


TASK 11: FINANCING OPTIONS
SUMMARY

Task 11 was prepared by Acres American to set out what they
considered the most viable financing options for the Watana phase of the
Susitna project. Tai;k 11 also includes comments by the Alaska Power
Authority"s investment advisors.

The pre-conditions laid out are (1) an acceptable cost of
electricity in the early years, (2) meeting the debt coverage, (3)
acceptable levels of borrowing, both G.0. and revenue, (4) acceptable
level of demands on available revenues ( the State.

The four options are:
* Option A -- state appropriations of $1.4 billion in 1982 dollars

from 1984-8i>. with revenue bonds after 1989

* Option B - the same as A but with $1.8 billion

* Option C -- the same as A and B but with the state appropriations
guaranteed through a constitutional amendment

All options assume that no revenue bonds could be olLtained in the
early years (1985-87), and that revenue bonds sold after K89 would
require the backing of the moral obligation of tho state and would be
based on "sufficiently rigorous” mwwer contracts so that they would not
"to any significant extent"™ rely upon the state"s credit. A key
condition would be that "power .ontracts providing for such Revenue Bond
financing are obtained and are in place before any major capital
expenditure is undertaken."

The APA"s investment advisors have reviewed the options and
commented upon them. Their recommendations are:

* state appropriations should be funded during 1983-89

* prior to major expenditures definitive contractual commitments by
participating utilities should be in place

* significant borrowing should not commence before the late 1980°s

* prerequisites for issuance of bonds should bi (1) definitive
contractual commitments by utilities, (2) updated economic and financial
analysis of the project, and (3) resolution of the cuestion of tax
exemption of bonds

* rather than using G.0. bonds, borrowing should be, to the fullest
extent possible, by revenue bonds secured by long-tfrm power sales
contracts with participating utilities

* over the next two years, the preconditions of financing viability
should be resolved
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ALASKA POWER AUTHORITY
SUSITNA HYDRALACTRIC DEVELOPMENT

FINANCING OPTIMS

1 - OBJECTIVES

*The objective of this report 1is to set out the currently most
viable financing options for the Watana phase (1985-1993) of
the Susitna Hydroelectric Development together with the com—
ment of the Power Authority®"s investment advisors (The First
Boston Corporation, John Nuveen & Company, and First
Southwest Company) on the impact of these options on the

credit rating of the State of Alaska and on other related

lssues.

2 - ECONOMIC CONTEXT OF THE FINANCING PROPOSALS

The economics, marketing and financing of Susitna will be the
subject ... a final review by Acres American 1in March of 1983.
Thp data utilized 1in this analysis however 1is, with minor
modification, based on the Susitna Task 11 Reference Report.
Some amendment of the data used here will then arise in the
light of the March 1983 review. Our preliminary 1indications
are however that the probable revisions will not materially
impact the conclusions which may be based on the results

presented 1in this memorandum.

3 - BASLC POLICY [ISSUES: RISK AND TIMING

The Watai & phase alone of Susitna wi.ll take 10 years (fronm
the presuit stage of ZERC licence application) to complete.
It is also clearly apparent that it will not be possible to
produce wholly certain forecasts of the underlying energy
economics of the project nor of the availability of State

revenues or of the competing demands for State resources



which may arise over this extended period. The requirement
that such forecasts be produced as an initial pre-condition
for authorization of development would therefore effectively
preclude Susitna or indeed, any long term development of

Alaska®"s natural resources.

it must also be frankly recognized that risks from, erroneous.
eforecasts will arise from proceeding with Watana at its esti—
mated capital cost of $3.6 billion (1982 dollars). These are
primarily risks associated with 1load forecasts, interest
rates, 1inflation, etc. But it must be recognized also that
risks will arise through not proceeding with Susitna since
this will force Alaska electric power consumers to face the
alternative risks arising from the estimated $1.7 billion
(1982 dollars) of capital cost for fossil fuel plants and the
risk that these plants will also require meeting the ever
increasing operating costs reflected 1in Exhibit A. Moreover,
these other options also involve risks from forecasting

errors in the 1load forecasts, interest rates, inflation, etc.

In the Watana investment decision, therefore, the issue 1is
not between risk and no risk, or investment and no

investment, but only between one set of risks and another and
one set of capital expenditures and another. The financing
options as developed below therefore endeavor to reflect
these risks in a realistic manner and provide for

deve lopment/financing options which effectively minimize

theserisks.

It is an inherent characteristic 1in the very magnitude of
their financial requirements and the complex political and
economic 1issues which they pose, that "mega-projects™ such® as
Susitna, have a "window of opportunity” during which they can
proceed. If this "window"” is missed the opportunity to pro-—

ceed may not recur for many years.



Ultimate development of the hydroelectric potential of
Susitna must be considered as highly probable given the
authoritive estimates (see Exhibit C) and forecasts of
Alaska®s own Department of Revenue of continued significant
»long term real.increase-in alternative energy prices. Hence
ethe essential 1issue is whether we proceed 1in the 1immediate
future with this window of opportunity or whether the project
is postponed-- possibly for a long period. Here, the
following considerations must be taken 1into account:
%
(a) On present forecasts, postponement of Susitna
wholly delaying its net benefits, would cost $43

million p.a. 1in 1982 present value terms.

(b) The possibility, referred to above, that the "window
of opportunity™ for Susitna may not recur for a very

long period. This could resu it in the cost of

postponement being a multiple of that given 1in (a).

Finally, we would stress that the Susitna Project would also
be re-assessed:, by the Power Authority 1in 1984 before any
major outlays were undertaken in 1985. By this date we will
have two more years of economic and financial data with which
to re-evaluate the situation and the uncertainties regarding
the scale of the world economic recovery. The existing
uncertainty of near-term future petroleum prices and revenues

should be substantially reduced.
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THE FINANCING OPTIONS
Essential Pre-conditions

essential pre-conditions for any financing scheme is taken as

requirement that they meet:

An acceptable cost of energy in the early years of
operation. This 1is taken as effectively meaning that the
cost of power must be close to or below the cost of energy

that would result from pursuing the best Thermal Option as

shown in Exhibit A.

Meeting its debt coverage. All the residual financing
requirements are assumed to be met (long-term) by borrowing
in the form of tax-exempt bond financing at 10% with a
coverage requirement of 1.1; This requirement must be met
or the borrowing could not be regarded as meeting the basic

requirements of acceptability to 1investors.

Acceptable and viable levels of borrowing. The Ilevel of
borrowing which the project requires to be met by G.0. bonds
will depend upon the capacity of the State of Alaska to
raise G.0. Bonds either without effect on its bond rating or
with an effect that 1is regarded as ai acceptable price for
proceeding with the project. The other source of borrowing
will be Revenue Bonds which, as discussed below, depend upon

the power contracts which are in place.

An acceptable 1level of demands on the funds available to
the State of Alaska. The funds here are taken as the
estimate of the uncommitted funds for capital appropriation
as estimated by John Nuveen & Company and shown in Tables 1
and 2. (These take 1into account the estimated maximum G.O.

Bonds as a source of funds.)



The Financing Options

A very large number of financing options have been considered.
The four options: A, B, C,and 0O summarized 1in Tables 3 and 4

appear those most 1likely to fulfill the essential criteria stated

above. These options are:
Option A

This option calls for $1.4,billion 1982 dollars in State
appropriations phased over the period 1984 to 1989. This option
may also indirectly 1involve drawing upon G.0. Bonds since these
(see Tables 1 and 2) are built into the final total "available
for Susitna™. (The phasing of the appropriations year-to-year

is, of course, arbitrary inthat it can be adapted to the flow of

funds represented by the ™"available for Susitna", providing the

total remains the same.)
Option B

This option 1is precisely 1identical to that of Option A except
that it involves a State appropriation of $1.8 billion 1In 1982

dollars phased over the period 1984-1989.

Options C and D

These options 1involve the concept of dedicated funds of the same
magnitude as Option A and B being made available through a
constitutional amendment. Since these options are of a markedly

different character, they are d-iscussed separately below.

Phases and Forms of Sorrowing

Before reviewing the characteristics of the schemes proposed, it
is necessary first to deal briefly with the phases and forms

which the borrowing may involve.



In the Preliminary Phase between 1985 and 1987, the dam itself will not be
under actual construction and only preliminary work will be in progress.
Under these circumstances, it must be accepted that no Revenue Bond -
financing could be obtained and that the project at thi® stage would have
to rely wholly upon State appropriations from the ref ces shown in

Tables 1 and 2.

In the final and major phase of construction between 1989 and 1993 the
objective of a:.j financing or scheme must be to ensure that the financing
at this stage 1is based upon Revenue Bonds which, although they will~”
require moral obligation of the State of Alaska, are based on sufficiently
rigorous power contracts that they wholly meet their debt coverage
requirements when Watana comes into operation and do not to any

significant extent rely upon the credit of the State of Alaska.

Whether this objective can be attained will depend first on the levels of
State appropriations. This might be seen as the "equity"™ investment in

the project which provides security to the investors and reduces the total

amount of borrowing which the project requires.

The second factor 1is the precise magnitude and terms of the -power...
contracts with the utilities. Since this depends upon detailed
negotiations and organizational considerations it is not possible to
comment definitively on whether or not the objective of 100% Revenue Bond
financing would be possible for the final stage of the Watana development.
In what follows, therefore, the Revenue Bond requirement 1is simply stated

as a total sum which follows from the level of State appropriations A, B,

C and D.

Hence any financing scheme must be seen at this stage as simply
conditional with a key condition being that power contracts providing for
such Revenue Bond financing are obtained and are in place before any major
capital expenditure 1is undertaken. Since any significant capital
expenditure could not, 1in any case, take place before the end of 1984 when
the FERC license 1is expected to be granted, there are at least two years

during which to secure such power contracts and meet this condition.



Assessment of the Financing Options

Details of the financing options are given in the computer printouts
(attached) and the basic details are summarized in Tables 3 and 4 and
Attachment E. In order to make the data conform as far as possible with
the data on State revenues and the sums described in Tables 1 and 2 as
uuncommited capital funds"™, the inflation assumptions in the Acres Task 11
March 1982 report, were revised to conform to those of the State revenue

projections. Other minor revisions were also made.

Subject to maintaining the State"sxpresent double A rating, the assessment
of the options given in Table 3 must be seen as a trade-off between the
criteria of cost of power and State appropriations, (the higher the State
appropriations, the lower the cost of power). Where these objectives are
in conflict, it is left to the political decision-makers to resolve this

conflict by modification of the criteria.

Considering Option A first, it is seen from Table 3 to involve State
appropriations of $1.4 billion over the six year to 1989 and to require

.Revenue Bond financing of $2.7Billion (all in 1982 dollars).

Turning first then to the criterion of acceptability in terms of the
percentage of uncommitted capital funds in Tables 1 and 2, this is shown
in Table 4 as an average over the appropriation period 1984 to 1989. It
varies from 57% for the 30tn percentile projections to 38% in the 50th
percentile case. It is left, of course, for the political assessment
whether the percentages shown are acceptable in the light of other

priorities.

No year-by-year figures of this percentage is given since 1in Acres”
assessment the year-by-year engineering-estimates of costs are, in the
early years, subject to very considerable choice and could be changed
significantly with rescheduling if this was thought desirable to reduce

the claims on the funds available.

Turning then to the criterion of the cost of power, it is found that this

option, because of the high level of borrowing (assuming a 10% rate of



interest), would involve significant deficits during operation in early

years unless the cost of power were increased above the level set by the

Best Thermal Option.

In these early years the essential problem facing Watana in marketing its
power is that, 1in the first year or two of its life, it is in competiton
with power sources with the advantage of being based on the cost of
facilities purchased years earlier at much lower cost than will be
involved either in their replacement or in the additional coal-fired units

which would be required in 1995 and 1995 if Watana power were not

available.

As shown in Tables 3 and 4 and in Exhibit E, the only means of meeting the
deficits without further State appropriations would be to allow the cost
of power to rise above the best Thermal Option in these three transitional
years. Whether this would be regarded as an acceptable option 1is again an
issue of political judgment. It might reasonably be supposed given that
the only alternative option world be to face the dramatically escalating
cost of the best Thermal Option only a few years later, the increase in
the cost of power above the Besb Thermal Option might be acceptable in
turn for the very considerable long-term advantages afforded by a source

of power which would be virtually fixed in cost even 1in nominal dollars.

It is also possible that appropriate levelizing provisions could be
devised in the rate base to bring about a phased increase in price closer

to the price set by the Best Thermal Option ceiling.

Option B might be seen as defining analternative to any increase in the
cost of power by increasing the level of State appropriation to $1.8
billion over the period 1984 to 1989. This isseen from Table 2 and the
attached Exhibit E, to produce a cost of power below theThermal Option
even 1in the earliest years. It also has the advantage of reducing the
Revenue Bond requirement in the Final Phase of Watana by $0.52 billion (in
1982 dollars). It would, however, mean committing between 50% and 75%-of
the uncommitted capital funds to the project over the period 1984-1989 and

thus heavily competing with other priorities in the 30th percentile

revenue forecast case.



The Dedicated Fund Options C & D

A significant difficulty in the development of any long-term financing
scheme such as would be required for any long term development of Alaskan
resources 1is the uncertainty of the year-by-year political appropriation
process. This applies generally throughout North America, but is of
particular relevance in the context o. Alaska given the constitutional

considerations and the relative importance of appropriations for capital

spending in the State.

It is of understandable concern to,investors in State of Alaska securities
related to long-term developments, that through the political process
these projects could be subject to deferral, limitations of State
contribution, or even cancellation in >. course of their development
phase. This may be considered a seri”“as handicap to the long-term
development of Alaska®s natural resources.

%
In the light of this, we have ngn asked to consider the dedication of 50%
of the Permanent Fi/vl income to a Power Development Fund which would be
designed to provide a relatively more secure and certain source of
appropriations for tho major long-term development potential for Alaska
represented by hydroeletric power an® which could offer most Alaskans
permanent low-cost power as a basic domestic and industrial resource.
This proposal 1is regarded as representing an important contribution to
securing long-term appropriations for such major developments 1in a manner
which would be regarded by investors as offering much greater assurance of

on-going systematic development and hence greater security for borrowing

in the course of construction.

The scheme, as provisionally formulated, involves the principle of $4,500

to $6,000 per capita being the normal contribution from the fund for a



hydro development serving a particular area. In the context of Susitna
this would involve a total State appropriation from the fund of
approximately SI1.4 to $1.8 billion. Its results are shown as Options C
and D in Tables 3 and 4 and in Exhibit E. Its impact on cost of power and

the level of Revenue Bond financing required 1is seen to be very close to

that of Options A and B.

A further important characteristic of this particular proposal, however,
is that such funding would, provide the Power Authority with a substantial
financial base that would make it capable of raising finance or providing
guarantees where these were important to secure financing under changing

market conditions or secure funding for developments lacking an adequate

independent credit base.

It is recognized that this proposal would involve a constitutional
amendment” but it is precisely the constitutional nature of such a

dedicated fund that would be most effective in terms of development of

Alaska®"s resources.



5 -STATEMENT BY THE FIRST BOSTON CORPORATION,
JOHN NUVEEN & COMPANY, AND FIRST SOUTHWEST COMPANY

The First Boston Corporation and John Nuveen & Company (the Alaska Power
Authority"s co-senior managing underwriters) and First Southwest Company
(the Power Authority"s financial advisor) have reviewed the financing
options described in this memorandum and have made the following
observations regarding the financing of the Susitna Project. Together
these investment firms are referred to as the Power Authority"s
Investment Advisors. Their opinions stated herein are based primarily
upon the State"s projected revenues using the "30th Percentile”. First
Boston Corporation, John Nuveen & Company and First Southwest Company

have concurred in the fcllowing statement:

"It is our opinion that prior to major State expenditures, of State
appropriations definitive contractual commitments by participating-
Railbelt Utilities be in place and that such appropriations should
be funded by the State during the period 1983-1989, a period within
the estimated life of Alaska®s oil and gas reserves, so that

appropriations provided during this period will provide the crucial
"equity" to assure the most economical bond financing of the

remainder of the project.

In view of the magnitude of Susitna and the relatively long
construction period, the Power Authority should not commence
significant borrowing for Susitna before the late 1980"s at which
time major risks have been defined and completion and start-up dates

are known with a high degree of reliability.

In our opinion, in order to maintain the financial integrity for the
State of Alaska, prerequisites for issuance of bonds of any type for

the project are:

(a) Definitive contractual commitments by participating Railbelt

uti lities;

(b) Up-dated economic and financial analysis of the project; and



(c) Resolution of the question of tax exemption of such

bonds.

With regard to the utilization of State G.0. Bonds* it is our
opinion that the issuance of such bonds will be of limited

importance to financing Susitna because of the substantial

borrowing required for this project. If a major portion of
such borrowing were met from State G.O. Bonds, Alaska®s
present double A ratings would be endangered. The following

are some major limitatio.ns of State G.0. Bonds:

(1) A crucial feature of Alaska®s double A rating is the
Rating Agencies®™ concurrence with the State"s present
debt policy of amortizing G.0. Bonds rapidly (i.e.,
within 10 to 15 years (a period within current
estimates of oil/gas revenues (the principal source
of State revenues) and we believe this policy should

be continued.

(2) Using the State*s December, 1982 Department of
Revenue forecasts, we estimate that the State can
issue a relatively small volume of G.0. Bonds while
maintaining it"s double A rating (see Tabled 1 and
2). Based on the "30th percentile” of the Department
of Revenue projections, the State could "safely"”
issue $565 million (nominal dollars, assuming 8%
inflation) G.0. Bonds during the period fiscal
1983-1990. This amount would rise to $945 million 1if
the "50th percentile™ revenue projections were

achieved during this period.

A .reduction in the State®s vrating from double A to
single A could corresponding ly lower the rating of
Alaska Power Authority®"s own revenue bonds backed by
a Capital Reserve Fund with a moral obligation to a
rating as low as Baa by Moody®"s and BBB by Standard &

Poors. Such a rating would substantially raise the
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Authority®"s borrowing cost and could impair the
viability of the project. The volume of debt
contemplated under all scenarios would be extremely

difficult to market 1if rated 1less than "A".

The Power Authority, vrather than utilizing State G.O.
Bondsf shou Id"uti Viz"e” to" the" fu llestlextent
possible, revenue bonds secured by the 1income derived
from participating Railbelt Utilities pursuant to
e-long-term power”™ sales contracts. Additional security
for the bonds would be provided by the Capital
Reserve Fund provided 1in the Alaska Power Authority
Act whereby to the extent that revenues from Susitna
were 1insufficient to service the bonds, the
Legislature may, but is not 1legally obligated to,
appropriate monies to make up such deficiency in the
Capital Reserve Fund. Alaska Power Authority-"s
credit perception will be enhanced by a simple and
straightforward debt structure comprised solely of
revenue bonds backed by the State®s "moral

obligation™ pledge.

Any dedicated stream of State appropriations covering
the entire construction and start-up period will
enhance confidence of 1investors, participating
utilities, and the rating agencies in the completion
of the project. Such an appropriation would,
however, require a constitutional amendment.

In conclusion, as Investment Advisors to the
Authority, we strongly prefer the financing plan
developed as Option B and D which requires greater
appropriations prior to 1issuance of Revenue Bonds
because the credit status of the State 1is least
affected arid the credit quality of the Authority"s
bonds 1is enhanced, maintaining project feasibility.
Should oil revenue and projections, however,
dramatically improve we would be 1in a position to

more favorably consider alternate financial options.™



6 - CONCLUSIONS

Our conclusions relate primarily to Options A and B since the dedicated

fund proposals C and D can be seen in the present context as primarily a

legislative route to these options.

It may be appropriate in conclusion first to state our own assessment of
the decision issues involved at this stage. First, the decision issue is
not an irrevocable commitment to proceed with Watana. As already noted,
the FERC license will not be available for another two years and no major

expenditures could be undertaken until 1985.

It would therefore appear that the essential issue is that of maintaining
and planning for the Watana option. The only grounds for not maintaining
this option with its very substantial long-term economic advantages, would
be that we had concluded that no viable and politically acceptable

financing scenario was possible.

Given the very wide range of uncertainties for future State revenues, and
hence the levels of State appropriations which might be ."vailable at the
first point of major commitment in late 1985, such an adverse conclusion
certainly cannot be substantiated at this time on the basis of the
preceding analysis. If, for example, State revenues were as high or
higher than the 50th percentile, the State capital fund available for
Watana would be substantially increased and the $1.4 billion appropriation
(Option A) would represent 38% of the uncommitted capital funds over the
period 1984-1989. Moreover, the circumstances which would bring about
such an increase in State funds--mainly a recovery in world oil
prices--would confirm the economic desirability of advancing with Watana

and obviating dependence on fuels with prices related to that of oil.

We must also note again that the levels of spending in individual years
used 1in the analysis was constructed on normal engineering criteria
withe ut reference to phasing the engineering expenditures to conform

(without significant additional cost) to year-to-year budget constraints.



Subject to political decisions and priorities, therefore, our assessment
is that all the financing options proposed in this memorandum are viable.
In consequence, we recommend that over the two-year decision period: to
1984, the remaining preconditions of financing viability, both political
and contractual (in terms of power contracts and tax exempt bond-
financing) are resolved. A reconsideration of the financing options might
then be undertaken 1in 1984 when, as aleady noted, some of the major
economic uncertainties affecting the economics of generation options and
the revenues of the State of Alaska are also likely to be resolved. It
should also be possible within this time frame to review the time profile
of potential cash demands for construction and bring them more closely

into conformity with available appropriations.

If this conclusion were adopted, it might also be considered appropriate,
in order to avoid undue "bunching"™ of demands for Susitna financing, to
establish a level of funding for the project, of the order of perhaps® $100."
million in FY 1984. This, 1in our view, would be seen as a positive step
which should appreciably assist in the negotiations of power contracts
since it would indicate the State"s conditional intent to proceed with the

project. This would give such negotiations the credibility essential to a

successful outcome.
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ALASKA POWER AUTHORITY
CAPITAL FUNDS AVAILABLE FOR SUSITNA
30th PERCENTILE PROJECTION

APA
Total Estimated Committed Capital P lanned
General Fund Capital Maximum Total Capital Budget Uncommi tted Susi tna
Fiscal Unrestricted Spending G.0. Bond Available Grants and Remaining Excluding Capi tal Expenditures
Year Revenues (1) Limits Issues (2) Capital Loans (0%) Capital Susitna Funds (nom. $) ()
0 ul
1984 2908.2 969 0 969 475 494 174.2 320 0
1985 2939.9 980 0 980 513 467 244 .5 222 183
1986 3472.9 1158 * 300 1458 554 904 282.3 622 405
1987 3870.4 1290 90 1380 598 782 125.8 656 437
1988 3917.0 1306 125 1431 646 785 0 785 442
1989 4293.8 1431 0 1431 698 733 0 733 639
1990 3679.9 1227 50 1277 754 523 0 523 1121
1991 3295.9 1099 140 1239 814 425 0 425 1270
1992 3186.4 1062 0 1062 879 183 0 183 862
1993 2919 .4 973 110 1083 950 133 0 133 584
1994 2779.0 926 0 926 1025 0 0 0 0
e7co i

(1) 30th percentile projection of Department of Revenue net of Debt Service on the State G.0. Debt.

(2) Maximum General Obligation Debt that can be issued (10 year, equal annual principal amortization
at 7.5%) and keep total G.0. Bond Debt Service below. 5% of General Fund Unrestricted Revenues.

(3) Source: Acres American Incorporated (Converted to June 30 Fiscal Year).

TABLE 1



APA

Total Estimated Commi tted Capi tal
) General Fund Capital Maximum Total Cap ital Budget

Fiscal Unrestricted Spending G.0. Bond Avai lab le  Grants and Remaining Excluding
Year Revenues (1) Limits Issues (2) Capital Loans (8%) Capi tal Susi tna
1984 3369 1123 0 1123 475 648 174.2 474
1985 3492 1164 350 1514 513 1001 244 .5 757
1986 4116 1372 190 1562 554 1003 282.3 726
1987 4553 1518 95 1613 598 1015 125.8 889
1988 4645 1548 235 1783 646 1137 0 1137
1989 5103 1701 50 1751 698 1053 0 1053
1990 4848 1616 25 1641 754 887 0 887
1991 4345 1448 160 1608 814 794 0 794
1992 4221 1407 35 1442 879 563 0 563
1993 4017 1339 170 1509 950 559 0 559
1994 3957 1319 0 1319 1025 294 0 294

ipartment of Revenue net of Oebt Service on the State G.0. Debt.

(2) Maximum General Obligation Debt that can beissued (10 year, equal annual principal amortization
at 7.5%) and keep total G.O# Bond Debt Sorvicc below 5% of General Fund Unrestricted Revenues.

(3) Source: Acres American Incorporated (Converted to June 30 Fiscal Year).

TABLE 2

T IKWIW: nminmmnasmmmnmvaamn



SUS1TNA-SUHKARY OF FINANCING REQUIREMENT S
------------------------ KEftL 1902 COLLARS----mrmemmemmemmeeeeee

STATE APPROPI ATION TAKEN AS NEECEC CECICAT EC STATE APPROPIATION
e At -
------ iled ON--ememees p— Y I N oo \l. 4 CN--mmemmm- R 8 BNl
(REAL) (real) (real) (REAL)
STATE STATE STATE STATE
DEBT APPROP. DEBT APPF.OP. DEBT APPROP, DEBT APPROP.
tH iM tH 1M tH M tH tM
1983 - - - - - 160 160
1904 - 01 - 01 - 222 222
1985 - 225 - 225 - 276 276
1906 - 336 - JO & - 310 310
1987 * 317 - 317 - 345 345
1900 - 306 - 306 - 79 * - 370
1909 409 94 9 535 337 - 101
1990 004 - 047 - 070 - 770
1991 757 - 710 - 750 - 710
1992 . 505 - 466 - 498 .- 4Am7
1993 146 - 146 146 - 146
rOTAL 2701 1400 2186 1000 2609 1400 2003 1000
SKIK By~ SC88 basr r.Mmez MXBa iramn mb*a
COST OF ENERIiY TO MEET i.i debt SERVICE COVER AMD PERCENT IN EXCESS r)F CEST THERMAL
MILLS MILLS MILLS MILLS
1993 74 46 7 61 17 v 72 41 X 58 14 .
1994 77 25 X 64 5 X 75 22 X 62
1995 73 21 X 61 1V 70 17 X 50
1996 72 - 57 - 69 - 55
1990 60 - 54 - 65 - 51
1999 63 - 51 - 61 - 48
2000 60 - 40 - 57 - 46

TABLE 3 - SUSITNA:  SUMMARY OF FINANCING
REQUIREMENTS IN REAL TERMS



1903
1904
1905
1906
1907
1900
1909
1990
1991
1992
1993

TOTAL

PERCENTACE

SUSITNA- SUMMARY OF FINANCING RfcfiUl
--------------------------- NOMINAL DOLLARS- ===

STATE APPROPIATION TAKEN AS NEEDED

STATE CAPITAL RNDS

1993
1994
1995
1996
1998
1999
2000

REGENTS

MILLS

145
163
164
172
173
175

41 7
22 X
17 X

-------- tl .4 PH--m- —-11. 8 811----------
(REAL) (REAL)
STATE STATE
GEET APPROP. debt APPROP
tH tH tH tH
- 100 100
276 276
436 436
437 437
447 - *4 7
633 200 13 828
1465 - t 403 -
1341 1274
950 003
296 296
4693 1904 3869 2524
CSXX XX X s « » mw X X Xa
G- UNOORMTTED
D5 2 PDoh2
COST OF ENERGY TO MEET 1.1 DEBT SERVICE COVER AND PERCENT
MILLS HILLS
150 46 1. 123 17 7
160 25 X 140 5 X
169 21 7. 141 17
179 - 143 )
100 144
101 145 B
102 147

176

IN EXCESS OF REST

MILLS

110
134
135
137
137
139
140

NOTE:  PERCENTAGE CF UNCOWITTED RNDS CALQULATED FROM 30 AND 50 PERCENTILE PROJECTIONS

TABLE 4

SUSITNA:

— W m iLimniuMun Rem FRiVESnomitw<aviAw www m Timtew . <WM.T1

DEDICATE!! STATE APPROPIATJON
-------- L IR - — —U.B BN
(REAL) (REAL)
STATE STATE
DEDT APPROP. DEBT APPROP.
tH til tH tH
. 175 : 175
257 257
338 - 338
413 413
475 475
. 115 552
572 - 157
1454 1275 .
1329 1259
945 060
296 296
4546 1773 3690 * 2367
3XEe X X>in ‘jaaa XS XX

THFRHAL OPTION

14 X

SUMMARY OF FINANCING
REQUIREMENTS

IN-NOMINAL TERMS .
11
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8.

9.

FERC Review

Mein Accejj Road

Camps and Other Site Facilities
Diversion

Spillways

Construction of Main Dam
Power Facilities

Detailed Design

Impoundment

10. Ope ation

11. Continuous Environmental Study and Monitoring

EXHIQTT b__ watana construction schedule






Source:

(Constant)
Index
1949 - 100

320

300 -
280 -
260 -
240 -
220 =

(N. Central) —Actual Real
200 - . .
Actual Real Construction Costs (Pacific)
(S. Atlantic) —Actual Real

(N. Atlantic) - Actual Rial
100 -

50 -

1971 72 73 74 75 76 7 70 79 00 01

Yean
ENR Utilities, December 17, 1981 for
nominal costs;

Monthly Labor Review, US Dept, of Labor EXHIBIT D —

US HYDROELECTRIC PLANT CONSTRUCTION
November, 1982 for Consumer Price Index

COST INDEXES



ANNUAL CONTRIBUTION FUNDING
WITH 'GO" AND PRIORITY-REVENUE BONDS

Mill Rate Cost
Beit Thermal Option Price

OPTION A
OPTION C

OPTION B
OPTION D

COST SAVINGS FROM SUSITNA INCREASING
OVER WHOLE LIFE OF PROJECT

TOTAL STATE TOTAL PERCENTAGE
FINANCING APPROPRIATION OF AVAILABLE STATE
OPTION (1984 - 1989) *FUNDS"(1984-1989)*

Dedicated

Dedicatee

EXHIBIT E
ENERGY COST COMPARISON
WITH VARIOUS FINANCING OPTIONS



FINANCIAL ANALYSES



DATA10M5.011 UATANA (ON LINE 1773)-
tisiotunutuitttiiH

73
521
*44
520

514
170

517
21*
550
371

5*8

5*8
*k g
1*3
2*8

5*7

320
**B
240
375

1*1
2*7

Hhk

225
371
*G*

370

*45

*41
*42
555
55*

5*2
5*3
517

ENERGY GUH
REAL PRICE-MILLS

INFLATION
PRICE-MILLS

REVENUE
LESS OPERATING COSTS

OPERATING
IHTEREST EARNED ON FUNDS
INTEREST OH SHORT TERM DEBT
IHTEREST OH LONG TERM DEBT

ADD
LESS
LESS

HET EARNINGS FROH OPENS

CASH

TOTAL SOURCES OF FUNDS

LESS
LESS

LESS
LESS

CASH

CUM.

CAPITAL EMPLOYED

STATE CONTRIBUTION

RETAINED EARN INOS
DEBT OUTSTANDING-SHORT TERM
DEBT OUTSTANDING-LONG TERM

ANNUAL DEBT DRAUUDOUN
DEBT DRAUUDOUN
DEBT SERVICE

CUM.

CASH SOURCE AND USE——-
INCOME FROM OPERS =

STATE CONTRIBUTION
LONG TERM DEBT BRAUPOUNS

UORCAP DEBT DRAUDOUHS

CAPITAL EXPENDITURE
UORCAP AND FUNDS

DEBT REPAYMENTS
PAYMENT TO STATE

SURPLUS(DEFICIT)

SHORT TERM PEBT
CASH RECOVERED

BALANCE SHEET
RESERVE AND COHT.
OTHER UORKING CAPITAL
CASH SURPLUS RETAINED
CAPITAL EXPENDITURE

STATE FUNDS TO 17R? <»1.4 8N>-

1785 1784 1787

IHFt.ATION 4Z.7X-INTEREST 10Z-CAPCOST
fiuitiittttcctttrttttttttttitttu iT tK tttiu ttiu tttttttttttttttifititttictH ttitiM tinttiM tuiuiii

1788

1782

CASH FI.0OU SUMMARY

mmm (EMILLION)
0

0 0 0 0
0.00 0.00 0.00 0.00 0.00
122.47. 177.78  137.78  1*4.05  13*.81
0.00 " 0.00 "0.00" ~ "TU.00 ... 0700
0.0 0.0 "x 0.0 0.0 "<T'D
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 " o0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
375.7 *34.1 *37.2 ey A 208.2
0.0 0.0 0.0 0.0 432.4
0.0 0.0 0.0 0.0 0.0
375.7 *34.1 *37.2 *x7 _* 8*0.8
375.7 *34.1 *37 .2 xR * 8*0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
375.7 011.8 12*8.7  1474,3  2337.1
375.7 Bit.8 1V*B.7  1474.3  2537.1
375.7 PI 1.8  12*0.7  1474.3  170*.5
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 432.4
0.0 0.0 a.o 0.0 *08.4
0.0 0.0 0.0 - 0.0 *Ofl =4
0.00 0.00 0.00 0.00 0°.00

Option A -

1770

A

0.00
145.45
0700

*3.4*7 BN

t8-JAM-B3

1771 1772 1773 177*
o- "
o 33v7 ---33B7
0.00 0.00 50.73 41.40
177.2* 187.45  202.72  217.13
ortTIT "0700  10J.J*  1j3./4
oTB 0.0"” 350.0 453T0
0.0 0.0 25.1 27.3
"o.<r 070" - J2*.7 * *2577
0.0 0.0 0.0 5.3
0.0 0.0 0.0 20.4
0.0 676 439 *7 469 «J
0.0 0.0  -11*.7 -57.0
0.0 0.0 -114.7 -57.0
070 0.0 * 070
134474 757.8 AlTil 102.0
0.0 0.0 71.%* 15.5
13*1.4 757.0 387.8 58.5
13*1.74 757.9 204Y* - *v2377
0.0 0.0 71.% 15.5
0.0 0.0 0.0 17.3
t'.0 0.0 070 " "0.0
0.0 0.0 0.0 0.0
0.0 070 ovo* 070
0.0 0.0 0.0 0.0
0.0 0,0 52.4 57._%
0.0 0.0 38.8 xo _*
0.0 0.0 070 * "0 70
53*3.5  4301.3  4577.7  4423_*
53%*3.5  4301.3 448?71  4730.3
170*.5 170*.5 1704.5  1704.5
...... 0*0 0.0* "=TT*.7  -17370
0.0 0.0 71 % 104.8
3*37.0  *374.8  *007.7__ *872.7
754.7 505.0 202.4 *7.0
20%7.8 . 253*.?  2757.5  2004.5
1 1
o700-" — 0780 0. ;* "OTB*"

$1.4 Billion Drawn From Unconmitted State

Funds Available For Capital

Construction

Page 1 of 2
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DATA10M5.D11 UATANA (ON LINE 19931- STATE FUNDS TO 1989 (*1.4 BN)- INFLATION 6117X-INTEREST 10X-CAPCOST *3.4*7 BN ~-JAN-83

Kk gy Kk kkk gy kg kg kAR KKK KKy kk gy ko kK Ry (KR KK (KPR KK KRR Rk Kk kK Rk ko KA KKK AR IR K KRR K KA KA XA KKK A AR XXX AFAIA Kk ok h (K (< ppp*>Fry**

1993 1994 1997 1998 1999 2000 2001 2002 2003 TOTAL
CASH Ft.OH SUMMARY
wc« ((MILLION)

73 EHERGY CUH 3387 3387 3387 3387 3387 3JU7 3387 5Jb/ ----3387 37257
321 REAL PRICE-MILLS 40.2* 71 .9* 47 .54 43.3* 59._4* 53,81 37.45 *9.34 *6.51 0.00
*44 INFLATION [IHDEX 232.33 7*8.59 245.99 784.41 304.53 325.85 3*8.44 373.07 399.18 0.00
520 RICE-KILLS 139.94 "17078*" 179771* 180.78 ihi.02 181,87 182.8/ 184.15 185.4* v.00

————— INCOME- -
514 REVENUE *7*.d id-ny 40874 410,4 413.1 ~ 1579 4T 973 423. 7 428. 7 6202.6
170 LESS OPERATING COS*S 29.8 32.4 35.4 38.0 *2.3 44 .2 50.4 55.1 60.1 4*3.3
317 Operating iNfc d*f SRR 2" _.ST371°" 373.T 37178 570.2 549./ 54U.9 068.4 568.7 575V.3
21* ADD INTEREST EARHED ON FUNDS 3.7 4.3 4.8 7.3 0.1 0.9 9.7 10.6 11.6 80.5
350 LESS INTEREST ON SHIRT TERM DEBT 32.* *2.8 *3.2 *2.4 *1.9 *1.5 *1.3 *1.7 *2.4 390.1
391 LESS®" IHTEREST ON LOHO TERM DEBT 447 .4 *4577 *43.4 *41.3 *38 .7 — © *547 0" *52.9 4*9.5 4*0.8 Svjv.i
3*8 NET EARNINOS FROM OPERS -50.1 70.9 73.1 75.4 78.2 81.2 84.5 88.0 92.0 *19.7

————— CASH SOURCE AND USE-———-
3*8 CASH INCOME FROM OPERS = -30.1 70.9 73,1 75.4 78.2 81.2 04.5 88.0 92.0 *19.7
**4 STATE CONTRIBUTION * 0.0 " o.o 0.0 0.0 070 070 0.0 0.0 1vo* 5"
1*3 LOHO TERM DEBT DRAUDOUNS 94.4 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.70 5006.6
2*8 UORCAP DEBT DRAUDOUNS 7.7 2*.4 10.5 11.2 10.2 9.9 13.5 1*_* 15.3 224.2
5*9 TOTAL SOURCES OF FUNDS 5*.3 93.5 83.4 04.8 00.4 91.1 98.0 102.4 107.3 7555.0
520 LESS CAPITAL EXPENDITURE 27.3 29.* 31.5 .33.7 34.1 «3d. | *173 tEUT773"" 293370
**8 LESS UORCAP AND FUHDS 7.7 2*.4 10.5 11.2 10.2 9.9 13.5 14.4 15.3 224.2
240 LESS DEBT REPATMENTS 19.0 22. 1 2*.3 24.0 29.4 37.4 35.4 39.2 *3.1 289.2
393 LESS PAYMENT TO STATE 0>0 0<0 0.0 0.0 ~0;0 070 070" ="070 0.0 " 070
1*1 CASH SURPLUS(OEFICIT> 0.0 19.3 17.3 15.1 12.0 10.2 7.4 4.7 1.6 88.6
2*9 SHORT TERM DEBT 0.0 0.0 0.0 c.o 0.0 0."0 .- “0.0* *0.0" - 0.0 ----070""
*** CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

----- BALANCE SHEET-----=--—--c
225 RESERVE AND CONT. FUND 42.7 48 . * 7.7 81.5 00.9 97.1 105 .; 115.6 126.2 124.2
371 OTHER WORKING CAPITAL S1 .9 70.8 73.0 79.4 02.2 03.9 08 a 93.3 90.0 98.0
*3* CASH SURPLUS RETAINED 0.0 19.3 34.4 51.7 4* .5 74.7 82.3 87.0 80.%4"* 00 74
370 CUM,, CAPITAL EXPENDITURE 4451 .0 A*no .4 4711.9 47*5_4 4781.7 4020.: 4841 .4 6905.7 6953.0 6953.0

nmmMin @ E=*WriM niflat.i.i. =! " *eeaes EEEEEEEE «HNeNEEEN NEENNeEN*e EN-NEENN
*45 CAPITAL EMPLOYED 4745.5 AK3P.9 4H90.2 4958.7 7017.2 7074.0 7130.3 7201.4 7745.8 7265TB
*41 STATE CONTRIBUTION 190* .5 1904.5 1904.5 1904.5 1904.3 1904.5 1904.5 190*.5 1904.5 1904.5
*42 RETAINED EARNINGS -223.0 -157.9 -79.0 -4.2 74,0 155.2 239.7 ""327.7 ~*19.7% "vv*1917"
555 DEBT OUTSTAHD1NG-SHORT TERM 11*.4 139.7 1*9.7 140.9 171.1 101.0 194.5 200.9 224 .2 224 .2
53* DEBT OUTSTANDINO-LONO TERM *970.2 *9*0. 1 *923.0 *897.0 *847.4 4P35.7 *799.4 *760.5 *717 .4 *717.4
3*2 ANNUAL DEBT DRAUUDOUN *1902 *1.4 0.0 0..0 0.0 0.0 0.0 0.0 0.0 0.0 20*6.0
5*3 CUM. DEBT DRAUUDOUN *1902 20*4,0 28*4.0 28*4.0 . 20*4.0 7(144.0 28*4.0 20*4.0 28*6.0 28*6.0 20*4.0 .
319" DEBT SERVICE COVER 0.04 1.10 1.10 1.10 1.10 1.10 1.10 **1710 ..rvo - o7rv
Option A — Page 2 of 2
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DATA 10H3.D11 UATANA_(OM LINE..1993).-

73
321
44i
320

31&
170

517
214

330
391

340

348
444
143
248

349

320

20

393

141
249
444

223

371
434

370
443

441
442
333
534

342

343
319

ENEROY GUH
REAL PRICE-MILLS

IHFLATIM® " INDEX
PRICE-MILLS

INCOME
REVENUE

LESS OPEKATIMO COSTS

OPERATING INCOME
ADO. INTEREST EARNED
LESS Th"TER"EST "ON SHORT TERM DEBT

LESS INTEREST ON LONG TERM OE8T

1IN FUNDS

HET”EARNINGS* FROM "OPERS———— B

CASH SOURCE AND USE——-
CASH" INCOME FROM "OPERS™ ** *
STATE CONTRIBUTION

LONO TERM DrBT DRAUDOUNS
"Dorcap"bEbt draVdOunS"

TOTAL <"URCES OF FUNDS
LESS
LESS
LESS
LESS

CAP
-UORCAP AND FUNDS

DEBT REPAYMENTS
PAYMENT TO STATE

AL EXPENDITURE

CASH SURPCUSIDEFICIT)
SHORT TERM DEPT

CASH RECOVERED

BALANCE SHEET-——————————
RESERVE AND COMT. FUND

OTHER VOP.IMO CAPITAL
CASH SURPLUS RETAINED

CAPITAL EXPENDITURE

CUM.
CAPITAL EMPLOYED

STATE COHTRIBIJTKN
RETAINED EARN INP5

DEBT OUTSTANDING-SHORT TERM
DCBT OUTSTANDING-LONG TERM

ANNUAL DEBT DRAUUDOUN 1)902

CUM. DEBT DRAUUDOUN 41902
DEBT SERVICE COVER

STATF.

FUNDS JO .1989 {»1,8 PH)- INFLATION AX17X-INTEREST 10X-CAPCOST «3.A47 PH 8-JAN-83
ttitixxttxttitittttjttetTrttettetltifttittettttiit ttefrittttttttttiixtstitttttzittitttiltixiitiityttextiitxttiiixiixtii iiTriTii~1"i
1905 1984 1987° 1988 19B9 1990 =1991" T9ogz - “1793- = 1974- -
CASH FLOU SUMHARY
MM (O HILLIONY »™*=
0 0 0 0 0 0 0 0 3387 3387
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.93 41.40
1&71Y 129798 137.78 144.03  134.81 145.43 *177.24 IR9.43  202.92 " 217713"
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 103.34 133.74
0.0 0. c.o 0.0 0.0 0.0 0.0 0.0 330.0 453 .0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.1 27.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 374.9 423.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5eJ
T7V 0.0 " 0 Th 0.0 - wmo;<r 0.0 oTo" 070" 0.0 “12.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 357.3 384.9
0.0 0.0 0.0 0.0 0.0 " oTO ™ 0TO u.v -J2.3 ul .4
0.0 = 0TO" 0.0 "0".0 " 0.0 L omr 0TO-  m=72""T 31.4
373.7 434.) 437.2 447 .4 87.7.4 0.0 - 0.0 0.0 0.0 0.0
0.0 0.0 0.0 '01% 13.3 14u2.9 1273.3 N82.9 320.7 8.3
0.0 0.0 0.0 010 - 0.0- “6.0 '0.0 0.0 9174 13.3
375.7 434.1 437.2 447 .4 R40.B 1402.9 1273.5 802.9 387.8 33.4
373. 434, 437. 44%. 84 14032. 1276.6 80 294.4 23.7
. . . . . .M. . . 98.9 13.5
. . ; . . . 0.0 . . 0:0
. . . . % . . . 52.4 57.4
. . . . , . . . 30.0" "49.4 "
. . . . 0. . . . 0.0 0.0
373.;" 811.8 1240.9 1494.3 23"7.1 3940.0 3713.3 40944 4392.8 4418.5
aaaaar.a* «m mHA"f einaaaaav avaaama awaaanr.ll nilimaaa NMNMMIMUNM araaaaaa aaaaaaaa aaaaraaV""
373.7 . 1248.9 1494.3 2337.1 3940.0 5213.5 4484.1 4525.3
narimirr.it s M. LU.L. = *mss__mm __“l Ui.i* R*r. ummam mmm«mm_!m M. . lull traaaagg aaaaaaaa aaaaaaaa
373.7 811.8 1240. *  1494.3 2323.0 2323.11 2323.0 " 2323 . 2323.0 2523.8
0.0 0.0 66 0.0 0.0 0.0 0.0 0.0 -37.3 -0.7
0.0 0.0 . 0,0 0.0 0.0 0.0 0.0 61743,,,, 104.0
0.0 0.0 0.0 0.0 13.3 1414.3  "24P9.7 " "3372.4" 39 "309r."V"
0.0 0.0 0.0 0.0 8.4 P449 718.3 443.5  142.0 3
0 055.3 15 20 720175 72205/4-
00 000 000 000 000 5% 000 WP ol e
Option B -- $1.0 Billion Drawn From Uncommitted State
Funds Available For Capital Construction

Page 1 of 2
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ITtUHUIUtleMStlltttttiICttfttatttmttttUMttttttttMtllHitlttttttlttttttttttdentefuteltlliultemtiMUUtttteldeelell

DATA10M5.D11 UATANA (ON LINE 19931-41:4 AN STATE FUNDS (PER 30X SCHED)-

IHFI_ALION 4117X-INTEREST 10X-CAPCOST 43.4*47 8-JAN-B3_

1985 1984 1987 19BB 1989 " 1990 *1991 - 1992* 1993 1994
CASH FLOU SUMMARY
*»m(4AHICL IOH )em "'ttt - = 7 "km - =
73 ENERGY GUH 0 0 0 0 0 0 0 0 3387 3387
521 REAL PRICE-MILLS 0.00 0.00 0,00 0,00 0,00 0.00 0.00 0.00 50,93 41_40
1 1 .
444 Inflation index 12242 fjo .98 337,70° 144.05 1ev.si=* [AIfTS" 'm FH — TEG Y "TOST? 2-—- 211113
520 PRICE-MILLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 103.34 133.74
INCOME === ———— -
S14 REVENUE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 350.0 453.0
170 1.ESS OPERATING COSTS 0.0 0.0 0.0 0.0 0.0 0.£ 0" (041) 25.1 27.3
517 OPERATING INCOME 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 324.9 425.7
714 ADD INTEREST EARNED OH FUHGS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.3
350 LESS INTEREST ON SHORT"TERM DEBT 0.0 0.0 6)6) 88 0.0 8T8 ('())T8 -(bT ” “ 1971
391 LESS INTEREST ONLOHG TERM DEBT 0.0 0.0 . . 0.0 . - . 424 .9 4544
540 1"FT"EARNINCS®"FRTIM OPERS 0,0 0.0 0.0 =- " 0.0 0.0 070 YRY, 0.0 -1uu.0 "_42.U
CASH SOURCE AND USE-----
548 CASH INCOME FROM OPERS 0.0 0.0 0.0 0.0 om0 0.0 0.0 D.O "-1"00.0- " -4278 "
444 STATE CONTRIBUTION 804.8 413.3 475.3 115.4 0.0 0.0 «0.0 0.0 0:0 0.0
143 LONO TERM DEBT DRAUDOUNS 0.0 0.0 0.0 0.0 521.8 1453.8 1329.4 944 .4 394._4 85.3
248 UORCAP DEBT DRAUDOUNS 0.0 0.0 0m0 0.0 0.0 * 0.0 0To 070 91. 4 "-——-1575
349 TOTAL SOURCES OF EUNDS 804.8 413.3 475.3 115.4 521.0 1453.8 1329.4 944 .4 387.8 57.9
320 LESS CAPITAL EXPENDITURE 373.3 390.5 309.2 390.9 811.8 1453.8 1329.4 944 .4 2944 25.7 /
440 LESS UORCAP AND FUHDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 91.4 15.5
240 LESS DEB f REPAYMENTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 070" re. 8
393 LESS PAYMENT TO STATE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
141 CASH SURPLUSIDEFICIT) 433.5 22.8 84.1 _275.5 -290.0 0.0 0,0 ovo 070" 0.0 -
249 SHORT TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
444 CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BALANCE SHEET--——————m——
225 RESERVE AND CONT. FUND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 52.4 57.4
371 OTHER UORNINO CAPITAL 0.0 0.v 0.0 0.0 0.0 0.0 0.0 0.0 30.0 49.4
454 CASH SURPLUS RETAINED 454 .4 479. 4 545.5 290.0 0.0 0.0 0.0 0.0 0.0 0.0
370 CUM. CAPITAL EXPENDITURE 373.3 -,43.8 1153.0  1543.9 2355.7 3R09.4 5138.8 4083.2  4379,4 4405.3
445 CAPITAL CMPLOYED r.29.9 1343.2 1710.5  1033.9 2355.7 3009.4 5138.0 4003.2  4471.0 4512.1
eaaaaaaa aa.iaa*,i« rnanaaaa aiaaan a ri ai.ailaa aaaaaaaa anaaraaa aaaaaaaa aaaaaaaa aaaaaaaa
441 STATE CONTRIBUTION 804.8 1220.1 1495 .4 1H1 0.8 1810.8 1010.8 * 1810.0 1010.%  i010.8 1010.8
442 RETAINED EARNINGS 23.1 23.1 23.1 23.1 23.1 23.1 23.1 23.1 -74.9 -119.7
553 DEBT OUTSTANDING-SHORT TERM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 91.4 104.0
554 DEBT OUTSTANDING-LONG TERM 0.0 0.0 0.0 0.0 521.0 1975.5  3304.9 4249.3 44457 47142
542 ANNUAL DEBT DRAUUDOUN 41907 0.0 0.0 0.0 0.0 337.0 077.4 750.0 498.0 195.3 39.3
543 CUM.  DEBT DRAUUDOUN 41902 0.0 0000 0.0 . 0.0 337.0 1214 .4 ,944.7 2442.4  2450.0 " 2497.2
319 DEBT SERVICE COVER 0.00 ) 0.00 0.00 0.00 0.00 0.00 0.00 0.74 0.07
Option C— $1-4 Billion Dedicated From
Permanent Fund Income
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DATA 10HS «D11 UATANA (CN LINE 19931-11.4 BN STATE FUNDS (HR 303! SCHF.DI- INFLATION AX, 7Z-INTEREST 10X-CAPCOST »3.6<7 B-JAN-83
1991 199A 1997 1998 1999 2000 2001 2002 2003 TOTAC-
CASH FLCIU SUMMARY
<((MILLION)*
73 ENERGY GUH 3387 3387 3387 3387 3387 3387 3387 3387 3387 37257
521 REAL PRICE-MILLS 60.24 69.32 65.13 61 .09 57.35 53.87 50.65 47.69 44.96 0.00
4467 INFLATION [INDEX 232.33 P4R.5V 265.99 7R4 .61 304.53 325 .85" 348.66 “373.07 3979 .18 0.00
520 PRICE-MILLS 139.96 172.33 173.25 173.87 174.65 175.55 176.60 177.92 179.46 0.70
INCOME-——————————-
51A REVENUE 474 .0 583.7 586.7 588.9 591.5 594.5 598.1 602.6 607 .8 6030.7
170 LESS OPERATING COSTS 29.8 32.6 35.6 38.8 42.3 46.2 50.4 55._1 60.1 443.3
517 OPERATING INCOME 444 .2 551 .1 551 .2 530.1 549 .2 548 .3 547 .6 547.5 547 .7 5587 .4
214 ADD INTEREST EARNED ON FUNDS 5.7 6.3 6.8 7.5 8.1 8.9 9.7 10.6 11.6 80.5
550 LESS® INTERESt"OH SHORT TFFtHTEBT 20.2 37.8 38.74 “3778 wi774- 3772 37.2 30.7 350 -
391 LESS IHTEREST OH LOHG TERM DF.PT “52.9 451.0 449 .0 446.8 444 .3 441.6 438.7 435 .4 431 .8 4871.0
548 net Earrings from OpEr's’ -32.2 68.5 70.6 73.0 75.6 78.4 81.5 85.0 88.8 446 .4
CASH SOURCE AND USE-
548 CASH INCOME"F"ROM®* "OPERS"" -32.2 68.5 70.6 73.0 75.6 70.4 81.5 857T 88.0 446 .4
44A STATE CONTRIBUTION 0.0 0.0 0.0 0.0 0.0 0.0 0.70 0.0 0 1810.8
143 LONG TERM DEBT DRAUDOUNS 78.2 0.0 0.0 0.0 0.0 0.0 "o0.0 0.0 0 4809.1
248 NORCAP DEBT DRAUDOUNS 7.7 24.6 10.5 11.2 - 107.2 9.9 13.3 14.4 15.3 224 .2
549 TOTAL SOURCES OF FUNDS 53.7 93.1 81,1 84 .2 85.7 08.3 95.0 99 .4 104 .1 7290.5
320 LESS CAPITAL EXPENDITURE 27.5 29.4 31.5 33.7 36.1 38.6 41.3 44 .2 47.3 6734.9
448 LESS UORCAP AND FUNDS = 7.7 24.6 10.5 11.2 10.2 9.9 13.5 14.4 15.3 224.2
2A0 LESS DEBT REPAYMENTS 18.4 21 .3 23.4 25.7 28.3 31.1 34.3" 372" X1 . T 278
395 LESS PAYMENT TO STATE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 bé 0.0 db
141 CASH SURPLUS(DEFICIT) 0.0 17.8 15.7 13.5 11.2 8.7 6.0 3.1 88 530
249 SHORT TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0
444 CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
BALANCE SHEET- .....
225 RESERVE AND COHT. FUND A2.7 68 .4 74.7 81.5 08.9 97.1 105.9 115.6 126.2 126.2
371 OTHER UORNING CAPITAL 51.9 70.8 75.0 79.4 82.2 83.9 88.6 '93.3 V8.0 ....... 90.0
454 CASH SURPLUS RETAINED 0.0 17.8 33.5 47.1 58 .3 67.0 73.0 76.1 76.1 76.1
370 CUM. CAPITAL EXPENDITURE 6432.8 6462.3 6493.8 6527.5 6563.5 6602 . 6643 .4 6687.6 6734.9 67347,
jaaaaaaa nuaaaaaa aaaa*asa akarall.a .ranaaaa aaaaaaaa araaaaaa < bMy>men
465 CAT1TAL EMPLOYED 6547 .4 6619 .2 6677.0 6735.5 6792.9 6850 .1 6910.9 6972.6 7035.2 7035.2
461 STATE CONTRIBUTION 1810.8 18)0.8 1810.0 1810.0 inio.8 Iploa i-o10.-» H'lei0.0 18 10;'0 1810.8
462 RETAINED EARNINGS -151.9 -03.4 -12.7 60.2 135.0 214.2 295.0 300.7 469.5 469 .5
555 DEBT OUTSTAIIDIHO-SHORT TERM 114.6 139.2 149.7 160.9 171.1 181.0 194.5 200.9 224 .2 224 .2
554 DEBT OUTSTANDING-LONG TERM 4773.9 4732.6 4729.3 4703.5 4675.2 4644 .1 4609.0 4572 .1 *4530.3
542 ANNUAL DEBT DRAUUDOUN 419B2 336 0.0 cgo 0.0 0.0 0.0 0.0 0.0 00 2730.9
543 CUM. DEBT DRAUUDOUN 11982 2730.9 2730.9 2730.9 2730.9 2730.9 2730.9 2730.9 2730.9 2730.9g " 730« 9"
519 DEBT SERVICE COVER 0.09 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10

Option C -- Page 2 of 2



tttittttttttttitittttttittttttttttttxrttttittittrtttttitttixTttrttttttvexttttttttttttttttttttt »*

DATA10H3.D11 UATANA (ON LINE 19931-11.8 AN STntr. FUNDS (PER 30X SCHED1- INFLATION 6X17X-J NTERF.ST |jIX-CAPCOST _t3.* Bj-JAH-83
1985 1986 1987 1988 1989 '1990 "1991 1992 - T993" "1994
CASH FLOU SUIKARY o m
‘»'»'m( (MILLION 1 <dim - e -7
73 ENERGY GQH 0 0 0 0 0 0 0 0 33B7 3387
321 REAL PRICE-MILLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <O QY 61.60
466 i NFLATI CH INDEX" 122.62 129.98 137.78 146.05 iSVioi i 6565 TT7T24" “1T9763"~T0?792------ 2T77H'
520 PRICE-MILLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 103.34 133.76
----- IHCAME — —mrememmememm = = = = - Ce— - T T B
316 REVENUE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 350.0 453.0
170 LFSS OPERATING COSTS 0.0 0.0 0.0 0.0 0jo0 0.0 0.0 0.0 25.1 27.3
517 OPERATING INCOME 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 324.9 425.7
214 ADD INTEREST EARNED OH FUNDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.3
550 LEGS INTEREST OH SHORT TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 070" 0.0 1077
391 LESS IHTEREST OH LONG TERM DFBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 340.7 369.8
548 NEt EARMFN3S FROM OPERS @ o oo 0.70 070 ' 070" 0.0 0.0 0.0 -15.2 50. 4
--------- CASH SOURCE AND USE---——
548 CASH INCOME "FROM”OPERS” 0.0 0.0 0.0 "oTo" 0.0 “ 88 ---------- <rro" ~ 678 = TrSTT" 586
446 STATE CONTRIBUTION 806.8 413.3 473.3 532.1 156.4 ) , *0.0 , 0.0 ,
143 LONG TERM DEBT DRAUDOUNS . . 0. 273.1 1259.3 867.3 311.6 0.0
248 UORCAP DEBT DRAUDOUNS 0.0 0.0 0'.0' 0.0 076 oo 0".0 o0 -—670- 9T7T"————- 1575
349 TOTAL SOURCES OF FUNDS 806.8 413.3 475.3 552.1 136.4  1275.1  1259.3 867.3 387.8 65.9
320 LESS CAPITAL EXPENDITURE 373.3 390.5 JT9.2 390.9 768.1 1390.1  1239.3 B67.3 296.4 23.7
448 LESS UORCAP AND FUNDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 91.4 15.5
260 LESS DEBT REPAYMENTS® 88 88 88 88 88 88 88 %8 ~0:6' T%B
393 LESS PAYMENT TO STATE ) ) ) . ) . ) ) 0.0
141 CASH SURPLUS(DEFICIT) 433, 288 88 161 -611. -115. . " 0.Q RO o L — .
249 SHORT TERM DEBT %)6 . d 66 bé 0.8 88 0.0 c 0 ﬂOd
444 CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
--------- BALANCE SHEET-c——momemmme
225 RESERVE AND CONT. FUND 88 88 88 88 88 0.0 0.0 0.0 52.6 37.4
371 OTHF.R UORKLING CAPITAL } ) ) } ) . D" 38" “rmggr 4
454 CASH SURPLUS RETAINED 456.6 479.4 565.5 726.7 115.0 %8 %78 8).0 0.8 111
370 CUM. CAPITAL EXPEND!TURF 373.3 763.8  1133.0  1543.9  2312.0  370.;.) 4961 .4 5820.8  6125.2  6150.9
wafwsidiig Ajaujinia JJIUEFD ... auti-ia IMIL o eoiiga 12001 (51 waaaaaaa Mocaall: aaaaaaaa
465 CAPITAL EMPLOYED 829.9  1243.°  1718.5 2270.6  2427.0 3702.1 4961 .4 _ 5D20.B  6216.5  6260.8
maaaaaaa B«. EEE>E ... ..... ai.aai.ai/a ai.aaaaaa MErrniii'n tnra*aan r«ml ..
461 STATE CONTRIBUTION 006.8 )1 1695.4 2247.5  2403.9  2403.9 “2403.9 2403 "0" 240379“ " 240379
462 RETAINED CARNIHGS 23.1 23. 1 23.1 23.1 23. 1 23. 1 23. 1 23.1 7.9 58.3
535 DEBT OUTSTANDING-SHORT TERM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 91.4 106.8
554 DEBT OUTSTANDING-LONG TERM 0.0 0.0 0.0 0.0 00 1275.1  2334.4  3401.8 371374  3699.7
547 ANNUAL DEBT DRAUUDOUN 41982 0.0 0.0 *0.0 0.0 0.0 769 .7 710.5 457.3 133.6 0.0
543 CUM. DEBT DRAUUDOUN 11982 0.0 0.0 0.0 0.0 0.0 76906 1480.3  1937.6 209172 ° 2091 6
519 DEBT SERVICE COVER 0.00 0.00 0.00 0..10 0.00 ) 0.00 0.00 0.96 1

Option D -- $1.8 Billion Dedicated From

Permanent Fund Income
Page 1lof 2



DATA10M5.DU UATANA (ON LINE 1993>-*1.8 BN STATE FUNDS (PER 30X SCHEDI- IHFI.ATION 4X 17X-INTEKEST 10X-CAPCOST «3.4<7 8-JAN-Q3
lll$|x|1ft 1lfttttt|| tiIx tfitzttx 111 ttttttxzt ttitt_lTlII 11tl* til *1$ tt tte. It tft ttt it tl til titttttt ttttet ttl tit 11 IV((tttttX t't'tl*))
199: 1994 1997 1998 1999 2000 2001 2002 2003 TOTAL

CASH FLIIU SUMMARY
Fru<EMILL FON) ™ ***

73 ENERGY GUH 33B7 3387 3387 3387 3387 3387 3387 3387 3387 37237
521 REAL P ilICE-NILLS 38.0B 34.31 51.39 48.34 . 45.52 42.89 40.44 38.24 34.19 0.00
466 "INFLATION INDEX 232.33 248.59 245.99 284.41 304".52" 325.81;" 34874 373.07199.1B- "0.'00
320 PRICE-MILLS 131.94 133.32 134.49 137.57 1.18.41  139.77 141.08 142_44 144 .44 0.00
INCOME
514 REVENUE 457.0 439.0 442.9 443.9 449.3 473.4 477.8 483.2 489.2 5040.9
170 LESS OPERATING COSTS 29.8 32.4 35.4 38.8 42 4 44.2 50.4 55.1 40. 1 443.3
517 OPERATING ~ 1E 427.2 424 .4 427 .4 427.1 427.1 427.1 427 .4 428.1 429.2 4597.5
214 ABO  INTER "ARMED ON FUNDS 5.7 4.3 4.8 7.5 8.1 8.9 9.7 10.4 11.4 80.5
550 LESS INTERESI _W SHORT TERM DF.BT Y< 1 10.8 12.4 .7 13.4 14 .1 15.72 111B 1878"———— 13579
391 LESS IHTEREST ON LONG TERM DEBT 348.5 347.0 345.3 343.5 341.5 339.3 354.9 354.2 351.3 3957.3
348 NET FARMINGS FROM OPERS 53" 34.9 54.4 58."4  ""m40,4 —12.1  w"Ua570- 1777 70.4 - SBV<9-
CASH .SOURCE AND USE--——
548 CASH INCOME FROM OPERS 53.4 54.9 54_4 58.4 Q0.4 “ag .T ' TbTtf~- 1777 7071 58479
444 STATE CONTRIBUTION 0.0 0.0 0.0 0.0 c.0 0.0 0/0 0.0 0.0 2403.9
143 LONG TERH .IEAT DRAUDOUNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3713.4
248 UORCAP DFB1 DRAUDOUNS 7.7 24.4 10.5 "11.2 10.2 "T3TS5 " TT7l—-——-—- TS73"-—--- 22172'
549 TOTAL SOURCES OF FUNDS 41 .1 79.4 47.1 49.4 70.4 72.5 70 .5 82. 3} 84.0 4924.3
320 LESS CAPITAL EXPENDITURE 27.5 29.4 31.5 33.7 34.1 30.4 41.3 44 .2 47.3 44G0.4
448 LESS UORCAP AND FUNDS 7.7 74,4 10.3 1 .2 10.2 9.9 13.5 14.4 15.3 224 .2
240 LESS DEBT REPAYMENTS 15.0 14.4 18.2 20.0 22.1 24.3 24.7 29.3 "32.3 *218 *1
393 LESS PAYItC>T 10 STATE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
141 CASH SURPLUSIDEFICIT} 10.8 8.9 4.9 4.4 2.3 -0.2 -2.9 -5.8 -0.9 3.4
249 SHORT TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
444 CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BALANCE MEET-——————————
223 RESERVE AND CUNT. FUND 42.7 40.4 74.7 01.3 88.9 97.1 105.9 115.4 124.2 124.2
371 OTHER UORKING CAPITAL 31.9 70.8 73.0 79.4 82.2 03.9 00.4 93.3 98.0 90.0
454 CASH SURPLUS RETAINED 21.9 30.8 37.7 42.3 44.4 444 41.4 35.4 24.7 24.7
370 CUM. CAPITAL EXPENDITURE 4178.4 4207.P  4239.3 4273.0 4309.1 4347.7 4309.0 4433.2 4480.4 4480.4
445 CAPITAL EMPLOYED 4314.9 4377.8 44247 4474.3 4524.D 4573. 1  4424.9 4477 .4 4731 .3 4731.3
441 STATE CONTRIBUTION 2403.9 2403.9 2403.9 2403.9 7403.9 2403.9 —24011"»9 2403.9 '215377?' 2403.9
442 RETAINED EARNINGS 111.7 144 .4 223.2 2111.4 342.0 404 .4 449.4 , s:/.3 400.0 400.0
535 DEBi OUTSTANDING-SHORT TFRN 114.4 139.2 149.7 140.9 171.1 181.0 194.5 200.9 224,2 224.2
354 DEBT OUTSTANDING-LONG TERM 3404.7 3448.7 3449.9 3429.9 3407.8 31iG3.4 3554.9 3557.4 “*"JW .3 34957 .73
542 ANNUAL DEBT DRAUUDOUN H902 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2091.2
543 CUM. DEBT DRAUUDOUN 11982 2091 ,2 7091 ,3 2891.2 2091 .2 2091,7 2091.2 7091.2" 5001*. 2 20?T72'— 2091-.2*
3)9 DEBT SERVICE COVER- 1.10 1. 10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 0.00

Option D -- Page 2 of 2



THE INFLATION OUTLOOK

DRI has lowered its forecast of inflation by another few tenths of a percent, with the CPI forecast to
rise at a 5.3% average rate for the next three years, the finished goods producer price index by 5.1%,
and the GNP deflator by 5.4%. Wages will retain most of the reductions achieved in the recession,

but are not forecast to slow significantly further. Total compensation will accelerate because of the
jump in Social Security taxes.

Table 6 shows the pattern of disinflation, from an 11.5% rate in 1979 to 1981 to 3.9% in the most
recent 12 months. Of the 7.7% slowdown, home ownership, mainly mortgage rates and taxes,
accounted for 3.6 percentage points. Lower energy prices, principally gasoline, contributed another
2.2 percentage points to the slowdown, and food accounted for 0.9 percentage points. Thus, interest
rates, energy prices and farm prices account for 6.7 out of the 7.7 points of improvement. While the
recession contributed to all of these improvements to a degree, there was considerable luck in these
items, and not all of these gains are permanent. Farm prices will inevitably rise sooner or later,
interest rates will cease to decline, and the energy price outlook will not always remain as favorable
as it is today.

Table 6
D?sinflation: How the CPI Slowed from 11.5% to 3.9%

Amual Peroatt Ghage  Contributi
T e T 10 Stonconn

Dec 181 Dec 1R Jpoints}g

Pl - All Hes ns- 39 7.7
Hore Ownership 154 14 3.6
Hore Prices 9.3 75 02
gtmame Repairs 3 . .
t<v . 22.0 13 z.z
Gasolire 260 -6.6 19
Heating Fels 28 09 04
Electricity 141 64 02
Netural Gss 165 54 01
Food ad 8.1 31 0.9"
Clothing = _ 6.1 3.3 01
Hare Fumishings 44 0.9 0.1
New Cars 7.3 14 0.2
Medical Care 108 110 00-
Al Other 0.6

The question arises, therefore, whether the inflation improvement is to be short lived, and whether
the danger of much larger inflation figures is very real. As we have pointed out before, the core
inflation rate is in the 5% to 6% area, but the danger of much higher figures is quite remote. The
farm price outlook is very moderate for the next year or two, interest rates are likely to show only
small changes and in any event are removed from the index, and world energy prices are still headed
lower. The rate of wage increase is currently near 5%, and it will not accelerate substantially for the
next several years, given unemployment rates near 10%. Industrial prices, which will surely show

some revival with recovery, cannot rise much as long as utilization rates are very, very low. Even in
1985, utilization rates do not quite reach 80%.

Data Resources U.S. Revlrw, February 1983
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334 WEST 5th AVENUE -ANCHORAGE, ALASKA 99501 Phone: {88%; %

September 24, 1982

James N. Souby

Director

Division of Policy Development &
Planning

Pouch AD

Juneau, Alaska 99811

Dear Jim:

Thank you for the opportunity to review the draft report entitled
"Alaska Energy Planning Studies: Substantive Issues and the Effects of
Recent Events"™ by Arlon Tussing and Gregg Erickson. I find the
"Critique™ thought provoking and useful for highlighting risks
associated with the Susitna Project. I believe, however, that it lacks
balance, 1is based upon very selective use of the available evidence, and
generally presents an extreme position.

Transmitted with these comments are the following:

1. Commentary by Acres American.

2. Letter to Eric Vould from Mr. Bob Cross.

3. Department of Revenue forecast of wellhead prices for North
Slope crude oil,

4. Engineering News Record article on the James Bay Hydroelectric
Project.

World Oil Prices and Rail belt Electrical Energy Demand

The author? assert that the state"s forecasts "project declining
real oil prices through 1998" (p.16). A footnote attributes this
information to the Department of Revenue®s Chief Petroleum Economist. A
request was made to Commissioner Williams seeking confirmation of this
forecast. While a formal response has not been received as of this
writing, Dr. Logsdon provided the Department®s projection of the
constant dollar wellhead value for North Slope cruoe oil. The forecast
shows a decline through 1985, with a rise thereafter through 1998. The
average annual real rate of increase is projected at a positive 1.7
percent from 1982 through 1998. See attachment #1. It is my
understanding that it is the wellhead value which chiefly determines
petroleum revenue.

The Department of Revenue forecast is the only one specifically
cited by the authors to confirm their view of future world oil prices.
In their review of the Tussing/Erickson Critique, Acres finds that major
forecasts generated during the spring and summer of 1982 continue to



Mr. James N. Souby
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project significant positive rates of change in real prices. In fact,
the forecasts presented tend to support the Battelle/Acres 2.0 percent
base case assumption. On this issue, the authors seem to have adopted a
somewhat extreme position outside the mainstream of informed opinion.
Refer to Acres Commentary, pages 3-6.

To be fair to Acres, the Critique should clarify the ground rules
under which Acres labored. The original scope of the Susitna
Feasibility Study included a work element addressing load forecasts and
alternative generation costs. Certain interested parties were concerned
that these issues, being as crucial to a showing of economic feasibility
as they are, should be segregated from the work of Acres and the Power
Authority. The Railbelt Alternatives Study was thus.born, and Battelle
was eventually selected by the Governor®s Policy Review Committee as the
consultant to perform the work. From that point in time, it was
understood that neither the Power Authority nor Acres was to be
responsible for developing load forecasts or fuel prices, and Acres was
so directed. The authors, on page 21, state that Acres adopted the
Battelle work with some modifications. In fact, the reason there is
some difference in the final forecasts is that Acres, 1in order to meet
schedule requirements, had to take what Battelle could offer in
December, 1981. Battelle subsequently refined its forecast, thus
creating the difference after the data transfer. The author®s statement
on page 20 that Acres®™ base case assumes no relationship between oil
prices and electricity demand cannot be accurate unless Battelle made
the same assumption.

The Critique draws the conclusion on page 24 that an
up-to-date view implies a "most-likely” future in which electricity
demand "will be considerably lower than the lowest case postulated by
Acres or Battelle.” This 1is consistent with conclusions drawn by
Dick Emerman of DPDP, but Dick made it clear that his conclusion is
predicated on the assumption that the ISER and Battelle economic and
load models are, in fact, an accurate reflection of reality. Emerman,
for example, points out that alteration of the electricity pricing
assumption could lead to as much as a doubling of demand over the base
case forecast. In other words, if the state could, and actually did,
subsidize the price of electrical energy (as is now being done
throughout the state to some degree) all bets are off, and the oil price
issue, at least as far as demand 1is concerned, becomes much less
important.

Mr. Bob Cross, Administrator of the Alaska Power Administration,
raises the very basic question of whether the existing models are
capturing actual casual relationships. His concern is heightened by the
finding that the recorded annual growth rate for the Anchorage-Cook
Inlet power systems was 8.15 percent for the 12-month period ending 1in
April, 1982. As of now, the Battelle mid-range forecast is apparently
under-forecasting actual demand.
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Alaska Fossil-Fuel Availability and Costs

The authors contend that the Battelle/Acres assumption of no change
in relative world prices among oil, gas and coal is not supported by the
data. The data that appears on page 34 of the Critique indicates a
coal/gas price ratio of between 0.29 and 0.53 with rio clear trend over
the period. For instance, the price ratio was 0.37 1in both 1974 and in
1980. Please refer to Acres Commentary, page 7 and 8, for further
discussion.

The authors®" assertion that Battelle/Acres is projecting Cook Inlet
gas prices to increase at an average annual rate of 9 percent in the
medium case (and 11.2 in the high case) 1is misleading. After a period
of adjustment when existing contracts expire and average prices reach
present day " marginal prices" for additional gas, the average annual
constant dollar growth rate assumed is 2 percent rather than 9 percent.

Acres in its Commentary questions the authors®™ criticism of the
net-back approach to estimating the value of Cook Inlet gas. It is
suggested by Acres that the Critique has adopted too short a horizon for
evaluating the merits of the Susitna Project, which 1is not even due to
have 1its first phase on line until 1993.

It should be made very clear that, while Acres expresses concerns
about the long term availability of Cook Inlet gas, the economic
analysis 1is predicated on unlimited gas supplies. Cost determines
economic Tfeasibility; gas availability does not.

Susitna Construction Costs

The authors imply that TAPS and the WPPSS nuclear plants are the
most useful projects for cost history comparison with Susitna. I take
strong exception to this suggestion, and offer the Churchill Falls
Hydroelectric Project and the James Bay Hydroelectric Project as more
appropriate for comparison. Both are characterized by remote northern
locations and capacities greater than Susitna. The Churchill Falls
Project was completed for 96 percent of the feasibility level estimate,
after correction for inflation. Refer to Acres®™ Commentary for a
detailed discussion.

With respect to the James Bay Project, the attached Engineering
News Record article highlights the extremely favorable cost and schedule
history of that undertaking. Again, a remote project more extensive
than the Susitna development is being constructed ahead of schedule and
within budget estimates made six years ago. Refer to the attached
article for further discussion. The authors® technique of "guilt by
association” 1is not the most professional approach.

Real Discount and Interest Rates

The Critique®s discussion of today"s bond yields and inflation
rates obviously needs updating. Accepting the authors®™ contention that
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the relevant discount rate is the effective rate at which the project is
to be actually financed, the appropriate discount rate today is less
than the 3 percent used by Acres in the base case analysis. However,
irrespective of what the present day situation indicates, the authority
recognizes that the rate existing at the time the financial commitment
is made 1is the relevant rate for determining the applicability of the
economic feasibility analysis. Refer to Acres®™ Commentary, pages 19-21.

“Again, thank you for the opportunity to comment. The work by
Tussing and Erickson will be very useful 1in scoping future updates of
the Susitna Project"s economic and financial viability.

Eric P. Yould
Executive Director

4 attachments: as stated

cc: EachBoa”Htember, w/attachments
Arlon Tussing, w/attachments
Gavin Warnock, Acres American, w/attachments
Robert Cross, Alaska Power Administration, w/attachments
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Alaska Power Administration
.0. Box
Juneau. Alaska 99802 September 8, 1982

received.
Mr. Eric Yould

Executive Director

Alaska Power Authority SEP 13192

334 West Fifth Avenue xnacPOVJER AUTHORITY
Anchorage, AK 99501

Dear Eric:

I had some thoughts on the new Tussing/Erickson paper, "Alaska Energy
Planning Studies: Substantive Issues and the Effects of Recent Events."

I surely don T suggest that Alaska Power Administration can match
credentials of these two influential economists, particularly in Tussingls

natural, gas speciality. But, | think their new work may be a little
misleading.

I share to a degree the author®s disappointment in the outcome of the
Railbelt alternatives study which came about largely as a result of
previous work by the authors. | think the alternatives study was a good
one, but it didn"t provide all that much new insight.

There is a lot of data which support the Tussing/Erickson outlook on
world energy supplies and costs, which, in simplified form, is that the
producers have some big problems and the consumers will enjoy a buyer®s
market for a long time to come. With that kind of outlook it is sensible
for Alaskans to base their energy plans on natural gas and oil, thus
avoiding some huge investments in alternativeenergy sources.

There are other data and indicators which are notso comforting. There
have been huge adjustments in energy prices in the past 10 years for

which there wasn®t much precedent and the results haven"t fit the
economists predictions all that well. Our present energy supply situation
reflects some horrendous economic problems in our country and elsewhere

in the world. Even with the deepest recession in the U.S. since the

great one, we"re still making annual payments of $80 billion for imported
oil.
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Certainly demands will be depressed by 30 percent iddleness in industrial
capacity, record low levels in construction and other industries, 10 per—
cent unemployment, etc.

I personally feel the Tussing/Erickson outlook on world energy supply
and prices is consistent only with a long-term worsening of the economies
of the major industrial nations.

| partly agree with Tussing/Erickson in the criteria of the fuel escalation
assumptions— a gradual increase of 2 or 3 percent per year above inflation.
Commodity prices just don"t behave that way unless they are controlled.

The recent (10-year) energy price history shows two or three major

upward adjustments plus a lot of smaller ups and downs. That"s probably
what will happen in the future, too.

The Susitna Review Committee made a very thoughtful recommendation to
the Power Authority several weeks ago- economic conditions at the time
including outlook for oil revenues and prevailing interest rates weie
not right for start of construction of a project like Susitna. It
appears that Tussing/Erickson agree with that point.

Stated another way, 1it"s tough to undertake new capital-intensive plant
construction during a period of unusually expensive, financing costs.
The same problem is largely responsible for deferral of many projects
throughout the country.

IT the fimncing costs come down, a lot of the deferred projects will
get started. The most recent changes in Interest rates are very promising
from that standpoint.

I also share the Tussing/Erickson disappointment in the estimates of
future power demands. Except for very short-range forecasts, no one has
been able to do this job very well. In spite of a lot of vfork and a lot
of modelling, the relationship between economic factors and! energy and
power use in Alaska are still pretty hazy.

The most recent studies are dominated by data from 1979 and 1980- the
post pipeline doldrums for the Alaska Railbelt. For whatever the
reason, the studies failed to pick up a rather distinct upturn in power
demands starting in the 1980-1981 winter. Some notes on this are
attached.

I made a recent check and found a recorded growth of 8.5 percent for the
Cook Inlet systems for the 12-month period ending in April 1982.



I think all are agreed that the huge and generally sustained growth in
Railbelt power demands which occurred from 1960 to 1978 won"t be. duplicated

in the future- at least as measured by percentages of demand.

Sincerely,

Robert J. Cross
Administrator
Enclosure

cc: Dr. Tussing
Mr. DzinJ”™h



1. RAILBELT POWER DEMANDS

There®3 a rather large problem in validating forecasts of"future power
demands for the Railbelt. There is strong criticism of the most recent
forecasts on grounds they incorporate un.realistically high estimates of
future state expenditures.

1 think there is a larger problem in that the available forecasting
techniques do not work well through times of major economic change.

All of the recent load forecasts are dominated by the power use data up
through 1980 or 1981. The forecasts are: based on either net generation
or power sales data on a calendar year basis and attempt to Establish
relationships between the power use and various economic factors.

The CY power use data indicate that declining rates of growth prevailed
betwe.su 1977 and 1981. This is illustrated by net generation data for
the south half of the Railbelt:

Anchorage-Cook Inlet Net Generation

Annual Annual Increai
GWH GWP %

CY 1977 1803.6
127.8 7.1

. JL978 1931.4
100.2 5.2

1979 2031.6
73.3 3.6

1980 2104.9
71.0 3.4

1981 2175.9

Examination of the sfime data on a monthly basis gives a somewhat different
picture (tabulation attached). The monthly data show a period of very
plow growth starting in the spring of 1978 and extending through most of
x980. There was a significant upswing during the 1980-1981 winter which
has been sustained since that time.

Ttiis upswing was disguised in the 1981 CY data -botad January and December
of 1981 shoved abnormally low power use, probabi >*cause of weather.

We also looked at the data on the basis of 12-month totals for May to
April.



Anchorage-Cook Inlet Net Generation

Annual Annual Increases
Year ending in: GWH GWH %
April 1979 1989.8
21.8 1.1
April 1980 2011.6
94 .7 4.7
April 1981 2106.3

224.1 10.6
April 1982 2330.4

The data indicate that current growth levels for power demand are sub—
stantially above those in the most recent forecast. The recent period
of higher growth seems to follow very closely the improvement in the
area economy for that same period.



Month 1982
Jan 272.77-
Feb 220.3
Mar 216.5
Apr 192.3
May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

CY Total

Yearly change

Total,

Year

Ending
April. 2330.A

Yearly
change

NOTES: These are net generation totals for CEA, AML&P,

—~Months with power use abnormally high or low,

Anchorage-Cook Inlet Net Generation
GWH

1981
+70.4 202 .37
+32.5 187.8
+29.7 186.8
+22.1 170.2
154.2
148.2
155.8
157.4
163.7
196.8
- 218.1
234.4
2175.9
2106.3
+224.1
+10.6%

-19.0

+6.0

+0.8

+13.2

+8.0

+11.4

+14.6

+12.5

+11.4

+19.4

+15.6

-24.7

+71.0
3.4%

+99.7
+4 7%

1980
221.3
181.8
186.0
157,0
146.2
136.8
141.2
143.7
152.3
177.4
202.5
259.1-/

2104.9

2011.6

+12.1

-28.6

+0.8

+5.7

+14.5

+9.5

+22.3

+27.8

+73.3
3.6%

+21.8
+1.1%

197

209

210

185.

161

144.

131.

135.

138

137.

168.

9

.2 +12.0
A-/ +42.8
2 +12.1
.5 +12.0
1 +2.8
9 +2.2
8 +3.6
.2 +6.1
8 -0.9
1 +18.7

178.3~ -12.8

231.

2031.

1989.

and Federal

3 +22.3
6
+100.2
5.2%
8

APA.

probably because of weather.

1978

197.

167.

173.

149.

141.

129.

132.

132.

138.

149.

191.

209.

1931.
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COMMENTARY ON

"ALASKA ENERGY PLANNING STUDIES -
SUBSTANTIATING ISSUES AND

THE EFFECTS OF RECENT EVENTS"

(A. R. Tussing and G. K. Ericson)

Commentary Prepared by:

Acres American Incorporated

ALASKA POWER AUTHORITY



ALASKA POWER AUTHORITY September 7, 1982
SUSITNA HYDROELECTRIC PROJECT

Commentary on:

"ALASKA ENERGY PLANNING STUDIES - Substantiative Issues and
the Effects of Recent Events™ - a review by A. R. Tussing and
G. K. Ericson for the Division of Policy Development and
Planning - Office of the Governor of. the State of Alaska

Commentary Prepared for the Alaska Power Authority by Acres
American Incorporated in accordance with instructions
received on August 27, 1982.

Introduction

The draft document "Alaska Energy Planning Studies -
Substantiative Issues and the Effects of Recent Events" (the

Review), covers four reports submitted to Alaska state
agencies:

o Draft Susitna Hydroelectric Project Feasibility Report (the
Report)
by Acres American Incorporated (Acres)

o Railbelt Electric Power Alternatives Study: Evaluation of
Railbelt Electric Energy Plans
by Battelle Pacific Northwest Laboratories (Battelle)

o State of Alaska Long-Term Energy Plan
.by Booz Allen & Hamilton Inc. (Booz Allen)
(and Homan-McDowell, Pacific Polar Rims and NORTEC)

o Electric Power and Industrial Development: Baseline Data
for State Planning (Draft)
by SRI International (SRI)



This response confines itself to the Review only of the Acres
study and of the data in this study for which Acres was
responsible or lent concurrence. It does not respond# for
instance, to the comments made in the Review (pages 70 - 25)*
on load forecasts since these were developed by Battelle and
the Institute of Social and Economic Research# University of
Alaska. Acres# acting on direction from the Alaska Power
Authority, adopted these energy demand forecasts as a datum

base for the Feasibility Study.
The commentary deals with*>

o World Oil Prices
- Long-term future of World Oii Prices

o Alaskan Fossil Fuel Prices
- Market prices versus opportunity values
- Linkage between coal and oil prices

- Linkage between gas and oil prices

o Reliability of Susitna Construction Cost Estimate-
- Construction cost estimates
- Risk analysis

o Financing Issues
- Real discount and interest rates

These issues are identified as those requiring further
treatment to deal with apparent misunderstandings and need
for further comment arising from the Review.

¢Bracketed page references throughout this commentary refer
to the Review.



1 - WORLD OIL PRICES

1.1 - ljong-Term Future of World Oil Prices

The Review asserts oil price forecasts are too high aivl
suggest that real (inflation-adjusted) prices will
continue to be below 1982 levels for the remainder of
the century (pp 15, 16 and 17).

Comment

The price forecasts were a battelle responsibility to which
Acres lent some degree of concurrence. Our comments,
therefore, will be confined to justification for that

concurrence.

The forecasts used in the Report are in close agreement with
those of all the major forecasting organizations shown 1in
Table 1. The forecasts are all of recent date and take into
account all recen.V. trends.

The review offers no new evidence or methodogical grounds for
rejecting these forecasts. Instead, it attempts to justify
its essentially judgmental position by incomplete reference
to recent trends despite the fact that such tre/ids have been
taken into account by reputable forecasting agencies to which
we have referred.

Thus, one piece of evidence cited is that Data Resources Inc.
(DR1) now forecasts a decline in Europe®s oil consumption
during tne rest of this century while today there 1is an
excess oil producing capacity in the world, (p.- 17-18). Such

partial analysis cannot lead to the conclusion tht oil
prices will decline over the next 20 years. This requires

consideration of the future levels of oil demand outside



Europe; worldwide supply/demand conditions, etc. DRI,
itself, taking all such factors into account, supports the
position taken in the Report with a forecast 2,8 percent
growth in real terms.

A second factor cited by the Review isthe scaling down of
oil price projections by the Alaska Department of Revenues in
its Petroleum Production Revenue Forecast. The State"s
forecasts made in the spring of 1982 point to declining real
oil prices through 1998. Of the numerous eminent authorities
engaged in long-term energy forecasting, this alone 1is cited
by the review.

Table 1 below summarizes all the majorforecasts for
comparison with the Report®s base casescenario of 2 percent
real escalation, bounded by low and high scenarios of 0
percent and 4 percent respectively. Of the 16 authorities
surveyed, only one presented a case with long-term declining
real oil prices.



TABLE 1

SUMMARY OF MAJOR FORECASTS OF OIL PRICE TRENDS

Date of Forecast
Source Forecast- Trend
(percent)
Data Resources Inc. Summer 1982 +2.8
International Energy Spring 1982
Agency
- Low -0.5
- High +2.0
US Energy Information Spring 1982 above +3
Administration
Energy Mines and Summer 1982 +1.7
Resources Canada
Ontario Hydro Spring 1982 +1.8
Energy Modeling Forum, February 1982
World Oil Report*
- average of 10 models +3.4
- range of 10 models +1.9
+5.3
Dr. F. Fesharaki, Spring 1982 +1.7

Resource Systems
Institute, East-West
Centre, Honolulu

* The 10 models ares Gately-Kyle-Fischer (New York Univ.),

IEES - OMS (U.S. Dept, of Enmrcrv), IPE (M.1.T.), Salant-ICF

(U.S. Federal Trade Commission amd ICF, 1Inc.), ETA-MACRO
.(Stamford Univ.), WOIL (U.S. Dep<:. of Energy and
Environmental Analysis, 1Inc), Kennedy-Nehring (Univ. of
Texas and the Rand Corp.), OILTANK (Chr. Michelsen
Institute), Opeconomics (BP Co. Ltd.), OILMAR (Energy and
Power Subcommittee, U.S. House of Representatives).



Although a Vfide range of oil prices 1is reflected in these
projections, it is clear that with the single qualification
already noted they are all calling for positive real growth
in world oil prices over the long-term horizon required for
power planning studies. The Report did not, however, exclude
the possibility of zero real growth in oil prices: it merely
assigned it a lower possibility of 25 percent compared with
the 50 percent probability assigned to the 2 percent growth
case. It is Acres®™ assessment that the Review does not
present a case for rejecting this assessment (and the similar
forecasts shown in Table 1) and effectively assigning

100 percent probability to the zero growth scenario.



2 - ALASKAN FOSSIL FUEL PRICES

2.1 - Market Prices Versus Opportunity Values

The review states that "it is amazing that neither
Acres nor Battelle has attemped to assess the probable
future costs of fossil fuels for generation in the

Railbelt from local coal or gas supply conditions”/ (p.
27-28).

Comment

Both Acres and Battelle reviewed the studies made both of
Beluga coal costs and worldwide coal production cost
estimates. The use of production costs for natural gas and
coal would be wholly appropriate and desirable for the
financial analysis of a power project from the narrow
perspective of private investors or owners. As a public
project/ however/ Susitna should be, and was, appraised from
the point of view of the State as a whole and valued the
fossil fuels at their opportunity cost in terms of potential
exports.

It is for this reason that Acres supported the net-back
approach 1in which the value of coal and natural gas in Alaska
was determined as the c.i.f. (landed) price in the most
likely (East Asian) market less the cost of transportation
from Alaska to that market.

2.2 - Linkage Between Coal and Oil Prices

The Review is critical of the approach whereby ™"both
contractors have deduced their price assumptions for
Railbelt coal and gas wholly from forecasts of oil
prices 1in Japan" (p. 28, 29).



Comment

The statement may be misleading as, in fact, it is the real
growth rates in coal and gas export prices that are
estimated, 1in the most likely case, to equal real rates of
world oil price escalation. 3ase period (1982) opportunity
values of coal and gas were determined (as shown above)
independently of oil prices. The Review calls this linkage
among fossil fuel growth rates "mechanistic” and cites a need
for forecasting "the change in relative prices”™ (p. 31).

That is precisely what the Suaitna study has accomplished:

la the most likely (base) case it forecasts that there would
be no change in relative prices, that is, the 1982 price
ratios amonn oil, gas and coal would be maintained during the
planning period. This estimation is supported by forecasts
of coal and natural gas prices provided in the Report. It is
also supported by the historical data on coal and residual
oil prices presented in the Review itself (p. 34). A moving
average of coal/oil price ratios exhibits relatively little
fluctuation over the 8-year period. (There is an estimated
probability of over 65 percent that the ratio is .42 plus or
minus 0.04).

In respect to the Review"s assertion that coal prices must
reflect production costs (p. 35), we reiterate our study
contention that markets are imperfect and that worldwide
production cost functions have served poorly in the past as

predictors of market prices.

2.3 - Linkage Between Gas and Oil Prices

The emphasis of the criticism of Acres assumptions
relating to natural gas 1is centered on tho fact that
the current price of Cook Inlet natural gas 1is
significantly below the "opportunity vaiue" suggested

in the Report, and that this price is not expected to



increase to levels in line with the opportunity value.
It is maintained that "Cook Inlet gas prices will be
established largely on the basis of factors local to
the region”, (p. 31) and thus these prices will be
insulated from the effects of world price movements.

Further critcism is directed towards the "opportunity
value", itself, and the use of the net-back approach.
This criticism rests to a great extent on a number of
points concerning the "only LNG export scheme to be
seriously proposed”, and the fact that "there are no
other proposals to establish new...Cook Inlet LNG
facilities™, (p. 41-42).

Coitfme.nt

Regardless of whether Cook Inlet gas prices do or do not
equal opportunity values, the results of the Susitna public
benefit-cost anaysis would not be altered. In fact, itis
only the opportunity values which are ofrelevance, and the
Cook Inlet domestic gas prices at any point in time should
not be an issue of any concern in an analysis of net economic

benefits.

ThiB results solely from the fact that, if export markets
exiBt for LNG at the prices which have been determined in the
Report, then it must be assumed that any rational gas
producer in Alaska would select the opportunity to receive
the highest price which is offered for the gas. If the gas
producer chooses to sell gas in Alaska at a lower price
instead, then should the Susitna projectevaluation be based
on this economically inefficient price? If this is so, the
project evaluation will n~t reflect the true costs to Alaska
of gas-fired generation, and will not be consistent with
generally accepted principles of public investment
appraisal.



This leads to the second criticism relating to the actual
"opportunity value" which was derived and the questionable
option of exporting LNG. An attend c has been made to refute
the opportunity value approach by suggesting that the export
of LNG is not a viable alternative. Thi3 criticism is
supported by five points which relate to the supposedly
negative experience of "the only LNG export scheme to be
seriously proposed”-.

It is indicated that "a major sponsor has withdrawn support”
(-, 41) for the proposed LNG project, thus alluding to some
dissatisfaction with the project on the part of the sponsor.
However, a comment in the footnote reveals that "in fact,
(the sponsor) remains a part of the consortium, but has
stated that it cannot provide any additional capital for the
project”, (p.64). It is not made clear why the sponsor
cannot provide the additional capital but there may be many
reasons.

Another point related to the negative aspects of an LNG
expoi*"t scheme concerns the apparent declining California
market for LNG. References do not support this claim. The
Point Conception, California terminal is currently being
developed with plans to receive LNG from both Alaska and
Indonesia.l As recently as April 1982, it was reported
that "projects to import LNG from Trinidad, Chile, and
Colombia are under negotiation™.2

1Schlesigner, B., Hay, N., & Mitchell, J., "The Potential
Role of Natural Gas in a Major Oil Crisis"”, "The Energy
Journal™, 1982.

21BID.



In particular/ it should be noted that markets other than
California have also been identified. For example/ three
Canadian groups of companies, of which only one will receive
final approval for LNG export, have 1identified, specific
Japanese and Korean markets. One group, Tfor example, has
potential buyers for nearly 200 billion cubic feet per year
of natural gas. In addition Korea®"s Fifth Five Year Plan
indicates that the country plans to develop LNG terminals
able to receive 3 million tons of LNG per year by 1986.
Markets for substantial amounts of LNG exports obviously do

exist.

A final criticism of the net-back approach is that there are
not any proposals to establish new LNG facilities and that
"until serious industry interest appears 1in some such
project, it is unrealistic to assume that Cook Inlet gas
prices will be dictated by "net-back"™ gas values 1in export
markets, (p- 42). Again, it must be stressed that although
the current market has not yet adjusted to a more efficient
allocation of resources, there is no justification for

evaluating far-tv»ii« projects based on today"s conditions.

Finally, 1in dealing with gas price escalation it appears that
the criticism is not directed at the correlation between gas
prices and oil prices, but rather at the oil price forecast
per se (p. 44). Acres™ discussion of this issue has been
presented in Section 1 of this eommen™ .ry.



3 - RELIABILITY OF SUSITNA CONSTRUCTION COSTS ESTIMATES

3.1 - Construction Coat Estimates

The review questions (p. 44-52) the reliability of
Acres capital cost estimate. The concern appears to be
based on generalizations stemming from the "mega

project” experience of the last decade.

Comment

This questioning does not appear to be founded on any
detailed data or experience of hydroelectric power develop—
ment engineering and construction. The only specific mega
projects cited to justify allegations of "misplaced speci—
ficity, subjectivity and aver-optimism, institutional blind
spots, and underallowance for non-completion”™ 1in the Acres
construction cost estimate are the Trans Alaska oil pipe line
and the Washington Public Power Supply System nuclear reactor
program. It is Acres®" view that neither of these projects
hci3 any practical bearing on a site specific, basically
conventional engineering hydroelectric power development such
as Susitna where the project estimate has been as extensive,
evaluated and assigned as high a confidence level as in the
Susitna case.

Acres places special emphasis on the firm®s consulting
engineering practice, on recording and analyzing the "outcome
versus estimate”™ of construction costs and, has achieved a
high degree of accuracy (i.e., low mean error and variance)
on its hydroelactric project estimates. Its record of
achievement is, therefore, as a qgi *"ition of fact wholly at
variance with the negative generalizations advanced 1in the
Review. In support of this and as a project selected by

Professor Tussing as broadly comparable with Susitna we



detail in Table 2 a revisw of Acres Churchill Falls

Hydroelectric Power Project estimate versus outcome.

Two estimates of costs are given. The first for 1963 1is in
the nature of an early stage feasibility estimate while the
second, for 1968 is a final pre-contract estimate broadly
comparable in confidence level to that produced in the
Susitna Reference Report. It is seen that, reduced to
comparable purchasing power (1963 dollars), the 1963 estimate
is at variance from the final cost by 4.2 percent. This
favorable (negative) variance has to be viewed, furthermore,
in light of the fact that between 1963 and 1968 there was an
increase from 10 to 11 in the number of hydroelectric units

and an 1increase in the rating of all generators from 450 MW
to 475 MW.

TABLE 2

COMPARISON OF ACRES ESTIMATE AND ACTUAL COST
REDUCED TO COMMON (1963) LEVEL

$ Millions Percent
Current 1963 of 1963
Dollars Dollars Estimate
1963 Estimate 488 .2 488 .2 100.0
(incl. contingency) (4.
1966 Estimate 563. J 489.5 100.3
(incl. contingency) (2)
Completion Cost 665.6 467.8 95.8

Note* (1) 1963 Estimate was for 10 x 450 MW Units; 1966-68
Estimate and Actual was for 11 x 475 MW Units.

(2) The project budget provided for a contingency
allowance of $41 million, 1i.e. approximately
8 percent of the base construction cost estimate
and a provision for escalation of $102 million
based on a rate of 4.5 percent per annum,
constant over the construction period.



As further evidence of the reliability of construction cost
estimates, Figure 1 shows graphically the progression of
estimates to the actual completed costs for individual
elements of the 5,225 IMW Churchill Falls Hydroelectric
Development» It will be apparent tlrvt the level of accuracy
was achieved not only in the overall construction cost, but
also, to a substantial degree, 1in etch of the major compo—
nentsr

A description of Churchill Falls Power Development is
attached as Appendix A,. It will be noted that in place of
the single large dam which creates the operating head and
storage reservoir for Watana, a large number of fill struc—
tures were constructed at Churchill Falls with an aggregate
length of over 42 miles and volume of more than 40 million
cubic yards. Construction work spread out over 2,500 square
miles of reservoir area was 1inherently more difficult to

control than a concentrated development area such as Watana.

Other examples of estimate/final cost comparisons uphold
Acres®™ record of performance on major hydroelectric power
projects in northern latitudes and at remote sites.

3.2 - Risk Analysis of Construction
Cost Estimates

The Review provides a summary of the reasons that "some
authorities believe that the kind of risk analysis
executed by Acres may not be an appropriate tool ...."
(p- 41). Specifically, the following broad areas are
cited

o Misplaced Specificity

0 Subjectivity and Overoptimism

o Institutional Blind Spots

o Underallowance for Non-completion.



Subsequent to discussion of each of the above areas,
the Review raises questions regarding the relevance of
data used by Acres for comparisons with the Susitna
Project which will

o involve one of the highest dams in the world

o be the largest enterprise anywhere, ever, of its
particular type, and

0 be the highest-latitude large-scale hydroelectric
project in the world and the largest civil works
project ever attempted above the 55th parallel
(p. 51).

Comment

We have not the slightest doubt that any attempt to quantify
future events, even iIn a probabilistic way, 1is most certainly
fraught with difficulty and is, at best, imperfect. Even so,
we are convinced that such an attempt should have been made
and that i1t was clearly in the best interests of tho State of
Alaska to present the results for Susitna candidly. Each of
the above concerns expressed in the Review is valid and all
of them deserve the attention of decision makers charged with
plotting the future course of Alaskan energy supply. It does
appear appropriate, however, to consider certain mitigating
aspects which were implicitly or explicitly considered in the
Acres study. Succeeding paragraphs briefly address each of
the reviewers®™ concerns and criticisms.

~ Misplaced Specificity

It is, of course, almost inevitable that some evolution
will (indeed, should) occur between the development of a
comprehensive feasibility level conceptual design and
commissioning of .a completed project. In recognition of

this 1inevitability, we have made a concerted effort to be



extremely conservative, assuming a "worst case”™ for each
area where the data base was insufficient to permit a final
choice for particular configurations. It was on this basis
that we produced a "not to exceed™ estimate- one in which
we have a hijfh degree of professional confidence that it
can be achieved. Specific exangples which may very well
lead to eventual cost reductions include, but are not
limited to

(1) Acres has assumed that extensive concrete lining will
be required in underground facilities and water
passages. It is likely that ongoing field investiga—
tions wii! demonstrate that rock is highly competent
and that reductions are possible.

(2) Acres has placed cofferdams outside the main dam in
our conceptual design because we have not yet fully
confirmed that riverbed materials will provide
favorable foundation conditions. If cofferdams can be
incorporated in the main dam, significant savings will
accrue both because lesser total volume of fill will
be required and because reduced lengths and potential
realignments in tunnels and outlet facilities may be
possible.

(3) Acres has been conservative in the choice of dam
slopes. Identification of better construction
materials during continued field investigations and
improvements in the seismic data base could lead to
significant savings as a result of steepening the
slopes and reduction in total volume of fill.

Although we believe that reasonable high probabilities of
‘ost savings during detailed design do exist, we did not
factor them into our risk analysis.



Briefly stated, we agree that design changes are likely as
the project evolves. We believe, however, that such
changes are more likely to lead to cost reductions than to
overruns and will be, in any event, within the allowances

naade for contingency.

Subjectivity and Overoptimism

To the maximum extent possible, we have sought hard data
and external sources as the basis for assigning probabili—
ties. Even so, some subjectivity was necessary and we have
explicitly noted where subjective choice® ®re made. While
some skepticism on the part of any reviews 1is to be
expected and cha]lenges to our choices are healthy, we do
assert that our subjective data are not "blind guesses",

net are they "inexpert" or "uninformed". OQur corporate
experience over nearly 60 years in the development of major-

hydroelectric projects in northern regions and in seisnmic
areas permitted us to make expert and informed judgements.

Institutional Blind Spots

The Review correctly notes the importance of load and
energy demand forecasts in project analysis. Objectivity
in this area is extremely important. To avoid even the
appearance of a conflict- of interest, our intention, even
at the proposal stage, WaS to seek independent analysis of
load growth. Thus, we have relied wholly upon the earlier
work of ISER and the later analyses by Battelle throughout
the study period.

Other institutional risks were considered explicitly (e.g.
regulatory and contractor competence) or implicitly (our
"estimating variance”™ risk was evaluated based on histori—
cal data and included such items as design changes and
commissions, delays beyond the control of various

contractors). It is important to note as well that we



assumed an unusually high escalation of construction costs
over and above the underlying inflation rate in our base
case derivation of net benefits.

Underallowance for Non-completion

The Review correctly note our analysis found the non-
completion risk to be negligible. Note, however, that
construction cannot start until a license is issued by
FERC. Provided that a license 1is issued and that the State
does decide to proceed with construction of Watana (the
first dam), we do anticipate that it will be completed. We
have carefully nc ,ed throughout our report the implications
of building only Watana and not proceeding with Devil
Canyon.

Comparability of Experience

In the interests of objectivity in the development of the
risk analysis, wc purposely avoided direct introduction of
the significant successful project experience enjoyed by
Acres 1n the past. We therefore chose to use an available
data base which had been professionally assembled and
adjusted for inflation by others. It is relevant to note,
however, that Acres has been involved in the design of a
fill dam (Mica) nearly as high as the proposed Watana dam?
has led the design effort for an even larger hydroelectric
enterprise (the 5225 MW Churchill Falls Project); and has
significant experience in hydroelectric developments in
sub-arctic regions. The attached diagram, Figure 2,
m"provides some perspective in terms of the experience of
Acres and PRC (a Joint Venture offering to provide services
to the Alaska Power Authority for the design stage of
Watana).
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4 - FINANCING ISSUES

0o Real Discount and Interest Rates

The Review objects (p. 52-55) to the standard methodology
by which Acres derived the 3 percent real discount rate
used in the cost benefit analysis (Reference Report 18.3 to
18.21) and argues for 4.5 percent as the appropriate raie.

Comment

Acres derived the 3 percent discount rate from two sources.
First it was given as a guideline for economic evaluation by
the Department of Commerce of the State of Alaska. The
second source was the generally accepted studies summarized
on page 18.4 of the Reference Report.

It is clearly possible to question the standard mecnodology
giving rise to this parameter. Here, as in other parts of
the study, however, it was Acres” policy to avoid unnecessary
controversy by not questioning accepted methodology or
guidelines unless the alternative approaches materially
affected our conclusions.

A more precise approach 1is that of determining the Project
Specific Rate (PSR). This 1is done by first estimating the
weighted average interest cost of project borrowing and the
opportunity interest cost of any funds provided by State of
Alaska, with the weightings being the proportions of these
two types of capital. This weighted average 1is then
converted into a real discount rate (approximately) by
deducting the relevant rate of inflation. The interest rates
used would be those obtained at the time that the capital 1is
to be raised and the rate of inflation the long term rate
expected over the life of the borrowing.



On the basis of the DRI forecasts and on the assumption that
the opportunity cost of state provided funds is the interest
rate forecast for federal government securities while the
project borrowing is in the form of tax exempt bonds”, the
weighted averaged interest rate with the state appropriation
of ?2.3 billion, can be determined. The DRI forecast
interest rate on Federal Funds and on Tax Exempt Bonds, both
over the relevant capital raising periods and unweighted, are
10.4 percent and 8.1 percent respectively. This gives a
weighted average PSR of 9.1 percent in money terms.

The long term forecast rate of CPl inflation from 1985 to
1995 (again as given by DRI) varies between 7.1 (1985-90) and
6.5 percent (1990-95). No forecast is given for the post
1995 period. The implied real rate of interest relevant to
the cost benefit at a long term inflation rate of 6.5 percent
is therefore approximately 9.1 - 6.5 = 2.6 percent. At these
rates of inflation, therefore, this alternative methodology
using DRI data, does not support a higher discount rate than
the 3 percent discount rate used in cost benefit analysis
carried out for the Feasibility Study and dealt with in the
Report.

The position taken in the Review is that the discount rate
should be that at which the project is financed. This 1s the
PSR approach just described. As such it, as has been seen,
produces a lower (not higher) rate than that used in the

Acres analysis.

The Review suggests, however, that the appropriate rate 1is
4.5 percent (p. 56) on the grounds that this 1is the LRI

forecast of real interest rates on corporate bonds2 in

1992. Since the project is not being financed by corporate

N Table 18.4.2 of Reference Report.
Using the CPI and not IPD the rate is 4.0 percent.



bonds but by tax exempt bonds and by the State of Alaska, it
cannot be argued that this 4.5 percent has any relevance.
The relevant tax exempt and federal bond rates consistent
with the 4.5 percent corporate bond rate give the result

outlined above.

We would also note that the DRI 4.5 percent real interest
rate on corporate bonds is very much higher than the Wharton
or Chase forecasts or indeed any of the other main forecast—
ing agencies. These are generally in the range of 3-2.4
percent. IT these forecasts rather than the DRI forecast
used above are accepted then, taking into account the advan—
tages of tax exemption, the 3 percent discount rate used for
the Susitna cost benefit analysis is conservative in that the
appropriate PSR should be significantly lower. This became
apparent in the course of the Acres analysis but was not
pursued since it merely had the effect of reinforcing rather

than controverting the conclusions reached.

In summary, it appears to us that the Review 1is mistaken as
to the outcome of the methodology which it proposes and that
correctly stated, this methodology (which we would stress 1in
itself is only an approximation) gives a result which would
argue that the discount rate promulgated by the Alaskan
Department of Commerce and used by Acres 1is too high not too

low.






CHURCHILL. FALLS POWER PROJECT:
5,225 MW AND 35.4 BILLION kWh FROM LABRADOR

The Churchill Falls Power Development is located in Labrador, Newfoundland, 54°N by
63°W in a climatic ::one similar to thal: in the region of Susitna (63°N by 148°W). As shown
on Figure A, the site is remote being 750 mi (1,210 km) from Montreal and about 1,000 mi
(1,610 km) Northeast of New York City.

The Churchill River flows eastward Ifrom the Sandgirt and Lobstick Lakes on the Central
Labrador Plateau as indicated on Figure B, through a series of rapiids and, originally, over a
high waterfall, the Churchill Falls, to its lower river gorge, and on to the Atlantic Ocean
through Lake Melville, near Goose Bay.

From the Central Labrador Plateau, in a distance of 16 mi (26 «my, the Churchill River
dropped approximately 1,100 ft (335 m), including the spectacular 245 ft (75 m) high
ChurchiM Falls. At the site selected for power development, a gross head of 1,060 ft (323 m)
has been developed.

A storage reservoir was formed by raising the levels of existing large lakes above Churchill
Falls on the Central Labrador Plateau. This was accomplished by constructing a series of
dikes at low points in the terrain along the rims of the lakes together with dams to divert
small rivers.

The storage reservoir now discharges through the Lobstick Control Structure to a
continuation of the Churchill River. The regulated flow in the river is diverted some 5 mi
(8 km) up-stream from the Falls by the gated Jacopie Spillway Structure into the Wesf
Forebay formed by waters retained b/ a series of dikes and the Whitefish Control Structure.
The Whitefish Control Structure discharges to the East Forebay which conveys water to the
Power Intake Structure.

The rain and snow melt run-off from 26,744 sq mi (69,265 km2) of total drainage area
flows into the reservoirs.

A gated spillvay structure, the Forebay Spillway, is provided in the East Forebay just
beyond the Power Intake Structure, which leads to the power installations.

The powerhouse and the gallery accommodating the first stage transformers are situated
more than 1,000 ft (305 m) below ground. The switchyard, the second stage transformers
and the control building are on the! surface above the powerhouse, approximately 1 mi
(1.6 km) from the lower Churchill River.

The Churchill Power Development is exceptional in that the gross head of 1,060 ft (323m)
is created without a substantial dam; the greatest height of the dikes, 42 mi (68 km) in
overall length, is 90 ft (27.4 m). Over 40 million cu yd (30 million m3) of fill was placed in
the diking system which created the main storage reservoir and the forebey systems.



Figuro A



feritr

CHUPCWItl TAILS
POVtP INSTALLATIONS



3.000 DAYS PROJECT SCHEDULE

FIRST 1.000 DAYS

unilinnnndirdinnnnnnmminminmm

; MOBILIZATION §
AND CONSTRUCTION \
ft mint mum linn
Manufacturing =
fmphtni:

on mobilization

00 Mailing material*

on underground mrcavtdon

on preparation tnd diaring of dtn
on placing of dyke*

on building of control rtructurtt
on batty construction

SECOND 1.000 DAYS THIRD 1,000 DAYS
Continue* With completion Continutt With completion of Power
______ O tnd Trtmmusion Ficilitiis
-- 1
ANDATOMMIAONING I ContinuMwithcompletionOfariUnits
MU...ooiieene HHNTUM e e
. = OPERATION Y
and COMPLETION 1
rum e i u
F*r>phtri«*
on completion ofdyke* and on compitdon of workt
control ttructurw on trantftr to ptrmantnt
on doeurt of dyke* optradon mode
on thipmtnt of ptnntnnt on introducing wattr rtoraje control
equipment and management
on imtalLtion of equipment on establishing permanent community
on powtr houae concreting and itaftng
on proving and testing of plant on establishing maintenance and
on nion of towtr n ttl and overhaul program
ttrtnging conductor on fulfiling commitrointi under
on commudoning of generating un'ti pov.tr contract

on

initial optradon and powtr del' rery

Figure C



The forebay allows close regulation of water level at the power installations which, within
a horizontal distance of about 7,000 ft (2,134 m), accommodate penstocks, powerplant,
transformer gallery, surge tank/manifold and tailrace discharge tunnels, just over a mile in
length. The facilities are entirely underground and involved substantial excavations, the
largest being 972 ft (296 m) by 154 ft (47 m) high by 81 ft (25 m) wide. A total of 2.35
million cu yd (1.80 million m3} of rock was excavated. Concrete works for power
installations and the intake structure required the placementof 340,000 cu yd (260,000 m3).

Power is transmitted from the generators by three phase bus ducts to the 15-230 kV unit
transformers located underground and up through the cable shafts to 230-735 kV auto-
transformers on the surface in the switchyard.

From the switchyard, three 735 kV ac transmission circuits carry the power 126 mi
(203 km) to the point of delivery to Hydro-Quebec, the electric utility which purchases,
under long term contract, the major portion of the energy output from the Churchill Falls
Power Development,

The project involved a direct expenditure on construction of $665 million (over the period
1967—1975). The work on the project can be conveniently divided into three principal
phases of approximately equal length (as summarized on Figure C) each with its own
characteristic emphasis.

THE FIRST 1,000 DAYS was on mobilization and construction
THE SECOND 1,000 DAYS was on installation and commissioning
THE THIRD 1,000 DAYS was on operation and completion.

During the first 1,000 days, underground excavation was completed and, above ground,
dikes and control works were substantially advanced. Transmission line work was begun.

The second phase of 1,000 days was marked by a distinct shift in construction management
control from the centralized headquarters of Churchill Falls (Labrador) Corporation and the
engineering/construction management joint venture in which Acres was involved, to the
field. An increasing volume of major permanent equipment was then being shipped to the
Project for final assembly. Attention was focused to an increasing degree on the
impoundment of water in the reservoir system and or. the first "roll date" for generating
equipment. Following the proving periods of hydraulic, mechanical and olectrical e/jipment,
the date for the contractual commitment of initial delivery of "commercial® pc* er became
of paramount importance.

During the second 1,000 days of the Project Schedule, six machines were installed and
commissioned and these began delivering power to Hydro-Quebec under terms of the Power
Contract.
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In the final 1,000 days, the emphasis shifted to the operating phase of the Churchill Falls
Power Development. The increasing demands of the Power Contract were met with the
installation and commissioning of generating units 7 to 11 with the completion of the
project in 1974, some 16 months ahead of schedule and on budget.

The overall period of development of the Churchill Falls Power Project from a firm decision
to proceed to completion was 11 years including an enforced delay pending agreement on
transmission and sale o* power output from the spring of 1964 to the fall of 1966.
Engineering of major project features continued during this time and final engineering cost
estimates produced in early 1967 were based on a definitive design. At the time of release
for construction in April 1967, the estimate of total construction cost was $563,306,000
and an additional provision of $102,338,000 was made for added costs due to inflation and
escalation during construction.

By July 1970 at which time 42% of the construction capital outlay had been expanded,
incurred costs and the vahe of awarded work (about 75% of the total) indicated that the
remaining contingency and provision tor cost increases were still adequate to allow the
original estimate to be met. The project status at that time is indicated in Figure D. The
variation from plan was minor with quarterly expenditures matching closely the forecasts
made in 1967 as shown on Figure E.

Despite a 6 week strike on the Quebec North Shore and Labrador Railroad" during the
summer construction season which caused deferment of certain nors-critical elements of the
project and the supply of the remaining construction entirely by air, the schedule was met
for impoundment of the reservoirs and for first power generation. Completion of the
installation and commissioning of the final, eleventh, 475 MW unit was achieved 16 months
ahead of the original program and within budget as shown on Figure F.

Acres was engaged by the project owners, Brinco (and later by the [UJbsidiary company,
Churchill Fall?, (Labrador) Corporation Limited) at the feasibility study stage, Based on a
plan developed py Acres at tha* time, a development concept was adopted, known as the
‘Channel Scheme", which cotc/ayed water along the crest of the plateau to the selected
power site 16 mi (26 km) downstream, and on a recommendation that full capacity be
developed in a single phase, serious plans for construction were initiated. A major U.S.
construction management firm, Bechtel, was engaged separately to prepare an independent
estimate of construction costs for comparison with Acres' assessment. At the client's request,
a joint venture, Acres Canadian Bechtel of Churchill Falls (ACB), was formed to undertako
management of engineering and construction. The client retained the responsibility for
project management but, in effect, assigned all the major functions to the joint venture.

IN
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By virtue of past experience and the individual fields of specialization, Acres was
predominant in engineering activities and Bechtel in construction management. Both
companies provided services in each activity and through a consolidated joint venture
office mergr.d management responsibilities. As emphasis changed during the progress of the
work and particularly following the tragic loss of seven senior client and ACB executive staff
in an air crash in November 1969, functions assigned to the joint venture partners changed.
During the mid. construction phase, both the manager of engineering and of construction
were provided from Acres staff working under the direction of the joint venture general
manager appointed by Bechtel,

The Churchill Falls Power Development was an undertaking conceived, planned and b7ilt
by Brinco, an organization ultimately substantially owned in 1967 by Rio Tinto Zinc
Corporation and Bethlehem Steel. The Corporate organization was mainly staffed by senior
members of RTZ worldwide affiliates. At the -rucial time when the President and senior
staff of Brinco's subsidiary, Churchill Falls Labrador Corporation Limited, were killed in the
air crash, Chief Executive responsibility was assumed by Sir Val Duncan, then Chairman of
RTZ. That the project was able to withstand and overcome the impact of the tragic loss
within its project management team is testimony to the strength of the overall organization
established to bring Churchill Falls Power Development into reality.

Throughout the planning and construction phases, the project manager role was firmly
held by the owner -FLCo and certain vital functions were performed throughout by their
internal organization (financing, contractual negotiations, insurance, government relations,
public relations, project monitoring and direction). The engineering and construction
manager (Acres Canadian Bechtel) functioned under the direction and control of the owners'
project manager and provided, ;s requested, individuals and task force groups to operate
directly as part e* the owners' team. As the project progressed, more and more functions
were transferred to CFLCo's organization resulting, on completion of the project, in a
smoothly functioning operating organization capable of operating a 5,225,000 kW power
utility.

The project was completed within budget, 16 months ahead of schedule and exceeded all
performance levels designated in the engineers' opinions. The plant has delivered
5,500,000 kW of capacity and in a single year of relatively high precipitation, has generated
over 40 billion kW-h of electrical energy.

Churchill Falls .'ovfr Development is now part of the provincial power system of
Newfoundland am1labrador and the ownership of CFLCo involves both this Province and
the Province of C Jsec, to whom the largest proportion of the annual energy output of
Cr,»rehill Falls isd.-i.ivered under long-term contract.
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Hydro power-broker Robert Boyd

Quebec's masterbuilder energizes James Bay

ublic hearings are being held throughout Quebec this

month to aif plans drawn by the provincial utility to

spend sss billion over the next 10 years for energy

.. development, For an economically stagnant province f

6 millign persons, politically divided on most major Issues, that

stag?e_rln figure is obyiously controversial, Its per capita equiv-

alent in the u.s. would be more than S2 trillion. Nevertheless,

the ambitious plan is almost assured of widespread support,

mainly because of the public's trust in HydrorQuebec and.
implicitly, in its leader. Robert A. Boyd. _ _

The Z|2-ye_ar-old president and chief executive officer of

North América’s most profitable utility has proven he can



deliver the electricity Quebec needs at prices that are close to
being the_ lowest in the world., _ , _

More |m_p0rtar_1t|¥. Boyd, an electrical and mechanical engi-
neer. has given his tellow French-speaklnq Canadians a bench-
mark of engmeerm(rq and managerial excellence in the 10.269-
Mw development of the LaGrande River in the remote, subarc-
tic James Bay region of Quebec. ,

The enormity of the task, begun in 1972 and well on its way
to completion n 1985 ahead ‘of schedule and within budget
estimates made six years a%_o. is.unparalleled in North America.
The efficiency of itS execution is rare in the world.

More, than"any major engineering fee. in recent memory, the
SI14.5-billion (Canadian) La Grande complex is the product of
one man's competence. That man is Robert Albert Boyd,
Construction's Man of the Year. 1981, the first selected by cnr
editors in 16 years who is not an American, o

As the enefgy policy paral¥3|s in the U.S, seems.to indicate
trust in decision-makers—or the lack of it—Is a critical element
in an¥] society's ability to_build constructively for the futurt.
Boyd has that'trust; frim his fellow (%ueb_ecms, from his peers in
the' engineering and construction fraternity and from the inter-
national bankmg community. It is embedded in the concrete and
frozen earth at James Bay.” _

"The James Bay rog)ect is the only area of agreement in
Quebec today," says Robert Bourassa. Quebec's Liberal Party
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remier from 1970 to 1976 and the original promoter of what
called “the project of the century.” Business, labor, language
and regional differences have split the province, he says. But as
the 15,000 visitors each summer indicate—from students, Rota-
ry Clubs and women’s groups to the engineering delegations
flown in from around the world—the Janies Bay project, 650
air miles .tarth of Montreal, has the support of Quebec.

Powar and tha glory. What Quebec’s muscle, managers and
money are creating is the firm capacity to produce 62.2 billion
kwh of electric energy from 37 turbine-generator sets in three
powerhouses spread out along a 288-mile section of the La
Grande. Until the late 1980s, when the Itaipu hydropower
project is spinning out 73.6 billion kwh a year on the Parana

River between Brazil and Paraguay, the La Grande, a much
smaller river, will be the premiere power source in the world.

To assure the e.onomics of opening up the 400,000-sg-mile
James Bay territory, flows from two major river basins are
being diverted into reservoirs built along the La Grande,
increasing its power potential from 8,000 Mw to the 10,269
being developed.

At the southernmost project, water from three rivers has been
channeled into the La Grande to feed the sixteen 333-Mw
turbine-generators being installed in the LG 2 powerhouse.
Blasted 450 ft deep in the Canadian shield, the massive cavern is
the largest underground power station in the world. When all
units are spinning later this year, it will represent more than
half the total capacity of the power complex. Two other
powerhouses are being built above ground upstream, the LG 3
station with a rated capacity of 2,304 Mw and LG 4 rated at
2,637 Mw.

Creating the project’s reservoirs in the water-logged llatlands
of the taiga requires placement of clos. to 200 million cu yd of
precisely engineered moraine and graded rock for a total of 182
dams and dikes. Transporting the electricity produced from the
power of that falling water to consumers in the south requires
stringing 3,200 miles of new 735-kv dc transmission lines.

From day one, Boyd has had the job of coordinating the
thousands of large and small tasks, managing the hundreds of
construction contracts and assuring that the detailed drawings
are supplied on time for the seemingly endless engineered pans
of this massive power machine.

“In recent years we’ve let management techniques take over
for the functions of the chief engineer,” says Wallace L.
Chadwick, an international consultant on large dams and a
member of the board of experts hired to oversee the James Bay
work. “On this job, there was a chief engineer who knew what
he wanted to achieve and how. And he did it.”

In his 35 tours of the complex since 1972—all of them
accompanied by Boyd—Chadwick has come to respect the

unassuming engineer-manager and the
quality of nis work. “He’s a remarkably
talented man,” says Chadwick, adding,
"In terms of the engineering excellence of
the product, the La Grande complex is
the equal of anything we've ever done in
the United States.”

In the eyes of superbuilder Stephen D.
Bechtel, Jr., chairman of Bechtel Group
Inc., San Francisco, “The La Grande
project is in a class by itself."

Bechtel’s Montreal arm, Bechtel Quebec, Ltee., supplies a
number of top managers to the Societe d’energic de la Baie
James (seuj), the unique construction management organiza-
tion set up as a Hydro-Quebec subsidiary by Boyd in 1972. And
while the well-reported success of the project has generated
discussion in some circles about who deserves the accolades,
Bechtel says flatly, “Boyd has had the lead role in it all the way
through.™

The only son of a Quebec Central Railway conductor, Boyd
was born in 1918, in .Sherbrooke, a conservative bastion east of
Montreal that served as a haven for British loyalists escaping
across the Vermont border during the American Revolution. It’s
an area without much imagination but strong on individualism
and personal achievement. “My father taught me hard work
and respect for other people’s opinions.” says Boyd.

He had wanted to be a doctor but instead took a railroad
scholarship given to prospective engineering students and com-
ple’cd his applied sciences degree in 1943 at Ecole Polytech-
nique de Montreal. A year later Boyd joined Hydro-Quebec,



mcnt expens figured the task would take two decades to
complete. By his own reckoning, Boyd did it in five years.

When Quebec City agreed in 1967 to Boyd’s plan for an
electrical research institute, Boyd and his advisers, who during
(fie previous two years had toured laboratories in seven coun-
tries. set out to make their facility the best high-voltage research
center in the world. “The French Canadians have done things
with high-voltage direct current that have led the world,” says
Chadwick.

When the power contract was signed between Quebec and
Newfoundland in 1969 for output from the 5,200-Mw Chur-
chill Falls hydroelectric project, Boyd, as the province’s chief
negotiator, rride sure that in exchange for financially backing

oyd directs thousands of

workers building 182 dams

and dikes to deliver energy
rom the remote, barren north
to the power-hungry south.

the same year the government

utility was formed to take over

metropolitan Montreal’s private

utility. Boyd started writing tech-
nical specifications, was soon transferred to the operating divi-
sion and ran it two years later. He was named chief engineer in
1962 and general manager over all division directors in 1965, a
job that was created for the ambitious technocrat.

Up th* ladder. He was appointed a commissioner of Hydro-
Quebec in 1969, and president of SEBJ in 1972. Five years later,
Boyd became the utility's sixth president, the first to rise
through the ranks. And in '978, after Rene Levesque foisted a
new ll-member hoard of directors on Hydro-Quebec to replace
the five-member commission of insiders, Boyd became the first
president and CEO under the new structure.

Surviving the shifting politics, of three different governments
on his way to the top has taught Boyd much about the ways of
power. First, he says, "If you let yourself get mixed up in
politics, someone, somewhere will try to shove you out.” The
second lesson: "What counts is success."

When the political decision was made in 1963 to nationalize
all of Quebec's electric utilities, Boyd was given the job of
integrating the 44 systems into one public company. Govern-
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its neighbor’s proposal. Hvdro-Quebec would get a fair deal.
Close to one-third of Quebec’s electricity demand today is met
by power from Churchill Falls at a price equivalent to S1.80
per bbl of oil.

Applying lessons learned and contacts borrowed from his
predecessor. Roland Giroux, a financial wizard credited with
opening international money markets for Hydro-Quebec. Boyd
and his money team have raised close to S2 billion a year since
1978. For each of the next three years the utility will need an
estimated S2.2 billion. Finding it will require fast footwork,
however. “They can get done in two days what my other clients
get done in a month.” says Edward J. Waters. a vice president
at investment banker Kid-
der. Peabody & Co., Inc.,
New York City. “Hydro-
Quebec’s finance guys
know what’s going on bet-
ter and faster around the
world than the people on
my foreign desk. They
move incredibly fast."

Boyd's role at James
Bay started long before
any plans were drawn to
develop the La Grande.
Even before the 1970 elec-
tions. a raging debate had
been under way over the
direction Hydro-Quebec
and the province should go
in developing new energy
sources. The consensus
among the Quebec press
anti a number of political
figures, most notably Rene
Levesque, was that nuclear power would be the cheapest source
of electrical energy for Quebec’s future.

They had reason to believe that a string of nuclear plants
along the St. Lawrence River would be less costly than remote
hydropower projects up north. In negotiations with Newfound-
land during the late 19(i0s over the power contract for output
from Churchill Falls, U.S. bankers insisted that Hydro-Quebec
sign an ironclad, long-term contract to protect the project from
competition from lower-cost nuclear plants.

Before that, in May. 1967, Vermont authorities terminated
negotiations with Hydro-Quebec for access to Canadian energy
at a price in excess of 4.3 mills per kwh after American reactor
manufacturers announced nuclear plants could produce electric-
ity at 4 mills per kwh.

“All the American bankers were reluctant to go hydraulic
because they were listening to all that taik about nuclear." says
Giroux.

Amlatake? When Bourassa finally announced in April. 1971,
that his “project of the century" would be one ol the most
ambitious and expensive hydroelectric projects in the world,
Levesque, who a few years before had split from the Liberal
Party to form his own separatist Parti Quebecois, was quick to
call it "the mistake of the century.”

It became Giroux’sjob to prove that Bourassa was right. And
Giroux, a finance man, called on his top engineer. “1 was doing
the fighting in Parliament because I've got the big mouth.” he
says. “Boyd was supplying all the answers."

Power trom LG 2's 5,328-Mw capacity machine hall was delivered early.

Early on. Hvdro-Quebec had focused on a three-river system,
the Nottaway, Broadback and Rupert (nbr) south of the La
Grande, as the most feasible hydroelectric alternative. Although
the geology posed difficult design and construction problems, the
NBR basin was the best known and most accessible of Quebec's
remote, northern watersheds.

Utility engineers had been studying data developed from tests
in the U.S. and Soviet Union on nuclear excavation techniques
and figured the deep clay formations along the NBR system could
be cleared with a few kilotons. When that idea was dropped, so
was the NBR alternative. The La Grande River farther north
was the next best source of new power.

While enthusiastic
about the huge potential of
the James Bay region.
Boyd was less than pleased
with the organizational
structure proposed by
Bourassa’s government for
developing the power
there. The government
wanted to control the proj-
ect. Boyd and Giroux
wanted it under the wing
of Hydro-Quebec.

A battle of wits—and
guts—ensued. Boyd was
offered the presidency of
what would have been a

overnment-controlled

ames Bay development
agency in return for his
support. He turned it
down cold, insisting that
engineering and construc-
tion were the sole domain of Hvdro-Quebec,

Eventually, with the support of Giroux, construction unions
and the people. Boyd won out. In August, 1972, lie was
appointed to the five-man board of directors of SEBJ. Shortly
thereafter, thedirectors, three of whom were from Hydro-
Quebec,elected  Boydpresidentof an organization funded,
directed and controlled by Hvdro-Quebec.

That power struggle behind him, Boyd began the task of
setting up an organization to coordinate design and construction
of the hydroelectric complex. He started with seven employees:
the same secretary he has today and six loyal aides. Within a
month he had an organization chart and began filling in the
2,000 slots with Hydro-Quebec construction experts, engineer-
ing managers from a Montreal consultant. Lalonde. Valois,
Lamarre, Valois & Associates (1vIv) and top managers from
Bechtel Quebec.

"We got the cream of three different organizations, put them
together in one building and then worked lor two years to make
them realize thev had become SEBJ" says Bovd. “Each had
projects and ideas of his own and thought his method was the

Hiring an American firm to help manage what was supposed
to be a French-Canadian enterprise had its drawbacks. But
Boyd knew he needed Bechtel’s expertise in contract and project
management and as an added measure of credibility in dealing
with the international financial community.

By the luck of the draw, Bechtel’s top man on the job in 1972
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was Martin Lowenthal, an executive from the company’s hotel
building business. sess old timers describe him as “an incredibly
powerful man.” He could roar the troops into submission, a
perfect partner for the circumspect, calculating Boyd. A year
and a half later, however, Lowenthal died.

Problam-solvar. For the next three turbulent years, Boyd’s
quiet roar could be heard over the screaming diesels at James
Bay. “Boyd had to fill a big gap.” says Laurent Hamel.
Hydro-Quebec project manager at Lc 2 and now director of
special projects for sess. Boyd regularly visited the sites twice a
month in the early years of the project, rarely directing but
always listening, assessing and solving problems. “When Boyd

says, i ’ll take care of it
says Hamel, "the problem
gets solved."”

At the start of construc-
tion in 1974, already a
month behind schedule at
LG 2 because of an early
thaw of the winter road,
forest fires and a legal suit
the year before, contrac-
tors were geared to mal.e
up the lost time. Wo;k
started early, in January.
Two months later, how-
ever, rampaging union ac-
tivists sacked the camp.
Bovd’s punishment for re-
fusing to negotiate a proj-
ect agreement that includ-
ed generous union hiring
prerogatives. It was a mat-
ter of principle. And Boyd
paid the price—$30 mil-
lion m damages and another five months lost.

At the time of the Mar. 21 violence, Boyd was in a
wheelchair with a wet cast drying on his leg, broken in a skiing
accident. From his olFice in Montreal, he immediately ordered
all Bechtel and LvLv managers off the site—to protect them—
and put his French-speaking Hydro-Quebec managers at the
front line to deal with the problems at LG 2. For three weeks
straight, Boyd was in his office 7 am. to It) p.m., rarely
emerging.

Soon after the incident, Boyd called for a national commission
to investigate the union violence. It was a brilliant tactical move.
On the one hand, it produced a number of recommendations
that forced a purging of the disruptive forces in the unions. And
it allowed Bourassas Liberal Party, which had been elected
with strong support from the unions, to take a harder line. Most
importantly, the James Bay projects moved ahead smoothly
from then on.

So smoothly that by the fall of 1977, LG 2, the showcase
James Bay project and the proving ground in the public's eye
for sess and the project contractors, was back on schedule.
Boyd's next decision was his most gutsy—to ask publicly for the
extra cash to push the job to an early startup.

It came at a fortuitous time. Two months earlier Bovd was
appointed president of Hvdro-Quebec, making him the chief of
both sesy and its parent. His feathers were well-preened when
Hamel posed the question. “If we can get the generators on line
early, can you he sure of having the power lines completed in

Glory of Boyd's James Bay success shines on Premier Levesque.

time?” Boyd asked his hand-picked construction chief if he
could get the job done, was assured and, says Hamel, “Two
weeks after that conversation the word came down to push
construction, spend the money and get the turbines spinning. '

On October 27, 1979, over 100 print, radio and television
journalists from around the world joined 175 of Quebec’s top
personalities, including Parti Quebecois Premiere Levesque and
his cabinet ministers, for a huge media event broadcast live from
LG 2. The occasion: first power was delivered six months ahead
of schedule from the Lc 2 generators along 630 miles of new
735-kv lines to the Montreal grid.

Bovd gambled and won. The e 2 (lag flying below the
Maple Leaf at his gentle-
man’s farm in the eastern
township of Cowansville
waves in victory over the
physical and human obsta-
cles of the far north. Back
at the office, however,
things are not going so
smoothly.

With the "organization
of the Hydro-Qucl.ec
management in 1978,
when Boyd was joined by
10 new directors on the
board, lie was forced to
choose between being
president of sess and of
Hydro-Quebec. He chose
the latter and now must
cope with the growing
independence of the step-
child he created and has
nurtured since 1972.

Another threat to his kingdom comes from the east. Brian
Pcckft.rd, Newfoundland’s premier, has introduced a bill in his
legislature that, in effect, would nationalize the Churchill Falls
project. He has called for a Canadian Supreme Court test of the
legislation, which, if it stands, would deprive Hydro-Quebec of
a hefty chunk of very low-cost electricity.

As always. Boyd has a number of cards up his sleeve. And
one of them is the ace of spades: Until Newfoundland. Canada's
poorest province, can finance and build its own Sl-billion
transmission line, there's no way it can export the 34.5 billion
kwh of electricity sold to Hydro-Quebec except to Quebec.

Plucking the plum. Boyd's bargaining chip for reopening the
Churchill Falls contract—the point of all the maneuvering bv
Pcckford —is an agreement that would allow Hydro-Quebec to
develop five St. Lawrence tributaries with headwaters in
Labrador, a Newfoundland protectorate. Their power potential
is about 5,000-Mw, a plum that Boyd can hardly ignore.

Whether he can work a deal with Pcckford remains to be
seen. In the meantime, there's plenty of water left in Boyd’s
subarctic stomping grounds for close to 15,000 Mw of new
power. The mandate lor developing that potential —much of it
for export to the U.S.—is building across Quebec now.

Boyd, whose term as president expires in 1983. is putting in
long hours today to ensure that his plans for the future are put
into action, plans that include a place for himself at the top. He
intends to remain the power behind the power of Hydro-
Quebec. O

Reprinted trom ENGINEERING NEWS-RECORD, February 12. 1981, copyright 1981 by McGraw-Hill. Inc., with all rights reserved.
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ALASKA ENERGY PLANNING STUDIES

Introduction and Summary

Introduction. During the first half of 1982, Alaska state agencies
received three major energy-policy reports they commissioned in 1980
and 1981. The first of these is the second annual "Long Term Energy
Plan" mandated by the Legislature.* Two others specifically address
issues raised by the proposed Susitna hydropower project (hereinafter

23
the "Acres" and "Battelle" reports). *

Unfortunately, these newly-delivered reports are al-
ready largely obsolete.

Their critical assumptions regarding price trends for various fossil
fuels, the growth of population and economic activity in Alaska, and the
resulting growth of energy demand in the state, are based upon a
conventional wisdom about future energy prices that subsequent experi-

ence has made nearly untenable.

The Division of Policy Development and Planning (DPDP) of the
Governor's Office engaged the University of Alaska Institute of Social
and Economic Research (ISER)™ to review the three study reports and
to identify and discuss those areas, that are central to .the reports’
conclusions, particularly with regard to investment in new electrical-
generation facilities in Alaska's "Railbelt" (roughly the corridor from

Fairbanks through Anchorage to the Kenai Peninsula).

Readers should be aware that this paper is only a review and not
intended as a successor to or substitute for any of the existing studies.
The following pages are intended to cover a few crucial issues in
sufficient depth to determine whether or not the reports make a solid
case for their findings. In large, the answer is "no", but any new recom-
mendations about an optimum energy-development strategy will have to

await a new study or amendment of one of the existing studies.

Alaska Energy Planning
11/03/82
Page 1



Summary. Briefly, the findings of this review are that:

1. World Oil Prices and Alaska Energy Demand. The
dramatic change in oil-price expectations since 1980 calls
for reconsideration of the levels of Alaska economic activi-
ty and energy demand assumed in the Acres and Battelle
studies, and to a lesser extent in the Long Term Energy
Plan.

2. Alaska Coal and Natural-Gas Supply. The assump-
tions in the Battelle and Acres studies concerning the prices
and availability of Alaska coal and natural gas for local
electric power generation are not well supported.

3. Capital-Market Conditions. Recent high interest
rates and capital-market conditions not dealt with by the
contractors cast serious doubt on the Acres and Battelle
conclusions regarding the risks, costs, and financing ar-
rangements of the Susitna hydroelectric project, and with
respect to capital-intensive, energy-supply projects general-
ly-

4. Implications for Susitna. Findings 1-3 imply signifi-
cantly less favorable conclusions Lorn those of Acres and
Battelle regarding the relative economic attractiveness of
the Susitna hydroelectric projects for serving electricity
demand in the Railbelt region.

5. All of these findings point toward a conclusion that
now is not the time lor major initiatives in publicly financed
power development in Alaska. ..

Despite the erosion of some of their fundamental assumptions, the
analytical framework and much of the data presented in the reports
remain useful — even essential — to evaluating Alaska's choices with
respect to the Susitna project in particular, and energy issues in

general.
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Background to the Studies

Energy looms bigger in Alaska's public-policy deliberations than in
any other state. Elsewhere — even in states with a history of
economic activism, like Wisconsin or California — no one would
consider as even plausible a scheme to invest public funds equivalent to
two or three times expected annual state tax revenues (or about $15
thousand per capita) in all energy ventures as a class, let alone to
devote such funds to a single electric-power generation project like

Susitna.

Nor would the legislature of any other state countenance anything
remotely similar to the energy-cost subsidy programs that Alaska now
has on its books — programs which in Fiscal-Year (FY-) 1983 can be
expected to account for more than one-sixth of the state budget”™ The
sources of this unique perspective on the state's role in energy policy
are not the focus of this review, but they surely include the fact that
oil production has — almost painlessly — put unprecedented fiscal

resources at the command of state policy-makers.

Regardless of its origins, the deep Involvement of Alaska state
government in energy decisions that would be left to the private sector
in any other state has evoked a demand for information and analysis on
an awesome range of engineering, economic, and financial topics.
Because the responsible state agencies (including the legislature and the
governor's office) do not have the experience or staff to assemble this
information, evaluate it critically, or assimilate it effectively, they
have had to depend on outside consultants to generate and process the

relevant data, propose policies and programs, and monitor them.

The legislators and executive-branch officials who promoted and
authorized these three studies viewed them as complementary to one

another --- overlapping in places so that decision-makers could view
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certain crucial issues from more than one perspective but, on the
whole, dealing with different aspects or segments of an interrelated
whole. These officials expected that, together, the various reports
would put the decisions they had to make in some kind of rational order,
and resolve some of the uncertainties they faced in making these
decisions. One hope, for example, was that rigorous engineering and
economic analysis by nationally renowned experts would give them
objective and politically acceptable answers, for each of the state's
regions, about —

1. The amount of electrical-generating capacity Ala-
ska would need over the next two decades;

2. Which generation technologies and/or specific gene-
rating projects would be most cost-effective; and

3. What was the optimum strategy for financing the
chosen investments?

Most of the information sought from these three studies is clearly
relevant to the issues the state intended to address. And, although the
quality of the three reports varies widely, as a gous> they present the
bulk of the requested information — in one place or another — in a
professionally competent fashion.

Nevertheless, these studies, together with the march
of events since they were commissioned, have conspired to
lea re the responsible state officials facing even more uncer-

tain and contradictory signals than when the various studies
were commissioned.
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The Three Studies

Acres! study of the Susitna hydroelectric project. The Feasibility
Study of the Susitna Hydroelectric Project prepared by Acres American
Inc, was conceived as a detailed examination of the technical and
economic feasibility of the the proposed project. In addition, it was to
provide searching analyses of the project's environmental and social im-
pacts. The studies leading up to the report were carried out over a
two-year period at a cost to the state of nearly $k0 million. Thus epcrt
itself is organized in three hierarchical tiers, a Summary Report of 56
pages, a main report titled Draft Susitna Hydroelectric Project Feasibi-
lity Report, consisting of three weighty volumes and four equally
weighty appendices, and a multitude of "task reports" which, unlike the
others, have not been widely circulated. Our review has focused on the
Summary Report, volume 1 of the Feasibility Report, and the the Task

11 Reference Report: Economic, Marketing and Financial Evaluation.

The centerpiece of the Acres study is a "multivariate risk
analysis", which uses the probabilities the investigators have attached
to different assumptions about the key variables (fuel prices, construc-
tion costs, interest rates, etc.) to produce an array of economic
judgments (about whether the Susitna projects are the least-cost
approach to serving Railbelt electrical demand, for example) ranked by

their respective probabilities.

Of the three works reviewed here, the Acres study deserves the
greatest praise. Not only is it physically the largest, but it is also —
particularly in the Summary Report — the most carefully and readably
written. In most areas of interest a reader has the option of delving
deeply or superficially, and in either case will usually find a clear and
appropriately detailed explanation of the assumptions used, the evi-
dence supporting those assumptions, e\nd the methodology by which they

were incorporated into the analysis.
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The fact that the Acres report is analytically the most interesting
of the three studies — and will clearly be the most influential — has
caused us to devote more attention to it than to the others — and to
emphasize its failings. Readers should not be misled by this concentra-
tion. The methodology by which the Acres team evaluated the project's
economic feasibility is elegant, and largely sound. While the report's
errors come at sufficiently critical points to invalidate Acres' "bottom
line", namely the economic ranking of the various electrical generation
alternatives for the Railbelt, most of these errors are correctible, and

Acres' general approach will survive them.

The Battelle "Alternatives" study. Both authors of the present
review were professionally involved in the process that led to the
choice of Battelle to conduct a Railbelt generation-alternatives study.
This involvement gives them a special insight into what was expected of
the study, but it inescapably colors their assessment of the work that
resulted. Readers should be aware of this fact, and draw their own

conclusions taking it into account.

The Battelle study has generated several documents, but we have
reviewed only two of them here: Railbelt Electric Power Alternatives
Study: Evaluation of Railbelt Electric Energy Plans (February 1982),
and Railbelt Electric Power Alternatives Study: Fossil Fuel Availabili-
ty and Price Forecasts. Although the former volume is labeled "com-

ment draft”, we understand that it is in substance the final report.

Because Acres and the other contractors were directed to use
scenarios and vital assumptions from Battelle, we have dealt with the
Acres and Battelle analyses of individual issues, like load forecasting

and coal prices, in one place.

"The Long Term Energy Plan”. In 1978, Alaska adopted legislation

requiring the state Department of Commerce and Economic Develop-

Alaska Energy Planning
10/26/82
Page 6



ment, in conjunction with the Alaskai Power Authority, to prepare an
annual "long-term energy plan". The law (AS 44.83.224) mandates that
the plan shall contain: (1) an "end-use" study of Alaska energy consump-
tion, (2) a plan for meeting "projected energy needs", (3) a review of
conservation efforts, (4) an emergency energy supply pian, and (5) a
review of ongoing energy research. The Division of Energy and Power
Development (DEPD) has been responsible for the preparation of both
the 1981 and 1982 plans, but in both cases has made extensive use of
contractors. The 1982 report was largely written under a $390,000
contract with the national accounting and consulting firm of Booz,
Allen & Hamilton. However, the firm's name does not appear on the
cover or in the introduction, and we do not know how much of the
report's content and format should be attributed to Booz-Allen, and how

much to the DEPD staff.

The 1982 report was designed, in its own terms, "to focus existing
energy information to support current decision-making needs and to
provide a sense of priority across state projects and programs."* The
report is well written, contains few serious errors of fact or obviously
fayl.ty ..analysis, and provides the mandated "existing energy infor-

mation” in a convenient format.

The "pian" does not fare well in its attempt "to provide a sense of
priorities,” however. With respect to the really tough social and
political issues raised by Susitna and the state's hydropower program
generally it largely leaves the field to Acres and Battelle; the Plan's
treatment of the Railbelt hydroelectric construction proposals is confi-
ned to less than two pages of text. After urging the state to continue
planning for Susitna, the report warns that the project's "impact may be
to severely limit the consideration of less costly alternative Alaskan

based resources such as coal or residual oil."
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In other areas, including the treatment of Alaska's complex
system of energy subsidies, the authors develop an extensive and unique
data collection, but seem r*‘ 'ctant to draw the prescriptive conclusions
that clearly follow from it. Finally, many of the study's featured
findings are pedestrian, for example the conclusion that "opportunities
exist to increase the completeness and accuracy of Alaska's energy
data.”

Some of these deficiencies are probably the result of the short
time in which the state's contractor was required to produce a draft
report. In one of their concluding sections the authors seem to
recognise these shortcomings, proposing that next year's energy plan
fccus on developing a "strategic energy planning process." The discus-
sion of now that réﬂght be accomplished is one of the most interesting in

the enure report.
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The Concepts al Framework for Considering
Electricai-Generat; an Alternatives for the Railbelt
The Acres report sets out most clearly the conceptual framework

shared by all three studies. In the Railbelt, the key issue is to identify
the combination of electrical generating facilities that is most likely to
be the cheapest in the long run. The main choices ate: (Da two-stage
strategy involving Susitna River hydroelectric power; (2) continued
reliance mainly on gas-fired combustion turbines (either 'lsimple-cycle”
or "combined-cycle" plants), or on some combination of gas turbines and
coal-fired steam plants; (3) and a combination of smaller hydropower
facilities with thermal generation.

The crux of the economic comparison between Susitna

8 thermal generation is the comparison, over time, of
F‘;/ [0 construction costs and thermal-plant fuel costs.

The chief hydroelectric option, which centers on the Susitna River
projects, involves a relatively high front-end cap'tai expense per unit of
capacity but very low continuing costs for maintenance- and operation.
Combustion turbines, on the other hand, are relatively cheap to install
per jnit of generating capacity, and the cost of the electricity they
"producers principally the' cost/of the natural gas used as fuel. Coal-
fired steam turbines would be less capital intensive than hydro, and
while they would cost considerably more to build per unit of capacity
than gas turbines, they might still provide the cheapest base-ioad power
if the price of coal (per unit of electricity generated) were sufficiently

below that of natural gas.

Our of the many issues that are relevant to this choice, the

present review focuses on the way the various reports deal with —

a. Future world oil prices;
b. Future Railbelt electricity demand;
c. Future Railbelt fossil-fuel prices;
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d. Construction costs for hydro projects;
e. The appropriate interest or discount rate; and

f. Risk and uncertainty regarding these and other
issues.

The six issues fit together as follows:

(@) World oil prices will powerfully influence Alaska economic
activity, and through if, electricity demand, by determining state
revenues from petroleum royalties and taxes, and thus state spending.
Oil prices are also a major influence on Alaska economic development
and thereby on electricity demand, by way of their impact on energy-
related private 'nvestment — in oil and gas exploration, coal export
projects, the Alaska Highway gas pipeline (ANGTS), petrochemicals

manufacturing, and the like.

World oil prices, moreover, may influence the prices of natural
gas and coal for electrical generation in the Railbelt. Indeed, the Acres
and Battelle analyses seem to treat world oil prices as the crucial force

determining fossil-ftel prices in the region.

(b) Electricity load growth. Susitna generating capacity would he
very "lumpy" as well as capital-intensive; additions would come In
multi-billion-dollar packages or not at all. Gas-turbine capacity can be
added in small increments, however, with coal-fired steam turbines and
some smaller hydroelectric options falling between the Susitna projects

and gas turbines in "lumpiness".

If projected power demand and demand-growth rates are high,
they can be expected to liquidate any excess generating capacity
rapidlv; high load-growth forecasts therefore improve the prospective

economic ranking of the Susitna projects, all other things being equal.

With low or uncertain load growth, however, the larger hydro

projects posv a greater risk than do thermal plants that underutilization
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of capacity would result in high unit costs for electricity. Thus, the
risk of temporary or permanent overbuilding would be least in a
strategy built around gas-fired combustion turbines, with the risks
somewhere in-between for smaller hydroelectric projects and for coal-

fired steam generation.

(c) Future fuel costs and (d) expected construction costs. In the
framework described here, the comparison of electricity costs must
focus most sharply on the cost- of fuel for gas-fired combustion
turbines, and on the original construction cost for the proposed hydro-
electric plants. The relative cost of electricity from coal-fired steam
plants will depend more on capital costs than electricity from gas tur-
bines, but more on continuing operating (fuel) expenses than hydro-

electric power.

Estimates of con .ruction costs and future fuel costs are both
subject to great uncertainty — and the treatment of this uncertainty

(f) below is itself a major issue in any comparison.

(e) Discount rates. Because the Susitna plants would be capital-
intensive, long-lived, and take many years tv build, the long-term cost
of electricity from these projects would be highly sensitive to.-jnterest
rates. This would oe true whether the interest rates in question were
the rates the state would have to pay to borrow for Susitna construc-
tion, or the rates it could have otherwis; earned on money appropriated
to build Susitna. Th~ net benefit from the ~usitna option is, therefore,
most sensitive to the choice of interest rates used to "discount” future

costs and benefits.

(f) Treatment of risk and uncertainty. The various factors that
influence future Alaska economic activity and thus electricity demand
(including but not limited to future world oil prices); Susitna and other

generating-plant construction costs; future Alaska fossil-fuel prices
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(which may or may not be closely linked to world oil prices); and future
interest rates are all unknown today. Important assumptions that the

analysts plug into their models are thus essentially guesses.

These guesses may be informed or ignorant, and insightful or
obtuse, but their impact on the final comparison will reflect Doth the
rav/ values assumed by the analysts, and the way in which the analysts
deal with the risk and uncertainty that surround them. Subsequent
sections of this review reveal considerable disagreement with some of
the raw values Battelle and Acres have assumed in the studies, and the
probabilities they have assigned to these values, hut not with Acres'
design and execution of the "multivariate risk analysis" used to inte-

grate these assumptions.
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Future Oil Prices

arid oil prices and Alaska state revenues. From the standpoint
Alaska policy-makers, no aspect of the current: scene is more
confusing than the recent radical change in the the state's official oil-
price forecasts, and the forecasts of state revenues that depend
directly on oil prices.
N
This change in the oll-price outlook invalidates virtu-

ally every important economic and policy conclusion in the

studies reviewed lItere.

Between June 1980 and January 1982, the Alaska Department of
Revenue's quarterly Petroleum Production Revenue Forecast predicted
that nominal-dollar ("inflated") oil revenues would increase over the
four years beginning on the forecast date at a compound annual rate
between 12.2 and 25.8 percent. In its March 1982 Forecast, the Depart-
ment's three-ye < estimate of the expected annual change in state

revenues fell abruptly to a negative 0.8 percent-*®

Specifically, the "most likely" projection in the March Forecast
was that the weighted average wellhead value for Alaska North Slope
(ANS) crude oil in' fiscal year (FY) 1983 would be 29 percent lower than
in FY-1982, and that world prices would then resume their nominal-
dollar increase, at a compound annual rate of about 7 percent. Not
until the beginning of FY-1987 did the Department expect prices to
regain FY-1982 levels. With respect to constant-dollar ("real”) oil
prices, the March Forecast boldly reported "a consensus that oil prices
will continue to fall,"** and projected declining real oil prices through

1998.12

The authors of the present review agree that world oil
markets cannot sustain the level of prices reached in early
1981, and that prices in any given year during the remainder
of the century are likely to be considerably lower In real
terms than they sire today.

Alaska Energy Planning
10/26/82
Page 13

m*



There was, however, no consensus on the long-term
oil-price outlook that one could prudently rely upon last
March, and none exists today.

What has happened, instead, is. that the near-consensus which did
exist at the beginning of 19S1 has been shattered, namely the assump-

tion that the long-term trend in oil prices was inexorably upward.

Abrupt changes in expectations have not been a problem unique to
Alaska's official revenue forecasters; a review of the energy literature
generally confirms that a widespread reevaluation began in late 1981
and early 1982. Few authorities any longer confidently assume that the
energy-price increases of 1973-1981 will continue unabated through the
rest of the Century, and an increasing number are suggesting, as the
present reviewers have done since 1980*™ that the price rises of the
1970's may never resume. The crude-oil price slump of late 1981 and
early 1982, which few industry and government forecasters anticipated,
drew attention to the difficulties of predicting energy prices, but is also
pushing forecasters into a more general reexamination of both the
demand and supply of petroleum, and the way in wi .ch they determine

oil prices in the long run.

As late as September 1980, it was possible for'Cambridge
economist Nicholas Kaldor to write seriously that, *... OPEC changed
everything. By cornering oil it managed to increase the price four-fold,
then double it again, and presumably it could be doubled again, without
any really serious impact on consumption.” (emphasis added)*>* It is
now clear that the world economy has a much greater capacity and
willingness both to substitute other fuels for high-priced petroleum and
to economize on energy generally than had been widely supposed. Over
the past six months, virtually every published authority in the area of

petroleum demand has radically altered its expectations regarding

future U.S. and world petroleum demand.*™
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On the supply side, so much excess oil-producing capacity now
exists that it s hard to cottrive any scenario in which OPEC, Saudi
Arabia, or anyone else, can long function as a ""price-maker’” inworld ail
markets. To the extent that ,there s any consensus about world oil
markets among the experts today, the managing director of Royal
Dutch-Shell summarized it well when he wrote that "'we are in for a
period of severe and unpredictable discontinuities." "

An advance draft of Tussing™s "Reflections on the End

of the OPEC Era’, included as an appendix to TRaS review,

takes a backward look at the events that led most foreca-

sters in the late 1970s to expect ever-increasing world ail
prices, and the reasons such an outlook seems untenable

today .

Consequences for Alaska. These changes in outlook have extra-
ordinary significance for Alaska, because its economy, like that of (=)
Kuwait, B a net exporter (=ller) of erergy. \Well over half of Alaska
economic activity depends directly or indirectly on crude-oil produc-
tion. The largest such influence operates directly through state ail
royalties and production taxes, and If prices continue to fall, resulting
reductions In state revenues will make it impossible for state spending
t continue Its new-found role as the main prop and guarantor of
Alaska™s economy .

Table 1 below compares the state™s June 1981 and June 1932
forecasts.

At the same time the Department of Revenue was
reducing its revenue expectations gererally, it also decided
to emphasize the uncertainty of petroleum-price forecasts,
and began highlighting s "20-percent” rather than iIts
"expected value” series. The different percentage figure
indicates the Department®s judgment about the praooebility
that actual revenues will be less than the figure shown.
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Table 1

1982-Dol lar Petrolrum-Revenue Projections by the Alaska
Department c.f Revenue, June 1982 vs June 1981

Oil and Gas Revenue ($ Millions)

June 1981 Forecast June 1982 Forecast

Fiscal "Expected  "30%"
Year "Expected Value" Value" Series
1983 4030 2664 2399
1984 74137 2657 2250
1085 - 4271 2623 2177
1986 4448 2953 2411
1987 4713 3305 2644
1988 4851 3196 2507
1989 4983 3365 2595
1990 4742 3095 2246
1901 4544 2714 1862
1992 4382 2477 1668
1993 3979 2285 1427
194 3637 2149 1265
1995 3144 1826 1059
1996 2701 1622 936
1997 2289 1608 o908

Alaska Department of Revenue, Petroleum Production

Revenue Forecast, Quarterly Report, June 1981, p.13; June

1982, p. 18, Persomal Communication, Charles Logsdon to

Erickson.

In 1981, state and local government employment directly accoun-
ted for 21 percent of Alaska non-agricultural wag* and salary employ-
ment. 18 State government expenditures, iIn tum, were 86 percent
financtd in FY-1982 by oil production revenue, ™ and Alaska local
governments received about two-thirds of their revenues from the
state government. State aid to the City and Borough of Juneau, for
example, will equal 262 percent of local property tax revenues in FY-
1983.29 Much of the revenue received by several other local govern-
ments in Alaska, moreover, comes from direct taxes on ol industry

activity and property.
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These illustrations do not begin to encompass the indirect ef-
fect of expectations regarding future oil prices on the state econo-
my. These expectations largely determine the level of private-sector
investment in oil and gas, coal, and other energy-extraction, conver-
sion, and transportation ventures; energy-industry service activity; and
have an added "multiplier" impact on the Alaska economy via the
income flowing from such investment activity into the trade, finance,
and service industries. A large, if not precisely measurable, part of the
present boom in the Anchorage area reflects private investment com-
mitments made in 1979-1981 on the basis of a bullish outlook about
future oil prices. This boom is unlikely to survive long once those

expectations have been shattered or drastically modified. 2L

The situation is quite different for energy-importing states like
Mew York or California, where a radical increase or decrease in energy
prices would at the most, over the short run, cause no more than a
three or four percent change h the major economic indicators such as
employment, gross state product, or disposable incc ne. In these
importing regions, the dominant impacts of energy price changes will
operate rather diffusely, through the influence of fuel prices on
the real incomes of consumers, and through the impact of changed fuel
prices on production costs, and thereby on prices, sales, and profits in
manufacturing, transportation, and commerce. In Alaska, the potential
response is an order of magnitude larger, and is dominated by impac'l
on employment and population that flow directly from the primary role
that petroleum production and state government spending (89 percent

supported by petroleum production) play in the regional economy.
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Load Forecasts

The studies reviewed here pay close attention to the usual income
and price-factors that affect energy demand, and carefully evaluate the
impacts of different oil price scenarios on the electrical-power costs
implicit in various energy development schemes. But remarkably, they
largely ignore the possibility of a major decline in oil revenues, and the

direct effects such a decline would have on the Alaska economy. ™

The Battelle reports base their forecasts of energy demand on
scenarios and econometric modeling studies generated by ISER in 1980
and 1981, using its Man-in-the-Arctic (MAP) model. Acres' growth
scenarios are, in turn, adapted from those of Battelle, and the Battelle
reports provide the clearest explanation of the economic-development
and state spending assumptions that went into the forec. ts of Alaska
Railbelt economic activity. Battelle offers five "scenarios", ranging
from "low" to "superhigh"”, and a sixth scenario (tagged "fiscal-crisis")
which shows very high spending in the 1980s, followed by a drastic
decline in the 1990s.

The "moderate-growth" case. Battelle's "moderate" case (which
the report defines as having a 50-percent probability of being exceeded)
shows population in rhe Railbelt growing at a compound annual rate of
2.15 percent.23 Thi.s scenario is powered by assumptions that state
spending will increase from the FY-1981 level (when general-fund
appropriations were about eleven thousand dollars per capita) proportio-
nally with per-capita personal income, that the Alaska Highway gas
pipeline  (ANGTS) will be under construction by 1983,2U that the
PacAlaska LNG project will come on line between 1985 and 1987, that a
100,000-barrel per day refinery will be built in Valdez, and that 7 billion
barrels pf oil will be discovered and developed on federal outer

continental shelf (OCS) acreage leased through 1989.25
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.2 .
The Acres study, adopts the Battelle load-growth scenarios 6 with
some modifications, which are not always described in sufficient detail
to allow critical examination. Acres summarizes the outcome, how-

ever, as follows:

Between 1981 and 2010, the mid-range forecast suggests
that electrical and energy demand will grow at an annual
rate of about 3.5 percent, with the high and low range limits
at about 4.6 percent and 2.8 percent, respectively...

Under the mid-range forecast, currently scheduled
additions art sufficient until 1993 to meet rising demand as
well as to place aging wunits which must be retired.
Between 1993 and 2010, about 1400 megawatts of capacity
must be added to the systemla meet additional demand as
well as to replace aging units.

The "low-growth" case. The Battelle report states that there is
only a 5 to 10-percent chance economic activity will at any point dip
below the values projected in the "low-growth" scenario.28 A review of
Battelle's assumptions underlying this boundary case show population
increasing at a compound ;ate of 3A percent in the 1980-1985 period,29
and constant per capita state spending (based on the exceedingly high
FY-19S1 base) and construction of ANGTS, but with a lower level of

offshore oil activity and no Vaidez refinery or Cook Inlet LNG plant.

None of Battelle's moderate-case assumptions, as listed above,
now appears likely to materialize. The gas pipeline has, for example,
been put on indefinite hold; with the most optimistic outlook, construc-
tion could not get under way before 1985 at the earliest. The Valdez
refinery project was scuttled about a year before the Battelle report
was delivered (and never did achieve much credibility among petroleum
experts)."O And Battelle itself has elsewhere virtually written off the
LNG project.N*

The most stunning discrepancy between Battelle's assumptions and

what now seems realistic concerns the state government budget. Even
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in Battelle's low-growth scenario (given the low-case population growth
projections), total state spending in FY-1985 would have to be in the
neighborhood of $4.3 biIIion.32 However, state appropriations for FY-
1983 were only $2.7 billion, or $6,590 per capita, a fall of 45 percent
from the previous year's peak and about 27 percent less than the low-
case figure used by Battelle. The Division of Legislative Budget and
Audit expects that even this spending reduction will leave the state

budget with a deficit of $400 million relative to projected revenues.33
[ | ' . *

As we noted previously, the state's officiai March 1982 forecast
expected real prices to remain below their FY-1982 levels through FY -
1998. Total petroleum-production revenues projected for FY-1985 were
$2.8 biIIion.3ft If non-petroleum revenues add another half billion
dollars, the state would have $3.3 billion to spend in FY-1985. The
"low-case" population estimate therefore means that $3.3 billion is
$6,952 per capita, or only about three-fourths of the figure implied by
Battelle's "low-case" assumption that state spending will remain at FY-

1981 levels.

In short, the median, "most-likely" revenue projections of the
state's Division of Petroleum Revenue imply a level of state spending
that is far lower than, and inconsistent and incompatible with, even the
"low-case" boundary conditions assumed in the Battelle analysis of
electricity demand and the Acres analysis of Susitna feasibility. None
of the contractors has used the model to beget a scenario driven by
falling real prices for crude oil, but it is clear that oil-price declines of
the magnitude implicit in the state's most recent revenue forecasts
would, if cranked into the model, result in demand-growth projections
below those of the most pessimistic cases considered by either Acres or

Battelle.

We have not calculated the quantitative effect on Alaska's

economy of these actual and projected changes in state spending, the
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stalemate and possible demise of ANGT5, or the bleak outlook for other
large capital projects (including, by the way, Susitna) nose construc-
tion lies explicitly or implicitly behind the load forecasts.
Clearly, however, a realistic, up-to-date view of state
revenues and private-sector investment plans implies a
"most-likely" future in which electricity demand will be

lower than the lowest case postulated by Acres or Battelle.
I

Lessons for the future. Predicting future economic activity is and
always has been a tricky business, and Alaska's thin, open economy
makes it exceptionally so. Recent Alaska electrical load forecasts have
consistently overestimated the growth of demand — even without the
kind of downturn in Alaska economic activity that is likely to proceed
from the current oil-price slump. In 1977, ISER forecast that state
electricity consumption would grow between 197 and 1980 at an annual
rate of nearly 12 percent, with the lowest possible rate 8.7 percent.
The actual growth rate was 8.2 percent.35 The forecasts ISER furni-
shed Acres in 1980 implied a 4.6 percent annual growth of Railbelt
electricity consumption in 1978-1981 in the moderate-growth case, and
4.0 percent in the low-growth case. The actual increase was 3.4
percent.36 It appears, however, that the forecasting performance of

other parties has been even less satisfactory.

If there is a lesson to be learned from this experience it is that
grave dangers lurk in relying on a single consultant or institution for
insights about the future. The purpose of the Battelle Railbelt
Alternatives study was (at least originally) to provide a check on the
assumptions and analysis used by the Alaska Power Authority and
Acres. One reason the governor's office sponsored and the legislature
mandated this study was their concern that Acres' stake in Susitna
construction might affect the credibility of its load forecasts and other

elements of its economic and financial analysis.
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Events show that the original purpose of an independent study of
F.ailbelt generation alternatives was frustrated when Acres and Battelle
were directed to standardize their assumptions on a number of issues,
(e.g., load forecasts) and to rely only on ISER's 1980 economic-develop-
ment scenarios as the basis for projecting future electricity demand —
probably the most important variable of all in evaluating the wisdom of
the massive commitment of present and future resources to a project

like Susitna.

Long Term Energy Plan. The Long Term Energy Plan describes its
assumptions concerning the variables that drive the Alaska economy as
derived from Battelle's work.37 However, in the case of expected
population and employment growth The Long Term Energy Plan respec-
tively assumes compound rates of 1.l and 0.6 percent through the year
2000, figures that are clearly inconsistent with the Battelle projec-
tions.38 Unaccountably, the authors of the Plan nevertheless adopt

Battelle's Railbelt electricity-demand forecast.
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Alaska Fossil-Fuel Availability and Cost

The Cook Inlet basin, which contains the bulk of the Railbeit's
population and economic activity, is a major natural-gas producing area
and contains large deposits of steam coal close to tidewater. Indeed,
the bulk of the electricity produced in the Anchorage-Kenai peninsula
area today comes from gas-fired combustion turbines, and much of the
Interior's electricity comes from a coal-fired steam plant at Healy.
Thus, the most obvious alternatives to the Susitna project for new
electrical generating capacity in the Railbelt are coal- and gas-fired
plants, or a combination of smaller hydro projects with coal-and/or gas-

fired plants.

The Acres Summary represents both Acres' and Battelle's position

with respect to this choice:

If required generation expansion occurs by continued use
of the thermal generating plants, a shift toward increased
use of coal will be necessary not only hecause the Cook Inlet
gas reserves may be insufficient to sustain long-term reli-
ance upon natural gas in the face of increased demand but
also because sharp increases in gas prices will occur in the
next decade as old supply contracts expire. The installation

Jdof thermal (coal- or gas-fired) plants to meet the demand
would offer the consumer no protection against rising costs,
since fuel prices will continue to be exposed to inflation and
to extraordinary escalation occasioned by world market
conditions.39

Despite the central role that fossil-fuel availability and cost must
play in comparing generation alternatives, neither Acres nor Battelle
has attempted to assess the probable future cost of fossil fuels for
generation in the Railbelt from local coal or gas supply conditions. The
reports give litue if any attention to the incremental cost of gas or
coaj production in the region, the ownership and regulatory or contrac-
tual status cf proved and potential reserves, or the other physical,

economic, and institutional features of the local supply picture for
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either fuel. Indeed, the Acres reports and Battelle's Railbelt Alterna-
tives reports do not even cite Battelle's own 1982 forecasts of Alaska
oil and gas supply and demand for the Alaska Department of Natural
Resources (whose conclusions appear to conflict with the assumptions
used in the reports reviewed here), or the coal-supply study conducted
by Ebasco Services, Inc., under a subcontract to Battelle for the

Railbelt alternatives study.’

Both contractors have, instead deduced Railbelt coal and nat>..-al-
gas supply costs from (1) recent LNG and coal import prices in Japan,
(2) assumptions about future world oil-price movements, and (3) the
relative processing and transport costs between the mine mouth or gas
field and markets in Alaska and Japan. The following passage on the
relationship between coal prices and the economics of the Susitna
project sets out the implicit pricing model Acres shares with Battelle:

. Coal mining is assumed to occur at Beluga and an
export market for Beluga coal is assumed to exist.
To recover the investment in these plants and to
account for anticipated major increases in gas costs,
as well as inflation and fuel price escalation above
the underlying inflation rate, the wholesale price per
kWh for electricity will have risen by 1994 to 145
mills (+14.5fi) per kWh and will continue to rise
thereafter. It is this trend against which any pro-
posed hydroelectric development on the Susitna River
must compete.~0O(emphasis added)

The assumption of "fuel price esca.ation above the underlying
inflation rate" stems directly from the proposition Acres shares with
Battelle that the price of coal to new electrical generating plants in
Alaska's Railbelt will reflect its market value in Japan (less trans-
portation costs between Alaska and Japan) and that this market value is
in turn, directly determined by world oil prices. The Acres and Battelle
assumptions regarding natural-gas prices follow the same logic: The

cost of natural gas to electric utilities in the Railbelt will be the
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price of LNG landed in Japan (which will move with world oil prices),

lees liquefaction costs and transportation costs from Alaska.

The relevance of "opportunity cost” to Railbelt natural-gas and
coal supp The concept at the heart of Acres’ and Battelle's
treatment both coal and gas prices is opportunity cost. The
opportunity cost of Alaska-produced natural-gas or coal is the highest
price then owners could have got for the fuel, even If they actually
made a deal at some lower price. Acres succinctly states the principle
as follows:

if export markets exist for LN G (or coal) at the prices
which have heen determined in the Report, then it must be
assumed that any rational gas (coal) producer in Alaska
would select the opportunity to receive the highest price
which is offered for the gas (coal). If the gas (coal)
producer chooues to sell gas (coal) in Alaska at a lower price
instead, then should the Susitna project evaluation be based

on this economically inefficient price? If this is so, the

project evaluation will not bhe consistent with generally

accepted principles of public investment appraisal, (paren-
theses and "coal” added/M

The principle set out in the previous citation generally a sound
one. The cost figure the state ought to use in calculating the net
benefits to Alaska of selling royalty oil to an in-state refiner or
petrochemical producer is not the actual transaction price (which state
officials may decide to discount for the purpose of fostering industrial
development) but, rather, the revenue the state would have got by
selling its royalty oil to the highest bidder. Likewise, the cost to
Alaskans of electricity from the Susitna project includes all interest the
state could otherwise have earned on money appropriated to the
project, even if the legislature or the Power Authority decides to set
electric rates on the bsiis of a lower (or even zero) rate of return on

that money.
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Opportunity cost in this sense measures the true cost of state
royalty oil sold to an in-state processor and establishes the proper
discount rate for evaluating investments of surplus state fjnds within
Alaska, but only beca'-"e there axe .ready, and for practical purposes
unlimited, export markets for royalty crude oil and surplus state money.
Thus, it is reasonable to assume that any royalty c" which is not
processed within Alaska can and will be sold at world mai ket prices (as
limited, of course, by the federal prohibition on exports of crude oil
shipped throught the Trans Alaska pipeline). It is also reasonable to
assume that any state money that is not spent or invested within Alaska
can and will be invested elsewhere to get the highest available yield
(consistent with the degree of security sought by the state's money
managers.)

It is not, however, reasonable to suppose that all

Alaska gas or coal that is burned in Alaska would otherwise

have been exported at the netback prices assumed by Acres

or Battelle.

If effective export markets in fact existed for all of Alaska's
potential coal and natural gas production at current Japanese import
prices less transport costs, export markets would exist .at comparable
prices for all of the natural gas that is now shut in or being flared (close
to tidewater at least) anywhere in the world. Trillions of cubic feet of
gas would not be flared each year in the Middle East, for example, and
LNG from Cook Inlet would already be flowing into foreign markets to
the limit of the region's producing capacity. Likewise, if there were
really an effective export market at recent Japanese import prices for
any coal that is economically feasible to produce in Alaska's Railbelt,
there would be little uncertainty about the future development of
Beluga (or Bering River, or other Alaska) coal, while coal prices almost
everywhere in the world would have reached levels comparable with the

netback "opportunity cost" that the two reports posit for Alaska coal.
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What the "opportunity-cost” approach of Acres and Battelle
ignores is the fact that the world's known reserves of coal and natural
gas, technically capable of development and delivery to Japan at
resource costs below that nation's recent import prices, are many times
greater than potential Japanese or global markets for coal and LNG at
those prices. Since 1974, Japanese consumers (among others) have been
willing to pay prices for coal and LNG related to the rising cost of
imported oil, but only because the construction of export and import
terminals, on-shore transportation facilities, and the specialized bulk
carriers could not keep up with the worldwide growth of demand for
fuels capable of underpricing OPEC petroleum in the electric-utility

and industrial boiler-fuel markets.

In 1981-82, however, a combination of falling oil prices, the
economic slump, and completion of the first generation of major LNG
and coal-shipment projects initiate' after the 1973-74 oil crisis, have
(1) marked an end to the period «<d frantic growth in Japanese and
worldwide demand for both coal nd LNG, and (2) permitted new
supplies to catch up with and outstrip that demand. Of the
more than twenty new coal-export terminal developments that were
under active consideration on the West Coast of North America in early
1981, it now appears that the growth of East Asian demand will
economically support at most two such projects between now and the
year 2000. There is likewise a growing conviction in industry that LNG-
export projects already committed to construction will satisfy Japanese
demand for the rest of the century, and that even some of these
"committed" projects (the British Columbia LNG venture, for example)

may yet be scuttled.42

Coal prices and oil prices. Acres and Battelle combine (1) the

peak 1981 spot prices for coal imported to Japan, (2) the assumption

Alaska Energy Planning
10/26/82

Page 27



that world oil prices will continue to escalate in real terms, apparently
without limit, and (3) their "opportunity-cost” netback pricing methodo-
logy to arrive at the following most-likely constant-dollar price-
escalation rates for Beluga Coal (at Anchorage) and Healy coal (at

Nenana):™

Table 2. Alaslka Coal-Price Assumptions

Coal Source

Beluga Heady

(01/82 cents per mmbtu)
Acres 1.43 1.75
Battelle 1.69 2.43

(annual constant-
dollar escalation
rate in percent)

Acres 2.5 2.7
Battelle 2.1 2.0

Two weaknesses in the Acres and Battelle coal-market assump-
tions compromise the usefulness of their comparisons between Susitna
and coal-fired generation costs: Firstly, if constant-dollar oil prices
are not likely to increase at the rates that Acres and Battelle assume
throughout their studies, the rationale for similarly-increasing coal
prices is mortally damaged. Thus, a more realistic, uo-t.o-date oil-price
outlook would call for a reevaluation of the probable cost of coal in
Alaska, and of electricity generated from coal, just as it calls for
reevaluation of most of the important assumptions and conclusions of

the two studies.

Secondly, even if Acres and Battelle oil-price scenarios had

remained plausible, their supposition that Alaska coal-price movements
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will be driven by world oil prices in some straightforward and easily
predictable way is unwarranted. The effect of this mechanistic
assumption is to evade one of the most difficult, yet one of the most
crucial, issues in choosing among generation alternatives — the need
to forecast the change in relative prices among, various fossil fuels over

time.

Historical evidence. Acres gives a number of good reasons why
production costs alone are not sufficient to predict coal prices at any
given time and place. For example, -

. "economic rents" (that is, a price that exceeds produc-
tion costs including a normal return on investment) may be
earned by the producers, mine labor and/or governments.
For example, in the interests of supply security, a coal
importer may be willing to pay a price much higher than
actual coal production costs. In addition, oil price increases
induce increased demand for coal, thus exerting upward
pressure on coal prices.45
Thw report then remarks that "(h)istorical. trends support these
observations.'6 "Historically, it has been observed that export prices ol
ccal are highly correlated with oil prices, and that production cost
analysis has not predicted accurately the level of coal prices."”™ Acres
follows with evidence from a number of sources that real coal prices
have increased in recent years, presumably at rates exceeding the
increase in production costs, and with citations from a number of other
authorities who have also predicted or assumed that coal prices will
continue to increase at rates comparable v/ith, or tied to, world oil

(prices.

The historical data Acres cites do show that rapidly growing coal
demand can cause rcal-price increases, but they do not, in fact, support
the notion that coal prices have been tightly linked to oil prices in the

recent past. 'Examine the following three illustrations, for example:
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Coal prices (bituminous, export unit value, FOB U.S.
ports) grew at real annuc.] rates of 1.5 percent (1950 to
1979) and 2.8 percent (1972 to 1979).47

In fact, the constant-dollar price of imported crude oil rose at an

average rate of 3.9 percent — almost 2Yi times that of the average
FOB export value of coal — between 1950 to 1979, and at an average
rate of 29.2 percent — almost ten times as rapidly as coal prices —

between 1972 and 1979. ~ The 1.5-percent average coal-price increase
cited by Acres for the longer period was actually less than the average
increase in hourly compensation of bituminous coal miners in the U.S.
over the same period (1.9 percent).

In Alaska, the price of thermal coal sold to the GVEA

utility advanced at real rates of 2.2 percent (1950 to 1978)

and 2.3 percent (1970 to 19-78).'**

The contrast between Alaska coal and oil-price trends depends
wholly cm the years chosen. The coristant-dolliar price of No. 2 fuel oil
in Fairbanks actually decreased at an average annual rate of 0A
percent between 1970 and 1978. Between 1973 and 1981, however,
GVEA's real coal price increased at an average rate of 2.1 percent,

while No. 2 fuel oil prices were increasing at an average rate of 15.6

percen? =

In Japan, the average CIF prices of steam coal experi-
enced real escalation rates of 6.3 percent per year in the
period 1977 to 1981.52
The constant-dollar price of Japanese crude-oil imports, however,

increased at an annual rate of 17.6 percent over the same period —
about three times as rapidly as the country's average coal-import
.53
price.
Table 3 compares the cost of coal and oil at electric generating
plants in* the United States over the last decade, and is further

evidence against the direct relationship between coal and oil prices
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Table 3. Cost of Fossil Fuels Delivered
To Electrical-Generating Plants iin the United States

1973-1981
Current Prices . GNP 1981 Fhrices
(cents per mmbtu) Defla- (cents per mmbtu)
Resi- tor Resid- Oil-Coal
dual "(1972 du<d Differ-
Year Coal Oil = 100) Coal Oil ential
Change, 1973-1981
Absolute 79.2 384.8 305.6
Multiple 2.07 3.67 5.36
Annual rate (%) 9.51 17.64 23.35

Source: Monthly Energy Review

asserted by Acres and Battelle. The real price that utilities paid lor
coal did indeed more than double between 1973 and 1981, but at the
end of the period, the fuel-cost advantage of coal- over oil-fired
generation (in constant dollars per million btu) was 5.4 times as high as

it was at the beginning.

Whatever limited validity there might be in the model behind the
Acres and Battelle coal-price assumptions, it would exist only for spot
markets and only for short-term fluctuations. The oil-price surges of
the 1970's, without doubt, stimulated increases in the demand for coal
that outran the ability of the industry to open new mines. As a result,
excess demand did pull up world coal prices dramatically —

particularly the spot prices of steam coal. But Acres ignores the fact
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that slack demand and overinvestment in coal-producing capacity can
just as easily cause reductions as surges of demand can cause increases

in spot-market coal prices relative to production costs.

Moreover the Acres report offers the reader no reason to believe
that the excess-demand conditions that existed during the 1970'S will
continue unbroken for the next twenty to forty years. The historical
record, which stretches back more than two centuries, shows both
cyclical and random fluctuations in coal prices, but no evidence of
rising real costs over the long term. It is likely the peak of the most
recent cycle was reached in 1981j at any rate, nothing in the world
supply-demand picture suggests further real coal-price rises in the
foreseeable future.

In the long-run and on the average, coal prices must
reflect the real resource cost of opening and operating new
mines.

The real world of coal-purchase contracts. No major coal-fired
electrical generating plant will be planned or built by Alaska utilities or
the Alaska Power Authority (or financed with revenue bonds) unless it
has secured, "dedicated" coal reserves and producing capacity sufficient
to supply it with fuel over its economic life, or at least over the period
of its long-term financing. A prospective mine operator must, in turn,
have a long-term coal-purchase contract from the utilities or the Power
Authority in order to get financing for mine development and produc-

tion equipment, and working capital.

That long-term coal-purchase contract will, in every likelihood,
be a cost-of-service contract. It will probably provide automatic price
adjustments for certain production-cost items, and may allow the
return to the mine-owners and/or operators (assuming they are diffe-
rent parties) to increase in proportion to the Anchorage consumer price

index (CPI) or the gross national product deflator.
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It is almost inconceivable that Chugach Electric Asso-
ciation (CEA) or the Alaska Power Authority would sign
long-term contracts containing a floating-price term that
was not firmly tied to some element of production cost.

It is even less likely that the Alaska Public Utilities Commission
(APUC) or the Legislature (in the case of a facility built by the Power
Authority) would approve any coal-or electricity-purchase arrangement
that was subject to such a floating-price term. There are two reasons
for this judgment:

(1) The cost-of-service arrangement described above is
the way that utilities actually purchase coal on long-term
contract from dedicated mines.

Indeed, we have not been able to locate any instance in which a
state public utilities commission approved a utility's long-term coal-

purchase contract whose price was tied to the price of oil. Moreover

(2) Mine financing will depend on the existence of
long-term coal-purchase contracts. The preponderance of
bargaining power in negotiations over such a contract will
be on the side of the utilities or the Power Authority, rather
than the mine owner.

If CEA, for example, offered one or more of the owners of Beluga
coal reserves (or any other coal reserve in the Railbelt) a 20-year cost-
of-service take-or-pay contract to provide coal for a 200-megawatt
generating plant, with a reasonable rate of return to the operator(s) and
a reasonable royalty to the owner(s) of the mineral rights, that offer
would be much too good to refuse (assuming, of course, that this
production volume is sufficient to cover the mine's startup costs). It
would indeed be a more attractive business proposition than anything

yet offered by potential customers in East Asia.

Any opportunity the mine owner(s) may have to export coal to the

Far East over the same period will, incidentally, mJ..j them more, not
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less eager to deal with an Alaska utility on a long-term cost-of-service
basis, because of tl.° ability added sales for export would give them to
capture economies of scale by spreading fixed costs over a larger

volume of production.

Gas-fired vs Susitna generating costs. The current average cost
of Cook Inlet natural gas to Railbelt electric utilities is $0.86 per
million btu (mrnbtu).5™ Simple-cych gas turbines that can be bought
"off the shelf" would produce electricity at capital costs of about $630
per installe 1ki|owatt.55 At today's Cook Inlet gas prices, the bus-bar
cost (the price at the plant) of power from such a facility will be in the
neighborhood of 4.3 cents per kilowatt-hour.56 The generation cost per
kilowatt-hour would presumably be even lower for combined-cycle gas
plants, and lower yet for gas-fired steam turbines operated at high
plant factors (say, 80 percent) in base-load service. The 4.3-cent
estimate, however, contrasts impressively with projected Susitna elec-
tricity prices of K cents per kilowatt-hour (assuming the state subsidi-
zed the project with a $2.3 billion appropriation) and 30 cents (the full

cost of power based upon 100-percent debt financing).”

*Given these relative costs, it is reasonable to wonder why the
Susitna project Is even being considered. The Acres Summary gives the

answer in brief:

between 1982 and 1993, many of the long-term
contracts now held by utility companies for very favorably
priced Cook Inlet gas will expire. Not only will major
increases in electric energy costs result from the require-
ment by local utility companies to purchase gas at market
prices, but also known Cook Inlet gas reserves may have
been depleted in the early 1990's to the point that reliance
upon natural gas as the principal fuel for electrical energy
generation would no longer be possible/® (emphasis added)

Acres and Battelle have thus assumed that the "market prices" of

Alaska natural gas will rise dramatically. Acres' "low" fossil-fuel price
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case, to which the report assigns a 25-percent probability, projects
Cook Inlet natural-gas costs at a constant $3.00 per mmbtu, which is
three and one-half times present gas prices. The Acres "medium" ("50-
percent probability™) fossil-I'uel price case assumes that these prices
will skyrocket between now and the year 2000 at an average annual real
rate of 9 percent, to $4.80 per mmbtu. The "high" case (25-percent
probability) projects the trend at 11.2 percent annually, with its end-
point at $7.22 per mmbtu, a more than eightfold increase over present

gas pri(:es.99 (All prices are in conr.cnt 1982 dollarsj

The weaknesses of Battelle and Acres in their analyses of gas
prices closely parallel those that fatally compromise their analysis of
coal prices. The assumption of high future prices in both reports flows
from two basic postulates, (1) that world oil prices will keep increasing
in real terms, apparently without limit, and (2) that Cook Inlet .natural-
gas and Railbelt coal prices are, or at any rate presently will be, tightly

coupled to these rising world oil prices.

The Cook Inlet gas-price/world oil-price nexus. Acres assumes
that the "opportunity value" of Cook Inlet gas is now $3.00 per mmbtu,
id5 times more than prices currently paid by Anchorage utilities. This
assumption is based on the contractor's analysis of LNG export opportu-
nities, LNG processing and transportation costs, and the btu rela-
tionship between gas and oil. Since the assumption applies to all three

cases — "low", "medium”, and "high" — it is an essential element in
the analytical process by whi :h Acres discards natural-gas-fired plants
as an economical long-term generation option, and by which the report

finds Susitna to be the preferred option.*™

More importantly, there is enough evidence to make at least a
plausible case that Cook Inlet gas prices will be established largely on
the basis of factors local to the region. Proved gas reserves, for

example, are far in excess of current demand, sufficient to supply the
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local utilities for roughly 75 years at present rates of consumption.6* If
the full capacity of the existing LNG and ammonia-urea plants is
regarded as part of regional demand, the same proved reserves are good
for about 23 years at existing production rates.62 In other regions of
North America (Alberta, for example), similar reserve-to-production

(r/p) ratios are considered evidence of a gas glut.6™

Even these measures tend to understate the potential gas supply
in Cook Inlet. "Proved" reserves (or "identified economically reco-
verable reserves", in the terminology of Alaska's Oil and Gas Conserva-
tion Commission) constitute only that fraction of the resource base
which producers have had a commfdal incentive to explore to the
point at which the producible volumes are a near certainty. This kind
of exploration is expensive and, absent credible near-term market

prospects, there is no reason for the lease owners to spend the money.

The known reservoirs of the Cook Inlet basin contain considerably
more unproved gas (or "indicated” reserves) than the 3.9 trillion cubic
feet (tcf) reported as proved at the end of 1981. Nobody knows the
volume of indicated gas in these reservoirs with much confidence
(otherwise they would be counted in the "proved" column), but unpub-
lished estimates in the industry tend to be in the 5 to 10 tcf ranged
Acres and Battelle disregard the high r/p ratios and the region's
additional gas-development potential, on the ground that new demands
will arise for Cook Inlet gas in the form of additional LNG exports to
Japan or California. Tnis may indeed turn i ut to be the case, but it is a
proposition not very well supported by the experience of the only new
LNG export scheme to be seriously proposed — the PacAlaska project,
whose sponsors in September 1982 announced the project's indefinite

postponement.

Most importantly, overwhelming evidence has accumulated in the

last few months that the final-market value of natural gas is consider-
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ably lower, and to\.al demand in either the Lower-48 or Japan much
more limited, than the industry believed during the 1970's. The new
gas-market outlook has cast a serious cloud over all ":supplemental-gas"
projects — ANGTS and synthetics — as well as LNG.*™ At any rate,
there are no other proposals to establish new Cook Inlet LNG facilities
(cr increase the capacity of existing facilities).68 Until serious industry
interest appears in some such project, it is unrealistic to assume that
Cook Inlet gas prices will be dictated by "netback" gas values in export

markets.69

The world oii-price assumption once again. Acres' and Battelle's
Alaska gas-price model, in which Cook Inlet gas prices reflect world oil
prices, is driven by the contractors' assumption of continuously rising
real prices for crude-oil. In Acres''most-likely case" the rate is 2.0 or
2.6 percent, depending on which of the Acres reports one reads.71 The
report states that its scenarios for gas-price escalation are expected to

. . . 72
"follow closely the crude oil-price scenarios."

For the years through 1998, however; the Department of Revenue
assumes that the real price of Saudi "marker crude" (which underlies
and drives the state's official revenue forecasts.) .will, decrease at a.
compound annual rate of almost one percent. At least for the period
through FY-98, the state's recent oil-price forecasts are as incom-
patible with the Acres and Battelle assumptions regarding gas-price
escalation in the Railbelt as they are with the consultants' forecasts of

economic activity and energy demand.
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Susitna Construction Costs

The Acres base-case estimate for the original cost of the Watana
unit is $5,081 per kilowatt, and for the Devil Canyon unit $2,265 per
kilowatt. (Several other figures appear for the two units in the Battelle
and Acres reports, but the distinctions among them are not crucial
here.) These figures contrast with an estimate of only $636 per kilowatt
for a 70-megawatt simple-cycle gas turbine. Costs per kilowatt of
capacity for combined-cycle plants, coal-fired steam plants, and some
smaller hydroelectric projects considered for the Railbelt fall between
these two extremes. Thus, the Susitna project is by far the most
capital-intensive of the major electrical-generation options considered
by Acres and Battelle, and this capital-intensiveness means that the
unit cost of Susitna power is much more vulnerable to capital-cost

overruns than power from combustion or steam-turbine plants.

The authors of this review are not in a position to scrutinize the
Acres estimates of Susitna construction costs as such; the way in which
Acres deah with cost-overrun and related risks is within the scope of
this review, however. Large construction projects have become notori-
ous in recent "years for costs running far above and sometimes many
times higher than the cost estimates on which the owners — private
corporations and public agencies alike — based their decision to go
ahead. The TAPS and ANGTS experiences, among others, have made

Alaskans particularly sensitive to the cost-overrun issue.

One obvious question in evaluating and comparing any large
project proposal like Susitna is how much credibility anyone can place
in the cost estimates and budgets. Public officials and the general
public have become increasingly sophisticated about the tendency of
project sponsors, their engineers, and their consultants to underesti-

mate costs, and to downplay the risk of delay, false starts, and other
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causes of overruns. They have become increasingly skeptical about the

figures offered by project promoters.

Overruns and other cost-estimation errors are not a new pheno-
menon,73 however, and there are a few generalizations that the
research literature supports with a good deal of confidence.7h Errors in
construction-cost estimates can be separated, at least conceptually,,
into two components: variance and bias. Variance is u measure of the
expected departure of the actual cost either up or down from the
estimated cost, and bias is the expected departure- in one consistent
direction (usually upward' from the estimated cost. These measures of
error depend in different degrees on (l) the specific features of the
project, (2) the general economic .environment, and (2) the institutional

framework in which the project is carried out.

Character of the project. Cost-estimation variance clearly tends
to increase with the size of project; novelty in design, location, or
construction technique; the time required for conception, authorization,
design, construction and shakedown; and the number of licenses, per-
mits, and degree of regulatory surveillance. Both measures of estima-
tion error decline with the amount of experience in similar or related
construction on the part of the owners, designers, and contractors.
Many of these features are intercorrelated: larger projects tend to be
custom-designed, more complex, take longer to complete, and involve a
greater number of regulations and regulatory entities. The larger the
project, moreover, the fewer similar projects the owners, designers, and
contractors are likely to have had experience with. Because of these
intercorrelations, the effects of the various factors are nearly impos-
sible to distinguish in practice, but —

On their face, the specific features of the Susitna
project suggest a high risk of cost-e" timation error.
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Among other things, Susitna would be (a) one of the highest dams
in the world, (b) the largest enterprise anywhere, ever, of its particular
type, (c) the highest-latitude large-scale hydroelectric project in the
world and, so far as we can find, the largest civil works project ever

attempted above 55th parallel.

The Acres study has attacked these project-specific features of
the cost-estimation risk from two angles; at the core of the whole
Sustina feasibility study is an impressively designed, comprehensive
engineering-type "multivariate" risk analysis. Acres then checked the
findings of this analysis against a comparison of cost-estimates and

actual costs on a large sample of completed federal water projects.

In the core analysis, Acres has created a model of the construc-
tion process in which the study team has identified each major
uncertainty, including everything the designers think might go wrong, in

the following areas:

8 categories of natural risks (flood, ice, etc.),
2 categories of design-controiled risks (seepage, etc.),

6 categories of construction risks (equipment availability,
labor disputes, etc.),

4 categories of human risks (including contractor capability
and quality control), and

2 categories of special risks (including regulatory delay)

The Acres team assigned probabilities to the various contingen-
cies in each category and then combined these probabilities mathemati-
cally, to create a schedule that shows' the probabilities of various levels

of total cost (and a number of other outcomes of the construction

process).

With the availability of computers capable of manipulating huge
arrays of variables each of which is paired to a probability coefficient,

this kind of risk analysis has become common in the engineering of
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large and complex projects, where it is a powerful tool for helping
designers choose the project configuration that minimizes expected
costs, subject to certain maximum acceptable cost, schedule, and
operations risks. The general method used by Acres is probably the best
available technique for comparing expected costs and risk factors
among variants of a single project concept, and it is reasonably reliable
for projecting which of (say) three proposed configurations of the
project would have the lowest expected cost, and which would have the

lowest risk of unacceptable cost overruns or operating failure.

For a number of theoretical and practical reasons, however, such
risk analysis is probably less valid and reliable for comparing widely
different technologies, facilities, or strategies, or for generating c.bso-
lute-dollar cost estimates, cost-overrun, or schedule-risk estimates to
be used outside the design process, particularly as input to benefit-cost
analysis. No matter how competent and objective the analysts are, it is
almost impossible for them to escape a certain amount of kfdsplaced
specificity,75 subjectivity and over-optimism,76 institutional blind
spots,77 and underallowance for non—completion.78 Nevertheless —s¢*

The Acres approach to controlling cost-estimation

variance stemming from the character of the project is as
rigorous as any we have seen.

More importantly, perhaps —

We have not found any evidence of bias in the cost-
estimation procedure or in the construction-cost aspects of
Aaesl multivariate risk analysis.

In the second phase of its risk analysis the Acres report implicitly
recognizes the inevitable subjectivity of any engineering-type risk
analysis, and checks its results against a sample of actual project
experience. -Acres' discussion acknowledges shortcomings in the survey

data base —- particularly the fact that the sample is made up of
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projects ccmpleted before passage of the National Environmental
Policy A .c, the Endangered Species Act, and other environmental legis-
lation had their present great impact on project schedule and comple-
tion. Further examination reveals that the sample offered by Acres has
virtually no resemblance to the Susitna projects in type, location, scale,
or timing. More comforting historical evidence that overruns can be
controlled exists, however, in the construction record of the 5225 MW
Churchill Falls hydroectric project on James Bay in Canada. Churchill
Falls is probably the closest parallel to Susitna in scale or location
anywnere in North America.79
The Churchill Falls project, whose design and con-
struction were managed by a joint venture cf Acres and a

Bechtel subsidiary, was completed essentially on time and
on budget.

General economic conditions. It is inevitable that overruns (which
correspond to a downward bias in cost estimates) are more frequent and
generally larger in periods when inflation is accelerating, and also in
periods when environmental, safety, and other kinds of regulation are
getting more complex and demanding. The upward push that these
factors give to costs is even stronger when inflation proceeds out of (or
coincides with) an economic boom, because accelerating real economic
growth tends to push construction wage rates, building-rr-aterials prices,
and other construction costs (including contractor markups) ahead of
general inflation (as measured by the Gross National Product deflator

or the Consumer Price index).

Accelerating inflation also tends to mean rising interest rates,
which result in higher interim financing costs (in utility parlance,
"allowance for funds used during construction"” or AFUDC), and thus
cause final project costs to increase even faster than the wages of
construction labor and the cost of building materials (themselves racing
ahead of the rest of the economy). As the 1960s and 1970s saw all of
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these conditions, it is not surprising that the experience ¢ ‘'Ms period
fostered a belief that large overruns are :he rule rather than the

exception in large projects.

The economic and regulatory forces that generated the construc-
tion-cost overruns of the 1970s have largely run their course. General
inflation will probably decelerate (meaning that escalation rates built
into construction-cost estimates will typically be too high rather than
too low). This trend probably means lower nominal interest rates as
well and, as a result, pre-construction estimates of interim-financing
costs (AFUDC) will tend to be too high. Real economic growth rates
are likely to be lower than in the 1960s and early 1970s, moreover,
causing the construction-cost indexes to increase less rapidly than

general inflation.

Finally, the impact of environmental and safety regulation on
costs and schedules will tend to be less severe than at present. While
we do not anticipate a significant retreat from the goals motivating
today's environmental and safety regulation, regulation will tend to be
more sensitive 'o cost-effectiveness criteria and on balance less

dilatory. For these reasons —

Big cost cost and schedule overruns are not likely to.
be the rule over the next decade as Mey have been over th'j
last.

A numbt d large projects are likely to surprise their sponsors
and the public by coming in on time and under budget. Susitna might be

one of these.

Institutional considerations: The Road to WPPSS. It seems
reasonable to expect governmental entities to have weaker incentives

for cost-minimizing design and cost-effective contracting than private

enterprise, and for regulated private utilities (which profit by enlarging
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their "rate base" and are not supposed to profit from cost-cutting) to
have weaker efficiency incentives than unregulated private enterprises.
The existing literature on defense-procure.Ment costs seems to support
the first thesis, but we do not know of any systematic comparison
relating the costs of otherwii ; similar plants owned by different kinds

of organization.

A casual survey by' the reviewers shows mixed results: the
publicly-owned Washington Public Power Supply System (WPPSS) is
likely to ride its overruns into the biggest financial default of any
industry in US history. On the average, public entities in the United
States have worse schedule and cost performance on nuclear plants than
private utilities. (TVA's reactors seemed to be doing better than the
average, however, before construction was stopped, making their effec-
tive unit cost of capacity infinite.) But Ontario Hydro's performance in
nuclear plant construction (and operation) has been better than any
private utility in the United States (a result that stems at least in part
from its choice of a much less troublesome reactor technology).
Clearly, this issue needs further investigation. Nevertheless —

The Susitiv' project has disturbing parallels with

WPPSS.

Like WPPSS, Susitna is sponsored by a single-purpose entity (the
Alaska Power Authority) whose importance in the world rests primarily
on this enterprise; and like WPPSS, that entity has had little or no
experience in designing or building works of a similar kind or scale. The
technical case for the project is built to a large extent on exaggerated
projections of future electricity "needs" and on unrealstic projections
of alternate-fuel costs. More importantly, however, the decision
process is highly political, and a large part of the political constituency
for the project is indifferent to its power-generation economics, sound

or otherwise. Many advocates see the project mainly in terms of "jobs"
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or an undefined thrust for "economic development"”, in which the
perceived benefits increase proportionally with construction costs. And
like WPPSS' "net-billing" agreements with the Bonneville Power Admi-
nistration, at least some of the financing schemes being considered for
Susitna (a direct appropriation from the state treasury, or general-
obligation bonding) would bypass the need to convince lenders that the
project is prudently conceived and designed and will be implemented

efficiently.

In our judgment, the most serious cost-overrun risks connected
with Susitna do not flow from oversights or biases in Acres' engineer-
ing-cost estimates. Nor do we believe that big cost overruns will be as
prevalent on large custom-engineered construction projects as they
have been since the mid-1960s.

The paramount construction-cost risk connected with

the Susitna project is not that the Acres cost estimate is too

low and, as a result, encourages the state of Alaska to

invest in a project that turns out to be uneconomic.

The Acres estimates, in other words, may be on target. The most
serious cost risk associated with Susitna is, rather, that —

An Acres cost estimate which is essentially correct
may combine with unrealistic forecasts of Railbelt electriT
city demand and fossil-fuel prices to encourage an Alaska

investment in a project that would be uneconomic even in
the absence of construction-cost overruns.

This is precisely what is likely to happen if the Alaska
Power Authority and the Legislature rely on the present
Battelle and Acres reports as the last word on project
feasiblity.
Ironically, the latter risk begets the risk, from an entirely
Afferent source, of large cost overruns relative to the Acres estimate,
no matter how good that estimate in itself may be. If the legislature

authorizes construction of the Susitna project on the basis of fanciful
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economic assumptions, financing the project will likely require state
government to shelter consumers from the true cost of Susitna power
by means of a direct capital grant, or to shelter lenders from the true
economic risks of project investment by means of general-obligation
bond financing. These devices, adopted precisely because the Susitna
project could not stand on its own feet, would deprive the project of
any important constituency for good management and cost control to
offset the interests that stand to benefit from overbuilding, gold-

plating, and wasteful mismanagement.

Non-completion risk. In the last few years, construction of a
large number of electrical generating plants (mainly nuclear, but a few
coal-fired) in the United States has been abandoned, suspended, or
stretched out. Most of these plants were, at the time, suffering major
technical, regulatory, and/or financing problems, but it is a mistake

(albeit a widespread one) to regard these problems as the cause of

abandonment or delay.

In almost every recent case of power-plant non-
completion the United States the root cause has been
falling load-growth projections.

Systems that had to pare back their construction schedules in line
with revised demand forecasts naturally chose to abandon or delay their
most troubled projects, while plants that were not justified by prospec-
tive load growth naturally became relatively difficult to finance. If the
utilities in question really "needed" the added capacity, they would have
persevered in trying to build them despite their technical and regula-
tory problems. Likewise, the utilities would have been ible to finance
most of the troubled plants if lenders had been confident that consumer

demand woulu generate sufficient revenue to pay their costs.

Acres concluded that there is only a negligible risk of non-

completion stemming from ttose contingencies Acres explicitly consi-
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dered in its analysis of construction risks; we do not dispute that
judgment. In recent years at least, no major hydroelectric project in
North America has been terminated or indefinitely postponed lor
engineering reasons after construction began. Hydro facilities are not,
however, inherently immune to cancellation or prolonged delays stem-
ming from some of the troubles that have beset nuclear-plant construe-
tion plans, including environmental regulation or Iitigation.80 There is
certainly rv reason to believe that hydropower is any less vulnerable to
non-completion risks that arise from changed economic circumstances
or bad planning and management than are nuclear and fossil-fueled

plants.

If the state does abandon Susitna construction in the face of now-
unforseen engineering, environmental, regulatory, or financial pro-
blems, it will at bottom be because the state and/or the lenders
belatedly realized that the demand for Susitna power at its expected
cost no longer justifies the additional outlays necessary for completion.

This, rather than the fickleness of construction-cost

estimates, is the real lesson of the WPPSS disaster for
Alaskans.
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Financing Issues

Real discount and interest rates. Benefit-cost analysis is the
technique of comparing all of the benefits created by a project with all
of its costs, no matter when they occur. In earlier years, the end
product of such an analysis was usually a benefit/cost ratio: a worth-
while project was one with a ratio greater than 1.0, and the best of a
group of competing projects was the one with the highest ratio. More
recently, the concept of net benefits (total benefits less total costs) has
become more fashionable: a worthwhile project is one that creates a
positive net benefit, and the best project from a group of proje<—'sis the

one that creates the greatest net benefit.

Acres has used a variant of this approach that assumes total
benefits to Alaskans of meeting their electric power demand to be the
same regardless of how the power is generated. Thus, the system that
has the lowest expected cost is the one to be chosen, and under most
assumptions, Acres finds that the Susitna project results in lower

expected costs than any of its alternatives.

All of these benefit-cost approaches require the analysts to
choose a discount rate for translating the costs and benefits of various
future years to present value at- the time the investment decision is
made. Thus, the stated goal of the Acres analysis is to find the system

that has the lowest expected costs as of 1982.

The outcome of benefit-cost analyses involving long-lived capital-
intensive investments is very sensitive to the choice of discount rates,
therefore making it a consequential and often controversial issue. The
various assumptions adopted by Acres, for example, lead to the finding
that Susitna is most likely the least-cost alternative if costs and
benefits are discounted at a real (inflation-adjusted) rate of 4 percent

or less, but that it is probably not the least-cost alternative if costs and
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benefits are discounted at 5 percent or more, A more familiar way of
stating this finding is that money invested in Susitna is likely to earn
the people of Alaska more than 4 percent and less than 5 percent per

year, in excess of the return necessary to offset inflation.

After a clear discussion of the various discount-rate concepts
used in benefit-cost analysis, Acres points out that the proper conceptl
to use depends upon the purpose of the analysis.81 In the case of the
Susitna project, the proper discount rate is one that reflects the
investment cost to Alaskans of the money sunk -into the project;-
however, this cost, and thus the discount rate to be chcsen, also depend
on the specific financing arrangements proposed. The appropriate
discount rate to use, and thus the decision whether or not a given
project is a good investment, depend on the state of the capital market
at the time the evaluation is made. And, benefit-cost analysis need to
to take inflation into consideration in choosing a discount rate — or
more precisely, the expected rate of inflation over the life of the
investment. Acres makes this adjustment by using "real" or "constant-
dollar" interest and discount rates. Even after this adjustment,

however, real interest rates vary greatly over time.

Interest rates on tax-exempt municipal bonds are normally lower
than those on taxable securities of the same quality and maturity.
Thus, it is conceivable that an economic-feasibility analysis of Susitna
would indciate that the project is a good buy for Alaskans if it can be
financed with tax-exempt borrowing, but a loser if the Internal Revenue
Code does not permit the Alaska Power Authority to sell tax-exempt
securities, or if the legislature were to appropriate funds that otherwise
could have been invested in high-yielding federal-government or corpo-

rate securities.

To the extent Susitna (or any alternative to Susitna) is to be debt-

financed, the appropriate discount rate is the interest rate at which the
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money would be borrowed and, to the extent the state proposes to
underwrite the project with appropriated funds, the proper discount
rate is the return the state could otherwise earn by investing the same

funds.

The Acres analysis does not explicitly take in‘o account the
difference between the state's borrowing and lending costs. Nor is the
report clear what Acres assumes about the federal income-tax status of
Susitna debt. It does not, at any rate, offer any coherent support for
assuming that the Alaska Power Authority will be able to borrow in the
tax-exempt bond market. Neither does the report deal with the
possible effect of changes in real interest rates over time. Acres,
instead, uses an approach that bypasses all of these issues: After some
general observations about interest-rate history, the report adopts a
discount rate of 3 percent on the following grounds:

long-term industrial bond rates have averaged
about 2 to 3 percent in the US in real (inflation-adjusted)
terms. Forecasts of real interest rate3 show average values

of about 3 percent and 2 respectively. The US Nuclear

Regulatory Commission has also analyzed the choice of

discount rates for investment appraisal in the electric

utility industry and has recommended a 3 percent-real rate.

Therefore, a real rate of 3 percent has been adopted as the
base case discount and interest rate for the period 1982 to

204082

This approach might have been workable ten or eve.. two years
ago, but it is unsuitable in today's financial environment, in which
current real yields have only the most tenuous connection with historic

levels.

The only capital cost or discount rate that really
matters is the actual cost of borrowing (or not investing
elsewhere) at the time the financial commitment is madtT

In August 19S2, inflation (in the form of the annualized rate of

change in the gross national project deflator) was running below 7
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percent, and most forecasters expected even lower rates of inflation in
the late 1980's and the 1990's. Long-term municipal bond yields were in
the vicinity of 13 percent, and long-term taxable utility and corporate
bond yields 14-15 percent. Both nominal interest rates and future
inflation rates were generally expected to fall, but the numbers implied
that the real interest rate today (current bond vyields less expected
inflation) was in the 6-8 percent range. In 3uly, 1982, Data Resources
Inc., forecast real long-term interest rates remaining above 4.5 percent
through 1992.%° (In late October, bond yields and forecasts of future
inflation had both fallen substantially relative to August levels, but the
general relationship among them remained about the same.81)
At a discount rate corresponding to current real

interest-rate levels, even the Acres analysis rejects Susit-
N
na.\b

Even with the outdated or questionable assumptions (identified
elsewhere in this review) that bias the reports' benefit-cost analysis in
Susitna's favor, Acres' own analysis implies that the project is not cost-
effective in today's capital market. Thus, it would not be prudent for
the state to borrow money at today's market rates to finance the pro-
ject even with tax-exempt securities, and it would be even less cost-
effective to commit permanent-fund or general-fund revenues that

might otherwise be invested at today's high yields.

When and whether long-term capital markets will return to
normal historical patterns, with long-term (taxable) real-interest rates
on the order of 3 percent, is one of the big economic puzzles of the age.
The real interest rates that have prevailed recently are about the
highest on historical record, and they were not foreseen by any school
of economic or financial analysts. The two most fashionable expert

explanations for high interest rates today are almost totally contradic-
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tory. Stated differently, long-term capital markets are in great
disorder and nobody really knows why or what "normalcy"” now means.
A 3-percent discount rate appears much too low to use

as a base case for evaluating the economic merits of
electricity-generation alternatives for the Railbelt.

Today's capital market is sending a message to the sponsors of
big-ticket private investments (like ANGTS, for example) as well as to
the state of Alaska with respect to Susitna that now is not the time to
lock billions of dollars into them. If the rest of Acres' economic
assumptions were sound (they are not), we might reasonably hope that a
window would open in (say) two years or five years, in which real
interest rates would have fallen to a level that makes the project cost-

effective. Under today's capital market conditions, however —

Acres' own analysis does not justify or support a state
investment in Susitna.
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NOTES

Introduction aur* Summary

1. State of Alaska, Division of Energy and Power Development, State of
Alaska Long Term Energy Plan (Juneau: 1982). The "plan" is in twc
volumes, an Executive Summary (cited hereafter as LTEP Summary),
and the main report (cited as LTEP).

2. Acres American Inc. for the Alaska Power Authority, Susitna Hydroelec-
tric Project Feasibility Report (Anchorage: 1982). The report encom-
passes a "Summary Report" (cited hereafter as Acres, Summary), the
main report (cited as Acres), and 73 "reference reports." Reference
report R-72, "Task 11. Reference Report: Economic, Marketing, and
Financial Evaluation," is cited as Acres, Task 11. Reference report R-
73, "Task 11.03, Close-Out Report, Susitna Risk Analysis," is cited as
Acres, Task 11.03.

3. Battelle Pacific Northwest Labratories for the Office of the Governor,
State of Alaska, Railbelt Electric Power Alternatives Study: Evaluation
of Railbelt Electric Energy Plans (Richland: February 1982), cited
hereaftnr as Battelle. A subsidiary report, "Fossil Fuel AvaiJbility and
Price Forecasts" (Richland: March 1982), is cited as Battelle, Fossii
Fuels.

* The present reviewers were not involved in ISER's production of Railbelt
economic scenarios or load-forecasts for Battelle (and indirectly for
Acres).

Background to the Studies

5. These programs cost the state over $*90 million in FY 1982 (LTEP, p IV-
6). The 1982 legislature eliminated some programs, including the energy
audit subsidies, but the costs of others, such as "power cost assistance,”
can be expected to increase. If the aggregate costs of these programs
stay constant in nominal terms, the energy subsidy programs will
account for roughly 18 percent of the $2.7 billion appropriated for FY
1983. For a description of each of the state's 20 subsidy programs, see
LTEP, Exhibit IV-** ‘following p 1V-6).

The Three Studies
6. LTEP, p 1.

7. LTEP, p IV-11.
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8. LTEP, p IV-4.

9. LTEP, pp IV-15 - 1V-22.

10.

11

12.

13

Future Oil Prices

Division of Petroleum Revenue, Alaska Department of Revenue, Petro-

leum Production Revenue Forecast: Quarterly Report. InJune 1982 the
Department of Revenue's oil-price forecasts were revised slightly
upward. In September, however, the Department issued a forecast
which in the long term is even more pessimistic (regarding state oil
revenues) than the March report. (Anchorage: June 1980 through
September 1982), cited hereafter as P? Rev. Forecast.

. Pet. Rev. Forecast, March 1( 82, p 5.

Charles Logsdon, Chief Petroleum Economist, Alaska Department of
Revenue, personal communication to Erickson, July 18, 1982.

. Cf. Tussing's remarks to the quarterly meetings of the US Department of

Commerce Economic Advisory Board during 1979 and 1980; A R
Tussing, "The 1981 Oil Price Outlook™ in The Economic Outlook for
1981, University of Michigan, November 1980; A R Tussing, "Will OH
Prices Keep Rising? Maybe Not", Anchorage Daily News, February 1*7,
1981; Son Matthews, "State Revenues Likely Will Drop: Oil Prices are
Heading Down", Anchorage Daily News, May 29, 1981; A R Tussing,
"Alpetco's Collapse Has Lessons for Budget Planners”, Anchorage Daily
News, May 23, 1981; Bob Shallit, "State Faces Revenue Loss, Econo-
mists Say", Anchorage Daily News, January 15, 1982; "Alaska Cuts
Forecasts", January 18, 1982; Erickson <& Associates for the Alaska
State Legislature, The World Oil Market and Alaska State Revenues: A
Fifteen Month Forecast (Juneau: March 1982). Also see the appendix to
this review, "Reflections on the End of the OPEC Era".

14. "The Energy lIssues" in T Barker and V Brailovsky, Oil or Industry, edited

proceedings of a Conference on Policy Issues in Energy Self-Sufficient
Economies at Different Stages of Industrialization held at Oaxaca,
Mexico in September 1980. (l.ondon: Academic Press, 1981, p 3.)

15. The following examples are typical of the lot, as far as the reviewers

can tell. In 1977 Exxon forecast that US consumption of petroleum
liquids would be 20.3 million barrels per day in 1980, but actual
consumption was only 16.3 million. And two years ago, Data Resources
Inc. (DRI), an authority upon which Acres and Battelle have relied for
fuel-price forecasts, was predicting 20 years of 4-percent annual oil-
consumption growth in Europe. However, DRI now expects the conti-
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nent's consumption to be below its 1979 peak during the rest of this
century. (Reported in Petroleum Intelligence Weekly, 28 June 1982, p
7.) Also see the appendix to this review, "Reflections on the End of the
OPEC Era" for further elaboration of the world "flight from oil."

16. D. de Bruyne, as quoted ir. Petroleum Intelligence Weekly, 14 June 1982,
p9.

17. The published forecasts of government agencies, and the big consulting
firms seem to be among the last to recognize the changed outlook —
just as they were among the last to recognize that the high prices
established in 1973-74 would be v,'th us for a while. In response to the
review draft of this paper, Acre." offered the following list of "major
forecasts of oil-price trends":

Date of Forecast
S ource Forecast Trend
(percent)
Data Resources Inc. Summer 1982 +2.8
International Energy Agency Spring 1982 -0.5 to +2.0
US DOE Energy Inform. Adm. Spring 1982 above +3.0
Canada: Energy Mines 6c Res. Summer 1982 +1.7
Ontario Hydro Spring 1982 +1.8
Energy Modeling Forum
Average of ten mode.'s February 1982 +1.9 to +5,3
Dr. F. Fesharaki Spring 1982 +1.7

From Alaska Power Authority, Susitna Hydroelectric
Project, "Commentary on ‘'Alaska Energy Planning
Studies' (A R Tussing and G K Erickson)", prepared by
Acres American Inc., September 7, 1982,

While the Acres compilation does not reveal the time span of the
various projections, it is not unrepresentative of the kind of forecasters
polled, even in late 1982. Significantly, however, this list does not
contain a single petroleum-producing company, financial institition, or
agency of an oil-exporting politiral entity, whiie four (half) of the
forecasts come from governmental entities that have a powerful
institutional stake (as does the Alaska Power Authority) in perpetuating
the belief tfat real oil prices will continue to rise.

None of the recent forecasts the reviewers have seen, prepared
for internal v ,e by major petroleum producers (corporations or govern-
ments), expe ts sustained growth in the real price of oil during the rest
of this century. All of them new assume continued constant-dollar
price declines through at !“ast 1985. At least two major integrated oil
com.ianies that now assume for their own planning purposes that the
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long-term oil-price trend will fall somewhere between a level nominal-
dollar and a level constant-dollar trajectory, released public forecasts
in 1982 that still show long-term real-price increases for oil.

More significant than what the companies are saying,
however, is what they are doing.

The dramatic change in industry's long-term oil-price expecta-
tions over the last two years is impossible to ignore: The companies
have scuttled every major unsubsidized synthetic-fuels project in North
America, and most of the subsidized ones to boot. Oil companies are
cutting back massively on drilling programs, but the most telling
indicator of the' drastic change in their expectation is the fact that they
are now paying only about half as much per barrel for proved petroleum
reserves as they were paying in late 1980. (On the list point, see B F
Picchi, "The Valuation of US Petroleum Reserves; Exploding the
Myths™ in Salomon Brothers inc Stock Research/Industry Analvsis,
October 15, 1982.)

18. Alaska Department of Labor, Alaska Planning Information: 1982, p 26.
19. Alaska Department of Revenue, Revenue Sources, June 1982, p 7.

20. Calculated from data contained in City and Borough of Juneau, "N”ice
to Taxpayers,” May 1982.

21. Recent preliminary work by one of the reviewers on the actual phasing
of state expenditures suggests that there may be a significant lag (as
much as two or three years) between the time that revenues and
appropriations began to tall (the interval between the FY-1982 and FY-
1983 budgets) and the beginning of a decline in actual state expendi-
tures. For example, state appropriations for FY-1981 — when
revenues and appropriations were still increasing rapidly — were $3.1
billion, yet our preliminary data on actur® spending (based on warrants
redeemed) show that trie state actually spent only $1.8 billion in that
fiscal year.

Load Forecasts

22. Acres Task 11, pp 18-30. Acres "tests" the possibility of a positive
correlation between oil prices and Alaska energy demand; however, as
we 3how below, the "low load forecast” used in the Acres sensitivity
analysis is unreasonably high given present expectations concerning
state revenue, state spending, and major resource-development pro-
jects.

23. Calculated from data in Battelle, p A-6 (Table A-3).
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Battelle, p A.2 (Table A-7).

Battelle, p A-2 (Table A-1). According to O S Goldsmith, the ISER and
Battelle moderate case assumed that per-capita state spending moved
proportionally with ner-capita personal income. (Personal communica-
tion, September 6, 1582)

Acres, Task 11, pp 18-50. According to Acres* the State directed Acres
to use the Battelle load forecasts. (Alaska Power Authority, Susitna
Hydroelectric Project, "Commentary on 'Alaska Energy Planning Stu-
dies' (A R Tussing and G K Erickson)", prepared by Acres American Inc.,
September 7, 1982, p 2).

Acres Summary, p 5.
Battelle, p 3.i2 (note a).
Calculated from data in Battelle, p A-7 (Table A - 4).

A R Tussing € L S Kramer, Hydrocarbons Processing (Anchorage: ISER,
1981).

Battelle, Fossil Fuel, p 2.7.

This calculation assumes a 1982 population of 410,000, and the 3.4-
perccnt annual rate of population increase in Battelle's forecast. Real
dollars are converted to nominal dollars using the seven-percent annual
inflation rate assumed by the Department of Revenue (note 13, supra).

Pet. Rev. Quart. Forecast, March 1982; Milt Barker, Memorandum to
Representative Thelma Buchholdt, 9 3une 1982.

Pet. Rev. Quart. Forecast, March 1982, p 13.

Arlon R Tussing and Associates, Inc., Introduction to Electric Power
Supply Planning (Anchorage, 1980), pp 32-33, 90-91.

University of Alaska, Institute of Social and Economic Research, "Alaska
Electric Power Requirements, A Review and Projection,” in Alaska.
Review of Business and Economic Conditions, 3une 1977, pp 1, 15. The
actual growth rate is calculated from data in Alaska power Admini-
stration, Electric Power Statistics, 1960-1980, August 1981, p 39.

Telephone communicatipn, O S Goldsmith to Tussing, July 24, 1982.
LTEP, p I-o (footnote).
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39.

40.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49,

50.

LTEP, p 1-6. As we noted above, Battelle's "low-case" assumption for
Railbelt population growth is 1.8 percent annually through 2000. An-
other Battelle study gives a "low-case" projection of statewide popula-
tion in the year 2000 that implies an annual growth rate (1980-2000) of
1.7 percent. (Michael 3 Scott, et al, Historical and Projected Oil and
Gas Consumption. Battelle Pacific Northwest Laboratories for the
Division of Minerals and Energy Management, Alaska Department of
Natural Resources, 3anuary 1982, p D.4)

LTEP, Exhibit 1-10 (following p 1-7). It is not clear, however, which of
the many Battelle "cases"” was used; the 1980-2000 Railbelt electric
energy demand growth rate is listed as 3.5 percent.
Alaska Fossil-Fuel Availability and Costs
Acres Summary, p 5.
Acres Summary, p 9.
Alaska Power Authority, Susitna Hydroelectric Project, "Commentary on
‘Alaska Energy Planning Studies' (A R Tussing and G K Erickson)",
prepared by Acres American Inc., September 7, 1982, p 9.
ARTA, Inc. "Outlook for Proposed Coal-Export Terminals on the West
Coast of North America"” (unpublished proprietary report, October
1982), "Full Tanks Make 3apan a Tough Customer for LNG", in The
Asian Wall Street 3ournal, September 21, 1982.
Battelle, p 2.2; Acres Task 11, Table 18.2.3.
omitted
Acres Task 11, p 18-8.
loc. cit.
op. cit., p 18-9.
Minerals Yearbook, 1980.

US Department of Labor, Bureau of Labor Statistics, Weekly and Hourly
Compensation of Production Workers in the Bituminous Coal Industry.

Acres Task 11, loc. cit.
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51.

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

62.

63.

Fuel oil prices: 1950 and 1970, US Department of Labor, Bureau of Labor
Statistics, Western Regional Office (San Francisco), telephone commu-
nication; coal prices: 1973 and 1981, GVEA public information office,
telephone communication; other data from Fairbanks North Star Bo-
rough, Community Research Center, The Energy Report.

Acres Task 11, loc. cit.

Japan, Commodity Trade Statistics.
Battelle, p 2.2 (Table 2.1).

Acres, p 2-4.

This estimate assumes a heat rate (btu/kilowatt-hour ratio) of 10,000,
an interest rate of 15 percent, a 50-percent load factor, 5 mills per
kilowatt-hour operation and mainter .}-e costs, and present Cook Inlet
gas prices, (loc. cit.) The cost estidf te would probably be somewhat
high even if the Acres-Battelle gas-prUassumptions were accepted, as
heat rates substantially lower are possible; levelized prices comparable
to those used to project Susitna power costs would reauire the use of
"real" (inflation-adjusted interest rates) of 3 percent (6 to 8 percent
would probably be more realistic in today’s market), and 5 mills
considerably exceeds CEA's current O & M costs for gas turbines.

Acres, Summary, p 50.
op. cit., p 9.

All of the data used here are derived or calculated from Acres, Task 11,
Table 18.2.3. The Anchorage natural-gas utility has offered to purchase
gas from currently shut-in fields on the Kenai peninsula at a price in
the neighborhood of $2.25 per Mcf, escalating with the producer-price
index. The offer was refused but, in the absence of any visible
alternative markets, the refusal could be construed as violating the
"diligent development" provision of the state oil and gas leases.

In particular, see the sensitivity of the "net benefits" of Susitna to $0.65
MMBtu change in the price of coal. Acres, Summary, p 46.

Battelle, Fossil Fuel, p 2.29, 2.30 (Tables 2.9, 2.10).

Assuming no change in the consumption of the LNG and chemical plants.
See Battelle, Fossil Fuel, p 2.12.

US Department of Energy, The Current State of The Gas Market, 1982.
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64. The US Geological Survey's latest estimates of undiscovered natural gas
in the Cook Inlet area are as follows:

Low Mean High
F.5> (F.05)
Onshore
Associated-Dissolved neg. 2 .6
Non-Associated 1.1 3.3 7.2
Offshore
Associated-Dissolved 0 4 2.2
Non-Associated 0 1.3 5.9
TOTAL™* 3.0 5.2 12.4

* Totals assume resources in the four categories are inde-
pendent of one another.

Source: US Geological Survey, Circular 860, Estimates of
Undiscovered Recoverable Conventional Resources of
Oil and C'as in the United States (1981), pp 76-78.

Industry personnel in Alaska seem to be somewhat more optimis-
tic about the Cook Inlet gas resource than is the USGS. A typical
industry view of the Cook Inlet gas-supply situation (the most lucid
expression of that view the reviewers have encountered) came from a
veteran oil-company geologist:

Sure, there's gas shows all over the place. How much?

Hell, who knows? But I'll tell you one thing. Ain't nobody

goin’ to drill much of it till some of that shut-in stuff starts

movin'.

Similar views are expressed oy officials of Pacific Gas and
Electric Company. (William L. Cole, personal communication to Erick-
son, February 6, 1981). See also, another Battelle study: Michael 3.
Scott, et al. Historical and Projected Oil and Gas Consumption (Battelle
Pacific Northwest Laboratories for the Division of Minerals and Energy
Management, Alaska Department of Natural Resources, 3anuary 1982)

65. At the end of September 1982, the California Public Utilities Commis-
sion gave the sponsors of the LNG project 60 days to prove its economic
viability. (Inside FERC, October 11, 1982) The companies — Pacific
Gas and Electric, and Pacific Lighting —- responded immediately with
an announcement putting off construction indefinitely:
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. the NGPA has made available substantial added supplies
of domestic natural gas, according to Bill Wood, gas compa-
ny senior vice president and president of Pacific Lighting
Gas Supply Co. As a result, Wood said, the company has
announced that an affiliate has concluded iz mil not proceed
at this time with construction of a liquefied natural gas
(LNG) receiving terminal some 40 miles northwest of Santa
Barbara, as well as an LNG liquefaction plant in south
Alaska...

Alluding to the current adequacy of natural gas sup-
plies, Wood said: We continue to believe the importation of
LNG is an extremely valuable energy) source for California,
further we believe that within two or three years we will be
much better able to determine when these LNG facilities
should be put into operation. (Southern California Gas
Company press release, October 4, 1982)

66. omitted.

67. On the expo, 1 market, see, for example, "Full Tanks Make Japan a Tough
Customer for LNG", in The Asian Wall Street Journal, September 21,
1982. For US market conditions see, inter alia, A R Tussing and C C
Barlow, "The Rise and Fall of Regulation in the Natural Gas Industry,,"
Public Utilities Fortnightly, March  .1982. (An expanded version is to
appear as "The Future is Now", in the October 1982 Energy Journal.)
Also, Tussing and Barlow, "A Survival Strategy for Gas Pipelines in the
Post-OPEC Era", address to the Annual Meeting of the Intersta* _
Natural Gas Association of America, September 2/, 1982. (To appear in
Public Utilities Fortnightly in January 1983.) See Business Week's cover
story, "Gas Pipeliners: Priced into a No-Growth Future, Massacre in the
Marketplace", August 2, 1982, pp 4<M7.

68. We understand, but have not verified, that current LNG plant siting and
safety standards essentially preclude construction of any new LNG
facilities on the east side of Cook Inlet.

69. Cook Inlet vs North Slope gas prices. The Acres and Battelle treatment
of North Slope gas is curious at best. For the purpose of determining
Alaska economic activity and thus electricity demand, all scenarios
assume that ANGTS will in fact be built (thus imparting an upward bias
to population, gross state product, and electricity-load forecasts).
When they are considering fuel supplies for electrical generation,
however, the project is treated as doubtful. The Acres Summary is
typical; after suggesting that "Cook Inlet gas reserves may have been
depleted in the early 1990s to the point that reliance upon natural gas
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as the principal fuel for electrical generation may no longer be
possible," Acres states that

The availability during the study period of North Slope gas
near Fairbanks remains uncertain. Even if the gas pipeline
is built, however, the gas price is projected to be higher
than that for the Cook Inlet resource. (Acres Summary, p 9;
emphasis added)

Acres and Battelle are not only inconsistent in their treatment of
the ANGTS construction outlook, but show a double standard in their
gas-pricing assumptions. They both use a "netback opportunity-cost"
model to project Cook Inlet gas prices (which result in very high price
forecasts), but they reject that approach in forecasting Alaska prices of
North Slope gas (where it would have implied low gas prices for genera-
ting plants in Interior Alaska).

In the latter case, Battelle obtains a level 1982-dollar price of
$5.92 per million btu at Fairbanks by adding the pipeline-transportation
cost to the statutory wellhead price for Prudhoe Bay gas, despite the
fact that such a price plus transportation charges beyond Fairbanks
would surely make the gas unmarketable in the Lower 48. (Indeed, a
1982-dollar price of $5.92 at the lower 48 "tailgate of ANGTS would
probably price North Slope gas out of the market.) Thus, the contrac-
tors have assumed cs ¢ certainty that ANGTS will be built on schedule
where this assumption imparts an upward bias to load forecasts, and
thereby a bias in favor of Susitna, while they treat ANGTS as doubtful
when it undermines the crucial assumption that the Railbelt will h.we
run out of natural gas by the 1990's- For Cook Inlet and North Slope
gas, they have used quite different pricing models, and in eacn case
they have also chosen the one that results in relatively high gas prices
and which are, therefore, most favorable to the economics of the
Susitna project. (Battelle, p 2.5.)

70. omitted
71. Acres, Task .11, Table 18.1.1; Acres, Summary, p 46 (Plate 24).

72’ Acres, Task 11, p 18-7. In feet, the gas prices used do not follow these
scenarios, but are instead substantially higher. See Acres, Task 11, p
18-7. For even more confusion, see Table 18.2.3, which implies a
constant gas price of $3.00 per Mcf through 1990, and then a sudden
spurt at a compound rate of 4.7 percent annually.
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73.

Cost-Overrun Risks

For a review of notorious cost overruns beginning in the 19th century,
see Myron Kaplan, "Keeping Engineering Within Budget", in Technology
Review, 3anuary 1976.

74. Our review included: US Library of Congress, Congressional Research

75.

Service, "Cost Escalation in Selected Major Construction Projects," an
unpublished survey for A R Tussing, chief economist, U S Senate
Committee on Interior and Insular Affairs, May 22, 1975; M M Huf-
schmidt and Jaques Gerin, "Systematic Errors in Cost Estimates for
Public Investment Projects,” in 3ulius Margolis (ed), The Analysis of
Public Output (New York: Columbia University Press, 1970); Robert H.
Havemann, The Economic Performance of Public Investments: An Ex-
Post Evaluation of Water Resources Investment? (Baltimore: 3ohns
Hopkins University Press for Resources for the Fut.,re Inc., 1972) (This
volume is the source of the amaple of federal waxer projects cited by
Acres); Walter 3. Mead et al, Transportation of Natural Gas from the
Arctic (Washington: American Enterprise Institute. 1977), pp 83-94; and
E W Merrow et al, A Review of Cost Estimation m New Technologies
(Santa Monica CA: The Rand Corporation, 1979).;

Misplaced specificity. The cost and schedule figures examined in an
engineering-type risk analysis apply only to a specified project with a
specified design. But almost every major construction project gets
redesigned in major respects, both after the risk analysis is completed
and before construction begins, and during construction.

Thus, sponsors of the Trans Alaska oil pipeline (TAPS) can in good
conscience deny that the difference between their original. $900 million
estimate and the final $9 billion construction cost was all, or even
mostly, an "overrun". Likewise, the pipeline engineers who carried out
the first risk analysis (which showed a 95-percent probability that the
pipeline would come in at less than $1.4 billion), do not believe that
their work was incompetent or misleading, because the pipeline that
was ultimately built was a very different thing physically from what
these engineers originally had in mind.

What would have been improper and misleading, would have been
to place great weight on these estimates of costs and risk parameters,
(1) in comparing the pipeline with the icebreaking-tanker technology
that Exxon was then testing, or (2) in assessing the economic feasibility
of developing and producing the Prudhoe Bay reserves. To the credit of
the TAPS sponsors, they never attempted to use their risk analysis in
this way.
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The Susitna hydroelectric project has already gone through seve-
ral conceptual changes and considerable escalation in real-cost esti-
mates under the Corps of Engineers and Acres. The design examined in
the present Acres Feasibility Study is surely not the final design, we
have been unable to determine from the current Acres reports how, and
at what cost, the truly final design is expected to differ from the
concept now under consideration.

76. Subjectivity and Overoptimism. Several kinds of subjectivity tend to
flaw engineering risk analyses as a source for point-estimates of
expected costs, or probability distributions around those point-esti-
mates. Firstly and utterly fundamentally, risk analysts build into their
models only those contingencies that they can foresee. The really
major risks are, well, surprises ...

Secondly, the probabilities assig. ed to most risk factors are
frankly arbitrary and subjective. While a few probability factors
(stream-flow conditions; industrial accidents, etc.) may reflect physical
or actuarial analysis, most of the individual figures that go into the
calculations are blind guesses, and many of them are inevitably inexpert
and uninformed guesses.

Finally, these subjective features of risk analyses leave them
vulnerable to designc. and sponsor overoptimism. Only the project’s
own engineering design team is likely to know enough about it to carry
out a competent risk analysis and, as we pointed out above, they often
conduct similar analyses in the course of their own design work. Such
teams are, however, almost always "believers" in the project analyzed
and in its technology (be it hydro or nuclear power, space travel, or
whatever); and their organization usually ha, a material interest in low
cost and risk estimates. They are, therefore, among the least likely
parties to anticipate all unpleasant surprises, or to assign sufficient
weight to those that they do identify.

77. Institutional blind spots. Engineering-type risk analyses almost invari-
ably exclude risks arising from certain institutional causes. These
include changes in sponsor or public perceptions regarding the need for
the project; design error and mismanagement; changes in laws or
regulations; political controversies and lawsuits; changed capital-mar-
ket conditions, etc. Together, these factors have played a large part in
the cost-overruns, completion delay, and abandonment of "megapro-
jects" in recent years. Among these factors, the Acres report appears
to consider only "contractor competence" and "regulatory delay".

One famous instance of project failure is the Washington Public
Power Supply System (WPPSS) nuclear-plant construction program. Its
history included planning and management failures, design errors and
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78.

frequent redesign, incompetent or dishonest contractors, regulatory
delays, unforseen interest-rate increases, ratepayer protests that cul-
minated in a voter initiative to restrict WPPSS' borrowing power,
repudiation of purchase obligations by some utilities, and a flock of
lawsuits, any one of which may prevent further bond safes.

Very few (if any) of these factors were contemplated in the risk
analyses that WPPSS presented to prospective lenders and to Washing-
ton State's Energy Facilities Site Evaluation Council (EFSEC). None of
them, however, was as important in creating the impending disaster
than the collapse of the load-growth forecasts prepared for or by the
Northwest's utilities. Year after year, demand growth fell below the
minimum values the utilities had forecast in previous years. (Is there
something familiar here?) After billions of dollars had been spent on the
WPPSS plants, it turned out that the power from them wasn't needed
and couldn't be sold — even if the system had been able to overcome
all its other problems.

Almost all of the generating projects in the United States that,
have recently been, or will soon be terminated or indefinitely delayed
or stretched out, have faced a combi,iation of changing designs, esca-
lating cost estimates, higher interest rates, regulatory problems, and
falling demand forecasts. In most cases however, the last element was
the most effective cause, as it undermined both the rationale for the
projects, and the capacity of the utilities to finance them.

Underallowance for non-completion. The "expected final cost" figures
generated by risk analyses almost invariably assume that the project in
question will be completed. The Acres Susitna study is no exception, as
Acres found the non-completion risks flowing from natural and cons-
truction factors, regulatory problems, or cost-overruns that cause mid-
construction abandonment, to be "negligible” whether taken in isolation
or together.

A true "expected-covt" figure for use in a benefit-cost analysis
must incorporate the cost of "dry holes", however — plants that are
abandoned in mid-construction or which, even if nominally completed,
cannot get an operating license or go on stream. Suppose the expected
cost of a finished plant is 120 percent of budget, but that there is a 10
percent probability construction will be abandoned half way to the
Isudget figure, a 5 percent chance it would be abandoned or not operate
after the entire budget had been expended, and a 2 percent chance that
it would be a washout after 120 percent of budget had been spent. The
expected cost of a unit of added capacity would then be 135 percent of
the budget figure, rather than 120 percent.
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79.

80.

See the Appendix to Alaska Power Authority, Susitna Hydroelectric
Project, "Commentary on 'Alaska Energy Planning Studies' (A R Tussling
and G K Erickson)", prepared by Acres American Inc.,, September 7,
1982. Also, "Hydropower Broker Robert Byrd, Quebec's; Master Ener-
gizer of 3ames Bay, in Engineering News Record, February 12, 1981.

The Tennessee Valley Authority's Tellico Dam is notorious because of
the "snail-darter" case that held up filling of the reservoir for more
then two yean? after the dam was completed. The reason this is the
only example that comes to mind is that most of the major hydro sites
in the US Lower 48 had already been developed before the plague of
cost-overruns, litigation, and regulatory and economic troubles began to
overwhelm the nuclear power industry. There are other recent
instances of controversies that precluded construction of hydropower
projects, however — the New River project in Virgina and North
Carolina, for example.

An interesting aspect of this case is that, by the time that the
federal courts finally authorized operation of the project, new studies
by TVA showed that it would be uneconomic to install turbines and fill
the reservoir even after the dam itself had been completed. Tellico
had, in the meantime, generated such a political constituency that
Congress ordered the TVA to go ahead with it.

Financing lIssues

81. Acres Task 11, p 18-3/4

82.

83.

84.

ibid.
Business Week, duly 27, 1982,

October 14-15 yields for new utility bonds we-e 12K.-14 percent; Aa
industrials 12.1 percent; US treasury bonds (1994-99) 10.1 percent, and
the 20-bond Bond Buyer index of municipals 9K percent. Long-term
inflation expectations, however, had fallen to the 2-5-percent range.
For a summary of current market expectations, see Kenneth H Bacon,
"Price Risk: Fed, Forecasters Differ on Inflation Outlook; Firms Have
to Gamble. Companies Counting on Rate Staying 5% May Suffer
Reserve Sees Further Fall. The Trauma of Disinflation” in the October
14, 1982 Wall Street Journal.

85. Acres Summary, pp 24-25.
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REFLECTIONS ON THE END OF THE OPEC ERA

By Arlon R. Tussing
Institute of Social and Economic Research
University of Alaska

Copyright 1982

Oil Prices and Alaska's Economy

Alaska's labor force, population, and personal income have been,
increasing faster than those of any other state for almost a decade.
Very little of this growth would have happened without the two great
surges in Wwrld oil prices that most people identify with the rise of
OPEC — the Organization of Petroleum Exporting Countries.

The five-fold price increase for Middle Eastern crude oil in 1973-
74, and the resulting three-fold increase in- the market value of US
domestic crude oil, made it economically feasible to develop the
Prudhoe Bay field and complete the Trans-Alaska oil pipeline (TAPS).
Even if real oil prices had remained at their 1975-78 levels, Prudhoe
Bay oil royalties and taxes would have made Alaska the richest state
government per capita throughout the 1980s, and the spending and
respending of these revenues in Alaska would have combined with
continuing private investment in energy resources to put Alaska among
the faster-growing states in income and employment.

Worlr, oil prices took off once more in 1979-80, however. Real
prices at 'the Persian Gulf "only" tripled this time, but the stability of
transportation charges between the North Slope and Lower-48 refine-
ries caused the price of Prudhoe Bay oil — and consequently Alaska's
royalty and severance-tax collections --- to grow almost five-fold, Ax
their peak in 19S1, oil revenues were flowing into the state treasury at
an annual rate of more than $10,000 per capita. The effect of this
bonanza on state spending for government operations, transfer pay-
ments, loan programs, and public works was as awesome as it was
predictable. In 1980 the Legislature abolished personal income taxes,
and in 1982 it voted to distribute a 'Permanent Fund dividend" check of
$1,000 to each resident,

By the second quartet of 1981, when crude-oil prices began their
present downward trend, most private and governmental planning in the
state had come to reflect the assumption that oil prices and, with them,
the prices of other fossil fuels would keep rising without limit.
Disagreement about the long-term oil-price outlook was largely con-
fined to the question whether price increases would average two, three,
or five percent in excess of general inflation.
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The prospect of ever-rising oil prices not only implied that
Prudhoe Bay would generate more and more revenue for the state, and
that the spending and respending of that revenue would provide more
and more public- and private sector jobs. It also promised to sustain a
high level of exploration activity on state lands and the federal Outer
Continental Shelf (OCS) and, most likely, a series of major new
discoveries. P sing oil prices convinced sponsors of the proposed Alaska
gas pipeline that they could just about ignore the difficulty of marke-
ting North Slope gas as a constraint on the project's economic feasibi-
lity. |

An ever-increasing real price of oil on world markets seemed to
promise Alaska a petrochemicals boom based on the growing cost-
advantage North Slope natural-gas liquids (NGLs) would have over oil-
based petrochemical feedstocks used elsewhere; it promised develop-
ment of Alaska's coal for export, as well. Higher and higher prices for
oil meant, moreover, that natural gas and coal would be too valuable to
use for generating electric power in Alaska; this outlook has been the
main rationale for planning a multi-billion dollar hydroelectric genera-
ting plant on the Susitna River, and led many Legislators to believe that
the state would be able to finance the Susitna project with a direct
appropriation from the General Fund.

The price of oil is thus the biggest single outside influence on
Alaska's economy, and in 1982, uncertainty about the oil-price outlook
has become the biggest single source of uncertainty about the state's
economic future. The possibility that the oil -price boom may be over
has profound consequences, which it has thus far been easier to ignore
in Alaska than in other energy-exporting areas.

Since the upward movement of oil prices ended in 1981, economic
distress has already overtaken many of the top oil-exporting countries.
By the end of 1982, all but two OPEC nations are likely to be- in a
deficit fiscal and foreign-exchange position. In less than a year, a
record boom has given way to grave depression in the deep-gas areas of
Oklahoma, among oilfield-service contractors, and for the financial
institutions that specialized in backing them. All but a hand;!ul of
synthetic-fuels projects have now been abandoned, and the future of
those is doubtful.

Several forces join to to perpet'j:'.te a petroleum-driven boom
longer in Alaska than in other petroiaum-exporting regions. Most
crucial has been the fact that the actual spending of state money
appropriated in 1980 and 1981 has continued to increase month by
month well into 1982. Another factor has been the momentum of North
Slope oil exploration and development programs, some of which would
be viable at any world oil-price level higher than (say) $10 per barrel.
A third element in the present boom is a host of Anchorage commercial
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building projects for which the key decisions and commitments were
made before 1981. Finally, the continuing increase in the amount of
state money actually flowing into the economy has combined with the
flow of oil-industry investments to perpetuate a mood of high optimism
among private investors in Alaska's non-energy industries, particularly
residential and commercial real-estate development.

The 1981 Turning Point

This paper is intended to put the OPEC oil-price rises of the 1970s
and the more recent oil-price decline into historical perspective.
Alaskans can then weigh the chance that energy prices will resume
their upward climb, giving new momentum to economic growth in the
state, against the prospect that the OPEC era is indeed over —
meaning that Alaska, along with other energy-exporting regions, must
accept a radical and mostly downward adjustment in its development
expectations.

At the end of 1981, oil prices were suffering their greatest
decline in half a century, but many industry executives and forecasters
-— even outside Alaska — cautioned that the attendant "glut" was a
temporary phenomenon. Despite many signals to the contrary, that
opinion has persisted well into 1982, with Occidental's Chairman
Armand Hammer and others predicting $100-per-barrel oil in 10 years.
The scarcity mentality that fed the price leaps of 1974 and */79, plus a
belief that unpredictable Middle Easterners control tV world oil
market through OPEC gave such assumptions nearly axio.natic status
during the past decade. But the exporting nations' boast that "oil in the
ground is a better investment than money in the bank" is turning out to
be so much wishful thinking.

The tiuth is that neither an end to the recession, nor OPEC
attempts at production quotas, nor continued wars in the Middle East
will long be able to shore up a sagging crude-oil market. It is, indeed,
because oil prices climbed so rapidly and so high in the 1970's that they
are now almost certain to fall and keep falling, — perhaps as steeply
and as far as they rose. Today's prices are still higher than markets can
tolerate, and the forces that led to the enormous price hikes of the past
decade work just as effectively in reverse.'

While real (constant-dollar) crude-oil prlcr.s are unlikely to rise
again to their 1980-81 levels any time in this century, forecasting
prices for any specific future year is a nearly hopeless task. The fall in
crude-oiJ prices that began last year will some day give way to another
price rise; another decline, and so on. For crude-oil markets are
inherently cyclical and, except during a unique period of almost four
decades when the State of Texas dominated both U.S. and world crude-
oil markets, oil-price fluctuations have been large and frequent. His-
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tory shows us no long-term oil-price trends, but only a series of cycles
of uneven duration and amplitude. The era of OPEC's opportunistic
price-gouging is over, but no other entity h in sight with the power to
move oil prices in any consistent direction or to stabilize them at any
given level.

0
Market Control by the Texas Railroad Commission (1935-1972).

To understand OPEC's helplessness in today's crude oil-market, it
is useful to review hew the market operated before OPEC came to
power, and how the Texas Railroad Commission (TRC) managed to
exercise control for nearly forty years.

The TRC's rule emerged in the mid-1930's from circumstances
quite different from those that nurtured OPEC in the 1560's and 1970's.
In the era between It 99, the year Colonel Drake first discovered oil in
Pennsylvania, and the Great Depression, crude-oil markets everywhere
were dominated by events in the United States, where one black-gold
rush after another unleashed an oversupply and sent prices plummeting.
Growing oil demand rapidly restored prices after most of these crises,
as petroleum captured markets that were previously held by whale oil.
gas, or coal, and as the automobile population swelled.

The Yates field in Texas, for example, was first tapped in 1926.
It was the biggest field yet found, and over its first year of production,
average crude-oil prices in the United States fell 24 percent. Prices
recovered quickly, but in 1930, the beginning of the Depression coinci-
ded with discovery of the even larger East Texas field. Oil literally ran
in the creeks, and prices fell to 10 cents per barrel.

Much of this market chaos resulted from the common-law "rule of
capture”. The principle that nobody owned oil until it was brought to
the surface generated frenzied competition among drillers to lift as
much oil as they could from each newly-discovered pool before their
neighbors got it. The East Texas drilling rush ended in 1931 only when
the governor sent the National Guard into the field to shut down
production. The next year, a bitterly divided Texas legislature granted
the TRC authority to limit output from individual wells in the interest
of conservation and market order. Under "market-demand proration-
ing", refiners told the TRC how much oil they wanted to buy each
month, and the Commission parceled out the "allowable" share of this
demand to each wp.il. This system assured every Texas producer a
buyer for at least some of his oil, no matter how much excess producing
capacity other producers held. The TRC's ability to stabilize the
market was bolstered by market-demand prorati.oning in several other
states including Louisiana, the number-two US producer. Under state
regulation, physical shortages and surpluses both became a thing of the
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past, conservation'’ replaced physical waste, and the violent short-term
fluctuations of crude-oil prices ended.

Even more important were a series of federal actions backstop-
ping TRC authority. In the 1935 Connally "hot-oil" law, Congress made
it a federal crime Ij thip oil produced in violation of state conservation
orders. After the War, the executive branch acted to prevent uncon-
trolled imports of low-cost foreign crude oil from undermining the
states' control of US oil supplies. For a while, the handful of largely
US-based oil companies that controlled the oil reserves of the Middle
East and the Caribbean had cooperated successfully in limiting petro-
leum production from their foreign concessions to just about the
amount demanded by their own foreign refineries.

Nevertheless, by 19*48, the huge low-cost oil reserves overseas had
become enough of a threat to Texas regulation that the Truman
administration started assigning "voluntary" import quotas to the com-
panies. In 1958, after independents like Hunt and Occidental developed
enormous new reserves in Libya, President Eisenhower established a
mandatory oil-import program (MOIP). The MOIP gcwe each US refiner
the right to import some lower-priced foreign oil, cut it enabled the
TRC and other state conservation authorities to cont.m” setting the
total volume of crude oil >upplied to the domestic market.

Critics of market demand prcrationing and import quotas, inclu-
ding the 1970 Cabinet Task Force On Oil Import Control headed by
George Shultz, saw the combination mainly as an arrangement that kept
US prices artificially high and perpetuated wasteful excess capacity. It
did, indeed, shut in much of the nation's lowest-cost oilat the same time
that it created an incentive to develop domestic fields that would not
have been viable in a free market. But precisely because it sheltered
surplus producing capacity, Texas prorationing functioned as the ba-
lance wheel of the world oil market for four decades. Texas was the
"price-maker": The TRC determined the price all domestic producers
received for their oil and it was at the same time the most powerful
single force in the world crude-oil market. Other producers were
relegated to tM passive role of "price-takers" who could always sell as
much or as little oil as they wished, once 1lhey accepted the price
structure established by Texas.

The TRC could play the price-maker's ro'.e because it had control
over sufficient spare producing capacity to supply refiners with ali the
Texas oil they wanted at the established price, offsetting any rise in
demand prompted by boom conditions or long-term economic growth, or
any drop in output by other producers at home or abroad. The
Commission also had the power to enforce production cuts if necessary
to prevent a surplus from appearing when oil demand waned or produc-
tion outside Texas increased.
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The Texas system worked for nearly <0 years, through World War
Il, the US recessions of the 1950s, and several supply disruptions caused
by Middle Eastern political upheavals in the 1950s and '60s. Oil supplies
were seriously curtailed in 1952-54, for example, following Mossadeq's
nationalization of the lIranian oil concessions, during the Suez crisis of
1956, and again during the 1967 Yom Kippur War. US and world crude-
oil prices remained relatively stable, however, as the majors produced
more oil in the unaffected Persian Gulf countries, while the TRC and
other state commissions increased production at home. From 1935 to
1972, roughly the pericd of the TRC's domination of the world market,
the average annual change 'in real crude-oil prices in the United States
was only 4 percent, plus or minus, a stark contrast to the average
annual change of 21 percent between 1871 and 1935.

One reason for the TRC's success was that it did not exploit its
market power opportunistically. The 052, 1956, and 1967 Middle
Eastern conflicts offered Texas producers (and the state of Texas, a
major royalty, ov/ner) a chance for huge short-run profits, as they did
the big international oil companies. But each time, the TRC and the
majors opted 'tor long-term stability, forestalling the kind of consumer
panic that generated the price run-ups of 1974 and 1979 after the TRC
had lost control.

Once domestic production reached full capacity in 1972, the US
government had no choice (politically, at least) other than to do away
with import controls, leaving consumers exposed to whatever upheavals
might occur in the oil-exporting countries. Meanwhile, nationalization
of the major oil companies' overseas concessions, plus the growing
influence of independents (including, national oil companies like those of
France, Italy, and Brazil), had stripped the majors of their ability to
balance supply and demand outside of North America. A supply
jrtailment by the Arab oil producers, which would have hardly caused
a ripple in oil prices ten years or even two years earlier, transformed
world energy markets and, for a few years at least, handed control of
those markets to OPEC.

Panic Pricing in 1973-74 and 1979.

OPEC's spectacular successes in the 1970's were due more to
market psychology than to anyone's direct manipulation of crude-oil
supplies. OPEC per se did not engineer either of the decade's great
price leaps; they came instead out of consumer panics that spread
through the spot market af*cr the 1973-74 Arab embargo and the 1978
Iranian revolution. In both cases, OPEC merely voted, alter the panic
had run its course, to estr olish the prevailing spot prices as the base
prices for all crude-oil sales.
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Crisis psychology was thus the key to the short-term oil market
behavior that ratcheted prices upwards. The physical shortfall that
provoked the panic of 1973-1974 was proportionally no greater than the
shortfalls (or excess supplies) that the industry faced periodically
because of unusual weather or the business cycle, and there was no
reduction in output at all immediately before the 1979 price spiral. In
neither case was the actual shortage greater than the sum of (1) the oil
then being consumed by electrical-generating and manufacturing plants
that had the capacity to use other fuels, (2) the standby or underutilized
oil-producing capacity of US and uninvolved foreign producers, and (3)
the inventory cushions that industry ordinarily would have drawn down
in order to prevent market turmoil.

The price fly-ups, rather, began both times with a handful of large
buyers who believed that the "shortage" was real, and who were thus
willing to pay almost anything. This crisis mentality had a powerfully
perverse effect on the market: instead of restraining demand, soaring
spot prices gave the shortage credibility and helped propagate the panic
to every class of consur *r, so that demand actually increased. Much of
the apparent supply deficiency was caused by hoarding, the most memo-
rable example of which was fashion of topping-off gasoline tanks daily
in private automobiles. This practice alone probably created demand
for ¢, additional 600 million barrels of gasolineJn the United States —
equal to about three months of refinery output.

However socially irrational that hoarding may have been, it
seemed quite reasonable at the time from an individual company or
consumer standpoint. In 1973-74, both the Arab producers and the
Western media were insisting that the embargo and production cutbacks
were in fact harming the consuming countries. Congress had passed an
Emergency Petroleum Allocation Act; President Nixon had declared an
"energy emergency"” and had begun allocating crude-oil and petroleum
products.

No one knew how long the apparent shortage would last or how
high prices might go before it was over; hence it made sense for anyone
with a preferred position in the allocation scheme to take every drop of
price-controlled gasoline or fuel oil allowed under the rules, regardless
of current need, and for every other consumer to buy as much at the
prevailing price as he could store. Motorists, households, and businesses
all sought to build up and maintain high inventories in case things
"really got bad" Jater, while producers, refiners, and others expected to
profit from holding products for resale at higher prices in the future.
All of these anticipations of course validated themselves: supplies did
get tighter and prices continued to rise.
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The Rcle of Spot Prices.®

Oil producers and refiners usually try to plan their physical
operations and to budget their purchase outlays and revenues well in
advance. For this reason, the great bulk of the world's crude oil moves
in "captive" channels from producing companies to their own refinery
affiliates or on relatively long-term contracts between producers and
refiners. "Spot" transactions — sales of a sinp/F tanker-load or less
— usually account for only a few percent of world supply, but they are
an indispensable part of the iotal market because they allow any
company or government to dispose of a temporary over.uipply or fill a
temporary shortfall. A general surplus o: shortage equal to only (say)
three percent of total world demand may thus show up as a surplus or
shortage amounting to fifty or one-hundred percent of normal spot-
market demand. As a result, spot prices tend to fluctuate daily and
seasonally, and to range widely above and below "posted" or contract
price levels, which typically change slowly and infrequently.

Changes in crude-oil spot prices occasionally herald deep-seated
market changes, but more often they are only exaggerated reflections
of unexpected weather or business conditions, the buildup or drawdown
of inventories, or political events. After some such contingency has
caused spot prices to diverge sharply from contract prices, the spot
market normally returns to a relatively narrow band of prices in the
vicinity of previous contract-price levels. What was special about the
OPEC-dominated markets of the the 1970's is that they twice failed to
respond in this normal way. After the panics of 1973-74 and 1979, spot
prices did not fall back to pre-crisis levels; instead, contract prices rose
— by OPEC decree — to the peak values to which the panic had
carried spot prices. This feat was OPEC's great triumph which,
ironically, is now begetting its downfall.

The Power of Saudi Arabia and OPEC.

The TRC determined prices by actively manipulating the aggre-
gate supply of crude oil; as a state agency, it had the power to enforce
its orders on the many thousands of Texas producers regardless of their
conflicting individual interests and viewpoints. OPEC, on the other
hand, has never had any authority over the diverse and sometimes
warring sovereignties that make up Its membership.

Nevertheless, in the early 1970's, once the surplus capacity of
Texas and Louisiana had disappeared, Saudi Arabia by itself conceivably
could have taken over the TRC's balance-wheel role. Its potential
authority came from a combination of the world's largest reserves of
conventional crude oil with a population on the order of only five
million. The Saudis have thus had the same mix of assets, at least
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theoretically, that earlier gave the TRC its power — the ability to
increase or decrease output over a wide range.

Proved and indicated reserves in Saudi Arabia number in the
hundreds of billions of barrels — how many hundreds, no one knows or
much cares, because it has never been worthwhile to carry out the
intensive ,Exploration and development work needed to get an accurate
estimate. The known reserves are, in any event, so large and so easy
to develop that it would take Saudi Arabia only a few months to double
its exports from the current level of less than 6 million barrels per day.
(After all, production was almost 11 million barrels per day only one
year ago.) With two or three years for drilling of development wells
and construction of gathering lines and terminals, exports probably
could rise to something like 18 million barrels per day. Indeed, before
the 1973 embargo, the big oil companies (the Aramco shareholders) that
controlled the Saudi concession were planning for production on the
order of 20 million barrels per day by 1976.

Saudi market power rests on the ability to curtail as well as to
increase production. The country's small population has permitted
Saudi Arabia to reduce its output by almost half over the last year,
from 10.6 million barrels per day in August 1981 to about 5.5 million in
May 1982, without suffering a fiscal or foreign-exchange crisis.
Throughout the 1970's, therefore, Saudi Arabia, with or without the
cooperation of other OPEC rations, had much of the wherewithal to
stabilize the market in just the same way as the Texas Railroad
Commission once did.

The OPEC Mystique.

It was a worldwide obsession with scarcity, rather than, deliberate
management of total world supplies, that underpinned the OPEC
mystique rnd locked in the high prices OPEC decreed in 1974 and 1979
after the direct causes of panic had vanished. The doctrine of
imminent resource exhaustion was embraced in the 1970’s by a broad
spectrum of parties who had entirely different world-views and diffe-
rent ends.

Environmentalists hoped to slow the wasteful plundering of the
earth's riches; oil companies were seeking to vard off price controls
and attacks on their tax preferences; alternative-energy entrepreneurs
sought business; politicians found in the energy crisis a moral equivalent
of war; civil servants made it the rationale for massive expansion of
their agencies and intervention into almost everything; and an army of
academics, consultants and journalists waxed rich and tamous by
studying, interpreting, or advocating national energy policies. Each
group wanted to believe, or at least to persuade others, that "the wolf
is really here" — that OPEC's prices might have risen too abruptly for

Alaska Energy Planning
10/26/82
Page 75



comfort but that, in the last analysis, those prices only expressed the
dictates of geological necessity.

"Oil in the Ground is Better than Money in the Bank."

In this intellectual climate, each price increase, regardless of its
proximate cause, helped convince the oil-exporting nations that "oil in
the ground is a better investment than money in the bank." This
doctrine could remain valid for just as long as most producers believed
in it, because it encouraged them to hold oil off the market in the faith
that its value would be much higher in the future. It was therefore the
most effective and durable weapon in OPEC's ideological arsenal.
Although the organization had no enforcement machinery, and did not
even attempt a prorationing scheme until 1982, its members did reduce
production when preservation of the price gains of ’974 and 1979
required it.

When the OPEC nations cut back their total exports in 1974 and
again in 1979, it is important to note that they made the required cuts
individually. They did so without coordination or urging by OPEC,
because they had more money than they needed at the moment, and
because they believed that their oil would be worth more later. Even
the 1973-74 price rise had been so r tmense that most OPEC countries
had substantial financial surpluses; only Algeria, Ecuador and Indonesia
were in deficit. In 1975 OPEC as a whole had a $5>-billion (or 14-
percent) surplus of export revenues over import expenditures. Several
countries understandably concluded that their economies couldn't ab-
sorb further increases in oil income without generating intolerable
inflation and social unrest.

It also seemed obvious to the producers that oil prices would
continue to advance at a higher rate than their surplus cash would yield
in risk-free financial instruments. Thus, Kuwait, Libya, and Venezuela
together reduced their exports by 4 million barrels per day after the
1974 price rises. Saudi Arabia abandoned Aramco's 20 million barrel-
per-day target in 1974, and cut production sharply in January 1979 and
then again in April — ostensibly to offset an imminent oil glut, which
was in fact an aftermath of the price panic that followed the overthrow
of the Shah. In neither price rise did OPEC as such have any role in
initiating or orchestrating the curtailments.

Thus, a short-lived belief in acute scarcity twice created a real
scarcity that caused spot prices to soar. A belief that chronic energy
shortages would engender a permanent seller's market then led produ-
cers and consumers alike to interpret an unusual and otherwise transi-
tory market phenomenon as obedience to holy writ. The self-fulfilling
doctrine that oil in' the ground was the world's best investment not only
encouraged OPEC officially to adopt spot market prices generated by
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consumer panic; it also enabled those prices to stick. In 1973-74. the
world price of crude oil (measured at the Persian Gulf) increased five-
fold in real terms, and then in 1979-80 it again tripled (a vivid contrast
to the decades of tranquility under the TRC).

The End of the OPEC Era.

OPEC's hold over world energy markets in the 1970's was no less
real because it was mainly psychological. However, the cartel's
mystique is far more fragile than the earlier market power of Texas,
which stemmed from the TRC's direct control over production volumes.
Today, few of the material requisites for further OPEC success remain.
Its share of the world oil market has fallen from 55 percent in 1974 to
31 percent in August 1982; and Saudi Arabia's share is already less than
the share Texas held as late as the mid-1960's ,

Some recognition of these shifting realities began to strike the
Saudi leadership only after two deliberate production cuts in 1979 had
locked in a series of huge price increases voted by OPEC. Saudi
Arabia's actions have now become more-or-less consistent with the
professions of the kingdom's oil minister, Sheikh Yamani, who had long
given lip-service to the cause of moderation and market order. Expli-
citly invoking the memory of the TRC,- Yamani claims to have
engineered the 1980-81 "oil glut" — increasing production from less
than 8 million barrels per day to almost 11 million, specifically in order
to bring prices down to $34 per barrel and to persuade his OPEC
partners they should join a prorationing scheme under Saudi leadership.
In 1982, after succeeding too well, perhaps, the Saudis have abruptly
reversed course, now cutting their exports by nearly half in an attempt
to support the $34 price.

But Saudi Arabia appears to have been too late in discovering the
market power it alone possessed. While the TRC held crude-oil prices
in the United States above short-term free-market levels, it still kept
them low enough to encourage ever-increasing oil consumption and
stave off the development of alternative energy sources. The Saudis,
however, wittingly or unwittingly had a key role in both OPEC price
hikes of the 1970's, unleashing inexorable.and profound reactions from
both producers and consumers, which today threatens to make OPEC oil
a dispensable commodity.

Contrary to a near-consensus of industry, government, and the
academic/consulting community during the 1970's, crude-oil demand
does respond — slowly but massively — to price changes. In the long
run, higher prices have a profound effect on oil supply too, but the
relationship is too complex to pursue in detail here. In any event, non-
OPEC output has grown rapidly and will continue to grow: Production
from the North Sea, Alaska, and Mexico, for example, increased by 4
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million barrels per day between 1977 and early 1982, and Mexico's
exports — driven now by economic necessity — could increase
another 3, 5, or more millions of barrels per day before 1990. Most
clearly and most importantly, however, high oil prices are shrinking oil
demand both by reducing total energy consumption and by making coal,
natural gas, nuclear power, and other energy sources more attractive.

The Flight from Oil.

After a modest dip in 1974, total world oil consumption resumed
its growth, and finally turned down only in 1979. This experience
reinforced the impression that oil demand was insensitive to price
changes, misleading economists as well as industry executives and
government officials in both oil-producing and oil-consuming countries.
An absolute decline in US oil consumption was first visible in 1979; the
rest of the industrialized world followed a year later. In retrospective,
it is remarkable how many were unable to see what was happening.

Exxon in 1977 forecast that US consumption of petroleum liquids
would be 20.3 million barrels per day in i980. In 1979, Shell predicted
18.6 million barrels per day consumption in 1980, and both the Oil and
Gas 'Journal and the Independent Petroleum Association of America
forecast 18.4 million. As late as mid-1980, Shell had only revised its
published estimate downwards to 17.2 million barrels per day, while the
Independent Petroleum Association of America had come down to 17.4.
At year-end in 1980, however, average consumption for the year stood
at only 16.3 million barrels per day.

The drop in total oil use over the last three years and the experts'
tardiness in recognizing the trend of consumption stem from profound
changes in the structure, of world energy demand, which have actually
been under way since 1974. From 1960 to 1973, oil prices were iow &nd
declining in real terms. As a result, absolute oil consumption in the
industrialized countries grew at an annual rate of 7.6 percent. Japan
led this growth with an 18-percent average over the thirteen-year
period. After 1974, however, the quadrupled crude-oil price led to a
gradual leveling off of demand for oil everywhere. Total oil consump-
tion in the industrialized countries dropped slightly in 1974-75; growth
resumed between 1975 and 1979 at an annual rate of about 1 percent,
but this partial recovery only concealed the fundamental shift that had
taken place in the world's energy-use patterns.

More telling than gross consumption figures is the change in oil
use per unit of economic activity, or "gross domestic product” — the
0il/GDP ratio. After rising at an annual rate of 1.3 percent from 1960
to 1973; the oil/GDP ratio for the major industrialized countries showed
a 1.5-percent annual decline between 1973 and 1979. The 1979
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upheaval initiated an even more decisive and long-lasting shift away
from oil, reflecting both an immediate reaction to the second OPEC
price surge and the delayed but cumulating ' ionse to the price
increases of the early 1970's. From 1979 to 1981, r, consumption in the
industrialized countries fell 7 percent per year, and the oil/GDP ratio
fell at an annual rate of 8 percent.

Since the latter measure represents the amount of oil used per
unit of economic activity rather than an absolute figure, its fall implies
that an end to the present recession will not be the panacea that much
of the energy industry and many,analysts still seem to anticipate. The
die has been cast. It is unlikely that individual homeowners will tear
the insulation out of their houses if the price of home heating oil drops,
or scrap their new fuel-efficient automobiles in response to lowi r real
prices for gasoline. Nor will the construction and automobile industries
abandon their new energy-efficient designs. Those who attribute the oil
glut and the current "softness" of oil markets primarily to the world
recession forget that economic recovery will mean a more rapid
replacement of existing vehicles, industrial machinery, and buildings
with models designed since 1974 in response to high energy prices.

Except in a couple of OPEC countries, no new base-load electrical
generating plants fired by oil, or large-scale oil-fired boilers of any
sort, have been built since the mid-1970's; over the past decade,
industry has been relentlessly converting existing oil-burning equipment
to coal, natural gas, and other energy sources. Because changes in the
world's fuel-use patterns are generally embodied in Ir.g-lived capital-
intensive investments such as buildings, transportation equipment, and
industrial machinery, the extended period it has taken for the 1974
price rises to produce an absolute decline in oil consumption only
reflect the time required to replace these assets. This long lag in
adjusting the world's capital stock to changed energy-supply conditions
also suggests that the all-time high oil prices of 1974-'/82 will
influence consumption patterns for many more years, even if world oil
prices now fall as rapidly and as far as they rose in the 1970's.

The truism that the world's petroleum resource is finite thus does
not mean that oil prices will continue to rise. The world has no demand
for crude oil as such, but only for the heat, motive power, and chemical
building blocks it provides, and only for so long as it is the cheapest
source of these goods. No matter how scarce natural petroleum liquids
become, their prices can not rise and remain above the cost at which
each of these wants can be dispensed with or served in some other way.

It should be fairly obvious now that predictions of $100 per barrel
oil are ludicrous. At $15 per barrel, oil was already more expensive
than coal in most of the world, and had consequently priced itself out of
electrical-generation and other large-scale stationary-heat and boiler-
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fuel markets. At well under $50 per barrel, given a few years for
market and infrastructure development, liquid petroleum products
would have become marginal even as transportation fuels, increasingly
replaced by some combination of compressed and liquefied hydrocarbon
gases and alcohols. A world that is already fleeing from oil at $32 per
barrel would hardly havs any use for it at two or three times that price.

This dynamic does not bode well for OPEC, or for the ability of
Saudi Arabia or anyone else to manipulate or stabilize the market.
Only when demand falls is the power of a price-maker tested. Can the
OPEC nations, many of whom are deeply in debt, now afford to cut
back production as they must?

On this point too, the OPEC of 1982 is as different from its
predecessor, the Texas Railroad Commission, as it is from the OPEC of
the mid-1970's. In comparing OPEC with the TRC, it is essential to
remember that the Commission's power developed during the Depres-
sion, and that its institutions were designed expressly to manage a
chronic excess of producing capacity. Once that excess was gone, the
TRC became impotent and economically irrelevant. OPEC, in contrast,
showed its muscle under totally opposite conditions. It twice seized
upon a brief moment of consumer panic, convinced itself and consumers
alike that a permanent world oil scarcity existed, and for a while
reaped the benefits of a seller's market even after the foundations of
that market had vanished.

There is little prospect that OPEC can function effectively in a
chronic buyer's market, especially in the face of the organization's
current internal dissensions and the precarious financial situation of its
members. At its March 1982 meeting, the group made its first serious
attempts at TRC-style prorationing. The experiment was an instant
failure, with at least three members brazenly exceeding their quotas
from the beginning. By Duly 1982, Iran was selling 1.0 million barrels
per day above its quota, Nigeria .3 million, and Libya .25 million.
Venezuela — the sole advocate of OPEC prorationing before 1980 —
had threatened to start selling more than its assigned 1.5 million barrels
per day if the other countries didn't get in line, and in August, the
Saudis, who had already reduced their output by 45 percent in the hope
of supporting the $34 marker price, were also hiding that they would
increase their exports if the cheating didn't stop.

Even holding the line at today's production level is not enough to
bolster OPEC's flagging power, as world oil consumption continues to
shrink and the production of non-members — especially Mexico —
continues to grow. The organization as a whole must somehow manage
to reduce production even further if present prices are to hold. Yet its
member-nations individually face internal problems and pressures that
urge them in just the opposite direction.
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The greatest source of downward pressure on prices is the shaky
financial condition oi the exporting countries, a drastic turnaround
from the situation of 1275. Since 1973, the OPEC nations' spending for
imports has risen at an average annual rate of 30 percent, because of
ambitious industrialization plans in every one of them and extravagant
purchases of military hardware in many. Already, the combination of
declining oil demand and rapidly rising expenditures has resulted in
trade deficits for all but three OPEC members. Unless oil production
or prices increase sharply, every member, including Saudi Arabia, could
slip into deficit by the end of 1982.

These deficits, exacerbated by the continuing Iran-lraqi war, are
already beginning to take their toll as the most hard-pressed countries,
in search of revenues to pay for today's imports, produce as much oil as
they can sell. Moreover, with declining or ev;n stable prices and real
(inflation-adjusted) interest rates at their highest level in history, the
slogan that oil in the ground is a better investment than money in the
bank is obsolete even for countries that don't have an immediate cash-
flow or foreign-exchange deficit. In the 1980's, it is hard for even a
cash-surplus oil-exporter to avoid recognizing that "oil in the ground is
a non-earning asset”, which ought to be cashed out so the proceeds can
be invested in high-yielding financial instruments. This doctrine is just
as true and may be just as self-fulfilling today as was the opposite
notion in 1975 or 1979.

To put OPEC's weakness into further perspective, consider the
following:

¢In August 1982, world crude-oil production was about 5f
million barrels per day. Out of this total, the Saudi share was
about 5.5 million, or 10 percent; all of OPEC was producing about
17 million barrels per day, or 31 percent of world supply. If new
production in non-OPEC countries plus further declines in con-
sumption were to equal only 10 percent of present world demand,
OPEC's members would have to reduce their own production by 32
percent in order to defend any chosen price level.

Saudi Arabia, which has already reduced its exports by 5
percent over the last year, can not and will not accommodate
much of this burden, as a 10 percent shift in world supply or
demand would be just about equal to the country's current export
volume. Further growth in non-OPEC production and a further
fall in world consumption are not only plausible but nearly
inevitable. Thus Saudi Arabia's reign as world price-maker is
ending virtually as soon as it began.

+Conservation, fuel-switching and recession caused the non-
communist world's oil consumption to fall by 7.5 million barrels
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per day between 1979 and mid-1982. If consumption declined by
only half as much over the next two years, OPEC's output would
have to fall by an amount equal to the combined production of
Kuwait, Libya, Algeria and Indonesia in August 1982, or by 68
percent oi current SMN'jdi output.

¢Crude oil production from Alaska, Mexico and the North
Sea increased by more than 4 million barrels per day between
1977 and 1981. If all non-OPEC producers were to increase their
output by another 4 million, OPEC could maintain control of
prices only if its members could cut production by at least the
equivalent of 73 percent of August 1982 Saudi Arabian production.

¢Production from Iran, the world's former number-two oil
exporter, has fallen 4 million barrels per day from its 1974 peak.
« The former number three exporter, Iraq, is producing 2.6 million
barrels per day less '— the peak it reached in 1978. If the war
between these Cv .i.ies should end and they returned to the
market with their 1978 sales volumes, other OPEC countries
would have to curtail production by an amount equal to 90 percent
of August 1982 Saudi output.

sFinally, if by chance the last three developments all took
place, and if OPEC hoped to sustain world prices at current
levels, it would have to find places to cut production by least 12.7
million barrels per day — 75 percent of the organization's
current output, or 231 percent of Augu&i 1982 Saudi production.

TV range of conditions within which OPEC, Saudi Arabia, or
anyone can continue tc dictate or even defend the level of world oil
prices is thus extremely narrow. The reckless opportunism that held
sway in the 1970's is now taking its toll. Long-term changes in supply
and demand adverse to OPEC's interests have been under way ever
since the cartel's first big coup in 1974. As these changes become
visible to everybody, the mystique that has been OPEC's chief source of
power will vanish along with forecasts of hundred-«Jollar oil. The world
market will soon be, if it is not already, out of anyone's control.

What Have V/e Learned?

A big new disturbance in world oil markets could push prices
either up or down. It is still conceivable, if only b:irely so, that a sharp
economic upturn and an exceptionally cold winter could combine with
the right kind of Middle Eastern political crisis, and send prices soaring
for a third time to levels significantly above those reached in 1980-81.

Thfo probabilities, however, weigh heavily on the other side.
Ther ; a huge overhang of excess producing capacity in the oil-
expor ung countries. Several of them are in big fiscal distress; Mexico
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in particular has both the ability and a desperate need to increase oil
exports. Meanwhile, the price-induced flight from oil is still gathering
momentum that will not be spent for years no matter what happens to
oil prices today.

All of these forces together, not to mention a worldwide econo-
mic slump that is far from over, add up to irresistible downward
pressure on oil prices. Prices must eventually go down, and they must
go down substantially. The serious questions are whether they will
descend smoothly or chaotically, and how deep they will go. There is
still a sliver of a chance that prices could firm for weeks or months, or
even — given the unlikely coincidence of events decribed above —
increase once more. But a market collapse this year or next has a far
bigger likelihood, a collapse every bit as sp-. jtacular as the two price
eruptions of the 1970s. o .

Looking back across the years of OPEC and Energy Crises to the
relative tranquillity of the TRC era and beyond, there are a seveial
lessons for the future.

1. Worldwide scarcity and rising real resource costs
had little or no direct responsibility lor the worldwide
energy-price upheavals of the 1970s.

The earths's known resources still include plenty of crude oil that
could be developed and produced at resource costs (capital, material,
and labor costs) well below 1973 real prices. Considering these
resources alone, there is enough low-cost oil left to satisfy the world's
current rate of consumption for several decades.

2. In the absence of. an effective price-maker like the
Texas Railroad Commission, crude-oil markets are inherent-
ly cyclical.

Oil demand is highly responsive ("elastic") to price changes, but
this response is very slow, because fuel-use patterns are embodied in
capital goods whose turnover is measured in decades: buildings, trans-
portation equipment, industrial machinery, and production processes.
For the same reason, demand is exceedingly inelastic to price changes
in the short run. This contrast between short- and long-term price-
responsiveness inevitably fosters cyclical price behavior. In th" 1970s
short-term price-inelastidty spawned a steep cyclical upswing after
year.” of artifically-maintained stability, and in 1931, a high long-term
price-elasticity finally began to show itself in the beginning of a
downswing.

If there is no "surge-lank" or "damping" mechanism comparable to
market-demand prorationing, moreover —
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3. Market structure and psychology can exaggerate an
episodic oil-price fluctuation, up or down, far out of propor-
tion to the original supply-demand imbalance that triggered
it

Inventory accumulation or liquidation, the financial position of
major producers, and consumer panic can all cause market: to behave
perversely over a "short-run" that can last for several years. 1In a
mockery of the "normal"” supply-demand map, an oil-price rise can for a
while create an incentive to build inventories, and sustained price rises
can encourage ethe withholding of production. A price reduction,-
likewise, can provoke liquidation of inventories and the expansion of
output. Asa result—

. A small excess of demand or supply, real or
imagined, can send the market soaring or plummeting far
beyond the price level that ultimately could have brought it
back into balance. = -

Thus, there is no stable equilibrium toward which an unregulated
petroleum market unfailingly "hunts" once it is disturbed. The uphea-
vals of the 1970s, which carried prices well above any level that could
be sustained in the long run, have now set the stage for a descent far
below the range of sustainable prices.

5. No cartel or regulatory system could have held
world oil prices at the low levels of the early 1970s, and
none can do so in the future.

. Bdfore 1973, state regulators in.the United States and the cartel
of international companies maintained prices that were above the
shortest-term "market-clearing” levels, but which were still so low that
oil totally dominated transportation-fuel markets (even capturing rail-
roads that had earlier been powered by electricity generated from coal)
and, except in a small corner of the United States, virtually swept coal
from the world's .markets for industrial boiler fuels and organic-
chemical feedstocks. These prices were, at the same time, too low to
perpetuate the surplus oil-producing capacity in the United States, to
which the state regulators owed their market power. Though the
world's stock of very low-cost oil was still immense, the loss of spare
capacity in the United States concentrated the power to increase or
curtail production rapidly in a handful of economically underdeveloped
and politically turbulent countries.

The problem, .therefore, was not a permanent worldwide scarcity
of ”cheap" oil, but rather, the absence of short-term oil-demand
flexibility, together with the disappearance cf the short-run supply
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flexibility that had previously been exercised by governmental and
private institutions that had were consciously striving for market order.
In these circumstances, a relatively small curtailment of sales by a few
producers openly aiming at market disruption could and did trigger an
upward explosion of prices. If world oil prices now fell to pre-1973
levels (in constant-dollar terms) once more, a world-wide "energy
crisis" would be with us again sooner or later. Likewise, however —

6. No group of producers could long hold world oil
prices at the high levels of the early 1980s, and it is unlikely
anyone will ever be able to do so.

Today’s prices are not viable because they are well on the way to
pricing oil out of both the industrial fuels market and the market for
petrochemical feedstocks. If prolonged, today's prices would even begin
to erode oil's monopoly in transportation-fuels markets. Oil at $30 and
up has, therefore, guaranteed the emergence of excess producing
capacity not in just one or a handful of political entities (Texas and
Lousiana, for example, or Saudi Arabia, Kuwait, and Abu Dhabi), but all
over the globe.

7. Market stability at any price requires the supply-
demand balance to respond promptly and in the normal
direction to any price change, and prices to respond prompt-
ly and in the normal direction to any change in the supply-
demand balance.

If the world is to avoid repeated violent swings in oil prices,
market arrangements must be such that a small rise in oil prices can
cause either a sizeable increase in effective oil supply or a sizeable
decrease in oil consumption, or both. A small drop in prices must,
likewise, be able to induce a prompt reduction i:i supply or increase in
consumption.

8. Short-term supply-side adjustments that foster
price stability rather than instability require a TRC-style
price-maker, but none is now in sight.

Any supplier or group of suppliers that hopes to regulate the
market must have the ability and the will to swing world oil production
ur.ward to satisfy any surge of demand or supply interruption, or (more
importantly now) to swing it downward in order to make room for a
surge of supply or slump in demand. The system run by the TRC
underpriced away its power to increase output whenever it was needed.
OPEC as such never had cither the will or the capacity to take
responsibility, and Saudi Arabia — out of greed or timidity, we may
never know — blew its chance. It has now overpriced away its ability
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to reduce production sufficiently to support world prices at present
levels or, most likely, at any level. —_

The only plausible new candidates for price-maker may be PEMEX
(Mexico's state oil company) and the US Strategic Petroleum Reserve.
Even if one of them maneuvers itself into the right strategic spot in the
world market, however, there is only the barest chance that domestic
politics in the United States or Mexico would permit either institution
to move quickly, independently, and responsibly enough to serve as the
world's oil-supply balance wheel.

9. The only price level that even a supply-side price- -
maker can maintain for long is one that fosters demand-side
stability as well.

10. Specifically, the range of sustainable oil prices is
limited to those prices at which oil, coal, and gas are :.-e
effective and dose competitors in the world's markets for
electrical-generation fuels, industrial boiler and stationary
heating fuels, and petrochemical feedstocks.

If the price of oil remains within a range where oil, natural gas,
and coal effectively compete for industricil sales in North America,
Europe, and East Asia,, many of the world’s large energy-consumers will
find it worthwhile to install dual or multi-fuel capacity, expressly in
order to take advantages of small shifts in relative prices. The ability
of a large consuming sector to switch fuels rapidly in response to
changes in relative fuel prices or availability would preempt the
perverse market behavior that has permitted small market shocks to

explode into global crises. Multi-fuel ‘consumers wouldlimply letgo'of—

enough oil in a tight market, and absorb enough additional oil in a slack
market, to avoid even the illusion of a physical shortage or surplus. The
greater this demand-side flexibility becomes, the mote modest will be
the world's need for a supply-side price-maker like the TRC, the less
onerous will be the price-maker's task 11 one is still needed, and the less
damage an incompetent or irresponsible price-maker will be able to
cause.

11. The most stable and easily sustainable price range
is probably on the order of $10 to $18 per barrel (in 1982
constant dollars), delivered to the world's major consuming
regions.

Unlike pre-1973 prices, the $10-to-$18 price range is high enough
to cover the cost of mining and transporting coal, and of burning it in
an environmentally acceptable fashion, almost but not quite everywhere
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in the world. These prices are also high enough to justify shipping
liguefied natural gas (LNG) from any low-cost gas-producing area near
tidewater to almost any port in the world, and to justify building
transcontinental natural-gas pipelines (though maybe not the Alaska or
Yamal pipelines). Prices in this range would still leave oil holding a
significant fraction of the markets for' electric-utility and industrial
boiler fuels and for petrochemical feedstocks. Any price excursion
outside of this range; however, would still carry the threat of steep
price fluctuations further away from, or substantially overshooting, any
attainable equilibrium.

History offers some empirical support for the viability of a long-
term world oil price in the $10-to-$18 range. Over 110 years of crude-
oil price records in the United States, the average price in 1982 dollars
has been almost exactly $13 per barrel and, despite an average
constant-dollar price fluctuation of more than 20 percent per year, no
long-term trend can be detected. (The average 1982-dollar price
between 1871 and 1925 was $12.96 per barrel, and the average price
between 1926 and 1980 was $13.04 per barrel.) Thus, the safest guess
as to the average crude-oi! price over (say) the next 25 years may be
about $13 per barrel in 1982 dollars. However —

12. These generalizations do not warrant a forecast of
a $13 price or any other specific price at any specific
future time.

In the absence of a secure mechanism for getting world oil prices
into this range and keeping them there for several years, cind in the
absence of a competent and responsible successor to the Texas Railroad
Commission, the prospect is for wide and unforeseeable fluctuations in
world oil prices, like those that occurred before the TRC took control
in the mid-1930s. The managing director of Royal Dutch Shell, D. de
Bruyne, summarized the new outlook well when he wrote thj& "we are
in for a period of severe and unpredictable discontinuities.” ' The most
ambitious forecast we dare make with any confidence is that —
without some new market-ordering mechanism, which is not now in
sight ---

13. World oil prices will fluctuate both randomly and
cyclically. In any given future year, however, the most
likely price will be Tar below 1979-1982 levels.

In summary, there is no basis in geology, resource-economics or
history for predicting a never-ending increase in the real price of oil.
Private investments and governmental institutions founded on that
proposition are sure losnrs.
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*Connie C Barlow, Michelle Celarier, Gregg K Erickson, and Samuel A Van
Vactor all helped develop the concepts in this paper and clarify their
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expression; M A Adelman prg/vided useful corrections and suggestions.

1. "OPEC Will Survive', Oilman Hammer Says."

Seattle Post-Intelligencer, July 12, 1982, p BS.

2. For the history of oil conservation and the rise of the Texas Railroad
Commission, see Wallace F Lovejoy and Paul T Homan, Economic
Aspects of Oil Conservation Regulation, (Baltimore:
University Press, 1967), pp 33-57, and Stephen L McDonald, Petroleum
Conservation in the United States: An Economic Analysis, (Baltimore:

The Johns Hopkins University Press, 1971), pp 29-55.

3. From the July 1882 Scientfic American:

4. For the history of import controls, including the influence of the Texas
Railroad Commission on import policy, see M A Adelman, The World

Petroleum Market (Baltimore: The Johns Hopkins University Press,

The history of the discoveries in the Pennsylvania oil
fields has been one of a series of disappointments to the
producers. From 1866 to 1872 the price per barrel averaged
from $4 to $5, and the producers were making money
rapidly. Then the field in Butler County was struck, and
from that day to this the production has been greater than
the consumption. Then came the Bullion pool with its 2,000-
alid 3,000-barrel wells, which forced the price down to
$1.50. This field was soon exhausted, and better times for
the producers were at hand when the Bradford field, the
largest in extent ever known, was opened. Then Bradford
began taxiecllne and again a silver lining was seen, but again
disiappolntment came.

In May of last year' the first well was struck in
Allegany County, New York, and a new field was opened
that soon more than made up for the decline. Then was the
great n646n well struck, and with it followed disaster to the
owners of wells generally, and lower-priced oil than since
the summer of 1874, when for a time it sold for 45 cents a
barrel. Where the next field will be is only a matter of
conjecture.

1972), pp 150-154.

Alaska Energy Planning
10/26/82

Page

88

Associated Press story in

The Johns Hopkins



5. Lovejoy and Homan, op cit, pp 265-285, and the Cabinet Task Force on
OiJ Import Control, The Oil Import Question (Washington: US Govern-
ment Printing Office, 1970). pp 24, 121, 216, 242-246.

6. Adelman, op cit. For a history of oil prices during the entire era, see pp
131-191.

7. M A Adelman, "Coping with Supply Insecurity,” The Energy Journal,
October 1982, pp 1-16.

3. On the role and operation of spot markets, see Paul H Frankel, Topical
Problems (London: Petroleum Economics, Ltd), July/August 1973, p Xxx,
January/February 1976, p iv and June 1979, p xvii-xviii.

©

. Estimated proved reserves as of January 1, 1982 can be found in Robert z
Enright, "Worldwide Report,” Oil and Gas Journal, December 28, 1981,
p 86. The Journal lists Saudi Arabia's proved reserves as 164.6 billion.
John Blair in The Control of Oil (New York: Vantage, 1978), pp 18-19,
quotes Yamani as saying that "Saudi Arabia's 'true reserves' are more
than two and a half times the 'ultra conservative numbers' at which
‘proved reserves' were being carried."”

In 1972,, James Akins, then US Ambassador to Saudi Arabia, told
Senator Mike Gravel and one of the authors that Saudi Arabia's reserves
were "realistically” at least 700 billion barrels and "probably closer to a
trillion." At a Central Intelligence Agency briefing one of us attended
in 1975, an Agency spokesman gave almost the same estimates (likely
from a common source) of the ultimate reserves in the known fields in
Saudi Arabia. He added that Iraq's reserves were probably "almost as
big".

For our present purposis it doesn't matter which of these reserve
estimates is the most realistic — even the most conservative of them
implies that Saudi Arabia is physically capable of producing consider-
ably more than 20 mi.’lion barrels per day without any new discoveries.

10. See, for example, the remarks of Jahangir Amuzegar, Iranian Ambassa-
dor-at-Largc and sometime petroleum minister, at a 19~5 Salomon
Brothers conference in London (World Petroleum: The Economics of
Current Pricing and Supply Policies. London: Salbro Press 1976, p 30):

Notwithstanding Western calculations and projections
to the contrary, OPEC members believe that their c
reserves underground will be worth more in the fut ire
compared to the present — even with accumulated returns
on the invested revenues.

Adelman makes a plausible case that this notion is economically
fallacious and, by implication, cynical and deliberately misleading. (M
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A Adelman, "OPEC as a Cartel”™ in Griffin and Teece, OPEC Behavior
and World Oil Prices, pp 38-53)

However, Adelman's argument that oil reserves never earned as
much as financial investments rests on discount rates that reflect the
short life-expectancies of governments in Third World oil-exporting
countries. This approach ignores the ideological content of national
policy in such countries. Economic policy in most OPEC nations is
either made by nationalist bureaucrats who view their nations as
something different from the present government, or by heads of state
who believe that their persons are identical with the nation, which is
itself immortal: Either case results in lower discount rates and longer
amortization periods than Adelman assumes for a non-ideological world.

Adelman's analysis also virtually dismisses the specific ideologica
role played by the concept of oil-reserves as a long-term investment.
OPEC spokesmen were doubtless sincere when they insisted that the
asset-value of their resources was appreciating at a higher rate than
the real rate of return on risk-free financial investments. My ground
for accepting such professions at face value stems both from personal
contact with high-placed and lowly Believers, and from the fact that it
was in the oil-exporters’ interest that they and their customers both
believe their motives were something more honorable than greed, and
their production-scheduling was built on something more substantial
than simple opportunism.

At the same 1975 conference one of us directly addressed
Amuzegar's 1975 argument and anticipated Adelman's 1981 argument:

To Karl Marx, who gave us the concept, "ideology" was
a body of doctrine that provided a religious, moral, or
scientific cloak to self-interest. Ideology is in the first
place a political weapon: if .they believe in it, its sponsors
can draw from it moral fervor and confidence of SuccCess.
And an effective ideology can also captivate or neutralize
its adversaries. Believing one's own propaganda uncritically
(or that of one's opponents) has, however, led to some
remarkable foolishness, as various Crusades from the Middle
Ages to Vietnam have shown.

| suppose that my message today is not to take OPEC's
rhetoric too seriously, nor the opposing rhetoric . . . The
conservationist element in OPEC doctrine deserves more
serious attention (than its profession of solidarity with the
poor and exploited everywhere), particularly as it is a notion
shared by a rich, industrialized non-OPEC oil producer like
Canada and by a variety of environmentalists and Malthu-
sian doomsayers in all of the rich countries. The common
theme of all these parties is that mankind ought to keep its
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cheapest energy J,urce, petroleum, in the ground because it
will be more valuable in the future than it is today.

This proposition cannot be dismissed out of hand.
There may well be some producing country or countries with
reserves of only ten to fifteen times current production,
without the hope of major new discoveries and with only
limited opportunities for productive investment at home.
Such a country could reasonably estimate the so-called user
cost of its petroleum — the present value of future
production given up by producing today — to be as great or
greater than the current world price. Such a country might
reasonably believe, in other words, that its oil could appre-
ciate in value over the average life of its reserves at a
higher rate than the rats of earnings on risk-free foreign
investment. Or it may believe that the risks — market and
political — of al* foreign investments are so great that
they make speculation in oil inventories at home a more
prudent investment.

I am not certain there is such a country — but that
country surely is not Iran or Venezuela, whose ability to
absorb foreign exchange in profitable domestic investment
ventures is insatiable, nor is it Saudi Arabia, whose potential
reserves are so huge that the present value of a barrel of oil
not produced today is truly negligible.

No, to each of these countries, limiting production is
rational not because its oil will be more valuable in the
future but because less production means higher prices
today. Conservation, however, sounds more nchle in the
producers' own ears than maximization of monopoly profit,
and it appeals to a fashionable intellectual current in the
rich consuming nations. The conservationist rhetoric is,
therefore, a particularly effective ideological weapon of the
cartel, (emphasis added)(A R Tussing, discussant, comments
on speeches by Chief M O Feyide, Secretary-General of
OPEC; Amuzegar; T O Enders, US Assistant Secretary of
State for Economic Affairs; Adelman; and P T Frankel,
Director of Petroleum Economics Ltd., op cit, pp 41-7if)

We need not be overly skeptical about the OPEC nations' belief in
a doctrine that helped enrich them, when the same doctrine was
believed by so many statesmen and scholars (including the majority of
"energy economists") in Europe and America, who used it to rationalize
policies that helped impoverish their own nations.

12. Youssef M Ibrahim, "Saudi RoJe in OPEC Under Siege" in The Wall Street
Journal, July 21, 1982, p 33.
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13. "Oil Nation Warns its Partners", Associated Press story in the Seattle
Post-Intelligencer, July 8, 1982, p B9. On Saudi Arabia's threats, se

Platt's Qilgram, July 13, 1982, p 1A.

14. D. de Bruyne, quoted in Petroleum Intelligence Weekly, June 14, 1982, p
81
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