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EXHIBIT D - PROJECT COSTS AND FINANCING

This exhibit presents the estimated project cost for the Susitna

Hydroelectric Project, the market value of project power and a | :
Tinancing plan for the project. Alternative sources of power which .
were studied are also presented. |

1 ~ ESTIMATES OF COST

This section presents estimates of capital and operating costs for the
Susitna Hydroelectric Project, comprising the Watana and Devil Canyon
developments and associated transmission and access facilities. The
costs of design features and facilities incorporated into the project
to mitigate environmental impacts during construction and operation are . .
identified. Cash flow schedules, outlining capital requirements during
planning, construction, and start-up are presented. The approach to
the derivation of the capital and operating costs estimates is
described. |

The total cost of the Watana and Devil Canyon projects is summarized in
Table D.1. A more detailed breakdown of cost for each development is
presented in Tables D.2 and D.3.

1.1 - Construction Costs

This section describes the process used for derivation of construction
costs and discusses the Code of Accounts established, the basis for the
estimates and the various assumptions made in arriving at the esti-
mates. For general consistency with planning studies, all costs devel-
oped for the project are in January, 1982 dollars.

(a) Code of Accounts

Estimates of construction costs were developed using the FERC for-
mat as outlined in the Federal Code of Regulations, Title 18 (1).

The estimates have been subdivided into the following main cost
groupings:

1-1




K ) - Group Description
| . Production Plant Costs for structures; equip-
% : ment, and facilities necessary

i to produce power.

Transmission Plant Costs for structures, equip-
ment, and facilities necessary
to transmit power from the
sites to load centers.

C
l§ . General Plant Costs for equipment and facili-
ties required for the cperation
and maintenance of the produc-

tion and transmission plant.

A R W T TR N S 2 ;
A T T e S ant St A R Py P TR S S PR ve pow

Indirect Costs - - - ‘ Costs that are common to a
number of construction activi-
ties. For this estimate only
camps have been identifiead in
this group. The estimate for
camps -includes electric power
costs. Other indirect costs
have been included in the costs
under production, transmission,
and general plant costs.

M’a M"

Overhead Construction Costs Costs for engineering and
administration.

S

Further subdivision within these groupings was made on the basis
of the various types of work involved, as typically shouwn in the
following exampie:

L

éij - Group: Production Plant
& - Account 332: | Reservoir, Dam, and Waterways
gi - Main Structure 332.3: Main Dam .
{ﬁ; - Element 332.31: Main Dam Structure
- Work Item 332.311: Excavation |
Eﬁ - Type of Work: Rock
The detailed schedule of cosis using this breakdown is presented in

Keference 5. ;

(b) Approach to Cost Estimating

The estimating process used generally included the following
steps:

el et e




&
AR IR A £ i) i

s 1\
e
e

et

e e

i P b LT - .

.
P S e

s SR weasirer

ey

W

R

i

e e g e oo St Y T

- Collection and assembly of detailed cost.data for labor, mater-
ial, and equipment as well as information on productivity, cli-
matic conditions, and other related items;

- Review of engineering drawwngs and technical information with
regard to construction methodology and feasibility;

- Production of detailed quantity takecffs from drawings in accor-
?ance with the previously developed Code of Accounts and item
isting;

- Determination of direct unit costs for each major type of work
by development of labor, material, and equipment requirements;
development of other costs by use of estimating guides, quota- -
tions from vendors, and other information as appropriate;

- Development of construction indirect-costs by review of labor, - - -

material, equipment, supporting facilities, and overheads; and

- Development of construction camp size and support requirements
from the Tabor demand generated by thz construction direct and
indirect costs.

Cost Data

Cost information was obtained from standard estimating sources,
from sources in Alaska, from quotes by major equipment suppliers
and vendors, and from representative recent hydroelectric pro-
jects. Labor and equipment costs for 1982 were developed from a
number of sources (2,3) and from an analysis of costs for recent
projects performed in the Alaska environment.

It has been assumed that most contractors will work an average of
two 10-hour shifts per day, 6 days per week. Due to the severe
compression of construction activities in 1985-86, it has been
assumed that most werk in this period will be on two 12-hour
shifts, 7 days per week.

Mechanica]/E]ecérica] Work 8-hour shifts
Formwork/Concrete Work 9-hour shifts

Excavation/Fill Work 10-hour shifts

The 10-hour work shift assumption provides for high utilizaiion of
construction equipment and reasonable levels of overtime earnings
to attract workers. The two-shift basis generally achieves the
most economical baiance between labor and camp costs.

. Construction equipment costs were obtained from vendors on an FOB
Anchorage basis with an appropriate allowance included for trans-
portation to site. A representative list of construction equip-
ment required for the project was assembled as a basis for the
estimate. It has been assumed that most equipment would be fully
depreciated over the life of the project. For some activities
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such as construction of the Watana main dam, an allowance for
major overhaul was included rather than fleet replacement. Equip-
ment operating costs were estimated from industry source data,
with appropriate modifications for the remote nature and extreme
climatic environment of the site. Alaskan labor rates were used
for equipment maintenance and repair. Fuel and 0oil prices have
been based upon FOB site prices.

Information for permanent mechanical and electrical equipment was
obtained from vendors and manufacturers who provided guideline
costs on major power plant equipment.

The costs of materials required for site construction were esti-
mated on the basis of suppliers' quotations with allowances for
shipping to site.

Seasonal Influences-on Productivity— —- — - -

A review of climatic conditions together with an analysis of
experience in Alaska and in Northern Canada on large construction
projects was undertaken to determine the average duration for
various key activities. It has been projected that most
aboveground activities will either stop or be curtailed during the
period of December and January because of the extreme cold weather
and the associated lower productivity. For the main dam
construction activities, the following seasons have been used:

- Watana dam i1l - 6-month season; and
- Devil Canyon arch dam - 8-month season.

Other aboveground activities are assumed to extend up to 11 months
depending on the type of work and the criticality of the schedule.
Underground activities are generally net affected by climate and
should continue throughout the year.

Studies by others (4) have indicated a 60 percent or greater
decrease in efficiency in construction operations under adverse
winter conditions. Therefore, it is expected that most
contractors would attempt to schedule outside work over a period
of between 6 to 10 months. .

Studies performad as part of this work program indicate that the
gerieral construction activity at the Susitna damsite during the
months of April through September would be comparable with that in
the northern sections of the western United States. Rainfall in
the general region of the site is moderate between mid-April and
mid-October, ranging from a low of 0.75 inches precipitation in
April to a high of 5.33 inches in August. Temperatures in tnis
period range from 33°F to 66°F for a twenty-year average. In the
five-month period from November through March the temperature
ranges from 9.4°F to 20.3°F, with snowfall of 10 inches per

month.
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(f)

Construction Methods

The construction methods assumed for development of the estimate
and construction schedule are generally considered as normal to
the industry, in line with the availabie level of technical
information. A conservative approach has been taken in those
areas where more detailed information will be developed during
subsequent investigation and engineering programs. For example,
normal drilling, blasting, and mucking methods have been assumed
for all underground excavation. Conventional equipment has also
been considered for major fill and concrete work.

Quantity Takeoffs

Detailed quantity takeoffs were produced from the engineering
drawings using methods normal to the indusiry. The quantities

developed are listed in the detailed summary estimates in Pppendix

C to the Susitna Hydroelectric Feasibility Report (5).

Indirect Construction Costs

Indirect construction costs were estimated in detail for the civil
construction activities. A more general evaluation was used for
the mechanical and electrical vork.

Indirect costs included the following:

- Mobilization;

- Technical and superviscry personnel above the level of trades
foremen;

- }11 vehicle costs for supervisory personnel;

- Fixed offices, mobile offices, workshops, storage facilities,
and laydown areas, including all services;

- General transportation for workmen on site and off site;

- Yard cranes and floats;

- Utilities including electrical power, heat, water, and com-
pressed air;

- Small tools;
- Safety program and equipment;

- Financing;



- Bonds and securities;

j? 'i;( - Insurance;

15 o , - faxes;

i ‘i; - Permits;
E‘ - Head office overhead;
B

- Contingency allowance; and
- Profit Y

In developing contractors indirect costs, the following
assumptions have been made:

‘ - Mobilization costs have generally been spread over ~anstryction.
Ei jtems; »

- - No escalation allowances have been made, and ’herefore any risks
E> ‘ associated with escalation are not included;

- Financing of progress payments has been estimated for 45 days,
the average time between expenditure and reimbursement;

E,vmi!! E‘
FA
*

- Holdback would be limited to a nominal amocunt;

%f - Project all-risk insurance has been estimated as a contractor's
* jndirect cost for this estimate, but it is expected that this
insurance would be carried by the owner; and
%; - Contract packaging would provide for the supply of major mater-
jals to contractors at site at cost. These include fuel, elec-
gf tric power, cement, and reinforcing steel.
- 1.2 - Mitigation Costs
,i: " The project arrangement includes a number of features designed to
. mitigate potential impacts on the natural environment and on residents

and communities in the vicinity of the project. In addition, a number
of measures are planned during construction of the project to reduce
ﬁ similar impacts caused by construction activities. These measures and
facilities represent additional costs to the project than would
ﬁ otherwise be required for safe and efficient operation of a

hydroelectric development. These mitigation costs have been estimated
o at $153 million and have been summarized in Table D.4. In addition,

e A SR S R T i
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the costs of full reservoir clearing at both sites has been estimated
at $85 million. Although full clearing is considered good engineering
practice, it is not essential to the operaticn of the power facilities.
These costs include direct and indirect costs, engineering,
administration, and contingencies.
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[NOTE: This section will be revised to be made exact after the
completion of mitigation planning. ]
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A number of mitigation costs are associated with facilities,
jmprovements or other programs not directly related to the project or
located outside the project boundaries. These would include the
following items:

e

- Caribou barriers;
- Fish channels;
- Fish hatcheries;
” - Stream improvements;
i - Salt licks;
& - Recreationai facilities;
- Habitat management for moose;
iﬁ - Fish stocking program in reservoirs; and °
| . = Land acquistion cost for recreation.

fuinenirpsionsd

It is anticipated that some of these features or programs will not be
required dwing or after construction of the project. In this regard a
probabiiity factor has been assigned to each of the above items, and
the estimated cost of each reduced accordingly. The estimated cost of
these measures has been covered in the construction contingency.

> e at

A number of studies and programs will be required to monitor the
1mpact, of the project on the environment and to develop and record
various data during project construction and operation. These
include:

o

;

F
!
i
F
4
¥
A
'

- Archaeological studies;

.
R edlons:
-

- Fisheries and wildlife studies;
~ Right-of-way studies; and .
- Socioecrnomic planning studies.

The costs for the above work have been included in the owner's costs
under project overheads.
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1.3 - Engineering and Administration Costs

o

Le
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T T

v
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Engineering has been subdivided into the following accounts for the
purposes of the cost estimates:

t

-
E N

|

H
p BB
A . - Account 71
- . Engineering and Project Management
J . . Construction Management

g ‘i; ~ . Procurement |

- 3 - Account 76

. Owner's Costs

A,
m;
et

- The total cost of engineering and administirative activities has been

il estimated at 12.5 percent of the total constructicn costs, including
contingencies. A detailed breakdown of these costs is dependent on the

organizational structure established to undertake design and management

of the project, as well as more definitive data relating to the scope

and nature of the various project components. However, the main

elements of cost included are as follows:

.,
e

fabwsioniay

T et _,’ o ‘

o

Lo

(a) Engineering and Project Management Costs

These costs inciude allowances for:

oot

-

- Feasibility studies, including site surveys and investigations
and logistics support;

14

Eﬁ - Preparation of the license application to the FERC;

i
3
1
A
43
:
{
{

oo

Technical and administrative input for other federal, state and
local permit and license applicationss

o2y ————
T

v

- Overall coordination and administration of engineering, con-
struction management, and procurement activities;

“

Overall planning, coordination, and monitoring activities
E§ related to cost and schedule of the project;

Coordination with and reporting to the Power Authority regarding .
all asperts of the project;

§

Preliminary and detailed design;

Technical input to procurement of construction services, support
services, and equipment;

1
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(b)

(c)

- Monitoring of construction to ensure conformance to design
requirements;

- PrEparatiOn of start-up and acceptance test procedures; and
- Preparation of project operating and maintenance maiuais.

Construction Management Costs

Construction management costs have been assumed to include:

- Initial planning and scheduling and establishment of project
procedures and organization;

- Coordination of onsite contracters and construction management
activities; .

- Administration of onsite contractors to ensure harmony of
trades, compliance with applicable regulations, and maintenance
of adequate site security and safety regquirements;

- Development, coordination, and monitoring of construction
scheduies;

- Construction cost control;

- Material, equipment and drawing control;

- Inspection of construction and survey control;

- Measurement for payment;

- Start-up and acceptance tests for equipment and systems;
- Compilation of as-constructed records; and

- Final acceptance.

Procurement Costs

Procurement costs have been assumed to include:

Establishment of project procurement procedures;

Preparation of non-technical procurement documents;

Solicitation and review of bids for construction services, sup-
port services, permanent equipment, and other items required to

complete the project;

Cost administration and control for procurement contracts; and



i - Quality assurance services during fabrication or manufacture of
g* equipment and other purchased items.

(d) Owner's Costs

A

Owner's costs have been assumed to include the following:

S

Face

x
.

]

N
4

E

A

N

-
‘v

‘

}
1

£

§” | - Administration and coordination of project management and
* engineering organizations;

N

- Coordination with other state, local, and federal agencies and
groups having jurisdiction or interest in the project;

RS T e

- Coordination with interested public groups and individuals;

- Reporting to legisiature and the public on the progress of the
project; and

-~ Legal costs

1.4 - Operation, Maintenanceyand Replacement Costs

i i e

The facilities and procedures for operation and maintenance of the
project are described in Section 15 of the Susitna Hydroelectric
Project Feasibility Report, Volume 1. Assumptions for the size and
extent of these facilities have been made on the basis of experience at
large hydroelectric developments in northern climats. The annual costs
for operation and maintenance for the Watana developmeni have been
estimated at $10 million. When Devil Canyon is brought on line these
costs increase to $15.2 miilion per annum. Interim replacement costs
have been estimated at .3 percent per annum of the capital cost.

et e, S
e

‘ ﬁ3 The breakdown in Table D.5 is provided in support of the allowance used
N in the finance/economic analysis of the Susitna Hydroelectric Project.
i fE It is based on an operating plan involving full staffing of power plant
and permanent town site support personnel. A total of 105 will be
employed for Watana with another 25 to be added when Devil Canyon comes
ia on-line. This manpower level will provide manned supervisory staff on
a 24-hour, 3 shift basis, with maintenance crews to handle all but
major overhauls. A nominal allowance has been made for major
maintenance work which would utilize contracted labor. It is unlikely
ix that major overhauls will be necessary in the first 10 years of project
operation. In earlier years, this allowance is a prudent provision for
ﬂﬂ unexpected start-up costs over and above those covered by warranty.

Allowance for contracted services also covers helicopter operations and
access road snow-clearing and maintenance.
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Allowances have also been made for environmental mitigation as well as
a contigency for unforseen costs.

Estimates for Susitnz have been based on original estimates and actual
experience at Churchill Falls. It should be realized that alternative
operating plans are possible which would eliminate the need for
permanent town site facilities and rely on more remote supervisory
systems and/or operations/maintenance crews transported to the piant on
a rotating shift basis. Cost implications of these alternatives have
not yet been examined.

1.5 - Allowance for Funds Used During Construction

At current high levels of interest rates in the financial marketplace,
AFDC will amount to a significant element of financing cost for the
lengthy periods required for construction of the Watana and Devil
Canyon projects. However; in economic evaluations of the Susitna
project the low real rates of interest assumed would have a much
reduced impact on assumed project development costs. Furthermore,
direct state involvement in financing of the Susitna project will also
have a significant impact on the amount, if any, of AFDC. For purposes
of the feasibility study, therefore, the conventional practice of
calculating AFDC as a separate line item for inclusion as part of
project construction cost has not been followed. Provisions for AFDC
at appropriate rates of interest are made in the economic and financial
analyses included in this Exhibit.

1.6 ~ Escalation

A11 costs presented in this Exhibit are at January 1982 levels, and
consequently include no allowance for future cost escalation. Thus,
these costs would not be truly representative of construction and
procurement bid prices. This is because provision must be made in such
bids for continuing escalation of costs, and the extent and variation
of escalation which might take place over the lengthy construction
periods involved. Economic and financial evaluations take full account
of such escalation at appropriate rates. These rates are shown in
Table D.9.

1.7 - Cash Flow and Manpower Loading Requirements

The cash flow requirements for construction of Watana and Devil Canyon

are an essential input to economic and financial planning studies. The .
bases for the cash flow are the construction cost estimates in January ‘
1982 dollars and the construction schedules presented in Exhibit C,

with so provision being made as such for escalation. The cash flow

estimates were computed on an annual basis and do not include

adjustments for advanced payments for mobilization or for holdbacks on

construction contracts. The results are presented in Table D.6 and

Figures D.1 threcugh D.3. The manpower loading requirements were

‘.




developed from cash flow projections. These curves were used as the
bas’is for camp loading and associated socioeconomic impact studies.

o g

1.8 - Contingency | ';

B2 L S

A contingency allowance of 17.5 percent of construction costs has been
included in the cost estimates. The contingency is estimated to
include cost increases which may occur in the detailed engineering
phase of the project after more comprehensive site investigations and
final designs have been completed and after the requirements of various
concerned agencies have been satisfied. The contingency estimate also
includes allowances for inherent uncertainties in cests of labor,
_ equipment and materials, and for unforeseen conditions which may be
b encountered during construction. Escalation in costs due to inflation
s i@ | is not included. No allowance has been inc’*‘ded for costs associated
. » with significant delays in project implementation.

. . .
)
R B

1.9 - Previously Constructed Project Facilities

T Foe A

An electrical intertie between the major load centers of Fairbanks and
Anchorage is currently under construction. The line will connect
existing transmission systems at Willow in the south and Healy in the
north. The intertie is being built to the same standards as those
proposed for the Susitna project transmission lines and will become
part of the licensed project. The line will be energized initiaily at
138 kV in 1984 and wiil operate at 345 kV after the Watana phase of the
Susitna project is complete.
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The current estimate for the completed intertie is $130.8 million.
This cost is not included in the cost estimates of this section.

1.10 - EBASCO Check Estimate

An independent chck estimate was undertaken by EBASCO Services
Incorporated. The estimate was based on engineering drawings,
technical information and quantities prepared by Acres. Major quantity
items were checked. The EBASCO check estimated capital cost was
approximately 7 percent above the Acres estimate.

O ERE ES

¥

% A meeting was held with APA, EBASCO and Acres to review differences in

s the estimates. It was generally possible to reconcile the differences

and it was concluded that no major changes were required in the

Feasibility Report estimate. o
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2 - ESTIMATED ANNUAL PROJECT COSTS

As a two-stage (Watana and Devil Canyon) development with varying
levels of energy output and the assumption of ongoing inflation (at 7
percent per annum), the real cost of Susitna power will be continually
. varying. As a consequence, no simple single value real cost of power
can be used.

Table D.7 gives the projected year-by-year projection energy levels om
the first line and the second, the year-by-year unit cost of power in
1982 dollars. Costs are based on power sales at cost assuming 100
percent debt finance at 10 percent interest. This is seen to result in
a real cost of power of 128 mills in 1994 (first 'normal' year of
Watana) falling to 72.76 mills in 2003 (the first 'normal' year of
Watana and Devil Canyon). The real cost of power would then fall
progressively for the whole remaining life.

The Cost of Power given in Table D.8 is designed to reflect as fully as
possible the economic cost of pwoer for purposes of broad cemparison
with alternative power options. It is, therefore, based on the
capacity cost which wouid arise if the project were 100 percent debt
financed at market rates of interest. It does not reflect the price at
which power will be charged into the system. This, on the financing
plan shown in Section 6 is given on RL 521 of Table D.36.
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3 - MARKET VALUE OF PROJECT POWER
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'3 - MARKET VALUE OF PROJECT POWER

~

This section presents an assessment of the market in the Railbelt
region for the energy and capacity of the Susitna development. A range
of rates at which this power could be priced is presented together with
a proposed basis for contracting for the supply of Susitna energy.

3.1 - The Railbelt Power System

Susitna capacity and energy will be delivered to the "Railbelt Region
Interconnected System" which will result from the linkage of the
Anchorage and Fairbanks systems by an intertie to be completed in the
mid-1980s.

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

(Figure D.4). The utilities, military installations and universities
within this region which own electric generating facilities are listed
in Table D.10. The service areas of these ytilities are shown in
Figure D.5 and the generating plants serving the region are listed in

Table D.11.

The Railbelt region is currently served by nine major utility systems;

five are rural electric cooperatives, three are municipally owned and
operated, and one is a federal wholesaler. The relative mix of
electric generating technologies and types of fuel used by the Railbelt
utilities in 1980 is summarized in Figure D.6.

In 1980, the Anchorage-Cook Inlet area had 81 percent, the
Fairbanks-Tanana Valley area 17 percent, and the Glennallen-Valdez area
2 percent of the total energy sales in the Railbelt region.

Dué to the pending construction of the Willow to Healy transmission
line, the Anchorage and Fairbanks power systems will be intertied
before the Susitna Project comes into operation. The proposed intertie
will allow a capacity transfer of up to 70 MW in either direction. The

proposed pian of interconnection envisages initial operatjon at 138 kV

with subsequent uprating to 345 kV allowing the line to be integrated
intc the Susitna transmission facilities. -

3.2 - Regional Electric Power Demand and Supply

A review of the socioeconomic scenarios upon which forecasts of
electric power demand were based is presented in Exhibit B of this
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appilication. The forecasts used here are in the mid-range levels
made by Eattelle Northwest in December 1981. The results of studies
presented in Exhibit B call for Watana to come into operation in 1993
and to deliver a full year's energy ¢eneration in 1994. Devil Canyon
will come into operation in 2002 and deliver a full year's energy in
2003. .Energy demand in the Raiibelt region and the deliveries from
Susitna are shown in Figure D.7.

3.3 - Ma?ket and Price for‘watana Qutput in 1994

It has been assumed that Watana energy will be supplied at a single
wholesale rate on a free market basis. This requires, in effect, that
Susitna energy be priced so that it is attractive even to utilities
with the lowest cost alternative source of energy. On this basis it is
estimated that for the initially marketable 3315 GWh of energy
generated by Watana in 1994 to be attractive, a price of 145 mills per
kWh in 1994 dollars is required. Justification for this price is
illustrated in Figure D.8. Note that the assumption is made that the
only capital costs which would be avoided in the early 1990s would be
those due to the alternative addition of new coal-fired generating
plants (i.e., the 2 x 200 MW coal-fired Beluga station). The Susitna
energy price of 145 mills/kWh suggested here matches closely the value
determined from generation planning analysis in the financial
evaluation.

The financing considerations under which it would be appropriate for
Watana energy to be sold at approximately 145 mills per kWh price are
considered in Section 6 of this Exhibit; however, it should be noted
that some of the energy which would be displaced by Watana's production
would have been generated at a lower cost than 145 mills, and utilities
might wish to delay accepting it at this price until the escalating
cost of natural gas or other fuels made it more attractive. A number
of approaches to the resolution of this problem can be postulated,
including pre-contract arrarngements.

The Power Authority will seek to contract with Railbelt Utilities for
the purchase of Susitna capacity and energy on a basis appropriate to
support financing of the project.

‘Pricing policies for Susitna output, as defined by the Alaska

legislature, will be constrained by both cost and by the price of
energy from the best alternative option. These options are discussed
in Section 4 of this Exhibit.

Marketing Susitna's output within these twin costraints would ensure
that all state financial support for Susitna Tlowed through to
consumers and under no circumstances would prices to consumers be
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higher than they would have been under the best alternative option. 1In
addition, consumers would also obtain the long-term economic benef1ts
of Sus1tna s stable cost of energy.

3.4 - Market Price for Watana Output 1995-2001

After its initial entry into the system in 1994, the price and market
for the total 3387 GWh of Watana output is consistently upheld over the
years tc 2001 by the projected 20 percent increase in total demand over
this period as projected in Exhibit B forecasts.

There would, as a result, be a 70 percent increase in cost savings
compared with the best thermal generating alternative: +the increasing
cost per unit of output from a system without Susitna is illustrated in
Figure D.9.

The addition of the Susitna project will add a large generating

resource Tn the system in 1993, displacing a significant amount of the -

existing generating resources in the system. The project will provide
about 70 percent of total energy demand. The displaced units wili be
used as reserve capacity and to meet growing load until the Devil
Canyon project comes on line. This effect is illustrated on

Figure D.7.

3.5 - Market and Price for Watana and Devil Canyon Output in 2003

A diagramatic analysis of the total cost savings which the combined
Watana and Devil Canyon output will confer on the system compared with
the alternative thermal option in the year 2003 is shown in

Figure D.10. These total savings are divided by the energy contributed
by Susitna to indicate a price of 250 miils per kWh as the maximum
price which can be charged for Susitna output.

Only about 90 percent of the total Susitna energy output will be
absorbed by the system in 2002; the balance of the output will be
progresswve]y absorbed over the following decade. This will provide
additional total savings to the system with Susitna since no other
resources will be needed.

After the Devil Canyon project comes on line, the Susitna project will
provide 90 percent of the energy demand. The excess Susitna power
occurs in the summer while additional energy from other resources is
required in the winter. The generating resources displaced are units
nearing retirement and will be used as reserve capacity., This effect
is shown on Figure D.7.




3.6 - PQtential Impact of State Appropriations

In the preceding paragraphs the maximum price at which Susitna energy
could be sold has been identified. Sale of the energy at these prices
will depend upon the magnitude of any proposed state appropriation
designed to reduce the cost of Susitna energy in the earlier years. At
significantly lower prices it is 1ikely that the total system demand

will be higher than assumed. This, combined with a state appropriation

to reduce the energy cost of Watana energy, would make it
correspondingly easier to market the output from the Susitna
development; however, as the preceding analysis shows, a viable and
strengthening market exists for the energy from the development that
would make it possible to price the output up to the cost of .the best
thermal alternative.

3.7 - Cbnc]usions

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 policy as
defined in Alaska State Laws, a viable basis exisis for the Susitna
power to be absorbed by the Railbelt utilities.

3-4




. v 5y P Sl i3 e A e e Y - £ S g IR ol e A %y B K o >
: : o S o0 e R R L TR L R T e ORI W, e
y w e R S e e S T i S o T : :
. * e
i . ) '
w -
]
k)‘ {
{7
. (
Nl
»
*
. «
3
“
- ¢
. .
i -
/
F £ NA NERGY PLANS
| Iy - EVALUATION OF ALTERNATIVE ENERGY PLANS
. N L4
4
.
>
.
*
*
x
N S A . ’“:{‘T : ‘ ‘
ol 1R g, K » Q9 "
* ¥ S % A - (2R e




P

- | 4 - EVALUATION OF ALTERNATIVE ENERGY PLANS

4.1 - General

® BR This section describes the process of assembling the information neces-
sary to carry out the syutemwide generation planning studies necessary
_ - for assessment of economic feasibility of the Susitna Project. Includ-
- ~ed is a discussion of the existing system characteristics, the planned
. Anchorage-Fairbanks iniertie, and details of various generating options
k: E. including hydroelectric and thermal. Performance and cost information
' required for the generation planning studies is presented for the

hydroelectric and thermal generation options considered.

E: E. The approach taken in econemically evaluating the Susitna project
involved the development of long term generation plans for the Railbelt
R electrical supply-system with-and without the proposed project. 1In
o &, order to compare the with and without plans, the cost of the plans were
compared on a present worth basis. A generation planning model which
simulated the operation cf the system annually was used to project the
annual generation costs.

[
——

¢
R >

During the pre-license phase of the Susitna project planning, two
studies proceeded in parallel which addressed the alternatives in
generating power in the Alaska Railbelt. These studies are the Susitna
Hydroelectric Project Feasibility Study done by Acres American
Incorporated for the Alaska Power Authority and the Railbelt Electric
Power Alternatives Study done by Battelle Pacific Northwest
Laboratories for the Office of the Governor, State of Alaska.

L i ]
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One objective of the Susitna Feasibility was to determine the
feasibility of the proposed project. The economic evaluations done
during study found the project fo be feasible as documented in this
exhibit. The independent study done by Battelle focused on the
feasibility of all possibie generating and conservation alternatives.

[ e

Although the studies were independent, several key factors were
consistent. Both studies used the approach of comparing costs by using
generation planning simulation models. Thus, selected alternatives
were put into a plan context and their economic performance compared by
comparing costs of the plans. Additionally, parameters such as costs
for fuel and capital costs and escalation were consistent between the
two studies.

The following presentation focuses primarily sn the Susitna Feasibility
study process and findings. A separate section provides the findings
of the Battelle Study, which generally agree with the feasibility study
findings.
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4.2 - Existing System Characteristics

(a)

(b)

Systevaescription

The two major load centers of the Railbelt region are the
Anchorage-Cook Inlet area and the Fairbanks-Tanana Valley area
{see Figure D.11), which, at present, operate independently. The
existing transmission system between Anchorage and Willow consists
of a network of 115 kV and 138 kV lines with interconnection to
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.

There are currently nine electric utilities (including the Alaska
Power Administration) providing power and energy to the Railbelt
system. Table D.12 summarizes the total generating capacity
within the Railbelt system in 1980, based on information provided
by Railbelt utilities and other sources. Table D.13 presents the
resulting detailed listing of units currently operating in the
Railbelt, information on their performance characteristics, and
their online and projected retirement dates for generation
planning purposes. The total Railbelt installed capacity of 984
MW as of 1980 consists of two hydroelectric plants totaling 46 MW
plus 938 MW of thermal generation units fired by oil, gas, or
coal, as summarized in Table D.14.

Retirement Schedule

In order to establish a retirement policy for the existing gener-
ating units, several sources were consulted, including the Power
Authority's draft feasibility study guidelines, FERC guidelines,
the Battelle Railbelt Alternatives Study, and historical records.
Utilities, particularly those in the Fairbanks area, were also
consulted. Based on these sources, the following retirement
periods of operation were adopted for use in this anatysis:

- Large Coal-Fired Steam Turbines (> 100 MW): 30 years

Small Coal-Fired Steam Turbines (< 100 MW): 35 years

- 0i1-Fired Gas Turbines: 20 years

- Natural Gas-Fired Gas Turbines: 30 years

- Diesels: 30 years

- Combined Cycle Units: 30 years

- Conventional Hydro: 50 years
4-2
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Table D.14 lists the retirement dates for each of the current
generating units based on the above retirement policy.

(c) Schedule of Additions

Six new projects were expected to be added to the Railbelt system
prior to 1990. The Chugach Electric Association ijs in the process
of adding gas-fired combined-cycle capacity in Anchorage at a
plant called Beluga No. 8. When compiete, the total plant

- capacity will be 178 MW, but the plant will encompass existing
Units 6 and 7. Chugach added a 26.4 MW gas turbine rehabilitation
at Bernice Lake No. & in August 1982.

The Corps of Engineers is currently in the post-authorization
~planning phase for the Bradley Lake hydroelectric project locatec
on the Kenai Peninsula. The project would include between 60 and
135 MW of installed.capacity and would produce an average annual
energy of 350 Gwh. For analysis purposes, the project is assumed
to come on line in 1988.

Three other units are also scheduled or have been added to the
system since 1980. Anchorage Municipal Light and Power Department
is planning to add a 90 MW gas turbine in 1983-84 called AMLPD No.
8. Copper Valley Electric Association is operating the new 12 MW
Solomon Gulch Hydroelectric Project which is owned by the Alaska
Power Authority. Finally, the 7 MW Grant Lake Hydroelectric
Project is undergoing planning for addition to the system in 1988
by the Alaska Power Authorly.

4.3 - Fairbanks - Anchorage Intertie

Engineering studies have been undertaken for construction of an inter-
tie between the Anchcrage and Fairbanks systems. As presently envis-
aged, this tonnectior will involve a 345-kV transmission line between
Willow and Healy schedaled for completion in 1984. The line will
jnitially be operated at 138 kV with the capability for expansion as
the loads grow in the load centers.

Based on these evaluations, it was concluded that an interconnected
system should be assumed for the generation planning studies, and that
the basic intertie facilities would be common to all generation
scenarios considered.

Costs of additional transmission facilities were added to the scenarios

as necessary for each unit added. In the "with Susitna" scenarios, the
costs of adding circuits to the intertie corridor were added to the

4-3
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Susitna project cost. For the non-Susitna units, transmission costs
were added as follows:

- No costs were added for combined-cycle or gas-turbine units, since
they were assumed to have sufficient siting flexibility to be placed
near the major transmission works;

- A multiple coal-fired unit development in the Beluga fields was esti-
mated to have a transmission system with equal security to that
planned for Susitna, costing $220 million. This system would take
power from the bus back to the existing load center; and

- A single coal-fired unit development in the Nenana area using coal
mined in the Healy fields would require a transmission system costing
$117 million dollars.

With the addition of a unit in-the Fairbanks area in the 1990s, no
additions to the 345 kV line were considered necessary. Ttus, no other
transmission changes were made to the non-Susitna plans.

4.4 - Hydroelectric Alternatives

Numerous studies of hydroelectric potential in Alaska have been under-
taken. These date as far back as 1947 and were performed by various
agencies including the then Federal Power Commission, the Corps of
Engineers, the U.S. Bureau of Reclamation, the U.S. Geological Survey,
and the State of Alaska. A significant amcunt of the identified
potential is located in the Railbelt region, including several sites in

the Susitna River Basin.

(a) Selection Process

The application of the five-step methodology (Figure D.12) for
selection of non-Susitna plans which incorporate hydroelectric
developments is summarized in this section. The analysis was
completed in early 198: and is based on January 1981 cost figures;
all other parameters are contained in the Development Selection
Report (6). Step 1 of this process essentially established the
overall objective of the exercise as the selection of an optimum
Railbelt generation plan which incorporated the proposed non-
Susitna hydroelectric developments for comparison with other

plans.

Under Step 2 of the selection process, all feasible candidate
sites were identified for inclusion in the subsequent screening
exercise. A total of 91 potential sites were obtained from
inventories of potential sites published in the COE National

4-4
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(b)

Hydropower Study and the Power Administration report
"Hydroelectric Alternatives for the Alaska Railbelt."

The screening of sites under Step 3 reguired a total of four
successive jterations to reduce the number of alternatives to a
manageable short 1list. The overall objective of this process was
defined as the selection of approximately 10 sites for
consideration in plan formulation, essentially on the basis of
published data on the sites and appropriately defined criteria.
Figure D.13 shows 49 of the sites which remained after the two
initial screens.

In Step 4 of the plan selection process, the ten sites shortlisted
under Step 3 were further refined as a basis for formulation of
Railbeit generation plans. Engineering sketch-type layouts were

~produced for each of the sites, and quantities and capital costs
~ were evaluated. These costs, listed in Table D.15, incorporate a

20 percent allowance for contingencies and 10 percent for
engineering and owner's administration. A total of five plans
were formulated incorporating various combinations of these sites
as input into the Step 5 evaluations.

Power and energy values for each of the developments were
reevaluated in Step 5 utilizing monthly streamflow and a computer
reservoir simulation model. The results of these calculations are
summarized in Table D.15.

The essential objective of Step 5 was established as the
derivation of the optimum plan for the future Railbelt generation
incorporating non- Susitna hydro generation as well as required
thermal generation.

Selected Sites

The selected potential non-Susitna Basin hydro developments

were ranked in terms of their economic cost of energy. They were
then introduced into the all-thermal generating scenario during
the generation planning analyses, in groups of two or three. The
most economic schemes were introduced first and were followed by
the less economic schemes. The methods of analysis are the same
as those discussed in Section 4.5 (f).

The results of these analyses, completed in early 1981, are
summarized in Table D.16 and illustrate that a minimum total
system cost can be achieved by the introduction of the
Chakachamna, Keetna, and Snow projects (See also Figure D.14).
Note that further studies of the Chakachamna project were
initiated in mid-1981 by Bechtel for the Alaska Power Authority.




(c) Lake Chakachamna

2 N Bechtel Civil and Minerals studied the feasibility of developing
. Eé the power potential of Lake Chakachamna. The lake is on the west

a BB side of Cook Inlet 85 miles west of Anchorage. Its water surface
. | lies at about elevation 1140 feet.

¥ 3 i :

. g@ Two basic alternatives have been jdentified to harness the

» B hydrauiic head for the generation of electrical energy. One is

| - via the valley of the Chakachatna River. This river runs out of

EE the easterly end of the lake and descents to about elevation 400
feet where the river leaves the confines of the valley and spills

out onto a broad alluvial flood plain. A maximum hydrostatic head

of about 740 feet could be developed via this alternative.

The other alternative is for development by diversion of the lake

outflow to the valley of the McArthur River which ijies-to the -~ -~

southeast of the lake outlet. A maximum hydrostatic head of about
- 960 feet could be harnessed by this diversion.

==
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(i) Project Layout

=

The Bechtel study evaluated the merits of developing the
power potential by diversion of water southeasterly to the
McArthur river via a tunnel about 10-miles long, or easterly
down the Chakachatna valley either by a tunnel about
12-miles long or by a dam and tunnel development. In the
Chakachatna valley, few sites, adverse foundation
conditions, the need for a large capacity spillway and the
nearby presence of an active volcano made it evident that
| the feasibility of constructing a dam there would be
4 problematical. The main thrust of the initial study was
therefore directed toward the tunnel alternatives.

==

==

=

Two alignments were studied for the McArthur tunnel. The
first considered the shortest distance that gave no
opportunity for an additional point of access durirg
construction via an intermediate adit. The second alignment
was about a mile longer, but gave an additional point of
access, thus reducing the lengths of headings and also the
time required for construction of the tumnel. Cost
comparisons nevertheless favored the shorter 10-mile 25-foot
diameter tunnel.

The second alignment running more or less paraliel to the

- Chakaghatna River in the right (southerly) wall of the
valley afforded two opportunities for intermediate access
adits. These, plus the upstream and downstream portals
would allow construction to proceed simultaneously in 6
headings and reduce the construction time by 18 months from
that required for the McArthur tunnel.
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If all the controlled water were used for power generation,

 the McArthur powerhouse could support 4G0 MW installed

capacity, and produce average annual firm energy of 1753
GWh. The effects of making a provisional reservation of
approximately 19 percent of the average annual inflow to the
lake for instream flow requirements in the Chakachatna River
were found to reduce the economic tunnel diameter to 23
feet. The installed capacity in the powerhouse would then
l;e reduced to 330 MW and the average annual firm energy to
446 MW. '

For the Chakachatna powerhouse, diversion of all the
controlied water for power generation would support an
installed capacity of 300 MW with an average annual firm
energy generation of 1314 GWh. Provisional reservation of
approximately 0.8 percent of the average annual inflow to

the lake for instream flow requirements in the Chakachatna™

River was regarded as having negligible effect on the
installed capacity and average annual firm energy because
that reduction is within the accuracy of the Bechtel study.

(1) Technical Evaluation and Discussion

Several alternative methods of developing the project have
been identified and reviewed. Based on the analyses
performed, the more viable alternatives have been identified
by Bechtel for further study.

- Chakachatna Dam Alternative

The construction of a dam in the Chakachatna River canyon
approximately 6 miles downstream from the lake outiet,
does not appear tc be a reasonable alternative. While the
site is topographically suitable, the foundat ion
conditions in the river valley and left abutment are poor.
Furthermore, its environmental impact specifically on the
fisheries resource will be significant although provision
of fish passage facilities could mitigate this impact to a
certain extent. ;

- McArthur Tunnel Alternatives A and B

Diversion of flow from Chakachamna Lake to the McArthur
valley to develop a head of approximately 900 feet has
been identified as the most advantageous with respect to
energy production and cost.

The geologic conditions for the various project facilities

including intake, power tunnel, and powerhouse appear to
be favorable based on a 1981 field reconnaissance. No
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insurmountable engineering problems appear to exist in
development of the project.

Alternative A, in which essentially all stored water would
be diverted form Chakachamna Lake for power production
purposes could deliver 1664 Gih of firm energy per year to
Anchorage and provide 400 MW of peaking capacity.

However, since the flow of the Chakachatna River below the
lake outlet would be adversely affected, the existing
anadromous fishery resource which uses the river to gain
entry to the lake and its tributaries for spawning, would
be lost. In addition, the fish which spawn in the lower
Chakachatna River would also be impacted due to the much
reduced river flow. For this reason, Alternative B has
been developed, with essentially the same project
arrangement except that approximately 19 percent of the
average annual flow into Chakachamna Lake would be
released into the Chakachatna River below the lake outlet
to maintain the fishery resource. Because of the smaller
flow available for power production, the installed
capacity of the project would be reduced to 330 MW and the
firm energy delivered to Anchorage would be 1374 GWh per
year. Obviously, the long term environmental impacts of
the project in this Alternative B are significantly
reduced in comparison to Alternative A, since the river
flow is maintained, albeit at a reduced amount. Estimated
project costs for Alternatives A and B are $1.5 billion
and $1.45 billion respectively.

Chakachatna Tunnel Alternatives C and D

An alternative to the development of this hydroelectric
resource by diversion of flows from Chakachamna Lake to
the McArthur River is by constructing a tunnel thorugh the
right wall of the Chakachatna valley and locating the
powerhouse near the downstream end of the valiey. The
general layout of the preoject would be similar to that of
Alternatives A and B for a slightly longer power tunnel.

The geologic conditions for the various project features

including intake, power tunnel, and powerhouse appear to

be favorable and very similar to those of Alternatives A

and B. Similarly, no insurmountable engineering problems
appear to exist in development of the project.

Alternative C, in which essentially all stored water is
diverted from Chakachamna Lake for power production, could
deliver 1248 GWh of firm energy per year to Anchorage and
provide 300 MW of peaking capability. While the riverflow




o Eg' , in the Chakachatna River below the powerhouse at the end

. of the canyon will not be substantially affected, the fact
that no releases are provided into the river at tne lake
outlet will cause a substantial impact on the anadromous

& , fish which normally enter the iake and pass through it to

o s | the upstream tributaries. Alternative D was therefore
proposed in which a release of 30 cfs is maintained at the
lake outlet to facilitate fish passage thorugh the canyon
section into the lake. In either of Alternatives C or D

i the environmental impact would be limited to the
| Chakachatna River as opposed to Alternatives A and B in
< which both the Chakachatna and McArthur Rivers would be
-1 affected. Since the instream flow release for Alternative
? Eﬁ D is less than 1 percent of the total available fiow, the
: ¢ power production of Alternative D can be regarded as being
. the same as those of Alternative C (300 MW peaking
- capability, 1248 GWn of firm energy delivered te T
a i@ Anchorage). Estimated project costs for Alternatives C
: and D are $1.6 billion and $1.65 billion respectively.
.
: gg 4.5 - Thermal Options - Development Selection
R As discussed earlier in this section, the major portion of generating
T Eg capability in the Railbelt is currently thermal; principally natural
' . gas with some coal- and oil-fired installations. There is no doubt
3 that the future electric energy demand in the Railbelt could be
B satisfied by an all-thermal generation mix. In the following
i E& paragraphs, an outline is presented of the analysis undertaken in the
3 feasibility study to determine an appropriate all-thermal generation
| scenario for comparison with the Susitna hydroelectric scenario.

f ji % (a) Assessment of Thermal Alternatives

gg The overall cobjective established for this selection process was
1 the selection of an optimum all-thermal Railbelt generation plan
for comparison with other plans (Figure D.15).

QL Primary consideration was given tec gas, coal, and cil-fired
generation scurces which are the most readily developable
| alternatives in the Railbeit from the standnoint of technical and
Eg economic feasibility. The broader perspectives of other
i alternative resources such as peat, refuse, geothermal, wind and
solar and the relevant environmental, social, and cther issues -
gi involved were addressed in the Battelle alternatives study (32). '
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(b)

As such, a screening process was therefore considered unnecessary

in this study, and emphas1s was placed on selection of unit sizes
appropriate for inclusion in the generation planning exercise.

For analysis purposes the following types of thermal power
generation units were considered:

- Coal-fired steam;

- Gas-firea combined-cycle;

Gas-fired gas turbine; and

Diesel.

¢

The following paragraphs present the thermal. options used in = ..
developing the present without Susitna plan.

Coal-Fired Steam

A coal-fired steam plant is one in which steam is generated by a

coal-fired boiler and used to drive a steam-turbine generator.
Cooling of these units is accomplished by steam condensation in
cooling towers or by direct water cooling.

Aside from the military power plant at Fort Wainwright and the
self suppiied generation at the University of Alaska, there are
currently two coal-fired steam plants in operation in the
Railbelit. These plants are small in comparison with new units
under consideration in the lower 48 states and in Alaska.

(i) Capital Costs

A detailed cost study was done by Ebasco Services Incarpor-
ated as part of Battelie's alternative study. The report
found that it was feasible to establish a plant at either
the undeveluped Beluga field or near Nenana, using Healy
field coal. The study produced costs and operating
characteristics for both plants. A1l new coal units were
estimated to have an average heat rate of 10,000 Btu/kWh
and involve an average construction period of five to six
years. Capital costs and operating parameters are defined
gcgbcoal and other thermal generating plants in Tab1e

It was found that, rather than develop solely at one field
in the non-Susitna case, development would be likely to
take place in both fields. Thus, one unit would be
developed near Nenana to service the Fairbanks load center,
with other units placed in the Beluga fields.




(c)

70 satisfy the national New Performance Standards, the cap-
ital costs incorporate provision for installation of flue
gas desulfurization for sulphur control, highly efficient
combustion technology for control of nitrogen acids, and
baghouses for particulate.removal.

(ii) Fuel Costs

Fuel costs based on long-term opportunity values were set
at $1.43/MMBtu for Beluga field coal and $1.75/MMBtu for
Healy coal to be used at Nenana. Real escalation on these
values was estimated as follows:

1982-2000 2001-2010
Beluga/Coal 2.6% 1.2%
Healy Coal at Nenana -~ - 2.3% 1.1%

Details of the fuel cost information are included in
Reference 31 of this report.

(ii1) Other Performance Characteristics

Annual operation and maintenance costs and representative
forced outage rates are shown in Table D.17.

Combined Cycle

A combined cycle plant is one in which electricity is generated
partly in a gas turbine and partly in.a steam turbine cycle. Com-
bined cycle plants achieve higher efficiencies than conventional
gas turbines. There are two combined cycle plants in Alaska at
present. One 1is operational and the other is under construction.
The plant under construction is the Beluga No. 8 unit owned by
Chugach Electric Association (CEA). It is a 42-MW steam turbine,
which will be added to the system in late 1982, and utilize heat
from currently operating gas turbine units, Beluga Nos. 6 and 7.

(1) Capital Costs

A new combined cycle plant unit size of 200-MW capacity was
censidered to be representative of future additions to gen-
erating capability in the Anchorage area. This is based on
economic sizing for plants in the lower 48 states and pro-
jected load increases in the Railbelt. A heat rate of
8,000 Btu/kWh was adopted based on the alternative study
completed by Battelle.

The capital cost was estimated using the Battelle study
basis and is listed in Table D.17.




(d)

(ii) Fuel Costs

The combined cycle facilities would burn only gas with a
domestic market value of $3.00 per MM Btu was chosen to
reflect the equitable value of gas in Anchorage, assuming
development of the export market. Currently, the local
incremental gas market price is about one-third of this
amount due to the relatively light local demands and
Timited faciiities for export.

Using an approach similar to that used for coal costs, a
real annual growth rate in gas costs of 2.5 percent
(1982-2000) and 2 percent (2000-2040) was used in the
analysis.

Other Performance Characteristics

—
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Annual operation and maintenance costs, along with a repre-
sentative forced outage rate, are given in Table D.17.

Gas-Turbine

Gas turbines burn naturail gas or oil in units similar to jet
engines which are coupled to electric generators. These also
require an appropriate water cooling arrangement.

Gas turbines are by far the main source of thermal pawer
generating resources in the Railbelt area at present. There are
470 MW of installed gas turbines operating on natural gas in the
Anchorage area and approximately 168 MW of oil-fired gas turbines
supplying the Fairbanks area (see Table D.13). Their low initial
cost, simplicity of construction and operation, and relatively
short implementation lead time have made them attractive as a
Railbelt generating alternative. The extremely low-cost contract
gas in the Anchorage area also has made this type of generating
facility cost-effective for the Anchorage load center.

(i) Capital Costs

A unit size of 75 MW was considered to be representative of

a modern gas turbine plant addition in the Railbelt region.

However, the possibility of installing gas turbine units at

Beluga was not considered, since the Beluga development is
. at this time primarily being considered for coal.

Gas turbine plants can be built over a two-year construc-
tion period and have an average heat rate of approximeavely
i0,000 Btu/kWh. The capital costs were again taken from
the Battelle alternatives study.




(e)

(f)

(ii) Fuel Costs

Gas turbine units can be operated on oil as well as natural
gas. The opportunity value and market cost for oil are
conside! 2d to be equal, at $6.50 per million Btu. The real
annual y owth rates in oil costs used were 2 percent for
1982-2000 and 1 percent for 2000-2040.

(iii) Other Performance Characteristics

Annual operation and maintenance costs and forced outage
rates are shown in Teble D.17.

Diesel Power Generation

Most diesel plants in the Railbelt today are on standby status or
are operated only for peak Toad service. Nearly all-the-continu-
ous duty units were retired in the past several years because of
high fuel prices. About 65 MW of diesel plant capacity is cur-
rently available.

(i) Capital Costs

The high cost of diesel fuel and low capital cost makes new
diesel plants most effective for emergency use or in remote
arcas where small loads exist. A unit size of 10 MW was
selected as appropriate for this type of facility. The
capital cost was derived from the same source as given in
Table D.17.

{ii) Fuel Costs

Diesel fuel costs and growth rates are the same as oil
costs for gas turbines.

(ii1) Other Performance Characteristics

Annual operation and maintenance and the forced outage rate
are given in Table D.17.

~

Plan Formulation and Evaluation

The four candidate unit types and sizes were used to formulate
plans for meeting future Railbelt power generation requirements.
The objective of this exercise was defined as the formulation of
appropriate plans for meeting the projected Railbelt demand on the
basis of economic preferences.

Economic evaluation of any Susitna Basin development plan requires
that the impact of the plan on the cost of energy to the Railbelt
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area consumer be assessed on a systemwide basis. Since the
consumer is supplied by a large number of different generating
sources, it is necessary to determine the total Railbeit system
cost in each case to compare the various Susitna Basin development
options.

The primary tool used for system costs was the mathematical model
developed by the Electricity Utility Systems Eng1neer1ng
Department of the General Electric Company. The model is commonly
known as OGP5 or Optimized Generation Planning Model, Version 5.
The following information is paraphrased from GE 1iterature on the
program.

The OGP5 program was developzd over ten years to combine the three
main elements of generation expansion planning (system
reliability, operating and investment costs) and automate
generation addition decision analysis. OGP5 will automatically
develop optimum generation expansion patterns in terms of
economics, reliability and operation. Many utilities use OGP5 to
study load management, unit size, capital and fuel costs, energy
storage, forced outage rates, and forecast uncertainty.

The 0GR5 program requires an extensive system of specific data to
perform its planning function. In developing an optimal plan, the
orogram considers the existing and committed units (planned and
under construction) availabie to the system and the characteris-
tics of these units including age, heat rate, size and outage
rates as the base generation plan. The program then considers the
given load forecast and operation criteria to determine the need
for additional system capacity based on given reliability
criteria. This determines "how much" capacity to add and "when"
it should be installed. If a need exists during any monthly
iteration, the program will consider additions from & list of
alternatives and select the available unit best fitting the system
needs. Unit selection is made by computing production costs for
the system for each alternative included and comparing the
results.

The unit resulting in the Towest system produrtion costs is
selected and added to the system. Finally, an investment cost
analysis of the capital costs is completed to answer the question
of "what kind" of generation to add to the system.

The model is then further used to compare alternative plans for
meeting variable electrical demands, based on system reliability
and production costs for the study pericd.
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Thus, it should be recoanized that the production costs modeled
represent oniy a portion of ultimate consumer costs and in effect
are only a portion, albeit major, of total costs.

The use of ihe output from the generation planning modei is in
Sectinn 4.6(a).

4.6 - Without Susitna Plan

In order to analyze the economic: of developing the Susitna project, it
was necessary to analyze the costs of meeting the projected Alaska
Railbelt load forecast with and without the project. Thus, a plan
using the identified components was deveioped.

Using the OGPS system mudel, a base case "without Susitna" plan was
structured based on middle range projections. The base case input.to

the model included:

- Battelle's middle range load forecast (Exhibit B);
- Fuel cost as specified;

- Coal-fired steam and gas-fired combined-cycle and combustion turbine
units as future additions to the system;

- Costs and characteristics of future additions as specified;

- The existing system as specified and scheduled commitments listed in
Table D.12;

- Middle range fuel escalation as specified;

- Economic parameters of thiree percent interest and zero percent gener-
al inflation;

- Real escalation cn operation and maintenance and capital costs at a
rate of 1.8 percent to 1992 and 2 percent thereafter; and

« Generation system reliability set to a loss of Toad probability of
one day in ten years. This is a probabilistic measure of the inabil-
ity of the generating system to meet projected load. One day in ten
years is a value generally accepted in the industry for planning gen-
eration systems.

The mode? was initially to be operated for a period from 1982-2000. Tt
was found that, under the medium load forecast, the critical period for
capacity addition to the system would be in the winter of 1992-1993.
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Until that time, the existing system, given the additions of the
planned intertie and the planned units, appear to be sufficient to meet
Railbelt demands. Given this information, the period of plan develop-
ment using the model was set as 1993-2010. |

The f0110wing was established as the non-Susitna Railbelt base plan
(see Figure D.16):

(a) System as of January 1993

Loal-fired steam: 59 MW
Natural gas GT: 452 MW
0it @t 140 MW
Diesel: 67 MW
Natural gas CC: 317 Md
Hydropower: 155 MW

Total (including committed
conditions): 1190 MW

(b) System Additions

Gas Fired
Gas Turbine (Coal Fired Unit
Year (MW) (MW)
1993 1 x 200 (Beluga Coal)
1994 1 x 200 (Beluga Coal)
1996 1 x 200 (Neriana/Healy Coal)
1997 1 x 70
1998 1x70
2001 1x70
2063 1 x70
2004 1 x70
2005 2 x 70
2006 1x70
20607 | 1 x 200 (Beluga Coal)
2009 1x7
Total 630 800

(c) System as of 2010

Coal-fired steam: 813 MW
Natural gas GT: 746 MW
0il GT: 0 MW
Diesel: 6 MW
Natural gas CC: 317 MW
Hydropower: 155 MW

Total (accounting for
retirements and add’tjons) 2037 MW



There is one particularly important assumption undtrlying the plan.

The costs associated with the Beluga development are based on the
opening of that coal field for commercial development. That
development is not a certainty now and is somewhat beyond the control
of the state, since the rights are in the hands of private interests.
Even if the seam is mined for export, there will be environmental
problems to overcome. The greatest problem will be the availability of
cooling water for the units. The problem could be solved in the
"worst" case by using the sea water from Cook Inlet as cooling water;
however, this solution would add significantly to project costs.

Two alternatives which Battelle included in their base plan which have
not been included in this plan are the Chakachanna and Allison Creek
hydroelectric plants. T7re Chakachamna plant is currently the subjert
of a feasibility study by the Power Authority. The current plan would
develop a 330 MW plant at a cost of $1.45 billion at January, 1982 .
price levels. The plant would produce nearly 1500 GWh on an average
annual basis.

Due to some current questions regarding the feasibility of the Chaka-
chamna plant, it has not been included in the non-Susitna plan. It has
been checked, however, in the sensitivity analysis presented later in
this section.

The Allison Creek Hydroelectric Froject was included on the non-Susitna
base plan by Battelle. It has not been included in this base plan due
to its high costs ($125/MWh in 1981 dollars).

The thermal plan described above has been selected as representative of
the generation scenario that would be pursued in the absence of Susit-
na. The selection has been confirmed by the Battelle results which
show an almost identical plan to be the lowest cost of any non-Susitna
nlan.

4.7 ~ Economic Evaluation

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 4.7 (a) deals with those
economic principles relevant to the analysis of net economic benefits
and develops inflation and discount rates and the Alaskan opportunity
values (shadow prices) of o0il, natural gas and coal. In particular the
analysis is focused on the longer-term prospects for c¢nal markets and
prices. This follows from the evaluation that, in the absence of
Susitna, the next bes* thermal generation plan would rely on
exploitation of Alaskan coal. The future coal price is therefore
considered in detail to provide rigorous estimates of prices in the




most likely alternative markets and hence the market price of coal at
the mine-head within the state.

Section 4.7 {c) presents the net economic benefits of the proposed
hydroelectric power investments compared with this thermal alternative.
These are measured in terms of present valued differences between
benefits and costs. Recognizing that even the most careful estimates
will be surrounded by a deagree of uncertainty, the benefit-cost
assessments are also carried out in a probabilistic framework as shown
in Section 4.8. The analysis therefore provides both a most likely
estimate of net economic benefits accruing to the state and a range of

net economic benefits that can be expected with a likelihood

confidence level) of 95 percent or more.

(a) 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 ipvestments, the net benefits are defined as the dif-
ference between the costs of optimal Susitna-incliusive and
Susitna-exclusive (all thermal) generation plans.

The energy costs of power generaticn are initially measured
in terms of opportunity values or shadow prices which may
differ from accounting or market prices currently prevail-
ing in the state. The concept and use of opportunity val-
ues is fundamental to the optimal allocation of scarce re-
sources. Energy investment decisions should not be made
sciely on the basis of accounting prices in the state if
the international value of traded energy commodities such
as coal and gas diverge from locai market prices.

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 Tong-term perspective. In other words, the

benefit-cost analysis would point to different generation

expansion plans depending on the selected planning period.

A short-run optimization of state income would, at best, - = ;
allow only a moderate growth in fixed capital 1nvestment '
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 communica-

tions.




(i1)

It therefore follows that the Susitna Project, 1ike other
Alaskan investments, should be appraised on the basis of
long-run optimization, where the long-run is defined as the
expected eccnomic life of the facility. For hydroelectric
projects, this service 1ife is typically 50 years or more.
The costs of a Susitna-inclusive generation plan have
therefore been compared with the costs of the next-best
alternative which is the all-thermal generation plan and
assess~d over a planning period extending from 1982 to
2040, 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 dol-
lars. Hence, the results of the economic calculations are
not sensitive to modified assumptions concerning the rates
o 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 fuct that price levels are generally higher
in Alaska than in the Lower 48, there is little differ-
ence 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: the consumer
prices increased by 8.8 percent and 8.7 percent in the
U.S. and Anchorage (7).

- Forecasts of Alaskan prices extend only to 1986 (8).
These indicate an average rate of increase of 8.7 percent
from 1980 to 1986. For the longer period between
1986 and 2010, it is assumed that Alaskan prices will es-
calate at the overall U.5. rate, or at 5 to 7 percent
compounded annuaily. The average annual rate of price
inflation is therefore about 7 percent between 1982 and
2010. Since this is consistent with long-term forecasts
of the CPI advanced by leading economic consulting
organizations, 7 percent has been adopted as the study
value (9,10).

- Discount Rates

Discount rates are required to compare and aggregate cash
flows occurring in different time periods of the planning
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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 reflect
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 projects 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 berrowing rate or the readl
cost of debt capital (11,12,13).

The SOC rate measures the real social return (before
taxes and suhsidies) that capital funds could earn in
alternative investments. If, for exampie, the marginal
capitai investment in Alaska has an estimated social
yield of X percent, the Susitna Hydroelectric Project
should be appraised using the X percent measure of
"foregone returns" or opportunity costs. A shortcoming
for this concept is the difficulty inherent in dezier-
mining the nature and yields of the foregone invest-
ments.

The STP rate measures society's preferences for allo-

cating resources between investment and consumption.

This approach is also fraught with practical measure-

ment 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 dis-
couat rates. For example, long-term industrial bond




real (inflation-adjusted) terms (9,14). Forecasts of
real interest rates show average values of about 3
percent and 2 percent in the periods of 1985 to 1990
and 1990 to 2000, respectively. The U.S. Nuclear
Regulatory Commission has &lso analyzed the choice of
discount rates for investment appraisal in the electric
utility industry and has recommended a 3 percent real
rate (30). Therefore, a real rate of 3 percent has been
adopted as the base case discount and interest rate for
the period 1982 to 2040.

EE o rates have averaged about 2 to 3 percent in the U.S. in

. Nominal Discount and Interest Rates

Eg The neminal discount and interest rates are derived
L from the real values and the anticipated rate of gen-
eral price inflation. Given a 3 percent real discount
EE rate and a 7 percent rate of price inflation, the nomi-
* nal discount rate is determinad as 10.2 percent or
about 10 percent*.

(ii1) 011 and Gas Prices

- 011 Prices

In the base period (January 1982), the Alaskan 1982
gollar price of No. 2 fuel o0il is estimated at $6.50/
MMBtu.

o

Long-term trends in oil prices will be influenced by
events that are economic, political and technological in
nature, and are therefore estimated within a probabilis-
tic framework.

e

As shown in Table D.18, the base case {most 1ikely es-:
calation rate) is estimated to be 2 percent to 2000 and 1
percent fror) 2000 to 2040. To be consistent with
Battelle forecasts, a 2 percent rate was used chroughout
the OGP plunning period 1982 te 2010 and 0 percent
thereafter. In other scenarios the growth rates were
estimated at O percent from 1982-2051 (low growth); and
at 4 percent to 2000, and 2 percent beyond 2000 (hign
growth). These projections are also consistent with

B

* (1 + the nominal rate) = (1 + the real rate) x (1 + the inflation
rate) = 1.03 x 1.07, or 1.102 |
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those recently advanced by such organizations ds DRI
(15), World Bank (16), U.S. DOE (17), and Canddian
National Energy Board (18).

[

A September 1982 review of major forecasts for oil price
trends reaffirms the Battelle projection. Projections
from seven sources indicated ten forecasts which varied
from a low trend projection of -0.5 to a high of 5.3
percent. Seven of the ten trend forecasts were within a
band of +1.7 to +3.4 percent.

- Gas Prices

£t

Alaskan gas prices have been forecast using both export
opportunity 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. The
generation planning analysis used market prices as
estimated by Battelle, since there are indications that
Cook Inlet reserves may remain insufficient to serve new
export ..arkets.

. ©
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. Domestic Market Prices

Table D.19 depicts the low, medium and high domestic
market prices used in the generation planning analysis.
In the medium (most likely) case, prices escalate at
real rates of 2.5 percent from 1982 to 2000 and 2
percent beyornd 2000. In the low case, there is zero
escalation and in the high case, gas prices grow at 4
percent 1982 to 2000 and 2 percent beyond 2000.

.

)

. Export Opportunity Values

Table D.19 also shows the current and projected oppor-
tunity value of Cook Inlet gas in a scenario where the
Japanese export market for LNG continues to be the al-
ternative to domestic demand. From a tase period plant
gate price of $4.69 MMBtu (CIF Japan), low, medium and
high price escalation rates have been estimated for the
intervals 1982 to 2000 and 2000 to 2040. The cost of
liquefaction and shipping (assumed to be constant in
real terms) was subtracted from the escalated CIF
prices to derive the Cook Inlet plant-gate prices and
their growth rates. These Alaskan opportunity values
are projected to escalate at 2.7 percent and 1.2 per-
cent in the medium (most likely) case. Note that the
export o[ .ortunity values consistently exceed the
domestic prices. In the year 2000, for example, the
opportunity value is nearly double the domestic price
estimated by Battelle.
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(iv) Coal Prices

The shadow price or opportunity value of Beluga and Healy
coal is the delivered price in alternative markets less the
cost of transportation to those markets. The most likely
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 conditioral on the procurement policies of the
importing nations. These factors, in turn, are influenced
to a large extent by the price movements of crude oil.

- Historical Trends

Examination 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:

, e -

- 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).

L

. 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).
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. In Japan, the average CIF prices of steam coal experi-
enced real escalation rates of 6.3 percent per year in
the period 1977 to 1981 (26,27). This represents an
increase in the average price from approximately $35.22
per metric ton (mt) in 1977 to about $76.63/mt in 1981.

As shown below, export prices of coal are highly correl-
ated with oil prices, and an analysis of production costs
has not predicted accurately the level of coal prices.
Even if the production cost forecast itself is accurate,
it will establish a minimum coal price, rather than the
mazket clearing price set by both supply and demand con-
ditions. -

. In real terms export prices of U.S. coal showed a 94
percent and 92 percent correlation with oil prices
(1950 to 1979 and 1972 to 1979).*

. Supply function (production cost) analysis has
estimated Canadian coal at a price of $23.70 (1980 U.S.
$/ton) for S.E. British Columbia (B.C.) coking coal,
FOB Roberts Bank, B.C., Canada (24,29). In fact,
Kaiser Resources (now B.C. Coal Ltd.) has signed agree-

* Analysis is based on data from the World Bank.
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ments with Japan at an FOB Price of about $47.50 (1980

J.S. $/ton) {25). This is 100 percent more than the
price estimate based on production costs.

The same comparison for Canedian B.C. thermal coal in-
dicates that the expected price of $55.00 {1981
Canadian $) per MT (2200 pounds) or about $37.00 (1980
U.S. $) per ton would be 60 percent above estimates
founded on production costs (24,25,29).

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 expiration of the
contract.*

Energy-importing nations in Asia, especially Japan,
have a stated policy of diversified procurement for
their coal supplies. They will not buy only from the
lowest-cost supplier (as would be the case in a per-
fectly competitive model of coal trade) but . instead
will pay a risk premium to ensure security of supply
(24, 29).

- 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 (9). The World Bank has
forecast that the real price of steam coal would advance
at approximately the same rate as oil prices (3
percent/a) in the period 1980 to 1990 (16). Canadian
Resourcecon Limited has recently forecast growth rates of
2 percent to 4 percent (1980 to 2010) for subbituminous
and bituminous steam coal (28). :

- Opportunity Value of Alaskan Coal

. Delivered Prices, CIF Japan

Based on theseé considerations, the shadow price of coal
(CIF price in Japan) was forecast using conditional

e

,
o = - -
‘Ea.mm‘_m:

* This ciause forms part of the recently concluded agreement beiweesn
Denison Mines and Teck Corporation and Japanese steel makers.
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probabilities given low, medium, and high oil price
scenarios. Table D.20 depicts the estimated coal price
growth rates and their associated probabilities, given
the three sets of 0il prices. Combining these proba-
bilities with those attached to the oil price cases
yields the following ccal price scenarios, CIF Japan.

Scenario Probability =~  Real Price Growth

Medium a9 percent 2 percent (1982-2000)
(most likely) 1 percent (2000-2040)
Low 24 percent 0 percent (1982-2040)
High 27 percent - 4 percent (1982-2000)

2 percent (2000-2040)

The 1982 base period price was initially estimated
using the data from the Battelle Beluga Market Study
(24). Based on this study, a sample of 1980 spot
prices (averaging $1.66/MMBtu) was escalated to January
1882 to provide a starting value of $1.95/MMBtu in
January 1982 dollars.* ‘

As more recent and more complete coal import price sta-
tistics became available, this method of estimating

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.** An important
sensitivity case was therefore developed reflecting
these updated actual CIF prices. The updated base
period vaiue of $2.96 was reduced by 10 percent to
$2.66 to recognize the price discount dictated by
qguality differentials between Alaskan coal and other

* The escalation factor was 1.03 x 1.14, where 3 percent is the fore-
cast 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.

** As reported by Coal Week International in October 1981, the average

CIF value of steam coal was $75.50 per MT. At an average heat value
of 11,500 Btu/1b, this is equivalent to $2.96/MMBtu.
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sources of Japanese coal imports, as estimated bY'
Battelle (24).

. Opportunity Values in Alaska

¥

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

=R

Transportation costs of $0.52/MMBtu were subtracted
from the initially estimated CIF price of $1.95 to
determine the opportunity value of Beluga coal at
Anchorage. In January 1982 dollars, this base
period net-back price is therefore $1.43. In subse-
quent years, the opportunity value is derived as the
difference between the escalated CIF price and the
transport cost (estimated to be constant in real
terms). The real growth rate in these:FOB prices is

; determined residually from the forecast opportunity
Eﬁ values. In the medium (most Tikely) 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.
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For Healy coai, it was estimated that the base

ﬂ% 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 escalated cost of trans-
portation from Healy to Nenana resuits in a January
1982 price of $1.75/MMBtu.* In subsequent years,
the cost of transportation (of which 30 percent is
- - represented by fuel cost which escalates at 2
A;Aﬂé percent) is added to the Healy price, resulting in
o e Nenana prices that grow at real rates of 2.3 percent
(1982 to 2000) and 1.1 percent {2000 to 2040).
Table D.20 summarizes the real escalation rates
applicable to Nenana and Beluga coal in the low,
medium, and high price scenarios.
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. Sensitivity Case - Updated CIF Prices,
Export Potential for Healy Coal

The updated CIF price of steam coal ($2.66/MMBtu
after adjusting for quality differentials) was re-
duced by shipping costs from Healy and Beluga to
Japan to yield Alaskan opportunity values. In

* Transportation costs are based on Battelle (18,23).
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January 1982, prices were $2.08 and $1.74 at
Anchorage and Nenana, respectively. The differences
between escalated CIF prices and shipping costs
result in FOB prices that hava 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 D.20 shows escalation rates for the
opportunity value of Alaskan coal in the low,
medium, and high price scenarios, using updated base
period values. . '

{v) Generation Planning Analysis - Base Case Study Values

Based on the considerations presented in (i) through (iv)
above, a consistent set of fuel prices was assembled for
the base case probabilistic generation planning (0GP5)
analysis, as shown in Table D.21. The study values inciude
probabilities for the low, medium and high fuel price
scenarios. The probabilities are common for the three
fuels (oil, gas and coal) within €ach 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. O0il prices have been escalated by 2
percent (1982 to 2040).

(b) Analysis of Net Economic Benefits

(1) Modeling Approach

Using the economic parameters discussed in the previous
section and data relating to the electrical energy genera-
tion alternatives available for the Railbelt, an analysis
was made comparing the costs of electrical energy produc-
tion with and without the Susitna project. The primary
tool for the analysis was a generation planning model
{OGP5) which simulates production costs over a planning
period extending from 1982 to 2010.

The method of comparing the "with" and "without" Susitna
alternative generation scenarios is based on the long-term
present worth (PW) or total system costs. The planning
model determines the total production cests of alternative
plans on a year-by-year basis. These total costs for the
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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 and system transmission plants added during
the period of 1993 to 2010. Factuirs which contribute to
the ultimate consumer cost of power but which are not in-
cluded as input to this model are investment costs for all
generation 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 beern

omitted from the study. ‘

In order to aggregate and compare costs on a significantly
long-term basis, annual costs have been aggregated for the
period of 1993 to 2051. Costs have been computed as the
sun of two components and converted to a 1982 PW. 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.

For an assumed set of economic parameters on 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 to 2010. The
second element of the aggregated PW value is the long-term
(2011 to 2051) PW estimate of production costs. In consid-
ering the value to the system of the addition of a hydro-
electric power plant which has a useful life of
approximately 50 years, the shorter study pericd would be
inadequate. A hydroelectric plant 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 nrudent projections. For this reason, it has
been assumed that the production costs for the final study
year (2010) would simply reoccur fer an additional 41
years, and the PW of these was added to the 18-year PW
(1995 to 2010) to establish the long-term cost differences
between alternative methods of power generation.

Base Case Analysis

- Pactern of Investments "With" and "Without® Susitna

The base case vomparison of the "with" and “"without"

Susitna plans is based on an assessment of the PW produc- .
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tion costs for the period 1993 to 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.

The with-Susitna pian calls for 680 MW of generating
capacity at Watana to be available to the systen in 1993.
Although the project may come on-line in stages during
that year, for modeling purposes full-load gererating
capability is assumed to be available for the entire
year. 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 lowest long-term cost.
Devil Canyon will have 600 MW of installed capacity.

The without-Susitna plan is discussed in Section 4.5. 1t
includes three 200 MW coal-fired plants added at Beluga
in 1993, 1994, and 2007. A 200 MW unit is added at
Nenana in 1996 and nine 70 MW gas-fired combustion
turbines (GTs). would be added during the 1997 to 2010
period.

Base Case Net Economic Benefits

The econonnc comparison of these pians is shown in

Table D.22. During the 1993 to 2010 study period, the
1982 PW cost for the Susitna plan is $3.119 biltion. The
annual production cost in 2010 is $0.385 billion. The PW
of this Teve] cost, which remains virtually constant for
a period extending to the end of the life of the Devil
Canyon plant (2051), is $3.943 billion. The resulting
total cost of the with-Susitna plan is $7.06 billion in
1982 dollars, presently valued to 1982.

The non-Susitna plan (Section 4.5) which was modeled has
a 1982 PW cost of $3.213 billion for the 1993 to 2010
periods with a 2010 annual cost of $0.491 billion. The
Lotal long-term cost has a PW of $8.24 billion.
Therefore, the net economic benefit of adopting the
Susitna plan is $1.18 billion. 1In other words, the
present valued cost difference between the Susitna pian
and the expansion plan based on thermal plant addition is
$1.18 billion in 1982 dollars. This is equivalent to a
1982 per capita net economic benefit of $2,700 per capita
for the 1982 population of the State of Alaska.

Expressed in 1993 dollars (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 alterna-
tive assumptions concerning the overail rate of price in-
flation as measured by the Consumer Price Index. 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.

(b .
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The Susitna project's internal rate of return (IRR),
j.e., the real (inflation-adjusted) discount rate at
which the with-Susitna plan has zero net economic bene-
fits, or the discount rate at which the costs of the
with-Susitna and the aiternative plans have equal costs,
has also been determined. The IRR is about 4.1 percent
in real terms, and 1l.4 percent in nominal (inflation-
inclusive) terms. Therefore, the investment i Susitna
would significantly exceed the 5 percent nominal rate of
return "test" proposed by the State of Alaska in cases
wnere state appropriations may be involved.**

L

It is emphasized that these net economic benefits and the
rate of return stemming from the Susitna project are in-
herently conservative estimates due to several assump-
tions made in the O0GP5 analysis.

%: !EE . Zero Growth in Long-term Costs

From 2010 to 2051, the OGP5 analysis assumed constant
annual production costs in both the Susitna and non-

Susitna plans. This has the effect of excluding real
escalation in fuel prices and the capital costs of

3N thermal plant replacements, and thereby understating
B the long-term PW costs of thermal generation plans.

. Loss of Load Probabilities

The loss of locad probability in the non-Susitna plan is
calculated at 0.099 in the year 2010. This means that .
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* $1.18 billion times 2.105, where 2.105 is the general price
inflation index for the period 1982 to 1993.

*% See State of Alaska's SB-25, Section 44.83.670.
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the system in 2010 is on the verge of adding an addi-
tional plant, and would do so in 2011. These costs are
however, not included in the analysis, which is cut off
at 2010, On the other hand, the Susitna plan has a
loss of load probability of 0.025, and may rnot require
additional capacity for several years beyond 2010,

. Long-term Energy Frem 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. |

te B = B

. Equal Environmental Costs

The generation planning analysis has implicitly 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
environmental costs than the Susitna plan, the 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.
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Sensitivity Analysis

Rather than rely on a single point coniparison to assess the
nel benefit of the Susitna project, a sensitivity analysis
was carried out to identify the impact of modified assump-
tions on the results. The analysis was directed at the
following variables:

- Load forecast;

1

: Real interest and discount rate;

Construction period;

Period of analysis:

Capital costs;

. . Susitna
gﬁ . Therma! alternatives
gg

g 57 oy o
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0&M costs;

Base period fuel price;

Real escalation in capital costs, O&M costs, and fuel
prices;

- System reliability;

Chackachanina; and

Susitna Project deiay.

Tables D.24 to D.31 depict the results of the sensitivity
analysi¢. In particular, Table D.31 summarizes the net
economic benefits of the Susitna Project associated with
each sensitivity test. The net benefits have been compared
using indexes relative to the base case value ($1.176
billion) which is set to 100.

The greatest variability in results occurs in sensitivity
tests pertaining to fuel escalation rates, discount rates,
and base period coal prices. For example, a scenario with
high fuel price escalation results in net benefits that |
have a value of 253 relative to the base case. In other
words, the high case provides 253 percent of the base case
net benefits. In general, the Susitna plan maintains its
positive net benefits over a reasonably wide range of
values assigned to the key variables.

A multivariate analysis in the form of probability trees
has been undertaken to test the joint effects of varying
several assumptions in combination rather than individual-
ly. This probabilistic analysis reported in Section 4.7
provides a range of expected net economic benefits and
probability distributions that identify the chances of
exceeding particular values of net benefits at given levels
of confidence.

4.8 - Probabiiity Assessment -

(a) Multivariate Sensitivity Analysis

The feasibility study of the Susitna Hydroelectric Project in-
cluded an economic analysis based on a comparison of generation
system production costs with and without the proposed project
using a computerized modei of the Railbelt generation system. In
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order to carry out this analysis, numergus projections and fore-
casts of future conditions were made. These forecasts of uncer-

tain conditions include future electrical demand, costs, and esca-
lation. In order to address these uncertain conditions, a sensi-
tivity analysis on key factors was carried out. This analysis
focused on the variance of each of a number of forecast conditions
and determined the impact of variance on the economic feasibility
of the project. Each factor was varied singularly with all other
variables held constant to determine ciearly its importance.

The purpose of this multivariable analysis was to select the most
critical and sensitive variables in the economic analysis and to
test the economic feasibility of the Susitna Project in each pos-
sible combination of the selected variables.

While a number of variables were identified and tested in the
single variable sensitivity analysis for the Susitna economic
feasibility study, the variables which were chosen for the multi-
variate sensitivity aralysis represent the key issues such as load
forecasts, capital cost of alternatives, fuel escalation and
Susitna capital cost.

The methodology for the multivariate analysis was implemented by
constructing probability trees of future conditions for the Alaska
Railbelt electrical system, with and without the Susitna Project.
Each branching of the tree represents three values for a given
variable. These were assigned a high, medium, and Tow value as
well as a corresponding probability of occurrence. The three
alues represent the expected range and mid-point for a given
variable. In some cases, the mid-point represents the most likely
value which would be expected to occur. End limbs of the preba-
bility tree represent scenarios of mixed variable conditions and a
probability of occurrence of the scenario.

Lon S T
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The OGP5 production cost model was then used to determine the PW

{in 1982 dollars) of the long-term cost of the electric generation
related to each variable. The PW of the long-term costs for each
“with" and "without" Susitna scenario in terms of cumulative pro-
bability of occurrence were determined and plotted. Net benefits
of the project have also been calculated and. analyzed in a proba-

bilistic manner.
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Figures D.17 and D.18 present the non-Susitna and Susitna proba-
bility trees with resultant long-term costs.

Comparison of Long-term Costs

Figure B.19 presents the two histograms of long-term costs for the
"with" and "without" Susitna cases plotted on the same axes. From
these plots it is seen that the non-Susitna plan costs couid be
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“expected to be significantly less than the Susitna plan costs for

about 6 percent of the time, approximately equal to the Susitna

“gcosts 16 percent of the time, and significantly greater for 78
- percent of the time. |

- A comparison of the expected value of Tong-term costs of the

"with" and "without" Susitna cases yields an expected value net
benefit of $1.45 billion. This value represents the difference
between the non-Susitna LTC of $8.48 billion and the Susitna LTC
of $7.03 billion.

Net Benefit Comparison

A second method of comparing the "with" and "without" Susitna pro-
bability trees is by making a direct comparison of- similar scen-
arios and calculating the net benefit which applies.  As in the
case of the individual tree cases, the net benefits were ranked
from low to high and plotted against cumulative probability. This
graph has been represented as a single line due to the number of
points on the curve. It, however, would be most accurately por-
trayed as a histogram in the manner of Figure D.19. The net bene-
fits vary from a negative $2.92 billion with an associated proba-
bility of .0015 to a high of $4.80 billion with an associated
prohbability of .018. The single comparison with the highest pro-
bability of occurrence of .108 has a net benefit of $2.09 billion.

Figure D.20 plots the net benefit with the cross-over between the
"with" and "without" Susitna costs occurring at about 23 percent.
This is consistent with the previous comparison and with the ex-
pected value net benefit calculated by this method of $1.45 bil-
11ion. ’

-

Sensitivity of Results to Probabilities

In assigning the probabilities of occurrence for each set of vari-
ables, a number of subjective assumptions were made. An exception
was the Susitna capital cost probability distribution which was
supported by a probabilistic risk assessment of construction cost.
The probabilities for load forecast of 0.2, 0.6 and 0.2 for the
low, medium and high cases respectively, reflect the analysis by
Battelle and the probability of exceedence of approximately 10
percent for the high level of demand.

Capital costs for alternative generation modes estimated in the
Battelle study reflect a 0.20, 0.60 and 0.20 distribution, again
within a range of a 90 percent chance of exceedence of the low and
10 percent exceedence of the high level.

The single variable to which the results are most sensitive is the
rate of real fuel escalation adopted. (This conclusion is sup-
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ported by the single variabie analysis as well.) The distribution
of probabilities was 0.25, 0.50 and 0.25 for Tow, medium and high
fuel cost escalation scenarios. A case can be made for the argu-
ment that some of the combined events, for example high fuel cost

. escalation, Toad and capital cost are not (as our results assume)
independent of each other. High fuel prices, it may be argqued,
would result in lower load and increased capital cost. It is pro-
bable, however, that the greater revenues consequent on higher

- fuel prices would result in greater economic activity in Alaska
thus increasing demand for energy. This and other considerations
Ted to the conclusion that the results wouid be relatively insen-
sitive to probable ranges of interdependence.

4.9 - Battelle Railbelt Alternatives Study

[Note to Power Authority‘- This section will be revised upon receipt of
the final (and extensively revised) Battelle reports.]

The Office of the Goverror, State of Alaska, Division of Policy
Development and Planning wund the Governor's Policy Review Committee
contracted with Battelle, Pacific Northwest Laboratories to investigate
potential strategies for future electric rower development in the
Railbelt region of Alaska. This section presents a summary of final
results of the Railbelt Electric Power Alternatives Study.

The overall approach taken on this study involved five major tasks or
activities that lead to the results of the project, a comparative
evaluation of electric energy plans for the Railbelt. The five tasks
conducted as part of the study evaluated the following aspects of

electrical power planning:

fuel supply and price analysis

electrical demand forecasts

generation and conservation alternatives evaluation

development of electric energy themes or "futures" available to the
‘Railbelt .

systems integration/evaluation of électric energy plans.

Note that while each of the tasks contributed data and information to
the final results of the project, they also developed important results
that are of interest independent of the final results of this project.

The first task evaluated the price and availability of fuels that
either directly could be used as fuels for electrical generation or
indirectly could compete with electricity in end-use appiications. such
as space or water heating.
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The second task, electrical demand forecasts, was required for two
reasons. The amount of electricity demanded determines both the size
of generating units that can be included in the system and the number
of generating units or the total generating capacity required. The
forecast used from this study in the Susitra feasibility study is

- presented in Exhibit B.

The third task's purpose was to identify electric power generation and
conservation alternatives potentially applicable to the Railbelt region
and to examine their feasibility, considering several factors. These
factors include cost of power, environmental and socioeconomic effects,
and public acceptance. Alternatives appearing to be best suited for
future application to the region were then subjected to additional
in-deoth study and were incorporated into one or more of the electric
energy pians.

The fourth task, the development of electric energy themes or plans,
presents possible electric energy "futures" for the Railbelt. These
plans were developed both te encompass the full range of viable
alternatives available to the region and to provide a direct comparison
of those futures currently receiving the greatest interest within the
Railbelt. A plan is defined by a set of electrical generation and
conservation alternatives sufficient to meet the peak demand and annual
energy requirements over the time horizon of the study. The time
horizon of the study is from 1981-2050 time period. The set of
alternatives used in each plan was drawn from the alternatives selected
for further study in the analysis of aiternatives task.

As the name implies, the purpose of the fifth tas~, the system
integration/comparative analysis task, was to integrate the results of
the other tasks and to produce a comparative evaluation of the electric
energy plans. This comparative evaluation basically is a description
of the implications and impacts of each electric energy plan. The
major criteria used to evaluate and compare the plans are cost of
power, environmental and socioeconomic impacts, as well as the
susceptibility of the plan to future uncertainty in assumptions and -
parameter estimates.

This summary focuses on the third, fourth and fifth tasks: alternatives
evaluation, plan development and plan comparison.

(a) Alternatives Evaluation

The Battelle study rcviewed a much wider range of generating
alternatives than the Susitna feasibility study. The following
text summarizes the process followed and resuits of selecting
technologies for developing energy plans. |

Selecting generating alternatives for the Railbelt electric energy
plans proceeded in three stages. First, a broad set of candidate
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technologies was identified, constrained only by the availability

of the technology for commercial service prior to year 2000.

After a study was prepared on the candidate technologies, they

were evaluated based on several technical, economic, environmental

and institutional considerations. Using the results of that

study, a subset of more promising technologies subsequently was

identified. Finally, prototypical generating facilities (specific )
sites in the case of hydropower) were identified for further

development of the data required to support the analysis of

electric energy plans. |

BT

A wide variety of energy resources capable of being applied to the
generaticn of electricity is found in the Railbelt. Resources
currently used include coal, naturail gas, petroleum-derived
liquids and hydropower. Energy resources currently not being used
but which could be developsd for producing electric power within
the planning period c¢f this study include peat, wind power, solar
energy, municipal refuse-derived fuels, and wood waste.  Light
water reactor fuel is manufactured in the "lower 48" states and
could be readily supplied to the Railbelt, if desired. Candidate
electric generating technologies using these resources and most
likely to be available for commercial order prior to year 2000 are
listed in Table D.32. The 37 generation technologies and
combinations of fuel conversion - generation technologies shown in
the table comprised the candidate set of technologies selected for
additional study. Further discussion of the selection process and
technologies rejected from consideration at this stage are
provided in Reference 33.

¥

Selection of generation alternatives was based on the followinng
considerations:
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- the availability and cost of energy resocurces;

- the Tikely effects of minimum plant size and operational
characteristics on system operation;

- the economic performance of the various technologies as
reflected in estimated busbar power costs;

- public aCteptance, both as reflected in the framework of
electric energy plans within which the selection was conducted
and as impacting specific technologies: and

lz - ongeing Railbelt electric power p anning activities.

From this analysis, described morefully in Reference 33, 13
generating technologies were selected for possible inclusion in
the Railbelt electric power plans. For each nonhydro technology,
a prototypical plant was defined to facilitate further development




of the needed information. For the hydro technologies, promising
sites were selected for further study. These prototypical plants
and sites consistute the generating alternatives selected for
consideration in the Railbelt electric energy plans. In the
following paragraphs, each of the 13 preferred technologies is
briefly described, along with some of the principal reasons for
its selection. Also described are the prototypical plants and
hydro sites selected for further study.

(i) Coal-Fired Steam-Electric Plants

Coal-fired steam-electric generation was selected for
consideration in Railbelt electric energy plans because it
is a commercially mature and economical technology that
potentially is capable of supplying 11 of the Railbelt's
base-load electric power needs for vhe indefinite future.

An abundance of coal in the Railbelt should be mineable at --

costs allowing electricity production to be economically
competitive with all but the most favorable alternatives
throughout the planning period. The extremely low sulfur
content of Railbelt coal and the availability of
commercially tested oxides of sulpher (SOX) and partic-
ulate control devices will facilitate control of these
emissions to levels mandated by the Clean Air Act.
Principal concerns of this technology are environmental
impacts of coal mining, possible ambient air-quality
effects of residual S0,, oxides of nitrogen (NO,) and
particulate emissions, 1ong-term atmospheric buildup of
CO» (common to all combustion-based technologies) and the
Tong term susceptibility of busbar power costs to
inflation.

Two prototypical facilities were chosen for in-depth study:
in the Beluga area a 200-MW plant that uses coal mined from
the Chutna Field, and at Nenana a piant of similar capacity
that uses coal de11vered from the Nenan field at Healy by
Alaska Railroad. The vesults of the prototypical study are
documented in Reference 34.

Coal Gasifier - Combined-Cycle Plants

These plants consist of coal gasifiers producing a
synthetic gas that is burned in combustion turbines that
drive electric generators. Heat-recovery boilers use
turbine exhaust heat to raise steam to drive a steam
turbine-generator.

These plants, when commercially available, should allow
continued use of Alaskan coal resources at costs comparable
to conventional coal steam-electric plants, while providing
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enviromental and operational advantages compared to
convent ional plants. Environmental advantages include less
waste-heat rejection and water consumption per unit of
output due to higher plant eficiency. Better control of
NOy s SOx and particulate emission is also afforded.
From an operational standpoint, these plants offer a .
potential for load-following operation, broadening their
application to intermediate loading duty. (However, much
of the existing Railbelt capacity most likely will be
available for intermediate and peak loading during the
planning period.) Because of superior plant efficiencies,
coal gasified - combined-cycle plants should be somewhat
| iess susceptible to inflation fuel cost than conventional
- steam-electric plants. Principal concerns relative to
EZ these plants include land disturbance resulting from mining
of coal, COy production, and uncertainties in plant
performance and-capital cost due to the current state of
technology development.
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A prototypical plant was selected for in-depth analysis.
This 200 MW plant is located in the Beluga area and uses
coal mined from the Chuitna Field. The plant would use
oxygen-blown gasifiers of Shell design, producing a medium
Btu synthesis gas for combustion turbine firing. The plant
would be capable of load-following operation. The results
of the study of the prototypical plant are described in
Reference 35.

Natural Gas Combﬁstion Turbines

Although of relatively low efficiency, natural gus
gu combustion turbines serve well as peaking units in a system
8 dominated by steam-electric plants. The short construction
R lead times characteristic of these units also offer
. E; - opportunities to meet unexpected or temporary increases in
demand. Except for production of CO,, and potential
local noise problems, these units produce minimal environ-
gk mental impact. The principal economc concern is the
sensitivity of these plants to escalating fuel costs.

Because the costs and performance of combustion turbines
are relatively well understood, and because a major
component of future Railbelt capacity additions most likely -
would not consist of combustion turbines, no prototype was
selected for in-depth study.

e Oy

(iv) Natural-Gas - Combined-Cycle Plants

| ¢ , Natural gas - combined-cycle plants were selected for
A ‘ | consideation because of the current availability of low-
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(vi)

cost natural ggs in the Cook Inlet area_and the likely.
future availability of North Slope supplies in the Railbelt

(although at prices higher than thcse currently
experienced). Combined-cycle plants are the most econom-
ical and environmentally benign method currently available
to generate electric power using natural gas. The
principal economic concern is the sensitivity of busbar
power costs to the possible substantial rise in natural gas
costs. The principal environmetnal concern is CO,
production and possible local noise problems.

A nominal 200 MW prototypical plant was selected for
further study. The plant is Jlocated in the Beluga area and
uses Cook Inlet natural gas. The results of the analysis
of this prototype are documented in Reference 35.

Natural Gas Fuel-Cell Stations

These plants would consist of a fuel conditioner to convert
natural gas to hydrogen and CO,, phosphoric acid fuel

cells to produce dc power by e%ectro1ytic oxidation of
hydrogen, a power conditioner to convert the dc power
output of the fuel cells to ac power. Fuel-cell stations
most likely would be relatively small and sited near load
centers.

Natural gas fuel-cell stations were considered in the
Railbelt electric energy plans primarily because of the
apparent peaking duty advantages they may offer over
combustion turbines for systems relying upon coal or
natural-gas fired base and intermediate load units. Plant
efficiencies most Tikely will be far superior to combustion
turbines and relatively unaffected by partial power
operation. Capital investment cost most likely will be
comparable to that of combustion turbines. These cost and
performance characteristics should lead to significant
reduction in busbar power costs, and greater protection
from escalation of natural gas prices compared to
combustion turbines. Construction lead time should be
comparable to those of combustion turbines. Because
environmental effects most 1ikely will be limited to €O,
production, load-cuater siting will be possible and
transmision losses and costs consequently will be reduced.
No prototypical plant was selected for further study.

Natural-Gas - Fuel-Cell - Combined-Cycle

These plants would consist of a fuel conditioner that
converts natural gas to hydrogen and carbon dioxide, molten
carbonate fuel cells that produce dc power by electrolytic
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cost natural gas in the Cook Inlet area_and the 1ikely

future availa
(although at price.. higher than those currently ,
experienced). Combined-cycle plants are the most econom-
ical and environmentally benign method currently available
ta generate electric power using natural gas. The
principal economic concern is the sensitivity of busbar
power costs to the possible substantial rise in natural gas
costs. The principal environmetnal concern is COp
production and possible local noise problems.

A nominal 200 MW prototypical plant was selected for
further study. The plant is located in the Beluga area and
uses Cook Inlet natural gas. The resuits of the analysis
of this prototype are documented in Reference 35.

Natural Gas Fuel-Cell Stations

These plants would consist of a fuel conditioner to convert
natural gas to hydrogen and CO,, phosphoric acid fuel

cells to produce dc power by e?ectrciytic oxidat iocn of
hydrogen, a power conditioner to convert the dc power
output of the fuel cells to ac power. Fuel-cell stations
most Tikely would be relatively small and sited near load
centers.

Natural gas fuel-cell stations were considered in the
Railbelt electric energy plans primarily because of the
apparent peaking duty advantages they may offer over
combustion turbines for systems relying upca coal or
natural-gas fired base and intermediate load units. Plant
efficiencies most likely will be far superior to combustion
turbines and relatively unaffected by partial power
operation. Capital investment cost most likely will be
comparable to that of combustion turbines. These cost and
performance characteristics should lead to significant
reduction in busbar power costs, and greater protection
from escalal ion of natural gas prices compared to
combustion turbines. Construction lead time should be
comparable to those of combustion turbines. Because
environmental effects most likely will be limited to C02
production, load-center siting will be possible and
transmision losses and costs consequently will be reduced.
No prototypical plant was selected for further study.

Natural-Gas - Fuel-Cell - Combined-Cycle

These plants would consist of a fuel conditioner that
converts natural gas to hydrogen and carbon dioxide, molten
carbonate fuel cells that produce dc power by electrolytic
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oxidation of hydrogen, and heat recovery boilers that use
waste neat from the fuel cells teo raise steam for driving a

steam turbine-generator. A power conditioner converts the
dc fual cell power to ac power for distribution. If they
attain commercial maturity as envisioned, fuel-celil
combined-cycle plants should demonstrate a substantial | .
improvement in efficiency over conventionai, cnmbustion
turbine-combined-cycle plants. Although tha potential
capital costs of these plants currently are not well know,
the reduction in fuel consumption promised by the
forecasted heat rate of these plants would result in a
baseload plant less sensitive to inflating fuel costs and
less consumptive of limited fuel supplies than conventional
combined-cycle plants. An added advantage is the likely
absence of significant environmental impact.

Operationally, these plants appear to be less flexible than
conventional combined-cycle plants and will be limited to
baseload operation.

e
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- | Because of the arly stages of development of these plants,
: additional study within the scope of this project was

believed to yield little additional useful information.

Consequently, no prototypical plant was selected for

study.
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(vii) Conventional Hydroelectric Plants

Substantial hydro resources are present in the Railbelt
region. Much of this could be developed with conventional
(approximately 15 MW installed capacity or larger) hydro-
electric plants. The data and alternatives considered were
the same as those discussed in Section 3 of this exhibit.

L] Ky .
il . ;f‘ i . . o
IS8 ! SRR o WO

P e
W iesiry o

B O e

currently undeveloped sites (Allison and Grant Lake) have
been subject to recent feasibility studies. Although
typically not as economically favorable as conventional
hydro because of higher capital costs, small-scale hydro
affords similar long-term protection from escalation of

costs.

i g: ' (viii) Small-Scale Hydroelectric Plants

%; | Small-scale hydroelectric plants include facilities having
$ I < rated capacity of 0.1 MW to 15 MW. Several small-scale

| ag hydro sites have been identified in the Railbelt and two
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Two small-scale hydroelectric grojects were selected for
consideration in Railbelt electric energy plans: the
Al1ison Hydroelectric Project at Allison Lake near Valdez
and the Grant Lake Hydroelectric Project at Grant Lake

e

= sn s
R G pas

L STe s gt

T S Sk T, R WAL R i 2

4-41




®
R S e b e
TS R i AR T MR k| TR

north of Seward. These two projects appear to have
refatively favorable econcmics compared with other small
hydroelectric sites, and relatively minor environmental
impact. |

Microhydroeiectric Systems

Microhydroelectric systems are hydroelectric installations
rated at 100 kW or less. They typically consist of a
water-intake structure, a penstock, and turbine-generator.
Reservors often are not provided and the units operate on
run-of-the-stream.

Microhydroelectric systems were chosen for analysis because
of public interest in these systems, their renewable
character and potentially modest, 2nvironmental impact.
Concrete information on power production costs typical of
these facilities were not available when the preferred
technologies were selected. Further analysis indicated,
however, that few michrohydroelectric reservoirs could be
developed for less than 80 mills/kWh and even at
considerably higher rates, the contribution of this
resource would likely be minor. Because of the very
limited potential of this technology in the Railbelt, it
was subsequently dropped from consideration. However,
installations at certain sites, for example residences or
other facilities remote from distribution systems, may be
justified.

Large Wind Energy Conversion Systems

Large wind energy conversion systems consisi of machines of
100 kW capacity and greater. These systems typically would
be installed in clus..rs in areas of tavorable wind
resource and would be operated as central generating units.
Operation is in the fuel-saving mode because of the
intermittent nature of the wind resource.

Large wind energy conversion systems were selected for
consideration in Railbelt electric nergy plants for several
reasons. Several areas of excellent wind resource have
been identfied in the Railbeli, notably in the Isabell Pass
ar.2a of the Alaska Range, and in coastal locations. The
winds of these areas are strongest during fall, winter and
spring months, coinciding with the winter-peaking electric
load of the Railbelt. Furthermore, developing
hydroelectric prnjects in the Railbelt would prove
complementary to wind energy systems. Surplus
wind-generated electricity could be readily "stored" by

~reducing hydro generation. Hydro operation could be used




to rapidly pick up load during periods of wind
insufficiency. Wind machines could provide additional
energy, whereas excess installed hydro capacity could
provide capacity credit. Finally, wind systems have few
adverse environmental effects with the exception of their
visual presence and appear to have widespread public
support.

A prototypical large wind energy conversion system was
selected for further study. The prototype consisted of a
wind farm located in the Isabell Pass area and was
comprised of ten 2.5 MW rated capacity, Boeing MOD-2,
horizontal axis wind turbines. The results of the
prototype studied are provided in Reference 36.

Small Wind Energy Conversion Systems

Small wind energy conversion systems are small wind
turbines of either horizontal or vertical axis, design
rated at less than 100 kW capacity. Machines of this size
would generally be dispersed in individual households and

in commercial establishments.

Small wind energy conversion systems were selected for
consideraton in Railbelt’ electric energy plans for scveral
reasons. Within the Railbelt, selected areas have been
identified as having superior wind resource potential.
Another reason for selection is because the resource is
renewable. Finally, power produced by these systems
appeared to possiply be marginally economically competitive
with generating facilities currently operating in the
Railbelt. However, these machines operate in a fuel-saver
mode because of the intermittent nature of the wind
resource, and because their economic performance can be
analyzed only by comparing the busbar power cost of these
machines to the energy cost of power they could displace.

Data for further analysis of small wind energy conversion
systems were taken from the technology profiles. Further
analysis ¢f this alternative indicated that 20 MW of
installed capacity producing approximately 40 GWh of
electric energy possible could be economically developed at
80 mi1l1 mirginal power costs, under the highly unlikely
assumption of full penetration of the available market
(households). Furthermore, in this analysis these machines
were give parity with firm generating alternatives for cost
of power comparisons. Because the potential contribution
of this alternative is relatively minor even under the
rather liberal assumptions of this analysis, the potential
energy production of small wind energy conversion systems
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was not included in the analysis of Railbeit electric .
energy plans. '

Tidal Power

Tidal power plants typically consist of a "tidal barrage"
extending across a bay or inlet that has substantial tidal
fluctuatiens. The barrage contains sluice gates to admit
water behind the barirage on the incoming tide, and
turbine-generator units to generate power on the outgoing
tide. Tidal power is intermittent, available, and requires
a power system with equivalent amount of installed capacity
capable to cycling in complement to the output of the tidal
plant. Hydro capacity is especially suited for this
purpose. Alternatively, energy storage facilities (pumped
hydro, compressed air, storage batteries) can be used to
regulate the power -output of the tidal facility.

Tidal power was selected for consideration in Railbelt .
electric energy plans because of the substantial Cook Inlet
tidal resource, because of the renewablie character of this
energy resource and because of the substantial interest in

- the resource, as evidenced by the first-phase assessment of
Cook Inlet tidal power developmert.

Estimated production costs of unretimed tidal powe.
facility would be competitive with principal alternative
sources of power, such as coal-fired power plants, if all
power production could be used effectively. The costs
would not be competitive, however, unless a specialized
industry were established to absorb the predictable, but
cyclic output of the plant. Alternatively, only the
portion of the power output that could be absorbed by the
Railbelt power system could be used. The cost of this
energy would be extremely high relative to other
power-producing options because only a fraction of the
"raw" energy production .could be used. An additional
alternative would be to construct a retiming facility,
probably a pumped storage plant. Due.to the increased
capital costs and power losses inherent in this option,
busbar’ power costs would still be substantially greater
than for nontidal generating alternatives. For these
reasons, the Cook Inlet tidal power alternative was not
considered further in the analysis of Railbelt electric
energy plans.

Refuse-Derived Fuel Steam Electric Plants

These plants consist of boilers, fired by the combustible
fraction of municipal refuse, that produce steam for the




operation of a steam turbine-generator. Rated capacities
typically are small due to the difficulties of transporting
and storing refuse, a relatively low energy density fuel.
Supplemental firing by fossil fuel may be required to
compensate for seasonal variation in refuse production.

Enough municipal refuse appears to be available in the
Anchorage and Fairbanks areas to support small
refuse-derived fuel-fired steam-electric plants if
suppiemental firing (using coal) were provided to
compensate for seasonal fluctuations in refuse
availability. The cost of power from such a facility
appears to be reasonedly competitive, although this
competitiveness depends upon receipt of refuse-derived fuel
at little or no cost. Advantages presented by disposal of
municipal refuse by combustion may outweigh the somewhat
higher power costs of such a facility compared to
coal~fired plants. The principal concerns relative to this
type of plant relate to potential reliability, atmospheric
emission, and odor problems.

Cost and performance characteristics of these alternatives
are summarized in Table D.33.

(b) Energy Plans

Four electric energy plans were developed using different
combinations of these generation and conservation options. Each
plan represents a possible elestric energy future for the
Railbelt. The plans were selected to encompass the full range of
viable alternatives available to the Railbelt. .

Plan 1: Base Case
- A. Without Upper Susitna
B. With Upper Susitna

Plan 2: High Conservation and Use of Renewable Resources
A. Without Upper Susitna
B. With Upper Susitna

Plan 3: Increased Use of Coal

Plan 4: Increased Use of Natural Gas
The 1ist of alternatives used in developing each of the above
plans is in Table D.32. Battelle has used a generation planning

model derived from the EPRI Over/Under Capacity Model to construct
the plans and calculate annual energy costs.




To compare the costs of power for the various plans, Battelle used
the concept of a levelized cost of power. The levelized coast of
~power is computed by estimating a single level annual payment,
which would be equivalent to the present worth, given assumptions
about the time value of money. ,

The levelized cost of power is computed using the present worth of
the annual costs of power produced over the time horizon. In
equation form:

1 v 1
Levelized Cost of Power = PWCP * d(“+d{
(1+d)' -1
where:
PWCP = Present worth of the cost of power

d = Real discount rate

i = year - 1981 (base year)

In turn:

n TAC.

PcP = 3 T 1

EPP,  (1+d)’

i=1

; = total annual costs in year 1 ($)

5 = electrical power produced in year i (kWh)
n = time horizon (years)

Formal forecasts of power costs were not made by Battelle beyond
2010, however, this difference in power costs between with and
without Susitna plans can be expected to increse over the service

life of the Upper Susitna project. This difference is expected to
be maintained because the other plans are relatively more reliant

on fossil fuel, which is expected to continue to escalate in
price.

To recognize this longer term behavior of power costs, the
Tevelized costs of power were computed for two different time
horizons (1981-2010 and 1981-2050) throughout the Battelle
analysis. The shorter time horizon was picked to correspond to
the time horizon of the study. However, since the study evaluates
the Upper Susitna project, which has an economic 1ifetime of 50
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years {and an even longer expected service lifetime), the langer
time is also used to correspond to the economic lifetime of the
project. The levelized costs of power for the 1981-2050 time
period are computed assuming that no change will occur in the
annual cost of power over the 2010-2050 time horizon. Whereas
this assumption understates the relative advantages of the plans
that include the Upper Susitna project, it does indicate
advantages of these plans over the project lifetime. The
leveiized costs of power for the six plans over the two periods of
analysis are presented below.

Levelized Cost of Power (m%11s/kWh)

Low Medium + High
Economic Economic Economic
Scenario Scenario Scenario

1981 - 1981~ 1981 - 1981 - 1981 - 198] -
2010 2050 2010 2050 2010 2050

Plan 1A 58 65 58 64 60 66
Plan 1B 58 . 63 58 59 58 60
Pian 2 58 66 59 66 58 66
Plan 2B 57 61 ' 58 61 57 69
Plan 3 58 67 59 65 62 68
Plan 4 57 64 59 66 6l 68

For the medium economic scenario, essentially no difference exists
in the levelized cost of power among the varius electric energy
plans over the 1981-2010 time period. Over the longe~ time
horizon the costs of power for the plans including the Upper
Susitna project {Plans 1B and 2B) are ‘ower than for the other
plans.

For the Tlow economic scenario, again littie difference exists in
the Tevelized costs of power over the 1981-2010 time horizon. The
advantages of the plans including the Upper susitna project are
smaller than for the medium eccromic scenario.

In the case of the high economic scenario, vglatively little
difference exists in the costs of power over- the shorter time
period, although the plans including the Upper Susitna project -
have slightly lower power cosis. Over the longer time period, the
plans including the Upper Susitna project have significantly lower
power costs. The plans bheaviiy reliant on fossil fuels, Plans 1A,
3, and 4, have relatively high power costs in the high economic
scenario. In generai, the Tonger the time period and the higher
the demand, the more attractive are plans containing the Upper
Susitna project.

Based upon the evaluation of the socigeconomic and environmental
effects of the plans and sensitivity analyses of factors affecting




the plans, the following conclusions are drawn for the- various
electric energy plans.

(i) Plan 1A: Base Case Without Upper Susitna

The Tevelized costs of power for this plan are
relatively stable among the various sensitivity tests.
Generaliy, it is neither the highest nor the Towest cost
pian.

Significant potential impacts on air quality, land use,
and susceptibility to inflation due to fossil fuel use
are possible.

Incremental coal mining and reclamation activities will
occur due to expanded coal use in the Beluga and Healy
areas.

The development of a coal export mine at Beluga to
supply coal to generating plants located there is
uncertain.

The costs and environmental impacts of the Chakachamna
hydroelectric project are uncertain.

Plan 1B: Base Case With Upper Susitna

Except for cases assuming higher than estimated capital
costs for the Upper Sutsitna project, this plan provides
relatively low power costs over the 1981-2010 time
period. The plan provides either the lowest or nearly
the Towest cost of power in all senstivity tests over
the extended time period.

Electric power needs can be met without significant
impacts to air quality, visibility, health and safety
and other environmental sectors. However, improper
river flow control may be detrimental to fish

product ion. .

Relatively good information is available on capital cost
and environmental impacts of the Upper Susitna Project.

The plan is resistant to inflation once the projectkis
constructed.

Significant boom/bust, land-use effects and high capital
costs are associated with the construction of the Upper
Susitna project.




Plan 2A: High Conservation and Use of Renewable Resources
Without Upper Susitna

This plan has slightly higher power costs ‘n most cases.
The costs are high mainly because of the pian's reliance
on relatively high capital cost generating alternatives
{(hydroelectric, refuse-derived fuel, and wind).

Reduced air infiltration associated with building
conservat ion may present health and safety hazards from
indoor air pollution. The exact reTationship between
building conservation and indoor air po?lutxon has not
be established.

The capital costs of alternate hydroelectric projects
are uncertain.

This plan assumes that a state conservation grant
program exists.

Plan 2B: High Conservation and Use of Renewable Resources
With Upper Susithna

This plan has much the same costs and impacts as Plan
1B. This similarity is expected since they both include
the Upper Susitna project.

The health and safety aspects of the indoor air quality
of conservation activities are unknown.

As with 2A, this plan assumes an extensive state
conservation grant program.

PTan 3: Increased Use of Coal

This plan produces relatively nigh costs of power over
the 1981-2050 time period. The plan is more attractive
in the case with lower fuel price escalation rates.

Significant potential problems are possible in air
quality, water quality, visual impacts, and land-use and
inflation effects.

Constraints due to nondegradation air-qualty regulaticns
are possible.

Incremental coal mining and reclamation activities will
occur due to expanded coal use in the Beluga and Healy
area.
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- The development of a coal export mine at Beluga is
uncertain.

Plan 4: Increased Use of Natural Gas

This plan behaves very similarly to Plan 3. It provides

the lowest cost of power over the 1981-2010 time period

in the case of lower fuel price escalation rates and in

the case of reduced demand beyond 1995. It is one of

the higher cost alternatives over the extended time
~horizon.

This p]an‘has Tittle impact on all sectors of the
environment. No major problems are associated with
jobs, boom/bust effects, or land use.

Due to high technology of fuel cells and gas combined-
cycle units susbstantial spending will occur outside the
state.

Inflation effects are significant because power
production is directly tied to the pricu of natural
gas.

Existing reserves of natural gas in the Cook Inlet area
will not be adequate to support expanded gas-fired
generation beyond 1990-1995. The discovery of
additional reserves is uncertain.

As indicated by this discussion, much uncertainty remains
regarding all key alternatives to the Upper Susitna
project. Coal, natural gas and hydroelectric projects are
the primary alternatives to the Upper Susitna project.
Whereas uncertainties do remain regarding the Upper Susitna
project, more is known about the costs and impacts of the
Upper Susitna project than any of the alternatives. The
following uncertainties are associated with the
alternatives:

-~ Coal~-based generation at Beluga depends upon the
deve]opmont of a large-scale export mine. Such a mine
is based upon Pacific Rim steam coal market development.
While this market is expanding development of Reluga
coal resources is uncertain.

Current reserves of natural gas in the Cook Inlet area
are not expected to be adequate for generation beyond
1990-1995. The availability of additional reserves by
that time is uncertain.




- The development of a coal export mine at Beluga is
uncertain.

Plan 4: Increased Use of Natural Gas

This plan behaves very similarly to Plan 3. It provides
the lowest cost of power over the 1981-2010 time period
in the case of lower fuel price escalation rates and in
the case of reduced demand beyond 1995. It is cone of
the higher cost alternatives over the extended time
. horizon.

This plan has 1ittle impact on all sectors of the
environment. No major problems are associated with
Jobs, boom/bust effects, or land use.

Due to high technology of fuel cells and gas combined-
cycle units susbstantial spending will occur outside the
state.

Inflation effects are significant because power
production is directly tied to the price of natural
gas.

Existing reserves of natural gas in the Cook Inlet area
will not be adequate to support expanded gas-fired
generation beyond 1990-1995. The discovery of
additional reserves is uncertain.

As indicated by this discussion, much uncertainty remains
regarding all key alternatives to the Upper Susitna
project. Coal, natural gas and hydroelectric projects are
the primary alternatives to the Upper Susitna project.
Whereas uncertainties do remain regarding the Upper Susitna
project, more is known about the costs and impacts of the
Upper Susitna project than any of the alternatives. The
followirg uncertainties are associated with the
alternatives:

- Coal-based generation at Beluga depends upon the
development of a large-scale export mine. Such a mine
is based upon Pacific Rim steam coal market development.
While this market is expanding development of Beluga
coal resources is uncertain.

Current reserves of natural gas in the Cook Inlet area
are not expected to be adequate for generation beyond
1990-1995. The availability of additional reserves by
that time is uncertain.




- Gas-based'generation in Fairbanks depends upon the
availability of natural gas from the North Slope in the

Fairbanks area either via the Alaska Natural Gas
Transportation System (ANGTS) or another system.

The capital costs and environmental impacts of

alternative hydroelectric projects are based upon
reconnaissance studies and as a result have a high

degree of uncertainty associated with them.

The relationship between building conservation and
indoor air pollution has not been established.
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5 - CONSEQUENCES OF LICENSE DENIAL

5.1 - Cost of License Denial

The forecast energy demand for the Railbelt through the year 2010 can
be met without constructing the Watana-Devil Canyon hydroelectric
project provided that other, albeit more costly, alternatives are
developed. The best alternative generating system is outlined in
Section 4.5 of this Exhibit. However, the economic comparison
described in Section 4.7 concludes that the Susitna project will yield
an expected present valued net benefit of $1.45 billion.

The economic consequences of license denial will be the probable costs
mentioned above.

The State of Alaska energy program is based on a policy of using
revenues generatsd by non-renewable. resources.to finance the
development of renewable resources. The Susitna project is a
cernerstone of that program. Denial of the license will require furher
mid-term use of non-renewable resources.

The Susitna project makes a significant contribution to the energy
independance of both the State and the nation. Generation of power by
a renewable resource in the State allows for export of renewable
resources to the lower 48 states. Denial of the license will negate
this effort. |

The most 1ikely alternative to Susitna is subject to a great deal of
cost risk since less study has been done in investigating the
alternatives. License denial will force the State inte pursuing a less
certain program in meeting power needs.

5.2 - Future Use of Damsites if License is Denied

There are no present plans for an alternative use of the Watana and
Devil Canyon damsites. In the absence of the hydroelzctric project,
they would remain in their present state.
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&6 - FINANCING

6.1 - Forecast Financial Parameters

The financial, economic, and engineering estimates used in the ]
financial ana]ys1s are summarized in Table D.2. The interest rates and * §
forecast rates of inflation (in the Consumer Price Index - CPI) are of :
special importance. They have been based on the forecast infiation
rates and the forecast of interest rates on industrial bonds as given
by Data Resources Incorporated (9), and conform to a range of other
authoritative forecasts. 7o allow for the factors which have brought
about a narrowing of the differential between tax exempt and taxable
securities, it has been assumed that any tax exempt financing would be
at a rate of 80 percent rather than the historical 75 percent or so of
the taxable interast rate. This identifies the isorecast interest rates
in the financing periods from 1985 in successive five-year periods as
being of the order of 8.6 percent, 7.8 percent, and 7 percent. The
accompanying rate of inflation would be about 7 percent. In view of
the uncertainty attaching to such forecasts and in the interest of
conservatism, the financial projections which follow have been based
upon the assumption of a 10 percent rate of interest for tax-exempt
bonds and an cngoing inflation rate of 7 percent.

7v"§.
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6.2 - Inflaticnary Financing Deficit

s

/
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g | The basic financing problem of Susitna is the magnitude of its
"inflztionary financing deficits". Under inflationary conditions these
; deficits (early year losses) are an inherent characteristic of almost

- all debt financed, long life, capital intensive n*ojects (see Figure
T D.21). As such, they are entirely compatible (as in the Susitna case)
0 % with a project showing a good economic rate of return. However, uniess
R additional state equity is included to meet this "inflationary

R financing deficit" the project may be unable to proceed without

z,ﬁu,a«

7
L

ki

, it f imposing a substantial and possibly unacceptable burden of high
o .Y early-yvear costs on consumers.
i;“% e 6.3 - Legislative Status of Alaska Power Authority and Susitna Project

The Alaska Power Authority is a public corporation of the State in the
Department of Commerce and Economic Development but with separate and
independent legal existence.

B The Authority was created with all general powers necessary to finance, E f
i construct and operate power production and transmission facilities :

= ' ~ throughout the State. The Authority is not regulated by the Alaska
Y PubTlic Unitiltities Commission, but is subject to the Executive Budget
| g Act of the State and must 1dentify projects for development in accord-




ance with the project selection process outlined within Alaska Statues.
The Authority must receive legislative authorization prior to
proceeding with the issuance of bonds for the financing of construction
of any preject which involves the appropriation of State Funds or a
project which exceeds 1.5 megawatts of installed capacity.

y \ :
e
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The Alaska State Legislature has specifically addressed the Susitna
Project in legislation (Statute 44.83.300 Susitna River Hydroelectric
Project). The legislation states that the purpose of the project is t>
generate, transmit and distribute electric power in a manner which
will:

o

N (1) Minimize market area electrical power costs;

R (2) Minimize adverse environmental and social impacts while enhancing
| environmental values to the extent possible; and

(3) Safeguard both 1ife and property.

N Section 44.83.36 Project Financing states that "the Susitna River

; Hydroelectric Project shall be financed by general fund appropriations,
general obligaticn bonds, revenue bonds, or other plans of finance as
approved by the legislature."
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6.4 - Financing Pian

! The financing of the Susitna Project is expected to be accomplished by
5 a combination of direct State of Alaska appropriations and revenue

| bonds issued by the Power Authority. It is expected that project costs
|

# -
.l:,,.,..-\g

i
>

for Watana through early 1991 (estimated at $3.0 billion in 1982
dollars) will be funded from such state appropriations. Thereafter
completion of Watana is then expected to be financed by issuance of
approximately $.9 billion (1982 dollars) of revenue bonds. On the
assumption of 7 percent annual inflation from 1982 to the end of
construction, the $.9 billion in 1982 dollars will have a then current
‘ money value of approximately $1.8 million as detailed in Table D.35.
EE These annual par amounts do not exceed the Authority's estimated annual
BY addition debt capacity for the period 1991 to 1995.

The Revenue bonds are expected to be secured by project power sales
contracts, other available revenues, and by a Capital Reserve Fund
(funded by a State appropriation equal to a maximum annual debt
service) and backed by the "moral obligation" of the State of Alaska.
At the issuance of the first revenue bonds for Watana, expenditures of
State approprietions are expected to have funded sufficient 5
) construction progress so that subsequent construction risks will be -8
T | relatively small. C 8

The completion of the Susitna project by the building of Devil Canyon
is expected to be financed on the same basis requiring (as detailed in
Table D.33) the issuance of apnroximately $2.2 billion of revenue bonds
(in 1982 doliars) over the years 1994 to 2202.
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Summary financial statements based on the assumption of 7 percent
inflation and bond financing at a 10 percent interest rate and other
estimates in accordance with the above economic analysis are given in
Tables D.36 and D.7. | |

the actual interest rates at which the project will be financed in the
1990's and the related rate of inflation evidently cannot be determined
with any certainty at the present time.

A material factor will be securing tax exempt status for the Revenue
bonds. This issue has been extensively reviewed by the Power
Authority's financial advisors and it has been concluded that it would "
be reasonable to assume that by the operative date the relevant
requirements of Section 103 of the IRS code would be met. On this
assumption the 7 percent inflation and 10 percent interest rates used
in the analysis are consistent with authoritative estimates of Data
Resources (U.S. Review July 1982) forecasting a CPI rate of inflation
1982-1991 of approximately 7 percent and interest rates of AA Utility
Bonds {non exempt) of 11.43 percent in 1991 dropping to 10.02 percent
in 1995,
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TABLE D. 1: SUMMARY OF COST ESTIMATE

January 1982 Dotiars $ X 105

Category ‘> Watana Deg!l Canyon Jotal
Production Plant $2,293 $ 1,069 $3, 362

Transmission Plant 456 105 : 561
Generaj Plant 5 5 10

Indirect . 429 641
Total Construction $3,183

e

Cverhead Construction 398
TOTAL PROJECT 33, 581
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ESTlMA‘TE SU‘MMARY - TABLE D.2 | . | '; ‘aéa NUMBER E"5"?00-’0.0

N ATANA FILE NUMBER P3700: 14.09
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TOTAL PRODICTION PLANT 4evsssceanibesssasocosvacasochossssoncdensoncnos ’ $ 2,29

5 ' ‘ V 7 , 87.02, 03, Farm (344




ESTIMATE SUMMARY

ALASKA POWER AUTHORITY
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ESTIMATE SUMMARY -
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TABLE D.2
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ESTIMATE SUMMARY

CLIENT ALASKA POWER AUTHORITY

TABLE D.2
WATANA

SUSITNA HYDROELECTRIC PROJECT

TYPE OF ESTIMATE _feasibliity
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ESTIMATE SUMMARY

ALASKA FOWER AUTHORITY
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ESTIMATE SUMMARY

_TABLE D.3

*

DEVIL CANYON

JOB mMBER P5700000

L e i o
Q% A (A

SLIENT —ALASKA POWER AUTHORITY TYPE OF ESTIMATE Feaslbl 1 ity SHEET ! " oF 5
PROJECT . —2USLTNA HYDRORLECTRIC FROJEC] APPROVED BY Job 2:"“) R Zzi'_z_n;z:
No. DESCRIPTION QUANTITY unit | §95T/ AMOUNT TOTALS REMARKS
(x 10%) (x 16%
PRODUCT ION_PLANT ' '
330 Land & Land RIghtS ceesesucesssoacfocosccnssssessscssfocescscenpossscenscs 22
331 Fowerplant Structures & improvauerf§ o.._............,..‘.:....‘.......o. 72
332 Reservolr, Dams & Waterways oso»ooo‘ooooooo-o-on‘cnnnaouo.o-oc. sseecesse 646 ‘
333 Waturwheels, Turbines & Gensratord essesssscsosccsosesscsscsodsscsscsss 42
334 Accessory Electrical Equlpment uooo'c;aoeane:n-ooooo’-cooooo.’ cessesses 14
335 Miscel laneous Powserplant Equipment (Mechanlcal) wusefsecscssacdecreesces 12
336 Roads & Rallroads seseesvscessscosfssvscsecssaesesssafoscessasedsncssnces 119
Subfofal 927
Contingency seesvessscsescscsnssscfasossssssecoscssecfosscseeecdoccsesces 142
$ 1,069

TOTAL FRQDLDT‘DN PLANT [EXXSNR RN X ]
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TABLE D.3

DEVIL CANYUN
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CLIENT —ALASKA POWER AUTHORITY ‘ TYPE OF ESTIMATE _feasibility | syger_ 2 oF__°
, . JDL BY _ __ DATE 1
PROJECT —SUSITNA HYDROELECTRIC FROJECT APPROVED BY __ P e T
No. 'DESCRIPTION | QUANTITY unir | §957/ AMOUNT TOTALS REMARKS
(x 108 | (105
TOTAL BROUGHT FORWARD esscencossavsfssenscssssascecssseiesescnnrdsconcsose ‘ $ 1,069
TRANSMISSION PLANT - ‘
350 ) Land &,taﬂd R‘ghfsfo-oaz--q-ocnooao.ooeob-ooooooa-osocooc-o-o ssecrnese .$ - lncIUdéd In Watana Estimate *
352 Substation & Switching Statlon Stductures & Improvenents sseefsscesscas . 7
353 Substation & Swifching’STaTlon th!pmen? ct;ocs.noo-aa.ooo.oﬁ ssessesoe 21
354 Stasl Tawers L FlIxtures cesesessssfesceevescavsssscsssfoonanscasdocsssenon ' 29
356 Overhead COﬂdUC*CrS & DovIcesS eesslscenscssssessossecfosesssesslecsoecnne 34
Roads & Trails ceecassesssscsseces - Included in Watana Estimate
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ESTIMATE SUMMARY

ALASKA POWER AUTHORITY

TABLE Do3

DEVIL CANYON

CLIENT

PROJECT —=3USITNA HYDROELECTRIC PROJECT

TYPE OF ESTIMATE

AR ROVED BY

Feasibliilty

JDL

BY

CHKD

FILE MUMBER P9700-14.09

SHEETY 2  OF
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JRP

DATE
DATE _

“2782"“1

No.

DESCRIPTION

. QUANTITY

UNIT

AMOUNT

TOTALS

REMARKS

TOTAL BROUGHT FORWARD escwoseescss
GENERAL CLANT

Land & Land nghfs occ.oo.-otoe.od‘

Structures & Improvements seecenss
‘O‘fﬂce Furnlture/Equi pment seeaces
Tran§por+a%!an*5qulpmsn+ ssesnneve
Stores Equlpmenty ssvsecesocecsscsd
Tools Shop & Garage Equipment eees
Labora‘tary“ Equl pment esscecscesses
Power Cperated Equlpment seecssess
Commun Ications Equipment seceeenod
Miscel {aneous Equipment .........:
Crher Tanglible Property cecesesnsd
TOTAL GENERAL PLANT seecesscscsees
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T 0e3 ‘ .JQB NUMBER P5700,00
FILE NUMBER P>700.14.09 _
SHEET __4 oF __5
DATE

DATE __

ESTIMATE SUMMARY

ALASKA POWER AUTHORITY

DEVIL CANYON

CLIENT TYPE OF ESTIMATE _Feasibility

E | PROJECT —SUSITNA HYDROELECTRIC PROJECT , . APPROVED BY JoL ‘xxn Nz

No. | DESCRIPTION QuanTity | umit | §95T7 1  amount TOTALS REMARKS
‘ - x 10% tx 105

TOTAL BROUGHT FOR‘#!ARD‘; | s 1,179

¢ INDIRECT COSTS : :

61 Temporary Construction Facll 11105 fesessessessnssesedesncrssesfossncaned s - Jee tote
1 €2 Construction Equipment resevessaderrsscsresansesnasrsnsaraclossnsnnnn - See Note
;ﬁg ‘ .63 Camp & CommISSary eessecesosasssesecsoseccscssscsasdscscrssossbecaescons 164

};' 64 Labor EXDENsSe sessssecsccvsscosssslossrosssossesscssrocsncsscsfossessans - See Note
ﬁ: 65 Super intendence ecsseescssscocsesdessssassssnressvosdsosssosespessconsad - See Note
gé ‘ * 66 INSUFANCE sosesnsoscssnsssannsonsdnonsonansoancsssasfsossennsedoncasncne - See Note
5 69 FOOS coesssssonessscsossvossasscsdeccscssorccnssrsodeasstssacehroancenes ‘ - See Note

Note: Costs under accounts 61, 62, 64, 65, 66, and|69
are Included In the apprupgiate direct gosts

l1sted aboves

Subtotal esececossccsscnncsssarsces
COnfigenCY TR A sy

TOTAL INDIRECT COSTS esesevosacess

(AR SRR XSS RN ERRE D

SO0 2 0060030008000

2098000900

s0ees29de

L....O.'l.

184

28

212

P00 000003R0EILEHINGENICAONIPOECRESNROT s
«

*

TOTAL CONSTRUGT ION COSTS ' s 1,30

L ey

. ' | $7.02. 03, Form 134A
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‘ : i . TABLE D3 ' Jop WMBER P5700.00
8 =9 ﬂMfo‘TE SUMMARY DEVL CANYON ' - FILE NUmMBER P3700- 14.09
CLIENT -~-ALASKA POWER AUTHORITY TYPE OF ESTIMATE _FeasibillTy | syger S OF __5
. , | . Y DATE |
'» —SUSITHA HYDROELECTRIC PROJECT APPROVED BY Job | TRP /o
PROJECT ' CHKD __ DATE __

No.

"DESCRIPTION

i

UNIT

TOTALS

REMARKS

r3

75
76
17

H

QUANTITY

TOTAL CONSTRUCT ION COSTS BROUGHT ilfORWARD‘ csvsesesasae
OVERHEAD CONSTRUCTION COSTS ‘(PROJE{CT INDIRECTS )

Eng!neef!ng seneseeseesscscovoonnd
Legal EXpenses sesesscececosscescos
Taxes .‘..-..'u......u..............
Adninistrative & General Expenses
Interest ceccssscscsecsssvecssesed
Earnings/Expenses Durlng Construct
Total Overhead Costs seessessecesd
TOTAL PROJECT COST covevccecscsscy

CEZO08INBCNOE020 0
S804 0008 00802000000
000600000008 004¢0H
.
[EX Ry R RN R YN
280008002060 00000
FION sosasvsensaens
e00OOIBOLOONROIGQROO Y

[ 2 S X ES N AN R EREERRN

S

)

icooﬂoaoo [ EXRYENY 5

’
I

(X F YN RRENRY N NY N O
9880000983008 0 0
(XXX RENE RN FACN N R Y/
6503006082000 00v0r
seeEsCOBPOPOOIROESOILS
CICIDOIOIOROITIROGNSS
CHERNNOBBIIOBNIOHOOL

sossevsesebenIvedee

AMOUNT

{n 1Q§)

$ 174

6

(x 107)

1,391

$

174
1,565

included in 71
_Not Applicabia
~Included In 71

Not Included

Not Included
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TABLE D, 4: MITIGATION MEASIRES ~ SWIMMARY OF COSTS INCORPORATED
IN CONSTRUCTION COST ESTIMATES
b
A WATAN DEVIL CANYON
COSTS INCORPORATED IN CONSTRUCTION ESTIMATES $ X107 $ X 10
’? Outlet Facllities
- ’ ,
Main Dam at Devli Canyon 14, 600
T Tunne! Spiilway at Watana 47,100 .
R
4 Restoration of Borrow Area D 1, 600 NA
Restoration of Borrow Area F 600 NA
iR .y ;
§ Restoration of Camp and Village 2, 300 1,000
| Restoration of Construction Sites 4,100 2,000
'?{ - Fencing around Camp : 400 200
o
Fencing around Garbage Disposal Area 100 100
oF Multilevel intake Structure 18,400 NA
- Camp Facilities Associated with rylng
to Keep Workers out of local Communities 10, 200 9, 000
Restoration of Hau! Roads __._ 800 500
[
SUBTOTAL 85, 600 27,400
! Contingency 20% _17,100 5,500
- TOTAL CONSTRUWCT ION 102, 700 32, 900
; Englneering 12 5% 12,800 4,100
kb - TOTAL FROJECT - 115, 500 37,000 152,500
1
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TABLE Do 5: SUMMARY OF OPERATING AND MAINTENANCE COSTS

WATANA
($ 000's Omitted)
, Expense
Labor _ltems Subtotal
Power & Transmlssion Operatlon/
Maintenance 5330 990 6320
Confracted Services i 900 800
Parmanent Townslte Operatlons 540 340 880
Allowance for Envlironmental
Mitigation - - 1600
Contignecy - - 00
Additional Allowance from 2002
to Replace Comminity Facliities 400
Total Operating and Malintenance
Expand iture Estimate
Pover Development and Transmlission
Facltiitles WATANA 10,400

DEVIL CANYON

($ 000t's Omitted)

Expense
Labor _ltems Subtotal
1920 500 2420
- 480 480
120 80 200
1000
500
200
DEVIL CANYON ~Z;0
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TABLE Do 6 = SUSITNA HYDROELECTRIC PROJECT
Watana and Devll Canyon Gumulative and Annual Cash Fiow
JANUARY 1982 DOLLARS - IN MILLIONS
ANNUAL CASH FLOW ___CUMULATIVE CASH FLOW (TO END OF YEAR
YEAR WATANA DEVIL CANYON COMBINED WATANA DEVIL CANYON COMBINED
1981 2%.6 2% 6 2% 6 26
8 129 129 40 4 40. 5
83 287 28 7 692 622
84 485 485 17 1% 7
85 198 6 198 6 3163 3163
86 282, 7 282, 7 593 0 59% 0
87 294 1 294 1 893 1 893 1
88 367 4 36% 4 1260, 5 1260, 5
89 4365 436 5 169% 0 169% 0
90 624 9 624 9 2321, 9 2321, 9
91 606 2 49 614 1 2928 1 49 2930
92 427 2 48 1 475 3 3355 3 53 0 3408 1
93 152 5 689 221. 4 3507 8 1219 3629 7
94 734 64 6 1380 3581, 2 186 5 376% 7
95 652 65 2 251 7 38329
96 1158 115 8 36% 5 3948 7
97 2042 204 2 57% 7 4152 9
98 295 1 295 1 866 8 4448 0
99 2810 28L 0 1147, 8 4723 0
2000 242, 8 242, 8 1390, 6 4971, 8
2001 156 7 156 7 1547 3 5128 5
2002 1707 17.7 1565 U 5146 2
TOTAL 3581, 2 1565 0 5146 2 | o
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B tt#t#c#t#ﬁaatﬁeaaa##a######*##nut#azn#vvvauvuvvnam:uvvumaaumw#wnauaa#u#uu#mvcaa###cﬁt##t$$ﬁtt######t##tctt##t######a###t##van##
N DATA1OKG WATAMA (ON LINE 1993)-NO STATE FUNDS~INFLATIDN 7Z-INTEREST L0%-CAPCOST $5.117 BN g-NOY=-82
f{é #.#####**#*#*#######4*#$#¢*@*###*####*#4#0*####*#ﬁ##########ﬂ#ﬁ*#***##*ﬁ*##?####*##m######*##ﬁ###ﬁ*#####*ﬁ#‘**#*#ﬁ#**########f?
i |
o 1985 1986 1987 1938 1989 1990 1991 1992 1993 1994
K CASH FLOW SUMMARY
B ] sze( ILLION)==x=
. sgi ggs&c;qﬁwa MILLS 0 0 o 00 o 0 ; 0 00 00 8222 3381
b . s A CE=- - 000 00 000 0,00 0e00 00 ~ 0 6 06
o9 265 INFLATION INDEX 129099 132299 142:0% 152992 162099 179299 190:09 203299 MS:4% 152:86
| 520 PRICE-MILLS 000 0400 0200 0400 0400 0400 0400 De00 253404 ZBG4e37
- 516 YLEVENUE 0.0 0.0 040 0e0 0.0 0.0 0.0 040 857.0 96341
i 170 LESS UPERATING COSTS Ge0 Uet D00 00 040 0.0 040 0a0 2649 2943
i 517 JOPERATING INCOME 0e0 00 0e0 0.0 0.0 0e0 00 0e0 830.1 93348
A 214 ADD ANTEREST EARNED ON FUNDS 0.0 Jel Oe0 Qe 0.0 0.0 0«0 0.0 Seb
x 550 LESS INTEREST ON SHURT TERM DEBT 0nG 940 00 08 0.0 0.0 0.0 000 040 1446
ﬂ 331 LESS INTEREST ON LONG TERM DEBT 5e0 0e0 00 0s0 0.0 0e0 0e0 020 830.1 863s4
S48 NET EARNINGS FROM JPERS 0.0 040 040 0o 0.0 . D.0 040 0.0 6.0 6Leé
wsme=lASH SCGURCE AND USE=e=== ' ‘
543 CASH TNLOME FROM OPERS 940 0e0 040 040 0.0 040 0.0 0o 0.0 61eé
%246 STATE CONTRIBUTION L 0e0 00 0s0 0e0 00 0e0 00 040 00
165 toneorean Saay i N uoauns 403.7 51340 ST1e4 64824 1152:0 1879¢2 1763s8 1369:6 33371 22947
243 HORCAP DEBT DRAWDOWNS 040 0e0 0.0 0 040 040 0.0 00 14622 1641
543 TOTAL SOURCES OF FUNDS 40347 513.0 571e4 64Be& 115240 1875e2  1763e8  1369e6 £79.3 3072
320 LESS SAPITAL EXPENDITURE 403,7 51340 57144 84Be% 115240 1879.2 1763.8 136946 333.1 25902
648 LESS d13CAP AND FUNDS 00 0e0 0.0 0.0 00 000 060 040 14642 lbel
760 LESS DEBT R:PAYMENTS 0s0 0e0 0.0 0e0 0e0 0e0 0en 020 040 3149
%95 CES3 PAYMUNT TU 5TATEC 00 020 040 0s0 0e0 0e0 0.0 0e0 020 0:0
41 SASH SURPLUS{DEFICIT) 0e0 0.0 0.0 0e0 040 00 0.0 00 0e0 0.0
ol sHaatsrgahuéear ¢ 0e0 0e0 0e0 00 040 0.0 0s0 o: 040 0.0
446 SASH JECOVERED 0.0 040 040 0e0 0e0 0.0 9:90 040 040 0.0
225 RESERVE AND CONTe FUND . 0.0 0.0 040 0.0 040 0e0 0.0 0e0 5645 61eb
371 JTHER WORKING CAPITAL De0 0.0 040 Gl 0e0 00 0.0 0e0 89.7 10047
456 SASH SURPLUS RETAINED . 0e0 040 0s0 040 040 240 C0.0 0.0
370 CuMe CAPITAL EXPENDITURE 40347 916+8 _ 148841 _ 2136s5 328845 51677 _ 693Lu5 830} 01 _ B634s2 889344
TR oo WEWEmIS b~ o nossox Nmm = TaEx= =n = 2881 —-E— - TEowon Sssmoonamn=
465 CAPITAL EMPLOYED 4037 316+8 14881 2136.5 328Be5 516T«7 6931.5 B30lel 8780¢4 905547
t -1 ¥-3-5 X & -5 55 - P25 353 A 3285458 - 8-&-8 5584 Tt oEs mEaERawas TTTEmSsES W TTRTES BEmER o=
%61 STATE CUNTRISUTION 040 040 0.0 040 0.0 00 0.0 0e0 040 0.0
THE LI RS P £ S+ R S 0 IR = SO o1 S . Q) o
v‘ E { .‘S ﬁ- . ol - - ® L] ) »
532 DEBT UUTSTANDING-LONG TERM 40397 916e8  148Bel  2136e5 3288e5 S167e7 6931e5 830lel B8634e2 88320
S42 ANNUAL DEBT DRAWHUOKN $1982 31846 37844 39348 41746 693.5 1057«3 92745 57340 153.0 986
43 CUMe ~ DEBT DRAWWUOWN $1982 318.6 697e0 1090.8 150846 2201+9 3259+2 4186s7 &B5948 501227 S11l.3
213 S¥B% schvice RovERoY 000 0400 000 0e0U 0.00 0400 000 0.00 1500 1.03
NO STATE CONTRIBUTION SCENARIOC
7% INFLATION AND 10% INTEREST
Sheet 1 of 3 TABLE D.7
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8 ] DATAIOKG WATAWA d0N LING 1995)-NQO STATE FUNDS~INFLATION T2-INTERGCST 104-CAPCOST $5.117 BN -NOV=-82
i i #*########0#####&&##0#&#######v##*#*#####*#&#####*#*#***###**r#‘%##&*##é&###*#v*#*#**ﬁt##vwﬁ@###*#ﬂl*##*#*&##**#########**#**##m&##
B 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
= CASH FLOW SUMMARY
e B o ‘ =zz{SMILLION)z=== ,
- 13 ENERGY OWA 31387 3387 3387 3387 3387 3387 3347 5223 5414 5605
8 521 LAL PRUITE-MILLS 11484 107499 101400 95465 Q0408 84090 8008 84.91 8lel? 73495
e 465 INFLATION INDEX 249e28 206673 235240 305433 326415 349462 374410 400e29  428e31 45B.29
S 520 PRICE-MILLS ‘280426 238403 289,95 292.06 29435 296483 299458 339,87  347.44 338,92
B 515 TERERYLCOHES ornmasasmnconon 96905 97545  942.0  989s2  996e9 100543  1016e6  1775.0 188049 189945
L0 4 * o [ [ ’ . ™ ° . .
g 170 LESS JPERATING COSTS 732,0 35,0 3841 41.6 4504 4946 5401 9iel 99¢4 10845
-3 517 OPERATING INC 937.5 94Ue5 + 94349 94746 95145 95947 960.5 16839 1T78l.5 1791.0
8 216 ADD INTEREST EARNED ON_FUNDS el 6o 743 8.0 Bo7 905 104 1144 19.1 204
. 550 LESS INTEREST ON SHURT_TERM DEBT loe2 169 176 1844 1943 202 2le2 203 3843 la2
;fg 391 LeSS INTEREST ON LUNG TERM DEBT  d60a2 85647 85249 B4be b 84440 3848 83342 1564543 156847 155845
¢%  543 NET EARNINGS FROM DPERS 67e2 73.6 60a7 865 9740 10652 11645 12767 193.6 21242
gl cee-=lASH SUURCE AND USE==== ! | ‘ '
& 548 §¢§?Exgsg?§lﬁagruﬁoaas 67+2 . 73.6 8.7 88,3 9740 10602 1165 127.1 193.6 21242
[i# 143 LORG TERM DEST DLANUONNS 386e1 = #43el 4097 1175:2 144149 1613.4  1lé83s1 3029 040 0e0
= 242 ORCAP DEBT DAAMSONNS bal 722 7.8 Beb 9e3 10.2 1iel 15942 2903 2243
= % 549 TOTAL SOURCES OF FUNDS 45949 52445 49842  1272¢3 154842 1729.8 1610.7 5898 223.0 23445
. 320 LESS CAPITAL EXPENDITURE 41842 47848 44800 121741 14876 166343 153745 36243 9049 9942
B - LoB Ltgs AJRLCAP AND FUNDS 6a1 Tel 7.8 8ab 9.3 10.2 ilel 1892 2943 22«3
i 200 LESS UEBT REPAYMENTS 3540 3845 4244 4646 9143 564 0Ze1 be3 102+7 112.0
o 395 LESS PAYMENT 7O STATE 0.0 0e0 060 0.0 040 0e0 0a0 Ue0 0.0 0.0
. 141 SASH SURPLUS(DEFICIT) 040 UeD 0.0 040 040 0e0 0 0.0 040 el
e 249 SHORT TERH DEBT 0.0 0e0 0 0-0 00 040 040 040 040 -0l
i 444 CASH IECOVERED ) 040 040 020 0.0 000 000 0.0 0e0 0.0 00
g 225 RES:RVE AND CCNT. FUND 6Te2 T304 B0el BTek 9544 1041 113.7 1913 20848 2278
R 371 OTHER WAORRING CAPITAL 1018 1028 1039 103. 3 10645 1080 10946 191.2 20340 20802
| %54 CASH SURPLUS RETAINED 0.0 0e0 0.0 0 0.0 040 00 00 040
370 CUM. CAPITAL EXPENDITURE 931146 979044 1023845 11455.5 12943, 1 14606-4 16143.8 165052 165970 1669642
»'J ~ . . EXETmTE2NE RPEEITTIETS OSESSDINTD SmS=zo=n BITJX RIS mETm=2zmo 3::-'3::‘»3.‘: EETZTXTT AT TS| [|LSIR OXRWI==E
-5 465 CAPITAL EMPLOYED 948046 9960e6 10422¢5 11648e1 13145.0 14818e5 1636Tel 1688be6 1700848 1713043
R EZITZLTELT TBESUSZSET XX SoNT aTnTe===x EZTXTIIET TEXSISCTE BIDUSILT JFTEIIIONE OETLURTITRAEN TIZzIDoE
. - 461 STATE CONTRIBUTION 0eD 040 040 00 De0 0e0 040 0e0 000 040
1 462 IETAINED EARNINGS 1285 20242 28249 3716 468e4 57446 69%e1 B1B8e7  1012e% 122446
B £55 DEST JUTSTANDING-SHORT TERM 16940 17643 1841 19207 20240 21242 22304 38246 41109 4341
. 554 DEBT JUTSTANDING-LONG TERM 918340 958842 995545 11084e0 124T4e6 14031e6 1545246 1568T23 1558445 1547145
o 542 ANNUAL DEBT DRAWNWOOWN $1982 15449 16643 1436 38448 4413 #61e5 3964 4 T5¢7 00 0a0
2 543 -UMe _ DEBT DRAWWDOWN $1952 526642 543245 5576el 5360e2 640242 686347 7260s1 7335,  7335.8 7335,8
. 519 DEBY SERVICE LOVER leG4 leC4 Iel4 1,05 1«05 1.006 106 1.04 1.05 106
NO STATE CONTRIBUTION SCENARIO F
7 7% INFLATION AND 10% INTEREST
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e JATALIIAG WATANA (ON LINE 1993)~NO-STATE FUNOS~INFLATION T2Z-INTEREST 103~CAPCUST $5e117 oN 3=NOV=12
3#"##@&####"Q*####*###*@**ﬂ#&#*@*#***V#&#*#¢$##“**###*#*##**#*#W*#*Q#*#####*###*##4#**#*##*#0##*###’&##*###M##ﬂ‘*#*##*###*##**#*#
_;;Z 2005 2006 ' 20067 2008 2009 2010 2011 2012 2013 TOTAL
-k : CASH FLOW SUMMARY |
: . ) S==($MILLION) ==== e
-~ 73 ENERGY GWH , 6092 6147 6250 6472 . 6544 6616 6638 6660 6682 104826
] S21 REAL PIICE-MILLS 64024 . 60e15 55496 51413 47092 44495 42054 40,30 38423 0.00
B 466 iNFLATIUN INDEX 490e37 524069  581.42 600e72 642017  63T2T71  735e91 T1£Te42 842+5% 0.00
¥ 52J PRICE=-MILLS 314499 315659 314«07 307elt  507¢98 309¢15 313,04 317e¢35 3232.11 0,00
! * . '-',"‘"‘,SCDHE-"--'“.-—"“------' v : M ‘
4 : S1s REVENJE: 1918.8 1939.8 19628 1987¢8 20153 204562  2077¢8  21130& 215242 32521e6
B 176 LESS OPERATING COSTS i18%4 12932 141.0 15329 163.0 1834 20041 2184 238e4 22040
i S1T OPERATING INCOME 18006  1810e6 1821e8 183349 184743  1861le8 187747 14895.0 1913.8 30219.6
g 214 ADD . INTEREST EARNED IN_FUNDS 2248 2499 2701 2946 3223 3543 3R.5 4240 4549 1244
i 550 LESS INTEREST ON SHORT TERM DLBT 43,4 5548 4845 S5let  5beb S5e0 Olal 6548 703 T4546
R 331 LESS INTEREST ON LONG TERM GEBT 154702 153447  1521.0 15060 1489¢5 14713 145102 14232  1405.0 2565545
I 543 NET EARNINGS FROM OPERS 23240 25409 2794 30641 336,6 3679 40342 “6200 43%e4 43308
568 SASH TNioMe bhan ApTaUSEo-—- 232 5 1 .
8 o NCOME FROM OPERS 5 25449 2794 3061 335,6 3679 40362 240 4B4od% 4330
%46 STATE CUNTRIZUTION 040 Dot 020 062t D0 3608 0e6 hhge0 85°% 330.8
143 LIONG TERM DEBT ORAWDOHNS G-O D.O 00 o0 O ‘Qe0 o0 () 0.0 1611949
243 AORCAP DEBT DRANJOWNS 2402 26e5 2849 31.5 3be b 3745 4140 6ol 4Be8 751 e 6
3 543 TOTAL SOURCES OF FUNDS 25649 28163 308.2 33Te6 3701 4054 44%4e2  4Bb6eT 533,2 2120243
1 320 LESS CAPITAL EXPENDITURE 10842 1181 128,9 . 1407 15346 1676 162.9 1997 21749 18113.9
B 443 LSS #JRCAP AND FUNDS ‘ 2402 2645 2849 31e5 34ek 37,5 4140 4%aT 48.8 15146
: 260 LES3 DEBT REFAYMENTS 1263 13647 15054 18525 1820 20052 22042 24243 2606e5 233645
' i 395 LcS5 PAYMENT TO STATE 0.0 Ge0 0s0 JeD 0.0 0.0 “0.0 Ued 0.0 0eD
141 ZASH SURPLUSLOEFICIT) 0.1 0e0 0e0 -0al 0ol 0ol 0,1 0ol 0.0 03
263 SHORT TERM D& BT -0.1 Oal Net 0ol -0l 0+0 0al Del 020 040
444 ZASH IECDVERED 0.0 040 0.0 Os 020 0ol 0ol 0ol 0.0 043
225 RESERVE AND CONT. FUND . 24847 271e4 29642 32343 315248 38501 420,3 45847 500456 50066
371 DTHER WURKING CAPITAL 20946 21344 2174 27146 22647 232,0 237.8 2ebel 251.0 251e0
%54 CASH SURPLUS RETAINED 0s0 D0 020 0e0 020 UoU 0.0 0e0 Ge0 00
‘370 CUM. CAPITAL EXPENDITURE 1680444 16972e6 1705145 1719262 17345.8 1751304 17695¢3 1789660 18113.9 1811349
) MEmEmmoTmEeE TS s=msm - A -3 5--—4¥-5 &1 BUERTSRLS Dommazs EummoLSEmT SRy e= BT BewrtozT
465 CAPITAL EMPLIYED 17262,7 174073 17565,1 17737.3 17925.3 _16130.5 18354.4 18598.8 18B65.5 1B845.5
t- & -k - 25— 8- TmoSsstos ZEZT=m=w= ETLTITZ SIXTITEIIT mommons RRTTEREI=SDE= 3 -3 8- 34 t -5 -5 5-% .
%61 STATE CONTRIUTION 0e0 0.0 0eD 0eD <0 UeD 0.0 0e0 0.0 0.0
452 RETAINED EARNINGS , 1457e2 17121  1991e5  2297e6 2633a2 3001s0 3404s2 384bal  4330e5  4320.5
555 YEBT JUTSTANDING-SHORT TEAM 45343 48448 51326  545e2 3.5 6171 65841 7028 T51 0 7516
556 DEBT JUTSTANDING~LGNG TERM 1538T¢2 15210e5 1506040 1489%¢6 1471246 14512e% 1429241 14049e9 137634 13T83.4
542 ANNUAL DEBT DRAWWUOWN $1982 0.0 0e0 0e0 0e0 ___ 040 Qe NeG" 040 0.0  7335.8
563 UM, _ DEBT DRAHKDOWN $1982 7335.8 733548 7335.8 T335¢6 T335.8 7335¢8 7335.8 7335.8 7335.8 7335.8
519 DEBT SERYICE COVER 1. 06 1207 1,08 1203 1.09 iz10 1.11 1.12 1.13 0.00
'NQ STATE CONTRIBUTION SCENARIO
7% INFLATION AND 10% INTEREST
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. TABLEMQ;B: SUSITNA COST OF POWER
"
g First full year of ‘Watana & Devil Canyon - 2003
: (See Table 5 for Dstall)
e
- $'s Poar Net Kilowatt
Actual $1s 1982 $vs
Total Plant lnvestment
*g Ince 1« D.C (RL 370 & 466) 2392
le Fixed Charges Percent
0 (a) Cost of Money 10. 00
E (b) Depreclation
(10% 50 yr S.F.) .09
(c) Insurance 10
£ (d) Taxes ' « 00
; 1. Federal Income 0. 00
: 2. Federai
Miscel laneous 0, QG
3 Svate & Local 0. 00
10. 19
: 24%, 74
3
§ lle Fixed Operating Costs
wd (a) Operation & Maintenance
including administrative
! and general expense (RL170) 14.33
Total Annual Capacity Costs k258.073
§ Notes: (1} RL = Reference Lline on far left of printout
%f : (2) Cost in 1932 $'s Is derived throughout by deflating Actual
A dollar costs by the inflation lndex (RL 466).
' (33 At the 38 psrcent plant factor In 2003 this glves a cost of
§ povwer of 77.5 mllls kWh In 2003 (In 1982 dollars)e +the cost of
g ' 81. 12 mllls kWh In Table 2 results from the mors detalled cost
' analysis of that tabie ard In particular allowance for
f o renewalse Thls data refiects *ha economic cost of power In
; yg 2003 The charge fo consumers for thlis poxer Wwill be
o determined by the level of state appropriation and the
! speclfics of the financing plane For the plan given In the
i text the charge to consumers Is as shown In RL 521 of Table 1
vad at 55 54 mills in 2003
A4 v
{
i
|
é ESaw
A
!
;‘ R T T, . AR gy | e e 3 e - S T TR e e - A e S
: o R e e T




-
ke TABLE D, 9: fORECAST FINANCIAL PARAMETERS
e
o Dav it
. ‘ Watana Canyon Total
gq Project Completion - Year 1993 2002
. Energy level - 1993 3 387 Gih
y _ ' - 2002 5223 n
T - 2010 ‘ ' 6 616 n
Costs in January 1982 Dollars
B Capital Costs $ 3647 $1. 470 $5 117
billlon bitlion bill fon
""" Operating Costs ~ per siao $5 42 $15 42
Y annum : mit!jon millioa-- - million
: Provision for Capliyal
- Renewals = per annum $10 M4 $4. 41 $15 35
(G 3 percent of Capital Costs)
: j Operating Working Capital 15 percent of Operating Costs
10 percent of Revenue
. Raserve and Contingency Fund 100 percent of Operating Costs . :
1 100 percent of Provision for Capltal
- g Renewals
Interest Rate 10 percent per annum
3
g O2bt Repayment Perlod 35 years
inflation Rate 7 percent per annum
| i Hoal Rate of Increase in Oparating Costs
- - 1982 to 1987 L 7 percent per annum
- 1988 on 2 0 percent per annum
Real Rate of Incre.se In Capital Costs .
~ 19282 10 1685 1 1 percent per annum
- - 1986 to 1992 % 0 percent per annum
- 1993 on 2 0 percent per annum
';t_
{
o |
‘.;‘.'JJ‘
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Generating Purchasas , Utility Annual |
Capacity 1981 Predominant Tax Status Wholesale Providas 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 L * 941.3
N.atanuska Electric Association 0.9 Diesel Non-Exempt * - 268.0
Homer Electric Association 2.6 Diesel Non-Exempt » - 284.8
Seward Electric System 55 Diesel Non-Exempt ® - 26.4
Alaska Power Administration . 0.0 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 8.5 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 465 ST Non-Exempt - - —
IN GLENALLEN/VALDEZ AREA ,
Copper Valley Electric Association 19.6 SCCT Non-Exen?pt - - 37.4
TOTAL 1114.3 2577.1

e o,
¥

1Pooling Arrangements in Force

TABLE D.10 - RAILBELT UTILITIES PROVIDING MARKET POTENTIAL
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10
22
23
32

35
36
37
38
47
55
58
59
75

80

81
82
83
84

TABLE D.11 — LIST OF GENERATING PLANTS SUPPLYING RAIL.BELT REGION

NAME OF PLANT

Anchorage No. 1
Anchorage
Eklutna

Chena

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

Ft. Greeley

Bernice Lake
International Station
Healy

Beluga

Ciear AFB
Collier-Kenai

tEyak

North Pole

Valdez
Glennallen

PLANT LIST

UTILITY

Anchorage Muricipal 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 Assogiation, Inc.
United States Air Force

United States Army

United States Air Forec

United States Air Force

United States Army

Chugach Electric Association, Inc.
Chugach Electric Association, Inc.
Golden Valley Electric Association, Ine,
Chugach Electric Association, Inc,
United States Air Foree

Collier-Kenai

Cordova Public Utilities

Golden Valley Electric Associatinn, Inc.
Golden Valley Electric Association, Inc.

Golden Valley Electric Association, inc.

TYPE OF

OWNERSHIP

Municipal
Municipal
Federal
Municipal
Cooperative
Federal

Cooperative

Cobperativa
Federal
Federal
Federal
Federal
Federal
Cooperative
Cooperative
Cooperative
Cooperative
Federal
Municipal
Municipal
Coo_pefative
Cooperative

Cooperative
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TABLE D. 12: TOTAL GENERATING CAPACITY WITHIN THE RAILBELY SYSTEM

Abbreviations  Railbeit Utility ; installed GapacHy‘
AMLPD Anchorage Munlicipal Light & Fower 2216
: Department '
CEA Chugach Electric Assoclation 395 1
GVEA Golden Valley Electric Assoclation 22L 6
FMLS Falrbanks Munlcipal Ufility System 68 5
CVEA Copper VYalley Eleciric Assoclatlon 13 6
MEA Matanuska El-ecfrlc Assoclation 29
HEA Homer Electric Assoclaflon 26
SES Seward Electric System 35
APAd Alaska Fower Adninistration * 3a0
U of A University of Alaska 18, 6
TOTAL _ 984, 0

(1) lInstalled capacity as of 1980 at O°F |
(2) Exctudes Natlonai Defense Instalied capacity of 46 5 Ml




TABLE D, 1%: GENERATING 3,5\37;‘7;‘? WITHIN THE RAILBELT - 1980

Rai‘belt

Instal jed

, Station instal lation hHeat Rate ' -
Utillty Name Year {Btu/Kkh) Capacity {MW) Fuel Type Retlirement Year
Anchorage Municipal ARALPD 1 1962 14, 300 NG 1992
Light & Power NALFD 2 1964 14,000 NG 1994
Department AMLPD 3 1968 14,000 NG 1998
AMLPD 4 1972 12,000 NG 2002
(AMLPD) G.M Sullivan 6,7 1979 e, 500 NG 2011
Chugacn Bel uga 1 1968 15,000 NG 1998
Eleciric Bel uga 2 1968 15,000 NG 1998
Assoclation (CEA) Beluga 3 1975 10,000 NG 2003
Bel uga 5 1975 15,000 NG 2005
Esluga 6 1976 15,006 68 NG 2012,
Bal uga 7 1977 15,000 68 NG 2012
Bernice Lake 1 1963 23,440 8 NG 1993
2 1972 23, 440 18 NG 2002
3 1978 23,440 26 NG 2008
international
Station 1 1964 40, 000G 140 NG 1994
2 1365 — 140 NG 1995
3 1970 ~——it 18 0 NG 2000
Copper Lake 1 1961 - 160 — 2011
Goiden Yatley Healy 1 1967 11,808 250 Coal 2002
Electric ; 2 1967 14,006 28 O}l 1997
Association North Pole 1 197¢ 13, 000 65 0 01l 1996
(GVEA) 2 1977 13,500 650G o1t 1997
Zehander 1 1971 14, 50:% 18 4 ol 1991
. 2 1972 14,500 12 4 Cfi 1992
3 1875 14,900 A5 o1t 1995
4 1975 14, 900 35 0ii 1995
5 1965 14,000 35 Ot 1995
& 1965 14,000 35 ofl 1995
7 1365 14, 000 35 ] ¥ 1995
& 1965 14,000 35 (V11] 1995
9 1965 14, 6.9 a5 011 1995
10 1965 14,000 35 oil 1995
Falrbanks Cheria 1 1954 14, 000 20 Coal 1989
Mun Icl pal V4 1952 14,000 %25 Coal 1987
Urility 3 1952 14, COO0 3 Coa! 1987
System (PMUS) 4 1963 16,500 %0 (0} 8] 1993
5 1970 14, 500 2 0 Coal 2005
6 1976 12,490 231 0t 1997
FMLB 1 1967 11, 00C 28 Ot 1997
2 1968 i1,000 A8 ] 1998
3 1968 11,000 28 011

1998



TABLE D, 13 (Continued)

EE RS

GT = Gas turbine
CC = Combined cycle

HY = Conventlonal hydro
IC = internal combustlon

ST = Steam turbline
NG = Natural gas
NA = Not available

*This vaiue judged fo be wnrealistic for large range planning and therefore Is adjusted to

15,000 for generation planning svudles.

TRalizelt Station Unit Unit instal lation Heat Rate Instal | ed . ,
Uti !}H’y Name No. Type Year (Btu/kWh) - Capaclty (MW) Fuel Type Retlrement Year
Hamer Eleciric Homer :
Assoclatien Kenal 1 ic 1979 15, 000 69 Gt 2009
(HEA) Pfe Graham 1 Ic 1971 15,000 G2 Ot 200!
Seldovia i iC 1952 15, 000 a3 Ori 1982
2 IC 1964 15,000 Q6 G F 1994
2 ic 1970 15,000 Q6 o1} 2000
Uhiversity of Uhiversity 1 ST 1980 12,000 .5 Coal 2015
Alaska (U of A} Unlversity 2 ST 1980 12, 000 .5 Coal 2015
th fversity 3 ST 1980 12,000 160 Coal 2015
University 1 ic 1980 10, 300 28 ol 2011
thiversity 2 Ic 1980 10,500 23 on 2011
Copper Valley CYEA 1-3 IC 1963 10, 500 L2 Oi 1993
Electric CVEA 4-5 iIC 1966 19, 500 %4 o1l 1996
Association (CVEA) CVEA 67 Ic 1976 10, 500 22 Oil 2006
CVEA 1-3 ic 1967 10,500 1.8 o1l 1997
CVEA 4 IC 1972 10, 500 %9 orl 2002
CVEA 5 Ic 1975 10,500 LO Ol 2005
CVEA H iC 1975 10, 500 %6 O11i 2005
CVEA 7 Gi 1978 14,000 %5 (8 1996
Matanuska Elece Tal keetna 1 IC 1967 15, 000 Q9 0t} 1997
Assoclation (MEA)
Seward Electric SES 1 c 1965 15, 0600 L5 ol 1995
System (SES) 2 IC 1965 15,000 LS Ol 1995
3 iC 1965 15, 000 25 o1l 1995
‘Alaska Power Ekiutma - HY 1955 - 300 - 2005
AdmInistration
(APAd)
TOTAL 984. 0
Notes:



- TABLE D. 14: SCHEDULE OF PLANNED UTILITY ADDITIONS {1980-1988)
, al s o 4 : , : Avg Fhergy
_ Utillity Unit Type MW Year (GWh )
L N S ~ CVEA Solamon Guleh HY 12 1981 55
. CEA Sernice lLake # 6T 264 1982 —
AMLPD AMLPD #8 ' 6T 00 1982 -—
CEA Beluga #6,7,8 CcC 42% 1982 —n
COE Bradley lake ~ Hydro 20,0 1988 -
, APA Grant Lake Hydro 7.0 19388 33
SR TOTAL | 267.4
* New Unit No. 8 will encampass Wnits 6 and 7, each rated
at 68 MW. Total new station capacity will be 178 MW,
L
5 R o o y o e S i
L S S S



Y. TABLE D.15:

OPERAT ING AND ECONOMIC_PARAMETERS FOR SELECTED HYDROELECTRIC PLANTS

(1) Including engineering and owmer!s administrative costs but excluding AFIC,

(2) Including 1DC, Insurance, Amortlzation, and Operatlion and Maintenance Costss

{3) An Indepedent study by Bechtel has proposed an installed capacity of 330 MW,
1500 GWh annually at a cost of $1,405 milllon (1282 dollars), Including AFDC,

Maxe Average (1987 %5 Econom ic?
Gross lnstalled Annual Plant Capital Cost of
Head Capacity Energy Factor Cosg Energy
Noe Site Rlver (ft) (MW ) {Gwh) %) ($107)  ($/1000 Kwh)
1  Snow Snow 690 50 220 50 255 45
2 Bruskazsna’ Nenana 235 30 140 53 238 113
3  Keetna Tal keatna 330 100 395 45 463 73
4 Cache Tal keetna 310 50 220 51 564 100
5 Browne Nenana 195 100 410 47 . 625 59
6 Talkeetma-2 Tal keeina 350 50 215 50 500 90
7 Hicks 3 Matanuska 275 60 245 46 522 84
8 Chakachamna Chakacha'ma 945 500 1925 44 1480 30
9 Alllison Alllson Cresk 1270 8 33 47 54 125
19 Strandiine
Laki Be! uga 810 20 85 49 126 115
Notes:




TABLE D, 16:

RESULTS OF ECONOMIC ANALYSES OF ALTERNAT IVE GENERAT | ON SCEMR!OS

Generation Scenario

lype

vescription

Load Forecast

0GP5 Run
Ide Noe

InstaiTed Capaci¥y (W) by

Category In 2010

Thermaf

Hydro

Coal

Gas il

Total S sTem
Instalicd
Capacity In
2010 (MW)

Total System
Present Worth
Cost, =~
($107)

Al Thermal

Thermal Pjus
Aiternative
Hydro

No Renewals

No Renewais P!us:l
Chakachamna {500)'-1993
Keq?na (100)~1997

No Renewals Plus:
Chakachamna (500)-1993
Keetna (100)-1997
Snow (50)-2002

No Renewals Plus:
Chakachamna (500)~1993
Kastna (100)-1996
Strandline (20),
Alllson Cresk (8),
Snow (50)-1998

No Renewals Plus:
Chakachamna (500)-1993
Keetna (100)~1996
Strandline (20),
Allison Creek (8),
Snow (50)-2002

No Renewals Pjus:
Chakachamna (500)-1993
Keetna (100)~1995
Snow (50}, Cache {50y,
Alllson Creek (8),

Tal ksetna-2 (50),
Strandiine (20)~2002

Mad fum
Mad fum

Med um

Med um

Med Tum

Med tum

LMET
LMW1

LFLY

WPy

LXF i

L403

900
oo

700

500

700

500

801 50 144
576 70 744

501 10 8%4

576 60 &2

426 30 &2

376 30 R2

1895
1990

2005

1958

1978

2028

8130
7080

7040

7064

- 7041

7088

Notes:

(1) Installed capacity.
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TABLE D.17: SUMMARY OF THERMAL GENERAT!NG RESOURCE PLANT PARAMET ERS /19828

Parameter
——tmeter

Heat Rate (Btu/kwh)
Ear|jast Ava Habiiity

OM Costs

Fixed OM ($/yr/ki)
Variable OsM (&/1WH )

Oufages

Planned OQutages (%)
Forced Outages (%)

Construction Porlod (yrs)
Startup Time (yrs)

Unit Capital Cost cs‘/xw)’
Rallbel+

Bal uga
Nenana

Unit Capital Cost (3/!1!'!)2

Rajlbel+
Bel uga
Nenana

No*res.f

200 Mw

10, 000
1989

16 83
a6

8
37
6
6

2,061
2,107

2,242
2,309

‘ Comb ined

Cycle

200 MW

8, 000
1980

%25
.69

N o

1,075

1,107

(1) As estimated by Battsl le/Ebasco without AFITC,

2) Including IDC at 0

peceny
assuiiing an S-shaped expan
(3) Excludes transriss lona

ascalatlon a
dIiture curve,

Gas
Turbine

70 My

12,200
1984

el
0~y

nd 3 percent Interest,

Dlesai
10 MW

11, 500
1980

856

869
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TABLE Gy 18 REAL (INFLATION-ADJUSTED) ANNWAL
GROWTH IN OIL PRICES

Growth Rates (Percent)

1982-2000 2000-2040 ‘ Probabi tity
Low Case 0 0 a3
Modlum (most Ilkely case) 20 LO Qs ’

High Case 40 20 Q2

Base Parlod
(January 1982)

Price of No. 2 Fue| Of| - $6 50/MMB+u,

TABLE DL 19: DOMESTIC MARKET FRICES AND EXPORT
OPPORTUNITY VALUES OF NATURAL GAS

Domestic Market Price! Export Opportunity Value
’ Low Medium ~ HTgh Low MedTum i% igh
Probabifity of '

Occurrence NaAs N. A, NeAe 27% 45% 27%

Base Perlod Val ue - $5.00MMBty - ~ $, 65MMBtud -

Real Escalation CIF
Price, Japan”

1982 -~ 2000 - Na-As - 0% 23 4%
2000 -~ 2040 - - 0% 12 23
Real Escalatjon

Alaska Price

1982 - 2000 0% 2 5% 5 0% 0% 2 7% 5 2%
2000 ~ 2040 0% % 0% 208 0% L 2% 2 2%

OGP5 analysis used domestic market prices with zero escalation beyond 2010
(Source: Battelle)

Based on CIF price In Japan (36 75) less estimated cost of |iquefaction and
shipping (32 10), (Source: 19, 20, 21J. :

Source: (9), (22).

Alaska opportunity val ue escalates more rapidly than CIF prices as |ique-
factlon and shlpping costs are estimated fo remaln constant in real terms.
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. *‘ o TABLE D.20: SUMMARY OF COAL OPPORTUNITY VALUES
. g ‘ : Base Per{od Annual Real Growth Rate Probabi!ity
- [RI E (Jan. 1982) j | ‘ of
B RN Val ue 1989 -- 2009 2000 - 2040 Qccurronce
S ($/MMB+11) \ (%) 7 (2)- £
. Base Case
Batteile Base
Period CIF Price
| Med fum Scenario
: =CIF Japan e 95 20 .0 49
- FOB Bel uga 1. 43 26 L2 49
= Nenana .75 %3 fe 1 49
low Scepario
=CIF Japan 1 95 0 0 24
~ F0B Beluga L. 43 0 0 24
- Nanana .75 Q! Qi 24
High Scenario
- CIF Japan Te 95 40 20 27
- F0B Beluga L 43 20 22 27
= Nenana .75 45 .9 27
Sensitivity Case
Updated Bass 1
Period CIF Price
Medium Scenario
~CIF Japan % 66 20 1. 0 49
-~ FOB Bel uga 208 25 L2 49
- FOB "bnaﬂa 1« 74 27 1. 2 49
low Scenario
=CIF Japan 2 66 0 0 24
~ F0B Beluga 208 0 0 24
- FC8 Nenana b 74 -0 2 ~Q 1 24
High Scenario
=~ CIF Japan . 2 66 40 20 27
: - FOB Beluga Z 08 48 22 27
T - FOB Nenana 1 74 %3 %3 27
Assum'~g a 10 percent discount for Alaskan coal due ta qual ity differen~
tlals, and export potential for Healy coal.
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f 3 TABLE D 21: SWMMARY OF FLEL PRICES USED IN THE
!,f i OGPS PROBABILITY TREE ANAL?YSIS
it Fuel Price Scaenario
Low Mediun Klgh
Probabll ity of occurrence 25% 50% 25%
Base period January 1982 prices
(19828 /MMBtu)
§ Fuel 011 6 50 & 50 & 50
Natural Gas %00 300 300
Coal
- Beluga 1. 43 1. 43 .43
= Nenana L 75 L75 .75
Real ascajation rates per year
(percent)
Fuel 011
- 1982 « 2000 ] %0 40
~ 2000 - 2040 o 20 20
Natural Gas
~ 1982 - 2000 0 25 50
= 2000 - 2040 0 20 20
Bel uga Coal
- 1982 - 2060 0 46 50
‘ - 2000 - 2040 0 L2 22
%
Nenana Coal
= 1982 - 2000 Qa1 23 45
- 2000 - 2040 g1 L1 9
1 Beyond 2010, 1he OGP analysls has used zerc real escalation In
all cases.
B TR T T
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Plan

Non Susiina

Susitna

>l6

TABLE v 22:

ECONOMIC ANALYSIS
SUSITNA PROJECT - BASE PLAN

Ccmponents

600 MW Coal-Bel uga
200 MY Cogzl~Nenana

630 MW GT

680 MW Watana

600 M¥ Dsvil Canyon

180 MW GT

Net Econamlc Banetit
of Susitna Plan

1990
2000
2010

TABLE D, 23:

1982 Present Worth gf System Costs

$ x IG'T‘
1995- ' Estimated 1993~
2010 2010  2011-2051 2051
3,213 491 5, 025 8, 238
3,119 385 3,943 7, 0G2
1,176

SUMMARY OF LOAD FRECASTS
USED FOR SENSITIVITY ANALYSIS

Medium
MW GWh
892 4,456
1,084 5, 469
1,537 7,791

Low High
M GWh Mo GHh
802 3,999 1,008 5,703
921 4, 641 1,439 7, 457
1,245 6,303 2,165 11,435




Plan

Non-Susitna
with
Low Forecast

Susitna
with
low Forecast

Non-Susitna
with
High Forecast

Susitna
with
High Forecast

TABLE D.24: LOAD FORECAST SENSITIVITY ANALYSIS

1982 Present Worth of Sysiem Costs ($ x 10°)

6

1993~
Components ; . 2010

2010

Estimated 1993~
2011-2051 2051

Net .
Eenamic
Benetit

400 MW Coal-B:i) uga 2, 640

200 MW Coal ~Nenana
560 W GT

680 MW Watana (1995)

600 MW Davil Canyon (2004)
€00 M¥ Coal -Bel uga

200 MW Coal -idenana
700 MW GT
430 MW Pro-1993

680 MW Watana (1993)

600 MW Davi! Canyon (1997)
350 W GT
430 MW Pre-1993

From 1993 1'6

Plan
Non=-Susitna
Susltna
Non=Susitna
Susifna
Non-Susitna
Susitna
Non-Susitna
Susitna

404

4,238 6, 878 -

3,768 6, 650

6, 6683 10, 8591 !

5, 380 9,247 1

TABLE B.25: DISCOUNT RATE SENSITIVITY ANALYSIS

1982 Present Worth of System Costs {$ x 106)

Roaai
Discount Rate 1995 -
Percant) 2010 2010

Estimated
20112051

Net

1995~ Econom ic
2051 Benefit

2 3, 701 465
3, 156 323
3,213 491

3,119 585
2,791 517

3, 080 457
2,468 550
3, 052 539

7, 766
5 394
5,025
3,943
3,444
3,046
2,478
2,426

1,167 -
8, 550 2,617
8,328 -
7,062 1,176
6,235 -
6, 126 109
4,946 -
5,459




TJABLE D,26: CAPITAL COST SENSITIVITY ANALYSIS

1982 Present Worth of System Costs (3 x 106')
Net
1993- ; Estimated 19935~ Econamic
Plan 2010 2010 201 1=2051 2051 Bewrk\ef it

‘Mon-Susia Capital
Costs Up 20 Percent

Non=Sus ltna
Susiina

Non=-Susiina Capltal
Costs Down 10 Percent

Non-Suslinea
qulhia

Susitna Capltal Costs
Lass Contingency

Non=-Susifna
Susitna

Susiina Capital Costs
Pl us Doubled Contlingency

Non-Susiina 3,213
Susitna YZ 3, 529

An ad justment calculation wes made regarding the + capital costs of
the 36T pnits added in 2007-2010 since the differance was less than
$10 x 10 Beyond 2010, this effect was not !ncludeds

TABLE D, 27: SENSITIVITY ANALYSIS - UPDATED BASE PLAN
(JANUARY 1982) COAL PRIGES

1982 Present Worth of System Costs ($ x 10%)
Base o
Period Bel uga Costs of Costs of Nt
Coal Price Non-Susiina Susitna Econamic
__(__1_982 $/MMBtu) Plan Plan Benefits
Base Case L.43 8,238 7,062 1,176

Sensitivity ‘ ;
(Updated) Case 2 08 9, 030 7, 062 1,968




TABLE D.28: SENSITIVITY ANALYSIS = REAL GOST ESCALATION

1982 Present Worth of System Costs

($ X 10°%)
T ' 1993~ Estimated 1993~ Not
T : ’ _Plan |D 2010 2070 2011-2051 2051 Beneflit
Zero~Escalation In |
Capital and O&M Costs
o « Non-Susitna 04 2,838 422 4,319 7,157 -
‘ » Susitna 0o 2,525 299 3,060 5585 1,572
Escalation In Capital 1
Cqs“i's and O8M (Battelle)
. Mon-Susitna X 3,142 477 4,881 8023 -
e SHSI ‘na XZ 2, 988 366 3, 745 6, 37 1; 286
Double Escalation
Capital and O%M Costs
+ Susitha P2 3, 881 503 5, 148 9, 029 8
Zaro~Escalation
n Fuel Prices
« Non-Susitna vy 2,235 335 3,427 5,660 -
« Susiina Va 3,002 365 3, 736 6,738 (1,078)
High Escalation
in Fuel Prices
o« Non=Susitna Wy 4,063 643 6, 574 10, 367 -
o Susitha Wo 3,267 403 4,121 7,388 2,979

1Cap!‘tal and O8M costs assumed to escalate at . 4 percent 1982 to 2010

TABLE 0,23 SENSITIVITY AMALYSIS = NON-SUSITM
__PLAN WITH CHAKACHAMNA

1982 Present Worth gf System Costs

(3 X 107) ,
| 1993 Estimated 1993~  ltot
Plan iD Componen't's 2010 2010  2011-2051 2051 Beneflt
« Non-Susitna with B 330 MW Chokachamna 2,038 475 4,861 7,899 =
Chakachamna 400 M Coal-Beluga
200 MW Coal =Nenana
440 MW GT
+ Susitna € 680 MW Watana 3,119 385 3, N3 7, 062 a7
600 MW Devil Canyon
180 MW 6T




TABLE D 70: SENSITIVITY ANALYSIS =
SUSITNA PROJECT DELAY

10

Susitha Base Case

One-year delay for
Watana (1994)

One-year delay for
Devil Caryon (2003)

One-year delay for
Watana and Dev i)
Canyon (199, 2003)

$x 10&
1982 Presant Worth
of System Costs

$ x 106
Net Economic Benefit

7,962

7,105

7, 165

7,230

1,176

1,133

1,134

1,128
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TABLE D, 31: SUMMARY OF SENSITIVITY AMALYSIS [NDEXES

CF NET ECONOMIC BENEFITS

BASE CASE ($1,176 MILLION)

Feal Escalation
- High
= Low

Discount Rates
- High=High (5%)

= High 4%

- Low (2%)

Susitna Capital Cost .
- High

- low

Load Forecast
- High
- low

Non-Susitna (Thermal)
Capital Costs

-~ High

- low

Capital and OAM

Cost Escalation

= High

~ lntermediate {(Battelie)
- ng :

Chakachamna (inciuded In
Non~-Susifna Plan)

Updated Base Coal Price

Planned Delay In Susitna

Project

-~ One-year dalay, Watana

- One-year delay, Watana and Devi! Canyon

- Two-year delay: -fatsna and Devlil Canyon

L High fue! escalation case provides net benefits equal to 253 percent of the

base value, 2 53 x $1,176, or $2,975

2 Low fuel escalation case provides minus 92 percent of ths base case net

benefits, =~ 92 x $1,176, or ~$1,082

index Values

100

1
253
-922

-44
225

23
178

168

67
109
134

T

167

96
G6
97

;‘*




" TABLE'D:32: 'BATTELLEAETERNATIVE ‘STUDY

Typical

Resource Principal Sources Fuel Generation Availability for
Base for Railbelt Conversion Techno loay Application Commercial Order
Coal Beluga Field, Cook Inlet Crush Direct-Fired Steam-Electric Baselpad Currently Available
Nenana Field, Healy
Gasification Direct-Fired Steam-Electric Baseload 1985-1990
Combined Cycle Baseload/Cycling 1985-1990
Fuel-Cell -~ Combined-Cycle Baseload 1990-1995
Liquefaction Direct-Fired Steam-Electric Baseload 1985-1990
Combined Cycle . Baseload/Cycling 1985-1990
Fuel-Cell Station Baseload/Cycliing 1985-1990
Fuel-Cell - Combined-Cycle Baseload 1990-1995
Natural Gas Cook Inlet None Direct-Fired Steam-Electric Baseload Currently Availahle
North Slope Combined Cycle Baseload/Cycling Currently Available
Fuel-Cell Station Baseload/Cycling 1985-1990
- Fuel-Cell - Combined-Cycie Baseload 1990-1995
Combustion Turbine Baseload/Cycling Currently Available
Petroleum Cook Inlet Rafine to Direct-Fired Steam-Electric Baseload Currently Availahle
forth Slope distillate and Combined Cycle Baseload/Cycling Currently Available
. : residual fractions Fuel-Cel? Stations Baseload/Cycling 1985-19%0
Fual-Cell - Combined-Cycle Baseload 1990-1995
~ Combustion Turbine Basefoad/Cyclting Currently Available
! piesel Electric Baseload/Cycling Currently Available
Peat Kenai Peninsula None Direct-Fired Steam-Electric BRaseload Currently Available
Lower Susitna Valley ) ,
Gasification Direct-Fired Steam-Electric Baseload 1990-2000
' Combined Cycle Baselcad/Cycling 1990-2000
Fue1-Cell ~ Combined-Cycle Baseload 1990-2000
Municipal Refuse Anchorage Sort & Classify Direct-Fired Steam-Electric Baseload{a) Curvently Available
Fairbanks ’
Wood Waste Kenat Hog Direct-Fired Steam-Electric Baseload{(sd) Currently Available
Anchorage '
Nenana
Fairbanks




Resource Principal Sources
Base . for Railbelt

TABLE D.32 (Contd)

Conversion

Generation
Techno logy

Typical
Application

Availahility for
Comnercial Order

Wrange 11 Hountainé
Chigmit Mountains

Geothermal

Kenai Mountains
Alaska Range .

Hydroelectric

Tidal Power Cook Inlet

Isabeil Pass
Offshore
Coastal

Throughout Region

Uranium Import

Enrichment &
Fabrication

‘Hot Dry Rock-Steam-Electric

Hydrothermal-Steam-Electric

Conventional Hydroelectric
Small-Scaie Hydroelectric
Microhydroeiectric

.

Tidal Electric
Tidal Electric w/Retime

Large Wind Energy Systems
Small Wind Energy Systems

Solar Photovoltaic
Solar Thermal

Light Water Reactors

{a) Supplemental firing (w/coat) would be required to support baseload

operation due to cyclical fuel supply.

(b) May.be baseload/cycling or fuel saver

depending upon reservoir capacity.

Baseload
Baseload

Baseload/Cycling
(b)

Fuel Saver

Fuel Saver
Baseload/Cycling

Fuel Saver
Fuel Saver

Fuel Saver
Fuel Saver

Base load

1990-2000
Currently Available

Currently Avaiiahle
Currently Available

Curvently Available

Currently Available

Currently Availahle

1985-1990

1985-1990

1985-1990
1995-2000

Currently Available




TABLE D.33: BATTELLE ALTERNATIVES STUDY

Average
, Annual Capital
- Capa$;§y Heat Rate Availability Energy  Cost
. . Alternative {MW) (Btu/kWh) (%) (BWn) (5/kw)
Coal Steam-Electric (Beluga) 200 10,000 87 - 2090
. foal Steam-Electric (Nenana) 200 10,000 87 - 2150
Coal Gasifier-Combined CycTe 220 9,290 85 - -
Natl. Gas Combustion Turbines m 13,8000 g9 - 7%
S 4 Natl. Gas Combined Cycle 200 8,200(¢) " gs - 1050
Natl. Gas Fuel Cell Stations 25 9,200 9 - 8%
Natl. Gas Fuel Cell Comb. Cyc. 200 5,700 83 - -
- f Bradley Lake Hydroelectric % - 94 347 3190
Chakachamna Hydroelec. (330 mi){?) 330 - 9% 1570 3850
Chakachamna Hydroelec. (430 my)(®) 480 - 04 1923 2100
Upper Susitna (Watana 1) 680 - 94 3459 4669
Upper Susitna (Watana II) 340 - 94 - 168
Upper Susitna (Devil Canyon) 600 - 94 3334 2263
Snow Electric , 63 - 94 220 5850
8 Keetna Hydroelectric 100 - 94 395 5480
Strandline Lake Hydroelec. 20(17) - 94~ 85 7240
Browne Hydroelectric 100(80) - o4 430 3370
Allison Hydroe]et?ic 8 - 94 37 4820
Grant Lake Hydroelectric 7 - - - 2840
g Isabell Pass Wind Farm 25 . 36 8 2490
L Refuse-Derived Fuel
Steam Electric (Anchorage) 50 14,000 N/A - 2980
i Refuse-Derived Fuel
: Steam Ejectric (Fairbanks) 20 14,000 N/A - 3320
o (a) Configuration in parentheses used in analysis of Raiibelt electric energy
o plus taken from earlier estimates (Alaska Power Authority 1980)
i (b) .+ nsar rate of 12,000 Btu/kWh was used in analysis of Railbelt electric
o energy plans. 13,000 Btu/kWh is probably more representative of partial
load operation characteristic of peaking duty.
. (c) An earlier estimate of 8500 Btu/kWh was used in the analysis of Railbelt
(1 electric energy plans.
R (d) Configuration selectad in preliminary feasibility study (Bechtel Civil and
e Minerals 1981)

(e) Configuration selected in Railbelt alternatives study (Ebasco 1982b)

Fixed 0&M

(3/kW/yr)
16.70

16.70
14.80
48

7.30
42

w B £ o B

140

Variable
0&M

{mills/kih)

0.6
0.6
3.5

1.7

3.3 -

15

15




TABLE D.34: Summary of Electrical Energy Alternatives Included as
‘ Future Additions in Electric Energy Plans

E]ectric;Energy‘Plan(a)
BASE LOAD ALTERNATIVES 18 2~ &8 3 4

Coal Steam E1ectfic : X X
Refuse-Derived Fuel Steam Electric X

CYCLING ALTERNATIVES

Coal Gasifier - Combined-Cycle
Natural Gas - Fuel Celi-Stations
Natural Gas - Combined-Cycle
Natural Gas - Combusticn Turbine
Natural Gas - Fuel-Cell Combined-Cycle
Bradley Lake Hydroelectric
Grant Lake Hydroelectric

Lake Chakachamna Hydroelectric
Upper Susitna Hydroelectric
Allison Hydroelectric

Browne Hydroelectric

Keetna Hydroelectric

Snow Hydroelectric

Strandline Lake Hydroelectric

FUEL SAVER (INTERMITTENT) ALTERNATIVES

-

Large Wind Energy Conversion System

ELECTRIC ENERGY SUBSTITUTES

Passive Solar Space Heating
Active Solar Hot Water Heating
Wood-Fired Space Heating

ELECTRIC ENERGY CONSERVATION

Building Conservation

(a) Plan 1: Base Case
A. Without Upper Susitna
B. With Upper Susitna
Plan 2: High conservation and use of renewables
A. Without Upper Susitna
B. With Upper Susitna
Plan 3: Increase Use of Coal
Plan 4: Increase Use of Nacural gas
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TABLE D.35: FINANCING REQUIREMENTS - $ MILLION

1985 State Appropriation

86
87
88
89
S0
91

Total State Apprcpriation

1990 Revenue Bonds

1
2
3

Total Watana Bonds

1994 Revenue Bonds

5

6
-
8
9
2000
1
2

Total Devil Canyon Bonds

Total Susitna Bonds

FOR_$3.0 BILLION STATE APPROPRIATION

4

n

1"

"
"
"
n

"

i
"%

$ Million

Interest Rate 10%
Inflation Rate 7%

1682 ,
Actual Purchasing
Power
403.7 318.6
472.7 348.2
479.7 330.9
499.5 321.8
$38.3 564.9
1550.4 872.3
462 .4 243.3
4806.7 3000.0
784.7 412.6
754.9 371.1
294.6 139.0
1834.2 922.7

211.6
368.9
427.7
395.4
1163.0
1432.3

1604.7
1473.5
137.8

7214.9

9049.1

- I G A S R G G e I GLD D I WIS SES AND RN i SIS G CH S W SCR G E €I TR N Ciy S .

0.8
148.0
160.3
138.5
380.8
438.6
458.8
393.9

34.5

2244.2

S > e N S TS G S h E W SA S G

3156.9
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DATALOK WATANA-DC (ON LINE 1993-2002)-$3.9 BM{31982) STAVE FUNDS-INFLATION 7X%~INTEREST 10¥~CAPCOST $5.117 BN 23-FEB-8 :
BAXB LB CGRICAIUE AR EEAX L NE L L YA AT AR LAFEEXSREERAGEEEEEIERGRE TR ERN RO RAREAINL ARSI BEAT AN R R ERD R SE R ARSI RE SRR L O I KSR AX R EN G R ‘
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 :
CASH FLOW SUMMARY
==={ SMILLION) ==== ;
73 ENERGY GWH 0 0 0 0 0 0 0 0 3387 3387
€21 REAL PRICE-MILLS 0.00 0.00 0400 0.00 0.00 0.00 0.00 6.00 29.74 34438
466 INELATION INDEX 126472 135459  1645.08 155424 166a10 177<73 190217 203.48 217.73  232.97
520 PRICE-KILLS 0.00 0.00 0.00 0,00 0400 0.00 0.00 0.00 64.T6 20.08
e e INCOME ~mmmmm e e e m e e
516 REVENUE 0.0 0.0 0.0 0.0 0.0 000 0.0 0.0 219.3 271.2
170 LESS OPERATING COSTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0 6. 29.3
517 GPERATING INCCME 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 192.4 241.9
21+ ADD INTEREST EARNED ON FUNDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 5.6 «
559 LESS INTEREST ON “HORY TERM DEBT 0.0 0.0 0.6 0.0 0.0 6.0 0.0 0. 0.0 9.8 }
391 LESS INTEREST ON LONG TERM DEBT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 154.0 183.4 |
549 NET EARNINGS FROM DPERS 0.0 NoG 0.0 0e0 0.0 GeO 0.0 00 38.5 54,3 %
~e==~CASH SOURCE AND USLC---- !
%48 CASH INCGME TROM CPERS 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 385 5443
%45 STAYE CONTRIBUTIGN 403.,7 47241 47927 4995 938.3 1550.4 462.4 0.0 040 0.0
14Y 1 ONG TFRR DERT DRAWDOWNS 0.0 0.0 Ce0 0.0 0.0 De0 T86.7 T544.9 294.6 211 .
41  HORCAP Dt 37 DRAWDOWNS el 0.0 V0 , 0.0 0.0 0.0 0.0 0.0 98 .0 17e
54) TOTAL SOURCES OF FUNDS 403.7 4T2.7 4797 499.5 Q38,3 155044 124T.1 7549 4311 3.7
3129 LESS CAPITAL EXPENDITURE 403.7 6727 479.7 99,5 93843 155044 1247a1 75449 333.1 259,
448 LESS WORGAP AN NDS -0 0.0 .0 . .0 . . 0.0 38.0 17.7
260 LES3 DEB REPAY S .0 0.6 020 . <0 <0 .0 0<0 0.0 P
143 CASH SURPLUS(DEFICIT) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
349 SHORT TERM DEBT 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0
%44 CASH RELCOVERED 9.0 0.0 0.0 0.0 0.0 <0 0.0 0.0 0.0 0.
————— BALANCE SHEFET~~—ecwrws—- ) .
229 ACSERVE AND CONT< FUND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5605 61,6
371 OTHER WORKING CAPITAL 0.0 0.0 020 C.0 0.0 G0 Ga0 0.9 4i.5 S4.1
454 CASH SURPLUS RETAINED 0.0 0.0 0.0 0.0 0.0 .0 040 0.0 0.0 0.0
370 CUMs CAPITAL EXPENDITURE 403.7 BT6a4 135600 18556 . 2794.0  43644¢3 5591le4 634623 6679.4 693846
’ moEImTSR 3> mammmmnes 513 ¥4 43+ EENTSETIN LT oTx= 3-8 S~ - 2% 32—+ 4 4% _EXTmEXXE
465 CAPITAL EKPLIYED 4037 37604 135601 185546 27968.0 4344e3 559le& 063463 677Te4  T05403
_—amooas P~ - _mTemann :::::‘E;: XPEINIIRIND SmmmzoEm= =ITIZTT==n =TT :3:8.2‘:‘-:‘:
461 STATE CONTRIBUTION 403.7 8T76e% 1356a1 1855.6 2794,0 4344.3 A806.T7 4806e7 4B806.7 48067
462 RETAINED EARNINGS ) 0.0 0.0 0es 0.0 0.0 0.0 0.0 38,5 52,8
555 DEBT OUTSTAMDING-~SHORT TERM 0.0 0.0 0.0 0.0 0.0 0.0 0. <0 98,0 1157
554 DEBT DUTSTANDING-LONG TERM 0.0 0.0 0.0 0.0 0.0 0.0 784.7 1539.5 18342 2039.0
562 ANNUAL DEBT ORAWWDGHN $1982 0.0 0.6 0.0 0.0 0.0 0.0 A12.6 3710y 13543 90.8
543 CUMe DEBT ORAWWDOXN $1982 0.0 0.0 0.0 C.0 0.0 GaD 412.6 783.6 18,9 1009.7
519 DEBT SERVICE COVER 0.00 N400 0.00 0.00 0.00 0.00 0.00 0.00 1.25 1.25
$3 BILLION {1582 DOLLARS) STATE APPROPRIATION SCENARIO ‘ EARTE i
7% INFLATION AND 10% INTEREST . e ﬁmi[h !
. - i
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2639 2540 23279
32675 349462 374.10
86el4 87. 89,00
292.1 29645 301e%
45,4 490 5.1
246.6 24649 2473
7 5 10.4%

177 18.7 2060
179.3 17842 177.0
584 5945 60«7
5844 59,5 60a7
0.0 Ge0 0.0
1432.3 1604 .7 1473.5
10.6 10.4 12.3
150te3  1674.7 154645
1479.8 1654.5 15279
10.6 10<4 12.3
10.9 12.0 13.2
0.0 —-2a3 -6 8

0.0 203 6e8

Da0 0.0 8.0
95.4% 1i04.1 1137
9le7 93.4 962
0.0 «Q 00
10963.5 12618. 14145.9
oINS IsRumoxneow S=x==
1115G.6  1281%.6 14355.8
ETEXTSS[ONT SSESTmESIS ST Es
480667 4806.7 48067
3760 435,5 49662
187«1 199.9 219.0

5780.8 7373.5 8833.8

4383 . _459.0 393.9
2275.7 2734.7 3128.6
1.25 le25 1.25
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DATALOK WATANA-DC (ON LlrE 1993—2002)—13.0 ANI$1982) STATE FUNDS~INFLATION 7%~INTERESY 10%X~CAPCOST $5.,1317 BN 23-FEB-82
CEEREXRRSARRL RIS 2T ARG LTSN KXY *#;saacac:#*az#*ct#a*¢¢**z**ac¢*e#n:e#v#uvt«acv*t*n##am*v#aaac###acv*#::n***a*#tnnﬂﬂuvvtattttataa
2005 2006 2007 2008 2009 2010 2011 2012 2013 TOTAL
CASH FLGW SUMMARY
s === (SMILLION)====
fHERGY GWH 6092 6147 6250 64T2 6544 6616 6638 6660 6682 104826
TEAL PRICE-MILLS 43492 40e97 38.08 344,79 32453 3045 28.76% 2713 25.63 0.00
460 ITHFLATION INDEX 490437 524469 561 042 600s72 642477 68Ta17 735.91 T87.42 842.54 0.00
PRICE-MILLS 216489 Z14.98 213.79 208.98 209.12 209,41 211.54 213.02 215.95 0.00
— i INCOME = o o e i mm
516 RAEVENUL 130940 13214 1336.1 13524 1368.4 1385.3 1404%.1 1422.6 1442.9 186564
1T0 LESS OPERATING COSTS 11844 129e0 1410 153.9 168.0 183.4 20041 Z18.4% 238.% 2202.0
S17 OPERATING INCUME 1190.6 1192.2 1195.0 1198.5 1200.4 1202.90 1204 .0 120442 1204.5 1645444
214 ADD  IMTEREST EARNED ON FUNDS 22. 2449 271 2966 32.3 35.3 38 42a 45, 6124
550 L CSS INTEREST ON SHORT TERM DEGBT 40.5 4442 69,2 5.2 59.8 6Ga% 69.6 134 77.5 T4B. 6
391 LESS INTEREST ON LONG TERM DEBT 88648 BBleb 8T6.,0 86%.7 8629 85%,3 8470 837.9 8279 12013.6
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