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CHAPTER 1
INTRODUCTION

This report presents a determination of the economic feasibility for a
transmission line interconnection between the utility systems of the
Anchorage and Fairbanks areas. It includes an objective evaluation of
the specific conditions 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 aliready 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
¢ Independent Fairbanks area

e Interconnected Anchorage-Fairbanks area

(generation reserve sharing option)

o Interconnected Anchorage-Fairbanks area

(generation reserve sharing and firm power transfer option)

® 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 also evaluated
potential benefits from firm power supply to Matanuska Electric Associa-
tion's system at the intermediate Palmer 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 Railbelt 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 1378, 8 Jan-
vary 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 Munricipal 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 Association (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.
Foltowing are the important aspects of work performed and the conclu-
sions of this study.

2.1 STUDY SUMMARY

A. Load Forecasts for Rajlbelt Area

Load forecast is the basis for system expansion planning. The most re-
cent Toad forecasts for the utility servite 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 Timit 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 Jlimit. 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 Combined 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 previous studies were
analyzed as to accessibility, cost of right-of-wéy, 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
lTine route were made to confirm the suitability at this corridor for the
intertie.

€. 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 setected for
both the 230-kV and 345-kV lines 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" Tload demand projections.
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To assume a nearly constant level of power generation reliability (LOLP
Index) for all system expansion plans, a muiti-area reliability (MAREL)
computer study was performed. Annual load models for both areas were
developed. The load models indicate that there is 1ittle 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 Susitha Hydro-

power_Project will be on-line in January 1997.

E. Facility Cost Estimates

Cost estimates were developed for alternative system facilities to allow
for economic comparisons. Al]l costs were édjusted to January 1979 levels.
Transmission line costs were calculated by using the TLCAP program. The
same computer program calculated the Tine 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 aliernatives.
 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 impliementation 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:

o The 230-kV single circuit intertie, having a 130-MW line load-
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. In

the case of "low" load forecast scenario the benefits are $2,704,000.
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An increase in benefits is obtained if the 230-kV single circuit
intertie {double 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-kV 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 loan 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.
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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 Tow probability scenarios and select a range of utility and
industrial loads 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 Battelie

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%

1/ 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 Flectric 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 Iniet 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
deveTopment, which was considered to be the most likely prospect. The
assumptions underlying the scenpario for limited petroleum development
are:

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

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

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

constructed.

The assumptions regarding electrical energy consumption are:

Sector Case 2 Case 4
. Residential Moderate Electrification No Growth
¢ Commercial/Industrial Growth as Usual Minimum
Electrification
3-2
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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 levels,

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 lead 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 load.

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, Toad 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 1ikely 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 Battelie energy and
demand forecast range for the combined utitity 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 backgrodnd 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 utiltities
(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 system 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 progressive1y'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 load
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 load
projections prepared in August 1978 by the Alaska Power 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. These
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 load forecasts for national defense installations, direct
comparisons can be made. The range of Alaska Power Administration load

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 Toad 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 Se]ection'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 Battelle forecast range.‘ Beyond 1990 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 Tower overall growth rates in energy consump-
tio, a reasonable approach to establishing an upper limit has been
taken, in that individual utility forecasts were assumed to decline
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 1imit 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 smelter
load but provides for a reasonable realization of the industrial potential
in the Anchorage area. In setting the lower 1imit 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 utitities 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 lower bound of the Battelle range bhetween 1985 and 2000. As
the low growth 1imit 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 Battelie 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 moderate to high
expectation of a continued growth of the Railbelt economy through the end

of the century, this being accentuated by the 1nterconnect1on 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 load 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 Targely determine the extent of
future growth possible within the State. A steady pressure for addi-
tional domestic oil and gas supplies for the Tower forty-eight will be
engendered by the continuing energy crisis within the United States.

The impact of additional exploitation of the North Siope 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-
bitity of the Anchorage-Fairbanks Intertie, a suitable range of load
growth must be established for sensitivity analysis.
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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 Tong-range lcad 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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Year
1979

198p
1381
1962
1983
1934

1985
1926
1937
1338
1989

199G
1991
189z
1993
1994

1595
1996
1997
1998
15998

2000

"Projected

Net Load Peak Ket Load Peak det Load Peak Net Load Peak Nat Load Peak
Energy Factor Demand Energy Factor Demand Energy factor Demand Energy Factor Demand Enerqy Factor Gemand
(GWh} (%) b)) {(GHh; (%) {1H) {6¥h) (%) {Mu} {Gwh) {2) {Ma) {Guh} (%) (h4)

633.6 58.1 124.4 280.4 47.5 67.4 278.2 55.0 £7.1 34.4 56.0 7.0 1,108.9 53.0 238.8
699.4 58.1 137.5 33z. 47.0 80.8 336.6 55.0 69.9 37.5 56.0 7.6 1,283.0 54.0 271.2
770.6 57.9 151.8 395.1 46,5 97.0 411.6 55.0 85.4 40.8 5€.0 . 8.3 1,487.8 54.0 310.3
847.2 57.8 167.3 468.0 £6.0 116.1 £02.0 55.0 104.2 44,4 56.4 9.1 1,679.1 54.0 355.0
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
1,017.5 57.¢ 201.2 668.3 §4.5 171.4 652.4 55.0 135.4 52.1 56.0 10.6 2,187.5 54.0 464.5
1,310.8 57.4 220.8 7Y8.6 54.0 207.2 743.7 55.0 154.4 56.4 56.0 11.5 2,509.0 54.0 530.4
1,509.5 - 57.3 241.1 954.4 43,5 250.5 847.9 55.0 176.0 61.1 56.0 12.5 -2,810.1 54.0 £04.,1
1,313.2 57.1 262.5 1,140.0 43.0 302.6 967.0 §5.0 201.0 66.3 56.0 13.5 3,147.3 54.0 6£5.3
1,421.6 56.9 - 285.0 1,322.4 45.0 343.1 1,083.0 55.0 224.8 71.5 56.0 14.6 3,525.0 54.0 745.2
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 3,948.0 54.0 834.6

,5§0.5 56.6 333.0 1,779.4 46,0 141.6 1,358.6 55.0 282.0 81.1 56.0 16.9 4,421.7 55.0 934.7

,769.8 56.4 3:88.2 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

,861.3 56.2 3es.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

,014.4 56.0 410.5 2,706.7  49.0 630.3 1, 18746 85.0 389.1 103.5 56.0 21.1 5,885.3 55.0 1,244,1

,138.0 55.8 437.2 3,957.4 50.9 693.0 z, 1052.1 55.0 428.0 111.1 56.0 22.6 6,473.9 55.0 1,383.6

244.9 55L.6 463.9 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

,357.1 55.4 485.7 3,504.0 52.0 857.0 2,495.1 55,0 517.9 127.9 56.0 26.1 7,690.9 55.0 1,625.8

,475.0 55.2 3i1.3 4,411,5 £3.0 950.2 2.744.6 56.0 559.7 137.3 56.90 23.0 8,306.2 55.0 1,755.9

,558.8 55.0 $39.4 4,862,7 54.0 1,025.9 2,964.2 55.0 615.2 146.9 56.0 29.9 §,970.7 55.0 1,900.6

,128.7 §4.8 563.4 5,337.9 55.0 1,167.9 3,201.3 £5.90 664.4 157.2 §6.0 32.0 9,688.3 55.0 2,048.1
2,865.0 £4.6 599.0 '5,871.7 56.0 1,196.9 3,457.4 55.0 7l7.6 168.2 56.0 34.3 0,463.4 55.0 2,211.9
tes:

18.7% {1977-1582) 22.3% (2971- 1““2} 8.8% (1977 1982) 15.7% (1877-19380)

Logistic Curve 3 16.5% {1933- 193?} 14.0% {(1983-1587) 8.3% (1953-1987) 13.4% (1531-1925})
5.0% (1995-2600) 16.0% (1953-1992) 12,00 (1868-1592) 7.8% (1628-1952) 12.6% - (1986-1990)
. 13.0% ({1993-1997)} 10.0% {1993.1997) 7.3% (1993-1997) 10.0% {1991-1993})

10.0% (1998-2000) 5.0% {1998 2000) 7.0% (1993 20090) §.0% (1595-2C30)

Anchorage Municipel
Light and Power Company

UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

— [

.
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TABLE 3-1

ANCHORAGE - COOK INLET AREA

Alaska 2 - Matanuska
Electric Association, Inc.

-1 a L A

Alaska 5 - Kenai

1 L

1]

Alaska 8 ~ Chuoach

Homer Electric Assoc., Inc.

Kenai City Light System

Electric Association, Inc.




Year
1979

1980
1981
1982
1983
1984

1985
1986
1987
1988
1989

1990
1991
1992
1993
1994

1995
1996
1997
1998
1999

2000

TABLE 3-2

FAIRBANKS - TANANA VALLEY AREA
UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

Fairbanks Municipal
Utilities System

Net Load Peak
Energy Factor Demand
(GHh) (%) (MW)
144.3 50.0 32.9
153.0 50.0 34.9
162.2 50.0 37.0
171.9 50.0 39.2
182.2 50.0 41,6
193.2 50.0 44,1
204.7 50.0 46.7
217.0 50.0 49.5
230.0 50.0 52.5
243.9 50.0 55.7
258.5 50.0 539.0
274.0 50.0 62.6
287.7 50.0 65.7
302.1 50.0 639.0
317.2 50.0 72.4
333.0 50.0 76.0
349.7 50.0 79.8
367.2 50.0 83.8
385.5 50.0 88.0
404.8 50.0 92.4
425.1 50.0 97.1
446.,3 50.0 101.9

Growth Rates:

Reported

6.0% (1978-1990)

Alaska 6 - Golden Valley
Electric Association, Inc.

- ——— = v A i AR AR A S N e e e M M ey e b AN A b S S T T T e e ot L

Projected

5.0% (1991-2000)

3-12

Net Load Peak
Energy Factor Demand
(Gih) (%) (MW)
450.0 46.3 111.0

501.8 46.6 122.9

559.5 46.9 136.2

624.6 47.2 150.9

692.6 47.3 167.1

768.8 47.3 185.5

853.4 47.4 205.5

947.3 47.4 228.1

1,050.0 47.5 252.3
1,155.0 47.5 277.6
1,270.5 47 .6 304.7
1,397.6 47.6 335.2
1,537.3 47.7 367.9
1,691.0 47.7 404.7
1,843.2 47.8 440.2
2,009.1 47.8 479.8
2,189.9 47.9 521.0
2,387.0 47.9 568.9
2,601.8 48.0 618.8
2,809.9 48.0 668.3
3,034.7 48.0 721.7
3,277.5 48.0 779.5

11.5% (1977-1982)

11.0% (1983-1987)

10.0% (1988-1992)

9.0% (1993-1997)

8.0% (1998-2000)
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TABLE 3-3

COMBINED UTILITY FORECASTS FOR RAILBELT AREA

Anchorage Cook - Inlet Fairbanks - Tanana Valley Combined Load Areas
Net Load Peak 1/ Net Load . eak 2/ Net Load Peak 3/
Energy Factor Demand~ Energy Factor Demand— Energy Factor Demand—
Year (GWh) {%) (M) {GWh) (%) (MW) (GWh) (%) (MW)
1979 2,332.5 56.1 475 594.3 47.6 142 2,926.8 55.3 605
1980 2,689.3 56.4 544 - 654.8 47.9 156 3,344.1 55.6 686
1981 3,085.9 56.2 627 721.7 48.0 171 3,807.6 55.6 782
1982 3,540.8 56.0 722 795.9 48.3 188 4,336.7 55.5 892
1983 4,030.2 55.7 826 874.8 48.3 207 4,905.0 55.3 1,012
1984 4 ,587.8 55.5 944 962.0 48.3 227 5,549,8 55.2 1,148
1985 5,218.5 55.2 1,079 1,058.1 48.4 250 6,276.6 55.0 1,302
. 1986 5,883.0 54.9 1,223 1,164.3 48.4 275 7,047.3 54.8 1,468
‘ 1987 6,633.8 54.6 1,387 1,280.0 48.4 302 7,913.8 54.6 1,655
. 1988 7,423.5 54.7 1,548 1,398.9 48.4 330 8,822.4 54.7 1,840
w 1989 8,306.2 54,9 1,728 1,529.0 48.5 360 9,835.2 54.9 2,046
19590 9,293.3 55.0 1,928 1,671.6 48.5 394 10,964.9 55.0 - 2,276
1991 10,308.9 55.2 2,133 1,825.0 48.5 429 12,133.9 55.2 2,511
1992 11,436.7 55.3 2,360 1,993.1 48.5 469 13,429.8 55.3 2,772
1993 12,583.5 55.5 2,587 2,160.4 48.6 507 14,743.9 55.5 3, 032
1994 13,842.5 55.7 2,836 2,342.1 48.6 550 16,184.6 55.7 3, 318
1995 15,208.5 55.9 3,105 2,539.6 48.6 596 17,748.1 55.9 3,627
1996 16,575.0 56.1 3,372 2,754.2 48.7 646 19,329.2 56.0 3,938
1997 18,074.6 56.3 3,663 2,987.3 48.7 700 21,061,9 56.2 4,276
1998 - 19,533.3 56.5 3,947 3,214.7 48.7 753 22,748.0 56.4 4,606
1999 21,113.4 56.8 4, 244 3,459.8 48.7 811 24,573.2 56.6 4,954
2000 22,825.7 57.0 4,569 3,723.8 48.7 873 265,49,5 '56.8 5,333

Diversified Demand _
for Coincidence Factor: - 1/ 0.96 2/ 0.99 : 3/ 0.98



TABLE 3-4
Sheet 1 of 2

LOAD FORECAST FOR UPPER SUSITNA PROJECT
- BY
ALASKA POWER ADMINISTRATION

Peak Demand (MW)

Utility Loads
High
Median
Low

Industrial Loads

Extra high
High
Median
Low

Total

Extra high
High
Median

[ ow

Annual Energy (GWh)

Utility Loads
High
Median
Low

Industrial Loads

Extra high
High
Median

Low

Total

Extra high
High
Median

Low

1977 1980 1985 1990 1995 2000

ANCHORAGE~COOK INLET AREA POWER DEMAND AND ENERGY REQUIREMENTS
(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 1,234 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 2,840 3,590

170 340 625 1,370 2,120

70 170 340 630 1,050 1,460

141 312 370 - 460 550

2,880 6,200 8,730 12,270 17,510

2,890 4,730 7,256 10,800 16,040

1,860 2,670 3,870 5,510 7,620 10,420

2,441 3,152 3,960 6,320
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TABLE 3-4
Sheet 2 of 2

LLOAD FORECAST FOR UPPER SUSITNA PROJECT

BY

ALASKA POWER ADMINISTRATION

1977 1980 1985 1990 1995 2000
2. FAIRBANKS-TANANA VALLEY AREA PONER-DEMAND AND ENERGY REQUIREMENTS
(Excluding National Defense)
Peak Demand (MW)
Utility Loads
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
3. COMBINED ANCHORAGE-COOK INLET AND FATRBANKS-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 1,516 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 4,795 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
T0
DETERMINE STATISTICAL AVERAGE FORECAST

Anchorage - Cook Inlet

Fairbanks - Tanana Valley

Combined Load Areas

Combined Alaska Power Statistical Combined RTaska Power  Statistical Combined Alaska Power  Statistical
UtiTities Administration Average Utilities Administration Average Utilities Administration Averezge
Forecast Median Forecast Forecast Median Forecast Forecast Median Forecast
Year { M) Forecast (MHW) {Mi) (M) Forecast {FM) (M) {M) Forecast (MW) (Vi)
1979 475 546 511 142 139 141 605 685 645
1280 544 602 873 136 150 153 686 752 718
1881 627 648 638 171 161 166 782 2ce 796
1582 722 698 710 188 172 180 892 &70 381
1¢8 825 752 739 207 184 196 1012 236 o974
1954 944 810 877 221 197 212 1148 1007 1478
1885 1079 874 677 250 211 231 1302 1085 1194
1926 1223 937 1080 275 223 249 1488 1150 1312
16E7 1387 1004 1196 302 237 270 1655 1241 1448
1968 1548 1077 1313 330 251 291 184C 1328 1584
1989 1728 1154 14471 360 265 313 2046 1419 1733
loap 1928 1234 1581 304 281 338 - 2275 1515 1896 -
1991 2133 1315 1724 429 295 362 2511 1610 2081
1992 2360 1402 1881 469 310 380 2772 1712 2242
1823 2587 1495 2041 507 325 416 3032 1820 2E26
1594 2834 1593 2215 550 342 445 3318 1935 2627
1995 3105 1699 2402 F96 358 477 3627 2057 2842
1596 3372 1809 2591 646 375 511 3938 2184 3061
1907 3663 1925 2794 700 393 547 4276 2318 3297
1928 3847 2049 2598 753 412 583 4606 2461 3534
19¢9 £244 2182 3213 811 432 622 4954 2614 3734
20090 4569 2323 3446 873 452 663 5333 2755 4054
[ | ™ HE [ | ' | ™ ™ [ T ™ [ 71 1 r
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Combined Load Areas

.
TABLE 3-8
PEAK LOAD DEMAND FORECASTS FOR RAILBELT AREA
WITH
RANGE LIMITS FOR SENSITIVITY ANALYSIS
Anchorage - Cook Initet Fairbanks - Tanana Valley

Lower Peak Load Upper Lower Peak Loac Upper

Range Demand Range Range Demand Range

Limit* Forecast** Limit Limit* Forecast** Limit

Year (M) (M) (1) {1%) (1) (M)
1979 508 511 514 140 141 142
1530 570 573 576 151 133 155
1981 635 638 641 163 166 169
1982 702 710 718 175 180 185
}983 765 7849 813 188 196 204
1924 832 877 922 202 212 227
1985 908 977 1046 218 231 244
1986 935 10280 1175 232 249 266
1637 1068 - 1198 1324 248 270 292
1938 1156 1313 1470 264 291 318
1939 1250 1441 1632 281 313 345
199G 1350 1581 1812 300 338 376
1991 1451 1724 1997 317 362 407
1992 1562 1881 2200 337 390 443
1993 1677 2041 2405 355 416 477
1994 1800 2215 2630 377 446 515
1995 1933 2402 2871 398 477 556
1996 2070 2591 3112 - 420 511 602
1937 2215 2794 3373 444 547 650
1998 2365 2953 3631 469 583 697
1999 2526 3213 39090 495 622 - 749
2000 2697 3446 4195 522 663 804

* |ow load forecast case in this study.
** Prgbable Toad forecast case in this study..

Lower Peak Load Upper
Range Denand Range
Limit* Forecast** Limit
(M) (M) (M}
641 £45 649
744 749 754
790 798 802
374 831 883
949 974 999
1031 1078 1125
w1121 1194 1267
1212 1314 1416
1310 1448 1536
1413 1584 175%
1523 1733 1943
1642 1395 2150
1760 2061 2362
1888 2242 2596
2021 28286 2831
2167 2627 3087
2319 2342 3365
2476 3061 3646
2644 3297 3950
2820 3534 4248
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,
existing 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 knowledge) of 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 layout 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 Tine 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 line route was established within the preferred corridor,
with due regard to the following restraints, insofar as they could be
identified in this preliminary review:

¢ Avoidance of highway rights-of-way, which are better locations
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
probiems. (An open-wire telephone circuit exists on the

entire length of the Alaska Railroad right-of-way.)

¢ Avoidance of aircraft landing and takeoff corridors, including
all lakes of sufficient size to accommodate small floatplanes.
Where Tines 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.
¢ Avoidance of crossings over developed agricultural lands.

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



e Avoidance of heavily timbered lands.

e 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.

e 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 INVESTIGATIONS

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 Tine construction projects were analyzed along with contractor bids
for these projects to provide authoritative basic data on the actual man-

hours, materials use, and dolTar 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 lTower Susitna River
Va]]ey. This valiey also supports black and brown bear and a moderate

density of water fowl.

The proposed transmission line 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 lLong Lake 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. 1In 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-
Tett Hills P.I. (point of intersection).

"
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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 lake 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 Chulitnha 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 Tevel, 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 Railrocad 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 line. 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 Nenana. 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.

R
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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. Ecosystems - 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 wildltife. 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 Tifetime 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 Tower Susitna Valley. The largest 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 Tlargest such area is that south of Nancy lLake to Point MacKenzie.

Dense forest and muskeg Timit 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 lists 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,
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4. Scenic Resources - The southern portion of the corridor does

not traverse any areas of good or high guality 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 line

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 line 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 light reflection from the line 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-load tap on a high voltage line, the likelihood
of 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
1ine 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. 0il 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 lines 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 Tine 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 rather 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 flexibjlity and capability for handling relatively large founda-
tion movements without appreciable Toss 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 B
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 excellent stability in the direction of the
line. 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
R
According to available information and experience on existing lines, :
heavy icing is not a serious problem in most parts of Alaska. NESC
Heavy lLoading is presently used for all line designs throughout the Rail- ﬁ%
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 1ittle or no ice. Such locations should
be identified and carefully investigated prior to the final Tine design. a
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 o
-



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 1ine. A discount rate of 7% per annum

was used for the determination of the present worth of transmission line

losses.



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
loading (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
transijent 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

link 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 link 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 Loadg/
Case and / 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
II A Anchorage-Devil Canyon 345 s/cg/ 155 2/c - 954 600
Devil Canyon-Ester 230 s/¢3/ 189 1/c - 1510 185
Watana-Devil Canyon 230 5/¢3/ 27 1/c - 2156 488

iy 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.



FIGURE 5-1

230KV TANGENT TOWER




345KV TANGENT TOWER

FIGURE 5-~2
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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.

Pretiminary 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-load 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-
lines 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 load 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 Tower 48 states:

"According to the forecast, total available power resources

for the lower 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 lowest 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).



LE

C. Unit Retirement

Except for the Knik Arm Power Plant (CEA), no other generating units were
reported for retirement by the Railbelt utilities 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:

o Independent Anchorage area system.

o Independent Fairbanks area system.

° 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
loads (previously described in Chapter 3); developing generation reserve
and reliability criteria (discussed later 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 ﬁy the most probable load

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 Targer unit sizes.

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

¢ Preliminary planning informaticn obtained through interviews
with Railbelt utilities.

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

@ The judgment of IECO-RWRA power system planners.

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

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
line 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. 1In 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
Committee (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 long-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 lTower 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:

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

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

@ 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.

e 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 limited power transfer capabilities and specified line outage rates.
The method assumes that each area takes care of its own internal trans-
mission needs.

D. 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 naormal 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 load 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 loads 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
(EEI} 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 Outage 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 M) 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.
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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 5
loss sharing method was used. This means that one area will share its 3
generating reserves only up to the 1imit 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-
liability 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:

e 1984 is the earliest year when the interconnected system can

be 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.

e 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

6 - 10
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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 load forecast case and Figure 6-6 for the low 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:

e Case IA includes a single-circuit 230-kV transmission Tine
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.

e 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). 1In 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 load forecast case and

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

o 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 1ine is required during the 1992-1997 period. This plan
is shown on Figures 6-4 (similar) and 6-10.
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e 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 load forecast case and on Figures
6-7 and 6-11 for the Tow 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
Tines 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 Year of

Name/Location Reference Installation Type (kW)
ANCHORAGE MUNICIPAL LIGHT AND POWER (AMLEP)
Anchorage Diesel 2,200.
Anchorage Unit 1 SCGT 15,130
Anchorage Unit 2 SCGT” 15,130
Anchorage Unit 3 1968 SCGT 18,650
Anchorage Unit 4 1972 SCGT 31,700
Anchorage Unit 5 1975 SCGT 36,800
Anchorage Unit 6 1979 HRST 12,000
CHUGACH ELECTRIC ASSOCIATION (CEA)
Beluga Unit 1 SCGT 15,150
Beluga Unit 2 SCGT 15,150
Beluga Unit 3 RCGT 53,500
Beluga Unit 4 SCCT 9,300
Beluga Unit & RCGT 53,500
Beluga Unit 6 SCGT 67,810
Beluga Unit 7 1978 SCGT 67,810
Bernice Lake Unit 1 SCGT 8,200
Bernice Lake Unit 2 SCGT 19,600
Bernice Lake Unit 3 1978 SCGT 24,000
International Unit 1 SCGT 14,530
International Unit 2 SCGT 14,530
International Unit 3 SCGT 18,600
Cooper Lake Unit 1 Hydro 7,500
Cooper Lake Unit 2 Hydro 7,500
Knik Arm Several (1,2,3,4 & 5) ST 14,500
MATANUSKA ELECTRIC ASSOCIATION (MEA)
Talkeetna Diesel 600
HOMIR ELECTRIC ASSOCIATION (HEA)
English Bay Diesel 100
Homer-Kenai Diesel 300
Homer (2 x 3500) SCaGT 7,000
Port Craham Diesel 200
Seldovia Diesel 1,648
SEWARD LLECTRIC SYSTEM (SES)
Seward Unit 1 Diesel 1,500

Unit 2 Diesel 1,500

Unit 3 Diesel 2,500
ALASKA POWER ADMINISTRATION (APA)
Eklutna Unit 18 2 Hydro 30,000
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Unit Ratin
Base Peak
{kW)

18,000
18,000
21,000
35,000
40,000

18,700
18,700
67,000
10,000
67,000
72,900
72,900
16,500
20,500

16,500
16,500
21,500
9,600
9,600
17,700

1,500
3,000

35,000

Dependable
Capacity
(ki)

Remarks

>

16,500

1,500

:}>5,500

30,000

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

oo

L)

L)
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= TABLE 6-2
EXISTING GENERATION SOURCES
~ FAIRBANKS - TANANA VALLEY AREA
flﬂl
Unit Rating Dependable
. Unit Year of Base Peak Capacity
g Name/Location Reference Installation Type (kW) (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
o 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)
v 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
e 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
o Healy Diesel 2,500
' Northpole 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
o=
!
!pm
ém,
=
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TABLE 6-3

LOAD MODEL DATA
ANCHORAGE AREA
PROBABLE LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 - 1997)

1686. 1196. 1313,

1., 2215. 2402. 2591. 2794,

1441.

1581.

1724.

1881.

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

-3032

.4%68 .51606 .5737 .5769

6154

. 6827

.B333 .6667 .7404 .7500 .6571 .6346 .6122 .5865 .5481
L4904

. 8429

.53538
. 85626

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

L0000
L0000
RESTRTRIS)
LB0H0
. 0800
.D00O
L0000
AN
MAISINTS )
TItIRI!
RESIRTRIY
LN )
AR
L0000
L0000

L0000

L0000
L0

ICIVIANS)

i
|
1
J

1

L00
PRI SO
AT
LU0
LUUBY
L0009

1, 00600

.2769
.038608
©.9913
. 9829
.9512
.9848
.968B6
L9781
. 9883
.9940
L1039
.1938
.0810
. 9804
.oB73
1.060006
.93938
N Ydrdrd
L9944
. 9948
.9859
L0962
1.60000
L9734
L0840
L9730

9781
.9663
.9784
. 9487
.9317
.9798
.9634
L9727
.9883
.9820
.9877
.9814
. 9684
.9739
9745
.9935
.9814
.9609
.9%44
. 2896
.9484
.9658
. 9887
.5632
.9679
.97306

{260 WEEK

.9538 .90520 ,9462
.9663 .9615 .9615
.9827 .9697 .9654
.23539 .9017 .88B89
.9171 .9171 .9073
.9747 .9646 ,.9495
.9529 .95329 ,9476
.9617 .9563 .9563
.9825 .9825 .9708
9701 .9581 .9461
.9571 .9571 .9509
.9689 .93565 .9379
.9620 .9494 .9494
.9739 .9673 .9608
L9584 .9496 ,9499¢
.9871 ,9806 .9742
.9689 .9627 .9565
.9441 .9274 .9106
9722 ,9722 ,9722
. 9896 .9687 .9583
.9437 .9399 .9296
.9468 .9468 ,9687
.9662 .9549 .9511
.85%96 .8421 .838¢
.9319 .9359 ,9327
.9614 .9614 .9575
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.B962
.9519
.9437
. 8889
.9073
. 9444
. 9424
.9344
.9708
.9401
.9509
.9379
.9430
. 9542
. 9427
9677
.9565
. 8683
.9611
.9531
. 9249
.7988
. 9474
. 8386
.9327
.9675

DAYS / YEAR)

.8731
.9519
.9307
. 8846
. 90624
. 9343
.9372
. 9344
. 9649
»9341
.9448
.9379
.9367
. 9542
.9427
+9613
9441
.87156
.9278
. 9375
9202
LTIHT
.9398
. 8386
.9133
.9537

.BB77
.9423
.9221
.8333
.9024
.9293
.9058
9071
.93591
.9281
-9202
.9255
9304
. 9477
.9299
.9548
9441
.8715
.9222
.9323
.9158
7719
.9361
. 8386
8654
.9421

8423
. 93756
.8918

- 8634

.8976
9141

.9058

9071
.9415
3162
.8589
9255
.9177
. 8824
9299
.9484
.9379
.Bo45
.9222
.8802
.9014
. 8565
.9323
.8175
. B045
. 8340

.5224 .5160
+921351.0090

. 5064
.8301

FEE



TABLE 6-4

LOAD MODEL DATA
FAIRBANKS AREA
PROBABLE LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 -1997)
196. 212, 231. 249. 276. 291. 313. 338. 362. 390.
416. 346. 477. 511. 547.

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

9.687590.69900.73710.76040.57496.59710.56630.51110,43240.41130.38330.37470.3587
0.35380.38080.41770.42010.43736.46196.53190.57496.89190.:93370.93491.00000.7690

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

CLU0000.97480.94670.94670.94530.93130. 89480.86546.84290.8177
[.00000.93670.927990.92790.90510.89980. 88050.85940,.82796.7891
1.00000.99330.96670.94830.94000.92330.90336.838000.86670.8267
1.00000.97580.96120.94510.86910.83200.82390.81100.79000,6769
1.00000.98500.98290.95940.95300.94660.918886.90810.981708, 8825
1.00000.99790.99590.98770.97940.95880.93620.90530. 85300 8827
1.00000.928480.95010.93716.91970.89370.88070.87200.86120.8091
1.0vw00.96870.96156.95190.93510.915960.88700.88226¢.,879890°, 8558
1.60000.99150.99150.99150.97160.96870.931860.82200.88920.8693
1.06001.00000.96120.93130.92840.92840.922408.90750.90450. 8955
1.00000.99040.99040.94550.92310.91990.91670.91350.87820.8558
1.00000.96720.95410.92790.92460.90490.89846.89510.87876.8721
1.00000.96920.96920.958%0.95896.94520.94520.93150.92120.9041
1.00000.98960.97220.96870.95830.94790.93400.92360.92018.85607
1.00000.96770.93870.93230.91290.90320.90320.90320.87190.8677
1.0u0000.87350.87060.86760.86460.85889.84710.84410.83820,8059
1.¢0000.94440.90640.90640.89470.82750.82750.82460.81870.8012
1.00000.99720.97750.96350.96350.94940.93826.93826.91010.8904
1.00000.99470,.96810.93090.92826.90960.90690.90160.88830. 8856
1.60000.98850.93300.91450,90990.89610.88910.88450.86370.8568
1.006000.991350.98080.97650.94020.92950.92740.918860.91456.9017
1.00000.96690.91180.89260.:88840.79890.73970.64460.61020.6088
1.00000.97710.91050.9%0790.90796.89349.88950.88350.86320.8434
1.60000.97110.86330.83050.81870.79630.79240.74510.73320.7201
1.00000.99510.928160.97300.97176.95580.91650.88450.82430.6818
1.00000.99840.93930.92010.89940.88986.88500.84820.81316.7971
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76
167

5. 832.
7. 1888.

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

. 3032

9p8.
1933,

TABLE 6-5

LOAD MODEL DATA
ANCHORAGE AREA
LOW LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 - 1997)

.B333 .6667 .74@4 .7500 .6571
. 4904

985. 1868. 1156.
2078, 2215,

1259.

13549.

(26 INTERVALS / YEAR)

.4968 .5160 .5737 .5769 .6154

. 6827

.6346 .6122 .5863 .3481

. 8429

1451. 1562.

.3353 .5224
.8526 .91351.6000 .8301

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

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1,
1
1
1
i
!
!
I
[
1
!
!

w00o
000V

RULIALRIY
L0000
000
. 0000
L0000
L0000
RLILIATY
LU09
R TSIV
RTINS )
000
LDU00
1.

[VISTRLS ]

1.0000

1. 0000

. 9769
.9868
" .9913
.9829
.9512
.9848
.9686
.9781
.90383
.9940
.+939
-9938
.9810
.9804
.9873
1.01500
. 9938
L0TTT
L0944
L9948
. 9459
.9962
1.0000
L9754
.9840
L9730

9731
.9663
.9784
.9487
-9317
.9798
.9634
9727
.9883
.9820
.9877
.9814
.9684
.9739
9745
. 9935
.9814
. 9609
.9944
.9896
. 9484

.96358 .

. 9887
. 8632
.9679

.9730 .

(260 WEEK

.9538
.9663
.9827
.9359
-9171
.9747
.9529
.9617
.9825
.9701
.9571
.9689
.9620
.9739
.9554
.9871
.9689
.9441
.9722
.9896

. 9500 .9462
.9615 .9615
.9697 .9654
.9017 .8889
9171 .9073
. 9646 .9495
-9529 .9476
.9563 .9563
.9825 .97908
.9581 .9461
.9571 .93509
.9565 .9379
. 9494 .9494
. 9673 .9608
. 9490 .9490
. 9806 .9742
.9627 .95695
.9274 ,9106
9722 .9722
.9687 .9583
.9390 .9296
. 9468 ,9087
.9549 .9511
.8421 .8386
.9359 .9327
.9614 .957%
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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
. 9307
. 8846
.9024
. 9343
-.9372
. 9344
. 9649
.9341
.9448
.9379
.9367
.9542
. 9427
.9613
-9441
.8715
.9278
. 9375
.9202
L7797
-9398
.8386
.9135
.9537

.8577
. 9423
.9221
. 8333
. 9024
. 9293
. 9058
.9071
.9591
.9281
.9202
L9255
.9304
.9477
.9299
.9548
.9441
.8715
. 9222
.9323
92155
.7719
.9361
. 8386
.B654
.92421

.8423
.9375
.8918

-~ 8034

.8976
.9141

. 9058

.9071
«9415
-9162
. 8589
. 9255
.9177
. 8824
9299
. 2484
.9379
. 8045
.9222
. 8802
.9014
. 8565
.9323
.8175
. 8043
. 8340

5160 .3064
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TABLE 6-6

LOAD MODEL DATA

FAIRBANKS AREA
LOW LOAD FORECAST CASE

ANNUAL PEAK LOAD IN MW
(1983 - 1997)

188. 2@82. 21i8. 232. 248. 264. 281. 3g@. 317. 337.
355. 377. 398. 429, 44a.

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

0.87590.69900.73710.76040.57490.59710.56630.51110.432490.41159.38336.37470.3587
0.35380.38080.41770.42010.43730.46190.53190.57499.89190.9337¢.93491.00000.7699

Pﬁm

F o)

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

1.00000.97480.94670.946760.94530.93130.89480.86540.84290.8177
1.00000.93670.92799.92790.905190.899860.88050.85940.82799.7891
1.00000.99330.96678.94830.94006.92330.930330.889000.86676. 8267
1.00000.97580.96120.94510.86916.83200.82390.81100.79000.6769
1.00000.98500.98290.95940.95300.94666.91886.906810.90170. 8825
1.00000.99790.99590.98770.97940.95886.93620.%6530.89360.8827
1.00000.984806.95010.93710.91970.89370.880670.87200.861208.80891
1.00000.96870.961560.95190.93510.91590.88700.88220.87980', 8558
1.00000.99150.99150.99156.97160.96870.9318¢.892680.88920.8693
1.06001.00000.96120.93130.92840.92846.92240.99750.90450.8955
1.00000.99040.99040.94550.92310.9199€.91670.91350.87826.8558
1.00000.96720.95410.92799,92460.90490.89840.89510.,.87879.8721
1.00000.969206.96920.95896-.95890.94520.94520.93150.92120.9041
1.00000.98960.97220.96870.95830.94790.93400.92360.92010.8507
1.00000.96770.93870.93236.91290.96320.90320.90326.87100.8677
1.00000.87350.87060.86760.86460.85880.84710.84410.83820, 8059
1.00000.94440.90640.90640.89470.82759.82750.82460.81876.8012
1.00000.99726.97750.96350.96350.94940.93820.93826.91010.8904
1.00000.99470.96810.93090.92820.90960.90699.90160.88830.8856
1.00000.98850.93300.91450.90990.89610.88910.88456.86370.8568
1.00000.99150.98080.97650.94020.92950.9274€.91880.91450.9017
1.06000.96690.91180.89260:88840.79890.73970.64460.61020.6088
1.00200.97710.91050.90799:90790.89340.88950.88350.86320. 8434
1.00000.97110.86330.830590.81870.796396.79240.74510.73320.7201
1.00000.99510.98160.97300.97176.93380.9165¢.88450.82430.6818
1.00000.998490.93930.92610.89940.88980.88500.84820.81310.7971
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TABLE 6-7

LOSS OF LOAD PROBABILITY INDEX (LOLP)}/
FOR
STUDY CASES IA & 1p%/
PROBABLE LOAD FORECAST CASE

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansiongj Expansionﬁf Exggnsiongj Expansionﬁj
1984 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.

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

4/ See Figure 6-3.

2/ 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

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansiongl Expansioni/ Expansioni/ Expansionﬁl
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 Fiqure 6-2.

4/ See Figure 6-4.
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Study

Year

1992
1993
1994
1995
1996
1997

TABLE 6-9

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

Anchorage Fairbanks
Independent  Interconnected Independent  Interconnected
Expansionﬂ/ Expansiongf Expansioni/ Expansiong/

0.0189 0.0476 0.0276 0.0972
0.0546 0.0418 0. 0586 0.0299
0.0427 0.0235 0.1583 0.0244
0.0326 0.0070 0.0373 0.0089
0.0931 0.0226 0.0899 0.0207
0.0676 0.1240 0.0441 0.0461

L/ 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.

4/

—' See Fiqure 6-2.
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TABLE 6-10

LOSS OF LOAD PROBABILITY INDEX (LOLPM/
FOR
STUDY CASES TA & 102/
LOW LOAD FORECAST CASE

Anchorage Fairbanks
Study Independent  Interconnected Independent  Interconnected
Year Expansiongf Expansionﬂ/ Expansiong/ 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
1987>/ 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 0.059 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.

4/ See Fiqure 6-7.

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

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

Anchorage Fairbanks

Study Independent  Interconnected Independent  Interconnected
Year Expansion§/ Aggpansionﬂf Expansionéf E;pansioni/
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

Ll 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

L0SS OF LOAD PROBABILITY INDEX (LOLPW/
FOR
CASE 162/
PROBABLE LOAD FORECAST CASE

Anchorage Fairbanks
Study Independent  Interconnected Independent  Interconnected
Year Expansiong/ Expansionﬂj Expansioné/ 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
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.

—" 345-kV transmission system with reserve sharing and firm power trans-
fer capability.

=’ See Figure 6-2.

See Figure 6-4. The 345 kV (Case IC) is similar to 230 kV (Case IB)
except that only one 345-kV line 1is required during the 1992-1997
period, instead of two 230-kV lines.

—' Starting in 1986 includes Bradley Lake Hydro Project.
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CHAPTER 7
FACILITY COST ESTIMATES




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 installation 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 voltages as
high as 230 kV was the Beluga 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 line. 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 kemil 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
kcmil Dove ACSR Conductor), 1978. This line was built by contract using

Owner-furnished material. Right-of-way clearing was accomplished bylone

contractor and line construction 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 1ine.) 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/o Engineering) 89,084

B. Material 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-
after, 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:

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

calculated towers per mile to actual towers per mile.

® 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.



e 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 line 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 publication
"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 incliuded 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 line 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 1ine 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 Tocation 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.
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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 fuel cost 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 generation 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/ Energyg/ % 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 biock of energy otherwise generated by a 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 level 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 level. These values were used in an economic analysis to
obtain additional benefits for Case ID.

7.9 CONSTRUCTION POWER 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),



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
Subtotal 53,650 53,650 80,606 53,650 155,814

2. Substations:

Eng'g. & Constr. Supv. 1,352 1,352 1,855 2,316 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 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
IB (230 kV) 7,071
IC (345 kV) 6,429

II A (230 & 345 kV)

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

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

COST SUMMARY FOR GENERATING FACILITIESQ/
(Costs at 1979 Leve]&l/)

Installed Cost Total Costﬂ/

Unit Name Code & Typed MW Thousand $ $/kW  Thousand $ $/ki
Northpole #3 NORT 3 SCGT 69 24,385 353 27,934 405
Beluga #9 BELU 9 SCGT 71 33,548 473 42,498 598
Northpole #4 NORT 4 SCGT 69 24,385 353 25,185 365
Anchorage PEAK A2 SCGT 78 22,620 290 23,400 300
Northpole #5 NORT 5 SCGT 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.

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

Total cost includes substation and transmission costs.
—" 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.
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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
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TABLE 7-5

ALTERNATIVE COSTS FOR CONSTRUCTION POWER SUPPLY

TO

WATANA AND DEVIL CANYON HYDROPOWER SITES

DURING

CONSTRUCTION OF UPPER SUSITNA PROJECT

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1/ Negative sign indicates that resale value of generating

1979 Baseline Costs - $1000

Isolated Diesel
Generation at Site

Tapline Supply
From Intertie

2,835
695
697
696

3,055

1,324
187
623
623

-500%/

267
483
481
478
752
902
734
430
419
304

plant exceeds cost of generation in final year.
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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 life 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:

@ 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 a11 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) TabTe (PW 1979)
Probable 100 8-1 12,475
Probable 125 8-1x 945
Low 100 8-1-LL 2,704

8 -3



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 line during the 1984-1991
period and two single circuit 230-kV lines during the 1992-1997 period
except for low 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):

=



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 Tline).
These study cases consider one 345 kV single circuit line between
Anchorage 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,b56
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 8-5, 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 displacement 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 line to Anchorage
One 230-kV S/C 1ine to Fairbanks

1993 One 345-kV S/C Tine to Anchorage
Two 230-kV S/C lines to Fairbanks

1694-1997 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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25 &UGUST 9 ALASHA PGWER AUTHORITY TABLE B-}
ARCHURAGE = FAIRBANKS INTERTIF
. o L ECONOMIC FLASIBILITY STpY e
CASE IA, 230 kV GENERATION RESERVE SHARING ONLY
T s e et T s e e - PROBABLE LOAD FORECAST CASE -
DIFFERENTIAL DISCOUNTED VALUF OF RASE YEAR (1979) COSTS
INDEPENMDENT SYSTEM COSIS MINUS THTERCONNECTED SYSTEM CUSTS
o L o (IN $1000)
------- rmmd e e e m e e e csm e eeneE SCALATI(N RAJL s e v e rcr e e n s meccccmamccc e e e ncc e
pIsCenl HEA 4% 5% 6% 7% BY% qy 10% 1% 12%
B4 Tu, 914 2,434 -1,P1h -9, 002 -11,042 ~17.486 -°25,14a/ -44,190 ~d 1,00 -570,252
a,r05 Vilot173 3,202 -7%17 -, -9,619 -15,/71 ~25,095 -31,756 -Gj,u3n 53,153
8,51 11,414 3,927 ou ] =3,479 -d,20% -1d,157 -21,15%6 -29,424 -%9,179 -50,600
8,15 11,654 4,612 1,503 -2,324 -6,977 -12,579 ~19,268 -21,197 =36,5%140 -47,u488
9,00 1,836 5,058 2,310 -1,321 -5,7%2  =11,006  ~17,486  =25,07] 34,017  -au,51}
q9,25 12,020 S, H0d j,08l =371 ~8,5H48 -9,0683% -15,786 -23,0490 =31,005% ~41,663
9,50 14, 1HA 6,417 5,006 531 =3%,08} -8,5%393 =-14,166 =21,102 =29, 501 -38,9%4
~ G, 75 14,339 H,083 d,89]) 1, 385 =72,4%0 7,059 -17,6721 -19,25°2 =-27,099 =36,4834
1o, 00 126415 LA 5,138 2,104 ], 43 -5, 841 -11,149 ~17,446 =24,4996 ~33,841
10,05 12,596 7,909 h,yidg 2,900 =484 =4, 6082 =-9,747 =15, 802 =-22,987 «31,458
Tu,%0 te,70% LYK RN 6,374 3 0R 4ts -5,581 =R,411 -14,19% =21,068 -29, 181
Foe) 10,79 12,797 A, 834 b, 867 4,571 1,268 =2,5%4 -/,139 12,662 =“19,23%% =27,003%
11.404d 17,879 ¢,2351 7,478 5,019 2,076 -{,%d9 -5,928 11,202 ~17,480 wl,922
11,29 12,949 9,599 /858 5,030 2. 841 -59% -4,716 -9,800 -15,815 -22,93%4
o 11.58 1y, 00 Q, Ghd B, 309 b, 208 3,566 301 -5,680 =8, 4kp2 -14,223 =21,034
11.7% 13,05%% 10,264 8,7%2 6,752 4,252 1,182 2,637 -71,218 -12,703 ~-19,219
12,00 15,498 10,962 9,129 7,265 4,900 1,959 =-1,647 -6,014 -11,25% -17,486
Note:

In early years of the expansion plan capital requiremenis are higher for the independent

system plan, but in the later years capital requirements 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.

1-8 314Vl
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01 - 8

DISCOUNT
HATE
.00
Ro25
B,50
&,7%
G,
“4elh
9.90
9.75
10,00
10,25
1050
10,75
P1,dd
11,25
il,50
11,75
18,00

Note:

-11,778
-10,891
=], 048
-,2u7
—b, URS
=7, 701
=7,074
6,022
=5,80%
'5,210
=4,0%9
-d,14%2
-3, 042
=3, 159
=2,712
=2,789
=1,889

ALASKA PLUwER ALITHORITY

ANCHORAGE

= FAIRBANKS INTERTIE
ECONOMIC FEASISILITY 8S1UDY

CASE TA, GENERATION RESERVE SHARING ONLY
TRANSMISSION LINE COSTS INCREASED BY 25%. ..
PROBABLE LOAD FORECAST CASE

OIFFERENTIAL DISCUOUNTED VALUE OF BASE YEAR (1979) COSTS

INDEPENDENT

=15,927
=1d,35%0
-13,824
=1d,d47
=11,917
'111058
=10,1940
=9, 3R
=t, 0’7
=7,903
-71,21%
=h,h0c
=5, 9]
“5}553
—U,?qq
=4,265
“51763

SYSTEM COUSTS
(IN $1000)
-------- ESCALATIUN RATES
bY% 7% A%
=20,4897 =246, 809 ~33,798
~19,598 -2%,25%3 -31,94d6
=18, 360 =23, 768 =30,175%
-17,178 —22;35u -28,U084
-16,082 =20,9q7 =20, Bhl
=14,979 =19,705 =25, 3523
=13,957 =1t,473 =25,844
-12,982 -1 7,297 =22, 440
-12,054 =lo, 170 -21,095
-11,171 =-15,107 =19,81¢
=19, 330 -14,088 =18,585
=3,529 =13,116 =17,01%
=8, 708 =12,190 - =16,298
"B,OQQ -llaSUB -151235
'erS% =10,468 “1”,217
5,701 =%,00648 =13,248
=0,079 =8,907 -12,32%

~17,939
-16,418

MINUS INTERCONNECTED SYSTEM COSTS

o 5 W S - e B D MR W 0V B G e ED

=51,642
=449,054
=d6,577
=-4d4,206
-U1,937
-3’“)’ 7(3'5
-37,688
=35,700
~33,798
=31:979
=30,2%8
'?ﬂr%?u
*5’0,985
-25,461
=24,006
=22,61b6
=21,287

v <> o D e e -

=62,5360
-59,821
=56,910
-54,122
“511“51
w«lB,Rr94
=dbt,uldd
44,102
=i, B57
~393,708
-537,0651
=35, 0K
=3%,798
=31,995
-30,269
28,618
"87p050

This case is similar to the case presented in Table 8-I, except for the increase in
intertie costs by 25 percent which caused an increase in capital requirements for the

intercennected- system expansion plan.

b

For case analysis refer to note in Table 8-I.

TABLE &=-iX

=L, 318
=43,999
=41,719
=39,652
=37,b15
'35rb65
=33,794

X1-8 379yL
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28 AUGUST 79 ALASKA POWER AUTHORITY TABLE Beje=iLl
ANCHORAGE = FATRBANKS INTERTIE
ECONOMIC FEASIBILITY STUDY

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

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

(IN $1000)
o mrecescsesccrsarsessscsrecrrnnnccansnesef5LALATION RATESseccensncencrnenancsnessencscscsaccsacnece
DISCOUNT 0% ax 5% 6% 7% 8% 9% 10% 11% 12%
RATE s==== =Zz=s= s==== ===t ==sz: ===== =z3== === zI=ER s===2
8.00 4,292 6,955 7,203 7,166 6,765 5,904 4,475 2,351 =619 =d4,605
8,25 4,095 6,860 T,167 7,206 6,903 6,167 4,895 2,964 232 =3,466
8,50 3,897 6,754 7,114 7,225 7,014 6,396 5,272 3,523 1,016 =2,409
8,75 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 6,165 4,906 3,001 312
9.50 3,101 6,237 6,773 7,122 7,224 7,008 6,392 5,278 3,552 1,083
9,75 2,902 . 6,088 6,660 7,058 7,225 7,095 6,588 5,610 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 be163 4,917 3,037
10,50 2r311 5,606 6,267 6,791 7,129 7,223 7,003 6,388 5,284 3,580
10,75 2,116 5,435 6,121 6,681 7,068 7,226 7,090 6,543 5,613 4,074
o 11,00 1,923 5,261 5,969 6,561 6,995 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 6,161 4,927
' f1.50 1,541 4,902 5,647 6,296 6,809 -T,1306 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
- 12,00 1,166 4,532 5,308 6,004 6,584 7,005 7,214 7,151 0,742 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

escalation rate.

T1-1-8 3149yt

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



2% AUGUST 79 ALASKA POWER AUTHORTTY TABLE 8=2
ANCHURAGE = FAIRBANKS INTERTIE
ECUNOMIC FEASIBILITY STuDY

CASE IC, 345 kV GENERATION RESERVE SHARING ONLY
e eerne o~ PROBABLE LOAD. FORECAST... . .. . -

ﬁlFFERtNTIAL DISCOUNTEN vaLUE OF BASE YEAR (1979) COSTS
INDFPEMNDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM COSTS
(I $1006)

-------------------------------------- ESCALATION RATESvwresvreemor e s s acar s s s s mcam e wn cm - o -
DISCUUNT 0% 5% &% 1% B4 9% 10% 11 12%
kATe Z=z=Fz ===z ==z== EEEt zzzs= zzz=z zTz== ==z== z=z=xz
FoU0 =i, 8hko =10,869 -13,279 =lo, 167 -19,001 =25,058 28,421 ~3%,984 =40,450 -47,934
n.25 =, 179 =lu, $54 ~12,9253% =15,412 -18,86098 -22,583 -27,150 =52,489 =34,700 -45,493
8,50 =4, 46d =4,8065 =12,u57 -14,692 =17.83%5 -21,5%50 =25,935 -351,058 =37,023 -43,9386
o« a.75 =4,302 =9,0u01 =11,4%9 =-14,000 -17,011 =2u,574 24,771 -29,087 -35,415 -42,059
1 FRSUU =H,1%2 =h, 459 =10,95%9 -13, 351 ~16,225 =19,0386 -23,658 ~28, 574 =33,374 =U4i, 259
— G2 ~4,97% =5,5%40 =14,430 =17, 128 -15,474 -18,739 =22,5493 =27, 117 -32,397 =34,532
N 9,50 =5, 424 -4,143 -3,947 =12, 154 -1d,758 ~17,882 «21,575 -25,915% -30,982 -3b,876
Y. ThH =3,0%5 =7,166 -3,483 =-11,5648 -14,075 ~{7,063 =2l,0601 24,761 “29,676 -35,289
1,00 -5,556 =/,408 -9,042 -11,029 -13,42% =ib,282 -19,609 -23,658 -28,328 -33,1766
1v.75 ~3,443h =7,4749 -h,022 =10,917 =12,402 =15,535 =18,7719 =22,603 -27,083 -32,307
Tuedy =3,3°5 -h, 149y -&,224 -10,029 -12,210 -14,825 “17,928 -21,593 -25,892 -30,908
19,75 =3,2°2 =0, 4u5 -7,847 ~3,565 =11,0066 ~14,143 17,115 20,627 -24,751 =29,567
t1.ue -5.127 -, 15K -7,488 -9,123 11,198 -13,494 =1b,3358 -19,7v2 -25%,658 -28,282
11,25 =3,0u0 -9,480 =7, 149 ~H, 704 -10,590 =1e,875 =i5,596 =18,819 -22,612 =-27,051%
11.50 =2,4959 =3,639 6,827 ~8,305 ~-1v, 109 -12,285 -14,887 ~17.,973% “21,011 ~25,871
11.75 =2 Rb6b -5, %88 -a,5%22 ~71:927 ~3,645 ~11,722 -14,219 -17,165 -20,65%2 =-24,741
12.0y -2,819 =-5,159 6,233 ~7,568 -9,20G4 -11,1886 -13,5864 -16,393 -19,73S -23,658

¢-8 318Vl
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DISCOUNT
At
A IR}
)
LTt
WA
Q.00
(; . -”f’
QYoN0
vy
114000
TU.25
10,50
T0,7Y
11,90
11.2%
.50
11,75
12.00

- - - -

cu, 726
A, n A
Pd,n1d
2,549
Sy ded
A, 4734
2279
24,171
2d, 054
23,51
24, R00
85;“67
25,518
35,309
ci,”14
23,003
22, Hn8

) 1 B D B J 3 } 1 3 1 i
ALASRA POKER AGTHORITY TABLE 8-3
ANDUPAGE = FATRGANKS IRTERTIE
, ECongMIC FRASTAILITY STuby .
CASE 1B, 230 kV, GENERATION RESERVE SHARING
e PLUS FIRM POWER TRANSFER
PROBABLE LOAD FORECAST CASE
DIFFERENTIAL DISCUOUNTED VALUE 0OF BASE YEAR (1979) (O0S1S
THDEPENDENT SYSTEM COSTS MINUS InTERCOMNECTED SYSYEM COSTS
(1IN 51008)

B T LT Treepap ESCALATION RATESweremcmmmrrccccaa— A e
4 5% 6% 7% Ry 9y 10% 11 12%
23,316 22,54 S, 252 17,393 14,872 11,002 &, duA B21 -5,918
25,565 22,39y 24,745 16,541 15,70y 12,128 1,723% 2,372 -4,0%%
P53, TRR 22,724 21,2043 19,147 10,178 13,106 R,032 3,844 -2,278
24,957 25,078 21,027 19,713 11,209 14,028 10,075 5,242 -5H49
2u,163 23,403 22,017 P, 40 17,824 14,894 11,187 6,564 1,016
2n, 37 25,551 22,377 20,729 18,536 15,710 te,179 7,825 25453
20, 459 25,774 e, Tlo 21,184 19,136 16,486 13,144 9,016 3,993
2u, 563 25%,77% 25,007 2,604 19, 697 17,209 14,0596 10,144 5,369
A4, 058 24,149 24,2u1 P1,99% 20,219 17,887 14,91% 11,211 br6Tb6
2u, 734 24,500 25,529 22,3550 2U,7v5 18,5925 15,724 12,220 7,916
2n,19% 24,433 23,782 224678 1,187 19,114 16, 48% 15,174 9,091
24,155 24,552 25,951 22,973 21,575 19,674 17,201 14,075 10,204
Pl And 24,044 2d, 108 25,052 21,961 29,192 {7,873 14,924 11,258
2u, 870 24,720 24,284 24,099 22,317 20,675 18,503 15,729 12,25%
24,874 24,787 24,419 25,723 22,644 21,123 19,093 16,478 13,197
2,400 24,451 24,53% 25,923 22,4944 21,539 19,644 17.187 14,067
2u, %3 2h,861 24,632 24,100 23,217 21,924 20,159 17,8553 14,928

€-8 118¥L
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DISCDUNT
FATE
b 00
8,25
8,50
Ho 7%
Lo np
9,25
Q.50
V.75
1e, a0
1¢.25
10,50
10,75
11,090
il1.2%
11.50
11.7%

12,00

ALASKA POuER AUTHORTTY
ANCHUORAGE = FAIRBANARS INTERIILE
ECONNMILC FEASIRILITY STUDY

CASE 1B, 230 kV, GENERATION RESERVE SHARING
PLUS FIRM POWER TRANSFER
TRANSMISSION LINE COSTS INCREASED BY 25%
PROBABLE 1.OAD FORECAST CASE
DIFFERENTIAL DISCOUNTED VALUE OF RASE YEAR (1979) CDSTS

INDEPENDENT SYSTEM COSIS MINUS INTERCONNECTED SYSTEM COSTS
(IN $1000)

TABLE 8=-3X

---------- recmeceseemae e mnna e e GCALATION RATESmmormorcrerracsce e m e e mcao—m—mmsc—em =
0% 4% 9% b7 7% s34 9% 10% 11% 12%
12,411 2,118 7,326 5,026 2riids =1,430 =5,769 =10,987 =17,202 =2u,544
12,467 9,48} T:111 S,608 2,917 ~465 =4,591 “9,564 =19%,499 -22,522
12,909 9,822 8,264 6,233 3,654 4aa =3,473 -8,211 =13,876 -20,591
[2,5u0 10,14%4 H,087 6,781 4,559 1,315 -2,411 =y 94 =12,33¢0 ~18,745
12,599 1v,a29 7 9,051 7,290 5,009 2,133 ~1,4014 =5,7¢0 =10,R57 =16,990
12,507 19,697 Q, 948 7,778 5,021 2,906 =450 =i4,5%7 -G, 454 =15,314
12,5068 10,945 9, 78R B,2a5 6,201 3,636 454 =3,43%2 =H,119 =15, 715
te, 554 11,168 10,103 Ar,649 6,740 dy 525 1,310 =-2,3%84% =6, 044 =12,190
12,533 11,373 10, 394 9,042 71,257 4,975 2,121 =1,387 =5, 040 =106,733
12,504 11,958 10, n6! Q,u07 7,736 5,587 2,887 =443 =4,49] 0,354
12,4006 11,725 16,907 9,74p B, 185 6,163 1,010 451 =5,3%99 ~8,036
12,421 11,87% 11,133 10,000 B,004 G, 704 4,294 1,299 =2, 562 =6, TR
lf)ﬁgbq ]r}r\)UH 11;5%“ lUf.“)l ' 8;99‘3 7:212 ‘4;936 8’!02 "1:578 “3;‘)63
12y 409 12,125 11,524 10,619 9,359 7,089 5,546 2,861 ~uny -4,u53
12,244 12,228 11,0692 10,865 9,097 R 135 6,118 3,578 ud2 =3,3574
12,172 12,316 il,H44 11,091 10,011 8,552 6,656 4,256 t,282 =2,348
12,095 12,391 11,978 11,297 10,302 8,962 7,161 4,89 2,077 “1,374

Xe-8 31avl
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GT - 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

0%
===

-729

«“996
1,254
«1,503%
=-1,743
1,976
=2,200
2,817
2,626
2,828
~3,G623
«3,212
=3, 394
-3,569
«3,739
=-3,902

B

4%

4,879

’
4,430
3,995
3,575
3,169
2,776
2,396
2,029
1,674
1,331
999
678
168
67
=223
«503

ALASKA POWER AUTHORITY
ANCHORAGE = FAIRBANKS INTERTIE
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) COSTS
INDEPENDENT SYSTEM COS15 HMINUS INTERCONNECTED SYSTEM COSTS

112

ESass

24,689
23,611
22,569
21,562
20,589
19,648
18,738
17,859
17,008
16,186
15,390
14,621
13,876
13,156
12,460
11,785

TABLE 8=3={L

12%
gs=zs=

29,111
27,892
26,714
25,576
248,476
23,413
22,385
21,391
20,431
19,502
18,603
17,734
16,894
16,081
15,294
14,533

(IN $1000)
ercenconnssnsarervasnsasnsnasveawnersesl SCALATION RATE Sewesconcosmncnanrencorevasnepocannancnccns
5% 6% 7% 82 9% 10%
IT2=T S2ssS3 STSSS sS==2 SEZTS sSSs===

6,790 8,952 11,395 14,152 17,258 20,755
6,279 8,373 10,739 13,408 16,416 19,802
5,786 7,813 10,104 12,688 15,601 18,881
5,309 7,271 9,490 11,993 14,814 17,990
4,847 6,748 8,898 11,321 14,053 17,129
4,401 b,242 8,322 10,671 13,318 16,297
3,969 S,752 7,767 10,042 12,606 15,493
3,552 5,279 7,231 9,434 11,918 ta,714
3,149 4,821 6,711 8,846 11,253 13,962
2,759 4,378 6,209 8,278 10,609 13,234
2,381 3,949 5,724 70727 9,987 12,530
2,016 3,535 5,254 7,195 9,384 11,849
1,664 3,134 4,799 6,680 8,802 11,190
1,322 2,747 4,360 6,182 8,238 10,553

992 2,372 3,934 5,700 7,693 9,936

673 2,009 3,523 5,234 7,165 9,339

364 1,658 3,124 4,783 6,654 8,762

=4,060

=775

11,133

13,797

T1-€-8 37avl
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DISCounT
RATE

91 - 8

e, 00
H,29
B, 50
[ A
00
Y20
9.5
9,75
10,00
10,e5
1,50
Tu.ls
Jleui
11,729
11.50
11.75
12,00

ALASKA POwRLW AUTHORTTY
ANCHUORAGY = FAJRBANKS INTERITIE

LCONGMIT FEASIHILITY STUDY

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

DIFFERENTIAL DISCOUNTED VALUE QF HASE YEAR (1979) CNSTS
INDFPENDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM CUSTS
(in $1000)

TABLE d=4

------------------ remrmmm e mr e ee e ESCALATIUN RATE o mcer e c e c s e s m e mrm e e m e e n cm . ————
0% ' 5% 6% 1% 8% Y% § 11% 12%
31,206 30,212 31,731 30,748 29,249 27,151 24, 564 20,785 16,303 10,791
31,087 42,354 31,908 31,041 29,679 21,742 25,143 21,78% 17,952 12,330
30, R59 32,407 32,058 31,502 0,072 28,289 25,870 22,719 18,730 13,787
SU,672 52,443 30,143 31,534 30,429 28,794 20,547 23,597 19, RUG 15,164
A0, 07K So e 3P, PAS 31,746 50,751 29, 25H 21,177 24,418 20, A8y 1h,U65
“Welle §2,058 32, 403 31,912 3,002 29,684 27,761 25,187 21,A66 17,694
39,004 32,03%n 32,001 32,062 31,501 30,072 28,301 25,904 22,189 18,852
29,853 32,40 32,454 32,187 31,531 30, 126 28,500 2o, 572 23,053 19,945
2Y,hil 30,351 32,476 32,284 31,73%3% 30,746 29,°%9 27,194 24,164 20,973
29,407 57,284 32,1760 32,%6R8 1,908 31,034 29,680 27,710 25,22 2l,949
PYetin 32,7204 32,454 3P,420 32,057 31,292 30,005 28,305 24,929 22,819
AR, U 37,110 32,424 32,465 32,182 31,520 10,416 28,794 26,589 23,702
ek, Ing 32,005 L2, 574 32, 4Ry 32,208 31,701 $0,733 29,2098 27,203 24,501
PN 51, KBS 32,310 32,480 32, 36% 31,590 31,020 29,670 27,773 29,249
FEYTAR 31,75%0 32,252 32,470 52,425 32,046 31,276 30,052 28,502 25,9448
27,9861 31,610 32, 1au 32,438 32,465 32,1172 31.%04 30,399 28,790 26,600
271,709 31,466 32,037 32,391 32,480 32,275 31,704 50,715 29,240 271,207
i 3 3 3 ¥ 3 i i 3 3 3 §
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DISCOUNT
RaTk
K, 00
H.25
£.50
A
Q.00
4,25
9,50
Y,15
19,00
16,25
16,50
16,79
11,00
11,25
11.50
11.75
12,00

3 ¥ | | BN I R N R N I R | i I
ALASKA PUWER AUTHURITY TABLE 8-4X
ANCHURAGE =~ "FAIRBANKS INTERTIE
ECONOMIC FEASIRILITY STUDY
CASE IB, 230 kV, CENERATION RESERVE SHARING PLUS
FIRM POWER TRANSFER & SUSITNA CONSTRUCTION POWER
TRANSMISSION LINE COSTS INCREASED BY 25%
PROBABLE LOAD FORECAST CASE
DIFFERENTIAL DISCOUNTED VALUE UF BASE YEAR (1979) COSTS
INDERPENDENT SYSTEM CUSTS MINUS INTEKCONNECTED SYSTEM CUSTS
(IN 310060}

------- cmemccmemrmmen e rreanmmmmemeeaE SCALATfUN RATE S mmcccccccv e e r e e s e e e e crccccccceen-
9% 4% 5% ¥4 1% 8% 97 107 11% 12%
18,491 18,069 17,024 15,523 15,492 10,449 1,502 3,350 ~1,721 -:;:;35
TR, #1258 14,706 17,324 15,944 14,0585 11,574 5,424 4,49% ~319 -6,139
18,749 18,4041 17,%%0 16,332 14,579 12,260 9,291 5,576 1,009 1,527
Ih,6n% 1,594 ] 17,842 16,088 15,065 12,499 10,108 6, H98 2,768 wg,9095
TR, 509 _ 1k, 726 1R, 063 17,01% 15,516 13,496 10,875 7,562 5,460 -{,542
18,400 14,438 18, 260 17,513 15,934 14,083 11,595 8,471 4,988 -163
fe, 355 1b,951 14,435 17,9K4 16,519 14,972 12,270 9,328 5,654 1,145
18,2347 19,007 1H,5HA8 17,629 16,673 15,054 12,902 10,1534 6,061 2,585
18,112 19,0606 14,70 18,049 16,4997 19,502 13,492 19,892 7,613 3,559
17,950 19,109 1H,H33 18,246 17,294 15,4916 14,044 11,603 8,510 4,671
17,843 19,1%0 18,927 18,421 17,564 16, 29R 14,554 12,271 9, 356 5,722
17,700 19, 149 19,004 18,%74 17,808 16,650 15,036 12,8%¢0 10,152 6,716
17,552 19,149 19,064 18,707 td, 028 16,972 15,480 13,u4n1 10,901 7,65%5
17,399 19,13% {9,108 18,821 18,425 17,268 15,691 14,028 11,605 8,541
17,242 19,169 19,134 16,916 18,400 17,537 16,271 14,53%7 12,260 9,377
17,089 19,072 19,153 18,994 1A,553 17,781 16,621 15,012 12,885 10,164
16,915 19,024 19,154 19,050 18,687 18,001 _ 16,942 15,4%2 13,464 10,905
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23 Ayuust 79 ALASKA PUWER AHTHURITY TABLE 8-=5
ANCHURAGE = FAIRFANKS INTERTIE
FCONUMIC FEASTIHILITY STUDY

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

DIFFERENTIAL DISCOUNIED VALUE OF BASE YEFAR (1979) COST3S
INDEPENDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM COSTS
(IN $1000}

----- emmcecscacmammmemnerenmemeememe==ESCALAT N RATLESmmmrwor e e rmrr o e e m e r e s —n s s
DISCOUNT W% ay 5% 6% 7% A 9% 10% 117 12%
HAT!’_ - == ===== -4 r=p-==4 oc=zx= === - fmiped mozs= ==Z== S====
B, 00 18,400 17,550 1o,9592 15,239 14,451 11,100 B,168 4,5%2 . 157 =5,122
R.,25 1R, 406 17,728 16,854 15,010 14,924 11,735 8,967 S, 541 1,363 =3,665
5.0 1d,345% 17,886 17,101 19,955 14,3584 12,350 $,721 t,U470 2,508 -2, 280
.15 1A, 272 18,026 17,522 16,209 1,812 172,889 10,431 71,362 5,595 =963
9,00 18,194 148,148 17,521 lo,%60 15,210 14,415 11,100 8,198 4,625 2R9
9,5 14,1408 16,793 17,700 1o,827 19,580 13,902 11,729 H,989 S,001 1,478
.50 1d,uth 18, 343 17,860 17,079 15,922 14, 359 12,520 9,734 6,525 z,608
¥,/5 17,918 1,017 14,002 17,292 10,258 14, 785 12,874 10,438 7,400 3,640
10, L0 17,814 168,4d7b 18,126 17,492 16,58 15,1482 13, %94 11,100 8,228 4,696
10,29 17,754 14,522 18,234 17,673 1o,79% 15,5%0 13,6880 11,725% 9,009 5,660
10,50 17,589 18,555 18,325 17,835 17,040 15,861 14,3%%5 12,509 9,747 6,574
o 115 17,4170 18,574 1R,402 17,978 17,062 1,207 14,759 12,860 10,444 7,434
11,90 J7, 340 185,58 1,404 18,104 17,464 1o, 89/ 15,154 15,3%76 11,100 8,256
i 11.259 17,217 1H,582 134,513 1H,214 17,0406 1o, 765 19,521 13,859 11,718 ?,030
=t 11.%9 17,045 18,5069 14,548 148, 507 17,809 17,909 15,861 14,311 12,299 9,760
co t1./75 lo,949 16,547 18,%/2 14, 386 17,9%4 17,232 te, 176 14,7353 12,845 10,450
12.u0 16,810 16,514 18,583 18,451 18,082 17,435 16,467 15,126 13,398 11,100
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23 AULUST /9 ALASKA POWER AUTHORITY TABLE B8-5X
ANCHORAGE - FAIRRANKS INTERTIE
ECONUMIC FEASISILITY STuUpDY

CASE ID, GENERATION RESERVE SHARING PLUS 5
INTERMEDIATE SUBSTATIONS
TRANSMISSION LINE COSTS INCREASED BY 25% v

PROBABLE LOAD FORECAST CASE

DIFFERENTIAL DISCOUNTED VALUE OF BASFE YEAR (197¢) CUOSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM CUSTS
(IN $1000)

cmcmmme e mre e v r e rnmee=m=SCALATION RATES===-- - ———— - e m—————
pDlsCount 0% av 5% v% 7% A% 9% 10% 11% 12%
kn]{ zZ=S== ===== - sS=== ===== =2==s= ERE== mmaa 2444 =TZ==
8,00 9, 15%% n,772 5,420 3,665 1,439 -1,319 -, 689 -8, 755 -13,611 ~19, 363
n,25 9,181 7,043 5, 78% 4,135 2,0%6 =577 -3,778 =7,651 -12,285% -17,783
4,50 Q,197 7,294 6,121 4,575 2,598 125 2,915 b, 601 ~11,022 ~16,276
LY A 4,204 7,524 b, 856 4,989 5,128 789 -2,095% 5,603 -9,819 -14,834
9,00 9, ud 7,7%0 6,729 Y5, 377 3,626 1,017 -1,319 -4, 065% ~8,075 =13,4606
Y,25 Y, 1495 7,9%1 7,001 5,740 4,095 2,009 =584 =3,754 -7,5%83% -12,15%9
9,50 0,179 R, 108 -7.2%2 6,078 4,53% 2s 568 113 -2,899 =6,%46 -1v,912
w75 9,155 h, 269 7,084 6,395 4,948 3,094 i -2,048 -5,559 -49,775
10.00 9,125 8,01% 7,697 0,686 5,338 3,590 1,394 -1,319 -4,02} -8,594
10,29 9, 0H9 8,540 71,893 6,959 Y,097 4,087 1,982 -590 -3,730 =-7.517
© 10,59 Q,un7 8,003 8,072 7,211 6,035 4,495 2r%38 100 =2,4884 -5,092
P75 A,9499 B, 101 8,235 7,444 0,350 4,907 3,061 154 -2,081 “%5,516
1 11,00 B,9do 8,858 8,583 7,658 beoly 9,29% 3,555 1,372 ~1,319 -4,5%89
— 11.25 B, 888 . 8,938 8,510 7,856 6,917 5,654 4,020 1,9%6 596 -3,707
o 11.50 8,825 9,006 8,636 8,036 1,170 9,992 4,456 2,508 LY =-2,370
11,75 8,758 9,063 8,742 8,201 7,404 6,308 4,867 3,029 737 -2,074
12,00 8,687 9,109 8,835 8,351 7,620 6,602 5,252 3,520 1,350 -1,319
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23 AULUST /9 ALASKA POWER AUTHORITY TABLE 8~6
ANCHOURAGD = FAIRBANKG TWNTERTIF
ECOMUMIC FREASIBILITY STULY

CASE ID, 230 kV, GENERATION RESERVE SHARING
s s s e o= WTTH C-INTERMEDIATE SUBSTATIONS & SUSITNA CONSTRUCTION POWER
PROBABLE LOAD FORECAST CASE

T DIFFERENTIAL DISCUUNTED VALUE OF BASE YFAR (1979) COSTS
INDEPENDENT 5YSTem COSIS MINUS INTERCONNECIED SYSTEM COSTS
(IN $1000)

-------------------------------------- ESCALATION RATES-wrme oo e e s c e s r e e s cmamas e o
DISCOUNT (1h4 A U S% 6% 7% 87 9% 107% 11z 1¢%

P/\If_ -EZ== os=== =z=== =ZxZz ==Z== m===z== =g =g ==Z=== ===== =S o=
H,uh 210349 21,367 Pl,ul? 19,6909 18,101 16, UHS 14,486 10,219 6,190 1,296
[ 2l.204 2l,aH3 PU,RTT 19,909 16,518 lb, 639 14,200 AR e N 7,304 2,651
[ 3] 2l, 154 21,584 2l,u55% 20,182 tH,903% {7,1%6 10,669 11,964 a, 352 3,937
Baoib 2,014 21,060 21,212 20,430 19,259 17,657 15,497 12,762 9y Sib 5,156
G, 00 2, RIS 21,712% 21,504 A0,0535 19,585 1H, 085 16,0R% 13,913 10,285 6,312
4.25 FusTub 21,77y Al,465 2U,d54 19,884 18,499 16,0%4 14,218 11,172 7,407
GL.50 2, 650 21,845 21,565 21,035% 20,1497 18, KRS 17,147 14,0881 12,008 8,44%
G715 AR 21,5821 21,047 21,191 20,405 19,237 17,625 15,505 12,797 G,u23
10,00 TR RE] ERIRY-As) 2l,712 21,429 20,629 19,562 1K, 069 16,085 13,539 10,350
10.25 IR 21,818 2,702 21,1448 A VEEY! 19,660 18,481 1o.630 1d,237 11,226
[ne] 1,59 20,059 9117‘)"'5 217917 2l,5u9 21,0118 20,1338 18,602 17,134 14,893 12!052
. tu,/7/5 19,480 21, /60 21,14 2l1,6%3 21,1790 20,581 19,21% 17,612 15,508 12,831
11.4d9 19,717 21,724 21,426 21,701 21,5009 20,6006 19,539 18,0655 fo, 085 13,564
Eg 11.25 19,551 21,072 21,821 21,75% 21,430 20,808 19,837 18,463 lo,62% 14,255
11.60 19,302 21,010 21,4804 21,791 21,533 20,986 c0, 109 18,842 17,129 14,904
11,75 19,209 21,539 21,776 21,815 21,019 21,149 20, 357 19,193 17,600 15,514
12.00 19,934 21,459 21,737 21,825 21,689 21,2990 20,582 19,510 18,038 16,085
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23 MULUST v . ALASRA P0OwER ABTHURTLY TABLE 8=(X
ANCHORAGE - FAINBANKS INTERTIE
ECHnumil FEASIAILIIY S1UDY A
CASE ID, 230 kV, GENERATION RESERVE SHARING
WITH INTERMECIATE SUBSTATIONS & SUSITNA CGNSTRUCTION\POWER
TRANSMISSION LINE COST INCREASED BY 25%
PROBABLE LOAD FORECAST CASE

DIFFERENTTAL DISCOUNIED vALUE GF BASE YEAR (1979) COSTS
INDEPENDENT SYS5TEM COSIS MinyS IMTERCONNECTED SYSTEM COSTS
(1IN 310003

Rt ittt o e o na=l SCALATIUN RATE Sreraconmcena<e~ e e e oo
DISCOUNT 0% Lk Y% ¥ 7% By 9% 10% Yix 1%
I'!I\Tf S=wSa= T z—E=Ez=z =xzzZz= ZZ2o=I= n=z== === pogrrg-niiel =E==== sz==2R
é,u0 12,040 1, %489 9,500 8,032 6,108 3,666 629 =-3,088 “-/,578 -12,94¢6
h.25 12,018 1o, 754 9,802 a,042 b, 629 4,324 Leusl 2,074 =5, 548 ={1,u457
6,50 11,948 tu,9k7 10,079 B,R04 IFRR Y 4,9%1 2,234 =},113 -5,179 «10,059
LA 11,951 11,154 10, 3264 9,150 7:574 9,53/ 2971 ~203 -4,068 =R, 719
G, 00 11,905 11,311 10,5%6 9,470 8,001 6,089 3,660 660 -3,01% -7,445%
q,29 11.A3%2 11,447 18, 764 9,767 8,400 t,b08 4,322 1,478 -2,012 -b,230
F.00 11,7794 11,508 10,49%0 10,040 8,171 7,091 4,940 2,248 =1,063 =5,077
Y75 V1,727 11,073 11,124 10,292 9,110 7,544 5,522 2. 977 =163 -3,49R1
10,00 11,6490 11,704 11,243 10,923 9, 4%hm 7,971 b, 069 3,060 690 ~2,960
10,2% 11,579 11,862 11,421 10,733 9,73%2 B, 467 6,983 Uy 3lo 1,497 =1,9%2
o 1u,50 11,490 11,906 IBPELL 10,925 10,006 8,737 7,065 4,929 2:2b61 ~1,014
; 10,75 11,409 11,9%8 11,0591 $1,099 19,258 9,082 Teb17 5,506 2,985 =124
11,00 11,418 11,994 11,745 11,245 10,4489 9,401 7,940 5,050 3,666 719
cg 11.¢5 11,222 1,027 11,424 11,399 10,701 9,698 B,53s br569 4,510 1,518
11.50 1,122 12,080 11,491 11,529 10,894 9,972 8,704 7,040 4,918 2,274
11,75 11,018 12,049% 11,946 11,6289 11,069 10,224 9,048 7,489 5,491 20990
12.00 10,911 12,054 11,9489 11,725 11,227 10,456 9,307 7,911 65,03} 1,466
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2% AuGUST 79 ALASKRA POwER AUTHORITY TABLE 8-7
ANCHUORAGE = FAIRBANKS INTERTIE
ECONUMIC FEASIRILITY STuDY

CASE IC , 345 kV, GENERATION RESERVE SHARING PLUS
FIRM POWER TRANSFER & SUSITNA PROJECT CONSTRUCTION POWER
PROBABLE LOAD FORECAST

DIFFERENTIAL GISCOUNTID VALUE UF BASE YEAR (1979) LOSTS
TNOEPENMDENT SYSTEM CUSTS mMIwuS IGTERCUNNELTED SYSTeW CUSTS
(IN §$1000)

AR L e L L e ———- - ~e=FSCALATION RAIES==w=w=——= - - —————— - ————— -

DISCOuUNT Uk L% 5% &% 7% 8% 9% 10% 11% 12%

KAlE zz=z==x ===x=z= z=z==z=x ===zz== z==zz zzzz= zz=z== zzz== zz=== Zzco=x
T, tu =-1,444 -, 445 ~d,0%0 =11,240 =14,3%75 =1d,11l0 =22,547 =27, 760 -344,860 =-40,95%9
.85 1,277 -, 35 ~3,069 =10,549 =-13,540 -17,115 =21,354 -2by 349 =32,19a4 -39,013%
S 14] 1,122 -5,601l =7,53%2 -Q,8972 =12, 745 =16,15% 20,219 -24,999 =30,6u8 57,148
8,79 =379 ~5,190 7,023 =3,268 -11,387 =15, 245 -19,128 -23,709 =-29,087 =35,363%
YRV =-Buy -4, e b, Hdy =b,01Y -11,26/7 ~14,381 ~18,099 -22,477 =27,603%1 -33,653
9,75 =123 -4,43%0 6,005 -d,113 =tu,b58 -13,554 =17,100 ~21,299 -26,238 -32,0186
Y.50 =0l8 -d,u91 ~5,091 -7,579 =9, G50 =-12,700 =1o,155 -29,174 -2d,907 -30,449
(o] Gel% -517 -3, 160 ~S,2d7 -7,073 =9,311 -17,01n =-15,7254 -19,099 -25,034 -2b,9u9
i fuavd =470 -5,459 -4, 556 =6,594 ~t,77% =11,502 =14, 395 -18,073 22,417 -27,513
Mo 1d.29 ~4ad -5,171 ~d, 492 -6,139 =8, 164 =10,022 -13,576 17,094 =21,253 26,139
™~ 1u.50 =270 -7 ,901 4,147 =5, 7409 =7,034 -3,97& =12, 70% =16, 159 =20, 141 -24,825
10.75% =205 -2,na7 ~3,R2% =5,3%02 -7,15%1 -9,361 -12,052 =15,267 -19,079 -24%,5617
blout =-1d6 -2, 509 ~3,517 -4,917 ~6,054 -, 777 =-11,345 =l4,416 =-18,064d “22, 365
11.25 =4ah -2,180 ~3,239 -4,55%4 -6,201 -8,2°2 =-10,069 -13%,604 -17,094 -21,7215%
1laby =51 =1,4%748 ~2, 959 =4,21¢ =5,775% -7,094 -10,027 -12,830 ~-16,169 =2U0,115
11.795 -153 =1,783% ~2,7uS =3,880 -5, 307 7,194 -9,417 -12,093 ~15,285 =19,065
12.460 i3 “l,002 2,407 =3,5H1 -, G4 -6, 719 3,830 =-11,390 -14,4472 =18, 0660

-8 318Y1



CHAPTER 9
FINANCIAL PLANNING CONCEPTS




B

CHAPTER 9
FINANCIAL PLANNING CONCEPTS

s

The approach taken towards the financial planning for the intertie faci-
lities 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 foilows 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 Toans negotiated by APA and participants

FFB Toans negotiated as part of REA Toan package
CFC loans negotiated in conjunction with REA Toans

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 financing 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 analytical 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.
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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 loans are normally limited to 70
percent of total project costs; however, as OMB restrictions are ex-
pected to affect future REA commitments for project funding, this 70
percent Timitation was taken to be the magnitude of a loan package com-
prising both REA and FFB Toans. The percentage division between the
two sources varies, recent past 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 loan 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 Tloans 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 study. A similar 35 year
repayment period to that for REA insured loans is normal, with the first
three years of interest only also applicabte.

The combination REA/FFB loan 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 loan.

D. National Rural Utilities Cooperative Finance Corporation (CFC)

CFC makes Toans to REA utilities to supplement REA funds, aithough these
loans are generally used for distribution type facilities. It is possible
that a CFC Toan 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 inclusion of a CFC Toan 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.

-
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9.2 PROPORTIONAL ALLOCATIONS BETWEEN SOURCES

In the ultimate financial package for the Transmission Intertie, 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.

In 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:

Allocation within loan package
Allocation of total project costs

Combination REA/FFB ~ %

20/80
14/56

40/60
" 28/42

The balance of funding, 30 percent of project costs, would be

obtained from the following bond issues:

Percentage allocation by municipality

General Obligation Bonds

Anchorage
18

Fairbanks
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 loans 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%

A11 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 Toan 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 Financial 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 1in
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 expenditures 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-line.

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. 1In
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 unjts 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.

dpder



e

The large 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.




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 Patmer 40 12
11 Paimer Healy 191 59
111 Healy Ester 92 29

The costs included in Table 9-2 pertain to Case ID transmission facilities
for the probable load forecast expansion, consisting of a single-circuit
230 kV transmission 1ine 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 Paimer substation. Similarly, the costs allocated to FMUS
are assumed to be related to the Healy-Ester 1ine section, on a joint basis
with GVEA.

€. Allocation of Debt Repayment and Sinking Fund Payments

The responsibiiity 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 shouid 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 analysis 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 Toan 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 line 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 loan 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 ($/KW/r) (40% LF) (55% LF) (70% LF)
20/80 43 12 9
40/60 41 12

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 1ink 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.

9 -12
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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
ALTERNATIVE DISBURSEMENTS OF CAPITAL IKVESIMENT FOR GENERATION EXPANSION

$1000
(1979)

Anchorage Municipal Light & Power Chugach Electric Association Golden Valley Electric Association
System Expansion System Expansion System Expansion
Independent Interconnected Independent Interconnected Independent Tnterconnected

2,009
8,037 10,959 7,670 -
30,139 31,539 10,959 20,264 -
37,172 31,539
21,127
7,152 - 2,009
8,037 7,555 -
30,139 5,480 17,630 -
37,172 21,920 5,480
21,127 82,200 21,920
7,152 101,380 82,200
7,020 58,450 101,380
7,020 16,380 22,820 58,450
16,380 22,820
103,647 91,869 236,840 229,941 43,203 -

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

Year pwW
1979 1.0000
1982 0.9151
1983 0.8885
1984 0.8626
1985 0.8375
1986 0,8131
1987 0.7894
1988 0.7664
1989 0.7441
1990 0.7224
1991 0.7014
1992 0.6810
1993 0.6611
1994 0.6419
1995 0.6232
TOTAL pw
NOTE:
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TABLE 9-2

ALLOCATION OF TOTAL PROJECT COSTS BETWEEN PARTICIPANTS

T0
ALASKAN INTERTIE AGREEMENT
A I A

SECTIONAL INTERCONNECTION DIVISIONS

Anchorage Palmer Healy Ester
| Section 1 | Section II | Section III
! 40 M ! 191 M l 92 M
INTERTIE COMPONENTS PROJECT COSTS - 1979 $1000 (%)
Transmission Line 6644 (10) - 31,726 (46) 15,282 (22)
Substations:
Anchorage 3976 (6)
Palmer 717 (1) 717 (1)
Healy 717 (1) 717 (1)
Ester 5,080 (7%
Control & Communications 1,450 (2) 400 (1) 1,450 (2)
TOTAL 12,787 (19) 33,560 (49) 22,529 (32)

ATA PARTICIPANTS

AM&LP
CEA
MEA
QVEA
FMUS

ALLOCATIONS OF TOTAL PROJECT COSTS (%)
(8) (10)
(8) (3)
(3)

(36) (20)
(12)

)

53,652

3,976
1,434
1,434
5,080
3,300

TOTAL FACILITY

(78)

(6)
(2)
(2)
(7)
(5)

68,876 (100)



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 - MiTTs/kWh)
Year {1979/$1000) TﬁTUUUT———'T§5?W7Y?TT {$1000) {(40% LF) (55% LF) [70% LF)
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
1990 7,787 5,990 60 1,797 17 12 10
1991 7,640 5,877 59 1,763 17 12 10
1592 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 26 177 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 2
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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

ALLOCATED COSTS FOR RESERVE CAPACITY SHARING AND FIRM POWER TRANSFER

FINANCIAL PLAN ALT. 2 - 40/60% COMBINATION REA/FFB LOAN PACKAGE

Total
Debt Service

(1979/$1000)

8,194
8,061
7,929
7,797
7,665

7,533
7,401
7,268
7,136
7,004

6,872
6,740
6,608
6,475
6,343

6,211
6,079
5,947
5,815
5,682

3,337
3,204
3,072
2,940
2,808

2,676
2,544
2,411
2,279
2,147

2,015
1,883

TABLE 9.38B

WITH

AND

MUNICIPAL BONDS

Cost of Reserve Capacity Sharing and

Firm Power Transfer Based on Capacity Allocation

100 MW Reserve
(Annual Cost of

Reserve Capacity)
(310007 !§7EW7Yr.§

30 MW Firm Power Transfer

Annual Cost

{Energy Charge - MiTTs/kWh)

($1000) (40% 1F) {55% LF] (70% LF)
6,303 63 1,891 18 13 10
6,201 62 1,860 18 13 10
6,099 61 1,830 18 13 10
3,998 60 1,799 17 12 10
5,896 59 1,769 17 12 10
5,795 58 1,738 17 12 9
5,693 57 1,708 16 12 9
5,591 56 1,677 16 12 9
5,489 55 1,647 16 11 9
5,388 54 1,616 16 11 9
5,286 53 1,586 15 11 9
5,185 52 1,555 15 11 8
5,083 51 1,525 15 11 8
4,981 50 1,494 14 10 8
4,879 49 1,464 14 10 8
4,778 48 1,433 14 10 8
4,676 47 1,403 13 10 8
4,575 46 1,372 13 9 7
4,473 45 1,342 13 9 7
4,371 44 1,311 13 9 7
2,567 26 770 7 5 4
2,465 25 739 7 5 4
2,363 24 709 7 5 3
2,262 23 678 7 5 4
2,160 22 548 6 4 4
2,058 21 518 6 4 3
1,957 20 587 6 4 3
1,855 19 556 5 4 3
1,753 18 526 5 4 3
1,652 17 495 5 3 3
1,550 16 465 4 3 3
1,448 14 435 4 3 ?
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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 projected 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 and operating responsi-
bility by public power organizations in Alaska is exemplified by the
prospective participants to an Alaskan Intertie Agreement (AIA). In
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 Utility System
Alaska Power Administration

The above group of utilities may be joined by Copper Valley Electric
Association, Inc. at a later 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-
jties 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-
committee 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 policy, 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 system 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 Susitha devel-
opments. Thus, whatever institutional changes would be brought about
by a program of hydropower development of the Susitna should represent
only a transition between organizational requirements keyed to trans-
mission system expansion without the facilities of the Susitha 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 1life 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
Jjust 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 early 1979 for the Matanuska
Etectric Association, Inc. of Palmer, Alaska. This electric system is

the 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 demonstrably 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.
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The understanding of a Tong-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 electric supply system on its service area
a tabular listing 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 quality of 1ife and the productivity
of the MEA service area.



MEA STATISTICAL SUMMARY - PAST, PRESENT AND FORECAST

Ave. No. Ave, No. Miles Const. Ave. Cost Rverage Average Average Averace Portion
Served (w/o iLP) of Per Purch, Revenue Revenue 3111/Const. Family cf
Everage Average Line Mile Power Total Sales (w/o LP) (w/o LP) Income Income
Year Wh/ Mo, k%h/Mo. Dist. Trans. Dist. $/Ki#h $/k¥h $/k4h $/Mo. $/%0. Percent
(1) (2) (3) (4) (5) (6) (7) (8) (9) {10) (11)
210 188 90 -
4 1S icc 2
1942 125 77 ) 2.3 0.020 0.0628 0.1074 5.07 175 2.9
1401 1393 313 5
1954 33 37T ] 4.5 0.0196 0.0450 0.0531 17.82 259 3.02
3134 3113 708 c
1965 LT o1 3 4.4 0.0114 0.0348 0.0366 25.40 285 3.9
Q
1977 34 3352 1420 6.6 0.0128 0.0359 0.0368 48,50 2243 2.4
See Footnotes
Level I 16693 16510 2212 ;
('82-85") 5100 1735 T 7.5 0.0187 0.0546 0.0559 99,78 3303 3.02
Level II 30510 30060 2705
(187-192) 7799 5438 769 11.3 0.0348 0.0692 0.0705 175.30 4853 3.60
%eg’glég Sk 2158 Ehah 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 cperation - MEA first energized its system on January 19, 1942, Llevel I, II, and III refer to the Load Levels of the December
' 1978 Long Range Plan. The years in parenthesis are estimated dates when these levels might be reached.
(2) The tota] average number of consumers with LPs and their average monthly energy (kkWh) use.
(3) The average number of consumers {w/o LPs) and their average monthly energy (kWh) use.
(4) Miles of line at year end.
(5) Average number of consumers served per mile of distribution line - Cclumns (2) divided by Column (4).
(6) Cost of purchased power - at Levels I, 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.
(7}, (8), and (9) For Jevels I, II and III the figures resulted from a generalized forecast of costs using the investments ircdicated by the
Long Ranga Plan escalated at 7% per year, the cperating costs per consumer escalated @ 7% per year and the purchased power costs of Col-
umn {6). It was also assumed that there would be 10% Josses of energy and that MEA margins would be 10% of Grass Revenua.
(10) The estimated average family income is developed from 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 numbers at 1,08 per year which is the approximate average growth rate
of income for the last 35 years.
(11) Column (9) divided by Column (10) multiplied by 100,
i E I | B I | 3 3 3 . L ] 3 3 i

T-v¥ 378yL
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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.

Sensitivity of present worth costs to assumed discount rate is
also automatically included.

¢ 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 muititude 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 line 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 Tline 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 Tine 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 line cost, the selection of the conductor is an important decision

in any 1ine design.

For EHV Tines, 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 Tload carrying requirement. However, the size of the conductor
affects the loads on the structures supporting it, as well as the sag,
tension, span Tength, 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 Tine cost. O0Often 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 Targe number of conductor and phase configurations

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

AR
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The voltage Tevel 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. 1In 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.

Number and strength of insulators.

Insulator swing and air gap.

Applicable material and labor costs.

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

Electrical & Mechanical
| Performance Specification

Unit Material &
Labor Costs

Transportation Costs

Input
Data
Summaries

Algorithm

Transmission Line Cost
Analysis Program

Detailed
Design &
Capital Cost
Summaries

Right-of-Way Cost

System Economic
Parameters

Inflation Rates

Optimum Span &
Conductor Cost
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.

e 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.

e Tower Selection and Span Optimization - The installed cost of
towers represents a large portion of the total Tine 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 Tisted below:

Anchorage -~ Fairbanks, 230 kV (Case IA).
Anchorage - Fairbanks, 230 kV (Case IB).
Anchorage - Fairbanks, 345 kV (Case IC).
Anchorage - Devil Canyon, 345 kV (Case II-1).
Devil Canyon - Ester, 230 kV {(Case II-2A).
Watana - Devil Canyon, 230 kV (Case II-3A).
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ANCHORAGE=FAIRSB

INTERNATIONAL ENGINEERING CO.

SAN FRaNCTSCO CALTFORNIA

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

ANKS INTERTIE CASE IA

230 KV TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

SYSTEM ECONOMIC FACTORS

- e - - - - -

STARTING YEAR OF STURY
ENDINMG YEAR OF STUDY
BASE YEAR FOR ESCALATION
MAXIMUM CIRCUIT LOADING
AVERAGE CIRCUIT LOADING
DEMAND COST FACTOR
ENERGY COST FACIOR
VAR C0ST FACTOR
CAPITAL COST/DTSCUUNT RATE:
MINTMUM
MAX [MUM
NUMBER OF INTERVALS
O&M COST FACTOR
RIGHT OF wAY COST FACTOR
RIGHT OF WAY CLEARING COST
INTEREST DURING CONSTRUCTINN
FNGINEERING FEF

DATE: 12 APR 79

TIME:

Ak kWA kkAANAkRR KA kX

*

* INPUT DATA

*

*
*
*

Ak AR A A A ARARAAAARNKA

INPUT VALUE

1979
1996
1977
136.8
41,0
73.0
13,0
0.0

MV A

MV A

/KW
MILLS/KWH
$/KVAR

PFRCENT
PERCENT

% CAP,COST
$/ACRE
3/7ACRE

%
%

INST,.CST
INST,CST

9:129:47

REFERENCE YEAR FOR INPUT

1992
1992
1979
1679
1984

1984
1984

1979
1979
1979
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ANCHORAGE=FAIRRANKS INTERTIE CASE Ia
230 KV IRANSMISSION LINF COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 9:29347

kAR krhk kAt hhdakh

* *
* INPUT DATA *
* *

Ak hkhkhkAkhhkx khkhkk

CONPUCTOR DATA GROUNDKIRE DATA SPAN DATA
NUMIER 2FR PrASE 1 NUMBER PER TOWER 0 MINIMUM 1200, F1Y
CONDUCTIR SPALTNG 0,0 IN DIAMETER 0,00 IN MAX IMUM 1600, FT
VULTAGH 230 KV AELGHT 0.0000 LBS/FT INTERVAL 100,0 FT
Vul TaGs vaRlallon 10,00 PCT
LINE Fr-GUENCY 60 CPS
FALRWEA[HER {DSSES 0,00 Kw/M|
LINE LFLGTH 323,00 MILES
PUANER FACTNR 0,95

“F ATHER DATA

A e e A ey e Y we e e P e e P e e

MAXTM I RATKRFALL RATE 1.18 IN/HR

MAX T RATNEALL DIRATION 1 HRS/YR
AVERAGE RATNFALL RATF 0,03 IN/HR

AVERAGE PATNFALL DURATION 636 HRS/YR
MAXTHMYU SKilwk ALL RATE 1,87 IN/HR

HAXIM )W SHOAF AL DURATTON 1 HRSG/YR
AVERAGE ShwFALL HATE 0,13 IN/HR

AVERALE SNOWFALL DURATION 264 HRS/YR
RELATIVE AIR OENSITY 1,000
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ANCHUORAGE~FAIRBANKS INTERTIF CASE A
230 KV TRANSMISSION | INE COST ANALYSIS AND CONDUCTOR GPTIMIZATION
DATE: 12 APR 79 TIME: 9:129:47

AhkhkhhkkhRRKARARKKARX

* *
* INPUT DATA *
* x

kR A kA bk A khn

SAG/TENSION DESIGN FACTORS

LX TR L P LR PR T Py P

EVERYDAY STRESS TEMPERATURE 40, DEGREES F ICE AND WIND TENSTION (PCT UTS)
ICE AND WIND TEMPERATURE 0, DEGRFES F HIGH wIND TENSION (PCT UTS)
HIGH WIND TFMPERATURL 40, DEGREES F EXTREME ICE TENSION (PCT UTS)
EXTREME ICE TEMPERATURE 30, DEGREES F ICE THICKNESS WITH WIND

MAX DESIGN TFMP FOR GND CLEARANCE 120, DEGREES F WIND PRESSURE wWITH ICE

EDS TENSION (PCT UTS) 20, PERCENT HIGH wIND

NESC CONSTANT 0,31 LBS/FT

EXTREME ICE

TOWER DESIGN

TOTAL NUMBER 0OF PHASES 3 DISTANCE BETWEEN PHASES:
PHASE SPACING 20.0 FEET D1
CONDUCTOR CONFIGURATION FACTOR 1,02 02
GROUND CLEARANCE 28,0 FEET D3
NO, OF INSULATORS PER TOWER 48 D4
INSULATOR SAFETY FACTDR 2.50 D5
STRING LENGTH 6,5 FEET D6
1, VEE, OR COMRINATION 3

FOUNDATION TYPE 4

TERRAIN FACTOR 1,06 PER UNIT

LINE ANGLF FACTOR .0864

TOWER GROUNDING 0

TRANSVERSE OVFERLUAD FALTOR 2,50

VERTICAL OVERLQAD FACTOR 1.50

LONGITUDINAL LOAD 1000, LBS

MISCFLLAMEQUS HARDWARE WEIGHT 0,11 TONS/TOWER

TOWER WELGHT FACTOR 1,02

TOWER WETIGHT ESTIMATION ALGORITHM

LR L D T L T T P T P e e L L T R S

TOWER TYPE 93 230KV TQWER

TA =2 0,000162TH%22 = 3, 09797«THx*%0,3333 = 0,08943*xFFFVDL =
0, 27367%xFFFIDL + Q.009510*xTH*EFFTDL + 0,001608THAEFFVUL +
18,37912 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/5Q.FT,
LBS/SQ.FT.

INCHES
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ANCHURAGE=FAIRBANKS INTERTIE CASE A
230 KV TRANSHISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
’ DATE: 12 APR 79 TIME: 9s29:47

IS ERRE SR SRERERSS S

* *
k INPUT DATA *
x %

ARk kA k ARk khAAN&AR

CONDUCTUR SUMMARY

kkxkarARA ARk AN AR

TEMP ., COEF .

STRANDING UNIT WEIGHT OUT.DI1AM, TOTAL AREA MODULUS Al PHAsE =6

1D NUMRER NAME SIZE (KCM) (AL/ST) (LBS/FT) (INCHES) (83,IN,) (EF/t6 PSIT) PER DEG F
24 GHRNSBE AK 636.0 ce/ 7 0,8750 0.9900 0,5809 11.00 10,3
29 EGRET 636,0 30719 00,9880 t.0190 0.6134 11,30 9.7
26 FLAMINGO 666,10 24/ 7 0,8590 1.0000 0,.5914 10,55 10,7
27 GANNET 666,0 26/ 17 0.9180 1,0140 0,6087 11,00 10.3
24 STILT 715.90 247 7 0,9210 1.0360 0,6348 10,55 10,7
23 STARLING 715,0 YA 0,9R50 1,0510 0.653% 11,00 10,3
39 : REDWING 715,0 30719 1,1110 1.,0810 0,6901 11,30 9.7
31 CUCKNO 795,0 eds 7 1.02490 1.0920 0.7053 10,5% 16,7
32 ORARFE 795.0 26/ 17 1,0940 1.,1080 0.7261 11.00 10.3
33 TERN 795,0 us/s 7 0.8960 1,0630 0.6676 9,480 11,9
34 CONDOR 795,0 547 17 1,0240 1,0930 0,7053 10,85 10.9
35 MALLARD 795.,0 30719 1.,23%0 1,1400 00,7668 11,30 9.7
35 RuDDY 900.0 uss 7 1,0150 1,1310 0.7069 9.40 11,5
37 CAMARY 900,0 547 7 1,1590 1,1620 0,798% 10,8% 10,9
38 FATL 954,0 as57 7 11,0750 1.1650 0.,8011 9.40 11,9
313 CARDINAL ) 954.,0 sS4/ 7 1.,2290 1.1960 0,8464 10,65 10,9

=7
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AMCHORAGE=FAIRBANKS [NTERTIF CASE IA
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 9:29:47

AhkKkR Ak kA RkARk kA Rk

* x
* INPUT DATA ®
* ®

I EFSRESEEEE S ERN Y]

CONDUCTYOR SUMMARY
RRRAKAKKRAKR KN & & &

AC RESIST.

ULT.TEMNS, GFOM,MEAN THERM,LIMIT AT 25 DEG C IND,REACT, CAP,REACT,

10 NUMBER NAME STRENGTH(LRS) RANDIUS(FT) PRICE(3/LB) (AMPERES) (OQHMS/MILE) (OHMS/MILE) (MOHM=MILES)
24 GROSHE AK 25000,0 0,0335 0,628/1977 790, 0,1452 0,4118 2.6347
25 FGRET 31500,0 0,0351 0.609/71977 870. 0,1447 0,4060 2.0136
26 FLAMINGO 23700,0 0.,033% 0,640/1977 810, 0.1399 0,4118 2.6294
27 GANNET 26200,0 0.0343 0,609/1977 820. 0,1373 0,4092 2.0347
28 STILT 25500,0 0,0347 0.627/71917 8B40, 0.1320 0,4066 2.6400
29 STARL ING 25100,0 0,0355 0,608/1977 A50, 0.1294 0.4050 2,6453%
30 REDWING 34600,0 0,0372 0.612/71977 B60. 0,1288 0,3992 2.5661
31 CUCKNO 27100,0 N.03%60b 0,636/1977 500, 0.1214 0.399°2 2.55%50¢
32 DRAKE 31200,0 0.037% 0,622/1977 910. 0,1172 0.399?2 2.5450
33 TERN 22900,0 0,335 0.677/1977 890, 0,1188 0,4060 2.5766
34 CONDOR 28500,0 0,03%68 0.,635/1977 909, 0,1172 0,4007 2.5555
5 MALL ARD 18000,0 0.0392 0,599/1977 910, 0.,1162 0,3928 2.5186
16 RUDDY 25400,0 0,0374 0.676/1977 935, 0,1082 0.3978 2.5080
37 CANARY 32300,0 0,0392 0,633/1977 950, 0,1040 0,3928 2.5027
34 RATL . 26900,0 0,0385 0,67171977 970. 00,0998 0.3349 2.5027

39 CARDINAL 34200,0 0,0404 0,632/71977 990, 0,0987 0.,390¢ 2.,4816
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ANCHORAGE=FAIRHBANRS INTERTIF CASE 14
230 KV TRANSMISSION LINE COST ANALYSIS AnD CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 9:29:47

ok ko ARk ok Rk ok ko hdkdkork

* *
* INPUT DATA *
& *

kohokhkkohdh h kkkhikhki

UNIT MATERTIALS COSTS INPUT VALUE REFERENCF YEAR FOR INPUT
PRICE OF TuUwkR MATERIAL 0.957 $/LB 1979
PRICE OF CONCRETE 0.00 $/CU,YD, 1977
PRICE OF GROUND wW]IRE 0,000 %/LB 1977
INSTALLED COST OF GROUNDING SYSTEM 0,00 $/TOWER 1977
TOWFR SFTUP 1751, 3 1979
TNWER ASSEMALY 0,455 $/L8 1979
FOUNDATION SETUP 0, % 1979
FOUNDATIUON ASSEMABLY 4140,00 $/TON 1979
FOUNDATION EXCAVATION 0,00 2/CU,YD, 1979
PRICE OF MISCELLANEQUS HARDWARE 290,00 S/TOWER 1977

IUNTT LAHOR COSTS P
RFFFRENCE YEAR LABOR COST 24,00 $/MANHOUR 1979
STRING GROUND WIRE 0.0 S/MILE 1977
STRING LABOR MARKUP 4,2 PER UNIT

HUNTT TRANSPORTATION COSTS

TOWER 100,0 $/T0ON
FOUNDATION CONCRETE 100.0 $/YD
FOUNDATION STEEL 100,0 $/TON
CONDUCTOR 100,00 3/70N
GROUND «IRE 100,0 $/7T0ON
INSULATOR 100,0 /70N OR $/Mxx3
HARDwARF 100.0 $/TON

e
e
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ANCHUORAGE=FATRBANKS [NTERTIE CASE I4A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DAYE: 12 APR 79 TIMES 9:26:47

KRAAkAAKAKARRAAKARA AR KA R RAR KA KRR AR A R A XA X

x *
* AUTOMATIC CONDUCTOR SELECYION *
* ALL QUANTITIES PER MILE *
* x

AR AR AR R AR AR R AR AR AR A ARk AR XA ARARKR KA A A AN

CAPITAL COST/DISCOUNT RATE OF 7,00 PERCENT

- A e 0 W N

PRESENT WORTH

- S W -

CuNDUCTOR INSTALLED COST LINE LOSSES okM COST LINE CO0ST
NO) KCM  SPAN(FT) MATERIALS TRANSPORTAYIUN INSTALLATION ENG/TDC SUBTOTAL SUBTOTAL SUBTOTAL TOTAL
34 954, 1300, 68147, 3834, au796, 9328, 166104, 32600, 3784, 201988,
35 795. 1300, 64664, 3721, 82616, 9084, 160089, 39120, 3151, 2023549,
3L 79%. 1400, 653175, 3684, BP2031. 9073, 160113, 39120, 3161, . 202394,
37 900, 1300, 67299, 3772, 84608, 9307, 164986, 14543, 3257, 202784,
39 954, 1400, £9552, 3828, BU6TS, 9314, 167367, 32600, 3322, 203284,
37 900, 1400, 68697, 3766, guu9u, 9294, 166251, 345403, 3294, 204084,
34 795, 1500, 66RTY, 3689, a217e. 9039, 161784, 319120, 4206, 20at09,
3¢ 7195, 1300, 65558, 31685, 83893, 9228, 162364, 39523, 1195, 205v82,
30 715. 1300, 63510, 3615, B2301, 90534, 158478, 44166, 3112, 205756,
30 715, 1400, U204, 3576, a1729, 8990, 158498, 44166, 3122, 205781,
34 79%, 1300, 65807, 3659, 84359, 9279, 163104, 39599, 3209, 205913,
32 795, 1400, 66784, 3669, 836863, 9205, 163342, 39523, 3226, 206091,
39 9514, 1500, 71843, 3870, 85337, 9387, 170437, 12600, 3397, 206433,
34 9%4, 1300, 70136, IR3T, 86787, 9547, 170300, 32997, 3371, 206661,
3@ 9%4, 1200, 70386, 4033, 87082, 9579, 171080, 32600, 3345, 207065,
37 900, 1500, 70983, 3R07, 85172, 9369, 169331, 34543, 3369, 207242,
34 795, 1400, 67235, 3653, 84298, 92745, 164459, 39599, 3248, 207306,
35 795, 1600, 69124, 3735, 82979. 9128, 164966, 39120, 3282, 207367,
30 715, 1500, 65702, 35480, 81896, 9009, 160187, 44166, 3167, 207520,
35 795, 1200, 66889, 3916, 85020, 9352, 165176, 39120, 3254, 207549,
37 00, 1200, 69631, 3977, 86926, 9562, 170096, 34543, 3361, 207999,
29 715, 1300, al091, 35913, 83683, 9205, 160573, 44804, 3150, 20R827.
24 636, 1200, 58648, 3545, 82481, 9073, 153548, 52193, 2975, 208715,
32 795. 1500, GRBHT, 3701, 84257, 9268, 166109, 39523, 3295, 208926,

36 900, 1500, h9499, 3780, 86682, 9535, 169496, 36096, 3351, 208942,
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ANCHORAGE=FAIRBANKS INTERTIF Case T4
230 Kv TRANSHMISSION LINE COST ANALYSIS AND CONDUCTIOR OPTIMIZATION
DATE: 12 APR 79 TI“E: Q:29:47

L ESSARRR RS RS REEEEE RSN R RS

*
* CGST QUTPUT PER MILE *
* PRESENT VALUE RATE *
. 7,00 PERCENT *
* *
ARAKARA KRR AR ANAR A KA AR R KRR AR N KK

CONDUCTOR NUMBER = 39
954, KCMIL 1300, FT SPAN 87.7 FT TOWFR

INSTALLFD €OST MATERIAL TRANSPORTATION INSTALLATION TOTAL

BREAKNOwWN QUANTTTY COST(S) TONNAGE COST(§) COST(S$) COST(%)
CONDUL TOR 15840, FT 14086, 9,73 973, 18257, 33316,
GROUND A [RE 0, FT 0. 0,00 0, 0. 0.
INSULATNRS 207, UNITS 1313, 114 244, 1557,
HARD w5 ARE 1429, 0,47 47, 1477,
TOWERS 4,3 UNTTS 318870, 20,31 2031, 26019, 66921,
FOURDATIONS 4,3 UNITS 3327, 534, 22280, 26145,
RIGHT OF way 13, ACRES 9120, 18241, 27361,
IDC/UNGINEERING 9328, 9328,
TOT+LS 68147, 31.6% 3834, 84796, 166104,

PRESENT VALUE (3)

- Y T P W S R e M D D D e g e T Y e e T S D D e Gy e e R P S e e e e

LOSS AMALYSIS DEMAND LOSSES ENERGY LOSSES TOTAL LOSSES

RESTSTANCE LOSSES 24588, 7992, 32580,
CORNNA LOSSES 0, 19, 19.
TOTALS 245848, 8011, 32600,
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INTERNATIONAL ENGINFERING CO, INC
SAN FRANCISCO CALIFORNIA

TRANSHMISSION LINE COST ANALYSIS PROGRAM
VERSION 13 23 FEB 1979,

ANCHORAGE~FAIRBANKS INTERTIE CASE IB
230 KV TRANSMISSTON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TIME: 9:37:07

IEE SRS RRENEREZE

* *
] INPUT DATA *
* *

RS SR ESERERENELERE S

SYSTFM ECONOMIC FACTORS INPUT VALUE REFERENCE YEAR FOR INPUT
LA A L LA L AL L LD LT L LY XX 2] A W A TV A IR A LA L L L L L R B 3. L T 0.0 L L0 0.0 J B J }
STARTING YEAR OF $TUDY 1979
ENDING YFAR OF STuDY 1996
BASE YEAR FOR FSCALATION 1977
MAXIMUM CIRCUIT LOADING 136,8 MVA 1992
AVERAGE CIRCUIT LOADING 4G,2 MVA 1992
DEMAND COST FACTOR 73.0 S/KH {979
ENFRGY CODST FACTOR 13,0 MILLS/KWH 1979
VAR COST FACTOR 0,0 $/KVAR 1984
CAPITAL COST/DISCOUNT RATES
MINTMUM 7.0 PERCENT 1984
MAXIMUM 10,0 PERCENT 1984
NUMBER OF INTERVALS 1
O&M COST FACTOR 1.5 %2 CAP,COST 1979
RIGHT OF WAY COST FACTOR 715,0 $/ACRE 1979
RIGHT OF wAY CLEARING COST 1430,0 $/ACRE 1978
INTEREST DURING CONSTRUCTION 0,00 % INST,CST

ENGINEERING FEE 11,00 % INST,CST
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ANCHORAGE=FAIRBANKS INTERTIE
230 KV TRANSMISSION LINE COST aNALYSIS

LONDUCTOR DATA

TSR T 5 e e T U G s e G W e e A M e o R e e e e v G R

NUMBER PER HHASE i
CONDUCTUR SPACING 0,0 IN
VOLTAGE 230 KV
VUL TAGE VARIATIQON 10,00 PCT
LINE FO-QUENCY 60 (PSS
FAIRWEATHER LOSSES 0,00 KW/MY

LINE LENGTH 323,00 MILES
POWER FACTOR 0,9%

WEATHER DATA

MAXIMUM RATNFALL RATE 1,18 IN/HR
MAXTHMUr RAINFALL DUWATIUN t HRS/YR
EVERAGF RAINFALL RATE 0,03 INZHR
AVERAGE RAINFALL DURATION 63n HRS/YR
MAX MM SNOWFALL RAYE 1.87 IN/HR

MAXIMUM SNOWFALL DURATION { HMRS/YR
AVEHAGE SNOWFALL RATE 0,43 IN/HR
AVERAGE SNOWFALL DUKATION 264 HRS/YR
RELATIVE AIR DENSITY 1,000

Case I8

DATE: (2 aPR 79 TIME: 937807

I B EEENNEEEESLE S &)

* L

* INPUT DATA *

* *

Mk Rk kR m R oAk R okokk

GROUNDWIRE DATA

NUMBER PER TOWER ]
DIAMETFR 0,00 IN
WEIGHT 0.0000 LBS/FT

Al CONDUCTOR OPTIMIZATION

SPAKN DATA
MINIMUM 1200, FT
MAX MM 1600, FT
INTERVAL 100,0 FT
| B B 3
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“73y oy T Ty Oy Ty Ty oy ) B I T B B

ANCHORAGE-FATRBANKS INTERTIE CASE I8
230 Ky TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIYMIZATION
DATE: 12 APR 79 TIME: Q:37:07

ﬁilitii.ﬁktﬁﬁl;lli

x *
* INPUT DATA *
* *

ARAARK A A A AR A ARKA AR

SAG/TENSION DESIGH FACTORS

v e - - - -

EVERYDAY STRESS TEMPERATURE 40, DEGREES F ICE AND WIND TENSION (PCT UTS) 50, PERCENT
ICE AND wWIND TEMPERATURE 0, DEGRFES F HIGH WIND TENSION (PCT UTS) 50, PERCENT
HIGH WIND TEMPERATURE 40, DFGRFES F EXTREME ICE TENSION (PCT 4TS} 706G, PERCENT
EXTREME ICE TFMPERATURE 30, DEGREES F ICE THICKNESS wITH WIND 0,50 INCHES
MAX DESIGN TEMP FOR GND CLEARANCE 120, DEGREES F WIND PRESSURE WITH ICF 4,00 LBS/SO,.FT,.
EDS TENSION (PCT UTS) 20, PERCENT HIGH WIND 9,0 LBES/SQ.FT.
NESC CUNSTANT 0,31 LBS/FT -

EXTREME ICE 0.50 INCHES

TOWER DESIGN

TOTAL NUMRER OF PHASES 3 DISTANCE BETWEEN PHASES:
PHASE SPACING 20.0 FEFT Di 20,00 FT1
COMDUCTOR CONFIGURATION FACTOR 1,02 D2 20,00 FT
GROUND CLEARANCE 28.0 FEET D3 40,00 FT
NO, OF INSULATORS PER TOWER 48 Dy 0,00 FT
INSULATOR SAFETY FACTOR 2,50 DS 0,00 FT
STRING LENGTH 6,5 FEET D& 0,00 FT
I, VEF, DR COMBINATION 3
FOUNDATION TYPE 4
TERRAIN FACTOR 1.06 PER LINIT
LTNF ANGLE FACTOR , 0864
TOWFR GROUNDING 0
TRANSVERSE OVFRLOAD FACTOR 2,50
VERTICAL OVERLOAD FACTOR 1.50
LONGITUDINAL LOAD 1000, LBS
HISCE! LANEOUS HARDWARE WEIGHT 0,11 TONS/TOWER
TOWFR AEIGHT FACTOR i.,02

TOWER WEIGHT FSTIMATION ALGORITHM

N S e R ) e e S e AW R e EX Y T

TOWER TYPE 97 230KV TOKWER

T = 0,00016%TH®42 = 3,0979742THax%0,3333 = 0,08QU43*xEFFVDL =
0.273567#EFFTOL ¢ 0,00510*THAFFFTDL + 0.,001604TH*EFFVDL +
18,47912 Kkies
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ID NUMUBER

24
25
2b

2%
29
30
31
32
33
31
35
L)
37
k3!
3G

NAME

GROSREAK
FGRET
FLAMINGD
GANNFT
STILTY
STARLING
REDWING
Cuck0on
DRAKE
TERN
COUNDOR
MALLARD
RUDDY
CAMARY
RATL
CARDINAL

ANCHORAGE=FAIRBANKS INTERTIE CaSE IR
230 KV TRANSMISSIGN LINE COST ANALYSIS AND CONDUCTOR CPTIMIZATION

SIZE(KCH)

636,0
636,0
666.,0
666,0
715,0
715,40
715.,0
795,0
795.0
795.0
795,0
795.0
360,0
900,0
954,0
954,0

DATE:

STRANDING
(AL/ST)

-y -

26/ 1
30/19
24/ 1
26/ 1
24/ 7
26/ 7
30/19
2d/ 7
26/ 17
a5/ 7
Sd/7 7
50719
as/
54/
45/
54/

~N NN

12 APR 79 TIME:  9337:07
Ak d kA RHAKAXNAARE Ak %
* *x
*  INPUT DATA
*x *x
Ak kA Ak Ak hkdhhhhnik
CONDUCTOR SUMMARY
IZZXEEEEEE RSN E RS ]

UNIT WEIGHT OUT,.DIAM,
(LBS/FT) (INCHES)
0.8750 0.9900
0.9880 1,0190
0,8590 1.0000
0,9180 1,0140
0.9210 1.0360
0.9850 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 1,1620
1,0750 1,1650
11,2290 1,1960

TOTAL AREA
(80.IN,)

0.58409
0,6134
0,594
00,6087
00,6348
0.,6535
0.6901
0.7053
0.7261
0.6676
0,7053
0.7668
0.,7069
0,7985
0.,8011
0.8464

(EF/E6 PSI)

- -

ﬁ%

MODULUS

11,00
11,30
10,55
11,00
10,55
11,00
11.30
10.55
11,00

9,40
10.85
11,30

9,40
10,85

9,40
10.85

TEMP,COEF,
ALPHARE =6
PER DEG F

10,3

9,7
to,7
10,3
10,7
10,3

G,7
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IO NUMRER

24
25
26
27
28
29
30
31
32

NAME

GROSHE AK
EGRET
FLAMINGO
GANMNET
STILT
STARILING
REDWING
CuCw 0o
DRAKE
TERN
COMDOR
MALLARD
RUDDY
CANARY
RATL
CARDINAL

ANCHORAGE=FAIRBANKS
230 Ky TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR QPTIMIZATION
DATE:

T, TENS,

STRENGTH(LBS)

25000,0
31500,0
23700,0
26200,0
25500,0
28100,0
34600,0
27100,0
31200,0
22604,0
28500,0
3R400,0
25400,0
32300,0
26900,0
34200,0

GEUM,MEAN
RADIUS(FT)

0,0335
0.,0351
0,0335
0,034%
0.0347
0,035%
0,0372
0.03606
06,0375
90,0352
0,0368
0.0392
0,0374
0.0392
0,0385
0.0404

INTERTIE

CASE I8

e APR 79 TIME: 9:37:07

kk ok kokdodk ko ok kA kA hhkk

* 1

* INPUT DATA *

* 4

[ EEEEEERSEREEEEEE &

CONDULCTOR SiUMMARY

drdd kol ok ok ok ok ok ok kA kA

AC RESIST,
THERM,LIMIT AT 25 DEG C

PRICE(S/1L8B) (AMPERES) (OHMS/MILE)
G, 62871977 790, 0,1452
0,609/71977 870, 0,1447
0,680/71977 810, 00,1399
0,609/71977 820, 0,1373
0,627/1977 B4Q.,. 0,1320
0,608/1977 850, 0,1294
0,61271977 860, 00,1288
0,6356/71977 900, D,1214
0,622/71977 910, 0.,1172
0,677171977 B9Q. 0.1188
0,635/1977 900, 0.1172
0,599/1977 910. 0,1162
0,67671977 935, 00,1082
0,633%3/1977 950, 0,1040
0,671/71977 970, 0,099R
0,632/1977 990, 00,0987

IND,REACT.
(OHMS/MTLE)

mEer - ---

0.3902

CAP . REACT,
(MOHM=MILES)

2,6347
2.6136
2.6294
2.6347
2.,6400
2.6453
2.5661
2.5%02
2,545
2.5766
2.5555
2.5186
2.5040
2.5027
2,5027
2.4816
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ANCOQRAGE=FATRARANKS [NTERTIFE
250 Kv TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
TIME:  9:37:07

DaTE:

UNIT MATERTIALS COSTS

----------- - -

PRICE OF TuwkR MATERIAL

PRICE OF CONCRETE

PRICE OF GROUND wIRE

INSTALLED COST OF GROUNDING SYSTEM

TOWER SETUP

TONER ASSEMBLY

FOUNDATION SETUP

FOUNDATION ASSEMBLY

FOUNDATION EXCAVATION

PRICF OF MISCELLANEQUS HARDWARE

UNIT LABOR COSTS

REFERFNCF YFAR LABOR COST
STRING GROUND WIFE
STRING LLABOR MARKUP

UNIT TRANSPORTATION LOSTS

- - - - - -

TOwWER

FOUNDATTON CONCRETE
FOUNDATION STEEL
CONDUCTOR

GROUND WIRE
INSULATOR

HARDWARE

12 AP

CASE

R 79

I8

IE S SRS REEREREREERS S

*
*
*
ok k ok ok okok ok ok ok ok kokok ok k&

*

INPUT DATA x

*

INPUT VALUE

- - .-

0.
0
Ol
0

957 %/i.8

00 8/
000 &/
.00 8/

1751, &
455 %/LB

0,

4140
0
290

24

100,0
100.0
100.0
100,0
100,0
100,0
100,0

0, §
00 $/
L00 8/
00 %/

00 %/
0.0 5/
4,2 Pt

$/TON
3/YD

3/10N
3/TON
$/7T0ON
8/TON
$/T0ON

Cu.YD,
LB
TOWER

TON
CU.YD.
TOWER

MANHOUR
MILE
R OUNIT

OR $/M%xx3

REFERENCE YEAR FOR INPUT

1979
1977
1977
1977

1979
1979
1979
1979
1979
1977

1979
1977

L
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CONDUCTOR

N,

39
37
3S
35
59
37
35

KCM

954,
900,
795,
795,
954,
900,
795,
795,
954,
795,
954,
795,
715.
715,
954,
900.
795,
795,
900,
195.
715,
900.
954,
705,
715,

SPAN(FT)

1300,
13060,
1300,
1400,
1400,
1400,
1500,
1300,
1500,
1300,
1300,
1400,
1300,
1400,
1290,
1500,
1400,
1600,
1200,
1200,
1500,
1300,
1400,
1500,
1300,

230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR UPTIMIZATION

68147,
67299,
64664,
65375,
69552,
68697,
66879,
65558,
71843,
65807,
70136,
66784,
63510,

64204, -

7¢386,
70983,
61235,
63124,
69631,
66889,
65702,
69499,
72348,
68883,
64091,

ANCHUORAGE~F

TRANSPORTAT

3IR34,
37172,
3721,
3684,
3828,
3766,
3689,
3685,
3870,
3659.
3831,
3669,
3615,
3576,
a4n33,
3807,
3653,
3735,
3977,
391e6,
3580,
3780,
3861,
3701,
3593,

ATRBANKS INTERTIE CASE

DATE: 12 APR 79

3

TIME:

9:37:07

ARKA A KA RANRKNARNRARARRN AN A AN A A A Ak Ak dk hh

]

L

* AUTOMATIC CONDUCTOR SELECTIGN *
x ALL QUANTITIES PER MILE *

x*

X

AARKR KRR KRN AR AR KN KA AN A kA Ak Ak kk Rk hkkkhkkkk

CAPITAL COST/DISCOUNT RATE GF

INSTALLED COST

TON INSTALLATION ENG/TDC
84796, 9328,
84608, 9307,
82616, 9088,
82031, 9923,
BU6T3. 9314,
84494, 9294,
82176, 9039,
83893, 9228,
85337, 9387,
84359, 9279,
86787, 9547,
83683, 9205,
82301, 9053,
81729, 8990,
a7082, 9579,
a5172, 9369,
84298, 9273,
82979, 5128,
R6926, 9562,
85020, 9352,
B1896, 9009,
86682, 9535,
87234, 9596,
au2s7, 9268,
83683, 9205,

7.00 PERCENT

SUBTOTAL

166104,
1649866,
160089,
160113,
167367,
166251,
161784,
162364,
170437,
163104,
170300,
163342,
158478,
158498,
171080,
1693351,
164459,
164966,
170096,
165176,
160187,
169496,
173039,
166109,
160573,

SUBTOTAL

35856,
37993%,
43028,
43028,
35856,
3799%.
43028,
43468,
35856,
43545,
36293,
43468,
48561,
48561,
35856,
37993,
43545,
43028,
37993,
43028,
48561,
39701,
36293,
43468,
49222,

PRESENT WORTH

osM COST

SUBTUTAL

3284,
3257,
3151,
3161,
3322,
3294,
3206,
3195,
33197,
3209,
3371.
i22e,
31ie.
3122,
3385,
3369,
3248,
3282,
3361,
3254,
3167,
3351,
3440,
3295,
3150,

LINE COST

TOTAL

-

205244,
206235,
206267,
206302,
206545,
207538,
208017,
209027,
209689,
209858,
209963,
210036,
210151,
210182,
210321,
2106933,
211251,
211275,
211450,
211457,
211915,
212547,
212771,
212871,
212944,
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ANCHORAGE=FAIRBANKS INTERTIE CASE IR
230 KV TRANSMISSTION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 12 APR 79 TImE: G:37:07

LA RS SRR ERRERTAEENSSSEEEERER NS

* *
» COST NUTPUT PER MILE x
* PRESENT VALUE RATE *
* 7.00 PERCENT *
* *
I EEZERERSENEZESESTEREESSEEESZE SN

CONDUCTOR NUMBER = 39
9%4, KCMIL 1300, FT SPAN 87.7 FT TOWER

INSTALLED COST MATERIAL TRANSPORTATION INSTALLATION TOTAL

HREAKDUWN QUANTITY COST(%) TONNAGF COST(%) COST(3) COST(%)
CONDUCTOR 15840, FT 14086, 9,73 973, 18257, 33316,
GROUNDWIRE 0. FIT U 0,00 0. 0. 0.
INSULATORS 207, UNITS 1313, 1.14 244, 1557,
HARDWARE 1429, 0.47 47, 1477,
TOwWERS 4,3 UNITS 318870, 20,31 2031, 26019, 66621,
FOUNDATIONS 4,3 UNITS 3327. 538, 22280, 26145,
RIGHT OF wWAY 13, ACRES 9120, . 18241, 27361,
[DC/ENGTNEERING 9328, 9328,
T0TALS 68147, 31.65 3834, 84796, 166104,

PRESENT VALUE ($)

LOSS ANALYSIS DEMAND LOSSES ENFRGY LODSSES TOTAL LDSSES
e ————————— - memcmeem————— ceomo——— ——— —emceeen————
RESISTANCE LOSSES 24588, 11249, 35837,
CORONA LOSSES 0, 19, 19,
DAY En e e e ---'---.'r - e e e e - ey oweS - @ eeoooe -
TOTALS ) 24588, 11268, 35856,
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INTERNATIONAL ENGINEERING CO, INC
SAN FRANCISCO CALIFORNIA

TRANSMISSION LINE €OST ANALYSIS PROGRAM
VERSIUN 2: 02 AUG 1979,

ANCHORAGE=-FATRBANKS INTERTIE CASE I-C
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE:

SYSTEM ECONOMIC FACTORS

ANASE YEAR FOR PW ANALYSIS
ELDING YEAR OF STUDY

HASE YEAR FOR FSCALATION
MAXTMUM CIRCUIT LOADING
AVESAGE CIRCULT LOADING
DEMAND CNST FACTOR

FMERGY CONST FACTOR

VAR COST FACTUR

CAPITAL CNST/DISCOUNT RATES:

nOgM COST FACLTOUR

RIGHT DF wWAY CnNST FACTOR
RIGHT NF w#AY ClEARING COST
INTERES!T DURING COMSTRUCTION
ENGINEERING FEF

1S AUG 79 TIME: 14:06t42

(ESEERESENNEREEESSE

* %
* INPUT DATA *
* *

I EEEEEEEENEEE SRR

- INPUT VALUE REFERENCE YEAR FOR INPUT

1979

1997

1977
168,04 MVA 1984
S8,9 MVA {98y
73,0 $/KW 1979
13.0 MILLS/KWH 1979
0,0 $/KVAR 1984
7.0 PERCENT 1984
10,0 PERCENT 1984
1.5 % CAP,COST 1984
715.0 $/ACRE 1979
1430,0 $/ACRE 1979

0,00 % INST.CST
11.00 % INST.CST

sl
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ANCHORAGE=FAIRBANKS INTERTIE

CASE Ie-C

345 XKy TRANSMISSION LINE COST ANALYSIS anND CONDUCTQR QPTIMIZATION

NUMBER PER PHASE 2
CONDULTOR SPALING 18.0
VOL TAGF 345
VOLTAGF VARIATIQN 10,00
LINE FREQUENCY o 60
FAJRWEATHER LUSSES 1,70
LINE LFNGTH 123,00
PUKER FACTOR 0,9%
WEATHER DATA
MAX MM RAINFALL RATE . 1,18
MAXIMUM RAINFALL DURATION 1
AVERAGF RAINFALL KATE 0.03
AVERAGE RATNFALL DNRATION 636
MAXIMUM SNOWFALL RATF 1.87
MaXTMyMm SHNOWFALL DUKRATIUON 1
AVERAGF SNOwWFALL RATE 0,13
AVFRAGE SNOWFALL DURATIUN 264
RELATIVE AIR DENSITY 1.000

IN

IN/HR

HRS/YR
IN/HR
HRS/YR

DATE:

NUMBER PER
NIAMETER
WETIGHIT

15 AUG 79 TIME: ld:06:42

IFEEEEEESEEERSE XSS

* *
* INPUIT DATA *
* *

ISR EEEEEEEEEREE LS

GPOUNDWIRE DATA

TOWER 0 MINIMUM
i .2 0400 IN e MAXIMUM
0,0000 LBS/FT INTERVAL

SPAN DATA

----- ey 2 X L LR R L E R LR L L4

1000, FT
1600, FT
100,0 FT
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T ANCHGRAGE-FAIRBANKS INTERTIE

CASt I=C

345 Ky TRANSMISSIOM LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 15 AUG 79

TIME: lu:zQbrd?

I EESEEESFEERERERERES R &

*
*
*

»
IMNPIIT DATA *
»

[ ERE SR ESSEERSREEEEEN]

SAG/TENSTUN DESIGN FACTORS

EVERYDAY STRESS TEMPERATURE
ICE AND wiND TEMPERATURE
HIGH WIND TEMPERATURE
EXTREME JCE TEMPERATURE

MAX UFSTGN TEMP FOR GND CLEARANCE

ENS TENSINN (PLT UTS)
HESC COHN3TANT

TRTAL NIMRER NF PHASES

PHASE SPACING

CONDUCTOR LNHFIGURATION FACTOR
GROUND CLEARANCE

N, OF TNSULATDRS PER TOWER
INSULATNR SAFETY FACITOR

STRIHNG LENGTH

I, VEE, OR COMRBTINATIUN
FOLHDATTON TYPE

TERRAIN FALTOR

LINE ANGLE FACLINR '

TORER GROUNDING

TRAMSVERSE OVEKR|.OAD FACTOR
VERTICAL NVERLOAD FACTOR
LONGITUDINAL LUOAD
MISCELLANEOUS HARDWAKRE WEIGHT _
TOWER WEIGHT FACTOR

TOWER WETGHT ESTTMATION ALGORITHM

40, DEGREES F ICE AND WIND TENSION (PCT UTS) 50, PERCENT
0, DEGREES F HIGH WIND TENSION (PCT UTS) 50, PERCENT
40, DEGREES F EXTREME ICE TENSION (PCT UTS) 70, PERCENT
30, DEGRFES F _ ICE THICKNESS WITH WIND 0,50 INCHES
120, DEGREES F WIND PRESSURE WITH ICE 4,00 LBS/SG.FT,
20, PERCENT HIGH WIND 9.0 LBS/SO.FT,
0.31 LBS/FT
EXTREME ICE 0.50 INCHES
TOWER DESIGN .
1 DISTANCE BETWEEN PHASES:
27.0 FEET D1 27.00 FT
1.00 D2 27.00 FT
32,0 FEET ) 03, L 54,00 FT
72 DY 0,00 FT
2.50 S 0.00 FT
9,5 FEET D6 0,00 FT
3
4
1,06 PER UNTT . o
L0864
0
2.50 S
1,50
1000, LBS
0,11 TONS/TOWER _ L
1,02

TOWER TYPE 10: 345KV TOWER

T = D,00043%TH##22 = 0,992111#TH*+0,6000 =

0.10371*EFFVDL -

0,273654EFFETDL + 0,005034THAEFFTOL + 0.00181ATHXEFFVOL +

20,77701 KIPS
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LHCHOPAGE=FAIRSANKS INTERTIE  CaSE I-C
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
- __ DATE: 15 AUG 79 TIME: 14306342

IR N ESEEREENENERNESS]

- —_— —_— — e ——— — * * —- —
* INPUT DATA *
* *

LF SRR ERERNEEEEERENR]

e _ e e B CONDUCTOR SUMMARY

IEREEEESSNENESR SRS

TEMP,COEF,

STRANDING UNIT WEIGHT OUT.DIAM, TOTAL AREA MODULUS ALPHARE=b

ID NUMRER NAME SIZE(KCM) {AL/8T) (LB3/FT) (INCHES) . (8Q,1IN,) (EF/E6 PSI) PER DEG F
9 STARLING 715.0 26/ 7 0.9850 . 1,0510 ____ 0.6535 11,00 10.3
30 RENDWING 715.0 30/19 1.1110 1.0810 0.6901 11,30 9.7
31 CuUCwOO 795,0 2us 7 1.0240 1.0920 0.7053% 10.55 10.7
32 NRAKE 795,0 26/ 1 11,0940 1.,1080 0.7261 11,00 10,3
33 TERN 7495,0 as/s 7 0.48960 1.0630 0,6676 9,40 11.5
34 CONDOR 795.0 Sas 7 1,0240 1,0930 0.7053 10,85 10,9
35 MALLARD B 795,0 ... 30/t9 1,2350 1.,1400 o 0.7668 . 11,30 9.7
35 RUDDY 9¢0,0 as/ 7 1,0150 1.1310 0.,7069 9,40 11,5
37 CANARY 900.0 54/ 7 1.15990 1.1620 0,7985 10,85 10.9
kL) RATL a54,0 457 7 1.0750 1,1650 0,R011 . 9,40 11.5
39 CARDINAL 954,0 54/ 7 1,2290 1,1960 0.8464 10,85 10,9
49 ORTOLAN 1033%,0 ass 7 1,1650 t,2130 0.8678 9,40 11,5

f
[
SR
Yo
"3
S
N
ek
Ly
Sagar
k"4
iy
g
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T ANCHORAGE=-FAIRBANKS INTERTIE  CASE =C
345 KV TRANSMIS5STON LINE CNST AMALYSIS AND CNONMDUCTOR OPTIMIZATION
DATE: 15 AUG 79 TIME: 14306342

(I ZERERESNERENNESER]

. B I o * * _ e
* INFUT DaTA *
* *

I ESENEERREERREE SRS

CONDUCTOR SUMMARY

LE RS SR EREFEESENEDRS]

AC RESIST,

ULT.TENS, GEOM,MEAN THERM LIMITY AT 25 DEG € IND,REACT, CAP,REACT.

ID NUMRER NAME _ STREMGTH(LRS) RADIUS(FT) PRICE($S/LR) (AMPERES) (OHMS/MILE) (OHMS/MILE) (MOHM=MILES)
29 STARLING 2H1U0.0 60,0355 0,608/1977 850, N 0.1294 0.4050 2.6453
30 REDWING 34600,0 0.037¢ 0.,612/71977 A60, 0,1288 0,3992 2,5661
31 CUGCKDY 27100,0 0.,0366 0.,636/1977 900, 0.,1214 0.3992 2.5502
32 DRAKE 71200,0 0,0375 0,622/1977 910. 0,1172 0.3992 2.5450
33 TERM 22900.0 0,0352 0,677/1977 890, 0,1188 00,4060 2.5766
34 CUNDNR 285%00,0 0.0368 0,635/1977 900, 0.1172 0,4002 2.5555
35 MALLARD IHN00,0 0,0392 0,599/1977 910. 0,1162 0.3928 2.5186
35 RUIDDY 25400,0 0,0374 0,676/1977 935, 0.1082 0.3928 2,5080
37 CAMARY 32300,0 0.039¢ 0.633/71977 950, 0,1000 0,3928 2.5027
38 RATL 26900,0 0, 0385 0,671/1977 970, 0.0998 0,3949 2.5027
39 CARPLINAL 34200,0 0.0404 0,632/1977 990, u,0987 80,3902 2,4R16

40 ORTULAN 28900,0 0.0401 0.670/71977 1020. 0,0924 0,3902 2,8658



ANCHURAGE=FAIRBANKS INTERTIE

CASE I=C

345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

D o D o Do T

PRICE OF TOUWER MATERJAL
PRICE UF CONCRETE
PRICE OF GWOUND WIRE

INGTALLED CNST 0OF GROUNDING

TOwER SETUPR

TOWER ASSEMRLY
FOUNDATIUON SETUP
FNUNDATTON ASSEMBLY
FAUMDATTON FXCAVATION
HRICE OF

8 - 4

UNTT LABNDR LOSTS

REFEKENCE YEAR LABOR COST
STRING GHOUND WIRE
STRING LAROR MARKUP

HINT.T TRANSPURTATINON COSTS

TOWER

FOUNDATION CONCRETE
FOUNDATION STEEL
CONDULCTOR

GROUND WIRE
INSHLATOR

HARDAWARE

_ DavE:

SYSTEM

MISCRELLANEQUS HARDWARE

1S AUG 79 TIME: 14:06:42

kot ok ok kohk ok ok khkkhohkhkhohkgh
* #
* INPUT DATA L]
* *
Rk ok ok ok ok hhk ok ok kR okokokkokok

INPUT VALUE

0,957 3$/LB 1979
0,00 $/CU.YD. 1977
0,000 /LB 1977
0,00 $/TOWER 1977
t751. 8 1979
0,455 3/L8 1979
0, % 1979
4140,00 S/T0ON 1979
0.00 3/CU,YD, 1979
290,00 $/TOWER 1977
24,00 $/MANHOUR 1979
0.0 R/MILE 1977
4.2 PER IINTIT _
131,0 $/TON
131,0 $/YD
131.0 3/7TON
131.0 $/TON
131,0 /70N e e -
131,0 $/TNN OR $/Mx23
131.,0 $/70N
i . | i i ;| ¥ ¥
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ANCHOPAGE=FAIRBANKS INTERTIE  CASE [=C o0 0T
345 Ky TRANSMISSIUN LINE COST ANALYSIS AND CNMDUCTOR OPTIMIZATION
: DATE: 15 AUG 79 TIME: 1u:06:8p2 o .
thkkatdrdthhhrhotbhprhhbhhrhbhihhhhhhidthhi
* *
x AUTOMATIC CONDUCTNR SELECTION * Tt m ot T
* ALL QUANTITIFS PER MILE *
* *
- kR hkhkh bR bbbt hhdhhhhhbhahphhbdhkhhhhirhi o )
" CAPITAL COST/DISCOUNT RATE QF 7.00 PERCENT 77
PRESENT WORTH (8)
CONDUCTOR S INSTALLED €OST ' " TLINE LOSSES 0&M COST LINE COST
NO, KCM  SPAN(FT) MATERIALS TRANSP, INSTALL, ENGIMEER, 10C SUBTOTAL SUBTOTAL SUBTOTAL ToTAL
35 795, 1300, 108753, KUR2, 110086, 24730, 0. 249581, . 4e122, 3372, 299046,
35 795.  tuop, 110039, 6URY, 10R849, 24791, 0. 250162, u6122. 3381, 299665,
30 715, 1300, 105607, 6257, 10936R, 24337, 0. 245584, 52150, 3319, 301053,
35 795, 1e0g, 1N7799, 6557, 112490, 24953, Q. 251799,  4e122, 3403, 3N1324,
30 715, 1u4no, 107324, 6253, 108105, 241385, 0. 246066, 52150. 3325, 301541,
317 900, 1300, 11282, 6579, 112648, 25524, 0. 257563, 41403, 3481, 302447,
32 795, 1300, 100255, 6395, 111472, 24983, 0. _ 252106, _ 47191, _ . __ 3Zu4g7, 302703,
35 795, 1900, 113ne1, 6550, 108617, 25101, 0. 253289, 46122, 3423, 302R3%4,
59 954, 1300, 114706, 6710, 113084, 25795, 0. 260295, 39129, 3517, LHELDRM
37 anQ. 1200, 11] 385, 6608, 1144540, 25574, 0, 25R061, 41403, 3487, 3n2151,
30 asu,  1en0, 113228, 736, 114915, 25837, 0. 260716, 39129. 3523, 303367,
30 715. 1200, 105732, 6336, 111787, 24569, 0. 247924, 52150, 3350, 303427,
34 795, 1500, 1N9 478, 6337, 111931, 25041, 0. 252687, 47530, 3415, 303491,
52 795. 1200, 108127, 6439, 11%468, 25043, 0. 253111, 47191, 3420, 303722,
29 715, 1300, 105955, 6199, 110878, 2u534, 0. 247565, 53308, 3345, 304219,
4% 795, 1200, 1079491, 6369, 113774, 25095, 0. 253229. 47590, 3ap2, 3ouou?,
30 715, 1500, 110237, 63106, 107857, 2uk85, 0, 249095, 52150, 3366, 304611,
32 795, 1400, 111805, bu32, 110688, 25182, 0. 254106, 47191, 3434, 304731,
37 90,  14NQ 115679, 6631, 112024, 2571717, 0. _ 2e0112., __ _ 41403, o 3515, 305029,
26 715.  teo0¢0, LY b, 112878, 24639, 0, 2486132, 53308, 3360, 305300,
39 994,  14nQ, 117620, 765, 112473, 20054, 0. 262913, 319129, 3553, 305594,
29 715. 1400, 1tosas0, 6233, 110103, 24730, 0. 249545, 53308, 3372, INK225,
34 795, 1400, 112220, & 3R6, 111322, 25292, 0. 255220, 47590, 3449, 306259,
35 795, 1100, 1N8R3Y, 6718, 1162673, 25499, 0. 257312, 46122, - 3477, 306911,

37 o0, 1loe, 111580, 6130, 117785, 25970, 0. 262065, . 41uo3d, . 3541, 307009,
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ANCHORAGE=FATRSANKS INT

345 Ky TPANGMIZSION LINE CCST ANALYSIS AND CONDUCTOR UPTIMIZATION

FRTIE CASE I=-C

DATE: IS AHG 79 TIME: 14:06:42
IEE SRR EREFEENSFEIE RN ERENERENERERX?
*
. £0ST ODUTPUT PER MILE T T - )
. PRESE'T VALUE RATE *
* 7.00 PERCENT *
* *
[ E R B R EE RSN E NSRS FE SRR RN NE NI
CONPUCTOR NUMBER = 35
795, KCMIL 1300, FT SPAN 89,3 FT TOWER
INSTALLFD COST T CMATERIAL TRANSPORTATION INSTALLATION
LRE ARDOWN QUANTITY COST($) TONNAGE COS5T(3) COST(S)
CONDUC TOR 1680, FT 35171, 19.56 2563, 33947,
GROUNDATRE n, FT o 0. 0.00 0, 0.
INSULATARS 310, UNITS 2582, 1.70 480,
HARDWARF 1874, 0,47 62,
TOAEKRS 4.3 UNITS 83824, — 2 33,41 - u377, 49735,
FOUMNDATTONS 4,3 LUNITS 62RO, 1015, az20s54,
RIGHMT OF WAY (107FT) 13. ACRES 12167, 18565,
SUB=TOTALS 141897, 55,15 B497, 144301,
D¢ i
ENGTNFERING
PRESENT wORTH 10R253, 6482, 110086,
10¢C
ENGINEERING
PRESFNT WORTH ($)
LNSS ANALYSTS DEMAND LOSSES ENERGY LOSSES TOTAL LOSSES
RESISTANCE LUSSES 25483, 14441, 39924,
CORONA LUSSFS:  INSHLATORS 1624, 3145, 4764,
CONDUCTOR - 1430, 1030,
INTALS 27107, 19015, 46122,
i 5 | B | i b 3 5 i i § 3 5

TOTAL

TOTAL

TOTAL
COST(s)

71681,

0.
3062.
1936,

137936,
aglag,
30732,

294695,

0.
32u16,

327111,

224821,
o,
2u730,

249551,

™
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ANCHORAGE=-DEVIL
345 Ky

SYSTFM ECONOMIC FACTORS

o - = vm e W

BASE YFAR FOR Pw ANALYSIS
FiliNG YEAR OF 3TulY

RASE YFAR FUOR fFSCALATION
MAXIMUM CIRCUIT LUADING
AVERAGE CIRLUTIT LOADING
DEMAND CNST FACTOR

ENERGY (NST FACTOR

VAR COST FACTUR

CAPITAL COST/DTSCOUNT RATES:

0xXM COST
RIGHT OF

FACTOR

aAY COST FACTOR
RIGHT OF waAY CLEARING CUST
INTERESY DURING CUNSTRUCTION
ENGINEERING FEF

INTEGNATIONAL ENGINEEZRING CO.

SAN FPRANCTSCO

TRANSMISSION
VERSION 213

CANYON CASE

DATE: 1S AUG 79

TIME:

CALIFORNIA

1979,

11-1

LEEEREESERNESESESESS

*

®

* INPUT DATA "=

*

*

IREEREEEENEESE EERS]

INPUT VALUE

1.5
715,40
1430,0
0,00
11,00

MVA

MV A

F/KW
MILLS/KWH
$/KVAR

PERCENT
PERCENT

% CAP,COST
$/ACRE
$/ACRF
% INST.CST
% INST.CST

INC

LINE COST ANALYSIS PROGRAM
02 AUG

TRANSMISSION LINE COST ANALYSTS AND CONDUCTOR UPTIMIZATION
15:56214

REFERENCE YEAR FOR INPUT

- - -

1992
1992
1979
1979
1984

1984
1984

1984
1979
1979
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&N
Ius Ky TR

LONDUCTOR DATA

NUMBER PER PHASEt 2
CONDULCTOR SPACING 18,0
VOLTAGE 345
VOLTAGE VARIATIUN 10.00
LINE FREDLFNCY ot
FAIRAEATHER LUSSES t.70
LINE LENGTH 155.00
POwkR FACIOR 0,95
WEATHER DATA
MAXIMUM RATNFALL RATE 1.14
MAXTIMUM RATNFALL NDURATION 1
AVERAGE PAINFALL RATE 0.03
AVERAGE QAINFALL DURATTIUN 036
MAXTIMM SNNWFALL KATE 1,87
MAXTMUM SNOWFALL DURATTON !
AVEXAGF SHOWFALL RATE 0.13%
AVERAGE SHLOwWFALL DURATIUN cha
RELATIVE ATR DENSITY 1,200

('1

HORAG
SV

IN
KV
PCT
CPS
Kw/M]
MILES

IN/HE
HRS /YR
INHR
HRS/YR
IN/HR
HRS/YR
IN/HER

o

HR3/YR

K=DEVIL CANYON CASE IT=t
SSTUN LINE CUST ANALYSIS AND CONPUCTOR OPTIMIZATION
DATE: 15 AUG 79 TIVE: 15:56:14
AR EFEEEER SRS R RS XS]
* *
* INPUT DATA *
* *
IEEEREEEEEE AR SRR LN
GROUNDWIRE DATA
NUMBER PER TOWER 0
DIAMETER 0,00 IN
WETGHT 0.0000 LBS/FT
i 4 i B | | g L

SPAN DATA

O n e T P P S TR e wn e e

MINIMUM 1000, FT
MAXTIMUM 1600, FT
INTERVAL 100,0 FT
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ANCHORAGE=DEVIL CANYON CASE II=-1
345 Kv TRANSMISSTIUN LINE COST ANALYSIS ANQ CONDUCTOR QOPTIMIZATION
DATE: 1S Ayl 79 TIME: 1S5:Se6:14

IR R ENEEREFEREEESES K

* *

. INPUT DATA *

* *

Ak ok kk kok kA hkhkkkhkkihk

SAG/TENSTON DESIGN FACTORS
EVERYNAY STRESS TEMPERATURE 49, NDEGREES F ICE AND WIND TENSION (PCT UTS) 50. PERCENT
ICE AND wIND TEMPERATURFE 0, NEGREES F HIGH WIND TENSION (PCT UTS) 50, PERCENT
HIGH wIND TEMPERATUPFE 49, DEGREES F EXTREME ICE TENSION (PCT UTS) 70, PERCENT
FYTREME [CE TEMPERPATYRE 30, NEGRFES F ICE THICKNESS WITH WIND 0.50 INCHES
MAK DESTOGN TEMP FOr LN CLEARANCE 170, DEBLREES F wIND PRFSSUKE wITH JCF 4,00 LBS/80,FT,
ENS TENSION (PCT UTS) 20, PERCENT HIGH WIND q,0 LBS/S50,FT,.
NESC CONSTANT 0,31 L3S/F?}
EXTREME ICE 0,50 INCHES
TOWER DESIGN

TOTAL NUMBER OF PHASES 3 DISTANCE BETWEEN PHASES:
PHASE SPACING 27.0 FEET D1 27.00 FT
CONBUCTOR CONFIGURATION FACTOR 1,02 D2 27.00 FT
GROUND CLEARANCF 32.0 FEET 03 54,00 FT
M. OF INSULATORS PER TOWER 72 Da 0,00 FT
INSULATOR SAFEIY FACTOR . 2,50 NS 0,00 FT
STRING LENGTH 9.5 FEET D6 _ 0,00 FT
I, VEF, DR CUMHINATION 3
FOUNDATTON TYFRE a
TEKRATH FACTUP 1.06 PER UNIT
LINF ANGLE FaCinw 0864
TOWER GROIINDING 0
TRANSVERSE OvFRLUAD FACTOR 2.50
VERTICAL OVFRLUAD FACTOR 1,50
LONGITUDINAL LUAD 1000, LBS
MISCEL LANEUUS HARDWARE WEIGHT 0,11 TONS/TOWER
TOWER WEIGHT FACTOR 1,02

TOWER WETGHT ESTIMATION ALGORITHM

e e R e el Ll

TOwgR TYPE 10t 345KV TOWER

TW = 0,060d3aTHA®2 = 0,992111*TH*x40,6000 = 0, 10371*FFFVDL =
Qu273ASALFETOL ¢ D, 00903*xTHREFFTDL ¢ 0.,00131xTHAEFFVDL +
2077701 KIPS



ID NUMBER

NAME

STARL ING
PEDAING
CUCRKROQ
DicAKE
TERN
CuNing
MALLARD
RUNDY
Canary
RATL
CARDTINAL
ORTOL AN

ANCHORAGE=DEVIL CANYON
TRANSMISSTON LINE COST ANALYSIS AND
DATE:

STZE(KCM) _

715,0
715.,0
795.0
795,0
795.0
795,0
795.0
00,0
90,0
954, 0
954,90
1033,0

STRANDING
(AL/ST)

- -

26/ 7
30/19
247 7
26/ 7
45/ 1
sS4/ 7
30/19
45/
54/
457
Sa/
4s/

NN =~

CASE 1I-1
15 AUG 79 Time:

ISR EEREESESESER SRS

* *
* INPUT DATA *
* *

I ESESESEEEEEERESRS R

CONDUCTOR SUMMARY
KARAARRARNARRKARR

UNIT WEIGHT QUT.DIAM,

(LBS/FT) (INCHES) _
0.9R50 1.0510
1.1110 1.0810
1,0240 1,0920
1.0940 1.,1080
0,8960 1.0630
1.0240 1.093%0
1,2350 1,1400
1.0150 1.1310
1.1590 1,1620
1,0750 1.1650
1,2290 1.1960
1,1650 1.2130

CONPDUCTOR OPTIMIZATION
15:56114

TOTAL AREA

_ (8Q,IN,)

- - - -

0.6535%
0.6901
0.7053
0.7261
0.6676
0.7053
0.7668
0.7069
0.7985
_0.80114
0,8464
0.8678

MODULUS
. (EF/E6 PSI1)

11,00
11,30
10.55
11,00

9,40
10.85
11.30

9,40
10.85

Q.40

10,85

9.40

TEMP,COEF,
ALPHA*E=6
PER DEG F



(e~
1
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o
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ID NUMRER

-—--— -

1

NAME

STAPLING
REDP®ING
CUucnno
DRARE
TLRN
CUNLOR
MALLARD
RUDDY
CANARY
RATL
CARDINAL
ORTUOLAN

s s

AMNCHORAGE=DEVIL CANYON
TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE:

345 Ky

ULT.TENS,
STREMGTH(LRBS)

ZA100,0
34600,0
27100,0
31200,0
22900.0
SHS00,0
JHAO0 0
eH5000,0
32300.0
c6000,0
34200,0
2a3900,0

GEOM,MEAN
RADIUS(FT)

- -

0.035%5
0.0372
00,0366
0.037%
0.0352
0.0568
0.0392
0.0574
0.0392
0.03RY
0,0404
00,0401

CASE IT-!

15 AUG 79 TIME:

EhAKRRRE AR R ERARK AR
* *
* INPUT DATA *
* *
Akk kAR IR ERARR KRR A&

CONDUCTOR SUMMARY
I EEERNESEREREEEERES

-1

PRICE($/LR)

0,608/71977
0,01271977
0.6%6/1977
0.,62271977
0.67771977
0,63571977
0,599/1977
0,070/1977
0.635/71977
0,071/71977
0.632/7/1977
0.070/1977

THFRM,LIMIT
(AMPERES)

B850,
860,
Q00.
910,
890,
900,
910,
935,
950,
970.
990,
1020.

AC RESIST,.

AT 25 DEG C —

(OHMS/MILE)

0,1294
0.1288
0.1°14
0,1172
0.,1188
0.1172
0.1162
0.1082
0.1040
0.0998
0,0987
0.0924

0.4050
0.3992
0.3992
0,3992
0.4060
0.,4002
0,3%928
0.,3928
0.3928
0.3949
0.390¢2
0,3902

IND,REACT,
(OHMS/MILE)

CAP.REACT,
(MOHM=MILES)
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ANCHURAGE=-DEVIL CANYON CASE 11=1

3435 KV TRANSMISSTION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 1S AUG 79 TIME: 15:56:14

ARAKAKXKAAARARR R KR

] k1
* TNPUT DATA #
*« *

AAKAARAAAA KRR A& hok &K

INTT MATERTALS COS8TS INPUT VALUE
PRICE OF TUWER MATERIAL 0,957 $/1.8
PRICE OF CONCPETE 0,00 3/CU,YD,
PRICE OF GROUND WTRE 0,000 3/LB
IMSTALLED CNST NF GROUNDING SYSTEM 0,00 $/TOWER
TOWFR SETHP 1751. %
TONER ASSEMBLY 0,455 5/Lb I
FOUNDATTON SETUP 0. %
FOUNDATION ASSEMBLY 4140,00 %/TON
FOUNDATION FXCAVATION 0.00 %/CU.YD,

PRICE UF MISCFLLANEOUS HARDWARE 290,00 $/TOWER

UNTT LARDR COSTS

REFERENCE YEAR LABOR COSTY
STRING GROUND WIRE 0,0 $/MILE
STRTIHNG LABOR MARKUP 4,2 PER UNIT

UNTT TRANSPURTATION COSTS

e ow >  ve e

TOWER 225.0 $/TON
FOUNDATTON CONCRETE 225.0 /YD
FOUNDATION STFEL 225.0 $/TON
CONDUCTOR 225.0 $/TON
GROUND wlRE 225,00 5/T0N
INSIILATOR 225,00 $/T0N QR $/Mxx3
HARDwWAKE 2259.0 /70N
= i i L] A 3 | 3 i

24.00 $/MAMHOUR

REFERENCE YEAR FOR INPUT
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ANCHORAGE=DEVIL CANYQON CASE II-t
345 Ky TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR QPTIMIZATION
DATE: 15 AUG 79 TIME: 15:56:14

ARkAkA AR KAk XAA R AR PRI A AR AAR AR KA A& & kK k&

* *
* AUTOMATIC CONDUCTOR SELECTION *
* ALL QUANTITIFS PER MILF *
* *

AAARAAAAA AR AKX AAA I AR AR A AR A AR K AR KRRk A A K&

CAPITAL COST/DISCOUNT RATE OF 7,00 PERCENT

CONDUCTOR INSTALLED COST LINE LOSSES 0&M COST LINE COST
ND, KCM  SPAN(FT) MATERIALS TRANSP, INSTALL, ENGINEER, 10C SUBTOTAL SUBTOTAL SUBTNTAL TOTAL
39 954, 1500, 114706, 6707. 106803, 25104, 0. 253320, 103751, 3423, 360494,
39 954, 1200, 113228, 6733, 109119, 25199, 0, 2504279, 103751, 3436, 361466,
40 1033, 120w, 117782, 6833, 111149, 25934, 0. 261697, 96912, 3536, 362145,
39 abu,  1anyp, 117620, 6763, 105670, 25306, 0. 255358, 103751, 3451, 3625460,
40 1033, 1300, 120420, 6862, 109426, 26038, 0. 262747, 96912, 3551, 363209,
37 Qun, 1300, 112812, 6577, 106335, 24830, 0. 2505535, 109695, 3586, 363634,
37 90n, 1200, 111385, 6606, 108671, 2u933, 0. 251994, 109695, 3400, 364689,
40 1053, 11n0, 116899, 6903 114340, 2619h, 0, 2640337, 96912, 35972, 364821,
37 900, 1400, 115679, 6629, 1051813, 2sne4, 0. 252516, 109695, 3412, 365623,
39 954, 1l10u, 113373, 6852, 112838, 256%7, . 258700, 103751, 1496, 565947,
58 9%4, 1200, 114994, bbb, 110421, 25528, 0. 257598, 105138, 3481, 366218,
3R 954, 1300, 117510, 6OTE, 108644, 29611, 0. 258442, 105138, 3492, 367073,
39 9-4, 1500, 171880, 6rO2, 105583, 25779, 0. 260134, 103751, 1515, 367400,
ad 1033, ldou, 1746K73, ~UB2, 108982, 2au47t, a, 2677, 96912, 3610, 367639,
38 e54, 1lng, 11u231, 67132, 115666, 25R09, 0. 260438, 105138, 3519, 369096,
37 apnr, 1inuo, 111540, n728, 112411, 25379, 0. 2956098, 109695, 461, 369253,
35 795, 1300, 108253, 64RO, 104106, 2unl9, 0. 242978, 123194, 32835, 369455,
35 79%. 1400, 110039, UEIUN 102462, 2u0Ha, 0. 243069, 123194, 3285, 369548,
37 00, 1500, 119R95, 6755, 105080, 25490, 0, 257220, 109695, 3470, 370391,
38 054, 1uno, 121645, 6790, 108142, 2o002%, 0, 262601, 105138, 3549, 371288,
35 795, 150y, 113021, bhis, 101728, 20343, 0. 245640, 123194, 3519, 372154,
35 795. 1200, 1n7799, 65959, 107003, 2u43u9, 0. 245705, 123194, 3320, 3727220,
32 795, 1500, 109255, 6303, 105210, 24294, 0, 245153, 124675, 3313, 373141,
36 900, tz2o00. 113408, w516, 110037, 25309, 0, 255389, 114545, 3451, 373345,
34 795. 1300, 109378, 63%4, 105529, 24337, 0, 2u45578, 1246809, 3319, 373781,
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ANCHURPAGE=DQEVIL CANYON

345 Ky

INSTALLED COST

SPEARDUWN AUANTITY
LoNDUCTOR 31680,
GRUOUNDWIRE (U
INSULATORS 310,
HARDw®ARE
TOwWEkS 4,3
FOUNDATTUNS 4,3
RIGHT OF wAY (113F1) 14,

-

SUB=TOTALS

10C
ENGINFERIMNG

PRESENT wORTH
inc
ENGINFERING

LOSS ANALYSIS

RESISTANCE LOSSES
CORCGNA 1 USSES: INSULATOKS
CONDUCTOR

T0TAaLS

.4 3 .3 A

DATE:

kodok kA

L
X
*
*
*
LE R RS

C

MATERIAL
COST(3)

-y - -

F1 63449,
FT 0.
UNITS 4436,

3219,
154265,
10790,
22181,

258340,

UNTTS
UNTTS
ACRES

114706,

DEMAND LOSSES

—m G SN - ----

53177.
626,

- - --

53872,

I B

CASE IT-1

TRANSMISSTON LINE COST ANALYSIS ANO CONDUCTOR OPTIMIZATION

1S AuG 79 TIME: 15:56:14

[ BB RS EEEE RS EESEEER R SRS &S]

*

COST DUTPUT PER MILE *
PRESENT VALUE RATE %
7.00 PERCENT N

*

*

(IEEEEEESREEEEEEEREE SR RESS!

ONDUCTOR NUMRER = 39
1300, FT SPAN Q4,7 FT TOWER
TRANSPORTATION INSTALLATION
TONNAGE COST(S) COST($)
19,47 4380, 58264,
0.00 0. 0.
1.70 824,
0.47 107,
35.79 8052, 90323,
1744, 72256,
19697,
57.43 15107, 2410540,
TOTAL
6707, 106803,
TOTAL

PRESENT WORTH ($)

TOTAL LOSSES
101245,
2194,
313,

105751,

3 3 F

TOTAL
COST(3)

1260934,
0.
5260,
3326,
252640,
84790,
41877,

513987,

0.
56539,

570526.

228216,

253320,
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INTERNATIONAL ENGINEERING CO. INC
SAN FRAMCISCU CALIFORNLA

TRANSMISSION LINE COST AMALYSIS PROGRAM
VERSION 2: 02 AUG 1979,

DFVIL CANYON-ESTER CASE IT=2aA .
230 KV TRANSMISSION LINE COST ANALYSTS AND CONDUCTOR OPTIMIZATION
DATE: 16 AUG 79 TIME: 13:14:31

IS EEESEESEEEESRESRSE]

* *
* INPUT DATA *
* *

S EEENEEEREREREERES]

SYSTEM ECONOMIC FACTORS INPUT VALUE REFERENCE YEAR FOR INPUT
RASE YEAR FOR Pw ANALYSIS 1979 o
FNNDING YEAR OF STUDY 1997
__ BASE YEAR FUR FSCALATION 1977 e
MAXIMUM CIRCUIT LOADING 194,7 MVA 1992
AVERAGE CIRCUIT LUADING 107,1 MVA 1992
DEMAND COST FACTOR _ 73.0 3/KW o - 1979
ENERGY CNST FACINR ‘ 13.0 MTILLS/KWH 1979
VAR COST FACTUR 0.0 $/KVAR 1984
CAPITAL COST/DISCOUNT RATES: ) o
7.0 PERCENT 1984
10,0 PERCENT 1984
n&M COST FACTOR o i 1.5 % CAp.cosT T 7 19484
R1GHT OF wAY CNST FACTOR 715.0 $/ACRE 1979
RIGHT OF wAY CLEARING COST 1430,0 $/ACRE ) 1979
ITNTEREST DURING CONSTRUCTION 0.00 % INST,.CST

ENGINEERING FEF 11.00 % INST,CST



Ov - 14

DE.TL
230 Kv T3aNS
e CDATE:
COUDUCTOR DATA
NUMBER PER PHASE ! NUMBER PER
CONDUCTUR SPACTNG ) .0 IN __ DIAMETER
VQLTAGE 230 kv WEIGHT
VOLTAGE VARIATTON 10.00 PCT
LiNE FREMUENCY 60 CPS
FAIRWEATHER LOUSSES 0,00 KasM]
LIME LFNGTH 182,00 MILES
PUWELR FACTOR 0,95
WEATHER DATA
MAXIMUM RATNFALL RATF S8 IN/HR
MAXTMUM RATNFALL DURATTON 1 HES/YR
AVERAGE RAINFALL RATF n,03 [N/UR
AVERALE RATNFALL DURATION 636 HRS/YR
MAX IMJM SNOWFALL RATF 1.B7 IM/HR
MAX MM SNOWFALL DURATION 1 HRS/YR
AVERAGE SMOWFALL RATE.S 0,13 IN/HR
AVERASGE SNOWFALL DURATTON 261 RRS/YR
RELATIVE AIR DENSITY 1,000
1 § 3 L | 1 3

CANYON-ESTER

dok kkhhk ok okok ok hokohAhhkdhh

CASE IT=2a

Y1SSTUN LINE COST AN2LYSIS aAND CONDUCTOR OCTIMIZATION

16 AUG 79 TIME: 13:1d:31

ke hkk ok kA kAR NAR kAN

* % e
* INPUT DATA *
* *

GROUNDWIRE DATA SPAN
TOWER 0 MINIMUM
0.00 IN o MAXIMUM
0.0000 LBS/FT INTERVAL

DATA
1000, FY
1490, FT
100,0 FT

} . | i
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DEvIL CANYON=-ESTER
230 Kv TRANSMISSION LINE COST
DATE:

SAG/TENSTON DESIGN FACTORS

------------ NS e.e-----

CASE TIe24 7 77
ANALYSIS AND COKNDUCTOR OPTIMIZATION
16 AUG 79 TIME:r 13:1d:3t

FERRACRAC R AR Ak k k&
* *
* INPHT DATA *
* *
Ar AR ARk R R AR A AR KRk

0

FVERYDAY STIRESS TEMPERATURE 60, DEGREES F ICE AND ~IND TENSION (PCT UTS) 50, PERCENT
ICE ANMD WIND TEMPERATURE 0. DEGREES F HIGH WIND TENSION (PCT UTS) 50, PERCENT
HIGH WIND TEMPERATURE 49, DEGREES F EXTREME ICE TENSION (PCT UTS) 70. PERCENT
EXTRE“E [CE TFMPERATURE . .. 30, DEGREES F ____ ICE TH]ICKNESS WITH WIND 0.50 JINCHES
MAX UESTGN TEMP FOR GND CLEARANCE 120, DEGRFES F wIND PRESSURE wITH ICE 4,00 LBS/S5Q.FT,
ENS TFNSINN (PLT UTS) ) 20, PERCENT HIGH WIND 9.0 LBS/SQ.FT,
NESC CONSTANT 0.31 LBS/FT
EXTREME ICE 0,50 INCHES
TOWER DESIGN
TOTAL NUMBER OF PHASES 3 DISTANCE BETWEEN PHASES:
PHASE SPACING 20.0 FEET D1 20,00 FT
CONDUCTNR CONFIGURATION FACTOR 1.02 D2 20,00 FT
GRULIMD CLE ARANCE 28.0 FEET D3 40,00 FT
N, OF TKSULATORS PER TOWER 4a DA 0,00 FT
INSULATOR SAFETY FACTOR 2.50 DS 0.00 FT
STRING LENGTH ‘ 6.5 FEFT D6 0,00 FT
I, VLE, UXR COMbINATION 3
FOUNDATION TYPE i
TFRRATN FACTOR 1,06 PER UNIT
LINE ANGLE FACTOR .0864
TONER GROUNDING 0
TRANSVERSE OVERLUAD FACTOR . 2,50 =
VERTICAL OVERLOAD FACTOR ' 1.50 s
LONGITUDINAL 1.UAD 1000, LBS
MISCELLALEOHS HARDWARE WEIGHT 0,11 TONS/TOWER
TOWER WFIGHT FACTOR 1,02
TOWER WETGHT ESTYMATIUM ALGORITHM
TNWER TYPE 95 230KV TOWER
TW = 0,00016%TH&+2 = 3,09797«TH*40,3335 = 0,0R9U43xEFFVDL = )

0.27367T«EFFTUL + 0,00510ATH*EFFTDL + 0,00160*THAEFFVDL +

1R.37912 nw1PS



"TTDEVIL CANYON=FSTER
230 KV TRANSMISSTUN LINE COST

. . o __DATE:
STRANDING
ID NUMRER STZE(KCM) (aL/ST)
35 MALLARD B 795.0 _ 30719
w 15 RUNDY ap0,0 as/s 7
) 17 CANARY Q00,0 sus 7
38 PATL Q54,0 457 7
& 39 CARDTHAL 954, 0 su/ 7
a0 NRTOLAN 1033,0 a5/ 7
a] . CURLEW R 103%,0 sas 7
a2 BLUETAY 1113,0 us/ 7
43 FINCH 111%.0 54/19
iha ~ BUMTING 1192.0 as/ 7
ns GRACKLF 1102.0 54/19
4y BITTERN 1272.0 45/ 7
47 PHEASANT 1272.0 50/19
as NIPREK 1351.0 a5/ 7
[ifs] MARPTTN 1351.0 54/19
S0 ROBUL INK 1431.0 as/ 7
51 PLNVER 1431,0 54719
) NUTHATCH 1510.0 ass 17
53 PARQNT 1510.0 50/19
54 LAPYy. TNG 1590.0 as/ 7
55 FALCON 1590.90 54719

NAME

CASE I1-24
ANALYSTS AND CONDUCTOR QOPTIMIZATION
16 AUG 79 TIME:  13:10:31

I EEESEEEEREEEREDEERSS]

* * - i
® INPUT DATA *
k] *

AN ERESRENEERERE.S &I

CONDUCTOR SUMMARY
AR RRKARKAKARKRAR

UNIT WEIGHT OUT.DIAM,  TOTAL AREA
(LBS/FT) (INCHES) (SQLIN.)
1.2350 1.1400 0.7668
1,0150 1.1310 0.7069
1,1590 o 11,1620 0.7985
1.0750 1.1650 0.8011
1,2290 1,1960 0.8460
1.1650 1,2130 0.8678
1.3310 1,2460 0.9169
1.2550 1.2590 0.9306
1,4310 1.2930 0,9849
1,35440 1.3020 1.0010
1.5350 1.3330 1.0552
1,0340 1.3450 1,0680
1.6350 1.3820 1.12%6
1.5220 1,3850 1.1350
1,7370 1,4240 1,1959
1.6130 1.,4270 1.2020
1,8400 1,4650 1.2663
1,7020 1,0660 1.2680
1.9420 1.5060 1.33%66
1,7920 1.5020 1.3350
2.,0440 1.5450 1.4076

MODULUS
(EF/E6 PST)

- S B - -

11.30
9,40
10.85
9,40
10.85
9.40
10.85
9,40
10.30
9.40
10.30
9,40
10.30
9,40
10.30
9.40
10.30
9,40
10.30
9.40
10.30

-

TEMP ,COEF,
ALPHA=E=E
PER DEG F

b el bt s s bt s ba bs b8 A s 8 bt b b et e s s
Qe Dt Ot Ot O D D OO =D =0
® @4 4 & % % e & o 4 @ & 6 & e s s @ @ @
MUNMONENOUNIUNTENENoN OO~
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CEvIL CANYON-ESTER CASE TI-24
230 KV TPANSMISSTON LINE COST ANALYSIS AND CONDUCTOR QPTIMIZATION
DATE: 16 AUG 79 TIME: 13:14:31

I EEEEEEEREEEEREERES]

* *
* INPUT DATA *
* *

Kkkhk kA hhNRhkhdhkxh

CONDICTOR SUMMARY

B EESSESEEEEENES

AC RFSIST.

ULT.TENS, GEOM,MEAN THERM.LIMIT AT 2S5 DEG C IND.REACT, CAP,REACT,
1D NUMBER NAME STRENGTH{(LBS) RADIUS(FT) PRICE(S/LB) (AMPERES)  (OHMS/MILE) (OHMS/MILE) (MOHM=-HILES)
35 MALLARD 33400,0 n,0302 0.%59Q/71977 910. . 0.1162 0.3928 2,5186
35 RUNDY 254u0,0 0.0374 0,676/1977 935. 0.,1082 0.3928 2.5080
37 CANARY 32100,0 0.0392 0.633/1977 950, 00,1040 0,3928 2,5027
3R RATL 20900,0 0.0385 0,671/1977 970, 0,0998 0.3949 2.,5027
39 CARPDTNAL 34200,0 0.Nn404 0.632/71977 990, 0.0987 N.3902 2.u4B16
41 ORTOLAN 280000 00,0401 0.670/71977 1020, 0.0924 0,.3902 2,4658
ul CURLFw 37tu0,0 0,0420 0.628/71977 1040, , 0,0913 0.3849 2.44U6
uz BLITEJAY 3I0Q00,0 00,0416 0.66971977 1070, 0.0R61 0,3860 2. 4341
a3 FINCH 40200,0 0.0436 0,m%9/1977 1090, 0.0R5% 0.3802 2, 4130
uy BUMTTING 33200,0 0.0431 0.665/1977 1120, V.0R08 0.3817 2.,4077
45 GCRACKLE a43100,0 0,0451 0.642/19177 1130, 0,0797 0.3759 2,3866
ds HITIFRN 35490,0 0.0445 0.66571977 {160, 0,0760 0.3780 2,3813
u7 FHEASANT JUROND,0 0.0466 0.038/71977 1180, 0.0750 0.3722 2.3602
us DIPPER 37600,.0 0.0us9 0.663/71977 1210, 0,0723 0.3738 2.,3602
49 MARTIH 4rienh, o 0,0480 0.03R/1977 1250, 0.0708 0.3680 2.3338
50 “ﬂ“OLINKf FURNN 0 0,047 0.062/71977 1250, 0.0686 0.3712 2.3338
51 PLNVER Sa490,0 0.0u94 0.0571/71977 1270.. 0.,0671 0.3648 2.3074
‘S& NUTHATCH 41600,0 0,048% 0.664/1977 1300, 0.0640 0.3670 2.3126
53 PARRNT 53200,0 0.,0508 0.630/71977 1320, 0.0602 0.3622 2.2862
5S4 LAPWING 43800,0 0,0497 0.660/1977 1349, 0,062% 0.3%638 2.2915%

55 Fatcon 56000,0 0.0521 0.63%6/1977 1360, 0.,0612 0,3580 2,2704
L



CEVIL CANYON=ESTER  CASE I1-24
230 Kv TRANSMISSION LINE COST ANALYSIS AND CNADUCTOR OPTIMIZATION
__.DATE: 16 AYG 79 TIME: 13:1d:31l

v - 8

I EEAEESERSEREESNEEES]

— e L S * -
* INPUT DATA ®
* *

I ZEEEEERSEESEESES RS

UNTT MATERIALS COSTS o INPUT VALUE _ __ REFERENCE YFAR FOR INPUT
PRICE (OF TUWER MATERIAL Y ... 0,957 %/LB o ) 1979
PRICE UF CONCRETE 0,00 $/CH.YD. 1977
PRICE OF GROUND wIRE 0.000 $/14 1977
1USTALLED €NST OF GRUOUNDING SYSTEM 0,00 $/TOWER N LY & 4
TNwFR SETUP 1751. § 1979
TNWFR ASSFMALY 0,455 $/LB 1979
FOUNDATTON SETUP 0, % 1979
FOUNDATTON ASSEMBLY 4140,00 $/TON 1979
FOUNDATION EXCAVATION 0,00 $/CU.YD. 1979
PRICE OF MISCFLLANEOUS HARDWARE 290,00 $/TOWER 1977

UNIT LAROR CDSTS

REFEREMCE YFAR LAROR COST 24.00 $/MANHOUR 1979
STKING GROUND wlIRE 0,0 $/MILE 1977
STRING ‘L ABUR MARKUP 4,2 PER UNIT

‘s

*TNWER 225.0 $/T0ON
FOUNDATION CONCRETE 22%,0 3/YD
FOUNDATION STEEL 225.0 $/10N
CONDUCTOR 225,0 $/7T0ON
GRUNND WIRE 25,0 $/T0N
INSULATOR 225.0 $/TON QR $/M#aa3
HARDWARE 225.0 $/TON

g
)
St
o
el
-
i
g
sy
]
o
£
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CONDUCTUR
Nt KCM
53 1s10,
45 1192,
53 1510,
us 1192,
53 1510,
49 1351,
a7 1272,
43 1113,
51 1451,
43 1113,
47 1272,
49 1351,
45 1192,
51 14371,
41 1033,
49% 1351,
47 12172,
55 1540,
51 1431,
uy 1033,
43 1113,
55 1890,
55 1590,
4y 1N33,
48 1351,

SPAN(FT)

1500,
1300,
1400,
1acn,
1200,
1300,
1300,
1500,
1300,
1ano,
1400,
1400,
1200,
1400,
1309,
120y,
1200,
1300,
1201k, H
1400,
1200,
1400,
1200,
1200,
1300,

DFEYIL CAWYQM=ESTER CASE II=PA
230 KV TRANSMISSION LINE COST ANALYSIS AND CDHDUCTOR QPTIMIZAYION
DATE: 16 AUG 79 TIMb: 13:]u:3l

I E S E R R R R R R R NS R R R S R S R N SR E NS R N R SRR EE ]

* *
* AUTOMATIC CONDUCTOR SELECTION *
* ALL QUANTITIFS PER MILF *
* *

I 2 S EE SRR R R R R RS R EREREE SRR EEEREE SRR EEE]

CAPITAL COST/DISCOUNT RATE OF 7,00 PERCENT

PRESENT WORTH (3)

--------------------- A Ay S ED M S Em D gm gm AN S an g Y En S e N R S M R S e R A e S5 R U S R SR NP SR NS e e S e R s SR R R e e Es e e SR SR GF RS RS M M e RS e ek Wb S A

INSTALLED COST

------------ R o e e T P S R e T % S SR D R A S S e e e e A T S S R e e W W

MATERIALS TRANSP, INSTALL. ENGINEER, D¢ SUBTOTAL
77500, au7s, 77209, 17510, 0. 176693,
71932, Hoes, 75510, o668, 0, 168194,
79192, 4u8e, 76292, 17597, 0. 177568,
73329, 4nho, 74456, 16705, 0. 168571,
76778, u517. 78952, 17627, 0. 177874,
75070, 4291, 76525, 17148, 0. 173034,
73744, 4201, InlR/, 16954, 0. 171086..
70592, 3097, 75192, 16476, 0. 166257,
76397, uipi, T64R72, 17342, 0. 174994,
71977, 19972, 74137, 16512, 0. 166617,
79327, 1205, 75226, 17023, 0. 171782,
16685, U298, 75577, 17222, 0, 173781,

5 T1486, uyue. 77380, 16834, 0. 169839,
78051, niaz, 75939, 17422, 0. 175804,
60272, 3914. 74Q75, 16294, 0. 1oldal,
74425, 46338, 78300, 17277, 0. 174340,
73151, uRus9, 77974, 17089, 0. 172443,
76058, 4566, 77541, 17728, 0. 178894,
75715, an2s, 78630, 17465, 0. 176238,
70679, 1013, 73936, 16338, 0. 164865,
70161, 405y, 77066, 16601, 0. 167924,
0792, 4580, Tehu2, 17821, 0. 179835,
TH2GR, Upne, 79267, 17839, 0. 180010,
HRRLY, 1974, 76829, o458, n, 166079,
75070, ug3ua, ‘77504, 17359, 0. 175166,

LINE LOSSES

26241,
35382,
26241,
35382,
26241,
31161,
33142,
38174,
29429,
iglra,
33142,
31181,
315382,
29429,
410065,
I1let,
33142,
26692,
29429,
41005,
lg174,
26692,
26692,
41005,
31875,

0&8M COST

SUBTOTAL

- - --

2388,
2273,
2400,
2278,
2404,
2338,
2312,
2247,
2369,
2252,
2321,
23u8,
2295,
2376,
2222.
2356,
2330,
2417,
23R2,
2228,
2269.
2430,
2433,
2244,
2367,

LINE COST

TOTAL

2nssez2,
205849,
206299,
206231,
206519,
206533,
206540,
20667R,
206787,
207043,
207245,
207290,
2075916,
20760R,
207692,
207857,
207916,
208003,
208048,
20R09A,
20R16A,
2089597,
209134,
209324,
209U0A,
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DEVIL CANYON=ESTER CASE I1=2A
730 KV TRANS¥ISSION LINE COST ANALYSTS AND CONNUCTOR OFTIMIZATION
DATE: 16 AUG 79 TIME: 13:14331

I E S EAERESERSRBEEEEESESEEENEESNEREN N
*
x COST QUTPUT PER MILE *
* PRESENT VA UE RATFE %
- . o o * 7.00 PERCENT * L
* *
Ahk kAt AAAAAARA R AN A A AL AR A AR A A AN AR &
CONDUCTOR NUMBER = §3
I o 1510, KCMIL 1300, FT SPAN 84.9 FT TOWER ___
INSTALLED C€OST o ’ ’ MATERIAL TRANSPORTATION INSTALLATION TOTAL
BREAKNOWN AUANTITY COST(S) TONNAGE COST(S) COST(S) COST(3)
CONDUCTOR 1SRU0. FT 49971, 15.38 . 3461, 45797, 99229,
GROUINDWTRE 0, FI1 0. 0,00 0, 0. 0.
IMSULATORS 207, UNITS 2957, 1,16 549, 3507,
HARDWARE 3219, 0,07 107, 1326,
TOKERS 4,3 UNITS 91008, N 21.11 4750, 60247, 156006,
FOUNDATIONS 4.3 UNITS 7493, 1211, 50178, 58882,
RTIGHT OF WAY (101FT) 12. ACRES 19895, 17667, 317562,
SUB=TOTALS 174544, 38,10 "7 10078, 173889, 358511,
Inc o ) L e AU 0,
ENGINEERING 3943,
- o TOTAL 397947,
PRESENT WOKTH, B 771500, o gaTS, 772009, 159183,
inc e ' 0.
ENGINFERING . 17510,
N ; N T T T o TOTAL 176693,
PRESENT WORTH ($) o
L0SS ANALYSIS DEMAND LOSSES ENERGY LOSSES TOTAL LONSSES
RESTSTANCE LUSSES B 13781, o : 12459, o 26240,
COKONA LOSSES: INSULATORS 0. 0. 0,
CONDUCTOH - 10 1-
INTALS 13781, 12460, 26241,

3 I N D R e D e D T e 3

e



v - d

INTEONATIONAL ENGINEERING CO. INC
SAN FRANCISCO CALTFORNIA

TRANSMISSINN LINF COST ANALYSIS PROGRAM
VERSION 2: 02 AUG 1979,

wATANA=DEVTE CANYON CASE I1=3A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 1S AUG 79 TIME: 16:29:16

SYSTEM ECONOMIC FACTORS

- - - W e -

Ak kAR Ak khkXhAhkh

%

*

* INPUT DATA *

A

*

L EEREEEEEESEREEEEES]

INPUT VALUE

REFERENCE YEAR FOR INPUT

RASE YFAR FOR Pw ANALYSIS 1979
FmDiING YEAR OF STUDY 1997
BASE YEAR? FOR FSCALATION 1977
MAX IMUM CIRCUIT LOADING S14,0 MVA 1992
AVERAGE CIRCUIT LDADING 282.7 MVA 1992
DEMAND COST FACTOK 73,0 $/KW 1979
FNERGY CNST FACTNR 13,0 MILLS/KWH 1979
VAR COST fa(Typ U.0 3/KVAR 1984
CAPITAL COST/DTSCULUNT RATES:
7.0 PERCENT 1984
10,0 PERCENT 1984
O™ COST FACTOUR 1.5 % CAP,COSY 1984
FEIGHT OF wAY CnST FACTOR 715,0 3/ACRF 1979
RIGHT NF wAyY CLFARING COST 1430,0 3/ACRE 1979
TRHTEREST DURING CONSTHUCTION 0,00 % INST,CST
ENGIMERRING FeF 11,00 % INSY.CST



8y - 4

[

230 Kv TRANSMISSION

CONNUCTOR UATA

NUMAER PFx PHASE
COUDUCTOR SPACTNG
VaLT4a35E

VOLTARE VARIATION
LINE FRoQoEnCY
FalwapATHER LUSSES

LINE _FHNGTH 27.00
PUWER FACTOR 0,95
WEATHER DATA
MAX MM RATRFALL RATFE 1.18
MAXIMOM RATNFALL DURATTON 1
AVERAGE RAINFALL RATE 0,03
AVERALE RATINFALL DURATIUN 63h
MAXIMJM SnOwFALL RATE 1.87
MAXT™M M SNOWFALL DHRATION 1
AVERADGE SuDaFALL RATF 0.13
AVERAGLE SuDwFALL DUIRATIUN 264
QELATIVE ATR LENSITY 1.000

wATANA=DEVIL CANYON

IN

nv
eet
CPS
Ke/™]

MILES

IN/HR
LRG/YR
Iv/rim
HRS/YR
TN/ 1R
HES/YR
TH/ =P
HRS/YR

LINE COST ANALYSIS AND CONDUCTOR

DATE:

NUMBER PFR
DIAMETER
WEIGHT

s

CASE II1-3a

15 ayG 79 TI¥E: 16129116
RERNRAAARR KRR AR kR &
x *
* INPUT DATA *
* *
KrKRKARRAA IR KRR R

GROUNDWIRE DATA

TOWER 0
0,00 IN
0.0000 LBS/FT

OPTIMIZATION

SPAM DATA

MINIMUM
MAX IMUM
INTERVAL

1200. FY
1600, FY
100,0 FY
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AATANASDEVIL CANYON CASE 1I-34A
230 Ky TRANSMISSION LINE COUST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 15 AUG 79 T[vt: 16:129:16

IERERERESENSEEESEEE]

* *
* INPUT DATA *
* *

I FERERERENEREEEEES]

SAG/TENSTUN NDESIGN FACTURS

EVERYDAY STReSS TEMPERATURE 4y, CERREES F ICE AND WIND TENSION (PCT UTS)
ICE AMD wTND TEMRFFRATURE 0, DEGREES F HIGH WIND TENSION (PCT UTS)
HIGH wIND TEMPERATURE a0, DEGREES F EXTREME ICE TENSION (PCT UTS)
EXTRE™E ICE TFMPERATURE 3y, NEGRFES F ICE THICKNESS wlITH WIND

MAX DESTGLY TEME FOK GMND CLEARANCE 120, DEGRFES F WIND PRESSUPE WITH ICE

ENS TFNATON (PCT UTS) Pl. PERCENT HIGH WIND

MESC CONSTANT 0,31 LBS/FT

EXTREME ICE

TOWER DESIGHN

TOTAL NUMRER 0OF PHASES 3 DISTANCE RETWEEN PHASES:
PHASE 3SPACING 20,0 FEET D1

CONDUCTOR CONFIGURATION FACTOR 1.0° D2

GROMMD CLEARANCF 2R,0 FEFT D3 }
NOL UF INSULATORS PFR TOWFR 4g b4

INSHLATOR SAFFTY FACTOR 2.50 DS

STRING LeNGTH A5 FEFT D6

I, VEF, 2R M3 InATTION 3

FOURDATTUN TyPe 4

TFRRATN FALTOR 1.06 PER UNIT _

LINE ANGLF FACTNR 0861

TONFR GROVUNDING 0

TRANSVERSE NDVFRLUAD FACTOPR 2.50

VEwTICAL NVEW{ 0AD FACTOPR 1.50

LONGITODIMNAL LuaD ’ 1000, LH4S

MISCELLANFINIG HARDWARE WEIGHT 0.11 TONS/TOWER L _
TOWER wEIGHT FACTNR 1,02

TOWFR WEIGHT ESTIMATION ALGORITHM , L

el i R I "

TOWFR TYPE 93 230KV TOWER

TWw = 0,000162TH»*2 = 3. 0979TxTH&x%x0,3333 = (), 089483xEFFVDL =
Va7 SH7ALFFTLL + 0,00510xTHAEFFTOL + 0,001604THAEFFVDL +
1R, 37912 wIPS

50,

70,
0.50
4,00

9.0

20,00
20,00
40,00
0,00
0,00
0,00

PERCENT
PERCENT
PERCENT
INCHES
LBS/SG,.FT,
LBS/SG.FT,

INCHES



I0 NUMRER

NAMF

NUTHATCH
pARRNT
LARPATING
FALCON
Crim Ar
RLIERIRD
Kiwl

230 KV

I
i

WATANA=DEVIL CANYON

ULT,.TENS.
STRENGTH(LRS)

41600,0
53200,0
43800.0
S6000,0
55600,0
65400,0
50000,0

DATE:

GEOM,MEAN
RADIUS(FT)

0.04R5
0.0508
0,0497
0.0521
0,053%4
0,05R8
0,0570

CASE 1I-3A

15 AUG 79 TIME:

KkRAKAKKKAAkRAkAX ARk AR

x
* INPUT DATA
*

*
*
*

TRANSMISSIUON LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION
16:29:16

I ZZ N FREEREEESERES S

CONDUCTOR SUMMARY
Kk khhhh kAR Ak kk

THERM,LIMIT

AC RESIST,
AT 25 DEG C IND.REACT, CAP,REACT,

PRICE(3/LB) (AMPERES)

0,664/1977
0.630/1977
0.660/71977
0.63%/1977
0,075/1977
0,675/71977
0.699/71977

1300,
1320,
1340,
1360,
1440,
1610,
1600,

(OHMS/MILE) (OHMS/MILE) (MOHM=MILES)

0,0649
0,0602
0,0623%
0,0612
0,0560
0.047%
0.0480

0.3670
0.3622
0.3638
0.3580
0.3548
0,3443
0,3480

22,3126
2.2862
2,2915
2,2704
2,2387
2,1648
2,1806

[ 3



WATANA=DEVIL CANYON CASE 11-34
2350 ®Kv TRANSMISSTON LINE (COST ANALYSIS AND CONDUCTOR OPTIMIZATION
DATE: 1S ayn 79 TIME: 16129316

I E B EA R EEREERERNERS]

* *
* INPUT DATA *
* *

LE AR SN ERSEESENNNS]

CONDUCTOR SuUMMARY
ARAAREAR KRR AR ARKK

TEMP,.COEF,

STRANDING UNIT WEIGHT DUT.DIAM, TOTAL AREA MODULUS ALPHA*E=b

I NUMRER NAME SIZE(KCM) CAL/ST) (LBS/FT) (INCHES) (53, IN,) (EF/E6 PSI) PER DEG F
o Se NUTHATCH 1510,.0 us/ 7 1.7020 1.4660 1.2680 9,40 11,5
' 53 PARRNT 1510.0 54719 1.9420 1.5060 1.3366 10,30 10.8
o 54 LARWING 1590.0 4%/ 7 1.7920 1.5020 1.3350 9,40 11.5
— 55 FALCON 1590,0 S4/19 2.0440 1.545%0 1.4076 10,30 10,8
56 CHIRAR 1740,0 84/19 2.0740 1.60620 1.5120 9,05 11,3
57 ARLUEHKIRD 2156, 84/19 2.5120 1,7620 1.8280 9.0S 11,3
54 Kiw] P167.,0 72/ 1 2.3040 1,7370 1.7760 9,25 12,0
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wATANA=DEVIL CANYON

CASE

IT=34

230 Kv TRANSMISSIUN LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATF :

UNTT MATERTALS COSTS

S e - -

PRICE OF TOwER MATERIAL
PRICE OF COUNCRETE
PRICE OF GRNUND wIRE

INSTALLED CNST OF GROUNDING SYSTEM

TOWER SETUP

TN&aER ASSFEMBLY

FOUMDATTIUN SETUP

FOUNDATTION ASSEMBLY

FOUNDATTUN FXCAVATION

PRICE OF MISCELLANEOUS HARDWARE

UNIT LABOR COSTS

-

KEFFRFNCE YEAR LABOR CQST
STRING GrOUND wIRE
STRING LAROR MARKUP

UNTT TRAMNSPORTATION COSTS

P T R R Ll k]

I0wFR

FOUNDATION COUNCRETE
FOUNDATTON STFEL
CONDUC TOK

GROVIND wWIRE
INSHLATOK

HARNWARE

Yo
gt
L
Sk
s

15 Ay

G 79

TIME: 16:29316

I EEEFREESNERSSS SRS

*
* I

*

*

NPUT DATA *

*

A xhkkrhkkkRRARK R AN

INPUT VALUF

0.
0
0.
0

17
0

4140
0
2990

24

225.0
275.0
225,0
225.0
229,90
225.90
225,0

REFERENCE YEAR FOR INPUT

- 00 G W e -

957 $/1.8 1979
.00 S/CULYD, 1977
000 $/LA 1977
L00 $/TOWER . 1977
51, % 1979
455 §/L8 1979
0. % 1979
L00 $/TON 1979
.00 §/CU,YD, } 1979
.00 $/TOWER 1977
.00 $/MANHOUR 1979
0.0 $/MILE 1977

4,2 PER UNIT

£/7TON
3/YD

$/10N
3/TON
$/70N
$/T0N
$/TON

OR $/Max3

s
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nATANA«DEVIL CANYON CASE I1=-3A
P30 %y TRANSISSION LINE COST ANALYSIS AND CONDUCTCR OPTIMIZATION
DATF: 15 AUG 79 TIME: 16:29:16

I E R R R P R E RN EE RS AR R SRR R RS R R RSN

* x
* ATOMATIC CONDUCTNR SFLECTION # -
* ALL NJANTITIES PFR MILE *
* *

AXXRRAR T AR R R AR kA kAR R Ak Ak hk khhhdhdid

CAPITAL COST/DISCUUNT RATE OF 7,00 PERCENT

PRESFNT WORTH (%)

CONDUCTOR INSTALLED COST LINE LOSSES Q&M COST LINE COST
NQ, KCM  SRAN(FT) MATERIALS TRANSP, INSTAL L, ENGINEER, 10C SUBTOTAL SUBTNTAL SUBTOTAL TOTAL

57 2156, 1500, ROS /O, 5100, ROQU19, 19260, 0, 194349, 140540, 2626, 337515,
57 2156. tano, 9212%, 515%. 79928, 19193, 0. 196698, 140540, 2658, 339896,
57 2186, 1200, 90137, 5212. 82759, 19592, 0. 197700, 140540, 2672, 340911,
58 21e7. 1300, alui3. 5170, BEPRH, 19750, 0, 199603, 142049, 2697, 344350,
57 Jise, 1300, 95769, 5063, BO1HA, 19034, 0. 201155, 1406540, 2718, 340413,
58 2167, 1200, G2234, 5149, Aup24a, 19987, 0. 201640, 142049, 2725, I46414,
5% 2167, tuadu, 95949, 5071, A2335, 20190, 0, 203734, 142049, 2753, 348537,
57 2154, 1600, 100145, sS417, Al1t1st. 20541, 0, P07274, 1405490, 2R01., 3150615,
56 17RO, 1300, Belon, 46T, 78631, 18268, 0. 184336, 166266, 2491, 353093,
56 1780, tuQo, R4Q4t, uyou, 77966, 18439, 0. 18606060, 1662066, 2514, 154846,
SR 2167. 150u, 100672, 5381, B3r1t, 20AR19, 0, 210083, 142049, 2839, 354971,
56 17wd. 1200, R4uS1, ai9g, A1029, 18620, 0. 187890, 166266, 2539, 356695,
53 1510, 130u, 77500, 1475, 77209, 17510, . 176693, 179055, 23e8, 358137,
56 17RO, 1500, AR LA, u79y, TRO40, 18799, 0. 189701, 166266, 2564, 358530,
53 1510. 1400, 791972, u4uRe, 16292, 17597, 0, 177568, 179055, 2400, 359023,
53 1510, 150v, R1760. 4545, THORT, 17863, 0, 180255, 179055, 2436, 361746
53 {s10. 1200, 79083, 4637, ROQUR, 18014, 0, 181782, 179055, 2u57, 363294,
55  1590. 1300, 790458, 4566, 775461, 17728, 0., 178894, 182109, 2a17, 363420,
58 21w7. lonu, 1069572, 5599 BuRaT, 21670, 0, P1Re667, 142049, 2955, 363671,
So  17R0,  lefuy, aen/t. U927, THTAT. 19334, 0. 195115, 166266, 2637, Ip4017,
55 1520, 1400, Ry792, LSRY, Thabud2, 17821, 0. 179845, 182109, 2430, 364373,
53 181D, 1m0y, R515K8, anuy, 7h521. 18296, 0. 1846723, 179095, 2495, 366174,
SS 1599, 1500, R2N00, Lpil, To453, 18094, 0. 182584, 182109, 2467, 367164,
S 1510, 120v. 7294%, 4183, 77449, 17004, 0, 171590, 193430, 2319, 367338,
55 1990, 1200. R0560, ailzd, ROT43, 18219, 0, 183846, 182109, 2484, 368439,
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raTANA=DEVIL CANYON CASE II1=-34
230 Ky ISaNSMIBSION LINE COST ANALYSTS AND CONDUCTOR DPTIMIZATION
DATF: 15 AUG 79 TIME: 16:79:16

IS EESEEEEEEESEEEESESZE S R RN SN

* *
* COST QIPUT PER MILE *
. PRESENT VALDFE RATE *
% 7,00 PERCEMT *
* *
* *

LEE RS RSN EEEERSEREERERE RN SN

CONDUCTNR HUMBER = 57

2156, KCMTL 1300, FT SPAN B7.4 FT TOWER

INSTALLFD COST B MATERTIAL TRANSPORTATION INSTALLATION TOTAL

BREAKDUAN QUANTITY COST (%) TONNAGE COST (%) COST(S) COST(S®)
CONDUCTOR 15840, F71 69050, 19,990 4ua7e, 48940, 122466,
GROUNDWIRE n, F71 0. 0.00 0. 0, Q.
INSHLATNRS 207. UNITS 2957, 1.14 a9, 3507,
HARDWAGLF 5219, 0,47 107, 3326,
TNnfx5 .3 UNITS 98547, 2e.Bé 5144, ~ 63832. 167522,
FOUMDATTIUNS 4,3 UNTTS 7493, 1211, 50178, S8882.,
RIGHT UF wAY (104FT) 13. ACRES 20461, 18170, 38630,
Stip=TNTALS 201727, 4,37 ) 11487, 181119, 3qu333,
1nC o o 0.
ENGINEERING 43377,

TOTAL 437710,

PRESENT wORTH 89569. 5100, .. 80419, 175089,
IDc 0.
ENGINEERING 19260,

TOTAL 194349,

PRESENT WORTH (%)

LOSS AMNALYSTS DEMAND LUSSES ENERGY LOSSES TOTAL LOSSES
RFSISTANCF | 08SFS 73819, 66721, 140540,
CORNNA LUSSFS: [NSUL ATORS 0, 0. 0.
LOMDUC TNR - 0. 0.
TOTALS 73819, 66721, 140%40,

e
ey
-
E

] L I 3 L I | F I 3 3 ]



APPENDIX C
MULTI-AREA RELIABILITY

PROGRAM (MAREL)




APPENDIX

MULTI ARER BULLETIN

PTI/103

RELIABILITY PROGRZM (MAREL) Page 1 of 3
SCHENECTADY, NEW YORK 12301 518 374-1220

PROGRAM

AND MODELS

The Multi-Area Reliability Program (MAREL) computes the Loss of Load Proba-—
bility (LOLP} teliability 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 amorng the interconnected areas. The
program may be used for as many as six or seven interconnected areas modeled
directly. A greater number may 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 the
individual area reliability levels may be performed with efficiency.

The structure of MAREL is shown in block form on Figure 1. 1Input data may
be provided for each case or partially supplied by saved case files. The
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 tne
possibility of using excessive computer time.

CAPACITY- MULTI AREA
PROBABILITY RELIABILITY
TABLES EVALUATICN

LOAD
MOCELS

CASE
DATA

WORKING FILES

FIGURE 1

STRUCTURE COF MULTI AREA RELIABILITY PROCRAM




PTI/103

PROGRAM

APPLICATTICNS

Page 2 of 3

Loads are modeled by area with distributions of peak
loads for each 'season' of the year. A seasocn 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 Cutages 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 models 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 and to set tolerance levels on the LOLP com~
putations to save unnecessary computer effort and cost.

Program Output may include area load and capacity meodels
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 LOLP values as
though the area were isolated and then two separate LOLP
values with the actual interconnection. These two 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.

Generation reliability level analysis which includes the
effects of the interconnected system for the expansion
planning of individual utilities and power pools.

Plamning 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.

A

ity



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.

AND SUPPORT groups of systems. It may also be leased for installation on a client's
T computer. The lease entitles the user to:

AVAILABILITY MAREL, is available for use at PTI for studies by individual utilities or

° 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.

While updates are not included in the MAREL lease price, PTI will offer all
significant MAREL improvements to legsees 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
INFORMATTON or
I A.J. Wood, Principal Engineer
Power Technologies, Inc.
P.0. Box 1058
Schenectady, N.¥Y. 12301

Tel. (518) 374-1220
Telex 145498 POWER TECH SCH

1/78



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 1896)

e Interconnected System Expansion Plans
(years 1984 through 1996)

e Interconnected System Expansion, Three-Area Realiability Study
with Susitna (years 1992 through 1996)

e Interconnected System Expansion Plans, with Firm Power Transfer
(years 1984 through 1987 and 1992 through 1996)
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POYER TECHIIOLOCIES, INC.
MULTI=-ARCA RELIABILITY PROCRAM:

—=== MULTI-AREA RELIABILITY PROGRAM - MAREIL ==
===~ VERSION : NOVEMBER 15, 1978 ~~--

w=ee POWER TECHNOLOGIES, ING., -==-

BHFKRAIAR RO R R KR KRR

*ik kK
#5001 - 18 - 1979 %%
£ &4 *k

R R RR R R KRR R KRN

8TUDY CASE:

REIRERRR RN R R AR R R Rk Rk kR R R Rk ekRR R R KRR R Rk ko RaskiRaoR ok ok

Ed dk
=% ANCIIORAGE - FAIRDANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY  *x
*% Hok
*% 2-ANEA RELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979 ®¥
E3 K

AR AKOR AR R A AR R R OR R R RN RN TR SRR e A R A AR AR K KRR 3K R R HOROR K HOR RN Rk R



PORYER TECHROLOGIES, IRC.
MULTI-AREA RELIABILITY PROGRAM'

R R P ARE IR I RE LKL RR R R R REER KR ARRRRRRR R RS R ORI RRRROnnReE e

L.+ 3 XK
sk ANCHORAGE - FAIRBANKS TRANRSMISSION INTERTIE. ECONOMIC FEASIBILITY &%
E 2 xR
*k 2-APEA RELIABILITY STUDY - YEAR 1989 : INTERCONRECTED - 1/15/1979 3
*x X

RkkRRR ROk R R R ok R ROk Rk KRR R e R R Rk R R R R R R R R R R R R kR R

1989

YEAR OF STUDY

PROBABILITY THRESHOLD =  0.10E-07

FAILURE PROB. THRESHOLD = ©.20E-08
PNIOB. RATIO FOR LOAD LEV.= 6.0100
ROUNDING MW STEr SIZE s 1
MAX. NO. OF AREAS WITH NEGATIVE

MARGIN TO BE EXAMINED = 2
MAX. OF CAPACITY STEPS = 69

—=—== SYSTEM DATA —-=~——=

NO. OF AREAS OR BUSES = 2
NO. OF AREAS VWITH GENERATION = 2
RO. OF AREAS WITH LOADS = 2
NO. OF LINES WITH OUTAGES = 1

RO. OF FIRM LINES = o



POWER TECHNOLOGIES, IRC,
MULTI-AREA RELIABILITY PROGRAM:

ANCTIORACE - FAIRBANKS TRANSMISSIOR IRTERTIE ECOROMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 :

¢ IRTERCONRECTED - 1131979

~=-== DATA FOR LIRES WITH OUTAGLES ~====-
=== AVAILABLE CAPACITY PRORABILITY

LINE RO. {, LINK RO. 3
TIE FROM AREA 1 ANCHOR -TO- AREA 2 FAIRBA

LEVEL CAP(FOR) CAP(REV) PROBABILITY"

1 0 @ 0.004000
2 130 130 0.996000

ew=ew- TIME USED IN CPUS : IRCREMENT = 2, ELAPSED = 2



FOWER TECHIOLOGIES, INC.
MULTI~AREA RELIABILITY PROGRAM!I

GENENATOR UNIT DATA FOR ANCHORAGE-FAINBANKS STUDY
JANUARY 15 1979

THO AREA SYSTEM

SUMMARY ON CAPACITY, PEAK LOAD AND MAINTERARCE : ANEA ANCHOR

SEASOR 1 2
INSTALLED
CAPACITY (MW) 1747 1747

PEAK LOAD (IMW) 1200 882

INSTALLED RESERVES :
MW 547 865

PERCENT 43.58 98.07
CAPACITY ON
MAINTENANCE (MW} L] 133

RESERVES AFTER MAINTENANCE :
MW 547 730

PERCERT 45.58 82.77

UNIT RETIREMENTS ARD INSTALLATIONS

RoO. UNIT  CAP(MW)

3 4 L]
1747 1747 1747

789 732 729

958 295 1018
121.42 132.31 139.64

227 256 286

781 739 v32
92.65 98.27 100.41

F.0.R. RET/INST SEASON DATE

v - -

1 COAL 2 200

0.0357 INST 1

11989

6 7
1747 1747
723 826
1022 921

140.97 111.50

287 188

v35 ‘733
101.38 88.74

8

1747

886

861
97.18

122

739
83.41

1?47

1441

806
21.24

306
21.24

gl
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POVER TECHNOLOGIES, IRC.
AMULTI-AREA RELIABILITY PROGRAM!

GENERATOR UNIT DATA FOR ANCHORAGE-FAIRBANKS STUDY
TWO AREA SYSTEM JANUARY 15 1979

SUMMARY ON CAPACITY, PEAK LOAD AND MAINTENANCE : AREA FAIRBA.

SEASON 1 2 8 4 5 6 (4 8
INSTALLED
CAPACITY (MW} 385 3885 386 285 385 885 885 + 889
PEAK LOAD (MW} 274 ive 133 11@ 112 130 136 © 166
INSTALLED RESERVES :
MW 111 268 256 266 2793 258 249 - 219
PERCERT 40.51 117.51 185.19 223.53 243.75 196.15 183.69 131,93
CAPACITY ON
HAINTERAICE (IMW) o 14 53 72 100 65 54 23
RESERVES AFTER MAIRTENANCE :
MW 111 194 195 194 178 190 195 194
PERCENT 40,51 109.60 144.4¢ 163.03 154.46 146.15 143.38 116.87

URIT RETIREMENTS AND INSTALLATIONS :
Ho. UNIT CAP(MW)} F.O0.R. RET/INST SEASON DATE

385

313

72
23.00

72
23.00
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FOWER TECINOLOGIES, INC.
HULTI-AREA RELIABILITY PROGRAM

CENERATOR UNIT DATA FOR ANCHORAGE-FAIRPARKS STUDY
TVO AREA SYSTEM JANUARY 15 1979

SUMMARY ON CAPACITY AND PEAK LOAD BY AREA

AREA ANCHOR  FAIRBA

PEAK LOAD SEASON 9 9

{NSTALLED CAPACITY (MW)

AT ANNUAL PEAX 1747 3856
ANNUAL PEAK

LOAD (1MW) 1441 813
INSTALLED

RESERVES (MW} 306 Kt

RESERVES IN PERCENT OF
ANNUAL PEAK LOAD 21.24 23.00

AREA WEIGIITED AVERAGE
UNIT FOR (PERCENT) 5.46 7.42

AREA ANNUAL AVERAGE
MAINTENANCE(PERCENT) 2.565 11.11
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POVWER TECINOLOGIES, INC.
TTULTI=-AREA RELIABILITY PROGRAM'

CERERATOR UNIT DATA FOR ANCHORAGE-FAIRBAWNKS STUDY
TWO AREA SYSTLEM JANUARY 18 1979

————— SUMMARY BY AREAS-----

AREA NO.OF UNITS  CAP. (MW

o s s 2 i oy e o S O e e e e et

1 ANCHOR 36 1747
2 FAINBA 24 385

SEASORAL NMUSERVES IN PERCENT OF PEAK LOADS
AFTER MAINTENANCE OF UNITS FOR TIE TOTAL SYSTEM

SEASON RESERVES ORDER SEASON RESERVES
1 44,6464 1 9 21.50407
2 07.2521 2 1 44,6404
3 100.2164 3 2 87.2521
4 107.1132 4 8 88.6882
5 107.6100 & 7 96,4657
6 160, 1871 6 3 100.2164
7 96,4657 7 4 107.1182
8 83.6282 8 § 107.6100
9 21.85307 9 6 108.1871
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POWER TECTINOLOGIES, IKC.
MULTI-AREA RELIABILITY PROGRAM'

GENERATOR UNIT DATA FOIRl ANCHORAGE-FAIRBANKS STUDY
TWO AREA SYSTEM JANUARY 15 1979

MAINTENANCLE SUMMARY BY MW AND PERCENT OF TOTAL AREA CAPACITY @

SCASON AREA ARCHOR ANEA FAIRBA

1 0 0.00 -0 0.00
2 135 7.73 14 3.64
3 227 12,99 55 14.29
4 256 14.60 v2 18.70
] 286 16.3%7 100 25.97
6 287 16.43 65 16.088
7 1880 10.76 54 14.08
8 122 6.98 25 6.49
9 7] 0.00 8 9.00
AREA EFOIU 5.4580 7.4169
SYSTEM EFOR = 5.8093

EFOR : WEIGHTED EFFECTIVE FORCED OUTAGE RATE.IN PERCENT.

k% END OF PROCRAM MNTCE &%k

-=——= TIME USED IN CPUS 2, ELAPSED = 4

INCREMENT

INCREMENT 0, ELAPSED = 4

--——- TINE USED IN CPUS

¥Rk AREA 1 ANCHOR HAS NO UNITS ON #dukx
s&k MAINTENALCE FORL SEASONS @ 1 9 F¥%

#%%x AREA 2 FAIRBA NAS NO UNITS ON s

et
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i

#4&4% MAINTERANCE FOR SEASONS @

g
il
4

i

9 RE%
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POVER TECINOLOGIES, IRC.
MULTI-AREA RELIARILITY PROGRAM

ATCTIORACE — FAINBANKS TRANSMISSION INTERTIE ECOROMIC FEASIBILITY
2~ANFA NELIABILITY STUDY ~ YEAR 1989 : INTERCONNECTED - 1/15/1979

—=— LOSS OF LOAD PROBABILITY AT VARIOUS AREAS ~-—-

PROBABILITY PROBABILITY PROBABILITY
AT AREA ISOLATED WITH LLS WITHOUT LIS

ot e e e Ot S

1 ANCIOR  0.149268BLE+00 0.798471E-01 0.676829E-01
2 TAIRBA  0.190494E+01 0.909675E-01 9.39437V9E-01

SYSTEM 9.916377E-01 9.915377E-01

NOTE : LLS = LOAD LOSS SHARING

*¥kxk ALL PROBABILITIES ARE IN DAYS/PERIOD *¥xkk
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POVER TECHNOLOGIES, IKC.
MULTI-AREA RELIADILITY PROGRAM:

ANCHORAGE - FAIRBANKS TRARSHISSIOR IRTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : INTERCONRKRECTED - 1-/15/1979

=== PROBABILITY OF MINIMAL CUTS -——

CUT  PRODABILITY CUT MEMBERS(LIRKS)

o e 2 s o e e o S 22 e s

1 8.792771LE-01 1
2 0.570032r-03 1

@ 8 N

3 ©.116904L-01 2

*%¥kk ALL PROBABILITIES ARE IN DAYS/PERIOD iokkx
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POWER TECIROLOGIES, IKC.
MULTI-AREA RELIABILITY PROGRAM:

ANCIONACE - FAIRBANKS TRARSMISSION INTERTIE ECOROMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979

~~— MINIMAL €UTS AND DEFICIENT NODES(AREAS) —~=

CUT PROBABILITY NODES(ARTAS) IN DEFICIENRT REGION

— ——— g S it e o - —

1 0.792771E-01 1 ANCIIOR 2 FAIRBA
2 0.370032E~-03 1 ANCIIOR
3 0.116964LE-01 2 FAIRBA

*#xxk%k ALL PROBABILITIES ARE IN DAYS/PERIQOD *kikkkx
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TOWER TECINOLCGIES, IRC.
MULTI-AREA PELIABILITY PROGRAM:

ANCHORACE — FAIRBANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1-15-1979

=== PROBABILITY THAT EACH LINE IS LIMITING ---

DESCRIPTION TOTAL FORWARD REVERSE
LINE LIRK AREA TO AREA PROBABILITY DIRECTION DIRECTIOR

o o 0

1 3 1 ANCHOR TO 2 FAIRBA 0.122604E-01 0.116904E-01 0.570032E-03

*¥¥xX¥k ALL PRODABILITIES ARE IN DAYS/PERIOD ki«
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POWVER TECHNOLOGIES, INC.
MULTI-AREA RELIABILITY PROGRAM:

ANCHORAGE -~ 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.

. ANEA ANEA
SEASON ANCHOR FAIRBA
1 0.0021 0.3096

2 0.0000 0.0071

3 0.0000 0.0000

4 0.0000 0.0000

5 ©.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 TECIIROLOGIES, IMNC,
MULTI-AREA RELIABILITY PROGRAM:

ANICHORAGE - FAIDRBARKS TRANSHMISSION IRTERTIE ECOROMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 198% : IRTERCORKRECTED - 1/15/1979

ISOLATED SITUATION - SUMMARY @
EXPECTED MW-DAYS LOSS BY SEASONS.

ATLEA ANEA

SEASON ANCHOR FAINBA
1 0.09 7.45

2 0.00 0.14

3 0.00 0.00

4 0.00 0.00

3] 0.090 0.00

6 0.00 ©.00

(4 0.00 0.00

5] 0.909 .00

9 8.87 44.23
YEARL 8.9548 51.8097

Ry
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POWER TECINOLOGIES, IRC.
IZULTI-AREA RELIABILITY PROGRANM'

ANCHONAGE — FAIRBANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2~AREA NELIABILITY STUDY -~ YEAR 1989 : INTERCONNECTED - 1/15/1979

ISOLATED SITUATION - SUMMARY ¢
EXPECTED MW DEFICIENCY BY SEASON.

AREA AREA

SEASOR AKRCIIOR FAIRBA
1 42.38 24.04
é 183.87 19.22
3 9.00 0.00
4 0.00 0.00
L] 0.00 .00
b 0.00 6.Co
k4 0.00 6.00
8 .00 0.00
9 60.24 27.85

IRDICES FOR TIE YEAR :
MW-DAYS &.95 51.81
LOLP-DAYS 0.13 1.90
E(HMW) 59.99 27.20

el
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POWER TECHNOLOGIES, INC.
MULTI-ANEA RELIABILITY PROGRAM)

ANCIIORACE - FAINDBANKS TRANSMISSIOR IRTERTIE ECOROMIC FEASIBILITY
2-AIlEA RELIABILITY STUDY - YEAR 1989 : INTERCORNECTED ~ 1-/15-/1979%

INTERCOIINECTED WITH LOAD LOSS SHARIRG :
ANREA LOLP IN DAYS-/PERIOD BY SEASONS.

AREA AREA

SEASORN ARCIIOR FAIRBA
1 0.¢004 0.0020

2 0.0000 0.0000

3 6.0000 ¢.0000

4 0.0000 0.0000

8 0.0000 0.06000

6 0.0000 0.6000

7 0.6000 0.000606

8 0.0000 9,0000

9 0.0794 9.0890
YEAR 0.90798 0.0910



POWER TECENOLOGIES, INC.
MULTI-ARSA RELIABILITY PROGHRAM:

ANCHORACE - FAIRBANKS TRANRSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1989 : INTERCONRECTED - 1/15/1979

IRTERCORNECTED WITH NO LOAD LOSS SHARIKNG :

€¢ = 0

AREA LOLP [N DAYS/PERIOD BY SEASONS.

ARFA ATEA

SEASON ANCHOR FAIRBA
1 0.0003 0.0017

2 0.0¢00 9.0000

3 0.6000 0.0000

4 0.0600 0.0000

] 8.0000 ©.0000

6 0.0000 0.¢000

7 0.0000 0.0000

8 9.0000 9.0000

2 0.0673 6.0378
YEAR 0.0677 0.03%4



¥ - 3J

POWER TECHNOLOGIES, IKNC.
MULTI-AREA RELIABILITY PROCGRAM:

ANCHORACE ~ FAIRBARKS TRARSMISSIOR IRTERTIE ECOROMIC FEASIBILITY
2~AREA RELIABILITY STUDY ~ YEAR 1989 : INTERCONRECTED -~ 1/13/1979

~-~ SYSTEM RESULT SUMMARY IN PER UNIT —-

PROBABILITY OF SUCCESS EVENTS = 0.999648E+00
PROBABILITY OF FAILURE EVENTS 5  0.352068E-€3
PROBABILITY OF NEGLECTED UNSPECIFIED EVENTS = §,270125E-08
SUM OF TIHE ABOVE 3 PROBABILITIES = 0.100C00E+01

PROBABILITY OF UNCLASSIFIED FAILURE EVENTS = ©.620649E-69

Rk R R R R R R R R Rk ROk R R R KRR R Rk
*¥x NOTE: THE SUM OF THE FIRST 3 MUST BE 1.0000 Xwx
sk WITHIN REASONABLE TOLERANCE. Kk
PEEEE T IS TEEIEEETEPEETETERE SIS SR IRE S LS LR SRS

DEFIRITION OF EVENTS :

SUCCESS : ALL LOADS SATISFIED.

FAILUNE : ONE OR MORE AREA LOADS NOT SATISFIED.
UNSPECIFIED : NOT IDERTIFIED AS EITHER SUCCESS OR FAILURE.

UNCLASSED FAILURE : CAUSE OF FAILURE NOT ESTAELISHED,
CAUSE OF TFAILURE IS INDICATED BY MINIMAL CUTS.

TOTAL ELAPSED TIME IN CPUS = 20

dkiopck END OF PROGRAM MAREL sackiek
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ANCHORAGE - FAIRBARKS TRARNSMISSION INTERTIE ECONOMIC FEASIBILITY

ANCIIORAGE - FAINDANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY - YEAR 1996 : INTERCONNECTED -~ 1/15/1979

2 1 0 0 0 0 © 0 ) 0
] 4] 0 0 1 4] 0 9 o 0
0 0 0 0 4] 0
1 1 1 4
1996
0.1E-07 0.2E~-07 9.5E-05
9.01 0.10
2 1 50
2 1 0 2 2
ARCHONFAINRBA
1 2 2

1 0 0 0.00400%
2 130 130 0.996000
L.OAD DATA IN PER UNIT INTERVAL DURATION CURVE

TwWO AREA SYSTEM JANUARY 15 1979
1 1 1
2 10 26 14 1983

9
1 0.01 1,09 0

1111112283445656677889999909

0600000000000000000000 000

1 ANCHOR 20 0.0

789. 877. 977. 1080. 1196. 1313. 1441. 1581. 1724. 1881.

2041. 2215, 2402. 25391,

.E383 .6667 ,7404 .75C0 .6G71 .6346 .6122 ,5865 .5481 .5303 .5224 .5160 .5064
.4904 .5032 .49608 .5160 .5737 .5769 .6154 .6827 ,.8429 .8526 .91351,0000 .8301

1.C020 ,9769 .9731 .9538 .9500 ,9402 .8262 .8731 .8577 .8423
1.6000 .93%8 .9663 .9663 .2615 ,92615 .95G19 .9519 .94283 .93Y5
1.G000 .9913 .9784 .9827 .2697 .92654 .9437 .2307 ,9221 .8918
1.6000 .2829 .9487 .9359 .9017 .88589 .84889 .88046 .8333 .8534
1.0000 .9512 .9317¢ .9171 9171 .9073 .9073 .9024 ,90024 .8976
1.0600 .9340 .9793 .9747 .9646 .9495 .9444 .9343 .9293 .9141
1.6000 .9685 .9634 .9529 .9529 .9476 .9424 .9372 .90358 .2038
1.0038 .9781 .9727 .9617 .93G3 .9363 .2844 .98344 .0071 ,2071
1.C000 ,08C3 .CUE63 .%825 .9823 .9703 .9708 .9649 ,9501 .9418
1.C030 ,9940 .9020 .9701 .9381 .9461 .9401 .9341 .9241 .9162
1.0600 .9939 .0877 ,92571 .9571 .9509 .95469 .9448 .0202 .8389
1.0600 .9958 .9214 ,968% .9565 .9379 .937% .0479 .9253 .9255
1.6030 ,9310 .9684 .9620 .%4%4 .9494 .2430 .9367 ,.9204 .9177
1.0000 .9804 .9739 .9739 .9673 .96083 .0G42 9542 .9477 8824
1.¢006 .9373 .9745 ,9554 ,04090 .9420 .24327 .9427 .9220 .2299
1.60001.C000 .9933 .0871 .C805 9742 (9677 .9613 .9548 .9484
1.0039 .9930 .9314 .9GL0 .09627 .95435 .953605 .2441 ,9441 9379
1.0000 ,9777 ,96C09 .9441 ,9274 .9106 .L843 .B715 .08716 8615
1.€000 .9944 .9944 ,0722 ,0722 .9722 .9611 .2274 .2222 .022
1.G0D0 .9943 .98956 .9826 .9647 0583 9531 .23475 .9323 .6H802
1.0000 .9339 .9484 .9437 .9390 .92926 ,0249 .9202 .9135 .9014
1.0630 .9962 ,0638 .9465 .9468 .9087 7085 77907 7719 .&GO5
1.000601.0000 .9007 .9662 .9549 .9G11 .9474 .2390 .9361 .0323
1.0390 .9734 ,8632 .B396 .0421 .0386 83356 .8286 .0386 .B175
1.00C0 .98450 .2672 .9319 .0359 ,9327 .0327 .9135 .B6eLG4 .80435
1.0000 .9730 .9730 .9614 .9614 ,9575 .9575 .9537 .9421 8340

2 FAIRBA 20 0.0

196. 212. 231, 249, 270. 291, 313, 338. 362, 390.

B

TAGE 0001
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ANICHORAGE -~ FAIRBANKXS TRAKSHISSION INTERTIE ECONOMIC FEASIBILITY

£16. 446, 477. Git.

8.27700.69900.73710.76048.57490.59710.56636.51110.43240.:41156.38330.37476.3587
©.35300.33000.41770.42010.43730.46190.53190.57490.89190.93870.93491.00008.7696

1.6G09010.57400,04670.94670.24530,931306. 80486, 86340. 842908, 8177
1.68230.93670.92720.92790.9C5310. 82282, 88050, 863949.827920.789 1
1.CGD00,99320.¢6670.94830.94500.92330,90330.£8869.86070., 8267
1.06550.97509.¢6120.94510.£6910.83209,823990.,561100.79000:6769
1.00000.9233060.908290.95940.93300,945606.91810.90816.90170. 85625
1.00700.99720.9¢590.98770.97940.95820.923620.90336. 893090, 6527
1.CC0C0.928409.05010.93710.91970.89370.82070.87200.85129.£091
1.6C000.96870.26150.95120.93519.91590.88706.40220. 87682, 8506
1.060203.9915306.991558.991508.87160.96070.903189. 89289, 88920. 8693
1.G0201.08060.05120,93130.92540.92820.92240.20750. 904590, 8935
1.CC083.99040.99040.94350.92310.91900.91670.91350. 678520, 85538
1.0650D.96729.05410.92720.92460.90400. 62840.069510. {7670, 8721
1.08000.26820,06020.95820.95890.94520.94323.93150.922120.9041
1.000200.¢8960.97220.96070.95230.94790.93100.92360.02010. 8567
1.C8200.96770.93870.93230.91220.90320.920320.90320. 87100. 8677
1.6G0009.87250.07060.86700. 06460, 85289, 84710, 84416.83520, 8539
1.00000.04440.46640.90640.62479. 82750, 82750.82460. 51576, 8012
1.C0C0.99720.97730.963536.06250.94940.900820.93320,01010.8004
1.C0030,.99470.96810.93090.92820,.002606.90606.20160. 8530, 8836
1.00000.93250.93300.91450.90900.89610.80%10. L5450, 86370, 8568
1.C07C0.99150.98009.97650.924020.92950.92748.91609.91450.9017
$.C00C0.96690.91186.062260.000B46.79890.73970.64460.61020.6088
1.C0730,97710.01050.90790.20790. 89340. 88250, 82359. 06320 . B434
1.€0000.97110.86340.083050.81870.79639.79240.74510.73320.7201
£.¢82C0.99510.98160.97209.97170.93509.91650.85450. 82430.6218
1.C0060.99040.93920.92C10. 859940, 82980.88500.84826.61310.7971
GENERATCR UNIT DATA FOR ANCHORAGE-FAIRDANKS STUDY
TVO AREA SYSTEHM JANUARY 15 1979

1 1 1
' 1 1.0E-12
ANCIIOR. 44 12
1.0
1 ARCH 1 15 0.0655
2 ANCH 2 15 0.035
3 ANCII 8 19 0.035
4 ALCH 4 32 0.055
3 ANCIH § 37 ©0.0355
6 ~ICH 6 12 0.0G5
7 ALCDL 7 73 0.035
8 AnCIIZS 21 0.035
o ALCH 8 73 0.000
10 DELU 1 15 0.035
11 DELU 2 13 0.055
12 DELU 3 34 0.053
i3 DELU 4 9 0.055
14 GZLU 5 54 0.035
15 DFLU 6 680 0.630
16 DTZLU 7 63 0.C655
17 BELU & 68 0.0353
18 BERN 1 8 0.035
19 PIRN 2 20 0.053
ZO0 BLIUT 3 24 0.055

PAGE 6002
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ARNCIORACE - FAINBANKS

21
22
23
24
25
26
27
23
29
30
31
a2
23
34
35
35
37

30

39
40
41

2]

et

43

3
e 3

45
=99

DR FALUTHLIN =

Ll )
LY SR

—
(=1

[P
~l

14

[ I
Q0

INTL
INTL
INTL
conp
COoPp
KT
117L
INTL
INTL
IITL
HOIER
EY1.UTH
LBELY 9
ARCIL 6
ARCINLIO
COAL 1
ARCIIT1
COAL 2
COAL 3
COAL 4
COAL §
PEAKAL
CEN 1
GENl 2
PEAKA2

A I PO = N

coo? 1
coo2 2
EKLUTH

JFAINBA

[~

CTIEN
CIER
CIER
CHEN
CIIEN
CHEN
DIES
DILS
DILS
ZEHIN
ZEUI'N
ZEIN
ZEHT
ZELNDI
ZEI'ND2
ZEHND3
ZEINDS
ZELND3
HEAL 1
IEAL D

AN SR AR SN WS I AN SR

14
14
19

15
71
71
71
71

30
(4!
76
104
209
104
209
200
200
200
70
300
3¢co
78

26

[~

Ll o
WO LWLahNNNLOWLAOONIDMN

n

TT LI Qe 81 CTL1 2 CY T

COQOOCOO

(=g Rw]
QOO
(SN
~

OO0 Q

<1y
NN aa

RamaIzEanzaas

0.057
0.037
©.057
0.633
0.079
0.079
0.035

12

0.059
0.03539
0.639
0.659
0.053
0.0355
0.295
0.295
0.293
0.035
0.035
0.033
0.055
0.295
0.293
0.223
0.295
0.293
0.059
0.293

TRANSMISSION INTERTIE ECONOMIC FEASIBILITY PAGE 0003
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171985
171986
171987
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171962
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ANCIIORAGE -~ FAIRDARKS

21

9

23
25
a7
28
~09
—()9

=99

RORT 1
ROLT 2
UALASK
COALFL
COALF2
COALF3

65
63
3
100
160
100

COO0OO0

. 0335
035
. 293
037 N
037 K
057 N

TRANSHMISSIOR INTERTIE ECOROMIC FEASIBILITY

171988
171992
171995
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APPENDIX D
DATA AND COST ESTIMATES FOR TRANSMISSION
INTERTIE AND GENERATING PLANTS




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 1IC Case 1D C(Case 11

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
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 9,05 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 95,532 68,874 205,814

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
CASES |IA & IB

19481=1 1981=2 1982=1 1982~=2 1983=-1 1983=2 TOTAL
1. TRANSNISSION LINE
ENGINEERING AND CONSTRUCTIOUN .

SUPERVISIUN 452 753 1] 392 693 723 3012
RIGHI OF WAY 0 2209 6ol 0 [t} v 8837
FOURDAT [EINS 0 ] ] 22h0 blbh 0 BG4S
1UHERS Q 1] U 0 97l 11888 21615
HARDNARE 0 0 0 0 72 405 417
INSULATORS 0 0 0 0 75 428 503
CONDUCTOR 0 [ /] L] 1614 9147 10761

- D e S S D S D D S P D P D D A D AP D AP S G S AR S G A A A
SuB=TUTAL 452 2962 6628 2672 18346 22591 53650
2. SUBSTATIONS
ENGINEERING & CONSTRUCTION

SUPERVISION 270 270 270 270 135 135 1352
L AND 57 0 0 0 0 0 57
TRANSFORMERS 0 [+ 341 596 596 176 1703
CIRCUIY BREAKERS 0 0 219 383 383 109 1093
STATION EQWULIPHMENT 0 [ 245 428 428 122 1223
STRUCTURES & ACCESSURIES 1] 0 126 1451 1451 (] 3628

SUB=TOTAL 3e7 270 1800 3128 2993 937 9056
3. CONTROL AND COMMUNICATIONS

ENGINEERING AND INSTALLATION

SUPERVISION ¢ Q 0 [} 54 71 125
EQUIPMENT 4] 0 0 [ 950 1425 2375

SUB=TOTAL 0 0 0 0 1004 1496 2500
TOTAL 779 3233 s428 5800 22342 24624 65206
TOTAL FOR YEAR 1] 4012 0 14228 1] 46967 65206
CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE
CASE IC
1981=1 1981=2 1982-1 1982=2 1983=1 1983=2 TOTAL
1. TRANSMISSION LINE
ENGINEERING AND CONSTRUCTION
SUPERYISBICN 1198 1997 0 1038 1837 1917 79828
RIGHT OF wAY 0 1893 5680 0 0 0 7573
FUUNUATIUNS 0 0 0 3283 8&77 0 12160
TOAEHS [+ ] 0 0 15296 18695 33990
HARD & AKE [ )] 0 0 72 40s a77
INSULATCRS ¢ 0 0 0 113 642 755
CONULTOR 0 0 0 1] 2649 15014 17663
SUH=TuTAL 1198 3890 5680 4322 208844 348672 80606
2. SUBSTATIONS
ENGINEERING & CONSTRUCTION
SUPERVISION KYA! 371 371 374 186 186 1855
LLAND 46 [ 0 0 0 0 46
TRANSFUKRMERS 0 0 658 1152 1152 329 3291
LIKRCUIT BREAKERS 0 0 265 463 463 132 1323
STATION EQUIPMENT 0 0 387 677 677 193 1933
STHULTURES & ACCESSORIES 0 0 796 1591 1591 1] 3978
ceecmcccsccccemmean= - ceccmcrmermsccsmcccmcmessnna—n
SUB=TOTAL 417 371 2476 4254 4068 840 12426
3. CONTROL AND COMMUNICATIONS
ENGINEERING AND INSTALLATION
SUPERVISTON 0 0 0 0 54 71 125
EQUIPMENT 0 0 0 0 950 1428 2375
SUB=TOTAL 0 0 0 0 1004 1498 2500
TOTAL 1615 4261 81546 8s57s 339106 39009 95532
TOTAL FOR YEAR 0 5876 ] 16731 0 72925 95532

L
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CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE

CASE ID
1981-2 1982-1 198?72 19831 1983=-2 TOTAL
1. TRANSMISSION LINE
ENGINEERING AND CONSTRUCTION
SUPERVISTON 452 753 0 392 693 723 Ipl1e
RIGHT OF WAY 0 2209 6628 0 0 0 8837
FOUNDATTONS 0 0 0 2380 b165 0 BUUS
TONENS 0 0 0 o 9727 11880 2ib15
HARDWARE 0 0 0 0 12 405 477
INSULATORS 0 0 0 0 75 428 503
CONDUCTOR 0 0 0 \ 1614 9147 10761
SUB=TOTAL 452 2962 6628 2a4Te 18346 22591 53650
2. SUBSTATIONS
ENGTNEERING & CONSTRUCTION
SUPERVISTON 563 563 563 563 282 782 2816
LAND 81 0 0 0 0 0 81
TRANSFORMERS 0 0 341 596 596 170 170%
CIRCUIT BREAKERS 0 ] 191 684 684 195 1953
STATION EQUIPMENT 0 0 269 a7t 47 135 1345
STRUCTURES & ACCESSORIES 0 0 805 1610 1610 0 4026
SUB=-TOTAL 644 563 2369 3924 3642 782 11924
3, CONTROL AND COMMUNICATIONS
ENGINEERING AND INSTALLATION
SUPERVTISION 0 0 0 0 71 94 165
EQUIPMENT 0 0 0 0 1254 1881 3135
SUB=TOTAL 0 0 0 0 1325 1975 3300
TOTAL 1096 3525 8995 65984 233173 25348 6BB74
TOTAL FOR YEAR 0 4621 0 15597 0 48661 68R74
CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE
CASE I
1981=-1 1981~2 1982-1 1982=2 1983=1 1983=2 TOTAL
1. TRANSMISSION LINE
ENGINELPING AND CONSTRUCTION
SUPERVISION 2316 3861 0 2007 3552 3706 15442
QIGHT OF HWAY 0 3249 9746 ] 0 0 12994
FOQUNDATIONS 0 0 0 6201 16765 0 22966
TOWEKS3 0 0 0 0 29238 35736 64974
HARDWARE 0 0 0 0 164 932 1096
INSULATGRS 0 0 0 0 209 1187 1396
CUNDUCTUR 0 ¢ 0 0 5542 31404 36946
SUB=TOTAL ‘2316 7109 9746 B208 55471 72964 155814
2. SUHSTATIONS
ENGINEERING & CONSTRUCTION
SUPERVISICON 1380 13890 1380 1380 690 690 6902
LA~D 185 0 0 ] 0 0 145
TRANSFURMEKRS 0 il 2383 4171 4178 1192 11917
CIRLUIT HBREAKERS 0 0 1282 2244 2244 641 6410
STATION EQUIPHMENT 90 0 875 1531 1531 438 437s
STRUCTURES & ACCESSORIES 0 [} 3242 6564 6564 0 16411
SUB~TOTAL 1565 1380 9203 15890 15200 2960 46200
1. CONTROL AND COMMUNICATIONS
ENGINEERING AND INSTALLATION
SUPERYISIUN 0 0 [V 0 86 114 200
EQUIPMENT 0 ] 0 0 L1440 2160 3600
SUB=TOTAL 0 0 0 0 1526 2274 3800
TOTAL 3882 8489 18948 24099 72197 78198 205814
TOTAL FOR YEAR 0 12371 0 43047 0 150396 205814

D -3




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-kVY, 12-MYAR Shunt Reactor Bank
Structures and Accessories

4 13.8-kV Circuit Breaker
Structures and Accessories

4 13.8-kV Air Disconnect Switch
Structures and Accessgries

4 1¢ - 48 MVYA, 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

$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 108,000
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 18, 46 MVA, 138/230-kV Autotransformer 984,000
Structures and Accessories 516,000
3 230-kV Circuit Breaker - 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/ 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 18 - 48-MVA, 138/345-kV Autotransformer
Structures and Accessories

2 345-kVY Circuit Breaker
Structures and Accessories

5 345-kV Air Disconnect Switch
Structures and Accessories

4 1@ -~ 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
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$ 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

39,000
30,000

8,000
16,000

-



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 $53,652,000
Anchorage Substation 3,976,000
Palmer Substation 1,434,000
Healy Substation 1,434,000
Ester Substation 5,080,000
Control and Communications System 3,300,000
TOTAL $68,876,000
2. 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

R B Bt

$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 14 - 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

_ Ty

$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

s



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-kV 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



Ester Substation Costs (Continued)

Case II, Anchorage - Upper Susitna - Fairbanks

9 230-kV Air Disconnect Switch
Structures and Accessories

3  230-kV, 16-MVAR Reactor
Structures and Accessories

lLand 3 acres

TOTAL

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

Cost Summary

Anchorage - Devil Canyon T/L @ $506,640 per mile*
Devil Canyon - Ester T/L @ $353,386 per mile*
Watana - Devil Canyon T/L @ $388,698 per mile*
Anchorage Substation

Devil Canyon Substation

Ester Substation

Watana Substation

Control and Communications System

TOTAL

* Includes two single-circuit lines.
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$ 157,000
528,000

474,000
356,000

34,000
$5, 080,000

$ 78,529,000
66,790,000
10,495,000
23,160,000
10,109,000
11,339,000

1,592,000
3,800, 000

$205, 814,000

/
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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

18 - 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. Ester Substation Cost

18

138-kV Circuit Breaker
Structures and Accessories

138-kV Air Disconnect Switch
Structures and Accessories

19 - 65-MVA, 138/345-kV 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

5. Watana Substation Cost

3

230-kV Circuit Breakers
Structures and Accessories

230-kV Disconnect Switch
Structures and Accessories

Land

TOTAL
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$ 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:

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.1/ 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/kwW
Assoc. Transm. 3,549,000
Total Capital Investment $27,934,000 or  $405/kW

Disbursements - $1000

Pre-Operational Perjod 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 . S . s s .
I/ 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 = o = 1.35
Estimated Cost = $473/kW or $33,548,000

i

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/mile
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

01sbursements:

1979 Baseline Costs

Pre-Operational Period 1st Year 2nd Year

Independent Expansion 1983 1984

Interconnected Expansion 1984 1985

Proportion of Total 10% 90%

Investment - $1000

Transm. & Substations 395 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 Baseline Cost Levels:

69 MW GT Unit Total Cost
78 MW GT Unit Total Cost

I

$25,185,000 or $365/kW
$28,080,000 or $360/kW

i

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.

Schedulied 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 last unit at Devil

Canyon would be on-1ine 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 Coal-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 location adjustment factor

from Table 6.3 P. 6.12 of Battelle Study Report:

From Healy to Anchorage - Location Factor =

Applying this factor, Total Costs

1.7/2

42 = 0.70
$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 1,878 2,009
2. 1983 1988 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 Unit 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 increased 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
With FGD

$120,000,000
$130,000,000

or $1200/kw
or $1300/kwW

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)

Substation

Transmission

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
D-20
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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) @ $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/kwW $274,000 or $913/kW

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 piant location at

Beluga, in sufficient proximity to assume cost basis to be identicatl,

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:

5. 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 planning 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 line 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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A.  Alternative 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
T1ine 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.
Fscalating @ 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:

$1050 x 4050
$1377 x 3355

I

$4,252 500
$4,647,375

I

Watana

i
i

Devil Canyon

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 loading which tends to
compensate for an initial lower estimate of construction power requirements

by a factor equivalent to projected diversity.
Average Energy Usage Per Year:

Watana 3750 (0.65 + 0.30) 8789 wwh = 15,603,750 Kkwh
2

Say 15.60 GWh/yr for 6 yrs.

Devil Canyon 3350 (0.65 + 0.30) 8760 kWwh = 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 0i1 - 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 QPERATING COSTS

Diesel Fuel Including Lube 011 0&M Total Operating Cost
Year ¢/gal mills/kwWh (mills/kWh) (milis/kWh)
1977 43.3 33.3 1.7 35.0
1978 48.1 37.0 1.9 38.9
1979 53.3 41.0 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

It

Installed Cost (new)

Depreciation/Year

$4,252,500 (1985)
283,500
Depreciated Value (1991) 6-Year Period = $%$2,551,500

2. Devil Canyon Installation

1

Installed Cost (new) $4 647,375 (1989)
Depreciation/Year 309,825
Depreciated Value (1994) 5-Year Period = $3,098,250

H

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 PwW!' 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 Toading conditions and time frame as per Alternative 1.
2. Sequence of temporary construction as per previous assumptions.

3. Reuse of substation equipment possible after construction program
completed but no salvage value on 1ine material. (Note: Possible
reuse as distribution 1ine to recreational areas.) Assume resale
value of substation equipment to be depreciated value based on
25-year life of facilities.

4, Cost of power based on wholesale rates in Railbelt area.

From previous estimates for Tine and substation facilities:

Construction Costs:
69-kV subtransmission 1ine - $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



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 Tevels.

$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 T°ta1<< 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 large 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 Levels
1980 10% 18
1981 20
1982 22
1983 24
1984 8% 26
1985 28
1986 30 27.3 30.2
1987 M,J 32
1988 ) 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

Assumption: 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
1989 37 19,447.2 9,723.6 162.1 18.5
1930 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 ($/kW) (mills/kWh) Demand ($) 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 ($/kW) (mi1T1s/kwh) Demand ($) 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

2. Devil Canyon Substation
Installed Cost {(new)

$ 36.2/kVA (1989)

= $ 181,000

$ 7,240

$ 144,800 (1994) (5-year period)

Depreciation/Year

1

Depreciated Value

3. Susitna Tap Station/Watana Bus Tap
Installed Cost (new) = $ 262,000 (1985)
$ 10,480
$ 167,680 (1994) (7-year period)

i

Depreciation/Year

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 ($) (%) ($) ($)
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  0.41496 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.

Discounted Cost of Diesel Generation Alternative

B/C Ratio Discounted Cost of Tapline Alternative

1

10,237,198
5,249,548

H

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 /% 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 I1I
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



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

-500%/

D - 37

(Interconnected)
Tapline

Supply

267
483
481
478
752
902
734
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 Tine
losses in the transmission intertie, which would amount to

1.5 GWh/yr.
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Comparative Fuel Costs:

ANCH 9 - 78 MW SCGT NORT 3 - 69 MW SCGT
From Battelle Report (see Figure D-3) From Stanley Consultants Report P. 21
See Figure D-1 1978 Fuel Cost = $1.98/MBTU
Trend Curve for HR8444 New Gas Escalating @ 10% per yearl/:
with 8% inflation and escalation 1985 Fuel Cost = $3.86/MBTU
1985 Fuel Cost = $3.60/MBTU For distillate from North Pole refinery
Net Heat Rate = 14,500 BTU/kWh From Table 6, P. 22:
Annual Cost of Fuel (ACF) Net Heat Rate = 15,130 BTU/kWh
to generate 145 GWh: Annual Cost of Fuel (ACF)
ACF @ 0.21 PCFg/ = $3.60 x 145 x 14,500 to generate 145 GWh:
= $7,569,000 ACF @ 0.24 PCFg/ = $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 ANCH 10 - 104 MW coal-fired
to CEA system, the inter- plant is added to AML&P
connection having served to system for both independent
delay the in-service of the and interconnected system
combustion turbine by one year. expansions. KNIK A - 15 MW
It is assumed that this unit thermal power plant (CEA) is also
will be operated for supply to retired from both expansions.

CEA system only during first

year of operation.

The relative economic advantage is attributable to the fuel cost
differential between distillate for NORT 3 generation and Beluga
gas for generatjon by either ANCH 9 or BELU 9. Selecting ANCH 9
as in the previous analysis for 1985:

1/

2/ PCF = Plant Capacity Factor.

7% inflation + 3% escalation.
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Comparative Fuel Costs:

ANCH 9 - 79 MW SCGT

il

1986 Fuel Cost $4.00/MBTU

Net Heat Rate 14,500 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

ACF @ 0.21 PCF = $8,410,000

1}

NORT 3 - 69 MW SCGT

1986 Fuel Cost $4.25/MBTU

Net Heat Rate 15,130 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

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 Tocally 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

1987 Fuel Cost $4.25/MBTU

Net Heat Rate 14,500 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

ACF @ 0.21 PCF = $8,936,000

il

NORT 3 - 69 MW SCGT

1987 Fuel Cost $4.68/MBTU

Net Heat Rate 15,130 BTU/kWh
Annual Cost of Fuel (ACF)

to generate 145 GWh:

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 generate 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/KkWh 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
added to AML&P system in this
year for interconnected ex-
pansion, after an interval of

PEAK Al - 78 MW combustion
turbine in-service from beginning
of year, for independent ex-
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 52.4/MBTUL $2.00/MBTUZ/
Net Heat Rate 10,700 BTU/kdh 10,700 BTU/KWh
ACF to generate 337 GWh $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 loss, 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 differential cost of fuel.

Comparative Fuel Costs:

e ANCH 11 e C(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

[t 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 1in the is added to the system in the
Anchorage area. Fairbanks area.

As COAL F3 is common to both the independent and interconnected
system 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:

e PEAK AZ 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 Toss = $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 e 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

Nomoaram calculates
DOONONY Ol scale
N power plants

By JAMES McALISTER, Arkansas Power & Light Co.

Historically, the per unit cost of
Iairger 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:

(C/Cs) - (MW, /MW,)°
Where:
C, cost of plant 1
C, cost of plant 2

MW, capability of plant 1
MW. capability of plant 2
P proportionatity factor

MW
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For many years, this proportionality
factor averaged about 0.6, 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
plants of different sizes. It assumes,
of course, that they are essentially
identical in construction technigue,
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
point with 0.2 on C, scale and extend
to C, scale. Read answer as $0.53
billion. END

To obtaln an extra copy of this article,
circle 206 on Reader Service Card
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FIGURE D-3
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APPENDIX E

TRANSMISSION LINE ECONOMIC ANALYSIS PROGRAM (TLEAP)
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79 ALASKA POWER AUTHORITY
ANCHORAGE ~ ‘FAIRBANKS INTERTIE
_ ECONOMIC FEASIBILTTY STUDY

TABLE 8-=1

o DISCOURTED VALUE UF BASE YEAR (1979) INDEPENDENT SYSTEM COSTS
IN 31000
e o > ~»==FSCALATION RATES=~ecmomreenccc e e e Emem——-———-n- -
DISCOUNT 0% 4% S% 6% 7% 8z 9% 10% 11% 12%

QAIE TS EZEx Ss===x=¢&= sa====== ===z =Z<cT ===z ======= ======= = ====z=== ==-=====
.00 RN 394,109 383,978 427,474 469,977 516,903  S$65,712 625,909 689,048 758,736
8.25 239,365 I4e, 235 380,203 417,69% 459,079 504,760 555, 184 610,83%9 672,263 740,046
S 8.0 234,394 0 33K,581 371,075 408,193 448,493 492,967 S42,048 596,209 69%,972 721,910
.75 229,556 331,140 Io3, 380 398,960 438,209 481,913 529,292 582,005 640,159 704,309
.00 22498497 323,904 355, 328 389,987 428,217 a7e¢,386 516,903 568,213 624,804 687,225
9,25 220,202 316,868 347,495 3R1,266 418,507 459,576 504,870 554,820 609,903 AT0,641
G50 215,798 3lu,u24 339,378 372,787 409,070 449,073 d493%,181 541,812 595,439 654,541
.75 211,451 333,368 332,471 364,545 399,897 438,867 4rt, 824 529,177 581,375 638,909
10.00 21,217 290, RuU2 325,20/ 356,530 390,941 428,947 47y, 789 516,903 867,724 625,729
10.25 205,093 290,591 318,259 348,73%6 iaeg, %12 419; 305 460,066 504,978 554,464 608,986
10,50 199,078 284,461 311,445 341,156 373%,883 449,932 449,044 493,390 541,581 594,667
14,79 195,162 275,494 304,310 533,783 365,546 49¢,820 439,513 482,129 529,065 580,757
11,090 191,348 272,687 298, 357 326,611 357,714 391,959 429,665 471,185 516,903 567,244
11,25 187,631 267,054 292,076 519,632 349,960 383,345 420,091 460,540 50%,084 554,114
11,50 184,008 261,53 2R5,963 312,842 342,417 374,963 419,781 450,204 493,596 541,355
11,75 180,476 256,172 2R0,015% 306,234 535,074 360,811 401,728 440,149 aue, 429 528,955
12,00 177,033 250,953 270,220 299,802 327,93%6 358,882 ° 592,923 430,372 471,574 516,903

DISCOUNTED VALUE OF BASE YEAR (1979) INTERCONNECTED SYSTEM (0STS
IN %1060
----------------------------------------- ESCALATION RATES-=eccncrc e rn v e s e e e e e m - e
DISCOUNT 0% a% S% 6% 1% 8z 9% 10% 117 12%

RATE —==o==z=z ======= =z==z==z ==z==== ===zz== s=====z2 —=z===== z==z=== EEr 3 T s=s====
8,00 233,560 351,674 390,188 433,136 481,019 534,389 593,8%9 660,105 733,474 A15,988
A.25 228,191 343,033 380,460 422,180 468,694 520,531 578,278 au2,5914 714,202 793,899
B,%0 222,950 334,650 471,078 411,573 456,758 597,104 565,184 625,633 695,151 772,510
4,75 217,922 326,528 dal,s83 401,284 445,180 494,092 548,560 609,202 676,699 751,797
9,00 213%,011 318,016 353,015 391, 509 43%3%,969 481,482 534, 589 595,284 658,825 731,736
9.25 208,242 311,000 344,414 381,636 425,094 469,260 520,656 577,860 641,509 712,304
Q.50 203,610 305%,5K2 136,072 372,257 412,551 457,412 507,346 562,914 624,731 693,479
9,75 199,112 296, 385 527,980 363160 n02, 327 445,925 494,445 548,429 (8,474 675,241
10,00 194,744 289,401 320,129 354, 336 392,412 434,788 481,938 534,389 992,720 657,569
10,25 190,497 262,623 312,911 345,776 382,796 423,988 469,812 520,779 577,450 640, 444
10.50 186,373 27e,040% 305,118 337,471 473,468 413,513 058,054 507,58% 562,649 &25,847
10,75 1néds 304 269,650 297,943 129,412 04,418 a3, 354 446,652 a494, 192 5488, 300 607,760
C11.v 178,169 263,459 280,979 321,592 355,038 393,499 435,593 482,380 534, 589 592,166
11.25% {74,682 297,434 284,218 314,002 347,119 38%,938 424,567 470,355 Q20,900 577,048
11.50 171,000 251,587 277,054 506,634 338,851 374,661 414,461 458,686 S07,819 562, 589
11.75 167,421 245,908 271,281 299, 4482 330,826 365,659 404,365 447,367 495,132 548,174
12,00 163,741 240, 392 265,091 292,558 323,050 350,923 394,569 436, 386 482,827 534,389
3 3 A o | 3 3 | b | | i . ¥ | 3 §
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DISCOUNT
RATE
B.00
5425
8,50
b,75
Q.00
9,05
9,50
Q.75
10,00
10,25
10,50
10.75
11,00
11.25
11.590
11.75%
12.00

DISCOUNT
RATE

8,00
8.25
8,50
8,75
9.00
9.25
G.50
9.75
Tu01)
10,25
10,50
10,75
11.00
11.25
11.50
11.79
12.00

ALASKA POWER AUTHORITY
ANCHORAGE = FAIRBAMNKS INTERTIE
ECUNUMIC FEASIBILITY STuDY

DISCOUNTED VALUE OF BASE YEAR (1979) INDEPENDENT 3YSYEM COSTS

DISCUUNTEDR VALUE OF

IN $1000
B e T e e ——— memmeemESCALATION KATES=cccew—rmaaa
0% 4y S% 6% 7% B% 9%
204,472 354,109 388,978 427,474 469,977 516,903  S&8,712
299,365 346,235 380,203 417,695 459,079  S04,760 555,184
234,394 334,581 371,67% 406,193 448,493 492,967 542,048
229,556 331,140 363,386 398,960 433,209 481,513 529,292
22,8407 323,904 355, 328 389,987 424,217 470,386 516,903
220,262 31, b68 347,495 381,206 418,507 459,576  S04,B70
215,794 340,024 339,878 372,787 409,070 449,073 493,181
211,451 303, 568 332,471 364,545 399,897 438,867 481,824
20T, 217 290,892 325,267 350,530 399,981 424,947 470,789
203,093 290,591 318,259 348,730 382,312 419,305 460,066
199,476 2Bu, 461 311,443 341,156 373,883 409,932 449,084
195, 162 276,454 305,810 333,783 305,686 400,820 439,513
191,348 272,087 295,357 326,611 357,714 391,959 429,665
187,631 267,034 292,076 319,632 349,900 333,343 420,091
1R, 008 2ol,930  2B5,963 312,842 342,417 374,963 410,781
180,476 256,172 280,013 300,234 335,078 366,811 401,728
177,033 251,953 274,220  299,8u2 327,936 358,882 392,923

625,909
610,839
590,209
582,005
568,213
554,820
541,812
529,177
510,903
504,978
493,390
482,129
471,185
460' Sub
450,204
449,149
430,372

BASE YEAR (1979) INTERCONNECTED SYSTEM COSTS

IN 31000
e e b LD e e ———— ESCALATION RATES-==evver—an
0% ()4 5% b% 7% B% 9%
245,883 365,887 404,905 448,371 496,785 550,701 610,731
240,411 357,120 395,053 437,293 aBu, 332 536,706 595,008
235,098 34b,629 585,499 u26,5%3 472,201 523,143 579,773
229,939 340,388 370,23% 416,1