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18 - ECONOMIC AND FINANCIAL EVALUATION

18.1 - Economic Evaluation

(a)

(b)

Introduction

This section provides a discussion of the key economic parameters used in
the study and develops the net economic benefits stemming from the Susitna
hydroelectric project. Section 18.1 (b) deals with those economic princi-
ples relevant to the analysis of net economic benefits and develops infla-
tion and discount rates and the Alaskan opportunity values (shadow prices)
of 0il, natural gas and coal. In particular the analysis is focused on the
longer-term prospects for coal markets and prices. This follows from the
evaluation that, in the absence of Susitna, the next-best thermal
generation plan would rely on substantial and sustained exploitation of
Alaska's coal resources. The future coal price is therefore examined in
considerable detail to provide rigorous estimates of prices in the most
Tikely alternative markets and hence the market price of coal at the
mine-head within the state.

Section 18.1 (c) presents the net economic benefits of the proposed hydro-
electric power investments compared with this thermal alternative. These
are measured in terms of present-valued differences between Susitna and
non-Susitna system costs. Recognizing that even the most careful estimates
will be surrounded by a degree of uncertainty, the benefit-cost assessments
are also carried out in a probabilistic framework as shown in Section 18.2.
The analysis therefore provides both a most 1ikely estimate of net economic
benefits accruing to the state and a range of net economic benefits that
can be expected with a Tikelihood (confidence level) of 95 percent or

more.

Economic Principles and Parameters

(i) Economic Principles - Concept of Net Economic Benefits

A necessary condition for maximizing the increase in state income
and economic growth is the selection of public or private
investments with the highest present-valued net benefits to the
state. In the context of Alaskan electric power investments, the
net benefits are defined as the difference between the costs of
optimal Susitna-inclusive and Susitna-exclusive (predominantly
thermal) generation plans.

The energy costs of power generation are initially measured in terms
of opportunity values or shadow prices which may differ from
accounting or market prices currently prevailing in the state. The
concept and use of opportunity values is fundamental to the optimal
allocation of scarce resources. Energy investment decisions should
not be made solely on the basis of accounting prices in the state

18-1
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if the international value of traded energy commodities such as coal
and gas diverge from local market prices. (This divergence may be
due in part to institutional and contractual constraints, or gaps
between marginal and average energy costs in Alaska.)

The choice of a time horizon is also crucial. If a short-term
planning period is selected, the investment rankings and choices
will differ markedly from those obtained through a long-term
perspective. In other words, the benefit-cost analysis would point
to different generation expansion plans depending on the selected
planning period. A short-term optimization of state income would,
at best, allow only a moderate growth in fixed capital formation; at
worst it would lead to underinvestment in not only the energy sector
but also in other infrastructure facilities such as roads, airports,
hospitals, schools, and telecommunications.

It therefore follows that the Susitna project, as other Alaskan
investments, should be appraised on the basis of long-run
optimization, where the long term is defined as the expected
economic life of the facility. For hydroelectric projects, this
service Tife is typically 50 years or more. The costs of a
Susitna-inclusive generation plan will be compared with the costs of
the next-best alternative which is the all-thermal generation
expansion plan and assessed over a planning period extending from
1982 to 2051, using internally consistent sets of economic scenarios
and appropriate opportunity values of Alaskan energy.

Throughout the analysis, all costs and prices are expressed in real
(inflation-adjusted) terms using January 1982 dollars. Hence the
results of the economic calculations are not sensitive to modified
assumptions concerning the rates of general price inflation. In
contrast the financial and market analyses, conducted in nominal
(inflation-inclusive) terms, will be influenced by the rate of
general price inflation from 1982 to 2051.

Price Inflation and Discount Rates

< General Price Inflation

Despite the fact that the price level is generally higher in
Alaska than in the Lower 48, there is little difference in the
comparative rates of price changes; i.e., price inflation.

Between 1970 and 1978, for example, the U.S. and Anchorage
consumer price indexes rose at annual rates of 6.9 and 7.1 percent
respectively. From 1977 to 1978, the differential was even
smaller: consumer prices increased by 8.8 percent and 8.7 percent
in the U.S. and Anchorage. (1)

Forecasts of Alaskan prices extend only to 1986. (2) These indi-
cate an average rate of increase of 8.7 percent from 1980 to 1986.
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For the longer period between 1986 and 2010, it is assumed that
Alaskan prices will escalate at the overall U.S. rate, or at 5 to
7 percent compounded annually. The average annual rate of price-
inflation is therefore about 7 percent between 1982 and 2010. As
this is consistent with long-term forecasts of the Consumer Price
Index (CPI) advanced by leading economic consulting organizations,
7 percent has been adopted as the study value. (3, 4)

- Discount Rates

Discount rates are required to compare and aggregate cash flows
occurring in different time periods of the planning horizon. In
essence the discount rate is a weighting factor reflecting that a
dollar received tomorrow is worth less than a dollar received
today. This holds even in an inflation-free economy as long as
the productivity of capital is positive. In other words, the
value of a dollar received in the future must be deflated to re-
flect its earning power foregone by not receiving it today. The
use of discount rates extends to both real dollar (economic) and
escalated dollar (financial) evaluations, with corresponding
inflation-adjusted (real) and inflation-inclusive (nominal)
values.

. Real Discount and Interest Rates

Several approaches have been suggested for estimating the real

-discount rate applicable to public projects {(or to private pro-
jects from the public perspective). Three common alternatives

include:

.. the social opportunity cost (SOC) rate,

.. the social time preference (STP) rate, and

.. the government's real borrowing rate or the real cost of debt
capital. (5, 6, 7)

The SOC rate measures the real social return (before taxes and
subsidies) that capital funds could earn in alternative invest-
ments.

If, for example, the marginal capital investment in Alaska has
an estimated social yield of X percent, the Susitna hydroelec-
tric project should be appraised using the X percent measure of
“foregone returns" or opportunity costs. A shortcoming of this
concept is the difficulty inherent in determining the nature and
yields of the foregone investments.

The STP rate measures society's preferences for allocating re-
sources between investment and consumption. This approach is
also fraught with practical measurement difficulties since a
wide range of STP rates may be inferred from market interest
rates and socially-desirable rates of investment.




A sub-set of STP rates used in project evaluations is the
owner's real cost of borrowing; that is, the real cost of debt
capital. This industrial or government borrowing rate may be
readily measured and provides a starting point for determining
project-specific discount rates. For example, long-term indus-
trial bond rates have averaged about 2 to 3 percent in the US in
real (inflation-adjusted) terms. (3, 8) Forecasts of real
interest rates show average values of about 3 percent and 2
percent in the periods 1985 to 1990 and 1990 to 2000,
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. (24) Therefore, a real rate of 3 percent has been
adopted as the base case discount and interest rate for the
period 1982 to 2040.

. Nominal Discount and Interest Rates

The nominal discount and interest rates are derived from the
real values and the anticipated rate of general price inflation.
Given a 3 percent real discount rate and a 7 percent rate of
price inflation, the nominal_discount rate is determined as 10.2
percent or about 10 percent.

(iii) 011 and Gas Prices

- 011 Prices

. Opportunity Value of Fuel 0il

In the base period (January 1982), the Alaskan 1982 dollar price
of No. 2 fuel o0il is estimated at $8.65/MMBtu.

Long-term trends in oil prices will be influenced by events that
are economic, political and technological in nature, including
the following, to name only a few

.. growth rates in the developed world's economies

.. rates of addition to currently-proven o0il reserves

.. rate of economic development in the Third World and growth in
its per capita energy consumption

.. rates of substitution from oil to non-o0il energy sources,
depending on (among others) the cost competitiveness of
synthetic and biomass fuels and new energy conversion
technologies such as breeder reactors and laser fusion

(1 + the real rate) x (1 + the inflation rate).
1.03 x 1.07, or 1.102

18-4
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.. political stability in OPEC and especially OAPEC countries

.. shifts in the balance of power in the Middle East, Southeast
Asia, North and West Africa, and South America.

A survey of forecasts has identified the following projections
for world oil prices

.. Data Resources Incorporated, (9): 2 percent (1981-1990)
.. World Bank, January 1981 (10): 3.2 percent (1981-1990)

.. US Department of Energy, Energy Information Administration,
Winter 1980 (11): 1.5 percent (low), 3.4 percent (medium),
5.6 percent (high) (1980-2000)

.. National Energy Board of Canada, Ottawa, Canada, October 1981
(12): Zero percent to 2 percent (1980-2000).

Clearly, a wide range of oil price futures may be postulated.
This uncertainty surrounding energy price projections calls for
the development of several scenarios in a probabilistic frame-
work. Recognizing that probabilistic analysis is required,
three o0il price futures and associated probabilities have been
estimated for the period 1982 to 2040, as shown in Table 18.1.1.

The current softness in world oil markets reflects recessionary
conditions in the major oil importing nations. In view of
forecasts pointing to a mid-1982 recovery, and a sustained
growth in the economics of the industrialized world, Acres has
developed the following oil price scenario.

In the most 1ikely (medium) scenario, real oil prices are
expected to escalate at 2 percent and 1 percent in the intervals
1982 to 2000 and 2000 to 2040 respectively. In the case of low
prices, there is zero escalation in the planning period, and in
the high price scenario, the real growth rates are 4 percent
(1982 to 2000) and 2 percent (2000 to 2040).

Battelle Analysis and Acres Study Values

The generation planning (0GP) analysis has adopted the Battelle

values for forecast oil prices as shown in Table 18.1.2. These

values reflect a 2 percent annual real growth in oil prices- from
1982 to 2010.

- Gas Prices

Alaskan gas prices have been forecast using both export oppor-
tunity values (netting back CIF prices from Japan to Cook Inlet)
and domestic market prices as likely to be faced in the future by
Alaskan electric utilities.

18-5



. Opportunity Value of Natural Gas

In 1980, 5 percent of Japan's imports of LNG were provided by
Alaska at prices competitive with Japan's three other suppliers
(13). Japan provides a relatively stable future market for LNG,
given its "lack of substantial domestic gas supplies and their
great distance from any possible pipeline routes". (14) Japan
also appears to be willing to agree to higher charges than most
importers for the guarantee of uninterrupted supply. (14)

The opportunity cost of Alaskan natural gas is determined by the
best alternative use for the gas, and the above factors indicate
that the Japanese market provides the best alternative, both
today and as a reliable future source of revenues to Alaska. It
should be noted however, that the opportunity value may not be
realized if current indications of Timited Cook Inlet reserves
are confirmed.

.. Current Pricing Trends

Table 18.1.3 illustrates the prices paid for Alaskan LNG, CIF
Japan over the period 1975 to April 1980. These prices
indicate an average annual growth rate of 27 percent. Prices
vary widely even from month to month. "In May 1980, for
instance, Japan was paying CIF prices of $5.53 for Alaskan
LNG." (15) As of May 1981, LNG deliveries in Japan could
command a price of $6.30/MMBtu (CIF). (16)

The opportunity value of Alaskan gas is based on the poten-
tial delivered price minus the costs of liquefying and trans-
porting the gas, that is, the plant-gate price. Based on
previous Acres studies of transporting LNG over a similar
distance, the Alaskan plant-gate price would be about
$4.65/MMBtu in January 1982 dollars, with Tiquefaction and
Er??spo;tation representing about $2.10/MMBtu (1982

ollars).

.. Natural Gas Price Forecasts

Future international prices of natural gas will depend to a
large extent on the development of the supply market. Vari-
ous factors have been hindering this development, such as:

.. the high cost and long lead times involved in putting
export projects on-stream

.. the prohibitive cost of transport (as much as five times
that of o0il)

.. specific importers and markets must be identified and de-
pended on

.. 1imited flexibility in the network. (For example, some
LNG tankers may be incompatible with certain liquefaction
projects.) (15)

- 18-6
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In order for the natural gas market to develop to its full
potential, prices must be high enough to stimulate the supply
market. Considering the long-term potential which is created
by higher prices, natural gas price forecasts should not be
unduly influenced by short-term slow growth demand patterns.

In fact, even in the short term prices are tending to
gravitate towards parity with crude oil. Algeria and Libya
have pushed for FOB parity with crude prices, while

Abu Dhabi, for example, has called for CIF equivalence. In
particular, deliveries of LNG to Japan from Alaska and Brunei
have both been officially set at parity with the average
Tanded cost of crude in Japan since April. (15)

Given these current trends, long-term forecasts of natural
gas prices tend to assume that future gas prices will grow at
approximately the same rate as crude oil prices. (9, 13)
Accordingly, the natural gas pricing and probability
scenarios developed in this section, follow closely the crude
0il prices scenarios.

Based on these considerations, Table 18.1.4 shows the
probabilities of low, medium, and high gas prices conditional
on the three o0il price scenarios developed above. The most
1ikely (medium) price scenario, as well as the Tow and high
price cases and corresponding probabilities, are shown in
Table 18.1.5. In the most 1ikely case, with a probability of
46 percent, the Alaskan opportunity values escalate at 2.7
percent (1982 to 2000) and 1.2 percent (2000 to 2040). This
results from CIF prices (in Japan) that grow at 2 percent
(1982 to 2000) and 1 percent (2000 to 2040) and from shipping
costs that are constant in real terms. The Cook Inlet
opportunity value rises from $4.65 (1982) to $12.26 (2040)
measured in 1982 dollars.

The low and high price cases have equal probabilities of 27
percent. In the low case, the CIF prices remain constant in
real terms, and in the high case the CIF prices grow at real
rates of 4 percent (1982 to 2000) and 2 percent %2000 to
2040).

. Domestic Market Prices {Supplied by Battelle)

In contrast to the shadow prices or opportunity values discussed
above, the gas prices estimated by Battelle and used in the base

case Optimized Generation Planning (0GP) analysis reflect actual
and forecast domestic market prices facing Alaskan electric
utilities. These year-by-year prices are shown in Table 18.1.6
based on volume-weighted prices applying to CEA and AMLP. The
differences between the opportunity values and domestic market
prices are significant; by 1990 and 2000 for example, the export

18-7




(iv)

opportunity values are expected to exceed domestic prices by 324
percent and 85 percent respectively. Acceptance of the Tower
values are apparently based on the conclusion that Cook Inlet
reserves would remain insufficient to serve new export markets.

Coal Prices

- Introduction

The shadow price or opportunity value of Beluga and Healy coal is
the delivered price in alternative markets less the cost of trans-
portation to those markets. The most 1ikely alternative demand
for thermal coal is the East Asian market, principally Japan,
South Korea, and Taiwan. The development of 60-year forecasts of
coal prices in these markets is conditional on the substitution
potential of coal and the procurement policies of the importing
nations. These factors, in turn, are influenced to a large extent
by the price movements of crude oil.

Coal price forecasts which are based solely on production costs
overlook these important factors. In fact, there are indications
that "economic rents" (that is, a price that exceeds production
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, o0il price increases induce increased demand for coal,
thus exerting upward pressure on coal prices. Market imperfec-
tions may exist which inhibit the Tong-term supply response ef-
fects on consumer coal prices. Therefore, coal price forecasts
cannot be based on production costs alone, they must also reflect
the influence of both 0il price movements and procurement
policies. Historical trends support these observations.

Historical Trends

Historically it has been observed that export prices of coal are
highly correlated with oil prices, and that production cost analy-
sis has not predicted accurately the level of coal prices. Even
if the production cost forecast itself is accurate, it will estab-
Tish a minimum coal price, rather than the market clearing price

set by both supply and demand conditions.

. In real terms export prices of U.S. coal showed a 94 percent and
92 pegcent correlation with o0il prices 1950 to 1979 and 1972 to
1979. '

. Supply function (production cost) analysis, has estimated
Canadian coal at a price of $23.70 (1980 US $/ton) for S.E.
British Columbia (B.C.) coking coal, FOB Roberts Bank, B.C.,

2 Analysis is based on data from the World Bank. (17)

18-8
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Canada. (18, 23) 1In fact, Kaiser Resources (now B.C. Coal Ltd.)
has signed agreements with Japan at an FOB price of about $47.50
(1980 US $/ton). (19) This is 100 percent more than the price
estimate based on production costs.

. The same comparison for Canadian B.C. thermal coal indicates
that the expected price of $55.00 (1981 Can $) per metric ton
(2,200 pounds) or about $37.00 (1980 US $) per ton would be 60
peycent above estimates founded on production costs. (18, 19,
23).

. In Tonger-term coal export contracts, there has been provision
for reviewing the base price (regardless of escalation clauses)
if significant developments occur in pricing or markets. That
is, prices may respond to market conditions even before the ex-
piry of the contract.3

. Energy-importing nations in Asia, especially Japan, have a
stated policy of diversified procurement for their coal sup-
plies. They will not buy only from the lowest-cost supplier (as
would be the case in a perfectly competitive model of coal
trade) but instead will pay a risk premium to ensure security of

supply.

Observation of historical coal price trends reveals that FOB and
CIF prices have escalated at annual real rates of 1.5 percent to
6.3 percent as shown below:

. Coal prices (bituminous, export unit value, FOB U.S. ports) grew ’
at real annual rates of 1.5 percent (1950 to 1979) and 2.8
percent (1972 to 1979). (17)

. In Alaska, the price of thermal coal sold to the GVEA utility
advanced at real rates of 2.2 percent (1965 to 1978) and 2.3
percent (1970 to 1978).

. In Japan, the average CIF prices of steam coal experienced real
escalation rates of 6.3 percent per year in the period 1977 to
1981. (20, 21) This represents an increase in the average price
from approximately $35.22 per metric ton (mt) in 1977 to about
$67.63/mt in 1981.

Survey of Forecasts

Data Resources Incorporated is projecting an average annual real
growth rate of 2.6 percent for U.S. coal prices in the period 1981
to 2000. (19) The World Bank has forecast that the real price of
steam coal would advance at approximately the same rate as oil
prices (3 percent per year) in the period 1980 to 1990. (10)
Canadian Resourcecon Ltd. has recently forecast growth rates of 2
percent

3 This clause forms part of the recently-concluded agreement between Denison
Mines and Teck Corporation and Japanese steel makers.

18-9
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to 4 percent (1980 to 2010) for sub-bituminous and bituminous
steam coal. (22)

- Opportunity Value of Alaskan Coal

. Delivered Prices, CIF Japan

Based on these considerations, the shadow price of coal (CIF
pr1ce in Japan) was forecast us1ng conditional probabilities
given low, medium and high o0il price scenarios. Table 18.1.7
depicts the estimated coal price growth rates and their associ-
ated probabilities, given the three sets of oil prices. Combin-
ing these probabilities with those attached to the oil price
‘cases yields the following coal price scenarios, CIF Japan.

Scenario Probability Real Price Growth

Medium 49 percent 2 percent (1982-2000)
(most 1ikely) 1 percent (2000-2040)
Low | 24 percent 0 percent (1982-2040)
High 27 percent 4 percent (1982-2000)

2 percent (2000-2040)

The 1982 hase period price was initially estimated using the
data from the Battelle Beluga Market Study. (18) Based on this
study, a sample of 1980 spot prices (averaging $1.66/MMBtu) was
escalated to January 1982 to provide a start1ng value of
$1.95/MMBtu in January 1982 dollars.4

As more recent and more complete coal import price statistics
became available, this extrapolation of the 1980 sample was
found to give a significant underestimate of actual CIF prices.
By late 1981, Japan's average import price of steam coal reached
$2.96/MMBtu.5 An important sensitivity case was therefore
developed reflecting these updated actual CIF prices. The
updated base period value of $2.96 was reduced by 10 percent to
$2.66 to recognize the price discount dictated by quality _

—— - -differentials between Alaska coal and other sources of Japanese

4 The escalation factor was 1.03 x 1.14, where 3 percent is the forecast real
growth in prices (mid-1980 to January 1982) at an annual rate of 2 percent,
and 14 percent is the 18-month increase if the CPI is used to convert from
mid-1980 dollars to January 1982 dollars.

5 As reported by Coal Week International in October 1981, the average CIF
value of steam coal was $75.50/mt. At an average heat value of 11,500 Btu/1b,
this is equivalent to $2.96/MMBtu.
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coal imports, as estimated by Battelle. (18) Tables 18.1.8 and
18.1.9 illustrate the range of recent CIF and FOB prices of
steam coal imports to Japan.

. Opportunity Values in Alaska

.. Base Case - Battelle-based CIF Prices,
No Export Potential for Healy Coal

Transportation costs of $0.52/MMBtu were subtracted from the
initially estimated CIF price of $1.95 to determine the op-
portunity value of Beluga coal at Anchorage. In January 1982
dollars, this base period net-back price is therefore
$1.43/MMBtu. In subsequent years, the opportunity value is
derived as the difference between the escalated CIF price and
the transportation cost (estimated to be constant in real
terms). The real growth rate in these FOB prices is
determined residually from the forecast opportunity values.
In the medium (most 1ikely) case the Beluga opportunity
values escalate at annual rates of 2.6 percent and 1.2
percent during the intervals 1982 to 2000 and 2000 to 2040
respectively.

For Healy coal, it was estimated that the base period price
of $1.75/MMBtu (at Healy) would also escalate at 2.6 percent
(to 2000) and 1.2 percent (2000 to 2040). Adding the esca-
lated cost of transportation from Healy to Nenana results in
a January 1982 price of $1.75/MMBtu.b

In subsequent years, the cost of transportation, of which 30
percent is represented by fuel cost {which escalates at 2
percent), is added to the Healy price resulting in Nenana
prices that grow at real rates of 2.3 percent (1982 to 2000)
and 1.1 percent (2000 to 2040).

.. Sensitivity Case - Updated CIF Prices,
Export Potential for Healy Coal

The updated CIF price of steam coal ($2.66/MMBtu after ad-
justing for quality differentials) was reduced by shipping
costs from Healy and Beluga to Japan to yield Alaskan oppor-
tunity values. In January 1982, prices are $2.08 and
$1.74/MMBtu at Anchorage and Nenana respectively. The
differences between escalated CIF prices and shipping costs
result in FOB prices that have real growth rates of 2.5
percent and 1.2 percent for Beluga coal and 2.7 percent and
1.2 percent for Healy coal (at Nenana). Table 18.1.10 shows
details of these CIF and FOB prices under the three coal
price scenarios. Table 18.1.11 summarizes the coal
opportqnity values in each of the two cases and three
scenarios.

6 Transportation costs are based on Battelle. (18, 23)
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(c)

(v)

Generation Planning Analysis - Study Values

Based on the considerations presented in Sections (i) through (iv)
above, a consistent set of fuel prices was assembled for the base
case probabilistic OGP analysis, as shown in Table 18.1.12. The
study values include probabilities for the low, medium and high fuel
price scenarios. The probabilities are common for the three fuels
(0i1, gas and coal) within each scenario in order to keep the number
of generation planning runs to manageable size. In the case of the
natural gas prices, domestic market prices were selected for the
base case analysis with the export opportunity values used in
sensitivity runs. The base period value of $3 was derived by
deflating the 1996 Battelle prices to 1982 by 2.5 percent per year.
Coal prices were also selected from the base case using Battelle's
1980 sample of prices as the starting point, with.the updated CIF
prices of coal reserved for sensitivity runs. 0il prices have been
escalated by 2 percent (1982-2040).

Analysis of Net Economic Benefits

(1)

Modeling Approach

Using the economic parameters discussed in the previous section, and
the data relating to the electrical energy generation alternatives
available for the Railbelt, an analysis was made comparing the

costs of electrical energy production with and without the Susitna
project. The primary tool for the net present worth (PW) benefit
analysis was a generation planning model (0GP) which simulates
Sggguction costs over a planning period extending from 1982 to

The method of comparing the "with" and "without" Susitna scenarios
is based on the long-term PW of total system costs. The planning
model determines the total production costs of alternative plans on
a year-by-year basis. These total costs for the period of modeling
include all costs of fuel and operation and maintenance (0&M) for
all generating units included as part of the system, and the
annualized investment costs of any generating plant and system

_transmission-added-during the period-1993 to 2010. Factors which

contribute to the ultimate consumer cost of power but which are not
included in this model are: dinvestment cost for all generating
plants in service prior to 1993, investment cost of the transmission
and distribution facilities already in service and administrative
costs of utilities. These costs are common to all scenarios and
therefore have been omitted from the study.

In order to aggregate and compare costs on a sufficiently long-term
basis, annual costs have been aggregated for the period 1993 to
2051, Costs have been computed as the sum of two components and
converted to a 1982 PW at a 3 percent real discount rate (see
Section 18.1 (b)). The first component is the 1982 PW of cost
output from the first 18 years of model simulation from 1993 to
2010, The second component is the estimated PW of long-term system
costs, from 2011 to 2051.
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(i1)

For an assumed set of economic parameters as a particular generation
alternative the first element of the PW value represents the amount
of cash (not including those costs noted above) needed in 1982 to
meet electrical production needs in the Railbelt for the period
1993-2010. The second element of the aggregated PW value is the
long-term (2011-2051) PW estimate of production costs. In consider-
ing the value to the system of the addition of a hydroelectric power
plant, which has a useful 1ife of approximately 50 years, the
shorter study period would be inadequate. A hydroelectric plant
which is added in 1993 or 2002 would accrue PW benefits for only 17
or 9 years respectively using an investment horizon that extends to
2010. However, to model the system for an additional 40 years it
would be necessary to develop future load forecasts and generation
alternatives which are beyond the realm of any prudent projections.
For this reason, it has been assumed that the production costs for
the final study year (2010) would simply reoccur for an additional
41 years, and the PW of these was added to the 18 year PW
(1993-2010), to establish the long-term cost differences between
methods of power generation.

Base Case Analysis

- Pattern of Investments "With" and "Without" Susitna

The base case comparison of the "with" and "without" Susitna plans
is based on an assessment of PW of production costs as outlined in
18 (c¢) (i) for the period 1993-2051, using mid-range values for
the energy demand and load forecast, fuel prices, fuel price
escalation rates, capital costs and capital cost escalation rates.
Load forecasts, fuel prices, and constructiop costs are analyzed
in Chapter 5, 18.1 (b), and 16, respectively’/. As discussed in
Section 18.1 (b), a real interest and discount rate of 3 percent
is used.

The Susitna plan calls for 680 MW of generating capacity at Watana
to be available to the system in 1993. Although the project may
come on-line in stages during the year, for modeling purposes,
full load generating capability is assumed to be available for the
entire year. In the second stage of Susitna, the Devil Canyon
project is scheduled to come on-line in 2002. The optimum timing
for the addition of Devil Canyon was tested for earlier and later
dates. Addition in the year 2002 was found to result in the
Towest long-term cost. Devil Canyon will have 600 MW of installed
capacity. - ’

The "without" Susitna plan is discussed in Section 6.7 and
includes three 200 MW coal-fired plants added in Beluga in 1993,

7 References ig_Feasib111ty Report
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1994, and 2007. A 200 MW unit is added at Nenana in 1996. In
addition, nine 70 MW gas-fired combustion turbines (GT's) are
added during the 1997-2010 period.

Base Case Net Economic Benefits

The economic comparison of the base plan alternatives is shown in
Table 18.1.13. During the 1993-2010 study period the 1982 PW cost
for the Susitna plan is $3.119 billion. The annual production
cost in 2010 is $0.385 billion. The present worth of this level
cost which remains virtually constant, for a period extending to
the end of the 1ife of the Devil Canyon plant, say 2051, is $3.943
billion. The resulting total cost of the "with" Susitna plan is
$7.06 billion (1982 dollars), present valued to 1982.

The non-Susitna plan modeled has a 1982 PW cost of $3.213 billion
for the 1993-2010 period, with a 2010 annual cost of $0.491
billion. The total long-term cost has a PW of $8.24 billion.
Therefore, the net economic benefit of adopting the Susitna plan
is $1.18 billion. In other words, the present-valued cost
difference between the Susitna plan and the expansion plan, based
on thermal plant addition, is $1.8 billion (1982 dollars). This
is equivalent to a net economic benefit of $2,700 per capita for
the 1982 population of Alaska. Expressed in 1993 dollars (i.e.,
at the on-line date of Watana), the net benefits would have a
levelized value of $2.48 billion.

It is noted that the magnitude of net economic benefits ($1.18
billion) is not particularly sensitive to alternative assumptions
concerning the overall rate of price inflation as measured by the
CPI. The analysis has been carried out in real (inflation-
adjusted) terms. Therefore, the present-valued cost savings will
remain close to $1.18 billion regardless of CPI movements, as long
as the real (inflation-adjusted) discount and interest rates are
maintained at 3 percent.

Test of Internal Rate of Return

- The Susitnaproject"s-internal rate of return (IRR) (i.e., the
real (inflation-adjusted) discount rate at which the "with"
Susitna plan has a zero net economic benefit, or the discount rate
at which the costs of the "with" Susitna and the "alternative"
plans are equal) has also been determined. The IRR is about 4.1
percent in real terms, and 11.4 percent in nominal (inflation-
inclusive) terms.

8 $1.118 billion times 2.105, where 2.105 is the general price inflation index
for the period 1982 to 1993.
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It is emphasized that these net economic benefits and the rate of
return stemming from the Susitna project are inherently conserva-
tive estimates caused by several assumptions used in the OGP
analyses for:

. Zero Growth in Long-term Costs

From 2010 to 2051, the OGP analysis assumed constant annual pro-
duction costs in both the Susitna and the non-Susitna plans.
This has the effect of excluding real escalation in fuel prices
and the capital costs of thermal plant replacements, and thereby
underestimating the long-term PW costs of thermal generation
plans.

. Loss of Load Probabilities

The loss of load probability in the non-Susitna plan is calcu-
lated at 0.099 in the year 2010. This means that the system in
2010 is on the verge of adding an additional plant, and would do
so in 2011. These costs are however not included in the analy-
sis which is cutoff at 2010. On the other hand, the Susitna
plan has a loss of load probability of 0.025, and may not
require additional capacity for several years beyond 2010,

. Long-term Energy from Susitna

Some of the Susitna energy output (about 350 GWh) is still not
used by 2010. This energy output would be available to meet
future increases in projected demand in the summer months. No
benefit is attributed to this energy in the analysis.

. Equal Environmental Costs

The OGP analysis has implicity assumed equal environmental costs
for both the Susitna and the non-Susitna plans. To the extent
that the thermal generation expansion plan is expected to carry
greater economic cost savings from the Susitna project are
understated. It is conceivable that these so-called negative
externalities from coal-fired electricity generation will have
been mitigated by 1993 and beyond, as a result of the enactment
of new environmental legislation. Such government action would
simply internalize the externality by forcing up the production
and market costs of thermal power.

(iii) Sensitivity Analysis

Rather than rely on a single comparison to assess the net benefit of
the Susitna project, a sensitivity analysis has been carried out to
identify the impact of modified assumptions on the results. The
sensitivity analysis addressed the following variables:

. Load Forecast
. Real Interest and Discount Rate
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. Construction Period

. Period of Analysis

. Capital Costs

- Susitna

- Thermal Alternatives

. 0&M Costs
. Base Period Fuel Price

. Real Escalation in Capital and 0&M Costs and Fuel Prices
. System Relijability '

. Chakachamna included in non-Susitna plan

. Planned delay in Susitna project timing.

Load Forecast

Throughout the Susitna feasibility study, planning for the project
has been based on a medium growth range of capacity and energy
forecast. It has been realized that this forecast has been made
based on a centerpoint of a range of uncertainty, rather than the
actual expected occurrence. For this reason, the authorities
responsible for demand forecasting have bracketed the range with
high and Tow forecasts.

As part of the sensitivity analysis, the Susitna project has been
analyzed under scenarios that reflect these high and Tow
forecasts. The forecasts used in the analysis are the high,
medium and Tow demand forecasts provideg by Battelle based on the
%SE§ i:udies, as discussed in Section 57 and summarized in Table

Since the load forecast is the major consideration which influ-
ences the timing and size of capacity additions for the system,
the nature of the systems varies greatly depending on the fore-
casts used.

. Low Forecast

In general, the adoption of a lTower forecast requires the
installation of smaller amounts of capacity to be added at
relatively later timings in the period of study. - In-the
non-Susitna plan, only 600 MW of coal-fired units are added, in
the form of two 200 MW units in Beluga and one 200 MW unit at
Nenana. These units are added in 1995, 1997, and 2007. 1In
addition, 8 GT's with a total capacity of 560 MW are added
periodically after 1996. The pattern of capacity additions is
close to that in the medium forecast or base case, but it Tags
by several years.

The optimal timing for the addition of the Susitna units is also
changed from that adopted for the medium forecast. As shown in
Table 18.1.15, the selected staging for the project is 680 MW at

9 Reference to Feasibility Report
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Watana in 1995, with the 600 MW Devil Canyon plant coming on-
T1ine in 2004. The addition of Devil Canyon in 2007 was also
tested and resulted in a slightly higher long-term PW cost.
Watana, as a single project, was also examined, and long-term PW
costs found to be higher than those arising from the later
addition of Devil Canyon. It should be noted, however, that the
staging of the second project is not as critical as in the other
demand forecast. There is however a need for additional
capacity on the system in 2004 which Devil Canyon can satisfy.
If the project is added in that year, there is a sufficient
amount of energy (1000 GWh) which cannot be used by the system
for several years into the future.

The long-term cost of the non-Susitna plan is $6.878 billion and
that of the Susitna plan is $6.650 billion. Thus, the net
benefit to be released by proceeding with the Susitna project is
$0.228 billion.

. High Forecast

To meet the system demand under the high forecast, capacity is
needed long before 1993. Over the 10-year period prior to 1993,
it was found that an addition of nearly 500 MW of other capacity
would be needed. This could be met by the addition of a 200 MW
gas-fired combined cycle unit in 1987 and 1990, and a 70 MW gas
turbine unit in 1992. The selection of combined cycle units was
essentially the only choice available for system addition in the
1980s since the coal-fired thermal units could not be available
until 1990 because of site development and construction lead
time.

Note that the addition of these three units would be common to
both the "with" and "without" Susitna plans. Therefore, the
annual investment costs arising from capital costs expended on
these pre-1993 plans have not been included in the Tong-term PW
cost.

In the non-Susitna plan, 1000 MW of coal units would be re-
quired, with four 200 MW units at Beluga and one at Nenana. In
addition, eleven 70 MW GT units would be added. The long-term
cost of the non-Susitna plan is $10.859 billion.

For the "with" Susitna plan, Watana is added in 1993; the Devil
Canyon addition is advanced five years to 1997. In addition, a
70 MW GT unit is added in each of the years between 2006 and
2010. The Tong-term PW cost of the Susitna plan under the high
forecast is $9.247 billion. The Susitna plan therefore has a
net benefit of $1.612 billion.

- Real Interest and Discount Rate

The base case 0GP runs have been made with the interest rates set
at 3 percent in real terms. This rate has been selected on the
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basis of the analysis contained in Section 18.1 (e) above, and is
consistent with APA guidelines.

The required real return on investment will be a state policy
decision. It is realized that the state may require a rate of
return higher or lower than 3 percent. It has been considered
reasonable that the desired real rate of return could vary within

the range of 2 percent to 5 percent. The economic analysis of the

project has been carried out at real rates of 2, 3, 4 and 5
percent. The results of the evaluation are summarized in Table
18.1.15. At 2 percent, the net benefits of the Susitna project
are $2.617 billion. At the high end of the range, a 5 percent
real discount rate results in negative net benefits of $513
million. The "breakeven" discount rate or IRR is about 4.1
percent in real terms.

- Construction Period

Variability on the construction period has the impact of
increasing interest during construction charges. Using economic

parameters, the interest during construction is small and does not

increase significantly as the construction period is extended by
one or two years. Should a project be delayed several years,
alternative forms of generation may be required in place of the

planned unit. However, this change would not significantly impact

on the generation planning analysis since the alternative unit

would, most likely, be a 70 MW gas turbine which has 1ittle impact

on the long-term PW cost if only operated for a 1imited number of
years until the larger generating plant comes on-line. The

- construction schedule for Susitna has been analyzed in detail in
the study risk assessment described in Chapter 18.2.

- Period of Analysis

The system planning period over which the 0GP model was used
extended from 1982 to 2010, the same period covered by the system
demand forecasting model. However, the Susitna project is added
to the system with Watana on-Tine in 1993 and Devil Canyon in

2002, _Large hydroelectric projects of the size-and nature of

Susitna have a service 1ife of at least 50 years. Therefore, the
analysis of the project has taken into account system costs to a
period covering the 50 years from 2002, the service 1life of the
Devil Canyon stage. The conservative nature of this approach has
been reviewed in Section 18.1 (d) (ii) above.

The impact of truncated planning horizons may be determined by
reviewing the base case results shown in Table 18.1.13. The
shortest period for analysis may be considered to extend only to
2010. However, this would account for only 8 years operation for
Devil Canyon, well short of its 50-year economic 1ife. In this
case, the Susitna project would provide PW net benefits of $93
million, compared with a value of $1.180 billion from the more
appropriate base case period extending to 2051.

18-18



R

If an interim point were selected based on say 30 years of
operation for Devil Canyon, the net benefits of the Susitna
project would be $0.718 billion. This is derived as the
difference between the costs of the non-Susitna plan ($6.431
bil1ion) and the Susitna plan ($5.713 billion). The net benefits
in this case are 60 percent of those calculated in the base case.

Capital Costs

Capital costs have a considerable impact on the present worth
costs of the "with" and "without" Susitna scenarios. Capital cost
analysis has been approached by varying the costs of the non-
Susitna and the Susitna plans.

The capital costs for the alternative to Susitna have been esti-
mated by Ebasco, as part of the Battelle alternatives study.
There is some concern that these estimates are based on a less
detailed study and are at a lower level of confidence than those
pertaining to the Susitna project. Thus, the non-Susitna costs
were varied by using "high" and "Tow" costs of 120 percent and 90
percent of the base estimate.

The second test concerned Susitna capital costs. These were
varied using a "low" capital cost equal to the base estimate less
17 percent. For a "nhigh" estimate, a 17 percent increase was
allowed.

Table 18.1.17 shows the results of this sensitivity analysis.

Note that the Susitna plan remains cost competitive in all cases
examined. In the Tow and high non-Susitna cases, the net benefits
of the Susitna project are 73 percent and 168 percent of the base
case value. The net benefits are also sensitive to modified
assumptions concerning the Susitna project costs. If the "low"
capital cost is used, the Susitna plan would provide net benefits
of $2.1 billion. In contrast, the "high" value results in net
benefits that drop to $264 million.

Operation and Maintenance Costs

The 0&M component of production costs is relatively low, repre-
senting only 8 percent to 12 percent of the total production costs
in any given year. Therefore, if the 0&M estimates were varied in
a manner similar to capital costs, there would be only a 1 percent.
to 2 percent impact on present worth costs. For this reason, the
sensitivity of the results to 0&M costs was not tested by further
0GP analysis.

Base Period Coal Price

As shown in the earlier parts of this Chapter, Section 18.1 (b)
(iv), there is evidence that based on recent statistics, the base
price (opportunity value) for coal could be as high as
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$2.08/MMBtu, compared to the initial estimate of $1.43/MMBtu
developed by Battelle. This updated starting price was tested in
the "with" and "without" cases as shown in Table 18.1.18. This is
a significant sensitivity case as the initial estimates of base
period (January 1982) prices were established by Battelle on the
basis of sample data for 1980. Net economic benefits in this case
are $1.968 billion, or 167 percent of the base case value.

Real Escalation Rates

. Capital and 0&M Cost Escalation

It has been forecast that there could be real escalation in the
capital costs of power plants averaging 1.8 percent per year
until 1992 and 2 percent per year thereafter. These escalation
rates were incorporated into the base case. In order to test
the sensitivity of results to this assumption, tests were made
with zero real escalation in capital and 0&M costs, double the
rate or about 4 percent real escalation, and 1.4 percent real
escalation from 1982 to 2010 as estimated by Battelle. Of these
three, the lower values appear to be more 1likely since, unlike
finite fuel reserves, construction labor and materials are not a
depletable resource and should not experience sustained real
cost escalation.

Results of this analysis are shown in Table 18.1.19. The
variance in these escalation factors changes the net benefits in
a manner similar to the analysis of variance in capital costs.
Zero real escalation in capital and 0&M costs raises net
benefits by one-third. Doubling the rate of escalation causes
the net benefits to fall one-third. In the high case, it should
be noted that the non-Susitna plan changes from four coal units
to two, with the capacity difference made up by GT and combined
cycle additions. In the "Battelle" case, net benefits are
increased by 10 percent relative to the base case.

. Fuel Price Escalation

 As non-renewable rescurces, the prices of coal, gas, and oil are

expected to increase at a rate greater than the general price
level, as discussed in Section 18.1 (b). The base case
escalation rates were 2.6, 2 and 2.5 percent until 2000 and 1.2,
2 and 2 percent respectively until 2010. Model runs were also
carried out with high and low levels of fuel escalation. The
low rate was established as zero percent real escalation. The
upper 1imit was set at 5.2 percent for coal, 4 percent for oil,
and 5 percent for gas from 1982 to 2000, and 2.2 percent, 2
percent and 2 percent, respectively beyond 2000. The results
are summarized in Table 18.1.19.
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(d)

In the low price escalation scenario, the Susitna plan results
in negative net benefits of $1.078 billion. In the case of high
energy price escalation, the net benefits rise to $2.070
billion..

- System Reliability

A generating system loss of load probability of one day in ten
years has been used in system modeling. Variation of this factor
would cause the system to add more or less capacity, thus poten-
tially changing the staging of alternatives. However, since this
is a predetermined criterion rather than an assumption or projec-
tion, no sensitivity analysis was carried out.

The Battelle AREEP model has the capability to calculate a target
reserve margin based on variable load forecast. It is possible
that given the load forecasts projected by Battelle, a reserve
margin would be recommended greater than that calculated using the
loss of Toad probability.

- Chakachamna
As discussed earlier, the Chakachamna project has not been
included in the base non-Susitna plan. It has been included as a
test case however, and found to lower the net benefits of the
Susitna plan to $837 million, as shown in Table 18.1.20.

- Planned Delay in Susitna Project Timing

As shown in Table 18.1.21, the Susitna project's net benefits are
essentially insensitive to a planned one- or two-year delay in
timing. A one-year postponement of the Watana stage to 1994 would
result in net benefits that are 4 percent below those in the base
case. A one- or two-year delay in both the Watana and Devil
Canyon stages would provide net economic benefits that are 96
percent to 97 percent of the base case values.

Conclusion

The preceding discussion of sensitivity analysis shows that in terms of
impacts on net benefits, the most sensitive variables are base period coal
prices, fuel escalation rates, discount rates, Susitna capital costs, and
load forecasts. As these assumptions are varied through a reasonable range

-of values, the Susitna plan is shown to retain positive net economic

benefits relative to the costs of non-Susitna plans. Table 18.1.22
provides a summary of the various sensitivity analyses.

A multivariate analysis in the form of probability trees has also been

undertaken to test the joint effects of several assumptions in combination
rather than individually. This probabilistic analysis provides a range of
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expected net economic benefits and probability distributions that identify
the chances of exceeding particular values of net benefits at given levels
of confidence. The results of the probabilistic analysis are presented in -
Section 18.2. }
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TABLE 18.1.1:

REAL (INFLATION~ADJUSTED) ANNUAL
GROWTH IN WORLD OIL PRICES

(Percent)

Growth Rates

1982-2000 2000-2040 Probability
Low Case 0 0 0.3
Medium (most likely case) 2.0 1.0 0.5
High Case 4.0 2.0 0.2

TABLE 18.1.2:

STUDY ASSUMPTIONS: OIL PRICES

Year

1982 - 1985

1986 - 1990
1991 - 1995
1996 - 2000
2001 - 2005
2006 - 2010

Average Price of No. 2

Fuel 0il

(1982 $/MMBLu)

1

6.70
7.33
8.08
8.93
9.86
0.88




TABLE 18.1.3: JAPANESE IMPORT PRICES (C.I.F.) OF ALASKAN LNG

Year

1975

1976

1977

1978

1979

January 1980
Febrﬁary 1980
March 1980
April 1980

LS

Source: Segal & Niering, (15)

US$/MMBtu.

TABLE 18.1.4: GAS PRICE ESCALATION AND ASSOCIATED

CONDITIONAL PROBABILITIES

Gas Price Escalation,

Low (O percent 1982 - 2040)

Medium (2 percent 1982 - 2000
1 percent 2000 - 2040

High (4 percent 1982 - 2000;
2 percent 2000 - 2040)

3

0il Price Escalation

Low Medium High

0.7 0.1 0.05
0.2 0.7 0.25
0.1 0.2 0.7
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TABLE 18.1.5:

OPPORTUNITY VALUE OF NATURAL GAS AT
COOK INLET, ALASKA, 1982 - 2040

CIF Price in Japan
(1982 $/MMBtu)

Transportation
Costs
(1982 $/MMBtu)

Opportunity Value
Gas at Cook Inlet
(1982 $/MMBtu)

Probability Medéum %g% %%%ﬂ N/A M%%%EE %%% %&%ﬁ
1982 6.75 6.75 6.75 2.10 4.65 4,65 4,65
1985 7.16  6.75 7.59 2,10 5.06 4.65 5.49
1990 7.91  6.75 9.24 2.10 5.81  4.65 7.14
2000 9.64 6.75 13,67 2.10 7.54 4,65 11,57
2010 10.65 6.75 16.66 2.10 8.55 4,65 14,56
2020 1177 6,75 20,31 2.10 9.67 4.65 1B.21
2030 13.00 6.75 24,76 2.10 10.90  4.65 22.66
2040 14.36 6,75 30,18 2.10 12,26 4.65 28.08

Annual Growth Rates

1982 - 2000 2% 0 4% 0 2.7% 0 5.2%

2000 - 2040 1% 0 % 0 1.2% 0 2.2%

TABLE 18.1.6: VOLUME WEIGHTED COOK INLET NATURAL
GAS PRICE TO AMLP AND CEA
Average Price
__Period (1982 $/MMBEU)
1982 - 1985 0.84
1986 - 1990 1.33
1991 - 1995 3.03
1996 - 2000 4.56
2001 - 2005 5.10
2006 - 2010 5.63




TABLE 18.1.7: CODAL PRICE ESCALATION AND ASSOCIATED

CONDITIONAL PROBABILITIES

Coal Price Escalation

Low (0 percent 1982 - 2040)
Medium (2 percent 1982 - 2000; 1 percent

High (4 percent 1982 - 2000; 2 percent
2000 - 2040)

0il Price Es

calat ion

TABLE 18.1.8: STEAM COAL IMPORTS BY JAPAN,
SEPTEMBER AND OCTOBER 1981

Volumes
Origin September Uctober
(metric tons)

us 127 037 276 467
South Africa 53 709 92 448
Australia 475 751 384 487
China 125 476 99 912
Soviet Union 33 805 25 826
Canada 28 468 130 033
TOTAL 826 246 1 009 173

* Based on an assumed heat value of 11 500 Btu/1b.

Source: Coal Week International

Low Medium High
0.6 0.1 0.05
0.3 0.7 0.25
0.1 0.2 8.7
CIF Prices
$/mt- (5/MMBEu)*
September October
75.10 81.33
(2.97) (3.21)
65.95 55,90
(2.61) (2.21)
65.80 78.59
(2.60) (3.11)
65.00 72.25
(2.57) (2.86)
65.47 73.68
(2.59) (2.91)
67.79 70.55
(2.68) (2.79)
67.17 75.47
(2.65) (2.98)




TABLE 18.1.9: CURRENT INTERNATIONAL SPOT PRICES OF STEAM COAL

1

FOB Price CIF Price Japan FOB Price CIF Price Japan
7 Sulphur Ash US$/1ong ton US$/1ong ton us$/MMBEU us$/MMBEU
Port of Origin Btu/1b Percent  Percent Jan. 6, 1982 Jan., 6, 1982 Jan. 1982 Jan. 1982
us 2
Hampton Roads/ . 11 800 1.3 14.0 55.00 2 75.00 -~ 74.50 2.08 2.76 - 2.82
Norfolk (11 500) (1.5) (15.0) (52.503 (70.50 -~ 72.00) (2.04) (2.74 - 2.80)
Balt imore 12 000 1.0 15.0 57.00 75.00 - 76.50 2.12 2.79 - 2.85
(12 000) (1.0) (13.5) (52.00) (70.00 - 71.50) (1.93) (2.60 - 2.66)
2
Mobile 12 000 1.5 15.0 51.00 3 69.00 - 70.50 1.90 2,57 - 2,62
(11 300)  (1.3) (15.5) (50.00) (68.00 -~ 59.50) (1.98) (2.69 - 2.75)
South Africa 2
Richards Bay 11 900 1.0 15.0 50.25 3 57.25 - 61.25 1.89 2.15 - 2.30
(10 8o0) (1.0) (15.0) (47.75) (54,75 - 58.75) (1.97) (2.26 - 2.43)
Australia
Newcastle 12 000 1.0 14.0 56.502 & 3 66.50 - 67.50 2.10 2.47 - 2.51
Port Kembla (12 oo0) {(1.0) (14.0) (53.00) (63.00 - 64.00) (1.97) (2.34 - 2.38)

! Calculated using transportation rates from Coal Week International, December 235, 1981.

to November 1981 data.

2 Contract quotes. All other prices are spot prices defined by Coal Week International as single shipments to be

delivered within one year.

3 Coal Week International and Energy Economist, December 1981,

Bracketed figures refer




Medium (Most Likely) Coal Price Scenario

-

TABLE 18.1,.10:

EXPORT_OPPORTUNITY VALUES OF ALASKAN COAL - SENSITIVITY CASE'

Low Coal Price Scenario

High Coal Price Scenario

shipping
CIF FOB Cost Price CiF FoB Price CIF FOB Price
Price Shipping FOB Price Shipping Price Healy to At Price FOB Price Price At Price FfOB Price Price At
Japan Cost Anchorage Cost Healy Nenana Nenana Japan Anchorage Healy Nenana Japan Anchorage Healy Nenana
January
1982 2.66 0.58 2.08 0.65% 1.43 0.31 1.74 2,66 2.08 1.43  1.74 2.66 2.08 1.43  1.74
1985 2.82 0.58 2.24 0.66 1.58 0.32 1.90 2.66 2.08 1.42  1.74 2.99 2.41 1.75 2.07
1990 3.12  0.58 2.54 0.68 1.86 0.33 2.19 2.66 2.08 1.40 1,73 3.64 3.06 2.38  2.71%
2000 3.80 0.58 3.22 0.74 2.48 0.35 2.83 2.66 2.08 1.34 1.69 5.39 4.81 4,07  4.42
2010 4.20 0.58 3.62 0.77 2.85 0.36 .21 2.66 2,08 1.31  1.67 6.57 5.99 5.22  5.58
2020 4.64 0.58 4,06 0.80 3,26 0.38 3.64 2.66 2.08 1.28  1.66 8.01 7.43 6.63 7.01%
2030 5.12  0.58 4,54 0.84 3.70 0.39 4.09 2.66 2.08 1.24 1.63 9.76 9.18 8.34 8,73
2040 5.66 0.58 5.08 0.88 4.20 0.41 4,61 2.66 2.08 1.20  1.61 11.90 11.32 10.44 10.85
Annual Growth Rates
1982 to .
2000 2% % 2.5% 0.7% 3.1% 0.7% 2.7% 5% 0% -0.4% -0.2% 4% 4.8% 6.0% 5.3%
2000 to
2040 1% 0% 1.2% 0.4% 1.3% 0.4% 1.2% 0% % -0.3% -0.1% 2% 2.2% 2.4% 2.3%
1982 to
2040 1.3% 0% 1.6% 0.5% 1.9% 0.5% 1.7% 0% 0% -0.3% -0.1% 2.6% 3.0% 3.5% 3.2%

T CIF Prices based on updated (late 1981) import prices of coal in Japan. Assumes

export potential for Healy coal.




?, » C— C L i : . : O ‘ i

st . i —

TABLE 18.1.11: SUMMARY OF COAL OPPORTUNITY VALUES

Base Period Annual Real Probability Conditional Probability Given
Base Case (Jan. 1982) Growth Rate of Low Oil Medium High
Battelle Base Value 1980-2000 2000-2040 Occurrence Prices 0il Prices 0il Prices
Period CIF Price ($/MMBtu) (% %) (%) % (€ I ¢ ) B
Medium Scenario
CIF Japan 1.95 2.0 1.0 49 30 70 25
FOB Beluga 1.43 2.6 1.2 49 30 70 25
Nenana 1.75 2.3 1 49 30 70 25
Low Scenario
CIF Japan 1.95 0.0 0.0 24 60 10 5
FOB Beluga 1.43 6.0 0.0 24 60 10 5
Nenana 1.75 0.1 0.1 24 60 10 5
High Scenario
CIF Japan 1.95 4,0 2.0 27 10 20 70
FOB Beluga 1.43 5.0 2.2 27 10 20 70
Nenana LTS 4.5 1.9 27 i0 20 70
Sensitivity Case
Updated Base
Period CIF Price
Medium Scenario
CIF Japan 2.66 2.0 1.0 49 ' 30 70 25
FOB Beluga 2.08 2.5 1.2 49 30 70 25
FOB Nenana 1.74 2.7 1.2 49 30 70 25
Low Scenario
CIF Japan 2,66 0.0 0.0 24 60 10 5
FOB Beluga 2.08 . 0.0 0.0 24 60 10 5
FOB Nenana ‘ 1.74 -0.2 -0.1 24 60 10 5
High Scenario
CIF Japan 2,66 4,0 2.0 21 10 20 70
FOB Beluga 2.08 4.8 2.2 27 10 20 70
FOB Nenana 1.74 5.3 2.3 27 10 20 70

Assuming a 10 percent discount for Alaskan coal due to quality differentials




TABLE 18.1.12: SUMMARY OF FUEL PRICES USED IN THE
OGP PROBABILITY TREE ANALYSIS

Probability of occurrence
Base period January 1982 prices

- Fuel 0il
- Natural Gas
-~ Coal

. Beluga

. Nenana

Real escalation rates per year

- Fuel 0il
. 1982 ~ 2000
. 2000 - 2040
- Natural Gas
. 1982 - 2000
. 2000 - 2040
- Beluga Coal
. 1982 - 2000
. 2000 - 2040
- Nenana Coal
. 1982 - 2000
. 2000 - 2040

Fuel Price Scenario

Low Medium High
25% 50% 25%
(1982$/MMBtu)
6.50 6.50 6.50
5.00 3.00 3.00
1.43 1.43 1.43
1.75 1.75 1.75
(percent)!
0.0 2.0 4,0
0.0 2.0 2.0
0.0 2.5 5.0
0.0 2.0 2.0
0.0 2.6 5.0
0.0 1.2 2.2
0.1 2.3 4,5
0.1 1.1 1.9

‘Beyond 2010, the OGP analysis used zero real escalation in all cases.
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TABLE 18.1.13:

ECONOMIC ANALYSIS SUSITNA PROJECT - BASE PLAN

x 106
1982 PRESENT-WORTH OF SUSITNA COSTS
ESTIMATED
PLAN 1D COMPONENTS 1993 - 20101 2018] 2010 - 2051 1993 - 2051

Non-Susitna A 600 MW Coal-Beluga 3213 491 5025 8238

200 MW Coal-Nenana

630 MW GT
Susitna [ 680 MW Watana 3119 385 3943 7062

600 MW Devil Canyor

180 MW GT
Net Economic 1176
Benefit of
Susitna Plan

TABLE 18.1.14: SUMMARY OF LOAD FORECAST USED FOR SENSITIVITY ANALYSIS

Source:

MEDIUM L OW HIGH
YEAR MW GWh MW GWh Mw GWh
1990 892 4456 802 3999 1098 5703
2000 1084 5469 921 4641 1439 7457
2010 1537 7791 1245 6303 21651 11435

Battelle, Railbelt Alternative Study, December 1981
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TABLE 18.1.15: LOAD FORECAST SENSITIVITY ANALYSIS

$ x 106
1982 PRESENT-WORTH OF SYSTEM COSTS NET
ESTIMATED ECONOMIC
PLAN iD COMPONENTS 1993 - 20101 2010} 2011 - 20511 1993 - 2051 | BENEFIT
Non-Susitna Kq 400 MW Coal-Beluga
Low Forecast 200 MW Coal-Nenana 2640 404 4238 6878
560 MW GT
Susitna
Low Forecast | Ky 680 MW Watana (1995) 2882 360 3768 6650 228
600 MW Devil Canyon
(2004)
Non-Susitna 4 800 MW Coal-Beluga 4176 700 6683 108591
High Forecast] 200 MW Coal-Beluga
770 MW GT
430 MW Pre~1993
Susitna Iz 680 MW Watana (1993) 3867 564 5380 92471 1612
High Forecast] 600 MW Devil Canyon
(1997)
350 MW GT .
430 MW Pre-1993
T From 1993 to 2040
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TABLE 18.1.16:

DISCOUNT RATE SENSITIVITY ANALYSIS

x 106
1982 PRESENT-WORTH OF SYSTEM COSTS
ReAL ULSCUUNT RATE EoTIMATED ) NET
PLAN ID {percent) 1993 - 20101 2010} 2011 - 2051 1993 - 2051 BENEFIT
Nan-Susitna Q4 2 3701 465 7766 11167
Susitna Qz 2 3156 323 5394 8550 2617
Non-Susitna A 3 3213 491 5025 B238
Susitna c 3 3119 385 3943 7062 1176
Non-Susitna 59 4 2791 517 3444 6235
Susitna Sy 4 3080 457 3046 6126 109
Non-Susitna Pq 5 2468 550 2478 4946
Susitna Pa 5 3032 539 2426 5459 (513)
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TABLE 18,1.17:

CAPITAL COST SENSITIVITY ANALYSIS

$ x 106
1982 PRESENT-WORTH OF SYSTEM COSTS
REAL DISCOUNT RATE ESTIMATED ECEEBMIC
PLAN ID (percent) 1993 - 2010} 2010} 2011 - 2051 | 1993 - 20511 BENEFIT
Alternative Capital Costs + 20%
Nan-Susitna G 3460 528 5598 8858
Susitna. ct 3119 385 3943 7062 1976
Alternative Capital Costs - 10%
Non-Susitna Gq 3084 472 4831 7915
Susitna c 3119 385 3943 7062 853
Susitna Capital Costs Less 17%
Non-Susitna A 3213 491 5025 8238
Susitna X9 2710 336 3441 6151 2087
Susitna Capital Costs Plus 17%
Non-Susitna A 3213 491 5025 B238
Susitna Yo 3529 434 4445 7974 2@4

T An ad justment calculation was made regarding the plus or mlnus capital cost of the 3 GT 'nits added
in 2007 - 2010 since the difference was less than $10 x 106

Beyond 2010, this effect was included.
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TABLE 18.1.18: SENSITIVITY ANALYSIS -~ UPDATED BASE PERIOD

(JANUARY 1982) COAL PRICES

$ x 106
1982 Present Worth of Sustina Costs
Costs of Costs of Net
Base Period Coal Price Non-Susitna Susitna Economic
Base Case (1982 $/MMBtu) Plan Plan Benefits
Base Case 1.43 8238 7062 1176
Sensitivity 2.08 9030 7062 1968%

(Update) Use

* The value is produced by "forcing" the system to use the same coal fired
plants as in the base case. If the system is allowed to optimite, however,
combined cycle units are selected in lieu of coal fired plants and the net
econamic benefit is essentially the same as in the base case.

ALASKA RESOURCES L LIPRAR

U.5. Depertment of the Intexior
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TABLE 18.1.19: SENSITIVITY ANALYSIS - REAL COST ESCALATION

$ x 106
1982 PRESENT-WORTH OF SYSTEM COSTS
ESTIMATED NET
PLAN 1D 1993 - 20101 2010 2011 - 2051} 1993 - 2051 BENEFIT

Zero Escalation in Capital Costs and 0&M
Non-Susitna 04 2838 422 4319 7157
Susitna 02 2525 299 3060 5585 1572
Escalation in Capital
Costs and 0&M (Battelle)'
Non-Susitna X4 3142 477 4881 8023 -
Susitna Xo 2988 366 3745 6737 1286
Double Escalation in Capital Costs and 0&M
Non-Susitna Pq 3650 602 6161 9811
Susitna Ro 3881 503 5148 9029 782
Zero Escalation in Fuel Prices
Non-Susitna Vi 2235 335 3427 5660
Susitna Vg 3002 365 3736 6738 (1078)
High Escalation in Fuel Prices
Non-Susitna Wq 4063 643 6574 10367
Susitna Wo 3267 403 4121 7388 2979

! Capital and 0&M costs assumed to escalate at 1.4 percent 1982 to 2010




i TABLE 18.1.20: SENSITIVITY ANALYSIS - NON-SUSITNA PLAN WITH CHAKACHAMNA

2 ! ' $ x 106
1982 PRESENT-WORTH OF SYSTEM COSTS
{ ? ESTIMATED NET
] | PLAN 1D COMPONENTS 1993 - 20101 2010| 2011 - 2051 1993 - 2051 | BENEFIT
Non-~Susitna B 330 MW Chakachamna 3038 475 4861 7899
— with 400 MW Coal-Beluga
A? Chakachamna 200 MW Coal-Nenana
Lo 440 MW GT
i Susitna C 680 MW Watana 3119 385 3943 7062 837
| L 600 MW Devil Canyon
- 180 MW GT
-
|
;
- TABLE 18.1.21: SENSITIVITY ANALYSIS -
4 2 PLANNED DELAY IN SUSITNA
! PROJECT TIMING
1
B § x 106 § x 106
b 1982 Present Worth Net Economic
I of System Costs Benefit
i
) Susitna Base Case C 7,062 1,176
L One~year delay for
{1 Watana (1994) c3 7,105 1,133
L}
(i One-year delay for
Watana and Devil
‘ ? Canyon (1994, 2003) C4 7,165 1,134
- Two-year delay for
Watana and Devil
Canyon (1995, 2004) c5 7,230 1,138
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TABLE 18.1.22: SUMMARY OF SENSITIVITY ANALYSIS - INDEXES
OF NET ECONOMIC BENEFITS

Index Value

BASE CASE ($1,176 MILLION)

Fuel Escalation ~
- High
- Low

Discount Rates
- High-High (5%)

- High (4%)
- Low (2%)

Susitna Capital Cost
~ High
- Low

lLoad Forecast
-~ High
- Low

Non-Susitna (Thermal)
Capital Costs

-~ High

- Low

Capital and 0&M

Cost Escalation

- High

- Intermediate (Battelle)
- Low

Chakachamna (included in
Non-Susitna Plan)

Updated Base Coal Price
Planned Delay in Susitna
Project

- One-year delay, Watana

~ One-year delay, Watana and Devil Canyon

~ Two-year delay, Watana and Devil Canyon

-—

High fuel escalation case provides net benefits equal to 253 p
base value, 2.53 x $1,176, or $2,975.

Low fuel escalation case provides minus 92 percent of the base
benefits, -.92 x $1,176, or -$1,082.

100

1
253
-922

~44
223

23
178

137
19

168
73

67
109
134

71

167

96
96
97

ercent of the

case net
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18.2

Probability Assessment and Risk Analysis

Introduction to Multivariate Sensitivity Analysis

The feasibility study of the Susitna Project included an economic analysis
based upon a comparison of generation system production costs. The system
costs were estimated with and without the proposed project using a
computerized model of the Railbelt generation system. In order to carry
out this analysis, numerous projections and forecasts of future conditions
were made. In order to address these uncertain conditions, a sensitivity
analysis on key factors was done. This analysis focused on the variance in
each of a number of parameters and determined the impact of this variance
on the economic feasibility of the project. Each factor was varied
singularly with all other variables held constant.

The purpose of the analysis was served by constructing a probability tree
of future conditions for the Alaskan Railbelt electrical system, with and
without the Susitna project. Each branching of the tree represents three
values for a given variable which were assigned a high, medium and Tow
value as well as a corresponding high, medium and Tow probability of
occurrence. The three values represent the expected range and mid-point
for a given variable. 1In some cases, the mid-point represents the most
1ikely value which would be expected to occur. End 1imbs of the
probability tree represent scenarios of mixed variable conditions and a
probability of occurrence for the scenario.

The computer production cost model was then used to determine the PW cost
of the electric generation system for each scenario. Using the
probabilities assigned to each branch, the PW costs for each "with" and
"without" Susitna scenario were plotted against the corresponding
cumulative probability. Net benefits of the project have also been.
calculated and analyzed in a probabilistic manner.

Approach to Probability Assessment

The method followed in the multivariate analysis involved four stages:

Selection of key variables
Probability tree development
Modeling of system costs
Analysis of results

(i) Selection of Key Variables

The sensitivity tests performed in the economic analysis (see
Section 18.1) identified a 1ist of variables which could
significantly affect the economic feasibility. This list
included:
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. Construction Period z
. Period of Analysis ’
. Capital Costs

- Susitna %
- Thermal Alternatives :
. 0&M Costs
. Base Period Fuel Price )

. Real Escalation in Capital and 0&M Costs and Fuel Prices j
. System Reliability

. Chakachamna included in non-Susitna plan '
. Planned delay in Susitna project timing. ?

methodology decisions and are not included in the probabilistic

analysis. These include the interest and discount rate, the period

of analysis and system reliability criteria. The single variable \
sensitivity analysis demonstrated that other criteria such as the ﬁ?
construction period and 0&M costs had Tittle or no impact on the

comparison of "with" and "without" Susitna system costs.

Of this list, several of the inputs are considered to be policy or 3

Although sensitivity results based on varying the real escalation of }
capital and 0&M costs had a measurable influence on PW costs, it was

not included in the probabilistic analysis. The range of capital “
cost escalation rates tested in the sensitivity analysis extended (
from 0 percent to 4 percent per year from 1982 to 2010. The <
mid-range was approximately 2 percent. It is believed that this

range accurately covers the minimum and maximum rates anticipated ;
for construction cost escalation. Sensitivity of net benefits to

capital and 0&M cost excalations was found to be moderate relative

to other variables. Therefore, this variable was excluded from the 9
probability assessments. f

analysis. These are the load forecast, capital cost estimates, both

for generation alternatives and for the Susitna Project, and real

escalation in fuel prices. The variable values and probabilities )
are discussed in (ii) below. , }

The three remaining variables were used in the probabilistic Jt

Probability Tree

Given the three selected "key" variables for the non-Susitna ;
analysis (four for Susitna), a probability tree was constructed '
based on the high, medium and Tow value for each of the :
variables. ' ;

The non-Susitna tree consists of 3 variables and 3 values (high, .
medium and Tow) for each, resulting in 27 possible combinations, as z
shown in Figure 18.2.1. The numbering system selected for this .
analysis ranges from TOl to T27 where TOl refers to the thermal

(non-Susitna) case, high load forecast, high alternative capital ‘E




(i11)

cost and high fuel cost escalation. At the lower end of the tree,
T27 refers to the thermal case, low load forecast, low alternative
capital cost and low fuel cost escalation scenario.

The Susitna probability tree (see Figure 18.2.2) could have a
maximum of 4 variables and 3 values for each, resulting in 34, or

81 branches. However, a review of the Susitna base plans developed
in the economic analysis showed that the medium plan calls for the
addition of only three 70 MW gas turbines in the last three years of
study. A check on the effect of varying the cost of these units
indicated an impact on long-term costs of less than 0.5 percent.
Thus, it was assumed that in the medium "branches" there 15 no
variability in thermal alternatives cost.

In the Tow forecast there is no need for thermal alternative
generation in the 1993-2010 period during which the "with" Susitna
scenario is being considered. Accordingly, the alternative capital
cost variable is removed from that branch. As a result, both the
medium and low forecast portions of the probability tree are reduced
by a factor of 3. These adjustments reduce the number of ultimate
scenarios from 81 to 45 without affecting the accuracy of the
multivariate analysis.

A similar numbering system was adopted for the Susitna analysis
ranging from SOl to S45 where SO1 to S27 refer to high load forecast
scenarios, S28 to S36 refer to medium load forecast scenarios, and
S37 to S45 represent low load forecast scenarios.

Present Worth of Long-term Cost
and Net Benefit Approach

The OGP production cost model was used to determine the PW (in 1982
dollars) of production costs for each scenario, as described in
Section 18.1 {(c). For each tree, the scenario costs were ranked
from lowest to highest and the probability associated with each
scenario was used to provide a plot of cumulative probability versus
PW cost. Additionally, the scenario costs were weighted with their
associated probabilities to provide an expected value of the PW
cost.

A second method of cost comparison used in Section (d) below is by
comparing net benefits. The net benefit can be estimated by
comparing similar "with" and "without" Susitna scenarios, and by
examining the difference in PW long-term costs. For example, in a
“with" Susitna scenario with PW costs of $6 billion compared to a
similar non-Susitna scenario with $7 billion PW costs, the PW of the
production cost saving over the Tong-term would be $1 billion. This
difference is the net benefit and again, these net benefits were
ranked from low to high and a cumulative probability calculated from
the individual probabilities. An expected value of net benefits was
also calculated.




(c)

Variables and Ranges

(1)

Load Forecast

As a single variable, the variance of load forecast remains one of
the most important factors. The selection of type and timing of
alternative units is dependent on the selected forecast.

In terms of the multivariate sensitivity analysis, the Toad forecast
variation represents the first level of uncertainty in the
probability tree. The forecasts used were generated by the Battelle
Railbelt Alternative Study group in December 1981 with the use of
their Railbelt Electric Demand (RED) model, which relates economic
activity, energy prices, and government expenditures to energy
demand. The range of variability in the load forcast is presented
in Table 18.2.1. Note that these forecasts differ slightly from the
final forecasts produced in January 1982 by Battelle.

The probability of the low, medium or high forecast occurring was
estimated as a symmetrical pattern of .2, .6 and .2 respectively.
These estimates of probability were based upon the estimate by
Battelle that the probability of exceedance of their forecasts was
approximately 90 percent for the low forecast and 10 percent for the
high forecast.

The plans used in the probabilistic analysis are identified as
follows:

Low Load Forecast:

Non-Susitna - first 200 MW of thermal capacity added in 1995

Susitna -~ Watana 600 MW in 1995
- Devil Canyon 600 MW in 2004

Medium Load Forecast:

Non-Susitna - first 200 MW of thermal capacity added in 1993

~Susitna - Watana 680 MW in 1993

- Devil Canyon 600 MW in 2002

High Load Forecast:

1982 - 1992 period: (common to both cases)

200 MW of thermal combined cycle capacity added
in 1987

200 MW of thermal combined cycle capacity in
1990

70 MW of thermal gas turbine in 1992
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(i)

(ii1)

together with:

Non-Susitna - first 200 MW of thermal capacity added in 1993

Watana 680 MW in 1993
Devil Canyon 600 MW in 1997

Susitna

Alternative Capital Cost

Consistent with the univariate economic analysis, the base capital
cost estimate plus 20 percent was used as the high value and the
base capital cost estimate minus 10 percent was used as the low
value. These figures were selected based on a review of the
Railbelt Alternatives Study Coal Cost Estimate report prepared by
Ebasco for Battelle. The discussion contained in the report
indicated that there was a greater likelihood of cost increase than
decrease.

The base (medium), high and low capital costs for the coal, gas
turbine and gas-fired combined cycle plants are shown in Table
18.2.2. These capital costs include allowance for interest during
construction based on an S-shaped expenditure curve and the medium
economic parameters used throughout the study. In addition, the
first unit sited in the Beluga area and the single unit at Nenana
district carry the appropriate costs of transmission system
strengthening and interconnection. The probability of the
occurrence for the high, medium and Tow capital costs were estimated
as a .20, .60, and .20.

Fuel Cost and Escalation

Considerable effort has been concentrated on defining fuel prices
and escalation rates of the various fuels for alternative forms of
generation Railbelt, both by Acres and by Battelle for their
Railbelt Alternative Study.

The low, medium and high cases are all linked to the forecast
escalation rate in the world market price for 0il, as shown in
Section 18.1 (b).

- Coal
As outlined in Section 18.1 coal reserves available to the
Railbelt include coal mined at Healy and a potential coal supply
from the as yet undeveloped Beluga field. Furthermore, Healy coal
could be transported to Nenana for use as fuel in a potential 200
MW coal-fired plant located there due to air quality restrictions
at Healy. Three starting coal prices based on point of use were
developed for input into the multivariate sensitivity analysis. —
For each of these starting coal prices, three escalation rate
scenarios were developed, a Tow, a medium or most 1ikely case, and
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(iv)

a high case. Probabilities of occurrence of .25, .50 and .25
respectively were assigned to the three escalation rates. These
probabilities are discussed in detail in Section 18.1 (b). Table
18.2.3 summarizes these prices and escalation rates.

- Natural Gas

Cook Inlet natural gas is presently sold to Anchorage utilities at
existing contract rates. It is generally agreed that the price is
artificially Tow and will increase significantly as these
contracts are renegotiated. Thus, a world market opportunity
value was selected as the base starting price for modeling
purposes. Based on the Battelle medium price forecast, a 1982
opportunity value of $3/MMBtu was selected. This value when
coupled with Acres medium fuel escalation rates yields values
equal to Battelle's assumptions during the 1993-2010 study period.
In the low case, prices were assumed constant at $3/MMBtu through-
out the study period. The medium case escalation rate was 2.4
percent (1982-2000) and 2 percent (2001-2010). The high case
escalation rate was set at 5 percent (1982-2000) and 2 percent
(2001-2010). Table 18.2.3 summarizes these forecasts of gas
prices.

- Distillate Qi1

Table 18.2.3 summarizes the low, medium and high oil price
trends used in this analysis assuming a 1982 rate of $6.50/MMBtu,
based on Battelle estimates.

Susitna Capital Cost

The potential for variation in the Susitna Project capital cost has
been analyzed in the feasibility study. In general, the approach
has been to produce an estimated capital cost with a relatively high
lTevel of confidence that the ultimate project cost will be Tess than
the "upper 1imit" cost (in 1982 dollars). As shown in Section 18.2
(f) through (g), the risk analysis has indicated that the estimated

capital cost has a 17 percent chance of being equalled or exceeded

during construction (i.e., major seismic event or flood).

During earlier sensitivity tests, capital costs were allowed to vary
from 83 percent of the project estimate to 117 percent. These
capital costs are presented in Table 18.2.4.

Assignment of probabilities to the three levels of estimate was
based upon the feasibility study risk assessment. The approach to
the “upper 1imit" value for the Susitna capital cost was an attempt
to bound the base estimate with a high Tevel of confidence that the
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(d)

overall project cost will be Tess than this estimate. Therefore,
the assignment of probabilities of occurrence are somewhat different
than for the non-Susitna alternatives. Based on the risk analysis,
a probability of .6 was assigned to the low case and values of .25
and .15 were assigned to the medium and high values. These values
reflect the expectation that ultimate costs of the project will be
less than the current estimate (in 1982 dollars).

Results

This section presents the results from the analysis of the two probability
trees an? ?f the input data in accordance with the methodology described in
Section (b).

(1)

(ii)

Probability Tree: Non-Susitna

The parameters for the twenty-seven scenarios defined by the
probability tree in Figure 18.2.1 were entered into the simulation
model to determine the 1982 PW of system costs. These results are
presented in Table 18.2.5 and Figure 18.2.1.

The PW cost varied by nearly 350 percent from the lowest cost
scenario ($4.41 billion) to the highest cost scenario ($15 billion).
The Tow cost relates to the case of low load forecast, low capital
costs for thermal units and zero real escalation in fuel costs.
Conversely, the high case includes the high forecast for each of
these variables. The large spread from low to high cost seems most
dependent on the fuel cost escalation rate used. The wide range in
fuel costs during the study period and the reliance on fossil fuels
in the non-Susitna cases led to the wide spread in PW costs.

Table 18.2.5 also shows the calculation of costs versus cumulative
probability. This plot is derived as the summation of the
probabilistic increments of costs for each scenario. The increment
is the product of a scenario's PW cost and its probability. For the
non-Susitna case, the expected value of PW costs is $8.48 billion.

Visual representation of the data from Table 18.2.5 is shown in
Figure 18.2.3. This graph is based on a histogram of PW cost versus
cumulative probability.

Probability Tree: Susitna

The 45 scenarios in the "with" Susitna case shown in Figure 18.2.2
were also run using the simulation model to obtain the system
production costs. The results are shown in Table 18.2.6. The
overall variability of PW costs in the Susitna case is much less
than the non-Susitna case. The range from lowest to highest is
$5.54 billion to $11.59 billion, a range of about 200 percent as
compared to 350 percent for the non-Susitna alternatives. The
expected value of PW costs is $7.03 billion.
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(iii). Comparison of Present Worth of Long-term Costs g

Figure 18.2.3 presents the two histograms of long-term costs for the N
"with" and "without" Susitna cases. From these it is seen that the {
non-Susitna plan costs could be expected to be significantly less S
than the Susitna plan costs about 6 percent of the time, approxi-

mately equal to the Susitna costs 16 percent of the time, and

significantly greater 78 percent of the time.

A comparison of the expected value of long-term costs for the "with"
and "without" cases yields an expected value net benefit of $1.45 }
billion. This value represents the difference between the

non-Susitna PW cost of $8.48 billion and the Susitna PW cost of

$7.03 billion. Z

(iv) Net Benefits

A second method of examining the "with" and "without" Susitna proba- (
bility trees is to make a direct comparison of similar scenarios and -
to calculate the net benefit of each comparison. This method is

discussed in more detail in section (b). Table 18.2.7 lists the 81 i
comparisons of similar scenarios between the 27 non-Susitna case and

45 Susitna case scenarios. As was done for the individual tree ‘
cases, the net benefits were ranked from low to high and plotted ”z
against cumulative probability, as shown in Figure 18.2.4. The net
benefits vary from minus $2.92 billion with an associated

probability of .0015 to a high of $4.80 billion with an associated
probability of .018. The single comparison with the highest proba- f
bility of occurrence of .108 has a net benefit of $2.09 billion.

The plot of net benefits shows a "breakeven" between the "with" and 9
"without" Susitna cases at about 23 percent, consistent with the
previous comparison, i.e., positive net benefits will accrue from

the Susitna project with a probability of 77 percent. 3
Extensions to the Multivariate Analysis f
Introduction q?
The inff{élyprdbabiTity analysis was carried out thék thé fmé]iéft’} "4>Mm‘jﬂ
assumption that energy prices and load forecasts (energy demand) are not ;

correlated. The probabilities attached to high (H), medium (M) and low (L)
energy prices were therefore constant across the L, M, and H load .
forecasts. ?

Given the importance of energy prices to the Alaskan economy it may be

postulated however, that energy demand could be either positively or o
negatively correlated with prices and that the probabilities of H, M, and L "}
demand should be conditional on the levels of energy prices. These

conditional probabilities would reflect the elasticity of demand with \
respect to energy prices. Two cases were explored, corresponding to oy
positive and negative correlation and elasticity. -
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(i) Case 1 - Positive Price/Demand Correlation

This case depicts a scenario in which higher (lower) energy prices
provide an increase (decrease) in state revenues, incomes and
overall economic activity, leading to higher (lower) energy
consumption in general, and higher (lower) electricity demand in
particular. In essence, it is assumed that the income effect
outweighs the price effect stemming from higher or lower energy
prices.l As shown in Table 18.2.8 the probability tree was
modified such that higher (lower) demand is more Tikely to be
associated with higher (lower) energy prices than with Tower
(higher) prices. Note that the initial tree was altered only with
respect to the conditional probabilities of the load forecasts. It
is also noted that the revised probabilities correspond to an
elasticity of about +0.15 2.

Based on these probabilities, the cumulative probability
distributions of present valued costs were constructed for the
Susitna (S) and thermal (T) plans. These show that the chances of
an S plan being more costly than the T plan are 25 percent. The
costs of the S and T plans are approximately equal with a 1
probability of 6 percent, and the S plan is distinctly less costly

with a probability of 69 percent. In comparison, the initial

probability analysis indicated that the chances of more-costly,

equal-cost, and less-costly S plans were about 16 percent, 6 percent

and 78 percent respectively.

(ii) Case 2 - Negative Price/Demand Correlation

In this scenario, it is hypothesized that higher (lower) energy
prices would on balance result in Tower (higher) energy consumption
and electricity demand. In contrast to Case 1, Case 2 depicts a

1 There is a further possibility that larger state revenues from higher

energy prices would lead to substantial subsidies to the cost of electrical
energy to Alaskan consumers and hence further increase the positive
correlation between energy prices generally and demand. - Since such subsidies
are a political policy decision they cannot be forecast and are therefore not
taken into account. This factor could, however, only reinforce the
conclusions reached.

2 The elasticity is defined as the percent change in the expected value of

demand divided by the percent change in real prices. For example, in 2010,
the expected values of the load forecast given L and M energy prices are 7 263
GWh and 8 223 GWh respectively, a difference of 13 percent. The percent
difference between L and M energy prices in 2010 is 99 percent. Thus the
elasticity is 13 percent (13/99) or .13. Similar elasticities were measured
for the L-H and M-H pairs of load forecasts and energy prices.
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situation in which the price effect outweighs the income effect
resulting from a shift in energy prices and corresponding levels of
Alaskan economic activity. As shown in Table 18.2.9 the initial
probability tree was modified such that higher (Tower) energy prices
are more (less) likely to lead to lower energy demand and 1oad
forecasts. The revised conditional probabilities reflect an
elasticity of demand of about minus 13, calculated as in Case 1
above. Cumulative probability distributions of PW system costs were
developed for the S and T plans. These indicated an even higher
1ikelihood for positive net benefits from the S plan with a 91
percent chance that the S plan would be the less costly alternative.
In this case there is no region of "ambiguity" with equal costs
attached to the S and T plans; therefore, it is asserted that there
is only a 9 percent probability that the T plan would be
cost-competitive. Table 18.2.10 summarizes these results and
compares them with those obtained in the initial probability tree
analysis.

Approach to Risk Analysis

As the preceding paragraphs demonstrate, the Susitna hydroelectric project
is viable in economic terms through a broad range of possible deviations
from expected values of key parameters. Even so, net project benefits are
sensitive to Susitna capital cost variations; and alternative financing
plans are predicated on the assumption that the proposed project schedule
will be met. Every reasonable effort was made to prepare conservative cost
estimates and to produce an achievable schedule. Yet, uncertainties are
involved and their potential importance demands that they be given
appropriate consideration at various stages in project development.

A risk analysis was undertaken as the basis for determining the extent to
which perceived risks are 1ikely to influence capital costs and schedule.
In addition, because a mature Susitna project would represent a major
portion of the total generation system, a further risk analysis was
accomplished to assess the probability and consequences of a 1ongcterm
outage of the proposed transmission system. This section summarizes the
risk analyses. A more detailed report is included in the project
documentation for Subtask 11. 03, Risk Ana]ys1s.

Any maJor construct1on effort is 1nev1tab1y exposed to a 1arge number of
risks. Floods may occur at crucial times. Accidents should not happen,
but they sometimes do. Sub-surface investigations, no matter how thorough,
do not always tell the whole story about what will be found when major
excavation work goes on. The normal estimation process implicitly accounts
for a set of reasonably "normal" expectations as direct costs are
developed, adding a contingency to the directly-computed total on the
grounds that problems usually do occur even though their specific nature
may not be accurately foreseen at the outset.



The Susitna Risk Analysis took explicit account of 21 different risks,
applying them as appropriate to each major construction activity. The
effort involved combining reasonably precise data (e.g., the probability
that a particular flood crest will occur in any given year can be
determined from analysis of hydrologic records) with numerous subjective
judgments (e.g., until a particular flood crest does occur, we cannot know
with any degree of certainty what havoc it will wreak). The over-all
Ee?hodo1ogy is illustrated in Figure 18.2.5 and is briefly described

elow: '

(i) The base cost and schedule estimation effort was reviewed to
determine important underlying assumptions, areas of uncertainty,
proposed construction methods and sequence.

(i1) A risk 1ist was developed, providing an initial statement of major
areas of uncertainty to be considered in the analysis. It was
important at this stage to begin to make initial gross assessments
of how each risk might affect the project at various stages of
completion, as well as to estimate the extent to which dependency
existed between one risk and another. (In this regard, for example,
the risk of a major flood is independent of the risk that geologic
conditions will differ from those expected. On the other hand, it
can be reasonably asserted that the risk that any given contractor
will experience a construction accident is at Teast partially
dependent on the risk that the same contractor will have poor
construction quality control.)

(i1i) Upon completion of the estimate review and concurrent with
development of an initial risk 1ist, a review was made of
proprietary risk analysis software as the basis for specifying
particular modifications which would permit proper treatment of all
data elements. '

(iv) A data collection effort was accomplished for each identified risk
and a determination was made of the probability that each of a
selected range of risk magnitudes would be realized in any given
year. Where data gaps existed, a decision analysis process was used
to produce required information.

(v) Transformation criteria were developed so that individual risk
analysts could more easily view the consequences of realizing any
single risk in terms of "natural" criteria. = For example, it is
easier to think in terms of the volume of earth involved in a slope
failure than to think directly of its cost impact. Transformation
criteria can then be used to convert to cost and schedule
implications.

(vi) Software revisions were made in accordance with specifications noted
at sub-paragraph (iii) above concurrent with the analysis of risks.




(g)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

For each major construction activity at each dam site, the
consequences of realizing each possible risk magnitude were assessed
and estimated. Responses (actions which will be taken if a
particular consequence is realized) were developed.

As the work proceeded, reviews and revisions were made to introduce
collective judgments from diverse disciplines into the process.

The initial data set was run and interpreted. Anomalies were

identified and risks emerging as most significant were further
reviewed to ensure that their consequences had been adequately
accounted for.

Whereas the primary risk analysis effort focused upon the
construction phase, a separate analysis of the transmission system
was also made to assess the likelihood and the consequences of a
major transmission outage. A similar methodology was followed in
this sub-analysis.

A1l input data was updated based on the results of step (ix) above.

A final run was made to compute expected values of costs and
completion schedules as well as to create probability distributions
for these items. This final output provided the basis for
interpretation.

Elements of the Analysis

Figure 18.2.6 graphically depicts important questions which were addressed
at the start and relates them to elements of the analysis. Each element is
further subdivided as follows:

(1)

(i1)

Configurations

Three primary configurations were considered:

- the Watana hydroelectr1c project (with transmission)
- the Devil Canyon hydroelectric proaect (w1th transm1ss1on)
- the Susitna transmission system-alone+-

Separate risk studies of these configurations permitted the
production of data which can be aggregated in various ways to
accommodate alternative "power-on-line" dates which differ according
to the various demand forecasts.

Configuration States

Two configuration states were considered:

- Construction Period - applicable to Watana and Devil Canyon;
- Operation Period - applied only to the transmission system
configuration.

[
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(ii1) Risks

Twenty-one risks were identified for consideration in the analysis
and were grouped as follows:

- Natural Risks

. flood

. ice

. wind

. seismic

. permafrost deterioration
. geologic conditions

. low streamflow.

Design Controlled Risks

. seepage/piping erosion
. groundwater.

Construction Risks

. equipment availability
. labor strikes/disputes
. material availability
. equipment breakdown

. material deliveries

. weather.

Human Risks

. contractor capability

. construction quality control
. accidents

. sabotage/vandalism.

Special Risks

. regulatory delay
. estimating variance.

(iv) Activities

For each configuration state involving construction, up to 22
activities were considered. For Watana, for example, these
included:

- main access
- site facilities
- diversion tunnels




(vi)

(vii)

- cofferdams

- main dam excavation

- main dam fi1l initial portion
- main dam fil1l final portion

- relict channel protection

- chute spillway

- emergency spillway

- service spillway tunnels

- intake

- penstock

- powerhouse

- transformer gallery

- tailrace and surge chambers

- turbine-generators

- mechanical/electrical equ1pment
- switchyard

- transmission

- impoundment

- test and commission.

Damage Scenarios

Up to ten different damage scenarios were associated with each
logical risk-activity combination. While these varied significantly
from one risk-activity combination to another, they generally
described a range of poss1b111t1es wh1ch accounted for d1screte
increments extending from "no damage" to "catastrophic loss".

Criteria

The consequences of realizing particular risk magnitudes for each
activity were measured in terms of the following criteria:

- cost implications
- schedule implications
- manpower requirements.

Boundary Cond1t1ons

The fb11ow1ng assumptions and Timitations were established to permit
a reasonable and consistent analysis of the problem:

- A1l cost estimates were made in terms of January 1982 dollars.
Thus, results are presented in this report in terms only of real
potential cost variations, exclusive of inflation.

- The analysis was limited only to the construction periods for
Watana and Devil Canyon since the greatest potential cost and
schedule variance would be possible during these periods. The
risk analysis for the operating period was associated solely with
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(h)

the transmission system since that configuration represents the
most Tikely source of a major system outage during project
operation.

- The risk analysis was accomplished concurrently with finalization
of the total project cost estimate and was necessarily associated
with the feasibility level design. There is clearly some potential
for design change as the project proceeds and a future risk
analysis should be undertaken coincident with completion of final
detailed design and prior to commitment to major construction
activities. Even so, the "estimating variance" risk takes into
account the fact that some design changes are 1likely to appear as
detailed design effort proceeds.

- A great deal of subjective judgment was necessarily involved in
assessing certain probabilities and in predicting possible damage
scenarios. This effort was accomplished initially by individual
qualified professionals in the various disciplines and was
subjected to iterative group review and feedback efforts. To the
extent that individual biases entered the analysis, their effects
were probably mutually offsetting. Even so, sensitivity tests
were made for risks which were important contributors to the final
results.

- The risk list does not include the important possibility of
funding delays or of financing problems. These issues were dealt
with in a separate financial risk analysis as discussed in
paragraph 18.5 below.

Risk Assessments

For each of the risks identified in paragraph 18.2 (g) (iii) above, the
assessment commenced with detailed definition of credible events. Whereas
flood was identified as a risk, for example, a definition was sought of the
magnitudes of floods which could occur and, with each magnitude, the
probability that it would occur. Depending upon the particular risk under
consideration, data sources included reasonably accurate scientific data
(particularly applicable to the natural risk category), historical
experience on water resources projects, and, where data gaps existed,
subjective group judgments.

In each case, the effort was to identify some maximum credible event (what
is the most extreme event, albeit highly unlikely, that could occur?).
This choice seét an upper limit on a scale of possible events which always
began with a minimum magnitude corresponding to a "no damage" situation.
Continuing with flood as an example, the maximum credible event was
considered to be the probable maximum flood which had been computed in the
hydrologic studies (corresponding to a return period of more than 10,000
years and an annual probability of occurrence of less than .0001). The
minimum magnitude "no damage" event at the lower end of the scale varied
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from activity to activity. (In this regard for example, a cofferdam built
early in the construction period and designed to withstand a 50-year flood
event can be expected to suffer damage if a 100-year event actually occurs.
Late in the project a 100-year event would not only cause no damage to
structures in place, but also it might be regarded as fortuitous because it
could improve the reservoir impoundment schedule.)

Once risks were defined and logical risk-activity combinations were
reviewed, a concept of the consequences of realizing each selected risk
magnitude was postulated (e.g., if this risk magnitude is realized, will a
partially completed structure be damaged? Will it fail? If it fails, is
some other work in progress disrupted?). Clearly, it cannot be determined
with certainty what precise damage scenario should be associated with a
given risk magnitude for a particular activity. Thus, a range of damage
scenarios was defined and associated with each of them a probability of
occurring if a particular risk magnitude is realized.

Even if a particular risk Tevel is realized and a particular damage
scenario is suffered, there is no certainty as to the cost of restoring the
activity, nor can we be sure how long it will take to do so. Things do go
exceedingly well every once in a while. Occasionally they go very badly,
indeed. Each of the risk analysts was asked to provide three values for
each criterion:

- A minimum corresponding, for instance, to the one time in twenty that the
weather is particularly good, materials are readily available, no
accidents occur, and the like.

- A modal value associated with the most 1ikely expectation of the
analyst.

- A maximum value corresponding to the one time in twenty that everything
is more difficult than expected.

In the computerized calculation process, the three criterion values.
supplied by the risk analysts were fitted to a triangular distribution,
which approximated the Beta distribution illustrated at the bottom of
Figure 18.2.7. In effect, then, designation of the three conceptual

_ criterion-values—led-to generation-ofa histogram with reTatively narrow

intervals and a nearly-continuous range of possible values over a
relatively-wide spectrum.

Figure 18.2.7 illustrates the structural relationship for handling
risk-activity combinations, damage scenarios, and criterion values.

While the procedure described above is geheké11y applicable, some

commentary on particular aspects of its application and on certain unique
risks is appropriate:
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({i1)

The terminology "damage scenario" has been used for convenience
since most identified risks will normally be thought of as reasons
that the cost will be higher than had been estimated or that the
schedule will be exceeded. In fact, however, the process does
permit consideration of what might be regarded as a "negative"
damage scenario. The geologic conditions risk is an excellent
example. The cost estimate was produced on the basis of estimates
of requirements for some concrete 1ining in the penstocks, extensive
grouting, a certain level of rock bolting, and the like. If
geologic conditions are found to be better than currently assumed,
the costs could be less and the schedule might be accelerated.

The estimating variance risk was treated in a special way because it
cannot easily be conceptualized in physical terms. It accounts for
inevitable differences which do occur between estimates and actual
bids, and between bids and actual activity costs - even in the
absence of any other identified risks. Its probability of

- occurrence and associated range (fractions or multiples of the basic

estjmate) were determined from historical data on water resources
projects. It includes, but is not necessarily limited to, such
considerations as:

- the influence of competition and market pressures;

- estimating discrepancies or errors in unit quantities on the parts
of both owner's estimator and bidder;

- particular contract forms and the owner's acceptance/
non-acceptance of certain risks;

- labor market conditions and the nature of project labor
agreements; _

- productivity and efficiency changes over time;

- the cost implications of variances between activity schedules and
actual activity durations;

- the potential for scope changes over time;

- extraordinary escalation of construction costs above the
underlying inflation rate.

In addition to estimating variance, a second special risk is
associated with regulatory matters. Various legislated controls
will most certainly be applied to the Susitna project and it is a
relatively simple matter to compute the minimum time in which
regulatory requirements could be satisfied. It is a far more
difficult task indeed to estimate the precise nature and duration of
possible future regulatory delays. It would also clearly be
?nap$ropr1ate to attempt to apply regulatory risks at the activity
evel.

This risk was handled by developing a separate distribution for a
range of periods necessary for satisfaction of important 1licensing
and permitting requirements.




(iv)

Data used in arriving at a distribution was based on recent
experiences on other water résources projects, as well as on
discussions with staff members of the Federal Energy Regulatory
Commission. The effect of applying the regulatory risk is primarily
one of shifting the starting time for commencement of construction
activities, leading to corresponding change in the projected
completion time. A lesser effect of the regulatory risk was to
introduce delays during construction.

Regulatory requirements have been an important influence during the
past decade on major construction costs and schedules, though it is
difficult to isolate their effects. In order to separately consider
estimating variance risks and regulatory risks, "estimating
variance" probability determination relied heavily upon water
resources construction data developed for projects essentially
completed prior to the passage of the National Environmental Policy

Act (NEPA). As noted above, regulatory risk probability

distributions were derived from more recent projects.

Each of the various risk magnitude probabilities was originally
calculated as an annual value. On a risk-activity by risk-activity
basis, these annual values were then converted by standard
computational procedures to provide a probability of occurrence
during the duration of the activity.

The concept of "response" is particularly important in the formal
risk analysis process. As the terminology suggests, a "response
represents the action to be taken if a particular event occurs.

There are two kinds of "response". The first - and most often used
- is an expected reaction to the occurrence of a particular damage
level (i.e., if this damage level is incurred, then what actions
must be taken to restore the activity to its pre-damage status? And

- what costs, schedule, and manpower implications (consequences) wiTl

result?). A second kind of response can also be considered and it
provides an important 1ink between the design team and the risk
analysis team. This latter is the "preventive response" (i.e., what
changes might reasonably be made in the design and/or construction

mw;_“ptnceduneswwhich»wouldwpermitwuswto»avoidwormredUCEMa“partTCUTar

damage level? Is the cost and schedule change which might ensue
worthwhile when compared to the probability and magnitude of the
consequences which would otherwise be incurred?). A number of
preventive responses were identified by risk analysts during the
risk study and several of these were incorporated into the project
design and design criteria. There may be further opportunities for
preventive response. Since none would be chosen unless it offered a
net benefit to cost and/or schedule, it may reasonably be concluded
that as detailed design proceeds and as subsequent risk analysis
updates are accomplished, a gradual reduction in the spread of
possible values can be expected.
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(i) Interpretation of Results

(i)

Presentation of Data

A variety of formats is available for presentation of risk analysis
results. Figure 18.2.8 illustrates three common methods. The
choice of a particular graphic display and of "expected value"
calculations is explained as follows:

The density form ((2) on Figure 18.2.8) plots the probability that
a particular value will occur against its value. This kind of
distribution was used in the preparation of histograms for risks
and damage levels, as may be seen on Figure 18.2.7. Insofar as
presentation and interpretation of final outputs are concerned,

- however, the density form is not as meaningful. The decision

makers tend to be more concerned about the confidence they can
have that a particular value will not be exceeded than that the
same value will actually be achieved. (In other words, it is more
meaningful to know that there is a 90 percent chance that a
certain cost will be $100 million or Tess than it is to know that
there is a 5 percent chance that the cost will be between $95
million and $100 million.)

The reverse cumulative form ((3) on Figure 18.2.8) provides a
measure of the probability that a particular criterion value will
be exceeded (e.g., such a distribution might indicate that there
is a 10 percent chance that a particular activity will cost more
than $100 million).

The cumulative form ((1) on Figure 18.2.8) provides a measure of
the probability that a particular value will not be exceeded.

This latter form was selected for presentation of results since it
relates directly to the decision maker's need to know how
confident he can be that total costs will be within certain limits
and it also allows him to understand that further exposure may
exist.

The "expected value" is the value which would appear on the
average if a large number of projects of this type were
constructed independently under the same conditions.

Minor variations in activity costs were generated by the estimating
team concurrent with development of the risk analysis. 1In addition,
account was taken of the expectation that constiruction costs will
escalate at a faster rate than normal inflation - both in the
economic analyses and the risk analyses. To avoid confusion
regarding absolute cost values, the results of the risk analysis are
presented in this section as percentages of the estimated project
cost or as ratios between actual costs and estimated costs.




(111)

Watana Cost-Probability Distribution

Figure 18.2.9 provides the cumulative distribution of total direct
costs and their related non-exceedance probabilities as determined

in the risk analysis. Certain important points noted on the figure
are interpreted as follows:

The project cost estimate was presented in Chapter 16 of the
Feasibility Report. Point "A" on Figure 18.2.9 corresponds to
this project estimate. As may be read directly from the display,
the analysis suggests that the probability of completing Watana
for Tess than the project estimate is about 73 percent. Said
another way, the chance of underrun (in January 1982 dollars) is
73 percent. :

When the Tow cost estimate (as tested in the sensitivity analysis)
is considered, Point "B" results. The probability that Watana
will be completed for less than the low cost estimate is about 46
percent.

The fact that this probability is lower than that cited above is,
of course, to be expected. It will be noted that the percentage
value on the horizontal scale at Point "B" is 83 percent, arrived
at from the ratio between low cost estimate and project estimate.

In spite of the relatively comfortable chance of underrun (or said
another way, the degree of confidence we may have in the project
cost estimate), it is nonetheless true that the project remains
exposed to some potential for costs well above the total estimated
costs. Point "C" on Figure 18.2.9 corresponds to the high cost
estimate. It will be recalled that a sensitivity analysis was
undertaken to determine the effect of such a cost on total project
economics. The risk analysis suggests that there is a 90 percent
probability that the high cost estimate will not be exceeded.

As will be noted from Figure 18.2.9, there remains a small but
measurable possibility that the project costs will exceed even the
high value at Point "C". It can be argued that the degree of
conservatism which was used in the analysis has overstated the -
possibility of extreme upper limits on total cost. The paragraph
on comparison with available data below addresses this
conservatism issue, comparing our results with historical data.

The expected value of the actual cost is 90.25 percent of the
project estimate.

Devil Canyon - Probability Distributions

Figure 18.2.10 provides the cumulative probability distribution for
Devil Canyon costs. Points "A", "B", and "C" on the curve
correspond to those discussed above for Watana and are associated



(iv)

with probabilities of 74 percent, 47 percent, and 90 percent respec-
tively, for actual percentages of the project estimate being less
than indicated values. Once again, a not insignificant long "tail"
in the extreme upper right-hand portion of the distribution provides
a measure of the potential exposure to large overruns. The expected
value of the actual cost is 91.5 percent of the project estimate.

Total Project Distribution

Figure 18.2.11 combines the separate Watana and Devil Canyon
projects, providing a cumulative distribution for the Susitna hydro-
electric project as a whole. Points "A", "B", and "C" now have
associated probabilities of non-exceedance of 73 percent, 47
percent, and 90 percents, respectively. Taken as a whole, the
figure suggests a very broad range of total project cost ratios is
possible. Even between the 10 percent and 90 percent probability
interval, the cost range spans nearly $3 billion. If the project
follows historical patterns, it may be expected that this range will
narrow over time as detailed design and construction proceeds. A
word of caution is important enough to deserve repetition at this
point: the cost distributions are in every case based upon January
1982 dollars and they do not account for the effects of inflation.
Nor do they include interest during construction or finance charges.
Only the potential for extraordinary construction cost escalation
(over and above inflation) has been taken into account. It follows
that if the project is completed in the next several decades, the
final "actual" cost will have to be adjusted to equivalent 1982
dollars if it is to be compared with risk analysis results as
presented herein.

Comparison with Available Data

During the assessment of the important "estimating variance" risk
(see paragraph 18.2 (h) (ii) above), historical data for 48 federal
water resources projects completed prior to passage of NEPA were
considered. While certain important limitations apply to the use of
this data, it is nonetheless worthwhile to compare it with our
Susitna Risk Analysis results. Recognizing that each of the histor-
ical projects differed from another in terms of cost, schedule, and
complexity, we have once again chosen to normalize the data by
displaying a cost ratio scale rather than an actual absolute cost

‘value. Fiqure 18.2.12 offers a cumulative probability histogram for

various cost ratios. In each case, the cost ratio reflects the
actual project cost (after adjustment for inflation) divided by the
"initial" estimated cost. As may be seen from the display,
relatively large overruns have occurred in the past and they were
almost inevitably the basis for widely publicized "finger pointing".
Less well known, but particularly important, is the evidence that a
substantial number of water resources projects have been
accomplished for lTess than the originally estimated costs.
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In order to compare this information with the Sus1tna Risk Analysis
results, it is necessary to determine the meaning of “initial"
estimate in terms of the historical data. In each case, the
"initial" estimate is the estimate presented to the Congress at the
time a request was made for project authorization. Thus, it would
be inappropriate to regard the current Susitna estimate (as
discussed in Chapter 16) as an "initial" estimate in the federal
sense. Fortunately, however, the Susitna project does have a long
history of federal invo]vement. Indeed, the Corps of Engineers
provided a detailed "initial" estimate in 1975 as the basis for
seek1ng authorization for important design act1v1t1es. This

"initial" estimate was further updated by a second "initial"
estimate in 1979 after some additional exploratory work and further
analysis were requested by the Office of Management and Budget.
Inc]us1ve of contingencies and excluding lands, the direct cost

"initial" Corps of Engineers' estimate (from the 1979 report) in
January 1982 dollars for the Watana/Devil Canyon (thin arch dam)
project was used as the denominator for display of possible Susitna
cost ratios.

Figure 18.2.13 overlays the results of the Susitna Risk Analysis on
the historical data. Note that the cost ratios differ on this
display from those on Figure 18.2.11 because of the necessity to use
the "initial" estimate for comparison purposes.

As may be seen from Figure 18.2.13, the Susitna Risk Analysis
results reflect a more pessimistic expectation at Tow cost Tevels
than the historical data would appear to indicate is reasonable.
The degree of pessimism appears appropriate, however, for the
following reasons:

- The pre-NEPA data base largely excludes cost implications of
regulatory requirements. OQOur own assessment indicates that
regulatory matters do impose some additional important cost
burdens on post-NEPA projects. These have largely been accounted
for in the project estimate, but some uncertainty must remain.

- The data base includes a variety of time intervals between the B
—"initial" estimate and the actual realized cost. By disaggregat-

ing the data to include only those water resources projects
reflecting ten years or more between "initial" estimate and actual
costs, a new histogram can be generated as shown on Figure
18.2.14. The Susitna results continue to appear pessimistic at
the Tower end in light of historical data, but the difference is
seen to have diminished on this display. Some optimism is
reflected for higher cost possibi1ities, but the Susitna estimate
is well above the mean of the values in the data set. The
distribution also reflects a Tonger tail at the extreme upper end
than the data set d1sp1ays.
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- The data base included water resources projects which are not
directly comparable to Susitna. Removing such projects as canals,
harbors, and locks permits generation of a third histogram for
dams and reservoirs as shown on Figure 18.2.15. As may be seen
from this display, the Susitna Risk Analysis appears to offer an
even more conservative expectation than the total data base had
reflected.

In short, it appears reasonable to assert that the results of the
risk analysis are consistent with historical data and, if any bias
is evident, it is on the side of conservatism.

(vi) Schedule Risks

At the same time that minimum, modal, and maximum cost values were
estimated for each damage scenario in each risk-activity set,
estimates were also made of similar values for potential schedule
changes. As a result, schedule probability distributions were
generated for each major activity. These individual distributions
could not be combined in the same way as was accomplished on the
cost side, however. Delays in certain activities can be tolerated
with no expectation of change in total project schedule. Delays in
gt?er areas may bear a one-to-one relationship with total project
elay.

A critical path network was prepared for the entire set of
activities for each configuration. Individual probability
distributions for critical activities were then combined to yield a
distribution for the total project schedule.

Several critical paths were identified in the process since a long
delay on a non-critical activity can, of course, place that activity
on a new critical path. The raw schedule delay distribution was
then considered in-the context of a one-year scgedule contingency
which had been built into the original estimate” and in light of
regulatory delay risks. The resulting distributions are discussed
and interpreted as follows:

- Figure 18.2.16 provides a cumulative probability distribution for
months from the scheduled completion date for the Watana project.
It reflects all risk contributions except those posed by regula-
tory requirements. It is based upon a critical path through the

3 It is important to note that with the exception of the "regulatory" and
"estimate variance" risks, all criterion values were estimated as increments
or decrements to the direct cost or schedule estimate. The assertion by the
estimating team that a one-year contingency was included in the schedule
distribution was accounted for by shifting the raw probability distribution
one year to a new centerpoint.




main dam and it takes into account the one-year schedule contin-
gency. As may be read directly from the figure, the probability
of completing the project ahead of schedule or on time is about 65
percent. There is only a 17 percent chance of completing the
project a year early (i.e., in 1992).

- Figure 18.2.17 provides a similar distribution after regulatory
risks are accounted for. Two components are included: (1) prior
to the start of construction a license must be issued by the
Federal Energy Regulatory Commission. There is a small chance (25
percent) that the license will be issued a year earlier than the
current 30-month Ticensing schedule anticipates. The probability
of meeting or bettering the 30-month estimate is about 72 percent
and there is a 90 percent probability that not more than 39 months
will be required; (2) during the construction period, regulatory
delays may be imposed as a result of various permitting require-
ments, injunctions, and the like. These delays yield only
increases in schedule and range from a 50 percent probability of
delays of a month or less to a 95 percent probability that
regulatory delays during construction will not exceed 12 months.
As may be seen from Figure 18.2.17, the net effect of the
regulatory risks is to broaden the range of possible values. At
the Tower end of the distribution, it will be noted that the
chances of completing at least a year early have increased to
nearly 40 percent -- primarily because of the chance of getting a
Ticense early and therefore starting early. No significant change
appears for the probability of meeting or bettering the schedule.
A substantial effect is evident in the upper portion of the curve
where the chances of long regulatory delays have pushed out the 95
percent confidence Tevel to an expectation of no more than three
years' delay -- a significant change from the 12 to 13 months
attributable to risks other than regulatory, as may be seen on
Figure 18.2.16.

While similar distributions can be plotted for Devil Canyon, they
are less meaningful since there is flexibility associated with its
starting date.

Transmission Line Riskg

The separate risk analysis of the Susitna transmission system was
conducted to determine the probability of significant power supply
interruptions at the two major Toad centers in Anchorage and
Fairbanks. The methodology was generally similar to that described
in preceding paragraphs. Recognizing that the system is assumed to
be in an operating mode, those risks which had applied only for
construction in the preceding analysis (e.g., contractor capability)
were eliminated from the risk 1ist. Additions to the 1ist were made
to account for the potential effects of lightning, aircraft
collisions, and anchor-dragging in Knik Arm (applicable to the
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submarine cable segment). Account was taken of redundancies
designed into the system (e.g., a loss of one Tine in the three-line
system extending south toward Anchorage can be tolerated with no
Toss of energy delivery capability).

In addition, special attention was given to dependencies (e.g., an
earthquake which causes the loss of two lines will very 1likely knock
out the third. On the other hand, vandalism which causes an outage
on one line is only infrequently expected to extend to all lines).
Important assumptions included the availability of well-trained
repair crews and equipment, and a reasonable supply of spare
components.

The results of the analysis provide the cumulative probability of

not exceeding a given number of days of reduced energy delivery

capability. Figures 18.2.18 and 18.2.19 display this information

;or Anchorage and Fairbanks, respectively. Interpretations are as
ollows:

- In the particular case of Anchorage (Figure 18.2.18), it will
first be noted that the probability scale includes only the
extreme upper range of non-exceedance probabilities. The
intersection of the distribution curves on the probability axis
indicates that the probability of no lost energy delivery
capability in a given year is .958 and of not having 50 percent
reduction is .955. Beyond these points the curves rise sharply,
indicating that outages beyond 5 days are extremely unlikely. The
"expected" annual value of .0696 days for a total delivery loss
may be compared with the "loss of load probability" of .1 (one day
in 10 years) which had been used in the generation planning
efforts in the economic studies. In short, the risk analysis
confirms that the reliability of the transmission system for
energy delivery to Anchorage is consistent with the requirements
of the overall Railbelt generation system. The "expected" annual
value of .09171 days for a 50 percnet reduction in energy delivery
appears to be similarly acceptable when compared to assumed loss
of load probability.

- The cumulative probability distribution for Fairbanks (Figure
18.2.19) has a slightly different intercept on the probability
axis and its shape is also slightly different from those for
Anchorage. These differences stem from the fact that delivery to
Fairbanks requires no submerged crossing and certain other risks
(e.g., flood, temperature extremes) would be expected to have
different probabilities for northern and southern segments of the
system. In spite of the absolute differences, it may be seen from
the display that the "expected" annual value of .08116 does not
exceed the loss of load probability criterion of .1 day per year.
No 50 percent loss for Fairbanks is shown since the loss of one of
two lines causes no reduction in delivery capability. Two lines
lost is, of course, a 100 percent loss.
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(viii) Emergency Response

In spite of the apparent reliability of the transmission system, it
is nonetheless true that a small but finite chance of relatively
long-term outages does exist. It is also unfortunately true that
certain extreme risk magnitudes (e.g., combination of extreme Tow
temperature, wind, and ice) which could Tead to an outage also tend
to coincide with high demands by users on the generating system.
The "response" in this case is extremely important. The final
report for Subtask 11.03, Risk Analysis, provides such a response in
the form of a preliminary emergency plan which includes such
measures as shedding non-essential loads, putting reserve capacity
on line, and energy transfers from military generation systems.
Prior to the time that the Susitna hydroelectric project begins
operation, this plan should be updated and occasional tests should
be made of its practicality.

(j) Conclusions
Based upon the risk analysis, it is concluded that:
- The probabilities that actual costs will not exceed values subjected to

sensitivity tests in the economic analysis are as follows:

Probability that
value will not

Value be exceeded
. Project estimate 73 percent
. Low capital cost tested in 47 percent

the economic analysis

. High capital cost tested in 90 percent
the economic analysis

_ - Exposure.to. potential-costs abovethe project estimate does exist and -
there is about a 1 percent chance that an overrun of 40 percent or more
(in 1982 dollars) will occur.

- The annual probability that no interruption in energy delivery to major
Toad centers will occur as a result of transmission Tine failures is in
excess of 95 percent.

Expected values of energy delivery interruptions are less than one day in
ten years and are consistent with loss of load probabilities assumed in
the generation planning efforts.



i - There is a 65 percent probability that the Watana project will be

completed prior to the scheduled time in 1993. Exposure to schedule v

i delays is heavily influenced by regulatory requirements and there is a 10

[ percent probability that the Watana project will not be completed until
1995 or later.




TABLE 18.2.1

PROBABILITY ASSESSMENT
LOAD FORECASTSI

Low Medium High

Year M Gh M G My Gih
1990 802 3999 892 4456 1098 5703
1995 849 4240 983 4922 1248 6464
2000 921 4641 1084 5469 1439 7457
2005 1066 5358 1270 6428 1769 9148
2010 1245 6303 1537 7791 2165 11435
Probability 0.20 ‘ 0.60 0.20

of Occurrence

1 Battelle Pacific Northwest Laboratories, December 1981.




TABLE 18.2.2

PROBABILITY ASSESSMENT
. ALTERNATIVES-CAPITAL COST ANALYSIS!

( : Type/Size Low Medium High
l MW $/kW2 $/kw?2 $/kW2
Coal/200MW/
@ Beluga 2018 2242 2690
,,,,, : Coal/200 MW
@ Nenana 2073 2303 2764

Gas Turbine/
70 MW 572 636 763

Combined Cycle/
200 MW 996 1107 1328

Probability of ’
Occurrence 0.20 0.60 0.20

1 Developed by Ebasco for the Railbelt Alternatives Study by
1 Battelle

2 Includes AFDC




TABLE 18.2.3

PROBABILITY ASSESSMENT
FUEL COST AND ESCALATIONI

Probability of
Occurrence 0.25 . 0.50 0.25

Healy Coal @ Healy (cents/MMBtu)

Year Low Medqium High
1990 146 179 ’ZI%‘
1995 146 204 275
2000 146 232 351
2005 146 246 391
2010 146 261 436

Healy Coal @ Nenana (cents/MMBtu)

1990 175 210 249
1995 175 235 310
2000 175 264 387
2005 175 279 ‘ 425
2010 175 295 467

Beluga Coal (cents/MMBtu)

1990 143 176 211
1995 143 200 269
2000 143 227 343
2005 143 241 382
2010 143 256 426

Natural Gas (cents/MMBtu)

1990 300 300 443
1995 300 327 565
2000 300 480 122
2005 300 : 530 797
2010 300 - 585 880

0i1 (cents/MMBtu)

1990 650 762 890
1995 650 841 1083
2000 650 928 . 1317
2005 650 1025 1954
2010 650 1132 1605

1 Base prices and escalation patterns derived from Battelle
and Acres meetings and research




TABLE 18.2.4

M PROBABILITY ASSESSMENT
1 % SUSITNA CAPITAL COST ANALYSIS!

yi January 1982%

] Dam/Size Low Medium High
}1 MW $/kW2 $/kW2 $/kw2
Watana

;2 680 MW 5018 /kW 6021 /kW 7025/kW
- Devil Canyon ,
{j 600 MW 2265 2718 3171
. Probability

of Occurrence 0.60 0.25 0.15

1 Based on the 1280 MW Susitna Project estimate of $5,117 million

B 2 Includes AFDC and transmission line costs.

Note: Low capital cost is computed as medium divided by 1.20 and
is equal to a zero percent contingency. High capital cost
is computed as the low times 1.4 and represents a double
(40 percent) contingency.

b
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TABLE 18.2.5

LONG-TERM COSTS AND PROBABILITY
NON-SUSITNA TREE

(1982 $) Cumula-
Rank $ x 106 tive
(Low to Long-Term Proba- Proba- Expected
High) Ipl Cost bility bility LTCZ
1 T27 4412 .01 .01 44,12
2 T24 4590 .03 .04 137.70
3 T21 4856 .01 .05 48.56
4 T18 5489 .03 .08 164.67
5 T15 5661 .09 17 509.49
6 T12 5991 .03 .20 179.73
7 T26 6101 .02 .22 122.02
8 123 6878 .06 .28 412.68
9 TO9 7184 .01 .29 71.84
10 T06 7313 .03 .32 219.39
11 T20 7460 .02 .34 149.20
12 T03 7624 .01 .35 76.24
13 T17 7915 .06 41 474.90
14 T14 8238 .18 .59 1482 .84
15 T25 8492 .01 .60 84.92
16 T22 8746 .03 .63 262.38
17 T11 8858 .06 .69 531.48
18 T19 9253 .01 .70 92.53
19 T16 10321 .03 W73 309.63
20 T08 10503 .02 .75 210.06
21 T13 10637 .09 .84 957.33
22 T0S 10859 .06 .90 651.54
23 T10 11272 .03 .93 338.16
24 T02 11569 .02 .95 231.38
25 T07 13742 .01 .96 137.42
26 TO4 14194 .03 .99 425.82
27 TO1 150568 .01 1.00 150.58
1.00

1 Retates to Figure 18.2.1

2 LTC - Long-term Costs.




TABLE 18.2.6

SUSITNA TREE

LONG-TERM COSTS AND PROBABILITY

Rank
(Low to
High) 1pl
1 S45
2 S42
3 S36
4 S39
5 S33
6 S44
7 S30
8 S41
9 S35
10 S38
11 S32
12 S27
13 S18
14 S09
15 S43
16 S29
17 S40
18 S34
19 S37
20 S31
21 S26
22 S17
23 S08
24 S24
25 S15
26 S28
27 S06
28 S25
29 S16
30 S07
31 S23
32 S14
33 S05
34 S21
35 S12
36 S03
37 S22
38 S13
39 S04
40 S20

(1982 $) Cumula-
$ x 106 tive
Long-Term Proba- Proba- Expected
Cost bility bility LTC
5543 .03 .0300 166.29
5757 .06 .0900 345.42
5827 .09 .1800 524.43
6097 .03 .2100 182.91
6151 .18 .3900 1107.18
6437 .0125  .4025 80.46
6477 .09 .4925 582.93
6650 .025 .5175 166.25
6738 .0375  .5555 252.67
6991 .0125  .5675 87.38
7062 .075 .6425 529.65
7087 .006 .6485 42.52
7108 .018 .6665 127.94
7151 .006 .6725 42.91
7331 .0075  .6800 54.98
7388 .0375  .7175 277 .05
7543 .015 .7325 113.15
7650 .0225  .7550 172.12
7884 0075  .7625 59.13
7974 .045 .8075 358.83
7986 .0025  .8100 19.96
8008 .0075  .8175 60.06
8050 .0025  .8200 20.12
8326 .012 .8320 99.91
8347 .036 .8680 300.49
8371 .0225  .8905 188.35
8390 .012 .9025 100.68
8886 .0015  .9040 13.33
8908 .0045  .9085 40.09
8951 .0015 .9100 13.43
9225 .005 .9150 46.12
9247 015 .9300 138.70
9290 005  .9350 46.45
9614 .006 L9410 57.68
9758 .018 .9590 175.64
9784 .006 .9650 58.70
10126 .003 .9680 30.38
10147 _ .009 .9770 91.32
10190 .003 .9800 30.57
10514 .0025  .9825 26.29




Rank
(Low to
High)

41
42

44
45

TABLE 18.2.6 (Continued)

LONG-TERM COSTS AND PROBABILITY
SUSITNA TREE

S11
So02
S19
S10
S01

(1982 $) Cumula-

$ x 106 tive

Long-Term Proba- Proba- Expected

Cost bility bility LTC
10658 .0075  .9900 79.94
10683 .0025  .9925 26.70
11414 .0015  .9940 17.12
11558 .0045  .9985 52.01
11584 .0015 1.0000 17.38

000~ :

1 Relates to Figure 18.2.2

2 Long-term Costs




TABLE 18.2.7

NET BENEFIT - CALCULATED VALUES

Comparison T-ID S-ID

OO~~~ W

TO1
T01
TO1
TO2
T02
T02
T03
TO3
T03
TO4
T04
T04
TO5
T05
T05
T06

T06

T06
TO7
TO7
TO7
T08
TO8
T08
T09
TO9
T09
T10
T13
T16
T10
T13
T16
T10
T13
T16
Ti1
T14
T17
T11
Ti4
T17

S01
S02
S03
S04
S05
S06
S07
S08
S09
S10
Sl1
S12
S13
S14
S15
Sl6
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S28
528
S29
S29
S29
S30
S30
S30
S31
S31
S31
$32
S32
S32

.0015
.0025
.006
.003
.005
.012
.0015
.0025
.006
.0045
.0075
.018
.009
.015
.036
.0045
.0075
.018
.0015
.0025

~.006
.003
.005
.012
.0015
.0025
.006
.0045
.0135
.0045
.0075
.0225
.0075
.018
.054
.018
.009
.017
.009
.015
.045
.015

Net
T-LTC S-LTC Benefit
15058 11584 3474
15058 10683 4375
15058 9784 5274
11569 10190 1379
11569 9290 2279
11569 8390 3179
7624 895? (1327)
7624 8051 (427)
7624 7151 473 .
14194 11558 2636
14194 10658 3536
14194 9758 4436
10859 10147 712
10859 9247 1612
10859 8347 2512
7313 8908 (1595)
7313 8008 (695)
7313 7108 205
13742 11414 2328
13742 10514 3228
13742 9614 4128
10503 10126 377
10503 9225 1278
10503 8326 2177
7184 8886 (1702)
7184 7986 (802)
7184 7087 97
11272 8371 2901
10637 8371 2266
10321 8371 1950
11272 7388 3884
10637 7388 3249
10321 7388 2933
11272 6477 4795
10637 6477 4160
10321 6477 3844
8858 7974 844
8238 7974 264
7915 7974 (59)
8858 7062 1796
8238 7062 1176
7915 7062 853




TABLE 18.2.7 (Continued)

NET BENEFIT - CALCULATED VALUES

Comparison T-ID S-ID
43 T11 S33
44 Ti4 S33
45 T17 S33
46 T12 S34
47 T15 S34
48 T18 S34
49 Ti2 S35
50 T15 S35
51 T18 S35
52 T2 S36
53 T15 S36
54 T18 S36
55 T19 S37
56 T22 S37
57 T25 S37
58 T19 S38
59 T22 S38
60 125 S38
61 T19 S39
62 T22 S39
63 T25 S39
64 T20 S40
65 123 S40
66 T26 S40
67 T20 S41
68 T23 S41
69 T26 S41
70 T20 S42
71 T23 S42
72 T26 S42
73 T21 S43
74 T24 S43
75 T27 S43
76 T21 S44
77 T24 S44
78 T27 S44
79 T21 S45
80 T24 S45
81 T27 S45

i

.036
.108
.036
.0045
.0135
.0045
.0075
.0225
.0075
.018
.054
.018
.0015
.0045
.0015
.0025
.0075
.0025
.006
.018
.006
.003
.009
.003
.005
.015
.005
.012
.036
.012
.0015
.0045
.0015
.0025
.0075
.0025
.006
.018
.006

Net
T-LTC S-LTC  Benefit
8858 6151 2707
8238 6151 2087
7915 6151 1764
5991 7650 (1659)
5561 7650 (1989)
5489 7650 (2161)
5991 6738 (747)
5661 6738 (1077)
5489 6738 (1249)
5991 5827 164
5661 5827 (166)
5489 5827 (338)
9253 7884 1369
8746 7884 862
8492 7884 608
9253 6991 2262
8746 6991 1755
3492 6991 1501
9253 6097 3156
8746 6097 2649
8492 6097 2395
7460 7543 (83)
6878 7543 (655)
6101 7543 (1442)
7460 6650 810
6878 6650 228
6101 6650 (549)
7460 5757 1703
6878 5757 1121
6101 5757 344
4856 7331 (2475)
4590 7331 (2741)
4412 7331 (2919)
4856 6437 (1581)
4590 6437 (1847)
4412 6437 (2025)
4856 5543 (687)
4590 5543 (953)
4412 5543 (1131)
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TABLE 18.2.8

CASE 1 - POSITIVE CORRELATION BETWEEN
ENERGY DEMAND AND PRICES

Conditional Probabilities of Energy Demand

High Medium Low

Load Forecast Load Forecast Load Forecast
High Energy Prices 0.6 0.3 0.1
Medium Energy Prices 0.2 0.6 0.2
Low Energy Prices 0.1 0.3 0.6

TABLE 18.2.9

CASE 2 - NEGATIVE CORRELATION BETWEEN
ENERGY DEMAND AND PRICES

Conditional Probabilities of Energy Demand

High~ Medium Low
Load Forecast Load Forecast Load Forecast
High Energy Prices 0.1 0.3 0.6 -
Medium Energy Prices 0.2 0.6 0.2
Low Energy Prices 0.6 0.3 0.1



TABLE 18.2.10

SUMMARY OF PROBABILITY ASSESSMENT

Probability that

(a)

(b)

(c)

‘Thermal plan is

more costly than
the Susitna plan

Thermal plan is
less costly than
the Susitna plan

Thermal and
Susitna plans
are equal cost

Case 1 Case 2 Initial Case
Positive Negative Zero
Correlation Correlation Correlation
Between Between Between
Energy Prices Energy Prices Energy Prices
and Demand and Demand and Demand

69 percent 91 percent 78 percent
25 percent 9 percent 16 percent

6 percent 0 percent 6 percent




FIGURE 18.2.1— PROBABILITY TREE — SYSTEM WITH ALTERNATIVES TO SUSITNA

LOAD ALTERNATIVE FUEL COST RESULT LONG-TERM COST
FORECAST CAPITAL COST ESCALATION ID PROBABILITY PRESENT WORTH
N HIGH
HIGH _ 04] %o MEDIUM Igf? 'g; $:?’ggg
. ___tow T03 01 7,624
%
HIGH 20 60 MEDIUM U2 | .{-gg 132 :g',:;:g
o AN T06 03 7,313
T07 .01 13,742
LOW 04
: T0 .02 10,503
AN T68 01 7,184
o HIGH 42 ; (l) 'gg 1;222
© N\ 2 03 5,991
60 MEDIUM 60 0 MEDIUM 36| Eg '_(1)3 12:2:::;
N AN TI5 .09 5,661
.03 10,321
> LOW .2 yd -H% 06 7,915
Tig .03 5.489
HIGH 04 %_% ,’33 57)523
5 AN T21 01 4,856
k> .0 .
LOW 20 60 MEDWM 2 | }-232; .0: g,;;g
2 AN T24 .03 4,590
° HIGH 1258 .01 8,492
ow o4l A MEDIUM T26 .02 6,101
X LOW T27 .01 4,412
Z =100




ALTERNATIVE SUSITNA
LOAD CAPITAL FUEL COST CAPITAL RESULT LONG-TERM COST
FORECAST COST ESCALATION COST _iD PROBABILITY PRESENT WORTH
—_— o HIGH . 584
HIGH 01 @ rgxuum gg_’z _gg;g $:g,gg3
S03 .0060 9,784
22 S04 .0030 10,190
HIGH 04 50 MEDIUM 02| & 295 .0050 9,290
s 06 0120 8,390
- sQ7 . o008 ... 88st
Low o1 ggg 8g§g ) . _%3222
) .0045 11658
8 HIGH 03 & Sl 0078 10,658
g2 .0180 8,768
2 s|3 0090 10,147
HIGH 20 60  MEDIUM j2 50 MEDIUM 0g & sla 0150 8247
5 S5 .0360 8,347
2 .0045 8,908
g Low o3 < %1,% 6075 8,008
S8 .0180 7,108
s19 .0015 11,414
HIGH Ol \ g—g? _gggg 13,2:2
2 ‘ 522 .0030 10,126
LOW 04 50 MEDIUM 02 < 553 .0050 9,221
25 524 {0120 - 8,326
$25 0015 8,886
Low o Soa .0025 7,986
. §57 .0060 7,081
2 .0225 8,371
Y s28 i
HIGH IS < 529 .0375 7.388
330 .0900 6,477
%2 53] .0450 7.974
60 MEDIUM 60 1.0 MEDIUM g0 50 MEDIUM 30 S32 0750 7.062
o 25 N 333 1800 6,151
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18.3 - Marketing

Introduction

This section presents an assessment of the market in the Railbelt region for the
energy and capacity of the Susitna hydroelectric development. A range of rates
at which this could be priced in the year of first power and the price in
succeeding years is also considered as well as a basis for contracting for
supply of Susitna energy.

(a)

The Railbelt Power System

It is necessary to consider first the basic characteristics of the Railbelt
region electric power demand and supply, load resource analysis for the
period during which Watana and Devil Canyon come into operation in 1993 and
2002 respectively.

The power system to which Susitna capacity and energy would be delivered is
defined as the Railbelt Region interconnected system which will result from
the Tlinking of the Anchorage and Fairbanks systems through a transmission
intertie to be completed in the mid-1980s.

(1)

Delineation of Region

The Railbelt Region covers the Anchorage-Cook Inlet area, the
Fairbanks-Tanana Valley area and the Glennallen-Valdez area as

shown in Figure 18.3.1. The utilities, military installations and
university for which electric generating facilities are included in
this report are listed in Table 18.3.1. The approximate location of
service areas of these utilities are shown in Figure 18.3.2 and the
generating plants servicing the region are listed in Table 18.3.3.

- Anchorage-Cook Inlet Area

There are five electric utility companies in the Anchorage-Cook
Inlet area. The two largest are Anchorage Municipal Light and
Power (AMLP) which serves the Anchorage municipal area and Chugach
Electric Association (CEA), serving the Anchorage suburban and
surrounding rural areas. Homer Electric Association (HEA) serves
the western portion of the Kenai Peninsula, including Seldovia,
across the bay from Homer. Matanuska Electric Association (MEA)
serves the town of Palmer and the surrounding rural area in the
Matanuska and Susitna Valleys. Seward Electric System (SES)
serves the city of Seward. Alaska Power Administration operates
the Eklutna hydroelectric plant and markets wholesale power to
CEA, AMLP and MEA. Chugach Electric Association also provides
power at wholesale rates to HEA, SES and MEA.
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There are also two major national defense installations in the
Anchorage area: Elmendorf Air Force Base and Fort Richardson.

- Fairbanks-Tanana Valley Area

There are two electric utility companies in the Fairbanks-Tanana
Valley area. Fairbanks Municipal Utilities System (FMUS) serves

the Fairbanks municipal area, and Golden Valley Electric
Association (GVEA) serves the rural areas. The University of

Alaska at Fairbanks owns and operates an electric generating plant
and its capacity is included in this report. The other generating
facilities in the area are those at three major national defense

installations: Eilson Air Force, Fort Greeley and Fort
Wainwright. Clear Air Force Base, which is not interconnected
with any Tocal utility, is not included.

- Glenallen-VYaldez Area

There is only one electric utility company in the Glenallen-Valdez

area, the Copper Valley Electric Association (CVEA).
(ii) Ownership

The Railbelt Region is presently served by nine major utility

systems. Five are rural electric cooperatives, three are munici-
pally owned and operated, and one is a federal wholesaler. In 1980

the rural electric cooperatives supplied 70 percent of total net

energy generated by the Railbelt utilities, the municipal systems 23
percent and the Alaska Power Administration 7 percent (see Figure

18.3.4a). Wholesale energy supply represented 28 percent of total

net generation. :

The total nameplate generating capacity for each of the utilities,
military installations and the university in the Railbelt Region is

given in Table 18.3.1. The rural electric cooperatives own 58
percent of total generating capacity, the municipal systems 27

percent, national defense organizations 10 percent, the Alaska Power

each of the utilities is provided in Table 18.3.1.

Although national defense installations have represented a major
portion of the total installed capacity in the past, they now
constitute only 10 percent of the total in the Railbelt Region.
_is expected that the national defense installation-will become a
less significant part of the total generating capacity, with the

projected~ftab11ity of military sites and the relative growth of the

utilities.

1 y.s. Department of the Army, Corps of Engineers, "South-Central Railbelt
Area, Alaska, Upper Susitna River Basin, Supplemental Feasibility Report",
Appendix - Part II, Section G Marketability Analysis, February 1979.

Administration—3—percent—and the University of Alaska at Fairbanks 2
percent—{see-Figure 18<3+4b)+—The 1980 net energy yeneration from
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(111)

(iv)

There are three industrial plants in the Kenai Peninsula that
operate their own power plants: Union 76 Chemical Division Plant,
Kenai Liquified Natural Gas Plant and Tesoro Refinery Plant. These
plants are connected to the HEA system and are buying either energy
or standby capacity from HEA to supplement their own generation in
meeting their needs. There are other self-supplied industrial
generators including oil platform and pipeline terminal facilities
in the Cook Inlet area.

In general, industries own and operate generating facilities only
for their own use. They were not included in this analysis.

Types of Fuel

The net energy generated by the Railbelt utilities by types of fuel
is shown in Figure 18.3.4c. As shown in this figure, 76 percent of
the total net energy generated in 1980 was based on natural gas, 12
percent on coal, 2 percent on 0il and 10 percent from hydroelectric
plants.

The relative mix of the generating capacity of the Railbelt utili-
ties by type of generating capacity is shown in Figure 18.3.4d.
Most of the generating capacity (55 percent) is powered by simple
cycle gas or oil-fired combustion turbines.

Existing Power Sales

“In the Anchorage-Cook Inlet area the two major wholesalers of

electricity are Alaska Power Administration, operating the Eklutna
hydroelectric project, and CEA. In 1980 the Alaska Power
Administration sold a total of 180,376 MWh made up of deliveries to
CEA, 57,717 MWh; AMLP, 90,854 MWh and MEA, 31,805 MWh. CEA sold a
total of 550,548 MWh made up of deliveries to HEA, 287,966 MWh; MEA,
236,209 MWh and SES, 26,373 MWh, in 1980. 1In the same year AMLP
sold 10 MWh to ETmendorf Air Force Base.

The 1980 energy sales by each of the Railbelt utilities are stated
by category of customer (Table 18.3.1). The Anchorage-Cook Inlet
area had an 81 percent share of the total electricity sales in the
Railbelt Region, the Fairbanks-Tanana Valley area 17 percent and the
Glenallen-Valdez Valley area 2 percent.

Transmission System

The existing transmission systems in the Railbelt Region are
indicated on Figure 18.3.2. In the Anchorage-Cook Inlet area the
utilities are at present loosely interconnected through facilities
of Alaska Power Administration and the CEA. CEA has intercon-
nections with MEA, HEA, SES and Eklutna. AMLP has an emergency 20
MW connection to Elmendorf Air Force Base.
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(vi)

In the Fairbanks-Tanana Valley area, CVEA has interconnections with
FMUS, Fort Wainwright, Eilson Air Force Base and the University of
Alaska. The CVEA serves both Glenallen and Valdez.

Power Exchanges and Interchange Contracts

The 1980 energy transfers between utilities in the Railbelt Region
are summarized in Table 18.3.3. As discussed earlier, the

main deliveries of electricity were made within the Anchorage-Cook
Inlet area. At present, the Anchorage-Cook Inlet and the Fairbanks-
Tanana Valley areas operate independently. The existing '
transmission system between Anchorage and Willow consists of a
network of 115 kV and 138 kV 1lines with interconnection at Palmer.

Fairbanks is primarily served by a 138 kV Tine from the 28 MW coal-
fired plant at Healy. Communities between Willow and Healy are
served by local distribution.

In 1980, 28 percent of the total supply was purchased under
wholesale interutility arrangements. At present there are power
sales agreements between the following utilities:

(1) Alaska Power Administration and CEA, AMLP, MEA, and

(2) CEA and HEA, Matanuska Electric Association, and

(3) GVEA and the University of Alaska.

SES and HEA have long-term purchase contracts with CEA for_

non-emergency power supplies. The coordination of area power
exchange between systems is, at present, not formalized and takes
the form of mutual assistance and unstructured interchange
agreements.l

The power sales contracts between the Alaska Power Administration
and the utilities are in pursuance of the Act of Congress approved
July 13, 1950 (48. U.S.C. Section 312-312d) and all amendments and

supplementss

(vii)

Anchorage and Fairbanks Interconnection

It is considered 1ikely that an electrical interconnection between
Anchorage and Fairbanks will be established before the Susitna
project comes into operation. The intertie has been found to be

1 The 1976 Alaska Power Survey, Volume I, FERC.




(viii)

feasiblel and its operation will result in significant economic
benefits to both areas. The recommended construction plan will
involve the following steps:

(1) Construct approximately 160 miles of new transmission line
designed for future operation at 345 kV.

(2) Add 138 kV circuit breakers at Hea1y, Willow and Teeland
sub-stations.

(3) Add a new 138/24 kV transformer at Willow sub-station along
with a 138 kV connection.

(4) Possibly add a 138 kV voltage regu1at1ng transformer at Point
Mackenzie sub-station if studies 1n preparation for design show
a need for it.

(5) Install approximately 70 MVAR of switched capacitors to control
voltage across the interconnection.

The interconnection will allow a transfer of power between Anchorage
and Fairbanks in capacity up to approximately 70 MW in either
direction. It will provide opportunity for the economy interchange
of energy from Anchorage to the Fairbanks area. An average of
260,000 MWh per year from 1984 to 1993 can be exchanged. The
intertie will result in an estimated reserve sharing starting from
18 MW as early as 1985 to a maximum of 135 MW in 1994.

The proposed plan of interconnection includes provisions for a
future operating voltage of 345 kV that allows for integrating the
new 1ine into the future transmission facilities for Susitna or
other regional generation source. Transmission facilities with
respect to Susitna project are discussed in further detail in
Chapter 12 of the Feasibility Report.

Impacts of the Interconnection

In the feasibility study of the Anchorage-Fairbanks electrical
interconnection, it has been indicated that with the tie-l1ine no
additional generating capacity will be required in the Fairbanks
area before 1993, but the Anchorage area may require approximately
120 MW of additional capacity by that time. The Anchorage and
Fairbanks systems however will require additional thermal generating
capacity, even with the tie-line in service, if Susitna is not
built.

It was also found in the interconnection study that, if the Susitna
project and its associated transmission facilities are placed in
service in 1994, the Susitna transmission will interconnect the
Anchorage and Fairbanks areas and greatly increase the transfer
capability between the areas.

1 Engineering Report R-2274, May 1981 Gilbert/Commonwealth
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(b) Regional Electric Power Demand and Supply ‘ C

(i) Socioeconomic Conditions

The Railbelt Region, as shown in Figure 18.3.1, includes Anchorage, {
Fairbanks, the Kenai Peninsula, and the Valdez-Glennallen area. The

1980 Railbelt population was 284,822 comprising 72 percent of the i
state's population of 400,142 (U.S. Bureau of Census). Anchorage is ,
the Railbelt's major urban center with 61 percent of the total

regional population. Fairbanks, with 19 percent of the total,

represents the next major population center. Major industries in l
the Railbelt include fisheries, petroleum, timber, agriculture,
construction, tourism, and transportation. Development of Alaska's :
natural resources represents current and potential economic activity ;
(Alaska Department of Commerce and Economic Development, 1978). The
Federal Government provides employment in both the military and ‘
civilian sectors, although these sectors are presently declining. A (
review of the socioeconomic scenarios upon which forecasts of

electric power demand were based is presented in Chapter 5 of the
Feasibility Report. J

(ii) Electric Power Demand

Demand in terms of electric energy and peak load in the Railbelt

Region for the period 1980-2010 has been presented in detail in

Section 5 of the Feasibility Report. The forecasts adopted in this _
report are the mid-range levels presented by Battelle Northwest in i
December 1981. Subsequent forecasts which introduce price/demand !
elasticity considerations have not been used at this stage. The

relatively wide range of demand scenarios associated with price- -
dependent sales of electrical energy in the Railbelt deserve (
particular consideration later.

The results of studies reported in Section 5 of the Feasibility i
Report call for Watana to come into operation in 1993 and deliver a S
full year's energy generation in 1994. Devil Canyon would come into .
operation in 2002 and deliver a full year's energy in 2003. Figure wf

18+3v4—shows—the mid=range forecast of energy demand corresponding
to-moderate—growth—and—the—energy outputs—planned fromthe Susitna
hydroelectric development. |

(c) Market and Price for Watana Output in 1994

In this assessment of the market for energy output from Susitna energy in j
1994 it will be assumed initially that this energy will be supplied at a “
single wholesale rate on a free market basis, that is on the basis that no _
~utility has any obligation to purchase but will choose to-do so on grounds “““&

of the single wholesale price set for Susitna energy compared with other
alternatives. It should be noted that these marketing conditions, and in
particular the single wholesale rate, constitute a very exacting market, '
for they preclude the possibility of securing markets by discriminatory l
pricing or of long-term contracts based on concessionary prices. In effect
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S
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these marketing conditions require that all Susitna energy is based on a
wholesale price which is attractive even to the utility with the lowest
cost alternative source of energy.

(1)

Organizational and Contractual
Preconditions for Susitna Energy Sales

Optimum economic operation of Watana and Devil Canyon hydroelectric
plants require that they are operated as close as possible to full
capacity. This is because of the inherent characteristics of hydro
power developments which result in effectively zero incremental cost
of additional energy when the facilities are operating at less than
full capacity. If it is determined, therefore, that Susitna is to
proceed it will be most important, in terms of obtaining the least-
cost energy system in the Railbelt, to plan for the introduction of
Watana as an operating plant in a systematic and orderly manner.
Specifically, the APA and the Railbelt utilities should consult on
any significant additions to the system capacity which the utilities
might consider in the years prior to Watana coming on-stream in 1993
and Devil Canyon in 2002 to avoid costly duplication of facilities
and consequent "over building" of capacity.

The APA should also commence power contract negotiations with the
four major electric utilities (CEA, AMPL, FMUS and GVEA) for the
output of Susitna as soon as any decision in principle is reached to
proceed with Susitna. Given that the utilities are wholly indepen-
dent, it must be expected that they will bargain for costs no higher
than the cost of energy from the best thermal option available to
them. It is on this assumption that the marketing plan given below
is developed. It is essential, however, that appropriate contracts
are established between the APA and the major utilities as a pre-
condition for the actual commencement of Susitna. The reéasons for
TATs are firstly, that such contracts will be required (see Section
18.4) to support bond issues required to fund the construction of
the project and are, therefore, a precondition of Susitna financing.
Secondly such precontract would be necessary and desirable if
equitable terms were to be arrived at. If the contractual negotia-
tions were left until construction was substantially underway, the
contractual bargaining would be on a most unequal basis, given that
Susitna would then be virtually a "trapped" resource with no
a1t$rnative markets other than that provided by the Railbelt
utilities.

Subject to tax considerations noted in Section 18.4, power supply
contracts, entered into as a precondition of proceeding with
Susitna, should also be on the basis of utilities taking whole
blocks of energy long term at a price which is the lesser of either
the cost of energy from the best thermal option (as developed below)
or the APA wholesale rate, as laid down by Senate Bill 25. The
ceiling set by the best thermal option cost should also be consid-
ered over a period of years so that, for example, the maximum price
charged for Susitna energy over ten years might be the average price
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(i)

of the energy from the best thermal option rather than the year-to-
year estimates of this cost. (In the following analysis, however,
it is assumed that the ceiling set by the best thermal option cost
is a year-to-year limitation as presently required by Senate Bill
25.) It should be noted that these general principles would enable
any benefits arising from the subsidization of Susitna (Section 18.4
below) to be passed on to the utilities and to Alaskan consumers.
They would also ensure that, under no circumstances, would Alaskan
consumers be disadvantaged by Susitna energy pricing.

Maximum Price for Watana Qutput

The first issue to be considered is the maximum price which could be
charged for the output of Watana (3387 GWh) in 1994 (the second year
of output and the first year of normal costs) and leave the Railbelt
consumers with no higher cost electricity than would have been the
case under the best thermal option had this been implemented in the
early 1990s. Identification of this price is important since it is
assumed that as a matter of policy the State of Alaska would wish
this Timit to be retained to avoid imposing any additional burden on
the Railbelt consumers. Moreover, under the present system of
decentralized independent utilities, it must be expected that the
max imum price which they would be prepared to pay is the cost of
this, the next best option to Susitna.

The marketing position for Watana Stage I in 1994 is set out in
Figure 18.3.5. The basis of the figure is first the incremental
costs (i.e., cost over and above those already incurred by way of
capital investment on the system by the early 1980's)_that would -

result if the best thermal option to Susitna were chosen. The major
incremental cost would arise from the 400 MW Beluga coal fired
thermal power station producing 2554 GWh in 1994. Since this would
be new capacity its whole cost (capital investment, fuel and 0&M)
would be added to that for the overall system. The rest of the
generating plant required to meet the 1994 demand, primarily
combined cycle and gas turbines and all already installed, would
involve incremental costs equal only to fuel and 0&M cost of this

equipment. -

Figure 18.3.5 shows, on the far right of the figure, the area in
which costs of the best thermal and the Susitna options are common

~and arise from plant required in both system configurations to

meet the full generating requirements of 1994. Watana, coming
on-stream at that time would effectively "avoid" all costs repre-

__sented by the shaded area. These costs divided by the Watana output

of 3387 GWh gives a wholesale energy rate of approximately 145
mills/kWh (in 1994 dollars) which is the maximum which could be
charged if consumers were to be neither better nor worse off in 1994
by the decision to proceed with Susitna, rather than the best
thermal option. This confirms the estimate of 148 milTs/kWh which
is produced by the more detailed OGP.5 analysis, the results of
which are given in Figure 18.3.6.
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The Entry Price Problem

The entry price problem for Watana in 1993 (as for Devil Canyon
later) arises because its wholesale energy rate must be competitive
not only with the cost of the best thermal option (i.e., the 145
mills/kWh above) but also with the avoided operating costs of all
supplied by existing equipment and this situation would continue
until such time as the equipment is retired and becomes due for
replacement or until the system needs additional capacity.

Unless appropriate measures are taken therefore, the entry price of
Watana might be constrained by the need to make it competitive with
the Towest significant block of avoided cost arising from existing
capacity. This could give rise to a situation in which the pricing
policy, which maximized revenue from Watana, was not to reduce its
wholesale price to a point at which all of its output was sold, but
maintain a higher price and "spil1" the unsold energy. Such a
policy, while it might be effective in terms of increasing the
operating revenues of Watana, evidently would not be efficient for
the system as a whole. The system would incur operating costs of
around 70-80 mills/kWh for even the least-cost thermal energy while
Watana is "spilling" energy which would cost virtually nothing to
supply. It would therefore be far cheaper for the system to use the
wata?a energy rather than operate any of the thermal sources still
available.

This entry price problem could be resolved in a number of ways to
achieve the lowest possible cost for the system as a whole. It
should in large measure be avoided by the pre-contract arrangements
described in (c) (i) above. Under such contracts the major
utilities would agree to take the Watana output in contracted-for
blocks of energy at an average price of 145 mills/kWh in 1994 rather
than to take whatever amount minimized their costs on a year-to-year
basis, regardless of the cost to the system as a whole. It would be
realistic for the major utilities to accept pre-contract arrange-
ments on this basis as the system will clearly require substantial
additions to generating capacity involving heavy investment in the
early nineties and this, as shown above, will bring the cost up to
145 mi11s/kWh. Under such block purchase pre-contract arrangements,
utilities would effectively be in a "take-or-pay" position under
which it would be more economic for them to avoid using existing
capacity on an operating cost-only basis.

The second solution to the entry price problem, (which would be
supplementary to the block pre-contract arrangements and not a
substitute), would directly address the underlying cause of the
problem. This is that the single wholesale rate obliges the Susitna
output to be sold on the basis of an average price which takes no
recognition of the basic fact that, as long as there is any of the
hydroelectric capacity unused, its incremental cost is virtually
zero. This situation could be remedied by a two-part tariff system
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with a demand charge and incrementally-priced energy supplied at
less than the operating cost of the existing equipment. This would
encourage utilities to absorb the maximum amount of the Watana
output, thus minimizing the cost to the system as a whole.

It is recognized that there may be grounds for opposing multi-part
tariff systems as possibly discriminating unfairly against parti-
cular categories of consumer. It should nevertheless be possible in
the context of the Railbelt system, as it will exist in 1994, to
devise a tariff which could be fairly and generally applied even if
only on an interim basis.

Market and Price for Watana
Qutput 1995 - 2001

After its initial entry into the market in 1994 the price and market for
the 3387 MWh of Watana output is consistently upheld over the years up to
2001 by the 20 percent increase in total demand over this period, and the
70 percent increase in cost savings which this output is providing compared
with the cost of the best thermal option. These savings per unit of output
are shown in Figure 18.3.6 and are, as noted above, derived from the 0GP5
analysis. The very substantial increase in the cost savings per unit of
Watana output.which occurs in the latter half of the 1990s reflects the
fact that, but for this hydroelectric plant, it would have been necessary
to bring on a further 200 MW coal station at Nenana in 1996. Another major
influence on the cost savings arising from Watana over this period is the
rapidly escalating cost of natural gas as existing contracts are renegoti-
ated. This rising curve of cost savings attributable to the Watana output
therefore again represents the maximum price at which the output could be

(e)

-marketed if, within the constraint of the single wholesale energy rate
system, it was possible for Watana to recapture the whole of the savings
which it confers on the system compared with the best thermal option.

Market and Price for Watana and
Devil Canyon Output in 2003

Devil Canyon comes on-stream in the year 2002, but its first full year of
normal-costing—is-2003--and—it—is—with-reference—to-this—year—that-we N

consider the_pricing and_marketing problems—involved-in-selling—the
additional 2450 GWh made available and usable on the Railbelt system.

A diagramatic analysis of the total cost savings which the combined Watana
and Devil Canyon output will confer on the system in the year 2003 compared
with the best thermal option is shown in Figure 18.3.7. By this year,

under the thermal option, the costs of the system would have been dominated

by the three 200 MW coal plants completed in the years 1994 and 1996. The

diagram shows the total savings brought about by the usable -output from
Susitna in this year. Again, dividing these total savings by the energy
contributed by Susitna we arrive at the 250 mills/kWh price which
represents the maximum price which can be charged for Susitna output on a
basis that enabled the project to recapture the whole of the savings which
it confers on the system compared with the best thermal option.
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Again, the practical marketing problem which would need to be resolved in
the year 2003 is that of making the entry price of Susitna energy competi-

~tive, not merely with the best thermal option, but also immediately

competitive with the actual combined cycle, gas turbines, plants, etc.,
which the additional output from Devil Canyon will displace. It is this
capacity (combined with the output of Watana and other hydroelectric
plants) that will have been supplying the whole Railbelt energy demand in
the years immediately preceding the start-up of Devil Canyon. It could
therefore still be available as an alternative power generating mode open
to the utilities wherever this is more economical than paying the single
wholesale rate charged for Susitna.

If the wholesale rate charged for Susitna would be at the 250 mills/kWh
level (designed to recapture wholly the savings conferred by the project in
that year) it will be seen from Figure 18.3.7 that it would be more
economical for some utilities to keep in operation part of the combined
cycle and gas turbine generating capacity since their operating costs would
be considerably less than the 250 mills. This is expected however to be
only a relatively short term problem, one reason beiTg that some of these
remaining facilities will be approaching retirement.®* At that time new
capital costs would need to be incurred for generation expansion and this
would clearly render much of this plant uneconomic given the option of a
supply from Susitna at a cost of 250 mills/kWh (in 2003). As in the case
of Watana in 1993-94 a block sale arrangement or a multi-part tariff might
be used as a temporary measure to guide the system to the least overall
cost generating plan.

It is also probable that by 2003 the Railbelt electrical supply system
(which will be about one-third larger than in 1994) will have developed an
appropriate institutional structure to ensure that overall costs are
minimized. It might reasonably be assumed that rationalization of the
power supply function in the Railbelt area would lead to a demand for all
available and usable energy from Susitna since its incremental cost is
virtually zero.

Only about 90 percent of the total energy output of Susitna will be
absorbed by the system in 2002; the remaining output would be progressively
picked up over the following decade or so. This will provide increasing
total savings to the system from Susitna for no increase in operating costs
and thus progressively reduce the cost per unit of the Susitna output.
This, combined with the continuing escalation in the cost of thermal fuel,
will again progressively consolidate the market position of the project and
make Susitna the central element in the system.

1 It is also probable that, at this stage, some combined-cycle generating

capacity will be required for standby purposes given that hydroelectric plants
in these early years of the century, will account for almost all the system
needs. How such standby capacity is factored into the system will depend upon
the institutional arrangements at that time for the ownership of generating
capacity, and the distribution network.

18-60



(f)

Potential Impact of State Appropriations Reducing The
Cost of Susitna Energy Below The Best Thermal Option

In the preceding analysis we have identified the maximum prices at which
the Susitna energy could be sold. Whether or not the energy is sold at
these prices will depend upon the magnitude of any possible appropriation
designed to reduce the cost of Susitna energy in the earlier years when,
without such appropriations, it would be more expensive than energy from
the best thermal option. The demand forecasts used to analyze the market
for Susitna energy in the preceding sections have been based on the assump-
tion that the policy of "full cost" pricing obtains for electrical energy.
At significantly lower prices and on the basis of the unit elasticity of
demand estimated by Battelle, the total system demand could be substantial-
ly higher than assumed. It is nevertheless possible that the state
appropriation of funds for the project might be of a magnitude (see Section
18.4) that the Susitna energy would be supplied at a price materially below
that of the best thermal option. If this were the case then it would
evidently make it correspondingly easier to market the output from Watana
and Devil Canyon. As the preceding analysis shows, however, a viable and
strengthening market exists for the energy from these two facilities even
where they are priced up to the full cost that it would be possible to
charge for the best thermal option.

Conclusions

Based on the assessment of the market for power and energy output from the
Susitna hydroelectric project it has been concluded that, with the
appropriate level of state appropriation and with pricing as defined in
Senate Bill 25, an attractive basis exists, particularly in the long term,

for_the Railbelt utilities-to-derive-benefit—from-the—projecti— It should

be recognized that contractual arrangements covering purchase of Susitna
ouput will be an essential pre-condition for the actual commencement of
project construction.
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U U S S U

Generating Purchases Utility Annual
Capacity 1981 Predominant Tax Status Wholesale - Provides Energy Demand
MW at O°F Type of Re: IRS Electrical Wholesale 1980
UTILITY Rating Generation Section 103 Energy - Supply GWh

IN ANCHORAGE-COOK INLET AREA

Anchorage Municipal Light and Power 221.6 SCCT Exempt * - 585.8
Chugach Electric Association 395.1 SCCT Non-Exempt * * 941.3
Matanuska Electric Association 0.9 Diesel Non-Exempt * - 268.0
Homer Electric Association 2.6 Diesel Non-Exempt * - 284.8
Seward Electric System 5.5 Diesel Non-Exempt * - 26.4
Alaska Power Administration 30.0 Hydro ‘Non-Exempt - * -
National Defense 58.8 ST Non-Exempt - - -
Industrial — Kenai 25.0 SCCT Non-Exempt - - -
IN FAIRBANKS — TANANA VALLEY

Fairbanks Municipal Utility System1 68.5 ST/Diesel Exempt - - 116.7
Golden Valley Electric Association? 221.6 SCCT/Diesel Non-Exempt - -— 316.7
University of Alaska 18.6 ST Non-Exempt - - -
_National Defensel 46.5 ST Non-Exempt - - -
IN GLENALLEN/VALDEZ AREA

Copper Valley Electric Association 19.6 SCCT Non-Exempt —- - 37.4
TOTAL 1114.3 25771

1Pooling Arrangements in Force

TABLE 18.3.1 — RAILBELT UTILITIES PROVIDING MARKET POTENTIAL




NET GENERATION (1980 — MWh)

Rural Alaska Generation
Electric Municipal Power for
Cooperatives Systems Administration Total Wholesale
ANCHORAGE-COOK INLET AREA
Alaska Power Administration 184,285 184,285 184,285
Anchorage Municipal Light & Power 493,531 493,631
Chugach Electric Association 1,444,104 1,444,104 550,548
Homer Electric Association 1) -
Matanuska Electric Association 2) -
Seward Electric System 3) -
FAIRBANKS-TANANA VALLEY AREA
Fairbanks Municipal Utilities System 116,685 116,685
Golden Valley Electric Association 316,705 316,705 2,453
GLENNALLEN-VALDEZ AREA
Copper Valley Electric Association 43,982
TOTAL
MWh 1,794,791 610,216 184,285 2,589,292 737,286
Percent 70 23 7 100 28

1) Homer Electric Association purchased its energy from Chugach Electric Association, 284,810 MWh in 1980.

236,208.7 MWh respectively in 1980,

3) Seward Electric System received most of its energy from Chugach Electric Association 26,373.6 MWh in 1980.

Soureces: Based on data from US Department of Energy, FPC Form No. 12, 1980.

TABLE 18.3.2 - ENERGY SUPPLY FROM RAILBELT UTILITIES

© 2) Matanuska Electric Association purchased its energy from Alaska Power Administration and Chugach Electric Association, 31,805 MWh and




PLANT
No.

10
22
23
32

35
36
37
38
47
55
58
59
75
80
81
82
a3
84

NAME OF PLANT

Anchorage No. 1
Anchorage
Eklutna

Chena

Knik Arm
Elmendorf-West
Fairbanks
Cooper Lake
Elmendorf-East
Ft. Richardson
Ft. Wainright
Eilson

Ft. Greeley
Bernice Lake
International Station
Healy

Beluga

Clear AFB
Collier-Kenai
Eyak

North Pole
Valdez

Glennallen

PLANT LIST

UTILITY

Anchorage Municipal Light and Power
Anchorage Municipal Light and Power
Alaska Power Administration

Fairbanks Municipal Utilities System
Chugach Electric Association, Inc.
United States Air Force

Golden Valley Electric Association, Inc.
Chugach Electric Association, Inc.
United States Air Force

United States Army

United States Air Force

United States Air Force

United States Army

Chugach Electric Association, Inc.
Chugach Electric Association, Inc.
Golden Valley Electric Association, Inc.
Chugach Electric Association, Inc.
United States Air Force

Collier-Kenai

Cordova Public Utilities

Golden Valley Electric Association, inc.
Golden Valley Efectric Association, Inc.

Golden Valley Electric Assaciation, Inc.

TYPE OF
OWNERSHIP

Municipal
Municipal
Federal
Municipal
Cooperative
Federal

Cooperative

Cooperative
Federal
Federal
Federal
Federal
Federal
Cooperative
Cooperative
Caoperative
Cooperative
Federal
Municipal
Municipal
Cooperative
Cooperative

Cooperative

TABLE 18.3.3 — LIST OF GENERATING PLANTS SUPPLYING RAILBELT REGION ABH[S
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18.4 - Financial Evaluation

Introduction

This section considers the basic financial characteristics of Susitna and a
range of financial plans under which the project might proceed. It also
considers the relationship between the economic and financing characteristics of
Susitna and the impact of inflation. This demonstrates the manner in which
inflation, without it changing the real economic worth of the project, creates
the major financing problem for the project if it is largely debt financed, in
the form of an "inflationary financing deficit" in the early years.

The basic financing options which would effectively meet this inflationary
financing deficit while maintaining the Susitna output at a price competitive
with alternative energy options are then developed. The main issues involved in
these options are then considered in some detail with particular reference to
levels of possible state appropriation and securing tax-exempt bond financing.

The actual financial outcome for the project will depend not only on the real -
i.e., constant dollar - characteristics of the project such as the constant
dollar capital cost but also on a range of financial characteristics including
the rate of inflation, the rate of interest at which debt financing is secured,
magnitudes of funding through possible State appropriation, etc. The actual
range of possible financial outcomes depends upon the interaction of this range
of real and financial factors.

In this section the analysis is confined to the financing outcomes for the
central forecasts of the real economic factors as developed in Section 18.1, and
the particular rate of interest and inflation given in the text. For
convenience of reference the real and financial estimates used are detailed in
Table 18.4.1. Forecasts of the main financial factors, i.e., rates of interest
and inflation, are discussed in sub-section 18.4 (a) below.

The content of this section also concentrates on the problems of financial
planning as represented by the analyses of the basic financing options. The
problems of financial risk - i.e., the problems arising from the range of
possible financial outcomes as both the real economic factors and the financial
factors are allowed to vary - are considered in the following Section 18.5.

(a) Forecast Financial Parameters

(i) Interest Rates on Possible Susitna
G.0. and Revenue BondvFinancing

Unless Susitna is 100 percent state financed residual bond financing
will be required. A key factor here will be the Tevel of interest
rates. Interest rates are determined by many complex political and
economic forces acting nationally and internationally. It is there-
fore evidently difficult to forecast with any degree of certainty
what the prevailing level of interest rates will be in the period
1985 to 2002 when the Susitna bond financing is likely to take '
place. The authoritative Data Resources Incorporated lTong-term
projections are, however, given in the following Table 18.4.4.
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TABLE 18.4.4

Annual Percentages Rates

Historical Forecast

1970 1975 1980 1985 1990 1995

to to to to to to

1975 1980 1985 1990 1995 2000
CPI 6.8 8.9 8.6 8.1 7.3 6.8
Interest Rate 8.0 9.4 11.3 10.7 9.8 8.8

for High Grade
Industrial Bonds

The long-term rate of interest on high grade bonds over the period
from 1985 to the year 2000 is forecast to drop progressively from
10.7 percent through 9.8 to 8.8 percent as the rate of inflation
falls from 8.1 to 6.8 percent.

The tax-exempt bond rate implied by these figures will depend in

part upon the supply of these bonds relative to the markets which

have traditionally supported such issues. These have tended to be

high tax bracket investors, insurance companies and banks. The
reduction in U.S. tax rates and cyclical factors have reduced the

demand for tax-exempt bonds by insurance companies and banks. These
factors, as well as an increased supply of tax-exempt bonds, has

tended to push their yields closer into line with comparable non-
tax-exempt bonds, reducing_ their favorable-differential from-around——

25 to 35 percent of the comparab]e rate down to only 9 percent in
December 1981.°

The differential which will apply in the future again cannot be

estimated with any certainty since it depends substantially on the

future pattern of Federal tax rates and supply of tax-exempt bonds.
Subject to these qualifications, it can be argued that the present

very low differential between tax-exempt and non-tax-exempt bonds

wiTlT widen again in the future. With tax-exempt bonds trading at an

interest rate 80 percent of that of high grade industrials (with
which we might expect Susitna bonds to be comparable), the tax-
exempt bond financing over the successive 5-year period from 1985
might be of the order of 8.6, 7.8 and 7 percent.

As already stated, these estimates must be regarded as having a very

. wide range of uncertainty. Given this-and the very much higher
Tevel of tax-exempt bond interest rates (13.3 percent in January
1982) the financing plan as developed above has been based on
interest rates of 10 and 12 percent for Susitna financing in order
to arrive at relatively conservative estimates of project financing
characteristics. A wider range of possible interest rates and rates
of inflation is developed in Section 18.5 dealing with the financing
risk.
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artment of the Interior

(ii) Rates of Inflation

The reference inflation index is taken as that of the Consumer Price
Index (CPI). The rate of inflation used in the projections given in
the preceding section was taken for simplicity at 7 percent through-
out the period 1982 to 2010. On the basis of the DRI estimates this
rate is approximately one percentage point too low for the 1985 to
1990 period although approximately correct for the following decade.
The impact of this on the basic financing analysis in terms of bond
financing requirements in 1982 dollars is, however, negligible. The
impact of a wide range of inflation and interest rates is considered
in the following Section 18.5.

The Inflationary Financing Deficit

Under inflationary conditions long 1ife capital-intensive projects will
automatically tend to produce "inflationary financing deficits" in their
early years of operation. Figure 18.4.1 demonstrates schematically the
relationship between this deficit and the long-term gain on a hypothetical
project which might well be a highly economic and attractive undertaking in
the long term.

The Susitna hydroelectric development with its long 1ife and high capital
investment would, if financed in a conventional manner with debt funds,
have similar inflationary financing deficit of the actual magnitude
illustrated on Figure 18.4.2. This figure shows the energy cost to the
Railbelt system which would arise from supply from the next-best
(predominantly coal) thermal power generation plan (see Section 18.1).
This energy would be expected to cost 148 mills/kWh in 1994 (the first
normal year of operation of Watana, the first phase of the Susitna develop-
ment). With a general inflation rate of 7 percent and an approximate
additional inflation of 2 percent per annum in the price of coal, on which
the new thermal power generation would be based, the cost of electricity
generated by this means would increase from 148 mills/kWh to 287 mills/kWh
within a decade.

The economic justification for Susitna described in Section 18.1 is based
on the present worth of the total savings to the system with Susitna
compared with the thermal option and shows that, despite being more costly
in the early years, the net present worth of the savings over the 1ife of
the project is $1,176 million in 1982 dollars.

If Susitna were 100 percent debt financed at a 10 percent rate of interest,
the price it would have to charge for its output is as shown by the higher
line in the Figure 18.4.2. Almost the whole of this cost would be made up
by interest and debt repayments since the operating costs of the hydro-
electric system would be only about 5 percent of the total cost in the year
1994. On this financing basis it would be some 14 years before the cost of
ghergal generated electricity overtakes that of the generat1on output from
usitna.

Thereafter, however, there would be an ever-increasing, favorable gap

stretching out into the almost indefinite future, recognizing the very long
life of the hydroelectric generating facilities.
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In this inflationary world, therefore, the costs of supporting a major
hydroelectric development such as Susitna on a 100 percent debt-financed
basis are out of time phase with its benefits, giving rise to a deficit
(i.e., a difference between cost and potential revenues). Being a direct
result of inflation this may appropriately be termed "the inflationary
financing deficit". However, if inflation were to cease completely in the
year 1993 (i.e., after the completion of the Watana segment of Susitna),
the cost of electricity developed by the best thermal option would no
longer grow at approximately 9 percent, but drop back to an annual rate of
around 2 percent, (i.e., the rate by which the rate of inflation in thermal
energy costs is expected to exceed that of general inflation).

The effect on Susitna energy production costs would be even more marked.
This is because in a world of zero inflation, interest rates would no
longer be 10 percent but, on historical experience, would be about

3 percent. This means that the cost of electricity generated by Susitna
would very rapidly be lower than the cost of the best thermal option as
shown in Figure 18.4.2. It is in this sense that the inflationary
financing deficit can be viewed as a direct result of inflation. Without
inflation it would not exist.

Inflation, however, does not change the real economics of Susitna. In
terms of present worth and 1982 money the net benefits are exactly the same
as they would be in the absence of general inflation. This is principally
because inflation does not make debt f1nanC1ng more expensive over the
35~-year term of the bond financing that is expected for Susitna. It merely
makes the bond financing more costly in the earlier years (in terms of 1982
money) and correspondingly less expensive in the later years. For example,
in terms of dollars of equal purchasing power, inflation at 7 percent will

g
LR )

—nearly halve the burden—of the interest and debt repayments for Susitna

every 10 years. This means that within 20 years of the project coming into
operation, interest and debt repayment in terms of 1982 purchasing power
will be only 26 percent of the level existing in 1994. In contrast the
cost of electricity generated by the best thermal option is forecast to
?g;z increased by 24 percent in constant money terms over the 20 years from

In_summary, inflation, without-necessarily-changing—the-economics—of -the——— e

project, will automatically create a large_inflationary financing-deficit

for projects which are capital intensive and largely or wholly debt
financed. This inflationary financing deficit must be met either by
consumers or by the state if such projects are to be undertaken and their
substantial advantages in terms of economic benefit and long-term
stabilization of energy prices are to be realized. The following analysis
of the financing options available for Susitna therefore considers the
various means by which the State of Alaska might meet Susitna's

~inflationary financing deficit and ensure the ensuing benefits.

As shown from the cost benefit analysis in 18.1 (c). (ii), the project has a
rate of return of 11.4 percent, taking into account all the capital
invested. This shows that it would be possible, in the long term, for the




1

state to recover the whole of its investment with this rate of return.
Since this is in excess of the forecast cost of capital at that time, state
appropriation of funds to meet Susitna's inflationary financing deficit can
be justified on economic grounds.

Basic Financing Options

A wide range of options exist for possible state participation in meeting
the inflationary financing deficit for Susitna. Three basic financing
options have been reviewed. To illustrate these, central estimates of
capital cost, thermal prices, etc., are used throughout. As noted above
the inflation rate is assumed to be 7 percent and the interest rate

10 percent. Detailed printouts of the financial projections for the cases
considered are provided in Tables 18.4.5 to 18.4.8. The cases cover:

(i) 100 Percent State Appropriation of Total
Capital Cost ($5.1 billion 1982 dollars)

Under this case 100 percent of Susitna capital cost is financed by
the state. This conforms with a possible outiome of Senate Bill 25
and represents the simplest financing option.

The year-by-year appropriation required in then current dollars to
meet the $5.1 billion capital cost (in 1982 dollars) is given in
Table 18.4.5 (1ine 461).

The Alaska Power Authority, under the present wholesale energy
rate-setting requirements incorporated in Senate Bill 25, would not
be able to charge more for the output of Susitna than a wholesale
energy rate necessary to provide:

- operation, maintenance and equipment replacement costs

- debt service on bonds issued for the power project, if any, and

- safety inspections and investigations of the project by the
Authority.

These costs would enter into a wholesale rate which would be
determined by aggregating costs from all projects pro¥ided for by
the Power Development Fund established in AS44-83-382*.

“In this 100 percent state-financed case only the relatively small
year-to-year operating costs could therefore be charged as the cost
of output. For all practical purposes therefore, the energy
developed by Susitna would be supplied to the consuming utilities at
a price representing only a small fraction of the cost of power from

l Reference: State of Alaska Senate Bill 25. “An Act relating to energy
projects and programs of the Alaska Power Authority."
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alternative sources.? Evidently, in this case there would be no
financing or marketing problems. The major problem might well be
that of devising appropriate means of equitably sharing out this
major low cost energy supply between the different utilities taking
the output since demand would exceed supply.

(ii) $3 billion (1982 dollars) State Appropr1at1on
with Residual Bond Financing

The financing scenario which would arise if the state appropriated
only $3 billion (in 1982 dollars) and the residual financing
requirements were met by bond issues is summarized in Figure 18.4.6.
This again shows the cost of electricity on vertical axis over the
first years of operation of Susitna. The plot representing the
"best thermal option" is again the central estimate of the year-to-
year costs of providing the same energy as Susitna by the least cost
thermal power generation system based on the costs as detailed in
Section 18.1 of the report and assuming an interest rate of 10
percent - the same rate assumed in determining the Susitna costs
applies to the cost of thermal units.

As already noted, the wholesale price of the electricity supply from
Susitna (and other projects provided for from the Power Development
Fund) would be 1imited to the actual costs incurred including the
cost of debt service. On the central estimates this would lead to
an almost constant wholesale price for Susitna's output over the
period up to the completion of Devil Canyon. This is because
virtually the whole of the costs would be accounted for by debt
service which would not change until Devil Canyon came-on-stream.

Interest incurred on the bonds issued to finance Devil Canyon would
be capitalized and, therefore, have no effect upon price until Devil
Canyon was completed in the year 2002. At this time the cost of
Susitna energy would increase as it became necessary for the project
to recover the costs of Devil Canyon. This "step-up” results from
the fact that the $3 billion state appropriation would in effect
have been wholly expended in meeting the capital costs of Watana

\thus—produc1ng Tow=cost energy from Watana). Devil Canyon, on the

other—hand;—will—have been—wholly financed by interest-béaring bonds
so that its per-unit cost of energy output will be correspondingly
higher than that from Watana.

It should also be noted that after the completion of Devil Canyon
the most meaningful basis of comparison is the Susitna cost
_excluding excess debt service- cover. -This-is-because this excess
debt service charge is then available to finance other power
generation projects and could, under certain conditions, be
"refunded" to consumers (up until this date the excess charge is
used to help finance Devil Canyon).

2 This conclusion would be modified if, as proposed by Senate Bill 646, the
APA is required to repay the state appropriation from the revenues generated

by the project.
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However, after the step-up as Devil Canyon comes on-stream in 2002,
the future unit price of Susitna energy would be falling for some
years before becoming virtually constant, despite an assumed annual
rate of inflation of 7 percent and an additional escalation of about
2 percent in operating and maintenance costs. (This fall is due to
the effect of increased sales of Susitna energy after 2002.) In
terms of constant 1982 dollars, therefore, the cost of energy
supplied from Susitna will be falling markedly.

Under this scenario Susitna will again provide ever-increasing
savings to Alaskan consumers in terms of the difference between its
falling and then nearly-constant price energy and the ever-escalat-
ing cost of the thermal alternative as shown in Figure 18.4.3.

~(iii) "Minimum" State Appropriation $2.3 billion (1982 dollars)
' with Residual Bond Financing

The "minimum" state appropriation is taken as the minimum amount
required to meet debt service cover of 1.25 on the residual debt
financing by revenue bonds and to make Susitna's wholesale energy
price competitive with the best thermal option in its first normal
cost year of operation (i.e., 1994). The basic characteristics of
this scenario are shown in Figure 18.4.7. Again the results shown
are based upon central estimates for interest rates, inflation,
capital cost, etc. If these estimates were achieved, the $2.3
billion (1982 dollars) state appropriation would be just sufficient
to result in Susitna meeting its debt service cover and operating
costs in the first year.

As is seen from Figure 18.4.7, however, with an appropriation of
$2.3 billion (in 1982 dollars) Susitna will again, after the
completion of Devil Canyon, provide a falling and then virtually
stable cost of electricity indefinitely and ever-increasing cost
savings compared with the thermal option.

S1ightly lower appropriations would still be consistent with
financial viability of the project based on the central estimates.
These would however result in Susitna being unable, in its first
normal year of operation (1994), to meet fully debt service cover,
i.e., it would be unable to earn the 1.25 times debt service
requirement which must be expected as the minimum if the project
were residua]]y financed by revenue bonds. Under such "less-than-
minimum" scenario, therefore, it must be assumed that this residual
bond financing in the ear11er years is on the basis of a state
guarantee or general obligation (G.0.) bonds as detailed below. At
any substantially lower state appropriation than $2.3 billion (in
1982 dollars), Susitna would have a correspondingly large, early
year inflationary financing deficit unless it was possible to
wholesale its energy output at a higher price than that which would
apply under the best thermal option. If it was not possible to
secure such higher price contracts there might also be significant
financing difficulties as discussed in (d) (vi) below.
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(d) Issues Arising From the
Base Financing Options

(i)

(ii)

Need for Financial Restructuring

If substantial revenue bond financing is to be secured for Susitna,
it will have to be based on firm power contracts from the major
Railbelt utilities. These contracts will, however, need to be
supported by adequate financial strength on the part of the utili-
ties themselves if they are to constitute acceptable security to
bondholders. Whether Susitna or any other alternative element of
generating capacity is chosen to meet the Railbelt energy require-
ments over the next decade, the same issue of the financial strength
of the Railbelt utilities will arise if revenue bond financing is to
be secured. On these grounds it is assumed that independently of
Susitna, financial restructuring will take place to ensure that all
the major Railbelt utilities will be able to offer adequate
financial security relative to their power contract commitments.

Tax-exempt Bond Financing

Tax exemption for its bond financing is important to the economics
of ‘Susitna insofar as it is, in substantial measure, to be financed
by G.0. or revenue bonds. Tax-exempt bonds have tended to trade at
interest rates some 25 to 30 percent Tess than the rate of interest
on comparable securities. Since interest charges account for some
90 percent of the total price for Susitna's output (in 1994 under
the $2.3 billion state appropriation scenario), loss of tax
exemption would have a serious adverse affect on the economics of

—the project: —

The conditions under which bonds will secure tax-exempt status are
covered in the Internal Revenue Code Section 103. These are

designed to prevent the benefits of tax-exempt bond financing

passing to non-exempt entities. The only significant tax-exempt
entities in the Railbelt area likely to purchase Susitna energy are
AMLP and FMUS. A11 other potential customers for Susitna energy
(representing approximately—two-thirds—ef—the-potential-market)—are——

private utilities or co-ops which_are not-tax=-exempt.

This issue has been considered in detail by the consultants and
reviewed by tax advisers. It has been concluded, that with an
appropriate degree of financial restructuring referred to above,

it will prove possible to meet the conditions required for any bond
financing for Susitna to obtain tax exempt status. | ,

(i14)

Options for EpsiduaTFinancingr

Tables 18.4.2 and 18.4.3 set out the estimated requirements for bond
financing and state appropriations of $2.3 billion and $3 billion
respectively.




- Several options are available to meet these financing needs and
these are summarized below.

. Revenue Bonds with a Completion Guarantee

A completion guarantee must be assumed to be a precondition of
bond financing at the Watana stage (up to 1993). A State of
Alaska guarantee of project completion would probably enable all
residual financing to be met by revenue bonds.

. Guaranteed Revenue Bonds with
Post-completion Refinancing

If the revenue bonds were guaranteed by the State of Alaska,
this could be expected to 1imit the requirement for a completion
guarantee.

. G.0. Bonds with Post-completion Refinancing

G.0. bonds which have the "full faith and credit" of the State
of Alaska share a common security feature with guaranteed
revenue bonds and would 1imit the support required from a
completion guarantee. Furthermore, G.0. bond financing would
have a beneficial effect on energy pricing arising from reduced
debt service cover requirements.

In this case, as with that of guaranteed revenue bonds, the
burden on the credit of the state could be minimized by making
the bonds subject to "call" after a few years (when project
viability was established) and refinancing into non-guaranteed
revenue bonds.

- Revenue Bonds with Completion Guarantee

The first option is that of revenue bond financing for the whole
of the residual capital requirements. It is probable that such
financing will only be obtainable on the basis of bond holders
being protected from pre-completion risk including (a) the risk of
overruns and (b) the risk of actual non-completion. Neither the
Railbelt utilities nor the APA could provide a wholly satisfactory
guarantee covering both (a) and (b). The guarantee would have to
be provided by the State of Alaska.

The precise form of this completion guarantee cannot be determined
at this stage. It will depend on the extent to which the power
sales contracts accept any escalation in wholesale energy price
based on capital costs and on the magnitude of the state appropri-
ation since it is primarily these factors which will determine the
residual financing risk. With appropriate power contracts and a
sufficiently large state appropriation, the state completion
guarantee might be limited to guaranteeing bond holders against
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non-completion due to natural hazards or national emergencies. 1In
other cases it might also be necessary to provide a contingent
authorization permitting a given maximum amount of subordinated
G.0. bonds to be issued to ensure completion.

- Guaranteed Revenue Bonds with Post-completion Refinancing

If revenue bonds were guaranteed by the State of Alaska they could
be issued without any requirement for a completion guarantee.
-This is because the strength of the state guarantee would make any
other security unnecessary. It is assumed, however, that in the
interest of avoiding unnecessary burdens on its 'credit', the
State of Alaska would wish to see the guarantee terminated at the
earliest possible date. This could be achieved by making the
bonds subject to "call" (repayment at the option of the issuer) 15
years after issue in the case of bonds financing Watana and 10
years after issue of bonds to finance Devil Canyon. The state
guarantee would, of course, ensure repayment at the call dates.
Coverage level conditions at these call dates (2005 at the
earliest) are seen from Figures 18.4.3 and 18.4.4 to be such as to
offer adequate security without state guarantees and therefore,
subject to market conditions at the time, permit refinancing into
non-guaranteed revenue bonds.

- G.0. Bonds with Post-completion Refinancing

As an alternative to guaranteed revenue bonds, G.0. bonds on the
“full faith and credit" of the State of Alaska could be issued.

These are effectively identical to_bonds.carrying a comparable —— ——

(iv)

state guarantee. Again they could be subject to "call" and as
such be converted to revenue bonds without state guarantee when
the project was fully established.

Borrowing Requirements for the Residual Financing Options

On the assumption that the residual source of finance for Watana is
revenue bonds, the estimate of year-by-year requirements up to the

compTetion of Watana are shown in Table 18.4.2 and 18.4.3 for the

minimum—state—appropriationof $2.37bilTion and the $3 billion
scenarios respectively (1982 dollars). These again take the central
capital cost estimate as the starting point and estimate the bond
financing requirements year-by-year for a 7 percent rate of
inflation up to the date of completion of Watana.

The requirements are given-in the form of then-actual money and in-
terms of dollars at 1982 purchasing power. It is the latter on

- which the assessment should focus since, even with 7 percent

inflation, the value of the bonds issued for the completion of
Watana in 1993 will be worth only 48 cents of a dollar in 1982. It
is these "today's purchasing power dollars" which most accurately
reflect the financing burden of Susitna. Even in this, the
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(v)

"minimum" $2.3 billion state appropriation scenario, the issuance of
$1.7 billion of bonds (in 1982 purchasing power) over the 4 years
from 1990 appears to be well within the financing capability of the
State of Alaska. The possible impact of such an issue on the credit
rating of the state is however considered below.

Refinancing Watana and the
Financing of Devil Canyon

As already noted it is assumed that it would be the policy of the
State of Alaska to ensure that any guaranteed revenue bonds were
refinanced into non-guaranteed revenue bonds at as early a date as
possible. When this would in fact be possible would depend both on
the revenues actually obtainable from Susitna at the Watana stage of
development and on the conditions of the bond market at that time.

A dominant consideration, as regards the date at which refinancing
into non-guaranteed revenue bonds will be possible, will be the
magnitude of the initial state appropriation. In the $3 billion
(1982 dollars) scenario such refinancing should be possible for a
very wide range of outcomes. This is apparent in Figure 18.4.3
which shows that on the central estimates Susitna could be financed
with revenue bonds on a 1.25 cover basis and be charging a wholesale
energy price of approximately 236 mills/kWh (i.e., 20 mills/kWh less
than the cost of the best thermal option) in 2003. This price would
thereafter show rapid and ever-increasing divergence from the cost
of the best thermal option. In this case only a relatively extreme
combination of adverse eventualities in terms of interest rates,
capital cost overruns, etc., could result in it not being possible
to undertake refinancing into non-guaranteed revenue bonds within a
few years of completion.

Capital expenditures for Devil Canyon for completion in the year
2002 will begin almost immediately after the completion of Watana.
On the basis of the central forecasts, the outcome, as depicted in
summary form in Figures 18.4.3 and 18.4.4, is that it would be
possible to finance this stage wholly by non-guaranteed revenue
bonds and without a completion guarantee where the initial state
appropriation is at the $2.3 billion or $3 billion level for the
total project (in 1982 dollars).

The grounds for this conclusion are that (a) Devil Canyon is a
considerably smaller capital project than Watana ($1.48 billion as
compared with $3.65 billion in 1982 dollars) and (b) the major
construction risks would have been fully explored during the Watana
stage. Also seen from Figures 18.4.3 and 18.4.4 on the central
forecast, the cost of energy from the best thermal option would be
23 percent or more costly than that from Susitna in 2005. This
comparative cheapness (and therefore the scope for substantially-
increased revenues if necessary) is the basic security which the
project would offer to bond holders.
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(vi)

The magnitude of the revenue bond financing required for the Devil
Canyon stage in the $2.3 billion state appropriation scenario is
shown in Table 18.4.2. The financing requirements are given for a

7 percent inflation rate and in then-actual money terms as well as
in the purchasing power of 1982 dollars. The amount of $2.1 billion
(in 1982 dollars) as a bond financing burden on the State of Alaska
does not appear excessively large. The financing requirements in
the $3 billion appropriation case are given in Table 18.4.3.

Importance of Adequate Appropriation
to Subsequent Financing

In the "minimum" scenario (i.e., a state appropriation of $2.3
billion) refinancing into non-guaranteed revenue bonds would still
be possible on the central estimates with the completion of Watana
in 1993. On any less favorable outcome than that resulting from the
central estimates, however, G.0. bond refinancing could be delayed
until the ceiling on the Susitna energy price, set by the best
thermal option, was high enough for Susitna energy prices to be
increased to a level at which it could offer the 1.25 times debt
service cover which would probably be requ1red by revenue bond

- holders in the absence of guarantees.:

This scenario is illustrated in Figure 18.4.8 for a state appropria-
tion of only $1.8 billion. (See also Table 18.4.8.) In this case
it would be necessary to increase the price of Susitna's energy each
year (within the limit set by the cost of energy from the best
thermal option) and use the additional revenue to refinance with

-non=-guaranteed-revenue-bonds.—In-this-scenario complete refinancing—

into revenue bonds would not take place until 1995.

Timely and adequate funding for Susitna is of great importance in
minimizing dependance on state guarantees. There is the Tikelihood
that inadequate initial funding would result in insufficient poten-
tial earnings cover in the early years of Devil Canyon. This might
necessitate state guarantees for the financing of Devil Canyon as
well as Watana. This possibility is also_illustrated_in Figure

18.4.8, where the Susitna price is forced to "track" the cost of the

best thermal option over the years 2002-2004. These considerations
point to the importance of adequate initial funding to the
establishment of Susitna at the Watana stage as a project fully
capable of securing both tax-exempt low interest revenue bond
financing for the Devil Canyon stage and subsequent refinancing into
non- guaranteed bonds of the 1ssues made to f1nance Watana.

A further consideration of basic 1mportance is the influence of

“adequate and timely state appropriation in minimizing construction

bid prices. It must be expected that any perceived inadequacy in
funding, creating possible delay in payment or uncertainties in the
construction schedule, would be fully reflected in the level of bid
prices.
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(e)

(vii)

Impact on State Credit Rating
of Susitna G.0. Bond Financing

Where the financing plan actually undertaken is near the "minimum"

($2.3 billion) state appropriation, the guaranteed revenue bond or

G.0. bond financing at the Watana stage may be of a magnitude that

warrants consideration of its effect upon the overall credit rating
of the State of Alaska.

As at November 1981 the State of Alaska had approximately $681.7
million of G. 0 bonds outstanding. In late 1981 these were rated
"AA“ by Moody's and "Aa-" by Standard & Poors.

The impact on the state's credit rating of Susitna guaranteed or
G.0. bond financing of $1.7 billion (in 1982 dollars) for the $2.3
billion state appropriation case will depend upon a wide range of
factors. The most important will obviously be the strength of the
credit standing of the State of Alaska at that time, taking into
account the total amount of bonds which it has issued and outstand-
ing. The second factor will be the economic prospects for Susitna
itself - that is the extent to which it is perceived by the bond
market as likely to be able to meet the interest burden on the bonds
issued to finance its construction. The impact has been assessed by
the Alaskan Power Authority's investment banking and financial
advisers First Boston Corporation and First Southwest Company They
have concurred in the following statement.

"We are only able to render a conditional estimate of the possible
impact on the credit of the State of Alaska as a result of the
contemplated general obligation bond financing of $1.7 billion for
the Watana stage of the Susitna Hydroelectric Project. Alaska's
presently  favorable ratings are greatly influenced by its low debt
to assessed value ratio which helps to overcome the unusually high
per capita debt statistics. Given the dramatic growth of assessed
valuation and in the fact that interest expense through start-up
of Watana is to be capitalized from bond proceeds the envisaged
financing should not significantly impair the credit of the state.
Even if the State of Alaska's general obligation bond rating were
reduced one full letter grade, the cost in terms of. interest rates
on future bond issues would 1likely be in the approximate range of
1/4 percent to 1/2 percent per annum."

Financing Options Under Senate
Bill 646 and House Bi11 655

Senate Bi11 646 and House Bil1l 655 have been proposed and if enacted would

offer alternative financing options to those considered above. These
options are briefly reviewed in this sub-section.

In summary, Senate Bill 646 and House Bill 655 oropose funding for approved

energy projects from the Power Development Fund on the basis of such

funding being recovered at a rate of 3 percent per annum together with an
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uplift to reflect past inflation. The latter is determined at 10 yearly
intervals and increases the 3 percent recovery by the average rate of
inflation in the CPI over the preceding 33 years.

(i)

(ii)

100 Percent State Appropriation

First to be considered is the total appropriation required to
finance Susitna wholly under this proposed legislation. In terms of
total state appropriation this is the same as the outright
appropriation case considered in 18.4 (¢) (i). As seen from Figure
18.4.6 and Table 18.4.9, however, the resulting cost of power is
very different. For the 'outright' appropriation case the cost of
power would be only 19 milis/kWh in 1994. For the Senate Bill 646
case it would be 81 mills/kWh.

“Minimum" State Appropriation of
$3 Billion (in 1982 dollars)
with Residual Bond Financing

To identify the impact of Senate Bill 646 and House Bill 655, where
residual bond financing is required, some details of the proposed
bills need to be clarified. Specifically:

. Whether the state recovery is subordinate to interest and debt
repayments on the revenue or G.0. bonds.

. Whether, in the event of any failure to meet the state recovery,
the APA would be deemed in default and the payment made be a debt
of the APA and attract interest..

Both questions are important to residual financing by revenue bonds.
In the following analysis it is assumed that, to facilitate bond
financing, the state recovery will be wholly subordinate and failure

- to meet payment would not be deemed a default. This assumption has

the important effect in terms of the pricing of Susitna energy that
the state recovery of funding could be largely made out of the .25
excess debt service cover and not need to be additional to it.

It—is—againassumed that the ceiling price of the Susitna output is
set by the cost of the best thermal option, and that 1.25 times
cover would be required for the revenue bonds.

The results are shown in Figure 18.4.7 and Table 18.4.10. This
shows that an appropriation of $3 billion (in 1982 dollars) would be
enough to provide sufficient earnings cover for the $0.9 billion (in
1982 dollars) of bond financing required to complete Watana. In
1994 a further $2.3 billion of revenue bonds would be required to
achieve the completion of Devil Canyon.
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(f)

The $3 biTlion appropriation would, however, be the "minimum" in the
sense that the Susitna output would need to be priced up to the full
cost of the best thermal option in the first year of operation of
Devil Canyon. As will be seen from Figure 18.4.7 this Senate Bill
646 scenario would result in a selling price for Susitna energy of
120 mills/kWh in 1994 compared with 80 mil1s/kWh in the $3 billion
outright appropriation case ((c) (ii) above). This scenario would
nevertheless be effective in terms of the twin objectives of meeting
the inflationary financing deficit and reducing the cost of power to
Alaskan consumers and might be regarded as similar in these
characteristics and in state appropriation to the $3 billion
outright appropriation already noted. :

Future Development and Resolution of Uncertainties

Prior to the decision to proceed with actual construction of Susitna,
several significant uncertainties affecting the project will have been
reduced. Demand forecasts will be more certain and the impact of the
electrical intertie between Anchorage and Fairbanks will be known. Fuel
cost trends and energy prices from alternative generation sources will be
more precisely known. More advanced engineering work and definition of the
basis for construction contracts will have firmed up requirements for
capital funds. In addition, the passage of time will have allowed better
definition of the level of state appropriation required and of the ability
of the state to provide the necessary financial support.

The development of the institutional structure of the Railbelt utilities by
this date should also permit power contracts and legislative proposals to
be drawn up which would equitably share these then more clearly delineated
risks between the utilities, the APA and the State of Alaska. The key
requirements for state guarantees and financing could then be more
precisely .defined in an appropriately limited form which would be
acceptable to the state and adequate for project financing.

Conclusion

Early year inflationary financing deficits have been seen to be inevitable
in the case of capital-intensive debt-financed projects being built under
inflationary conditions. Such inflationary financing deficits have no
bearing on the economic viability of the project but instead directly
result from inflation. As a highly capital-intensive, long-life project,
Susitna has a substantial inflationary financing deficit despite its strong
economic viability. If the project is to go forward and its advantages in
terms of indirect economic benefit and stablization of Alaskan electrical
energy prices realized, major state appropriation of funds will be
required.

In terms of the magnitude of appropriation an amount of not less than $2.3
billion (in 1982 dollars) would represent an assured and effective means of
meeting the inflationary financing deficit. This would ensure that Susitna
energy could be made available in the first year of operation at a price
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competitive with the cost from the appreciable increase in the Railbelt
system energy cost which would be otherwise occurring at that time as a
result of the rising cost of fuel and other factors. Substantially lesser
levels of appropriation might create appreciable difficulties or costs as
regards the residual debt financing. In particular such inadequacies might
create the need for a more prolonged period of guaranteed revenue bond or
G.0. bond financing, or involve higher electricity costs.

Finally, it is important to distinguish between appropriations to meet the
inflationary deficit and appropriations designed to reduce the cost of
electricity to Alaskan consumers. The economics of Susitna are such that
it could, long term, repay with an adequate rate of return, all of the
state appropriations used to finance Susitna's inflationary financing
deficit. State financing of the magnitude indicated is therefore
economically justifiable in terms of meeting the inflationary financing
deficit in an efficient and adequate manner to enable an economically
viable and important project to proceed. The decision to allow all or part
of this appropriation to be retained in the project, long term, or to
provide even larger appropriations to subsidize the cost of electrical
energy to Alaskan consumers, is a separate issue to be decided as a matter
of public policy and is beyond the terms of reference of this study.
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TABLE 18.4.1: FORECAST FINANCI

AL PARAMETERS

Watana
Project Completion - Year 1993
Energy Level - 1993
- 2002
- 2010
Costs in January 1982 Dollars
Capital Costs $ 3.647
billion
Operating Costs - per $10.0
annum million
Provision for Capital
Renewals - per annum $10.94

(0.3 percent of Capital Costs)

Operating

Working Capital

Reserve and Contingency Fund

Interest Rate

Debt Repayment Period

Inflation

Real Rate
- 1982 to
- 1988 on

Real Rate
- 1982 to
- 1986 to
- 1993 on

Devil

Canzon Total
2002

3 387 GWh

5223 "

6 616 "
$1.470 $ 5.117
billion billion
$5.42 $15.42
million million
$4.41 $15.35

15 percent of Operating Costs
10 percent of Revenue

100 percent of Operating Costs

100 percent of Provision for Capital
Renewals

10 percent per annum

35 years

Rate 7 percent per annum

of Increase in Operating Costs
1987

of Increase in Capital Costs
1985
1992

1.7 percent per annum
2.0 percent per annum

.1 percent per annum
.0 percent per annum
0

1
!
2.0 percent per annum
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TABLE 18.4.2 FINANCING REQUIREMENTS - $ BILLION

For $2.3 billion State Appropriation Scenario

1985 State Appropriation
86 "

87 ”"
88 "
89 "
90 "

Total State Appropriation

1990 Guaranteed or G.0 Bonds
1 " "

2 " "
5 L 1

Total Watana Bonds

10 0 1 o o 1 i B . P i N o A D S o . L T i S S 2l S R St

Total Susitna Bonds

Interest Rate 10%
Inflation Rate 7%
1982
Actual Purchasing

Power
$ billion
0.4 0.3
0.5 0.4
0.5 0.3
0.5 0.3
0.9 0.6
0.7 0.4
3.5 2.3
0.8 0.5
1.3 0.7
0.9 0.4
0.3 0.1
3.3 1.7
0.2 0.1
0.3 0.1
0.4 0.2
0.3 0.1
1.1 0.4
1.4 0.4
1.5 0.4
1.4 0.4
0.2 -
6.8 2.1
10.1 3.8
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TABLE 18.4.3: FINANCING REQUIREMENTS - $ BILLION

For $3 billion State Appropriation Scenario

1932 State ﬁpproprlatlon

87 "
g8 "’
89 "
90 n
91 "

Total State Appropriation

e S 2 7 2 S i T it S U i 8 D i . D i YO T o

1990 Guaranteed or G.0 Bonds
" "

1
2 n "
3 " "

T *al Watana Bonds

1994 Revenue Bonds
" "

" "

O o~ o n

- - 200 2 e . i i Sl i S 47 o D T o S S e O D S A A it D D S S U o o e

Total Susitna Bonds

Interest Rate 10%
Inflation Rate 7%
1982
Actual Purchasing

Power

$ billion
0.4 0.3
0.5 0.4
0.5 0.3
0.5 0.3
0.9 0.6
1.5 0.9
0.5 0.2
4.8 3.0
0.8 0.4
0.7 0.4
0.3 0.1
1.8 0.9
0.2 0.1
0.4 0.1
0.4 0.2
0.4 0.1
1.2 0.4
1.4 0.4
1.6 0.5
1.5 0.4
g.1 0.1
7.2 2.3
9.0 3.2
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TAL9K WATANA-DC {ON LINE 1993-2002)-$3,0 3M($1982) STATE FUNDS-INFLATION TX-INTEREST 10%-CAPCOST $5.117 8 23-FEB-82
FEEEEEEEFFFIHAET SR AL SRS RALFRXBRFEGRRFFLRHXFFEFEEFF XL SHALTIFFFR AR EF AR P AL AR FFREFFLABS XXX FX ISR AF SIS R XL SRR BREREIQYRLHE

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
CASH FLOW SUMMARY
==={$MILLION}==== .

73 ENERGY GHWil 3387 3387 3387 3387 3387 3387 3387 5223 5414 0s
521 REAL PRICE-MILLS 32.59 30.81 29437 27.83 26439 25,04 23.79 58055 55.54 049
466 INFLATION INDEX 249.28 2664173 285440 305,38 326475 349,62 374,10 400429 42831 458,29
320 PRICE-MILLS 31425 82.18 83.81 84497 86.24 87.54 89.00 234,36 237.89 ‘o

----- INCOME-=wwomoemm e .

516 REVENUE 27502 2783 283.8 28748 292.1 29645 301.4 122440 1287.8 1296.7
176 LESS OPERATING COSTS 32.0 35.0 38.1 4leb 45.4 4946 5441 911 99 4 10845
- 517 QPERATING INCOME 243a.1 2434 245.7 24642 24646 264649 2473 1132.9 118844 1188.2
21% ADD INTEREST EARNED ON FUNDS b2 be 7.3 Be0 87 9.5 10.4 11.4 19.1 20
559 LESS INTEREST ON SHORT_TERM DEBY 11.6 12.4 15.3 16«4 17.7 18.7 20.0 219 34.7 36.3
391 LESS INTEREST DN LONG TERM DESBT 182.7 182.0 181.2 130.3 179.3 178.2 177.0 883.4 895.7 891.5
548 NET EARNINGS FROM OPERS 5540 557 5646 57«5 58e4 59.5 60.7 239.0 2772 28l e 4

————— CASH SOURCE AND USE~~~~-
543 CASH INCOME FROM _UOPERS 5540 $5.7 Sbeb 57«5 584 59.5 607 239.0 2772 281e4
446 STATE CONTRIBUTION 0.0 0.0 C.0 0«0 0.0 0.0 0.0 0.0 0.0 0.0
143 LONG TERM DEBT DRAWDOWNS 368.9 42717 39544 1163.0 1432.3 1604.7 1473.5 137.8 0.0 0.0
243 WORCAP DEBT DRAWDOWNS del 2943 11.2 12.2 10.6 10.4 12.3 128.0 24.7 42.8
549 TOTAL SOURCES OF FUNDS 43240 51248 46341 12327 1501.3 16T4.7 1546.5 504.8 301.9 324.3
320 LESS CAPITAL EXPENDITURE . 41644 47543 44249 1210.5 1479.8 1654.5 1527.9 36243 50.9 99,2
448 LESS WORCAP AND FUNDS Be1 293 11.2 12.2 10.6 10.4 12.3 128.0 247 42.8
260 LESS DEBT REPAYMENTS Teb 8e2 9«0 9.9 10.9 12.0 13.2 1445 42.6 46.8
141 CASH SURPLUSIDEFICIT) 0.0 0.0 0.0 0.0 0.0 =203 -608 0.0 143.7 135.4
249 SHORT TERM DEBT 0.0 0.0 0.0 0.0 0.0 23 668 0.0 =91 0.
444 CASH RECOVERED 0.0 0.0 0.0 D.0 0.0 0.0 0.0 0.0 1346 135.4
----- BALANCE SHEET-~--w—-—ow
225 RESERVE AND CONTe. FUND 6l.2 134 3041 37.4 9504 10441 113.7 191.3 208.8 227.8
371 OTHER WORKING CAPITAL 5646 79.7 8442 89. 91.7 93.4 9642 14646 153.8 177.6
454 CASH SURPLUS RETAINED 0.0 00 0.0 0.0 0.0 0.0 0.0 «0 0.0
370 CUM. CAPITAL EXPENDITURE 7355.0 7830.3 8273.2 948347 10963.5 1261840 14145.9 1450842 14599.1 14698.3
TTTIRXTT INTITCSNT SNTIJTICTSR ORNII[SSOSNST SRS ITE O TT|ETRT OCSS[LZIICT OTSTITSIIT O IISTTEETS SRS TI=ST
465 CAPITAL EMPLOYED 7478.8 79834 8437.5 9660e3 11150.6 12B15+6 14355.8 14846.1 14961.7 15103.7
TIESSITS ST TSSINTT SITSSITT OZSSISRSSS ISTIDNIITNT DS ETSSTS OTTTIEISTE OZTTTEIFIN OJIIISST[IN OTTITISE=T
461 STATE CONTRISUTION 48067 48067 480607 48067 4B06aT 48067 4806.7 4B806.7 4806.7 480647
462 RETAINED EARNINGS 147.8 203.5 26001 317.5 376.0 435.5 496 3542 877 1023-8
555 OEBT OUTSTANDING-SHORT TERM 123.9 53a1 164.3 1T6.6 187.1 199.8 219.0 34669 362.6 405.4
554 DEBT OUTSTANDING-LONG TcERM 2400.5 2820.0 320644 43594 5780.8 7373.5 8833.8 8957.1 8914.6 BB6T.7
542 ANNUAL DEBT DRAWHDOMWN $1982 14840 16044 138.5 380.8 4383 459,0 393.9 344 «0 0.0
543 CUMs DEST DRAWWDOWN $1982 115747 1318.0 145606 18374 2275.17 2734,17 312846 3163.0 3163.0 3163.0
519 DEBT SERVICE COVER 1.25 1.25 1.25 1.25 125 1«25 125 1.25 25 1.25

$3 BILLION (1982 DOLLARS) STATE APPROPRIATION SCENARIO
7% INFLATION AND 10% INTEREST

Sheet 2 0f 3

TABLE 18.4.6

JGAE




TOTAL

23-FEB-82

2011 2012 2013

2010

ZAXFIRERRRERBR IR AFFREFEEFEEREPLRHE A FARXR XK

~CAPCOST ¢ N
ggxg:x:%:giarg**g*g###gé%%l#%nw#tv#:vt##:######*#

AHFAEFX

- INTER

e 2t
2007 2008 2008

2006

2005

VOO O I¢e 0010 OO |t P NOWN VNQO P || it OOO
NOQO *® o] s e 0] o se s e . see e e S S 90H ol 9 90 LY )
o eesw MDA RLGLIUEE ORI O OO I MOm QOQVHIN O MM &
TOOO NO | N | O COCm | O met® § 0O O Omé =M HOC=D OO0
[~} ON e |t OO I m~mOD i O BN it O H OOt g ot
- ON O N o ® 0 OO © Mm
-] e -t | [ ) [} -t it
1 1 [ ] WoH
NN 1 O I AN IO OQQC IO OOw IO ONQO UMl Peeifret OOWN
NV o ef oo o0l o s 8 00| o s e [N ] s e ool *H S oo * N
Qe e NGO | P~ N NOOE 1O M40 | SOV CrOVHNH QNS OM o
QI TMOE~N ¢ « O it | ot St ot | ({1 O font D O -
L R TN @ im [14] M N e DN PN DD Lnd
@ - e 1 enNoHEm @ L]
i 1 ) } vt {f o 1
' [ 1 1 oW
QmNN O | NOSPP | O COON | e P | OO PENQe IR RO Aon
O O e} a0l e8 o0 1] ee e e a® oo s & g0 0 . N
G oo N | FNM~ NOOm | O OwmiO | O ROQVHNHDONFDO OmM o
L Lt edid) Nt | OFt=m | 0 [ i OO I m Wimt OV P ) Q dpee e O
NGO -t N WIm ™ N e e N OO R DM L
~N -t § ot 1 ] ] Vgl N © ()
1 ] 1 1 [l Rk}
' i ] 1 [

Lol et | OO0 | D OWOQM | O O VO L OL Hmif) Peiepe OON
[aladed's] e 0} e el o s 0}l » 200l 00 ® 8 8 9l oft 0 g0 0 . o
D eee IO IO~ 0 WOOP | M Nfeeed | o) OMOO N VMmO Cm e
O DU ot QO ILOMOY I ~N MO OMe; I n Nt PO (it 0 et
O b A By ®§m ~ t N e ] M DU DN-M vt
~o Ll ' ' i MYt I @ m
t t ] ' Ll R X1}

1 ' i L] it 1
DU -y My §OMEm N NOO0Q I VOO 1 0QO PO I NON QOon
- P o 20t 00 0] ec g ef o oo sf 0o o ® 0wl 6)f 9 00 @ o0\
Jevoe W DU |~ POOMN T PN | OM NOOWNIm | QOO0 Om o
QM= QO | OM O | -t vt W0 QoY © Woeme vt )] i | QT O™~
hal-L~1 Mest | 0N wim [1a] [ ] M NN ONOST -t
QN - - i | 1 WPV TN W "

] ] [} ] -t |} oot 1)

i 1 ] ¥ ] il
L Aaladal O EMOO IO QOO I WY | QQO NNOP UG U MTON QONn
U P ot e 9| e 9 0l @ es o8| o sae| eco ¢ o e wil 9§ » 2o e e o\
Ur e s o VXD IONTONIO QQON | O AU | i Qe Dot P || wd §) QPP O 0
QNN B0 OMND |t - i (e~ 1o © B 1 OmEny O
mdo M | N ®im (4] 167 e 1 MO Mo OeOn -t
Qe - ) - 1 1 1 DHNH e @ [l
t | l i ot {1}

L] i ] ] it it
e I CNEN 00 A N R ek 1oVl R ] -OQW O MDY IO MOOMile i dcONY QOWN
Xodp=p=r~0o e si e 9 e ay) & s e Nef s tep] o 0e e % o0yl il © 2 @ o e o\
Cadd 000 NM | VOV 1 OOV | N QU@ | MOM NPOTHNTOVODEB Om o
- G PO O BN NN 1O (] i ItO0oiI> > D~ U ONON Q -

Moo (ot | ot wim " ey e L] MO ol = QPN O -t
on - e 1 [} i Wi et D [\
1 1 i { -t 1}t )
i t 1 1 [

Wi ONG O | Qe | O CQQMiIN MMM I VOW NNQOHI® MO N OOWN
NOI I~ cef sas i e es 20l 9 eevi 9o 60 eajl Sl S o0 BBy
N s s Ot | NP0 10 LOOM |t & ey | NOWN VRO N OO~ O™ &
0 00 et 413 LR Bl B ) [\ NI ANV IO O o VIO NOQ T NQ 4
O ot Nt |yt =< I, o~ )OO e $ o e NN O D N 4
Al - |- 1 i ' VHO e @ ~
] 1 i ] ot [ o=t ()

1 | I ! [

Pep=Or O N NCNO N NOOQM | I it | TON OO Nl ~mMe-n OOn
Toroo e} ns e8] @ es ne) ceaal o0 e s uil ol ¢ 00 o oN
Ll O NG e | -MOQmit | N D0 1 QOO0 et O I H QOO OM e
Lk NN OO O o UaN AT o I O N OBIENIN N ot
NN - ot | ot 1N ~ [ ] et ot NN OV DM o
[[aX,) ot | o 1 i ] U et O ™
1 ! ] } Ll N}

i [} [} ] it u
NN D | DWUNCO | ot OO | 1 NEN L O™ ~NOnI M MmN OO
ke X113 Y. -] 2] 99 0} e sevaif g ool #ea e c o%H ot 9 on e e oy
Do OO IONDY W VOMO I N O | NDO MO0 DDAt M e
el 1=k 4 Sed | Y | O (-] MmN QM N oy SO OIF I OOT— N ot
SO - it § ot =R N, ~N (BRI ] Vot e Nosd DN O i O et
3o Lol ] 1 1 L] N HU P O ~”

] 1 ! ] el if ot |}

1 ] ' t it 1

e
Qe
[Ty}
waw
i o o 1 '
] 4 ] ] x Ny
t pi-4 o 1 1 ¥ D
| [TRCEN- 4 1 1 wee oo
3 - Ui vy d t W foo (L) oty
] < = n wn Z L7 - 4 [] o - A
1 f=] o @ D X a 2 1Q - -
1 - AL Y] x On 2 = - | el Qb ) X2
[ QO a Al QZ 2D =~Qn - [T 0o xXx
[ g WO O Zo BX U QZe me [RTN g { o] 7 QQ
t A <O 20 ZO0Z W P - Z . DR
[ = o = Q) W Wikl w Woed. U Ont i EFIuw
v I W UWaZZ O WTFE-~Q2X O o X u el b, QO =IO XD
-l [} Twoh & WOk « KO Ul TZVUIX W 222 990
-l [ = | L Zadleg »n WZg OO0 B0 oW > Demees ¥l
g i - o o Di.aooa w <0 wUhu W O o oo
rz I = Zunnny O el W W N0 W TN W 2D w
ot U e oW O VWO ¢ SO D W OO DE O Xl e
TwW W T o« e Z T O D D> ZZMode X el D
BWZW O & QWi w TOZ2TW Q =k X0 QI W 2 N ww>
QeeQot D W mpepe 2 VUMD 1 D W o Qoo Q0= O
e E 200 w22 o W <AOW Dbl SWEDS g QDD L]
doObm | IO et L U el W WEO Y o A N0 A 200 o v
Q qSw 1 = bed Wt oW o < [ fezed Lo L R
Ludedtld WD 2 N I 00 b it LT WU 8wt o e ) @
Ul | 1) WOV b (NdZax O WIKN VDK 1NZTVE o oM Z¥xom
SWZar MW QWL Wl | L 00 e W L WD € ity Z22u
Uil (e Ogudad 2 LI 17 )y 4 edad WM OO L NXOQ OO
et O VO MFOwt o MMM DD - S WO N MO
o N i it AL 4 FEPE P NFD e NP> O QONU Fdmd
N [Eat o R At STV Yo BT o LAl e DA BT I T VR LV NP NN nnn

TABLE 18.4.6 Aﬂn[s

$3 BILLION (1982 DOLLARS) STATE APPROPRIATION SCENARIO
7% INFLATION AND 10% INTEREST

Sheet 30f3




JRST————1

1994

23-FEB-82

RRVERAEPEETE AR XERREXF
ERFAFEFXFEESRUIBSXAEE S
1993

1890 1991 1992

1989

1988
CASH FLOW SUMMARY

==={ SHILLIDN}====

0
0.00
145.08

=
x

1987

1986

$2.3 BN (51982} STATE FUND%
1985

BRFFEBEEUFBXEEBEGIEITEEREEREE DS T HRFRAEHUL3

FEFXFEVFLRALFHCEREXEFEEEAFRG ARG GEQEFRHF G LAH P
LINE 1993-2002)-

0
0.00

166610
0.00

0
0.00

155.24
0.00

0.00

=== [NCOME====m= == === = e e
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TABLE 18.4.8

$1.8 BILLION (1982 DOLLARS) STATE APPROPRIATION SCENARIO
7% INFLATION AND 10% INTEREST
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DATALIOKZ WATANA-DC (ON LINE 1993-2002 00X BILLG6AO FUNDS-INFLATION T7Y-INTEREST T 85,

N
SR GOR Ny ‘######‘t#t%‘.“.#tt#‘# t##t S RYEAGEAAGIAEROAR KXY #######.######t#t#‘##it ‘#t##it##t‘ ##"t.“t‘#.#0####‘05‘::‘#2%#“
1985 1986 1987 1988 1969 1990 1991 1992 1993 1994

CASH FLOW SUMMARY
*==ISHILL50NI=3" o

73 ENERGY GMH 0 0 0 0 0 9 3301 3387
521 REAL PRICE-MILLS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 30.49 34.60
466 INFLATION INDEX 126472 135:59 145.08  155.26 166210 177.73  190.17 203248 217.73 232:97
520 PRICE-AILLS 0.00 0.00 <00 0.00 200 0.00 0.00 00 66039 80.61

_-—-—‘Nco“e---‘—-------—----
$16 REVENUE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 224.9 27340
170 LESS OPERATING COSTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 <9 29.3
317 QPERATING INCONE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 198.0 243,7
118 {50, "y Choseg, on rin SR R - O = - B - B B - R R
390 LE3E ln‘E §r o thReTyi 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 020 .
548 NET EARNINGS FROM DPERS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 198.0 239.5
=255 -GASH, SOURCE AND USE----
548 CASH INCOME FROR OPER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 198.0 239.5
446 STATE CONTREBUTION 403.7 472.7 871927 49925 938.3 155044 1241.1 67604 333.1 229.
143 LONG TERM DEBT DRAHDOWNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
248 WORCAP DEBT ORAWDOMWNS 0.0 0.0 0.0 0.0 0.0 0.0 2:0 0.0 98.0 177
549 TOTAL SOURCES OF FUNDS 403.7 4T2.7 479.7 £99,5 938.3 1550.4 1247.1 6T6.4  629.1 487.0
320 L CAP]TAL EXPENDITURE 40307 4T2.7 479.7 499.5 938.3  1550.4 1247 6764 33 259.
120 LE3Y GORLIP“ARDTEDRAY 0.0 0.0 0.0 0.0 0.0 0:0 08 0.0 332 i7:3
260 LESS DEBT REPAYMENTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 <0 a.
395 PAVHEN E 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0. 19820 210.0
141 CASH SURPLUSIDEFICIT) 000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
249 SHORT TERN 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
~——~-BALANCE SHEET==--=mo-o-
228 RESERVE AND CONT. FUND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 56.5 6146
371 OTHER WORKING CAPITAL 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0 41.5 Sacl
454 CASH SURPLUS RETAINED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
370 CUMe CAPITAL EXPENDITURE 403.7 8T6e4 135601 1855.6 279420 4344.3 5591.4 6267Ts8 6600s9 6860.1
ZTIITZER ELXTTITE SELTIXTZTST TEZBXXSET TEFTEETIR TAXNVWVEIL IADEZETZELE TEERITNZTEL TCBAITNE BUBSHUXTSE
465 CAPITAL EMPLOYED 403.7 876e4 1356e1 1855.6 2794.0 4344.3 5591e4 62678 6698.9 6975.8
EETEXTXTITT TEILXTIZTTTET JWIXISZTZTS EETTEXIXI T BTTTXTXTTTX EITXTEXLELTE ZEXITTEETET XRETEEESR BSBERREEN BRI EEEX
461 STATE CONTRIBUTION 403.7 B7g.4  1356.1  1855.6  2794.0  4348.3  5591.4  6261.8  6600.9  6830.¢
462 RETAINED EARNINGS 0.0 0.0 0.0 020 0.0 0.0 0.0 .0 O .
555 DEBY OUTSTANDING-SHORT TERM 0.0 0.0 0.0 020 0.0 0.0 0.0 00 98.0 115.7
554 DEBT DUTSTANDING-LONG TERM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
542 ANNUAL DEBT DRAWNDOWN $1982 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
543 CUM. DEBT DRAWHDOWN $1982 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
519 DEBT SERVICE COVER 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
SENATE BILL 646 100% STATE WITH 7% INFLATION AND 10% INTEREST Anms
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ggIAIOKZ TANA-DC €ON LINE 1993-2002)-100% BILLG646 FUNDS-INFLATION TX~-INTEREST 10X-CAPCOST 85,11

8 R
&% ottcntvnntntvm‘:n PR TR T e e T e e e F e e P SR e P ###v##t##t#Ot##tt#t#t#gttttttttttt nnzv:nt%ut
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

CASH FLOW SUMMARY
=x2{SHILLION)a===
3387 33

73 ENERGY GHWH 3387 3387 3387 87 3387 3337 52%% 34’§ 3603
521 REAL PRICE~-MILLS 34464 34.56 34.69 34,062 314,56 34.48 34.39 32. 32.73 31.9
466 INFLATION INDEX 249,28 266473 285440 305.38 326715 349.62 374.10 400.29 428,31 488.29
520 PRICE~-HILLS 86435 92.17 99.01 105.72 112,91 120.53 128,66 129.17 180,17 146.19

cencn ] NCOREre=ccmcr wr e e n '
516 REVENUE 292.5 312.2 335.3 358.1 382.4 408,2 £35%5,8 6T4.6 758.8 919.3
170 LESS OPERATING COSTS 32.0 35.0 38.1 4l.06 45.4 49,6 5441 91.1 9%. 4 108.5
317 OPERATING INCOME * 26044 2772 29742 3164 337.0 358.6 381.6 583.9 6594 T10.8
2146 ADD INTEREST EARNED ON FUNDS 6e2 6e7 T3 8.0 8.7 9.5 10.4 11.% 19.1 20.9
550 LESS INTEREST ON SHORT TERM OEBT 116 124 15.3 16.4 177 18.7 19.8 21.0 33,8 3603
391 LESS INTEREST ON LONG TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G0 0.0
548 NET EARMINGS FROM OPERS 255.0 2T1.6 289.2 308.0 328.1 349,95 372.3 573.9 644,86 695.5
wee=e=CASH SOURCE' AND USE~---
548 CASH INCOME FRDM OPERS 255.0 27146 289.2 308.0 328.1 349.5 372.3 573.9 644,.8 69%.5
446 STATE CONTR&B?T!DN 36361 382.1 303.8 1028.3 1177.5 1204.8 913.1 303.0 0.0 0.0
143 LONG TERM DEBT DRAHDOWNS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
248 HORCAP DEBT DRAWDOMNS 8.1 29.3 11.2 12.2 106 10.4 12.3 128.0 24,7 42.8
549 TOTAL SOURCES OF FUNDS 626a2 683,0 604602 1348. 6 1516.1 1564.7 1297.7 1004.8 669,53 T38.3
320 LESS CAPITAL EKPENDITURE 395.3 417.2 342.1 1070.1 1223.2 1254.6 9675 362.3 90.9 9962
44648 LESS WORCAP AND F 8el 29.3 11.2 122 10.6 10.4 12.3 128.0 2447 42.8
260 LESS DEATY REPAVHENTS 0.0 O 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0
395 LESS PAYMENT TO STA 22249 236.5 250.9 26642 282.4 299.6 317.9 514.5 553.9 59643
141 CASH SURPLUS(ODEFICIT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
249 EHORT YERH DEBTY 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
~meeaBALANCE SHEET--vrevwww-
S;S RESERVE AND CONT. FUND 6Te2 T3.4 80.1 8T7.4 95.4 104.1 113.7 91.3 fge.a i;1
1 HER HWORKING CA5ITAL 5646 79.7 8442 89.1 91.7 3.4 6.2 46,0 3.8 .b
454 CASH SURP#US RETAINED 0.0 0.0 0.0 0.0 0.0 Cs0 .
370 CUM. CAPITAL EXPENDITURE T255.4% 16726 8014.7 9084.8 10308.0 11562.6 12530.1 12892.5 12903.3 13082 5
WERTIZTZTE TTETJATITIITIZ TAZTIRZTLXT TAXNIZIZIX ZTEXRTTXIRE ZTREVXTRX TZTEXIXRDR a:--:;an SERNBECEN SBTTEXETRXN
465 CAPITAL EMPLOYED 73792 T825.7 8179.0 92614 10495.1 11760.2 12740.0 132303 13345.9 13487.9
EAFTSIXIILT SETITSETTZT ITXIZSTEZ TTZTATEIT XTTTIETCT JIALATLXZS ETIARNXLEZ BETEIRNSTRNT SEATUILE ENXTRASD
461 STATE CONTRIBUTION 11937 7575.8 1879.6 8907.9 10085.4 11290.3 12203.4 12506.4 12506. 12506.6
462 RETAINED EARNINGS 616 96.8 135.1 17649 22206 272.4 326417 38b.1 T7.0 ol
555 DEBT QUTSTANDING-SHORY TERM 1239 153.1 164.3 176.6 187.1 197.6 209.9 337.8 362.6 405.4
554 DEBT ODUTSTANDING-LONG TERM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 «0 0.0
542 ANNUAL DEBT DRAWWDOWN 81982 0.0 0.0 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
543 CUM. DEBT DRAWWDOWN 31982 0.0 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
519 DEBY SERVICE COVER 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 0.00

SENATE BILL 646 100% STATE WITH 7% INFLATION AND 10% INTEREST
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2013 TOTAL
668 048
29.23 1 0.83
842,54 0.00
246,28 0.00
1645.5 1637846
238.4 202.
1407.2 1417646
45, 412«

7.5 T46e6
0. 0.
1375.5 138424
1375.5 13842.4
0.0 1250644
0.0 0.0
44,9 819.7
1420.5 27168.5%
217.9 14500
4429 219.5
0.0 0.0
1157.6 11848.5
0.0 0.0

8:8
3‘38 $

145003 1450022

EESENSSE NSNUNNSSN

15319.9 15319.9

UERANENE NENEESERSN

1250604 125064

1993.8 1993.8

81927 9.7

0.0 0.0

0.0 0.0

0.0 .

0.00 0.00

TABLE 18.4.9 Aﬂms

########U###Q###‘###O#####0‘#############4¢#¢$¢¢¢¢####**##¢*#########0##########0#######*###‘#######O##*######O#“##‘0#‘#‘*“‘.
DATALOK2 WATANA-DC (ON LINE 1993-2002)-100% BILL646 FUNDS-INFLATION T7X-INTEREST 10%Z-CAPCOST $5.117 BN 2-MAR-82
.‘t.###“"###‘##i“#“#‘###t####ﬁ#########3##‘###########0##4##‘###############‘##0######4#.######‘#‘##0##“*#*‘.#.“"t"““
2005 2006 2007 2008 2009 2010 2011 2012
CASH FLOW SUMMARY
73 ENERGY GWH 609 6147 6250 PNl ONY e 6616 638 66
521 REAL PRICE-MILLS 25%3% 29,70 29.53 28.84 28.79 28048 28533 28588
466 INFLATION INDEX 490e37 524469 56l.42 60072 64277 687.77 7135.91 787.42
520 PRICE-HILLS 145.50 155.81 165.77 173.22 185.08 19773 212.90 228296
--—--lNCONE—-_—--——-—- ——————
5}§ REVENUE 88603 957.7 1036s0 11210 1211el  1308.1 1413.1 1524.8
170 LESS OPERATING COSTS 118.4 129.2 141.0 153.9 18820 183.4 200, 218,
517 OPERATING INCOME 767.9 828.4 895.0 967el 10431 11247 12130 130644
214 ADD INTEREST EARNED ON FUNDS 22.8 24.9 27.1 2946 32.3 35,3 38.5 42.0
550 LESS INTEREST ON SHORT TERM DEBT 40.5 4422 49.3 55.2 59.8 64eh 69.6 73.4
391 LESS INTEREST ON LONG TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
548 NET EARNINGS FROM OPERS 75001 8091 872.8 9415 1015.6 10956 1181¢9 127540
----- CASH SOURCE AND USE----
548 CASH_INCOME FRON OPERS 750.1 809.1 872.8 9415 10156 10956 11819 1275.0
4ss STATE CONTRIBUTIO 0.0 0. 0.0 0. 0. Oe 0.0 0.0
143 LONG TERN OLBT DRAWDOWNS 0. 0. 0.0 0. 0.0 0.0 0.0 0.0
248 WORCAP neat DR AWDOWNS 364 51.3 59.3 45.8 45.9 52.0 37,7 ale2
549 TOTAL SOURCES OF FUNDS 18645 860.4 932.1 987.3  1061.5 11475 1219.6 1316.2
320 LESS CARITAL EXPENDITURE 108.2 118.1 128.9 14007 1536 1676 182.9 199.7
448 LESS WORCAP AND FUNDS 36.4 51.3 59, 45, 45.9 52, o7 4le
260 LESS DEBT REPAYRENT 0.0 0.0 0. 040 0.0 0.0 0.0 0.0
395 LESS PAVMENT TO STATE 641.9 691.0 743.9 800.8 862+0 928.0  999.0 10754
141 CASH SURPLUSIDEFICIT) 9.8 9.0 9.0 0.0 2.0 a.0 0.0 9.8
343 AU IERYE 020 0.0 0.0 0:0 0.0 0.0 3:3 0o
-----s LANCE D | L T r———— . %6 ) 5
341 BEARRVEORNDNE i’hnﬂ £33:7 a3y %2 '5 332:3 313 3?3:3 - ai?.q. 3? l
454 CASH SURPLUS R 0.0 0.0 0.0 0.0
370 CUM. CAPITAL EXPENDITURE 131907 13308°9 1343728 13578.5 13732.1 13899:7 140870 1426223
TEBTEZXLEETT ZFTETTEXRET IXTEBRIZED EZXUREXLE REXRZBTEESD TEBEERATEE TR IADE SUTVTETD
465 CAPITAL EHMPLOYED 13632.6 13801.9 13990.2 1417647 14376.1 14595.7 148163 15057.1
BEAEAXZTIETZE FTEXNTZTAXZXE BEXTTZIER FEXZETAEXR SEZIIJIZTET TETUDIZTY SZTLTTZIVUT BBIFPEBEAZER
461 STATE CONTRIBUTION 125064 4 12506.4 12506.4 12506.4 1250644 1250604 1250604 12506,
462 RETAINED EARNINGS 6B4o4 802 931.4 1072e1 1225.7 1393.3 157603 1775.9
555 DEBYT DUTSTANDING-SHORT TERM 441.8 %93:1 55204 598.2 644.0 696.0 733.7 1748
554 DEBT DUTSTANDING-LONG TERM 0.0 <0 0.0 0.0 0.0 0.0 0. .
542 ANNUAL DEBT DRAWWDOWN $1982 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
543 CUMe DEBT DRAWMDOWN $1982 0.0 0.0 0.0 0.0 0.0 0.0 N 0.0
519 DEBT SERVICE COVER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0400
SENATE BILL 646 100% STATE WITH 7% INFLATION AND 10% INTEREST
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Lod

‘.0#.##‘#‘##0‘#########t‘##‘####i###########‘######t##t##v####*######t####o####v#############ﬁ#######‘###t#######‘##########*#.
DATALOK2 WATANA-DC (ON LINE 1993-2002)-%3.0 BNIS1982) BILL646 FUNOS-INFLATION TX-INVEREST 10X-CAPCOST 35,117 BN 2-MAR-82
####t##t.#’#“‘###0#00###“‘#####¢¢‘¢¢##¢#°¢######¢#¢¢###t##t@0##0##‘0########‘0##&#####‘#‘###0##“0#0#*.#####“#‘#tt‘tt‘###*‘#
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
CASH FLUW SUMMARY
=zz{ $MILLION)====
73 ENERGY GHWH 0 0 0 0 0 0 0 0 3387 3387
521 REAL PRICE-MILLS «00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 44,08 51.98
466 INFLATION INDEX 12672 135.59 145,08 155.24 166,10 177.73 190.17 203.48 21773 232.917
520 PRICE-HILLS 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 95,97 121.10
----- INCOME~—=—-mmevrcmmcana
516 REVENU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 325.0 410.1
170 LESS OPERATING COSTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.9 .
517 OPERATING INCO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 298.2 380.8
214 ADD INTEREST EARNED ON FUNDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ° 0.0 «b
55? LE§§ { } g‘ EHORT TERM D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. «0 o8
391 LE ONG TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [ 154.0 187.3
548 NET EARNINGS FROM OPERS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 144,2 189.4
---‘-%ASH SDURBE AND gSE—---
548 CASH INCOME FR H OPE 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0,0 1442 189.4
&46 STATE CDNTR 403.7 472.7 479%.7 499.5 938.3 1550.4 462, & * 0.0
143 LONG TER DEBI DRAHDOHNS 0.0 0.0 . 0.0 0.0 «0 78417 754.9 333.1 229.1
248 HWORCAP DEBT DRAWDOWNS 0.0 0.0 «0 0.0 0.0 0. «0 0.0 98. Te
549 TOVAL SOURCES OF FUNDS 403,.,7 472.7 479.7 499,5 938.3 1550.4 1247.1 7154.9 575.3 436.8
320 LESS CAP TAL EXPENDITURE 403.7 472.7 479.7 499.5 938.3 1550.4 lZQTn& 7549 333 a 59.;
448 LESS WOR AND FUNDS 0.0 0.0 «0 «0 0.0 3 - - 98. 17.
260 LESS DEABT REPAVHENTS 0.0 0.0 0.0 0.0 0.0 0. 0.0 . 0 be
395 LESS PAYHENY VO STATE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 144,2 153.0
141 CASH SURPLUSIDEFICIT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2‘9 SHO 'ER" DE ‘ 0‘0 0.0 0-0 00 0.0 00 0-0 0- A L ooo
444 CASH RECOVERED 0.0 0.0 - 0a0 0.0 0.0 0.0 0.0 0. . 0.0
==—e=BALANCE SHEET----ve-eew-
225 RESERVE AND CONY. FUND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 56.5 6146
371 OTHER WORKING CAPITA 0.0 0.0 0.0 0.0 0.0 D.0 O.D 0.0 41,5 . 54,1
454 CASH SURPLUS RETAINED 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 Oe
370 CUK. CAPITAL EXPENDITURE 403.7 8764 1356.1 1855.6 2794.0 43464.3 559!. 6346.3 6675.4 6938.6
ATXVIITT FTLFTTTINF IXTCXITEIRN TIXIXIETRN FIXTHFLEST TIZXIRTT FIRJIZI[ZIT ZSEATESTSE ZSHEDRSR TEESTXARS
465 CAPITAL EMPLOYED 403.7 B76e4 1356.1 1855.6 2794.0 4344.3 5591.4 634603 67774 T7054.3
VEXXIZLT I’:SS!I_- SETELXITT ETTEZTEATIE ZIEXIIAIIZ ITEILZTXETE ZICTTXZITE ZILTCESSE TILNISITAE TEABSEESR
461 STATE CONTRIBUTION 403.7 B76.4 1356.1 1855.6 2794.0 4344,.3 4806.7 480647 4806.7 480647
462 RETAINED EARNINGS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.4
555 DEBY DUTSTANDING—SHORI TERK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 98.0 115.7
554 DEBY OUTSTANDING-LONG TERH 0.0 0.0 0.0 0.0 0.0 0.0 78467 1539.5% 1872.6 2095.4
542 ANNUAL DEBY DRAWWDOWN $1982 0.0 0.0 0.0 0.0 0.0 0.0 412.6 371.0 153.0 98.6
543 CU DEBT DRAHHDOHN $1982 0.0 0.0 0.0 0.0 0.0 0.0 412.6 783.6 93645 1035,.1
519 DEBT SERVICE COVER 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 1.94 1.94
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

CASH FLOW SUMMARY
==={ $MILLION}====

T3 ENERGY GWH 3387 3387 - 31347 3387 3387 33817 33487 5223 5414 5605
521 REAL PRICE-RILLS 50e47 48494 4713 bba4l 45,117 44,00 424,90 63.06 59,90 59,13
466 INFLATION INDEX 249.28 266413 285.40 305.38 326075 349.62 374.10 40029 428031 458,29
520 PRICE-MILLS 125.82 130.55 136.22 141.71 147.60 153.84 160.51 252.41 256058 2713.12

- - - N 0“ - .. - - - - -
516 REVENLEC € 42601 442,11 46144 47%.9 499.9 521.0 543.6 1318.2 1389.0 1534.1
170 LESS OPERATING COSTS 32.0 35.0 38.1 4leb 45.4% 496 4, 9l.1 b Be
517 JPERATING INCOME 394,.1 407.2 423,2 43843 454,5 4714 489.5 1227.1 1289.6 1425.6
214 ADD INTEREST EARNED ON_FUNDS bo2 6el Te3 8.0 8.7 9.5 10.4% 114 19.1 20.9
550 LESS INTERESY ORT _TERM DEBT 1le6 1244 153 16.4 17.7 18,7 9 21.0 33,8 A4l1.3
391 LESS INTEREST ON LDNG TERM DEBT 18606 185.8 185.0 184,1 183.0 181.9 1807 897.7 9268.5 922.1
548 NET EARNINGS FROM OPERS 202.1 215.7 230.3 245,.8 262.5 280.3 299.4 319.9 348.5 483.0
----- CASH SOURCE AND USE-~~-
548 CASH INCOME FROM OPERS 202.1 21547 230.3 245.8 26205 280.3 299%. 4 319.9 348,5 483.0
L4b STATE CONTRIBUTION 0o ‘00 «0 ] 0.0 . 0.0 0. 0e .
143 LONG YERM DEBT DRAWDOWNS 38601 443.7 409.7 1175.2 1442.0 1613.5 1483.1 303.0 0.0 0.0
248 HORCAP DEBT DR AWDOMNS 8ol 29.3 11.2 12. 10.6 ok 12.3 128.0 24,7 42.8
549 TOTAL SOURCES OF FUNDS 596.3 688.7 65142 1433,.3 1715.0 1904.2 1794.8 750.8 373.2 525.9
320 LESS CAPETAL EXPENDITURE 418.2 478.8 448.0 1217.1 1487.6 1663.3 1537.5 3623 90.9 99.2
448 LESS WORCAP AND FUNDS ° 29,3 11.2 1242 10.6 10. 12. 128.0 24017 42.8
260 LEgg DEBT REPAYHENT% Teb B.4 2 10.1 1l.1 12.2 13.5 14, 43,9 48.3
395 LE PAYHENT TO STATE 162.3 172.2 182.7 193.9 20547 218,.3 231.6 245017 264,.5 284.7
141 CASH SURPLUSIDEFICIT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -50.8 50.8
249 SHORT TERM DEBY 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 50.8 -50.8
444 CASH RECOVERED 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 ° .
rewweeeBALANCE SHEET--w-=-meeea
225 RESERVE AND CONY. FUND 6702 T3.4 80.1 B7.4 95.4 104.1 113-7 191.3 208,.8 227 .8
371 OVHER WORKING CAPITAL 5606 . 719.7 B84.2 89.1 91.7 93,4 o2 14606 153.8 1776
454 CASH SURPLUS RETAINED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.0
370 CUM. CAPITAL EXPENDITURE 735608 7835.6 8283.6 95007 1098843 12651.6 1418941 14551.4 14642.3 14741.4
ETETTITETY SITAILIE BITFTETTXILTT TTITSEZIT OETIXTIZIIT OZSEFZILIRNITIT SAZXTECRT BRADITSR ZEZNOCTSR SRBENSES
465 CAPITAL EWMPLOYED T480.7 7988,7 8448.0 96773 11175.4 12849.1 14398.9 14889.2 15004,8 15146.8
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461 STATE CONTRIBUTION 4806.7 48067 480647 48067 48067 4806.7 4806.7 480647 4B06.7 480647
462 RETAINED CARNINGS 1602 119.6 167.1 219.1 275.9 337.9 405.8 479.9 563.9 62.2
555 DEBY QUYSTANDING~SHORY TERM 123.9 153.1 16443 176.6 187.1 1976 209.9 337.8 413.4 405.4
554 DEBT OUTSTANDING-LONG TERM 2473.9 2909.2 3309.7 4474.9 5905,7 7506 .9 897646 9264.7 9220.8 9172.5
542 ANNUAL ODEBT DRAWWDOWN 81982 154.9 16643 143.6 384.8 441.3 4615 39664 15.7 0.0 0.0
543 CUN. DEBT DRAWWDOWN $1982 1190.0 1356.4 1499.,9 188448 232600 27187.5 3184.0 3259,.6 325946 3259.b6
519 DEBT SERVICE COVER 2.00 2.07 2els 242 2.29 2.38 2.47 1.33 1.31 1.45
SENATE BILL 646 “MINIMUM" APPROPRIATION OF
$3.0 BILLION WITH 7% INFLATION AND 10% INTEREST '
Sheet 2 of 3 TABLE 18.4.10




#0#0*#ﬁ#*###'###########4#####v####ﬁ#####*#*#ﬂ#####i‘########*###0&#*####*0#####v######t###t##########‘#####1!###‘####‘0##‘##ﬁ‘*‘
DATAL10K2 WATANA-DC (ON LINE 1993-2002)-$3.0 BN($1982) BILL646 FUNDS~INFLATION T7%-INTEREST L0X-CAPCOST $5.117 BN -MAR=-82
#6#‘#‘0##‘##‘##““#‘##############0###‘#0##0###t#######‘#########0###*#*############‘#4##ﬂt#####““0“.‘#““1‘.#‘##“tﬂ..*“#‘*
2005 2006 2007 2008 2009 2010 2011 2012 2013 - TOTAL
CASH FLOW SUMMARY
szz(SMILLION)====
73 ENERGY GWM 6092 6l 6250 6472 6544 6616 6638 6660 %% 104826
521 REAL PRICE-MILLS 50.93 48.59 4611 43,04 41a16 39,42 38.11 36487 189 0.00
466 INFLATION INDEX 490037 524.69 561e42 60072 64277 68777 T35.91 T8T+42 84245 0.00
520 PRICE-MILLS 249.74  254.9 258486 25B.52 26455 271.12 280.46 290,31 306299 0,00
----- INCOME~-==-~=—==m——meme
516 REVENUE 15213 15670 1617.7 16730 1731e1 1793.6 1861e6 1933.3  201lel 2406004
170 LESS OPERATING COSTS 118.4 129.2 141.0 153.9 168.0 183.4 200.1 21844 238.4 22020
517 OPERATING INCOME 1402.9 1437.8 147647 1519e1 1563¢1 161003 166le4 171429 17727 21858.4
218 ADD_"INTEREST EARNED ON FUNDS 22.8 24.9 27.1 29.6 32.3 35.3 38.5 42.0 45.9 s12.
550 LESS INTEREST ON SHORT TERH DEBT %0.5 L4602 5903 5542 59.8 bbod 89.6 73.4 17.5 1.1
391 LESS INTEREST ON LONG TERM DEBT 917.3 911.9 906.1 899.7 892.6 88408 87643 86608 85645 lzaae.
548 NET EARNINGS FROM OPERS 467.9 50646 548.4 593.8 643.0 69603 754.1 8l6.7 884.6 9132.6
————— CASH SOURCE AND yse----
548 CASH INCOHME FROM DPER 46749 50646 54844 593.8 643.0 69643 75401 8167 884.6 913246
546 STATE CONTRIBUTION 0. .0 0.0 <0 0.0 0.0 0.0 0.0 0.0 48067
143 LONG TERM DEBT DRAWDOWNS 0. .0 0.0 <0 <0 0 0.0 . 0.0 9358.6
248 WORCAP DEBT DRAWDOWNS 6.4 513 59,3 45.8 45,9 52.0 37.7 41.2 4449 819.7
549 TOTAL SOURCES OF FUNDS 504,3 55748 607.7 639.6 6689 74843 791.8 857.9 929.5 241176
320 LESS CAPITAL EXPENDITURE 108.2 118.1 128.9 140.7 153.6 167.6 182.9 199.7 217.9 16139.1
448 LESS WOR FU 364 .3 3.3 45 45, <0 37.17 4le2 44,9 819.
260 LESS DEBY REPAVHENT o 53,1 58.4 - b4el 70.7 77.8 85.6 9.1 103.g 113.9 907.6
395 LESS PAYMENT TO STATE 306.5 330.0 355,2 382.4 4116 443.1 477.0 513. §32.8 6231.2
141 CASH SURPLUSI(DEFICIT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
249 SHORT TERH 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
e ——— BALANCE SHEET=-===ecoe- :
225 RESERVE AND CONT. FUND 2487 2714 296.2 323.3 352.8 385.1 420.3 45847 500.6 5006
371 OTHER WORKING CAPITAL 193.2 2217 256.2 274.9 291.2 31049 313.4 31642 319.2 9.
454 CASH SURPLUS RETAINED 0.0 0.0 .0 0. 0. 0 . 0.0 X 0.0
370 CUR. CAPITAL EXPENDITURE 148497 1496Te8 1509697 15237.6 1539120 1555806 15741e6 15941e2 161591 16159.1
BIACEREZRE ZUZTEXZIEZR ZFTLIXJFIXET BEIZTZFISR ATIZTIRIXZT ESSTETEESR BEARSITRAN BLSESTSS SERzBaENS --'--_I"
465 CAPITAL EMPLOYED 152915 15460.9 15649.1 15835.6 16035.0 16254e6 16475.2 1671640 16978.9 16978.9
N SEBXIETLRE JTTLARITER BERBTIERE FT 2 2 2 2% £ 3 BREXZTTRRA ESBSE SIS SESESEDZE SESEASIES SESEEEZES SSSZERSR
461 STATE CONTRIBUTION 4806.7 4806e7 4806.7 4B06e7 4806e7 4806e7 4806.7 48067 4806.7 480647
462 RETAINED EARNINGS 923.5 1100.1 1293.4 150&.8 173602 1989.3  2266.4 2569.6 290l.4 29014
555 DEBT OUT TANDING-SHORT _TERM 441.8 493.1 5524 598.2 644.0 696.0 733,7 TThe8 819.7 819.7
554 DEBT OUTSTANDING-LDNG TERM 91194 9060.9 8996.6 08925.9 8848.1 BT762.5 B46B.4 B8564.3 B8451.0 8451.0
343 Cun ML DEST Dhaudboun s190s 325000 3259.8 325006  3259.8 32596  3250.6 3250.6 32596 3259 1 EE
“ N 6 Y b -6 - - o
519 oest seav?ce COVER 1.43 1.46 1.50 1.54 1.58 i.6 i.48 i.13 ?9 0.80
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18.5 - Financial Risk

This section of the report considers the financial risks arising to the entities
potentially financing Susitna. These entities are the State of Alaska, Alaskan
consumers and bond holders. Under the financing schemes described in Section
18.4, the only risks to bond holders would arise in the later stages of the
project's 1ife when either the G.0. bonds had been converted into revenue bonds
or the revenue bonds were no longer guaranteed. These financing plans would
therefore protect bond holders from all risks from Susitna until the project was
fully established and fully met the normal standards of security for bond
holders. It can be taken therefore that the proposed financing schemes would,
in effect, hold the bond holders free from all abnormal ,risk. On these grounds
only, the risk arising to the State of Alaska and Alaskan consumers will be
considered.

The analysis is also confined to Watana completion and operation up to the year
2001. This is firstly because Watana accounts for more than two-thirds of the
total capital cost of the Susitna Project. Secondly, as can be seen from Figure
18.4.3 to 18.4.5, the long-term viability of Susitna (i.e., its costs compared
with the best thermal option) is such that, long term, there is very little risk
that the project would be unable to meet all” financing costs when charging a
price which is more favorable to consumers than the best thermal option. This
means that there is little 1ikelihood of any additional burden falling on
Alaskan consumers (compared with that imposed by the best thermal option) after
Devil Canyon comes on-stream. Risk to the State of Alaska in terms of being
called upon to permit Devil Canyon to be financed by guaranteed revenue bonds or
G.0. Bonds is correspondingly small. These considerations, and the extreme
uncertainty attaching to any detailed financing scenarios some two decades
hence, support the approach followed here of concentrating on the risk at the
Watana stage of project development. '

The analysis considers risk in terms of pre-completion and post-completion risk.
It concludes that there is very little pre-completion risk as measured by
likelihood of non-completion. The major specific risks at the pre-completion
phase (i.e., risk of capital overruns, higher-than-forecast interest rates,
etc.) have their effect in the post-completion phase by giving rise to
additional financing requirements, inadequacy of debt service and delay in
conversion to non-guaranteed revenue bonds. Each of these specific risks is
considered and their probability of occurrence estimated. Also considered is
the critically important aggregative risk relating to project earnings expressed
in terms of the cumulative net operating deficit or surplus.

The general conclusion is that, in terms of failure to achieve estimated
forecasts in 1982 dollars, both specific and aggregative risks have well defined
probability 1imits which should be acceptable having regard to the long-term

net benefits and the energy price stabilization advantages of the project.

(a) Pre-completion Risk

The first major risk,‘considered in the pre-completion phase, is the risk
that the project will not be completed. The scenarios which might lead to
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this conclusion are possibly that major and unforeseen natural hazards are
identified in the construction phase or alternatively that an actual
natural calamity prevents completion. The possibilities of seismic and
other natural hazards are dealt with in Sections 9 and 10 of the
Feasibility Report for the Susitna Hydroelectric Project. The analysis
given there supports the conclusion that the chance of unforeseen natural
hazards of a magnitude sufficient to prevent completion, occurring during
the construction phase, is negligible. The probability of construction
being permanently halted by occurrence of a major natural hazard is also
identified in that section and is assessed as very small. It may be
concluded therefore, that the risks arising from non-completion owing to
natural hazards are negligible.

In considering the risk of non-completion owing to capital overruns it is
necessary to differentiate between capital overruns which are the result
merely of general inflation and capital overruns which represent constant
(1982) dollar increases in the capital cost of the project should its costs
rise faster than the general rate of inflation. It was noted in the
Section 18.4 (c) which deals with the basic financing plan that the genera]
rate of inflation is inherently unpredictable in the long term, since it is
the result of complex worldwide political and economic forces which also
cannot be predicted. Providing, however, that such inflation has a uniform
effect on prices and leaves the real rate of interest unchanged, it will
have zero impact on the net benefits of the project. The capital required
to complete the project will certainly increase in 1line with inflation but,
given that the net benefits are not adversely affected, this should not
lead to any significant risk that the project will not be completed.
Additional inflation, far from challenging the viability of long term price
stabilizing 1nvestments such as Susitna, should generally make them more

desirable and urgent in thé preference scale of the majority of consumers.

In contrast to such inflationary capital overruns which should not
adversely affect the economic viability of the project, capital overruns in
excess of inflation could, if sufficiently Targe, result in the project
being abandoned. In this context, however, we must note that:

(i) The project involves only well established and proven technology and
hence is not. exposed-to-technological-risk; :

(i1) Construction will be undertaken on a well- def1ned and careful]y
surveyed site so that the project should be free from the extensive
and unsurveyed terrain problems which Ted to environmental and
geotechnical factors giving rise to major real capital overruns in
the case of the Aleyska pipeline; and

(i) The risk of any constant (1982) dollar overrun has been exténsive1y
examined by Acres on the basis of standard engineering approaches

and formal probability analysis and estimated to have only a 20 to
27 percent probability of occurrence.
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(b)

Taking these factors into account and considering the economic logic which
would require that already-incurred costs be disregarded in any completion
decision, it may be concluded that the risk of non-completion due to
capital cost overruns is negligible.

Post-completion Risks

(i)

The Generation of Post-completion Risks

Any major project, dependent for its outcome on a range of different
factors, can be regarded as a risk-generating mechanism. The risks,
in terms of their actual outcome, can be either favorable or
unfavorable. To make any general assessment of such risks, however,
the risk-generating mechanism in terms of its major variables must
be defined. These are summarized in Table 18.5.1 and define the
variables to which the project financial outcome is sensitive and
provide an estimate of the range of such variables together with
their corresponding probabilities.

A major variable in the risk-generating mechanism is the range of
capital costs in 1982 dollar terms. For purposes of this analysis
the probability distribution of the range of capital costs as given
in Section 18.2 has been reduced to the cumulative probability
distribution shown in Table 18.5.1.

Another variable to which the risk-generating mechanism is highly
sensitive is that of the rate of inflation and the related rate of
interest on the revenue 'bonds and G.0. bonds financing the invest-
ment. Historically, inflation and interest rates have tended to be
closely, although not precisely, related, as can be determined from
Table 18.4.4. As was stressed in connection with that table, rates
of inflation and interest are subject to a wide range of uncertain-
ty. Furthermore, there exists no objective manner by which the
probabilities of different inflation and interest rates occurring
can be determined. As these are variables of fundamental importance
in the risk-generating mechanism, however, probabilities have been
estimated on a judgmental basis for a range of interest and
inflation rates. These center on the Data Resources Incorporated,
forgcists in Table 18.4.4 and result in the estimates given in Table
18.5.1.

The fourth variable to which the risk-generating mechanism is
sensitive is that of the rate of escalation of thermal fuels,
particularly coal. It is this which will primarily- determine the
cost savings Susitna energy will produce, and hence the wholesale
rate which Susitna may charge. This determines the revenue earned
by Susitna. The probabilities and range in this case are as given
in Section 18.1.

While other variables also have an impact on the risk generating
mechanism, it is the above four variables which are its primary
determinants. In the analysis each combination of these four
variables defines a particular financial outcome for the project.
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(i1)

The combination of probabilities entering into that scenario
correspondingly defines the probability of this financial outcome
occurring and hence the probability of any particular financial
characteristic associated with it. This risk-generating mechani sm
is then used in the following sub-sections to analyze the specific
and aggregate risks applying to the project.

Specific Risks

For a variety of reasons it may be important to focus on certain
specific risks, such as the risk of financing requirements exceeding
forecast, financial deficits in the early years, etc. The specific
risks considered here are: firstly, those related to borrowing
requirements, secondly, risk of inadequate debt service cover and
thirdly, risks related to short-term economic viability.

- Specific Risk I: Risk of Bond
Financing Overrun (Figure 18.5.1)

An area of risk which must be of substantive concern to the state
is the risk that the project will not prove to be independently
financially viable on the basis of the state appropriation and the
bond financing authorized, but will require substantial
supplementary state-supported funding. This outcome might arise
from capital costs, interest rates, revenues, etc., being
different from forecast and failing to "average" out so that
project earnings were not sufficient to enable the project to
secure the further revenue bond financing it requires for
completion.

The risk-generating model described above enables us to assess
this possibility in terms of the probability distribution given as
Figure 18.5.1. This gives cumulative probability on the vertical
axis and the magnitude of bond requirements for the $2.3 billion
state appropriation scenario on the horizontal.

Because varying rates of inflation are allowed in the
riskgenerating model, so that the financing overruns or underruns
are all in dollars of differing purchasing powers, it is necessary
to express the likely bond requirement in terms of 1982 dollars.
Thii alsg facilitates evaluation of the relative importance of

each risk.

The forecast requirement for bond financing on the central
forecasts of the major variables is $1.7 billion. The probability
of the overrun exceeding this forecast by more than 50 percent is
only .12. The probability of any overrun at all is .29.

Moreover, counter balancing these adverse possible outcomes is the
.71 probability that the bond financing requirements will be less
than the forecast amount of $1.7 billion.
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- Specific Risk II: Inadequate Debt

Service Cover (Figure 18.5.2)

An adverse impact on the state credit rating might occur if the
project failed to earn adequate debt service and cover, and
consequently, conversion into non-guaranteed revenue bonds was
delayed. The analysis showed that in the $2.3 billion state

appropriation case:

. The probability of forecast coverage being less than adequate
(i.e., cover of less than 1.25) in 1994 (first normal year of
Watana) is .22.

The probability of a shortfall in coverage also diminishes with
time (due to increasing cost of alternative fuels). Reference to
the 1997 line in Figure 18.5.2 shows that the probability of
inadequate cover by that year is only .05.

Specific Risk III: Early Year
Non-viability (Figure 18.5.3)

The third specific risk that may be considered to be of importance
is the risk that, although thé project is fully completed and
operational, it is not completely financially viable in its early
years. A wide range of the factors detailed in Table 18.5.1 could
lead to this result. For example, at the completion of Watana in
1993 the project might be unable to meet interest charges because
capital costs had been higher than expected (due, for instance, to
inflation or constant dollar overruns), or because interest rates
had been higher than expected, or revenues Tower.

The probabilities of this occurring are analyzed in Figure 18.5.3.
This shows probability on the vertical axis, and on the
horizontal, the Watana costs in 1996 as a percentage of the cost
of the best thermal option.

Again, the reference financing scenario is that of the $2.3
billion state appropriation and the analysis is based on the
central estimates of capital cost, interest rates, revenues, etc.
This, as can be seen from Figure 18.4.4, should enable the Watana
output in 1996 to be produced at a cost (excluding excess debt
service cover) 51 percent of the cost of the best thermal option
in that year. The 51 percent value is the reference point of the
results summarized in Figure 18.5.2.

The result which may be of particular concern relates to the.
probability of the Watana costs exceeding the costs of the best
thermal option so that the project either shows losses (i.e., is
unable to meet its interest charges) or alternatively, insofar as
it is able, it is forced to charge a higher energy price than the
best thermal option. The probability of this occurrence is only
.05. There is also a .71 probability that Watana costs will be
less than the forecast level of 51 percent of the best thermal
option (see previous paragraph).
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(iii)

‘; that no additional gains would show_up..in_the net--operating— ——
‘earnings. In order to make the statistic reflect the “up51de as

Aggregate Risk (Figure 18.5.4)

While specific risks of the type considered above are of importance
in evaluating particular aspects of the project, the basic concern
in the financial risk analysis must relate to aggregate risk. It is
inherent in the large number of independent variabTes and the very
long time period involved in the Susitna project that, while many of
these factors at any given point of time will be devwat1ng from
their forecast values, the deviations will, in total effect and over
time, tend to cancel out so that the aggregate outcome will be close
to forecast. There are, however, certain conditions under which
this "averaging out" would not occur. This is where the outcome of
the project depends critically upon relatively few major factors
which are themselves very variable.

An essential purpose of the probability analysis is to evaluate this
variability in a systematic manner so that we can ascertain the
extent to which, long term, the averaging process will bring the
aggregate outcome for the project close to forecast despite the
inevitable variations from forecast of many of its component
forecasts.

A number of measurements can be made to test the aggregate outcome
for the project. The most obvious is that of the rate of return
which it earns. This was considered in some detail in Section 18.1.
The measure of aggregate outcome most appropriate for the financial
analysis in this case is probably the cumulative net operating
earnings at the end of the first nine years of operation of Watana
(i.e., the year 2001, immediately before Devil Canyon comes into
operation). These net operating earnings are after interest and
include accumulated interest on any deficits which may arise over
the period.

This statistic could not, however, reflect the impact of favorable
outcomes which reduced the cost of the Watana output below its
forecast level. This is because the requirements of Senate Bill
25 governing the wholesale e]ectr1c1ty rate would oblige the APA to
reduce the price of Watana energy in line with-the Tower cost S0

well as "downside" possibilities, it has been reestimated for the
present analysis on the assumption that the APA would have the
freedom to set the wholesale price of the Watana energy at higher
levels up to the full cost of output from the best thermal option.
On this basis the resulting net operating earnings at the year 2001
fully reflect all favorable as well as unfavorable possibilities,
picking up both the cost savings to consumers in the favorable
outcomes and the excess costs arising from the adverse ones.

The results of this analys1s for the $2.3 billion state appropr1a-
tion scenario are shown in Figure 18.5.4. Again, probab1]1ty is
shown on the vertical axis. On the horizontal axis is shown the
cumulative net operating deficit or surplus at the year 2001




(reexpressed in terms of 1982 dollars). The reference point of the
figure is the forecast of $0.8 billion net operating surplus which

would have occurred if the central estimates used in the financial

analysis were realized. The $0.8 billion therefore represents the

"forecast" against which the other outcomes can be assessed.

On the basis of this analysis, the probability of the net operating
surplus being less than the forecast level is only .27. The
probability of the surplus being less than $0.6 billion is only .2.
Moreover, counter-balancing these adverse possibilities are the
probabilities shown of very much Targer surpluses arising. This
would Tead to very much larger cost savings being conferred upon
Alaskan consumers than the forecast $0.8 billion. There is, for
example, a .35 probability of the surplus exceeding $1.4 billion.

(c) Conclusions

The main conclusion of this analysis is that the project at the Watana
stage has only Tlimited exposure to adverse outcomes in terms of specific
risks, particularly those of financing overruns, delayed revenue bond
conversion or failure to realize early year cost savings once it is in
operation. An important-qualification attaching to the risk of financing
overruns is that a point of reference is the forecast capital requirements
in terms of 1982 dollars. It is inherent in the extreme unpredictability
of the rate of inflation over the long term that forecasts of financing
requirements in terms of then-current money (e.g., money of the purchasing
power of the years 1985 to 1992 when the financing takes place) would prove
to be substantially in error. It is, however, the risk of financial
overrun in terms of today's purchasing power which represents the only
meaningful assessment of this particular category of risk.

As regards the aggregate risk as measured by the net operating surplus or
deficit over the first nine years of Watana's 1ife, there is only a
relatively low probability of this variable failing to achieve its forecast

- Tevel. This low:probability also extends to the chance that the project

would not realize cost savings as large or even larger than those forecast
in the central estimate.

The qualification attaching to all the foregoing analyses is that the
estimates and probabilities used are free from any systematic biases which
might render them unrealistically favorable. The approach to the study for
Susitna and the analysis of its alternatives has been specifically designed
to guard against this possibility. The Acres capital cost estimates have
been subjected to independent verification by EBASCO and the economic
estimates independently assessed by BATTELLE. Every practical precaution
has been taken to exclude the possibility of any such systmatic bias, and
to base the analysis on consistently objective estimation.
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BASIC PARAMETERS OF RISK GENERATION MODEL

COAL FRICE ESCALATION (% REAL)
2.6 to 2000 5.0 to 2000 ,
‘ 1.2 thereafter 2.2 thereafter
PROBABILITY .25 .50 .25
" INTEREST RATES % N
5-7 7-9 9-11 11-13
PROBABILITY .10 .32 .43 .15

INFLATION RATE
DIFFERENCE FROM INTEREST RATE

2% —-3% —4%
PROBABILITY .33 34 .33
CAPITAL COSTS (REAL 1982 $ billion)
Below 3.1 | Below 3.6 | Below 4.3 | Below 5.1
PROBABILITY .46 .73 .90 1.00

TABLE 18.5.1
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FIGURE 18.5.3 — WATANA UNIT COSTS AS PERCENT OF BEST THERMAL OPTION IN 1996

AGGREGATE RISK: POTENTIAL NET OPERATING EARNINGS
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