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"TVsree’field development plans were analyzed.

Case I: Only Prudhoe Oil Pool (consisting of Sadlerochit, Sag River and
Shublik formations) is developed. Field is put on production in
mid-1077. Production rate reaches 1.5 MMB/D by early 1979 and
Ls held at that rate until mid-1S66, and then declines. Gas sales
begin in 1983 at 2 BCF/D.

. TAPS’ capacity expands to 1.5 MMB/D.

Case Il; Field development plans include lower reserve estimates of Kuparuk
and Lisburr.c Oil Pools. TAPS' capacity expands to next level of
2 MMB/D.
Prudhoe Oil Pool is produced at 1,6 MMB/D. Contributions of
Kuparuk and Lisburne Oil Pools bring production rate to 1.77 MMB/D.

Production rate peaks in 198C and then declines.

Case Ill; Field development plans include upper reserve estimates of

Kuparuk and Lisburne Oil Pools. TAPS' capacity and Prudhoe Oil
Pool production rate are unchanged from Case II.
/

Contribution of Kuparuk and Lisburne Oil Pools brings rate of produc-

tion to 1.915 MMB/D. Production rate peaks in 1SC6 and then declines
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w\.
.Melhodology and Results

ml ..Develop. production rate forecast for each case..
2. Estimate investment in field and costs of operation for each develop-*

merC plan.

Estimate investment in TAPS and costs of TAPS' operation for 1.2,
V .
" 1.5 and 2.0 MMB/D capacity.
4. Determine average transhipment costs from Valdez to West Coast
‘“e‘ports. Cost of transshipment including terminal handling is 76 <r/B.
5. '"Establish ceiling price (in 1976 dollars) at Valdez, based on price of

e« comparable Saudi Arabian crude to West Coast refinery exclusive of

entitlements.

_$/8_
Price of Saudi Arabian crude
FOB Ras Tanura 1-1.51
Transshipment to West Cocist 1.33
Import Fee .21
Terminal Handling . 10
13.15
~ .76
Ceiling price at Valdez Is/p

G. Compute tariff rate by year ?br each case. Average tariff rate for fir*

10 years of pipeline service:

Case | 4.50 $/D

Case |l 4.30 $/B

Case Il 4.20 $/8B
U
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Each TAPS owner has different experience with debt-to-equity
retie and int)t)arest rates. Each owner may set a different tariff,

- ICC and Justice Department rulings set the ceiling on tariff rate.
An owner can set tariff belcw ceiling, butJustice Department will
pot knowingly condone destructive competition. This still leaves
a wide latitude for each owner to set a different tariff.

- Owner may set the tariff rate annually (unsrnoothed) or smooth the

rate over several years.

Compute total operating costs of TAPS by year for each case to include:

Cost of operations (in 1976 dollars)

Ad valorem taxes

State of Alaska corporate income tax

Federal corporate income tax

Compute ceiling well head price by year for each case. This is equal
to ceiling price at Valdes minus tariff.

Use well lhead price to compute total field operating costs, including
- Cost of ooerations (in 1976 dollars)

- Ad valorem tax

- Royalty and payments to Alaska Native Fund

- Severance tax

- State of Alaska corporate income tax

- Federal corporate income tax

Hi
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10.

12.

13.

15.

Compute annual gross revenue generated at Valdez at constant 1976

dollars plus revenue for gas sales in the field at 53 <i:/MCF (before

conditioning to pipeline quality).

Adjust pre-1976 expenditures to 1976 dollars.

By expressing pre-1976 investments and post-1976 investments and

revenues in 197G dollars, the uncertainty associated with forecasting

the future rata of inflation is circumvented.

The resulting rate of return |

is referred to as "real rate of return”. Price levels thus determined

need to be adjusted quarterly to reflect effects of inflation.

Compute DCF, after tax, real rate of return on total investment in

TAPS and Prudhoe Bay Field using items 7,0, 9 and 10 above.

Analyse sensitivity of rate of return to price at Valdez by changing it by

one dollar increments. Repeat items S to l1llabove.

Analyze sensitivity of rate ofreturn to risk m

ultiplier "R", where

R =1+ 5(S - 1),and S =inverse of success ratio. Multiply total

industry's expenditures on North Slope from

1959 until field discovery

in 19G8 by risk multiplier. The relationship between R and S assumes

the unsuccessful exploratory ventures are expensed for federal income

tax purposes.

Analyze sensitivity of rate ofreturn to uncertainty in tariff determination!

Analyze sensitivity of rate ofreturn to variation in rate of throughput

by comparing rates of return for Cases 1, IlI,

ar.J 111
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RELATIONSHIP BETWEEN

RATES OF RETURN, RISK MULTIPLIER "R"

AND CRUDE PRICES

11.GO 12.00 12.50 13.00 13.50
CRUDE PRICE, $/B AT VALDEZ (at 1976 dollars)



Conclusions

- Rate of return is relatively insensitive to the rate of throughput. T
ce ’ increased cost of developing and operating the speculative and less
e productive reserves in the Lisburne and Kuparuk Oil Pools is

substantially offset by the economy resulting from increasing TAPS'
capacity from 1.5 to 2.0 MMB/D.

- The uncertainty in tariff determination has little effect on the rate c?|
return. An increase in tariff shifts the tax obligation to TAPS frcrr.
the field, and vice versa. Since the field taxable income is more
heavily taxed, a lowering of tariff increases the total tax obligation
but does not affect the rate of return significantly.

- A change of 1$/B in the price of crude at Valdez results in a net
change in after tax revenue to die owners of 33 4/3. It also results
in a 1% change in the rate of return.

- The risk multiplier has a dramatic effect on 'die rate of return. For

Case I, with Valdez price of 12.40 $/B:

Risk Multiplier Rate of Return %
,14.6
13.G
4 12.3
0 10.4

A risk multiplier or 3 to 4.3 (equivalent to success ratio of 1in 7) is
A

suggested. For this range of risk multiplier and an after tax, DCF,

real rate of return of 12%, the price range at Valdez would be

Vi
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Comparciblc well head price range would bo:

Case | 7.00 - 7.90
Case Il 7.20 - 0. 10
Case Il 7.30-0.20

vil
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. .M&#
Recommendations

Equitable prices of Prudhoe Bay crude at Valdez fall between
11.50 and 12.40 $/B (1976 dollars), to be adjusted quarterly
for inflation.

Pricing at Valdez provides a built-in incentive for developing
the speculative Kuparuk and Lisburne Oil Pools.

Pricing at Valdez circumvents the uncertainty in tariff rates.
Equitable prices of Prudhoe Bay crude at the well head for
Case 1fall in die range of 7.00 to 7.90 $/B (1976 dollars),

to be adjusted quarterly for inflation.

This study did not address itself to the implications on pricing

of any surplus of crude on the West Coast.

viit
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I. Relationship Between Pricer, at West Coast Ports, Valdez and Well Head

The major' components of the total system required to bring the
Prudhoe Bay crude to the West Coast refineries arc:

1. The Prudhoe Bay Field System

2. The Trans Alaska Pipeline System

3. The Transshipment System which transports the crude from

Valdez to West Coast ports.

The price of Prudhoe Bay crude on the West Coast is equal to the
price at Valdez plus the cost of transshipment. Similarly, the price at
Valdez equals the well head price plus the pipeline tariff.

Cost of Transshipment

The cost of transshipment per barrel is equal to the sum of the opera-
ting costs per barrel plus the capital charges per barrel required for depre-
ciating the cost of the tanker over its life after allowing a 10% rate of return
on investment. The transshipment cost is very sensitive to tanker size and
to the length of the voyage from Valdez to the West Coast port. A detailed
analysis and presentation of tine costs of transshipment as a function of tanker
size and length of voyage is presented in Chapter III.

To arrive at a representative transshipment cost to be used for
relating the price at Valdez to the price at the West Coast, an average tanker
size of 115 MDWT (which is the average size of tanker in the Valdez to West

Coast fleet) was used. Furthermore, the length of the voyage was averaged

1-1
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\\ir
out by arbitrarily assuming that one-third of the Valdez to West Coast c\\

- ci! trade goes to Puget Sojnd and two-thirds tc Long Beach.*

-Pipeline Tariff
The price of Prudhoe Bay crude at Valdez represents an important

mpoint of departure. The pipeline tariff for moving Prvidhoe Bay crude frcrv

tine field to Valdez is computed according to a set of rulings established by

The tariff thus calculated represents

the ICC and the Justice Department.
The form of ownership

a =.ceiling which cannot be exceeded by the owners.

<.of the trans-Alaska pipeline is one of undivided joint interest and permits

;——cach owner to post a separate tariff. The owners will probably post differc

tariffs for several reasons.
1, The actual interest paid on borrowed capital is recognized by the
ICC as a component in the tariff computation. Interest charges
vary from owner to owner, depending on the interest rate on the
pipeline debt, and debt to equity ratio.
2. The ownership in the pipeline is not the same as the ownership

« in the field reserves.

will not knowingly permit destructive competition

The Justice Dept.

That still leaves considerable

through tariffs that fail to cover expenses.

= < room.for variation in the tariffs posted by die different pipeline.owners.
For this reason, the price of crude at Valdez and a rate of retu 'n

based on the combined investment in the field and pipeline system take on

an added significance. The trans-Alaska pipeline, tariff is computed for the

average owner according to the rules and regulations prescribed by the ICC

«-This assumption is examined in greater detail on page 111-12.
1-0
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head price which is the basts for computiing:
1. Severance tax
2. State royalty
Payments to Alaska Native Fund

4. State and federal corporate income taxes.

II. Rates of Return

The-rates of return computed in this study are discounted cash flow,
"after tax (both state and federal) real rates of return on total investment.
Therefore for TAPS, the rate of return computation takes into account the
entire capital investment in the pipeline (i.e. not limited to ownerslequity).
Similarly, therefore, it does riot recognize construction interest, which is
included in the ICC valuation base for tariff determination.

Predicting the future rate of inflation over the life of the project is
subject to a high degree of uncertainty. On the other hand, reasonably
reliable predictions can be made of the field producing potential, rates of
throughput and operating and investment costs in terms of 1076 dollars.
Therefore it is more meaningful to project all future costs and revenues in
terms of 1976 dollars and to express all pro-investments also in terms of
107G dollars. The resulting cash flow yields a real rate of return as distin-
guiohed from a nominal rate of return when discounted to determine a zero
present worth. The price of oil thus determined is expressed in 1976 dollar
and should be adjusted periodically after the-fact to reflect the effects ofir.fl
tlo.o. Table 1-1 was used to express pro-1976 investments in 1976 dollars.

1-3
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QUALITY AND CHARACTERISTICS OF

PRUDHOE BAY ALASKAN CRUDE OIL

Introduction

The Prudhoe Bey Field consists of three principal hydrocarbon accurn-
ulations. These are the Kuparuk, the Prudhoe and the Lisburne Oil Pools,
in order of increasing depth. The Prudhoe Oil Pool is trie principal hydro-
Ctirbon accumulation in the Prudhce Bay Field. It ranges in depth from
approximately 8,7C0 feet to 9,300 feet and contains the majority of known
proven reserves in the field. The pool is made up of tine Sag River, Shublik
and Sadlorochit formations. The productive intervals in this pool vary in
gross thickness from approximately 30 to 000 feet. The Sadlerochit forma-
tion contains most of the reserves in the Prudhoe Oil Pool.

e Current development plans focus on the Prudhoe Oil Pool only. To
date, no formal plans have been announced by the field operators for the
development, of the Kuparuk and Lisburne reservoirs. Crude oil from the
Prudhoe Oil Pool will be the only crude oil going through the pipeline for
the first three years of operation.

Extensive analyses were performed on two crude samples from the
Prudhoe Oil Pool. One cample was obtained from ARCO'a Sag River
State #1 (the Sadlerochit formation) and was analysed by the Bureau of
Mines. The other sample was also a Sadlerochit crude obtained from

*

ARCO's Drill Site #1 and analysed by ARGO."

11-1
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TRANSSHIPMENT COSTS BETWEEN VALDEZ

AND WEST COAST PORTS

Introduction

The principal market for North Slope Alaskan crude oil v/ill be the
West Coast of the United States because export exchange and swap arrange-
ments of domestic crude oil for foreign c/'udcs arc barred by law. A
number of questions arise about die ability of the West Coast market to
absorb the entire production from Prudhoe Bay. Current estimates indicate
that in 1S70 the West Coast market will have a surplus of 300 to GOO MB/D.
The surplus in 1282 may be as high as GOO to GOO MB/D.

The disposition of the surplus crude which v/ill be available in the
West Coast market has been analyzed by other studies and falls outside the
scope of this assignment.

For die purpose of this study, the principal destination of the Prudhoe
Bay Alaskan crude oil v/ill be Puget Sound, San Francisco and the Los
Angeles-Long Beach area oven though significant amounts of North Slope

Alaskan crude oil may find its way to die Gulf Coast.

United States Preference Tradc Act

U.S. laws restrict the use of non-U.S. flag vessels in certain
trades. For example, pursuzjmt to Section 2 of the Shipping Act or 1916,
cargoes transported by sen from one U.S. port to another must be carried
in unsubsidized vessels of U.S. registry. These vessels must be owned
by U.S. citizens and must have been built In the U.S. Furthormora, the

1131
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Merchant Marine Act of 1920 (the Jones Act) requires that cargo transported
between domestic ports be in ships built and registcr'cd in the U.S. and
manned with U.S. crews. The Jones Act further stipulates that companies
with more than 25% foreign ownership are not considered to be U.S.
companies for purposes of the Act.

7'ar.kor Requirements and Availability

The U.S. tanker capacity which is required to deliver 2 MMB/D of
North Slope production will range from 4.5 MMDWT to approximately
6 MMDWT, depending upon the disposition of Alaskan crude oil among the
various regions of the U.S. The 4.5 MMDWT assumes that the North Slope
production will be shipped to West Coast ports.

Given the dual’considerations of economics of scale and port limita-
tions, the preferred tanker sizes for North Slope oil trade are anticipated
to range from about 50 MDWT to shallow draft 1G5 MDWT tankers. Unsub-
stdized tankers falling within this classification will reach approximately
4.5 MMDWT by 1979-1900. Of the 4.5 MMDWT, 3.2 MMDWT will be owned
or controlled by North Slope oil companies who will lease rather than own
their tankers for most of the tanker life. The remainder 1.3 MMDWT is
owned by independent ship owners. Based on present commitments and
tankers on order, enough tanker capacity will be available to transport the

a -
North Slope Alaskan crude oil to West Coast ports.
The tanker size distribution of the North Slope oil companies is

presented in Table 111-1.

111-2
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Table 1I-1

TANKER SIZE DISTRIBUTION
FOR
TANKERS OWNED OR CONTROLLED BY
NORTH SLOPE OIL COMPANIES

Number oF Tankers S vec of Tankers Status Total Capacity
MDWT MDWT
2 108 on firm order 376
4 165 on firm order 660
2 150 on firm order 300
1 150 on option 150
1 129 delivered 129
3 120 delivered 360
2 118 on firm order 236
118 on short term’ 118
charter
2 01 delivered 162
2 81 on short term 162
charter
3 75 delivered 225
4 70 delivered 280
1 52 delivered 52
3,210
Independent Shipowner* 1,300

The average sirre of tonkcrs in the above distribution is estimated to be
I[1S MDWT.

111-3
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Tanker charter rates are highly competitive. Prevailing market
rates for time and voyage charters are subject to fluctuations from time to
time depending on market conditions and supply and demand situation. Al-
though long-term charter rates (usually defined as charters for periods in
excess of three years) are also subject to supply and demand, the variations
are generally not as extreme as the short-term market rates. Accordingly,
tine long-term market rates tend to be less volatile. Nevertheless, they
also fluctuate from time to time and hence arc not suitable as a basis for
determining the cost of transshipment. For the purpose of this analysis,
the cost of transshipment will be computed by:

- depreciating the cost of the tanker over its useful life after

allowing a rate of return on the investment, plus

- the cost of operating the tanker.

111-4
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Cost oF Transshipment from Valdez to West: Coast Ports

The costof transshipment from Valdes to West Coast ports consists
of capital charges related to tanker construction plus applicable marine
operating costs.

A . Cost of nker Construction

The cost of large crude carriers built in American shipyards has
risen from around 200 $/DWT in 1970 to over 5CO $/DWT on current orders.
This cost does not include interest during construction which averages under
10% of the cost of construction.

Tankers which were built before the recent rapid rise in construction
costs will have a distinct competitive advantage. The average construction
cost for the entire Valdes to West Coast fleet is estimated to be 450 $/DWT
plus 40 $/DWT for interest during construction. To arrive at transportation
costs in f'r/B, the construction costs are depreciated over the life of the tanker,
assuming several rates of return (for sensitivity purposes) and taking into
account the length of the voyage between Valdez and various West Coast ports.

The following assumptions were used to compute the annual revenues
and hence the capital charges per barrel required toyield various rates of
return on the invested capital in tanker construction;

~ Investment tax credit ~ 10%.

- For federal income tax purposes, tanker is depreciated over

14.5 years using double declining balance.

- Tanker life is 25 years.

- Federal income tax is 48%.

The computed capital charges ... shown in Tables 111-2 and 111-0.

111-5
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Chapter 1V

TRANS ALASKA PIPELINE SYSTEM

Basic Facts

""The trans-Alaska pipeline is just over 801 miles in length, of which
about :T75 miles will be buried and the remainder will be elevated. Current
plans call for an initial capacity of 6CO MB/D when the line is first completed
in rnvv-.u77, increasing to an ultimate capacity of 2 MME3/D in three stages.
In the >irst stage, line capacity will be boosted to 1.2 MMB/D by late 77
or early '78. The capacity will be further boosted to 1.5 MMB/D in '79.
Boosting the capacity further to 2 MMB/D must be coordinated with the
development of speculative reserves (see Field Development Plans). Some
estimates indicate that the pipeline via""looping", which employs added
pipe and pump stations at various points along the line where the grade
requires it, could handle 2.5 MMB/D. The Voider, terminal v/ill have a
ship-loading capacity or 80 to 110 MB/I-lI, and can accommodate tankers of
195 MDWT. For aline capacity of 1.2 MMB/D, tlte storage capacity will
be mot through 18 tanks with 510 MB capacity each. Four berths will be
repoYsd for the 1.2 MMB/D throughput, with a fifth berth to be added upon

the increase in lino capacity.
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Trans Alaska Pipeline Ov/nership

Company % ofllino ownnd
SOHIO Pipe Lino Company 33.34
B.P Pipelines, Inc. 15.34
ARCO Pipeline Company 21 .00
Exxon Pipeline Company 20.00
Mobil Alaska Pipeline Company 5.00
Union Alaska Pipeline Company 1.66
Phillips Petroleum Company 1.66
Amerada Hess Corporation 1.50

TAPS Agreement
Duration or initial team: 30 years
Form of ownership; unc'ividcd joint interest
Transfer of ownership;
- permissible for cash
- partners have first purchase rights
Expansion from 1.2 MMB/D to 2.0 MMB/D
— any participant may propose
— other participants may acquire proportionate share or decline

- each partner has option to acquire share for 2years after expansion

Construction Costs

The estimated costs of pipeline construction for 1.2 MMB/D design

costs for the Veildo: terminal, the fuel line, pump stations, and pumping
plants. The estimated construction costs by year of expenditure and by

cost item are shown in Tables IV-1 and 1V-2.

1v-2
AGO 531246






10.

11.

12.

13.

14.

15.

1G.

17.

13.

19.

Table 1V-2
TRANS Al ASi<A PIPELINE SYSTEM

CONSTRUCTION COSTS

(MM $)

Alyeska Corporate
Bechtel General
Pipeline - General
Pipeline Sections
Fuel Line
Mainline Pipe & other Permanent Material;
Pipeline & Roads - General
Roads - General
Roads
Yukon River Crossing
Fluor
Stations and Terminal - General
Stations - General
Pump Stations
Topping Plants
Gate Valves
Mainline Refrigeration
Terminal - General
Terminal
Total Estimated Construction Costs

JV-4

Estimoted Costs
Tor 1.2 MMB/D
(Design Capacity’)
940.0
127.0
696. 1
1,353.6
26.1
753. 1
1,696.3
20.2
114.0

20.6

171 .2

14.8
618.3
21 .1
GO. 1

5.0
354.4
730.0

$ 7,700.0
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