n r d
( )il Shale Reserve Nu r i r  ii ser ed 3. los at i d iii ( ‘olor:nsi o . est :rhl ished by
Executive order of tire l’n ’es id er ir , l atest St ’p t cr rihe r’ 27 . 1924

n 3) ‘petr’ ol eunnr ’ itncludes t i’ n i n le i ) i  I . ~ases i i ru - lu st in g  m a t  m u ral
g:ns ) . natural  gasol i n t ’ .  a l i t  1 ot ~ It’ r n - e l sited u s  I no t - a  r i  ~t ) i i S ,  s tu l  sh irk.
and t ime  I)r ’odunct s of amr ~- of such r - e s o um n et-s

4~ ‘Secretary
’ nn eans th e Ses n- eta r v of t ire  N snvv

5) ‘snnr a l l  refi nr er ’ ni ica nr s a ir owire r- sr f a n’eti nc r -v on ’ r - e fin reri e s
in c l u r d i n i rz  refineri es not in oper ;lt ion I wino  s~ur al i f is ’s  as a sn in a l l

business u’e tiner ur nder tire i i i  les ar id r - egui la t  is ins s) f  t ine  Sm al l
Business Adr nirr i str mr t ion : and

6) ‘n rax inm un r  efficient rate ’ means tire n r n n x i n m i m  sustainable
dai ly oil or gas rate from a n-ese n -v ou u w ir  i s - lu  w i l l  per -unit et -onr onric
(leve lopineurt and dep le tio nr of t ira t r-esen ’voi r wit  I ro n nt  (let r ’i iui ent to
tine ul t in r ate recovery.”.

(2) Section 742 1 (a)  i~ amt ’nrde d— 10 USC 7421,
(A )  by striking om i t “of t i re  Navy ” :
(B)  by striking omit “a n t i oil shale ” :
( C)  by striking ouit “for ’ nr tr v ai  purposes” arid inserting in lieu

thereof “for uri ti ourni l defense purposes ’: and
(D) by striking ount “section 7438 hereof” ansi inserti n g in l ie ’n

thereof “this chapter ”.
(3 1 The text of section 7422 is amended to read as follows : 10 USC 7422.

(a) The Secretary . directl y or by conitract. lease. or otherwise, shall
explore, prospect , conserve, develop. u se, and operate . the naval petro-
leum reserves in his discretion , subject to the provision is of subsection
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(c) and tire other pi’ovisions of tI n s ch ap t e r :  except t ir sr t no petroleu m
leases shall be granted at Naval Petroleum Reserves Nurmb ei-esl 1 and 3.

“ (b)  Except as othi erwiss ’ provided m i  this chapter , par t i cu la r l y
subsection (c) of this section. tint ’  n ra v al  pet r’o le u nn mr m-eserves shall be
used and operated for—

“(1) the protection. conservat ionr. rur s t i n ten an ce.  and test ing of
those reser-ves : or

“(2 )  the prod nus ’t ion of petm ’ols~m n , n wirenev er ansi to the extent
that tine Secretary , wit h tire approval of the President, finds that
such prod uction is needed for nat ional  defense purposes and the
produ ctionn is an ithorize d Imv a jo i rmt  res n m ln mtio n of Con gress.

“(c )  (1) In administering Naval Petroleum Reserves Numbered 1.
2. anti 3. tire Secretary is sn mi t ir o m ’j zed ami d directed—

“ ( A )  to fturt lre r exp lore. dei-elop, a rid ope rate suuch reserves :
“(B)  commencing u vi t h in  ninety days af ter  the date of enact-

ment of the Naval Petrole unm Reserves Prosluction As -t  of 1976 ,
to produce such reserves at tire max imum efficient rate consistent
with sound engineering practices for a period riot to exceed six
year’s after the date of enia ctni ent of sumchr Act :

“(C)  dru r -nng such produn s -tio rm period or airy extens ionr t h ereof
to sell or oth erwise dispose of the United States share of such
petroleum produced fi’ omrr such reserves as ln erei nn rft er I)i o\-i~1ecl :
nr nd

“(D) to construct. acquire. or contract for the tuse of storage
and siri pping faci l i t ies  on an(l off the reserves and pip elines and
associate(I facili t ies on and off the reserves for transporting petro-
leum from such reserves to the points wlrere the production from
such reserves will be refined or shipped.

Any pipeline in the vic ini t y  of a nai-al petroleum reserve not other ’-
wise oper-ated as a connmon carrier nra~- be acqu ired by tire Secretary
by condemnation, if necessary , if t ire owner thereof refumses to accept.
convey, and transport without diserimiation and at reasonable rates
any petroleum produ ced at such reserve. With the approval of the
Secretary. ri ghts-of-way for new pi pelines and associated facilities
may he acquired by the exercise of the ri ght of eminent domain in
the appropriate United States district court . Sincir i ’iglrts-of-way m a y
he acquire d in tire manner set fort h in tire Act of February 26, 1931,
chapter 307 (46 Stat. 1421: 40 U.S.C. 258 (a) ) .  arid the ~rospective
holder of the right-of-way is 5t lr e au n t i nor i t y  empowered by law to
acq mm mre the lands ’ wit h in the meaning of tirat Act. Suich new pi pelines
shall accept. convey , aird transport without discrimination and at rea-
sonable rates any peti-oleum produced at such reserves as a common
carrier. Pipelines and associated facilities constructed at or procure d
for Naval Petroleum Reserve Numbered 1 pursuant to this  subsection
shall have adequate capacity to accommodate not less than t .hree hun-
dred fif ty thousand barrels of oil per (br y and shall he fu ll y oper-
able as soon mis poSsil)le. hut not later than t irr ee years after the date of
enactment of t ine Naval Petro leumn i Reserves Production Act of 1976.

~‘(2) At the conclusion of the six-year production period auntinorizedby paragraph ( 1) (B)  of th is subsection the President may extend the
period of produ n ction in tire cmnse of any nar-al petroleum reserve for
additnonai periods of not to exceed three years each—

Investigation. 
- 

“ (A)  after tire President requires an investi gation to be made.
in the case of each extension , to determine the necessity for corn -
tinned production from su ch naval petrol eum reserve :

Report to “ (B)  after the President su bmits to tine (‘ongress. at least oneConçess. hundred ei ghty days prior to the expir ation of tire current pro-
duction period prescribe d by t In s section. or any extension thereof ,
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a copy of tire repor’t nmra de . to him on sucir imnr -es ti gatiomr together
with a certification by h i m  that continued produ ction from such
naval petroleum reserve is in the irational interest : arid

“(C) if neit irer Hounse of Congress within ninety days after
receipt of such report and certification adopts -,t resolution dis-
approving further production from such naval petroleum reserye,

“(3)  The 1)r o(ILm( ’tiorr a tnt iro n ’ izat io nr set foi -th r in n par’agrap h ( 1) (B)
of this subsection , iii tine csrse of Naval Pet r ’o ln ’uum r Reserve Numnben’ed
1. is conditioned upon t i r e  pm’iv ate owm n s ’r ’ of a m y  lands or interests
ther ’eiir wi thin  su ch n’esen’ve irgn ’t ’eiirg wi th  time Sn o -netu r ry to co n t in u me
oper antionm a of suit - li reserve mnn n de r  a u m m i t i z e d  p l anr  contr’act which ade—
quate lv protects tire pub lic interest how ev er ,  if such agm-eenr euit is not
reaclreti wi t i r i mn n imret v days after’ tire dirts ’ of en act m en t of tire Naval
Petroleum Reserves 1~ro dunct ionr A ( t  of 11)76 tire Secretary is author-
ized to exercise the arrt iirn ’itv for - co nr s l en nnm n a t i o nr  confem-i-es l by section
7425 of this chapter. ’.

(4 )  Tine first sent emn ce of sect j oin 742 ;~ is am unen r ded by deleting “of the 10 USC 7423.
Navy ” am id “or products”.(

~) Section 7424 is ani meind s ’d— 10 USC 7424.
(A) by deleting “of the Navy ” inn tire text of subsection (a)

precedimrg s’lannse ( 1 ) :
B) by deletinrg “ari d oil simile ” in subsectionr a) ( 1) in tire text

preceding snib ciaims e ( A )  arid
(C) by deleting “ m r  tire gi’otnird” in clause ( 1 )  A)  of sumbsec—

tion (a ) .
(6) Sectionr 7423 is au re in de si by deleting “of tire Navy ”. 10 USC 7425.
(7) Section 7426 (a) is anr enrn led by stu’ik -ing o mi t  “the Secretary of 10 USC 7426.

the Navy ” arid ins er t i n g m r  l ie n thereof “Su bject to tine pror-isions of
sectiomr 7422 (c ) ,th e  Secretary ”,

(
~

) Tire first and set ’s)nrd sentt ’mrces of section 7427 ar’e amended by 10 USC 7427.
striking out “of th~ Navy ”.

(9) Section 7428 is annre r rded by str’iking out “wit h in the n aval 10 USC 7428.
petroleum and oil shale rest ’u’ves sh all co n rt sri n r  it pu ’ovision auitho n ’izing
the Secretar ’ of tire Nav y ” amid inr sen ’t ing in lieu t ire n -eof “within n Naval
Petroleum Rosen -c Nun nl ,er ’et l 2 ri nd tine oil s m u t .  reserves sm all contain
a provision aut irorizing tire Secretary ”,

(10) The first sentence of section 7429 is a imnen t ie d by deleting “of 10 USC 7429.
the Navy ”.

(11) The text of section 7431) is an i emr sied to r’ead as follows : 10 USC 7430.
“ ( a )  In mrd minister - in r g tire unas ’ar l pet ro ie um mm r eserves under tin s chap-

ter , the Secretary shall use. store, or sell tire pet ro l e tm n mr produ ces! from
the naval petrole mum reserves and lands covered by joint.  run t. on’ s ,ther
cooperative plains.

“(b)  N otw ithst and inng any oth er’ provision of hart ’ , each smile of tire ~.nb1ic sale.
I nited States share of petroleum shall be made by the Secretary at
public sale to the hi ghest qualified bidder , for’ periods of not nrior’e tinan
one year , at such time. in sli( ’hn amounts, and after such advertising mr s
th2 Secretary considers proper and without regard to Federal. State.
or local regulations controlling sales or allocation of petroleum
products.

“(c )  In no event shall the Secretary permit tire award of any con-
tract which would res iult in any person obtaining control, directl y or
indirectly, over more than 20 per centum of tire estimated annu mm n i
United States share of petroleum produced from Naval Petrol eumm
Reserve Numbered 1.

“(d)  Each proposal for sale under tin s t i t le  shirt11 pror -ide that the
terms of every sale of the United States share of petroleum from the
naval petroleum reserves shall be so structured as to give full and
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equal opportuni ty for ’ t ire acqui sit ion of l)v t r~ k ’uur liv all i it ter ~sts-t1
personrs, includi n g *rajor ’ arid inr dependn ’ur t oil producers and refiners
alike. Wh en ti r e ~ een-etal ’v . in n n - smsrni  t a t  runt wi t h  t in t ’  Sec r s - t az v  of t i r e
linterior , dete r ’nn inres tha t  the  p m r b i  it - im r t t ’ r - est~ rt -j li Ir e serve il by t Inc sale
Of pe tr ’o k ’u n n m r to s mni a l l  i ’e f ir rs- n - s irt t inu tv i n ig  t l n & ’ii ’ ow n as h et 1uam t e S O t i I ” t S
Of sumpp i v t i f  I)~~n ’~ I e m u r n r .  t i r e Sei ’u ’et an -v is aut lr or - iz ei l  and n i r r - c - t s -d  to ‘-tat
aside a portion of the I ‘n ited States share of pet ri ilt .’i nr rr  pr - lu r es- t i  for
sale to suit-In n-s1’n ner -s mnn de r t in e in n ’or Is lonms of this sen -t ro lL for ’ j )t - -e~srng
or rrse in suns-In re t imn em ’ies. except t ln at—

( 1 )  n one of t ire ja ’ta lunc t ion i  st i lt! to s n ui n i l  re f iners  ni na be resold
iii k i n d :

‘‘(2 i mn- 4 ) t t u t ’t ior r  mr m mNt  hue st n l ti  i t  a cost of  m i n t  less t i n a n  t in e  pci’—
v u i l i n n ~ lo cun l nmn aik t ’ t [ ) r - nt -e of co r nn p ;t i ’ ah ie  p i n  r o leu n n mn

t ire set -:rs l t  It~ Pt t n t  ii t in  in r ay not ext -co d ~~ P~’r cent u rn of tIne
estimated anrn u al  flu ted St ates slur ne  if t Ir e t in t  a! p roduct ion fi ’n t i l l
all pr-oducing naval pet r’o icmr i un  n-c~--~ r - ~t - s : a r u I

“ ( 4 )  no twi ths tan ding  t i r e  pu ’or is t r ns of su bsection ( i n )  of th i s
section. t ire Sen -r ot a r y  m n nu rv , at i r i s  j u s ci -et  ion if he deems it to be
in t h e  p u h m l i t l  i m ut s ’ ms ’ s t ,  pr’ fo-:n t e  st a ir pt ’t l-i lr ’ mm r i r  anmio ng such u ’e fim ie n ’s
f in ’ ‘a le. wit h o u t n onnn l e t i r  lo in. at not less t i r a r i  t ime prevailing local
ru in  n ’ ket pn ’in .-c of co r n i ~u r n r a l  n it ’ p t ’ t r o l eu runi .

‘‘
~~ e I A ir  p t ’t n’ oiem n mn r pm’o t i m m i -eul f r - ou r  t i ns ’ nava l  p t ’t iol t u u i n r  m’esem’ves.

exu -e pt sn m ( ’Ii pet r - o ls ’ un m m r u- I r a - lu  is eith er ’ exs-h arng ed in similar s 1mn ant i t  it ’s
for convenience or ini cre :rsesi etiiciencv of tr ani sp or -t at io ri  wi t im I) ’stais
or ’ Inc gove r - r ru n r t ’ r n t  of air adj ai -s ’rnt foi ’o igrn s tate or’ ~vi u i c i r  is t 4 ’ nrn [nor :nn i  iv
exj ) tn n ’te n l foi ’ - i r n i  to ur  ic r u e ~ m’ imi cr eurse d rflO iency of tr ’an sp or ’t ft t i Of l
at -mos s puir ts n f a mu Inn I j un  ‘ n u t  fou ’ei~rn state and I ’oenter -s tine United States.
sha l l  he suI~ ect t i n  a l l  n i l  t i r e l i m m u i t a t i o n i s  air s!  l i cerus ing n ’equ ire nui ents of

50 USC app. t h e  Ex por t  Anhnrn i nn iu ’t m ’ a t i o n Act of l~)69 (~ 3 Sta t, ~41 1 and, in addition .
2401 note. s f i rm-c air - Pt ’t i’s h-i m u m  sal uje r t to t is st - t in ii rn:r v be cxp or -tcn I inn s ler ’

tine h r n n i t a t i o n n s  ana l  l i t ~e mrs j m uLr n ’ t’t ( m I i r e nl t ( ’ mr t  an ti pen al ty  anti  enforce—
nume n r t  p rov is i on s t ) f  t i n e  Exp om -t  A n i u r n i n i s t r a t i o n  Act of 1.269. tire Pre-~i—
ilent m u u u u s r  mm iak — e u n i t  I pumbi  isi n a ir .‘xpr ’ess F indi n g that su ch expom -t s u -ill

• not s li n - in i mn ish t ine  t o ta l  i u r a i i t v  or ’ n 1ur ani t itv of ~n etm ’o l emnmn available to tire
United States anti that  sunch exports are in tire natio n al imrterest and
ar -c i n n as ci i-i l t v i t h n  t i re  Ex po r t  A h r n i im i  istr-a t inm u A n - t  of 1969 .

~/aiver . “ 1  f I  Dir i ’imr g t i u t ’  pt ’r’iod of p ro dmnc ti sn t r  or m v  extension th ereof
A~~e, p. 307, I r u i t I i n r r ’ i z e n I  by ~t t  m u i  7422 ‘ u ,  the cons r r l ta t i onr  an t i :mpprov a ’i roqmuii’ e —
~~~~~~~~~~ 

p. 311. rn ren ts of Sect ion 74~ 1~ am ( ~) am’e \vaive(l.
Rule s ~nd “(  ~ ) 1) Pri or ’ to the p u ’o nnr u ml g at io n of un iv n -r ules and re g-mn lation s,
reg~i1ations. plans of Iev i ’iop memi t an t i  amendment s  th ereto , and in tire enit er -~ rig ar id

n i akim i g of n ’om itr ’a cts an mi i i  op er at i n g  urgree nrrents re l at ing to t i n e  develop—
n nermt .  p r tn l rmct io n .  or sa l e of petro leunn in or froni the reser’ves. tire
Sec ret ary shall consu lt wi th  and ~ive sine consideration to t ire views
of the At ton ’mn ey General of the United States wit ir  respect to nrm att er s
which may affect competition.

Cont act or “ ( 2 )  No contract or operating agr eemt ’r rt may he made, issued, or
operating exec nmt ed under tI n s i - i na p t er -  un t i l  at least t h i r t y  clays after ’ tIre Sec-agreement , rotary noti fies t ine  At tor mrey General of tire proposed contract  ornotification. opem’ait rug agreennu ’nt . Such noti fi ca tio n sh ah contain su ch information

as the At torne y (‘zoner ’a l ru m av require in or -den - to adu-ise t ire Secre t uirv
as to wh eth er such co n it m - :m ct on’ operating amgi-eeinent nr av create or
maintain  a si t u r r t io mr i n consisten t w it i r  the anti trust  laws. If.  within
such thir t y ‘lay period, time At torne y Genren ’a l ads-ises t i re  Secretary
that a coat I-act or operating agreement r m n av create or n n a m n t a u r i  a Sit mn -
ation inconsiste n t u-ith th e antitrust laws. th emi tire Sccm’etar’~’ nit ty not
make, issue, or exec mn te that conrt i ’act or )~)er atin r g agr eem ent.
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“ ( i i )  N ot i r i mnur  i i i  t h is (‘i ra n pte r  slasH ire ’ i l ee nnn ed ti) - onn fem ’ tnt a mn ~ prn’—
son i m nnrm mui r i t v fn - o nrr  i .’ iv i l  t in  i - n j n n i i r n u i  h i a n h i i i t v ,  on ’ to s - n’s-at e dt ’leri~*’s no
a c ta i r ns . m u sher t ire a n t i t r u s t  laws.

i I As Used ~il t Ir i s st’- t ion . t i re  t e n m n i  ‘annr t  it r ust laws’ nr n s ’arns— “Anti~,ist
“(1) the Act enti t l ed ‘Air A n t  to prote s t. trade n in th  conrn nrc rc laws.

a grri n rst. u r r n l u w  I n t l  n est n - au nts - s i t e !  nnuonu p ohiear , a l > h n r - o v & ’( l  Jul y 2 ,
1890 (15 U.S.C. I et seq.). as am n r n e n r de d

( 2 )  tir e Act s ’nr t i t l t ’d  ‘An A n t  to siqip temeist existing laws
au g an in r st . m n n n h a w  fu r l  u - s-st n - a u n ts a n ne ! mir onno l n o l ies . a n m r d fon ot hnt ’n ’ pu n - —
poses’, appn ’oved Oct olren ’ 1~ . 1914 1~ U.S,(’. 12 et setj. ), as
anr ici r deel

:1) t Ine  F’eds ’n ’al Tint s-  t o n r n n i n i s s j t o r  Act ( i . I .S.( ‘ . 41 et seq.),
ass a nn in e i n eh e s i

“ (4 )  ser tio mn s 7$ ant i 74 of tint ’ A s t  en r t i t hs ’d  ‘Air Act to r’ed mnce
t an xmmtion n.  to In n -o r - is le n ’ r ’v s ’n n r io fin ’ tins ’ ( ~o v e r n m n n n e n r t ,  aird for ot i n e ~t•
pUr ’I)OSeS , ampp r ovesl  A u g u st 27, 1s94 ( 1.~ ~~,5,(’, .s and 9) ,  its
ami mn e ir e led or

“(. ) sectioirs 2. 3. m i n d 4 of t ine  Act of J rune  19 , 1936. chapter
:92 ( 1~~ U.S.(’. l3an . 1$lr .asiis l 21a ) .(j ) A m n ~ I u i i ~ ’ i inns ’  u - I r i t - h r - n s - s e pt s , conveys, or t r - auns p on -t s  any pe t iO —

lt. mnmu p~~~luu -esI fn’omr r ~ is r- aI Pet n o h ’umni I~t’se i Vs’ S N m um ! ierc il  I or N u m n n r —
b en et l  :1 shal l  a r-e h ) t .  s omrvev.  a r id tn - arnn spon - t .  u v i t i r o u n t  d i ss ’r - i nr i i n r ~m t i oni arid
alt ream sonar b Ic m asts ’s a i r y  sac hi not n o  Ic simm r its a e’otn t n t  10 it s-a t -i-i s ’ n - in iso far  as
pet n -s il t ’ m m inn f n - om n n stu n - i n  rosen- u-es is conn i e r n  r oil. Ev er -v coi it n - ar i’t s - rn  t i’ n ed inn  to
ins - t ine ’  Ss’s- i - e t a t i v  for - t i r e  sale of arm y pot r ’ohs ’m inn n owned i n v t i ne  I nm i ted
States w h i m s - h r is p r ’odr nn ’s’iI f r -wi n such mes on -v t ’s si n anh l s ’ o n mta i r m  } ) r - sn v ls l snn r s
i m nnp l e nmu ’n i t  in ig t i r e  i’en I U i r e m i n e n n t s  of tin s ’  I ) n e I ’e ihi m g  senten ut e if t h e  c or n —

r ims - tom’ Ou vn n s a s n n i r t r ’ o h l i n n g  i n t e res t  inn t i n y  p ip e i i n i s ’  t i m’  a m i t y  t ’Oii rpan iv
open -at in ng a i ry  p 1 ps’l inre .  on - is t int ’ nn ps ’r -a to r of a sh y p ’ ~~‘l i nns ’ . uv l r i d . ca r-i’j s ’~
air s ’ p e t n ’ o ie mm in r  p r o t im n ’s’d fr - mn sia m n m r m v n l  pe tn’o l t ’u ninm n s’s ’nv&’s. T h e  Se- — Rules and
rota n - v m n l a 5 ~

- m n - onn n m n Igas t o n - mu I s’s am in t l  r o W n l a n t  r o l ls  for’ tire ’ p u n n-pose of car’r’y — regulations.
ing out t he pi ’ovisitnns of this secti onn ann ul lie. on’ the Ss’ci’etarv of tins ,
Iin tt ’r’iom’ uv lre r -e t i re  an ru t !  n en i ’ i t v  s ’xt enn ds F e) i i i  inn .  nn a~- nl t ’ n ’lan n-c fo r f e i t  airy
ro nrt iati ’t. opel -nt iirg a lt !n t ’ein r eim t . i-ig irt — o f — w a r y .  l ) e m - n nn i t .  on - e: iso nnnem r t l~ ’1sl
liv am _v I ) s ’n st ) im v i o l a t i n n g  am n ~’ sui t -h r  i in le  on’ n ’e gmnha t i snmr .  ‘I ’I n is Ses - t io nn 510511
riot app ly to a n y  rus t u n t i l  gas i t t r u u m m r o m %  i -a ir i er ’  In i n t ’hiuit ’  in h ) e r a tes l  by a mrs-
j~~n ’~ tm su ib jt ’i t to n e g m m  l a n t  is - inn mnnnsls ’ r ’  t ime Na t m n  n-a l ( ~a m s A - v  or’ ar m pub li c  15 USC 717w .
ni t  I i t v  sm n hj t ’i ’ t  t i n  r ’egr da n t ion by a State on’ t u n U r t i n ’ it i al r ’egutI~t t o t V  tt~~( ’nln ’~’
l r an v in i g  j m m n ’ i s e h i t - t i s n m r  t i n  m - e ’ g rmI a n t e t ine  rants ’s arid s - ina mr -g t ’s for— t ire sale’ of
na t unn ’nl  gas t in s ’ o m ns m nn m ner - s  W i t l u j f l  tire St ar ts ’  or’ n n u n h s ’iI ) ah i tv .

k ) This’ Pre s ii l t ’m nt nni a m ~’. alt in is ti ise ’n ’e ’tio ir , n i l  r en t t Inat t al l  or ’ a r m y
lair -v øf t i re  I ni it e s I States sinai ’s ’ of pet m’o i eu mm ii pr -on I m a c s i  fn’orrn t i re  nra vu I
pet r ’o l eurmnn r’ese r’ve~ lit p lan -o il i i i  s( r’ :nt e ’gic s tomang e  fai l l i t  ies as u n i t  inom’ i z o s I
by secti onns 1~ l t hnn - o mrg ls 166 ( i f  t im e Em nem -gv Pol ls -v :t n n i!  C omr se n ’va r t ion r
Act- or that  all or ’ a ir y  pam’t of ~m uc ’ ln share be excina’ige .i Ion’ pet r ’o li ’ n n m i r  42 USC 6231 —
of eq mn a l va lue  for tine pm n n ’p o~e of j ) lr i ci n ng such pc tn’ ol eun nr inn su( ir 6246.
strategis ’ storage facilities. ”.

(12) Ss’s-t imr 7431 is a inin en n sled— 10 USC 7431.
A) by inserting “ a t ) ”  im inrmieshir rt s ’ lv befoi’e “Tire Con mnnrn itt ee s ”

(B)  by str ’ikinng out “on’ oil shails’” in s inuses (1)  arnsl ( 2 ) ;
(C) liv str iki nmg o m mt “aunt oil shale ” in s ’hamr se s (2 1  and 3) :
D) liv s tm ’ i ki n ng o mi t  “oil an a l gin s ( other ’ t i na ur n  x ’o va ml t v oil ann u l

gins) , oil shale. anns l  p i o n h m n i ’ t s  t in e ’n’ef r ’on iu ” in clause (3 )  and insert-
ing in I ie ’u t hrs ’n ’eof “p i t  r o b in inn  C otin .n’ t hm m rn ro v am l F_ v oil au r al g ams I “
and

(E) by a nnh l inmg  ant t Ire en ini t inen e of  t u e  fo hl ous - ini g irew sri1 nss ’s t loins :
“ (b )  ( 1) 1 ) mu n ’i nu ~,r t ine ’  p er - ion I t)  f 1)101 l u n c t i o n i  a m mit  i r om ’iz es l liv sit  i o m m
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Ante , p. 307. 7422 ( s’) , t i re  S n ’cn ’t ’ t an  m y  sh an i I ~i rhnmnn  it ts ) tire C o mn nr rn ittee’s on A r ’mnn e d
~~~~ mt tO S~rvi~cs of t i re  St- ira te  amid t ine  I Louise of I~eInn ’ea ~errtas t i v(’S n i t  mucus’ p la i t s
congressional 

~r- smn b sta snt ia sl al m ni u ’ m is im nns ’ nr ts  a) onngo i n n l r  I n i sir s for’ t ine  exp io!aE morn .committees. des-eio~ ir r ent ,  ai m si pn’odm r cti onr of t ins ’  m arvin ! ine tn ’oieur n reserves.
Report to “ ( 2) A li p 1 trims on’ s un!  nst a s i r t  Ian1  a s n n n e m n s l n n r s ’ n r t s  ~n tbm nr  it t s ’d to t lie (‘onngre’ss
Congress. p m n r s m r a n  m i t  to t h u  is ~~~ 1011 sh 0t 111011 ta n inn ~n n’n ’pon’t liv t ine  Atto r ’nrey ( eneraul

of tire United States wi th  rs’spes’t to tine ’  t su r t i i - I  pnts ’d i - i f s - it s  of s um t ’ !r
p lai n s or anne ’ n i s l m r n emn t s  omn s - onn n I a ’ t i t i on n .  Smi t h p la i r s  on’ t s m nr & ’ ui dn ins ’ i i t s  sm all
riot . be i r in p ler i r e nr t s ’ d r n n r t i i  si x t v  s lamvs  a ft c- n’ s n n u ’ i r  P l a sm n s s in -  am u r e m n t  In nn e i r t s
ima n ve b ’eir ~m n b m m n i r t e s I  to si t s - in  i s ) nnr n i n i t t c ’ e s .

R eports to “ ( s )  I ) u n n i  m g  tire . p en i os i  of in n - o s l imi t i o r m as ni t  ir om’i ,a ’i I Liv — e ( ’ti O mi 7422 c
congressional time ’ Ss ’i-r etar ’v sm al l  s n n k j nmmit  a s i mn iu r t s ! reports ass of time firs t day of the
com mittees. ti seasi yeah ’ to th i s ’  Co n mnn n ni t t i ’ s ’ s  on i A r - mir e s I Sen-vi si ’s of t ine  Serrate a un t

tin s ’ I lotus’ of f l s ’pn - e ss ’r i t a n t iv -s . a nsi su i t - In  s ’ o n m n n r t i t t e t s sm al l  e:n n mst ’  ~u mcht
n-s ’pom’t s to he pr ints ’s! as a Serr ate  on ’ I lomi se i i o t ’ r n i r r e n n t ,  as asp l )r’ opr’ iat tC .
Tin s’ St ’n -m -s- tasn ’v sm all  i n i n - I u m n k ’  m m  s u n s - I n  n - t ’ t n tm n - t s . \v r t } r  r e s I ns— s t to l ’ a O i n  r a n t - an
pet n - o l e ’ u m m n r  I’s ’ss-m’v o . nun  i ’ x l n l a n m l a t r  i s s rm inn i l e t a n j i  of the fo l lowing :

‘‘ 1) t i l e ’  s t a u t u n s  sf t i ne  s ’xp ioi - a r t i i n r u .  s k . v e l o l i m n n i . u m t .  n a t  1i n -m a lm m s - t i on i
t r i ~!n- ai i n ns :

‘ ‘ (  ~ ) t his ’ I ) m ’ oelui t - t i onn t i n a n t  m a t s  l it’s -rn : ns -h n i ev s ’i l .  i n m ( - l u m i l i n i n !  t i n t ’  us —
p o s i t iomn of sum -u ~in ’osh r u i - t i i n n n  m m i i  t ins ’  pi s s t ’e ’s— s is m ’ s ’asirz t - t l  t l rs ’r - s ’ fn - int n

‘‘ ( :l ( t i n e  s t a m t n n s  n i l  i n l i n e - l i nus ’  s ’ s i r r s t n l n ’ t u o m n  ar m s! I u ~ n - u n r ’ t ’ n m u e n u t  a n n u i l
p m ’oinIt ’mus n -elat ed t t )  t l r s ’  arr ’ a m i l ; s i n i l i t v  of t n : n m n s p o r ’ t a s t i o m r  f arn ’ i h i t j t ’~‘ ‘ (4 1  a s n i i n n m r m ~t n - v  m l ’ I’u u t u n n - t ’  I n t a n o s  fun ’ c x i s h n n : n t i s n r n .  i I n ’ r t . l n s h b n n n e f u t .
p r o i luu i - t i om r .  i h i s l ) e sani .  a n n a !  t i a m n i s l ) e o - t a m t i i ) i r  s i t  th in ’  pn ~ I m u s ’ t i ( s m u  f r s n n i r
t i n s ’  n ra  var I p i t  n u n l i ’ m u i r n  m i - s s - n ’ v i s : - s m u d

stic ir ot h er’ in n f o i - m m u a n t i s n n r  n - s—g ui - di n g t 1m s~ n es s - n - us -  us t i l t ’  Ss- - n e —
ta r r y  s l t - c ’ m nn s  a I p p i o ~c i a i t s - .’’_

10 USC 7432. ( 1 3 )  St ’s - t i t a n  ~4$2 is u n ins ’ r r i l e n i  t i n  r’e ’a m tl  to— fol lout -s
“

~~ 7432. Naval petroleum reserves special account
“(a t ) Tl ne ’u - s’ K iren’ eii y e~t ai l) l is i n e ( I  s i ni  t int ’  i )m ) e )ks m t  t i ne  T r e a s u ry

)epa n l t i n l e n u t  an sp o t- ia n a n s - s - t n t m n n t  n ls ’s igi i a t t o i l  IS t i re  ‘mm a v a b ps ’t n - oleu nm r r
reserves spt ’eian I as s - s - o m mmr t  ‘. ‘l’i n s ’t s ’ si n an I I  h ’  s - n t ’ s  Iits’(l to s i m s - i n at - counnt—

‘‘( 1) all pn - oces’tis n s ’ :nl iz t -ni  u n d e r ’  t i n s s -i ua n i n t s ’ r ’  f r s r m m r  tins ’ sh i sp t ) s i—
M ont s n f  t i ne  U n n i t m i  Star t ’s  sh a m e s i t  i se t m ’ o h i - mm nnm

( 2 )  t his ’ m e t  i)ros s ’eni ~ . i f  a i r y , u - e arl  ize i l  h o u r s a nhi - s  sr i ’ x s i na rmiW ’ S
us - i t i n inn  t int ’  I ) i ’ p a n n - t n n n e m r t  of I ) s- f e ’mise of m s - t i n n e d  i n t ’ t n o ’e n n m  1n n o d u a t s
asci i -ru in g  to t i r e  h t ’nn ef i t  of a r n s -  - s m n u i ) n n n n s ’ n n t  of t i n a r  n i e p a n r - t n n n e ’ m n t  as
tins ’  result of a ii n % ’ su e - i t  San i es on ’ ex i ’lm anni g es

3) sumi ’i n a r e l d i r i o i r a m l  s u m m i t s  u s m nn amv I5s a n~i~nr-o p n - i amts ’ni  for ’ t i n e
r n n ; m i m m t e n r m n r n t - s ’ , (( l ) s ’ r ’ ar tn o nn.  i ’x l -n i o r - a s t i u n r .  i l ev s ’ l s ) p nn n ( -n n t .  a nr u s i  p i’ ot lu m s - —
tion of tins ’ n r a v a n i  i is’t m f l h t ’ m m n n  r esent -es

‘‘( 4) sm ut - In  r’ ovnlt i s- s as l i a r s  a- i n ure ru nu de ’ r t i n e  ln’ snt - is io nm s of s i n —
10 USC 7433, ti on 7433 : un it

-
~ 

) an r nv  other - m’ t ’ v ennuus ’s m - c s m n l t  in ig fn ’o n ni  t ins ’  o iuc—r ’ a r t i u l m  of t ine
n rt t a i l  p etroleum r’s’ser ’t-es.

‘
~ (b )  Fm u n n d s mm u-a i lmnbi t ’  inn  t ine  r uan r a l  l is t i ’o l e ru i in r-e ’sem’s- e’ sp c i-i ;rl acs’ounnt

s lnu ml i  he avai l able  fun ’ e xpemrd i t umm ’ e  i i i  s ue - I n  s s u n n u s  is mr - c sp i’s -i heil in
an mru rm nl  arppn’op i ’iatmon s ~ s t S  f in n- t ine ’  expenses of—

“( 1) exp b om au t ion .  l)r os I )e (—t u nn ~r . conn som’t -at ion . ele ve lopnn i em rt .  u~ e.
operat ion. ansi pn ’ot lu ct ioni of t i re  nan va n i  p s-tn -o hs - inn - i n rese i’ves ars
au thorized by this  ci r a mpter :

(2) pn ’o dm ms ’tio n I i nrc l r r c l i n iz  pn’ t ’p anr ati onr fon’ pm ’o s linc tio n ) ms
arri t i i cn m’ iz e d by th is  char pter ’. 01’ as n n ia i y  l i en - ca m fter ’ Isi’ mrm t i non ’ i  zesi

“(3)  tine conrs tr’ um s -t ion a n nrd  op em’ am t i o mr tn t  f an - i  l i t  is’s both w - i t hn  in - i  ansI
nm mt s ide  t ine m In u -al pet r o leu r r mn i ’Pser ’u- t ’s i us - is is- i t t  to t ine  prosl un ct ion
rind tine t lei fv en s- of petrol ’unr. i n r c h m u n i m n n g  pi p e - i  ines turd shi pp ing
terminals:

90 STAT. 312
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April  5, 1976 - 11 - Pub . Law 94-258

“(4)  the pro cur em ennt of pet r ’oleum for, mind tine eonst r ’nrc t ion
and open’ationi of fa ci l i t ies arss m)( ’j ai tp d uu - i t hn ,  t i r e Strateg ic Petz ’oieni m
Reserve iri nt lr om ’ized by se s -t i on n s l i 1  t in ro in g in 166 of the Enen-gv
Policy tri ms! (‘onservat loin Act : an mmd 42 USC 6231 —

5) tine exp ior - amt ion t unis !  St m d v  of t In c Nat iomn n l  Pet n-ol e- u m n  6246,
Re-serve in Aian ska  ans a s u nt i ro u - ize ’ s l  inn  t i t l e  T of the Nat -al Petroleu m
Reserves Pj ’ot lum s-tion As -t cit f l) 76 . ~~~ p. 303,

(c ) line’ hnndge ’t ‘st i m ints’s for’ m mn m n m i a m i  an p ~ a op n’ i a m t  mon a-. fr -nu n t ine Budget esti—
nms u-ni l pet n’oleu inn u ’n ’~e n’t os -‘j )t ’s’ i t t !  an s s  m m i i i  t sin an I I  be f i n ’ s- f an red liv I ins ’ mates , pre
Secr-etarv rind slus H be’ ~ ri ’se’nit esl t s )  t i re  Csimrgn -oss in s ’ t ire Pn - s -si il eunt sentation to
itielep enn tts ’nrt ls ’ of t im e ’  bmne ~gs’t of tint ’ I )ep am ‘t i ini ’n r t  si f t l~e Nast y a r n d tine Congress.
Depnirt nunent of Defense,

“ ( i i )  (‘onn t m ’m ns ’ts u r r n ds ’n - t in  is c i n an ptem’  I ) i ’ O t i s i I  r r g f or’ this ’  oh igtn t l o m n of Contracts .
fun r md s m ar y lie i ’m mtc ’ I ’ u ’s! innto liv t hs’ Si ’s- m - t ’ ta r r u -  for’ a ps-n -lot of five veal n’s ,
reneuvalile. at tIr e ’ optio n of tire S-s-n - s-tan n-v . f i n n ’  a n n  ant i !  it io mnaul f ive— ea rn’
per ’ion l : h no uvet - en - . sums-hi  i - o m n t n ’ an t ’t s ru i ns -  obu i~ r nte f u r mns i s  only to time exf en t
t ln at  su r e ir  funnels  tir e mm nas di ’ avail labl e inn an n r i t u a l  as l ) u )  n-op m i n t  loris, ”,

(14)  Section 7433 1 a )  is asnnr e fl ( ie sI Liv s t n i k i m m g  om it “of t ine  N avy ”, 10 USC 7433.
(13) Sectio mn 7433 ( b )  is amnnen ds ’cl by st m i l d  nmg onr t  “aun t oil sh ale ’’,
(16) Section 7434 is a m m n e n ni e d  liv s t r ’ iki nr g uni t “ana l oil sl ale ”. 10 USC 7434.
(17) Section 7433(b ) is amnn ended by s t r ik ing  om it “of  the Yay ~”, 10 USC 7435.
(18) Section 7436(a) is aniendeil by delet ing “of tIn e  Nat -v . subject 10 USC 7436.

to approval ?~ 
t i re  Prs’~ident ,”,

( 19) Section 743~ is amended liv s t r i k i n g  out “S’cu-etaim-v of the 10 USC 7438,
Interior ” wheret -er ’ it occu rs and inn st ’n’ting ther - efo n -  “ A s l m r a m n u a — t r ’a it om m) f
the Energy Research am -ic! Det-elopni ent A ( lm n n i mni s t  m a t  ion ’ : amn d by — t n - ak -
ing oimt “of the Navy ” ut- li en -ever it occurs,

(~ O) The table of sections at the heginn in r g of su ch chapter is
amended—

(A) by inserting i mnrnrn ed i m nte l s -  before
“7421. Jurr isd ictlon and control ”

the following :
“7420. Definitions. ”

(B) by striking o u t :
“7432. Expenditures ; appr opr iatit sns elnarg eun lil t ’ .”

and inserting in ii etm thereof tine following :
“7432, Naval petro(eunn reserve special a -coirnt. ”

Approved  April  5, 1976 ,
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APPENDIX B - INVESTMENT COS TS

I. ALTERNATIVE A

1. Elk Hills Tank Farm $ 8, 250 , 000

2. Pipeline

a. 43 miles of 26” diameter 10, 750 , 000

b. 84 miles of 28” diameter 24 , 250 , 000

c. 30 miles of 32” diameter 12 , 500 , 000

3. Pumping Stations

a. Elk Hills Station 1, 700 , 000

b . 1 intermediate station 2 , 200 , 000

4. Cajon Ta nk Farm (at junction with
SOHIO pipeline ) 23 , 000 , 000

5, Delivery System to SOHIO Pipeline 1, 800 , 000

6. Communications 750 , 000

7. Supervisory Control 750,000

8. Operations Control Center 150 , 000

9. Project Inspection 1, 500 , 000

10. Procurement - Materials and Equipment 750 , 000

11. Ri ght of Way Acquisition 1, 400 , 000

12. Engineering and Design 5 , 750 , 000

TOTAL $102 , 000 , 000

Equivalent Annual Cost (EAC)
i = 10% 20 years
Equivalent Annual Cost Factor .1175

EAC ( Investment Cost)  (EAC Factor)
= ($102 ,000,000) ( .1175) = $11,985,000

SOURCE: Ref. 9.
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II. ALTERNA T IV E B

1. Elk Hills Tank Farm $ 8, 250 , 000

2 . Pipeline

a. 27 miles of new 26”  diameter 8, 000 , 000

b. Acquire 58 miles of existing 20”
diameter p ipeline 30 , 000 , 000

c. Repair and modif y existing 20”
diameter pipeline 3, 000 , 000

3. Pumping Stations

a. Elk Hills Station 1, 700 , 000

b. 2 intermediate stations 3, 500 , 000

4, Port Hueneme Tank Farm 10 , 300 , 000

5, Port Huenerne Wharf Facilities 7, 500 , 000

6. Communications 1, 300 , 000

7. Supervisory Control 800 , 000

8. Operations Control Center 150 , 000

9. Project Inspection 750 , 000

10. Procurement  - Mater ia l an d Equipment 600 , 000

11. Ri ght of Way Acquisitions 300 , 000

12. Eng ineering and Desi gn 2 , 850 , 000

TOTAL $81 , 000 , 000

Equivalent Annual Cost
i 10% n = Z 0 year s
EAC Factor = .1175

EAC = ( Investment Cost)  (EAC Factor)
= ($81 , 000 , 000) ( . 1 1 7 5)
= $9, 517 , 500

SOURCE: Ref .  9

*Based on the asking price provided to the Navy by the p re sen t  owner .
68



UI. ALTERNA TIVE C

*1. TOTAL 60 , 000 , 000

Equivalent Annual Cost
i 10% n Z0 years
EAC Factor .1175

EAC = (Investment Cost)  (EAC Factor)
(60 , 000 , 000) ( . 1175)

= $7 , 050 , 000

*Detailed eng ineering cost estimate is not prepared,  This est imate
is based on a phone conversation on 18 February,  1977 , be twe en
CDR L. W . Vogel , Office of Naval Petroleum and Oil R e s er v e s ,
Washington , D . C. and the author,
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APPENDIX C - ANNUAL OPERATIONS/MAINTENANCE COSTS

I. ALTERNATIVE A

1. Personnel $ 500 , 000

2 . Equipment 70 , 000

3. Aerial Patrol 40 , 000

4, Road Maintenance 50 , 000

5 . Energy Costs 1, 825 , 000

TOTAL $2 , 485 , 000

SOURCE: Ref .  9

II. ALTERNATIVE B

1. Personnel $ 775 , 000

2 . Equipment 75 , 000

3. Aerial Patrol 40 , 000

4. Road Maintenance 60 , 000

5. Energy Cost s 2, 325 ,000

TOTAL $3,275 ,000

SOURCE:  Ref .  9

III. ALTERNATIVE C

1. Personnel $ 604 , 000

2 . Equipment 73 , 500

3. Aerial Patrol 40 , 000

4. Road Maintenance 55 , 000

5. Energy Costs 1, 000 , 000
TOTAL $1 , 772 , 000

:~This estimate is based on a phone conversation on 27 April  1977
between Mr. J. Lagelar , Office of Naval Petroleum and Oil Shale
Reserves , Washington, D .C .  and the author.
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