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CHAPTER 1
INTRODUCTION

This report presents a determination of the economic feasibility for a
transmission Tine interconnection between the utility systems of the
Anchorage and Fairbanks areas. It includes an objective evaluation of
the specific conditiens under which the intertie is economically feasi-
ble. An interconnection between the two previously independent power
systems will reduce total installed generation reserve capacity, provide
means for the interchange of energy, reduce spinning reserve require-
ments, and provide the means for optimum economic dispatch of generating
plants on the interconnected system basis. The later integration of the

Upper Susitna Hydropower Project into the interconnected Anchorage-Fairbanks
power system would serve to increase the benefits already available from

early operation of the intertie. The work described in this report was
performed under the authority of the 26 October 1978 contract between the
Alaska Power Authority and the joint-venture of International Engineering
Company, Inc. (IECO) and Robert W. Retherford Associates (RWRA).

Alternative system expansion plans were developed and analyzed during
this study for each of the following areas:

¢ Independent Anchorage area
e Independent Fairbanks area

¢ Interconnected Anchorage-Fairbanks area

(generation reserve sharing option)

® Interconnected Anchorage-Fairbanks area

(generation reserve sharing and firm power transfer option)

e Interconnected Anchorage-Fairbanks area (with inclusion of
the Upper Susitna Hydropower Project)



This study confirms the economic feasibility of the Anchorage-Fairbanks
transmission line interconnection as well as the possibility of an early
implementation date for the project, prior to longer-range development
of the Upper Susitna Hydropower Project. This study also establishes
additional intertie benefits from the supply of construction power to
the sites of the Upper Susitna Hydropower Project. It alsc evaluated
potential benefits from firm power supply to Matanuska Electric Associa-
tion's system at the intermediate Paimer substation of the intertie.
Preliminary financial and management plans for the implementation of the
project were developed and are presented in the last two chapters of
this report.

An Intertie Advisory Committee, composed of managers of Railibelt area
utilities with the chairmanship of the Executive Director of the Alaska
Power Authority, was formed. During the performance of this study three
Intertie Advisory Committee meetings were held (4 December 1978, 8 Jan-
uary 1979, 14 February 1979, and 18 May 1979) to review factors related
to the intertie and to discuss preliminary findings of this study. The
following Railbelt utilities were represented on the Intertie Advisory
Committee:

Anchorage Municipal Light & Power (AML&P)
Copper Valley Electric Association (CVEA)
Chugach Electric Association (CEA)
Fairbanks Municipal Utility System (FMUS)
Golden Valley Electric Association (GVEA)
Homer Electric Asscciation (HEA)

Matanuska Electric Association {(MEA)

The Consultants wish to acknowledge the valuable information, comments,
and support received from the managers and engineers of the Railbelt
utilities, and the Alaska Power Administration during the performance of
this economic feasibility study.
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CHAPTER 2
SUMMARY AND CONCLUSIONS

The purpose of this economic feasibility study is to determine the
conditions under which a transmission interconnection between the util-
ity systems of Anchorage and Fairbanks would be economically feasible.
Following are the important aspects of work performed and the conclu-
sions of this study.

2.1 STUDY SUMMARY

A. Load Forecasts for Railbelt Area

Load forecast is the basis for system expansion planning. The most re-
cent load forecasts for the utility service areas in the Railbelt area
were examined to establish the basis for projection of future trends.

The sum of the most recent forecasts made by the individual utilities in
the area has been selected as the upper growth 1imit to the forecast
ranges for the Railbelt area. The median forecast prepared by the
Alaska Power Administration, as a revision to the Susitna Project Market
Study, was selected as the lower limit. The statistical average of
these two forecasts was calculated and used in this study as the
probable" forecast.

The long-range "probable" load demand projections in MW for the load
areas are:

Anchorage Fairbanks Cbmbined Area
1980 573 153 749
1985 977 231 1194
1990 1581 338 1896
1995 2402 477 2842
2000 3446 663 4054
2 -1



B. Selection of Intertie Route

Alternative transmission corridors considered in previcus studies were
analyzed as to accessibility, cost of right-of-way, transmission line
design, and environmental and aesthetic considerations. The preferred
corridor described in the Susitna Report, along the Parks Highway from
Anchorage to Fairbanks, was selected for the intertie route. It was
selected because of its favorable length, accessibility, and environ-
mental considerations. This corridor was further defined by preparing
preliminary layouts. Field trips to important sites along this 323-mile

line route were made to confirm the suitability at this corridor for the
intertie.

C. Transmission Line Design

To provide a basis for intertie cost estimation, conceptual designs for
230-kV and 345-kV transmission lines and substations were made. The
transmission Line Cost Analysis Program (TLCAP), a computer program de-
veloped by IECO, was used to select optimum designs. The results fa-
vored relatively long spans (1300 feet) and high-strength conductors.
Tubular steel, guyed towers and pile-type foundations were selected for

both the 230-kV and 345-kV 1ines as being well suited for Alaska condi-
tions.

D.  System Expansion Plans

To determine the intertie's economic feasibility, alternative system ex-

pansion plans were prepared with and without the Anchorage-Fairbanks inter-

tie. System expansion plans were developed to meet both the “probable"
and "Tow" load demand projections.
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To assume a nearly constant level of power generation reliability (LOLP
Index) for all system expansion plans, a multi-area reliability (MAREL)
computer study was performed. Annual load models for both areas were
developed. The load models indicate that there is Tittle diversity
between the loads in the Anchorage and Fairbanks areas.

The 1984-1997 study period was selected to best suit system requirements.
The earliest year when the intertie can be operational is 1984. Based on
optimistic assumptions, the last generating unit of Upper Susitna Hydro-

power Project will be on-Tine in January 1997.

E. Facility Cost Estimates

Cost estimates were developed for alternative system facilities to allow
for economic comparisons. All costs were édjusted to January 1979 levels.
Transmission line costs were calculated by using the TLCAP program. The
same computer program calculated the 1ine losses.

To provide a means for optimum economic dispatch of generating units on
an interconnected system basis, costs for control and communication sys-
tems were included in the intertie cost estimates. Cost estimates for
new generating plant facilities (gas-turbine units and coal-fired steam
plants) were based on cost information in the Power Supply Study ~ 1978
report to GVEA, prepared by Stanley Consultants. Appropriate Alaskan
construction cost location adjustment factors were applied to derive spe-
cific site cost estimates.

Construction power costs for the proposed Susitna Project were calcu-
lated. The results indicate a clear advantage for utilizing the intertie
as a source of construction power.



F.  Economic Feasibility Analysis

The economic feasibility analysis of the intertie was performed by
discounting two cash flows (independent and interconnected systems) to a
common year and then measuring the project benefits by the net present
worth value. Facility costs for those new generating plants not af-
fected by the introduction of the intertie were excluded from the anal-
ysis. The Transmission Line Economic Analysis Program (TLEAP), a com-
puter program, was used to analyze the sensitivity of different escala-
tion and discount rates on the capital costs of various alternatives.
For principal investigations to establish definite feasibility analysis
a 10% rate was used to discount cash flow in constant 1979 dollars.

G. Financial and Institutional Planning

A preliminary financial plan for implementation of the transmission
intertie on a progressive basis was developed. The probable composition
of institutions and participating utilities for ownership, management,
and operating responsibilities is reviewed in this report, and present

arrangements and possible future requirements are discussed.

2.2 CONCLUSIONS

The study shows that:

e The 230-kV single circuit intertie, having a 130-MW line Toad-
ing capability (Case IA), is economically feasible in 1984,
based only on benefits due to reduction of generation reserve
plant capacity (reserve sharing). The net present-worth or
the benefits are $12,475,000. The benefits become marginal
($945,000) if intertie costs are increased by 25 percent. 1In

the case of "low" load forecast scenario the benefits are $2,704,000.

L

A
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An increase in benefits is obtained if the 230-kV single circuit
intertie (ddub]e circuit after 1992), in addition to generation
reserve sharing, includes firm power transfer capability (Case IB).

The benefits are $24,054,000 or an increase of 93 percent over Case IA.
Additional benefits due to supply of construction power to the Upper
Susitna Project sites are $5,579,000. ’

The 345-kV single circuit intertie (Case IC) is not economically
feasible in 1984 based on the two scenarios developed in this

study: generation reserve sharing only and reserve sharing plus

firm power transfer capability. In the second scenario the results
are negative ($-426,000). Further studies are recommended to pursue
the economic feasibility of the 345-kV intertie because from technical
point of view the 345-kV voltage is more appropriate for the trans-
mission distance between Anchorage and Fairbanks.

The 230-kVY single circuit intertie with intermediate substa-
tions at Palmer and Healy (Case ID) is economically feasible in
1984. The benefits are $20,344,000 including the power sup-
plies to MEA system to Palmer and the proposed Upper Susitna
Hydropower Project sites. If intertie costs are increased by
25 percent the benefits become $11,656,000.

The fully integrated interconnected system operation generates
additional benefits which are not quantified in this study. These
benefits could be due to:

Decrease in spinning reserve requirements by reducing the on-line
plant capacity for the combined system.

- Coordination of maintenance scheduling which would improve
combined system security and provide cost savings.

- Economies from optimum dispatch of generating units on the
interconnected system basis. It is definitely recommended
that a multi-area production costing simulation study be
performed to establish these additional benefits.

2 -5



Expansion plans for the interconnected system with the proposed
Upper Susitna Project were developed to determine the effect of
this project on the interconnected system expansion plans, the
displacement of thermal generating units, and intertie transmis-
sion requirements with Susitna Project.

If an early 230-kV transmission intertie is constructed in 1984,

due considerations should be given for constructing the Anchorage-

Susitna portion of this intertie for 345-kV and operating it tem-
porarily at 230-kV.

The average value of energy transfer cost (1984-2015) thru the
230-kV intertie is 8 Mills/kWh at 55 percent load factor when
financed by 40/60% REA/FFB Toan package and municipal bonds
issued by Anchorage and Fairbanks.

This Intertie Feasibility Study is only a part of the over- all
power system expansion plans for the Railbelt area. Further
studies will be required to establish definitive characteristics
for this transmission intertie. These studies should be closely
coordinated with the future expansion plans of all utilities in
the Railbelt area.

N
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CHAPTER 3
LOAD FORECASTS FOR RAILBELT AREA

3.1 ENERGY AND DEMAND FORECAST RANGE

The basis for establishing a range of future load projections for the
Anchorage - Cook Inlet and Fairbanks - Tanana Valley areas, together with
a combined forecast for an interconnected system service area in the
Railbelt, was obtained from an examination of previous forecastsl/ com-
pared in the Battelle Report of March 1978 (Ref. 1). These were examined
in relation to a combination of the most recent utility forecasts pre-
pared for the REA and an August 1978 revision of previous forecasts for
the Upper Susitna Project, issued by the Alaska Power Administration in
December 1975 (Ref. 2).

A. Range of Energy Consumption Resulting from Battelle Study

The Battelle study provides a compendium of previous forecasts and an
analysis of assumptions intrinsic to their projections. It attempts to
eliminate low probability scenarios and select a range of utility -and
industrial Toads for the intertied Railbelt system. The following summary
of annual energy consumption, excluding national defense and non-

interconnected users, represents the definitive results of the Battelle

study:
1974 - 1980 1990 : 2000
Annual Consumption-GWh
Upper Range Limit 1,600 3,400 10,800 22,500
Interval Growth Rate 13.4% 15.3% 10. 2%
Lower Range Limit 1,600 2,600 8,500 16,000
Interval Growth Rate 8.4% 9.6% 4.0%

17 See section 3.3 for references used in this chapter.
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Battelle selected this energy consumption range after carefully evaluating
the methodology used in several previous forecasts and relevant assumptions
pertaining to economic factors. Two load studies were deemed most appro-
priate to future load projections for the Railbelt. They are, in order

of preference, the Upper Susitna Project Power Market Study by the Alaska
Power Administration, and the report Electric Power in Alaska, 1976-1995
(Ref 3.) by the Institute for Social and Economic Research (ISER) of the
University of Alaska.

1. Forecasts for Anchorage - Cook Inlet Area - From the several
load forecasts corresponding to various growth scenarios of the ISER
study, Battelle selected Forecasts 2 and 4 as most appropriate for the
Anchorage and Cook Inlet area. These forecasts assume limited petroleum
development, which was considered to be the most likely prospect. The
assumptions underlying the scenario for Timited petroleum development
are:

¢ Petroleum Production will be 2 million bpd in 1980, and 3.6
million in 1990.

e A natural gas pipeline will be constructed from Prudhoe Bay
through Canada.

e An LNG plant for natural gas from the Gulf of Alaska will be

constructed. .
The assumptions regarding electrical energy consumption are: i
Sector Case 2 Case 4 -
® Residential Moderate Electrification No Growth
e Commercial/Industrial Growth as Usual Minimum

Electrification



The ISER study did not include new industrial consumption in forecasts,
other than expansion of existing loads served by utilities. However, it
did relate utility forecasts to economic scenarios, in which future energy
consumption was quantitatively projected according to specified assumptions
of petroleum development, population, aggregate income, saturation Tevels,

and average usage per customer.

In 1975 the Alaska Power Administration prepared forecasts for the po-
tential power market of the Upper Susitna Project. The forecasts con-
tained projections of industrial load for existing and possible future
installations. Battelle modified these projections to include the follow-
ing assumptions:

e In addition to gradual expansion of existing refinery capacity,
a new 150,000-bpd refinery will be built by 1983.

@ An aluminum smelter with a capacity of 300,000 tpy will be
constructed, to be on-line by 1985.

e A nuclear fuel enrichment plant, included in previous load
projections, was deleted from future industrial Toad.

e Industrial development in the interior region was assumed to

be excluded from the load area of an intertied Railbelt system.

A summary of industrial facilities included in the Battelle forecast for

the Anchorage and Cook Inlet area is as follows:

Existing Facilities New Facilities
Chemical Plant Aluminum Smelter

LNG Plant LNG Plant

Refinery Refinery

Timber Mills Timber Mills

Coal Gasification Plant
Mining and Mineral Processing Plants
New City



2. Forecasts for Fairbanks - Tanana Valley Area - A similar evalua-
tion by Battelle defined the most probable forecasts for the Fairbanks
and Tanana Valley area. It assumed that industrial development in the
interior region will consist largely of self-supplied mining operations
in remote areas. Thus, load growth will be attributable only to utility
customers in the service areas of the Fairbanks Municipal Utilities
System (FMUS) and the Golden Valley Electric Association, Inc. (GVEA).

In the judgment of Battelle, the most Tikely consumption range for the
Fairbanks area is bounded by the mid-range projections of the Upper
Susitna Market Study, with mid-range forecasts prepared by the Interior
Alaska Energy Analysis Team (IAEAT) (Ref. 4) as the upper bound and the
ISER Case 4 as the lower bound.

3. Combined Forecasts for the Railbelt - The Battelle energy and
demand forecast range for the combined utility and industrial load of
the Railbelt, encompassing the Anchorage - Cook Inlet and Fairbanks -

Tanana Valley areas, is shown graphically on Figures 3-1 and 3-4, re-

spectively. These are intended to serve as background comparisons with
combined utility forecasts and the revised projections of the Alaska
Power Administration for the potential market of the Upper Susitna Project.

B. Forecasts by Utilities and the Alaska Power Administration

The most recent Power Requirements Studies (PRS) of the REA utilities
(Ref. 5) in the Anchorage and Fairbanks areas were obtained, together
with the most probable load forecasts, as projected for the Anchorage
Municipal Light and Power Company (AML&P) and the Fairbanks Municipal
Utilities System (FMUS).

Tables 3-1 and 3-2 provide tabulations of utility forecasts and extrapo-
lated projections to the horizon year 2000, for the Anchorage - Cook
Inlet area and the Fairbanks - Tanana Valley area, respectively. The
Valdez - Copper Valley area is not included in the forecasts for the
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Railbelt, as these load areas are assumed not to be interconnected with
the intertied Railbelt 5ystem until after the completion of the Upper
Susitna Project. As the PRS provided load projections for a base year
and at two 5-year intervals, interpolations were made on the basis of
assumed compound growth between reported values. On the further assump-
tion that growth rates will decline progressive]y‘to the horizon year,
extrapolations were made of net energy generation with growth rates
declining from reported values at 5-year intervals to 2000. These
growth rates were applied on the assumption that there will be no abrupt
transition to low growth rates. Rather, growth will diminish in gradual
steps as markets are saturated and the effects of conservation and price
elasticity reflect in future energy consumption levels. Reported Toad
factors were interpolated for intermediate years and the trend extrapo-
lated to the horizon year to obtain projections of annual peak demand.

The utility forecasts were combined for the Anchorage - Cook Inlet area,
the Fairbanks - Tanana Valley area, and the total Railbelt. Table 3-3
provides tabulations of net energy generation, load factor, and annual
peak diversified demand. It is obtained by the application of coinci-
dence factors to the sum of individual utility peak demands. These load
forecasts are shown on Figures 3-1 through 3-6, in comparison with Toad
projections prepared in August 1978 by the Alaska Powér Administration
for the Upper Susitna Project, as revisions to previous power market
forecasts evaluated as part of the Battelle study. A summary of the
Alaska Power Administration load forecasts is given in Table 3-4. Thes#
forecasts include only utility and industrial load projections on the
assumption that national defense installations will not be supplied as
part of the interconnected system load. Since the Battelle forecasts
also excluded Toad forecasts for national defense installations, direct
comparisons can be made. The range of Alaska Power Administration Toad
forecasts for peak demand and annual energy was as follows:

1980 1985 1990 1995 2000

% Differential High +8 . +21 +31 + 41 + 54
from median: Low -8 -18 -27 -33 - 38
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The range of load forecasts exhibited this diverging spread from the 1977
base~year load level. The industrial load projected by Battelle was
included in the Alaska Power Administration forecast range on a selective
basis. The differential between the "high" and "extra high" forecasts

is an additional 280 MW of load, representing an aluminum smelter. The
“Tow" forecast excludes the load projected for the New City.

C. Comparison and Selection of Forecast Range

The forecasts of net energy generation for the Railbelt are shown on
Figure 3-1. Curve 1 represents the combination of the most recent
forecasts for municipal and REA utilities, as presented in Tables 3-1,
3-2, and 3-3. The forecast aligns closely up to 1990 with the upper
bound of the Batteile forecast range.( Beyond 1590 the divergence arises
from the different assumptions made in regard to growth rates in the
1990-2000 period. The upper bound of the Battelle range exhibits an
abrupt change of growth rate, from 15.3% to 10.2%, applied to total
energy in the Railbelt, while the combined utilities forecast exhibits a
more gradual transition to lower growth rates. Although many economic
factors will contribute to lower overall growth rates in energy consump-
tio, a reasonable approach to establishing an upper 1imit has been
taken, in that individual utility forecasts were assumed to deciine
without abrupt change. This assumption is based on the fairly constant
percentage expenditure from disposable income for energy needs, as
determined by the study of future consumption patterns in Alaskan service
areas (Ref. 6), the results of which are given in an extract from the
RWRA report (Ref. 7) presented in Appendix A.

Accordingly, the combined utilities forecast has been selected as the
upper limit to the possible range of total energy forecasts for the
Railbelt. The median forecast prepared by the Alaska Power Adminis-
tration, as a revision to the Susitna Project Market Study, has been
selected as the Tower 1imit to the forecast range for the Railbelt.
This recently prepared forecast exhibits lower growth than the 1975
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forecast for the Susitna Project, and represents a prudent choice for a
conservative growth scenario.

Figures 3-2 and 3-3 show the relationship between the combined utilities
forecast and the range of forecasts prepared by the Alaska Power Adminis-
tration. The effect of the aluminum smelter load can be observed as the
differential between curves 2C and 3C on Figure 3-2, and curves 2A and

3A on Figure 3-3. The median forecast also excludes the aluminum smé]ter
load but provides for a reasonable realization of the 1ndustria1 potential
in the Anchorage area. In setting the Tower limit of the forecast range
in the context of the considerable industrial growth potential of this
area of Alaska, it is thought that the selected forecast range will
provide a good test of the economic feasibility of establishing an
interconnection in the Railbelt.

A similar comparison of forecast demand can be made by reference to Fig-
ures 3-4, 3-5, and 3-6. The combined utilities demand forecast is below
the upper bound of the Battelle range until after 1985 and aligns in
fairly close proximity until 1990. Beyond 1990 divergence occurs based
upon the assumption discussed previously in relation to energy growth.

The median demand forecast for the Susitna Project, prepared by the Alaska
Power Administration, exhibits a growth characteristic that roughly par-
allels the Tower bound of the Battelle range between 1985 and 2000. As
the low growth Timit to the range of demand beyond 1981 selected for the

interconnection study, it represents a moderately conservative view of
overall growth potential.

Prior to 1981, the short-range combined utilities demand forecast is below
the median forecast for the Susitna Project, approximately at Battelle mid-
range. The demand forecasts for the Susitna Project may be observed in
relation to the combined utilities demand forecasts of Figures 3-5 and

3-6. The selected range of demand forecasts represents a moderaté to high
expectation of a continued growth of the Railbelt economy through the end

of the century, this being accentuated by the interconnection of utility
systems in the area.



3.2 DEMAND FORECASTS FOR GENERATION PLANNING

The range exhibited by load forecasts for the Railbelt Area is consider-
able. Therefore, it remains to select definitive demand forecasts for
generation expansion planning that are a reasonable representation of

anticipated Toad growth under projected economic conditions.

A. Selection of Peak Load Demand Forecasts

The combined utilities forecast is appropriate to a high growth scenario
that may not be possible under future economic constraints and prevail-
ing trends towards greater conservation. The median forecast by the
Alaska Power Administration does not include the entire industrial load
potential that could be realized by a steady commitment towards economic
growth in the State. It also specifically excludes the possibility of
development of the aluminum smelter in the Anchorage area.

The selection of the statistical average forecasts, given in Table 3-5,
for peak load demand is consistent with the moderate to high expectation
of continued growth in the Railbelt economy. The natural resources of
Alaska, particu]af]y 0il and gas, will largely determine the extent of
future growth possible within the State. A steady pressure for addi-
tional domestic o0il and gas supplies for the lower forty-eight will be
engendered by the continuing energy crisis within the United States.

The impact of additional exploitation of the North Slope on the State
economy will be reflected in continued growth within the Railbelt.

Thus, the conditions are present to ensure the realization of optimistic
expectations for moderate to high growth of load demand.

B. Forecast Range for Sensitivity Analysis

In order to determine the effect of load growth on the economic feasi-
bility of the Anchorage-Fairbanks Intertie, a suitable range of load
growth must be established for sensitivity analysis.

P
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The uncertainty associated with a load forecast increases with time, so
the range of demand should also increase with time. The values given in
Table 3-6 correspond to a range of load demand that steadily increases
through time from a bandwidth of + 1% in 1979 to + 21% in 2000.

The long-range load projections for the Anchorage-Cook Inlet and Fairbanks-
Tanana Valley areas are shown on Figure 3-7, with their corresponding

range limits. The diversified demand for the combined areas of the Rail-
belt is given on Figure 3-8, the peak load rising to approximately 4000 MW
in the year 2000.
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TABLE 3-1

ANCHORAGE - COOK INLET AREA
UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

Anchorage Municipal Alaska 2 - Matanuska Alaska 5 - Kenai ) Alaska B - Chugach
Light and Power Company Electric Association, Inc. Homer Electric Assoc., Inc. Kenai {3ty Light System Electric Assaciation, Irc.
Net L cad Peak Net Load Peak Net Load Peak Net  Load Pezk Net Load Peak
Enerqy Factor Demand Energy Factor Demand Energy Factor = Demand Enerqy Factor Demand Enerqy Factor bemand
Year {GWh) {2) (M) {Gih} {2} (W) {GWh} () {MW) {Gih). (2) (M) _{Gkh) {%) (M)
1979 633.6 58.1 124.4 280.4 47.5 67.4 275.2 55.0 £7.1 34.4. £6.0 7.0 1,108.9 53.0 238.8
1980 699.4 58.1 137.5 332.8 47.0 80.8 335.6 55.0 69.9 37.5 56.0 7.6 1,283.0 54.0 271.2
1981 770.6 §7.9 151.8 355.1 45.5 97.0 411.6 55.0 85.4 40.8 56.0 8.3 1,467.8 54.0 310.3
1582 847.3 57.8 167.3 468.0 56.0 116.1 502.0  55.0 104.2 - 44.4 564 9.1 1,679.1 54.0 355.0
1983 929.6 57.7 183.9 559.3 45.0 141.9 572.2 55.0 118.8 48.1 56.0 9.8 1,920.9° 54.0 406.1
1584 1,017.5 57.8 201.8 668.3 84,5 171.4 652.4 55.0 135.4° 52.1 56.0 10.6 2,197.5 54.0 464.5
1985 1,110.8 57.4 220.8 798.6 44.0 207.2 743.7 55.0 154.4 56.4 56.0 11.5 2,509.0 54.0 530.4
1926 1,209.5 57.3 241,1 954.4 43.5 280.5 847.9 55.0 176.0 61.1 56.0 12,5 -2,810.1 54.0 594.1
1937 1,313.2 57.1 262.5 1,140.0 43.0 302.6 967.0 55.0 201.0 66.3 56.0 13.5 3,147.3 54.0 665.3
1338 1,421.6 56.9 - 285.0 1,322.4 44.0 343,1 . 1,083.0 55.0 224.8 71.5 56.0 14.6 3,525.0 54.0 745.2
198% 1,534,2 56.8 308.5 1,534.0 45.0 389,1 1,213,0 55.0 251.8 77.0 56,0 15.7 3,943.0 54.0 824.6
195G 1,550.5 56.6 333.0 1,779.4 46.0 441.6 1,358.6 55.0 282.0 83.1 56.0 16.9 4,421.7 55.0 934.7
1991 1,759.8 56.4 388.2 2,064.1 47.0 501.3 1,521.6 55.0 315.8 89.5 56.0 - 18.2 4,863.9 55.0 1,028.2
1992 1,851.3 56.2 3e4.1 2,394.4 43.0 569.4 1,704.2 55.0 353.7 96.5 56.0 19.7 5,350.3 55.0 1,131.0
1293 2,014.4 58.0 410.5 2,705.7 45.0 630.3 1,874.6 55.0 2891 103.5 56.0 z1.1 5,885.3 55.0 1,244.1
199¢ 2,138.0 55.8 437.2 3,357.4 50.9 698.0 2,062.1 55.0 428.0 111.1 56,0 22.6 6,473.9 55.0 1,363.6
1595 2,244.9 55.6 360.9 3,454.9 51.0 773.3 2,268.3 55.0 470.8 119.2 56.0 24.3 7,121.2 55.0 1,505.4
1996 2,357.1 55.4 485.7 3,904.0 52.0 §57.0 2,495.1 55.0 517.9 127.9 56.0 26.1 7,690.9 55.0 1,625.8
1997 2,475.0 55.2 511.3 4,411.5 583.0 950.2 2.744.6 55.0 559,7 137.3 56.0 28.0 8,305.2 55.0 1,755.9
1996 2,588.8 53.0 533.4 4,5852.7 54.0 1,0625.9 2,964.2 55.0 615.2 146.9 56.0 29.9 8,970,7 55.0 1,900.6
1596 2,728,7 54.8 5€8.4 5,337.9 55.0 1,167.9 3,201.3 55.0 664.4 157.2 56.0 32.0 9,688.3 55.0 2,048.1
2000 2,865.0 E4.6 539.0 5,871.7 £6.0 1,196.9 3,457}4 55.0 717.6 168.2 56.0 - 34.3 10,463.4 55.0 - 2,211.9
Growth Rates:
) ) 18.7% {1977-1582) 22.3% (19?741982) : 8.8% (i977-1982) 15.7% (i§7?-19§§)
Reperted Logistic furve 3 16.5% {19583-1987) 14.0% {(1983-1587) - 8.3% (1983-1987) 14.4% (1921-1985)
‘projected  5.0% (1935-2000) 16.0% (1953-1992) 12.0% (1568-1992) 7.8% (1588-1652) 12.0% (1966-199)
13.0% {1893-1997) 16.C% (1963- 1997} . 7.3% (1993-1997) 10.09 (1991-1993)
10.0% (31998-2000) §.02 {1998-2G00) . 7.0% ( 8.0% (1695-2020)

1998-2000)



TABLE 3-2

FAIRBANKS - TANANA VALLEY AREA
UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

Fairbanks Municipal Alaska 6 - Golden Valley
Utilities System Electric Association, Inc.

Net Load Peak Net Load Peak

Energy Factor Demand Energy Factor Demand
Year (GWh) (%) (MW) (GWh) (%) (MW) =
1979 144.3 50.0 32.9 450.0 46.3 111.0
1980 153.0 50.0 34.9 501.8 46.6 122.9
1981 162.2 50.0 37.0 559.5 46.9 136.2
1982 171.9 50.0 39.2 624.6 47.2 150.9 _
1983 182.2 50.0 41.6 692.6 47.3 167.1
1984 193.2 50.0 44,1 768.8 47.3 185.5
1985 204.7 50.0 46.7 853.4 47.4 205.5 e
1986 217.0 50.0 49.5 947.3 47.4 228.1
1987 230.0 50.0 52.5 1,050.0 47.5 252.3
1988 243.9 50.0 55.7 1,155.0 47.5 277.6 e
1989 258.5 50.0 59.0 1,270.5 47.6 304.7
1990 274.0 50.0 62.6 1,397.6 47.6 335.2
1991 287.7 50.0 65.7 1,537.3 47.7 367.9
1992 302.1 50.0 69.0 1,691.0 47.7 404.7
1993 317.2 50.0 72.4 1,843.2 47.8 440.2
1994 333.0 50.0 76.0 2,009.1 47.8 479.8 .
1995 349.7 50.0 79.8 2,189.9 47.9 521.0
1996 367.2 50.0 83.8 2,387.0 47.9 568.9 o
1997 385.5 50.0 88.0 2,601.8 48.0 618.8
1998 404.8 50.0 92.4 2,809.9 48.0 668.3
1999 425.1 50.0 97.1 3,034.7 48.0 721.7 o
2000 446.3 50.0 101.9 3,277.5 48.0 779.5
Growth Rates:
Reported 6.0% (1978-1990) 11.5% (1977-1982)

11.0% (1983-1987)

Projected 5.0% (1991-2000) 10.0% (1988-1992
9.0% (1993-1997
8.0% (1998-2000

e e
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Year
1979

1980
1981
1982
1983
1984

1985

1986

1987
1988
1989

1990
1991
1992
1993
1994

1995
1996
1997
1998 -
1999

2000

Combined Load Areas

Diversified Demand

for Coincidence Factor:

- -3 -y - 9y ]
TABLE 3-3
COMBINED UTILITY FORECASTS FOR RAILBELT AREA

Anchorage Cook - Inlet Fairbanks ~ Tanana Valley

Net Load Peakl/ Net Load Peakz/

Energy Factor Demand= Energy Factor Demand=
(GWh) (%) (MW) (GWh) (%) (MW)
2,332.5  56.1 475 594.3  47.6 142
2,689.3 56.4 544 654.8 47.9 156
3,085.9 56.2 627 721.7 48.0 171
3,540.8 56.0 722 795.9 48.3 188
4,030.2 55.7 826 874.8 48.3 207
4,587.8 55.5 944 962.0 48.3 227
5,218.5 55.2 1,079 1,058.1 48.4 250
5,883.0 54.9 1,223 1,164.3 48.4 275
6,633.8 54.6 1,387 1,280.0 48.4 302
7,423.5 54.7 1,548 1,398.9 48.4 330
8,306.2 54.9 1,728 1,529.0 48.5 360
9,293.3 55.0 1,928 1,671.6 48.5 394
10,308.9 55.2 2,133 1,825.0 48.5 429
11,436.7 55.3 2,360 1,993.1 48.5 469
12,583.5 55.5 2,587 2,160.4 48.6 507
13,842.5 55.7 2,836 2,342.1 48.6 550
15,208.5 55.9 3,105 2,539.6 48.6 596
16,575.0 56.1 3,372 2,754.2 48.7 646
18,074.6 56.3 3,663 2,987.3 48.7 700
19,533.3 56.5 3,947 3,214.,7 48.7 753
21,113.4 56.8 4,244 3,459.8 48.7 811
22,825.7 57.0 4,569 3,723.8 48.7 873
1/ 0.96 2/ 0.99

Net Load Peak3/

Energy Factor Demand-
(GWh) (%) (M)
2,926.8 55.3 605
3,344.1 55.6 686
3,807.6 55.6 782
4,336.7 55.5 892
4,905.0 55.3 1,012
5,549.8 55.2 1,148
6,276.6 55.0 1,302
7,047.3 54.8 1,468
7,913.8 54.6 1,655
8,822.4 54,7 1,840
9,835.2 54.9 2,046
10,964.9 55.0 2,276
12,133.9 55.2 2,511
13,429.8 55.3 2,772
14,743.9 55.5 3,032
16,184.6 55.7 3,318
17,748.1 55.9 3,627
19,329.2 56.0 3,938
21,061.9 56.2 4,276
22,748.0 56.4 4,606
24,573.2 56.6 4,954
265,49.5 '56.8 5,333
3/ 0.98



TABLE 3-4

Sheet 1 of 2

LOAD FORECAST FOR UPPER SUSITNA PROJECT
- BY

1980

ALASKA POWER ADMINISTRATION

ANCHORAGE-COOK TINLET AREA POWER DEMAND AND ENERGY REQUIREMENTS

Peak Demand {MW)

Utility Loads
High
Median
Low

Industrial Loads

Extra high
High
Median
Low

Total

Extra high
High
Median
Low

Annual Energy (GWh)

Utility Loads
High
Median
Low

Industrial Loads

Extra high
High
Median

Low

Total

Extra high
High
Median
Low

1977 1985 1990 1995 2000
(Excluding National Defense)
620 1,000 2,150 3,180 7,240
424 570 810 1,500 2,045 3,370
525 650 1,040 1,320 1,520
32 344 399 541 683
32 64 119 261 403
25 32 64 119 199 278
27 59 70 87 104
652 1,344 1,914 2,691 3,863
652 1,064 1,634 2,411 3,583
449 602 874 1,23 1,699 2,323
552 709 890 1,127 1,424
2,720 4,390 6,630 9,430 13,920
1,790 2,500 3,530 4,880 6,570 8,960
2,300 2,840 3,590 4,560 5,770
170 1,810 2,100 Z,840 3,590
170 349 625 1,370 2,120
70 170 340 630 1,050 1,460
141 312 370 460 550
2,890 6,200 8,730 12,270 17,510
2,890 4,730 7,255 10,800 16,040
1,860 2,670 3,870 5,510 7,620 10,420
2,441 3,152 3,960 5,020 6,320

3 - 14



TABLE 3-4
Sheet 2 of 2

LOAD FORECAST FOR UPPER SUSITNA PROJECT
BY
ALASKA POWER ADMINISTRATION

1977 1980 1985 1990 1995

2000

FAIRBANKS-TANANA VALLEY AREA POWER DEMAND AND ENERGY REQUIREMENTS

(Excluding National Defense)

Peak Demand (MW)

Utility Loads v
High 158 244 358 . 495 685
Median 119 150 211 281 - 358 452
Low 142 180 219 258 297

Annual Energy (GWh) |

Utility Loads
High 690 1,070 1,570 2,170 3,000
Median 483 655 925 1,230 1,570 1,980
Low 620 790 960 1,130 1,300

COMBINED ANCHORAGE-COOK TNLET AND FAIRBANKS~-TANANA VALLEY AREAS

Peak Demand (MW)

Extra high 810 1,588 2,272 3,186 4,548
High 810 1,308 1,992 2,906 4,268
Median 568 . 752 1,085 1,515 2,057 2,775
Low 694 889 1,109 1,385 ‘1,721

Annual Energy (GWh)

Extra high ‘ 3,580 7,270 10,300 14,440 20,510

High 3,580 5,800 8,825 12,970 19,040

Median 2,343 3,325 4,79 6,740 9,190 12,400

Low 3,061 3,942 4,920 6,150 7,620
3-15
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TABLE 3 - 5

LOAD DEMAND FORECASTS FOR RAILBELT AREA

TO

DETERMINE STATISTICAL AVERAGE FORECAST

Anchorage - Cook Inlet

Fairbanks - Tanana Valley

Cembined Load Areas

Combined ATaska Power  Statistical Combined Alaska Power  Statistical Combined Alaska Power Statistical

Utilities Administration Average Utilities Administration Average Utilities Administration Average

Forecast Median Forecast Forecast ledian Forecast Forecast Median Forecest
Year (Mi) Forecast (MW) {MW) (MW) Forecast (MW) (MW) (M) Forecast (MW) {Md)
197¢ 475 546 511 142 139 141 605 685 645
1280 544 602 573 156 150 153 686 752 710
1831 627 648 638 171 161 166 782 809 796
1582 722 698 710 188 172 180 892 870 2&1
1283 826 752 739 207 184 196 1612 936 a74
1984 944 810 877 227 197 212 1148 1007 1078
1385 1079 874 977 250 211 231 1302 1085 1124
1925 1223 937 1080 275 223 249 1468 1160 131¢
1se7 1387 1004 1196 302 237 270 1655 1241 1448
1988 1548 1077 1313 330 251 291 184C 1328 1584
1989 1728 1154 1441 360 265 313 2046 1419 1733
199¢ 1928 1234 1581 394 281 338 - 2276 1515 1896 -
1¢¢1 2133 1315 1724 429 295 362 2511 1610 20E1
1602 2360 1402 1881 469 310 390 2772 1712 2242
ige3 2587 1495 2041 507 325 416 3032 1820 2426
1694 2834 1593 2215 550 342 446 3318 1935 2627
1995 3105 1699 2402 596 358 477 3627 2057 2842
1996 3372 1809 2591 646 375 511 3938 2184 3061
1967 3663 1925 2794 700 393 547 4276 2318 3297
1698 3547 2049 2998 753 417 583 4606 2461 3534
1928 &244 2182 3213 811 432 622 4954 2614 3734
2000 4569 2323 3446 873 452 663 5333 2755 4054
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Year
1379

1689
1931
1982
1933

19224

1985
1936
1837
1928
1932

1929
1591
1992
1993
1994

1995
1995
1997
1998
1999

2000

TABLE 3-6

PEAK LOAD DEMAND FORECASTS FOR RAILBELT AREA

WITH

RANGE LIMITS FOR SENSITIVITY ANALYSIS

Anchorage - Cook Inlet

Lower reak Load Upper
Renge cenand Range
Limit™* Forecast** L=t
(M) () (44d)
508 511 514
570 573 576
635 638 641
702 710 718
765 789 813
832 877 922
908 977 1046
935 1080 1175
1068 1195 1324
1156 1313 1470
1250 1441 1632
1350 1581 1812
1451 1724 1997
1562 1831 2200
1677 2041 2405
1800 2215 2630
1933 2402 2871
2070 2991 3112
2215 2794 3373
2365 2998 3631
2525 3213 3900
2697 3446 4195

* Low load forecast case in this study.
** Probable load forecast case in this study.

Fairbanks - Tanana Valley

Lower Peak lLoad Upper
rRange Demand Ranae
Limit* Forecast** Limit
() () (M)
140 141 142
151 153 159
163 165 169
175 180 185
188 196 204
202 212 222
218 231 244
232 243 266
248 270 292
264 291 318
281 313 345
300 338 376
317 362 407
337 390 443
355 416 477
377 446 515
398 477 556
420 511 602
444 547 650
469 583 697
495 522 749
522 663 804

Combined Load Areas

Lower Peak Load Upner
Range Tamand Range
Limit* Forecast ** Limit
(M) {d) (Md)
641 €45 649
744 749 754
790 798 802
874 831 883
949 374 999
1031 1072 1125
1121 1194 1267
1212 1314 1416
1310 1448 1586
1413 1334 1755
1523 1733 1943
1642 1895 2150
1760 2081 2362
1888 2242 2595
2021 2425 2831
2167 2627 3087
2319 2842 3365
2476 3051 3646
2644 3297 3950
2820 3534 4243
3004 3724 4564
3203 4054 4905
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CHAPTER 4
SELECTION OF INTERTIE ROUTE

4.1 REVIEW OF EARLIER STUDIES

A number of studies have considered the electrical interconnection of
the Fairbanks, South Central, and Anchorage areas (Refs. 1-8). The

"Susitna Hydroelectric Project Interim Feasibility Report (Ref. 2), here-

after called Susitna Report, reviewed a number of alternative transmission
corridors in considerable depth. None of the studies included a specific
route for a transmission line. The Susitna Report provides an excellent
inventory of topography, geology, soils, vegetation, wildlife, climate,
ekisting development, land ownership status, existing rights-of-way, and
scenic quality and recreation values by corridor segments of about 5-mile
widths.

4.2 SURVEY OF ALTERNATIVE CORRIDORS

Alternative corridors reviewed for this report were those along or near
the Railbelt region between the Anchorage and Fairbanks areas. A recon-
naissance (by USGS Quad's and local know]edge)\gf routes connecting the
Railbelt area to Glennallen was also made to provide a basis for estimating

the cost of such a connection at a later date.

4.3 PREFERRED ROUTE FOR TRANSMISSION INTERTIE

The preferred corridor described in the Susitna Report was further de-
fined by making an actual preliminary Tlayout of a definitive route (with
some alternatives) using engineering techniques. This preliminary routing

provides a basis for refining cost estimates, displaying a definitive lo-

~cation for use in studying potential environmental impacts, and providing

a specific engineering recommendation for use in right-of-way negotiations.

4 -1



The preliminary line routing is shown on the accompanying maps, Figures
4-1, 4-2, and 4-3, these being spatially related to the key map on the
inside of the front cover of this report. These routes come from a working
strip map of 1" = 1 mile (USGS Quad's.) on which these preliminary routes
are drawn. The route was plotted by an engineer with nearly 30 years of
experience with Alaskan transmission systems. It was also visually in-

spected throughout much of its length over the Parks Highway from Anchorage
to Fairbanks.

The definitive Tine route was established within the preferred corridor,
with due regard to the following restraints, insofar as they could be
identified in this preliminary review:

e Avoidance of highway rights-of-way, which are better Tlocations
for distribution lines that will be required to serve homes and
enterprises served by the highway.

e Avoidance of telephone lines, because of electrical interference
problems. (An open-wire telephone circuit exists on the
entire length of the Alaska Railroad right-of-way.)

e Avoidance of aircraft landing and takeoff corridors, including
all lakes of sufficient size to accommodate small floatplanes.
Where lines may cross landing patterns, at least 1/2 mile is
allowed from the end of runways or lakes, so that special de-

signs are not required.
e Avoidance of highly subdivided land areas and dwellings.
e Avoidance of crossings over developed agricultural lands.

e Selection of routings that provide for minimum visibility from
highways and homes.

g
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e Avoidance of heavily timbered lands.

¢ Selection of routes that provide for minimum changes in grade
as the terrain will allow.

e Parallel alignments with property lines are favored, if not pre-
cluded by other considerations.

¢ Avoidance of sensitive wildlife areas, if practicable, and co-
operation in regard to construction and operating restraints

where lines pass through such areas.

e  Alignments located in reasonable proximity to transportation
corridors (roads, railroads, navigable waterways) so that con-

struction, operation, and maintenance routines are not inordi-
nately difficult.

4.4 FIELD INVESTIGATIQNS

Principal engineers of the IECO-RWRA team made field trips by helicopter
and surface transportation to important sites and typical structures of
existing transmission lines in both the Anchorage and Fairbanks areas.
Particular attention was given to lines using designs developed especially
for Alaskan conditions of muskeg swamp, permafrost, and flood plain. ’
These designs have had more than ten years of successful service, and

are the basis for more recent tubular steel structure designs now being
installed on Alaska projects.

Actual field records of Resident Engineers and Inspectors on Alaska trans-
mission line construction projects were analyzed along with contractor bids
for these projects to provide authoritative basic data on the actual man-

hours, materials use, and dollar costs of completed transmission lines.



4.5 PRELIMINARY ENVIRONMENTAL ASSESSMENT

A.  Description of the Environment

.

1. Point MacKenzie to Talkeetna - The corridor travels north along

the east flank of the Susitna River Valley, an extremely wide and poorly
drained plain. Heavy forests of bottomland spruce and poplar, interspersed
with muskeg and black spruce, are typical. The soils vary from deep,

very poorly drained peat to well-drained gravels and loams, with the well-
drained soils being more abundant. Although permafrost is almost absent

in this lower part of the Susitna Valley, the poorly drained areas are

subject to freezing and heaving in the winter.

A sizeable concentration of moose inhabits the lower Susitna River

Valley. This valley also supports black and brown bear and a moderate

density of water fowl.

The proposed transmission Tine route generally follows a "tractor trail"
(USGS designation) to three miles northeast of Middle Lake. Here, at

the approach to the Nancy Lake area, an alternate route (A) may be used

to avoid this area. The proposed route (B) is located in marshes and
wetlands, between Papoose Twins and Finger Lakes, across the Little Susitna
River. The corridor then travels northward along the east side of Lynx
Lake, Rainbow Lake, and Long lLake where it crosses the Willow River. Here
alternate routes (A) and (B) rejoin and intersect an existing 115-kV MEA
transmission corridor at the Little Willow Junction and a proposed corri-
dor to Anchorage on the east side of Knik Arm. Travelling north, the
corridor crosses several major tributaries of the Susitna River including
Sheep Creek and the Kashwitna River. In this area the terrain becomes
more rolling, and the relative proportion of well-drained soils support-
ing thick poplar-spruce forests is considerably greater than to the south.
The corridor then travels some five miles east of Talkeetna to the Bart-

lett Hills P.1. (point of intersection).



2. Talkeetna to Gold Creek - From Bartlett Hills P.I. the corridor

crosses -the Talkeetna River near the confluence of the Talkeetna and

Chulitna Rivers, where it follows the west bank of the Chulitna River
at a mean elevation of 600 feet. Where the Chulitna River curves east-
ward, the corridor travels northward, along the Susitna River Valley,

through forested uplands, gradually rising to an elevation of 1000 feet.

The uplands above the valley support sparser forests, and increasing

amounts of permafrost soils are encountered. At the 1000-foot elevation,
one to three miles east of the Susitna River, the corridor crosses Lane
Creek, MacKenzie Creek, Portage Creek, Deadhorse Creek, and numerous other
small tributaries of the Susitna River. It then crosses Gold Creek and
the Susitna River, 1-1/2 miles east of A.R.R. Mile 265, to the Susitna
Junction, one mile east of A.R.R. Mile 266. At the Susitna Junction, the

proposed Devil Canyon-Watana-Glennallen line meets the corridor.

3. Gold Creek to Glennallen - The corridor parallels the Susitna

River to the proposed Devil Canyon damsite and then travels east to the
proposed Watana damsite. The vegetation in the canyons varies from up-
land spruce-hardwood to alpine tundra. Soils vary from poorly drained
river bottoms to unstable talus. Permafrost occurs in this portion of

the corridor. Some localized moose populations are crossed. The corridor
passes through low Take areas west of lLake Louise until it intersects the
Richardson Highway at Tazlina. From Tazlina the route follows the

Richardson Highway into Glennallen.

4. Gold Creek to Cantwell - The transmission corridor travels north
some 1 to 3 miles east of the Alaska Railroad between elevation 1500 and

2000 feet. The timber density becomes successively less in this area.

This portion of the corridor is a good bear and moose habitat. Shallow
permafrost occurs in this portion. The corridor crosses several major

and minor tributaries to the Chulitna River including Honolulu Creek,
Antimony Creek, Hardage Creek, the East Fork of the Chulitna River, and
the Middle Fork of the Chulitna River. The corridor area is of medium
scenic quality and is not readily accessible, except at the Denali Highway

Crossing.



5. Cantwell to Healy - The corridor rises to the 3200 foot level
along the west side of Reindeer Hills and then descends into the Nenana
River Valley. It follows the east flank of the Nenana River northward
at the 2200 foot level, through sparsely timbered country. This is an

area of high scenic quality especially in the canyons. The terrain varies

from rolling hills and valleys to high passes and sharp ridges. Habitats
of moose, bear, and Dall sheep are traversed. Bedrock is exposed in the
canyons. The corridor crosses several tributaries to the Nenana River
including Slime Creek, Carlo Creek, Yanert Fork, and Montana Creek, and
the Nenana River itself. It also crosses the Alaska Railroad at the
Moody Tunnel, near A.R.R. Mile 354 and the Healy River. The boundary of
Mt. McKinley National Park is on the west flank of the Nenana River.

6. Healy to Ester - The corridor leaves Healy and crosses the Parks
Highway near Dry Creek. It then roughly parallels the west side of the
highway at elevation 1500 feet, crossing several tributaries to the
Nenana River. It crosses the GVEA line 1-1/2 miles north of Bear Creek,
the Alaska Railroad and the Nenana River at A.R.R. Mile 383, and the Parks
Highway. The route then parallels the GVEA Tine. The corridor crosses
the Tanana River at the Tanana P.I. and follows the Tanana River flood
plain for several miles until the route again crosses the highway where
it travels on the west side of the Bonanza Creek Experimental Forest.

The route parallels the GVEA right-of-way the rest of the way to Ester.
The Healy to Ester portion of the route passes through some private lands
(mining claims, homesteads, etc.), as well as near the towns of Healy,

Lignite, and Nepana. An archeological site exists near Dry Creek. Portions

of the corridor are heavily forested and provide habitat for moose, caribou,
and bear. Poorly drained areas in this corridor are subject to potential

permafrost degradation and frost heaving.



B. Environmental Impacts

Construction and maintenance of other Alaskan transmission systems has
shown that most negative environmental impacts caused by a transmission
system can be minimized. Golden Valley Electric Association, Matanuska
Electric Association, and Chugach Electric Association have constructed
and are operating several lines on poor soils and under harsh climatic
conditions. Except for anticipated slight visual impacts, most environ-
mental impacts caused by a transmission system would be far less than
those of many transportation and communication systems. Specific areas
to be impacted are discussed below.

1. iEcoszstems - The major positive impact will be on human environ-
ment, while adverse effects to the other ecosystems will be minimal. The
route has been selected to avoid adverse impacts on these ecosystems
wherever possible. The human environment will be benefited by the pro-
vision of energy, vital to the growing state of Alaska. The development

of many potential renewable energy resources will be made feasible by the

Anchorage-Fairbanks intertie. The project will contribute to the reduction

in costs of electrical energy, improvement in reliability of electrical
service, and enhancement of opportunities for renewable energy resources
(such as hydro and wind) to displace non-renewable energy resources (such

as gas and oil) for the generation of electricity.

Alteration of vegetation patterns will affect wildlife. This corridor
traverses many areas of moose concentrations, and moose should benefit
from the introduction of brush resulting from regrowth on the clearing.
Since the clearing must be maintained, this brush area will last for

the lifetime of the project. Animals such as squirrels will suffer loss
and displacement. However, their faster reproductive rates will allow

their populations to adjust rapidly.



Construction itself will affect wildlife. Larger mammals may temporar-
ily leave the area to return after the construction activity. Smaller
animals will suffer individual losses, but should recuperate rapidly once
construction is completed. The density of forest in portions of the

corridor will allow animals to move only a short distance to avoid contact
with construction activities.

Vegetation suppression, by whatever method, will periodically remove
cover from along the right-of-way. However, due to the surrounding

cover of the uncleared forests, this impact will be insignificant.

2. Recreation - The corridor will approach several recreational and
wayside areas in the lower Susitna Valley. The Targest of these is the
Nancy Lake Recreational Area. The corridor will also approach the Denali

State Park, but will be separated from the Park by the Susitna River.

This corridor will provide access to areas previously difficult to reach.
The Targest such area is that south of Nancy Lake to Point MacKenzie.

Dense forest and muskeg limit travel.

Further north the corridor parallels the east border of Mt. McKinley
National Park, being separated by the Parks Highway, the Nenana River,
and the Alaska Railroad.

3. Cultural Resources - The National Register of Historical and
Archaeological Sites 1lists the following sites which will be approached
by the transmission corridor: Knik Village, Dry Creek, and the Tangle

Lake Archaeological District. The line will be routed to bypass these
areas.

During construction and preconstruction surveys, other archaeological
sites may be discovered which may be eligible for nomination to the
National Register. This is a positive benefit of the corridor, as ar-
chaeological and other cultural resources are often difficult to find in

the great Alaska wilderness.

s



4. Scenic Resources - The southern portion of the corridor does

not traverse any areas of good or high quality scenic values. The northern
portion is, however, more scenic than the southern portion. In the north-
ern portion the fairly continuous, moderately dense forest will provide
ample screening from transportation routes. Further south, the forests
are more intermingled with open muskeg. Glimpses of the transmission

line will be seen from the highway or railroad through these muskeg areas.
South of Nancy Lake the transmission corridor and the transportation cor-
ridors diverge, and although cover becomes more sporadic, the Tine will no
longer be visible from the transportation routes. The transmission Tine

will not be visible from most of the Nancy Lake Recreation Area.

As the Alaska Railroad and the transmission corridor approach Gold
Creek, the valley becomes more confined, and screening becomes more
difficult. However, it appears that the Tine can be concealed through
most of this portion.

The corridor passes through an area recognized as being of good to high
scenic quality from Devil Canyon to Healy. The possibility of screen-
ing throughout this area varies from moderate in the southern portion
around Chulitna, to minimal in the Broad Pass and the upper and lower
canyons of the Nenana River. Scenic quality will be impacted, the im-
pact being a function of existing scenic quality and the opportunity

for screening. The proposed line design will incorporate weathering
tubular steel towers which blend well into the environment. Non-specular
conductors might be used where 1ight reflection from the Tine would cause
unacceptable adverse visual impact. Impact in the Nenana Canyon will be
high; impact on Broad Pass will be moderate to high; impact elsewhere
will be moderate. Two favorable factors mitigate the impact somewhat:

1) the corridor is not visually intact as the Alaska Railroad and the
Anchorage-Fairbanks Highway have already reduced scenic quality some-
what; and 2) the major views south of the canyons are to the west, toward
the Mt. McKinley massif, whereas the transmission line corridor lies to
the east of the transportation routes.



5. Social - Some economic impact can be expected, as flying services,
motels, restaurants, and entertainment facilities receive business, not
only from the transmission line workers, but from related personnel. Due
to the high cost of a low-Toad tap on a high voltage line, the likelihood
ot use of the energy by small communities along the corridor is remote.
However, in places where the demand could justify such a tap, it would

provide a reliable source of electrical energy for growing communities.

C. Special Impact Mitigation Efforts During Construction

Right-of-way clearing will be accomplished by approved methods such as
the hydro axe, and chips will be spread along the right-of-way. The
line will be screened wherever possible. The towers will be designed

to blend into the environment, thereby reducing visual impact.

Movement of men and equipment during construction will be scheduled to
avoid excessive damage to the ground cover. This is generally accom-
plished by winter construction. The tower design will allow movement
of men and equipment along the right-of-way centerline, thereby elimi-

nating the need for an access road in addition to the transmission line

clearing.

Major river crossings will be required over the Talkeetna River, Tanana
River, Healy Creek, and the Susitna River. Minor stream crossings may
be made either by fording or ice crossings. Special efforts will be
made to avoid siltation of fish streams. 0il1 will be carefully handled
to avoid spillage. Where larger quantities of oil are to be stockpiled,

dikes will be constructed to protect against spills.

Since most of the construction will occur far from communities, noise is
not anticipated to be a problem. Suitable muffling devices will be used
to protect men and wildlife from excessive noise.
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Prior to and during construction, special efforts will be made to consult

with State historical and archaeological authorities, the Soil Conserva-

tion Service, the Bureau of Land Management, the Alaska Department of

Fish and Game, and the U.S. Forest and Wildlife Service, and any other

agencies having jurisdiction over the construction area, in an effort to

ensure sound environmental practices.

4.6
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CHAPTER 5
TRANSMISSION LINE DESIGN

5.1 BASIC DESIGN REQUIREMENTS

Experience in Alaska with both wood-pole H-frame, aluminum lattice guyed-X
towers, and tubular steel guyed-X towers with high-strength conductors
(such as Drake 795 kcmil ACSR) has demonstrated the excellent performance
of Tines designed with relatively long spans and flexible structures.

This general philosophy has been followed in establishing the input param-
eters for the Transmission Line Cost Analysis Program (TLCAP) used to
optimize line designs for the Anchorage-Fairbanks Intertie study. Sample
outputs of TLCAP and descriptions of the program methodology are found in
Appendix B.

The results of this computer analysis for 230-kV lines favor relatively
long spans (1300 ft) and high-strength conductors (such as Cardinal 954
kemil ACSR). This confirms the previous Alaskan experience and contributes

substantially to a more economical design, as Chapter 7 will illustrate.

5.2 SELECTION OF TOWER TYPE USED IN THE STUDY

Due to réther unique soil conditions in Alaska, with extensive regions

of muskeg and permafrost, conventional self-supporting or rigid towers
will not provide a satisfactory performance or solution for the proposed
intertie. Permafrost and seasonal changes in the soil are known to cause
large earth movements at some locations, requiring towers with a high
degree of flexibility and capability for handling relatively large founda-

tion movements without appreciable loss of structural integrity.
The guyed tower is exceptionally well suited for these type of conditions.
Therefore, the final choice of tower for this study was the hinged-guyed

X-type design, which has been considered for both the 230-kV and 345-kV

5-1



alternatives. These towers are essentially identical in design to
towers presently used on some lines in Alaska, which have proven them-
selves during more than ten years of service. The design features
include hinged connections between the leg members and the foundations
which, together with the longitudinal guy system, provides for large
flexibility combined with exce]]enf stability in the direction of the
Iine. Transverse stability is provided by the wide leg base which also

accounts for relatively small and manageable footing reactions.

The foundations are pile-type, consisting of heavy H-pile beams driven to
an expected depth of 20 to 30 feet depending upon the soil conditions.

Tower outlines with general dimensions for the two voltage levels are
shown on Figures 5-1 and 5-2.

5.3 DESIGN LOADING ASSUMPTIONS

According to available information and experience on existing lines,
heavy icing is not a serious problem in most parts of Alaska. NESC
Heavy Loading is presently used for all line designs throughout the Rail-
belt region. However, there are locations where Light Loading probably
could be used. Some line failures have occurred due to exceptionally
heavy wind combined with very little or no ice. Such locations should

be identified and carefully investigated prior to the final line design.

In this study, NESC Heavy Loading or heavy wind on bare conductor (cor-

responding to NESC Light Loading) was used, whichever is more severe.

5.4 TOWER WEIGHT ESTIMATION

In order to arrive at realistic tower weights and material costs for
the study, actual tower designs for both the 230-kV and the 345-kV



alternatives were obtained from Meyer Industries of Red Wing, Minnesota
(Ref. 1). This company has designed similar towers for other lines in
Alaska.

Based on these reference designs and additional manual calculations,
tower weight formulas were developed to account for variations in tower
weight due to changes in tower height and load as a function of the type

of conductor used.

5.5 CONDUCTOR SELECTION

Conductor size (see Table 5-1) was selected by the use of the Transmission
Line Cost Analysis Program (TLCAP) which was specially developed by IECO
for this type of study. Given an appropriate range of conductor types

and sizes, span lengths, and other pertinent data, TLCAP determines the

most economical conductor-span combination.

The program includes a sag-tension routine which calculates the con-
ductor sag and tension for a given set of criteria. Using this informa-
tion, the tower height and loads are then determined for each discrete
span length. These values are then applied to the tower weight formula

with the pertinent overload factors included.

In the process of this analysis, the program also evaluated the effect

of the cost of the power losses over a specified number of years. The
power losses were minimized by varying the sending and receiving end
voltages by + 10% and by providing required shunt compensation at both
line terminals. Applicable material and labor costs, together with pro-
Jected escalation rates, were included to enable the program to calculate
the total installed cost of the Tine. A discount rate of 7% per annum
was used for the determination of the present worth of transmission line

Tosses.



For this particular study, material and labor costs were obtained from

"as built" cost information realized on recently completed (138-kV and
230-kV) lines in Alaska.

5.6 POWER TRANSFER CAPABILITIES

Preliminary transmission line capabilities, based on surge impedance
Toading (SIL) criteria, were obtained from the National Power Survey Re-
port (Ref. 2). Additional investigations indicate that for the 230-kV
alternatives (Cases IA, IB, and ID), the calculated intertie power angle
is near 30 degrees. To improve the 230-kV intertie's steady state and
transient transmission capability, series capacitors will be necessary.
Interconnected power system studies should be performed to determine the
final series and shunt compensation requirements. Such studies are out-
side the scope of this work.

5.7 HVDC TRANSMISSION SYSTEM

Because of its asynchronous nature, the interconnection of two isolated
alternating current (ac) systems by a point-to-point HVDC transmission

1ink provides the desired power exchange without being prone to inherent
stability problems. Furthermore, HVDC transmission can provide stabilizing
power, and be very effective in damping system oscillations. While the
state-of-the-art in HVDC technology is advancing, the resulting develop-
ments are keeping pace with inflation.

Preliminary investigations have shown that HVDC transmission, using 180-
kV mono-polar transmission and ground return, is competitive with single-
circuit 230-kV ac transmission in the transfer 130 MW of power over 323
miles. However, if the point-to-point transmission 1ink is required to
supply intermediate locations with power (either initially or in the

future) then it is unlikely that dc transmission can be competitive with
an ac alternative. '
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TABLE 5-1
CONDUCTOR SIZE SELECTION CRITERIA

Optimum ACSR Load?/ -
Case andl/ w Voltage Line Length Conductor Per Circuit
Alternative= Interconnection (kV + 10%) (miles) (kemil) (MW)
I A&B Anchorage-Ester 230 s/c 323 1/c - 954 130
I C Anchorage-Ester 345 s/c 323 2/c - 795 380
I D Anchorage-Palmer 230 s/c 323 2/c - 954 130
Healy-Ester
Im A Anchorage-Devil Canyon 345 s/c3/ 155 2/c - 954 600
Devil Canyon-Ester 230 /¢ 189 1/¢ - 1510 185
Watana-Devil Canyon 230 s/c/ 27 1/c - 2156 488

1/ Case I Alternatives exclude the proposed Susitna Project; Case II Alternative A includes the Susitna Project.

2/ 100% voltage support at both ends.
3/ Two single_circuit lines on the same right-of-way.

Note: s/c¢ = single circuit; 1/c = single conductor; 2/c = two conductor bundle.
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CHAPTER 6
SYSTEM EXPANSION PLANS

One benefit of transmission interconnection between two independent power
systems is the reduction in the installed generating capacity that is
possible, while maintaining the same electric power supply (generation)
reliability level for both the independent and interconnected power sys-
tems. To calculate this reduction in installed generating plant capacity
(megawatts), generation expansion plans had to be developed for both the

independent and the interconnected power systems.

This chapter describes the actual process used in the generation expan-
sion planning for the independent power systems of the Anchorage and
Fairbanks areas, and for an interconnected Anchorage - Fairbanks power
system. Generation expansion planning is a rather complex process. A
brief description of the somewhat simplified method used in this Economic

Feasibility Study is described below.

6.1 GENERATION PLANNING CRITERIA

A. Generating Unit Data

Existing generating unit data were obtained from the Battelle (Ref. 1) and
University of Alaska, August 1976 (Ref. 2) reports. These available data
were reviewed and updated using new information obtained by IECO-RWRA
engineers during interviews with the managers of the Railbelt utilities.

The updated existing generation unit data is presented in Tables 6-1 and
6-2. |

Preliminary information on near future (1979-1986) generation expansion
planning, including probable generation capacity requirements, for the
AML&P and CEA systems was obtained directly from the two utilities. More



detailed information on GVEA generation expansion plans was available

in the review copy of the report Power Supply Study - 1978 {Ref. 3) and
the Report on FMUS/GVEA Net Study (Ref. 4).

B. Installed Reserve Capacity

At the present time, there is apparently no uniform policy as to the
required installed generation reserve margins for Alaskan electric power
utilities. By definition, the installed generation reserve capacity
includes spinning reserve, "hot" and "cold" standby reserves, and gener-
ating units on maintenance and overhaul work. No effort is made in this
study to separate the installed reserve capacity into spinning and other
types of reserves. Utilities in Alaska currently keep spinning reserves
to the very minimum, mainly because of the no-Toad fuel cost incurred by
the spinning reserves, and because most generating units in Alaska's
Railbelt area are quick starting, combustion turbine-type units. This
situation may change in the future when new larger, slow starting,
thermal power plants are constructed, exceptions being hydro plant units
which can be started rather rapidly.

To develop alternative generation expansion plans for this study, gquide-
lTines for installed reserve generation capacity had to be established.

A minimum of 20% reserve margin or the largest single unit at the time
of peak system Toad was decided on as the installed generation reserve
guideline. In general, the 20% value is close to the actual installed
reserve margin of most U.S.A. utilities. Recently, the Department of
Energy's Economic Regulatory Administration reported the following for
the 1978 winter peak load of the lower 48 states:

"According to the forecast, total available power resources
for the Tower 48 states will total nearly 500,000 MW. Peak
demand is anticipated at 380,000 MW, for a reserve of nearly
120,000 MW or 31.5 percent. The lTowest reserve - the 21.1
percent - will occur for the southeastern Electric Reliability
Council, the DOE said, with the Mid-Atlantic Council experi-
encing the highest reserve margin at 45.1 percent" (Ref. 5).




C. Unit Retirement

Except for the Knik Arm Power Plant (CEA), no other generating units were
reported for retirement by the Railbelt uti]itfes during the 1980-1992
period. Later, to include the effect of the proposed Susitna Hydroelectric
Project and to obtain a better economic analysis, this study period was
extended through 1997. An assumption was made that the generating units
available from 1980-1992 will also be available from 1993 through 1997.

Many of them, however, will serve as system standby reserve units.

D.  Generation Expansion Planning

To-program the economic feasibility study and to establish transmission
1ine interconnection benefits, generation expansion plans for the 1980-
1997 period were developed for:

e Independent Anchorage area system.

e  Independent Fairbanks area system.

e Interconnected Anchorage-Fairbanks system (intertie for re-
serve sharing only).

e Interconnected Anchorage-Fairbanks system (intertie for re-
serve sharing and power transfer).

e Interconnected Anchorage-Fairbanks system (with Susitna Hydro-
electric Project).

Basically, generation planning includes three aspects: forecasting future
lToads (previously described in Chapter 3); developing generation reserve
and reliability criteria (discussed ltater in this chapter); and determining

when, how much, and what type of generation capacity is needed (which is
discussed below).

Generation timing and capacity were determined by the most probable Toad
forecasts for the Anchorage, Fairbanks, and combined Anchorage-Fairbanks
areas, as described in Chapter 3.



Unit sizes for the alternative system expansion plans were determined by
the ability of the power system to withstand the loss of a generating

unit (or units) and still maintain reasonable system generation reliability.
In determining unit sizes, due consideration was given to the valuable
-generation expansion planning data for the 1979-1986 period which was
obtained by IECO-RWRA engineers from the Railbelt area utilities, and as
the power system grows the economy of larger unit sizes.

IECO-RWRA engineers determined the type of generation mix for the expan-
sion plans based on:

e Preliminary planning information obtained through interviews
with Railbelt utilities.

® Information available in the Battelle Report and Alaska Power
Administration's January 1979 report draft (Ref. 6).

® The judgment of I[ECO-RWRA power system planners.

Most of the planned generation additions are baseload-type thermal steam
power plants burning coal, gas, or oil as fuel. They are mixed with a
few additional peaking-type combustion turbine generating units using
natural gas or o¢il as fuel. It is assumed that in the Tater years of
this‘study many existing combustion turbine generating units, preSent1y

used as baseload or intermediate units, will become peaking or standby
units.

6.2 MULTI-AREA RELIABILITY STUDY

A. Purpose

The PTI Multi-Area Reliability (MAREL) Computer Program is used for
alternative generation expansion planning, mainly for its ability to
maintain a nearly constant Tlevel of generation supply reliability in all
cases. This approach provides a nearly equal reliability level as far
as generation ability to meet the load is concerned. The MAREL program
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gives reliability equivalence to both individual area and interconnected
system generation planning alternatives. The MAREL program manual (Ref.

7) introduces this program with the following:

"The PTI Multi-Area Reliability Program MAREL determines the
reliability of multi-area power systems. It has been written
in FORTRAN IV for use on a PRIME 400 time-sharing computer.
Reliability indices computed by the program include system
loss of load probability (LOLP), LOLP values for the indivi-
dual areas, probability of various failure conditions and
probability that each transmission (intertie) Tink is Timit-
ing in the transfer of generation reserves from one area to
another."

MAREL program results helped determine the effectiveness of a transmission
Tine intertie between the Anchorage and Fairbanks areas, and established
the amount of generating capacity needed to give the individual areas
approximately the same LOLP as for the interconnected system. MAREL

study results are also applicable to the alternative which includes the
Upper Susitna Project. In this instance the study became a three area
reliability study with the Susitna area having only net generation and

no load.

B. Reliability Index

To perform individual and interconnected system reliability studies (MAREL),
it was necessary to select a reference system generation reliability index.
As described above, the MAREL program uses LOLP calculation techniques

for each study case. For each load condition the program user adjusts

input data, specifically generator unit sizes, generator types, location

of generating plants, and intertie capacities, to obtain generation ex-
pansion plans of near equal reliability for various alternatives. The

LOLP method is very much the adapted method used by U.S.A. utilities

during the last 30 years. According to the IEEE/PES Working Group on



Performance Records for Optimizing System Design, Power System Engineering
Conmittee (Ref. 8):

“This (LOLP reliability ) index is defined as the long run
average number of days in a period of time that load exceeds
the available installed capacity. The index may be expressed
in any time units for the period under consideration and, in
general, can be considered as the expected number of days
that the system experiences a generating capacity deficiency
in the period. This index is commonly, but mistakenly,
termed the "loss of load probability, (LOLP)". A year is
generally used as the period of consideration. In this case,
the LOLP index is the Tong-run number of days/year that the

hourly integrated daily peak load exceeds the available in-
stalled capacity." '

There is no standard value of LOLP which is used throughout the electric
power industry. However, one day in ten years is a very much accepted
value by the Tower 48 utilities. Since to the authors' knowledge, LOLP
index has not previously been used in Alaska, it was decided to use one
day in ten years as reference LOLP index in this study. The use of this
LOLP index may imply larger generation reserve margins than are presently
used in Alaska, but an equal or even lower LOLP index is justifiable for
Alaska for at least the following reasons:

e In very cold climatic zones the Toss of electric power may be
more critical than in more temperate climates.

e There is very little information on existing generation and
transmission outage rates in Alaska. Therefore, there is more
uncertainty about the study input data.

e At present, most of the power systems in Alaska are independently

operated. In case of emergency, utilities cannot rely on help
from neighboring utilities or power pools as can most of utilities
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in the lower 48. Therefore, a lower LOLP reliability index
is justifiable.

v o Higher planned generation reserves may be needed to provide
protection against possible unplanned delays in construction

of new larger thermal units.

C. Program Methodology

A general description of the MAREL computer program methodology is con-
tained in Appendix C. The particular program application to this study

is "Planning of interconnections to achieve regional integration and

more widespread sharing of generation reserves" (Ref. 7). Briefly, the
program models each area as a one-bus system to which all generators and
loads are connected. Transmission interties between areas are modeled as
having Timited power transfer capabilities and specified Tine outage rates.
The method assumes that each area takes care of its own internal trans-

mission needs.
0. Load Model

Annual Toad models were developed for the Anchorage and Fairbanks areas.
Daily peak load data for 1975 were obtained from AML&P, CEA, FMUS, and
GVEA. The Railbelt utility representatives agreed that 1975 was a typical
year with normal weather conditions. The 1975 load models were converted
into per unit system for the MAREL program. The computer program multi-
plied this 1975 load model (input) by the respective study year peak loads
to obtain annual load models for each year of the study. Forecasted
annual peak loads and the per unit annual Toad models for the Anchorage
and Fairbanks areas are shown in Tables 6-3 through 6-6. Annual demand
curves indicating biweekly non-coincident peaks are shown on Figure 6-1.
Figure 6-1 also indicates that there is very little diversity between

the Toads of the Anchorage and Fairbanks areas.



E. Generating Unit Data

Information on existing generating unit data, as indicated in Tables 6-1
and 6-2, was used in the study. Unit base ratings were rounded off to
the nearest megawatt in the study. Sizes for new generating units used

in the expansion plans are indicated on Figures 6-2 through 6-8.

Generating unit outage rates, which are required for calculating LOLP
indexes, were obtained from the most recent Edison Electric Institute
(EEL) report on equipment availability (Ref. 9). The rates for combustion
turbines were obtained from the actual operating experience of CEA and

GVEA at the Beluga and Zehnder Power Plants. The EEI publication defines
the forced outage rate as:

Forced OQutage Rate = FOH/(SH + FOH) x 100

Where FOH represents forced outage hours and SH represents service hours.

Generating unit outage rates used in the MAREL study are indicated below:

Forced Outage

Unit Designation Rate (%)
Combustion Turbine* 5.5
Hydroelectric Plant 1.6
Thermal Steam Plant (small units) 5.9
Thermal Steam Plant (100-200 Mw) 5.7
Thermal Steam Plant (300 MW) 7.9

* The Forced Outage Rate for combustion turbines was based on the follow-
ing information:

@ CEA experience at Beluga during 1977-1978 period, six units
base loaded.



Unit availability 87% of the time
Scheduled maintenance 8% of the time
Forced outage 5% of the time

Therefore, the calculated Forced Outage Rate equals 5.4%.
e In 1975 GVEA experience at Zehnder Station, Units No. 1 and 2
provides calculated Forced Outage Rates of 4.2% and 4%, re-

spectively; however, these units were basically standby units.

F.  Generating Unit Maintenance

The MAREL program automatically schedules generating unit maintenance
within the specified restrictions. For the purpose of this study, it
was assumed that no unit maintenance will be scheduled during the November-

March winter season.

G. Intertie Data

The MAREL program models the transmission intertie by limiting intertie
transfer capabilities and considering intertie outage rates. No load
Toss sharing method was used. This means that one area will share its
generating reserves only up to the Timit of intertie transfer capability
or available reserves in the other area, whichever is limiting. The
forced outage rates (on a per year basis) used in the study for trans-

mission and line terminal equipment are indicated below:

Line Voltage Forced Outage Rate
(kV) (per unit/100 miles)
230 0.00113
345 0.00225

Note: The following outage rate was used for both 230-kV and 345-kV
line terminals: 36 hours/10 years.



6.3 SYSTEM EXPANSION PLANS

A. Planning Study Period

Based on generation planning criteria and the results of the MAREL re-
Tiability study (previously described in this chapter), alternative gener-
ation expansion plans were developed. The 1984-1997 period was selected

for the alternative expansion plans for the following reasons:

¢ 1984 is the earliest year when the interconnected system can

he operational.

e The 1992-1997 period includes the Upper Susitna Hydroelectric
Project, based on the optimistic assumption that Watana Unit
No. 1 will be on-line in January 1992.

¢ The study period is long enough for the present worth economic
analysis method, and includes most of the costs and benefits

obtainable by the introduction of an intertie in 1984.

To close the gap between the existing generation systems and the first
study year (1984) of the intertie economic feasibility study, generation
expansion plans for the independent Anchorage and Fairbanks areas for
1980 through 1983 were developed. Information on planned generation
additions supplied by the generating utilities in the Railbelt area was

used for this purpose.

B. Independent System Expansion Plans

Generation expansion plans for the independent Anchorage and Fairbanks
systems were also needed to calculate economic benefits of the inter-
connection. The planned generation additions consist of thermal base
load and peaking units. They do not include the Upper Susitna Project
(Watana and Devil Canyon Hydro Plants), which are only included in the
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interconnected system expansion plans. The independent Anchorage and
Fairbanks generation expansion plans are indicated on Figure 6-2 for the
probable Toad forecast case and Figure 6-6 for the Tow load forecast

case.

C. Interconnected System Expansion Plans

Two cases of system interconnection were studied - Case I, direct inter-
connection between Anchorage and Fairbanks (Ester), and Case II, inter-
connection between Watana-Devil Canyon with Anchorage and Fairbanks sys-

tems. Under Case I the alternatives were developed as follows:

¢ Case IA includes a single-circuit 230-kV transmission line
having 130-MW power transfer capability allocated for reserve
sharing only. This plan is shown on Figures 6-3 and 6-9 for
the probable load forecast case and on Figures 6-7 and 6-9 for

the low load forecast case.

¢ Case IB includes one single-circuit 230-kV transmission line
(1984-1991) and two single-circuit 230-kV transmission lines
(1992-1997) having the following generation reserve sharing
capabilities: 100 Mw (1984-1987), 130 Mw (1989-1991) and 190 Mw
(1992-1997). In addition, this alternative has a firm power
transfer capability of 30 MW (1984-1987), supplying 14% of peak
load in Fairbanks area in 1984, and 70 MW (1992-1997) supplying
18% of peak load in Fairbanks area in 1992. This plan is shown
on Figures 6-4 and 6-9 for the probable Toad forecast case and

on Figures 6-8 and 6-9 for the Tow load forecast case.

e Case IC includes one single-circuit 345-kV transmission line
having a total of 380 MW power transfer capability allocated
for generation reserve sharing and for firm power transfer.

The case is similar to Case IB (230 kV) except that only one
345 kV line is required during the 1992-1997 period. This plan
is shown on Figures 6-4 (similar) and 6-10.
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o Case ID is the same as Case IA, except with intermediate switch-
ing stations at Palmer and Healy. This plan is shown on Figures
6-3 and 6-11 for the probable Toad forecast case and on Figures
6-7 and 6-11 for the low load forecast case.

Under Case II, only one solution was studied: two single-circuit 230-kV
transmission lines from Watana to Devil Canyon; two single-circuit 230-kV
lines from Devil Canyon to Ester (Fairbanks); and two single-circuit
345-kV Tines from Devil Canyon to Anchorage.

D.  Reliability Indexes

The results of the MAREL study show loss of load probability (LOLP)
indexes for independent system expansion plans and plans for an inter-
connected system (with and without the Upper Susitna Project), and are
indicated in Tables 6-7 through 6-12. As previously discussed in
Subsection 6.2B, the LOLP index of one day in ten years (0.1 day/year)
was used as a reference standard throughout the study for comparing
different alternatives. During the performance of the MAREL study

the LOLP index was kept as close to the standard as reasonably possible.
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TABLE &6-1

EXISTING GENERATION SOURCES
ANCHORAGE - COOK INLET AREA

Unit Ratin Dependable
Unit Year of Base Peak Capacity

Name/Location Reference Installation Type (ki) (kW) {kW)

Remarks

ANCHORAGE MUNICIPAL LIGHT AND POWER {AMLEP)

Anchorage Diesel 2,200,

Anchorage Unit 1 SCET 15,130 18,000
Anchorage Unit 2 SCGT” 15,130 18,000
Anchorage Unit 3 1968 SCGT 18,650 21,000
Anchorage Unit 4 1972 SCGT 31,700 35,000
Anchorage Unit 5 1975 SCGT 36,800 40,000
Anchorage Unit 6 1979 HRST 12,000

CHUGACH ELECTRIC ASSOCIATION (CEA)

Beluga Unit 1 SCGT 15,150 18,700

Beluga Unit 2 SCGT 15,150 - 18,700

Beluga Unit 3 RCGT 53,500 67,000

Beluga Unit 4 SCGT 9,300 10,000

Beluga Unit 5 RCGT 53,500 67,000

Beluga Unit 6 SCGT 67,810 72,900

Beluga Unit 7 1978 SCGT 67,810 72,900

Bernice Lake Unit 1 SCGT 8,200 16,500

Bernice Lake Unit 2 SCGT 19,600 20,500

Bernice Lake Unit 3 1978 SCGT 24,000

International Unit 1 SCGT 14,530 16,500

International Unit 2 SCET - 14,530 16,500

International Unit 3 SCGT 18,600 21,500

Cooper Lake Unit 1 Hydro 7,500 9,600

Cooper Lake Unit 2 Hydro 7,500 9,600 16,500

Knik Arm Several (1,2,3,4 & 5) ST 14,500 17,700

MATARUSKA ELECTRIC ASSOCIATION (MEA)

Talkeetna Diesel 600

HOMER ELECTRIC ASSOCIATION (HEA}

Fnglish Bay Diesel 100

Homer-Kenat Diesel 300

Homer (2 x 3500) SCGT 7,000

Port Craham Diesel 200

Seldovia . Diesel 1,648 1,500

SEWARD ELECTRIC SYSTEM (SES)

Seward Unit 1 Diesel 1,500
Unit 2 Diesel 1,500 1,500 5,500
Unit 3 Diesel 2,500 3,000

ALASKA POWER ADMINISTRATION (APA)

Eklutna Unit 1 & 2 Hydro 30,000 35,000 30,000

6 - 14

Black start unit

Combined cycle
installation

. To be retired

in 1985

Standby

Leased to CEA
Leased from GVEA
(1977-1979})

Standby

Two 15,000 kW units
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TABLE 6-2

EXISTING GENERATION SOURCES
FAIRBANKS - TANANA VALLEY AREA

]

o e e
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Unit Rating Dependable

Unit Year of Base Peak Capacity
Name/Location Reference Installation  Type (ki) (kW) (kW) Remarks
FAIRBANKS MUNICIPAL UTILITIES SYSTEM {FMUS)
Fairbanks Chena 1 1954 ST 5,000
Fairbanks Chena 2 1952 ST 2,000
Fairbanks Chena 3 1952 ST 1,500
Fairbanks Chena 4 1963 ST 20,000
Fairbanks Chena 5 1970 SCGT 5,350 7,000
Fairbanks Chena 6 1976 SCGT 23,500
Fairbanks Diesel 1 1967 Diesel 2,665
Fairbanks Diesel 2 1968 Diesel 2,665
Fairbanks Diesel 3 1968 Diesel 2,665
_GOLDEN VALLEY ELECTRIC ASSOCIATION {GVEA)
Zehnder Sub. Unit 1 1971 SCGT 17,553 20,000 17,400 Peaking Service
Zehnder Sub. Unit 2 1972 SCGT 17,553 20,000 17,400
Zehnder Sub. Unit 3 1975 SCGT 3,500 Leased to HEA
Zehnder Sub. Unit 4 1975 SCGT 3,500 (1977-1979)
Zehnder Sub. Units 1-7 1970 Diesel 12,900
Healy Unit-1 1967 ST 26,200
Healy Diesel 2,500
Northpale Unit 1 1976 SCGT 64,800 70,000
Northpole Unit 2 1977 SCGT 64,800 70,000
U. of Alaska Units 7&8 Diesel 5,100
Delta Diesel

500 Mobile Unit



TABLE 6-3

LOAD MODEL DATA
ANCHORAGE ~ AREA
PROBABLE LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 - 1997)

709. B877. 977. 1686. 1196. 1313. 1441. 1581. 1724. 1881,
2041. 2215. 2402, 2591. 2794,

INTERVAL PEAK LOADS IN P.U. OF ANNUAL PEAK LOAD
(26 INTERVALS / YEAR)

-8333 .6667 .7404 .7500 .6571 .6346 .6122 .5863 .5481 .53538 .5224 .3160 .5064
.4904 .5032 .4968 .5160 .5737 .5769 .6154 .6827 .8429 .8526 .91351.0000 .83901

DAILY PEAK LOADS IN P.U. OF INTERVAL PEAK LOAD
(260 WEEK DAYS / YEAR)

L0000 .9769 ,9731 ,9538 .90600 .9462 .8962 .8v31 .8877 .8428
L0000 .9808 ,9663 .9663 .9615 .9615 .9519 .9519 .9423 .9375
.GU00 .9913 .9784 .9827 .9697 .9654 .9437 ,9307 .9221 .8218
L0000 .9829 ,9487 .9339 .9€17 .8889 .8889 .8846 .8333 .B034
L0000 .9512 ,9317 .9171 .9171 .9073 .9073 .9024 .9624 .B9I76
L0000 .9848 .9798 .9747 .9646 .9495 .9444 .9343 .9293 .9141
.0000 .9686 .9634 .9529 .9529 .9476 .9424 .9372 .9058 .9058
L0000 L9781 .9727 .9617 .9563 .9563 .9344 .9344 .9071 .9071
L0000 9883 .9883 .%825 .9825 .9708 .9708 .9649 .9591 .9415
LB00d 19940 :9820 ,9701 .9581 .9461 .9401 .9341 .9281 .9162
»OCu L0989 9877 .9571 .9571 .9509 .9569 .9448 .9202 .8589
L0 9038 .9814 .9689 .9565 .9379 .9379 .9379 .9255 .9255
L0009 L0310 .96B4 .9620 ,9494 .9494 .9430 .9367 .9304 .9177
L0000 L9804 .9739 .9739 .9673 .9608 .9542 .0542 .9477 .8B24
LU00Y .9873 .9745 9554 .9490 .9498 ,9427 .9427 .9299 .9299
L00001.0000 .9935 .9871 .9806 .9742 .9677 ,9613. .9548 ,9484
L0000 ., 0938 .9814 .9689 .9627 .93565 .9565 .9441 ,9441 .9379
Q000 9777 .0609 .9441 .9274 .9106 .8883 .8715 .8715 .8045
CLGU0D L9044 .9944 ,9722 .9722 .9722 ,9611 ,9278 .9222 ,9222
LOu0a L0948 .9896 .9896 .9687 .9583 .9531 ,93756 .9323 .8802
tLoecra 9859 .9484 .9437 .9390 .9296 .9249 ,9202 .91535 .9014
1.000d L0962 .9658 .9468 .9468 .9087 .7985 ,.7T7?57 .7719 8555
L0001 0000 .9887 .9662 .9549 .9511 .9474 .9398 .9361 .9323
T.uud 9734 .B632 .B596 .8421 ,.8386 .8386 .838B6 .83B6 .8175
1,000 L0840 .9679 .9519 .9359 .9327 .9327 .9135 .8654 .B8045
1,060 9730 .9730 .9614 .9614 .9575 .9875 .9537 .9421 .8340

o i e e e e e o e e o we v bed
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TABLE 6-4

LOAD MODEL DATA
FAIRBANKS AREA
PROBABLE LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983.-1997)

196, 212, 231, 249, 278, 291. 313, 338. 362. 390.
416. 446. 477. 511. 547,

INTERVAL PEAK LOADS IN P.U. OF ANNUAL PEAK LOAD

(26 INTERVALS / YEAR)

0.87590.69900.73710.76040.57490.59710.56630.51110.43240.41150.38330.37470.3587
0.33380.38080.41776.42010.43730.46196.53190.57490.89190:93370.93491.00000.7690

DAILY PEAK LOADS IN P.U. OF INTERVAL PEAK LOAD
(260 WEEK DAYS / YEAR)

LLUDYY .. Y7480.94670.94670.94530.93130.89480.86540.84290.8177
[.0UV00.93670.92790.92790.96510.89980.88050.85940.82790.7891
1.04000.99330.96670.94830.94000.92330.96336.88000. 866708267
1.00000.97580.96120.94510.86910.83200.82390.81100.79000.6769
1.00000.98500.98290.95940.95300.94666.91880.90816.90170. 8825
1.00000.99796.99590.98770.97940.95880.93620.90536.89300, 8827
1.0¢000.98480.95010.93710.91970.89370.88670.87280.86120.8091
1.00u00.96870.96150.95190.93510.91590.88700.88220.879806. 8558
1.00000.99150.99150.99156.97160.96876.93180.89200.88920.8693
1.06001.00000.96120.93130.92840,92840.92249,96750.906450. 8955
1.100000.99040.99040.94550.92310.91990.91676.91350.87820.8558
1.00000.96720.95410.92790.92460.90490.8%840.89510,87870.8721
1.00000.96920.96920.95890.95890.94520.94520.93159.92120.9041
1.00000.98960.97220.96870.95830.94790.93406.92360.92010.8507
1.00000.96770.93876.93230.91290.90326.90320.90320.87100.8677
1.00000.87350.87060.86760.86460.85889.84710,84410.83820,8059
1.¢0000.24440.90640.90640.89470.82750.82750.82460.81870.8612
1.00000.99726.97750.96350.96350.94940.93820.93820.91016.8904
1.00000.99470.96810.93090.92820.50966,90590.90160.88830. 8836
1.00000.98850.93300.91450.96990.89610.88910.88450.86376.8568
1.00000.99150.98080.97650.94020.92950.92740.91880.91456.9017
1.00000.96690.91186.89260.:888490.798960.73970.64460.61020.6088
1.060000.97710.91056.90799.90790.89340.88950.88550.86326. 8434
1L.GeGO0.97110,86330.83050.81870.79630.79240.74510.73320.7201
1.00000.99510.98160,.97300.97176.95580.91650.88450.82430.6818
1.00000.99840.93930.92010.89946.839806.88500.84820.81310.7971
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TABLE 6-5

LOAD MODEL DATA
ANCHORAGE AREA

LOW LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 - 1997)

985. 1068. 1156.

3. 2978, 2215.

12549.

1359.

1451. 1562,

INTERVAL PEAK LOADS IN P.U. OF ANNUAL PEAK LOAD
(26 INTERVALS / YEAR)

L8333 .6667 .7T404 .7500 .6571 .6346 .6122 .5863 .5481
.4904 .35032 .4968 .5160 .5737 .5769 .6154 .6827 .8429 .8526 .91351.0000 .8301

.5353 .5224 5160 .35064

DAILY PEAK LOADS IN P.U. OF INTERVAL PEAK LOAD

L0000
L0000
.0000
L0000
. 0000
. 0000
.0000
L0000
L0000
[VISTRIS
L0000
L0000
L0000
000
L0000
L0000
L0000
IRV
REATSIATS ]
L0000
AT IS
REATERYIS ]
L0000
RVISIALS

1.0000

1.0000

. 9769
.9808
©.9913
.9829
.9512
.9848
.9686
.9781
.90383
.9940
L2939
.2938
.9810
.9804
.9873
1.0000
. 9938
W irdrard
. 9944
.09%48
. 9859
. 9962
1.9000
L9734
.9840
L9730

9731
.9663
.9784
.94:87
.9317
.9798
. 9634
9727
.9883
.9820
.9877
.9814
. 9684
.9739
.9745
.9935
.9814
.9609
.9944
. 9896
. 9484
.9658
.9887
. 8632
9679
.9730

(260 WEEK

.9538
.9663
. 9827
.9359
L9171
.9747
.9529
.9617
. 9825
.9701
.9571
.9689
.9620
.9739
.9554
.9871
.9689
.9441
.9722
.989%6
.9437
.9468
-9662
. 8596
.9519
.9614

. 9500 .9462
L9615 .9615
.9697 .9654
.9017 .8889
9171 .9073
.9646 .94935
.9529 .9476
.9563 .9563
.9825 .9798
.9581 .9461
.9571 .9509
.9563 .9379
.9494 .92494
.9673 .9608
.9490 .9490
.9806 .9742

.9627 .9565

.9274 .9106
.9722 .9722
.9687 .9583
9390 .9296
.9468 .9087
.9549 .9511
.8421 .8386
.9359 .9327
.9614 .9575
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.8962
9519
. 9437
. 8889
.9073
. 9444
-9424
. 9344
.9708
.9401
.9509
.9379
.9430
<9542
. 9427
.9677
.9565
. 8883
.9611
.9531
.9249
. 7985
-9474
. 8386
.9327
.9575

DAYS / YEAR)

. 8731
9519
.9367
. 8846
.9024
.9343
.9372
.9344
. 9649
.9341
.9448
.9379
9367
.9542
. 9427

9613

-9441
.B715
.9278
. 9375
. 9202
. TT07
.9398
. 8386
9135
.9537

.8577
.9423
.9221
.8333
.9024
.9293
.9058
.9071
9591
.9281
.9202
.9255
.9304
9477
.9299
.9548
9441
.8715
.9222
.9323
.9155
7719
.936 1
.B8386
.8654
.9421

.8423
.9375
.8918

- 8034

-.89276
.92141

.9058
.9071

9415
.9162
.8589
. 9255
L9177
.8824
+9299
. 9484
.9379
. 8045
.9222
. 8802
.9014
. 85565
.9323
.8175
. 8043
. 8340



TABLE 6-6

LOAD MODEL DATA
FAIRBANKS AREA
LOW LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 -1997)

188. 2082. 218. 232. 248. 264. 281. 3@8F. 317, 337.
355. 377. 398. 424. 444.

INTERVAL PEAK LOADS IN P.U. OF ANNUAL PEAK LOAD

(26 INTERVALS / YEAR)

0.047590.69900.73719.76840.57490.59710.56636.51110.43240.41159.383390.37470.3587
0.35380.38080.41770.42010.43730.46190.53190.57490.891960.93376.93491.00000.7699

DAILY PEAK LOADS IN P.U. OF INTERVAL PEAK LOAD
(260 WEEK DAYS / YEAR)

1.00000.97280.94670.946706.94530.93136.89480.86549.84298.8177
1.00000.93670.92790.92790.90510.89980.88650.859406.82790.7891
1.00000.99330.96670.94830.94000.92330.903306.88000.86670.8267
1.00000.97580.96120.94510.86910.83200.82390.81100.79900,6769
1.00000.98500.98290.95940.95300.94660.91880.90816.90170. 8825
1.00000.99790.99590.98770.97946.95880.93620.90530.89300.8827
1.00000.98480.95010.93710.91970.89370.88070.87200.86120.8091
1.00000.96870.96150.95196.93510.91590.88700.88220.87980, 8558
1.00000.99150.99150.99150.971608.96870.93186.89200.88920.8693
1.06001.00000.96120.93130.92840.92840.92246.90750.90450.8955
1.00000.99040.99040.94550.92310.91990.91670.91350.87820,8558
1.00000.96720.95410.92790,92460.904990.89840.89510.87870.8721
(.00000.96920.96920.95890.95890.94520.94520.93150.92120.9041
1.00000.98960.97226.96870.95830.94796.93400.92360.92010.8507
1.00000.96770.93870.93230.91290.90320.90326.90320.87160.8677
1.00000.87350.87060.86760.86460.85880.84710.84419.83820,8059
1.00000.94440.90640.90640.89476.82750.82750.82460.81876.88612
1.00000.99720.97750.96350.96350.94940.93820.93820.91010.8904
1.00000,99470.96810.93090.92820.90960.90690.90160.88830. 8856
1.00000.98850.93300.91450.90990.89610.88910,88450.863790.8568
1.00000.99150.98080.97650.94020.92956.92740.91880.91458.9017
1.00000.966%20.91180.89260.:88840.79890.73970.64460.61020.6088
1.00000.97710.91050.90790.90790.89340.83950.8B550.86326.8434
1.00000.97110.86330.83050.81870.79630.7924€¢.74510.73326.7201
1.00000.99510.928160.97300.97170.95580.91650.88450.82430.6818
1.00000.99840.93930,92010,89940.88980,88500.84829.81310.7971



TABLE 6-7

LOSS OF LOAD PROBABILITY INDEX (LOLPY/
FOR
STUDY CASES IA & 102/
PROBABLE LOAD FORECAST CASE

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansiong/ Expansionﬂl Expansiongj Expansionﬁ/
1884 0.0262 0.0063 0.8193 0.0066
1985 0.0123 0.0275 0.1446 0.0242
19862/ 0.0199 0.0113 0.2868 0.0236
1987 0.0247 0.0208 0.6795 0.0546
1988 0.0408 0.0698 0.1140 0.0278
1989 0.0290 0.0613 0.2318 0.0376
1990 0.0242 0.0625 0.0593 0.0652
1991 0.0184 0.0595 0. 1550 0.1276
1992 0.0168 0.0259 0.0276 0.0269
1993 0.0539 0.0297 0.0586 0.0598
1994 0.0393 0.0296 0.1583 0.1358
1995 0.0307 0.0622 0.0373 0.0426
1996 0.0901 0.0568 0.0899 0.1014
1997 0.0676 0.0367 0.0441 0.0419

1 LOLP in days per year.

g/'230 kV s/c, 130 MW reserve sharing only.
2/ see Figure 6-2.

&/ See Figure 6-3.

3/ Starting in 1986 includes Bradley Lake Hydro Project.
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TABLE 6-8

LOSS OF LOAD PROBABILITY INDEX (LOLP)Y/
FOR
CASE 182/
PROBABLE LOAD FORECAST CASE

-

e

e

s e T

3

Anchorage Fairbanks

Study ~  Independent Interconnected Independent  Interconnected
Year Expansioni/ Expansionil Expansiong/ Expansioni/
1984 0.0262 0.0077 0.8193 0.0018
1985 0.0123 0.0329 0.1446 0.0096
1986 0.0293 0.0220 0.2868 0.0152
1987 0.0288 0.0306 0.6766 0.0299
1988 0.0482 0.0799 0.1140 0.0300
1989 0.0330 0.0677 0.2318 0.0394
1990 0.0265 0.0680 0.0593 0.0670
1991 0.0193 0.0633 0.1550 0.0130
1992 0.0189 0.0644 0.0276 0.0227
1993 0.0546 0.0703 0.0586 0.0354
1994 0.0427 0.0550 0.1583 0.0654
1995 0.0326 0.0991 0.0373 0.0369
1996 0.0931 0.0838 0.0899 0.0506
1997 0.0676 0.0520 0.0441 0.0244

1/ LOLP in days per year.

2/ 230-kV transmission system with reserve sharing and firm power trans-
fer capability.

3/ See Figure 6-2.

4/

—" See Figure 6-4.
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TABLE 6-9

LOSS OF LOAD PROBABILITY INDEX (LOLP}/
FOR
CASE 11A%/
PROBABLE LOAD FORECAST CASE

Anchorage Fairbanks
Study Independent  Interconnected Independent  Interconnected
Year Expansioni/ Expansioné/ Egpansion&/ Expansiong/
1992 0.0189 0.0476 ' 0.0276 0.0972
1993 0.0546 0.0418 0.0586 0.0299
1994 0.0427 0.0235 0.1583 0.0244
1995 0.0326 0.0070 0.0373 0.0089
1996 0.0931 0.0226 0.0899 0.0207
1997 0.0676 0.1240 0.0441 0.0461

1/ LOLP in days per year.

2/ Includes interconnections between Devil Canyon-Anchorage (345 kV},
Devil Canyon-Watana (230 kV), and Devil Canyon-Ester (230 kV).

3/ Interconnected expansion for three area system: Anchorage, Fairbanks,
and Upper Susitna (generation only). See also Figure 6-5.

3/ See Figure 6-2.
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TABLE 6-10

LOSS OF LOAD PROBABILITY INDEX (LOLP}/
FOR
STUDY CASES IA & 102/
LOW LOAD FORECAST CASE

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansioné/ Expansioni/ Expansionif Expansioni/
1984 - 0.0262 0.0063 0.8193 0.0066
1985 0.0123 0.0275 0.1446 0.0242
1986 0.0199 0.0113 0.2868 0.0236
19872/ 0.0134 0.0527 0.2697 0.0501
1988 0.0095 0.0068 0.0329 0.0035
1989 0.0724 0.0701 0.0741 0.0222
1990 0.0309 0.0376 0.1511 0.0207
1991 : 0.0350 0.0533 0.0061 0.0387
1992 0.0182 0.0334 0.0591 0.0502
1993 0.0359 0.0351 0.1207 0.0173
1994 0.0190 0. 0264 0.2499 0.0264
1995 0.0129 0.0211 0.0340 0.0463
1996 0.0075 0.0601 0.0711 0.0152
1997 ' 0.0393 0.0393 0.0207 0.0225

1/ LOLP in days per year.

2/ 230 kV s/c, 130 MW reserve sharing only.

3/ See Figure 6-6.

3/ see Figure 6-7.

5/ From 1987, figures include Bradley Lake Hydro Project.
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TABLE 6-11

LOSS OF LOAD PROBABILITY INDEX (LOLP)}/
FOR
CASE 182/
LOW LOAD FORECAST CASE

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansionéj Expansionﬂl Eggansiong/ Egpansionﬂl
1984 0.0064 0.0012 0.4650 0.0006
1985 0.0105 0.0225 0.0807 0.0044
1986 0.0232 0.0745 0.1515 0.0176
1987 0.0217 0.0918 0.2697 0.0393
1988 0.0121 0.0090 0.0329 0.0037
1989 0.0869 0.0822 0.0740 0.0238
1990 0.0344 0.0428 0.1511 0.0219
1991 0.0393 0.0602 0. 2557 0.0413
1992 0.0189 0.0366 0.0591 0.0515
1993 0.0366 0.0393 0.1207 0.0180
1994 0.0209 0.0288 0.2499 0.0271
1995 0.0133 0.0207 0.0340 0.0024
1996 0.0078 0.0126 0.0711 - 0.0195
1997 0.0427 0.0692 0. 0207 0.0029

1/ LOLP in days per year.

2/ 230-kV transmission system with reserve sharing and firm power trans-
fer capability.

3/ See Figure 6-6.

4/ See Figure 6-8.
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TABLE 6-12

LOSS OF LOAD PROBABILITY INDEX (LOLPM/
FOR
CASE 162/
PROBABLE LOAD FORECAST CASE

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansiongj Expansionﬂ/ E;pansiongf Expansioni/
1984 0.0262 0.0063 0.8193 0.0066
1985 0.0123 0.0275 0.1446 0.0242

‘ 19865/ 0.0199 0.0113 0.2868 0.0236
1987 0.0247 0.0208 0.6795 0.0546
1988 0.0408 - 0.0698 0.1140 0.0278
1989 0.0290 0.0613 0.2318 0.0376
1990 0.0242 0.0625 0.0593 0.0652
1991 0.0184 0.0595 0.1550 0.1276
1992 0.0168 0.0616 0.0276 0.0388
1993 0.0539 0.0666 0.0586 0.0620
1994 0.0393 0.0511 0.1583 0.1198
1995 0.0307 0.0971 0.0373 0.0486
1996 0.0901 0.0830 0.0899 0.0699
1997 0.0676 0.0516 0.0441 0.0354

1/ LOLP in days per year.

2/ 345-kV transmission system with reserve sharing and firm power trans-
fer capability.

3/ See Figure 6-2.

3/ See Figure 6-4. The 345 kV (Case IC) is similar to 230 kV (Case IB)
except that only one 345-kV Tline is required during the 1992-1997
period, instead of two 230-kV Tines.

5/

Starting in 1986 includes Bradley Lake Hydro Project.
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FIGURE 6-1
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CHAPTER 7
FACILITY COST ESTIMATES

7.1 TRANSMISSION LINE COSTS

The transmission line costs were obtained from past and current experience
of the Consultants with the design and construction of transmission lines
in Alaska. Cost data was escalated to 1979 levels and a factor of 1.46
{AVF = Average Value Factor) was applied to total costs to give an average
value for construction in the area. The AVF includes a 10% addition for
anticipated difficulty with the constraints associated with the selected
line route.

A.  Alaskan Experience

Facility cost estimates for alternative transmission intertie designs

are based on an in-depth analysis of pertinent Alaskan transmission lines
that have been built and are now in successful operation. Analyses were
made based on actual experience to develop material and man-hour costs,
together with specific instd]]ation requirements for structures, con-
ductors, and footing assemblies. In addition, typica] right-of-way
clearing costs and other costs associated with the solicitation and
obtainment of right-of-way easements, permits, and environmental reviews
were gathered to provide representative costs for estimating component
items for the Anchorage-Fairbanks Intertie.

The first Alaskan transmission line capable of operating at vo]tages as
high as 230 kV was the Be]ugé Line. It was constructed for Chugach
Electric Association (CEA) in 1967 by City Electric, Inc. of Anchdrage.
This 1ine traverses about 42.5 miles of undeveloped land, of which about
65% was muskeg swamp. No roads existed to connect the line right-of-way

to any highway or railroad, requiring that access be by water (Cook Inlet -
Susitna River), by air (helicopter), or by ORV (off-road vehicle). One
major river crossing was required along the transmission line route.
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The Beluga Line was constructed of aluminum lattice, X-shape, hinged-guyed
towers and Drake (795 kcmil ACSR) conductor by the Contractor. Using one
tower assembly yard at Anchorage, the Contractor made extensive use of
helicopter delivery of men and materials with ORV equipment during winter
weather to construct the 1ine. This project was completed at a cost of

about $50,000 per mile, including right-of-way clearing.

The hinged-guyed, X-shaped tower proved successful and has since been
used for the following lines described below.

1. Knik Arm Transmission Line - 230 kV (Aluminum Lattice Towers,
795 kcmil Drake ACSR Conductor), 1975. This line was built using Owner-
furnished material by force account and contract methods. The Owner (CEA)

installed the piling and anchors, and contracted for the right-of-way

clearing, tower erection, and wire stringing. Piling and anchors were
installed using ORV equipment to carry the power tool for installing
anchors and the Del Mag-5 diesel hammer and welding equipment for the
piling work. City Electric, Inc. accomplished the tower erection and
wire stringing using helicopter and ORV equipment.

Summary of ‘Actual Costs: $/Mile
Construction Cost 87,294
Right-of-way Clearing Cost 19,049
Right-of-way Solicitation Cost 7,706
TOTAL (w/o Engineering) 114,049

2. Willow Transmission Line - 115 kV (Tubular Steel Towers, 556.5
kemil Dove ACSR Conductor), 1978. This line was built by contract using
Owner-furnished material. Right-of-way clearing was accomplished by)one
contractor and line cohstruction by another (Rogers Electric - an ex-
perienced Alaska contractor). This line contractor used a vibratory
driver to install the 8" H-pile with great success. (This driver has
since been used to drive 10" H-pile for another line. In one case, the

tool drove a 14" H-pile for a sign support. The contractors are preparing
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to drive more 14" piles for a new CEA line.) The introduction of the
vibratory pole-driving technique, together with the application of the
tubular steel, hinged-guyed, X-tower is expected to realize substantial
cost savings on future transmission line projects.

Summary of Actual Costs: $/Mile
Construction Cost 73,863
Right-of-way Clearing Cost 10,312
Right-of-way Solicitation Cost 4,909

“TOTAL (w/o0 Engineering) 89,084

B. Materia]_Costs

The estimated cost for the tower steel, as well as the physical character-
istics were obtained from ITT Meyer Industries (Ref. 1). The cost of

steel, therefore, has 1979 as the reference year.

The cost of foundation steel was taken to be $0.31 per 1b for WG Beam.
This value is somewhat conservative, as the current market price is
$0.22 per 1b.

Prices for insulators and conductors have a reference year of 1977; there-
aftér, the price was escalated at 7 percent per year through 1979. The

cost of right-of-way was based on actual average values paid by utilities
in the same area as the proposed lines. Other factors used, that provide

good indication of projected costs for the transmission line are:

e Terrain Factor - This factor is used to correct the number of

calculated towers per mile to actual towers per mile.

e Line Angle Factor - This factor is used to increase the ef-

fective transversal load on the tower, and accounts for the 3°

design-angle for the towers.



¢ Tower Weight Factor - This factor is used to increase the total

estimated tower weight, to account for heavy angle and dead-end

towers.

C. Labor Costs

Labor costs were obtained from actual construction experience, obtained
by the Consultants' construction records for transmission lines built in
Alaska. This information included the cost of labor and a detailed
breakdown of the man-hours required for every specific task included in
the construction program. A multiplier of 1.33 was applied to the
estimated cost of labor for this period, which then was multiplied by
1.1 as explained in 7.1 above to obtain the 1.46 AVF indicated above.

D. Transportation Costs

An estimated unit cost of $100 per ton was taken to represent the trans-
portation and shipping costs from the Pacific Northwest to the 1ine route

staging depot, including loading and unloading (Ref. 2).

7.2 SUBSTATIONS COSTS

For this report, the facility costs for substations were obtained from

the U.S. Department of Energy 1978 version of the previous FPC pubtlication
"Hydroelectric Power Evaluation" (Ref. 3). As the values included in

the publication are list prices, with 1977 as reference year, they were
adjusted to 1979 values by using the U.S. Bureau of Reclamation Index
(Ref. 4). The cost of the substations includes the shunt compensation,
required at both ends, for operation from no-load to full-load. No re-
active power (VAR) compensation support from the source generators was
considered in this study.



7.3 CONTROL AND COMMUNICATIONS SYSTEM COSTS

Control and communications sytems costs are included in the intertie cost
estimates. The system is necessary to provide effective control of power
system operations, and economic energy dispatch throughout the inter-
connected Anchorage-Fairbanks area. The cost estimates include a power
line carrier type communications system, a digital supervisory control
and data acquisition (SCADA) system, and automatic generation control

equipment.

7.4 TRANSMISSION INTERTIE FACILITY COSTS

As previously discussed in Chapter 5, transmission 1ine costs were calcu-
lated using TLCAP. Computer printout sheets indicating input data and
the calculated results for all five intertie alternatives are shown in
Appendix B. Costs for substation facilities and the control and communi-
cations system were added to the transmission line costs, thus obtaining
the investment cost for the total intertie facilities. A cost summary
for each of the five alternatives studied is presented in Table 7-1.
Detailed cost estimates and supporting data are included in Appendix D.

7.5 COST OF TRANSMISSION LOSSES

The Transmission Line Optimization Program (TLCAP) for the selection of
the optimum span-conductor combination, includes the cost of demand and
energy losses for long transmission lines. The loss components are opti-
mized by varying the voltages at the receiving and sending ends. The
program assumes 100 percent volt support at both ends. Table 7-2 presents
the present worth (1979) costs of calculated transmission line energy and
demand losses.



7.6 BASIS FOR GENERATING PLANT FACILITY COSTS

Cost estimates were prepared for all new generating plants (five gas-
turbine units and five coal-fired steam plants), and associated substation
and transmission facilities which will be affected by the transmission

interconnection. The costs for the facilities are summarized in Table 7-3.

The most recent cost data and estimates available for both gas-turbine

and coal-fired steam plants planned for the Railbelt area was used as a
basis for the generating plant estimates. The three principal sources

of cost data and information are included in the references at the end

of this chapter. The Battelle study report (Ref. 2) provided background
information and specific factors to determine applicable Alaskan con-
struction cost location adjustment factors. The Stanley Consultants
report to GVEA (Ref. 5) provided detailed cost estimates for both the
104-MW coal-fired plant at Healy and combustion turbines at the Northpole
substation in Fairbanks. These estimates were then used to derive refer-
ence costs for other gas-turbine and coal-fired units of different capacity
at other Railbelt sites. The nomogram developed by Arkansas Power & Light
Company (Ref. 6) was used to determine the 100-MW reference cost estimate
from reported costs relevant to the 104-MW coal-fired plant at Healy.

The same nomogram was then used to determine plant costs for unit ratings
of 200 and 300 MW, taking into consideration economies of scale. Sub-
sequently, the Alaskan construction cost location adjustment factors were

applied to derive site specific cost estimates.

Cost estimates for the associated transmission facilities were obtained
from cost data developed during this study for the transmission intertie,
the Stanley Consultants report (Ref. 5), and typical costs experienced

in recent Alaskan transmission projects.

The cost estimates and supporting data are contained in Appendix D.



7.7 GENERATING PLANT FUEL COSTS

Benefits in addition to those résu]ting from generation reserve capacity
sharing will result from the supply of firm power over the intertie. An
analysis was made of the relative generation costs for both independent
and interconnected system expansions to determine the comparative economic
advantage of firm power interchange. The fue]kcost component of operating
expenses is the salient factor which affects the economic comparison of
alternative system expansions. Therefore, a year-by-year analysis of
alternative modes of genefation was completed for each period during

which firm power transfer over the intertie is possible, as follows:

Transmission Intertie Firm Power Transfer

From _To Duration Capacity % Power Lossl/ Eneggyg/ %‘Energy Lossl/
1984 1987 4 yrs. 30 MW 6.9 145 GWh 1.05

1992 1996 5 yrs. 70 Mw 6.9 337 GWh 1.05

1/ Case IB.

2/

=" Annual Transmission Capacity Factor of 0.55 assumed for analysis. -

Fuel costs were estimated utilizing the trend curves from the Battelle report
for future natural gas and coal prices in the Railbelt area. The energy

loss component of firm power transfer over the intertie was considered, in
estimating the total cost of fuel required to generate sufficient energy

in one area to displace a block of energy otherwise generated by é local

plant in an independently supplied area.

A year-by-year analysis of the comparative cost of generation is given in
Appendix D. Table 7-4 summarizes these costs. Although this analysis is
germane to the confirmation of salient considerations regarding the economic
feasibility of the intertie, this Tevel of study of fuel costs is in no

way a definitive substitution for a detailed year-by-year analysis of pro-
duction costing for the multi-area interconnection:



7.8 MEA UNDERLYING SYSTEM COSTS

The construction of transmission intertie with the intermediate substation
at Palmer (Case ID) provides an opportunity for Matanuska Electric Asso-
ciation (MEA) to purchase power at the intermediate substation at Palmer.
Information in the System Planning Report (Ref. 8) indicates the following
MEA system expansion investment cost for transmission lines and substation
facilities with and without the intertie:

Interconnected System $1,356,000 (1987)
Independent System $6,646,000 (1987)
Independent System $2,004,000 (1992)

The above costs are in 1979 dollars, values were escalated by 10% from
1978 to 1979’1eve1. These values were used in an economic analysis to

obtain additional benefits for Case ID.

7.9 CONSTRUCTION PQWER COSTS FOR THE UPPER SUSITNA PROJECT

Completion of the transmission interconnection, prior to the development
of the Watana and Devil Canyon sites of the Upper Susitna Project will
enable the supply of electrical energy for construction power. A tempo-
rary wood-pole line to the sites will be supplied from a transmission tap
along the intertie route, near the junction of the site access road with
the main highway between Anchorage and Fairbanks. Generally, isolated

diesel generation is used at such remote hydropower plant sites.

A comparison was made of the relative costs of isolated diesel generation
and energy supply to the sites via the tap-line. Table 7-5 shows alter-
native cost streams through the construction period corresponding to the
introduction of the Watana and Devil Canyon units to the interconnected
Railbelt generation expansion, shown on Figure 6-5. The construction
schedule, as outlined on page 94 of the Interim Feasibility Report (Ref. 7),



i

was followed to establish the time frame for economic comparison of alter-
native modes of construction power supply. Results of the economic com-
parison indicate a clear advantage for utilizing the intertie as a source

of construction power.
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TABLE 7-1

COST SUMMARY FOR INTERTIE FACILITIESl/

Total Cost at 1979 Levels ($1000)

Case IA Case IB Case IC Case ID Case II

1. Transmission Line:

Eng'g. & Constr. Supv. 3,012 3,012 7,988 3,012 15,442
Right-of-Way - 8,837 8,837 7,573 8,837 12,994
Foundations 8,445 8,445 12,160 8,445 22,966
Towers 21,615 21,615 33,990 21,615 64,974
Hardware 477 477 477 477 1,096
Insulators 503 503 755 503 1,396
Conductor 10,761 10,761 17,663 10,761 36,946

814

Subtotal 53,650 53,650 80,606 53,650 155,

2. Substations:

Eng'g. & Constr. Supv. 1,352 1,352 1,855 2,816 6,902
Land 57 57 46 81 185
Transformers ' 1,703 1,703 3,291 1,703 11,917
Circuit Breakers - 1,093 1,093 1,323 1,953 6,410
Station Equipment 1,223 1,223 1,933 1,345 4,375
Structures & Accessories 3,628 3,628 3,978 4,026 16,411
Subtotal 9,056 9,056 12,426 11,924 46,200

3. Control and Communications:

200

Eng'g. & Constr. Supv. 125 125 125 165
Equipment : 2,375 2,375 2,375 3,135 3, 600
Subtotal 2,500 2,500 2,500 3,300 3,800

Total Baseline 1979 Costs 65,206 65,206 95,532 68,874 205,

814

Y The interest and escalation during the construction and other financial
charges are excluded from the costs in this summary. These costs are not
relevant for the economic analysis and they appear only in the financial
analysis (See Chapter 9 for Case ID).
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TABLE 7-2

PRESENT WORTH OF INTERTIE LINE LOSSES
1984-1997 STUDY PERIODl/

Case $ x 1000 (1979)
IA & ID (230 kV) 5,410
B (230 kV) 7,071
IC (345 kV) 6,429

11 A (230 & 345 kV)

Anchorage - Devil Canyon 11,476
Devil Canyon - Ester 7,076
Watana - Devil Canyon 2,708

Ly Cost of losses, energy, and demand, escalated at 3% per year,
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TABLE 7-3

COST SUMMARY FOR GENERATING FACILITIE /
(Costs at 1979 Level 1/)

Installed Cost

Total Cost4/

Unit Name Code 2/ Type? MW Thousand $ $/kKW  Thousand § §$/kM
Northpole #3  NORT 3 SCaT 69 24,385 353 27,934 405
Beluga #9 BELU 9 SCGT 71 33,548 473 42,498 598
Northpole #4  NORT 4 SCET 69 24,385 353 25,185 365
Anchorage PEAK A2 SCGT 78 22,620 290 23,400 300
Northpole #5  NORT 5 SCaT 69 24,385 353 25,185 365
Anchorage #11  ANCH 11 Coal 104 99,084 953 105,636 1016
Unit F2 COAL F2  Coal 100 130,000 1300 151,980  1520.
Unit No. 5 COAL 5 Coal 200 200,000 1000 212,245 1061
Unit No. 6 COAL 6 Coal 300 274,000 913 292,250 974
Unit No. 1 GEN 1 Coal 300 274,000 913 292,250 974
Unit No. 2 GEN 2 Coal 300 274,000 913 292,250 974
1/

=/ Investment costs adjusted to January 1979 levels, excluding IDC.

=/ Code name used in MAREL study.

—' The interest and escalation during the construction and other financial
charges are excluded from the costs in this summary.

Total cost includes substation and transmission costs.

SCGT - Simple cycle combustion turbine, includes NO_ removal equipment.
COAL - Steam turbine, coal-fired with FGD equipment’.

These costs are

not relevant for the economic analysis and they appear only in the
financial analysis.
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TABLE 7-4

SUMMARY
OF

ALTERNATIVE GENERATING PLANT FUEL COSTS

Year -

1984

1985
1986

1987

1992
1993
1994
1995

1996

$ 1000 (Escalated)

Independent
System Operation

Interconnected
System Operation

8,468
9,324

10,267

6,851
7,212
7,933
8,654
9,015
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7,648
8,498

9,029

8,324
| 8,654
8,016
8,745

9,109



TABLE 7-5

ALTERNATIVE COSTS FOR CONSTRUCTION POWER SUPPLY
TO ‘
WATANA AND DEVIL CANYON HYDROPOWER SITES
DURING |
CONSTRUCTION OF UPPER SUSITNA PROJECT

1979 Baseline Costs - $1000

Isolated Diesel Tapline Supply
Year - Generation at Site From Intertie
1985 2,835 267
1986 695 483
1987 697 481
1988 696 478
1989 3,055 7 752
1990 1,324 902
1991 _ 187 734
1992 623 430
1993 . 623 419

1/

1994 -500= 304

1/

=" Negative sign indicates that resale value of generating
plant exceeds cost of generation in final year.
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CONSTRUCTION PLAN FOR UPPER SUSITNA PROJECT:

S

Ref. Interim Feasibility Report - P.94, WS Army Corps of Ingineers, 17 bec. 1975
Construction Period for Selected Projects:

Watana Dam - 6 Years
Devil Canyon Dam - b5 Years
Total Period - 10 Years (1 Year Overlap)

SUGGESTED REVISED SCHEDULE:

Ref. Chapter 6, Figure 6-5

First Unit On-Line at Watana - Beginning Year 1992

Last Unit On-Line at Devil Canyon - End of Year 1996
Period of Overlap in Construction - 2 Years

Due to Introduction of First Unit at Devil Canyon in 1994
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CHAPTER 8
ECONOMIC FEASIBILITY ANALYSIS

.An economic feasibility analysis was performed to determine which system
expansion plan provides the best use of available resources for supplying
electrical power to the Railbelt area. Alternative system expansion plans
and facility cost estimates were developed in Chapters 6 and 7. In this
chapter, the results of the economic feasibility analysis are presented.

8.1 METHODOLOGY

This economic analysis uses the conventional present-worth model. Annual
capital disbursement tables, on a year-by-year basis, were prepared for
independent and interconnected system expansion plans. To evaluate these
plans on an equal basis all capital disbursements were discounted to the
1979 base year and then totalized for each plan to obtain a single 1979
present-worth value for each plan. The difference between the two present
worth values is the net present worth or project benefits. This approach
does not include additional capital disbursements after 1997. Such dis-
bursements will be required later to replace retired facilities. However,
the extension of the present-worth model over the whole 1ife of the pro-
posed intertie will not significantly affect the results of this feasibil-
ity study. The year 1997 was chosen as the final year of the study period
to include the last unit of Upper Susitna Hydropower Project (Devil Canyon
Unit No. 4).

Figures 6-2 thru 6-8 in Chapter 6 show that many plant additions for
both independent and interconnected system expansion plans do not vary.
Therefore, in this economic analysis, facility costs for the new generat-
ing plants not affected by the introduction of the intertie are not con-
sidered. Also excluded from the analysis are plant fixed operation and
maintenance costs. The exclusion of these 0&M costs will somewhat favor
the independent system expansion alternatives.



Only capital costs are used to evaluate generation reserve capacity shar-
ing benefits. This simplification is based on the assumption that an
average operating cost of generation for reserve sharing is approximately
the same in the Anchorage and Fairbanks areas. To account for generating
plant operating costs with reasonable accuracy, a multi-area production
cost study would be needed. The multi-area production cost model simu-
lates an economic dispatching of generating units in the system and com-
putes expected fuel and variable 08M costs based on the energy (MWh) out-
put for each unit, taking into consideration intertie transfer Timits.
Since such a study is outside the scope of the present work, a somewhat
simplified method was used in this feasibility study. It is definitely
recommended that a multi-area production cost study be performed as the
next step to finalize this Intertie Economic Feasibility Study.

8.2  SENSITIVITY ANALYSIS

A computer program was developed by IECO to analyze the sensitivity of
different escalation and discount rates on the capital costs of various
alternatives. This program, the Transmission Line Economic Analysis
Program (TLEAP), provides the following outputs:

e Tables indicating independent minus interconnected system
costs, discounted to the base year 1979.

@ Separate tables indicating the discounted value of base year
(1979) costs for the independent and interconnected systems.

¢ Cost disbursement tables for alternative system expansion
plans. These tables also include intertie line losses.

Computer printout sheets indicating input data and calculated results
for all alternatives included in this economic feasibility analysis are
found in Appendix E.



8.3 ECONOMIC ANALYSIS

Tables included in this chapter and in Appendix E indicate economic ana-
lyses for a range of annual escalation rates of 0% to 12%, and a range
of discount rates from 8% to 12%. For principal investigations below,

a 10% discount rate is used and cash flow for facilities under conside-
ration is expressed in constant 1979 dollars, only the fuel related
energy costs are escalated. The 10% is regarded as the appropriate
discount value for Opportunity Cost of Capital and is now required by
the Office of Management and Budget (Ref. 1) for economic analyses to
determine benefits for all federal projects.

For. the purposes of the economic analysis, it is the discount rate cor-
responding to the opportunity cost of capital which is used to calculate
all present values of costs and benefits; the particular cost of in-
terest actually paid on bonds or other obligations is irrelevant since
it bears no relationship whatsoever to the project's internal rate of
return. It is only a financial (or budgeting) parameter. Therefore,
the interest during construction and other financial changes are ex-
cluded from the economic analysis. These charges appear only in the
financial analysis.

A.  Benefits Due to Generation Reserve Capacity Sharing {Case IA)

Three cases were investigated to determine intertie benefits due to
generation reserve capacity sharing alone; the 230-kV single circuit
intertie between Anchorage and Fairbanks. In all cases 130 MW of power
transfer capacity was allocated for generation reserve capacity sharing
purposes. The economic analysis results indicate the following benefits
due to intertie (differential of present worth):

Load Intertie Cost Reference Benefits ($ x 1000)
Forecast (Percent) Table (PW 1979)
Probable 100 8-1 12,475
Probable 125 8-1x 945
Low 100 8-1-LL 2,704
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The above results indicate that the 230-kV intertie is economically
feasible based on generation reserve capacity sharing alone.

Sensitivity of the results to variations in escalation and discount rates

are indicated in Tables 8-1, 8-1x and 8-1-LL. Computer printouts indicating

details are included in Appendix E.

B. Benefits Due to Generation Reserve Capacity Sharing and Firm

Power Transfer (Case 1B)

Six cases were investigated to determine combined 230-kV intertie benefits
due to both firm power transfer and generation reserve capacity sharing.
These study cases have one 230-kV single circuit Tine during the 1984-1991
period and two single circuit 230-kV Tines during the 1992-1997 period
except for Tow load forecast case (Table 8-3LL) when the second 230-kV
circuit is added in 1995. The economic analysis results indicate the
following intertie benefits (differential of present worth):

~ Load Intertie Cost Reference Benefits ($ x 1000)
Forecast (Percent) Table (PW 1979)
Probable 100 8-3 24,054
Probable 125 8-3x 12,533
Low 100 8-3-LL -2,626

If the above intertie benefits are combined with the additional benefits
due to supply of construction power to the Upper Susitna Hydropower Project

site (see Section 7.9), the economic analysis results indicate the following

benefits (differential of present worth):



1

|

Load Intertie Cost Reference Benefits ($ x 1000)
Forecast {Percent) Table (PW 1979)
Probable 100 8-4 29,633
Probable 125 8-4x 18,112

Sensitivity of the results to variations in escalation and discount
rates are indicated in Tables 8-3, 8-3x, 8-3-LL, 8-4 and 8-4x. Computer
printouts indicating details are included in Appendix E.

C. Benefits Due to Generation Reserve Sharing and Firm Power
Transfer (Case IC)

Two cases were investigated to determine 345 kV intertie benefits

due to both: generation reserve sharing only (first line) and genera-
tion reserve sharing combined with firm power transfer (second line).
These study cases consider one 345 kV single circuit line between
Anéhorage and Fairbanks. The economic study results indicate the
following intertie benefits (differential of present worth):

Load Intertie Cost Reference Benefits ($ x 1000)
Forecast (Percent) Table (PW 1979)
Probable 100 8-2 -3,556

Probable 100 8-7 - 426

The above results indicate that the 345 kV intertie is not economically
feasible based on the conditions specified in this study. Additional
studies, including interconnected system production costing, may prove
the 345 kV intertie feasible.

Sensitivity of the results to variations in escalation and discount
rates are indicated in Tables 8-2 and 8-7. <Computer printouts indicating
details are included in Appendix E.



D.  230-kV Intertie with Intermediate Substations (Case ID)

Four cases were investigated to determine additional benefits due to
supply of power to the MEA System at Palmer substation, and construc-
tion power to the Upper Susitna Hydropower Project. These cases include
a 230-kV single circuit line between Anchorage and Fairbanks (Ester),
with intermediate substations at Palmer and Healy. The economic anal-
ysis results indicate the following intertie benefits:

Load Intertie Cost Reference Benefits ($ x 1000)
Forecast (Percent) Table (PW 1979)
Probable 100 8-5 17,814
Probable 125 8-5x 9,125

If the above intertie benefits are combined with the additional benefits
due to supply of construction power to the Upper Susitna Hydropower
Project sites (see Section 7.9), the economic analysis results indicated
the following benefits (differential of present worth):

Load Intertie Cost Reference Benefits ($ x 1000)
Forecast (Percent) Table (PW 1979)
Probable 100 8-6 20,344
Probable 125 8-6x 11,656

Sensitivity of the results to variations in escalation and discount
rates are indicated in Tables 8-b, 8-5x, 8-6 and 8-6x. Computer
printouts indicating details are included in Appendix E.
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E. Intertie with Upper Susitna Hydropower Project

Only system reliability (MAREL) analyses and facility cost estimates
were developed for this alternative system expansion plan (Case II,
Chapter 6). The economic feasibility analysis was not performed for
this alternative because:

o The methodology of this economic analysis is more appropriate
for thermal generation systems. It is not applicable to a
large mixed hydro/thermal generation systems. A multi-
area production cost study, involving extensive analyses
of optimum hydro operations in conjunction with thermal
plants, would be required to obtain accurate results.

e A draft copy of the Upper Susitna project report prepared
by the Alaska Power Administration (Ref. 2) was received
by the Consultants in the course of this study. It includes
revisions to unit ratings for the Upper Susitna Project
used in the MAREL analyses (as described in Chapter 6). The
new total installed capacity is 1573 MW, versus the 1392 MW
installed capacity used in development of the expansion
plans ‘analyzed in this report.

A study should be performed to accommodate the above revisions to
the Susitna power ratings and change to the production economics
due to major hydro substitution for thermal energy. The study should
examine in detail the economic feasibility of Susitna hydropower, due

- to the displacement of large increments of thermal power.

For reference, Figure 6-5 in Chapter 6 indicates the initial expansion
plan developed for this study. This figure also indicates the thermal
generating unit'disp1acement by Upper Susitna Hydropower units.



MAREL study results indicate the following intertie requirements for
maintaining the study criteria of equal reliability system expansion
with introduction of Upper Susitna power:

Period Requirement

1992 One 345-kV S/C 1ine to Anchorage
One 230-kV S/C 1ine to Fairbanks

1993 One 345-kV S/C 1ine to Anchorage
Two 230-kV S/C 1ines to Fairbanks

1994-1997 Two 345-kV S/C lines to Anchorage
Two 230-kV S/C lines to Fairbanks
8.4 REFERENCES
1. Business Week, Economics, Pages 96-97, February 19, 1979.

2. Alaska Power Administration, Upper Susitna River Project
Market Analyses Report, March 1979.
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CASE IA, 230 kV GENERATION RESERVE SHARING ONLY
coorrmrrrmmrmm e mm e o PROBABLE LOAD FORECAST CASE - B

T DIFFERENTIAL DISCOUNTED VALUF OF RASE YEAR (1979) COSTS
INDEPENDENT SYSTEM COSTS MINUS TNTERCONNECTED SYSTEM CUSTS
(IN §1000)
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Note:

In early years of the expansion plan capital reguirements are higher for the independent
gystem plan, but in the later years capital reguirements are higher for the interconnected
system plan. As the discount rate increases, the sum of present worth decreases more for
the interconnected system plan than for the independent system plan, therefore, the
differential of the sums of the discounted values increases with the increase in the dis-

count rate,

Due to larger capital requirements in the later years of the expansion plan, the increase

in the escalation rate causes a greater increase in capital costs for the interconnected
system. As a consequence, the differential of the discounted values (benefits) decrease.

Refer to APPENDIX E for capital disbursement tables and tables of discounted values.
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INDEPENDENT SYSTEM COSTS MINUS INTERCONNECTED

'151927
-1“;%50
'151 Ht?u
“12,847
11,917
-11,032
-10,190
=9, 3A0
~t,027
7,903
'71815
=tshold
-%,9i1
=5, 5595%
-d,794
-4,265
'jl?bs

{IN $1000)
awmm=wESCALATIUN RATES~ae=
¥4 7% .34

-20,897 =26, 809 -33,798
-19,54948 -25,25% =31,9%46
-18,360 25,768 =30,175
'171178 “22:350 -23,”8&
-16, 052 -20,997 =26, 858
~-14,979 -19,70% -25,523%
~13%,957 -18,473 =25,8u3
-12,982 =17,297 =22, 440
-12,054 =lo,170 =-21,09%5
'11:171 -151107 '1qu10
-10, 330 =14, 088 ~18,58%
=3,529 =13,116 =17,01%
=8, 768 ~12.,190- =10,298
=-8,044 -11,308 -1%.233
=7, 35% 10,468 -i4,217
=-6,701 -G,0008 -13,248
-5,079 8,307 =12,32%

-a2,019
=39,824
=37,125
-531718
"35, 793
-31,962
-30r207
-28,529
~26,926
“25,5‘)5
=25,4928
~22,h2s
=21,19!
19,914
-18,0695
=17.9340
=-16,418

SYSTEM COSTS

=91,642
“49,054
=Ub,577
=U4,206
=-01,937
=39, 766
-37,688
'35;700
'351708
~31,979
=30,234
-?HIS7U
=26,983
29,461
24,006
«22,0l6
-21,287

~S4,122
'511451
~UR,294
~46b,dUb
~q4,102
~i41,857
~539,708
37,051
~35,0H2
~33%,798
=%1,995
~30,269
-28,618
=-27,039

This case is similar to the case presénted in Table 8-1, except for the increase in
intertie costs by 25 percent which caused an increase in capital requirements for the
iaterconnected- system expansion plan. - For case analysis refer to note in Table 8-1,

TABLE 8~1X

=48, 758
=-UbH, 518
-43,999
-41,714
-39,652
37,015
=35, 6565
=35,798
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28 AUGUST 79 ALASKA POWER AUTHORITY TABLE B=1=iL
ANCHORAGE = FAIRBANKS INTERTIE
ECONOMIC FEASIBILITY STUDY

CASE IA, 230 kV, GENERATION RESERVE SHARING ONLY
LOW LOAD FORECAST CASE

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) COSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONNECYED SYSTEM COSTS

(IN 31000)
o ) sessseversvscsenssssencvesevannarecesef SCALATION RATE Seesrmseccnnoervavrnsrancacosorvanonsrowevnen
DISCOUNT 0% 4% S% 6% 7% 8% 9% 10% 11% 12%
RAYE zzzes === =z=xx ==zz=s zss=s z==zs= =zz=s2 z=zze ss===- s=z==
8,00 4,292 6,955 7,203 7,166 6,765 5,904 4,475 2,351 619 -4,605
8,25 4,095 6,860 7,167 1,206 6,903 6,167 4,895 2,964 232 =3,466
8,5%0 1,897 6,754 7,114 7,225 7,014 6,396 5,272 3,523 1,016 -2,409
84,7% 3,698 6,638 7,048 7,225 7,100 6,593 5,607 4,031 1,736 =1,430
9,00 3,499 6,513 6,968 7,207 7,163 6,759 5,904 4,491 2,397 «524
9,25% 3,300 6,379 6,876 7,172 7,203 6,897 6,16% 4,906 3,001 312
9,50 3,101 6,237 6,773 7,122 7,224 7,008 6,392 5,278 3,852 1,083
9,75 2,902 6,088 6,660 7,058 7,225 7,085 6,588 S,610 4,053 1,791
10,00 2,704 5,933 6,537 6,981 7,209 7,159 6,753 5,904 4,507 2,442
10,25 2+507 5,772 6,406 6,892 7,177 7,201 6,891 6,163 4,917 3,037
10,50 2s 511 5,606 6,267 6,791 7,129 7,223 7,003 6,388 5,284 3,580
10,75 2s116 5,435 6,121 6,681 7,068 7,226 7,090 6,583 5,613 4,074
foe) 11,00 1,923 5,261 5,969 6,561 6,993 7,212 7,155 6,748 5,904 4,522
11,25 1,731 5,083 5,811 6,433 6:907 7,182 7,198 6,885 b,161 4,927
! 11,50 1,541 4,902 5,647 6,296 6,809 7,136 7,222 6,997 6,385 5,290
[ 11,75 1,353 4,718 5,479 6,153 6,701 7,077 7,227 7,085 6,578 5,615
i 12,00 1,166 4,532 5,308 6,004 6,584 7,008 7,214 7,151 6,742 5,904
Note:

In the early years of the expansion plan capital requirements are somewhat lower for the
independent system expansion plan (less new generating capacity is required). 1In the later

" years capital requirements are lower for the interconnected system plan. As the discount
rate increases, the sum of the present worth decreases more for the independent system
plan, therefore, the differential of the sums of the discounted values decrease with the
increase in the discount rate.

The above analysis is applicable at the lower escalation rates. Due to marginal differences
between capital requirements for both independent and interconnected expansion plans, at
higher escalation rates the situation reverses, the differential discounted values (benefits)
increase with the increase in the discount rate and decrease with the increase in the

17-1-8 379v1

escalation rate,

Refer to APPENDIX E for capital disbursement tables and tables of discounted values.



23 ALGUST 79 : ALASKA POWER AUTHORTTY TABLE 6-2
ANCHURAGE = FAIRBANKS INTERTIE
(ECUNOMIC FEASIBILITY STubY_

CASE IC, 345 kV GENERATION RESERVE SHARING ONLY
~PROBABLE LOAD FORECAST . .. . ... ..

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) €0STS
INDFPERDENT SYSTEM COSTS MINUS INTEKCONNECTED SYSTEM COSTS

(IN $1000)
e b e L L v e ot = e ESCALATIUN RATE S=remcravmmc o cmar s c e rmecaarumnmm—- - Ll
DISCOUNT LA . 4% 5% [o¥4 7% 294 9% 10% 11% 1%

kATe ===z === ==z=== ==zc== zsz=xz cTz== ==zz= z==zF= zzz== =====z
Ho00 =4, Rlb -10,1869 -13,279 =-16,167 =19,06001 -25,6548 ~28,421 -33,084 -40,d450 =-47,934
#.25 “y79 =1u, 554 12,5453  =-15,412 -18,698 ~22,9853 “27,150 ~52,489 ~38,700 -45,893
s .50 L PR ~9, 809 ={2,087 =1d,092 =-17,4835 =21,5950 -25,935 =51,058 -37,023 =43,93%6
o 6.75 =4,3%02 =-4,n01 =-11,489 =14,000 -t7,011 -24,574 24,771 -29,087 =55,41S -42,0%9
1 B 00 -ty 15%72 ~h,559 ~10,954 -13,351 ~16,225 ~-19,6036 ~23,658 -28,3574 ~33,874 -40,259
- 9,25 -4,973 =B, 940 =10,430 =-12,7728 =15,4174 ~14,75%9 -22,59% ~27,117 ~32,397 =38,532
o 9,50 =-3%,424 -n,1d3 =9,947 -12,15%4 -14d,758 ~-17,882 -21,575 -25,913% -30,982 ~-36,876
9. 75 “3,64S =/,7ibb -9, uf3 -1i,963 -14,075 «17,063 -20,601 ~24,761 -249,626 -35,289
19,40 ~3:55%6 =7,408 =9,042 -11,029 -13,423 -16,282 ~19,669 -23,658 -24,3248 ~33,766
10.72% =3,:4368 =7,070 ~h,0le =-10,517 =-12,402 -15,53%5 18,779 -22,603 -27,083% ~32,307
1ua,50 ~3,3°5 ~h, 71049 -86,224 =-10,029 ~12,210 -14,825% =17,928 =21,593 -25,892 -30,9908
16,75 -3,222 -0, 4ub -7,547 -3,565 -11,005b -14, 143 ~-17,115 =20,627 24,751 -29,567
11,60 ~5,127 =n, |SH =7,483 -9,123 -11,1{ud =-13,494 -156,3538 -19,7u2 -2%,658 -2k,282
1i.¢45 =5, 0uG =5,U8 -T7,149 8,704 =-19,5%0 -1¢,875 -i5,5986 -18,819 -22,612 =27, 051
11.50 -2, 9ha -2,034 ~t,827 =8,305 =10, 109 -12,285 ~1d,887 -17,973 -21,611 -25,871
11.75 ~2sBbb -5, 388 -5,522 7,927 -9,645 -11,722 =14,210 ~17,1065% =20,652 -24,741
12,00 -2,319 -5, 159 -6,235 =7,508 -G,204 -11,186 -13,564  =16,393 19,735 -23,658
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€1 - 8

DISCO T
WAlE
Aoun
a,25
P oSG
a. /S
Q.00
(; . .,?fJ
Y50
Y )
Tty
16,249
10,50
T, 75
1t.ue
1le2%
1.50G
1r.75
12.00

Y

===z

2dan)y
24,949
S, dnd
A, 5714
29,819
R I
2dy 054
23,751
23, H00
YR Y-V
25,518
23,%09
23,714
23,053
22rRuB

2h, 517
24, 450
Pa,503
i, n5H
24,734
2n, 1493
2d 3%
Pho,Rnd
ci,ulo
24,874
2L, "oV
20,8%3

e T T e T e T
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ALABRA POsbiR AITHORTITY TABLE 8-3
SNCHURAGE - FAIRGANRS IRTERTIE
. ECangsic FEASIATLITY study o
CASE IB, 230 kV, GENERATION RESERVE SHARING
U PLUS FIRM POWER TRANSFER
PROBABLE LOAD FORECAST CASE
DIFFEREMTIAL DISCOLNTED VALUE NF BASE YEAR (1979) COSIS
IHDEPENDENT SYSTEM COSTS MINUS ImTERCONNECIEZD SYSTEM CUSTS
CIN 3100¢)
reearea- e ~ESCALATION RATE S=wemme e w—— st ——— - -
9% o% 7% 4 10% 11% 122
22,34 gy, 252 17,393 14,872 11,082 6,848 A21 -5,918
28, 3%9% 24, 74% 16,541 15,709 12,128 7,723 2,372 =-4,0%%
2e,1dh 2l,20% 19,147 10,174 13,146 R,932 3,844 -2:278
25,028 21,627 19,713 17,209 14,028 10,075 5,242 =549
25,5035 22,017 24,240 17,894 14,894 11,187 6,564 1,016
?31")51 22,377 20,729 137’350 1'3’710 121179 7,525 2")“5
23,774 22, 1o 21,184 19,136 16,486 13,144 9,016 3,993
23,773 23,007 21,604 19,007 17,209 14,0586 10,144 5,369
24,149 25,7241 21,9935 20,219 17,887 14,918 11,211 6,076
2, 504 23,529 22,350 2v,7u5 18,524 15,724 12,220 7,9%
24,438 23,752 22,678 21,147 f9,1148 16,485 1%,174 9,091
24,552 25,951 22,974 21,575 19,674 17,201 14,075 10,204
Pd,oun 2d, 108 25,252 2t,961 29,192 17,873 14,924 11,258
2d, 720 FETA L) 235,499 22,317 0,675 18,503 15,7% 12,255
24, 187 24,419 25,723 22,6044 21,123 19,093 16,478 15,197
a3y 24,53%% P5:923 2¢,944 21,539 19,644 17,187 14,0487
2d,5¢61 24,632 24,100 23,217 _ 21,924 _ 20,159 17,853 14,928

€-8 378Vl



ALASKA PONER ADTHORTITY TABLE 8=3X

AQGUST TV
ANCHURAGE =~ "FATRIIANKS INTERIILE
ECONOMIC FEASIRILITY STUDY N
CASE IB, 230 kV, GENERATION RESERVE SHARING
PLUS FIRM POWER TRANSFER '
TRANSMISSION LINE COSTS INCREASED BY 25%
PROBABLE LOAD FORECAST CASE
DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979)-COSTS
INDERPENDENT SYSTEM COSIS MINUS INTERCONNECTED SYSTEM COSTS
(IN 51000
- - - - e - —— - ESCALATION RATESewemememcconccmcwma - - o e o o e o o 50 v
DISCOUNT Nz 4% 5% 6% 7% Hy 9% 10% 117% 127

wATE z=z=z= === ==z=c mz=== Sz ===z = zzz==z ====x s==r= =====
b, 00 12,411 9,113% 7,326 5,026 2,136 -1,430 =-5,769 =14,987 =17,202 -24,544
K25 12,467 Q.u81 7,411 5,648 2,917 =465 -4,591 9,564 -19,499 -22,%22
8,50 12,9509 9,822 8,264 6,253 3,654 4u9 =3,473 =4,211 =13,876 20,591
Ao 7% 12,540 10,134 H,087 6,781 4,350 1,315 =2,d11 =6, 924 -12,33%0 =18, 748
9,00 12,559 1u,a29 9,041  T.2%0 5,008 2,133 =1,404 =5, 700 -10,857 -16,990
9.25 12,507 10,697 Q9,448 7,778 5,021 2,906 =450 -4,537 -9,454 ~15,314
9,50 12,505 10,943 9,788 8,228 G201 3,036 454 =3,432 -8,1149 =15, 715
I ) 12,5%0 11,164 10,103 R,649 e 7do dyses 1,310  =2,38% -6, 808 -12,190
1e,00 12.5%3 11,373 10,394 9,042 1,257 4,975 2,121 -1,387 S, 040 10,758
10,25 12,504 11,554 10,n061 9,407 7,136 5,587 2,887 -d443 -4,491 =9 354
o 10.50 12,406 11,729 16,907 9, Tdb 8,185 b,163 3,010 451 ~5,399 8,036
16,75 16,421 11,8759 11,133 10,000 8,004 b, 704 4,294 1,209 =2, 3562 6,782
! 11.00 12,369 12,49u8 11,338 10,351 8,995 7,212 4,934 2,102 -1,378 -5,534
= 1.9 12,49 12,175 11,524 10,619 9,3%% 7,689 5,546 2,861 -444 -4,453
- 11.50 12,244 12,228 11,092 10,86% 9,097 8,135 6,118 3,578 44u2 -3,474
11,75 12,112 12,3516 11,846 11,091 10,011 8,552 6,646 4,296 1,282 ~2,308
12,00 12,095 12,39 11,978 11,297 10,302 B,942 _ T,161 4,89 2,077 =1,374

Xg-8 374vl
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G1 - 8

DISCOUNT
RATE
8,00
8,25
8,50
8,75
9,00
9,25
9,50
9,75
10,00
10,25
10,50
10,75
11,00
11,25
11,50
11,75
12,00

ALASKA POWER AUTHORITY
ANCHORAGE = FAIRBANKS INTERVIE
"ECONOMIC FEASIBILITY STUDY
CASE IB, 230 kV, GENERATION RESERVE SHARING
PLUS FIRM POWER TRANSFER

LOW LOAD FORECAST CASE

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) COQSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM COSTS

TABLE 8=3=LL

(IN $1000)

cenmecaensesncssvnssennvonncscsosnnrcarnslf SCALATION RATES acencnsrsvavnonscocavsnvacvecsvsoncarscsssns

0% % 5% 6% ™ 8% 99X 10X 11% 12%
== =s=== a=zez= ===3=:2 E22=S s=3z== 2=T=S=:S ISs== (3 %3 4 3 22 4

=729 . 4,879 6,790 3,952 11,395 14,152 17,258 20,755 24,689 29,111

=996 4,430 6,279 8,373 10,739 13,408 16,416 13,802 23,611 27,892
=1,254 3,995 . S,786 7,813 10,104 12,688 15,601 18,881 22,569 26,714
=1,503 3,575 5,309 7,271 9,490 11,993 14,814 17,990 21,562 25,576
1,743 3,169 4,847 6,748 8,896 11,321 14,053 17,129 20,589 24,476
1,976 2,776 4,401 6,242 8,322 10,671 13,318 16,297 19,648 23,413
=2,200 2,396 3,969 5,792 7,767 10,042 12,606 15,493 18,738 22,385
2,417 2,029 3,552 5,279 7,231 9,434 11,918 14,714 17,859 21,391
~2,626 1,674 3,149 4,821 6,711 B,846 11,293 13,962 17,008 c0,431
=-2,828 1,331 2,759 4,378 6,209 8,274 10,609 13,234 16,186 19,502
=3,023 999 2,581 3,949 S,724 7,727 9,987 12,530 15,390 18,603
=3,212 678 2,016 3,535 S5.254 7,195 9,384 11,849 14,621 ° 17,734
=-3,394 l68 . 1,664 3,134 4,799 6,680 8,802 11,190 13,876 16,894
=3,569 67 1,322 2,747 4,360 6,182 8,238 10,553 13,156 16,081
=-3,739 =223 992 2,372 3,934 5,700 7,693 9,936 12,460 15,294
©3,902 =503 673 2,009 3,523 5,234 7,165 9,339 11,785 14,533
4,060 =775 364 1,658 3,124 4,783 6,654 8,702 11,133 13,797

- 11-€-8 317avl



2% AUGUST 79 ALASKA POWER AUTHUORTTY TABLE 8+-4
ANCHURAGE = FATRHANKS INTERTIE
ECONCMIC FEASIRILTTY STUDY

CASE IB., 230 kV, GENERATION RESERVE SHARING PLUS
FIRM POWER TRANSFER & SUSITNA PROJECT CONSTRUCTION POWER
PROBABLE LOAD FORECAST CASE

DIFFERENTIAL DISCUUNTED VALUE OF HBASE YEAK (1979) COSTS
INDFPERDENT SYSTEM COSTS MINUS INTLRCONNECTED SYSTEM COSTS
(IN $1000)

LT TP PP ) o m——————— e ———— ESCALATIUM RATES=meemmocmm e s rc s cccnr~e= et —————
DISCOUNT 0% ax 5% 6% 13 % Y% 107 11% 12%

=ATE c=z===x zT=z==x= T==zc= —===z== ===z =z=== Tz=== EES S ===z ==t~
K00 31,206 32,212 31,731 30, /48 24,249 271,151 U, 364 20,785 16,303 i0,791
K25 31,087 i7,35u 31,908 31,041 9,079 i, 142 25,143 21,7853 17,552 12,330
M ,50 30,859 g, 07 32,058 31,5002 0,072 8,289 25,870 22,719 18,730 13,787
.75 S0,672 32,443 32,183 31,5%4 30,4269 b, 794 20,547 25,597 LY,840 15,164
u oy 40, 0TR 2,00 32, P48 31,746 30,751 29,254 Pi, 177 24,418 o0, RHY 1h, 065
R La,270 $2,15H 32, k0l 31,912 31, 0u2 29, bR 27,1761 29,147 21,366 17,694
9.50 50,0048 372,n34 372,421 32,0602 31,501 20,072 2ty 301 25,904 272,789 1H, By
G9.75 294853 32,002 32,454 32,187 31,531 30,426 28,800 cu, 572 23, 604%% 19,945
10,00 Y, 633 30,3551 32,476 32,288 31,7353 30,746 29,259 21,194 24,464 20,97%
10.e% 29,407 52,284 32,176 32,%6R 11,908 51,034 29,680 27,7170 25,222 2lr949
10,490 Y, lin 32, /00 32,4548 32,420 32,0857 31,292 30,005 PR,3U5 2% ,929 22,h49
o A AR, O] 34,110 3,024 32,465 32,182 31,520 30,016 28,798 2H,5489 23,702
Jiaui P, Tug 30,003 S, 574 372, u4R4 32,205 31,721 30,73%3 29,255 21,20% 24,501
! 11.4% L% 31,8489 32,310 32,440 32,365 31,490 31,020 29,670 21,713 25,249
e 11,50 cd. el Al. 1%0 32,252 32,474 32,425 32,0406 31,276 30,052 28,302 25,948
o 11,75 27,961 31,616 32,140 32,438 32,46% 32,112 31,504 30,399 2H, 790 26H,600
12,00 er.,709 31,466 32,037 32,391 32,480 32,279 31,704 30,715 29,240 27,207

v-8 3718Vl
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25 AUGUST 79 ALASKA PUWER AUTHORITY B TABLE 8-4X
ANCHURAGE -~ "FAIRBANKS INTEKRTIE
) ECONOSIC FEASIRILITY STUDY f
CASE IB, 230 kV, GENERATION RESERVE SHARING PLUS
FTIRM POWER TRANSFER & SUSITNA CONSTRUCTION POWER
TRANSMISSION LINE COSTS INCREASED BY 25%
7 PROBABLE LOAD FORECAST CASE
DIFFERENTIAL DISCOUNTED VALIUE OF BASE YEAR (1979) CO0STS
INDEPENDENT SYSTEM (QST1S MINUS INTERKCONNECTED SYSTEM COSTS
(IN 510060}
——————— “eecmmesmemecee—————— ————————— ~ESCALATIUN RATESwmmwamea~an ———m e ————— m—eeem————— e
- DLISCOUNT Q% B uz Y% 0% 7% 8% % 102 1% 12%
RATE ==zz= =a=== ===== ==z=z ===== s==== zex=z s==== ===== =====
500 TB,d91 168,069 17,024 15,523 15,092 10,849 1,502 3,350 ~-1,7214 -7,835
a,25 1R, H25 18,266 17,324 15,944 14,08% 11,578 B,u24 4,495 ~319 -6, 139
kL.5v 18,749 1#,44] 17,590 16,332 14,579 12,260 9,291 5,576 1,009 =4,527
H,75 th, 603 Pa, 594 17,842 16,088 15,06% 12,499 10,108 6,598 2,768 -2,995
~ Q.00 1R, 509 1k, 126 1A, 003 17,015 15,516 {3,496 10,475 7,562 5,460 =1,542
9.25 18,460 1R, H3A 18,260 17,313 15,934 14,053 11,595 8,471 4,588 -163%
2,50 18,555 16,931 {4,435 1/7,.5K4 16,5419 14,572 12,270 9,328 . 5,654 1,145
9,15 1,237 19,007 - 1H,58H 17,829 16,673 15,054 12,902 10,134 6,061 2+ %89
U, o0 18,112 19,066 18,720 18,049 16,997 15,902 13,492 10,892 7,61% 3¢559
(0] 10.259 17,980 19,109 1R, H33 14,246 17,294 15,916 14,044 11,603 8,510 4,671
L R R UMY (N O P T B 19,156 18,927 1R,420 17,504 16,298 14,558 12,7271 9,356 5,722
—_ 16,79 17,700 19,149 19,004 18,574 17,808 16,650 15,0356 12,890 10,1%2 6,716
~ 11,00 17,552 19,149 19,064 18,707 18,028 16,972 15,480 13,48 10,901 7,655
11.29 17,399 19,135 19,108 18,821 18,225 17,208 15,691 14,028 {1,605 4,941
11.50 17,242 19,109 19,134 14,4616 18,400 17,537 16,271 14,537 12,266 9,377
11.75% 17,980 19,072 19,153 18,994 1R,5S3 17,781 16,621 . 15,012 12,8485 10,164
12,06 16,915 19,029 . 19,154 19,05 18,687 18,001 16,942 15,452 = 13,464 10,905

Xpy-8 379yl



25 AUGLUST 749 ALASKA POWEH AUTHURITY TABLE 8-5
ANCHURAGE = FAIRRANKS INTERTIE
FCONUMIC FEASISILITY STUDY

CASE ID, 230 kV, GENERATION RESERVE SHARING
WITH INTERMEDIATE SUBSTATIONS
PROBABLE LOAD FORECAST CASE

DIFFERENTIAL DISCOUNIED VALUL OF HASE YFAR (1979) COSTS
INGEPENDENT SYSTIEM CUSTS MINUS INTERCONNECTED SYSTEM COSTS
(IN $1000)

------- ememcmecmccn o memrneceeeem == SCALATIIN RAI[S~wmrmarer s ccmcccrcene e e e e s men o ——
DISCOUNT [\l az 5% 6% 1% R% 9% 10% 11% 12%
FATE Z==== ::,-;:: ==z ===z ==z =====c ===z ==z== ==c=-== en=c=
A, 00 18,460 17,550 16,5%92 15,239 13,431 11,100 R, 168 4,552 . 157 -5,122
Ho.2h  1H,d406 17,728 16,854 15,610 13,924 11,735 8,967 S,541 1,363 =3:665
6.20 18,345% 17,0ko 17,101 15,953 1d, 584 12,330 9,721 6,470 &,508 =2,2R0
#,75 1A,2772 18,076 17,5%2¢ 1,269 14,312 12,889 16,431 1,362 5,595 =963
9,90 18,394 18,148 17,5¢e1 1Hr960 15,21V 16,413 11,1400 0,199 4,625 289
9,e5 14,108 16,253 17,7040 16,827 15,540 13,902 11,729 Be9hY S,001 1,478
9,50 la,ntéh 18,343 17,860 17,079 1% ,922 14,359 12,520 9,734 0,529 Z2:608
Yy, /5 17,918 18,417 14,002 17,292 1o,238 14, 7185 12,874 10,438 7400 3,640
10.6u 17,814 18,476 14,1206 17,0492 16,526 15,142 13,494 11,100 8,228 4,696
10,25 17,704 1H,522 18,234 17,673 lo,79% 15,590 13,680 11,723 9,009 S,660
10,50 17,509 18,559 18,325 17,83% 17,040 15,861 14,5%5 12,309 9,747 6,574
oo 101k 17,470 1,576 18,402 17,978 17,262 16,207 14,759 12,860 10,4484 7,434
11,00 17,346 15,9085 18,464 18, 104d {7,464 lo, 49/ 15,154 1%,3%37¢ 11,1060 8,296
! 1l.£5 17,217 1K, 882 14,513 184,214 17,046 1o, 765 15,521 13,859 11,718 9,030
[ 11.%9 17,045 16,960 1R,548 18,507 17,809 17,909 15,861 14,311 12,299 9,760
@ 11.7% lo,949 18,047 18,572 14, 386 17,954 17,232 16,176 14,733 12,845 10,450
12,00 . lo,H10 18,514 18,583 14,4%1 18,082 17,435 16,467 15,126 13,358 11,100
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k.00
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10,00
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fu,50
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12.00 .

8,687 9,109 8,835 8,351 7,620 6,602 5,252 _ 3,520
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ALASKA PUWRER AUTHORITY TABLE 8-5X
ANCHDRAGE = FAITRRANKS INTERTIE
ECONUMIC FEASIBILITY STUDY )
.CASE 1D, GENERATION RESERVE SHARING PLUS
_ INTERMEDIATE SUBSTATIONS »
TRANSMISSION LINE COSTS INCREASED BY 25% o
PROBABLE LOAD FORECAST CASE LF
DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) COSTS
INDEPENDENT SYSTEM COSTS MINUS IMTERCONNECTED SYSTEM COSTS
(IN 51009}
e e —————— e mmea e ———————— ESCALATION RATES=-=mmwmccn== Amrmeecc e ———— e me—e———-—————
0% 4% S% 6% 7% BY% 9% 10% 11% 12%
011'35 01772 '3,1180 5'(’3()5 1.1159 "]p}]q "’41089 -617‘25 '!516’1 -19,563
9, 141 7,043 5,78% 4,133 2,0%6 -577 -3,778 -7,651 -12,285% -17,783
0,197 1,294 6,121 4,575 2,598 i2h -2,918% -b,b601 11,022 -16,276
L T9,209 7,524 6,836 4,989 3,128 789 -2,09% -5, 003 -9,819 -{14,83%8
9,204 Te73%0° 6,129 Se 377 3,026 1417 ~1,3519 =-4,65% -8,613 13,460
w, 1499 7,93%1 7,001 S, 740 4,09% 2,009 =584 -5,754 =7,583 -12,159
9,179 B, 10K ~74.052 6,078 4,53% 2+568 113 -2,899 -6,%16 -{v,912
9,15 R, 269 7,084 6,395 4,948 3,094 177 =2,088 =-5,55%9 ~9,725
9,125 8,415 7.697 brbB6 5, 538 3,590 1,394 ~-1,319 =d,021 -8,%94
9, 0K9 8,5%4do 1,893 6,959 Se697 4,057 1,982 =590 -3, 750 =-7:517
9,047 . 8,003  B,072 F,211 6,035 0,495 2,538 10 -2,884 -6,492
R, 949 B, i67 B,235 7,944 6,350 4,907 3,061 754 ~-2,081 -9,516
5,940 8,854 8, 583 7,658 b, 64004 5,293 3,959 1,372 =-1,319 -4,589
8,ARH8 8,938 8,516 7,8% 6,917 5,6%4 C 4,020 1,956 =596 -3,707
8,829 9,008 8,036 8,036 Te120 5,992 4,456 2,508 [:15) 2,870
8,758 9,063 8,742 8,201 7,404 6,308 4,867 3,029 737 -2,074
) 1,350 -1.,319
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ARNCHURAGE = FALRSBAXNKS INTERTIE
L e e CCOMUMIC FEASIAILITY STULY o
CASE ID, 230 kV, GENERATION RESERVE SHARING
e s WTPH - INTERMEDIATE SUBSTATIONS & SUSITNA CONSTRUCTION POWER
PROBABLE LOAD FORECAST CASE
i o ) T DIFFFRENTTAL DISCOUNTED VALUE OF BASE YFAR (1979) C0S1s
INDEPENDENT SYSTEM COSIS MINUS ISTERCONNECTED SYSTEM COSTS
= = ~ . e (IN F1000)
B e e D e L Ll L ESCALATION RAJES=wmmmm e rmn—— e - o e
DISCOUNT Ny u “% 6% 7% Y3 9% 10% 11% 12%

falt z—z=z=z= z=z=z= =5 z=zz=cz ===z Zzzc= =zzzs E--4-3-1 3541 z==z==
H,eh 21,365 1,367 fu,el? 149,009 14,101 Ja,048% 15,486 10,219 6,190 1,296
Hoeh 2, P00 e, 4Rl P0,877 19,9049 16,518 16,639 14,200 IRFRS Wi 7,301 2,651
8,50 2l,154 21,508y 21,Ub%5 20,182 18,903 17,156 18,6869 11,964 ty 352 3,937
baolb S PR 2l,060 21,7212 20,430 19,25% 17,651 15,497 12,762 G, dedb 5,156
G, 0 AUy HOY 21,193 4}1'5‘.“‘.‘ (’U'l"'.).s 19,548 TH, 085 16,089 153,913 10;28'} 65,312
Y.25 JusT0b 2L, 770 21,465 2U,354 19,4884 18,499 1o,6%4 14,218 11,172 7,407
G50 20,650 21,H03 21,.5%6% 21,03% 20,1457 1H, KBS 17,147 14,681 12,008 g,44%
G975 2U6 490 21,821 21,647 21,191 20,d0% 19,237 17,605 15,503 12,797 9,423
10,00 2y ¥ gl,Heo cl, 712 21,529 20,029 19,962 18,069 16,089 15,539 10,350
10.2% cuU,twd 21,414 2l 7602 21,1443 fU,R31 19,60 18,481 L, b30 14,237 11,2286
[0 .5 i, 189 21,794 2y, 79/ 21,549 21,011 20,135 18,802 17,138 14,H93 12,052
' 10,75 19,488) 2l,/6n diefl 21,633 21,170 20, 581 19,215 17,612 15,508 12,831
11,00 19,717 21,724 21,4826 21,701 21,5009 20:606 19,539 18,053 e, 085S 13,%64
.Eg 11,25 19,9%1 21,072 21,821 21,75% 21,43%¢ 20,808 19,837 18,463 lo, 625 14,295
11.50 19,302 21,010 21,804 21,791 21,533 g0,9886 20,109 18,842 17,129 14,904
11,75 19,209 21,534 21,776 21,815 el,ol9 21,149 20,3857 19,1953 17,600 15,514
1¢.¢0 19,054 21,459 21,737 21,329 21,689 21,290 20,582 19,510 18,048 16,085

9-8 378yl

A
-



AR

23 MNULLST 79

ALASKRA PUweR AUTHORTTY
AMUHORAGE = FAIRBANRG INTERTIE
ECHnGMIL FEASIAILILTY S1UDY o
CASE ID, 230 kV, GENERATION RESERVE SHARING
WITH INTERMECIATE SUBSTATIONS & SUSITNA CONSTRUCTION POWER
TRANSMISSION LINE COST INCREASED BY 25%
PROBABLE LOAD FORECAST CASE

DIFFERENTTAL DISCOUNTED VALUE GF SBASE YEAR (197%) COSTS
INDEPENDENT SYSTEM COSIS MImuS THTERCUONMECTED SYSTEM COSTS
(IN B1000)

TABLE B-6X

------------------- Ammrcencmmccerccn==P SCALATIUN RATE Serrmm e e r s s e s e cr e rro e r e s canm - o=
NISCOUNT 0% iy 8% [ 4 1% R%L ax 10% 11 12%

HATE ====z= FE zzzzxx ==z=z3 ==z==xz —==z=== z=z=s= E3 zzzz= B3
8,00 {249 Lit,%589 9,500 8,032 6,108 3rb6b 629 ~3,0488 ={:578 =12,94¢0
.25 12,118 10,794 Q,a802 d,03%2 b, 6P9 4,328 1,494 2,074 =b, 548 =11,467
650 11,904 fu, 967 10,07% B,A04 Tellyf 4,961 2,234 “1,113 =-5,179 =30,059
8.75 11,991 1,158 10,326 9,150 7:974 9,237 2971 -203 =4,068 =-8,719
G040 V1,905 11,311 10,5506 F,470 H,001 t,089 5,665 6Hh =5,015% =-7,443
9,25 17,852 11,447 J0, 766 9,767 B.,000 - b, b0b 4,322 1,4/0 -2,012 =6,230
7.590 11,794 11,508 10,49%0 10,040 8,771 7,091 4,940 2,288 =-1,063 =-5,077
‘a5 11,727 11,073 11,128 10,292 9,110 7546 5,522 e,977 -163 =3,981
10,00 11,6%6 11,704 11,283 10,524 G,d 34 T:«971 b, 069 3,060 6940 -2,944
10,725 11,579 11,ma2 11,421 10,733 9,75%2 LY 6,583 4,510 1,897 -1,952
oo 1u,.50 11,490 11,906 11,944 10,925 10,006 8,757 F,00% 4,929 2,261 -1:014
. Tu.fs 11,409 11,954 11,051 11,009 14,2%8 Y,082 T,%17 5,506 2,985 -124
11,00 11es4%18 11,9494 11,745 11,255 10,489 9,401} 7,940 6,050 3,606 719
ll:_? 11,25 11,282 12,027 11,424 11,39% 10,701 9,698 8,536 6,569 4,310 1,518
11,50 11,122 12,0L0 11,491 11,520 10,894 9,972 8,704 7,040 4,918 2e274
11.7% 11,018 12,059 11,906 11,629 11,069 10,224 9,048 7,489 5,491 2,990
12.00 10,911 12,054 11,4989 11,725 11,227 10,456 2,307 7:.911 0,031 3,866
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CASE IC., 345 kV, GENERATION RESERVE SHARING PLUS
FIRM POWER TRANSFER & SUSITNA PROJECT CONSTRUCTION POWER
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THNDEPENDENT SYSTEM CUSTS MIwdyS INTERCUNNECTED SYSTeEM CUSTS
(IN $1000)
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DISCOUMT Uk %4 5% 6% 7% 8% 9% 10% 11% 12%
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beoh -1,122 -5,601 -7,532 -9,8G2 =12, 745 ~16,159 -20,215 =-24,999 =30,608 57,148
8,75 ~97% -5,190 -7,025% 9,268 =-11,987 -15,7249 -i9,128 -23%,709 -29,087 =35,3%363
.90 =Rad =4,502 =-6,5dy =8,675 -11,267 -14,381 -1R,090 =22,477 -27,631 -33,653
9.°5% -723 -4,4%0 =b,un3 -3,113% -10,562 -13,5%4 =17,1400 ~21,299 =26,239 =-32,016
Y, 5 -nlB ~u,uat =-5,091 -71,579 -9,93%0 =12,766 =10, 155 =-20,174 -24,907 -30,449
o 975 -517 -3, 160 =5,247 -7,073% -9, 3511 -12,0%0 -1%,¢254 -19,099 -5,034 -28,949
1 1003 ~i7Zc -4%,45%9 -, 850 =6,544 8,723 ~11,302 =14, 395 -18,0753 -c2,417 -27,513
. 12,25 =344 -%,171 -d, 492 =-6,139 =8, 164 -1t,022 -13,570 -17,094 =21,¢53 ~2u, 139
™~ 10,50 =270 -2,901 =4, 147 «“5, 709 ~-7,05%4 =-3,976 -12,795% =-16,159 -20,141 =24,825
10.753 ~2u5 2,647 ~3,R723 =5, 302 =7,151 -3,361 -12,052 -15,207 -19,079 ~25,567
[ A =lup =-2,409 -%3,517 -t4,917 ~6,054 -b, 177 -11,343% ~1d4,416 =-18,0064 =22, 565
11.25 =495 -2,180 =3,23) -4,554 -6,201 -b,222 =10,069 -1%,604 =17,094 ~21,215
11,5y -51 -1,9178 -2,959 -4,210 =5,775% -7,094 -10,027 -12,830 -16,169 -20,115
11,75 -13 -1,783 =2, fusS ~3, 8806 -5,5017 -7,194 -9,417 =12,093 -15,285 =19, 0865
1e.ly 13 =1,002 =-2,467 -3,95n1 -4, G834 -5,719 -8,6350 -11,390 -14,442 -18,060
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CHAPTER 9
FINANCIAL PLANNING CONCEPTS

The approach taken towards the financial planning for the intertie faci-
Tities represents an initial effort to structure the financial package
required to  implement the Railbelt interconnection. The cbncepts in-
cluded in this chapter are intended to be representative of the condi-
tions under which funding would proceed but are in no way definitive re-
commendations. Rather, they are anticipated to stimulate discussion

amongst the participants and increase the understanding of projected
financial obligations.

The proportionate allocation of total project costs between participants
has been determined in relation to the tangible cost savings derived from
the interconnection and represent an equitable division of the total finan-
cial burden. The acceptance of these allocations by participants to an
Alaska Intertie Agreement (AIA) will require individual utility financial
positions to be evaluated. Provision has been made for projected debt ser-
vice to be analyzed for each participant, to facilitate the evaluation of
financial impact on individual utility operations. What follows is an ini-
tial exploration of possible financial arrangements, which will serve as

a starting point for successive evaluations by each potential participant
as more definitive financial plans are evolved.

9.1 SOURCES OF FUNDS

An initial appraisal of possible sources of funds has been made, to
determine a combination which will be both financially advantageous and

appropriate to the principal division of cost savings between REA and
municipal utilities.



The following sources were examined:

State of Alaska revenue bonds floated by APA

REA loans negotiated by APA and participants

FFB Toans negotiated as part of REA loan package
CFC Tloans negotiated in conjunction with REA loans
Municipal bond issues by Anchorage and Fairbanks

A. State of Alaska Revenue Bonds

As State of Alaska revenue bonds would be legally secured by project
revenues, a complex formula for revenue generation would be required
to arrive at an acceptable level of cash flow to repay the bonds. The
formulation could be based on wheeling charges for power flow over the
intertie but the number of participants and the differences between
their operational requirements could prove an insupperable obstacle to
the realization of a final agreement. It is thought that the issue of
- State bonds should be deferred from present consideration, until such
time as a combined generation and transmission project is ready for
funding. Within the confines of the Railbelt development, this would
be appropriate when consideration is given to the ffnancing of the
first hydropower development of the Upper Susitna Project, together with

its associated transmission facilities.

Although APA bonds have been retained in the Transmission Line Financial
Analysis Program (TLFAP), for.analytica1 purposes, consideration has
been given only to the remaining sources in these initial financial
plans for implementation of the intertie. The transmission intertie
facilities represent what may be regarded as the first stage development
of the ultimate transmission system that will be required for the Watana
and Devil Canyon hydropower plants of the Upper Susitna Project.

The financial sources discussed in the following sections were con-

sidered for composite funding of the Anchorage-Fairbanks Interconnection.




B. Rural Electrification Administration (REA)

The prospective participants, with the exception of the Anchorage and
Fairbanks municipal systems, are all REA utilities of the Alaska Dis-
trict. Therefore, a combination of REA insured and guaranteed loans is
assumed for the maximum amount of total project financial requirements
allowed by federal regulations. REA Tloans are norﬁa]]y limited to 70
percent of total prbject costs; however, as OMB restrictions are ex-
pected to affect future REA commitments for project funding, this 70
percent 1imftation was taken to be the magnitude of a loan package com-
prising both REA and FFB loans. The percentage division between the
two sources varies, recent paét experience and future projections indi-
cating a range of possibilities, with the FFB portion considerably larger
than that of REA.

In the present study, a range of between 20/80 and 40/60 for the combi-
nation of REA/FFB Toan funds has been assumed for analytical purposes,
these percentages being applied to the 70 percent Timit for the total

loan package, as a proportion of total project costs.

REA loans carry a 5 percent interest rate and have a repayment period

of 35 years, the first three years of which require interest only.

C. Federal Financing Bank (FFB)

REA makes guaranteed loans through FFB as a source of supplementary fund-
ing for REA utilities. Interest rates for FFB vary but are generally
within the range of 9 to 9-1/2 percent. An average of 9-1/4 percent has
been used in the financial analysis for this étudy. A similar 35 year
repayment period to that for REA insured loans is normal, with the first

three years of interest only also applicable.

The combination REA/FFB Toan package offers a means of financing 70 per-

cent of project costs with a minimum of negotiation, as precedents have



been set for this type of financial arrangement. The goal of negotiation
would be to maximize the REA loan portion and secure the best interest
rate applicable to the FFB Tloan.

D. National Rural Utilities Cooperative Finance Corporation (CFC)

CFC makes Toans to REA utilities to supplement REA funds, although these
loans are generally used for distribution type facilities. It is possible
that a CFC loan could be obtained for a transmission project such as the
Intertie but for purposes of this analysis it has been assumed that CFC
funding will not be required. If at the time of negotiation there is a
definite advantage to be gained by inciusion of a CFC loan portion with
sufficiently attractive terms, the resultant impact on the financial plan
can be determined.

E. Municipal Bonds

Anchorage and Fairbanks municipalities both have the authority to arrange
financing for a portion of the project by the issuance of tax-exempt,
general obligation bonds. As separate bond issues would possibly be made,
the bonding rate pertaining to Anchorage could differ from that of Fair-
banks. A recent bond issue by the Anchorage Municipal Bond Bank to cover
G & T expansion on the AML & P system realized a bond rate of 6.48 per-
cent, with 20 year maturity bonds. A rate of 6.5 percent has been used
in this study for the projected Anchorage bonds, with a somewhat more
conservative level of 7 percent assumed for the Fairbanks bonding. Both
sets of bonds were assumed to be of 20 year maturity.



9.2 PROPORTIONAL ALLOCATIONS BETWEEN SOURCES

In the ultimate financial package for the Transmission Inteftie, the
final negotiated amounts for debt financing and bonding will be agreed
to by APA and AIA participants. To arrive at the final allocation of
total project costs between possible sources will require a concerted
effort on the part of APA and AIA participants, in the successive ne-
gotiations with REA and other federal funding agencies such as FFB, to-
gether with the officials responsible for decisions relating to issuance
of municipal bonds. ‘

To assist with an evaluation of financial positions in relation to pos-
sible agreement on questions pertaining to proportional allocations
between sources, the Consultants offer the following approach for fur-
ther consideration.

¢ A combination of REA and FFB funds would be used to finance
a total of 70 percent of project costs. 1In order to examine
the relative improvement of composite financial terms by
changes to the percentage allocation between the two sources

over a range of combinations, the following allocations were

evaluated:

Combination REA/FFB - %
Allocation within loan package 20/80 40/60
Allocation of total project costs 14/56 " 28/42

o The balance of funding, 30 percent of project costs, would be
obtained from the following bond issues:

General Obligation Bonds

Anchorage Fairbanks
Percentage allocation by municipality 18 12



In preparing a financial plan to follow this approach the following
analysis was completed using computer programs TLFAP and COMPARE. The
results of this analysis are contained in Appendix F, Sheets F-1 thru F-29.

1.

An initial run of TLFAP was made with the following allocations
and assumptions for funding terms and conditions:

Project Funding Source Interest Rate
14% REA 5%
56% FFB 9.25%

Above Toans have 35 year repayment period with interest only for
first three years, during construction period.

18% AMU . 6.5%
12% FMU 7.0%

Above bond issues have 20 year maturity.

. . On the assumption that the overall financial terms can be im-

proved by changing the proportions of the combination REA/FFB
loan package, a second run of TLFAP was made with the following

adjustments:

Project Funding Source Interest Rate
28% REA 5%
42% FFB 9.25%

A1l other components of project funding remained the same.

It is of interest to compare the composite interest rate for project
funding to determine the overall improvement in financial terms. |
The net effect was a decrease from 8.9 to 8.3 percent for the entire
project funding, including all financial sources.

To translate this improvement into a present value for purposes of
comparison of the respective loan packages, two runs were made using
program COMPARE to determine the differential present value of future
debt service associated with the two REA/FFB combinations. A net
reduction of $1,472,000 in total financial costs was realized. These
computations are shown on Sheets F-27 thru F-29.
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9.3 ALLOCATED FINANCIAL RESPONSIBILITY FOR PARTICIPANTS

A. Basis for Assumption of Fipnancial Obligation

The approach followed to determine the allocated responsibility for finan-
cial participation and debt service matched the proportions of total project
costs to allocated cost savings derived from interconnection. The cost sav-
ings to be realized from implementation of the transmission intertie are
several, these being derived from:

1. Reserve capacity sharing, resulting in cancellation or post-
ponement of in-service dates for certain generating units that
would be required with independent system expansion. This in
turn results in a reduction of total capital investment.

2. Improvement in overall economics of system operation, within

the 1imits of potential power transfers over the intertie.

3. Reduction in capital expehditures for transmission expansion
that would be required if the intertie were not built. A
definite saving of this type would be realized by Matanuska
Electric Association (MEA) if their system could be supplied
from the Palmer bus.

4. Reduction in the cost of construction power for the Susitna

Project, by use of a transmission tap-Tline.

0f the above cost savings, the first and third have been fully quantified
in this study, the second would require a detailed computer analysis of

the operational costs using a multi-area production costing program. In
estimating the cost advantages of power transfer, a simplified analysis

was made of the potential economies to be obtained from substitution of se-
lected generation blocks on the basis of fuel cost only. This demonstrates
adequately the potential for cost saving but is no substitute for a com-

prehensive analysis of system operation. This would provide a breakdown



by year of the production cost for each unit on the system, whether inde-
pendent or interconnected, and would include both fuel and 0 & M compo-
nents. The simulation of economic dispatch for units on alternative sys-
tems is essential for a definitive apportionment of the operational sav-
ings between utility participants.

Accordingly, the allocation of cost savings has been determined on the
basis of reduction in capital investment by reserve sharing and the elimi-
nation of certain expenditures by MEA‘for transmission expansion. The

- cost savings to the Susitna Project is not germane to the financial allo-
cations between utilities and has been excluded from analysis.

The cost savings from reserve sharing have been determined by segregating
capital disbursements for generating units affected by interconnection
between the respective utilities owning and operating the particular
units. Table 9-1 indicates the annual capital disbursements by generat-
ing utility for independent and interconnected system expansion, together
with the cumulative present worth for each of the investment streams.

Cost savings for each participating utility are given by the differential
present worth between independent and interconnected investment streams.
To these are added the cost savings to MEA for elimination of alternative
transmission supply facilities by establishment of the Palmer bus. The
cost savings are derived as follows:

Participating Present Worth of Future Investment - $1000
Utility Independent Interconnected Cost Savings
AML&P 103,647 91,869 ‘ 11,778
CEA 236,840 229,941 6,899
MEA ) 2,097
GVEA 43,203 - 43,203
' TOTAL 63,977

* MEA Cost savings obtained from Section 8.3C on P.8-6.



The Targe magnitude of savings accruing to GVEA (68% of total) should be
subdivided between GVEA and FMUS, .as the municipal system will also benefit
directly by association with GVEA and the continued purchase of power
generated by GVEA will ultimately be reflected in the customer rates of

the FMUS service area. To approximate the division of savings, a long-
term average ratio between -load forecasts for the two systems in the Fair-
banks area was taken to be representative of relative magnitudes and re-

sulted in the following apportionment:
GVEA  FMUS

Percentage Allocation of Cost Savings 56 12

No further breakdown of allocated benefits was deemed appropriate at this
stage; however, it may well be that other utilities such as Homer Elec-
tric Association (HEA) may decide to assume a minor share of the responsi-
bility for debt service of the total investment in support of the project.
In which case non-generating utilities can participate on an elective basis
and future analysis can take into consideration minimum funding participa-
tion as a percentage of the total.  The only utility which is not an imme-
diate direct beneficiary of the intertie is CVEA. Although TLFAP contains
a provision for later participation by this utility, it is not anticipated
that CVEA will exercise this option prior to the connection of the Glennallen-
Valdez system to the Railbelt system, following completion of the first
stage development of the Upper Susitna Project.

The assumption of financial obligation was taken to be directly related
to the proportionate division of allocated cost savings. The basis for

financial apportionment of total project costs is as follows:

Participating Cost Savings Percentage
Utility $ 1000 Participation
AML&P 11,778 18
CEA 6,899 11
MEA 2,097 3
GVEA 35,827 - 56
FMUS 7,677 12
TOTAL 63,977 100

These values of percentage participation were used for financial analysis.

9-9



B. Allocation of Total Project Costs

An attempt was made to relate the allocation of project costs between par-
ticipants to physical facilities in sections of the intertie. Table 9-2
contains a division of total project costs on a percentage basis and a
breakdown of percentage allocations between participants, to relate their
percentage allocation of total project costs with projected potential

ownership of physical facilities within their own service area.

The allocation of costs was aided by considering the logical division of
the total facility into three sections:

Section From To Distance (Miles) % Total
I Anchorage  Palmer 40 12
11 Palmer Healy 191 59
I11 Healy Ester 92 29

The costs included in Table 9-2 pertain to Case ID transmission facilities
far the probable load forecast expansion, consisting of a single-circuit
230 kV transmission line with intermediate switching at Palmer and Healy.
This also allows the realization of investment participation by MEA in the
AIA to the extent indicated in Table 9-2, which corresponds to the allo-
cated percentage for MEA. These costs are assumed to be largely asso-
ciated with the Palmer substation. Similarly, the costs allocated to FMUS
are assumed to be related to the Healy-Ester line section, on a joint basis
with GVEA.

C. Allocation of Debt Repayment and Sinking Fund Payments

The responsibility for loan servicing and payment of sinking fund install-
ments is shared by utility participants, in direct proportion to the cost
savings derived from the interconnection. A tabulation of the annual
payments by each participating utility is given in Appendix F, Sheets F-13
through F-18. It should be noted that the annual payments do include the
pro-rata share of payments to the municipal bond sinking funds tabulated
on Sheets F-19 and F-20. The totals are given on Sheets F-21 through F-26.
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9.4 COSTS FOR RESERVE SHARING AND FIRM POWER TRANSFER

An ané]ysis was made of the relative costs of reserve capacity and firm
power transfer for the two alternative financial plans. Tables 9-3A
and B provide annual costs for reserve capacity and firm power transfer
based upon the total debt service per year required for the two alter-
native financial plans, including REA/FFB loan packages in two propor-
tionate combinations.

The division of costs between reserve capacity sharing and firm power
transfer was made on the basis of the line capacity which was allocated
to each specifc purpose. The total transfer capacity of the 230 kV
single-circuit Tine is 130 MW, this being divided into 100 MW for re-
serve capacity and 30 MW for firm power transfer. The annual costs for
firm power transfer were converted into energy costs equivalent to
wheeling charges for load factors of 40, 55 and 70 percent and energy
transfer of 105, 145 and 184 GWh, respectively.

The cost streams progressively diminish according to the magnitude of
total debt service for the transmission interconnection facilities.
The following summary tabulation provides an indication of the average
values over the 32 year Tloan repayment period, following the interest
only three year construction period.

AVERAGE VALUES FOR RESERVE CAPACITY AND ENERGY TRANSFER

Reserve Energy Transfer Cost
Combination Capacity Equivalent to Wheeling Charge
REA/FFB Cost Energy Cost - Mills/kWh
Loan Package ($7KkW/Yr) (40% LF) (55% LF) (70% LF)
20/80 43 ‘ 12 9
40/60 41 12 8

It may be observed that the average values correspond approximately to
the actual values at the year 2003.
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9.5 FINANCIAL PLANS FOR FUTURE STAGED DEVELOPMENT

The following is one possible way to plan for funding successive expan-
sions and extensions of the projected interconnection of Railbelt utilities.

A. Interconnection Extension Between Systems

The implementation of the Anchorage-Fairbanks Transmission Intertie will
cause Railbelt utilities to examine their system expansions in relation to
those of other utilities, to determine mutual benefits of additional trans-
mission facilities to firm ties between adjacent systems. The cost of
associated facilities could be financed on a comprehensive basis, pos-

sibly on more advantageous terms than if attempted by individual utilities
or municipalities. The cost of such additions to utility systems could be
met from a revolving fund administered by APA, on behalf of the participants.

One possibility for application of major funds for system extension would
be the interconnection of the CVEA system to the Anchorage end of the
intertie. The participation of CVEA in the AIA would then be desirable,
with possibly a small allocation for initial intertie facilities, prior
to the determination of the timing and cost of the facilities to 1link the
initial interconnection with the CVEA system at Glennallen. This could
be implemented on a separate basis, or as part of an integrated plan for

transmission of hydropower from the Susitna Project.

B. Expansion of a Susitna Transmission System

The implementation of the Susitna Hydropower Project would require that a
comprehensive financial plan be followed for funding the generation proj-
ect and associated transmission facilities. The large increments of power
possible from the Susitna development would require the expansion of the
initial intertie, to receive energy for transmission to Anchorage and
Fairbanks.
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As part of the comprehensive financial plan, the funding of transmission
line and substation facility expansion through time could be arranged on
the basis of total incremental funding, with partition of costs and finan-
cial obligations between APA and utility participants, on a similar basis
to that used for this initial approach to first stage financing of the
transmission system interconnection in the Railbelt.

9.6 REFERENCES

1. International Engineering Company, Inc.
Financial Planning Model

2. Moody's Bond Record
'Tax Exempt Bond Fields by Ratings'

'Tax Exempts Vs. Governments and Corporates'
January 1979
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TABLE 9-1
ALTERMATIVE DISBURSEMENTS OF CAPITAL IKVESTMENT FOR GENERATION EXPANSION

$1000
{1979)
Anchorage Municipal Light & Power Chugach Electric Association Golden Valley Electric Association
System Expansion System Expansion System Expansion

Year pw' Independent Interconnected Independent interconnected Independent Interconnected
1979 1.0000
1982 0.9151 2,009
1983 0.8885 8,037 10,959 7,670 -
1984 0.8626 30,139 31,539 10,959 20,264 -
1985 0.8375 37,172 31,539
1986 0.8131 21,127
1987 0.7894 7,152 - 2,009
1988 0.7664 8,037 7,555 -
1989 0.7441 30,139 5,480 17,630 -
1990 0.7224 37,172 21,920 5,480
1991 0.7014 21,127 | 82,200 21,920
1992 0.6810 7,152 101,380 82,200
1993 0.6611 7,020 58,450 101,380
1994 0.6419 7,020 16,380 22,820 58,450
1995 0.6232 16,380 22,820

TOTAL pw 103,647 91,869 236,840 229,941 43,203 -

NOTE: Present worth obtained using 3% discount rate, equivalent to 7% cost escalation and 10% discount rate.



T - 6

A R SRS R I IR N A N S N N RN N R SR B

TABLE 9-2

ALLOCATION OF TOTAL PROJECT COSTS BETWEEN PARTICIPANTS

TO
ALASKAN INTERTIE AGREEMENT
A I A

SECTIONAL INTERCONNECTION DIVISIONS

Anchorage Palmer Healy Ester
| Section I | Section II _ ! Section III
| 40 M ! 191 M - 92
INTERTIE COMPONENTS ’ PROJECT COSTS - 1979 $1000 (%) | TOTAL FACILITY
Transmission Line ‘ 6644 (10) ‘ 31,726 (46) 15,282 (22) 53,652 (78)
Substations:
Anchorage 3976 (6) R 3,976 (6)
Palmer 717 (1) 717 (1) S 1,434 (2)
Healy 717 (1) 717 (1) 1,438 (2)
Ester 5,080 (7%) 5,080 (7)
Control & Communications 1,450 (2) 400 (1) 1,450 (2) 3,300 (5)
TOTAL 12,787 (19) 33,560 (49) 22,529 (32) 68,876 (100)
ATA PARTICIPANTS ' ALLOCATIONS OF TOTAL PROJECT COSTS (%) _
AMaLp (8) ' (10) , (18)
CEA (8) (3) (11)
MEA (3) (3)
QVEA (36) (20) (56)

FMUS (12) (12)



TABLE 9.3A
ALLOCATED COSTS FOR RESERVE CAPACITY SHARING AND FIRM POWER TRANSFER
WITH
FINANCIAL PLAN ALT. 1 - 20/80% COMBINATION REA/FFB LOAN PACKAGE
AND
MUNICIPAL BONDS

Cost of Reserve Capacity Sharing and
Firm Power Transfer Based on Capacity Allocation
100 MW Reserve

Total (Annual Cost of 30 MW Firm Power Transfer

Debt Service Reserve Capacity) Annual Cost {Energy Charge - Wills/KWn)
Year (1979/$1000) 310007 (§7RW/Yr.Y {$1000) WEFTS’_FEE%TFWFT
1984 8,670 6,669 67 2,001 19 14 11
1985 8,523 6,556 66 1,967 19 14 11
1986 8,376 6,443 64 1,933 19 13 10
1987 8,229 6,330 63 1,899 18 13 10
1988 8,082 6,217 62 1,865 18 13 10
1989 7,934 6,103 61 1,831 ' 18 13 10
1980 7,787 5,990 60 1,797 _ 17 12 10
1991 7,640 5,877 59 1,763 - 17 12 10
1992 7,493 5,764 58 1,729 17 12 9
1993 . 7,346 5,651 57 1,695 16 12 9
1994 7,199 5,538 55 1,661 16 11 9
1995 7,052 5,425 54 1,627 16 11 9
1996 6,905 5,312 53 1,593 15 11 9
1997 6,758 5,198 52 1,560 15 11 8
1998 6,611 5,085 51 1,526 15 11 8
1999 6,464 4,972 50 1,492 14 10 8
2000 6,317 4,859 49 1,458 14 10 8
2001 6,170 4,746 47 1,424 14 10 8
2002 6,023 4,633 46 1,390 13 10 8
2003 5,876 4,520 45 1,356 13 9 7
2004 3,515 2,704 27 811 8 6 4
2005 3,368 2,591 26 777 7 5 4
2006 3,221 2,478 25 743 7 5 4
2007 3,074 2,365 24 709 7 5 4
2008 2,927 2,252 23 675 6 5 4
2009 2,780 2,138 21 642 6 4 3
2010 2,633 2,025 20 608 6 4 3
2011 2,486 1,912 19 574 6 4 3
2012 2,339 1,799 18 540 5 4 3
2013 2,192 1,686 17 506 5 3 3
2014 2,045 1,573 16 472 5 3 3
2015 1,898 1,460 15 438 4 3
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Year

1984
1985
1986
1987
1988

1989
1990
1991
1992
1993

1994
1995
1996
1997
1998

1999
2000
2001
2002
2003

2004
2005
2006
2007
2008

2009
2010
2011
2012
2013

2014
2015

TABLE 9.38

ALLOCATED €OSTS FOR RESERVE CAPACITY SHARING AND FIRM POMWER TRANSFER
, WITH .
FINANCIAL PLAN ALT. 2 - 40/60% COMBINATION REA/FFB LOAN PACKAGE
AND

MUNICIPAL BONDS

Cost of Reserve Capacity Sharing and

Firm Power Transfer Based on Capacity Allocation

100 MW Reserve

9 - 17

Total (Annual Cost of 30 MW Firm Power Transfer ,
Debt Service Reserve Capacity) Annual Cost {Energy Charge - MiTTs/kWh}
{1979/$1000) 310007 (3/KW/Yr.) ($1000) TEO%"fF7————_TEB%_EFT"_"—_T7U%_EFT

8,194 6,303 63 1,891 18 13 10

8,061 6,201 62 1,860 , 18 13 10

7,929 6,099 61 1,830 ‘ 18 13 10

7,797 3,998 60 1,799 17 12 10

7,665 5,896 59 1,769 17 12 10

7,533 5,795 58 1,738 17 12 9

7,401 5,693 57 1,708 16 12 9

7,268 5,591 56 1,677 16 12 9

7,136 5,489 55 1,647 16 11 9

7,004 5,388 54 1,616 16 11 9

6,872 5,286 53 1,586 15 11 9

6,740 5,185 52 1,555 15 11 B

6,608 5,083 51 1,525 15 11 8

6,475 4,981 50 1,494 14 10 8

6,343 4,879 49 1,464 14 10 8

6,211 4,778 48 1,433 14 10 8

6,079 4,676 47 1,403 13 10 8

5,947 4,575 46 1,372 13 9 7

5,815 4,473 45 1,342 13 9 7

5,682 4,371 44 1,311 13 9 7

3,337 . 2,567 26 770 7 5 4

3,204 2,465 25 739 7 5 4

3,072 2,363 24 709 7 5 4

2,940 2,262 23 678 7 5 4

2,808 2,160 22 648 6 4 4

2,676 2,058 21 618 6 4 3

2,544 1,957 20 587 6 4 3

2,411 1,855 19 556 5 4 3

2,279 1,753 18 526 5 4 3

2,147 1,652 17 495 5 3 3

2,015 1,550 16 465 4 3 3

1,883 1,448 14 435 4 3 2
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CHAPTER 10
INSTITUTIONAL CONSIDERATIONS

The Intertie Advisory Committee has proven itself most useful during this
study. It has enabled initial discussions to be held between potential
participants in the prbjected interconnection of Railbelt utilities via
the Anchorage-Fairbanks Transmission Intertie. This committee represents
a sure, first step towards the formation of a continuing, viable, cohesive
entity, through which the intertie can be built and the resulting benefits
realized by the continued expansion and operation of the interconnected
utility systems in the Railbelt.

10.1 PRESENT INSTITUTIONS AND RAILBELT UTILITIES

The predominant pattern of ownership management énd operating responsi-
bility by public power organizations in Alaska is exemplified by the
prospective participants to an Alaskan Intertie Agreement (AIA). 1In
addition to REA and municipal utilities in the Railbelt, it is anticipated
that both the Alaska Power Administration and the Alaska Power Authority
would be parties to the AIA. The probable composition of institutions

and participating utilities is anticipated to be:

Alaska Power Authority

Anchorage Municipal Light and Power
Chugach Electric Association, Inc.

Homer Electric Association, Inc.
Matanuska Electric Association, Inc.
Golden Valley Electric Association, Inc.
Fairbanks Municipal Utitity System
Alaska Power Administration

The above group of utilities may be joined by Copper Valley Electric
Association, Inc. at a tater date, to extend the interconnected facilities
to the Glennallen-Valdez system.
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- A. Statutes and Limitations

The enabling legislation for the Alaska Power Authority (APA) is con-
tained in HB 442 for the Legislature of the State of Alaska. It provides
for the establishment of power projects and the authorization to proceed
with developments that will serve "to supply power at the lowest reason-
able cost to the state's municipal electric, rural electric, cooperative
electric, and private electric utilities, and regional electric author-
ities, and thereby to the consumers of the state, as well as to supply
existing or future industrial needs".

APA would mainly act on behalf of the municipal and rural electric util-
ities as a party to the AIA. Therefore, it is not presently anticipated
that the authorized "powers to construct, acquire, finance, and incure
debt" would be required for the Intertie Project. Rather APA could
integrate and coordinate the efforts of the other participants to

the AIA, to ensure that an expeditious approach is maintained during the
course of the project.

APA is in an excellent position to coordinate regional programs with its
state-wide involvement. For example, such coordination may assist in
the process of securing an abridgement of the two county rule for the
transmission intertie. Left unresolved, such existing statutes may
otherwise constitute a roadblock to the realization of the benefits to
be achieved by interconnection of systems of participating utilities
over the large geographical area encompassed.

B. Jurisdiction and Service Territories

The Alaska Power Authority exercises jurisdiction over power projects in

Alaska as a State entity. It parallels the Alaska Power Administration,

which has federal jurisdiction in Alaska for the United States Department
of Energy in Washington, D.C.

Both State and Federal entities have statewide responsibility in Alaska.
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The service territories of the municipal and rural electric utilities
are shown on the maps of Figures 4-1, 4-2, and 4-3 in Chapter 4. The
confines of the Railbelt result in elongated geographical service areas.
Such areas are particularly appropriate in relation to the transmission
corridor for the intertie and enable the delineation of easements along
the route to be made relative to existing transmission and distribution
facilities in the area.

10.2 ALASKAN INTERCONNECTED UTILITIES

To provide an identity for the utility participants to the AIA, it is
suggested that the name Alaskan Interconnected Utilities (AIU) be adopted
by the existing Railbelt utilities to be included in the institutional
and management plan for the implementation and operation of the intertie.

- A. -~ Present Arrangements and Future Requirements

To a certain extent, the operating utilities in the Anchorage and Fair-
banks areas have already evolved mutual interests. These interests now
need to be augmented, to satisfy future operating requirements.

Prior to interconnection, there would be a need to coordinate revised
planning for system expansion, the scheduled construction of facilities,
and the separate building programs of each utility. A Planning Sub-
comnittee of the Intertie Advisory Committee, composed of technical
staff from AIU, would be desirable in the near future if this program

is implemented. This planning subcommittee could be empowered to
resolve joint planning problems affecting participating members.

Later on, an Operating Subcommittee would be required to determine oper-
ating procedures and coordinate system planning po11cy, working towards
centralized economic dispatch for the interconnected system. The need
for communications facilities will also need to be addressed, together

with the mode of overall systém control and data acquisition for inter-
connected facilities.
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B. Evolution of Institutional Framework

In any approach toward projecting institutional requirements for the
establishment of the necessary framework to support the Anchorage-
Fairbanks Transmission Intertie, it is essential to preserve a

sense of perspective towards the future and allow for the possibility
of integrating the presently conceived plans and concepts within a
larger and more comprehensive institutional structure. This is par-
ticularly appropriate to the task of system. interconnection, when
successive expansions are necessary to accommodate the incremental
additions associated with major generating plants.

In the case of the Railbelt, the possible implementation of the major
hydropower developments of the Upper Susitna Project, would require
that the institutional structure required for the transmission inter-
tie be compatible with future institutional needs of the Susitna devel-
opments. Thus, whatever institutional changes would be brought about
by a program of hydropower development of the Susitna shotuld represent
only a transition between organizational requirements keyed to trans-
mission system expansion without the facilities of the Susitna develop-

ments and with the addition of major hydropower sources, such as Watana
and Devil Canyon,

The evolutionary approach to effecting this transition is preferable
over an abrupt change of institutional structures and it is thought
that, with the acceptance of a pattern of multiple participation in the
planning, financing, implementation, and operation of the Intertie, a
suitable mode of proportionate involvement can also be considered for
applicability to other transmission facilities required for the Susitna
Project. This division of fiscal and managerial responsibility can also
be extended into the operation of the system.

In this way a maximum of local utility participation can be achieved,
with a financially beneficial allocation of total project costs between
funding sources to arrive at a least financial cost package to multiple
borrowers having pre-arranged sharing of debt-service obligations.
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APPENDIX A
NOTES ON FUTURE USE OF ENERGY IN ALASKA

Power requirements studies analyzing historical data and forecasting future

trends have been regularly accomplished for the REA-financed electric
utilities in Alaska since they began operation. These studies and their
forecasts over the years provide an interesting perspective as to the
changes in use of electricity and the change in numbers of users, but do

not fully account for the forces that produce these changes.

It is observed that electrical uses increase as the dreary, manual rou-
tines of everyday life are displaced by the equivalent electrically-powered
devices. This allows the human effort to be directed elsewhere or elimi-
nated. Electric lighting, water pumping {many Alaska homes have their
own water systems) and heating, clothes washing, refrigerator, freezer,
vacuum cleaner, dishwasher, cooking aids, radio and TV (education and
recreation), lawn mower, chain saw, etc., all direct electrical energy

toward improving the quality of 1ife and making human effort more pro-
ductive. |

The typical Alaskan family is becoming more productive as a unit through
an increasing percentage of the family partners entering the community
group of wage earners. Increasing income allows the family to seek out
new means of improving the quality of living.

There are on the horizon a number of technological triumphs that will
undoubtedly find uses in those communities where the families can assign
some of their resources to enhancing their lives. The home computer with

its implications of many more "robots" to come and the electric car are
just two of such items nearing the scene.

These considerations certainly support the trends of electrical energy

use that are being forecast and could well result in the forecasts being



exceeded, if the rising standards of Alaskan 1ife are maintained into the

future.

The following paragraphs are a direct excerpt from a system planning re-
port (see Ref. 7 in Section 3) completed in ear]y’1979 for the Matanuska
Electric Association, Inc. of Palmer, Alaska. This electric system is

fhe oldest REA-financed system in Alaska and the statistics cited which
relate the use of electrical energy to the average family earnings over
a period of 35 years of actual history and a forecast of 15 to 25 years

are interesting indeed.

*INTRODUCTION

The accomplishment of long-range planning requires that data be estimated
for future conditions and that technical answers for those conditions be
evaluated in a prudent manner. Technical answers to a defined set of
conditions can be readily developed using state-of-the-art methods. An
occasional set of conditions prompts innovation when conventional methods

appear limited; but, it is demonstréb]y clear that the estimate of future

conditions is the single most significant factor affecting the ultimate

value of a long-range plan.

It will be noted in the following System Planning Report a great effort

was made to provide accurate and detailed historical data. A better

understanding of the nature of electrical consumers and their actual
performance amidst the set of observed environmental restraints (political
and natural) is bound to be enhanced by such data. It is believed that
forecasts of future conditions will also benefit’in sufficient measure to
make the effort a bargain.

* Excerpted from MEA System Planning Report, January 1979 - see Chapter 3,
Ref. 7.



The -understanding of a long-range plan in the context of the whole growth
of a community or region and in terms more useful to the consumer of
electricity and his representatives is believed extra difficult today

because of environmental concerns, high inflation and other cost aberrations.

To provide some perspective that is intended to illuminate the broad
impact and position of the MEA e]ectric’supply system on its service area
a tabular Tisting of significant MEA statistics is included herewith on
the following page, Table A-1.

This table contains the 35-year history of MEA and a 20-year forecast
based on the data in the Long-Range Plan. The numbers listed may surprise
the reader at first inspection but this simple listing of historic

factual data and related future estimates serves to demonstrate the power-
ful influence of electricity on the gquality of 1ife and the productivity
of the MEA service area.



MEA STATISTICAL SUMMARY - PAST, PRESENT AND FORECAST

Ave. No. Ave. No. Yiles Const. Ave. Cos%t Average Average Average Averaoe Portion
Served (w/o LP) of Per Purch, Revenue Revenue Bil1/Const. Family cf
Lverage Average Line Mile Power Total Sales {w/o LP) (w/o LP) Income Income
_ Year kwh/Mo. kith/¥a, Dist. Trans. Dist. $/kh S/k¥ $/kuh $/M0. §/¥o. Percent
(1) {2) (3) (4) (5) (6) {7) (8) (9) (10) (11)
210 188 90 25
1942 T 7 0 2.3 0.020 0.0628 0.1074 5.07 175 2.9
1954 l%%% l%%% él% 4.5 0.01%6 0.0450 0.0531 17.82 590 3.02
3134 3113 708
1966 55T 55 %3 4,4 0.0114 0.0348 0.0366 25,40 835 3.9
q,
1977 LS B 1439 6.6 0.0128 0.0359 0.0368 48,50 2243 2.4
See Fopotnotes
1
Calesy  avs 15519 28 7.5 0.0187 0.0546 0.0559 99.78 3303 3.02
Level 11 30510 30060 2705 |
(787-192) 755 ST58 53 11.3 0.0348 0.0692 0.0705 175.30 4853 3.60
yotie) v 5498 2k 18.3 0.0488 0.0829 0.0837  292.45 7131 4.10
The basig historical data was taken from the REA From 7. Each column is explained as follows:
‘1) The year of operation - MEA first energized its system on January 19, 1942. Level I, II, and II! refer to the Load Levels of the December

—~ e e e
O W N
— e e e e

(11)

1978 Long Range Plan. The years in parenthesis are estimated dates when these levels might be reached.
The total average rumber of consumers with LPs and their average monthly energy (kWh) use,

The average number of consumers {w/o LPs) and their average monthly energy (kWh) use.

Miles of line at year end.

Average number of consumers served per mile of distribution line - Columns (2) divided by Column (4).

Cost of purchased power - at Levels [, II and III these are estimates developed by RWR from miscellaneous sources. These forecast are
believed to be consistent with other elements of the forecast.

(8), and (9) For levels I, II and IIT the figures resulted from a generalized forecast of costs using the investments indicated by the
Long Range Plan escalated at 7% per year, the operating costs per cconsumer escalated @ 7% per year and the purchased power costs of Col-
umn {6). It was also assumed that there would be 10% losses of energy and that MEA margins would be 10% of Gross Revenue.

The estimated average family income 15 developad fram old payroll records, the “"Statistical Abstract of the U.S." (Public by Bureau

of the Census) 1977, and "The Alaska Economy, Year-End Performance Report 1977" (Published by Alaska Department of Commerce and Econo-
mic Development). Future income estimates made by escalating 1977 nuribers at 1.08 per year which is the approximate average growth rate
of income for the last 35 years.

Column (9) divided by Column {10) multiplied by 100.
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APPENDIX B
TRANSMISSION LINE COST ANALYSIS PROGRAM (TLCAP)

B.1 GENERAL DESCRIPTION

The Transmission Line Cost Analysis Program (TLCAP) calculates the in-
stallation, operation, and maintenance costs of a transmission line using
a detailed unit cost model. It also automatically determines the "optimum"

span and conductor size combination. Applications include the following:

e Voltage Selection - TLCAP examines the relative economics of
various voltage levels.

e Span and Conductor Optimization - Span and conductor are opti-
mized simultaneously to provide a matrix of present worth costs.
Sénsitivity of present worth costs to assumed discount rate is
also automatically included.

e Tower Type Selection - TLCAP compares the cost impact of alter-
nate tower types.

B.2 COMPUTER PROGRAM APPLICATIONS FOR OPTIMUM TRANSMISSION LINE COSTS

Choosing the most economical voltage level and other line parameters for
any projected transmission line is a complex problem. It requires the
simultaneous consideration of a multitude of interrelated factors, each
of which will have a decided influence on line performance and the
installed and operational costs of both the 1ine and the overall system.
The installed cost of a Tine increases rapidly with the voltage used.
For typical single-circuit ac lines, the cost increase is approximately
in direct proportion to the increase in voltage. On the other hand, the

load carrying capacity of a line increases with the square of the voltage,



but this is partially offset by the increase in phase spacing and the
resultant increase of line impedance.

Another factor affecting the load carrying capacity and line cost is the
size of the conductor and the number of conductors per phase. Since the
installed cost of the conductors may constitute as much as 28% of the

total Tine cost, the selection of the conductor is an important decision

in any line design.

For EHV lines, conductor size selection is first governed by two basic
electrical requirements - the current carrying capacity and the corona
performance in terms of corona loss radio interference (R.I.) and tele-
vision interference (T.V.I.). As the line voltage increases, the corona
performance becomes more and more the governing factor in selecting con-

ductor size and bundle configuration.

If consideration is given to the electrical aspects alone, there is an
optimum solution as to the size and number of conductors for each voltage
level and load carrying requirement. However, the size of the conductor
affects the loads on the structures supporting it, as well as the sag,
tension, span length, and tower height and weight. Al1l such factors
influence the total cost and economics of the 1ine. Hence, both the
electrical and mechanical aspects must be considered together in order

to arrive at a truly optimized overall line cost. Often a solution which
is entirely satisfactory from the electrical viewpoint alone will be

in conflict with the mechanical requirements. This is particularly true
at locations where heavy ice loading is encountered. For example, a
small conductor in a bundle of three may meet all the electrical require-
ments but may be entirely unsatisfactory mechanically due to excessive
sag and overstress. This results in higher towers or shorter spans with
more towers per unit length of 1ine than would a larger conductor in a
bundle of two. A large number of conductor and phase configurations

must usually be tried before an optimum solution is found for a specific
voltage level.



The voltage level for any given line should be chosen on the basis of
its effect on the system to which it will be connected. This may re-
quire medium- or long-range estimation of load flow. For example, it may
be more advantageous to build a single 750-kV line instead of two 400-kV
lines. Each solution has its own impact on the system with respect to
reliability, stability, switching over-voltages, transfer of power, and
possibly the cost of future expansion. In other words, the Tine should
be custom designed to meet present and future needs of the system within
which it is to operate. It should also provide for the Towest overall
cost in terms of investment and operation. Without proper attention to
future needs, the "lowest initial cost solution" for a line between two
given points may not necessarily be the most desirable or satisfactory

one.

In addition to the variables mentioned above, there are numerous other
line parameters that must be considered to properly evaluate and compare

the various solutions. A few of the more important ones are:

e Conductor material, size, and stranding.

e Tower types, such as rigid or guyed, single or double-circuit,
ac or dc, metal or wood.

e Foundation costs. ;

e Wind and ice load criteria, and their effect on tower cost
through transverse, vertical, broken-wire, and/or construction
loads.

e Number and strength of insulators.

e Insulator swing and air gap.

e Applicable material and labor costs.

e Investment charges, demand, and annual energy loss charges.

To accurately assess all the complexities and interrelationships, and to

integrate them into a totally coordinated design that will produce a line
of required performance at minimum cost, a carefully engineered computer

program was developed by IECO. Program methodology of TLCAP is shown on

Figure C-1. Briefly, program elements include:

B -3



FIGURE B-1

TRANSMISSTON LINE COST ANALYSIS PROGRAM (TLCAP)

METHODOLOGY

Tower Design Studies

Tower Weight Estimation -
Algorithm

Electrical & Mechanical Right-of-Way Cost

Performance Specification

Unit Material &j
L.abor Costs

Transmission Line Cost
Analysis Program

System Economic
Parameters

Transportation Costs Inflation Rates

Input Detailed Optimum Span &
Data Design & Conductor Cost
Summaries Capital Cost Summaries

Summaries




e Conductor Selection - A large variety of conductor sizes and

strandings are on file for automatic use by the program. De-
pending upon line voltage and load, the program determines the

minimum power and energy losses for each conductor studied.

o Insulation Selection - The program calculates the incremental

cost differences caused by changes in the insulator length,

which together with other studies of system performance indi-
cates the best insulation for each voltage level. To ensure
maximum transmission capacity, the minimum possible phase spacing
is used with each type of tower, considering clearance to tower
steel and insulator swing.

o Tower Selection and Span Optimization - The installed cost of
towers represents a large portion of the total line cost. There-
fore, this item is given special and careful consideration in
the calculations. The installed cost of a tower is usually a
function of the weight of the steel used. A considerable dif-

ference in weight between different tower configurations can be

experienced, even in cases where the loads are identical. If
to this variable, the variations in loads due to conductor size,
bundling, and climatic criteria are added, it becomes evident
that correct tower weights can only be determined by an actual
tower design in which all the variables are properly considered.
Therefore, the optimization program is complemented with a tower
design program. Appropriate foundation and insulation costs are
added to each tower solution to obtain the total installed cost
per tower location. This information is then used by the opti-
‘mization program to determine the optimum span length (the span
that results in the lowest tower cost per unit length of line)
for each conductor configuration being considered.

In processing these criteria, including a present worth evaluation of

annual energy loss and other time-related charges, the optimization pro-



gram arrives at a long-range minimum cost solution for each voltage level
investigated. However, as previously mentioned, the final evaluation of
the adequacy of a line should be based upon its present and future effect
on the system as a whole. Therefore, the lowest cost solution for a
select number of conductor configurations, with their specific electrical
characteristics, should be tried in a few additional system study runs

to obtain a proper basis for a final decision.

B.3 TLCAP SAMPLE OUTPUTS

Sample outputs of the TLCAP computer program are shown on the following
pages. The output cases are listed below:

e Anchorage - Fairbanks, 230 kV (Case IA).

e Anchorage - Fairbanks, 230 kV (Case IB).

e Anchorage - Fairbanks, 345 kV (Case IC).

e Anchorage - Devil Canyon, 345 kV (Case II-1).
e Devil Canyon - Ester, 230 kV (Case II-2A).

e Watana - Devil Canyon, 230 kV (Case II-3A).



L-q

SYSTEM ECONOMIC FACTORS INPUT VALUE REFERENCE
STARTING YEAR OF STUDY 1979
ENDING YEAR OF STUDY 1996
BASE YEAR FOR ESCALATION ; 1977
MAXIMUM CIRCULT LUADING 136.,8 MVA 1992
AVERAGE CIRCULT LUADING 41.0 MVA 1992
DEMAND (08T FACTOR 73,0 $/Kw 1979
EMFRGY COST FACIOR 13,0 MILLS/KWH 1979
VAR COST FACTOR 0.0 B/KVAR 1984
CAPITAL COST/DISCUUNT RATE:
MIMTMIM 7,0 PFRCENT 1984
MAX [MUM 10.0 PERCENT 1984
NUUMBER OF INTERVALS 1
0&M CUST FACTOR 1,5 % CAP,COST 1979
RIGHT OF wWAY COST FACTOR 715,0 $/ACRE 1979
RIGHT OF wAY CLEARING COST 1430,0 $/ACRE ‘1979
INTEREST DURING CONSTRUCTION 0,00 % INST.CST

R T Tt T T T e B

INTERNATIONAL ENGINEERING CO. INC
SAN FRANCISCO CALTFORNIA

TRANSMISSION LINE COST. ANALYSIS PROGRAM
VERSION 1: 23 FEB 1979, )

ANCHORAGE=-FAIRBANKS INTERTIE CASE 1A
230 KV TRANSMISSTION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 929547

[SEETESFEEE FRE SRR S

* . *
* INPUT DATA *
& *

Ahkkkkkhhks kb hhk i

ENGINEERING FEE 11,00 % INST.CST

YEAR FOR INPUT
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230 KV TRANSMISSION

CONDUCTOR DATA

e r T —— - N - 0 Y W e = - -

NUMIER 2FR PrASE
CONDUCTOR SPALTING
VUL TAGE

VULTAGE vaARQIAaTION
LINE Fe-GUENCY
FAIRWEATHER | )SSFS
LINE LFGTH

POAER FACTNR

WEATHER DATA

MAXIM = RATNFALL HATE

MAX [ RATHEALL DURATION
AVERAGE RAINFAILL RATF
AVERASE PATHNFALL DURATIONM
MAXTMUE SNEak ALL RATE
AAX M g SHOWFALL DURATION
AVERAGE SMOwWFALL WRATE
AVERAGE SNOwFALL DURATION
RELATIVE ATR DENSITY

ANCHORAGE=FAIRRANKS INTFRTIE CASE Ia

DATE: 12 APR 79 TIME: 9:29:47
AhAhkhkda kb ki hsx
X x*
* INPUT DATA *
* *
I PSR R EEEES EEEENEL R
GROUNDATIRE DATA
1 NUMBER PER TOWER 0
0,0 IN DIAMETER 0,00 IN
230 Ky WE 16HTY 0,0000 LBS/FT
10,00 PCT
a0 CPS3

0,00 KwsMI
323,00 MTILES
0.95

1.18 IN/HR
1 HRS/YR
0.03 IN/HR
636 HRS/YR
1.87 IN/HR
{1 HRS/YR
0,13 IN/JHR
264 HRS/YR
1,000

LINF COSY ANALYSIS AND CONDUCTOR OPTIMIZATION

SPAN DATA
MINIMIM 1200. FT
MAX IMUM 1600. F¥
INTERVAL 100,0 FT
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ANCHURAGE=-FATRUANKS INTERTIF CASE 1A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR ORTIMIZATION
DATE: 12 APR 79 TIME: 9:129:47

Ak RXRAARARARRRAR KRk &

* ‘ *
*  INPUT DATA *
* *

RARRN RRAARAR AN R A&k

SAG/TENSTON DESIGN FACTORS

- - - - -

EVERYDAY STRESS TEMPERATURE 40, DEGREES F ICE AND WIND TENSTION (PCT UTS) S0, PERCENT
ICE AND WIND TEMPERATURE 0, DEGREES F HIGH wIND TENSION (PCT UTS) S0, PERCENT
HIGH WIND TEFMPERATURE 40, DEGREES F EXTREME ICE TENSION (PCT UTS) 70, PERCENT
EXTREME ICE TEMPERATURE 30, DEGREES F ICE THICKNESS WITH WIND 0,50 INCHES
MAX DESIGN TFMP FOR GND CLFARANCE 120, DEGREES F WIND PRESSURE WITH ICE 4,00 LBS/7SQ.FT,
EDS TENSION (PCT UTS) 20, PERCENT HIGH WIND i 9,0 LBS/SG.FT,
NESC CONSTANT ) 0,31 LBS/FT
EXTREME ICE ' 0.50 INCHES
TOWER DESIGN

TOTAL NUMRER OF PHASES 3 DISTANCE BETWEEN PHASES:!

PHASE SPACING 20,0 FEETY Dt ’ 20,00 FT
CONDUCTOR CONFIGURATION FACTOR 1,02 N2 : : 20.00 FY
GROUND CLEARANCE 28.0 FEET D3 40,00 FT
S NO, OF INSULATURS PER TOWFR 48 ' by 0,00 F1
INSULATOR SAFETY FACTOR 2.50 DS 0,00 FT
STRING LENGTH X 6,5 FEET D6 0,00 FT

I, VEE, OR COMAINATION 3

FOUNDATION TYPE 4

TERRAIN FACTOR 1,06 PER UNIT

LINE ANGLE FACTODR .0864

TOWER GROUNDING 0

TRANSVERSE OVERLOAD FACTOR 2.50

VERTICAL OVERLOAD FACTOR 1.50

LONGITUDINAL LOAD 1060, LBS

MISCELLANEOUS HARDWARE WEIGHT 0,11 TONS/TOWER

JONER WEIGHT FACTOR 1,02

TOWER WEIGHT ESTIMATION ALGORITHM

TOWER TYPE 9: 230KV TOWER

T = 0,00016ATHAK2 = 3 _09797aTH*x%0,3333 =~ 0,08943+FFFVDL =
0,27367xFFFIDL + Q. 00510xTHXEFFTDL + 0,00160aTHAEFFVUL +
18,37912 KIPS :



01-g

1D HUMRER

e mrm-aea

24
25
26
27
2H
23
39
31
32
53
54
35
35
57
34
37

ANCHURAGE=FAIRBANKS INTERTIE

CASE 1A

230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

NAME

GROSBE AK
EGRET
FLAMINGO
GANNET
STILT
STARL ING
REDWING
CUCKOD
DRAKF
TERN
CONDOR
MALLARD
RUDDY
CAMARY
FATL
CARDINAL

SIZE (KCM)

636.0
636,0
b6b6,0
6b6,0
715.0
715,0
715.0
795,0
795.0
795,0
795,0
795,0
900,0
900.0
954, 0
954,0

DATE:

STRANDING
(AL/ST)

- -

26/ 7
30/19
cas 7
26/ 7
247 7
26/ 7
30/19
24/ 7
26/ 7
45/ 7
hYay/s 7
30/19
us/
“i/
us/
54/

~NN N~

12 APR 79 TIME: 9:29:47
vttt*tttitﬂttttttii
X *
x INPUUT DATA *
& *
'SREEEEESZEEEEEERESR ]
CONDUCTUR SUMMARY
IEEEEEEEERE AR RS
UNIT WEIGHT OUT.DI1AM,
(LBS/FT) {INCHES)
0,8750 0,9900
0.9850 1.0190
- 0,R8%90 1.0000
0,9180 1,0140
0,9210 1,0360
0,9850 1.0510
1.1110 1.,068190
1.024d0 1.0920
1,0940 1.,1080
0,8960 1,0630
1.0240 1,0930
1.23%0 1,1400
1,0150 1,1310
1,1590 1,1620
1.0750 1.16%0
1.2290 1.1960
| I 3 B |

TOTAL AREA
(S9,IN)

0,5809
0,6134
00,5914
00,0087
0.6348
0.6535
0.,6901
0.7053
00,7261
0.6676
0,705%3
0,7668
0.7069
0,798%
0.8011
0,8464

MODUL US

(EF/E6 P3I1)

11,00
11,30
10,95
11,00
10,59
11,00
11,50
10,55
11,00

9,40
10,85
i1.30

9.40
10,85

9,40
10,65

TEMP,COEF.
AL PHA*E =6
PER DEG F

— e pen
Owrt Dpe QO = OCPLODOIDLO

4 » e e & 8 % e @ = L v e e ¥ @
BN O U N D U N N S N SN N N W
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AMCHORAGE=-FAIRBANKS INTERTIFE CASE TIA
230 KV TRANSMISSION LINE CCGST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIMb: =~ 9:29:47

RAKKAKKR R AR AL A ARk Rk
* : *
” INPUT DATA *
* *
KRRRAKRRARRAKARARR

CONDUCTOR SUMMARY
AkkAAAARK A A K hkdkkkrx

AC RESIST,
ULT.TENS, GFOM  MEAN THERM LIMIT - AT 25 DEGC IND.REACT, CAP,.REACT,

ID NUMBER NAME STRENGTH{LBS) RADIUS(FT) PRICE($/LB) (AMPERES) (OHMS/MILE) (OHMS/MILE)  (MOHM=MILES)

2u GROSBE AK 25000,0 0.033% 0.628/1977 790, 0,1452 0.4118 2,6347

25 FGRET 31500,0 0.03551 0.609/1977 870. 0.,1447 0.4060 2,0136

26 FLAMINGO 23700,0 0,03535 0,640/1917 g10, 0.1399 0.4118 2.6294

27 GANGE T 26200,0 0,0343 0,609/1977 azo. 0,1373% 00,4092 2.6347

28 STTLT 265500,0 0,03847 0.627/1977 B840, 0.1320 D. U066 2.6400

29 STARL ING 25100,0 0,0355 0,608/71977 RS0, 0.1294 0.,4050 2.6d53

30 REDWING 3U600,0 D.0372 0.612/719177 860. 0,1288 60,3992 2,56061

39 CUCKOD S 27100,0 0.03606 0.636/1977 900, 6.,1214 0.3992 2.5502

32 NDRAKE 31200,0 0,0375 0.,622/1977 910. 0.,1172 0.3992 2.5450

33 TERN 22900,0 0,035 0.677/16977 890, 0,1188 0.4060 2,57k6

34 CONDOR 28500,0 0,0368 0.635/1977 900, 0,1172 0,4007 2.5555

35 MALLARD 38400,0 0,0392 0,599/1977 910, 0.1162 0,3928 2.5186

36 RUNDDY 251400,0 80,0378 0.,676/1977 935, 0,1082 0.%978 2.5080

37 CANARY 323%300,0 00,0592 0,633/1977 950, 0,1040 0.3928 2.5027

18 RATL . 26900,0 0.,0389 0,671/1977 970, 0,0998 0.3949 2.5027

19 CARDINAL : 34200,0 0,0404 0,632/1977 9940, Q,0987 0,39¢2 2.,4816



¢1-4d

ANCHORAGE=FAIRSAMNKS INTERTIF CASE 1A
230 KV IRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATICN
DATEs 12 APR 79 T ]IHE: Q:29:47

Mok k ko k kdkkoh kkhhkkk

* *
* INPUT DATA *
* *

kA kAR kk kkdhkwk bk hhi

UNIT MATERIALS COSTS INPUT VALUE
PRICE OF TOWER MATERIAL 0,957 $/L8B
PRICE OF CONCRETE 0,00 3/Cu,YD.
PRICE OF GROUND wlIRE 0,000 $/L8
INSTALLED COST OF GROUNDING SYSTEM 0.00 $/TOWER
TOWFR SETUP 1751, §

TOWER ASSEMBLY 0,455 %/L8
FOUNDATION SETUP 0, %
FOUNDATION ASSEMBLY 4140,00 S/TON
FOUNDATION EXCAVATION 0,00 $/7CU.YD,.
PRICE OF MISCELLANEQUS HARDWARE 290,00 S/TOWER

HUNIT LAKOR COSTS

RFFFRENCE YEAR LABOR COS7T 24,00 $/MANHOUR
STRING GROUND wWIRE 0,0 S/MILE
STRING LAROR MARKUP 4,2 PER UNIT

HNTIT TRANSPORTATION COSTS

TOWER 100,0 $/T0ON
FOUNDATION CONCRETE 100.0 377D
FOUNDATION STEEL 100,0 §/TON
CONDUCTOR 100,0 $/TON
GROUND #]IRE 100,0 $/T0ON
INSULATOR 100,0 $/TON OR $/Max3
HARDwARF 100,0 3/TON

REFERFNCE YEAR FOR INPUT

1979
1977
1977
1977

1979
1979
1979
1979
{979
1977

1979
1977
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M E I | 3 I I | 3} 1 ) I 1 }
. ANCHURAGE=FAIRBANKS INTERTIE CASE IA
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIMEs 9:29:47
KA KK ARA KRR R RKAXR KA kA RARK AR XRAAKRANAARAR
P N *
*  AUTOMATIC CONDUCTOR SELECTION *
* ALL QUANTITIES PER MILE *
x *
ARk R AAARARR A AR AR AN R AARAARRA KA AR A &k &k
CAPITAL COST/DISCOUNT RATE OF 7,00 PERCENT
CuMDUCTOR INSTALLED COST
NO, KCM SPAN(FT)  MATERIALS TRANSPORTATIUN INSTALLATION ENG/TDC SUBTOTAL
39 954, 1300, 68147, _ 3834, a5796, 9328, 166104,
45 795. 1300, 6UbbY, 3721, 82616. 9088, 160089,
35 795, 1400, 65375, 3680, 82031. 9073, 160113,
37 900, 1300, 67299, 3712, 84608, 9307, 164986,
30 954, 1400, 69552, 3828, BUATI, 9314, 167367,
37 900, 1400, 68697, 3766, auu9ua, 9294, 166251,
34 795, . 1500, 66R79, 3689, 82176, 9039, 161784,
30 795, 1300, 65558, 3684, 83893, 9228, 162364,
30 715, 1300, 63510, 3615, B2301, 9053, 158478,
30 715, 1400, 6U204, 3576, 81729, 8990, 1584948,
34 745, 1300, 65807, 3659, 841359, 9279, 163104,
32, 795, 1400, 667845 3669, 83683, 9205, 163342,
39 954, 1500, 71843, 1870, 85337, 9387, 170U437,
33 954, 1300, 7013%6, 1831, 86787, 9547, 170300,
30 954, 1200, 70386, 4033, 87082, 9579, 171080,
37 900. 1500, 70983, 3807, 85172, 9269, 169331,
34 795, 1400, 67235, 3653, 84298, 9273, 164459,
35 795, 1600, 69124, 3735, 82979, 9128, 164966,
30 715. 1500, 6u702, 3580, 81896, 9009, 160187,
35 795, 1200, 66889, 3916, 85020, 9352, 165176,
37 900, 1200, 69631, 3977, 86926, 9562, 170096,
29 715, 1300, 64091, 3593, 83683, 9205, 160573,
24 636, 1200, S8648, 3345, 82481, 9073, 153548,
32 795, 1500, 6R8KHT, 3701, 84257, 9268, 166109,
36 900, 1300, A9U99, 3780, 86682, 9535, 169496,

PRESENT WORTH

[y L T T TR U Ak

"LINE LOSSES O&M COST
SUBTOTAL SUBTNTAL
32600, 3284,
39120, 3151,
39120, Tlol,
345453, 3257,
37600, 3322,
34543, 3294,
39120, 3206,
39523, 3195,
44166, 3112,
44166, 3122,
39599, 3209,
39523, 3226,
12600, 3397,
32997, 3371,
32600, 3385,
34543, 3369,
39599, 3248,
39120, 32a2.
44166, 3167,
39120, 3254,
34543, 31%61,
4ag804, 3150,
52193, 2975,
39523, 3295,
36096, 3351,

LINE COS)T

TOTAL

201988,
2023949,
202394,
202784,
203%32R8,
204084,
206109,
205u82,
205756,
2057817,
20591 3,
206091,
206433,
2UbhbT,
207665,
207242,
207306,
207467,
2075240,
207%49,
207999,
20RA527,
208715,
2089256,
2084942,
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INSTALLF
BREAKD

CONDUCTD
GROUNDAT
INSULATH
HARDWARE
TOWE RS

FOUNDATT
RIGHT OF

IDC/ENGINEERING

L R LT

TOT+LS

LOSS ANA

CORONA L

TOTALS

D COST
OwN

R
RE
RS

NS
WAY

LYSIS

RESTISTANCE LOSSES

0SSES

ANCHORAGE=FAIRBANKS INTERTIF CASE TA

230 Kv TRANSMISSION LINE COST ANALYSIS AND CONDUCTGOR OPTIMIZATION

DATE: 12 aPR 79 T1lmE: 9:29:

AR Ak ERARA KRR A AN AR I AR AR KRN AR AR

* *
* CGST OQUTRUT PER MILE *
* PRESENT VALUE RATE *
] 7.00 PERCENT *
% *
KRN A KRR RRRARR AR RA R R R AR KRR KR KK &

CONDUCTOR NUMBER = 39

954, KCMIL 1300, FT SPAH B7.7
MATERIAL
WUANTITY COST (%) TONNAGE

158440, FT 14086, 9,73
0., FT 0. 0.00
207, UNITS 1313, 1.14
1429, G.u7
4,3% UNITS 38870, 20,31

4,3 UNITS 3327,

13, ACRES 9120,

9328,
6E147, 31,65

PRESENT VALUE (%)

ENERGY LOSSES

L R e

DEMAND LOSSES

24588, 7692,
0. 19,
24588, 8011,

47

FT TOWFR
TRANSPORTATION INSTALLATION
COST(§) Cast(s)
973, 18257,

0, 0.
244,
47,
2031, 26019,
538, 22280,
18241,
3834,

84796,

TOTAL LDSSES

32580,
19,

312600,

TOTAL
COST(%)

3331e,
0.
1557,
1477,
66921,
261485,
21361,
9328,

166104,
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ANCHORAGE~FAIRS

INTERNATIONAL FNGINEERING CO,

SAN FRANCISCO CALIFORNIA

TRANSMISSION LINE COST ANALYSIS PROGRAM

-VERSTON 1: 23 FEB 1979,

ANKS INTERTIE CASE I8

230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

SYSTFM ECONUMIC FACTORS

STARTING YEAR OF STUDY
ENDING YFAR OF STUDY
BASE YEAR FOR FSCALATION
MAXIMUM CIRCUIT LUOADING
AVERAGE CIRCUIT LOADING
DEMAND COST FACTOR
ENFRGY COST FACTOR
VAR CUST FACTOR
CAPITAL CUOST/DISCUOUNT RATES
MINTHMUM
MAXIHMUM
NUMBER OF INTERVALS
D&M COSY FACTOR
RIGHT OF wAY CNST FACTOR
RIGHT OF wAY CLEARING COST
INTEREST DURING CONSTRUCTION
ENGINEERING FEE

DATE: 12 APR 79 TIME: 9:37:07

RAkAKRARKRRANEA KK NN R

* "
* INPUT DATA *
* *

IZSE RS EERE RS S S

INPUT VALUE

1979

1996

1677

136,8 MVA

49,2 MVA

73,0 S/KW

13,0 MILLS/KWH
0.0 $/KVAR

0 PERCENT
0 PERCENT
1

1,5 % CAP,LCOST
715,0 $/ACRE
1430,0 $/ACKRE

0.00 % INST.CST

11,00 ¥ INST,CST

REFERENCE YEAR FDR INPUT

LI T TR X 2 R 1 0 o0 0 0 R L 0 4 1 0 2 2 |

1992
1992
1979
1979
1684

1984
1984

1979
1979
1976
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CONDUCTNR DAT

..... S e W

NUMBLER PER PHASE
CONDUCTUR SPACING
VOLTAGE

VELTAGE VARIATION
LINE ForQUENCY
FAJRwEATHER LOSSES
LINE LE-GTH

POAER FACTOR

WEATHER [JATA

s o e O e e w4 e SN O

MAXIMUM RATNFAIL RATE
MAXTMUM RAINFALL DUNAT]IUN
AVERAGF RAINFALL RATE
AVERAGE RAINFALL DYURATION
MAXIMUM SNOAFALL HATE
MAX[MOM SNOWFALL DUHATION
AVERAGF SNOWFALL RATE
AVERAGE SNOWFALL BUKATION
RELATIVE AIR DENSITY

ANGHORAGE=«FATRBRANKS INTERTIE
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZAYION

A

- -

1
0,0 IN
230 KV
10,00 PCT
60 CPS
0,00 KW/M]
323,00 MILES
0.95

1.18 IN/HR
1 HRS/YR
0,03 IN/HR
bis HRS/ZYR
{87 IN/HR
I MRS/YR
013 IN/HR
264 HRS/YR
1,000

C4SE 18

DATES 12 APR 79 TIME: 987807
I EFEEEEEEEEEE RN S SN ]
% *
* INPUT DAYTA L]
* #
IEEEEEEEENFERENE S8}
GROUNDWIRE DATA
NUMBER PER TOWER 0
DIAMETER 0,00 1IN
WEIGHT 0.0000 LBS/FY

SPAN DATA
MINIMUM 1200, FT
MAX MM 1600, FT
INTERVAL 100.0 FT
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e —r-m; ,,«»—,.:,«ﬁ} '-\»'i :*' ] ) ‘i § *f ) j’ ] § } i ‘}
ANCHORAGE=FAIRBANKS INTERTIE CASE IR
230 Ky TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: Q137:07

AAABERACRARAR AR ®

A *

* INPUT DATA - #

* *

AARIAA AR AARNAANAAR

SAG/TENSTION DESIGN FACTORS
EVERYDAY STRESS TEMPERATURE 40, DEGRLES F ICE AND WIND TENSION (PCT UTS) 50.
ICE AND WIND TEMPERATURE 0., DEGRFES F HIGH wIND TENSION (PCT UTS) 50,
HIGH WIND TEMPERATURE 40, DEGRFES F EXTREME ICE TENSION (PCT UTS) 76,
EXTREME ICE TPMPERATURE 30, DEGREES F ICE THICKNESS wWITH WIND 0,50
MAX DESIGN TEMP FOR GND CLEARANCE 120, DEGREES F WIND PRESSURE WITH 4,00
EDS TENSION (PCT UTS) 20, PERCENT HIGH WIND 9,0
NESC CUNSTANT 0.31 LBS/FT -
' EXTREME ICE 0,50
TOWER DESIGN

TOTAL NUMRER 0OF PHASES 3 DISTANCE BETWEEN PHASES!
PHASE SPACING 20.0 FEET D1 20,00
CONDUCTOR CONFIGURATION FACTOR 1,02 be 20,00
GROUND CLEARANCE 28,0 FEET D3 40,00
ND, OF INSHLATORS PER TOWER 48 D4 0,00
INSULATOR SAFETY FACTOR 2,50 DS 0,00
STRPING LENGTH 6.5 FEET ) bé 0,00
1, VEF, OR COMBINATION 3
FOUMDATTION TYPF 4
TERRAIN FACTOR 1,06 PER UNIT
LINF ANGLE FACTOR L0864
TOWER GROUNDING 0
TRANSVERSE OVFRLOAD FACTOR 2,50
VERTICAL OVERLOAD FACTOR 1.50
LONGITUDINAL LOAD 1000, LBS
MISCELLANEOUS HARDWARE WEIGHT 0,31 TONS/TOWER
TOWFR SEIGHT FACTOR 1,02

TONER WEIGHT ESTIMATION ALGORITHM

. S T D W e e g T e e A

TOWER TYPE 9: 230KV TOWER

TW = 0,00016xTHX42 = 3, 097974TH*%x0,3333 = 0,089434«EFFVDL =~
G, P73R7T4EFFTDL + 0,00510xTHXFFFTDOL ¢ 0,0V1604TH*EFFVDL +
18,47912 KPS

PERCENT
PERCENT
PERCENT
INCHES
LLHS/SW,FT.
LBS/SA.FT,

INCHES

FI
FT

FT
FT
FT
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ANCHORAGE=FAIRBANKS [INTERTIE CASE IB
230 Ky TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR CPTIMIZATION
DATE: 12 APR 7% TIME: 9:37:07

Ak ok Ak kAR kkdhkdksk

* *
* INPUT DATA *
* *

I EXSEREESE RS SRS &N

CONDUCTOR SUMMARY

KAk ok k Rk ok okok kA khkkkx

TEMP,COEF .

STRANDING UNIT WEIGHT oUT,DIAM, TOTAL AREA MODULUS ALPHAXE =6

TD NU“RER NAME SIZE(KCM) (AL/ST) (LBS/FT) (INCHES) {SU.ING) (EF/E6 PSI) PER DFEG F
24 GHROSREAK 636.0 - 267 7 0.8750 0.9900 0.5809 11,00 10,3
25 FGRET 636,0 30/19 0.,9880 1,0190 0.6134 11,30 9.7
26 FLAMINGD 666,0 24/ 1 0,8590 1.0000 0,5914 10,55 10,7
27 GANNFT bbb, 0 26/ 7 0,9180 1.0140 0,6087 11,00 10,3
2% STILY 715.0 247 7 0,9210 1.0360 0.,6348 10,55 10,7
29 STARLING 715.0 26/ 7 0.98590 1,0510 0.,6535 11,00 10,3
30 REDRING 715,90 30/19 1,1110 1,0810 0.6901 11.30 9.7
31 cuLKkOn 795,90 247 7 1.,0240 1,0920 0.7093 10,99 10,7
32 DRAKE 795,0 26/ 7 1,0940 1,1080 0.,7261 11,00 10,3
33 TERN 795,0 45/ 7 0.8960 1,0630 0.6676 9,40 11.5
L CONDOR 795,0 54/ 7 1.0240 1.0930 0.70553 10,45 10.9
3y MALLARD 795.0 30/19 ' 1.2350 1.1400 0.766R 11,30 9.7
35 RUDDY 9G0,0 48/ 7 11,0150 1.1310 0.7069 9,40 11,5
37 CANARY Q00,0 sd/ 7 1.,1590 1.1620 0.798S 10,85 10,9
s RATL 954, 0 s/ 7 1,0750 1.1650 0.8011 9,40 11,5
39 CARDINAL 954, 0 54/ 7 1.2290 1,1960 0.8464 10.85 10,9



ANCHORAGE=~FATRBANKS INTERTIE CASE [B
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 9:37:07

KA KR I AR Ak hkhkhkkhdkk

* x
* INPUT DATA *
x *

IZEERSERRERSREEEE S

CONDULCTOR SUMMARY
AKARANNRR AR KRR A Ak &

61-4g

' AC RESIST,

ULT,TENS. GEOM ,MEAN THERM_LIMIT AT 25 DEG C INDLREACT, CaP REACT,

10 NUMBER NAME STRENGTH(LBS) RADIUSC(FT) PRICE(8/LB) (AMPERES) (OHRMS/MILE) (OHMS/MILE) (MOHM=MILES)
cu GROSBE AK 25000,0 0,0335% 0.628/15877 © 790, 0,1452 60,4118 2.6347
25 EGHET 31500,0 0.,0351 0,609/71977 B70. 0.1447 0,4060 2,6136
26 FLAMINGO 23700,0 0,033%5 0,640/1977 B10, 0.1399 0.,4118 2,6294
27 GANNET 26200.0 0,0343 0.609/71877 820, 0.,1373 0.4092 2.6347
28 STILT 25500,0 0,0347 0,627/71977 840, 00,1320 0,4066 2,6400
29 STARLING 28100,0 0.0355 0,608/1977 850, 0.1294 00,4050 2,6453
30 REDWING 34600,0 0.,0372 0.,61271977 860, 0.17°88 0,3992 2.5661
3 CUCKOD 27100,0 0,0366 0,636/1977 900, D.1214 0.3892 2,5%02
32 DRAKE 31200,0 0.0375 0.622/1977 910, 0.,1172 0,399°2 2,.5459
33 TERN 22900.0 0.0352 0,677/1977 890, 0,1188 0.4060 2,5766
54 CONDOR 28%500,0 0.0368 0,635/71977 900, 0.1172 D.4002 2.5555
35 MALLARD 38400,0 0,0392 0,599/71977 910, D.,1162 0,3928 2.5186
36 RUDDY 25400,0 . 0,0374 0.0676/1977 935, : 0.1082 0,3928 2,5080
57 CANARY 32300,0 0.0392 0,633/1977 950, 0.1040 0,3928 2,5027
34 RATL 26900,0 0.0385 0.,671/71977 970, 0,0998 0,3949 2,5027

34 CARDINAL 34200,0 0,0404 0.,632/1977 990, 0,0987 0.3902 22,4816
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ANCRORAGE=FATRHBANKS INTERTIE CASE
250 Kv TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR ORTIMIZATION

DATE:

UnN1Y MATERTIALS CDSTS

- — - ar - -

PRICE OF TUwER MATERIAL

PRICE OF CONCRETE

PRICE OF GROUND WIRE

INSTALLED COST OF GROUNDING SYSTEM

TOWER SETUP

TOWER ASSEMRLY

FOUNDATION SETUP

FOUNDATION ASSEMBLY

FOUNDATION EXCAVATION

PRICFE OF MISCELL ANEQUS HARDWARE

UNIT LABOR COSTS

REFERENCF YFAR LABOR COST
STRING GROUND wWIKE
STRING LABOR MARKUP

UNIT TRANSPORTATION COSTS

------- - - - - - - -

TOWER

FOUNDATION CONCRETE
FOUNDATION STEEL
CONDUCTOR

GROUND WIRE
INSULATOR

HARDWARE

IR

12 APR 79 T[ME: 9:37:07
AAKKR AR AR XK R Ak Kk dk
* *
* INPUT DATA *
* *
A kof ok ok ok ok ok k ok ok & ok ok ok o W
INPUT VALUE REFERENCE YEAR
0,957 3/L{8 1979
0,00 §7CuU,YD, 1977
0,000 §/08 1977
0,00 S/TOWER 1977
1751, % 1979
0,455 $/L8 1979
0. 3 1979
4140,00 S/TON 1979
0,00 $/CU.YD, 1979
290,00 $/TOWER 1977
24,00 F/MANHOUR 1979
0,0 3/MILE 1977
4.2 PER UNIT
100,0 £/TON
{00.C¢ 8/Y0
100,0 §/10ON
100,0 $/TON
100.0 3/7ON
100,0 §/TON OR $/Mxx3
100,0 $/70N

FOR INPUT



Tz-4

ﬁg}
CAONDUCTOR
NO, KCM
39 954,
37 900 .
35 7495,
35 7495.
39 954,
37 900,
i5 795,
32 795,
39 954,
34 795,
38 954,
32 7495,
30 715,
30 716,
39 954,
37 900.
34 7185,
35 795,
37 900,
35 195,
390 715,
3o 300,
EL) 954,
32 165,
29 715,

SPAN(FT)

1300,
1360,
1300,
1400,
1400,
1400,
1500,
1300,
1500,
1300,
i300,
1400,
1300,
1400,
1200,
1509,
1400,
1600,
1200,
12o0¢,
1500,
13500,
1400,
1500,
1300,

ANCHORAGE=-FAIRBANKS INTERTIE CASE IB
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: Q:37:07
AARAKAAKRKRARAAA KRR ARSI RAARARRR AR ARk Ak &k
* *
* AUTOMATIC CONDUCTOR SELECTIGN *
* ALL QUANTITIES PER MILE *
* *

AAARRARAIRARRAREAAKREARR A A AR AN R A kR A ARKKR

CAPITAL COST/DISCOUNT -RATE OF 7,00 PERCENT

---------------- O - G W e

INSTALLED COST

- - - - - " - W ™ e W - - P L L L L L L e

MATERTALS TRANSPORTATTON INSTALLATION ENG/TDC SUBTOTAL
68147, 3A3y, 84796, 9328, 166104,
67299, 3772, 4608, 9307, 160986,
bu664, 3721, B2616, 9088, 160089,
65375, 3684, 82031, 9023, 160113,
659552, 3828, 84673, 9314, 167367,
68697, 31766, 84494, 9294, 166251,
66879, 3689, 82176, 9039, 161784,
65558, 1685, 83893, 9228, 162364,
7184%, 31870, 85337, 9387, 170437,
65807, 3659, 84359, 9279, 163104,
70136, a3, 86787, 9547, 170300,
66784, 3669, 83683, 9205, 163342,
63510, 3615, 82301, 9053, 158478,
hU20U, - 31576, 81729, 8990, 158498,
70386, 4033, 87082, 9579, 171080,
70983, 3807, A5172, 9369, 169331,
67235, 3653, 84298, 9273, 1eaus9,
63124, 3735, 82979, 124, 164966,
69631, 3977. R6926, 9562, 170096,
66889, 3916, 85020, 9352, 1651176,
65702, 3580, 81896, 9009, 160187,
69499, 3780, B66H2, 9535, 169496,
72348, 3861, 87234, 9596, 173039,
68883, 3701, 84257, 9268, 166109,
644091, 3593, 83683, 9205, 160573,

fmﬂ
i

PRESENT WORTH

----- S ST e A P W

[.INE LOSSES O%M COSY LINE COST
SUBTOTAL SUBTUTAL TOTAL
35856, 3284, 205244,
37993, 3257, 206235,
43028, 3151, 206267,
43028, 3161, 206302,
35866, 3322, 206545,
37993, 3294, 207538,
43028, 3206, 208017,
43468, 3195, 299027,
35856, 3397, 209689,
43545, 3209, 209854,
36293, 3371, 2099635,
43468, 3226, 210036,
48561, 3112, 210151,
48561, 3122, 210182,
35856, 3385, 210321,
37993, 3369, 210693,
43545, 3248, 2112%1,
43028, 3282, 211275,
37993, 3361, 211450,
43028, 3254, 211457,
48561, 3167, 211915,
19701, 3351, 212547,
36293. 3440, 2127171,
43068, 3295, 212871,
49222, 3150, 212944,



-4

ANCHORAGE-FAIRBANKS INTFRTIE

CASE IR

230 Kv TRANSMISSTION LINE COST ANALYSIS aAND CONDUCTOR OPTIMIZATICN

INSTALLED COST

BREAKDGKN QUANTITY
CONDUCTNR 15840,
GROUNDWIRE 0.
INSULATORS 207.
HARDWARE
TOwFRS 4,3
FOUNDATIONS 4,3
RIGHT OF WAy 13,

INC/ENGTINEERING

RESISTANCE LOSSES
CORONA LOSSES

-------- o - -y

TOTALS

FT
F3
UNITS

UNTTS
UNIIS
ACRES

954, KCMIL 1300, FT SPAN 87.7 FT TOWER
MATERIAL TRANSPORTATION INSTALLATION TOTAL
COST (%) TONNAGF COST($) CO57(%) COST(%)
14086, 9.73 973, 18257, 33316,
U 0,00 o, 0, 0,
1313, 1.14 244, 1557.
1429, 0,47 47, 1477,
38870, 20.31 2031, 26019, 66921,
3327, %38, 22280, 26145,
9120, 18241, 27361.
9324, 9328,
68147, 31,65 3834, B4796. j66l104,
PRESENT VALUE ($)
A o A TR D A S D R S D W G W WP AP AP AP S Gk M W G TR R WD W L X R B X R R % X 2 R X 2 J R D WD EP G EE D WS W S R R
ND LOSSES EMERGY LOSSES TOTAL LOSSES
24588, 11249, 35837,
[13% 19, 19,
24588, 11268, 35856,
3 \.v —g e \j } ~§ . j ;} »— 7-3 B --7—‘3 s -} b ,j A ‘g

DATE: 12 APR 79 TIME: G:37:

LERSE RS R ENES SRS EESR SRR NS R T

*. *
* COST QUTPUT PER MILE *
* PRESENT VALUE RATE *
* 7.00 PERCENT *
E . *
kA kk kXA kAR AkAAREAN KA AR KRR A&

CONDUCTOR NUMHER = 39

07



€2 - ¢

T 0gM COST FACTOR

INTERNATINNAL ENGINEERING CO, INC
SAN FRANCISCO CALIFORNIA

" YRANSMISSION LINE COST ANALYSIS PROGRAM

ANCHORAGE-FAIRBANKS INTERTIE

VERSION 2: 02 AUG 1979,

CASE I-C

.. 345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

SYSTEM ECUNOMIC FACTORS

Ry N L ]

RASE YEAR FOR PW ANALYSIS

ENDING YEAR OF STUDY

RASE YEAR FOR FSCALATION
MAXIMUM CIRCUIT LUADING
AVERAGE CI1RCULIT LODADING
DEMAND (0ST FACTOR

EMERGY CNST FACTOR

VAR COST FACTOUR

CAPITAL COAST/DISCOUNT RATES

RIGHT OF wayY CDST FACTOR

CRIGHT NF wAY CLEARING COST

INTEREST DURING COMSTRUCTIO
ENGINEERING FEF

DATE: 1S5 AUG 79 TIME: 143063142

(I EEERRENEENEEEEERE R

* *
* INPUT DATA *
* *

IR EE NSRS EREREERSE RS

REFERENCE YEAR FOR INPUT

- INPUT VALUE

1979
1997
1977
168,04 MVA 1984
58,9 MVA 1984
— 73.0 $/KW 1979
13,0 MILLS/KWH 1979
0,0 $/KVAR 1984
7.0 PERCENT 1984
10,0 PERCENT 1984
T 1.5 % CAP,COST . 1954
715.0 $/ACRE 1979
1430,0 ¥/ACRE ) 1979

N ' 0,00 % INST,CST
11,00 % INST.CST

Sl



e - g

NUMBER PER PHASE

CONDUCTORF SPALING

VOLTAGF

VOLTAGF VARJATIUN

LINE FREOQUENCY

FATRWEATHER LUSSES

LINE LFNGTH
PUWER FACTOR

MAX TMUM
MAX IMUM
AVERAGF
AVERAGF
MAX IMUM
MAX THMUM
AVERAGF
AVFRAGE

AMCHORAGE-FAIRBANKS INTERTIE CASE I=C

345 Kv TRANSMISSION LINE COST ANALYSIS AND CONDUCTQR OPTIMIZATION

168.0
319
10.00
610
1.70
323,00
0.95

WEATHER DATA

o e e e ey T e T A G e W

RAINFALL
RATINFALL
RAINFALL
RATNFALL
SNOWF ALL
SHOWFALL
SNOwFALL
SNOWFALLL

RATE

DURATION

KAVE
DURATYON
RATF
DUKAT LON
RATE
DURATIUN

RELATIVE ATR DENSITY

IN/HR'

IN
KV .
PCT
LPs
KW/MI
MILES

IN/HR
HRS/YR
IM/HR
HRS/YR
IN/HR
HRS /YR

HRS/YR

DATE: 15 AUG 79 TIME:

ISR E S EEEEREEEREE X
*

* INPUT DATA

x
RAXAXAKRANRS KA Ak h ki

GROUNDWIRE DATA

NUMBER PER TOWER
NTAMETER e

WETGHT

14:06:42

*

*
*

0
__0,00 IN . -
0.0000 LBS/FT

MINIMUM

MAXIMUM

INTERVAL



G2 - 4

H

T U ANCHGRAGE-FATRBANKS INTERTIE  CASE I-C

345 Ky TRAMSMISSIOM LINE COST ANALYSIS AND CNONDUCTOR QPTIMIZATION

EVERYDAY STRESS TEMPERATURE
ICE AND wIND TEMPERATURE
HIGH WIND TEMPERATURE
EXTREME [CE TEMPERATURE

DATE: 15

LE B
*
*
*
PR

40,

40,
30,

MAX DFSTGN TEMP FOR GND CLEARANCE 120,

ENS TENSINN (PCT UTS)
NESC CONGTANT

ITNTAL NUMRBER OF PHASES

PHASE SPACING

CANDUCTOR CONFIGURATION FALTOR
GROUND CLEARANCE

NN, OF TNSULATORS PER TOWER
INSHLATOR SAFFTY FACTOR

STRING LENGTH

I, VEE, UR COMEINATION
FOUMDATTON TYPE
TERRAIN FACTOR
LINE ANGLE FACIOR
TOwFR GRUOUNDING
TRAHSVERSE OVERLOAD FACTOR
VERTICAL NVERLOAD FACTOR
LONGITUDIMNAL LUAD

MISCELL ANFOUS HARDWARE WEIGHT

TOWER WEIGHT FACTOR

TOWER WETGHMT ESTTMATION ALGORITHM

4N
0.31

27.0
1.00
32.0

2.50
9.5

1,06
L0864

2.50
1.50
1000,
0,11
1.02

AUG 79 TIME: ja:06:42

khkp bbb nhnd
*
IMPUT DATSA *
*
AR AARIAKR AR R

DEGREES F ICE AND WIND TENSION (PCT UTS)
DEGREES F HIGH WIND TENSION (PCT UTS)
DEGREES F EXTREME ICE TENSION (PCT UTS}
NEGREES F. _  ICE THICKNESS WITH WIND
DEGREES F WIND PRESSURE WITH ICE

PERCENT HIGH WIND

LUS/FT

EXTREME ICE

TOWER DESIGN

DISTANCE BETWEEN PHASES:

FEET D1
02

FEET . ... o3 L
D4
DS

FEET TS

PER UNTT o o

LBS

TONS/TOWER

T = 0,000434TH*2 = 0,992111aTH*20,6000 = 0,10371%EFFVDL =
0.2736S4tFFIDL ¢ 0,00503«TH*EFFTOL + 0,00181aTH*EFFVDL +

20,77701 HKIPS

50,
50,
70.
0,50
4,00
9.0

0.50

27,00
27,00
54,00
0,00
0,00
0.00

PERCENT
PERCENT
PERCENT
INCHES
LBS/SQ,.FT.
LBS/SQ.FT,

INCHES
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ENCHOPAGE-FAIRBANKS INTERTIE  CASE I-C
345 XY TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 15 AUG 79 TIME: 14:06:42

LESEEEEEESNERERENE]

. [ R * ',,A,A
% INPUT DATA *
* *

I ZEEEESEEEERERERENE]

CONDUCTOR SUMMARY

I EEEENERNESNERESRS]

TEMP,CUEF,

STRANDING UNIT WEIGHT OUT.DIAM, TOTAL AREA MODULUS ALPHAXE=b

ID NUMRER NAME  SIZE(KCM)  (AL/ST) (LBS/FT) (INCHES) . (5GQ,IN.) _ (EF/E6 PSI) PER DEG F
29 STARLING o 715.0 o 26/ 7 00,9850 _ 1,0510 ____ 0.6535 _ _ 11,00 10,3
30 REDWING 715.0 30/19 11110 1.0810 0,6901 11,30 9.7
3t CUChnU 795,0 24/ 7 1,0240 1.0920 0,7053 10,55 10.7
32 NDRAKE 795,0 _ 26/ 7 1,0940 1.1080 0.7261 11,00 10,3
33 TERN 7495,0 457 7 0.8960 1.0630 0,6676 9,40 11,5
1Y CONDDR 795,0 su/ 1 1,0240 1,0930 0,7053 10,85 10.9
15 MALLARD o 795,0  _ 30n/19 1,2350 1,1400 00,7668 _ 11.30 9,7
35 RUNDY 200.0 4s/ 7 1,0150 1,1310 0.7069 9,40 11,5
37 CAMARY 00,0 54/ 7 1,1590 1.1620 0,7985 10.85 10.9
34 RATL 954, 0 45/ 7 1.0750 1,1650 0JR011 9,40 11,5
39 CARDINAL 954,0 54/ 7 1,2290 1,1960 0.8464 10.85 10,9
4o ORTOLAN 1033%,0 as/ 7 1,1650 1.2130 n,8678 9,40 11.5



e - 4

T I T T s T T s T s e s s T T

T ANCHORAGE-FAIRHBANKS INTERTIE  CASE I=C
305 KV TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 15 AUG 79 TIME: 14:06:42

Ahkhkhk bk khkhxhhhodpn

e s maae w - e i~ - - - * * - —_ o e ——— v — . PR
L3 INPUT DATA *
» *

IEE SRR NEREEEERRNERYE]

CONDUCTOR SUMMARY
KR RARKAKA Rk bR AR

AC RESIST,

ULT.TENS, GEDM . MEAN THERM,LIMIT AT 25 DEG C IND,.REACT, CAP,REACT,

10 NUYRER NAME ~  STREMGTH(LRS) RADIUS(FT)  PRICE(S$/LH) (AMPERES) (OHMS/MILE) (OMMS/MILE) (MOHM=MILES)
29 STARLING PHILO,. 0 n,0355 0.608/1977 850, o 0.1294 00,4050 2,6453%
30 REDWING 34600.0 0.0372 0,612/1977 R60, 0.,1288 0,3992 2,5661
7 CULKNO 27100,0 0.0366 0.636/1977 %00, 0.1214 0.3992 2,5502
32 DRAKE . %1200,0 06,0375 0.,622/1977 910, 0.1172 0.3992 2,5450
tR) TERN 22900,0 0.03%2 0,677/1977 890, 0,1188 00,0060 2.5766
3 CUNDOR 2H500,0 0,0368 0,635/1977 900. 0.1172 0.4002 2.5555
35 MALLARD IHN00,0 0,0392 0.599/1977 940, o 0,1162 00,3928 2.5186
15 RUIDDY 25000, 0 0,0374 0.676/19177 935, 0.,1082 0,3928 2.5080
17 CANARY 32300,0 0.0392 0.b33/1977 950. 00,1040 0.3928 2.5027
38 RATL 26000,0 0.0385 0.671/1977 970, o 0.0998 0,3949 2,5027
39 CAPDINAL 34200,0 0.0404 0.,632/1977 990, 0,0987 0,3902 2.UR16

a0 ORTOL AN 268900,0 0,0401 0.,670/1977 1020. - 0.,0924 0.3902 2.4658
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ANCHOPAGE-FAIRBANKS INTERTIE CASE I-C
345 Ky TRANSMISSION LINE COST ANALYSIS AND CONDULTOR QPTIMIZATION
’ _DATE: 15 AUG 79 TIME: 14:06:42

AN ENESENEEREREEEENS

- - - —— * ,' - -—
. INPUT DATA "
& *

I E S S S EEEENESEREXS]

UNTT MATERTALS C0OSTS L INPUT VALUE ~__. . REFERENCE YEAR FOR INPUT
PRICE OF TOUWER MATERIAL . . .. . 0,957 $/L8 . 1979
PRICE UF CONCRETE 0.00 $/CU.YD, 1977
PRICE OF GROUND WIRE 0.000 &/L8 1977
INGTALLED CNST OF GROUNDING SYSTEM 0,00 $/TOWER | L R A A
TheFR SETUR t751. % 1979
TOWER ASSEMRLY . ] o 0,455 $/LR o 1979
FOUNDATIOMN SETUP 0, ¥ 1979
FOUNDATION ASSEMBLY 4140,00 S/TON 1979
FAUMDATION FXCAVATION 0,00 %/CU,YD, . 1979
PRICE OF MISCFELLANEOUS HARDWARE 290,00 %/TOWER 1977

UNIT LABNR COSTS

REFFKENCE YEAR LAROR COST ) 24,00 $/MANHOUR 1979
STRING GHNUND WIRE 0.0 $/MILE A 1977
STRING LARUR MARKUP 4,2 PER UNIT

IINT.T TRANSPURTATION COSTS

EEm e eSS A e - - --——-----w -

TOWER 131,0 3/7T0ON

FOUNDATION CONCRETE 131,0 /YD R

FOUNDATION STEEL 131.0 3/TON

CONDHCTOR 131,0 $/TON

GROUIND WIRE . o R 131.0 $/TON o L
INSULATOK 131,0 $/TNN QR 3/M%x»3}

HAKDAWARE 131,0 §/10ON
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) ANCHOPAGE=FAIRBANKS INTERTIE CASE I-C
345 Ky TRANSMISSIUN LINE CNST ANALYSIS AND CONDUCTOR QPTIMIZATION
. ’ DATE: 15 auUG 79 TIME: 14:06142

AARAERARNARRA PR R R R AR SR A AR AN R R A RAA

) o x . e o -
# AUYTOMATIC CONDUCTOR SELECTION *
L ALL QUANTITIES PER MILE *
* *

LB EREEN SRS EEE SN I R R R R S SN E R R R N LR S

T CAPITAL COST/DISCOUNT RATE UF 7.00 PERCENT

CONDUCTOR INSTALLED COST LINE LOSSES 08M COST LINE COST
NO, KCM  SPAN(FT) MATERTALS TRANSP, INSTALL. ENGINEER, 10C SUBTOTAL SUBTQTAL SUBTOTAL TOTAL
35 795, 1300, 108253, 6URZ, 110086, 24730, 0. 249551, . 46122, 3372, 299046,
35 795. 1400, 110039, HUAS, 108849, 24791, 0. 250162, 46122, 3381, 299665,
3o 715, 1300, 105622, 6257, 109368, 24337, 0. 245584, 52150, 3319, 301053,
35 745,  1énu. 1n7799, 6557, 112490, 2u95%3, 0. 251799, 46122, 3403, 391324,
in 719, 1uno, 107324, 6253, 108105, 24385, 0. 246066, 52150, 3325, 3015471,
37 900, 1300, 112812, 6579, 112648, 25%24, 0. 257563, 41403, 3481, 302447,
32 795, 1300, 109255, 6395, 111472, - 4983, B 0. 252106, _u7191, 3407, 302703,
35 795, 1500, 113021, 6550, 108617, 25101, 0, 253289, 46122, 3423, 302834,
39 954, 1300, 114706, 6710, 113084, 25795, 0. 260295, 39129, . 3517, - 3penat.
37 an0. 1200, 111385, 6608, 114494, 25574, 0. 258061, 41403, 3487, In2a51,
39 95, teno, 113278, €735, 114915, 29R37, 0. 260716, 39129. 3523, 3IN3367,
30 715. 1204, 105232, 6336, 111787. 24569, 0. 247924, 52150, 3350, 303420,
34 795. 13500, 10935758, 6337, 1119351, 25041, 0. 2526RT, 47590, ) 3415, 103591,
$2 795.. 1200, 108121, 6839, 1135468, 25083, 0. 253111, 47191, 3420. 303722,
29 715, 1300, 105955, 6199, 1{0878, U534, 0. 2U7565%, 53308, 3345, 304219,
34 795, 1200, 107991, 6369, 113774, 25095, 0. 253229, 47590, Iu2e2, 30dzal,
30 715. 1500, 110237, 6316, 107857, 24685, 0, 249095, 52150, 3366, 3ouell,
32 795, tuoo, 111805, 6U32, 110688, 25182, 0. 250106, 47191, . 3434, 304731,
37 SO0, 1400 115679, 6631, 112024, 25777, 0. o o?e0112. __ 41ra03, - 31518, 305029.
28 715, 1200, J0uReH, LR 112878, 24639, 0, 248632, 53308, 3360, 305300,
39 450, {400, 117620, ~765, 11273, 26054, 0. 262913, 39129. ' 3553, 305594,
29 715. 1400, 1ouuso, 6233, 110103, 2u730, 0. 249545, 53308, 3372, 306225,
34 79S. 1400, 112220, t£38a, 111322, 25292. 0. °55220, 47590, 3449, . 306259,
35 795, 1100, 1nenasy, 6718, 116263, 25499, 0. 257312, us122. © 34717, 306911,
37 900. 110¢, 111560, 6730, 117785, 25970, 0. 262065, . 41403, . 3541, 307009.
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ANCHORAGE-FAIRSANKS INTERTIE

CASE I-C

345 Ky TRANSMISSICN LINE COST ANALYSIS anNbh CONDUCTOR UPTIMIZATION

INSTALLFD COST
BREARDOWN

CONDUCTOK
GROUNDWTRE _ 0
INSULATNARS
HARNDWARF
[OwERS
FOUNDATTONS u
RIGHT OF wWAY

SuUB=TOIALS

Inc
ENGINFERING

PRESEMNT
1DC
ENGINEERING

WORTH

LOSS ANALYSIS

RESISTANCE L0US3SES
CORONA LUSSES: INSHLATOKS
CONDUC TOR

(107FT) 13,

QUANTITY

- -

DATE: 15 AaUG 79

TIvE:
I FEEEREEEEEEEEENENEBEEEENERESEREEZS]

* *
® COST QUTPUT PEP MILE *
* PRESENT VALUE RATE *
* 7,00 PERCENT *
* *
* *

I EE R EREEEEEEREESEEESEEE EEERN]

CONDUCTOR NUMRER = 35

id:Q6ru?

" TRANSPORTATION

CINSTALLATION

COST(3) CusT(3)
2563, 33947,
0. 0.
480,
62,
4377, - a 4971s.
1015, 42054,
18565,
8497, 144301,
6482, 110086,

46122,

795, KCMIL 1300, FT SPAN
T OMATERIAL
COST(3) TONNAGE
F1 35171, 19.56
FY o 0. 0.00
UNITS 2582, 1.70
1874, 0,47
UNTTS 83824, 2 33,41 -
UNITS 62RO .
ACRES 12167,
1a1897, 55,15 )
10R253, _
PRESENT WORTH ($)
DFMAND LOSSES ENERGY LOSSES
25483, 1auuaq,
1624, 3145,
- 1“500
27107, 19015,
-3 i 1 N 1 1

y oy O 1

TOTAL

TOTAL

TOTAL
CasST(3)

71681,

0.
3062
1936,

137936.-
49349,
30732.

29469%,

Oe
32ule,

327111,

224821,
0.
28730.

249551.
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INTERNATIONAL ENGINFERING CO, INC
SAN FRANCISCO CALIFORNIA

TRANSMISSION LINE COST ANALYSIS PROGRAM
VERSION 2! 02 AUG 1979,

ANCHORAGE=DEVIL CANYON CASE I1=-1

345 KV TRANSMISSION LINE COST ANALYSTS AND CONDUCTOR OPTIMIZATION

DATE: 1S AUG 79 TIME: 15:56:14

IR EREEEEEEEREREEEE]

» *
* INPUT DATA T
* *

IE S EEREEEEREEEREE SRS

SYSTEM LCONOMIC FACTORS INPUT VALUE

BASE. YEAR F(OR PW ANALYSIS ] 1979

FRRING YEAR OF 3TUDY 1997

RASE YEAR FUR FSCALATION 1977

MAY IMUM CIRCUIT LUAUING . 631.6 MVA
AVERAGE CIRCUIT LQADING o 347,484 MVA
DEMAND CDST FACTOR 73,0 $/KW
FHERGY (NST FACTOR 13,0 MILLS/KWH
VAR COSYT FACTUR ’ ’ . 0.0 B/KVAR

CAPITAL COST/DTISCOUNT RATES:S
7.0 PERCENT
10,0 PERCENT

OxM COST FACTOR 1.5 % CaP,CO3T

RIGHT OF «~AY CNST FACTOR S 715,00 $/ACRE

RIGHT OF wAY CLEARING COST 1430,0 ¥/ACRE e
INTEREST DURING CONSTRUCTION 0.00 % INST,.CST

ENGIMNEERING FEF 11,00 % INST,.CST

REFERENCE YEAR FOR INPUT

LEL LY P EY Y LR L EY T ]

1992

1992
1979
1979
1984

1984
1984

1984
1979

1979

el
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3

CONDUCIOR DATA

NUMBER PER PHASE
CONDUCTOR SPACING
VOLTAGE

VOLTAGE VARIATIUN
LINE FREMNUFKCY
FAIRAEATHER LUSSFS
LINE LFENGTH

POwWER FACIOR

WEATHER DATA

MAXIMUM
MAXIMUM
AVERAGE
AVERAGE
MAX T MM
MAXIMUM

RATNFALL
RATNFALL
RPAINFALL
RATNFALL
SNOwWF AL L
SHNQwWFALL
AVEXAGFE SHOWFALL KATE

AVERAGE SHDwFALL DURATIUN
RELATIVE ATKR DENSITY

WATE
DURATTON
RATE
DUKAT TUN
RATE
DURAT TUN

ANCHORAGE=DEVTIL CANYON
45 Xy
DATE S

2 . NUMBER PER
DIAMETER
WETGHT
10.00 PCY
61 CPS

1.70 Kin/MI
155.00 MILES

1.95

1.18 IN/HKE

1 HRS/YR
0,03 In/HR
036 HRS/YR
1.87 IN/HR

! HRS/YR
0.13 1IN/HR
Zhi RMRF3/YR
1,200

TRANS“ISSTUN LINE COST ANALYSIS AND CONDUCTOR

I7T=1

CASE

15 AUG 79 TIME: 15:56214

I EE SRR SEEEEERERES R XN

* *
* INPUT LATA *
* €

I EEEE R EEER RS E RS

GROUNDWIRE DATA

0.00 IN
20,0000 LBS/FT

OPTIMIZATION

MINIMUM
MAXIMUM
INTERVAL

SPAN DATA

1eo0, FT
1600, FT
100,0 FT
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ANCHORAGE=DEVIL CANYON CASE [1=1
145 Ky THANSMISSION LINE COST ANALYSIS AND CONDUCTDR OPTIMIZATION
DATE: 15 AUG 79 TIME: 19:56:14

EEEEENEREERE EXEE RSN

* *

* INPUIT DATA *

* *

I ZEEEEEEEESEERN SRS XS]

SAG/TENSTON NDESIGN FACTORS
EVERYNAY STRESS TEMPERATURE 40, NEGREES F ICE AND WIND TENSION (PCT UTS)
ICE AHD wIND TEMPERATURE U, NEGREES F HIGH WIND TENSION (PCT UTS)
HIGH WIND TEHPERATURE 40, NDEGREES F EXTREME ICE TENSION (PCT UTS)
FXYTREME [CE TEMPERATURE 30, DEGRFEES F ICE THICKNESS WITH WIND
MAK DESTGN TEMP FOR GMND CLEARANCE 170, DEGREES F wIND PRESSURE wITH ICE
£EDS TFNSION (PCT UTS) 20, PERCENT HIGH WIND
NESC CUNSTANT 0,3t LBS/FT
EXTREME ICE
TOWER DESIGN

TOTAL NUMBER OF PHASES 3 DISTANCE BETWEEN PHASES:
PHASE SPACING 27.0 FEET D1
CONBUCTOR CNNFTIGURATION FACTOR 1,02 D2
GROUYND CLEARANCF 32.0 FEET 03
MO, UF INSULATORS PER TOWER 72 Da
INSULATOR SAFETY FACTOR . 2.50 DS
STRING LENGTH _ 9,5 FEET ) D6
I, VEF, OR CUMSBTNATION 3
FOUNDATTUN TYPE 4

TENRRATH FACTUR t.

06 PER UNIT

LINE ANGLE FACTOR 0804

TOWER GRUUNDING 0

TRANSVERSE OVFRLUAD FACTOR 2.50

VERTLCAL OVERLUAD FACTOR 1.50
LONGITUNINAL LOUAD 100u, L.BS

MISCE!L LAREUIS HARDWARE WEIGHT 0.11 TONS/TOWER
TOWER WEIGHT FACIOR 1.02

TOWER WETGHT FSTIMATION ALGORITHM

TNWER TYPE 10: 345KV TOWER

Tw. = 0,000d3«TH422 = 0,002111xTHA+x0,6000 = (.10371#EFFVDL =~

D.2T3A2EFFTOL 4 N.00503ATHXEFFTDL
ANLT77P70Y KIPS

+ 0.00t2tATHAEFFVDL ¢

5OI
50,
70.
0.50
4.00

27.00
27,00
54.00
0.00
0.00
0.00

PERCENT
PERCENT
PERCENT
INCHES
LBS/50.FT.
£85/50,FT.

INCHES
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10

NUMKER

29
30

32
33
34
35
35
37
38
39
Q0

NAME

-

STARLING
CEDWING
cucxnNo
DiIKAKE
TERN
CuNnnr
MALLARD
aunpy
CANARY
RATL
CARUGTNAL
DRYGLAN

ANCHORAGE=DEVIL CANYON

SIZE(KCM) _ .

715,0
715.0
795,90
795,0
795.0
795,0
795, 0
00,0
900,0
954.,0
954,90
1053,0

DATE:

STRANDING
(AL/ST)

26/ 7
30/19
24/ 7
26/ 1
45/ 1
54/ 17
30719
457 7
54/
45/
54/
as/

el N~

CASE 11-1
345 Ky [RANSMISSTON LINE COST ANALYSIS AND CONBUCTOR OPTIMIZATION

19 AUG 79 TIME: 15:56:14
AR AAAAAEREARAT AR AR
* *
* INPUT DATA *
% X
AAA kA RRAARARARARA AR
CONDUCTOR SUMMARY
I P E XSS EEREEEEEER 2 1
UNIT WEIGHT oUT.DIAM,
(LBS/FT) (INCHES) _ _
00,9850 1.,0510
1,1110 1.0810
1.0240 1,0920
1,0940 1.1080
0.8960 1.0630
1.,0240 1.0930
1,2350 1.1400
1,0150 1.1310
1,1590 1.162v
1.0750 1.1650
1,2290 1.1960
1.1650 1,2130
S | 1 1 .

TOTAL AREA

. (8Q,ING)

0.6535
0.6901
0.7053
0.7261
0.6676
0.7053
0.7668
0.7069
00,7985
0.8011
0.8464
0.8678

(EF/E6 PST)

MODULUS

11,00
11,30
10,55
11,00
9,40
10.85
11.30
9,40
10,85
9,40
10.85
9.40

TEMP ,COEF,
ALPHA2E=6

— . —

—_O e O DO OO0 O
2 e @ = B 9 9 e & v ° 9

N LCNOU N DOV N W



AMCHORAGE=DEVTL CANYQON CASE IT=!
345 Kv TRANSMISSION LINE COST ANALYSIS AND CONQUCTOR OPTIMIZATION
DATE: 15 AUG 79 T]IME: 15:561:14

IZ R EEENEEEENEEREE S X

*

*

* INPUT DATA *

*

*

IEEEFESEESEEEESESRE)

CONDUCTOR SUMMARY
Arhkrs ARRRAIRARA KR

AC RESIST.

ULT,.TENS, GEOM,ME AN THFRM,LIMIT AT 25 DEG C ~ IND.REACT. CAP . REACT,

1D NUHMBER NAME STREMGTH(LBS) RADIUS(FT) PRICE(S$/LR) (AMPERES) (OHMS/MILE) (OHMS/MILE) (MOHM=MILES)
29 STAPLING 2H100,0 0,035% 0.608/71977 850, 0.1294 0.4050 2.6453
30 REN®W ING 34690,0 0.0372 0.01271977 860, 0.1288 00,3992 2.5661
31 CUCKOU 27100,0 0.0366 0.636/1977 Q900. 0,1214 0.3992 245502
LY DRAKE 31200,0 00,0375 0.022/1977 910, 0.1172 0.3992 2.5450
33 TERN 22900,0 0,0352 G 67771977 890. 0.,1188 0.4060 2.5766
34 CuNbLOR SHRS00.,0 0.0568 U.635/1977 900, 0.1172 0,4002 2.5555
33 MALLARD IR0, 0 0,0392 . 0.599/1977 910, 0,1162 0,3928 2.5186
36 RUDDY 25400,0 0.0374 0.676/1977 935, 0.1082 0.3928 2.50R0
37 CANARY 12300.0 0.0392 0.633/71977 950. 0.1040 0.3928 2.5027
34 RATL 26900,0 0,0385 0.671/1977 970. . 0.,0998  0,34949 2.5027
39 CARDINAL 30200,0 L0.0404 0.,632/1977 990, 00,0987 0.3902 2.4816
49 ORTOLAN 28900.0 0.,0401 0.67071077 1020. 0,0924 0.3902 2,U698
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ANCHORAGE=DEVIL CANYON casg 1I-1
345 KV TRANSMISSTION LINE COST aNALYSTS aNo CONDUCTOR OPTIMIZATION
DATE: 1S AUG 79 TIME: 15:56:14

I EREE R SRS NENERNSES

* * - o
* INPUT DATA *
x *

ARKARRNER AR ER A A KR A X

FOR INPUT

UNTT MATERTIALS COSTS INPUT VALUE REFERENCE YEAR
PRICE OF TUWER MATERIAL 0,957 $/1.8 1979
PRICE OF CONCRETE 0,00 $/CuU,YD, 1977
PRICE OF GROUND WTIRE 0.000 3/LB 1977
INSTALLED CNST NF GROUNDING SYSTEM 0,00 S/TOWER 1977
TNaFR SETUP 1751, 3% 1979
TONER ASSEFMPRLY 0.455 8/Lb e 1979 . ...
FOUNDATTON SETUP 0. § 1979
FOUNDATION ASSEMBLY 4140,00 S/TON 1979
FOUNDATION FXCAVATION 0.00 $/CU.YD. } 1979
PRICE OF MISCFLLANEOUS HARDWARE 290,00 $/TOWER 1977

UNTT LAROR COSTS

REFERENCE YEAR LABOR COST . 24,00 $/MANHOUR 1979
STRING GROUND WIRE 0,0 S/MILE 1977
STRING LARQR MARKUP 4,2 PER UNIT S e

UNIT TRANSPORTATION COSTS

L I e e e

TOWER 225.0 $/7T0ON
FOUNDATTON CONCRETE 225.0 $/7YD e e e e e
FOUNDATION STFEL 225,0 $/T0ON
CONPDUCTOR 225.0 /70N
GROUND wIRE 225.0 B/TON
INSIILATOR 225,00 $/TON QR $/Mxa3}
HARDwWAKE 225,0 3/TON
) | | i 1 . | A .3 | i |
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1 i
CONDUCTOR
N, KCM

39 as4a,
39 954,
40 1033,
19 a%4,
a0 10353,
37 qun,
37 q0n.,
40 1033,
37 960,
39 954,
48 954,
3R 954,
39 54,
48 1053,
38 54,
37 apn,
39 795,
39 795,
37 940,
38 954,
35 795,
35 799,
32 795,
36 9un,
4 799,

SPAN(FT)

1300.
1200,
1204,
1400,
13500,
1300,
1200,
1100,
1400,
1100,
1200,
1300,
1900,
140y,
1100,
1100,
1300,
1400,
1500,
1an0,
1500,
12no,
1500,
1200,
1300,

Tl 1 1 R D B R 3 1 71
ANCHURAGE=DEVTL CANYON CASE T1=1"
345 Ky 1DANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 15 AUG 79 TIME: 15:56:14
tﬁf*t**ti*i***t*tt*ﬁtiitt*ti**#i.itk**t
* *
* AUTQOMATIC CONDUCTOR SELECTION x
* ALL QUANTITIES PFR MILE *
* *
I 2R RS S EEEE R EEE R R U ENFER R R R EEEEERE RER B & 1
CAPITAL COSI/DISCOUNT RATE UOF 7,00 PERCENT
PRESENT WORTH (3)
INSTALLED COST
MATERIALS TRANSP, INSTALL, ENGINEER, iDe SUBTOTAL
114706, 707, 106843, 25104, 0. 253320,
113228, 6733, 109119, 25199, 0. 25u279,
117782, 6833, 111149, 25934, 0. 261697,
117620, 6763, 105670, 25306, 0. 255358,
126420, hB62, 109426, 26038, 0, 262747,
112812, 6577, 106335, 24830, 0, 250553,
111385, 6606, 108671, 24933, 0. 251594,
116R9G, 6903, 114340, | 20196, 0. 24337,
115679, 6629. 105183, 25024, 0. 252516,
113373, 6852, 112838, 25637, 0. 258700,
114994, 6655, 110421, 25528, 0. 257598,
117510, 6O6TE, 1086044, 25611, 0. 258442,
121880, NN 1055873, 257179, 9. 260134,
1746R3, ELER 108982, 26471, 0. 267117,
114231, 6732, 115606, 254009, 0. 260438,
111540, 6T, 11246811, 25379, 0. 256098,
108253, HURD ., 104106, 24079, 0. 242978,
110039, haBY, 102462, 200H8, 0. 243069,
119895, 6759, 105080, 25490, 0, 257220,
121645, w79y, 108142, 20023, 0. 262601,
113021, boHs, 101728, 2u3u3, 0. 2450640,
107799, 66559, 107003, 20349, 0. 245705,
1019255, K5035, 105210, 24294, 0. 245153,
113494, AS1E ., 110037, 253009, 0, 255389,
109378, 6334, 105529, 26337, 0, 245578,

LINE LOSSES

T e

SUBTOTAL

103751,
103751,

96912,
103751,

96912,
109695,
109695,

96912,
109695,
103751,
105138,
105138,
103751,

96912,
105138,
109695,
123194,
123194,
109695,
105138,
123194,
123194,
124675,
114545,
124845,

0&M COST

SUBTOTAL

3423,
3436,
353e,
34s1,
3551,
3386.
3400,
3572,
3412,
3496,
3481,
3492,
3515,
Is10,
3519,
361,
3283,
3285,
3476,
3549,
3319,
3320,
3313,
3451,
3319,

LINE COST

TOTAL

360494,
361466,
362145,
362560,
363209,
363634,
364689,
1pLB21,
365623,
565947,
366218,
367073,
367400,
367639,
369096,
369253,
369455,
369548,
370391.
371288,
372154,
372220,
373141,
373385,
373781,
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ANCHUPAGE=QEVIL CANYON CASE I7-1
345 Ky TRANSHISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 1S5 AUG 79 TIME: 15:56:14 o

AR AR B EAIRAAANERIRAAAXTKA AN AKS AR R &

*
CUOST OUTPUT PER MILE *
PRESENT VALUIE RATE *
7.00 PERCENT *

*

*

* ¥ O % ¥ B

IEEESEE SRS SRR SRS EREEEREESE S

CONDUCTOR NUMRER = 39

954, KCMIL 1300, FT SPAN 94,7 FT TOWER
INSTALLED COST MATERIAL TRANSPORTATION INSTALLATION TOTAL
BREARDUWN QUANTITY COST(3%) TONNAGE COST(S) COsST(%) COST(3)
CONDUCTOR 31680, FT 63449, 19.47 4380, 58264, 126094,
GROUNDWIRE 0, FT 0. 0.00 Q. 0. 0.
INSULATORS 310, UNTTS 4436, 1,70 824, 5260,
HARDRAKE 3219, 0.47 107, 3326,
TOWERS 4,3 UNITS 154265, 35.79 o B0S2, 90323. 252640,
FQUNDATTONS 4,3 UNITS 10790, 1744, 72256, 84790,
RIGHT UF wAY (113F1) 14, ACRES 22181, 19697, 41877,
SUB=-TALS 258340, 57.43 15107. 240540, 513987.
jge e e 0.
ENGINFER]IMG 56539,
TOTAL 570526.
PRPESENT wODRTH 114706, 6707, 106803, 228216,
1DC 0.
ENGIMEERING 25104,
TOTAL 253320,
PRESENT WORTH ($)
LOSS ANALYSIS DEMAND LOSSES ENERGY LOSSES TOTAL LOSSES
RESISTANCFE LUSSES S3177. 48068, h 101245,
CORGNA 1 USSEST  INSULATOKS 696, 1498, 2194,
CONDYUCTOR -~ . 313, 313,
TOTALS 53872, 49879, 103751,
A1 1 1 . | i . B P | B T R R | A A
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INTERNATINNAL ENGINEERING CO, INC
SAN FRaANCISCO CALIFORNYA

TRANSMISSION LINE COST ANALYSIS PROGRAM
VERSION 2: 02 AUG 1979,

DEVIL CANYON=ESTER : CASE [T1-24A .
230 KV TRANSMISSIUN LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 16 AUG 79 TIME: 13:14:3)

I EEEERESEEEREEERRES

* *
* INPIT DATA *
* *

IEEEAESEREREEERERN]

SYSTEM ECONOMIC FACTORS INPUT VALUE T UTTTTREFERENCE YEAR FDR OINPUT
RASE YEAR FOR Pw ANALYSIS 7 1979 T
ENDING YEAR OF STUDY 1997
__ BASE YEAR FUR FESCALATION _ 1977 e
MAXIMUM CIRCUIT LOADING 194,7 MVA o 1992
AVERAGE CIRPCULIT LOUADING : 107,1 MVA 1992
DEMAMD CNST FACTOR L o 73.0 3/KW S 1979
FNERGY CNST FACINR 13.0 MILLS/KWH T 1979
VAR COST FALTUR : 0,0 $/KVAR 1984
CAPITAL COST/DISCOUNT RATES: o .
7.0 PERCENT 1984

10,0 PERCENT 1984
OKM COST FAaCTOR T 7 1.5 % cap.cosT T T T 1984
RIGHT OF wAY CNST FACTOR 715,0 $/ACRE : 1979
RIGHT 0F wAY CLEARING COST ' ~ 1430,0 $/ACRE i 1979
[NTEREST DURING CONSTRUCTION 0.00 % INST,.CST T

ENGINEFRING FEF 11,00 % INST,CST
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DELTL CANYON=ESTER CASE II=24
230 KV TCANSMISSIUN LINE COST ANALYSTS AND CONPUCTOR GPTIMIZATION

e _ _DaTE: 1k duG 79 TIME: 13:141:31
LA R FEEEEEENEEEREREEEE ]
* * o I e
ST - o * INPUT DATA *
* *
I E NS EEEREEENEREENERN,] o e e
COUDUCTOR DATA GROUNDWIRE DATA SPAN DATA
NUMBER PFR PHASE 1 NUMBER PEP TOWER 0 MINIMUM 1000. FT
CONDUCTUR SPACTNG 0,0 IN ___ DIAHMEIER 0.00 IN L MAXIMUM 1400, FT
VOLTAGF 239 kv WEIGH1 0.0000 LBS/FT INTERVAL 100,0 FT
YOLTAGE VARTATION 10.00 PCT
LINL FREQUENCY . 6u CPS§
FA[RWEATHER LOSSES 0,00 Kw/™]
LIMNE LENGTH 1RQ,0n MTLES

PUWER FACTOR ) 0.95

WEATHER DATA

MAXIM M RAINFALL RATF 1.18 [N/HR
MAXTMUM RATSFALL DURATTON 1 RES/YR
AVERAGE RAINFALL RATF N,03 [N/HR
AVERASE RAINFALL DURATION 636 HRS/YR
MAXIMUM SNOWFALL RATE 1.B7 IN/HR
MAX MM SNOAFALL DURATION 1 HRS/YR
AVERAGE SMNOwFALL RATE.: 0,13 IN/HR
AVERAZE SNOWFALL bURATTION 261 hMRS/YR
1,000

QELATIVE AIK UENSITY
'
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DEVIL CANYON=-ESTER CASE 11=24

[

230 Kv TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR ORPTIMIZATION

DATE: 16 AUG 79 TIME:

[ B EEENSESESEEERES ]

x *
* INPHT DATA *
x *

Ak bk kAt AA kA AR R EAR

13:1d138

SAG/TENSTON DESIGN FACTORS

FVERYDAY STRESS TEMPERATURE

ICE AND WIND TEMPERATURE

HIGH WIND TEMPERATURE

EXTREME ICF TEMPERATURE _ -
MAX DESIGMN TEMP FOR GND CLEARANCE
ENS TENSINN (PLT UTS) :

NESC CONSTANT

TOTAL NUMBER OF PHASES

PHASE SPACING

CONDUCTOR CONFIGURATION FACTOR
GRUIMND CLE ARANCE

NOL, OF TRSULATORS PER TOWER
INSULATOR SAFFTY FACTOR
STRING LENGTRH

Is VEE, 0UR COMbINATION
FOUNDATION TYPE

TFRRAIN FACTOR

LINE ANGLE FACTOR

TNAFR GROUNDING

TRANSVERSFE OvFRLDAD FACTOR
VERTICAL NVERLUOAD FACTOR
LONGITUDINAL LLUAD .
MISCELLALEOUS HARDOWARE WEIGHT
TOWER WEIGHT FACI0OR

TOWER WETIGHT ESTTIMAITOM ALGORITHM

e ———--——"--- - - - - - - -

2.0
1.02
28.0
4aa
2,50
6.5

1.06
.0864

2.50
1.50
1000,
0.11
1.02

TOWER TYPE 9: 230KV TOWER

DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
PERFCENT
LBS/FT

MM mTmT™m

TOWER DESIGN

FEET

FEET
FEET
PER UNIT

LBS
TONS/TOWER

ICE AND AIND TENSION (PCT UTS)
HIGH WIND TENSION (PCT UTS)
EXTREME ICE TENSION (PCT UTS)

ICE THICKNESS wITH WIND

wIND PRESSURE wlTH ICE
HIGH WIND

EXTREME ICE

DISTANCE BETWEEN PHASES:

T = 0.00016aTH2%2 = 309797 «THx20,3333 - 0,0R9U3«xtFFVDL =
Q.2736T+EFFTOL ¢ 0.00S102ATH*EFFTOL + 0,00160*xTH*EFFVDIL +

1R,37912 KIPS

50.
50,
70,
0.50
4,00
9.0

0,50

20.00
20,00
40,00
0,00
0,00
0,00

PERCENT
PERCENT
PERCENT
INCHES
LBS/SA.FT,
LBS/SG.FT,

INCHES

FT
FT
FT
FT
F1



TDEVIL CANYON=ESTER CASE I1=-24
210 Ky TRANSMISSTON LINE COST ANALYSIS &ND CONDUCTNR OPTIMIZATION
_ _DATE:_ 16 AUG 79 TIME: 13:14:31

AARAAAA AN R KAk kA k&K

e o - x * B e
* INPUT DATA ®
* &

LA E R R EEESEREEESS S

CONDUCTOR SUMMARY
AAAKAKARRRAR R KR A KR

TEMP,COEF.

STRANDING  UNIT WETGHT OUT.DIAM.,  TOTAL AREA MODULUS ALPHA*E=6
ID NUMRER NAME __ ST1ZE(KCM) (AL/ST) (LBS/FT) (INCRES) _ (SW.IN.) __(EF/E& PSI)  PER DEG F
33 MALLARD 79,0 _ 30/19 _ _ _1.2350 . 1,1400 _ _ 0.7668 ____ 11,30 9,7
w 15 RUNDY 000.,0 45/ 7 1,0150 1,1310 0.7069 9,40 11,5
. 37 CANARY 900.0 54/ 7 1,1590 C1.1620 0.7985 10,85 10,9
34 RATI 054, 0 as/ 7 1.,0750 1,1650 0.8011 9,40 11.5
& 39 CARDTINAL 954, 0 su/ 7 1.2290 1.1960 0.8464 10,85 10,9
40 NRTOLAN 1033%3.0 us/ 7 1,1650 1.2130 0.8678 9,40 11,9
11 . CURLEW  ___ . 1033,0 Su/ 71,3310 1.2060 - _  0.9169 10.85 10.9
a2 RLUEJAY 1113,0 45/ 7 1.2550 1.2590 0.9346 9.40 11.5
a3 FINCH 1113.0 54/19 1.4310 1.2930 0.9849 10.30 10,8
na  BUNTING 1192,0 as/ 7 1.3400 ~t.3020  t.00t0 9,40 11.5
as GRACKLF 1192,0 54/19 1.5350 1.3330 1.,0552 10,30 10.8
ub BITTERN 1272,0 4s/ 7 1,4340 1.3450 1.0680 9.40 11,5
a7 PHEASANT 1272.0 54/19 1.6350 1,3820 1.1256 10,30 10.8
48 NIPHER 1351,0 45/ 7 1,5220 1.3850 1.1350 9,40 11.5
49 MARTIN 1351.0 54/19 1,7370 1,64240 1,1959 10,30 10,8
50 ADRUL INK 1431,0 us/ 7 1.6130 1.4270 1.2020 9,40 11.5
51 PLAVER 1431,0 54/19 1,8400 1.4650 1.2663 10,30 10,8
52 NUTHATCH 1510, 0 as/ 1 1,7020 1.0660 1.2640 9,40 11.5
53 PARRNT 1510, 0 54/19 1.9420 1.5060 1.3366 10.30 10,8
54 LAPY NG 1590.0 45/ 7 1.7920 1.5020 1.3350 9.40 11.5
55 FALCON 1590, 0 54719 2.0040 1.5450 1.4076 10,30 10.8
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DEVIL CANYON=ESTER CASE 11-24 _
230 Ky TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 16 AUG 79 TIME: 13:t4:3y

(A REE RS EESEEEREERXRE]

* *
* INPUT DATA *
* i *

IEEEEEEEEEEREESERS ]

CONDUCTOR SUMMARY

I EEEESESSEEREERES R

AC RESIST,

ULT.TENS, GEOM .MEAN THERM, LIMIT AT 25 NDEG C IND.REACT, CAP,REACT,
1D NUMBER NamMg STRENGTH(LBS) RADIUS(FT) PRICE(S/LB) (AMPERES) = (OHMS/MILE) (OHMS/MILE) (MOHM=MILES)
35 MALLARD 3R400,0 n,03972 0.599/71977 910. s 0.1162 0.3928 2.5186
35 RUDDY 25490,.0 00,0374 0,676/71977 935, 0,1082 0.3928 2.5080
37 CANARY 32300,0 0.0392 0.633/1977 950. 00,1040 0.,3928 2.5027
38 RATL 20900,0 0.0385 0,67171977 970, 00,0998 0.3949 2,5027
39 CARDINAL Jupg0.0 0,0404 0.632/71917 99n, . 0,0987 0.3902 2.u816
4y O TULAN 2u0enn, 0 0.040 0.670/1977 1020. 0.0924 0.3902 2.8658
uay CURLFw 37100.0 0.,0420 0.628/71977 1040. | 0.0913 0.3849 c.uuu6
ue RLIEJAY 30000,0 0,0416 0.669/71977 1070, 90,0861 0.3860 2.4301%
a3 FIMNCH 49r2u0.0 0.0436 0.h%9/71977 1090, 0.0RS5 0.3802 2.4130
a4 BUMTING 33200.0 0.0431 0.665/1977 1120, .. D,0R08 0.3817 2.4077
us . GRACKLE 431000 0.0U491 0,6M42/1917 1130, 0,0797 0,3759 2,3866
4s BITIFRN ; 35400,0 00,0445 0.66%/71977 1160, 00,0760 0.37R0 2.3813%
47 PHFASANT 4un00,0 0,0u66 0.0%8/71a77 1180, 0.0750 0.3722 2.3602
uy DIPPER 376000 0,0u459 0,663/1977 1210, 0,0723 0.3738 2.3602
49 MARTTH ) 47600,0 0.0480 0.03”/1977 12350, 0,0708 0.3680 2.3338
50 “H”OLINKﬁ' IVAN0 0 0, 0472 0.662/1977 1250, 0.0686 0.3712 2,3338
51 PLAVFR SU4Y0,.0 0.0494 0,057/1977 1270., ' 0.,0671 0.3%3648 2.,3074
52 NUTHATCH 41600,0 0,0485 0,66471977 1300, 0.0640 0.3670 2.3126
%3 PARROT 83200,0 0,0508 0.63%0/1977 1320, 0.0602 0.3622 2.2B62
Su LAPWING 435800.0 0.0497 0.660/1977 1340, 0,062% 0.3%638 2.,2915

55 FALCON S6en00,0 0.0521 0,636/1977 1360. 0.0612 0.3580 2.2704
LI
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DEVIL CANYON=ESTER

CASE

1124

230 KY TRANSMIS3IOM LINE COST ANALYSIS AND CONDUCTOR QOPTIMIZATION

___DaATE:

UNTIT MATERTALS COSTS _

PRICE OF TOWER MATERIAL
BPRICE OF CONCRETE

PRICE OF GROUND wIRE
INISTALLLED CNST OF GROUNDING SYSTEM

TNwFR SETUP

TNWFER ASSFMBLY

FOUNDATIUN SETUP

FOUNDATTON ASSEMBLY

FOUMDATION EXCAVATION

PRICY OF MISCFLLANEQUS HARDWARE

UNIT LABOR COSTS

REFERENCE YFAR LARQOR CO0ST
STRING GROUMD wIRE
STRING LARUR MARKUP

UNIT TRANSPORTATION COSTS

e L L L L ]

A

-
a’

TAWER

FOUNDATION CONCRETE
FOUMDATION STEEL
CONDUCTOR

GRUUND WIRE
ITMSULATOKR

HARDKWARE

16 AUG 79

EER R EE R BES N

& INPUT D

*
kR R AR A KA K

TIME:

LE R RS E K]
*

13:14:31

ATA *
*
KAk kA AR

CINPUT VALUE

0.957
0,00
0,000
0,00 &/

1751. &
0,455
0, §
4140,00 3/
0,00
290,00 %/

0.0 %/
4,2 PE

225.0
225.0
225.0
225.0
225,0
225.0
225%.90

$/7TON
/YD

$/10N
$/T0N
$/TON
$/T0N
/70N

$/L8
$/CH.YD.
/18

TOWER

g/L8

TON

$/CU.YD.

TOWER

$/MANHOUR

MILE
R UNIT

OR $/Mxx3

197
197
197
. 197

197
197
197
197
197
197

197
197

9
7
7
7

9
9
9
9
9
7

9
7
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B DEVIL CANYON-ESTER Casg IT-2a T T
230 XV TRANSMISSION LINE COST ANALYSIS AND CONDUCTQR QPTIMIZATION
- - __ DATE: 16 AUG 79 TIMb: 13:ld4:3l

Akti#t!tit*iiﬁﬂtktkt*i*ii*t***li**t.tt

* *

*#  AUTOMATIC CONDUCTOR SELECTION .

% ALL QUANTITIFS PER MILF *

* *

Rhh bk hhhkhkhhhh dhdhhdhhhhohohdhhhhhkhkhhk

CAPITAL COST/DISCOUNT RATE OF 7,00 PERCENT
PRESENT WORTH ($)

CONDUCTUR INSTALLED COST LINE LOSSES D&M COST
NOh,  KCM  SPAN(FT)  MATERIALS TRANSP, INSTALL.  ENGINEER, TOC SUBTOTAL SURTNTAL SUBTOTAL
53 18i{n, 1300, 77500, 4475, 77209, 17510, 0. 176693, 26241, 2388,
as 1192, 1300, 71932, nY8s, . 75510, 10668, 0., 168194, 35382, 2273,
S3 1510, 1400, 79192, 4486, 76292, 17597, 0, 177568, 26241, 2400,
45 1192, tuno, 73329, LORO, 74456, 16705, 0. 168571, 315382, 2278,
53 1510, 1200, 76778, as17, 78952, 17627, 0. 177874, zeout, 2404,
a9 1351, 1300, 75070, 4291, 76525, 17148, 0. 173034, - 31161, 2338,
a7 t272. 1300, 737au, 4201, TolAT. 16954, 0. 171086, - 33142, 2312,
43 1113, 1300, 70592, 3997, 75102, 16476, 0. 166257, 318174, 2247,
51 1441, 1300, 763497, u3B3, 76872, - 17342, 0. 174994, . 29429, 2365,
43 1113, 1400, 71977, 1967, 74137, 16512, 0, 1666117, 38174, 22%2.
47 1272, 1400, 75327, neos, 75226, 17023, 0. 171782, 33142, 2321,
49 1351, 1400, - Th68S, Hgan, 75577, 17222, 0. 1737R1, I1161. 2308,
us 1192, 1200, o TlaRe, 6162, 77380, 16831, 0. 169839, 35382, 2295,
51 1431, tune, Y 78051, 1492, 75039, 17422, 0. 175804, 29429, 2376,
41 1033, 1304, 67272, 3914, 78075, 16264, 0. 164U64, 41095, 2222.
4ar 13571, 120y, 74425, 0334, 78300, 17277, 0, 1743080, 3161, 2356,
a7 1272, 1200, 73151, uau9, 77974, 17089, 0. 172403, 33142, 2330,
55 1590, 1300, 76054, usse, 77501, 17728, 0. 178894, 26692, 2417,
S1 1431, 1200 . 75715, au2s, 78630, 17465, 0, 176238, 29429, 23R2,
21 1033, 1400, 70674, 1913, 73936, 16338, 0. 164865, 41005, 2228,
43 1113, - 1200, 70161, 0055, 77006, 16641, 0. 167924, 38174, 2269,
85 18390, tygnro, ANTY . useQ, T6h42, 17821, 0, 179835, 26692, 20390,
55 1590, 1290, 7H29R, apbe, 79267, 17839, 0. 180010, 26692, 2433,
41 103%. 1200, AER1Y, 31076, 76829, 16454, n, 166075, 41005, 2244,
48 1351, 1300, 70070, up3u, *77504, 17359, 0. 175166, 311875, 2367,

LINE COS?H

TOTAL

205%22,
205849,
206299,
206231,
206519,
206533,
206540,
2065678,
206787,
207043,
207245,
207290,
207516,
20760R,
207692,
207857,
207916,
208003,
20R0UR,
208098,
20R36AR,
208997,
209134,
209324,
20940R,
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DEVIL CANYON=ESTER

CASE I1=-24

P30 Ky TRANSMISSION LINE COST ANALYSTS aAND CONDUCTOR OPTIMIZATION

INSTALLED COST ) MATERIAL TRANSPORTATION INSTALLATION

BREAKDOWN QUANTITY COST(3%) TONNAGE COST(S) COST($)
CONDUCTNR 15840, FT - 4d49971i, 15,38 | 3461, 45797,
GROUKNNUTRE 0., FI1 0, 0.00 ) 0, 0.
IMSULATORS 207, UNITS 2957, 1.14 s5u9,
HARDwWARE 3219, 0,47 107,
TAwFRS o 4,% UNITS 91008, - 21.11 4750, 60247,
FOUNDATIDONS 4,3 UNITS 7493, 1211, 50178,
RIGHT OF WAY (101FT) 12, ACRES 19895, 17667,
SUB=T0TALS 174504, 38,10 10078, 173889,
Inc o i i
ENGINEERING
PRESENT WORTH, B , 77500, o  uaars, 77209,
inc o ’
ENGINEERING .

PRESENT WORTH ($) o
LNSS ANALYSIS DEMAND LOSSES ENERGY LQSSES TOTAL LOSSES
RESTSTANCE LUSSES 13781, 12459, T 26240,
COKONA LOSSES:T INSULATORS 0. 0. 0.
CONDUCTOR - 1. 1.

INTALS 13781, 12460, 26241,

DATE: 16 AUG 79 Tiwt: 13:14:¢3%

[ E A R AR NS EEEEESEAEEEEEEEEEE SRS S 1

*
* COST QUTPUT PER MILE x
N PRESENT VALUE RATE *
. A 7,00 PERCENT * N
* *
ARAKR AKX A A AR A S R AKARRNAMAR R AR AR KA K

CONDUCTOR NUMRER = 53

1300, FT SPAN 84.9 FT TOWER _

1510, KCMIL

TOTAL

TOTAL

TOTAL
CosST (%)

99229.
0.
3s507.
3326,
156006,
58882,
37562,

358511,

397947,

159183,
0.
17510.

176693,
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S TRANSMTSSION LINF COST ANALYSIS PROGRAM

WATANA=DEVIL

SYSTEM ECONOMIC FACTORS

- > - - - - - = = = - -

RASE YFAR FUR Pw ANALYSIS
FMPIfG YEAR OF STuDy

AASE YEAR FOR FSCALATION

MAX IMUM CTIRCUIT LOADING
AVERAGE CIRCUIT LOADING
DEMAND COST FACTOK

FNERBY (NST FACTNK

VAR COST FACTUR

CARETAL COST/TSCOUNT RATES:

Ny £OS7T
RIGHT OF

FACTUR

wAY CNST FACTOR
RIGHT 0F wAY CLEAKING COST
THTEREST DURING CONSTRUCTION
FENGIMEERING FEF

CANYDN
230 KV TRANSMISSION LINE COST ANALYSIS

INTERNATINNAL ENGINEERING CO. INC

SAN FRAMCTISCO CALTIFORNIA

VERSION 2: 02 ALG 1979,

CASE I7=3A

DATE: 15 AUG 79 TIME:

Ak kAR AR AR kbR iki
x *
* INPUT DATA *
A *
****kﬁtiﬂﬂﬂ**k**kﬂ

INPUT VAL UE

MVA

MVA

S/KNW
MILLS/KWH -
$/KVAR

7.0 PERCENT
PERCENT

1.9 % CAP,COST
$/ACRE
" 3/ACRE
0.00 % INST,CST
% INST.CST

AND CONDUCTOR OPTIMIZATION
16:29:16

" REFERENCE YEAR FOR INPUT

1992
1992
1979
1979
1684

1944
1984

1984
1979
1979
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wATANA-DEVIL CANYON
LINE COST ANALYSIS AND CONCUCTOR OPTIMIZATION

230 «v

CONDUCTAOR DATA

NUMSER PF® PRASE 1
COMNDUCTOR SPACTING 0.0
VULTAGE 239
VOLTARE VARIATION 10.00
LINE FReUENCy 6
FAI#/WNEATHER LWSSES Q.00
LINE _FNGTH 27.04
PUSER FACTQOR n,o5
WEATHER NATA
MAXTHMUM RATNFALL RATE 1,18
MAXIM M RATNFALL DIATTION 1
AVERAGE RAINFALL RATE 0,03
AVERAGE RATHRFALL DURATIUN 03h
MAXIM M SudwFALL RATF 1,87
MAXTMUM SNOWFALL DIRATTON i
AVERAGE SuOwFAILL RATF 0.13
AVERAGE SMOWFALL DURATIUN 264
RELATIVE ATR LENSITY 1.000

TRANSMISSION

IN/ZHR
HRS5/YR
TN/ R
HRS /YR
IN/ZR
HRS /YR
Trsmp
HRS/YR

DATE:

CASE 11-34

15 4yG 79 TIME: 16129816
AAAARRR AR A K Rk k &
x *
& INPUT DATA *

* *
(I EE ESEEEEEEEENEE R XS

GROUNDWIRE DATA

NUMBER PER TOWER 0
DIAMETER 0,00 IN
WETGHT 0.0000 LBS/FT

SPAM DATA

- v D o D TP D D W

MINIMUM 1200, FY
C MAX IMUM 1600, FY
INTERVAL 100,0 FY
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AATANA=DEVIL CANYON
230 KV TWRANSMISSION L INE COST
DATE ¢

RAG/TENSTON DESIGN FACTORS

- - - e = - -

S DR I 3 3 3
CASE 11i=3&
ANALYSTIS AND CONDUCTOR OPTIMIZATION
15 2UG 79 TIME: 16:29:16
IZEEFEEREEFEEREERE RS
* *
* INPIHT DATA «
* *

I EEEEESESREEEEEESE]

EVERYDAY STRESS TFMPERATURE 49, DEGREES F ICE AND WIND TENSION (PCT UTS)
ICE AND wTND TEMREFKATURE 0. DEGREES F HIGH WIND TENSION (PCT UTS)
HIGH wIND TEMPFRATURE 40, DEGREES F EXTREME ICE TENSION (PCT UTS)
EXTREME JCE TFMPERATUNRE 30, NEFGRFES F ICE THICKNESS WITH WIND
MAX DESTGLY TEMY FOR GHD CLEARANCE 120, DEGRFES F WIND PRESSUPE wlTH JCE
ENS TFENG3TION (PCT UTS) P0. PERCENT HTIGH WIND
MESC CONMSTANMT 0,31 LBS/FT
EXTREME ICE
TUWER DESIGN
TOTAL NUMBER OF PHASES 3 DISTANCF BETWEEN PHASES:
PHASE SPACING : 20,0 FEET D1
CONDUCTOR CONF{GURATION FACTOR 1.02 02
GROUND CLEARANCF 2R,0 FEFT D3 .
0. UF TNSULATORS PFR TOWFR 4p D4y
INSHLATOR SAFFTY FACTOR 2,50 08
STRING LENGTH 6,5 FEET Dé&
I, VEFE, QR CNMgINATION 3
FOUNDATIUN TYPE 4
TFRRATN FALTOR 1.06 PER UNTY o
LINE ANGLE FACTNR . 08hK1
TARFR GROUNDING 0
TRANSVERSE NDVvERIUAD FACTOR 2.50 B
VERTICAL NVEw#{ OAD . FACTOR 1,50
LONMGITONIMAL LoAD i 1000, LH¥S
MISCELLANEWUIS HARDWARE WETGHT 0.11 TONS/TOWER R _
TOwER wFIGHT FACTOR 1,02
TOWER WEIGHT FSTTMATION ALGORTITHM .

TOWFR TYPF 91

T = Q0,000 62THERX? =

Usl738n7atFRETLL + 0,005104TH*XEFFTOL ¢

1R.379172 KIP3

3,097974xTH#%0,3333 =

0,089432EFFYDL =
0,00160xTHAEFFVOL +

50,
S50,
70,
0,50
4,00
9.0

0,50

20.00
20,00
a0,00
0.00
0.00
0,00

PERCENT
PERCENT
PERCENT
INCHES
LES/5Q,FT,
LBS/SQ.FT,

INCHES
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ID NUMRER

cosesmmas

NAMF

NUTHATCH
pARROT
LAPAING
FALCON
Crivw Ax
RLIERIRD
Klnl

230 KV

HWATANA-DEVIL CANYON

ULT.TENS.

GEOM,MEAN

STRENGTH(LRS) RADIUS(FT)

41600,0
53200,0
43R800.0
56000.0
55600,0
63400.0
50960,0

0,04R5
0.0508
0,0497
0,0521
0.053%4
N.0584
0.0570

CASE I7=-34

15 AUG 79 TIME:

KRR KNKR AR N KA XAk A &
* *
* INPUT DATA *
* x
AAAEAARRR K RA AR K& &

CONDUCTOR SUMMARY

AkANRARAR KA R R A AR A X

TRANSMIS3ION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE:

PRICE(3/LB)

0,664/1977
0,630/1977
0.,660/71977
0.63%6/1977
0,675/1977

0.673571977

0,699/71977

THERM,LIMIT
(AMPERES)

1300,
1320,
1340,
1360.
1440,
1610,

AC RESIST,

AT 25 DEG C IND.REACT, CAP,REACT,
(OHMS/MILE) (OHMS/MILE) (MOHM=MILES)"
0,0649 0,.3670 2.3126
00,0602 0.3622 2.2862
0.0623 0.3638 2,2915
00,0612 0.3580 2,2704
0,0560 0.3548 2,387
0.0475 0.3443 2,1648
0.0480 0,3480 2.1806

1600.
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wATAMNA=DEVIL CANYON - CASE 1I=34A
250 Ky TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 1S AUG 79 TIME: 16329:16
ILE S XEE SR EEEREXEEEX]
* *
* INPUT DATA *
* *
ISR EEENEREERESEREEENE
CONDYCTOR SUMMARY
I E S S AR EEEESREEEE B
‘ : TEMP,COEF,
: : STRANDING  UNIT WEIGHT OUT.DIAM,  TOTAL AREA MODULYS ALPHA*E=6
ID NUMBRER NAME SIZE(KCM) tAL/ST) (LBS/FT) (INCHES) . (83,1IN,) (EF/E6 PSI) PER DEG F
@ 52 NUTHATCH | : 1510.0 45/ 7 1,7020 1,660 1.2680 3,40 11,5
. 53 PARRNDT C1510,0 54719 1.9420 1,5060 1.3366 10,30 10,8
54 LAPWING' 15900 4s/ 7 1.,7920 1.5020 t.3350 9,40 11.5
iy 55 FALCON 1590, 0 54/19 2.0640 1.5450 1.4076 ) 10,30 10,8
56 CHHRAR 1750,0 B4/19 2.0740 1,6620 1,5120 9,05 11,3
57 RUUEBIRD 2156.0 84719 2.5120 1.7620 1.8280 9.05 11,3
54 Rlw] 2167.0 727 7 2.5040 1,.7370 1.7760 9,25 12,0



¢S - g

wATANA=DEVIL CANYON

CASE 1T-34a

230 Ky TRANSMISSIUN LINE COST ANALYSIS AND CONDUCTOR ORTIMIZATION

DATF:

UNTT MATERTALS CNSTS

- -y - -

PRICE OF TOweR MATERTIAL |
PRICE OF CUNCRETE
RPRICE OF GrNUND wIRE

INSTALLED CoST OF GROUNDING SYSTEM

TAWER SETUP

TOWFR ASSEMBLY

FOUMDATTON SETUP

FOUNDATTON ASSEMBLY

FAUNDATTON EXCAVATION

PRICE OF MISCELLANEOUS HARDWARE

UNIT LABOR COSTS

REFFRFNCE YEAR LABOR COST
STRING GROUND AIRE
STRING LAROR MARKUP

UNTT TRANSPORTATION COSTS

[ e F K

FOUNDATION CONCRETE
FOUNDATTON STFEL
CONDUCTOK

GROUND WIRE
INSHLATOK

HARNWARE

16 AUG 79 TIME: 16325:16

IR XSRS EENEEEESEES]

* * .
* INPUT DATA *
* x

Ak A RARXKE AR RA KA &b

INPUT VALUF _ REFERENCE YEAR FOR INPUT
0,957 $/LB 1979
0,00 $/CU.YD. 1977
0.000 $/LB 1977
0,00 $/TOWER e 1977
1761, % 1979
0.,u5% §/L8 1979
0, % : 1979
41480,00 $/TON 1979
0,00 $/CU,YD, . .. 1979
290,00 $/TOWER 1977

24,00 S/MANHOUR 1979
0.0 $/MILE 1977
4,2 PER UNIT

225.0 %/TON
2°5.0 %/YD
225.0 $/7T0N
2259.0 3/T0ON
225,0 $/TON o N
225,0 $/TON OR 3/Max3
225,0 $/TON




A TANLZ=DEVIL CANYON - CASE T1=3A
239 Wy TIANSMISSION LINE COST ANALYSIS AND CONDUCTGCR OPTIMIZATION
DATF: 1S AUG 79 TIME: 16329:16

ARkt R A A Ak Rk AR A R A A Atk kb kA A AR A AR R AR

* ! oS
* AUTOMATTIC CONDUCTOR SFLFCTION *
* ALL AQUANTITIES PFR MILE *
x . *

ARARA A AL A A AR R AR A A A A A AR TRk kA A kA A Ak kd

CAPITAL COST/DISCUUNT RATE OF 7.00 PERCENT -

CONDUCTOR INSTALLED COST : LINE LOSSES 08M COST LINE COST
NGO, KCM  SPAN(FT) MATERIALS TRANSP, INSTALL, ENGINEFR, 10C SUBTOTAL SUBTOTAL SUBTOTAL TOTAL
57 2156, 1300, . RUSAKY, 5100, ROU19, 19260, 0. 194349, 140540, 2626, 337515,
57 215%&6. 1400, ‘ 9212%, S155, 79928, 19493, 0. 196698, 140540, - 2658, 339896,
57 21%6. 1200, 90137, 5212, 82759, 19592, 0. 197700, 160%40, 2672, 340911,
SR 2te7, 1300, 92415, 5120, R2ZAR, 19780, 0. 199603, - 142049, , 2697, 344350,
57  Jthk, 1300, 9%769, Se63, 80148, 19934, 0. 201155, _ 140540, 2718, 346413,
S8R 2167, 1200, 92?34, 5199, RU224, 19942, 0. 201640, 142049, 2725, 346014,
58. 21467, taoo, 95049, 5221. R2335, 20190, 0, 20%/34, 142049, _ 2753, 348537,
57 215%6. tedu, 100185, S417. R1131, - 20541, 0. Pu7274. 140540, 2801, 350615,
56 1780, 1500, R2T61, anrh, 78631, 18268, 0. 184336, 166266, 2491, 353093,
56 1780, 1400, . Ryany, ur09, 77966, 18439, o, 186066, - 166206, . 2514, 354846,
58 2167, 1S0u, 100672, 5381. 83211, 20819, 0. 210085, 142049, . 2839, 354971,
56 17xd.  120¢C, R3051, at92, 81029, 18620, 0. 187890, 166266, 2539, 3156695,
53 1510, 1300, 77500, 1475, 77209, 17510, o0, 176693, 179055, 2388, 3158137,
56 17RO, 1b00, BHOGA, 4795, 78040, 18799, 0. 189701, 166266, 2564, 358530,
53 1510, 14nr0, 79192, 4486, 76292, 17597, 0, 177568, 179055S. 2400, 359023,
53 1510, 1504, Al760, - 4545, T60R7, 17863, 0. 180254, 179055. : 2436, 361746
53 1510, 71200, TA0R3, 4637, ROD4UA, 18014, 0. 181782, 179055, 2457, 363294,
S5 1590. 1300, 790548, ubes6, 77541, 17728, 0, 178894, 182109, 2417, 363420,
58 2167. 1b0g, 106552, 5599, BURu7, 2iein, 0. 218667, 142049, 2955, 363671,
b 17RO, Ie0y, agniy, 4927, THTHT, 19336, 0. 1951165, 166266, 2637, 364017,
55 1530. luacd, RY792, 4S89, Taeu2, 17821, 0., 179835, T 1R2109. 2430, 364373,
53 1519, 180y, RH155, un4y, 7h521. 182496, 0. 184623, 179055, L2u95, 366174,
55 1591, 1500, AZNH0,  tialdl, 76453, 18094, 0. 182588, . 182109, 2467, 3671064,
52 1510, 1200, 7290G%., 4183, 77449, 17000, 0. 171590, 193450, 2319, 367338, -

55 1590, 1200, ROSH0, qa7ied, RO343, 18219, i 0, ) 183846, ) 182109, o cusu, 368439,
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‘ AATANA=DEVIL CANYON CASE I1=-3a
230 Kv [SANSMISSION LINE COST ANALYSIS AND CONDUCTNR DPTIMIZATION
DATE: 15 AUG 79 TIME: 16129:16

AAAREKAAXDERREERRKRARRRIZARRRAKNKR

* *

* COST UNTPUT PER MILE * )
* PRESENT VALIE RATE *

* 7,00 PERCEMT X
* *

I E R E R R R R R R EE PR E R E R SRR EEEEE R & {

CONDUCTNR NUMBER = 57

2156, KCMTL 1300, FT SPAN B7.4 FT TOWER o

INSTALLED COST T MATERIAL TRANSPURTATION INSTALLATION TOTAL
BREAKNUWN QUANTITY COST(3) TONNAGE CO0ST(3%) CNST(%) COST($)
CONDLCTOR 195840, F1 69050, 19,90 4476, 48940, 122466,
GROUNDWIRE n,  F1 0. 0.00 0. 0. 0.
INSULATORS 207. UNITS 2957, 1.14 509, 3507,
HARTIWAKF 5219, n,47 107, 1326,
TORF =S 4,% UNITS 9RS4 7, 22.86 ) 5144, ~ 63832, 167522,
FOUNDATIONS 4.3 UNTTS 7493, ‘ 1211, 50178, - 58882,
RIGHT UF wWAY (104FT) 13, ACRES 20u61., 18170, 38630,
Stb=TNTALS 201727, q44,37 T ttea7, 181119, 394333,
Nt . - 0,
ENGINEER]ING Co T T e 43377,
TOTAL 437710,

PRESENT wWORTH 89569, ; 5100, 80419, 175089,
1ng , 0.
ENGTNEERING ' 19260,

TOTAL 194349,

PRESENT WORTH (%)

LOSS aMNALYSTS DEMANh LUSSES FNERGY LDSSES TOTAL LOSSES
RFSISTANCF 1 0SSFS : 73819, f . ) 66721, ’ 1840540,
CORONA LUSSFS:  [MNSUL ATONRS 0. 0. 0.
CONDUC TNR - 0. : 0.
TOTALS 73819, 66721, 140%40,
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APPENDIX

MULTI AREA BULLETIN
PTI/103
RELIABILITY PROGRAM (MAREL) Page 1 of 3
P.O. BOX 1058 SCHENECTADY, NEW YORK 12301 518 374-1220
SUMMARY. The Multi-Area Reliability Program (MAREL) computes the Loss of Load Proba-

bility (LOLP) reliability index for electric generating systems of several
areas interconnected by a transmission network without any restrictions on
the network topology. The program permits the study of large power pools
and reliability councils as well as individual utilities imbedded in an ex-
tensive interconnection. The program is intended to be used in the design
and analysis of generation systems and the interconnection capability re-
quirements needed to share reserves among the interconnected areas. The
program may be used for as many as six or seven interconnected areas modeled
directly. A greater number way be accommodated by developing equivalent
systems. The output includes area and total system LOLP indices as well as
data or the probable causes of failures and their locations in the network.
The program structure is flexible so that load and capacity models may be as
detailed as required and at the same time, the complex evaluation of che
individual area reliability levels may be performed with efficiency.

PROGRAM The structure of MAREL is shown in block form on Figure 1. Tnput data may
FLEMENTS be provided for each case or partially supplied by saved case files. The
AND MCDELS

program structure is set up to analyze one year at a time under the control
of the user. This facilitates the development of System expansions inter-
actively or with a series of runs on a batch basis without the risk of the
possibility of using excessive computer time,

mNPuT | CAPACTTY- MULTT AREA
CAPRCITY PROBABITITY RELIABILITY
LOAD TABLES | EVALUATION

MAINTENANCE | LOoAD OUTPUT

SCHEDULES | MODELS
CaSE

DATA ' | SAE

* WORKING FIIES

FIGURE 1

STRUCTURE OF MULTI AREA RELIABILITY PROGRAM




PTI/103 Page 2 of 3

. loads are modeled by area with distributions of peak
loads for each 'season' of the year. A season may be of
whatever length is appropriate for the study, weeks,
months, or longer intervals.

] Capacity Models are developed for each area for each
season of the year and are available capacity-probabil-
ity density tables.

) Maintenance Outages are simulated either by adding the
capacity on outage to the appropriate area and season
load model or by modification of the proper capa-
city-probability table. Maintenance may be prescheduled
and input or done automatically within MAREL by an
algorithm designed to level available area generation
reserves over the year.

] Transmission Interconnections are modeled by the use of
a linear flow network which mcdels the limitations on
individual tie line transfer capabilities considering
their forced outage rates (if desired)} without restric-
tions on the network configuration or topology.

] Program Controls are set by the user to establish the
fineness with which the loads and capcities are rep-
resented ard to set tolerance levels on the [OLP com-
putations to save unnecessary computer effort and cost.

] Program Qutput may include area load and capacity models
as well as maintenance schedules, three sets of both
seasonal and annual area and system LOLP indices, the
probabilities of various failure modes. That is, the
program automatically calculates area IOLP values as
though the area were isolated and then two separate LOLP
values with the actual interconnection. These twc IOLP
indices represent the extremes of possible operating
policies concerning the sharing of generation reserves,
(1) sharing only available reserves, and (2) sharing
load losses up to the transfer limitations imposed by
the network. Failure mode probabilities show the prob~-
abilities and locations- of failures caused by generation
shortages or transmission limitations as well as com—
binations and indicate the probabilities that each
individual tie may be limiting. These data are useful
in developing reliable system designs.

] System Size is not restricted except by limits on accep-
table computational effort and cost. Past PTI system
studies have included two interconnected reliability
councils represented by nine or ten areas and incor-
porating approximately 500 units for a total of 100,000
mw of generation.

PROGREM . Generation reliability level analysis which includes the
" EPPLICATIONS effects of the interconnected system for the expansion

planning of individual utilities and power pools.

° Planning of interconnections to achieve regional inte~
gration and more widespread sharing of generation
reserves.

® Evaluation of the reliability benefits of strengthening
ties vis—a-vis additions to generation reserves.



PTI/103 Page 3 of 3

© Assistance in locating weak portions of a system in
order to locate new bulk power facilities for maximum
reliability improvement.

© Analysis of the reliability benefits of new joint-
ly-owned plants located remotely or within one system's
territory. ’

® Evaluation of the ability of individual utilities to re-
liably survive the postponement of new plant additions
in their own and interconnected systems.

AVAILABILITY MAREL, is available for use at PTI for studies by individual utilities or

AND SUPPORT groups of systems. It may also be leased for installation on a client's
o computer. The lease entitles the user to:

] Complete set of source code for all modules including
all MAREL activities and subroutines.

¢ Engineering and program reference manuals.

[} Installation on a suitable PRIME 400 computer at the
client's site and a training seminar.

Installation on other computers is feasible but will only be done on the
basis of charging for the time and expense required.

Since PTI is a consulting engineering organization and uses MAREL in studies
for clients, the program is continually being enhanced and updated.

Whilé updates are not included in the MAREL lease price, PTI will offer all
significant MAREL improvements to lessees at add-on prices.

PTI can assist MAREL users in the development of system equivalents where
their use is attractive to the user.

fOR FURTHER Contact: C.K. Pang, Senior Engineer
INFORMATTION or
A.J. Wood, Principal Engineer
Power Technologies, Inc.
P.0O. Box 1058
Schenectady, N.Y. 12301

Tel. (518) 374-1220
Telex 145498 POWER TECH SCH

1/78
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Note:

MULTI-AREA RELIABILITY PROGRAM (MAREL)

SAMPLE OUTPUT SHEETS
FOR
TWO-AREA RELIABILITY STUDY - YEAR 1989

The following other output sheets (35 cases) are on file with
Alaska Power Authority under a separate cover:

Independent System Expansion Plans
(years 1984 through 1996)

Interconnected System Expansion Plans
(years 1984 through 1996)

Interconnected System Expansion, Three-Area Realiability Study
with Susitna (years 1992 through 1996)

Interconnected System Expansion Plans, with Firm Power Transfer
(years 1984 through 1987 and 1992 through 1996)

3
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POWER TECHIIOLOGIES, IRNC,
IHULTI=-AREA RELIABILITY PROCRAM:

=== MULTI-AREA RELIABILITY PROGIUAN - MAREL ——
=—=-= VERSION : NOVEIMBER 15, 1978 ~—==

—=== POWER TLCHNOLOGIES, IRG., —==--

R AR AR KRR R KRR NN R R

*k EY S

¥k 91 - 18 - 1979 %
o E2 4 E S
| KR AR KRN KRR KA RN
[@)]

STUDY C€ASE:

KRRk R R KR RN R R R KKk ok kR R Rk ROk R KR Rk ek Rk ROk Rk Rk kR Rk R ok ok ok okkoRok
£ sk

&% ARCIOORAGE - FAIRBANKS TRANSMISSION INRTERTIE. ECONOMIC FEASIBILITY  *%
EZ o €K
£ 2 ] 2-ANEFA RELIADILITY STUDY - YEAR 1989 : INTERCONNECTED -~ 1/15/1979 *K
L2 *i

KRR AR AR SRR RS R S S e AR TR R R AR R 0K 35 3 R KR KK K K 8 YR R 3 K R ke ealkakok ok



POYER TECHNOLOGIES, IRC.
MULTI-AREA RELIABILITY PROGRAM:

HXRIRRRRAACRR R R R HRR RN R R RROCERRR R RO R KRR R OrRRR R Rk Rk Rk

Kk s
*k ANCHORAGE -~ FAIRBDANKS TRANSMISSIOR IRTERTIE ECONOMIC FEASIBILITY  #%
*r Rk
K 2-ARF.A RELIADILITY STUDY -~ YEAR 1989 : INTERCONKNECTED - 1-/15/1979 e T
£+ s

RRRE R KRR KRR R R KRR RN R R KRR KRR R R R B R R R RICRF R R KRR R R R RRR KRR KX

1989

n

YEAR OF STUDY

PROBABILITY TORESHOLD = 0.10E-07

FAILURE PROB. THRESHOLD = ©.20E-08
PROB. RATIO FOR LOAD LEV.:= 6.0100
ROUNDING MW STEP SIZE = 1

MAX. NO. OF AREAS WITH NECATIVE
MARGIN TO BE EXAMINED = =
MAX. OF CAPACITY STEPS = 50

----- SYSTEM DATA —~————

NO. OF AREAS OR BUSES

NO. Or AREAS WITH GENERATION
NO. OF AREAS WITH LOADS

n
N N W

NO. OF LINES WITH OUTAGES
NO. OF FIRM LINES = @

u
-
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POWER TECINOLOGIES, IRC.
MULTI-AREA HELIABILITY PROGRAM:

ANCIIORAGE ~ FATRDBANKS TRANSMISSIORN INRTERTIE ECOROMIC FEASIBILITY
2~AIEA NRELIABILITY STUDY - YEAR 1989 : IRTERCONNECTED - 1/15/1979

=—===~=~ DATA FOR LINES WITH OUTAGES =w~w=w=
—== AVAILABLE CAPACITY PRORABILITY

e e

LIRE KO. 1, LINK FO. 3
TIE FROM AREA

1 ANCHOR -TO- AREA 2 FAIRHA
LEVEL CAP(FOR) CAP(REV) PROBADBILITY"

1 6 L] 0.06040008
2 130 130 0.996000

TIME USED IN CPUS : INCREMENT = 2, ELAPSED = 2



POWER TECHNOLOGIES, INC.
MULTI-AREA RELIABILITY PROGRAM!

GENERATOR UKNIT DATA FOR ANCHORAGE-FAIDNBARKS STUDY
THO AREA SYSTEM JANUARY 15 1979

SUMMARY ON CAPACITY, PEAK LOAD AND MAINTERARCE ¢ AREA ANCHOR

SEASOR 1 2 3 4 § 6

INSTALLED
CAPACITY (MW) 1747 1747 1747 1747 1747 1747
PEAK LOAD (MW) 1200 882 782 752 729 Tas

INSTALLED RESERVES :

MW 847 8565 958 995 1018 1022
PERCENT 45,58 98.07 121,42 132.81 139.64 140.97
CAPACITY ON
MAINTENANCE (MW} o 135 227 256 - 286 287

RESERVES AFTER MAINTENANCE :
i) 547 730 731 739 732 735
PERCENT 45.58 82.77 92.65 98.27 100.41 101.38

URIT RETIREMENTS ARD INSTALLATIONS :
RO. UNIT CAP(MW) TF.0.R. RET/INST SEASON DATE

- — T - - — e s e

1 COAL 2 200 0.057 INST 1 171989

7

1747

826

921
111.50

188

733
88.74

8
1747

886

861
97.18

122

739

1747

1441

806
21.24

306
21.24
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POWER TECHNOLOGIES, IKC.
MULTI-ARFEA RELIABILITY PROGRAM'

CENERATOR UNIT DATA FOR ANCHORAGE-FAIRBANKS STUDY
JANUARY 15 1979

TWO AREA SYSTEM

SUMIMARY ON CAPACITY, PEAK LOAD AND MAINTENANCE : AREA FAIRBA.

SEASON
INSTALLED
CAPACITY (MW}
PEAK LOAD (MW)

INSTALLED RESERVES 2
MW
PERCENT

CAPACITY ON
HAINTENANICE (1MW)

1 2

385 385
274 177
111 203
40.51 117.51

RESERVES AFTER MAINTENARCE :

MW
PERCERT

111 194

3

250

4 ] k] 7

385 3485 388 3985 ¢

119 112 130 136 -

266 273 2935 249

185.19 223.63 248.75 196.15 183.069

85

195

72 100 65 54

194 173 190 196

385

166

219
131.93

23

194

40,51 109.60 144.44 163.03 154.46 146.15 143.38 116.87

UNIT RETIREMENTS AND INSTALLATIORS
.0.R. RETVIRST SEASON DATE

1o. UNIT CAP (M)

- — ——— - — e

r

.
.

385

318

72
23.00

72
23.00
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FOWER TECIROLOGIES, IRC,
HULTI-AREA RELIARILITY PRCGRAM

GCENERATOR UNIT DATA FOR ANCHORAGE-FAIRBANKS STUDY
TWO AREA SYSTEM JARUARY 15 1979

SUMMARY ON CAFACITY AND PEAK LOAD BY AREA

AREA ANCHOR  FAIRBA

PEAK LOAD SEASOR 9 9

(NSTALLED CAPACITY (MW}

AT ANNUAL PEAK 1747 385
ANNUAL PEAK

LOAD (1MW) 1441 - 318
- THSTALLED

RESERVES (MW 306 72

RESERVES IN PERCENT OF
\{NUAL PEAK LOAD 21.24 23.00

AREA VWEIGHTED AVERAGE
UNIT FOR (PERCENT) 5.46 7.42

AREA ANNUAL AVERAGE ‘
MAINTENANCEE( PERCENT) 2.65 11.11



POWER TECINOLOGIES, INC,
TIULTI-AREA RELIABILITY PROGRAM:

CENERATOR UNIT DATA FOR ANCHORAGE~FAIRBANKS STUDY
TWO AREA SYSTEM JANUARY 15 1979

————— SUMMARY BY AREAS--—-—-

AREA NO.OF URITS CAP. (MW>

e e - — - 0 o -

1 ANCHOM 36 1747
2 FAINDBA 24 345

¢l =2

SEASONAL RESERVES IN PERCENT OF PEAK LOADS
AFTER MAINTENANCE OF UNITS FOR THE TOTAL SYSTEM

SEASON RESENVES ORDER SEASON RESERVES
1 44,6454 1 9 21,5507
2 07,2521 2 1 44,6404
3 100.2164 3 2 87.2521
4 107.1192 4 8 8g.6082
5 107.61Q0 i 7 96.4637
6 108.1471 6 8 100.2164
7 96.4057 K4 4 107.1182
8 83.6282 8 § 107.6100
9 21.5507 9 6 108.1871

I TR N N NS NS TENURS NNV SRS [ B R
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POWER TECTINOLOGIES, IRC.
MULTI-ARCA RELIABILITY PROGRAM!

GENERATOR UNIT DATA FOR ANCHORAGE-FAIRBANKS STUDY
TWO ANEA SYSTLEM . JANUARY 15 1979

MAINTENANCE SUMMARY BY MW AND PERCENT OF TOTAL AREA CAPACITY t

SEASON AREA ARCHOR AREA FAIRBA

1 o6  0.00 '8 0.00
2 185 ?.73 14 38.64
3 227 12,99 55 14.29
4 256 14.65 72 18.70
5 286 16.97 100 25.97
6 = 207 16.43 65 16.08
7 160 10.76 54  14.03
o 122 6.99 25  6.49
9 o  0.00 e  0.00
AREA EFOR 5.4550 . 7.4169
SYSTEM EFOR =  5.8093

EFOR : WEIGHTED EFFECTIVE FORCED OUTAGE RATE. IN PERCERT.

w¥% END OF PROCRAM MNTCE X%

1]
o

w==—=— TIME USED IN CPUS : INCREMENT 2, ELAPSED

un
>

9, ELAPSED

"

--——-= TIMNE USED IN CPUS : INCREMENT

%% AREA 1 ANCIOR HAS NO UNITS ON x¥=
sdk HMAINTENANCE FOR SEASPNS : 1 9 g«

#%% AREA 2 FAINBA NAS NO UNITS ON %%
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POYER TECIINOLOGIES, INC.
MULTI-AREA RELIABILITY PROGRAM

ANCTIORAGE - FAIRBARKS TRANRSMISSION INTERTIE ECOROMIC FEASIBILITY
2-ANEA RELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1-/15/1979

—-— LOSS OF LOAD PROBABILITY AT VARIOUS AREAS ---

PROBABILITY PRODABILITY PROBADILITY
AT AREA ISOLATED WITH LLS WITHOUT LLS

.t —— - s

1 ANCIIOR  ©.149268BE+00 9.798471E-01 @.676829E-01

2 TAIRBA  0.190494E+01 0.909673E-01 9.394379E-01

SYSTEM 8.9153%7E-01 0.915377E-01

NOTE : LLS = LOAD LOSS SHARING

*kkxk ALL PRODABILITIES ARE IN DAYS/PERIOD *¥ik%
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POWER TECHROLOGIES, IRC.
MULTI-AREA REILIABILITY PROGRAM:

ANCHORAGE -~ FAINDANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : IRTERCONRECTED - 1/15/1979

=== PROBABILITY OF MINIMAL CUTS ——

CUT  PRODABILITY CUT MEMBERS(LINKS)
1 0.792771E-01 I 2
2 0,.570032L-03 1 3
3 0.116904E~-01 2 3

wxpkx ALL PROBABILITIES ARE IN DAYS/PERIOD diokkk
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POWER TECI'NOLGGIES, IKC.
MULTI-AREA RELIABILITY PROGRAM!

ANCIIONACE - FAIRDANKS TRARSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIADILITY STUDY - YEAR 1989 : INTERCONNECTED - 1,/15/1979

=== MINIMAL CUTS AND DEFICIENT NODES(AREAS) —~-

= —— e (o e g

CUT PROBABILITY NODES(ARFAS) IN DEFiCIENT REGION

1 ©0.792Y71E-01 1 ANCIIOR 2 FAIRBA
2 0.370032E-03 1 ANCHOR
3 0.116904E-01 2 FAINBA

sk ALL PROBABILITIES ARE IN DAYS/PERIOD *kckiix



8l - )

TOWER TECINOLCGIES, IRNC.
MULTI-AREA RELIABILITY PROGRAM

ANCIORAGE - FAIRBANKS TRANSMISSION IRTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY S8TUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979

~~- PROBABILITY THAT EACH LINE IS LIMITING -~-

DESCNIPTION TOTAL FORWARD REVERSE
LINE LINK AREA TO AREA PROBABILITY DIRECTION DIRECTIOR

i a 1 ANCHOR TO 2 FAIRBA @.122604E-01 0.116904E~-01 6.570032E~03

#*%k%% ALL PRODBABILITIES ARE IN DAYS/PERIOD ki



POVER TECHMOLOGIES, IKC.
MULTI~AREA RELIABILITY PROGRAM!

ANCHORACE - FAIRBANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 :; INTERCONNECTED - 1-/15-/1979

ISOLATED SITUATION - SUMMARY :
AREA LOLP IN DAYS/PERIOD BY SEASONS.

61 -

) AREA ATEA
SEASON ANCIOR FAIRDBA
1 0.0021 0.3096

2 0.0000 0.0071

3 0.0000 0.0000

4 0.0000 0.0000

5 0.0000 0.0000

6 0.0000 0.0000

7  0.0000 0.0000

8 0.0000 0.0000

9 0.1472 1.5882
YEAR 0.1493 1.9049.
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POWER TECIINOLOGIES, INC.
MULTI-AREA RELIABILITY PROGRAI:

ANICHONMAGE — FAIDBANKS TRARSMISSION INTERTIE ECOROMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : IRTERCONKRECTED - 1-/15/1979

ISOLATED SITUATION - SUMMARY 3
EXPLCTED MW-DAYS LOSS BY SEASONS.

AREA ANEA

SEASON ANCHOR FAIRDBA
1 0.09 7.43

2 0.00 0.14

3 0.00 9.00

4 0.00 0.00

B 0.09 0.00

6 0.00 0.00

7 0.00 0.00

& 0.00 0.00

2 8.87 44.23
YEAR 8.9548 51.8097
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POWER TECIINOLOGIES, INGC.
ITILTI-AREA RELIABILITY PROGRAM'

ANICTIORAGE —~ FAIRBARKS TRANSMISSION INTERTIE ECOROMIC FEASIBILITY
2-AREA HELIABILITY STUDY — YEAR 19€9 : INTERCORNECTED - 1/15/1979

ISOLATED SITUATION - SUMMARY :
EXPECTED MW DEFICIENCY DY SEASON.

ADEA AREA

SEASON ANCIION  FAIRBA
1 42.38 24.04
2 13.57 19.22
3 0.00 0.00
4 0.00 0.00
5 0.00 0.00
6 0.00 0.00
e 0.00 6.00
8 0.00 0.00
9 60.24 = 27.85

IRDICES FOR TIE YEAR 3
MW-DAYS 8.95 51.81
LOLP-DAYS 0.15 1.90
E(MW) 59.99 27.20
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POWER TECHROLOGIES, INGC.
MULTI-AREA RELIABILITY PROGRAM:

ANCIIORAGE - FAINBANKS TRANSMISSION INRTERTIE ECONOMIC FEASIBILITY
2-ANEA RELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979

- IRTERCONNECTED WITH LOAD LOSS SHARING :
AREA LOLP [N DAYS,/PLERIOD DY SEASONS.

AIEA AREA

SEASON ANCIIOR FAIRBA
1 ©.¢004 0.0020

2 0.0009 0.0000

3 0.0000 0.0000

4 ©.9000 -0.,0000

4] ©.0000 0.6000

6 0.0000 0.0000

7 0.06000 0.0060

8 0.0000 0.0000

9 0.0794 0.0890
YEAR 0.0798 0.6910
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POWER TECHFNOLOGIES, INC.
MULTI-ARSA RELIABILITY PROGRAM:

ANCHORACE - FAIRDANKS TRANRSMISSION INTERTIE ECOROMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : IRTERCONRECTED - 1-/15/1979

INTERCONRECTED WITH NG LOAD LOSS SHARIRG :
AREA LOLP IN DAYS/PERIOD BY SEASONS,

AREA AREA

SEASON ANCEOR FAIRDA
1 0.0003 0.0017

2 0.0600 9.0000

3 0.6000 9.00080

49 0.0600 0.0060

& 0.0000 0.00060

6 0.0000 9.0000

7 0.0000 9.0000

a8 0.00006 0.0000

9 0.0673 6.0378
YEAR 0.0677 0.039%4
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POWER TECHNOLOGIES, IRC.
MULTI-AINEA RELIABILITY PROGRAM:

ANCHORAGE -~ FAIRBARKS TRANRSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA NELIABILITY STUDY ~ YEAR 1989 : INTERCONRECTED - 1/135/1979

~== SYSTEM RESULT SUMMARY IN PER UNIT -—-

PROBABILITY OF SUCCESS EVENRTS =

PROBABILITY OF FAILUNE EVENTS =
PROBABILITY OF NEGLECTED UNSPECIFIED EVENTS:=
SUM OF THE ABOVE 3 PROBABILITIES &

PROBABILITY OF UNCLASSIFIED FAILURE EVERTS =

0.999648E+60
0.352068E-03
0.270125E-08
9.100000E+01

0.620649E-09

RRRBRR KRR LR R AR R R R NCR R R R R RO R R R R R kR Rk sk
**¥ NOTE: THE SUM OF THE FINST 3 MNUST BE 1.0000 i

HHoR WITHIN REASONABLE TOLERANCE.

£33

sk kiR R R kR kR kKRR R R R R R R R R R R R RO R R

DEFINITION OF EVENTS :@
SUCCESS : ALL LOADS SATISFIED.

FAILURE : ONE ORl MORE AREA LOADS ROT SATISFIED.

UNSPECIFIED : NOT IDERTIFIED AS EITHER SUCCESS OR FAILURE.

UNCLASSED FAILURE : CAUSE OF FAILURE NOT ESTABLISHED.
CAUSE OF FAILURE IS INDICATED BY MINIMAL CUTS.

TOTAL LELAPSED TIME IN CPUS = 20

xkckk END OF PROGRAM MAREL ki
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ANCHORAGE - FAIRBANKS TRARSMISSION IRTERTIE ECONROMIC FEASIDILITY

ANCTIORACE - FAINDANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1996 : INTERCONNECTED - 1/15/1979

2 1 0 o @ 0 e o 0 0
6 o o o { © 6 e o o
o o 0 o0 6 0
11 1 4
1996
0.1E-07 0.2E-07 ©.5E-05
9.01 0.10
2 1 50
2 1 o 2 2
ARCEORFAIRBA
1 2 2

1 0 0 0.004009
2 130 130 0.996000
LOAD DATA IN PER UNIT INTERVAL DURATIOR CURVE

TWO AREA SYSTEM JANUARY 15 1979
1 1 1
2 10 26 9 14 1983
10,01 1.69 0
111111223344556677889999909
0000000000000000000000O00OG O
! ANCHOR 20 0.0

789, 8v7. 977. 1080. 1196. 1313. 1441. 1581. 1724. 1881.
2041. 2215. 2402, 2591. '

L0333 ,6667 7404 .73C0 .6571 .6346 .6122 .5865 .5481 .G353 .5224 .5160 .5064
.4904 .Z032 .4968 .5160 .5737 .5769 .6154 .6327 .8429 ,8026 .91351.0000 .8301

1.C020 .9769 .9731 .9538 .9500 .94062 .0%62 .8731 .8577 .8423
1.00600 .9348 .9663 .9663 .9615 .9610 .9519 .95319 .9423 ,9375
1.G020 ,9913 .9784 .9827 .9697 ,92654 .9437 .2307 .9221 .8918
1.0000 .2829 .94807 .9359 .9017 .&£852 .8882 .8846 .8333 .056834
1.6030 .9512 .9317 .9171 .,2171 .2073 .9073 .9024 .90624 .BO76
1.0000 .2340 .9793 .9747 .9646 .9495 .9444 .9343 ,92¢3 .9141
1.6000 .9685 .9G634 .9529 .9526 ,0476 .94324 .0372 .2030 .0038
1.0000 .9781 .©727 .9617 .9563 .9363 .98344 ,9344 .9071 .2071
1.C000 .98383 .¢l83 .%223 9820 .9703 .9708 .9649 .95601 .9415
1.€000 .9940 .2a20 .9701 .9581 .9461 .9401 .9341 .9281 .9162
1.0600 .9939 .9877 .9571 .9571 .95092 .9G469 .94483 .0Z02 .8589
1.0090 .99583 .08214 ,96892 .9565 .9379 .9237% ,93792 .9253 .,9255
1.0030 .9310 .96G84 .9620 .%424 .0494 ,9430 .9367 .9304 .9177
1.0600 .98604 .9739 .9739 .9673 .96068 .9542 .0G42 ,9477 .8B24
1.¢000 .6373 .9745 ,9554 ,9499 .94%0 .04327 .9427 ,929% .0299
1.65001.C000 .9933 .2871 .C85%%5 ,9742 .9677 .9613 ,9048 .9484
1.0029) .9938 .9414 .2689 .9027 ,9565 .95G5 .92441 %9441 0079
1.0000 .97%77 .9609 .9441 ,9274 .9106 .LB33 .6715 .37?15 ,0010
1.6000 .9944 .9944 ,0722 ,0722 .9722 ,9611 .9273 .0222 .0222
1.0030 .9948 .9096 .98%6 .2687 9583 9531 9075 .90323 .8062
1.0090 .9339 .2484 .9437 .93060 .9224 .9249 .9262 .9155 .9014
1.0000 ,9962 ,9658 .94685 .9408 9087 7085 7757 .7719 .E&GGO
1.06601.0080 .9807 9662 .9549 .9511 .9474 .9393 .9361 .9323
1.0500 .9754 .8682 .06596 .0421 .0£286 .B30% .LC86 8386 .B170
1.0000 .9840 .9679 .9319 ,9359 ,0827 .6327 .9135 .8654 .8645
1.0000 .9730 ,9730 .9614 ,9614 ,9575 .95¢5 .9537 .9421 .8340

2 FAIRBA 20 0.0

196. 212. 231, 249. 270. 291. 3813, 338. 362. 390.

=

PAGE €001
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ANCHORACE - FAIRBANXS TRAKSHISSIOR IFNTERTIE ECONOMIC FEASIBILITY

%16, 446, 477, 5Sll.

.07700.69000.73710.76040.57490.39710.56626.51110.43240,411506.38330.37476.3587
6.33309.33309.41770.42010.43730.46190.53190.57490.89190.93370.93491.00062.7696

1.60900,07409,04670,94670.94520.93136, £5485. 86540, 84290. 8177
1.682¢0.93670.02790.92790.90310. 02980, 88256, 65946, 827906.7891
1.0G300.89320.26670.904530,045800.923530. 90330, £4203.860670. 8267
1.C6050.07509.C6120,94510.£6910.83200.82390.61180.790060:6769
1.00300.9354L0.08290.95940.95300.945660.51800.90310.90179. 85623
1.007302.99720.99590.02770.97240. 25880, 9253620.90539. 89309, 8827
1.¢0000.98409.05010.93716.91970. £#9370.£0570.87200.86120.£091
1.66300.96870.96150.0519¢.92510.91590.85700.85220.87682. 835D
1.00365.99150.99150.99155.27160.960270,93189.89200. 80028, 86693
1.00201.00000.95120,93130.92540.92810.92240,007530.204030. 6950
1.€005).99040.92040.94550.92310.91990.91670.921350. £7820.8558
1.06G300.96725.05410.92700.92460,90490. 82040, 825310, 87520, 8721
1.06360,96520.06020.95890.95896.94520.94529.93150.92120.9041
1.609579.¢8960.97220,26570.93220,947590.93100.92360. 92010 . 8507
1.C6050.26770.930870.93230.91290.906220.20320.90320. 87100. 8677
1.60000,587230.07060.06760. 06460, 85889, 84710.84410. 82829, £359
1.00000,94440.90640.90640. 62475, 52750.82700.82462.81870.8912
1.CO000.00720.97750.96350.063560.94940,93820,93520.21010.8004
1.60050.90470.96810.93C90.92820.00260.90600,20160. 82520, B836
1.C0000.93030.93300.91450.00920,89610.80210. £2450.86370.8568
1.C02C0.99150.02280.97650. 04020, 92060.92740.91880.91450:9017
1.C03¢D.96690.91120.02260.08846.79890.73970.64466.61020.6628
1.C07%30.97710.01050.90790.20790.89340.88250.88539. 86320. 8434

1.C00CD.97110.862330,83050.81870.72600.79240.74510.72320.7201

1.083C0.90510.92160.97200.97170.95530.01650.885450. 82430.6818
1.G0060,99340.23920.22C10.E89940.88980.88300.864828.61310.7971
GENERATCR! UNIT DATA FOR ANCIORAGE-FAIRDANKS STUDY

TUD AREA SYSTEM JANUARY 15 1979
1 1 1
' 2 1 1.0E-12
AliCIion 44 12
1.0
1 ANCII 1 153 0.0655
2 ANRCII 2 15 0.053
3 ANCII 3 19 0.035
4 ALCI 4 32 0.053
5 ANCI & 37 0.008
6 ~ICH 6 12 0.055
v ANCIH 7 73 0.035
8 AICI?S 21 0.055
9 AICH & 73 0,063
10 DELU 1 15 0.035
11 LZLU 2 15 0.650
12 BELU 3 64 0.0353
13 BELU 4 9 0,059
14 BZLU S 54 0.055
15 BFLU 6 68 0,055
16 DZLU 7 63 0.C55
17 IIELU 8 68 0.0633
18 BERN 1 8 0.035
19 PERGE 2 20 0.0565
ZO BLRN 3 24 0.055

PAGE €002



2 -2

Sy 7 1 1T 1 T T 1 Y T T 11

ARCHORACE - FAIRBANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY PACE 0003
21 INTL 1 14 0.055
2 INTL 2 14 0.055
23 INTL 3 19 0,033
24 CODP 1 B 0.016
25 COOP 2 8 0.016
26 KNIT A 15 0.039 R - 171986
27 INTL 4 71 0.053
23 INTL 5 71 0.055
20 INTL 6 71 0.0335
30 INTL 7 71 0.035
31 HOIER 7 0.035
32 EKLUTH 80 0.016
23 BELU 9 71 0.055 N 1/1986
34 AKCH 9 78 0.0356 N 1/19853
33 ANCIIIO 104 0,057 N 1/1986
35 COAL 1 269 0.057 N 1/1987
37 AKCII1 104 0.037 N 1/1998
20 COAL 2 200 0.037 N 1/1989
39 COAL 3 2C0 0.057 N 1/1990
40 COAL 4 200 0.0657 N 1/1991
41 COAL 5 200 6.037 N 1/1992
42 PEAKA1 78 0.€33 N ' 1/1993
43 CE 1 200 0.070 N 11994
4 GEN 2 360 0.079 N 171996
45 PEAKAZ 78 0.055 N 1/1995
-99
coor 1
coop 2
EKLUTH
=99
1
9
~99
o.FAmnA 26 12
1.
1 CIEN 1 5 6.059
2 CHEN 2 2 0,059
3 CIEN 3 2 0,059
4 CIEN 4 20 0.059
5 CHEN 5 5 0.053
6 CIEN 6 24 0.055
7 DIES 1 3 0.295
8 DILS 2 3 0.295
9 DIES 3 2 0.295
10 ZEIN 1 17 ©.055
11 ZEEN 2 17 0.035
12 ZEmN 3 4 0.053
13 ZEUN 4 4 0.065
14 ZEUNDI 3 0.295
15 ZE[TD2 3 0.295
16 ZEHND3 3 0.295
17 ZENND4 2 0.295
18 ZELND3 2 0.295
19 LEAL 1 26 0.059
20 HEAL D 3 0.295
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ANCIIORAGE -~ FAIRDANKS

21
an

23
25
av
28
-99
=)0

=99

HOLT 1
ROLT 2
UaLASK
COALF1
COALF2
COALF3

65
65
3
100
1¢0

160

TRANSHMISSION INTERTIE ECOROMIC FEASIBILITY

171988
171992
171995

PAGE 0004 .
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DATA AND COST ESTIMATES FOR TRANSMISSION
INTERTIE AND GENERATING PLANTS
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D.1 DATA AND COST ESTIMATES FOR TRANSMISSION INTERTIE

A.  Cost Summary and Disbursements for Intertie Facilities

‘ APPENDIX D
DATA AND COST ESTIMATES FOR
TRANSMISSION INTERTIE AND GENERATING PLANTS

Total Cost at 1979 Levels - $1000

Case IA Case IB Case IC Case ID Case II

1. Transmission Line:

Eng'g. & Constr. Supv. 3,012 3,012k 7,988 3,012 15,442
Right-of-Way 8,837 8,837 7,573 8,837 12,994
Foundations 8,445 8,445 12,160 8,445 22,966
Towers 21,615 21,615 33,990 21,615 64,974
Hardware 477 477 477 477 1,096
Insulators ‘ 503 503 755 503 1,396
Conductor 10,761 10,761 17,663 10,761 36,946
3 Subtotal | 53,650 53,650 80,606 = 53,650 155,814
2. Substations:
Eng'g. & Constr. Supv. 1,352 1,352 1,855 2,816 6,902
Land ' 57 57 46 81 185
Transformers 1,703 1,703 3,291 1,703 11,917
Circuit Breakers 1,093 1,093 1,323 1,953 6,410
Station Equipment 1,223 1,223 1,933 1,345 4,375
Structures & Accessories 3,628 3,628 3,978 4,026 16,411
Subtotal 9,056 9,056 12,426 11,924 46,200
3. Control and Communications:
Eng'g. & Constr. Supv. 125 125 125 165 200
Equipment 2,375 2,375 2,375 3,135 3,600
Subtotal 2,500 2,500 2,500 3,300 3,800
Total Baseline 1979 Costs 65,206 65,206 68,874 205,814

95,532

Capital disbursements for each of the above cases are given on following

computation sheets, these being identical to those later used for financial

planning purposes with selected alternative.

D-1



CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE

1981-1 1981=2 1982-1 1982=2 1983=1 1983=2 TOTAL
1. TRANSMISSION LINE
ENGINEERING AND CONSTRUCTIU
SUPERVISION ‘ 452 753 0 392 693 723 3012
RIGHT OF WAY 0 2209 6628 0 0 v B837
FOUNDALITINS 0 0 0 2280 6165 0 A4S
10ME RS 0 0 U ) 9127 11888 21615
HARDWARE 0 0 0 0 72 405 477
INSULATORS 0 0 0 0 75 428 503
CONDUC TOR 0 0 0 0 1614 9147 10761
5UB=TUTAL 452 2962 6628 2672 18346 22591 53650
2. SUBSTATIONS
ENGINEERING & CONSTRUCTION
SUPERVISION 270 270 270 270 135 135 1352
LAND 57 0 o 0 0 0 57
TRANSFORMERS 0 0 341 596 596 170 1703
CIRCUIT BREAKERS o 0 219 383 383 109 1093
STATION EQUIPMENT 0 0 245 428 428 122 1223
STRUCTURES & ACCESSURIES 0 0 726 145] 1451 0 3628
SUB=TOTAL 327 270 1800 3128 2993 937 9056
3, CONTROL AND COMMUNICATIONS
ENGINEERING AND INSTALLATION
SUPERYISIUN 0 0 o 0 vq 71 125
EQUIPMENT 0 0 0 0 959 1425 2375
5UB=TOTAL 0 0 0 0 1004 1496 2500
TOTAL 779 3233 8428 5800 22342 24624 65206
TOTAL FOR YEAR 0 4012 0 1u228 0 469607 65206
CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE
‘ - CASE IC
1981=1 1981=2 1982-1 1982=2 1983=1 19832 TOTAL
1, TRANSMISSION LINE
ENGINEERING AND CONSTRUCTION
SUBERVISICN 1198 1997 0 1038 1837 1917 7988
RIGHT OF WAY 0 1893 5680 0 0 0 7573
FOUNUATIUNS 0 9 0 3283 8677 0 12160
TUMENS 0 ) 0 0 15296 18695 33999
HMARDAARE 0 0 0 0 72 805 477
INSULATCRS 0 0 0 a 113 642 755
CONDUCTOR 0 0 0 0 2649 15014 17663
SUB=TUTAL 1198 3890 5680 4322 28844 16672 80606
2. SUBSTATICNS
ENGINEERING & CONSTRUCTION
SUPERYISIUN 371 371 371 371 186 186 1855
ILANMD 46 0 0 0 0 0 46
THANSF URMERS 0 0 658 1152 1152 329 3291
CIRCULT BREARERS (1] 0 265 463 463 132 1323
STATION EQUIPMENT 0 0 387 677 677 193 1933
STRUCTURES & ACCESSORIES 0 0 796 1591 1591 0 3978
SUB=TOTAL 417 371 2876 4254 406l 840 12426
3. COMTHOL AND COMMUNICATIONS ‘
ENGINEERING AND INSTALLATION
SUPERVISION 0 0 0 0 S4 71 125
EQUIFHENT 0 0 0 1] 950 1425 2375
SUB=TOTAL 0 0 0 0 1004 1498 2500
TOTAL 1615 4261 8156 8575 33916 39009 95532
TOTAL FOR YEAR 0 5876 0 16731 0 72925 95532

CASES IA & IB
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CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE

CASE ID
1981=2 1982~-1 1982-2 1983~9 1983-2 TOTAL
1., TRANSMISSTION LINE
ENGINEERING AND CONSTRUCTION

SUPERVISION as2 753 0 392 693 723 3012
RIGHT OF WAY 0 2209 6628 n 0 0 88137
FOUNDATIONS 0 0 n 28N b165 0 B445
TONEHS 0 0 n n 9727 11888 21615
HARDWARE 0 0 0 0 72 405 477
INSULAYORS 0 0 0 0 75 az28a 503
CONDUCTYOR 0 0 0 0 1614 9147 10761

SUB~TOTAL 452 2962 6628 2672 18346 22591 53650
2. SUBSTATIONS
ENGINEERING & CONSTRUCTION .

SUPERVISTON 563 563 563 563 289 82 2R16
LAND 81 0 0 0 0 0 81
TRANSFORMERS ] 0 341 596 596 170 1703
CIRCUIT BREAKERS 0 0 391 684 684 195 1953
STATION EQUIPMENY 0 0 269 471 471 135 1345
STRUCTURES & ACCESSORIES 0 0 805 1610 1610 a9 4026

- D e D D D e S D S G S D D P D P W WD W O S D D D D D D D D D R D P e e TP R R D D D D D P D D L D D D e e S A D e A -

SUB=TOTAL 644 563 2369 3924 3642 782 11924
3. CONTROL AND CNMMUNICATIONS
ENGINFERING AND INSTALLATION

SUPERVISION 0 0 0 0 7t 94 16%
EQUIPMENT 0 0 0 0 1254 1881 3135
SUB~-TOTAL 0 0 ] 0 1325 197% 3300
TOTVAL 1096 3525 8996 6596 23313 25348 68874
TOTAL FOR YEAR 0 4621 a 15592 0 48661 6BR7Y

CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE

CASE 1l
1981=1 1981=2 1982~1 1582~2 1983~1 1983=2 TOTAL
1. TRANSMISSION LINE
ENGINEERING AND CONSTRUCTION
SUPERVISION 2316 1861 0 2007 3552 3706 15442
RIGHT OF WAY Q 3249 9746 0 0 0 12994
FOUNDATIONS 0 0 ¢ 6201 16765 [4} 22966
TUWEKS ] [ ¢ [ 29238 35736 64974
HAROWARE 0 0 0 0 164 932 1096
INSULATCRS 0 1 0 Q 209 1187 1396
LUNDUCTUR 0 [} 0 ] 5542 31404 36946
SUB=TQTAL 2316 7109 9746 8208 55471 72964 155814
2. SUHSTATIONS
ENGINEERING & CONSTRUCTION
SUPERVYIZION 13890 1389 1380 1380 690 590 6902
LAND 185 0 0 L1} ] 1] 185
T RANSFURMEKS 0 0 2383 4171 171 1192 11917
CIRCUIT BREAKERS 0 0 1282 2244 2244 641 6u10
STATION EGUIPMENT 0 0 875 1531 1531 438 4375
STHUCTURES & ACCESSORIES Q 0 3282 6564 6564 0 16411
SUB~FOTAL 1565 138¢ 9203 15890 15200 2960 46200
3. CONTROUL AND COMMUNICATIONS
ENGINELRING AND INSTALLATION
SUPERVISIUN 0 ] i 0 86 114 200
EQUIFPMEN] 0 0 0 0 1440 2160 3600
SUB=TOTAL 9 0 0 0 1526 2274 3800
TOTAL 3882 8489 18948 24099 72197 78198 205814
TOTAL FOR YEAR 0 12371 4] 43047 . ) 150396 205814



B. Case IA & IB, Anchorage-Fairbanks Intertie, 230 kV s/c Transmission

System, 323 Miles

1.

Cost Summary

T/L Cost @ $166,104 per mile
Anchorage Substation
Ester Substation

Control and Communications System

TOTAL

Anchorage Substation Costs

1 138-kV Circuit Breaker
Structures and Accessories

1 138-kV Air Disconnect Switch
Structures and Accessories

4 13.8-kV, 12-MVAR Shunt Reactor Bank
Structures and Accessories

4 13.8-kV Circuit Breaker
Structures and Accessories

4 13.8-kV Air Disconnect Switch
Structures and Accessories

4 19 - 48 MVA, 138/230-kV Autotransformer
Structures and Accessories

2 230-kV Circuit Breakers
Structures and Accessgries

4  230-kV Air Disconnect Switch
Structures and Accessories

Land 2 acres

TOTAL

$53,652,000
3,974,000
5,080,000

2,500,000

$65,206,000

$ 86,000
108,000

11,000
38,000

420,000
315,000

154,000
119,000

31,000
64,000

1,020,000
538,000

338,000
407,000

70,000
232,000

23,000
$3,974,000



3. Ester Substation Costs

1 138-kV Circuit Breaker $ 86,000
Structures and Accessories 108,060
1 138-kV Air Disconnect Switch 11,000
Structures and Accessories 38,000
3. 13.8-kV, 12-MVAR Shunt Capacitor Bank 265,000
Structures and Accessories 198,000
3 13.8-kV Circuit Breaker 116,000
Structures and Accessories 89,000
4 1#, 46 MVA, 138/230-kV Autotransformer 984,000
Structures and Accessories 516,000
3 230-kV Circuit Breaker B 507,000
Structures and Accessories 613,000
9  230-kV Air Disconnect Switch 157,000
Structures and Accessories 528,000
3 230-kV, 16-MVAR Reactor 474,000
Structures and Accessories 356,000
Land 3 acres 34,000
TOTAL $5,080,000
C. Case IC, Anchorage-Fairbanks Intertie, 345 kV s/c Transmission

System, 323 miles

1. Cost Summary

T/L Cost @ $249,551 per mile $80,606,000
Anchorage Substation | 6,195,000
Ester Substation 6,231,000
Control and Communications System ’ 2,500,000
TOTAL $95,532,000



Anchorage Substation Costs

1 138-kV Circuit Breaker
Structures and Accessories

1 138-kV Air Disconnect Switch
Structures and Accessories

1 13.8-kV 16-MVAR Shunt Reactor Bank
Structures and Accessories

1 13.8-kV Circuit Breaker
Structures and Accessories

1 13.8-kV Air Disconnect Switch
Structures and Accessories

4 1P - 48-MVA, 138/345-kV Autotransformer
Structures and Accessories

2 345-kV Circuit Breaker
Structures and Accessories

5 345-kV Air Disconnect Switch
Structures and Accessories

4 18 - 33-1/3-MVAR, 345-kV Shunt Reactor
Structures and Accessories

Land 2 acres

TOTAL

Ester Substation Cost

1 138-kV Circuit Breaker
Structures and Accessories

1 138-kV Air Disconnect Switch
Structures and Accessories

1 13.8-kV, 15-MVAR Shunt Capacitor
Structures and Accessories

1 13.8-kV Circuit Breaker
Structures and Accessories

1 13.8-kV Air Disconnect Switch
Structures and Accessories

D-6

$ 86,000
108,000

11,000
38,000

112,000
84,000

39,000
30,000

8,000
16,000

1,936,000
725,000

653,000
340,000

114,000
330,000

882,000
660,000

23,000

—_—

$6,195,000

$ 86,000
108, 000

11,000
38,000

132,000
100,000

38,000
30,000

8,000
16,000
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3. Ester Substation Cost (Continued)
4 1 - 48 MVA, 138/345-kV Autotransformer $1,936,000
Structures and Accessories 725,000
2 345-kV Circuit Breaker 653,000
Structures and Accessories 340,000
5 345-kV Air Disconnect Switch 114,000
Structures and Accessories 330,000
4 18 - 33-1/3-MVAR, 345-kV Shunt Reactor 882,000
Structures and Accessories 660,000
Land 2 acres 23,000
TOTAL $6,231,000
D. Case ID, Anchorage-Fairbanks Intertie, 230 kV s/c Transmission

System, 323 miles

1.

Cost Summary

T/L Cost @ $166,104 per mile
Anchorage Substation

Palmer Substation

Healy Substation

Ester Substation

Control and Communications System

TOTAL

$53,652,000
3,976,000
1,434,000
1,434,000
5,080,000

3,300,000

$68,876,000

Anchorage-Palmer, 230 kV s/c Transmission System, 40 miles

T/L Cost @ $166,104 per mile
Anchorage Substation
Palmer Substation

~ Control and Communications System

TOTAL

$ 6,644,000
3,976,000
717,000

1,450,000

$12,787,000




Palmer-Healy, 230 kV s/c Transmission System, 190.5 miles

T/L Cost @ $166,104 per mile
Palmer Substation |
Healy Substation

Control and Communications System

TOTAL

$31,726,000
717,000
717,000
400,000

—_———

$33,560,000

Healy-Ester, 230 kV s/c Transmission System, 92 miles

T/L Cost @ $166,104 per mile
Healy Substation
Ester Substation

Control and Communications System

TOTAL

Anchorage Substation Costs

1 138-kV Circuit Breaker
Structures and Accessories

1 138-kV Air Disconnect Switch
Structures and Accessories

4 13.8-kV, 12-MVAR Shunt Reactor Bank
Structures and Accessories

4 13.8-kV Circuit Breaker
Structures and Accessories

4 13.8-kV Air Disconnect Switch
Structures and Accessories

4 1@ - 48-MVA, 138/230-kV Autotransformer
Structures and Accessories

2 230-kV Circuit Breakers
Structures and Accessories

4 230-kV Air Disconnect Switch
Structures and Accessories

Land 2 acres

TOTAL

$15,282,000
717,000
5,080,000
1,450,000

—— Y

$22,529,000

$ 86,000
108,000

11,000
38,000

420,000
315,000

154,000
115,000

31,000
64,000

1,020,000
538,000

338,000
407,000

70,000
234,000

23,000

$ 3,976,000



6. Palmer Substation - (One Line Bay)

1.5 230-kV Circuit Breaker
Structures and Accessories

2 230-kv Air Disconnect Switch
Structures and Accessories

Land

TOTAL

7. Healy Substation - (One Line Bay)

1.5 230-kV Circuit Breaker
Structures and Accessories

2 230-kV Air Disconnect Switch
Structures and Accessories

Land

TOTAL

8. Ester Substation Costs

1 138-kY Circuit Breaker
Sturctures and Accessories

1 138-kV Air Disconnect Switch
Structures and Accessories

3 13.8-kV, 12-MVAR Shunt Capacitor Bank
Structures and Accessories

3  13.8-kV Circuit Breaker
Structures and Accessories

4 1@ - 46-MVA, 138/230-kV Autotransformer
Structures and Accessories

3 230-kV Circuit Breaker
Structures and Accessories

$

253,000
305,000

36,000
117,000

6,000

717,000

253,000
305,000

36,000
117,000

6,000

$

$

717,000

86,000
108,000

11,000
38,000

265,000
198,000

116,000
89,000

984,000
516,000

507,000
613,000



8. Ester Substation Costs (Continued)

9  230-kV Air Disconnect Switch $ 157,000 ,
Structures and Accessories 528,000

3 230-kV, 16-MVAR Reactor 474,000
Structures and Accessories 356,000
Land 3 acres 34,000
TOTAL $5,080, 000

Case II, Anchorage - Upper Susitna - Fairbanks Intertie
345 kV 2-s/c Anchorage-Devil Canyon 155 miles
230 kV 2-s/c Devil Canyon-Ester 189 miles
230 kV 2-s/c Watana-Devil Canyon 27 miles

1. Cost Summary

Anchorage - Devil Canyon T/L @ $506,640 per mile* $ 78,529,000

Devil Canyon - Ester T/L B $353,386 per mile* 66,790,000
Watana - Devil Canyon T/L ® $388,698 per mile* 10,495,000
Anchorage Substation 23,160,000
Devil Canyon Substation N : 10,109,000
Ester Substation 11,339,000
Watana Substation 1,592,000
Control and Communications System 3,800,000
TOTAL $205, 814,000

* Includes two single-circuit lines.
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2. Anchorage Substation Cost

18

138-kV Circuit Breaker
Structures and Accessories

138-kV Air Disconnect Switch
Structures and Accessories

18 - 210.5-MVA, 138/345-kV Autotransformer
Structures and Accessories

345-kV Circuit Breaker
Structures and Accessories

345-kV Air Disconnect Switch
Structures and Accessories

345-kV, 200-MVAR Shunt Capacitor
Structures and Accessories

Land 5 acres

TOTAL

3. Devil Canyon Substation Cost

12

345-kV Circuit Breaker
Structures and Accessories

345-kV Air Disconnect Switch
Structures and Accessories

14 - 90.3-MVA, 230/345-kV Autotransformer
Structures and Accessories

230-kV Circuit Breaker
Structures and Accessories

230-kV Air Disconnect Switch
Structures and Accessories

Land 4 acres

TOTAL

D - 11

$

172,000
216,000

23,000
76,000

8,516,000
3,404,000

2,938,000
1,528,000

408,000
1,191,000

2,647,000
1,984,000

57,000

$23,160,000

981,000
509,000

138,000
399,000

3,418,000
1,466,000

1,015,000
1,224,000

210,000
703,000

46,000

$10,109,000



4.

5.

Ester Substation Cost

18

138-kV Circuit Breaker
Structures and Accessories

138-kY Air Disconnect Switch

Structures and Accessories

1f - 65-MVA, 138/345-kY Autotransformer

Structures and Accessories

13.8-kV Air Disconnects
Structures and Accessories

13.8-kV Circuit Breaker
Structures and Accessories

13.8-kV, 6-MVAR Capacitor
Structures and Accessories

230-kV Circuit Breaker
Structures and Accessories

230-kV Air Disconnect Switch

Structures and Accessories

230-kV, 80-MVAR Capacitor
Structures and Accessories

Land 6 acres

TOTAL

Watana Substation Cost

3

230-kV Circuit Breakers
Structures and Accessories

230-kV Disconnect Switch
Structures and Accessories

Land
TOTAL

D - 12

$ 172,000

216,000

23,000
76,000

2,086,000
1,253,000

46,000
96,000

232,000
181,000

264,000
200,000

1,523,000
1,838,000

314,000
1,055,000

968,000
727,000

69, 000

$11, 339,000

$ 508,000
613,000

106,000
348,000

17,000

$ 1,592,000



D.2 DATA AND COST ESTIMATES FOR GENERATING PLANTS

B. Cost Estimates and Disbursements for Generating Plants

Note: Only specific units affected by interconnection of
Anchorage and Fairbanks systems are considered:

1. Northpole #3 (NORT 3) 69 MW SCGT in Fairbanks Area.

This unit is necessary for independent system expansion.
Will not be required if interconnection assured.

Rating - 68.6 MW (net) Combustion Turbine
Fuel - Distillate from North Pole Refinery

Ref. Table B-1, Appendix B of Stanley Consultants Review Report
For 1983 Installation:

Unit Cost = $31,482,000
NOX Cost 1,387,000
Subtotal $32,869,000 or $476/kW
Assoc. Transm.1l/ 4,783,000
TOTAL $37,652,000 or  $546/kW

See Also: P. 45 of GVEA Power Supply Study - 1978 by Stanley
Consultants & P. 28 - Table 10 Escalation Rates.

GNP Deflators

Period Labor (7 20%) Material (/.80%) Composite
1983-1980 1.085 1.07 1.075
1980-1979 1.095 1.08 1.085

Summary of Costs:

Facility 1979 Baseline Costs
Gas-Turbine Unit $24,385,000 or  $353/kW
Assoc. Transm. 3,549,000

Total Capital Investment $27,934,000 or $405/kW
Disbursements - $1000

Pre-Operational Period 1st Year (1983) 2nd Year (1984)
Gas-Turbine Unit 7,315 (30%) 17,070 (70%)
Assoc. Transm. 355 (10%) 3,194 (90%)
Total Facilities $7,670 $20,264

1/

=" Relocation of facilities and expansion of existing Northpole substation.
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Beluga #9 (BELU 9) 71 MW RCGT in Anchorage Area.

This unit will be postponed for one year by interconnection,
from beginning year 1985 to 1986.

This unit will draw on Beluga gas reserves for fuel supply.
Design of unit is assumed to be simple-cycle, similar to
existing units on Chugach System - Ref. Beluga Units 1, 2, 4, 6, & 7.

Estimated Cost of Unit:

From Reference Cost Estimate for NORT 3 at Fairbanks
Cost at Bus-bar of 69 MW unit = $353/kW

By comparison for 71 MW unit = $350/kW

Now applying Alaskan construction cost location factors from
Battelle Report, Table 6.3, P. 6.12
1.62

Applicable factor from Fairbanks to Beluga = 7 ° 1.35
Estimated Cost = $473/kW or $33,548,000

Disbursements:

Pre-Operational Period 1st Year 2nd Year
Independent Expansion 1983 1984
Interconnected Expansion 1984 1985
Proportion of Total 30% 70%
Investment - $1000 10,064 23,484

Associated Transmission Facilities:

Transmission Line (allow 50 miles) @ $126,000/m11e
Total Cost of Line Facilities = $6,300,000
Substation Additions at Beluga and Knik Arm = $2,650,000
Total Transmission Line and Substation Facilities = $8,950,000

Disbursements:

1979 Baseline Costs

Pre-Operational Period 1st Year Z2nd Year
Independent Expansion 1983 1984
Interconnected Expansion 1984 1985
Proportion of Total 10% 90%
Investment - $1000
Transm. & Substations 895 8,055
Total Facilities $42,490,000
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Northpole #4 (NORT 4) 69 MW SCGT in Fairbanks Area.

This unit is necessary for independent system expansion.

Will not be required with an interconnected system.

* Scheduled In-Service Beginning Year 1990

Unlike NORT 3, no transmission additions will be required, with
completion of relocation and expansion of the substation.

Considering only cost of unit with assoc. transf. and swgr.

For 1979 Baseline Cost Levels:

Total Capital Investment = $25,185,000 or $365/kW

Disbursements:

Pre-Operational Period 1st Year (1988) 2nd Year (1989)
GT unit, transf. & swgr. 7,555 (30%) 17,630 (70%)

Anchorage Peaking Unit #2 (PEAK A2) 78 MW SCGT

This unit is required for both independent and interconnected
systems but in-service date is advanced one year with intertie.

Basing cost of addition on Northpole Unit 4 installation -
i.e. SCGT unit with associated transformer and switching.

Estimated cost based on rating, with allowance for scale.

For 1979 BaseTine Cost Levels:

1

69 MW GT Unit Total Cost
78 MW GT Unit Total Cost

$25,185,000 or $365/kW
$28,080,000 or $360/kW

Now applying Alaskan construction cost location adjustment factor
from Battelle Report Table 6.3 P. 6.12

Applicable factor from Fairbanks to Anchorage = 1/1.2 = 0.83

Total Capital Investment .= $23,400,000 or $300/kW

Disbursements:

Cost -

Year Independent Interconnected % Total $1000
1 1994 1993 30 7,020

2 1995 1994 70 16,380
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Northpole #5 (NORT 5) 69 SCGT in Fairbanks Area.

This unit is necessary for. independent system expansion.

Will not be required with an interconnected system.

Scheduled In-Service Beginning Year 1997

The addition of this unit completes the expansion for the inde-
pendent systems of the Railbelt Area, the time frame is such that
for interconnected expansion, with the staged increments of hydro
capacity from the Susitna development, the Tast unit at Devil

Canyon would be on-Tine beginning year 1997.
Similar to NORT 4, no transmission additions are assumed to be
required, such that power would be delivered from the expanded
Northpole Substation to the existing system.

Considering only cost of unit, with associated transf. and swgr.

For 1979 Baseline Cost Levels:

Total Capital Investment = $25,185,000 or $365/kW '

Disbursements:

($1000)
Pre-Operational Period: 1st Year (1995) 2nd Year (1996)
GT unit, transf. & swgr. 7,555 (30%) 17,630 (70%)
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Anchorage #11 (ANCH 11) 104 MW Coé]-Fired Steam-Electric Plant.

This unit will be required for independent system expansion but

will be postponed, with interconnection, from in-service 1988
to 1993.

Cost estimate for this plant is based on Healy Unit 2 estimate
prepared by Stanley Consultants, with applicable Alaskan con-
struction cost location adJustment factor.

From Stanley Consultants Report to GVEA, Appendix A, P. A-1.

For 1984 Installation Date (1978 Cost Levels):

Healy Unit 2 Plant (Without FGD):

Plant and Equipment $102,924,000 or $ 990/kw
Contingency 3,088,000
Total Construction Cost $107,012,000 or $1029/kW
Eng'g., Legal & Overhead 14,982,000
TOTAL $121,994,000 or $1173/kW
Escalating @ 10% to 1979 Cost Level . . . . . . . . . $1290/kW
Total Baseline 1979 Cost
without FGD = $134,160,000

Now Including Cost of Desulphurization:

Plant and Equipment $111,174,000 or $1069/kW
Contingency 3,335,000
Total Construction Cost $114,509,000 or $1101/kW
Eng'g., Legal & Overhead 16,031,000
TOTAL $130,540,000 or $1255/kW
Escalating @ 10% to 1979 Cost Level . . . . . . . . . $1380/kW
Total Baseline 1979 Cost '
with FGD = $143,520,000

Associated Transmission Facilities:

Assuming relatively short transmission line with substation facil-

ities required, for connection to existing AML&P transmission
system in Anchorage area.

Cost Estimate for Transmission Line: _
Transmission Line (allow 30 miles) @ $126,000/mile
Total Cost of Line Facilities = $3,780,000
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Cost Estimate for Substation Facilities:

Equipment $2,700,000
Contingency ' 203,000
Total Construction Cost $2,903,000
Eng'g., Legal & Overhead 377,000
TOTAL $3,280,000
Escalating @ 10% to 1979 Cost Level
Total 1979 Baseline Cost $3,608,000

Summary of Costs:

WO/FGD W/FGD
Coal-Fired Plant (104 MW) $134,160,000 $143,520,000
Transmission Line 3,780,000 3,780,000
Substation Facilities - 3,608,000 3,608,000
TOTAL $141,548,000 $150,908,000

Now applying Alaskan construction cost Tocation adjustment factor
from Table 6.3 P. 6.12 of Battelle Study Report:

From Healy to Anchorage - Location Factor = 1.7/2.42 = 0.70

Applying this factor, Total Costs $99,084,000 $105,636,000

or = $953/kW $1016/kW
Disbursements - $1000
Coal-Fired Plant (ANCH 11)

1979 Baseline Costs
Pre-Operational Year: % Total WO/FGD  W/FGD
Independent Interconnected

1. 1982 1987 2 1,878 2,009
2. 1983 1988 8 7,513 8,037
3. 1984 1989 30 28,174 30,139
4. 1985 1990 37 34,747 37,172
5. 1986 1991 20 18,783 20,093
6. 1987 1992 3 2,817 3,014

Associated Transmission Facilities

5. 1986 1991 20 1,034 1,034
6. 1987 1992 80 4,138 4,138
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Coal-Fired Uhit F2 (COAL F2) 100 MW in Fairbanks Area.

This unit will be required for both the independent and inter-
connected system expansions, with generation reserve sharing only.

However, with both reserve sharing and firm power transfer, it -

is replaced, together with COAL 5, by a 300 MW unit (COAL 6).

This unit will be very similar to ANCH 11, which in turn was
based on the Healy Unit 2 Plant, as reported by Stanley Con-
sultants. The unit costs will be incfeased proportionately,
to allow for the change of unit size from 104 MW to 100 Mw.
This has been economically scaled using the nomograph
(Figures D-1 and D-2) in this appendix.

For Generating Plant COAL F2:

Plant Cost Estimates: 1979 Baseline Cost Levels
Without FGD $120,000,000 or $1200/kW
With FGD $130,000,000 or $1300/kW

Associated Transmission Facilities:

Assuming a plant site location at or near Healy, the trans-
mission line and substation requirements are similar to those
required for Healy Unit 2. Reference Stanley Consultants
Review Report to GVEA, Appendix A, P. A-1:

Transmission Facility Costs:

1979 Cost Levels
(1.1 x 1978 Costs)

Transmission Substation

Line Facilities
Equipment and Material $15,510,000  $3,348,000
Contingency 465,000 100,000
Construction Cost '$15,975,000  $3,448,000
Eng'g., Legal & Overhead 2,455,000 102,000
TOTAL $18,430,000  $3,550,000
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Disbursements - $1000
Coal-Fired Unit (COAL F2):

1979 Baseline Costs

Pre-Operational Year: % Total WO/FGD  W/FGD
1. 1986 2 2,400 2,600
2. 1987 8 9,600 10,400
3. 1988 30 36,000 39,000
4. 1989 37 44,400 48,100
5. 1990 20 24,000 26,000
6. 1991 3 3,600 3,900

Associated Transmission Facilities:

5. 1990 20 4,400 4,400
6. 1991 80 17,580 17,580

Coal-Fired Unit 5 (COAL 5) 200 MW in Anchorage Area.

This unit will be required for both the independent and inter-
connected system expansions, with generation reserve sharing only.
However, with both reserve sharing and firm power transfer, it
is replaced, together with COAL F2, by a 300-MW unit (COAL 6).

The cost estimate for this generating plant was obtained by scaling
costs from a base reference of 100 MW to 200 MW, using the nomograph
(Figures D-1 and D-2) contained in this Appendix. Then Alaskan

construction cost location adjustment factors were used to determine

the cost relevant to the Beluga site in the Anchorage Area.
From Healy to Beluga - Location Factor = 2.75/2.42 = 1.14

For Generating Plant COAL 5

Plant Cost Estimates:

1979 Baseline Cost Levels ($1000)

Healy Site Beluga Site
Without FGD $165,000 or $825/kW $188,000 or $ 940/kW
With FGD $175,000 or $875/kW $200,000 or $1000/kW
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Associated Transmission Facilities:

Assuming a section of transmission line and substation facilities,
for connection to existing transmission system i1n Anchorage area.

Transmission Line (allow 50 miles) @ $174,000/mile
Total Cost of Line Facilities = $ 8,700,000
Substation Terminal at Knik Arm

3,545,000

Total Transmission Facilities $12,245,000

Disbursements - $1000

Coal-Fired Unit (COAL 5)

1979 Baseline Costs

Pre-Operational Year: % Total WO/FGD W/FGD
1. 1986 2 3,760 4,000
2. 1987 8 15,040 16,000
3. 1988 30 56,400 60,000
4. 1989 37 69,560 74,000
5. 1990 20 37,600 40,000
6. 1991 3 5,640 6,000

Associated Transmission Facilities:

5. 1990 20 2,450 2,450
6. 1991 80 9,795 9,795

Coal-Fired Unit 6 (COAL 6) 300 MW in Anchorage Area.
This unit will not be required either for independent or inter-

connected system expansion for generation reserve sharing only.

However, with reserve capacity sharing and firm power transfer,
it will replace both COAL F2 and COAL 5.

The cost estimate for this plant has been derived from the cost.

for the reference 100 MW plant, using the nomograph (Figures D-1
and D-2) contained in this Appendix. This enabled consideration

of economies of scale obtained when the unit capacity is changed

from 100 to 300 MW and the differential costs associated with the
two sites, according to the Alaskan construction cost location

adjustment factor, similar to that developed for COAL 5.
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Plant Cost Estimates:

1979 Baseline Cost Levels ($1000)

Healy Site Beluga Site
Without FGD $200,000 or $667/kW $228,000 or $760/kW
With FGD $240,000 or $800/kW $274,000 or $913/kwW

Associated Transmission Facilities:

Assuming a section of transmission line and substation facilities,

for connection to existing transmission system in Anchorage area.

Transmission Line (allow 50 miles) @ $240,000/mile

Total Cost of Line Facilities = $12,000,000
Substation Terminal at Knik Arm = 6,250,000
Total Transmission Facilities $18,250,000

Disbursements - $1000

Coal-Fired Unit (COAL 6)

1979 Baseline Costs

Pre-Operational Year: % Total WO/FGD W/FGD
1. 1986 2 4,560 5,480
2. 1987 8 18,240 21,920
3. 1988 30 68,400 82,200
4. 1989 37 84,360 101,380
5. 1990 20 45,600 54,800
6. 1991 3 6,840 8,220

Associated Transmission Facilities:

5. 1990 20 3,650 3,650
6. 1991 80 14,600 14,600
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10.

Coal-Fired Unit 2 (GEN 2) 300 MW at New Site in Anchorage Area.

This unit is required for both independent and interconnected

systems but in-service date postponed one year with intertie.

For Generating Plant COAL 6:

It is assumed that site will be near to previous plant location at

Beluga, in sufficient proximity to assume cost basis to be identical,
with difference only in the time frame for construction.

Cost estimate for plant and associated transmission facilities are
then identical to that for COAL 6. ‘

Disbursements - $1000

Coal-Fired Unit (GEN 2)

1979 Baseline Costs

Pre-Operational Year: % Total WO/FGD  W/FGD
Independent Interconnected
1. 1989 1990 2 4,560 5,480
2. 1990 1991 8 18,240 21,920
3. 1991 1992 30 68,400 82,200
4. 1992 1993 37 84,360 101,380
5. 1993 1994 20 45,600 54,800
6. 1994 1995 3 6,840 8,220

Associated Transmission Facilities:

S5. 1993 1994 20 3,650 3,650
6. 1994 1995 80 14,600 14,600
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D.3 DATA AND COST ESTIMATES FOR SUPPLY OF CONSTRUCTION POWER
TO UPPER SUSITNA PROJECT SITES

The requirements of the combined Railbelt area generation expansion, with
inclusion of both Watana and Devil Canyon power from the Susitna develop-
ment, schedules Unit 1 from Devil Canyon in January 1995, only 3 years
after the first unit goes on line at Watana Damsite. Assuming as a first
construction schedule that of the U.S. Army Corps of Engineers, the con-
struction periods are 6 and 5 years, respectively, for Watana earthfill
dam and the concrete arch dam at Devil Canyon. Thus, with the generation
staging of the plan for interconnection, the total construction period
would be 11 years, with pre-operational construction periods of 6 years
for Watana and 5 years for Devil Canyon. There would be concurrent con-
struction during 2 years.

Prior to the first unit on-line at Watana, construction power would be

required for 6 years at Watana and 2 years at Devil Canyon. It is assumed,

for purposes of analysis, that separate provision would need to be made
for the full construction power needs at both sites. From estimates by
the Consultants:

Connected Load

Watana 4000 kW (estimated at 3750 kW)
Devil Canyon 3400 kW (estimated at 3350 kW)

Operational Assumptions for Both Sites:

6 months/yr intensive operation @ 0.65 LF
6 months/yr Tight loading @ 0.30 LF

Corresponding to construction p1ann1ng assumptions of U.S. Corps of Engineers.

Figure 7-1 of Chapter 7 shows the recommended sites at Watana and Devil
Canyon for the Susitna development and the routing of the tap Tine to the
sites from the transmission tap station, located on the main transmission
corridor for the Anchorage-Fairbanks Intertie. The tap line can later be
used also for a subtransmission circuit for distribution in the area,

following the completion of the construction program.
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. 3

-

A.  Alterpative 1 - Cost of Construction Power by Diesel Generation

(This will constitute benefits for B/C analysis)

“Basic Assumptions:

1. Diesel units purchased for Watana will be used for a period of

6 years and then sold at depreciated value.

2. Diesel units purchased for Devil Canyon will be used for a period

of 5 years and then sold at depreciated value.

3. No provision will be made at Devil Canyon for tapping 230-kV
line from Watana once energized, due to prior purchase of

diesel units for construction power.

4. Diesel units will be installed in multiples of 675 kW net/unit.
- 6 units at Watana 4050 kW net capacity
- 5 units at Devil Canyon 3375 kW net capacity

From previous construction power estimates for diesel unit installations:
1979 Cost = $700/kw

Installation for Watana construction power units would be made in 1985,

ready for service in January 1986.
Escalating @ 7% through 1985 - Cost Level = $1050/kW.

Installation for Devil Canyon construction power units would be made in

1989, ready for service in January 1990.
Escalating @ 7% through 1989 - Cost Level = $1377/kW.

Cost of Diesel Installations:

il
I

Watana $1050 x 4050
Devil Canyon = $1377 x 3355

$4,252,500
$4,647,375

|
i

This capital investment would be disbursed in 1985 and 1989, respectively,
for Watana and Devil Canyon.
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Cost of Diesel Operation During Construction

Basic Assumption: Maximum Coincident Demand = Connected Load

This, incidentally, introduces a measure of maximum Toading which tends to
compensate for an injtial lower estimate of construction power requirements

by a factor equivalent to projected diversity.
Average Energy Usage Per Year:

Watana 3750 (0.65 + 0.30) 3789 \wh = 15,603,750 kkh

2
Say 15.60 GWh/yr for 6 yrs.

Devil Canyon 3350 (0.65 + 0.30) 8760 kwh = 13,939,350 kWh
2

Say 13.94 GWh/yr for 5 yrs.

Operating Characteristics of Diesel Units:

Fuel Rate Assumed - 13 kWh/gal (diesel fuel)
Base Price for Diesel Fuel - 41.2 ¢/gal (1977 actual)
Plus 5% Allowance for Lube Qi1 ~ 43.3 ¢/gal

To be escalated @ 11% to 1980 and 7% thereafter.
0&M for diesel units estimated at 5% of total cost of incremental generation.

Year Watana Dam Year Devil Canyon

1986  $1,118,500

1987 1,198,100

1988 1,280,800

1989 1,371,200

1990 1,468,000 1990  $1,311,800

1991 1,569,400 1991 1,402,400
1992 1,501,300
1993 1,607,300
1994 1,708,800
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DIESEL GENERATION OPERATING COSTS

Diesel Fuel Including Lube 0il 0&M Total Operating Cost

Year ¢/gal mi11s/kWh (mil1s/kwh) (mills/kWh)
1977 43.3 33.3 1.7 35.0

- 1978 48.1 37.0 1.9 , 38.9
1979 53.3 41.90 ' 2.1 43.1
1980 59.2 45.5 2.3 47.8
1981 63.3 48.7 2.4 _ 51.1
1982 67.8 52.2 2.6 : 54.8
1983 72.5  55.8 2.8 58.6
1984 77.6 59.7 3.0 62.7
1985 83.0 63.8 3.2 67.0
1986 88.8 68.3 3.4 ' 71.7
1987 95.1 73.2 3.6 76.8
1988 101.7 78.2 3.9 82.1
1989 108.8 83.7 4.2 87.9
1990 116.5 89.6 4.5 94.1
1991 124.6 95.8 4.8 100.6
1992 133.3 102.5 5.2 107.7
1993 142.7 109.8 5.5 115.3
1994 152.6 117.4 5.9 123.3
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Depreciated Value of Diesel Units:

Basic Assumption of 15-Year Service Life.

Assume Straight-Line Depreciation

1. Watana Installation

1l

Installed Cost {(new)

Depreciation/Year

$4,252,500 (1985)
283,500
Depreciated Value (1991) 6-Year Period =

1l

$2,551,500

2. Devil Canyon Installation

Installed Cost (new)
Depreciation/Year

$4 647,375 (1989)
309,825
Depreciated Value (1994) 5-Year Period =

$3,098,250

Discounted Value of Benefits (Diesel Generation Alternative)

Base Year 1979 (Discounted @ 7%)

Construction Operating Total Cost Present Value
Year PWF' Cost ($) Cost (%) ($) ($)
1979 1.00000
1985 0.66634 4,252,500 4,252,500 2,833,611
1986 0.62274 1,118,500 1,118,500 696,535
1987 0.58200 1,198,100 1,198,100 697,294
1988 0.54393 1,280,800 1,280,800 696,666
1989 0.50834 4,647,375 1,371,200 6,018,575 3,059,482
1990 0.47509 | 2,779,800 2,779,800 1,320,655
1991 0.44401 -2,551,500 2,971,800 420,300 186,617
1992 0.41496 1,501,300 1,501,300 622,979
1993 0.38781 1,607,300 1,607,300 623,327
1994 0.36244 -3,098,250 1,718,800 -1,379,450 -499,968
TOTAL Pw' 10,237,198

(- sign denotes assumed resale value)
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B. Alternative 2 - Cost of Construction Power by Temporary Tapline

(This will represent costs for B/C analysis)

Basic Assumptions:

1.

Same loading conditions and time frame as per Alternative 1.
Sequence of temporary construction as per previous assumptions.

Reuse of substation equipment possible after construction program
completed but no salvage value on line material. (Note: Possible
reuse as distribution line to recreational areas.) Assume resale

value of substation equipment to be depreciated value based on
25-year life of facilities.

Cost of power based on wholesale rates in Railbelt area.

From previous estimates for line and substation facilities:

Construction Costs:

69-kV subtransmission line - $3,200,000 (1985 level)
Susitna tap station + Watana substation facilities
Baseline cost level = $26.50/kVA (1979)

Escalating @ 7% to 1985 (6 yrs)

Construction Cost = $40/kVA (1985)

Total Construction Cost = $400,000

69/4.16 kW, 5 MVA, Substation at Devil Canyon (1979 levels)
Transformer - $45,000 fob factory (Virginia)
Allowing 5% for shipping and handling, etc.

At jobsite cost = $47,250

Fused Disc. Sw. = 2,750

Structure, Conc, pad, etc. = 5,000

TOTAL $55,000
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Construction Costs:

Equipment 60% $55,000

Labor 30% 28,000
Design 10% 9,000
TOTAL $92,000 or $18.4/kVA (1979)

Substation would be installed in 1989.
Escalated at 7% from 1979 levels.

$36.2/kVA
$181,000

1989 Construction Cost
Total Construction Cost

0&M For Temporary Construction Power Line Maintenance

69 kV Wood Pole line - Approximately 40 miles long (11 + 29 M)

Total 0&M
Year $/M Costs ($)
1986 330 13,200
1987 345 13,800
<< 1988 360 14,400
40 M Total 1989 380 15,200
1990 400 16,000
L 1991 420 16,800
1992 440 12,800
29 M Total 1993 460 13,300
1994 485 14,000

Note: That due to overlap in construction schedules for Watana and Devil
Canyon the capacity of the Susitna tap station will need to be

doubled by addition of second 5 MVA transfer. This will be moved
to spares inventory after 2 years.
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Cost of Construction Power Supplied over Temporary Line Facility

Based on information from RWRA 2/1/79
Wholesale rates for Railbelt area, with combination of Susitna

Hydropower and Targe coal-fired plant feeding interconnection.

Wholesale Rate Cost of Energy (mills/kWh)

Year Rate of Change {mills/kWh) Bus-Bar  Substation
1979 17 Note: 1977 Cost lLevels
1980 10% 18

1981 :}> 20

1982 22

1983 24

1984 1 8% 26

1985 28

1986 30 27.3 30.2
1987 — 32

1988 Y 34

1989 37

1990 . - 7% 39 31.0 33.5
1991 42

1992 _/ 45

1993 47

1994 5% 50

1995 33.2 36.6

2000 36.2 39.1
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Conversion of Total Energy Rate to 2-Part Tariff

Aésumption: 100 MW Power Transfer at 0.6 LF is 525.6 GWh/yr.

Total Revenue  50/50 Revenue From: Equivalent Tariff

Bulk Rate for Bulk Rate Demand Energy Demand Rate Energy Rate

Year  (mills/kWh) ($1000) ($1000)  ($1000) ($/kWh)  (mills/kWh)
1979 17 8,935.2 4,467.6 74.5 8.5
1980 18 9,460.8 4,730.4 78.8 9.0
1981 20 10,512.0 5,256.0 87.6 10.0
1982 22 11,563.2 5,781.6 96.4 11.0
1983 24 12,614.4 6,307.2 105.1 12.0
1984 26 13,665.6 6,832.8 113.9 13.0
1985 28 14,716.8 7,358.4 122.6 14.0
1986 30 15,768.0 7,884.0 131.4 15.0
1987 32 16,819.2 8,409.6 140.2 16.0
1988 34 17,870.4 8,935.2 148.9 17.0
1589 37 19,447.2 9,723.6 162.1 18.5
1990 39 20,498.4 10,249.2 170.8 19.5
1991 42 22,075.2 11,037.6 184.0 21.0
1992 45 23,652.0 11,826.0 197.1 22.5
1993 47 24,703.2 12,351.6 205.9 23.5
1994 50 26,280.0 13,140.0 219.0 25.0

Allow 5% adder for line and substation losses - assume the resulting rates are
applicable to price construction power.
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Cost Estimate for Construction Power

Assuming same loading as for diesel generation alternative.

1. Watana Damsite (3750 kW, 15.6 GWh/yr)

Demand Rate Energy Rate Construction Power Costs
Year ($/kW) {(mil1s/kwh) Demand ($) Energy ($) Total (%)
1986 138.0 15.8 517,500 246,480 763,980
1987 147.2 16.8 552,000 262,080 - 814,080
1988 156.3 . 17.9 586,125 279,240 865,365
1989 170.2 19.4 638,250 302,640 940,890
1990 179.3 20.5 672,375 319,800 992,175
1991 193.2 ‘ 22.1 724,500 344,760 1,069,260

2. Devil Canyon Damsite (3350 kW, 13.94 GWh/yr)

Demand Rate Energy Rate Construction Power Costs
Year ($/kw) (mills/kWh) Demand ($) Energy ($) Total ($)
1990 179.3 20.5 600,655 285,770 886,425
1991 193.2 22.1 647,220 308,074 955,294
1992 207.0 23.6 693,450 328,984 1,022,434
1993 216.2 24.7 724,270 344,318 1,068,588
1994 230.0 26.3 770,500 366,622 1,137,122
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Depreciated Value of Substation Facilities

Basic Assumption of 25-Year Service Life

Assume Straight Line Depreciation

1. Watana Substation
Installed Cost (new)

$ 27.6/kvA (1985)

$138,000

$ 5,520

$104,880 (1991) (6-year period)

Depreciation/Year
Depreciated Value

It

H

2. Devil Canyon Substation
Installed Cost (new)

$ 36.2/kvA (1989)

$ 181,000

$ 7,240

$ 144,800 (1994) (5-year period)

Depreciation/Year

I

Depreciated VYalue

3. Susitna Tap Station/Watana Bus Tap
Installed Cost (new) $ 262,000 (1985)
Depreciation/Year $ 10,480

$ 167,680 (1994) (7-year period)

I

Depreciated Value

To transfer 5 MVA facility from Susitna Tap to Watana.

Cost of removal and transfer = $30,000 (1991)

Cost of second 5 MVA step-down facility at Susitna tap.

In 1989 for Supplementary power to Devil Canyon = $343,400

Depreciated value after 2 years = $315,900
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Discounted Value of Costs (Sub-Transmission Tapline Alternative)

Base Year 1979 (Discounted @ 7%)

Construction Cost of Power Total Cost Present Value
Year PWF' Cost (%) 0&M (%) ($ &) &3]
1979  1.00000
1985  0.66634 400,000 400,000 266,536
1986  0.62274 13,200 763,980 777,180 483,981
1987  0.58200 13,800 814,080 827,880 481,826
1988  0.54393 14,400 865,365 879,765 478,531
1989  0.50834 524,400 15,200 940,890 1,480,490 752,592
1990 0.47509 16,000 1,878,600 1,894,600 900,106
1991  0.44401 -390,780* 16,800 2,024,554 1,650,574 732,871
1992  0.4149 12,800 1,022,434 1,035,234 429,581
1993  0.38781 13,300 1,068,588 1,081,888 419,567
1994  0.36244 -312,480 14,000 1,137,122 838,642 303,957
TOTAL PW! 5,249,548

* Including one-time cost of transfer of tap facilities
and resale value of 5-MVA substation.

B/C Ratio for Construction Power Supply by Tapline.

B/C Ratio = Discounted Cost of Diesel Generation Alternative
Discounted Cost of Tapline Alternative

|

]

10,237,198

o ol B

5,249,548

1l

1.95
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INPUT COST DATA FOR ECONOMIC ANALYSIS

DERIVATION

OF

TO OBTAIN

BASELINE COSTS ASSOCIATED WITH THE TWO CONSTRUCTION POWER ALTERNATIVES

Alternative I

Diesel Generation

Year 7% Deflator
1979 1.00
1980 1.07
1981 1.14
1982 1.23
1983 1.31
1984 1.40
1985 1.50
1986 1.61
1987 1.72
1988 1.84
1989 1.97
1990 2.10
1991 2.25
1992 2.41
1993 2.58
1994 2.76

Escalated Deflated
4,252,500 2,835,000
1,118,500 694,720
1,198,100 696,570
1,280,800 696,090
6,018,575 3,055,110
2,779,800 1,323,710

420,300 186,800
1,501,300 622,950
1,607,300 622,980

-1,379,450  -499,800
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Alternative II
Tapline Supply

Escalated Deflated
400,000 266,670
777,180 482,720
827,880 481,330
879,765 478,130

1,480,490 751,520

1,894,600 902,190

1,650,574 733,590

1,035,234 429,560

1,081,888 419,340
838,642 303,860
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SUMMARY

BASELINE COSTS (1979)

ASSOCIATED WITH TWO CONSTRUCTION POWER ALTERNATIVES

Year

1985
1986
1987
1988

1989

1990
1991
1992
1993
1994

1/ Negative sign indicates net resale value predominates over costs.

$1000 (1979)

(Independent)

Diesel

Generation

2,835
695
697
696

3,055

1,324
187
623
623

-500L/

D - 37

(Interconnected)
Tapline

Supply

267
483
481
478
752
902
7134
430
419
304



D.4 ALTERNATIVE GENERATING PLANT FUEL COSTS

The year-by-year analysis of comparative fuel costs follows:

A. First Period (1984-87) - Firm Power Transfer of 30 MW, 145 GWh

Year Interconnected System Expansion Independent System Expansion

1984 The number and type of generat- Each independent system would
ing plants is identical to that be supplied by operational
for each system operating inde- units on basis of economic
pendently. dispatch to meet individual

area needs.

The determination of relative economic advantage to either
system, of a firm power transfer, would require a detailed
analysis, necessitating production costing of economically
dispatched units for the Anchorage and Fairbanks systems. It
is a reasonable measure to delete the comparison of marginal

advantages accruing for this year of operation.

1985 ANCH 9 - 78 MW SCGT is added to = Two units are required in
AML&P system, obviating the Anchorage area, ANCH 9 -
need for both NORT 3 and BELU 9. 78 MW SCGT and BELU 9 -

71 MW RCGT, together with
NORT 3 - 69 MW SCGT unit at
the Northpole Station in
Fairbanks.

As a first approximation, the relative generation cost advan-
tage may be determined by estimating the respective fuel costs
associated with the generation of 145 GWh of energy by either
ANCH 9 or NORT 3, taking into consideration different primary
fuel costs and thermal efficiencies. The unit ratings are
sufficiently close to justify this analytical approach, on the
basic assumption that equivalent energy would be generated
during the year by the two units. An adjustment would then

be made to allow for the differential cost of supplying line

losses in the transmission intertie, which would amount to
1.5 Gwh/yr.

D - 38



~

{

1

T

Comparative Fuel Costs:

1/
2/

ANCH 9 - /8 MW SCGT

From Battelle Report (see Figure D-3)
See Figure D-1

Trend Curve for HR8444 New Gas

with 8% inflation and escalation

1985 Fuel Cost $3.60/MBTU

Net Heat Rate 14,500 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

ACF @ 0.21 PCFZ’ = $3.60 x 145 x 14,500
$7.569 000

i

]

i

NORT 3 - 69 MW SCGT

From Stanley Consultants Report P. 21
1978 Fuel Cost = $1.98/MBTU
Escalating @ 10% per yearl/:

1985 Fuel Cost = $3.86/MBTU

For distillate from North Pole refinery
From Table 6, P. 22:

Net Heat Rate = 15,130 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

ACF @ 0.24 PCFY = $3.86 x 145 x 15,130

= $8,468,000

The total cost comparison is in favor of ANCH 9 generation to supply Fairbanks.

Total cost of generation, including loss component = $7,648,000.

1986 BELU 9 - 71 MW SCGT is added
to CEA system, the inter-
connection having served to

delay the in-service of the

combustion turbine by one year.

It is assumed that this unit
will be operated for supply to
CEA system only during first

year of operation.

ANCH 10 - 104 MW coal-fired

plant is added to AML&P

system for both independent

and interconnected system

KNIK A - 15 MW
thermal power plant (CEA) is also

expansions.

retired from both expansions.

The relative economic advantage is attributable to the fuel cost

differential between distillate for NORT 3 generation and Beluga

gas for generation by either ANCH 9 or BELU 9.

Selecting ANCH 9

as in the previous analysis for 1985:

7% inflation + 3% escalation.

PCF = Plant Capacity Factor.
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Comparative Fuel Costs:

ANCH 9 - 79 MW SCGT NORT 3 - 69 MW SCGT

1986 Fuel Cost = $4.00/MBTU 1986 Fuel Cost = $4.25/MBTU
Net Heat Rate = 14,500 BTU/kWh Net Heat Rate = 15,130 BTU/kWh
Annual Cost of Fuel (ACF) Annual Cost of Fuel (ACF)

to generate 145 Gwh: to generate 145 GWh:

ACF @ 0.21 PCF = $8,410,000 ACF @ 0.24 PCF = $9,324,000

The cost comparison is once again in favor of ANCH 9 generation to supply
the equivalent amount of energy over intertie, as would otherwise be
generated locally in Fairbanks.

Total cost of ANCH 9 generation, including transmission loss = $8,498,000.

1987 This is the first year of operation of COAL 1 - 200 MW coal-fired
plant on the Anchorage system. As this would be the first year
of operation for the first major coal-fired plant in the Railbelt,
for either independent or interconnected expansions, it would
be thus common to the two alternatives. The relative cost
advantages would then again be determined by consideration of
the relative generation cost for ANCH 9 and NORT 3.

Comparative Fuel Costs:

ANCH 9 - 79 MW SCGT NORT 3 - 69 MW SCGT

1987 Fuel Cost = $4.25/MBTU 1987 Fuel Cost = $4.68/MBTU

Net Heat Rate = 14,500 BTU/kwWh Net Heat Rate = 15,130 BTU/kWh
Annual Cost of Fuel (ACF) Annual Cost of Fuel (ACF)

to generate 145 GWh: to generate 145 GWh:

ACF @ 0.21 PCF = $8,936,000 ACF @ 0.21 PCF = $10,267,000
Total cost of ANCH 9 generation, including transmission loss = $9,029,000.
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B.  Second Period (1992-96) - Firm Power Transfer of 70 MW, 337 GWh

Year Interconnected System Expansion Independent System Expansion

1992 ~Interconnected operation obvi- COAL 5 would have to be added
ates the need for COAL 5 - 200 to Anchorage system and COAL
MW unit in Anchorage area and F2 to Fairbanks.

COAL F2 - 100 MW unit in Fair-
banks area. Comparable genera-
tion is maintained by COAL 6 -
300 MW unit in Anchorage area.

Comparative economic advantage is determined by relative magnitude
of fuel costs, for either COAL 6 or COAL F2, to dgenerate same

energy.

Comparative Fuel Costs:

e COAL 6 - 300 MW e COAL F2 - 100 MW

From Battelle Report (see Figure D-4)

Fuel Cost in 1992 ‘ $2.60/MBTU $1.90/MBTU
Net Heat Rate 9,500 BTU/kWh 10,700 BTU/kWh
ACF to generate 337 GWh $8,324,000 $6,851,000

The comparative advantage in this case moves to the use of Healy coal. However,
as with interconnection, the unit COAL F2 will be eliminated in favor of the
economies of scale associated with the COAL 6 unit. Without production Costing,
it is not possible to determine the overall economic advantage of introducing
COAL 6, so for present analysis it is assumed that no economic energy transfer
is possible. However, as a first approximation, the fuel costs for this year

will be entered into economic analysis to consider the effect of the differential.
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1993 ANCH 11 - 104 MW coal-fired unit PEAK Al - 78 MW combustion
added to AML&P system in this turbine in-service from beginning
year for interconnected ex- of year, for independent ex-
pansion, after an interval of pansion of Anchorage system.

five years following the in-
service date for same unit with
independent expansion. PEAK Al -
78 MW combustion turbine also in-
service from beginning of year.

Of interest in this year is a comparison between the cost of
energy generation for ANCH 11 and COAL F2 using the same source
of fuel, Healy coal. Thus, the relative advantage of either
generating at the existing plant site at Healy or in the vicinity
of Anchorage may be examined for similar capacity units having
the same thermal efficiency, to determine the economies of

energy transfer by intertie.

Comparative Fuel Costs:

o ANCH 11 o COAL F2

Cost of Healy coal in 1993 $2.4/mpTUY $2.00/MBTUZ/
Net Heat Rate 10,700 BTU/KWh 10,700 BTU/KWh
ACF to generate 337 Gih $8 654,000 $7,212,000

Once again the comparative advantage lies with the generation of energy at the Healy
site. However, with interconnection the need for COAL F2 disappears in favor of

the economies of scale attendant on COAL 6. It may be noted that the cost differ-
ential in favor of Healy disappears if the COAL F2 site would be moved away from
Healy for environmental reasons to say Nenana. In this case, the cost of generation
would be approximately the same whether coal were transported either to Anchorage

or Nenana, as the transmission Tloss, associated with ANCH 11 (104 MW) generation

and transfer over the intertie, would be compensated for by the slightly higher

heat rate to be expected with the 100 MW unit of COAL F2.

1/ Delivered to Anchorage plant site.

2/ Delivered to Healy plant site.
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1994 As GEN 1 - 300 MW coal-fired generating plant added for both
independent and interconnected system expansions, the previous
combination of ANCH 11 and COAL F2 can again be examined to

determine the'differentia1 cost of fuel.

Comparative Fuel Costs:

e ANCH 11 e COAL F2
Cost of Healy coal in 1994 $2.5/MBTU $2.2/MBTU
(Minemouth Generation, FOB Tipple)
Net Heat Rate 10,700 BTU/kWh 10,700 BTU/kWh
ACF to generate 337 GWh $9,015,000 $7,933,000

It may be noted that due to divergence of fuel cost trends after 1993, for coal
delivered to either Anchorage or Nenana, rather than minemouth, the economic ad-
'vantage moves progressively towards generation at an Anchorage location, with
transfer of the equivalent energy over the intertie. - However, in 1994, it is

possible to transmit energy generated economically at Healy to Anchorage over
the intertie.

Total cost of COAL F2 generation, including transmission loss = $8,016,000.

1995 COAL F3 - 100 MW coal-fired GEN 2 - 300 MW coal-fired plant
plant is introduced to the is introduced to the Anchorage
Fairbanks area and PEAK A2 - area with independent system
78 MW combustion turbine is expansion but the 78 MW com-
added to the AML&P system. bustion turbine PEAK A2 is not
Interconnection results in the required in addition to the
postponement by one year of large coal-fired plant. COAL F3
the 300 MW GEN 2 in the is added to the system in the
Anchorage area. Fairbanks area.

As COAL F3 is common to both the independent and interconnected
systém expansions, it is of interest whether the gas-fired PEAK A2
in Anchorage could economically displace the equivalent energy
generated by the coal-fired unit COAL F3 in the Fairbanks area,
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Comparative Fuel Costs:

s PEAK A2 e COAL F3
Cost of New Gas in 1995 $7.70/MBTU
(HR 8444 - 8% infl. + esc.)
Cost of Healy Coal in 1995 $2.40/MBTU
(Minemouth Plant, FOB Tipple)
Net Heat Rate 14,500 BTU/kwh 10,700 BTU/kWh
ACF to generate 337 GWh $37,626,000 $8,654,000

There is a definite economic advantage to coal generation at Healy and energy

transfer over the intertie to displace gas-fired generation in Anchorage.

Total cost of COAL F3 generation, including transmission loss = $8,745,000.

1996 GEN 2 - 300 MW coal-fired PEAK A2 - 78 MW combustion
plant is introduced to the turbine is introduced to the

Anchorage area, the inter- AML&P system in Anchorage.

connection serving to post-
pone its in-service date by
one year.

In this final year of analysis, it is of interest to compare the
relative economic advantages of coal-fired generation at either
the Fairbanks (Healy) or Anchorage (Beluga) sites.

Comparative. Fuel Costs:

e GEN 2 o COAL F3
Cost of Beluga Coal in 1996 $3.3/MBTU
Cost of Healy Coal in 1996 2.5/MBTU
Net Heat Rate 9,500 BTU/kWh 10,700 BTU/kWh
ACF to generate 337 GWh $10,565,000 $9,015,000

Once again it is more economical to generate in the Fairbanks area and transfer
energy south over the intertie to Anchorage.

Total cost of COAL F3 generation, including transmission loss = $9,109,000.
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FIGURE D-1

Nomooram calculates
CCONON Y Ol Scale

N power plants

By JAMES McALISTER, Arkansas Power & Light Co.

Historically, the per unit cost of
larger power plants has been less
than that of smaller plants. The
proportionality was examined in
some detail in the article “Economy
of Scale in Power Plants” in the
August 1977 issue of POWER ENGI-
NEERING Magazine, p. 51.

The basic equation is:
(Ci/Cp) = (MW,/MW,)®

Where:

C,- coslt of plant 1

C, cost of plant 2

MW, capability of plant 1

MW, capability of plant 2

For many years, this proportionality
factor averaged about (.6, which led
to the so-called "Six-tenths Power
-Law.” However, as explained in the
article referred to above, extended
project schedules and inflation
cause the factor to increase

This nomogram solves the equation
and permits a cost comparison of
ptants of different sizes. It assumes,
of course, that they are essentially
identical in construction technidue,
design and time frame, and that the
only significant difference is in size.

Example: A 200-MW plant can be

“built for $200 million. Find the cost of

a similar 1000-MW plant.

Solution: (1) Connect unit ratings of
200 MW and 1000 MW on the MW,
and MW, scales, and mark intersec-
tion with Reference Line X. (2} Align
this point with assumed scaling fac-
tor P = 0.6 and extend to cut
Reference Line Y. (3) Connect this
peint with 0.2 on C, scale and extend
to C, scale. Read answer as $0.53
billion. END

To obtain an extra copy ot this article,
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FIGURE D-2

Mengawiitt capabifity

MW MW
T°1500 100
%E‘ 1000

REFERENCE LINE

i

bermbomreefomraredrend
LI e 20 e 400 4

Bitlions of dollars

REFERENCE LINE

P
Cy /MWQ
C1 MW 4
Moevawatt capabniity Billions ol dollars
MW, MW Cy
1500 T100

¥ 1000 1
]E izoo

t

s (V1)
z

T7500
T w
+400 2
- (V¥)
o

300 &
oc

{

bpd gt

REFERENCE LINE




AVER. REFINERY
CRUDE Ol ACQ.

PRICE ~__

/- 5% INF.®

FPC 770A
FPC AK. PWR. NEW GAS®

1.0—

$/mm Btu

ALASKA PIPELINE
WELL HEAD™

> /
BELUGA/CHUGACH

P
L WITH PALNG®

ANCH. MUN. LT.
AND POWER®

BELUGA/CHUGACH
ABSENT PALNG"O
- N s 1

o |
v
POSSIBLE LIFE
BELUGA FIELD

0.1 ! ] | ! | |

B ISER A
- RAIL BELT2
l—
5 HR 8444 NEW GAS™
8% INF. & ESC.
— 5% INF.
/ HR 8444 OLD GAS

NEW CONTRACTS

RW RETHERFORD
ANCHORAGE®

COMMITTED RESERVES

70 75 80 85 90 95 2060
YEAR

ESTIMATES OF FUTURE NATURAL GAS PRICES

FIGURE D-3

(Source: Battelle Final Report ‘Alaskan Electric Power, March 1978/Figure 6-6)
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(Source: Battelle Final Report ‘Alaskan Electric Power’, March 1978/Figure 6-7)

FIGURE D-4
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2% AUGUST

DISCOouUNT
RATE
5,00
8.25

B.50

6.75
Q.00
9,25
G.50
9,79
10.00
10,25
10.50
tu./75
11,400
11.2%
11.50
11.75
12.00

DISCOONT
RATE
H,Nna
8.2%
B.50
8,175
9.00
9,29
9.50
9. 7%
10,00
10,25
16.50
10.7%
REERAY
11.25
11.50
11.7%
12,00

ey, ule
239, 365

234,394

229,556
224,347
220,208
21%,798
211,451
207,217
205,09%
199,076
195,162
141, 5L8
187,631
184,008
180,476
177,035

T W R PV e T e W e W R D A MY A W S W

253,560
228,191
222,980
217,922
21%,011
208,242
2u3,610
199,112
194, 74%
190,497
1?’5(‘13{5
tne, 3o
178, 169
174,682
171,000
lel,421
163,941

ALASKA POWRER AUTHORITY

ANCHORAGE

- FAIRBANXS INTERTIE
~_ECONOMIC FEASIBILTTY STUDY

DISCOUNTED VALUE UF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

3%4,109
346,235
334,981
331,149
323,904
316,R68
31¢,024
333, 364
296,842
290,591
2R, 461
27K,H494d
212,087
267,034
fel,5%30
296,172
250,953

VDISCOUNTED VALUE QF

===z

351,674
343,033
334,051
326,528
318,010
311,060
303,542
296, 385
fBY,u01
282,623
2Te,uits
209,656
2b3%,u55
257,434
251,587
24%,908
200,392

TABLE 8-1

IN $1000
e mmmd e m————— ————————— ESCALATION RATES=-ewmwcmeecccccmcrare—n=—- cmmdm—es o=
5% 6% 7% 82 9% 10% 11% 12%
388,978 427,474 469,977 516,903 568,712 625,909 689,048 758,736
580,203 417,69% 459,079 504,760 555, 1841 650,84%9 672,263 740,046
371,675  408,19% 448,493 492,967  S42,04B 596,209 655,972 721,910
3n3, 3806 398,960 43R, 209 481,913% 529,292 582,005 640,159 704, 309
355, 3248 389,987 428,217 a7e, 386 516,903 568,213 624,304 6B7,225
547,498 381,266 413,507 459,576 S04,870 554,820 609,903 670,641
539,378 372,787 449,070 449,073 493,181 S41,812 595,439 a%4,541
332,471% 364,545 399,897 43xn, 867 unl, 824 529,177 581,375 638,909
325,201 356,530 390,981 428,947 ufu, 789 516,903 567,724 625,729
314,259 348,736 B2, 312 419, 505 460,066 504,978 554,464 608,986
311,443 341,156 375,883 499,932 a49,044 493,390 S41,581 594,667
304,810 583,743 365,56H6 4p¢,820 439,513 482,129 529,065 580,797
296, 357 326,611 357,714 391,959 429,665 471,188 516,903 567,244
292,076 319,632 349,960 383,343 420,091 460,54de 505,084 554,114
2A5,963% 312,842 342,417 374,963 410, 781 450,204 493,596 541,355
2RU, 13 506,234 355,078 366,811 401,728 a40,149 B2, uz29 928,955
27,220 299,802 327,9%6 356,882 ° 392,923 430,372 471,574 516,903
BASE YEAR (1979) INTERCONMMECTED SYSTEM COSTS
IN $1060
CSCALATION RATES==memneccccncne-- P e el L L
S% 6% 7% 8% 9% 10% 117% 12%
399,188 433,136 481,019 534, 3R9 593%,48%9 660,108 733,874 R15,988
389, 460 422,186 468,694 520,531 578,278 bu2, 594 714,202 793,899
371,028 411,573 Uséh4, 758 Su7,104 S63%, 184 625,653 695,151 772,510
fot,A83 401,284 445,180 494,092 548,560 609,207 676,699 751,797
353,015 391, 309 435,909 4B1,d482 534, 389 593,284 658,829 731,736
Iqd,d14 3at,636 423%,094 469,260 520,656 577,860 641,509 712,304
336,072 372,257 412,551 us7,41¢2 507,346 562,914 624,731 693,479
527,980 363,160 a02, %27 445,925 494, 4d4s 548,429 08,474 675,241
320,129 354, 33%6 392,412 434,788 481,938 534,389 592,720 657,569
312,511 345,776 3n2, 7196 423,988 469,812 520,779 577,450 U0, d44
305,118 537,471 173,408 413,513 458,054 507,585 562,649 623,847
297,943 329,412 la4,418 403, 354 416,652 494,792 548,300 607,760
290,979 321,592 355,638 393,499 445,593 482,380 S34, 389 592,166
284,218 314,002 347,119 383,938 u2d,bel 470,355 920,900 577,048
277,054 306,634 338,851 374,661 414,461 458, 686 507,819 562, 589
271,241 299,482 330,826 365,659 404,365 auai, 367 499,132 548,174
265,091 292,558 323,030 350,923 394,569 436,386 482,827 534,389
. - | B TR | 3y 2 | g | y 3
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23 AayGust 79 ALASKA POWER AUTHORITY
ANCHORAGE = FAJRBANKS INTFRTIE
ECONOMIC FEASISILITY STUDY¥
CAPITAL DISBURSEMENTS ____FUEL COMPONENT OF OPERATING COSTS
IN $1000 FOR IN $1000 FOR
ALTERNATIVE SYSTEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
"INDEPENDENT INTERCONNECTED ~ INDEPENDENT INTERCONNECTED
CUSTS = $79 . COS1S = $79 ESCALATED $ ESCALATED &
1979
1930
o I L= 1.5 SA - . Ca,001 3
196¢ 2,009 14,228
1983 26,6066 46,967
1984 81,942 11,515 .
1945 37,172 32,062
19486 21,127 492
- B 1947 7,152 2,472
1988 7,555 . 8,473
1959 23,110 30,549
. 19Y0 21,920 _ 43,03%8
1991 82,200 43,411
m 1992 101,360 AY, 694
VI R 1993 58,450 108,723
w 1994 29,840 75,134
1995 L6, 380 23,106
199 21 -
1997 254
o ADDITINONAL DISBURSEMENTS . SUSITNA CONSTRUCTION POWER COSTS
IN $1000 FOR IN $1000 FOR
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY
INDEPENDENT INTERCONNECTED DIESEL GENERATION INTERTIE TAPLINE
COSTS - $79 COSTS = $79 COSTS = $79 COSTS = §79
- 1979 :
1980
1981
w82
1983
1984
1985
1986
1947
1988 L
1989
1990
D 1991
1992
1993
14994q
199%
1996

1997

TABLE B~}

ey



23 AUGUST 79

DISCOUNT
RATE
4,00
5.25
.90
.79
9. 00
9.05
9.90
9.7%
10,00
10,725
1u,.50
10,75
11,00
11.25
11.50
11,75
12.00

T DISCOUNT

RATE
8,00
8,25
8,50

8,75
9,00
9.25
9,50
.75

fo,00

10,25

19,50

10,79

11,00
11.25
11.50

1179
12.00

ALASKA POWER AUTHORITY
ANCHORAGE = FAJRBAMKS INTERTIE
CECUNUMIC FEASIBILITY STuDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE B8-1X

In 31000
B ettt L LD e e it bl ESCALATIUN KATES===ccccec==- D bl -
0z 4z SZ 6% 7% B% 9% 10% 11% 12%
244,472 354,109 388,978 427,474 469,977 516,903 568,712 625,909 689, 048 758,736
2594565 346,235 340,203 417,69% 459,079 504,760 555,184 610,839 672,263 740,046
254,394 333,581 371,675 406,193 448,493 432,967 542,048 596,209 655,972 721.910
229:550 331,140 363, 3806 398,960 433,209 481,513 529,292 582,005 6d0, 159 704,309
224,847 323,904 355, 328 389,987 423,217 470, 586 516,903 568,213 624,808 687,225
220,262 3lo,B686 347,495 381,266 418,507 459,576 S504,87v 554,820 609,903 670,641
21%,7494 310,024 339,878 372,787 409,070 449,073 493,181 541,812 595,430 654,541
21,451 303,368 332,471 304,545 399,897 438,867 481,824 529,177 981,375 638,909
eul.217 296,592 325,207 350,530 390,981 y2u,947 470,789 51e,903 507,724 623,729
205,093 290,591 318,259 348,736 382,312 419,305 460,066 504,978 554,464 608,986
199,476 28, b0] 311,443 341,150 373,883 409,932 449,044 493,390 541,%81 594,667
195,162 276,454 304,810 335,783 365,686 400,820 439,513 ugz2,129 529,005 580,757
191,348 272,687 2948, 357 320,611 357,714 391,959 429,065 471,18% 516,903 567,244
187,051 267,034 292,076 319,032 349,900 38%,343 420,091 460,546 595,084 554,114
1R4,008 2ol1,530 285,963 312,842 3u2,417 574,963 430,781 450,204 493,590 541,3%5
180,476 256,172 280,013 306,234 335,078 366,811 401,728 440,149 482,429 528,955
177,053 250,953 274,22V 299,8u2 327.936 35,882 392,923 430,372 471,574 516,903
DISCUUNTED VALUE BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000
memmmsccaaa- - Cerremsce e e m e —e === ESCALATION RATES=memmcmcecccecaa- ceseece————— ————mee———-
0% az S% b% 7% 8% C 9% fo% 11% 12%

24%,883 365,887 u04,90% 448,371 496,785 550,701 610,731 677,551 751,908 834,625
240,411 357,120 395,053 437,293 484,332 536,706 595,008 659,893 752,084 812,379
235,098 3ub, 629 385,490 426,553 472,201 525,143 579,773 6u2,786 712,882 790,834
229,939 340,386 370,233 a416, 139 460,559 509,997 565,009 626,211 694,281 769,967
224,928 332,389 567,245 406, 040 449,213 497,254 5%0,701 610,150 676,259 749,753
229,061 32d,629 558,527 596,245 438,212 484,900 536,832 594,586 658,798 730,171
21%,332 317,098 350,067 386,744 427,%43% 472,922 523,388 579,500 641,876 711,197
210,737 304,789 341,859 377,527 417,19% 461,306 510,353 564,877 625,477 692,811
2ok, 212 502,095 533,894 363,585 407,157 450,042 497,715 550,701 609,581 674,994
2ul,93% 295,807 320,162 359,907 397,419 439,116 485,458 536,956 594,172 657,724
197,714 284,120 318,658 351,480 587,971 428,517 473,572 523,628 579,233 640,985
193,014 282,620 311,372 343,312 373,802 418,234 462,042 510,703 S64,748 624,756
189,626 276,319 504,298 335,378 369,905 408,257 450,857 498,167 550,701 609,022
189,749 27¢,194% 297,429 327,676 361,208 398,57¢ 440,005 486,007 537,078 593,766
181,978 2od, 242 299,757 320,197 352,885 389,180 429,476 474,211 523,865 578,970
178,310 294,461 etd,277 312,935 344, 746 380,059 419,258 462,765 511,048 564,020
174,702 252,843 277,983 395, K881 330,844 371,200 409, 541 451,659 498,612 550,701

. . ¥y i ] ] | 1 | 1 ! 3 1 3



23 aucust 79 ALASKA POWER AUTHORITY ’ TABLE 8-1X
ANCHORAGE = FATRBANKS INITERTIE
ECONOMIC FEASIRILITY STUDY

R L ) CAPITAL DISBURSEMENTS  FUEL COMPONENT OF OPERATING COSTS
"IN 31000 FOR - ) In 31000 FOR
ALTERNATIVE SYSTEHM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
INDEPENDENT ~ INTERCONNECTED  INDEPENDENT INTERCONNECTED
COSTS = $79 . COSIS =~ $79 ESCALATED & ‘ ESCALATED §
1979
1680 :
1942 2,009 17,785
1983 26,666 58,709
19414 L. 81,942 . 11,515
1945 37,172 : 32,062
1956 21,127 492
1987 7,152 2,472
19568 7¢55% 8,473
19k9 23,110 30,547
1990 21,920 43,033
m 1991 82,200 43,411
» 1992 101,310 B9, 694
1 1993 55,450 108,723
o 1994 29,840 754134
199% 16,380 23,1006
1966 270
1997 254
ADDTTIONAL DISBURSEMENTS ~ SUS1TNA CONSTRUCTION POWER COSTS
IN 51000 FOR ‘ ~ IN 31000 FOR ,
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPL
INDEPENDENT  INTEKCONNECTED DIESEL GENERATION “INTERTIE TAPLINE
COSTS =~ 579  COUSIS = 379 COSTS ~ $79 COSTS - 379
1979 , -
1980 : _
1981
1982
1983
1934
1945
1986
1987
1988
1989
1990
1991
1992
1993
1994
199%
1996

1997
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__DISCOUNT

DISCOUNT

RATE
8,00
8,25
8.50
8,75
9,00
9.25
9,590
9,75

10,00

10,25

10,50

10,75

11,00

11,25

11,50

11,75

12,00

RATE
8,00
8,25
8,50
a,7s
9,00
9,25
9,50
9,75

10,00

10,25

10,50

10,75

11,00

11.2%

11,50

11,75

12,00

ALASKA POWER AUTHORITY
ANCHORAGE =~ FAJRBANKS INYTERTIE
ECONOMIC FEASIBILITY STUDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE B=1-LL

12X
926,017
899,327
873,513
848,542
824,584
801,012
778,396
756,510
735,328
714,825
694,978
675,763
657,159
639,144
621,697
604,800
588,432

TS S==

930,622
902,793
B75,922
Au9,972
824,909
800,700
777,313
754,718
732,886
711,788
691,398
671,689
652,637
634,217
616,407
599,184
582,528

IN 51000

cecamcececserenecamnasmemmnasasrnanceanne=ESCALATION RATES-eececsmcaerececcermmccmasseereaoea=mas

0% u% 5% 6% 7% Hx 9% 10% 1%
238,103 373,719 418,575 468,876 525,259 588,432 659,178 738,366 826,958
232,028 363,691 407,220 456,025 S10,725 571,998 640,610 717,398 803,294
226,142 353,981 396,227 443,586 496,654 556,095 622,643 697,112 780,403
220,437 344,578 385,583 431,543 483,037 540,704 605,258 677,485 758,254
214,906 335,470 375,276 419,884 469,854 525,807 588,432 658,492 736,832
209,545 326,648 365,293  408,5%93 457,090 511,386 572,147 640,112 716,099
204,347 318,101 355,624 397,059 444,732 497,424 556,382 622,322 696,035
199,306 309,820 346,257 3RT,069 432,764 483,906  SO1,121 605,102 676,616
194,417 301,795 = 337,182 376,811 421,173 470,816 526,345 588,432 657,819
189,676 294,019 328,390 366,873 409,946 458,138 512,037 572,292 639,623
185,076 286,482 319,869 357,244 399,070 445,859 498,181 556,665 622,007
180,614 279,176 311,611 347,914  388,53% 433,965 484,761 541,531 604,950
176,284 272,093 303,607 338,873 378,324 422,442 471,762 526,874 588,432
172,082 265,226 295,849 330,110 368,431 411,278 459,170 512,677 572,435
168,004 258,567 288,326 321,616 358,843 400,460 446,970 498,925 556,942
164,046 252,110 281,033 313,381 349,550 399,977 435,148 485,602 541,934
160,203 245,846  273.961 305,398 340,541  3/9,816 423,693 472,694 527,394

DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000

ceermeestcussnmosasnrneasmanuvanaesereesafSCALATION RATES=wmemm-eceomcrcccremmonenemaaamax

0% 4y 5% 6% 7% 8% 9% 10% 11%
233,811 366,765 411,372 461,709 518,495 S#2,528 654,703 736,015 827,576
227,934 356,831 400,054 448,819 503,821 565,831 635,714 714,434 803,062
222,245 347,227 389,113 436,361 489,641  S49,699 617,372 693,589 779,387
216,739 337,940 378,536 424,319 475,937 534,112 599,651 673,453 756,522
211,407 328,957 364,308 412,077 462,691 519,048 582,528 654,001 734,435
206,245 320,269 358,417 401,421 449,887  S04,uB9 565,982 635,206 713,098
201,246 311,864 348,851 390,537 437,508 490,416 549,990 617,044 692,482
196,404 303,732 339,597 380,011 425,538 476,811 534,534 599,492 672,562
191,713 295,863 330,645 369,830 413,963 463,657 519,592  5B2,528 653,312
187,169 284,247 321,984 359,981 402,769 450,937 505,146 566,130 634,707
182,765 280,876 313,602 350,453 391,941 438,636 491,178 550,276 616,723
178,498 273,741 305,490 341,233 381,465 426,739 477,671 534,948 599,337
174, 361 266,833 - 297,639 332,312 371,331 415,230 464,607 520,126 582,528
170,351 260,144 290,038 323,677 361,524 404,097 451,971 505,792 566,275
166,463 253,666 282,679 315,319 352,034 393,324 439,748 491,928 550,557
162,693 247,392 275,554 307,228 342,849  3R2,900 427,922 478,517 535,356
159,037 241,314 268,653 299,394 333,957 372,811 416,479 465,543 520,652
b | 'SR R B | )}
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28 AUGUST 79

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

1979
1980

" 1981

1982
1983
1984
1985
19486
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

5y

R

ALASKA PUOWER AUTHORITY
ANCHORAGE « FAIRBANKS
ECONOMIC FEASIBILITY STUDY

CAPITAL DISBURSEMENTS
IN $1000 FOR

ALTERNATIVE SYSTEM EXPANSIONS

INDEPENDENT
COSTS = %79

INTERCONNECTED
COSTS = 879

4,011

14,228

18,629 46,967
58,823 11,515
16,380 32,062
492

463

436

2,600 u10
23,435 2,986
78,550 23,799
130,300 78,892
131,780 130,623
79,930 132,084
30,375 80,216
17,630 23,090
254

ADDITIONAL DISBURSEMENTS

IN 81000 FOR

‘FUEL COMPONENT OF OPERATING COSTS
IN $1000 FOR
ALTERNATIVE SYSTEH EXPANSTIONS

INTERCONNECTED
ESCALATED §

INDEPENDENT
ESCALATED §

SUSITNA CONSTRUCTION POWER COSTS
IN $1000 FOR

UNDERLYING TRANSMISSTION SYSTEM ALTERNATIVE MDDES OF SUPPLY

INDEPENDENT INTERCONNECTED DIESEL GENERATION INTERTIE TAPLINE
COSTS = 379 COSTS = §79 COSTS5 = $79 COSTS = $79

I B

TABLE 8=1~LL

i - V”,g



23 AULUST

I8

DISCOUNT
KATE
8,00
5,25
A,590
5,75
9,90
_9.25
P 1))
9,75
FO.00
19.25
1d.50
tu.75
11,00
11.25%
11,50
11.7%
12,00

DISCUUNT

KATE
5,00
8.25
8.50

8.75
9.00
9.25
9,50
Q9,75

10.00

10.2%

10.50

10,75

11,00

f1.25

11.50

11.75

té. e

251,442

216,071
can,Ra7
235,766
230,823

226,015

221,335
216,782
212,549
208,939
203,834
199,7u4
195, 7ol
191,841
188,102
1,421
180,833

256,328
250,750
205,332

PUD,U69

@3u4,955
229,987
225,159
220,467
215,905
211,471
2ut, 159
202,966
198,888
19d,921
161,002
187,507
183,652

B

ALASKA POWER, AUTHORITY

ANCHORAGE ~ FAIRBANKS INTERTIE
 ECONOMIC FEASIBILITY STUDY

"DISCOUNTED VALUE OF BASE YEAR (1979) INGEPENDENT SYSTEM COSTS

535,403

327,936

320,675
313,024
306,766
300,096
295%,615
287,509
e8t, 177
275,211
269,407
265,799
258,263

DISCOUNTED VALUE OF

378, 390
369,493
360,863
352,489
104,363

336,476 -

3en,n2l
321,389
314,174
307,168
300,383
294,754
287,334
281,097

275,036

S

269,147
203,422

404,713
395, 542
386,242
377,404
368,819

360,480

392,377
j44,503%
336,850
529,412
522,182
315,152
308,316
301,669
295,205
2BHB,214
282,195

417,991
407,995
394,299
388,894
379,769
370,916
362,524
353,986
345,892
338,035
330,400
322,999
515,805
308,817
302,030
29%, 436
289,028

TABLE 8=2

I 31000
wawmmw=f SCALATION RATES==»wm——— e ——- e n— e ——— LRl t bl faded
6% 7% b7 9% 10% 11 12%
445,907 491,538 542,088 594,088 660,126 728,848 804,970
435,439 479,824 528,991 583,447 643,759 710,556 764,529
425,258 HbB, 454 516,283 569,245 627,885 692,818 764,711
415, 382 457,417 503,949 555,461 612,487 615,615 745,495
49s5,791 446,703 491,979 542,088 597,545 653,929 726,861
396,176 436,299 480, 3586 529,110 583,054 ouz2,744 708,789
387,429 426,196 469,077 516,512 568,988 627,04l 691,260
378,639 416,384 us8,123 504,284 555, 338 611,804 674,255
370,099 406,H8%% 447,486 492,412 542,088 597,018 657,757
361,801 397,594 43/,154 480,884 529,226 582,068 641,748
353,736 388,%98 uc’7,119 469, 689 516,738 564,739 626,213
345,898 379,8%5 417,370 458,817 504,613 55%,217 611,134
338,274 371, 361 497,898 448,256 u92,8%7 542,088 596,498
330,869 365,104 398,694 437,996 481,401 529, 540 582,289
325,660 355,077 389,749 uz2s8,028 a79,292 516,960 568,494
316,001 347,273 381,085 418, 341 459,499 504,936 555,098
309,847 339,086 572,604 408,928 449,014 493, 2%6 542,088
BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN §1000 ‘
-------- we==ESCALATIUN RATES=ceccccccre e e Ao oo e =
6% 7% 8% 9% 10% 1tx 12%

da2,074 511,139 565,746 626,509 694,110 769,298 852,904
450,842 498,522 551,575 610,597 676,248 749,256 830,422
439,950 486,289 537,83%9 595,177 658,943 729,840 808,647
429, 388 474,429 524,524 580,232 602,173 711,030 787,554
419,143 Un2, 927 511,014 565,746 625,922 692,803 767,120
409,204 451,773 499,097 551,703 610,170 675,141 747,321
399,563 440,954 486,959 538,087 594,901 658,023 728,136
390,207 330,459 47%, 180 524,885 580, 099 641,430 709,544
3R1,129 420,276 463,767 512,081 565,746 625,346 691,523
372,518 410,396 4%2,690 499,663 551,828 609,751 674,055
363%, 7165 H00,808 441,942 487,017 5358, 331 594,630 657,121
355,462 391,502 431,513 47%,95¢2 525,239 579,967 640,702
347,401 582,469 421, 392 464,594 512,540 565,746 624,780
339,575 375,700 411,569 453,592 500,219 551,952 609,340
331,971 565,186 a2, 0354 442,915 488, 26% 938,570 594, 365
324,587 356,919 392,778 442,551 475,665 529,588 579,638
}l?,ﬂyﬁ 348,890 383,799 422,492 465,407 512,991 565,746
¥y ) ] 1 3 3 ) ) 1
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_FUEL COMPONENT OF OPERATING COSTS

IN 51000 FOR

ALTERNATIVE SYSTEM EXPANSIONS

~ INTERCONNECTED
ESCALATED 3

IN $1000 FOR :
ALTERNATIVE MODES OF SUPPLY

INTERTIE TAPLINE
COSTS ~ $79

] 3 1 1 ] b 1 1 Y
23 AUGUST 79 ALASKA POWER AUTHORITY
ANUHDRAGE - FAITRBANKS [NTERTIE
ECONUOMIC FEASIWILIIY STUuDY
o e _CAPITAL_DISBURSEMENTS
In 31000 FOR
ALTERNATIVE SYSTEM LXPANSIONS \
INDEPENOENT  [HTERCONNECTED INDEPENDENT
COSTS - 3579  COSIS - 79 ESCALATED $
"19'["-)7” o T T T o
1940
o ) S & 2:3 D L u,812 e
1982 2,009 14,056
1983 26,666 72,604
e e 1984 B1,942 11,326 L R
1945 37,172 31,486
1966 21,127 3128
e I e 1987 7,152 2,319 _ o
1968 7,555 8,529
1959 25,110 30,604
. 1990 C 21,920 43,092 )
1991 82,200 43,463
m 199 101,380 89,973
A 1993 SK, 450 108, 988 .
o 1994 29,810 75,387
1995 23,939 23,347
1996 17,630 499 e
1997 473
) ADDITIUNAL DISBURSEMENTS
IN $1000 FQR .
UNOERLYING TRANSMISSION SYSTEM
INDEPEMDENT  INTERCONNECTED DIESEL GENERATION
C0S5TS - $79  COSTS - $79 COSTS - 579
1979 :
1940
1981
19a2 ) )
1943 T
19484
1985
1986
Y9R7
1988
1989
199¢
1991
1992
1993
1994
1995
1996

1997

. SUSITNA CONSTRUCTION PUKER COSTS

;3 R

TABLE 8-2

1



23 auysuyst 19 . ALASKA PORER AUTBORITY TABLE 8-3
ANCHORAGE « FAIRBAMKS INTERTIE
ECONGMIC FEASIRILITY STyDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

IN %1000
------------ ewmmmmcem e e e easmmm=me=m====E SCALATION RATESe=cweemamaermr e e s e s
OISCOuNT 0% 4% 5% . 6% 7% B% 9% 10% 11z 12%
HA'E z=z===< s====zZ=== ==z===Z== _——=Tca= =3===== ======= ======= —==ZZ=Z=Z% 44— Sz ====
&,00 dho, a4 hio,RbT 708,932 777,234 A52, 346 935,064 1,026,007 1,126,021 1,235,993 1,356,889
8.25 440,55A 632,139 692,045 756,213 832,496 913,013 1,001,606 1,099,020 1,206,114 1,323,827
A.50 430,938 ol7,H41% 676,806 7ual, 701 A13,080 891,578 977,892 1,072,784 1,177,086 1,291,712
B,75 421,574 w«03,877 661,401 724,667 794,242 70,742 954,844 1,047,287 1,148,882 1,260,512
.00 412,458 590,320 646,815 708,101 775,923 850,484 932,439 1,022,507 1,121,474 1,230,199
9.25 EHEPR-Tor 577,128 631,858 691,987 758, 109 B3y9,787 91u,058 998,420 1,094,838 1,200,744
9,51 34,939 S614,292 al7,654 ofe,312 Tay,7R% 811,032 Ag9,nA81 975,006 1,064,948 1,172,120
9,75 ° 349,522 551,799 e0%,854 ohb1,063 12%,929 795,004 868,888 952,241 1,043,783 1,144,300
10,00 378,32% 559,640 599,424 o6, 225 707,934 774,885 848,863 930,107 1,019,317 1,117,258
10.25 370,337 527,804 577,393 631,787 091,583 757,260 829,386 908,583 99%,530 1,090,971
10,50 352,558 510,242 S6d,630 617,757 676,003 7u0,113 810,441 887,650 Q72,400 1,065,414
10,75 354,978 505,963 552,246 64,061 660,959 723,430 792,011 867,290 949,907 1,040,564
rm 11,co 347,592 494,139 540,183 590,749 6Ub, 2690 707,196 774,081 847,48s 928,031 1,016,399
. 11,25 Fad, 394 483,501 D2hH, 448 577,791 651,992 691,398 756,635 828,218 906,752 992,899
11,52 353,379 473, 141 517,010 S65,174 618,025 676,022 739,658 809,472 886,052 970,041
E; 11,78 520,542 H63,049 505,483 552,839 604,407 061,056 7123,1%0 791,231 B65,913 947,807
12,90 319,376 145%,218 495, 040 540,925 591,265 646,486 707,055 773,480 846,318 926,177
DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN 31000
L ) L wmmm——— m———— e ————————— ———————— ~==ESCALATION RATESee=rormmcacccsmm—e=—— Ll bbbt S ek
DISCOuUNT 0% a4z 5% ¥4 7% 8% 9% 10% 11% 12%

RATE —z===== s====== ====== zs===c=== s====c== =z====== ====c==x szzz=== ======= =======
__BL00 425,715 623,551 686,899 756,982 834,493 920,193 1,014,914 1,119,573 1,235,172 1,362,807
8.25 415,880 608,574 670,250 738,473 815,914 897,313 989,478 1,091,297 1,203,742 1,327,880
8,50 46,320 594,025 654,080 720,498 793%,933 B75,100 964,786 1,063,852 1,173,242 1,293,990
8,75  397,02a 579,890 635,372 703,040 774,529 853,533 940,815 1,037,212 1,143,640 1,261,101
9.00 3n7,Q9 566,157 edd, 115 686,083 155, bk4 #352,590 917,541 1,011,350 1,114,906 1,229,183
9.25 379,204 552,811 606,287 669,610 737,380 812,251 894,942 986,242 1,087,015 1,198,201
9,950 370,660 559,842 593,880 653,606 719,599 792,496 872,995 961,861 1,059,933 1,168,127
9.75 362,351 527,236 579,881 638,056 702,525 773,307 451,680 938,186 1,033,639 1,138,930
10,00 354, 269 514,983 Se6b,274 622,945 685,542 754,666 830,976 915,192 1,008,106 1,110,582
10,25 346,407 503,071 553,049 608, 2%9 669,233 736,555 810,863 892,85%9 983,310 1,083,055
10,50 335,758 491,489 540,192 593,989 653, 584 718,957 791,323 871,165 959,226 1,056,323
e.75 531,315 QRO , 228 527,093 580,110 637,931 701,855 772,538 850,089 935,832 1.030,360

o il.ud 124,075 469,277 515,540 566,621 623,004 685,215 793,889 B29,612 913,106 1,605,142
11,25 317,025 458,620 © 505,723 553,537 606,053 669,081 735,960 809,715 891,027 980,644
11,50 310, 1c06 - 4ug, 260 492,2%0 544,795 594, 303% 653,578 718,535 790,379 869,573 956,844
11,75 303%,4h8 4%4,189 unt, 052 528,354 S&0,544 635,112 701,597 771,586 848,726 933,720

12.e0 296, FRA ugs, 385 u7u,179 510,294 967,165 623,270 685,131 753,321 828,465 911,250

Lgﬂaj u&.u; a¢;$; Q»Jug m@ah; J:i@g _,,j »w.<; s«;~} ”f“ﬂg w—m&
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S B | 2 B i } 1 I 3
ALASKA PUwER AUTHORITY
ANCHORAGE = FAIKBANES INTERTIE
ECOonuMIC FEASIBILIFY STUDY
o __ CAPITAL DISBURSEMENTS _  FUEL COMPUNENT OF OPERATING COSTS
IN $1000 FOR IN $1000 FOR
- ALTERNATIVE SYSTEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
INDEPERDENT INTERCONNECTED INDEPENDENT INTERCOMNECTED
COSTS =~ %79 . CDSTS = 279 "ESCALATED $ ESCALATED ¥
1979
1980
1981 4,011
1982 2,009 14,228
1983 2brbnb 46,957
19R4 81,942 11,551 .
1985 37,172 32,097 8,468 7,648
1986 27,727 6,006 9,324 8,498
1987 . 33,5%2 24,42¢ . 10,267 ... .. .. .9.029
1988 106,559 90,673
1929 145,210 135,940
1999 94,760 115,716
1991 119,475 113,198
1992 101,340 89,094 6,851 . 8,324
1993 S8, 450 108,72% ) 7.212 o 8,654
1994 29,8490 75,134 7,933 8,016
1995 23,938 23,1006 8,650 8,749
1996 17,630 270 9,015 , 9,109
1997 2594
ADDITIONAL DISBURSEMENTS SUSITNA CONSTRUCTION POWER COSTS
IN 1000 FUOR ) IN $1000 FQOR
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY
INDEPENDENT INTERCONNECTED DIESEL GENERATION INTERTIE TAPLINE
COSTS = %79 COSTS = $79 COsSTS - $79 COSTS = §79
1979 ) o R . o
1980 '
1981
1982 o o
198% ) )
1934
1985
19856 - - B
19H7
1958
1989 ’ T T T i
1990
19w
1992 ) o -
1993
1994
19a5
109G



23 AUGUST

DISCOUNT

2 - 3

79

T DISCOUNT

RATE
H_ oy
3,725

AR50
8.75%
9.00
9.25
9,50
9,75

10,00

10,25

10,50

10,75

11,00

t1.25

1150

11,75

12,00

RATE
&.00
8.25
3.50
8,75

9,00
9,25
9.50
9.75
10,00
10,295
10,50
10,75
11.900
11,25
11,50
11,75
1e,00

450,41
440,5%8

430,938

u21,974
J412,458
403,542
394,939
ineb,522
578,323
370,357
362,558
354,978
347,592
340,394
333,379
326,542
319,876

-

438,030
428,091
418,429
409,035
399, 5899
391,015
32,374
373,968
365,790
397,834
350,091
342,557
335,223
328,085
321,135
314,570
307,782

ALASXA POWER AUTHORITY
ANCHORAGE = FAIRBANMKS INTERTIE
ECONMOMIC FEASISILITY STUDY

" DISCOUWTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

vdo, BT
032,139
617,813
o03%,877
590,320

577,128

564,292
551,799
539,040
527,804
516,282
505,063
434,130
u48s3,501
473,141
463,049
455,218

579,891
566,431
553, 349
540,631
524,268
516,240
Q04,557
493,183
482,131
471,376
460,913
450,733
440,828

TABLE 8-3X

IN $1000
--------------------- ESCALATIUN RATES====se—-—--~-—erocmrcse——c—scccencnnsne
5% 0% 7% B% 9% 10% 11% 12%
708,932 777,234 852,386 935,064 1,026,007 1,120,021 1,235,993 1,356,889
692,645 759,218 832,456 913,013 1,001,606 1,099,020 1,206,114 1,323,827
876,806 Tu1,701 815,080 R941,578 9771892 1,072,784 1,177108() 172917712
bbl,401  T2d,667 794,242 870,742 954,844 1,047,287 1,148,882 1,260,512
6d6,41% 708,101 775,923  B50,484 932,439 1,022,507 1,121,474 1,230,199
631,838 691,987 758,109 830,787 910,658 998,420 1,094,834 1,200,744
617,054 676,312 740,763 811,632  A89,481 975,006 1,068,948 1,172,120
603,354 661,003 723,929 793,004 868,888 952,241 1,043,783 1,144,300
590,424  b46,22% 707,534  774,88% 844,863 930,107 1,019,317 1,117,258
577,353 631,787 691,583 757,260 829,386 908,583 995,530 1,090,971
Se4,630 617,737 676,063 740,113 810,441 887,650 972,400 1,065,414
552,246 604,061 660,959 - 723,430 792,011 . 867,290 949,907 1,040,564
540,188  S90,749  bd6,260 107,196 774,081 847,485 928,031 1,016,599
S2R, 448 S77,791 631,952 691,398 756,635 828,218 906,752 992,899
517,016  Se65,174 618,025 676,022 739,058  B09,472 886,052 970,041
505,883 592,849 604,467  6bl,056 723,136 791,231 865,913 947,807
495,000 540,925 591,265 646,486 707,055 773,480 846,318 926,177
_ DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000
------ wmmemver==—FESCALATION RATES=wecmescewrreoo——cec e oo s e no
5% 6% 7% 8% 9% 10% 1% 12%
701,006 772,207 859,250 936,495 1,031,776 1,137,008 1,253,195 1,381,433
v84,834 753,570 829,539 913,478 1,006,197 1,105,565 1,221,613 1,346,349
668,541 735,469 809,426 891,129 981,365 1,080,995 1,190,963 1,312,303
052,713 717,886 789,892 869,427 957,255 1,054,211 1,161,211 1,279,261
637,334 700,805 770,919 848,351 933,843 1,028,207 1,132,331 1,247,190
622,390 684,209 752,488 827,881 911,108 1,002,957 1,104,292 1,216,058
607,867 668,084 734,582 807,996 889,026 978,437 1,077,067 1,185,834
593,7%1 652,414 717,183 788,679  B67,578 954,624 1,050,631 1,156,490
SR0,030 637,184 700,277 769,910 846,742 931,494 1,024,957 1,127,996
Seb,p?) 622,381 683,347 751,073 826,499 909,026 1,000,021 1,100,325
5%3,723 697,991 667,878 133,951  B06,831 887,199 975,800 1,073,450
541,113 594,001 652,355 716,726 787,718 865,991 952,269 1,047,346
Sou,%50 540,399 37,265 699,984 769,143 845,383 929,408 1,021,988
516,924 567,172 622,594 683,709 751,089 825,357 907,195 997,352
505,524 554,309 608,328  oo7,487 733,540 805,893 885,009 973,415
494,040 541,794 - 594,455 652,503 716,480 786,974 864,631 950,156
483,002 529,028 580,963 637,544 699,893 764,583  R44,241 927,552
U TR S RN I I S } y 3
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23 AUGUST 79 ALASKRA PUWER AUTHORIlY TABLE 8~3X
ANCHURAGE = FAIRBANKS INTERTIE
ECONOMIC FEASIBILITY STUDY

CAPITAL DISBURSEMENTS FUEL COMPUNENT OF OPERATING COUSTS
TIN %1000 FOR IH $1000 FOR :
ALTERNATIVE SYSTEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
T INDEPENDENT - IKTERCONNECTED INDEPENDENT INTERCUNNECTED
CUSTS = 579 . COST1S - §79 ESCALATED 3 ESCALATED §
1979
198u :
1981 5,014
1982 2,009 17,785
1983 abrbbb 58!709
1984 7 81,942 11,551
1945 37,172 32,097 8,468 7,648
1986 27,727 6,006 9,324 B,498
1987 33,552 24,420 10,267 .. 9.029
1958 106,555 90,673
1959 145,210 135,940
1690 W4, 750 . 115,716
ICCE 1te,47s 113,198
m 19492 101,340 9,694 6,851 8,324
ot 1993 SB,U50 108,723 o S T.2i2 . . Be654
— 1994 29,840 75,134 7,933 8,016
w 1995 23,935 23,100 8,654 8,745
. 14996 17,630 _ 270 S 9,01 9,109
1997 - 254 ' T o
ADDITIONAL DISBURSEMENTS  SUSITNA CONSTRUCTION POWER COS1S_
IN $1000 FQR ' IN $1000 FOR
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY
INDEPENDENT INTERCONNECTED DIESEL GENERATION INTERYIE TAPLINE
COS1S - %79 Costs - %79 . COSTS -~ $79 COSTS = 8§79
_— —_ lq79 - . - - - -
1oas * ; R . e . SR
19R1
lons e . . U — S
1984
o 1985 :
Lone S - R
1987
1988
a 1989 . o Tt T T
1990
1991
1992
1993
1994
1uas
16896

1397
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DISCOUNT

T - 3

DISCOUNT

RATE
8,00
8,25
8,50
8,75
9,00
9,25
9,50
9,75%

10,00

10,25

10,50

10,75

11,00

11,25

11.50

11,75

12,00

RATE
8,00
8.25
8,50
8,75
9.00
9,25
9.50
9,75

10,00

10,25

10,50

10,75

11,00

11,25

11,50

11,75

12.00

ALASKA POWER AUTHORITY
ANCHORAGE = FAIRHANKS INTERTIE
ECONOMIC FEASIBILITY STUDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE B=3=LL

erisqecevonsasevaonosunvesasnovsovwwacvess SCALATION RATESeerrsmavenvorrrronssacnssvwesronsewvercrnen

237,690
232,026
226,529
221,192
216,009
210,977
206,090
201,342
196,730
192,250
187,896
183,665
179,552
175,555
171,669
167,890
164,216

4
352,449
343,607
335,031
326,713
318,642
310,812
303,214
295,840
288,68%
281,735
274,990
268,441
262,082
255,906
249,908
244,081
238,420

5%
349,849
379,955
370,360
361,055
352,029
343,274
334,779
326,537
318,539
310,777
303,242
295,928
288,827

281,932
275,237
268,734
262,419

IN $1000
6% 7% 8% 9%
431,534 477,981 529,713 587,311
420,460 465,585 S15,836 571,777
409,724 453,568 - 502,386 556,724
399,312 4u1,917 489,349 Suz, 134
389,216 430,621 476,710 527,992
379,423 419,667 464,455 514,283
369,924 409,043 452,572 500,992
560,709 398,739 441,049 488,105
351,769 388,743%° 429,812 475,608
34%,093 379,045 419,031 463,u87
334,674 369,636 408,514 451,732
326,503 360,500 398,310 440,328
518,572 151,64 388,409 429,265
310,872 3ui, 044 378,801 418,431
303,396 334,696 369,476 408,115
296,138 326,591 360,425 398,006
289,089 318,722 351,639 388,195

DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COS8TS

12%

802,024
780,253
759, 164
738,734
718,939
699,759
681,172
663,157
6Uus5,696
628,769
612,359
S96, 447
581,018
566,054
551,541
537,463
523,806

wepumcaspamssswerensvenncswsancacnassansssE SCALATION RA JTESevoomcvsarerrorrrrncosssensresatssoreew

0%

238,419
233,022
227,783
222,695
217,753
212,953
208,290
203,759
199,356
195,078
190,919
186,876
182,946
179,124
175,407
171,792
168,276

4%

TxS==23S

347,569
339,177
331,036
323,138
315,474
308,036
300,818
293,811
287,009
280,405
273,992
267,764
261,715
255,839
250,130
204,584
239,194

383,059
373,675
364,574
355,747
347,182
338,873
339,810
322,985
315,590
308,018
300,861
293,912
287,164
280,610
271,245
268,062
262,055

IN $1000

(-¥1 72

422,582 466,586
412,087 454,846
401,911 a3, ned
392,041 432,428
382,468 421,725
373,182 411,345
364,172 401,276
355,431 391,508
346,948 382,032
338,716 372,838
330,725 363,913
315,437 346,845
308,125 318,685
301,025 330,761
294,129 323,068
287,431 315,597
r 1 3

e8x

515,562
502,429
489,698
477,356
465,389
453,784
442,530
431,614
421,026
410,753
400,786
391,115
381,729
372,619
363,776
355,191
346,858

9%
SSZ===SZ
570,053
555,362
541,122
527,329
513,939
500,965
085p380
476,187
464,355
452,878
qu1,74%
430,944
420,405
410,293
400,422
390,541
381,541

10% 112

651,414 722,726
634,027 703,268
617,180 684,417
600,855 666,153
585,033 648,454
569,698 631,302
554,833 614,678
Sug,d21 598,564
526,448 582,943
512,899 567,798
499, 759 553,112
487,015 538,871
474,653 525,059
462,661 - S11,663
451,026 498,667
439,736 4UB6, 060
428,781 473,827
10% 11%

630,659 698,037
614,225 679,657
598,299 661,848
582,865 644,591
567,904 627,865
553,401 611,654
539,340 595,940
525,707 580,705
512,486 965,935
499,665 551,612
us?7,229 537,722
475, 166 524,250
46li,u63 511,183
452,108 498,506
441,090 86,208
430,397 474,274
420,019 U462, 694

12%

- -
EEI2s=ss

772,913
752, 361
732,450
713,158
694,463
b76,346
658,787
641,766
625,265
609,268
593,756
578,713
564,124
Su49,974
536,247
522,930
510,010
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6T - 3

1979
1980
1981
1942
1983
1984
1985
1986
1987
1988
1989
1990
199}
1992
1993
1994
1995
1996
1997

1979
1980
19814
1982
1943
1984
1985
1986
1987
1988
1989
1990
1991
1992
19uy
1994
19495
1990
1997

fm$} ﬁuw]v ‘uva.

CAPITAL DISBURSEMENTS
IN $1000 FOR

ALTERNATIVE SYSTEM EXPANSTONS

ALASXA POWER AUTHORITY
ANCHORAGE = FAIRBANKS INTERTIE
ECONOUIC FEASIBILITY STUDY

TABLE 8=3=L(

FUEL COMPONENT OF OPERATING COSTS
IN $10600 FOR
ALTERNATIVE SYSTEM EXPANSIONS

INDEPENDENT INTERCONNECTED INDEPENDENT INTERCONNECTED
COSTS = 379 COSTS = %79 ESCALATED § ESCALATED §
4,011
14,228
18,029 46,907
58,823 11,551 )
16,380 32,097 8,468 7,648
526 9,324 8,498
49S 10,267 9,029
ule6
6,600 5,890
33,95S 22,306
116,630 90,119
122,100 123,363
72,850 73,001
37,275 70,091
7,555 286 8,654 8,74%
17,630 270 9,015 9,109
2h4

. ? i,Tk} ywwwg ,.“WE 4ﬁ,,§ ,M,Ai x,wﬂ,}

SUSITNA CONSTRUCTION POWER COSTS
IN 51000 FOR
ALTERNATIVE MODES OF SUPPLY

ADDITIONAL DISBURSEMENTS
IN $1000 FOR
UNDERLYING  YRANSMISSION SYSTEM

DIESEL GENERATION INTERTIE TAPLINE
COSTS = §79 COSTS = 879

INDEPENDENT INTERCONNECTED
COSTS = §79 COSTS = 8§79

3
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DISCOuUNT
NATE
8,00
8,25
8,50,
B8.75
9.00
Q.25
ER ]
?.7/5
10,00
10.25
10,50
e, 75
11,00
11.29
11.50
11.75
12,00

9T - 3

DISCOUNT
RATE
B,00
8,25
8,50
8,75
9.00
9.25
9.50
9.75
10,00
10.25
1.5V
1¢,.75
11.00
11.25
11,50
11.75
12.00

ALASKRA POnER AUTHORITY
ANCHDRAGE - FAIRBANKS INTERTIE
EConNaMIC FEASISTILITY STUDY

" BISCUUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE 8-4

IN 510090
,mremec—————— - - ~~ESCALATIUN RATES===== e mr . —————- - ———————— areooen
n% 154 5% 6% 7% 8% 9% 10% 11% 12%
dol, 076 nhQ, 366 725,022 793,213 Ho9,761 943,949 1,046,525 1,148,307 1,260,188 1,383,148
149,993 0dS, 365 07,937 774,872 849,475 951,510 1,021,701 1,120,844 1,229,806 1,349,537
dad), 19 nin, 774 690,907 797,038 R29, 753 309,697 997,574 1,094,156 1,200,286 1,316,886
430,004 bl6,579 575,218 739,691 819,576 BHS, U491 974,122 1,068,220 1,171,602 1,285,163
u2l,5%11 602,765 659,950 722,824 791,927 Be7,872 951,324 1,043,010 1,143,726 1,254,340
417,262 584,329 45,104 700,415 775,790 47,822 929,158 1,018,509 1,116,632 1,224,387
arrd, 450 576,2%0 630,060 690,452 746, 148 B28, 324 907,606 994,080 1,090,297 1,195,276
394,867 503,521 616,601 ol4,320 755,987 809, 360 886,047 971,510 1,004,696 1,166,981
SRn, 508 551,131 602,919 659,408 722,292 790,913 866,264 944,992 1,039,805 1,139,477
378, 3n4 539,670 539,602 otd5,101 706,047 772,967 8i6,438 927,087 1,015,603 1,112,737
370,430 927,327 576,639 630,787 690,239 755, 5048 327,151 905,782 992,068 1,086,739
302,700 515,893 564,019 616,855 674,856 738,519 a08, 389 885,059 969,179 1,061,458
355,167 504,7%9 551,732 605,292 - 6£%9,183 721,987 790,133 864,899 946,916 1,036,872
3u7,18°25 493,51 539,767 500, 0RA 645,308 705,897 7724569 849,285 925,259 1,012,961
39U, 09 483, 354 ReH, 116 577,232 631,119 690,236 755,081 826,200 904,190 989,702
355,694 473,066 516,764 Se4,713 ol7,3495 674,991 738,259 BO7,629 883%,091 967,075
326,894 63,043 505,715 552,529 603,854 660,149 721,877 789,555 863%, 745 45,062
DISCOUNTED VALUE OF BASE YEAR (1979) INTERCOMNNECTED SYSTEM COSTS
IN 51000
——————————— rrmememema———— mmmmm————— emmect SCALATION RATES—=m=== R ettt —meeccemm———-
0% 0y 5% 6% 1% B7% 9% 10% 11% 12%
4PB, 820 628,094 691,891 72,464 840,512 926,799 1,022,162 1,127,522 1,243,886 1,372,357
415,917 13,015 675,129 743,831 ®19,796 903,768 996,558 1,099,061 1,212,254 1,337,207
ape, 290 598, %67 098,849 725,735 799,6R] 881,408 971,704 1,071,437 1,181,5%6 1,303,099
39q,93%2 S84,13%¢ 645,035 708,160 780,147 859,097 947,575 1,044,62% 1,151,762 1,269,999
394,433 S70,308 627,671 691,088 761,176 838,614 . 924,147 1,018,592 1,122,841 1,237,875
X1, "IN 596,871 612,744 674,503 742,748 818,139 901,398 993,318 1,094,766 1,206,69%
373,382 543,812 595,239 058,390 f2a,847 798,252 879, 305 968,776 1,067,509 1,176,424
355,014 531,119 584,143 642,733 707,456 178,934 857,848 944,944 1,041,042 1,147,037
356,875 516,781 570,443 627,519 690,559 760,167 837,005 921,798 1,015,341 1,118,504
3dR, 957 500, 780 557,126 612,733 074,139 741,933 B16, /58 899,316 990, 382 1,090,797
341,254 495, 124 S4u, 18] 594, 360 658, 182 724,216 797,086 877,477 966,139 1,063,889
333%,799 4”3, 7804 531,595 584,3%90 6d2, 673 106,998 777,973 8%6,261 942,590 1,037,756
3o, 4nS 472,7%6 519,557 570,808 627,998 690,265 759,399 835,640 919,712 1,012,371
119,367 462,030 507,457 557,602 612,943 674,001 741,549 815,615 897,486 987,712
312,458 451,598 395,384 544, 762 593,094 658,190 725,805 796,149 875,888 963,7%4
" 3u5,733 441,449 ARd, 620 932,279 S84, H10 642,819 706,751 777,229 854,901 940,476
~33, 1 K6 L43%1,%70 473,078 520,130 571, 309 627,874 690,175 798,840 85&.500‘ 917,.8%6
. 1 .3 1 } 3 } I } I } 1 } }



23 AuLuST. 79 ' ALASKA POWER AUTHOKETY ' TABLE. 8~4

ANCHIKRAGE = FAINBANKS INTERIIE
ECONOMIC FEASIBILITY STUDY

CAPITAL DISBURSEMENTS _ FUEL COMPONENT OF OPERATING COSTS
IN $1000 FOR o , IN 31000 FOR
ALTERNATIVE SYSIEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
T INDEPENDENT [MTERCONKECTED ~ INDEPENDENT INTERCONNECTED
CUSTS =~ 379 CUSTS = %79 ESCALATED $ ESCALATED §
1979
1989
1941 o o 4,011
1982 2,009 14,228
1‘783 ! 26:660 u019b7
) 1984 T 81,942 11,551 ) o
1985 37,172 32,097 8,468 7,648
1986 27,727 : 6,006 9,324 8,498
. 1947 33,552 24,420 . 10,267 9,029
19R8 106,555 90,673 N
1949 145,210 145,910
1990 94,760 115,716
1991 119,475 113,198
m 1992 101,380 £59,694 6,851 8,324
o 1993 S8 450 108,723 o T.212 . 8,654
—_ 1994 29,840 75,134 7,933 8,016
~ 1995 23,935 23,106 8,654 8,745
1996 17,630 270 . 9,015 9,109
1997 254
ADDITIONAL DISBURSEMENTS SUSITNA CONSTRUCTION PUOWER COSTS
‘ IN $1000 FOR IN 31000 FOR
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY
INDEPEMBENT  INTERCONNECTED DIESEL GENERATION INTERTIE TAPLINE
COSTS = %79 COsSTS - 379 CQSTS = %79 COSTS = %79
1979
1940
1981
1982
19R3
19284 :
1945 o S S 2,835 L 267
1986 T T oo 695 T Tuss
1ary 6,646 1,356 697 481
1988 ) 696 478
1949 ' ) 3,055 ’ 752
1990 ' 1,324 902
i 199y ) i , 187 734
1992 2,004 _ 623% 430
199% 23 419
fouy -500 304
199%
19906

1997
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m
1.0
ot
o

DLSCOUNT

I D £

iQ

DISCUOUNT
RATE
HL.00
.25
B.50
3.75
g, .nu
Q.25
9,50
Q.75
10,00
1G.25
10,50
1v.75
11.00
11,25
11,50
11.7%
12,00

RATE
8,00
8.29
8,50
84,75
9.00
9.2%
9,50
9,75

1u,G0

10,25

10.50

10,75

11.00

11.25

11,50

11,75

12.00

ALASKA PURER AUTHOKLDY
ANCHORAGE - FAIRBANKRS INTERTIE
ECONG™TIC FEASIBILITY STUDY

DTSCUMNTED VALUE OF BASE YEAR (1979) INDEPENDRENT SYSTEM
IN 51000
—————— et el il i ~~=ESCALATION RATES=e==w=e- co—-
0% 47 5% 6% 7% 8% - 9%
460,026 hod, 560 72%,02°2 795,213 H69, 761 953,949 1,040,525
449,953 odh, 365 707,037 774,772 849,475 931,510 1,021,701
411,149 30,774 690,907 757,038 829,753 909,697 997,574
435,604 6le,579 075,218 759,694 810,576 888,491 9Q7u,122
121,311 602,768 649,956 722,824 701,927 Bo67,H872 951,524
412,262 584, 329 1 4%, 104 706,415 775,790 Raj,H2e 929,158
aes, 4590 570,250 630,660 %0, 452 756,148 p28,324 907,606
394, K67 563,521 olb,601 674,929 735,987 B09, 360 BAo, 647
SHb6,5UuK 451,134 602,919 659,808 12,292 790,91% 866,264
378,384 539,07y 589,002 645,101 TUo, 047 172,967 BUs,d38
370,450 527,527 576,639 630,787 690,259 755,508 827,151
Ine, 709 515,493 Sed,v19 616,855 674,856 738,519 B0k, 389
359,167 504,759 551,732 603,292 699,883 721,987 790,15%
RuT 525 495,916 539,761 590,088 6U5, 303 705,897 712,369
S0, 069 4A3,354 528,116 577,232 631,119 690,236 755,081
353,694 475,068 516,768 Se4, 713 617,305 674,991 756,255
526,494 463,043 505,715 552,520 605,854 06,149~ 721,877
DISCOUNTED VALUE BASE YEAR (1979) INTERCONNECTED
IN $1000
cemmemmmmm———————- v emwam—————— emeemESCALATION RATES=mmmmmma—an-a
0% 4% S% 6% 7% 8% 9%
441,134 od?, 97 706,598 777,690 856,269 243,101 1,0%9,023
431,128 627,099 689,713 758,928 835,421 919,932 1,013,278
421,400 612, 333% 673,311 740,706 815,174 B37,436 988,283
411,949 597,985 657,376 723,005 795,511 875,591 964,015
o, 742 584,042 odl1,R93% 705,809 776,411 854,376 940,449
343,796 579,491 6ebh,847 689,102 757,656 833,769 917,564
565, 0195 557,319 612,225 672,868 739,630 A13,752 895, 336
376,631 544,514 594,014 657,091 722:.315 794, 305 873,746
368, 396 932,066 584,199 6d1, /58 705,294 775,411 852,771
360,384 519,967 574,769 62b, 854 688,753 757,052 832,394
352,587 508,191 557,711 612,360 612,676 739,214 812,594
3u5,0090 496, 744 545,415 598,281 657,048 721,869 793'553
337,615 439,611 532,06R S44, 5R5 641,855 705,014 774,653
330,426 474,780 520,659 571,267 be7,083% 688,629 756,478
323,428 4ad, U4 508,974 558,316 el2, 720 672,699 738,810
3lo,6t4 45%,993 497,616 545,718 998,752 - 0%7,210 721,635
09,979 d444,019 a6, 961 533,465 585,167 642,149 704,935
B D | F R | " | i 3 |

COsSTS

1,148,307
1,120,844
1,094,156
1,068,220
1,045,010
1,018,504
994,680
971,516
Q4db,992
927,087
905,782
885,059
864,899
B45,2865

826,200

B07,629
789,555

SYSTEM COSTS

1,144,957
1,116,349
1,088,580
1,001,622
1,055,448
1,010,033
985,353
61,383
938,100
915,484
893,511
872,162
851,418
831,257
811,663
792,617
774,103

1,260,188
1,229,806
1,200,286
1,171,602
t,14%,726
1,116,632
1,090,297
1,064,696
1,039,805
1,015,603
992,068
969,179
Q46,916
925,259
904,190
843,691
863,745

1,261,909
1,230,125
1,199,277
1,169,333
1,140,266
1,112,045
1,084,643
1,058,034
1,032,193
1,007,093
982,712
959,027
936,014
913,654
891,925
870,807

850,280

TABLE B-&X

=Z=XZSS=®

1,383,148
1,349,537
1,316,886
1,285,163
1,254,340
1,224,387
1,195,276
1,166,981
1,139,477
1,112,737
1,086,739
1,061,458
1,036,872
1,012,961
989,702
967,075
945,062

1,390,984
1,355,676
1,321,412
1,288,159
1,255,882
1,224,549
1,194,131%
1,164,597
1,135,918
1,108,066
1,081,016
1,054,742
1,029,217
1,004,419
980,325
956,912
934,158



23 AuLUST

6T - 13

1979

1930
1941
1982
1923
1384
1985
1956
1987
1988
1989
19990
1991
19492

1993

1994
1995
1996
1997

mwm} !
CAPITAL
IN

ALTERNATIVE

INDEPENDENT
COSTS - 379

2,009
26,666
81,942
37,172
27,727
55,552

100,555
145,210
Q4,760
119,475
101,350
SH, 450
29,840
23,935
17,030

5 1 1)

ALASKA PONEH AHTHUORITY
ANCHURAGE = FAIRBANMS INTERTIE
ECONQMIC FEASIBILITY STubY

DISBURSEMENTS
#1000 FOR

SYSTEM EXPANSIONS

INTERCONNECTED

. COSTs - 379

S,014
17,785
58,709
11,551
32,097

6,006
24,420
90,673

135,940
115,716
113,198
A9, 694
108,723
75,134
23,106
2170

254

FUEL COMPONENT UOF ODPERATING COSTS
IN 51000 FOR
ALTERNATIVE SYSTEM EXPANSIONS

INTERCONNECTED
ESCALATED 3

INDEPENDENT
ESCALATED $%

8,468 7,648
9,324 8,498
10,267 9,029
6,851 8,324
7,212 8,654
7,933 8,016
8,654 8,745
9,015 9,109

ADD]ITIONAL DISBURSEMENTS

I

UNCERLYING TRANSMISSION SYSTEM

INDEPENDENT
COSTS - $79

199y

1991

1992
1993
1994
1995
1996
19y7

2,004

51000 FOR

INTERCONNECTED

COS15 - §79

1,356

DIFSEL GENERATION

 SUSTTNA CONSTRUCTION POWER COSTS .

IN $10600 FOR
ALTERNATIVE MODES OF SUPPLY

INTERTIE TAPLINE

"COSTS - 379 CO3Ts - $79

B 2,835 267
T ey T 483
697 us1

696 478

3,055 752

1,324 902

187 734

623 - 430

023 419

=500 304

TABLE

8-4X
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e e e =

ALASKA PUWER AUTHORITY

ANCHORAGE =

FAITRBANKS

INTERTIE

ECONOMEC FEASIBILITY STUDY

TTpISCUUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TA

BLE 8=~5

In 31000
---------- reecemecer~e——r e eesmceeeecee==E SCALATJON RATESceermerccmcesscresacccccccnecccccansne=—==
DISCOUNT 0% ~ Uz 5% ¥4 7% 8% 9% 10% 11% 12%

RATE T==zzc= =====z== T=z==== ===z=z= zzz===x —===c== sx=x=== g=====2= =Z=====2 =Ts====x

8.C0 2H5,770 373,602 411,407 45%,201 499,483 550,738 607,502 al0,367 739,98% 817,076
8.25 259,311 565,154 401,408 442,573 487,603 537,460 592,662 653,783 721,456 796,376

8,50 245,001 . 356,8E9 392,063 332,253 476,072 524,575 578,265 637,698 703,487 776,307

8.75 239,847 3448,8%9 383,093 u22,23% 44,878 512,069 564,295 622,094 686,059 756,845

9.00 234,813 341,057 374,950 412,501 454,009 499,930 550,738 606,954 669,154 737,972

9.25 229,924 333,474 - 366,514 4n3,n49 #443,d5%5 4848, 145 547,580 562,264 652,754 719,666

9.50 2aq, 10/ 320,104 358,289 395,867 455,209 476,704 524,508 578,007 636,843 701,909

9,75 enu, 537 318,94u 350,295 384,947 423,250 065,593 512,408 S64,170 6cl,d02 684,682

1oLy b, 03y 311,975 3uz,526 376,279 413,579 uS4,803 500,369 550,738 606, d17 667,966

1.7 Sty hd} 305,203 334,973 367,856 494,183 444,322 4RB,078 537,698 591,873 651,746

1o, o Foely 371 298,018 327,631 359,609 394,054 434,142 477,325 525,037 577,754 636,004

e 10,75 2ud, 212 292,213 320,492 351,711 380,182 424,259 66,297 512,742 Sed, 047 620,723
(aal 11,00 199,161 285,983 313,550 343%,975 377,559 a1d,e640 a4s5,584 500,801 550,738 605,890
' 11.25 195,215 279,92¢ 306,799 336,453 369,178 405,300 a4as,176 489,202 537,814 . 591,489
. 11e%v 191,371 274,025 500,232 329,138 361,050 396,223 435,063 477,936 525,261 577,506
Eg 11.75 187,626 266,286 293,843 322,024 553,108 387,399 u42%,23%6 Ubb, 989 51%,069 963,927
12,00 184,977 e, lue 287,627 315,105 345,404 378,821 415,684 456,353 501,225 550,738

_ .  DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000
I e e ESCALATION RATES====ceme== L e L m————— cmem————
DISCOUNT 0% u% 5% 6% 1% 8% % 10% 11% 12%

RATE g1 ====== ====x2c== sxZ==Z== === ==== —=====zxZ= —====Z==x% ===z-===x =zRnzz=as= g

_ 8,00 237,510 356,112 394,816 437,902 486,052 539,638 599,334 665,815 739,828 Bo2,198

8,25 231,905 347,420 385,040 26,963 47%,679 525,725 583,695 648,243 720,092 800,042

5,50 226,658 339,003 375,562 416,301 461,088 512,244 568,544 631,222 700,978 778,587

8.75 221,965 330,833 366,572 405,964 450,065 499,180 553,464 614,732 682,464 757,808

Q.00 216,619 322,90% 357,459 395,942 438,798 486,517 539,638 598, 796 664,529 737,083

G,e5 211,815 319,221 348,814 3R6,223 427,875 47d,243 525,851 S83,27% 647,153 718,188

9.50 fU7, 150 307,762 540,428 376,197 417,283 ted, 544 512,488 568,273 630,317 699,301

9.75 202,619 300,54 332,293 267,655 407,012 uS0,808 499,53%4 5%3,732 6ld, 002 681,002

10,00 194,216 295,499 424,399 344,787 397,050 439,621 486,975 539,638 598,190 665,270

10.25 193,949 286,681 216,740 450,183% 387,388 428,772 74,798 52%,974 582,864 646,085

10.50 189,782 cHU, 003 509,508 s41,834 375,014 418,250 462,990 512,727 568,007 629,430

10,75 185,742 273,637 302,091 333,735 368,920 aga, oud 4%1,538 499, 882 55%,003 613,285

11.00 181,315 2a/, 9% 295,040 325,871 360,090 98,1482 40,430 487,425 539,638 597,634

i1.25 177,998 261,339 288,280 318,239 351,532 388,535 429,656 a7rs, 3uy 526,096 582,460

t1.50 174,286 29%,45% 28l, 083 310,831 343,221 379,213 419,202 465,625 512,962 567,746

11,75 170,677 249,740 275,271 303,638 335,154 570,167 409,060 452,256 500,224 553,477

1e.00 1e7,167 2du, 187 269,044 296,054 327,323 301,386 399,218 441,227 487,867 539,638

S Y 1 ~ , \
r o 1 A A4y 3 | h| 5 "
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23 AUGUST 79 ' » ALASKA PORER AUTHURITY ‘ TABLE 8-S
ANCHURAGE = FALIRMANKS INTERTIE
ECONUMIC FEASIBILITY STubDy

CAPITAL DISBURSEMEMTS FUEL COMPONENT OF OPERATING COSTS
IN $1000 FOR IN 31000 FOR
ALTERNATIVE SYSTEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIUNS
INDEPENDENT  INTERCONNECTED INDEPENDENT INTERCONNECTED
CUSTS = $579. COSTS = 579 ESCALATED § ESCALATED $
1979
1989
1981 v 4,621
1982 2,009 15,594
19483 2b, bbb 48,874
1984 T omi,942 o 11,515 o
198RS 37,172 32,062
1986 21,1217 492
1987 7,152 2,472
19488 75559 B,473
1989 23,110 30,549
Comwo 21,920 43,038 T
- 1991 82,200 43,411
1992 101, 340 RY, 694
o 1993 598,450 108,723
) 1994 29,840 75,134
= 19995 23,935 23,1006
1996 17,630 270 B o o
19e? 254
ADDITIONAL OISBURSEMENTS SUSTTNA CONSTRUCTION POWER COSTS
IN 31000 FCR IN $1000 FOR
UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY
THCEPENDENT  INTERCUNNECTED DIESEL GEMERATION INTERTIE TAPLINE
COSTS = 379 C0s81s = §79 COSTS = $79 C0515 = 379
1979 :
1980
1981
e 19w S e
1983 . T o o ' , ’
1984
- 1935
1946
1987 brb46 1,356
fong
1989 - B
19499
1991 .
1942 2,004
1993
19454
1995
1996

1997
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22 -1

DISCOUNT
RATE
a,00
a.25
1,50
HoT5
Q9,00
Y,25
9.50
9.75%
10,00
10.25
10,50
19,75
11.00
11.25
11,50
11.75%
12.00

DISCOUNT
wATE
a.u0
B.25
8,50

B.75

9.00
9.25
V.50
9,75
1u.d0
10.2%
10,90
1,75
11,00
11.25
11,50
11,75
12,00

ALASRA POWER AUTHUR]ITY

ANCHORAGE

= FAIRBANKS INTERTIE
ECONUMIC FEASIBILITY STUDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE

IN 31000
——ermeem—c———- remere——c—m— e ea——— ———————— ESCALATION RATES+=~ec—ae=== memeerrccressecse—ccacsm————
0% 47 5% 6% 7% BY% 9% 10% 11% 12%
255,770 373,062 411,407 453,201 499, 48% 550,738 607,902 670,367 739,985 817,076
250,311 365,154 401,898 442,573 487,603 537,460 592,662 653,783 721,456 796,376
245,001 1960, 889 392,063 432,25% 476,072 524,575 578,265 637,698 703,487 176,307
239,857 348,859 383,693 u4p2,23%3% 464,878 512,069 564,29% 622,094 686, 0%9 756, 845
234,313 341,057 374,940 412,501 454,909 499,930 550,738 606,954 669, 154 737,972
229,924 333,474 366,514 403,049 443,455 48R, 145 537,580 592,264 652, 754 719,666
225,167 326,104 356,289 393,867 133,205 476,704 524,808 578,007 636,843 701,909
220,537 318,940 350,295 384,947 423,250 465,59% 512,408 S64d,170 621,402 684,682
210,030 311,975 32,526 370,219 413,579 454,803 500,369 550,738 600,417 667,966
211,643 505,203 334,97% 367,850 404,183 uay, 322 488,678 537,698 591,873 651,746
207,371 298,618 327,031 359,669 395,054 438,142 u77,3%25 525,037 577,754 636,004
203,212 292,213 320,492 351,711 386,182 424,250 u66,297 S12,742 564,047 620,723
199,101 285,983 313,550 34%,975 377,999 414,640 455,584 500,801 5%0,738 605,890
195,219 279,022 306,799 336,453 369,178 405,300 445,176 489,202 537,814 591,489
191,371 274,025 300,232 329,138 361,030 396,223 435,063 477,936 525,261 577,506
187,626 268,286 293,843 322,024 353,108 387,399 425,236 466,989 513,069 563,927
134,977 262,702 287,027 315, 19% 345,404 374,821 415,684 456,353 501,225 550,738
DISCUUNTED VALUF OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000
------ cmmememrracae e emmretmeeemeemremm==f SCALATION RATES-==~v-eemmeee—c—csscecaoncanmessnorrene
0% 4z 5% 6% 7% 8% 9% 10% 11% 12%
2U6,h15 366,389 40%,988 449,539 493,004 552,057 612,191 679,121 753,596 836,439
2u1,13%0 358,111 396,115 438,439 485,568 538,037 596,441 661,434 733,741 814,159
239,804 349,595 386,542 427,678 473,474 524,450 581, 180 644,299 714,509 792,582
230,632 341,335 377,257 417,204 461,150 511,280 566, 390 627,697 69%,878 771,683
225,009 333,320 364,251 407,124 450, 38% 498,513 552,057 611,609 677,828 751,438
220,729 325,543 359,514 397,310 439,360 486,137 538,164 590,018 660,337 731,825
215,958 317,996 391,037 387,790 428,670, 474,136 524,695 580,906 643,388 712,821
211,331 310,671 342,311 378,554 418,302 Ub2, 199 511,637 S66,258 626,961 694,406
206,905 303,561 334,828 369,593 408,244 451,213 498,975 552,057 611,039 676,560
202,554 290,657 327,080 360,897 398,486 440,264 486,696 538,288 595,603 659,262
198,524 289,955 319,559 352,458 389,019 429,646 474,787 524,930 580,639 642,495
194,213 28%, U446 312,257 344,267 379,832 419, %43 463%,23% 511,988 566,128 626,240
190,215 277,124 309,167 336,310 370,916 409, 346 452,029 499,429 552,057 610,479
188, 327 270,964 298,282 328,597 362,261 399,645 441,157 487,240 538,410 595,196
182,546 265,019 291,%96 321,102 393,800 390,230 430,007 47S,427 525,173 580,375
175,868 259,224 285,101 313,823 345, 704 381,091 420, 369 463,960 512,332 S66,001
175,290 253,192 274,792 306,754 337,785 372,220 4lu,432 452,833 499,875 552,057
I | -} } | 3 by B | A B I 3 . | ) | . |

8-5X



P _} ,.ﬂ.,mw.g'
23 aAulvnsT
m
]
™
[F% )

i

1979
1980
1981
1982
19853
1Grd
IEEL
19Rb
1947
1944
1949
1aay
19%|
1y
1993
1994
199%
16994
1997

1979
1940
1981
1942
[9R3
19%4
1945
19806
1987
{9HA
{wd9
J99v
1991
1992
19493
{934
CLL
14496
199y

| 3 1 i 1 1 i 1 i
CCALASRA PUOAER AUTHOKTTY
ANCHORAGE = FAJHBANKS INTEHTIE
JECUNOMIC FEASIBILITY STUDY
CAPLTAL DISHUKSEMENTS FUEL CDMPONMENT OF OPERATING COSTS
IN $1000 FOR IN $1000 FOR
ALTERMATIVE SYSTEN EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS
INDEPENMDENT  INTERCONNECTED INDEPENDENT INTERCONNECTED
COSTS = 379 COSTS = 879 FSCALATED 3 - ESCALATED %

5,014
2,009 {7,785
2o, b6 58,709
81,942 11,515
EYTRRL 32,062
21,127 492
Telhe erule
Te855 a,a473
21,110 30,549
21,920 43,038
B, 200 43,411
101,3%480 A9,094
58450 108,728
29,840 75,134
23,955 25,100
17,630 270
P54

ADDITIONAL DISHURSENMENTS

M

UNDERLYIHG TRANSMISSTION SYSTEH

ILDEPEHDENT
CusdTy = %79

6,646

2,004

SUSTTNA CONSTRUCTION POWER COSTS
$1000 FUK IN 81000 FOR
ALTERNATIVE MOQES OF SUPPLY

THNTERCUNNECTED DIESEL GENERATION INTERTIE TAPLINE

CO8TS = 579 CUSTS = $79 COSTS = §79

1,356

1

5 -

TABLE 8=-5X
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DI

e - 3

SCOim
FATE

g, ue
t.25
B,50
.75
9.00
Q. P58
G50
9.7%
1u. 00
10,25
Tu.54d
1v.75
11,060
11.25
11,90
11.7%
12.00

7
1

DESCOuUMT

KRATE
8.00
8,29
8.50
8.75
9,00
9.25
9.50
9.79

10.00

10.25

10.50

10.75

11,00

11.25

11.50

11.75

T 12.00

IN $1000
B L LT T B et cemmmm—— ESCALATIUN RATES===-cema=-

0% 4% 5% 6% 7% % 9% 10%
261,927 381,019 419,402 461,860 S08,913 560,973 618,607 682,411
259, bk 372,3%0b a9, 754 451,043 496,843 Sa7,48% 605,542 665,583
2%0,0%97 363,953 400, 304 440,%94 485,127 534,401 588,925 649,258
244,795 S 355,789 491,222 433,408 473,752 521,694 574,740 635,419
239,676 347,851 582,360 azv,515 462,700 509,367 560,973 618,051
259,094 340,138 375,750 410,905 451,980 497,394 547,610 603,137
229, Ruk 332,630 305,382 401,568 441,562 485,769 534,638 538,663
e2%. 127 525,346 357,259 392,497 a43],442 474,479 522,043 574,613
220,534 318,297 549, 3460 - 385,681 421,010 463,513 509,813 560,973
2le,0862 311, 564 341,661 375,114 412,957 452,862 497,936 547,73%0
211,707 304,060 534,190 366,786 gue, 774 442,514 u86,400 534,87V
207,466 29u,140 326,925 358,691 393,753 432,u459 a47%,194 522,381
20%,336 291,790 519,360 3150,A820 384,984 422,088 464,307 510,251
196,312 285,025 312,988 343,167 376,459 413,193 453,739 498,468
195,392 279,620 306,303 335,724 lub,171 403%,7963 443,450 487,020
191,574 273,176 299,799 328,464 360,112 394,990 433,401 u7%,897
187,851 26k, 088 293,471 3el,442 352,275 386,267 423,750 465,089

GISCUUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS
IN $1000
memm————— Amemermm—e e ————— cmmmmmmmm—————— ESCALATION RATES====-——e=a D it

(W3 az 5% 6% 7% 8% 9% 10%
239,082 359,652 394,725 42,2717 490,812 544,888 605,121 672,193
234,223 350,683 388,457 431,175 478,325 530,849 589, 342 654,466
228,923 342,378 379,289 420;013 466,223 517,245 574,059 637,294
223,777 334,130 370,010 409,978 454,493 504,061 559,243 620,658
218,781 326,128 361,012 399,861 444,121 491,282 544,888 604,539
213,929 314, 360 352,284 390,051 432,095 478,895 530,976 588,919
2u9,°716 310,834 343,818 380,535 421,404 466,886 517,491 573,782
204,637 305,525 335,604 371,300 411,036 455,242 504,418 559,110
200,190 290,431 327,634 362,353 400,981 ad43,951 491,744 544,888
195,808 289,546 319,900 353,060 391,227 433,001 479,455 531,100
191,608 287,802 512,593 345,237 nl, 764 422, 380 ubl, 537 517,73%2
187,956 fl6,373 305,107 357,058 372,583 412,078 495,979 504,769
143,014 270,072 298,034 329,119 63,6074 402,083 Had, 768 492,198
179,701 264,953 291,167 321,413 355,029 392,385 455,893 a80,00%
176,011 256,010 284,499 313,933 346,63%8 382,974 423,541 468,178
172,304 252,237 276,023 306,670 338,493 573,842 41%,103 456,704
168,817 246,629 271,734 299,617 330,985 364,977 403,168 44as,572

S NN R RN RS S IR SR RN S !

ALASKA PUWER AUTHORIETY
ANCHORAGE = FAIRBAMKS INTERTIE
_ ECONOMIC FEASISILITY STUDY _

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE 8<6

11% 12%

753,044 A31,230
754,247 B10,239
716,017 789,885
698, 335 770,146
681,181 751,002
664,538 732,432
648, 389 714,417
632,717 696,937
617,506 079,976
602,741 663,519
588,400 647,538
S74,488 632,028
560,975% 616,971
547,847 602,351
535,099 588,154
522,714 574,366
510,682 560,973
11% 12%

746,854 829,934
726,946 807,588
707,665 785,948
688,989 764,990
670,890 744,690
653, 367 725,025
636,381 705,974
619,920 687,514
603,967 669,625
588,504 652,289
573,513 635,486
958,980 619,198
Sq4,H88 003,407
531,223 588,096
517,969 573,250
505,114 558,852
492,044 544,888



23 AUGHUST Tv

G2 - 13

T T T T

ALASKA PURER AUTHURTTY
ANCHGRAGE = FALRBANKS INTERTIE
FCONOMIC FEASIAILITY STuDY

1997

FUEL COMPONENT UF OPERATING COSTS
IN $1000 FOR
ALTERNATIVE SYSTEM EXPANSIONS

T INDEPENDENT

ESCALATED % ESCALATED §

SUSITNA CONSTRUCTION POWER COSTS
IN $1000 FOR
ALTERNATIVE MODES OF SUPPLY

DIESEL GENFRATION INTERTIE TAPLINE
COSTS - $79 COsTS - $79

2,835 267
" 695 483
697 a8t
696 478
3,055 752
1,324 902
187 734
623 430
623 419

=500 ‘ 3u4

........ 1 “} ? . 1 ] 3
B CaPITAL DISBURSEMENTS
I $1000 FOK
ALTERMATIVE SYSTEM EXPANSIONS
“TROEPENDENT  INTERCONNECIED
COSTS - #79 €0STS - %79
1970
1980
1951 a,621
19482 2:.009 15,594
1983 26,666 4R, 874
1984 . B1,942 11,518
1955 57,172 32,062
1986 21,127 492
1937 7,152 2,472
1988 7,555 . 8,47%
1989 23,110 30,549
_ 1900 21,9290 43,038
1991 e, 200 43,411
1992 101,380 BY,694
1993 S8, 450 108,723
1994 29,840 75,134
1995 23,9545 23,106
19ug 17,630 270
1907 254
ADDITIONAL DISBURSEMENTS
’ IN $1000 FOK
UNDERLYING TRANSMISSION SYSTEM
INDEPENDENT  IMTERCONNECTED
COS5TS - 379 COSTS - $79
1979
1980
1981
1982
1963
1984
1985
19H6
1987 6,646 1.3506
1988
19489
1990
1991
{a9?2 2,004
1993
1994 .
1905
1990

T INTERCONMNECTED
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ALASKA PUsFR AUTROKITY
ANCHORAGE - FATRAANKS INTERTIE
_ _ECONOMIC FEASIRILITY STuDY

O1SCOUNT
RAITE
8,00
.ch
4,50
6015
9,60
2,25
9.50
9,75
1u,.00
16.25
1,50
16,19
11,00
11,25
11.50
11,75
12,00

DISCOUNT
RATE
H, 00
8.25
8,50
B.75
$,u0
9,25
9.50
9,75
10,00
10,25
10,50
10.75
11,00
11,25
11.50
11,75
12400

176,9%u¢ 250,04 1 2H1A82 309,718 341,007 - 375,811

PISCHUNTED VALUE OF BASE YEAR (1979} INDEPENDENT SYSTEM COSTS

TABLE 8=-6X

IN 31060
-------------------------- rmccccccecceee=FSCALATION RAJES-—--meeececcrccarer e ccrccuac e ece
0% 4% 9% . 6% 7% 8% Q% 10% 11% 12%
26t,027 331,019 419,402 461,886 S08,913 Y60,973 618,607 682,411 753,044 831,230
255, 466 372, 5606 449,734 451,043 496,843 547,488 605,542 665,583 754,207 810,239
250, 057 363,958 a0, 304 B40,594 485,127 534,401 588,925 649,258 716,017 789,885
2di, 195 354,789 391,222 430,408 475,752 521,698 574,740 633,419 698, 5455 770,146
239,56/6 347,891 382,360 420,515 462,706 509,367 560,973 618,051 681,181 751,002
2hu, 664 340,13% 373,750 411,995 451,980 497,394 547,610 603,157 664,538 732,432
F29,846 . 332,6%0 365, $82 401,568 401,562 085,769 534,638 588,663 645,389 714,417
efrS,1e/ 325,346 357,250 392,497 431,442 474,479 522,043 574,613 632,717 636,937
20,534 318,257 349, Sdo 38%,0681 - d21,610 463,513 509,613 560,973 617,506 679,976
2lo,i02 311, 564 341,061 375,114 412,057 452,562 497,930 547,730 602,741 663,515
211,707 304,460 334,190 366, /86 402,774 au2,514 HB6, 400 534,870 SH¥, 806 647,538
207,466 29k, 140 326,925 358,691 593,753 432,459 475,194 522,381 574,48R 632,028
EREPREL 291,756 319,860 350,820 384,984 422,688 464,307 510,251 560,973 616,971
199,51 285,625 312,988 343,167 376,459 415,193 453,730 498,468 Sa47,847 602, 351
195, 492 T 279,620 306,303 355,724 368,171 40%,963 443,450 487,020 535,099 588,154
191,573 27%,776 299,799 328,484 360,112 394,990 433,461 475,897 522,714 574,366
J87,891 268,088 294,471 321,442 352,275 3R6,267° 423%,750 465,089 510,682 560,973
NISCUUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM COUSTS
IN §1000
------------------------ wmmemmnmenceene=e=ESCALAT]UN RATES-—--—mecccmecccc e e eosr e e
(4 47 5% 67 7% 8% 9% 10% 11% 12%

248,987 370,430 409,897 455,R53 S02,5%04 557,307 617,978 685,499 760,622 844,175
245,d48 301,567 399,932 44a 2,651 490,214 543,160 602,088 667,657 740,595 821,706
258,969 352,971 399,268 431,790 478,009 529,450 586,691 650,371 721,196 799,944
252,845 344,03%2 380,896 421,258 Ubb,177 H516,161 571,769 63%,622 702,403 778,865
227,771 536,540 371,804 411,044 454,705 503,278 597,307 611,392 684,194 758, 445
222,842 324,088 362,981 401,138 443,580 490,788 543%,288 601,662 666,551 738,662
218,053 321,066 i54,u26 391,528 432,791 478,678 529,698 586,415 6l49, 452 719,494
213,400 315,672 346,122 362,205 422,326 U6b, 933 516,521 571,636 632,880 700,918
20R,R78 306,49% . 338,065 373%,1%9 412,174 455,543 505,744 557,307 6l6,816 682,916
204,d4R3 299,522 330,240 3I6d, 581 402, 525 qua, 494 491, 353 S43,414 601,243 665,466
200,219 292,754 322,046 355,861 592,769 433,776 479,335 529,941 586,149 648,551
196,057 286, 18¢ 315,274 347,592 383,495 4es, 377 461,677 516,875 571,50% 632,152
Cta2, 018 279,798 306,115 339,565 374,194 84§3,287 _450,367 - 504,202 557,307 616,252
188,091 275%,598 301,163 331,771 365,758 403,495 445,394 491,998 543,537 600,833
tad,271 267,574 24,412 324,204 ° 357,277 393,991 434,746 479,981 530-180 585,880
189,555 261,721 287,153 516,855 349,043 384,766 az2u,413 4ok, 408 517,223 S71,376
414,383 457,178 504,652 557,307
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1979
1980
1981
1982
1933
1984
1985
1986
1917
1958
1949
1999
1991
1992
1993
1994
1995
1996
1997

1979.

19490

1981

1982
1983
1954
19HS
1986
1987
1958
19r0
1999
1991
1992
1993
19ay
199%
1949p
1997

ALASKA POWER AUTHORITY TABLE 8=6X

ANCHIIRAGE =~ FAIRBANKS INTERTIE
ECyNGMIC FEASIRILITY STUDY

FUEL COMPONENT OF OPERATING CUSTS
IN 51000 FOR
ALTERNATIVE SYSTEM EXPANSIONS

__CAPITAL DISBURSEMENTS
IN 31000 FOR ‘
ALTERNATIVE SYSTEM EXPANSIONS

INDEPENDEMT  INTERCONRECTED INDEPENDENT INTERCONNECTED

COSTS = 379  COS1S = 379 ESCALATED $ ESCALATED §
5,014
2,009 17,785
26,666 58,709
81,942 11,515
37,112 32,062
21,127 492
7,152 2,472
7,555 8,473
235,110 30,549
21,920 43,038
82,200 43,411
101,480 89,694
58,450 108,723
29,849 75,134
23,935 24,100
17,650 270
254

SUSITNA CONSTRUCTION POWER COSTS
TN $1000 FOR )
ALTERNATIVE MODES OF SUPPLY

ADDITIUNAL DISBURSEMENTS
IN $1000 FOR ]
UNDERLYING TRANSMISSIUN SYSTEM

INTERTIE TAPLINE

INDEPEHNDENT  INTERCUNNECTED DIESEL GENERATION
COSTS - 379 COSTS - $79 COSTS - §$79 COSTS = $79
2,835 267

695 T ’ 483

6,646 1:356 697 : 481

696 _ o ars

3,055 T ’ 752

1,324 902

147 i ; 734

2,004 &3 T 430

623 419

=500 304
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DI

SCOuUNMT

RATE
L
B.25

1]

82 - 3

DISCOUNT

NE: R

d.75
9.0
9,25
9,50
G.75
10.00
1v.25
10.50
10.75%
11,00
11.25
11.50
11.75
12.00

RATE
ratg
84,29
H,.50
a,75
9,00
9,25
Q.50

975"

10.00
10.25
t0.59
10.75
11.00
11.25%
11,50
11.7%
12.480

ALASKA POWER AUTHORITY

ANCHORAGE

~ FAIRBANKS TNTERTIE
ECONUMIC FEASIBILYTY STuDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS

TABLE 8=7

IN 31000
------- cemmmmemccmmnemrmremme—emeanmeee===f SCALATION RAIES==~-cccececemccccecrccn e cecce e~
ox 4% 5% 6% 7% 8% 9% 10% 112 12%
265,401 403,640 441,469 483,353 529,729 S81,084 637,955 700,932 770,669 847,886
279,502 394,426 431,253 872,015 517,139 567,095 oR22,40¢ 083,633 791,423% 826,467
273,312 385,477 421,532 461,008 504,918 553,518 607,312 bbb, 854 732,758 805,699
267,488 376,782 411,696 450,320 493,055 500,342 592, 669 650,575 714,654 765,599
Pol,825% 364,334 due, 536 439,949 481,536 521,551 578,459 634,781 697,092 766,027
256,312 360,125 393,242 429,859 470,351 515,134 Seld,667 019,454 080,054 747,082
250,950 352, 140 384,406 420N, 065 459, 488 503,078 551,278 604,580 663,523 728,703
245,734 344,391 375,820 410,551 448,937 491,370 53R,280 590,142 647,480 710,872
240,657 336,A51 367,474 ug1, 306 438,688 480,000 525,659 576,127 631,911 593,570
255,716 329,521 359,363 392, 322 428,730 468,956 513,403 562,520 616,798 676,779
250,906 322,393% 351,477 553,590 419,054 458,227 501,500 549,308 602,126 b60,U83
225,223 315,461 343,809 375,102 109,651 447,803 489,938 536,477 587,882 bUl, 664
221,503 304,718 336, 354 366,851 400,513 437,679 a4y7s,706 524,015 574,051 629,306
217,223 302,158 329,102 358, 6828 491,609 427,832 467,794 511,911 560,618 614,396
212,894 295,177 322,050 351,026 382,993 418,265 us7,190 500,151 567,572 599,917
2uH, 666 289,567 315,188 343,439 374,596 406,965 446,884 488,726 534,899 585,855
20d, 552 283,524 308,513 336,059 366,430 399,924 436,868 477,623 522,587 572,197
DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM CUSTS
IN 51000
mrmmeemmmemmsem s ceSeem e smssmess—e—————o= ESCALATION RATESmew—rmeemecmcecccceecraneccem———" R e L L
0% 47 5% 6% 7% 8% 9% 10% 112 12%
286,909 410,13% 459,105 494,593 544,104 599,201 060,502 728,692 404,529 888,845
260,578 490,461 439,322 n82,564 530,679 584,209 645,756 709,982 783,621 R65,479
2id,u34 391,077 428,464 470,900 517,665 969,678 627,527 691,853 763, 365 B42,847
eeR, 40T 81,972 418,718 459,588 505,042 555,591 611,797 674,285 743,740 820,922
2o2,nil 373,136 408,876 448,016 492,803 541,932 596,549 657,254 724,723 799,681
257,040 364,561 399, 525 437,972 480,933 528,688 581,767 640,753 706,293 779,098
291,568 356,237 390,057 427,644 169,419 515,844 567,433 624,754 688,430 759,152
246,251 348,156 381,062 417,624 458,248 503,386 553,534 609,242 671,114 739,821
241,083 340,311 372,331 407,899 Q47,411 091,302 540,0%4 594,200 654,327 721,083
235,000 332,092 363,454 395, dol 430,894 479,578 526,979 579,614 638,051 702,918
231,176 325,294 355,624 389,299 426,688 468,203 514,296 565,467 622,268 685,307
2e¢bsd27 318,108 347,632 380,404 416,782 057,164 501,990 551,744 606,961 668,231
221,810 311,127 339,871 371, 708 api7, 166 udb,451 490,050 936,431 592,114 651,671
217,%18 304,345 332,332 365,381 397,830 436,053 478,463 525,515 577.713 635,611
212,950 - - 297,754 325,009 355,237 588,766 425,959 . 467,217 512,982 563,781 620,032
208, 699 291,350 517,894 317,525 379,963 416,159 456,301 500,819 550,184 604,920
&4, So1 285,126 310,980 339,649 371,414 4lob, 603 4uy,704 489,013 537,029 590,258
o | | . | 3 S B B | 5 DR N | .1 1 N IR
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1979

1979
1980
1981
1982
1983
1984
19485
1986
1947
1984
1989
1990
1991
1992
1993
1994
1995
1996
1997

1980
1981
1982
1983
1944
198RS
1946
1987
1958
1989
1999
1991
1992
1993%
1924
1995
1996
1997

_caPITAL
ALTERNATIVE

INDEPENDENT
COSTS - 379

ADDITIONAL DISBURSEMENTS
UNDERLYING

INDEPENDENT
COSI3 = 574

S I

ANCHURAGE = FAIRHANRS INTFRTIE

1

AL ASHA PORER AUTHORTIY

ECONOMIC FEASISILITY STuDY

DISBURSEMENTS

IN $100¢ FOR

2,009
26,600
81,942
37,1172
21,127
7,157
7,5%5%
23,110
21,920
82,290
101,380
58,450

C 29,840

23,955
17,639

SYSTEM EXPANSIONS

ITNTERCUNRECTED
COSTS - &79

4,872
18,056
72,604
t1,326
31,8806

328

2,319

8,529
30,604
43,092
43,463
89,973

108,988
7%, 387
23%,347

4499
a7}

It 31000 FOKR

TRANSMISSTON SYSTEM

INTERCONNECTED
CUST3 - 579

FUEL COMPONENT OF QPERATING COSTS

INDEPENDENT
ESCALATIED %

T 8,468

9,524
10,267

6,851
7,212
7,933
8,654
9,015

IN $1000 FOR
ALTERNATIVE SYSTEM EXPAHNSIONS

INTERCOMNECTED

7,648
8,498
9,029

8,324
8,654
8,016
8,745
9,109

ESCALATED 8

SUSITNA CONSTRUCTION POWER COSTS

DIESEL GENERATION
CO5TS - $79

2,835

695
697
696
3,055
1,324
187

623
=50¢

‘623

IN $1000 FOR
ALTEHNATIVE/ﬂDDES‘OF SUPPLY

INTERTIE TAPLINE

COsTs - %79

267
483
481
478
752
Q02
734
430
419
304

9

TABLE B=7
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APPENDIX F
TRANSMISSION LINE FINANCIAL ANALYSIS

ANCHORAGE-FATRBANKS INTERCONNECTION
SEMI-ANNUAL DISBURSEMENTS
FOR
TRANSMISSION INTERTIE FACILITIES
(TLFAP)
1979
BASE-LINE
AND
ESCALATED
COSTS

F-1
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-4

16 AUGUST 79

L INF
NO

172.0 1, TRANSMISSTON L INF

17d,0 ENGRG &8 CNNSTR, SHPFRV,
176, 0 RIGHT UF wWay

17R,0  FOUNDATTONS

180,0 TOWFRS

182.0 HARDWARF

184,.0 INSULATOKS

186,0 CONDUCTINR

189,00

190,0 SUR=TUTAL

191,.0

200.0 2., SHBSIATTOMS

202,00 ENGRG & CONST. SUPERV,
204.0 LAND

206.0 TRANSFURMERS

208,0 CIRCUIT HRFAKFRS

210,0 STATION EAQUIPMENT

211,0 STRUCTURES & ACCESSNRITES
216,0 SURTOTAL

217,0

SFMI=ANNUAL

1981=-1

218,0 3, CONTROL AND COMAUNICATIONS

219,0 ENGINFERIMG AND [MSTALLATION
220,0 SUPERVISTUON

222.0 LEQUIPMENT

224,0

226,0 SUR=TOTAL

22R.0

230,0 T0TAL

232.0

234,0 SuMMAKY 0OF PRICE ESCALATION

235,00 AT R, 0% P&

ANCHORAGE = FAIRBANKS INTERCUNNECTION
DISARURSEMENTS FOR TRANSMISSION INTERTIE FACILITIES
COSTS INFLATED FRNOM 1979 BASEL INE

1981 =2 1982-=1
763 0
2298 7169
0 0

0 0

0 0

0 Q

Q 0
3081 7169
586 609
0 0

\l 168

0 uze

0 291

0 a&71
586 2562
Q 0

0

0 0
3666 9730
141 734

19822 19831
440 A10
0 0
2565 7212
0 11379

0 84

0 88

0 1R88
3005 21462
634 3129
0 0
670 697
769 800
530 551
1811 1884
4414 4261
0 83

0 1467

0 1550
7419 27273
R2Y 3960

1983=2 TOTAL
879 3365

0 9466

0 9777
14464 25843
493 5717
520 608
11129 13017
2748% 62653
343 3064

0 B1

207 1943
238 2229
164 1535

0 4S66

951 13418
114 197
2289 3756
2403 3953
30839 RO024
5492 11150



70%
14%
56%

28%
42%

30%

18%
12%

ANCHORAGE-FAIRBANKS INTERCONNECTION

ALTERNATIVE FINANCIAL PLANS

PROJECT FUNDING WITH REA/FFB LOAN PACKAGE

FFB LOAN @ 9%%, 35 YEARS (80%

REA LOAN @ 5%, 35 YEARS (20%)ﬂ AT, 1

REA LOAN @ 5%, 35 YEARS (40%) ALT. 2
FFB LOAN @ 9%%, 35 YEARS (60%) T

PROJECT FUNDING WITH AMU/FMU BONDS

- AMU BONDS @ 6%%, 20 YEAR MATURITY
- FMU BONDS @ 7%, 20 YEAR MATURITY

F-4



16 AUGYST 79

LIvE
NO

4u0,0
401,0
402.0
403,90
494,0
405,0
496,0
4oR, 0
409,0
410,0
a11,0
412.0
413,0
a14,0
415,0
416,90
417.0
420,0
a21,0
422.0

16 AUGUST 79

L INE
ND

19/ =1
FUNDInNG Sut!r?CES
APA BOLD 0
REA LUAN 153
CFC LDANMN 0
FFB LOAN 6ld
AM) SHURT TERM LOAN 197
FMy SHORT TERM LQAN 132
TOTAL 1096
INTEREST ik TG CONSTRUCTION
APA AOND n
REA LOAN 2
CFC LDAN 0
FFiy LOAN 14
AMU SHORT TErM LOAN 10
FMU SHORT TFR™ { DAN 7
ToTaL 33
1981 =1

430,0 % DERT ASSIMED BY FACH UTILITY

432.0
a34,n
436.0
43m,0
42,0
qa4,0
446, 0
4a7 .0
448, 0
489,90
450,0
452.0
as4a,n
456,0
45R,0
462.0
4ol n
466,0
te8, 0
470,0
4712,0
478,0
476,0
510.0

3

AML & P
(A

MF A

HE A
FMyS
Gvea
CVEA

NERT ASSUMFD bY FACH UTILITY

AML & ¥
CEA
ME A
HF A
FMUS
GVEA
CVEA

TOTAL DEBT

COMPOSITE INTEREST RaATE

iB
11

12
6

ANCHORAGE

19412

ANCHO

1981=2

= FAIRBANKS TNTERCONNECTION

FUNDING SNURCES AND
INTEREST DURING CUNSTRUCTION

1983=1

921
640
az27

2112

~ FATRBANKS TNTERCONNECTION

1983=1

DD OOD

4909
3000
18

0
3273
15273

27273

1982=1 1ea2=2

0 0

1302 1039

0 0

5449 4155

1751 1335

1168 890

9730 74419

0 0

34 'Y

0 0

249 471

173 328

116 218

572 1081

RAGE
DEBT TABLF AND
COMPOSITE INTEREST RATL

19872-1 1982=2

0 0

0 0

0 0

0 0

0 0

0 0

0 0

1751 1335

1070 816

292 223

0 0

1168 890

5449 4159%

0 0

9730 7419
0.0 0,0
3 | IR |

19813-2 TOTAL
[ 0
4318 11203
0 0
17270 448t a
5551 16404
3701 9603
30839 80024
0 0
2cé 460
0 0
167% 3405
1163 2366
779 1578
3838 7809
1983-2 TOTAL
0 18
0 1t
0 3
0 0
0 12
0 56
0 0
5551 14404
3392 8803
- 925 240t
0 0
3701 9603
17270 4uB14
0 0
30839 a0024a
0,0 0,089
3 3

. |

20=80 REA-FFB

20=80 REA=-FFB



9-4

16 AUGUST 79

LINF
ND

G00.0 FUNDIMNG SONIRCES
401,0 APA 504D

02,0 REA LOAN

403,0 CFC LOAN

404,0 FFBR LOANM

40S,0 AMY SHORT TFRM LOAN
406.0 FMu SHORT TFRM LOAN
408,0

409,0 TOTAL

410.0

411,0 INTEREST 0likInG CUMS
a12,0 APA ANOND

413,0 REA LOAN

414,0 CFC.- LODAN

415,0 FFB LDAN

416,0 AMU SHURT TFRM LOAN
417.0 FMU SHORT TERM LOAN
420,0

421,.0 TOTAL

422.,0

16 AUGUST 79

LINE
NO

430,0 % NDERT ASSUME]D BY FA

432,0 AML & P

434.0 CFA

436,0 MEA

43,0 HEA

442.0 FMUS

40,0 GVEA

446,0 CVEA

447,0

448, 0

49,0 .

450.0 DEBT ASSUMFL BY EACH

452.0 AML % P

454,0 CEA

456.0 MEa

458,0 HEA

462.0 FMUS

4o4,0 GVEA

466,0 LVEA

468,0

470.0 FOTAL DFBY

412.0

474,0

476,.0

510,0 COMPOSITE INTEREST

} I I R T | | I B R )
ANCHORAGE - FATRBANKS INTERCONNECTION
FUNDING SNURCES &ND
INTEREST DURING CONSTRUCTION
1981-1 1981=-2 1982<1 1982-2 1983-1 1983=2 TOTAL
0 0 0 0 0 0 0
307 1027 272s 2077 7636 8635 22407
n 0 0 0 0 0 0
460 1540 4087 3116 11455 12953 33610
197 660 1751 1335 4909 5551 14404
132 440 1168 A9D 3273 3701 9603
1096 3666 9730 7419 27273 30839 soged
TRUCTION
0 0 0 0 0 0 0
4 21 67 127 249 452 920
0 0 0 0 0 0
11 57 187 354 691 1255 2554
10 53 173 32R 6U0 1163 2366
7 35 tie 21a u27 775 1578
31 165 543 1027 2006 3645 7418
ANCHORAGE = FATRBANKS INTERCONNECTION
DEBT TABLE AND
COMPOSITE INTEREST RATE
1981 =14 1981=-2 1982=-1 1982=2 19683~1 19832 TOTAL
CH UTILETY
1A 3] 0 0 0 0 18
11 a 0 0 0 0 11
3 0 0 0 0 0 3
0 0 0 0 0 0 0
12 0 0 n 0 0 12
56 0 0 0 0 0 56
0 0 0 0 0 0 0
UTILITY
197 660 1751 1335 4909 5551 14404
121 4g3 1070 816 3000 3392 8803
33 110 292 223 818 925 2401
0 0 0 0 0 0 0
132 a49 1108 890 3273 3701 96073
614 2053 Sua9 4155 15273 17270 44814
0 ) 0 0 0 0 0
1096 3666 9730 7419 27273 30839 . 80024
RATE 0,683 0.0 0,0 0.0 0,0 0.0 -0.,08%

40~=60 REA=-FFB

40-60 REA-FFB



L-4

15 AUGUST 79

. LINE

NO

152.0
154,0
156,0
158,0
1600
161,0
166.0
168,0
171.0
172,0
174.,0
176,0
177.0
182,0
184,0
187.0
188,0
190,0
192,0
193,0
198.,0
200,0
202,0
203,0
204,0
206,0
207.0
212.0
214,0
216.0
218,0
220.0
221.0
228,90
230,0
232.,0
2340
236,0
250,0
251.0
253.,0
255,0
25740

1984 ‘1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 199S
APA
SINKING FUND 0 0 0 0 0 0 0 0 0 0 0 0
INTEREST OUE 0 0 0 0 0 0 0 0 0 0 0 0
SGFUND+INTEREST 0 0 0 0 0 0 0 0 0 0 0 0
REA
REPAYMENT 350 350 350 350 350 350 350 350 350 350 350 350
QUTSTANDING 10853 10503 10153 9803 9453 9103 8753 8403 8052 7702 7352 7002
INTEREST DUE 560 543 525 508 490 473 455 438 420 403 385 368
e rereen- P L L T Y L L T TP R L L L L L L L LT L L L L R P L Y T
DEBT SERVICE 910 893 875 858 840 823 805 768 770 753 735 718
CFC
REPAYMENT 0 0 0 0 0 0 0 0 0 0 0 0
OUTSTANDING 0 0 0 Y 0 0 0 0 0 0 0 0
INTEREST 0 0 0 0 0 0 0 0 0 0 0 0
DEBT SERVICE 0 0 0 0 0 0 0 0 0 0 0 0
FFB ‘
REPAYMENT 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400
OUTSTANDING 43413 42013 40612 39212 37811 Ipd11 35011 33610 32210 30809 29409 28008
INTEREST 4145 4016 3886 3757 3627 3498 3368 3238 3109 2979 2850 2720
DEBT SERVICE S546 5416 5287 5157 5028 4898 4768 4639 4509 4380 4250 4121
AMU -
SINKING FUND 371 371 371 371 in 371 371 371 371 371 371 371
INTEREST DUE 936 936 936 936 936 936 936 936 936 936 936 936
S,FUND+INTEREST 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307
FMU
SINKING FUND 234 234 234 234 234 234 234 234 234 234 234 234
INTEREST OUE 672 672 672 672 672 672 672 672 672 672 672 672
S.FUND+INTEREST 906 906 906 06 906 906 906 906 906 906 906 906
TOTAL REPAYMENTS OR
5., FUND PAYMENTS 2356 2356 2356 2356 2356 2356 2356 2356 2356 2356 2356 2356
TOT INTEREST DUE 6314 6167 6020 5873 5726 5579 5432 5285 5138 4991 4843 4696
8523 8376 8229 808¢ 7934 7787 7640 7493 7346 7199 7052

TOTAL DEBT SERVI 8670

ANCHORAGE = FAIRBANKS INTERCONNECTION 20=-80 REA-FFB

DEBT SERVICE SCHEDULE



8

~

15 AUGUST 79

LINE
NO

152.0
154,0
156.0
158,0
160.0
161.0
166.,0
168,0
171.0
t72.0
170,0
176.0
177.0
182,0
184,0
187.0
188,0
160,0
192.0
193,0
196.0
200.0
202,90
203.0
204,0
206,0
207,0
212.0
214,0
216.0
218,0
220,0
221.0
228.0
230.0
232.0
234,0
236,0
250.0
251,90
253,.0
255.0
257,0

| R R ) Yy Y T 3 J I 1 } 3 | B B 3
ANCHORAGE « FAIRBANKS INTERCONNECTION u0=60 REA=-FFB
DEBT SERVICE SCHEOULE
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

APA

SINKING FUND 0 0 0 0 0 0 0 0 0 0 0 0

INTEREST DUE 0 0 0 0 0 0 0 0 0 0 0 0

S.FUND+INTEREST 0 0 0 0 0 0 0 0 0 0 0 0
REA

REPAYMENT 700 700 700 700 700 700 700 700 700 700 700 700

OUTSTANDING 21707 21006 20306 19606 18906 18206 17505 16805 16105 15405 14704 14004

INTEREST DUE 1120 1085 1050 1015 980 945 910 875 8B40 BOS 770 735

DEBT SERVICE ta21 1786 1751 1716 1681 1645 1610 1575 154 1505 1470 1435
CFC” . .

REPAYMENT 0 0 0 0 0 0 0 0 0 0 0 0

OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 -0

INTEREST 0 0 0 0 0 0 0 0 0 0 0 0
DEBT SERVICE 0 0 0 0 0 0 0 0 0 0 0 0
FFB

REPAYMENT 1050 1050 1050 1050 1050 1050 1050 10590 1050 1050 1050 1050
OUTSTANDING 32560 31510 30459 29409 28359 27308 26258 25208 2u157 23107 22057 21006

INTEREST 3109 3012 2915 2817 2720 2623 2526 2429 2332 2235 2137 2040

DEBT SERVICE 4159 4062 3965 3868 3771 3673 3576 3479 3382 3285 3188 3091
AMU

SINKING FUND 371 371 371 371 371 371 371 371 371 371 371 371

INTEREST DUE 936 936 936 936 936 936 936 936 936 936 936 936
S,FUND+INTEREST 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307 1307
FMU

SINKING FUND 234 234 234 234 234 234 234 234 234 234 234 234

INTEREST DUE 672 672 672 672 672 672 672 672 672 672 672 672
S FUND+INTEREST 906 906 906 906 906 906 906 906 906 906 906 906
TOTAL REPAYMENTS OR

S. FUND PAYMENTS 2356 2356 2356 2356 2356 2356 2356 2356 2356 2356 23%6 2356

TOT INTEREST DUE 5838 5706 5573 5441 5309 5177 5045 4913 4780 4648 4516 4384
TOTAL DEBT SERVI 8194 8061 7929 7797 7665 7533 7401 7268 T136 7004 6872 6740



6-4

20=80 REA=FFB

15 AUGUST 79 ANCHORAGE = FAIRBANKS INTERCONNECTION
DEBT SERVICE SCHEDULE
LINE 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
NO
152.0 APA
154,0 SINKING FUND ] ] 0 0 0 0 0 0 0 0 0 0
156,0 INTEREST DUE 0 0 0 0 0 0o 0 0 0 0 0 0
158,0 eeeeeemeeem === crcemmmmr e r e coressrascmccennee= B L L 1 T pumpp—— e L oL L DT
160,0 S,.FUND+INTEREST : 0 0 0 0 0 0 0 0 0 0 0 0
161.0
166.0 REA
168,0 REPAYMENT 3590 350 350 350 350 350 350 350 350 350 350 350
171.0 OUTSTANDING 6652 6302 5952 5602 5252 4901 4551 4201 3851 3501 3151 2801
172.0 INTEREST DUE 350 333 315 298 280 263 24% 228 210 193 175 158
174,00  emeeeem———— ermmmeeee——————————— c—m——— ee e ermeeeeccme——————— acecem—- cececmecammceem e em .- wecmescmcanaa
176.0 DEBT SERVICE 700 683 665 648 630 613 595 578 560 S43 525 508
177.0
182.0 CFC
184,0 REPAYMENT 0 0 0 0 0 0 0 0 0 0 0 0
187.0 OQUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
188,0 INTEREST, ) 0 V] 0 0 0 ] 0 0 0 0 0
190.0 O s e D R S S W TP W W W S A AR dn o W W AR DA P T X ] LA T A P L Y L L2 Y PR R LR X Y LT T L L
192,0 DERT StRVICE 0 0 0 0 0 0 0 0 0 0 0 0
193,0
198.0 FFB
200,0 REPAYMENT 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400 1400
202.0 OUTSTANDING 26608 25208 23807 22407 21006 19606 18206 16805 15405 14004 12604 11203
203,0 INTEREST 2591 2461 2332 2202 2073 1943 1814 1684 1554 1425 1295 1166
204,0 memmcemeemseem——————— S emeceecsceceee————— . mevm—memama———— cemesrvamesmen—
206,0 DERT SERVICE 3991 3862 3732 3603 3473 3344 3214 3084 2955 2825 2696 2566
207.0
212,0 AMy . 7
214,0 SINKING FUND 371 371 371 371 371 371 371 371 0 0 0 0
216.,0 INTEREST DUE 934 936 936 936 936 936 936 936 0 0 0 0
218.0 .- - i D P s D 0 TP D AP WY AP AT P G Y WP D AR R AR AR R S SR R R e e S P AR A A W A - e w LA Ty Y P L L LY TR N Y Ry N Ny PP AT RSN EEDEEE D
220,0 S.FUND+INTEREST 1307 1307 1307 1307 1307 1307 1307 1307 0 0 ] 0
221.0
228.0 F4u
230,0 SINKING FUND 234 234 234 234 234 234 234 234 0 0 0 0
232,0 INTEREST NDUE 672 672 672 672 672 672 672 672 0 0 0 0
234,00  eeeeseeee- e mem————— Cemeeemecce—————— T, acceecceccseemcescccecseenea e .———— ceessacesermsemsssemanaa
236.0 S,FUND+INTEREST 906 906 906 906 906 906 9046 906 0 0 0 0
250,0 TOTAL REPAYMENTS OR .
251,0 S. FUND PAYMENTS 2356 2356 2350 2356 2356 2356 2356 2156 1751 1751 1751 1751
253,0 TOT INTEREST DUE 4549 us02 4255 4108 3961 3814 3667 3520 1765 1617 1470 1323
255.0  acemeea=== —eemmem——————— cemremeeem e e ——————— eeesscavasscamm==- cececaccmcceee——- emcesecesscssmmrmcseswsn==
257.0 TOTAL DEBT SERVT 6909 6758 6611 6Ubu 6317 6170 6023 S&76 3519 3368 3221 3074
1 y Y ) 3 3 i i | | I R | } 2 } 1 H B
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15 AUGUST 79

L INE
ND

152.0 APA )
154,0 SINKING FUND
156,0 INTEREST DUk
158.0

160,0 S, FUND4INTEREST
161,0

166,0 REA

168,0 REPAYMENT

171.,0 OUTSTANDING
172.0 INTEREST DUE
174,0 )

176.,0 DERT SERVICFE
177.0

182,0 CFC

184,0 REPAYMENT

187.0 OUTSTANDING
188,0 INTEREST

190,0

192.0 DEBT SERVICE
193.0

198,0 FFB
200.,0 REPAYMENT
202.0 OQUTSTANDING
203.0 INTEREST
204,0
206,0 DEBT SERVICE
207.0 ’
212.0 AMU
214.,0 SINKING FUND
216.,0 INTEREST DUF
218,0
220,0 S, FUND+INTEREST
21,0
228,0 FmuU
230.0 SINKING FIIND
232.0 INTEREST DuE
234.,0
236,0 S, FUND+INTEREST
250.,0 TOTAL REPAYMENTS
251.,0 S, FUND PAYMENTS
293.0 TOT INTEREST DuE
255,0
257.0 TOTAL DEBT SERVYI

1996

0
Q

1997

0
0

ANCHORAGE

1998

0
Y

DEBT SERVICE SCHEDULE

- FAJHHANKS INTERLONNECTION

2002

0
0

2003

0
0

2004

%

40=60 REA=FFB

B i R L L L L L L L T T L e e e e Y P P LR R L LR DL L L g

0

700
13304
700

UR

0

700
172604
665

1999 2000 2001
0 0 0

0 v 0

0 0 0
700 700 700
11203 10503 98073
59% 560 525
129% 1260 1225
0 0

0 0 0

0 0

0 0 0
1050 1050 1050
16805 15755 14704
1652 1554 1457
2702 2605% 2508
371 371 371
936 936 936
1307 1307 1307
234 234 234
672 672 672
9046 904 %06
2356 2356 2356
3855 3123 3591
6211 6079 5947

i

0

700
9103
490

1190

1050
3654
1360

0

700
8403
455

1155

1050
12604
1263

706
7702
420

1129

1050

11553
1166

1751

1586

3337

- - - - Py T L L L L L )

2005 2006 2007
0 0 0

0 0 0

0 0 0
700 700 700
7002 6302 5602
388 350 315
1085 1050 1015
0 ) 0 0

0 0 Q

Q 0 0

Q 0 0
1050 1050 1050
10503 9453 8403
1069 972 874
2119 2022 192S
0 0 0

0 0 0

0 0 (4]

] 0 0

0 0 0

0 0 0
1751 1751} 1751
1454 1322 1189
3204 3072 2940



LL-d

15 AUGHST 79 ANCHORAGFE = FAIRBANKS INTERCONNECTEOUN 20=B0 HtA=FFB
DERT SERVICE SCHEDULE

LINE 2008 2009 2010 2011 201¢ 2013 2014 2015
Ni}

152.0 aAPA )

154,0 SINKING FUND o 0 0 0 0 0 [¢] 0
156.0 INTEREST DUE 0 0 0 0 0 0 0 0
158.0 B L b L R e L et T T R L L LT T
160,0 S, FUND+INTEREST 0 0 0 0 1} 0 0 0
161.0

166,0 REA

168,010 REPAYMENT 354 350 350 350 354 350 350 350
171.,0 OUTSTANDING 2451 2iul 1751 1400 1050 700 350 0
172.0 INTEREST DUE 140 123 105 88 70 93 35 18
17“.0 - - - - - - = - - - .- --- LAl A L L L L LA L L Al Rl L R E L L ]
176.0 DEBT SERVICF 490 473 455 /R Y.} 420 1073 385 368
177.0

182.0 CFC

184,0 REPAYMENT 0 0 0 0 0 0 0 0
187,00 OUTSTANDING 0 0 Q 0 0 0 0 0
188,0 [NTEKEST 0 0 U 0 0 0 0 0
190,0 o = . = " A - = =
192,0 DEBT SERVICE ¢ 0 1) 0 U 1} 0 Q
193,0

198,0 FFB
200,0 REPAYMENT 1400 1400 1400 1400 1400 1400 1400 1400
202.0 OUTSTANDING QH073 8403 7002 5602 42901 2801 1400 "]
203.0 INTERFEST 1036 9u7 717 648 518 389 259 130
204,0 - = = L o - P A P e e = R e -
206.0 DEBT SERVICFE 2437 2307 2178 2048 1919 1789 1660 1530
207.0
212.0 AMy
214.0 SINKING FUND 0 0 0 0 0 0 0 0
216.0 INTEREST DUE o Q 0 [ Q 0 0 0
218,0 —————— —em———- e Ay
220,0 S, FUND+INTEREST 0 0 0 0 0 0 0 0
221.0
228.0 FMy
230,0 SINKING FiraD 0 0 0 0 0 Q 0 0
232.0 INTEREST DUE 0 0 0 0 0 0 0 0
234,0 - o e B e e Y A R e e N e T B ——————
236,0 S,FUND+INTEREST ] 0 0 0 0 0 0 0
250.0 TOTAL REPAYMENTS OR '
251.0 Se FUND PAYMENTS 1751 1751 1791 1751 1751 1751 1751 1751
253,0 TOT INTEREST DUF 1176 1029 age 735 588 a4 294 147
255, 0 U UL PPy Uy S P,
257.0 JTOTAL LEwT SERVI 2927 2780 260353 2486 2339 2162 204% 1898




Zi-d

1S AUGUST 79

LINE
NQ

152.0
154,0
156,0
158, 0
160,0
161,0
66,0
168,0
171.0
172.0
174,0
176.0
177.0
182.0
184,0
187.0
188,0

190.,0

192.0

-~193,0

198.0
200.0
202,0
203,0
204,0
206,0
207,0
212.0
214,0
216.0
218.0
220,0
221.0
228.0
230,0
232,0
234,0
236.0
250,0
251.0
253.0
255.0
257,0

APA
SINKING FUND
INTEREST DUE

S,FUND+TINTEREST

REA

REPAYMENT
OUTSTANDING
INTEREST DUE

DEBT SERVICE

CFC
REPAYMENT
OUTSTANDING
INTEREST

DEBT SERVICE

FFB
REPAYMENT
OUTSTANDING
INTEREST

DERT SERVICE

AMU :

STNKING FUND
INTEREST DUE
S.FUND#INTEREST

FMu
SINKING FUND
INTERFST DUE

S FUND#INTEREST
TOTAL REPAYMENTS

S. FUND PAYMENTS

TOT INTEREST DUE

TOTAL DEBT SERVI

ANCHDRAGE = FAIRRANKS INTERCONNECTION
DEBT SERVICE SCHEDULE

2008 2009 2010 2011 2012 2013 2014 2015
0 0 v 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
700 700 700 700 700 700 700 700
4901 4201 3501 2801 2101 1400 700 0
280 245 210 175 140 105 70 35
980 945 910 875 840 BOS 770 735
0 0 0 0 0 0 0 0

U 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
1050 1050 1050 1050 1050 1050 1050 1050
7352 6302 5252 4201 = 3151 2101 1050 0
777 680 583 486 389 291 194 97
1828 1730 1633 1536 1439 1342 1245 1147
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

OR

1751 1751 1751 1751 1751 1751 1751 1751
1057 925 793 661 529 396 264 132
2808 2676 2544 2011 2279 2147 2015 1883

40=60 REA=FFB
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15 AU3UST 79 ANCHORAGE = FAIRBANKS INTERCONNECTION 20=B0 REA-FFH
DEBT REPAYMENT anND SINKING FUND
ALLOCATION BY UTILITY

LINE 1984 1985 1980 1987 1988 . 1989 1990 1991 1992 1993 1994 1695
ND

352.0 AML B P . ‘
354.0 REPAYMENT AMUUNT 424 ©oug4 upu 424 424 424 424 424 424 424 424 424
3IS8,0 OUTSTANDING 4770 4574 u379 4184 7 I9K9 3793 1598 3403 3207 3012 2817 2622
360.0 INYERESY DUE 1137 1110 1084 1057 1031 1004 978 951 925 898 872 a4s
361.0

362.0 CEA

364,0 REPAYMENT AMUUNT 259 259 2%9 259 299 259 259 259 259 2599 259 259
358,00 QUTSTANDING 2915 279% 2070 2557 2437 2318 2199 2079 1960 1841 1721 1602
370.0 INTEREST DUF 69% 678 obe 6db 630 bl4 597 581 56% 549 933 517
371.0 :

372.0 MEa

374.0 REPAYMENT AMOUNT 71 71 71 71 71 71 71 7t 71 71 71 71
378.0 UUTSTANDING 795 762 730 697 665 632 600 567 535 502 469 437
380,0 INTEREST DUF 1”9 185 181 176 172 167 163 159 154 150 145 141
381.0

382.0 HEA
384,0 REPAYMENT AMOUNT 0 0 [V} 0 0 0 0 0 Q 0 4] 0
384,0 OUTSTANDING " 0 0 0 0 0 0 0 0 0 0 0
390.0 INTEREST DUE 0 0 b} 0 0 0 0 0 0 0 0 0
391.0
a02,0 FMUS ‘
404.,0 REPAYMENT AMOUNT 283 283 283 283 2873 283 283 283 28% 283 283 283
408,0 OQUTSTANDING 3180 3050 2919 2789 2659 2529 2399 2268 2138 2008 1878 1748
410,0 INTEREST DUE . 758 740 722 70% 687 669 652 634 617 599 581 564
411.90 .
412.0 GVEA :
Q14,0 REPAYMENT AMOUNT 1319 1319 1319 1319 1319 1319 1319 1319 1319 1319 1319 1319
416,0 CUMULATIVE 1319 2638 3958 5277 6596 7915 9235 10554 11873 13192 14512 15831
418.0 OUTSTANDING 14R39 14231 13624 13016 12409 11801 11194 10586 9979 93171 B764 8156
420,00 INTEREST DUE 3536 3453 3371 3289 3206 3124 3042 2959 2877 279S 2712 2630
4g1,.9
422.0 CVEA
424,0 REPAYMENT AMOUNT 0 0 0 0 0 0 0 0 0 0 0 0
426,0 CUMULATIVE 0 0 0 0 Q 0 0 0 0 0 0
428.0 OQUTSTANDING 0 0 0 0 ] 0 0 0 0 0 0 0
430.0 INTEREST DUF ) 0 0 0 0 0 ] 0 0 0 0 0
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15 auGuUsST 79 ANCHORAGE = FAIRBANKS INTERCONNECTION 40=60 REA-FFB
DEHT REPAYMENT AND SINKING FUND
ALLOCATION BY UTILITY

L INE _ 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
NO
352.0 AML & P
354,0 REPAYMENT AMOUNT uu 424 424 upu 424 gy 424 424 42u 424 424 424
358,.0 QUISTANDING 6537 0284 6032 5779 5527 5274 5022 4769 4s17 426% 4012 3760
360.,0 - INTEREST DUE 1051 1027 1603 979 956 932 908 884 B60 B37 813 789
361,0 ,
362.0 CEA .
364,0 REPAYMENT AMOUNT 259 259 259 259 259 259 259 259 259 259 259 259
36B,0 OUTSTANDING 3995 3840 3686 3532 3378 3223 3069 2915 2760 2606 24s2 2298
370.0 INVTEREST DUE 642 628 613 599 584 569 555 540 526 511 us7 ua2
371,0
372.0 MEA
374,0 REPAYMENT AMOUNT 71 71 71 71 71 Al 71 71 71 71 71 71
378.0 OUTSTANDING 1089 1047 1005 963 921 879 837 795 753 711 669 627
380,0 INTEREST DUE 175 171 167 163 159 155 151 147 143 139 135 132
381,0
382.0 HEA
384.,0 REPAYMENT AMOUNT 0 0 0 ] 0 0 0 0 0 0 0 0
388.0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
390,0 INTEREST QUF 0 0 0 0 0 0 0 0 0 0 0 0
391.0 : .
402,00 FMUS
404,0 REPAYMENT AMOUNT 283 283 28% 283 283 283 283 283 283 283 283 283
408,0 OUTSTANDING 4358 4190 4021 3853 36AR5 3516 3348 3180 3011 2R43 2675 2506
410,0 INTEREST DUE 701 685 669 653 637 621 605 590 S74 558 S42 526
411,90 ~
412.0 GVEA
414,0 REPAYMENT AMOUNT 1319 1319 1319 . 1319 1319 1319 1319 1319 1319 1319 1319 1319
416.0 CUMULATIVE 1319 2638 3958 5277 6596 7915 9235 10554 11873 13192 14512 15831
41B,0 OUTSTANDING 20337 195951 18766 17980 17195 16409 15624 14838 14053 13267 12482 11696
420,0 INTEREST DUE 3269 3195 3121 3047 2913 2899 2825 21751 2677 2603 2529 2455
uz1,0 -
422.0 CvEA
424,0 REPAYMENT AMOUNT 0 0 0 | 0 0 0 0 0 0 0 0
426,80 CUMULATIVE 0 0 0 0 0 0 0 0 0 0 0 ]
428,0 OQUTSTANDING 0 0 0 0 0 0 0 0 ] 0 0 0
430,0 INTEREST DUE 0 0 0 0 0 0 0 0 0 0 ] 0
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15 A4UGUST 79

LINE
NO

352.0
354,0
358,0
350.0
lel.0
362.0
364,0
364.0
370,0
371.0
372.0
374,0
378,0

380.0

3681.0
3g2.o0
3g4,0
388,.0
390,0
391,90
402.0
404,0
408.0
410,0
411,0
412.0
414,090
416.0
418,0
420.0
421,0
422.0
424.0
426,0
428.0
430,0

AML R P

REPAYMENT AMOUNT
QUTSTANDING
INTEREST NUE

CEA

REPAYMENT AMOUNT
UUTSTANDING
INTERFST DUE

ME A
REPAYMENT AMUUNT
DBUTSTANDING
INTEREST DU

HEA
REPAYMENT AMOUNT
OBUTSTANDING
INTEREST DUE

FMUS

REPAYMENT AMOUNT
OUTSTANDING
INTEREST DUE

GVEA

REPAYMENT AMOUNT
CUMULATTVE
DUTSTANDING
IMTEREST DUE

CVEA

REPAYMENT AMOUNT
CUMULATIVF
OUTSTANDING
INTEREST DUE

1990

a2d
2uch
B19

259
148}
500

71
404
136

0
0

283
fetld
S46

13519
17150
1549
29548

[~ = = 3 =}

1997

424
2231
792

259
1363
484

71
372
132

f=l

283
1487
528

1319
18409
6941

2465

ScSooco

ANCHDORAGE

1998

424
2036
i6b

259
1244
468

7t
339
128

o

283
1357
S11

1319
19789
6333
2383

[~ =]

ALLOCATION RY UTILITY

1999

424
1840
739

259
1125
452

7t
307
123

(=N =)

283
1227
493

1319
21108
5726
2301

=R e e |

2000

424
1eus
713

259
1005
436

71

274

119

k=1

283

1097~

475

1319
22427
5118
2218

oo OO

2001

424
1450
687

259
886
420

71
242
114

(=]

283
967
458

1319
23746
4511
2136

OO T O

- FAIRBANKS INTERCONNECTION
DEBT REPAYMENT anD SINKING FUND

2002

424
1255
660

259
767
403

71
209
110

coo

283
836
440

1319
25065
3903
2054

OO O

2003

g2u
1059
634

259
647
387

71
177
106

QOO

283
7086
422

1319
26385
3296
1971

[= =)

2004

315
973
318

193
595
194

53
162
53

<O

210
649
212

980
27365
3027
9R8

cCoT O

20=-80 REA=FFB

2005 2006 2007
318 315 315
BB7 800 714
291 265 238
193 193 193
S4¢e 489 436
178 162 146

53 53 53
148 133 119
49 44 40
0 0 0

0 0 0

0 0 0
210 210 210
591 534 476
194 176 159
980 980 980

28345 29326 10306

2759 2490 2221
906 823 741

0 0 0
0 0 0
0 0 0
) 0 0
I S | 3



9L-4

1S AUGUST 79 ANCHORAGE = FATRBANKS INTERCONNECTION 40-60 REA-FFB
DEBT REPAYMENT AND SINKING FUND
ALLOCATION BY UTILITY

L INE 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
NO
352.0 AML % P
354,0 REPAYMENT AMUOUNT 424 424 uu 424 424 424 424 424 315 315 315 315
358,0 OUISTANDING 3507 3255 3002 2750 2497 2245 1992 1740 1596 1453 1309 1166
ioo.o INTEREST DUE 765 742 718 694 670 6U6 623 599 285% 262 238 214
61.0
362.0 CEA
364,0 REPAYMENT AMQUNT 259 259 259 259 259 259 259 259 193 193 193 193
368.0 OUISTANDING 2143 1989 1835 1680 1526 1372 1217 1063 976 888 800 712
§;°'° INTEREST DUE 468 453 439 424 410 395 380 366 174 160 145 131
1.0
372.0 MEA
374.0 KEPAYMENT AMOUNT 71 71 71 71 71 71 71 71 53 53 53 53
378.0 QUTSTANDING 585 542 500 458 416 374 332 290 266 242 218 194
iB0.0 INTEREST DUE 128 124 120 116 112 108 104 100 4B 44 40 36
81.0
382.0 HEA
384.,0 REPAYMENT AMQUNT 0 0 v 0 0 0 0 0 0 0 ] o
3RAA.,0 QUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
390,0 INTEREST DUF 0 0 0 0 0 0 0 0 0 0 0 0
391,0
402.0 FMUS
404,0 REPAYMENT AMOUNT. 283 283 283 2R3 2R3 283 283 283 210 210 210 210
408,0 OUTSTANDING 2338 2170 2001 1833 1665 31496 1328 1160 1064 968 873 7717
410,0 INTEREST DUE 510 494 478 461 ay7 43y 415 399 190 174 159 143
411.0
412,0 GVEA _
414.,0 REPAYMENT AMOUNT 1319 1319 1319 1319 1319 1319 1319 1319 980 980 980 980
416,0 CUMULATIVE 17150 18469 19789 21108 22427 23746 25065 26385 27365 28345 29326 30306
418,0 UUTSTANDING 10911 10125 9340 B55S 7769 6984 6198 5413 4966 4520 4073 3627
220.3 INTEREST DuUF 2341 2307 2233 2159 2085 2011 1937 1863 a88 B14 740 666
21.
422.0 CvEA
424.0 REPAYMENT AMOUNT 0 0 0 0 0 0 0 0 0 0 0
426.0 CUMULATIVE 0 0 0 0 0 0 0 0 0 0 0 0
428,0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
430,0 INYEREST DUF 0 0 0 0 0 0 0 0 0 0 ]



LL-4

15 AUG

LINE
NO

352.0
354,0
3s58,0
360.0
361.0
362.0
368,0
368,0
370,0
371.0
372.0
374.0
378,0
380.0
381,0
382.0
384,0
388,0
390,0
391,0
402,.0
404,0
408,0
410.0
411.0
412.0
414,0
416,0
418,0
420.0
421.,0
422 .0
424,0
426,0
428.0
430,0

UsST 79

AML § P

REPAYMENT AMOUNT
QUTSTANDING
INTEREST PUE

CEA
REPAYMENT AMQOUINT
OQUTSTANDING
INTEREST DUE

ME A

REPAYMENT AMOUNT
OUTSTANDING
INTEREST DUE

HE A

REPAYMENT AMOQUNT
OUTSTANDING
INTEREST DUE

FMUS

REPAYMENT AMUUNT
QUTSTANDING
INTEREST DUE

GVEA
REPAYMENT AMULNT
CUMULATTIVE
OUTSTANDBING
INTEFRESY GUE

CVEA
REPAYMENT AMQUNT
CUMULATIVE
QUTSTARNDING
INIFREST DUE

2306

315
628
212

193
584
129

53
105
35

0

210
418
14}

980
31286
1953
659

[\

2009

315
541
185

193
331
113

53
9n
31

DO O

210
361
124

980
322006
i6B4

OO DD

AMCHORAGE = FAIRBRANKS INTERCONNECTION

DEBT REPAYMENT AND SINKING FUND
ALLOCATION BY UTILITY

2010

315
455
159

193

278
a7

53%
L)
26

[

2011

315
369
132

193
225
81

53
b1
22

<

210
246
88

980
3227
1147

S oD

2012

315
282
106

193
173
65

53
a7
148

210
188
71

980
35207
878
329

=

o O o

2013

315
196
79

193
120
49

53
33
13

oo o

210
131
53

980
36188
610
247

DS O D

2014

315
110
53

193

32

53

OO

210
73
35

380
37168
341
165

oo o

2015

315

26

193

16

52
& & W

[~ Ne]

(=~ =]

20-80 REA=-FFB
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15 AUGUST 79

LINE
NO

352.0
3%4,0
358.0
360,0
361,0
362,0
364,0
368,0
370,00
371,0
372.0
374,0
378.0
380,0
381.0
382.0
384.,0
388.,0
390,90
391,0
402.0
404,0
408.0
410.0
411.0
u12.0
414,.0
416,0
418,0
420.0

421.0 -

422.0
424,0
426.0
428.0
430.0

AM{ R P

REPAYMENT AMUUNT
OUTSTANDING
INTERFST DUE

CEA

REPAYMENT AMOUNT
QUTSTANDING
INTEREST DUE

ME A
REPAYMENT AMOUNT
OUTSTANDING
INTEREST DUE

HE A

REPAYMENT AMOUNT
CUTSTANDING
INTEREST DUE

FMUS
REPAYMENT AMOUNT
OUTSTANDING
INTEREST DUE

GVEA
REPAYMENT AMOUNT
CUMULATIVE
QUTSTANDING
INTEREST DUE

CVEA

REPAYMENT AMQUNT
CUMULATIVE
QUTSTANDING
INTERFST DUE

2008

315
1022
190

193
625
116

53

170

32

<@

210
681
127

98¢0
31286
3180
592

OO0

2009

315
879
167

193
537
tue

53
146
28

o

210
586
tn

980
322066
2734
518

O DD o

7

ANCHORAGE = FAIRBANKS INTERCONNECTTION

DEBT REPAYMENT AND SINKING FUND
UTILITY

2010

315
735
143

193
449
87

R
123
24

< O

2o
490
95

980
33247

2287

qa44

[ =g == =1

ALLOCATION BY

2011

315
592
119

193
362
73

53
99
20

oS O

210
394

980
34227
1841
370

j= = e e ]

2ule

315
qa8
95

193
274
58

53
75
16

210
299
63

980
35207
1394

[ Jee JY o e

2013

315
305
71

193
186
44

53
51
12

[=]

210
203
48

980
36188
947
222

[ o]

2014

315
161
48
193
29

53
27

o

210
107
32

980
37168
501

[ N -]

2015

315
17
24

193

15

O DO

[= = = =

40=60 REA=FFB
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15 AUGNST 79

L INE
NO

500.0
502.0
504,0
506.0
520,70
522.0
524.0
526.0
54%0,0
532.0
53%4,0
536,0

LINE
ND

500,0
502.0
504,0
506, 0
520,0
522.0
524.,0
526,0
5350,0
532.0
534,0
536,0

AP A
S FUND paT
INTERFST 0N FUND
TNTAL [N FUMD
AMlt
S. FUND b1
INTFREST fity FUND
fOTAL IN FuMD
FMb
5, FUND PMT
INTERFST AN FUND
INTAL IN FUND

APA

S,FUND PMT
INTEREST nn FLND
TATAL IN FOND
AML)

S, FUNi PMT
INTFREST nn FUND
TOTAL IM FithD

F My

S. FUND PMmT
INFEREST ON FUAND
TATAL IM FUND

19R4

71

&
371
234

234

199

< <

371
419
1235

234
293
4718

198%

371
766
234

4Rs

1997

=

371
a7o
Bo76

234
330
5282

ANCHORAGE

1986

=

371
1187
234

753

1998

<

o C

371
525
H9eT2
2%4

370
5886

= FATRBANKS INTERCONNECTTION
SINKING FUND ACCUMUL ATIONS

1987

f=3

In
1635
234

1040

1999

DOD

371
583%
9626

234
412
6533

1988

oS

371
100
2112

234
73
1347

2000
0
0
Q

371
645

10942 -

234
457
7224

1989

<

371
137
2uei

234

94
1676

2001

(=]

371
71
12024

234
506
7964

1990

oC o

371
170
3162

234

117
2027

2002

oo ©

371
7R2
13177

234
557
8756

1991

[~ =1 =1

371
206
3739

234

142
2403

2003

(==~

371
856
14404
234

613
9603

1992

[~}

371
243
4353

234
168
2806

20-80 REA-FFB

1993

OSSO

in
28%
5006

234
196
3236

1994

|- X-N-]

3
325
5703

234
2217
3697

1995

OO

371
371
6445

234
259

4190
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15 AUGUST 79

LINE
NO

900.,0 APA

502.,0 S,FUND PMT

S504,0 INTERFST OHN FUND
S506,0 TOTAL IM FUND
520.0 AMU

522.0 - S, FUND P¥7
524.0 INTEREST ON FUND
526,0 TOTAL IN FiND

- 530,.0 FMy

532.0 S5, Fumb Pv1

© 534,0 INTEREST NN FOND

536.0 TOTAL IN FunD

LINE
NO

500.0 APA

502.0 S.FUND PMT

504,0 INTEREST ON FUND
506,90 TOTAL IN FuUND
520,0 AMU

522.0 S, FUND PMT
524,0 _INTEREST ON FIUND
526,0 TOTAL IN FUND
530,0 FMU

532.0 S, FUND pPMT
34,0 INTEREST ON FUND
§36.0 TOTAL IN FUAND

1984

0

Q
371
371
234

234

1990

-

371
419
7255

234
293
q7ts

1985

f ]

in
766
234

485

1997

(===

371
470
8076

234
330
5282

ANCHORAGE = FATRRANKS INTERCONNECTION
SINKING FUND ACCUMULATIONS

1986

(==

371
1187
234

753

1998

[ = I ]

371
525
8972

234
370
5886

1987

k== =1

3N
1635
234

1040

1999

o9

371
583
9926

234
412
6533

1988

[= =]

371
106
2112
234

1347

2000

(=3~ =]

371
645
10942

234

7224

1989

D00

in
137
2621

234

g4
1676

2001

o OC

371
711
12024

S 234
506
79614

1990

c oo

37
170
3162

234

117
2027

2002

[ -]

371
782
13177

234
557
8756

1991

(=~

3n
206
3739

234

142
2403

2003

=--X)

3N
856
tad404

234
613
9603

1992

(=~ =]

- 37

243
4353

234
168
2806

40=60 REA-FFB

1993

QOO

371
283
5006

234
196
3236

1994

o000

in
325
5703

2%u
227
3697

1995

QOO

371
371
6445

234
259
4190
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L INE
NO

551,0 CUM.PRIN/S,FUND®
552,06 CUM, INTEREST

553,0 e rreema——— -——

554,0 (UM, DEBT SERVIC
555.0

556.0 * NOTE: THE SINKING FUND REPAYMENTS TAKE INTO ACCOUNT
557.0 THE FACT THAT INTEREST IS ACCRUING ON THE FUND,
wILL NOT MATCH THE

560,5 CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS

THEREFORE,

20=80 REX<FFB

S567.0 L e T Ty - T 3 - - - - - - - - - LR L e L L L L e T T ¥y

558,.0 THE TOTAL OF THIS LINE,
559,0 TUTAL PROJECT COST
560.0

561,0 APA

562.0 REA

563,0 CFC

564,0 FFB

565,0 AMy

566,0 FMU

568,0 TOTAL

569.,0

570.0 INTEREST ON SINKING FUNDS
571.0 APA

572.0 AMyY

973,0 FMU

574,0 crcemmccesmereesvracvamere— mmemesecemceae- coam==

575.0 TOTAL
576.0
578.0 GRAND TOTAL

1991 1992 1993 1994 1995
18846 21202 23558 25914 28269
46394 51532 56522 61366 66062
65240 72734 80080 87279 94331

0 0 0 0 0
2B01 3151 3501 3851 . 4201
0 0 0 0 0
11203 12604 14004 15405 16805

2968 3339 3710 4081 aus2

1874 2108 2342 2577 2811
18846 21202 23558 25914 28269

0 0 0 0 0
771 1014 1296 1622 1993
529 698 894 1121 1379

1300 1711 2190 2742 3372

20146 22913 29748 28656 31648
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L INE
NO

551.0
552.0
553,0
554.0
555.0
556.90
557.0
558.0
559,0
560.0
560.5
561,0
562.0
563,0
564,0
565.0
566,0
S67.0
568.0
569.0
570.0
571.,0
572.0
573,0
574.0
$75.0
576.0
578,0

CUM PRIN/S,FUND»
Cum, INTEREST

cuM, DEBT SERVIC

YOTY O o Ty T T OTr Y TR Y 1 ThE )
U0=60 REA=FFB

1964 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 199'

2356 4712 7067 9423 11779 14135 16490 18R46 21202 23558 25914 2826

5838 - 11543 17117 22558 27867 33044 38089 43002 47782 52430 56946 6133

8194 16255 24184 31981 39645 47179 54579 61848 68984 75948 82860 8960

* NOTE: THE SINKING FUND REPAYMENTS TAKE INTO ACCOUNT
THE FACT THAT INTEREST IS ACCRUING ON THE FUND,
WILL NOT MATCH THE

THE TuTaL OF
TOTAL PROJECT

CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS

AP A
RE A
CFC
FFR
AMU
FMy

TOTAL

INTEREST UN SINKI
APA

AMY

FMu

TOTAL

GRAND TOTAL

THIS LINE,
cosTt

THEREFORE,

0 0 0 0 0 0 ] 0 0 0 0
700 1490 2101 2801 3501 4201 4901 5602 6302 - 7002 7702 840
0 0 0 0 0 0 0 0 0 0 ‘ 0
1050 2iul 3151 4201 9252 6302 7352 8403 9453 10503 11553 1260
3N 742 1113 1484 1855 2226 2597 2%e68 3339 3710 4081 44s
234 468 703 937 1171 1405 - 1640 1874 2108 2342 2577 281
2356 4712 7067 9423% 11779 14135 16490 18846 21202 23558 25914 2826
NG FUNDS
0 0 0 0 0 0 0 0 0 0 0
0 24 74 151 257 395 565 771 1014 1296 1622 199
0 16 50 103 176 270 387 529 698 894 1121 137
0 41 124 254 433 665 352 1300 1711 2190 . 2742 337
2356 4752 7192 9677 12212 14799 17443 20146 22913 25748 28656 3164
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LINE
NO

551.0
552.0
53,0
554,0
555,0
556,0
557.,0
558,0
559,0
560,.,0
560.,5
561,0
562.0
563,0
Se4,0
565,0
566,0
567,0
568.0
569.0
570,0
571.0
572,0
573.0
574,0
575.0
576.0
578,0

1990 1997 19498 1999 2000
CUM PRIN/S,FUND* 30625 32981 35337 37692 40048
CumM, INTEREST T0611 75014 79269 83377 B7338
Cum, DEBT SERVIC t012%6 10799% 114606 121070 127387

* NOTE: THE SINKING FUND REPAYMENTS TAKE INTO ACCOUNT
THE FACT THAT INTEREST IS ACCRUING ON THE FUND,
THE TOTAL OF THIS LINE, THEREFORE, WILL NOT MATCH THE
TOTAL PROJECT COST

CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS

APA 0 0 0 Q 0
REA 4551 4901 5252 5602 5952
CFC Q 0 0 0 0
FFB 18206 19606 21006 22407 23807
AMU 4823 5194 5565 5936 6307
FMu © 3045 3279 3514 31748 3982
TOTAL 50625 32981 35337 37692 40048
INTEREST ON SINKING FUNDS

AP A 0 0 0 0 0
AMY 2411 2882 3407 3930 4635
FMuU 1673 2003 2373 2785 3242
TOTAL 4084 488sS S779 6774 1877
GRAND TOTAL 34709 37865 di1le qauae7 47925

20=-80 REA=FFB

2003 2004 2005 2006 2007

47116 ugB6e S0617 52367 54118
98340 100104 101722 103192 104516

145455 148970 152338 155559 158633

0 0 0 0 0
7002 7352 7702 B05¢2 8403
0 0 0 0 0
28008 29409 30809 32210 33610
7420 7420 7420 7420 7420
4685 4685 4685 4685 4685

47116 48866 50617 52367 54118

0 0 0 0 0
6984 6984 6984 6984 6984
4918 4918 4918 4918 4918

11902 11902 11902 11902 11902
59018 60768 62519 64269 66020
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LINE 1998
NO
551.0 CUM,PRIN/S . FUND* 3062%
552,0 CUM, INTEREST 65582
553,40 : —mmee——————
S54.0 CuM. DEAT SERVIC 96207
555.0
556.0 * NOTE:
557.0
558.0 THE TOTAL OF THIS LINE,
559,0 TOTAL PROJECT COST
560.0
560.5
561,0 APA 0
562.0 REA 9103
563.,0 CFC [\
S64.0 FFB 13654
565,0 AMU 4823
S66.0 FMU 3045
567,0
568.0 TOTAL 30625
569,0 :
570.0 INTEREST ON SINKING FUNDS
571,0 APA o
572,0 AMU 2411
S73.0 FMU 1673
S74.0
575.0 TOTAL 4084
576.0

578.0 GRAND TOTAL 34709

1997

. 32981
69702

1998

315337

73689

1999

37692
77544

2000

40044
81268

2001

- 4z2404

84859

2noe

44760
88317

2003

47116
91644

102683

THEREFORE,

) (4]
9803
0
14704
5194
3279

32981

37865

109026

-115237

THE SINKING FUNd REPAYMENTS TAKE INTO ACCOUNT
THE FACT THAT INTEREST IS ACCRUING ON THE FUND,

121316

WILL NOT MATCH THE

CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS

0
10503
0
15755
5565
3514

411106

0
11203
0
16805
5936
3748

37692

44467

0
11904
0
17855%
6307
3982

40048
0
4635
3242

7877

47925

127263%

0
12604
0
18906
6678
4216

42404

51498

133077

0
13304
0
19956
7049
‘445%

44760
0
6128
4305
10433

55193

138760

0
14004
0
21006
7420
4685

47116
0
6984
4918
119062

59018

T} i | 1

40-60 REAFFB
2004 2005 2006 2007
4BB66 50617  S2367 54118
93230 94684 96005 97195
142096 145300 148373 151313
0 0 0 0
14704 15405 16105 16805
0 0 0 0
22057 23107 24157 25208
7029 7420 7420 7420
4685 4685 468S 4685
48866  S0617 52367  S4118
0 0 0 0
6984 6984 6984 6984
4918 4918 4918 4918
11902 11902 11902 11902
60768 62519 64269 66020
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2009

57619
106721

164340

THEREFORE,

0
9103
0
30411
7420
4685

4918

11902

2010 2011 2012
59369 61120 62870
107604 108339 108927
106973 169459 171797

THE SINKING FUND REPAYMENTS TAKE INTU ACCOUNT

ON THE FUND,
ATLL NOT MATCH THE

LINE 2008
NO
551,0 CU4.PRIN/S,FUNDA 55868
552.0 (uM, INTEREST 105692
553.0 ~ececcceaa-
5%4,0 CuM,. DERT SERVIC 161560
555.,0
556.0 * NOTE:¢
557.0 THE FACT THAT INTERESY IS ACCRUING
558.0 THE TOTAL OF THIS LINE,
559,0 TOTAL PROJECT COST
560.0
560.,5 CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS
561.0 . APA : 0
562.0 REA 8753
S63,0 CFC 0
S64,0 FFB 35011
565.0 AMU 7420
566.0 FMU 4685
567.0
568.0 T0TAL 55868
569,0
570.0 INTEREST ON SINKING FUNDS
S71.0 APA : 0
572.0 AMU 6984
573,0 FMy 4918
574,0
575.0 TOTAL 11902
576,0
578.0 GRAND TOTAL 67771

69521

) 0 0
9453 9803 10153
0 0 0
37811 39212 40612
7420 7420 7420
45685 4685 4685
59369 61120 62870
0 0 =0
6984 6984 6984
4918 4918 4918
11902 11902 11902
71272 73022 74773
. | i

2013 2014
64621 66371
1093648 10966°2
173989 176034
0 0
10503 10853
0 0
42013 43413
7420 7420
4685 4685
64621 66371
0 ]
6984 6984
4918 4918
11902 11902
76523 78274
| D |

2015

68122
109809

177931

0
11203
0
44R14
7420
468S

------ - O = - - -

68122

0
6984
4918

- - - - e ceseeon - - D D e D R D R P A O P P D D e Y e P WY R D D S D S e - -

11902

80024

20«80 REA=FFB
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1S AUGUST 79 , 40=60 REA=FFB
LINE : 2008 2009 2010 2011 2012 2013 2014 2015
NG :

551,0 CUM,PRIN/S.FUND% 55868 57619 59369 61120 62870 64621 66371 68122

5582.0 (UM, INTEREST 98252 99177 99979 100631 101160 101556 101821 101953

553%.0 e P e R r e e P R C - E G . E - m - - - - -~ P - - A = BT P

54,0 CUM. DERT SERVIC 154120 156796 159340 161751 164030 166177 168192 170075

555,90

556,0 * NOTE: THE SINKING FUND REPAYMENTS TAKE INTO ACCOUNT

557.0 THE FACT THAT INTEREST IS ACCRUING ON THE FUND,

558.0 THE TOTAL OF THIS LINE, THERFFORE, WwILL NOT MATCH THE

559, 0 TOTAL PROJECT COST

560,0

560.5 CUMULATIVE PRINCIPAL AND SINKING FUND PAYMENTS

561.0 APA 0 0 0 0 0 0 0 0

562.0 REA ' 17505 18206 18906 19606 20306 21006 21707 22407

S63.0 CFC 0 0 0 0 0 0 0 0

Sed,0 FFB 26258 27308 28359 29409 30459 31510 32560 33610

565,0 AMy 7420 7420 7420 7420 7420 7420 7420 7420

566,0 FKFMU 4685 4685 4685 4685 46R5 4685 4685 4685

567,0 R, —m—eem——— e corecmma= cetemcaescren - ————— —em—e—-

568.0 TOTAL 55868 57619 59369 61120 62870 bUb21 66371 68122

569, 0

570.0 INTEREST. ON SINKING FUNDS

571,0 APA ; 0 0 0 0 0 0 0 0

572.0 -AMu 6984 6984 6984 6984 6984 6984 6984 6964

573.0 F™My 4918 4918 49148 4918 4918 4918 4918 4918

574,0 ceemem————— crmmececm e —————— ———————— ————— cecmmeemmms—etmemm——————————

575,0 10TAL 11902 11902 11902 11902 11902 11902 11902 11902

576,0

578.0 GRAND TO1AL 67771 69521 71272 73022 14773 76523 78274 80024



ANCHORAGE-FAIRBANKS INTERCONNECTION

FINANCIAL COMPARISON
OF

ALTERNATIVE REA/FFB LOAN PACKAGES

(COMPARE)

F-27
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t It
N{

A00,0
Ap2.0
Ro4a,0
82,0
A15,0
B20,0
RP2.0

LInE
N{}

800,0
AR02,0
04,0
R12.0
R15,0
Beo,n
R2P.0

LINE
NO

ROG .1
Ape,.n
R0, 0
Ble.n
A15.0
RO, N
R22.0

PRESENT VALUE COMPARISON OF REA/FFB COMBINATION LOAN PACKAGES

Discounted @ 14 Percent

ALT.1- 20% REA@ 5%/80% FFB@ 9 1/4%
35 YEAR AMORTIZATION

INTEREST ONLY

» 32 YEAR REPAYMENT PERICD

1 I

YEAR 0 1 2 3 4 5 [ 7 a 9 11

ADJUSTED DFAT SERVYICE FOR:
LOaN 1 (REA) ) 17 92 356 210 893 875 858 80 823 768
Lt0aN 2 (FFB) 0 108 593 228% 14996 HABY 4772 4659 4547 4434 4210
ToTAaL 0 125 oAb 2639 590/ 5777 S647 5517 5387 5257 4997
DISCLUNTED VALt 0 1ue 524 1781 3497 3000 2575 220% 1488 1617 1182
PRESENT vALIIE 2hsh3 n 0 0 I} 0 0 0 (] 0 0
12 13 14 15 16 17 18 19 20 21 el

ADJUSTF( DFT SeRVICF FUR:
Loan } {REA) 170 743 735 718 700 683 665 6uB 630 613 578
Loan 2 (FFB) 4097 3945 3873 3760 3648 3535 3423 3311 3198 3086 2861
TOT AL 1864 47 3R 4608 HUTR 4348 4218 4988 3998 3829 3699 3439
DISTUITED val oF 1010 Rg3 /30 627 514 455 3R7 328 279 236 169
PRESEMT VAL it ) 0 0 ] 0 0 n 0 0 0
L) £5 26 27 28 29 30 31 32 33 35

ADJUSTFD 0 F 5T SFRYICF FUR:
Ltoan 1 {REA) Sh0 “a3 525 508 490 473 455 438 420 403 385 368
LAy 2 (FFB) Py 2637 2524 2ut? 2299 2187 2075 1962 1850 1738 1625 1513
TOTAL 3309 3179 3049 2919 2790 2660 2530 2400 2270 2140 2010 1880
DISCULNTE D val oF 143 120 101 45 71 60 50 4 34 ehn 23 19
PRESENT v apilfF U 0 0 n [¥] §] 0 0 0 0 0 0

| -1 » 4 4 3 ! 1 1 1 | B | i i 4 L
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P_RESENT'VALUE COMPARISON OF REA/FFB COMBINATION LOAN PACKAGES
Discounted @ 14 Percent

ALT.2- 40% REA@ 5%/60% FFB@ 9 1/4%
35 YEAR AMORTIZATION

20 AUGUST 79 '
| ——INTEREST ONLY —————= 32 YEAR REPAYMENT PERIOD -
LINE YEAR v 1 2 3 4 5 6 7 8 9 10 11
NO
B0OO.0 ADJUSTFD DFAT SFRVICE FOR: : : :
BU2,0 LOAN 1 (REA)- o 34 189 711 1820 1785 1750 1715 1680 1645 1610 1575
BO4,0  LOan 2 (FFB) v M1 qus 1713 3747 3663 3579 5494 3410 3326 3242 3157
B12.0 eeecceme——— mmmmc——————— —meccc—————- e eeememmee—m—ee——————- ememee—————— recmm—————— e ceveccecmaveemmmaneee
R15,0 TOTAL v 115 634 2uz2i 5568 5448 5329 5210 5091 4971 48s82 4733
R20.N  CISCUOUNTED vablE i 100 485 1636 3297 2R30 2428 2082 1785 1529 1309 1120
822,0 PRESEMT vALt PARa] 0 v 0 0 0 0 0 0 0 0 0
bk
(A%
(X»)
L TNE 12 13 14 15 16 17 18 19 20 21 22 23
NG -
800.,0 ADJUSTFD DERT SERVICE FUR: .
RQ2.0 LOAN 1 (REA) 1540 1505 1470 1435 1400 1365 1330 1295 1260 1225 1190 1155
f B04,0 LOAN 2 (FFB) 3673 2989 2904 2820 2736 2652 2567 2483 2399 2318 2230 2146
| 812,0 cececcm——— ememme————- cevmmem—————- meeeeeme—ceece—m—e————— emeeeseecemescemeeeaa——— cecemecveecessranmereeen=
| 81S.0 TI0TAL 1613 a9y 4375 4256 4136 4017 3898 3778 3659 3540 3421 3301
R20,0 DISCOUNTER VALUE 958 R1R 699 596 504 433 369 313 266 226 192 162
22,0 PRESENT vaALlE 0 0 0 0 0 0 ] 0 0 0 0 0
LINE ' 2a 25 26 27 28 29 10 31 32 33 34 35
NO
800.0 ADJUSTED DEHT SERVICF FUR: : :
A02,0 LOAN 1 (REA) 1120 1085 1050 1015 98¢ 945 910 875 840 805 770 735
B04.0 LOaN 2 (FFB) 2062 1977 1893 1809 1725 1640 1556 1472 1387 1303 1219 1135
512.0 ————— AL LY YL P Y P Y Y Y LY LA A L LAl LI AL L LAt L EE P PR LR E R LY T L Y Y P Y L L L L L dd o ol
A15.0 TOTAL 3182 3003 2943 2824 ~270% 2586 24606 2347 2228 2108 1989 1870
B20.0 DISCOUNTED VAL UF 137 118 98 a2 69 5a 48 40 34 2R 23 19

"R22,0 PRESENT vALUE v A 0 ' 0 0 - 0 0 X\ 0 0 0 0 0




