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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 spi nn'i ng reserve requi re-

ments, and provide the means for optimum economic dispatch of generating

plants on the interconnected system basis. The later integration of the

Upper Susitna Hydropower Project into the interconnected Anchorage-Fairbanks

power system would serve to increase the benefits already available from

early operation of the intertie. The work described in this report was

performed under the authority of the 26 October 1978 contract between the

Alaska Power Authority and the joint-venture of International Engineering

Company, Inc. (IECO) and Robert W. Retherford Associates (RWRA).

Alternative system expansion plans were developed and analyzed during

this study for each of the following areas:

• Independent Anchorage area
~

• Independent Fairbanks area

• Interconnected Anchorage-Fairbanks area

(generation reserve sharing option)

- • Interconnected Anchorage-Fairbanks area

(generation reserve sharing and firm power transfer option)

• Interconnected Anchorage-Fairbanks area (with inclusion of

the Upper Susitna Hydropower Project)

1 - 1
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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 1978, 8 Jan

uary 1979, and 14 February 1979) to review factors related to the inter

tie and to discuss preliminary findings of this study. The following

Ranbelt utilities were represented on the Intertie Advisory Committee:

• Anchorage Municipal Light & Power (AML&P)

• Copper Valley Electric Association" (CVEA)

• Chugach Electric Association (CEA)

• Fairbanks Municipal Utility System (FMUS)

• Golden Valley Electric Association (GVEA)

• Homer Electric 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.

1 - 2
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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.

Foll owi ng are the important aspects of work performed and the concl u

sions of this study.

2.1 STUDY SUMMARY

A. Load Forecasts for Railbelt Area

Load forecast is the basis for system expansion planning. The most re

cent load forecasts for the utility service areas in the Railbelt area

were examined to establish the basis for projection of future trends.

The sum of the most recent forecasts made by the individual utilities in

the area has been selected as the upper growth limit to the forecast

ranges for the Railbelt area. The median forecast prepared by the

Alaska Power Administration, as a revision to the Susitna Project Market

Study, was selected as the lower limit. The statistical average of

these two forecasts was calculated and used in this study as the "most

probable ll forecast.

The long-range IImost probable ll load demand projections in MW for the

load areas are:

Anchorage Fai rbanks Combined System

1980 573 153 749
1985 977 231 1194
1990 1581 338 1869
1995 2402 477 2842
2000 3446 663 4054

2 - 1
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Alternative transmission corridors considered in previous studies were

analyzed as to accessibility, cost of right-of-way, transmission line

design, and environmental and aesthetic considerations. The preferred

corridor described in the Susitna Report, along the Parks Highway from

Anchorage to Fairbanks, was selected for the intertie route. It was

selected because of its favorable length, accessibility, and environ

mental considerations. This corridor was further defined by preparing
preliminary layouts. Field trips to important sites along this 323-mile

1i ne route were made to confi rm the suitabil ity at thi s corri dor for the
intertie.

C. Transmission Line Design

To provide a basis for intertie cost estimation, conceptual designs for

230-kV and 345-kV transmission lines and substations were made. The

transmission Line Cost Analysis Program (TLCAP), a computer program de

veloped by IECD, was used to select optimum designs. The results fa

vored relatively long spans (1300 feet) and high-strength conductors.

Tubular steel, guyed towers and pile-type foundations were selected for

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

D. System Expansion Plans

To determine the intertieJs economic feasibility, alternative system ex

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

tie. All system expansion plans were prepared to meet the lImost pro
bable" load demand projections.

2 - 2
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To assume a nearly constant level of generation reliability (LOLP Index)

for all system expansion plans, a multi-area reliability (MAREL) compu

ter study was performed. Annual load models for both areas were de

veloped. The load models indicate that there is very little diversity

between the loads in the Anchorage and Fairbanks areas.

The 1984-1997 study period was selected to best suit system requirements.

The earliest year when the intertie can be operational is 1984. Based on
optimistic assumptions, the last generating unit of Upper Susitna Hydro

power Project wi 11 be on-l i ne in January 1997.

E. Facility Cost Estimates

Cost estimates were developed for alternative system facilities to allow

for economic comparisons. All costs were adjusted to January 1979 levels.
Transmission line costs were calculated by using the TLCAP program. The

same computer program calculated the line losses.

To provide a means for optimum economic dispatch of generating units on

the 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 Susitna Project were calculated. The

results indicate a clear advantage for utilizing the intertie as a source
of construction power.

2 - 3
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The economic feasibility analysis of the intertie was performed using

the discounted present-worth method. Facility costs for those new gener

ating plants not affected by the introduction of the intertie were ex
cluded from the analysis. The Transmission Line Economic Analysis Program
(TLEAP), a computer program, was used to analyze the sensitivity of dif

ferent escalation and discount rates on the capital costs of various al
ternatives. In this analysis, a 7% long-term average annual escalation
rate and a 10% discount rate was used for principal investigations.

G. Financial and Institutional Planning

A preliminary financial plan for implementation of the transmission

intertie on a progressive basis was developed. The probable composition

of institutions and participating utilities for ownership, management,
and operating responsibilities is reviewed in this report, and present
arrangements and possible future requirements are discussed.

2.2 CONCLUSIONS

The study shows that:

• The 230-kV single circuit intertie, having a 130-MW line loading

capability (Case IA) is economically feasible in 1984, based only
on benefits due to reduction of generation reserve plant capacity.

T~e present-worth of net benefits is $7,968,000.

• A considerable increase in benefits is obtained if the 230-kV
single circuit intertie (double circuit after 1992), in addition
to line capacity allocated to reserve sharing, includes firm

2 - 4
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power transfer capability (Case IB). The increase in present

worth net benefits is from $7,968,000 to $14,589,000, or an

increase of 83 percent. Additional benefits due to supply of

construction power to the Upper Susitna Project sites is

$2,943,000, or an added increase of 18 percent.

• The 345-kV single circuit intertie (Case IC) is not economically
feasible in 1984 if based only on the benefits due to reduction

of installed generation reserve capacity. Further studies, not
made, will probably indicate that a 345-kV intertie would be

feasible if firm power transfer benefits are included.

• The 230-kV intertie with intermediate substations at Palmer and
Healy (Case 10) has the following net benefits:

r
i
!

Study Case

IA (Reserve sharing only)

10 (Plus supply to MEA)

10 (Plus constr. power supply)

PW of Net Benefits

$ 7,968,000

$10,065,000

$13,113,000

-

r

-I
I

-

• 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.

2 - 5
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• Expansion plans for the interconnected system with the Upper

Susitna Project were developed to determine the effect of this

project on the interconnected system expansion plans, the dis

placement of thermal generating units. and intertie transmission

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.

-
-

I

• Generation and interconnection planning is a complex and con
tinuous process. This Intertie Feasibility Study is only a
part of the overall power system expansion plans for the Railbelt

area. Further intertie 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.

2 - 6
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LOAD FORECASTS FOR RAILBELT AREA

3.1 ENERGY AND DEMAND FORECAST RANGE

'M

-,

-

-

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 forecasts!1 com

pared in the Battelle Report of March 1978 (Ref. 1). These were examined

in relation to a combination of the most recent utility forecasts pre

pared for the REA and an August 1978 revision of previous forecasts for

the Upper Susitna Project, issued by the Alaska Power Administration in

December 1975 (Ref. 2).

A. Range of Energy Consumption Resulting from Battelle Study

The Battelle study provides a compendium of previous forecasts and an

analysis of assumptions intrinsic to their projections. It attempts to

eliminate low probability scenarios and select a range of utility and

industrial 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 Battelle

study:

1974 1980 1990 2000--
Annual Consumption-GWh

Upper Range Limit 1,600 3,400 10,800 22,500

Interval Growth Rate 13.4% 15.3% 10.2%

Lower Range Limit 1,600 2,600 8,500 16,000

Interval Growth Rate 8.4% 9.6% 4.0%

II See Section 3.3 for references used in this chapter.

3 - 1
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Battelle selected this energy consumption range after carefully evaluating

the methodology used in several previous forecasts and relevant assumptions

pertaining to economic factors. Two load studies were deemed most appro

priate to future load projections for the Railbelt. They are, in order

of preference, the Upper Susitna Project Power Market Study by the Alaska

Power Administration, and the report Electric Power in Alaska, 1976-1995

(Ref 3.) by the Institute for Social and Economic Research (ISER) of the

University of Alaska.

1. Forecasts for Anchorage - Cook Inlet Area - From the several

load forecasts corresponding to various growth scenarios of the ISER

study, Battelle selected Forecasts 2 and 4 as most appropriate for the

Anchorage and Cook Inlet area. These forecasts assume limited petroleum

development, which was considered to be the most likely prospect. The

assumptions underlying the scenario for 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
• Commercial/Industrial

Moderate Electrification No Growth

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 load for existing and possible future

installations. Battelle modified these projections to include the follow

ing assumptions:

•

•

•

•

In addition to gradual expansion of existing refinery capacity,

a new 150,OOO-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.

A nuclear fuel enrichment plant, included in previous load

projections, was deleted from future industrial load.

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:

r
i

Existing Facilities

Chemical Plant

LNG Plant

Refinery

Timber Mills

New Facilities

Aluminum Smelter

LNG Plant

Refinery

Timber Mills

Coal Gasification Plant

Mining and Mineral Processing Plants

New City

3 - 3
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2. Forecasts for Fairbanks - Tanana Valley Area - A similar evalua

tion by Battelle defined the most probable forecasts for the Fairbanks

and Tanana Valley area. It assumed that industrial development in the

interior region will consist largely of self-supplied mining operations

in remote areas. Thus, load growth will be attributable only to utility

customers in the service areas of the Fairbanks Municipal Utilities

System (FMUS) and the Golden Valley Electric Association, Inc. (GVEA).

In the judgment of Battelle, the most likely consumption range for the

Fairbanks area is bounded by the mid-range projections of the Upper

Susitna Market Study, with mid-range forecasts prepared by the Interior

Alaska Energy Analysis Team (IAEAT) (Ref. 4) as the upper bound and the

ISER Case 4 as the lower bound.

3. Combined Forecasts for the Railbelt - The Battelle energy and

demand forecast range for the combined utility and industrial load of

the Railbelt, encompassing the Anchorage - Cook Inlet and Fairbanks 

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

spectively. These are intended to serve as background comparisons with

combined utility forecasts and the revised projections of the Alaska

Power Administration for the potential market of the Upper Susitna Project.

B. Forecasts by Utilities and the Alaska Power Administration

The most recent Power Requirements Studies (PRS) of the REA utilities

(Ref. 5) in the Anchorage and Fairbanks areas were obtained, together

with the most probable load forecasts, as projected for the Anchorage

Municipal Light and Power Company (AML&P) and the Fairbanks Municipal

Utilities System (FMUS).

~ables 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

3 - 4
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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 progressively 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 projections is given

in Table 3-4. These projections include only utility and industrial load

forecasts, 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.
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The range of load forecasts was based on a ! 20% spread from projected

mid-range growth to 1980. The industrial load projected by Battelle was

included in the 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 "l 0Wll forecast excludes the

load projected for the New City.

c. Comparison and Selection of Forecast Range

-

-

The forecasts of net energy generation for the Railbelt are shown on

Figure 3-1. Curve 1 represents the combination of the most recent

forecasts for municipal and REA utilities, as presented in Tables 3-1,

3-2, and 3-3. The forecast aligns closely up to 1990 with the upper

bound of the 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 lower overall growth rates in energy consump

tion, 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

maximum growth limit to the possible range of total energy forecasts for

the RailbeH. The median forecast prepared by the Alaska Power Adminis

tration, as a revision to the Susitna Project Market Study, has been

selected as the lower limit to the forecast range for the Railbelt. This

recently prepared forecast exhibits lower growth than the 1975 forecast
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for the Susitna Project, and represents a prudent choice for a conserva

tive 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 limit of the forecast range

in the context of the considerable industrial growth potential of this

area of Alaska, it is thought that the selected forecast range will

provide a good test of the economic feasibility of establishing an

interconnection in the Railbelt.

A similar comparison of forecast demand can be made by reference to Fig

ures 3-4, 3-5, and 3-6. The combined utilities demand forecast is below

the upper bound of the Battelle range until after 1985 and aligns in

fairly close proximity until 1990. Beyond 1990 divergence occurs based

upon the assumption discussed previously in relation to energy growth.

The median demand forecast for the Susitna Project, prepared by the Alaska

Power Administration, exhibits a growth characteristic that roughly par

allels the lower bound of the Battelle range between 1985 and 2000. As

the low growth limit 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 ac

ceptable as a single demand projection, approximately at Battelle mid

range. The demand forecasts for the Susitna Project may be observed in

relation to the combined utilities demand forecasts of Figures 3-5 and

3-6. The selected range of demand forecasts represents a moderate to high

expectation of a continued growth of the Railbelt economy through the end

of the century, this being accentuated by the interconnection of utility

systems in the area .
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3.2 DEMAND FORECASTS FOR GENERATION PLANNING

Once the range of load forecasts has been established, it remains to

select definitive demand forecasts for generation expansion planning.

Between the upper limit of the combined utilities forecast and the lower

limit, represented by the median forecast by the Alaska Power Administra

tion, lies a range of possible load growth projections, each having a

certain probability of realization through time.

A. Probabilistic Representation of Load Forecast Uncertainty

On the assumption that the load forecast range obeys a normal probability

distribution, the uncertainty associated with the forecast can be repre

sented by the normal continuous probability curve of Figure 3-7A. The

most probable forecast for this symmetrical representation is then the

statistical average between the maximum and minimum limits, these being

assumed to occur at the + 3 standard deviation extremities of the normal

bell curve. The statistical average forecasts for the Railbelt area are

given in Table 3-5, these being now designated the most probable forecasts

for the selected range. The statistical average or mean value is the

same as the most probable value, due to the basic assumption regarding

the symmetrical shape of the normal probability distribution curve.

The variability of the forecast is defined in terms of standard deviations

from a most probable value, with the bandwidth of the forecast taken to

be within + 2 standard deviations from the most probable value. The

degree of uncertainty associated with the forecast range determines this

bandwidth, which may be expressed as a 95% chance that the actual peak

demand will lie between the limits of the selected bandwidth.

As the uncertainty associated with a load forecast increases with time,

the demand value defined by the bandwidth will increase with time; how

ever, the probability of being within the bandwidth will remain constant.

The demand values corresponding to this bandwidth are given in Table 3-6,

these being obtained from the range of forecasts, as follows:
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The demand forecast limits define the range of possible values, such that

the actual future peak demand will have a 99.8% probability of being within

the upper and lower forecast limits, these being the ~ 3 standard deviation

bounds. This can be represented by the probability plot of Figure 3-8, the

implicit assumption being that the forecast limits corresp~nd apprOXimately

to the 99.9 percentile on the three standard deviation limit. Connection

of the extreme percentile limits enables the determination of the bandwidth

between the ~ 2 standard deviations limits, as a 2/3 ratio between the high

and most probable forecasts at any point in time. The bandwidth is given

in terms of demand values, as tabulated in Table 3-6. The probability

multipliers given in this table, for the load levels corresponding to the

forecast bandwidth, are obtained from the discrete representation of fore

cast uncertainty shown on Figure 3-7B, this being the usual representation

of forecast uncertainty for generation planning studies.

B. Selection of Demand Forecasts for the Railbelt Area

The most probable load demands and forecast bandwidths for the Anchorage 

Cook Inlet, Fairbanks - Tanana Valley and the Railbelt areas are shown on

Figures 3-9 and 3-10. As the ~ 2 standard load level limits cross over

for the Anchorage - Cook Inlet area, the divel~gent bandwidth is shown on

Figure 3-9 as beginning in 1982. The most probable forecast then appears

as a single demand line from 1979 through 1981, which considering the short

time projection is quite reasonable. The demand trend is well established

for the Anchorage area and can be expected to persist in the immediate

short-range time frame.

The long-range load projections are given in Table 3-6, with a total

diversified demand for the combined areas of the Railbelt rising to ap

proximately 4000 MW in the year 2000.
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TABLE 3-1

ANCHORAGE - COOK INLET AREA
UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

Anchorage Municipal Alaska 2 - Matanuska Alaska 5 - Kenai Alaska 8 - Chugach
Light and Power Company Electric Association, Tnc. Homer Eiectric Assoc., Inc. Kenai City light System Electric Association, Inc.
Net Load Peak Net load Peak Net load Peak Net load Peak Net Load Peak

Energy Factor Demand Energy Factor Demand Energy Factor Demand Energy Factor Demand Energy Factor De~and

Year ~ -.ill- -~ (GWh) .J!L (MW) (GWh) -.ill- (MW) l5ili&.. ~ -.l& (GWh) -'!L (M~1l

1979 633.6 58.1 124.4 280.4 47.5 67.4 275.2 55.0 57.1 34.4 56.0 7.0 1,108.9 53.0 238.8

1980 699.4 58.1 137.5 332.8 47.0 80.8 336.6 55.0 69.9 37.5 56.0 7.6 1,283.0 54.0 271.2
1981 770.6 57.9 151.8 395.1 46.5 97.0 411.6 55.0 85.4 40.8 56.0 8.3 1,467.8 54.0 310.3
1982 847.3 57.8 167.3 468.0 56.0 116.1 502.0 55.0 104.2 44.4 56_U 9.1 1,679.1 54.0 355.0
1983 929.6 57.7 183.9 559.3 45_0 )41.9 572.3 55.0 118.8 48.1 56.0 9.8 1,920.9 54.0 406.1
1984 1,017 .5 57.6 20L8 668.3 44.5 171.4 652.4 55.0 135.4 52.1 56.0 10.6 2,197.5 54.0 464.5

1935 1,110.8 57.4 220.8 798.6 44.0 207.2 743.7 55.0 154.4 56.4 56.0 11.5 2,509.0 54.0 530.4
1986 1,209.5 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 54.0 594.1

(.oJ 19:37 1,313.2 57.1 262.5 1,140.0 43.0 302.6 967.0 55.0 201.0 66.3 56.0 13.5 3,147.3 54.0 665.3
1388 1,421.6 56.9 285.0 1,322.4 44.0 343.1 1,083.0 55.0 224.8 71.5 56.0 14.6 3,525.0 54.0 745.2
1939 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 54.0 334.6

......

...... 199(; 1,550.5 56.6 333.0 1,779.4 46.0 441.6 1,358.6 55.0 282.0 83.1 56.0 16.9 4,421. 7 55.0 934.7
199] 1,769.8 56.4 358.2 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
!CQ~ 1,891.3 56.2 324.1 2,394.4 48.0 569.4 1,704.2 55.0 353.7 96.5 56.0 19.7 5,350.3 55.0 1,131.C• __ L

1993 2,014.4 55.0 410.5 2,705.7 49.0 630.3 1,874.6 55.0 389.1 103.5 56.0 21.1 5,885.3 55.0 1,244.1
1991 2,138.0 55.8 437.2 3,057.4 50.0 698.0 2,062.1 55.0 428.0 111.1 56.0 22.6 6,473.9 55.0 1,353.6

1995 2,244.9 55.6 460.9 3,454.9 51.0 773.3 2,26B.3 55.0 470.8 119.2 56.0 24.3 7,121.2 55.0 1,505.4
~ 996 2,357.1 55.4 485.7 3,904.0 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
1997 2,475.0 55.2 511.3 4,411.5 53.0 950.2 2.744.6 55.0 559.7 137.3 56.0 28.0 8,306.2 55.0 1,755.9
El98 2,598.8 55.0 539 ... 4,852.7 54.0 • ,025. 9 2,964.2 55.0 615.2 146.9 56.0 29.9 8,970.7 55.0 1,900.6
1999 2.728.7 54.8 568.4 5,337.9 55.0 I,W7.9 3,201.3 55.0 664.4 157.2 56.0 32.0 9,688.3 55.0 2,048.1

2000 2,865.0 54.6 599.0 5,871. 7 56.0 1,196.9 3,457.4 55.0 717.6 168.2 56.0 34.3 10,463.4 55.0 2,211.9

G,owth Rates:

Repcrtec logistic Curve 3
18.7% (1977-1982)
19 .5:&:{ 19S3-1987)

22.3% (1977-19S2)
~4.0% (1983-1987)

8.8% (1977-1982)
8.3% (1983-1987)

15.7~ (1977~193C)
14.4% (19Bl-l§1l-5-j

-- ---- ... -_ .._----_._-------- - -- -- -_._""'- ....... -- .... ----_ .....,:;",;;;._ .... - --- --------.----- ----- - ...--_... - ------ - ---.._'- ... - ..... --- ------- -.;.. ..---- ------- ........-._. ------- ---_ .. ------- ---_....--
Projected 5.0% (1995-2000) 16.0% 19S5-1992)

13.0% 1993-1997}
10.0% 199B-20CO)

12.0t {lS£8-:992}
10.0% (1993· 1997)
6.0% (1998-2000)

7.8t. (1988-1992)
7.3'1 (1993-1997)
1.01 n998-Z00Q)

12.0% (1986-1990;
10.0% (1991-1995)
8.Q~ (1996-ZOGC)
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TABLE 3-2

FAIRBANKS - TANANA VALLEY AREA
UTILITY FORECASTS AND EXTRAPOLATED PROJECTIONS

,~

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

Energy Factor Demand Energy Factor Demand- Year (GWh) (%) (MW) (GWh) (% ) (MW)

1979 144.3 50.0 32.9 450.0 46.3 111.0

1980 153.0 50.0 34.9 501.8 46.6 122.9
1981 162.2 50.0 37.0 559.5 46.9 136.2
1982 171.9 50.0 39.2 624.6 47.2 150.9
1983 182.2 50.0 41.6 692.6 47.3 167.1
1984 193.2 50.0 44.1 768.8 47.3 185.5

r"" 1985 204.7 50.0 46.7 853.4 47.4 205.5
1986 217.0 50.0 49.5 947.3 47.4 228.1
1987 230.0 50.0 52.5 1,050.0 47.5 252.3
1988 243.9 50.0 55.7 1,155.0 47.5 277 .6,....
1989 258.5 50.0 59.0 1,270.5 47.6 304.7

1990 274.0 50.0 62.6 1,397.6 47.6 335.2,.... 1991 287.7 50.0 65.7 1,537.3 47.7 367.9
1992 302.1 50.0 69.0 1,691.0 47.7 404.7
1993 317.2 50.0 72.4 1,843.2 47.8 440.2

r"" 1994 333.0 50.0 76.0 2,009.1 47.8 479.8

1995 349.7 50.0 79.8 2,189.9 47.9 521.0
1996 367.2 50.0 83.8 2,387.0 47.9 568.9

I 1997 385.5 50.0 88.0 2,601.8 48.0 618.8I

1998 404.8 50.0 92.4 2,809.9 48.0 668.3
1999 425.1 50.0 97.1 3,034.7 48.0 721. 7,...
2000 446.3 50.0 101.9 3,277.5 48.0 779.5

-
Growth Rates:

,....
Reported 6.0% (1978-1990) 11.5% (1977-1982)

11.0% (1983-1987)
I ~-----------------------------------------------------------------------

Projected 5.0% (1991-2000) 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 Peak1! Net Load Peak" Net Load Peak

Energy Factor Deman~ Energy Factor Deman<t£/ Energy Factor Deman~j
Year (GWh) (%) (MW) (GWh) (%) (MW) (GWh) -.ill (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 1,468w 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

I--'
w 1989 8,306.2 54.9 1,728 1,529.0 48.5 360 9,835.2 54.9 2,046

1990 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 11 0.98
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TABLE 3-4

Sheet 1 of 2

LOAD FORECAST FOR UPPER SUSITNA PROJECT
BY

ALASKA POWER ADMINISTRATION

1977 1980 1985 1990 1995 2000

1- ANCHORAGE-COOK INLET AREA POWER DEMAND AND ENERGY REQUIREMENTS

(Excluding National Defense)

Peak Demand (MW)
fI"""

Utility Loads

High 620 1,000 2,150 3,180 7,240
~ Median 424 570 810 1,500 2,045 3,370

Low 525 650 1,040 1,320 1,520

Industrial Loads

Ext ra hi gh 32 344 399 541 683
High 32 64 119 261 403
Median 25 32 64 119 199 278
Low 27 59 70 87 104

Total

Extra high 652 1,344 1,914 2,691 3,863
High 652 1,064 1,634 2,411 3,583- Median 449 602 874 1,234 1,699 2,323I

~, Low 552 709 890 1,127 1,424

- Annua1 Energy (GWh)

Utility Loads

High 2,720 4,390 6,630 9,430 13,920
Median 1,790 2,500 3,530 4,880 6,570 8,960
Low 2,300 2,840 3,590 4,560 5,770-" Industrial Loads

Extra high 170 1,810 2,100 2,840 3,590
High 170 340 625 1,370 2,120
Median 70 170 340 630 1,050 1,460
Low 141 312 370 460 550

r-
Total

Extra high 2,890 6,200 8,730 12,270 17,510
High 2,890 4,730 7,255 10,800 16,040
Median 1,860 2,670 3,870 5,510 7,620 10,420
Low 2,441 3,152 3,960" 5,020 6,320

I"""
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TABLE 3-4
,- Sheet 2 of 2

LOAD FORECAST FOR UPPER SUSITNA PROJECT
r- BY
I ALASKA POWER ADMINISTRATION,

I""'"

1977 1980 1985 1990 1995 2000
!""'"

2. FAIRBANKS-TANANA VALLEY AREA POWER DEMAND AND ENERGY 'REQUIREMENTS
(Excluding National Defense)

I""'"

Pea~ Demand (MW)

Utility Loads
High 15S 244 . 358 495 685
Median 119 150 211 281 358 452

I""'" Low 142 180 219 258 297

Annual Energy (GWh)

Ut 11 ity 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 FAIRBANKS-TANANA VALLEY AREAS
!""'" I

Peak Demand (MW)

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

Annual Energy (GWh)

r- Extra high 3,580 7,270 10,300 14,440 20,510
i 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

r
i
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TABLE 3 - 5

LOAD DEMAND FORECASTS FOR RAILBELT AREA
TO

DETERMINE STATISTICAL AVERAGE FDREtAST

Anchorage - Cook Inlet Fairbanks - Tanana Valley Combined Load Areas
Combined Alaska Power Statistical Combined Al aska Power Statistical Combined Alaska Power Statistical
Util ities Admi ni strat ion Average Util ities Admi ni st rat i on Average Util ities Adminlstration Average
Forecast Median Forecast Forecast Median Forecast Forecast Median Forecast

Year (~iW) Forecast (MW) (MW) (MW) Forecast (MW) (MW) (r1W) Forecast (t~W) (MW)

1979 475 546 511 142 139 14T 605 685 645

1980 544 602 573 156 150 153 686 752 719
1981 627 648 638 171 161 166 782 809 796
1982 722 598 710 188 172 180 892 870 881
1983 826 752 789 207 184 196 1012 936 974

w 1984 944 810 877 227 197 212 1148 1007 1078

1985 1079 874 977 250 211 231 1302 1085 1194
....... 1986 1223 937 1080 275 223 249 1468 1150 1314
0'1 1987 1387 1004 1196 302 237 270 1655 1-2H 1448

1988 1548 1077 1313 330 251 291 1840 1328 1584
1989 1728 1154 1441 360 265 313 2046 1419 1733

1990 1928 1234 1581 394 281 338 2276. 1515 1896
1991 2133 1315 1724 429 295 362 2511 1610 2061
1992 2360 1402 1881 469 310 390 2772 1712 2242
1993 2587 1495 2041 507 325 416 3032 1820 2426
1994 2834 1593 2215 550 342 446 3318 1935 2627

1995 3105 1599 2402 596 358 477 3627 2057 2842
1996 3372 1809 2591 646 375 511 3938 2184 3061
1997 3663 1925 2794 700 393 547 4276 2318 3297
1998 3947 2049 2998 753 412 583 4606 2461 3534
1999 4244 2182 3213 811 432 622 4954 2614 3784

2000 4569 2323 3446 873 452 663 5333 _ 2155 4054
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TABLE 3 -6

LOAD DEMAND BANDWIDTH FOR RAILBELT AREA FORECASTS
IlMOST PROBABLE" FORECAST! 2 STANDARD DEVIATIONS

Anchorage - Cook Inlet Fairbanks - Tanana Valley Combined Load Areas
Load Level ~lost Load Level Load Level Most Load Level Load Level Most Load Level
-2 Standard Probable +2 Standard -2 Standard Probable +2 Standard -2 Standard Probable +2 Standard
Deviations Forecast Deviations Deviations Forecast Deviations Deviations Forecast Deviations

Year (MW) (MW) (MW) (MW) (MW) (MW)_ (MW) (MW) (MW)

1979 535 511 487 140 141 142 671 645 619

1980 592 573 554 151 153 155 741 749 697
19.81 6-4-4 6Jg 6Jl 1&3 M6 lU9 805 79'6 m
1982 702 710 718 175 180 185 874 881 888
1983 765 789 813 188 196 204 949 974 999
1984 832 877 922 202 212 222 1031 1078 1125

1985 908 977 1046 218 231 244 1121 1194 1267
w 192-6 985 1080 1175 232 249 266 1212 1314 1416

1987 1068 1196 1324 248 270 292 1310 1448 1586.... 1988 1156 1313 1470 264 291 318 1413 1584 1755....... 1989 1250 1441 1632 281 313 345 1523 1733 1943

1990 1350 1581 1812 300 338 376 1642 1896 2150
1991 1451 1724 1997 317 362 407 1760 2061 2362
1992 1562 1881 2200 337 390 443 1888 2242 2596
1993 1677 2041 2405 355 416 477 2021 2426 2831
1994 1800 2215 2630 377 -446 515 2167 2627 3087

1995 1933 2402 2871 398 477 556 2319 2842 3365
1996 2070 2591 3112 420 511 602 2476 3061 3646
1997 2215 2794 3373 444 547 650 2644 3297 3950
1998 2365 2998 3631 469 583 697 2820 3534 4248
1999 2526 3213 3900 495 622 749 3004 3784 4564

2000 2697 3446 4195 522 663 804 3203 4054 4905

Probabil ity
Multipliers 0.0665 0.383 0.0665 0.0665 0.383 0.0665 0.0665 0.383 0.0665
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FIGURE 3-7
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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 Rai"1 be It regi on between the Anchorage and Fai rbanks 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
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The preliminary line routing is shown on the accompanying maps, Figures

4-1, 4-2, and 4-3, these being spatially related to the key map on the

inside of the front cover of this report. These routes come from a working

strip map of 1" = 1 mile (USGS Quad's.) on which these preliminary routes

are drawn. The route was plotted by an engineer with nearly 30 years of

experience with Alaskan transmission systems. It was also visually in

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

to Fairbanks.

The definitive 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.

• Avoidance of telephone lines, because of electrical interference

problems. (An open-wire telephone circuit exists on the

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

,.....
• Avoidance of aircraft landing and takeoff corridors, including

all lakes of sufficient size to accommodate small floatplanes.

Where 1i nes may cross 1andi ng patterns, at 1east 1/2 mil e is

allowed from the end of runways or lakes, so that special de

signs are not required.

• Avoidance of highly subdivided land areas and dwellings.

•

•

Avoidance of crossings over developed agricultural lands.

Selection of rout-ings that provide for minimum visibility from

highways and homes.
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•

Avoidance of heavily timbered lands.

Selection of routes that provide for minimum changes in grade

as the terrain will allow.

r"
I

• Parallel alignments with property lines are favored, if not pre

cluded by other considerations.

•

•

Avoidance of sensitive wildlife areas, if practicable, and co

operation in regard to construction and operating restraints

where lines pass through such areas.

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

Pr-incipal engineers of the IECO-RWRA team made field tt'ips by helicopter

and surface transportation to important sites and typical structures of

existing transmission lines in both the Anchorage and Fairbanks areas.

Particular attention was given to lines using designs developed especially

for Alaskan conditions of muskeg swamp, permafrost, and flood plain.

These designs have had more than ten years of successful service, and

are the basis for more recent tubular steel structure designs now being

installed on Alaska projects.

Actual field records of Resident Engineers and Inspectors on Alaska trans

mission line construction projects were analyzed along with contractor bids

for these projects to provide authoritative basic data on the actual man

hours, materials use, and dollar costs of completed transmission lines.
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4.5 PRELIMINARY ENVIRONMENTAL ASSESSMENT

A. Description of the Environment

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

the east flank of the Susitna River Valley, an extremely wide and poorly

drained plain. Heavy forests of bottomland spruce and poplar, interspersed

with muskeg and black spruce, are typical. The soils vary from deep,

very poorly drained peat to well-drained gravels and loams, with the well

drained soils being more abundant. Although permafrost is almost absent

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

subject to freezing and heaving in the winter.

A sizeable concentration of moose inhabits the lower Susitna River

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

density of water fowl.

The proposed transmission line route generally follows a "tractor trail ll

(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 (8) is located in marshes and

wetlands, between Papoose Twins and Finger Lakes, across the Little Susitna

River. The corridor then travels northward along the east side of Lynx

Lake, Rainbow Lake, and Long 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. In this area the terrain becomes

more rolling, and the relative proportion of well-drained soils support

ing thick poplar-spr'uce forests is considerably greater than to the south.

The corridor then travels some five miles east of Talkeetna to the Bart

'lett Hills P.I. (point of intersection).
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r'" 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 Lake Louise until it intersects the

Richardson Highway at Tazlina. From Tazlina the route follows the

Richardson Highway into Glennallen.

4. Gold Creek to Cantwell - The transmission corridor travels north

some 1 to 3 miles east of the Alaska Railroad between elevation 1500 and

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

This portion of the corridor is a good bear and moose habitat. Shallow

permafrost occurs in this portion. The corridor crosses several major

and minor tributaries to the Chulitna River including Honolulu Creek,

Antimony Creek, Hardage Creek, the East Fork of the Chulitna River, and

the Middle Fork of the Chulitna River. The corridor area is of medium

scenic quality and is not readily accessible, except at the Denali Highway

Crossing.
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5. Cantwell to Healy - The corridor rises to the 3200 foot level

along the west side of Reindeer Hills and then descends into the Nenana

River Valley. It follows the east flank of the Nenana River northward

at the 2200 foot level, through sparsely timbered country. This is an

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

from rolling hills and valleys to high passes and sharp ridges. Habitats

of moose, bear, and Dall sheep are traversed. Bedrock is exposed in the

canyons. The corridor crosses several tributaries to the Nenana River

including Slime Creek, Carlo Creek, Yanert Fork, and Montana Creek, and

the Nenana River itself. It also crosses the Alaska Railroad at the

Moody Tunnel, near A.R.R. Mile 354 and the Healy River. The boundary of

Mt. McKinley National Park is on the west flank of the Nenana River.

6. Healy to Ester - The corridor leaves Healy and crosses the Parks

Highway near Dry Creek. It then roughly parallels the west side of the

highway at elevation 1500 feet, crossing several tributaries to the

Nenana River. It crosses the GVEA line 1-1/2 miles north of Bear Creek,

the Alaska Railroad and the Nenana River at A.R.R. Mile 383, and the Parks

Highway. The route then parallels the GVEA 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.
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B. Envi ronmenta 1 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 developm~nt

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

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

in costs of electrical energy, improvement in reliability of electrical

service, and enhancement of opportunities for renewable energy resources

(such as hydro and wind) to displace non-renewable energy resources (such

as gas and oil) for the generation of electricity.

Alteration of vegetation patterns will affect wildlife. This corridor

traverses many areas of moose concentrations, and moose should benefit

from the introduction of brush resulting from regrowth on the clearing.

Since the clearing must be maintained, this brush area will last for

the lifetime of the project. Animals such as squirrels will suffer loss

and displacement. However, their faster reproductive rates will allow

their populations to adjust rapidly.
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Construction itself will affect wildlife. Larger mammals may tempoY'ar

ily leave the area to return after the construction activity. Smaller

animals will suffer individual losses, but should recuperate rapidly once

construction is completed. The density of forest in portions of the

corridor will allow animals to move only a short distance to avoid contact

with construction activities.

Vegetation suppression, by whatever method, will periodically remove

cover from along the right-of-way. However, due to the surrounding

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

2. Recreation - The corridor will approach several recreational and

wayside areas in the lower Susitna Valley. The 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 largest such area is that south of Nancy Lake to Point MacKenzie.

Dense forest and muskeg limit travel.

Further north the corridor parallels the east border of Mt. McKinley

National Park, being separated by the Parks Highway, the Nenana River,

and the Alaska Railroad.

3. Cultural Resources - The National Register of Historical and

Archaeological Sites lists the following sites which will be approached

by the transmission corridor: Knik Village, Dry Creek, and the Tang'le

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

areas.

DUY'ing 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 quality scenic values. The northern

portion is, however, more scenic than the southern portion. In the north

ern portion the fairly continuous, moderately dense forest will provide

ample screening from transportation routes. Further south, the forests

are more intermingled with open muskeg. Glimpses of the transmission

line will be seen from the highway or railroad through these muskeg areas.

South of Nancy Lake the transmission corridor and the transportation cor

ridors diverge, and although cover becomes more sporadic, the line 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.
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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

line will be screened wherever possible. The towers will be designed

to blend into the environment, thereby reducing visual impact.

Movement of men and equipment during construction will be scheduled to

avoid excessive damage to the ground cover. This is generally accom

plished by winter construction. The tower design will allow movement

of men and equipment along the right-of-way centerline, thereby elimi

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

clearing.

Major river crossings will be required over the Talkeetna River, Tanana

River, Healy Creek, and the Susitna River. Minor stream crossings may

be made either by fording or ice crossings. Special efforts will be

made to avoid siltation of fish streams. Oil 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.
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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 gu~ed-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 line designs for the Anchorage-Fairbanks Intertie study. Sample

outputs of TLCAP and descriptions of the program methodology are found in

Appendix B.

The results of this computer analysis for 230-kV lines favor relatively

long spans (1300 ft) and high-strength conductors (such as Cardinal 954

kcmil 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 movemen~s at some locations, requiring towers with a high

degree of flexibility and capability for handling relatively large founda

tion movements without appreciable loss of structural integrity.

The guyed tower is except i ona11y well suited for these type of condit ions.

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
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alternatives. These towers are essentially identical in design to

towers presently used on some lines in Alaska, which have proven them

selves during more than ten years of service. The design features

include hinged connections between the leg members and the foundations

which, together with the longitudinal guy system, provides for large

flexibility combined with 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

According to available information and experience on existing lines,

heavy icing is not a serious problem in most parts of Alaska. NESC

Heavy Loading is presently used for all line designs throughout the Rail

belt region. However, there are locations where Light Loading probably

could be used. Some line failures have occurred due to exceptionally

heavy wind combined with very little or no ice. Such locations should

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

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

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

5.4 TOWER WEIGHT ESTIMATION

In order to arrive at realistic tower weights and material costs for

the study, actual tower designs for both the 230-kV and the 345-kV
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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 criter{a. 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 line. A discount rate of 7% per annum

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

losses.

5 - 3



-
-

-f

-
-

-

-

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

/las built" cost information realized on recently completed (l38-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 lA, IB, and 10), the calculated intertie power angle

is near 30 degrees. To improve the 230-kV intertie's steady state and

transient transmission capability, series capacitors will be necessary.

Interconnected power system studies should be performed to determine the

final series and shunt compensation requirements. Such studies are out

side the scope of this work.

5. 7 HVDC TRANSMISSION SYSTEM

Because of its asynchronous nature, the interconnection of two isolated

alternating current (ac) systems by a point-to-point HVOC 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 Load~/
Case and Vo ltage Line Length Conductor Per Ci rcuit

Alternat i vel! Interconnection (kV + 10%) (mil es) (kcmi 1) (MW)

I A &B Anchorage-Ester 230 sic 323 l/c - 954 130

I C Anchorage-Ester 345 sic 323 2/c - 715 380

I D Anchorage-Palmer 230 sic 323 2/c - 954 130
Healy-Ester

U1

II A Anchorage-Devil Canyon 345 s/c1/ 155 2/c .. 954 600
O"l

Devil Canyon-Ester 230 s/c1/ 189 l/c - 954 185

Watana-Devil Canyon 230 s/c1/ 27 l/c - 2156 488

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

~/ 100% voltage support at both ends.

1/ Two si ngl e-ci rcuit 1i nes on the same right-of-\vay.

Note: sic ~ single circuit; l/c = single conductor; 2/c = two conductor bundle.
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CHAPTER 6

SYSTEM EXPANSION PLANS

One benefit of transmission interconnection between two independent power

systems is the reduction in the installed generating capacity that is

possible, while maintaining the same electric power supply (generation)

reliability level for both the independent and interconnected power sys

tems. To calculate this reduction in installed generating plant capacity

(megawatts), generation expansion plans had to be developed for both the

independent and the interconnected power systems.

This chapter describes the actual process used in,the generation expan

sion planning for the independent power systems of the Anchorage and

Fairbanks areas, and for an interconnected Anchorage - Fairbanks power

system. Generation expansion planning is a rather complex process. A

brief description of the somewhat simplified method used in this Economic

Feasibility Study is described below.

6.1 GENERATION PLANNING CRITERIA

A. Generating Unit Data

Existing generating unit data were obtained from the Battelle (Ref. 1) and

University of Alaska, August 1976 (Ref. 2) reports. These available data

were reviewed and updated using new information obtained by IECO-RWRA

engineers during interviews with the managers of the Railbelt utilities.

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

Preliminary information on near future (1979-1986) generation expansion

planning, including probable generation capacity r~quirements, for the

AML&P and CEA systems was obtained directly from the two utilities. More
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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, IIhot" 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 Alaska1s

Railbelt are quick starting, combustion turbine-type units. This situa

tion 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, a cri

terion for installed reserve generation capacity had to be established.

A 20% reserve margin or the largest single unit at the time of peak sys

tem load was decided on as the installed generation reserve criterion.

In general, the 20% value is close to the installed reserve goals of most

U.S.A. utilities. Recently, the Department Df Energy's Economic Regulatory

Administration reported the following for the 1978 winter peak load of the

lower 48 states:

"According to the forecast, total available power resources
for the 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 ll (Ref. 5).
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C. Uni t 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, wi 11 serve as system standby reserve uni ts.

D. Generation Expansion Planning

To program the economic feas-ibility study and to establish transmission

line interconnection benefits, generation expansion plans for the 1980

1997 period were developed for:

-

•
•
•

•

•

Independent Anchorage area system.

Independent Fairbanks area system.

Interconnected Anchorage-Fairbanks system (intertie for re

serve sharing only).

Interconnected Anchorage-Fairbanks system (intertie for re

serve sharing and power transfer).

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 by the most probable load

forecasts for the Anchorage, Fairbanks, and combined Anchorage-Fairbanks

areas, as described in thapter 3.
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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 IECQ-RWRA engineers from the Railbelt area utilities.

IECQ-RWRA engineers determined the type of generation mix for the expan

sion plans based on:

• Preliminary planning information obtained through interviews

with Railbelt utilities.

• Information available in the Battelle Report and Alaska Power

Administration1s January 1979 report draft (Ref. 6).

• The judgment of IECQ-RWRA power system planners.

Most of the planned generation additions are baseload-type thermal steam

power plants burning coal, gas, or oil as fuel. They are mixed with a

few additional peaking-type combustion turbine generating units using

natural gas or oil as fuel. It is assumed that in the later 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 level 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:

liThe 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) link is limit

ing in the transfer of generation reserves from one area to
another. II

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. In this instance the study became a three area

reliab-ility 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
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Performance Records for Optimizing System Design, Power System Engineering

Committee (Ref. 8):

IIThis (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 "10ss of load probability, (LOLP)II. 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. II

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 lower 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 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.

• 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 IIPlanning 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

r

-

-

-

Annual load models were developed for the Anchorage and Fairbanks areas.

Daily peak load data for 1975 were obtained from AML&P, CEA, FMUS, and

GVEA. The Railbelt utility representatives agreed that 1975 was a typical

year with normal weather conditions. The 1975 load models were converted

into per unit system for the MAREL program. The computer program multi

plied this 1975 load model (input) by the respective study year peak loads

to obtain annual load models for each year of the study. Forecasted

annual peak loads and the per unit annual load models for the Anchorage

and Fairbanks areas are shown in Tables 6-3 and 6-4. 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.
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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, 6-3, 6-4, and 6-5.

Generating unit outage rates, which are required for calculating LOLP

indexes, were obtained from the most recent Edison Electric Institute

(EEl) report on equipment availability (Ref. 9). The rates for combustion

turbines were obtained from the actual operating experience of CEA and

GVEA at the Beluga and Zehnder Power Plants. The EEl 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:

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

-

-

Unit Designation

Combustion Turbine*

Hydroelectric Plant

Thermal Steam Plant (small units)

Thermal Steam Plant (100-200 MW)

Thermal Steam Plant (300 MW)

Forced Outage
Rate (%)

5.5

1.6

5.9

5. 7

7.9

-

• 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%.

• 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 MAREIL 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

loss sharing method was used. This means that one area will share its

generating reserves only up to the limit 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 Vo ltage
(kV)

230

345

Forced Outage Rate
(per unit/100 miles)

0.00113

0.00225

I

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

A. Pl anni n9 Study Peri od

Based on generation Flanning 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:

• 1984 is the earliest year when the interconnected system can

be operational.

• The 1992-1997 period includes the Upper Susitna Hydroelectric

Project, based on the optimistic assumption that Watana Unit

No.1 will be on-line in January 1992.

• The study period is long enough for the present worth economic

analysis method, and includes most of the costs and benefits

obtainable by the introduction of an intertie in 1984.

To close the gap between the existing generation systems and, the first

study year (1984) of the intertie economic feasibility study, generation

expansion plans for the independent Anchorage and Fairbanks areas for

1980 through 1983 were developed. Information on planned generation

additions supplied by the generating utilities in the Railbelt area was

used for this purpose.

B. Independent System Expansion Plans

Generation expansion plans for the independent Anchorage and Fairbanks

systems were also needed to calculate economic benefits of the inter

connection. The planned generation additions consist of thermal base

load and peaking units. They do not include the Upper Susitna Project

(Watana and Devil Canyon Hydro Plants), which are only included in the
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interconnected system expansion plans. The independent Anchorage and

Fairbanks generation expansion plans are indicated on Figure 6-2.

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 four alternatives were developed as follows:

• Case IA includes a single-circuit 230-kV transmission line
having 130-MW power transfer capability allocated for reserve

sharing only. This plan is shown on Figures 6-3 and 6-6.

• Case 18 includes one single-circuit 230-kV transmission line

(1984-1991) and two single-circuit 230-kV transmission lines

(1992-1997) having the following generation reserve sharing

capabilities: 100 MW (1984-1987), 130 MW (1989-1991) and 190 MW

(1992-1997). In addition, this alternative has a firm power

transfer capability of 30 MW (1984-1987) and 70 MW (1992-1997).

this plan is shown on Figures 6-4 and 6-6.

• Case IC includes one single-circuit 345-kV transmission line
having a 130-MW power transfer capability allocated for genera

tion reserve sharing and a 250-MW capacity available for firm

power transfer. This case was developed for comparative cost

information purposes only without generation expansion plans

(MAREL study) and is presented on Figure 6-7.

• Case 10 is the same as Case lA, except with intermediate switch
ing stations at Palmer and Healy. This plan is shown on Figures
6-3 and 6-8.
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Under Case II, only one solution was studied: two single-circuit 23D-kV

transmission lines from Watana to Devil Canyon; two single-circuit 23D-kV

lines from Devil Canyon to Ester (Fairbanks); and two single-circuit

345-kV lines from Devil Canyon to Anchorage~

D. Reliability Indexes

~
I

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, 6-8, and 6-9. As previously discussed in

Subsection 6.2B, the LOLP index of one day in ten years (D.1 day/year)

or lower was maintained throughout the study.
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TABLE 6-1

EXISTING GENERATION SOURCES
ANCHORAGE - COOK INLET AREA

.- Unit Rating Dependable
Unit Year of Base Peak Capacity

Name/Location Reference Installation ....!l2L ~ --WiL (kW) Remarks

ANCHORAGE MUNICIPAL LIGHT AND POWER (AML&P)

Anchorage Di esel 2.200 Black start unit
Anchorage Unit 1 SCGT 15,130 18.000
Anchorage Unit 2 SCGT 15.130 18,000,....
Anchorage Unit 3 1968 SCGT 18.650 21,000
Anchorage Unit 4 1972 SCGT 31,700 35,000

'- Anchorage Unit 5 1975 SCGT 36.800 40.000 }COmbined cycle
Anchorage Unit 6 1979 HRST 12.000 i nsta 11 at ion

.-
I

CHUGACH ELECTRIC ASSOCIATION (CEA)

-r-- Beluga Unit 1 SCGT 15,150 18,700
Beluga Unit 2 SCGT 15.150 18,700
Beluga Unit 3 RCGT 53,500 67,000
Beluga Unit 4 SCGT 9,300 10.000
Beluga Unit 5 RCGT 53,500 67,000

r-- Beluga Unit 6 SCGT 67,810 72,900
Beluga Unit 7 1978 SCGT 67.810 72.900
Bernice Lake Unit 1 SCGT 8,200 16,500
Berni ce Lake Unit 2 SCGT 19,600 20,500
Bernice Lake Unit 3 1978 SCGT 24,000
International Unit 1 SCGT 14.530 16,5bo
International Unit 2 SCGT 14.530 16,500
International Unit 3 SCGT 18,600 21,500
Cooper L.ake Unit 1 Hydro 7,500 9,600- Cooper Lake Unit 2 Hydro 7,500 9.600 16,500
Knit Arm Several ST 14,500 17,700 To be retired

in 1985

I""'"
MATANUSKA ELECTRIC ASSOCIATION (MEA)

Talkeetna Diesel 600 Standby

HOMER ELECTRIC ASSOCIATION (HEA)

Engl ish Bay Diesel 100

""'" Homer-Kenai Diesel 300 Lea sed to CEA
Homer SCGT 7,000 Leased from GVEA
Port Graham Diesel 200 (1977-1979)
Seldovia Diesel 1,648 1,500

~

SEWARD ELECTRIC S\~STEM (SES)

Seward Unit 1 Diesel 1.500 }f!"'" Unit 2 Diesel 1,500 1,500 5,500 Standby
Unit 3 Di esel 2,500 3,000

- ALASKA POWER ADMINISTRATION (APA)

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

~
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TABLE 6-4

LOAD MODEL DATA
FAIRBANKS AREA

ANNUAL PEAK LOAD 11'1 MW
(1983 - 1996)

196.

416.

212. 231.

446. 477.

249. 270.

511.

291. 313. 338. 362. 390.

1"""
,

)"''''
,-

INTERVAL PEAK LOADS IN P. U. OF ANNUAL PEAK LOAD
(26 I NTERVALS I YEAR ~

0.67590.69900. 73710. 76040,~57490.59710.56630.5U10.43240J41150.38330. 37470.3587
0.35380.38080.41770.42010.43730.46190.53190.57490.89190~93370.93491.00000.7690

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

1.000uO.97480.94670.94670.94530.93130.89480.86540.84290~8177

1.Ov000.93670.92790.92790.90510.89980.88050.85940.82?90.7891
I.00000.99330.96670.94830~94000.92330.90330.88000.86670~8267

1.00000.97580.96120.94510.86910.83200.82390.81100.79000~6769

1.00000.98:'500.98290.95940 ..95300.94669.91880.90810.90179~8825
I .00000.99790.99599.98770.97940.95880.93620.90530. 89300[. 8827
1.00000.98480.95010. 93710'~91970.89370.88070.87200.86120.8091
I.00000.96870.96150.95190~93510.91590.88700.88220.87980~8558

1.00000.99150.99150.99150.97160.96870.93180.89200.88920~8693

1.00001.00000.96120.93130~92840.92840.92240.90750.90450.8955

1. OO{)00.99040. 99040. 94550'. 92310. 91990 .91670. 91350. 87820J 8558
1.00000. f}6720. 95410. 92790', 92460. 90490.89840.89510.87870'.:8721
1.00000.96920.96920.95890;.95890.94520.94520.93150. 92120~.9041
1• 000C10. 98960 •97220.96870.95830.94790.93400.92360.92010; 8507
1.00000.96770.93870.93230.91290.90320.90320.90320.87100~8677

1.00000.87350.87060.86760.86460.85880.84710.84410. 83820,,:8059
1.00000.94440.90640.90640.89470.82750.82750.82460.81870~8012

1•00000 • 99720 • 97750 •96350.: 96350 •94940.93820. 93820 ~ 91010'.8904
1.00000.99470.96810.93090.92820.90960.90690.90160. 88830'. 8856
1. OOO(~O.98850.93300.91450'.90990.89610.88910.88450.86370'.8568
1.00000.99150.98080.97650.94020.92950.92740.91880.91450.9017
I.00000.96690.91180.89260188840.79890.73970.64460.61020~6088

!.00000.97710.91050.90790j90790.89340.88950.88550.86320~8434

I. (\0000.97110.86330.83050'.81870.79630.79240.74510, 73320; 7201
1.00000.99510.98160.97300.97170.95580.91650. 88450. 82430:.6818
I.00000.99840.93930.92010~89940.88980.88500.84820.81310.7971
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TABLE 6-5

LOSS OF LOAD PROBABILITY INDEX (LOLP)!I

FOR

STUDY CASES IA & ID~/

...... Anchorage Fairbanks
Study Independent Interconnected Independent Interconnected
Year Expansion Expansion Expansion Expansion- 1984 0.0262 0.0063 0.8193 0.0066
1985 0.0123 0.0275 0.1446 0.0242

"..
1986 0.0293 0.0178 0.2868 0.0268
1987 0.0288 0.0255 0.6766 0.0575- 1988 0.0482 0.0799 0.1140 0.0300
1989 0.0330 0.0677 0.2318 0.0394

I"'*' 1990 0.0265 0.0680 0.0593 0.0670
1991 0.0193 0.0633 0.1550 0.0130

-r- 1992 0.0189 0.0286 0.0276 0.0275

1993 0.0546 0.0316 0.0586 0~0606

1994 0.0427 0.0321 0.1583 0.1365-- 1995 0.0326 0.0652 0.0373 0.0426
1996 0.0931 0.0586 0.0899 0.1021

.......

!I LOLP in days per year.

21- 230 kV sIc, 130 MW reserve sharing only.
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TABLE 6-6

LOSS OF LOAD PROBABILITY INDEX (LOLP)l/

FOR
CASE IB~/

Anchorage Fairbanks

Study Independent Interconnected Independent Interconnected
Year Expansion Expansion Expansion Expansion

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 0.0359 0.0276 0.0143

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

1/ LOLP in days per year.

~/ 230-kV transmission system with reserve sharing and firm power trans
fer capabi1 ity.
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FIGURE 6 - 1

NON-COINCIDENT 1975 PEAK DEMANDS
ANCHORAGE AND FAIRBANKS AREAS
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CHAPTER 7

FACILITY COST ESTIMATES

7.1 TRANSMISSION LINE COSTS

The transmission line costs were obtained from past and current experience

of the Consultants with the design and construction of transmission lines

in Alaska. Cost data was escalated to 1979 levels and a factor of 1.46

(AVF = Average Value Factor) was applied to total costs to give an average

value for construction in the area. The AVF includes a 10% addition for

anticipated difficulty with the constraints associated with the selected

1i ne 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, typical right-of-way clear

ance costs and other costs associated with the solicitation and obtention

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 Belwga Line. It was constructed for Chugach

Electric Association (CEA) in 1967 by City Electric, Inc. of Anchorage.

This line 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 clearance.

The hinged-guyed, X-shaped tower proved successful and has since been

used for the following lines described below.

1. Knik Arm Transmission Line - 230 kV (Aluminum Lattice Towers,

795 kcmil Drake ACSR Conductor), 1975. This line was built using Owner

furnished material by force account and contract methods. The Owner (CEA)

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

clearing, tower erection, and wire stringing. Piling and anchors were

installed using ORV equipment to carry the power tool for installing

anchors and the Del Mag-5 diesel hammer and welding equipment for the

piling work. City Electric, Inc. accomplished the tower erection and

wire stringing using helicopter and ORV equipment.

Summary of Actual Costs:

Construction Cost

Right-of-way Clearing Cost

Right-of-way Solicitation Cost

TOTAL (w/o Engineering)

$/Mil e

87,294

19,049

7,706

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 by one

contractor and line construction by another (Rogers Electric - an ex
perienced Alaska contractor). This line contractor used a vibratory

driver to install the 811 H-pile with great success. (This driver has

since been used to drive 1011 H-pile for another line. In one case, the
tool drove a 1411 H-pile for a sign support. The contractors are preparing
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to drive more 1411 piles for a new CEA line.) The introduction of the

vibratory pole-driving technique, together with the application of the

tubular steel, hinged-guyed, X-tower is expected to realize substantial

cost savings on future transmission line projects.

Summary of Actual Costs:

Construction Cost

Right-of-way Clearing Cost

Right-of-way Solicitation Cost

TOTAL (w/o Engineering)

B. Material Costs

$/Mile

73,863

10,312

4,909

89,084

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. A 10 percent addition

to the material cost was included to account for the 1.46 AVF explained

above.

The cost of foundation steel was taken to be $0.31 per lb for WG Beam.

This value is somewhat conservative, as the current market price is

$0.22 per "I b.

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 30

design-angle for the towers.
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• 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 2 was applied to the estimated

cost of labor for this period, in order 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.
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7.3 CONTROL AND COMMUNICATIONS SYSTEM COSTS

Control and communications sytems costs are included in the intertie cost

estimates. The system is necessary to provide effective control of power

system operations, and economic energy dispatch throughout the inter

connected Anchorage-Fairbanks area. The cost estimates include a power

line carrier type communications system, a digital supervisory control

and data acquisition (SCADA) system, and automatic generation control

equipment.

7.4 TRANSMISSION INTERTIE FACILITY COSTS

As previously discussed in Chapter 5, transmission 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 rece.iving and sending ends; The

program assumes 100 percent volt support at both ends. Table 7-2 presents

the present worth (1979) costs of calculated transmission line energy and
demand losses.
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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 adjustement factors. The Stanley Consultants

report to GVEA (Ref. 5) provided detailed cost estimates for both the

l04-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 lOO-MW reference cost estimate

from reported costs relevant to the 104-MW coal-fired plant at Healy.

The same nomogram was then used to determine plant costs for unit ratings

of 200 and 300 MW, taking into consideration economies of scale. Sub

sequently, the Alaskan construction cost location adjustment factors were

applied to derive site specific cost estimates.

Cost estimates for the associated transmission facilities were obtained

from cost data developed during this study for the transmission intertie,

the Stanley Consultants report (Ref. 5), and typical costs experienced

in recent.Alaskan transmission projects.

The cost estimates and supporting data are contained in Appendix D.
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7.7 GENERATING PLANT FUEL COSTS

Benefits in addition to those resulting 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 comparisori 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 Loss!? Energy~! % Energy Loss'!!

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 lB.

2/ Annual Transmission Capacity Factor of 0.55 assumed for analysis.

Fuel costs were estimated utilizing the trend curves from the Battelle report

for future natural gas and coal prices in the Railbelt area. The energy

loss component of firm power transfer over the intertie was considered, in

estimating the total cost of fuel required to generate sufficient energy

in one area to displace a block of energy otherwise generated by 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.
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7.8 MEA UNDERLYING SYSTEM COSTS

The construction of transmission intertie with the intermediate substation

at Palmer (Case 10) 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
Independent System

Independent System

$1,356,000 (1987)

$6,646,000 (1987)

$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 10.

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),

7 - 8



~i

"""I

was followed to establish the time frame for economic comparison of alter

native modes of construction power supply. Results of the economic com

parison indicate a clear advantage for utilizing the intertie as a source

of construction power.
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TABLE 7-1

COST SUMMARY FOR INTERTIE FACILITIES

Total Cost at 1979 Levels ($1000)
Case IA Case IB Case IC Case 10 Case II

1"'"
l. Transmission Line:

Eng'g. &Constr. Supv. 3,012 3,012 4,043 3,012 8,079
~'" Right-of-Way 8,837 8,837 9,080 8,837 20,973

Foundations 8,445 8,445 12,160 8,445 22,966
Towers 21,615 21,615 33,719 21,615 64,088

fA'"
Hardware 477 477 477 477 1,096
Insulators 503 503 755 503 1,396
Conductor 10,761 10,761 16,708 10,761 32,886

..... Subtotal 53,650 53,650 76,942 53,650 151,484

,.'" 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
Ci rcuit 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 I g. &Constr. Supv. 125 125 125 165 200r- 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 91,868 68,874 201,484
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TABLE 7-2

PRESENT WORTH OF INTERTIE LINE LOSSES

1984-1996 STUDY PERIOo!l

Case

IA & ID (230 kV)

18 (230 kV)

IC (345 kV)

II A (230 &345 kV)

Anchorage - Devil Canyon

Devil Canyon - Ester

Watana - Devil Canyon

$ x 1000 (1979)

10,530

11,582

7,341

28,027}
14,816 $49,125

6,282

!"""

.....

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

COST SUMMARY FOR GENERATING FACILITIES
(Costs at 1979 Level~/)

~'

Install ed Cost Total Cost4/
'-'

Code ]j TypJ./Unit Name MW Thousand $ $/kW Thousand $ $/kW

Northpol e #3 NORT 3 SCGT 69 24,385 353 27,934 405
1""",

Bel uga #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
Northpol e #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

1"""" 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

1""""
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.

1/ SCGT - Simple cycle combustion tur,bine, includes NO removal equipment.
COAL - Steam turbine, coal-fired with FGD equipment~

i/ Total cost includes substation and transmission costs.
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TABLE 7-4

SUMMARY

OF

ALTERNATIVE GENERATING PLANT FUEL COSTS

~,

$ 1000 (Escalated)

Independent Interconnected
Year System Operation System Operation

"-" 1984

1985 8,468 7'648} 30 MW,- 1986 9,324 8,498 145 GWh
Firm Power Transfer

1987 10,267 9,029

1992 6,851 8,324

r' 1993 7,212 8,654
70 MW

~\, 1994 7,933 8,016 337 GHh
Firm Power Transfer

1995 8,654 8,745

r'O! 1996 9,015 9,109

/".."
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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

....
I

1979 Baseline Costs - $1000

Isolated Diesel Tapline Supply
Year Generation at Site From Intertie

/""" 1985 2,835 267

1986 695 483
,...."

1987 697 481

1988 696 478
~IJ,

1989 3,055 752

1""'" 1990 1,324 902

1991 187 734

r- 1992 623 430

1993 623 419

1994 -5001/ 304

'Jil!lIl1lil,,

!/ Negative sign indicates that resale value of generating
plant exceeds cost of generation in final year.
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FIGURE 7-1

UPPER SUSITNA RIVER PROFILE
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UPPER SUSITNA HYDROPOWER DEVELOPMENT

(Source: Plan of Study for Susitna Hydropower
Feasibility Analysis by Alaska District
U.S. Army Corps of Engineers, Sep. 1977)
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CONSTRUCTION PLAN FOR UPPER SUSITNA PROJECT:

Ref. Interim Feasibility Report - P.94, US Army Corps of Engineers, 12 Dec. 1975

Construction Period for Selected Projects:

-
Watana Dam - 6 Years

Devil Canyon Dam - 5 Years
Total Period - 10 Years (1 Year Overlap)

SUGGESTED REVISED SCHEDULE:

Ref. Chapter 6, Figure 6-5

First Unit On-Line at Watana - Beginning Year 1992
Last Unit On-Line at Devil Canyon - End of Year 1996
Period of Overlap in Construction - 2 Years
Due to Introduction of First Unit at Devil Canyon in 1994
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CHAPTER 8

ECONOMIC FEASIBILITY ANALYSIS

An economic feasibility analysis was performed to determine which system

expansion plan provides the best use of available resources for supplying

electrical power to the Railbelt area. Alternative system expansion plans

and facility cost estimates were developed in Chapters 6 and 7. In this

chapter, the results of the economic feasibility analysis are presented.

8.1 METHODOLOGY

This economic analysis uses the conventional present-worth model. Annual

capital disbursement tables, on a year-by-year basis, were prepared for

independent and interconnected system expansion plans. To evaluate these

plans on an equal basis all capital disbursements were discounted to the

1979 base year and then totalized for each plan to obtain a single 1979

present-worth value. This approach does not include additional capital

disbursements after 1996. Such disbursements will be required later to

replace retired facilities. However, the extension of the present-worth

model over the whole life of the proposed intertie will not significantly

affect the results of this feasib-ility study. The year 1996 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 6-5 in Chapter 6 show that many facility costs 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 elimi

nated. Also excluded from the analysis are plant fixed operation and
maintenance costs. The exclusion of these O&M costs will somewhat favor

the independent system expansion alternatives.
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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 O&M costs based on the energy (MWh) out

put for each unit, taking into consideration intertie transfer limits.

Since such a study is outside the scope of the present work, a somewhat

simplified method was used in this feasibility study. It is recommended

that a multi-area production cost study be performed at a later time.

8.2 SENSITIVITY ANALYSIS

A computer program was developed by rECO to analyze the sensitivity of

different escalation and discount rates on the capital costs of various

alternatives. This program, the Transmission Line Economics Analysis

Program (TLEAP), provides the following outputs:

• Cost disbursement tables for alternative system expansion
plans.

• Discounted cost ratio (independent/interconnected) tables for

system expansion alternatives.

• Tables indicating independent minus interconnected system
costs.

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

Computer printout sheets indicating input data and calculated results

for all alternatives included in this economic feasibility analysis are
found in Appendix E.
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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 4% to 12%, and a range of

discount rates from 8% to 12%. In the analysis of the results below, a

long-term average annual escalation rate of 7% and a 10% discount rate are

used. The 10% discount rate is now required by the Office of Management

and Budget for federal projects.

A. Benefits due to Generation Reserve Capacity Sharing

Two cases were investigated to determine intertie benefits due to genera

tion reserve capacity sharing alone: the 230-kV single circuit intertie

and 345-kV single circuit intertie between Anchorage and Fairbanks. In

both cases 130 MW of power transfer capacity was allocated for generation

reserve capacity sharing purposes (Cases IA and IC in Chapter 6). The

economic analysis results indicate:

230 kV

Independent Systems

Interconnected System

Benefit

Less cost of line losses

Net Benefit

PW (1979 Costs x 1000)

$406,853

388,355

18,498

10,530

$ 7,968

..

,....

The above results indicate that the 230-kV intertie is economically

feasible based on generation reserve capacity sharing only.
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345 kV

Independent Systems

Interconnected System

Benefit

Less cost of line losses

Net Benefit

PW (1979 Costs x $1000)

$406,853

412,338

-5,485

-7,341

$-12,826

The above results indicate that the 345-kV intertie is not economically

feasible based on 130 MW power transfer capacity. To analyze the. 345-kV

intertie with different (higher) power transfer capacities allocated to

generation reserve capacity sharing would require development of addi

tional expansion plans and new MAREL studies.

Sensitivity of the results to variations in escalation and discount

rates are indicated in Tables 8-1 and 8-2. Computer printouts, indicat

ing cost disbursements, discounted cost ratios, and discounted value

tables, are included in Appendix E (Economic Analyses Nos. 1 and 7).

B. Benefits due to Firm Power Transfer and Generation Reserve

Capacity Sharing

One case was investigated to determine combined 230-kV intertie benefits

due to both firm power transfer and generation reserve capacity sharing

(Case IB in Chapter 6). This study case has one 230-kV single circuit

line during the 1984-1991 period and two single circuit 230-kV lines

during the 1992-1996 period. The economic analysis results indicate:

Independent Systems

Interconnected System

Benefit

Less cost of line losses

Net Benefit

8 - 4

PW (1979 Costs x $1000)

$707,534

681,364

26,171

11,582

$ 14,589
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The above intertie benefits can be combined with additional benefits

due to supply of construction power to the Upper Susitna Hydropower

Project sites (see Section 7.9).

..... Independent Systems

Interconnected System

Benefit

Less cost of line losses1/

Net Benefit

PW (1979 Costs x $1000)

$715,566

685,295

30,271

12,740

$ 17,531

-I

The increase in net benefits due to supply of construction power to the

Upper Susitna Hydropower Project sites is $2,942,000 or approximately

20 percent.

Sensitivity of the results to variations in escalation and discount

rates are indicated in Tables 8-3 and 8-4. Computer printouts, indi

cating cost disbursements, discounted cost ratios and discounted value

tables, are included in Appendix E (Economic Analyses Nos. 2 and 8).

C. 230-kV Intertie with Intermediate Substations

-r

~.

!

4"
I

Two 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 (Case 10, Chapter 6).

These cases include a 230-kV single circuit line between Anchorage and

Fairbanks (Ester), with intermediate substations at Palmer and Healy.

The economic analysis results indicate:

1/Losses were increased by 10% to account for construction power.

8 - 5
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Supply to MEA Only

Independent Systems

Interconnected System

Benefit

Less cost of line losses

Net Benefit

Supply to MEA &Susitna

Independent Systems

Interconnected System

Benefit
Less cost of line losses~/

Net Benefit

PW (1979 Costs x $1000)

$413,579

392,984

20,595

10,530

$ 10,065

PW (1979 Costs x $1000)

$421,610

396,914

24,696
11,583

13 ,113

-r
I

Comparing the above calculated benefits with the results for Case IA (as

described in Subsection 8.3A) we obtain the following comparison:

Study Case
Net Benefits

PW (1979 Costs x $1000)

IA (Reserve sharing only)

10 (Plus supply to MEA)

10 (Plus constr. power supply)

$ 7,968

10,065

13,113

000%)

026%)

065%)

~..
j

f""
,

Sensitivity of the results to variations in escalation and discount

rates are indicated in Tables 8-5 and 8-6. Computer printouts, indi

cating cost disbursements, discounted cost ratios and discounted value
tables, are included in Appendix E (Economic Analyses Nos. 5 and 3).

8 - 6
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D. 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:

• The methodology of this economic analysis is more appropriate
for thermal generation systems. It is not applicable to
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.

• A draft copy of the Upper Susitna project report prepared
by the Alaska Power Administration (Ref. 1) 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
installaed 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 displ acement 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.

8 - 7
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MAREL study results indicate the following intertie requirements for
maintaining the study criteria of equal reliability system expansion

with introduction of Uppwer Susitna power:

""'..
i
i

Period

1992

1993

1994-1996

8.4 REFERENCES

Requirement

One 345-kV SIC line to Anchorage
One 230-kV SIC line to Fairbanks

One 345-kV SIC line to Anchorage

Two 230-kV SIC lines to Fairbanks

Two 345-kV SIC lines to Anchorage
Two 230-kV SIC lines to Fairbanks

......

-

.....

1. Alaska Power Administrat;on~ Upper Susitna Project Power Market
Report (Draft)~ February 1979•

8 - 8
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5 APRIL 79 ALASKA POWeR AUTHORITY
ANCHOPAGE - FAIRHANKS INTFRTIF
ECONO~IC FEASI8TLTTY STUDY

DTFFERENTTAI. fl!SCOUNTFD VAlliE OF RASE YEAR (1979) COSTS
INDEPENDENT SYSTE~ COSTS MINUS INTeRCONNECTFD SYSTEM COSTS

ON $1000)

---------------------------------- FSCALATION RATES ----------------------------------
DISCOUNT 4Y. 5:0:: bY. 7% 8'1. 9% lOr. I I 'Y. 12'1.

RqE ------ ------ ------ ------ ------ ------ ------ ------ ------------ ------ ------ ------ ... ----- ------ ------ ------ ------
A.OO 19,512 IA,<;60 17,215 1<;,417 13,n9A In,183 6,59(1 ?,l'26 -3,011
8.?~ lo,h8A IA,A25 17,58 11 15,907 13,729 10,9n 7,572 3,423 -1,567
A.50 19,1\45 19,066 17,925 1l,,";b5 14,32? 11,727 A,SO? 1l,560 -193
8.75 19 ,983 19,286 11\,240 Ih,791 Ill,I'I7fl 12,433 9,3HI 5,639 1,tILl
9.00 2n, 10lJ 19,1J83 IA,529 17,187 15,39/\ 13,09/\ 10,2l'3 /"b6? l',357
9.?5 20,207 19,6,61 1/\,794 17,'5~LI 15,fl85 13,7211 In, 9 'I 1\ 7,h3? 3,';37
9.50 20,?9<; 19,A19 19,03/' 17,1\911 lh,3110 111,311 11,7l10 A,550 4,659
9.7'5 2n,3b7 19,°'>9 19,?56 11>,701\ Ih,76ll Ill,l\b3 12,ln9 9,420 5,723

10.00 20,1l25 20,01\? 19,11'55 II\,ll91\ 17,15/\ 1'),380 13,091\ 10,24? b,733
10.?5 20,IJ6 9 2n,II:H\ 19,63 11 111,763 17,525 15,/\64 n,718 11,019 7,691
1/).50 2(1,500 20, ;>78 19,794 19,(10<:; 17,1\6 ll lh,31h I'I , 30 1 11,753 A,"j9a
10.75 20,519 20,352 19,93/' 19,226 1/\,17 A 1/',7311 14,RJ.lfl 12,1145 9,457

00 I I • 00 21l,'525 20,413 20,06fl 19,1126 18,467 17,13n 15,362 l'3,0911 10,270
11.2~ 21'1,521 20,460 20,1611 19,607 IR,73? 17,1195 15,lIlJ? 13,713 11,039
11.<;0 <'0,')06 2fl,1194 20,?6'1 19,7bR lA,'?!'; 17,1134 I IA,?9? Ill, ?91 11,766

\.0 11 • 7~ 20,4BI 20,<;15 20,337 IQ,9P 19 ,197 IA,147 16,71? 111,8311 12,1l51
1?00 2 fl , IJ lI6 20,'52'1 20,40n 20,03f\ 19,3911 lA,436 17,103 1';,31111 13,098
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S APRIL 79 ALASKA POWER AUTHORITY
ANCHORAGE - FAIRBANKS INTERTtE

ECONOMIC FEASI~TLITY STUDY

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

(IN $1000)
""

---------------------------------- ESCALATION RATES ----------~-----------------------
DISCOUNT 1l7- 57- 67" _ 77- 87- 97- 107- 117- 12%

RATE ------ ------ ------ ------ ------ ------ ------ ------ ------------ ------ ------ ------ ------ ------ ------ ------ .... -----
R.OO -3,562 -5,375 -7,601l -10,311 -13,561l -17,438 -22,016 -27,391 -33,665
8.25 -3, 11:13 -4,899 -7,016 -9,594 -12,698 -16,1l00 -20,781 -25,932 -31,950
8.50 -2,825 -1I,1l49 -6,459 -8,912 -11,1:172 -15,409 -19,602 -211,530 -30,308
8.75 -2,488 -4,021l -5,931 -R,265 -11,086 -11l,465 -18,1l7S -23,201 -28,736
9.00 -2,1 71 -3,622 -5,1l30 -7,61l9 -10,338 -13,561l -17,399 -21,925 ~27,232

9.25 -1,873 -3,<'>43 -4,950 -7,06'5 -9,627 -12,705 -16,372 -20,705 -25,792
9.50 -1,594 -2,Af:l5 -4,507 -6,'510 -8,949 -11,887 -15,392 -19,539 -21l,411l
9.75 -1,331 -2,548 -4,01:12 -5,91\4 -8,306 -11,108 -14,456 -18,426 -23,097

10.00 -1,01l6 -2,230 -3,681 -'),485 -7,694 -10,365 -13,564 -17,361 -21,836
10.25 -856 -1,932 -3,302 -5,012 -7,112 -9,658 -12,713 -16,345 -20,631

00
10.50 -641 -\,651 -2,9lj4 -4,564 -6,560 -8,986 -11,902 -15.375 -19,479
10.75 -1l41 -1.387 -2,607 -4,141 -6,036 -8,346 -11,128 -14,4 118 -181377
11.00 -254 -1,140 -2,289 -3, 71~0 -5,539 -7,737 -10,392 -13,564 -171324
11.25 -BO -909 -1,989 -3,361 -5,068 -7,159 -9,690 -12,720 -16,318

I--' 11.50 80 -693 -1,70B -3,00~ -4,621 -6,610 -9,022 -11,916 -15,3580
11.7,:! n9 -/J91 -1,443 -2,665 -II, 198 -6,088 -8,386 -11,I1l9 -11I,41l0
12.00 367 -302 - I , 195 -2,347 -3,798 -5,592 -7,71:11 -10,1l17 -13,561l
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'5 APRIL 79 ALASKA POWER AUTHORITY
ANCHORAGE - FAIR8ANKS INTERTIE

ECONOMIC FEASTBTL TTY STUDY

DTFFERE:NTT AL l'liSCOUNTfD VALliE OF RASE YFAR (l"79) COSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM COSTS

(TN $1000)

---------------------------------- FSCAl.ATION RATFS ----------------------------------
DISCOUNT 1.1 X 5Y. br. 7'1. 1:\% 9'1. lOr. 11'% \2'!.

RATF ==:=== ------ ------ ------ ------ ------ ------ ------ ------------ ------ ------ ------ ------ ------ ------ ------
A.OO 27,096 21>,190 21~, R211 22,926 20,IJ\4 17,19f\ 13,177 R,24? 2,268
A.25 27,?')9 26,456 2<;,?12 2~,lISh 21,110 18,086 14,21\8 9,608 3, "'127
R.50 27,400 26,69S 25,S67 23,941', 21,760 111,92\ 15,337 10,QOi' 5,503
11.75 27,5\9 26,,908 25,A91 2/1,402 22,'67 19,70c; 16,325 12, \27 6,998
Q.OO 27,617 27,096 26,185 2/1, A20 22,932 20,440 17,?57 13,285 11,417
9.?5 27,69<; 27, ?59 26,450 25,205 23,456 21,127 1A, 133 \4,379 9,761
9.')0 ('7,7')/) 27,/100 26,687 2S,S"7 ?~,q43 21,770 lA,9'>7 15,£112 11,03'5
9.75 27,79<; <'1,519 2b,A9 Q 2C"Fl7 Q 2/1,393 2?,370 19,731 16,:H17 12,?4\

10.00 27,R20 27,61R 27 ,056 2h, 171 21.,501' 2?,929 20,/1')7 17,306 13,382
10.?S 27,11211 27,h97 27,250 26,£l3'J 25,189 23,448 2\,136 111,171 1£1,1.160

CO 10.50 27,1\21 27,757 27,391 26,671 2'),<;:$9 2'3,930 21,772 IF1,9fHI 1';,479
10.7S 27,799 27,flOO 27,<;11 2h,Ab3 2'),Fl59 211,376 22,'366 19,749 16,41.10
1 \ .00 27,764 27,1\26 27,1>11 27,[170 ?h,llj9 211,78R ;>?,919 20,1166 17,31./7
I\.?,) 27,71S 27,/15h 27,h91 27,234 2h, Ill? 2<;, 167 2',434 21,13R 18,201...... 1'.S0 27,6':>"> 27,1\31 27,753 27,7.,'16 26,649 2C,,51'i 27.,,911 21,767 19 ,OO'S......
11.75 27,';83 27,811 27,797 27,1./97 26,1'\60 25, R 33 211,351J ??, ViS 19,760
12.00 l7, ll9Cl 27,771\ 27,825 27,<;'18 27,048 26,123 21.1,763 22,903 20,470
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5 APRIL 79 ALASKA PowER AUTHORITY
ANCHORAGE - FAIRBANKS INTERTI~

ECONOMIC FEASIBILITY STUDY

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) COSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONN~CTED SYSTEM COSTS

(IN $1000)

---------------------------------- ESCALATION RATFS ----------------------------------
DISCOUNT LI70 5% 6% 7% 8X 9X lOX l1X 12X

RATE ------ ------ ------ ------ ------ ------ ------ ------ ------------ ------ ------ ------ ------ ------ ------ ------ ------
8.00 30,913 30,276 29,19L1 27,S95 25,399 22,515 18,84L1 14,275 8,685
8.25 31,014 30,476 29,51 I 28,050 26,015 23,319 19,865 15,5L16 10,2L13
8.50 31.09L1 30,6L19 29,796 28,/J67 26,586 21.l,070 20,824 16,7L16 11,7 20
R.75 31.153 30,798 30,051 28,848 27,115 2L1,771 21,725 17,878 13.117
9.00 31,1 92 30,922 30,278 29, 195 27,60Ll 25,425 22,571 18,9L15 ILl, LILlO
9.25 31.212 31,02Li 30,/177 2Y,509 28,053 26,033 23,363 19,950 15,689
Y.50 31,21Li 31,IOLi 30,650 29,793 28,Li66 26,597 24,104 20,895 16,870
9.75 31, 199 31,16Li 30,lY8 30,OLi6 28,8LiLi 27,120 2Li,796 21,783 17,985

10.00 31. 169 31,20Li ')0,923 30,271 29, 188 27,604 25,LiLi2 22,617 19,035
10.25 31,123 31,225 31,025 30,Li70 29,SOO 28,OLi9 26,OLi2 23,398 20,025

co 10.50 31,063 31,229 31,1 06 30,6'12 29, Hl1 28,LiS8 26,60( 2Li,130 20,957
10.75 30,9YO 31,216 31, 166 30,79 I 30,033 28,832 27,118 2Li,813 21,833
I 1 .00 30,903 31,lflll 31,206 30,916 30,258 29,17 1l 27,596 25,1151 22,655..... 11. 2'5 30,805 31, I Li 4 31,231 31,019 30,455 29,Li83 28,037 26, OilS 23,Ll27N
II .50 30,695 31,0116 31,236 31,100 30,628 29,163 28,Li43 26,597 2Li, 149
1 I .75 30,575 31,015 31,226 31, 162 30,777 30,01t! 28,814 27,110 2L1.82L1
12.00 30,Ll44 30,Y32 31,199 31,20'; 30,902 30,238 29, 15Li 27,583 25,Ll55
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5 APRIL 79 ALASKA POwER AUTHORITY
ANCHORAGE - FAIRBANKS INTERTrE

ECONOMIC FEA3I~rLITY STUDY

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR (1979) COSTS
INDEPENDENT SYST~M COSTS MINUS INTeRCONNECTED SYSTEM COSTS

(IN $1000)

--~-------------------------------ESCALATION RATES ----------------------------------
OISCOUNT 1.1% 5:1: 6:1: 7:1: !:IX 9% 10% 11 % 12X

RATE ------ --- .... -- ------ ------ ------ ------ ------ ------ ======------ ------ ------ ------ ------ ------ ------ ------
8.00 21,225 20,637 19,691.l 18,339 16,509 11.1,133 11,132 7,1.118 2,896
8.2:> 21,519 20,810 19,960 18,71<, 17,011.1 14,7137 11,9')8 8,1.l1l3 ll, 149
8.50 21,397 20,962 20,202 19,062 17,483 15,31)9 12, 736 9,412 :>,3,7
!:I. 75 21,4')8 21,0'15 20,470 19,381 17,920 15,9n 13,t~69 10,321\ 6,464
9.00 21,503 (11,209 20,616 19,673 18,5211 16,:>09 14,1')7 11,193 7,':>31
9.25 21,534 21,305 20,790 19,939 18,699 17,009 111,804 12,008 8,':>41
9.50 21,551 21,385 20,9113 20,180 19,01l4 17,1.170, 1';,410 12,777 9,496
9.75 21, 'jSll 21,1l48 21,078 20,399 19,361 17,90/3 15,978 13,50 I 10,400

10.00 21,':>45 21,496 21,193 20,')95 19,6')2 18,310 16,':>09 14,181 11,<'5.5
10.2<, 21,520, 21,')29 21,291 20,770 19,918 18,6132 17,005 II.l,R?1 12,0')8
10.<,0 21,493 ?1, ')48 21,372 20,924 20,159 19,02') 17,467 15,1.l<'1 12,817

O::l 10.7':> 21,1l')0 <'1,0,'>5 21,1l5R 21,060 20,578 191342 17,897 15,983 13,':>32
11 • 00 21,3'18 21,<,49 21,1.l1l8 21,177 20,574 19,652 18,296 16,')09 14,205

..... 11.2') 21 ,356 21, '::15 1 21,525 21,277 20,7')0 19,1:1 9 7 lR,666 17,001 14,e37
~ 11.50 21,2b5 21,502 21,')1I5 21,360 20,905 20,138 19,007 17,459 15,4.51

1 I • 7r., 21,18'> 21,llb2 21,554 21,42" 21,042 20,3~7 19,322 17,886 1':>,91\8
12.00 21,09/l 21,413 21,551 21,479 21,161 20,5')1.l 19,611 18,2f12 16,':>09
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5 APRIL 79 ALASKA POwER AUTHORITY
ANCHURAGE - FAIRBANKS INTERTIE

ECONO~IC FEASIBILITY ~TUUY

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

<IN $1000)

---------------------------------- ESCALATION RATES ----------------------------------
DISCUUNT tI~ !)% 6X 7"1. B"/. 9"/. lOX 1U 12%

RATE ------ ==::== ------ ------ ------ ------ ------ ------ ======------ ------ ------ ------ ------ ------ ------
8.00 25,Otl2 2l1,722 24,063 23,008 21,49t1 19,450 16,798 13, tl51 9,313
8.25 2':),074 24,1l29 24,2')9 2:5,309 21,918 20,019 11,53l1 14,381 10,465
8.50 25,090 24,916 24,431 23,582 22,309 20,548 Itl,224 15,2':)6 11,554
8.75 25,091 24,985 24,':)81 23,828 22,668 21,039 18,869 16,079 12,583
9.00 25,078 2'),036 24,109 211,048 22,996 21,494 19,tl72 16,853 15,55q
9.2') 25, l61 25,070 24,817 2l1,243 2l.,296 21,915 i:!0,Ol.4 17,579 1t1,469
9.S0 25,011 25,OH9 24,906 2l1,tllo 23,567 22,3U2 20,557 11l,260 10:.,332
<1.75 21.1,<lS8 25,092 i:!4,9/6 2l1,56o 23,B12 22,6S9 21,Otl3 18,b9., 16,1t15

10.00 24,895 25,081 25,029 24,696 24,Ol.2 22,985 21,494 19,4<13 16,<f06
10 025 2t1,820 25,057 25,000 24,805 24,228 23,21l3 21,911 20,048 17,623

CO 10.• 50 2l1,ll.5 25,020 2s,oe7 24,895 24,401 23,'j~:d 22,296 20,566 Itl,295
10 075 21.1, bll 1 24,9lJ 25,093 2l1,968 24,552 23,797 22,649 21,Oll7 18,924
11.00 24,0:.57 21.1,910 20:.,OUlI 25,02:5 2t1,682 24,U17 22,974 21,4911 19,513

I-'
1102~ 2l1,425 24,IH9 2S,Ob'; 2'),061 2Q,793 24,213 23,210 21,901 20,003

.j:o> 11 050 211,305 2l1, "''57 25,029 2S,O/::ltl 2l1,tll:\':) 2t1,386 2:',5H 22,289 20,~75

11 .75 211 ,117 24,666 2t1,91:12 25,093 2l1,959 24,':):58 23,7tH 22,6l10 21,052
12.00 24,042 24,560 24,92':) 25,Ob7 25,015 2l1,669 24,002 22,962 21,Q94
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CHAPTER 9

FINANCIAL PLANNING CONCEPTS

The approach taken in this study towards the financial planning for the

intertie facilities represents the preliminary conceptual structuring of

the ultimate financial package needed to implement the Railbelt transmis

sion system expansion on a progressive basis. This approach seeks to be

demonstrative of the methodology employed, rather than an attempt to

arrive·at specific recommendations. The acceptance of debt allocations

by participants to the Alaskan Intertie Agreement (AlA) will require

individual financial positions to be evaluated, prior to negotiations on

specific portions of the total debt for which a particular participant

will ultimately agree to sign. Therefore, what follows is an initial

exploration of possible financial arrangements, and will serve as a

starting point for successive evaluations by each potential participant

to the AlA.

9.1 SOURCES OF FUNDS

An initial appraisal of viable sources of funds has been made to deter

mine the combination which w·ill represent the most financially advan

tageous terms a~d also will reflect the projected allocation of finan

cial responsibility that may be acceptable to each of the participants.

The following principal sources were examined:

• State of Alaska revenue bondsfl oated by APA.

• REA loans negotiated by APA and participants.

• CFC loans negotiated in conjunction with REA loans.

• FFB loans negotiated by APA and participants.

• Municipal bond issues by Anchorage and Fairbanks.

The conditions under which each of the above sources would be negotiable

are dependent upon the ability to generate revenue to make repayment.

9 - 1
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A. State of Alaska Revenue Bonds

Of tnese sources, the issue of State of Alaska bonds would require the

most complex formula for revenue generation, to arrive at an acceptable

agreem~nt to ensure complete payback through time on a steady cash flow

basis. 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 facil

ities. Accordingly, although programmatic inclusion of APA bonds is

retained in the Transmission Line Financial Analysis Program (TLFAP);

for present analytical purposes, consideration has been given only to

the remaining sources for analysis of initial financial plans for 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. Only the financial sources discus

sed in the following sections were then considered for initial funding

of the Anchorage-Fairbanks Interconnection.

B. Rural Electrification Administration (REA)

The principal participants, with the exception of the Anchorage and

Fairbanks municipal systems, are all REA utilities of the Alaska Dis

trict. Therefore, REA funding is assumed for the maximum amount of

total project financial requirements. In accordance with REA st{pula

tions, the loan ceiling is normally 70 percent of total project costs.

Thus, a maximum of the full amount under the 70 percent ceiling was

considered for the prime source of funds, at an interest rate of 5 per

cent over a repayment period of 35 years.

Although not considered at this first level of financial planning, REA

also makes guaranteed loans, which normally are made for prevailing

interest rates of the order of 8-1/2 percent.

9 - 2
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OMB restrictions are expected to reflect through future REA commitments

for project funding. Therefore, with the large capital outlay necessary

for the intertie, it may be necessary to consider alternative sources of

supplementary capital to structure a complementary loan package for the

project. The Consultants have accordingly considered the CFC and FFB

as part of financial contingency plans.

C. National Rural Utilities Cooperative Finance Corporation (CFC)

The CFC makes loans to REA utilities to supplement REA funds, with loans

that are currently carrying an interest rate of 8.75 percent, with a re

payment period of 35 years. To structure a loan package for the balance

of project costs, CFC funds would be drawn on to the extent justifiable

under the primary criteria of providing the most advantageous overall

financial terms.

D. Federal Finance Bank (FFB)

The FFB also provides supplementary funding, complementary to CFC as a

financial source, with loans that bear interest at a higher rate than

that to be obtained from CFC. Currently, the interest rate for FFB loans

is 9.375 percent for project funding, with a repayment period of 35 years.

E. Municipal Bonds

1"""

i

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. For purposes of analysis, the interest rate

was assumed to be 7.5 percent under prevailing market conditions, with a

maturity period of 35 years. These terms are to be construed as conserva

tive under present market conditions. In practice some measure of improve

ment can be anticipated depending upon prevailing economic and financial

considerations at the time of entry to the bond market. For purposes of

illustration, a final interest rate of 7.25 percent was assumed to simulate

the progressive improvement of terms anticipated for this project.

9 - 3
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Thirty percent of the total project costs are assumed to be funded by

municipal bonds, which is deemed reasonably reflective of the participa

tion of the municipal systems in the Alaskan Intertie Agreement. It also

is the complementary portion of total project costs that would meet the

ceiling of the maximum REA loan available to member utilities.

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 AlA participants. To arrive at the proportional allocation of total

project costs between possible sources will require protracted effort on

the part of APA and AlA participants, in the successive negotiations with

REA and other federal funding agencies, together with the officials respon

sible for decisions relating to issuance of municipal bonds.

To assist with an evaluation of financial positions in relation to possible

agreement on resolution of questions pertaining to proportional allocations

between sources, the Consultants offer the following approach for initial

consideration:

• REA funds would be used to the limit of the normal 70 percent

ceiling, as a proportion of project costs. If due to budgetary

restraints REA is not amenable to funding the full proportion,

supplementary loans would be sought from a combination of CFe

and FFB.

• The balance of funding, 30 percent of projects costs, would be

obtained through a joint issue of general obligation bonds, by

the municipalities of Anchorage and Fairbanks.

In, preparing a financial plan to follow this approach the following

analysis was completed using computer programs TLFAP and COMPARE.

9 - 4



['

Jo-O'I

1. An initial run of TLFAP was made with the following allocations

and assumptions for funding terms and conditions:

• 70% funding by REA loan, at 5% interest rate.

• 30% funding by general obligation municipal bonds, with

equal division of obligation between Anchorage and Fairbanks.

A conservative rate of 7.5% was assumed for this issue.

• 35-year repayment period for both sources.

2. On the assumption that REA funds would have to be supplemented

by loans arranged jointly with CFC and FFB, an analysis was made

of a 20% portion of the total REA allocation, to illustrate the

capability of minimizing total financial obligations through

judicious combinations within the package. This was accomplished

using program COMPARE, which derives the present value of future

payments for up to three loan sources under varying loan terms.

To simplify the procedure, a similar repayment period of 35

years was assumed with base case and sensitivity runs, as
follows:

r-1 • Equal division 10/10% between CFe and FFB, with interest

rates of 8.75% and 9.375%, respectively.

T'" • Sensitivity runs of +5% for both eFC and FFB, in converse

proportion, at the same interest rates.

-,
,....

1""",

3. The best of the three test-cases, selected on the basis of

least present value to borrower, was then substituted in TLFAP,

with the following modifications to previous input of 1. above.

• 50% allocation to REA funding @ 5% interest rate.

• 20% source allocation; divided between CFe and FFB according

to the results of the COMPARE analysis:

15% of total by CFe loan at 8.75% interest rate
5% of total by FFB loan at 9.375% interest rate

This combination results in the lowest present value of the

three alternative divisions, presented on Sheets F-7, F-8

and F-9 of Appendix F.

9 - 5



• 30 % source allocation to municipal bonds at an improved
interest rate of 7.25%, to indicate possible positive

offset to the higher composite rate resulting from the

combination of loans from CFC and FFB.

The results of this analysis are contained in Appendix F.

9.3 ALLOCATED FINANCIAL RESPONSIBILITY FOR PARTICIPANTS

A. Basis for Assumption of Financial Obligation

f"'",
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!
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Once the source allocations are determined, the next step involving dis

cussions, evaluations, and negotiations between the participants is

the determination of the allocated responsibility for debt assumption

and subsequent service over the repayment period. The approach fol

lowed was to match percentage of total funds to the AlA participants

on the basis of service jurisdictions, potential benefits from facil

ities, and a certain judgement in relation to the acceptability, or

otherwise, of certain allocations to individual participants. A

degree of tokenism was also judged to be appropriate at this initial

stage, to allow for minimum funding participation by utilities without

major generating plants.

This enables all utilities, that are directly affected by the inter

connection to take a major or minor share of the responsibility for

debt service of the total facility costs in support of the project.

The only utility which is not an immediate direct beneficiary of the

intertie is CVEA. Although TLFAP contains a provision for later partic

ipation by this utility, it is not anticipated that CVEA will exercise
this option prior to the connection of the Glennallen-Valdez system to

the intertie, at or before completion of the first stage development of

the Upper Susitna Project.

9 - 6
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B. Allocation of Total Project Costs

Table 9-1 provides a division of total project costs on a percentage
basis and a subsequent allocation between participants. This pre
liminary set of debt service allocations was used for the financial
planning projections contained in Appendix F. These may be used by
individual participants as a starting point for their own analysis

and evaluation of the impact of their assumed obligation on their
own financial operations.

The allocation of costs was aided by considering the logical division

of the total facility into three sections:

Section From To Distance (Miles)

I Anchorage Palmer 40
I I Palmer Healy 191

III Healy Ester 92

The costs included in Table 9-1 pertain to Case ID transmission facil
ities, single-circuit 230 kV transmission line with intermediate switch
ing at Palmer and Healy. This also allows the realization of investment
participation by MEA in the AlA to the extent indicated in Table 9-1.
Although the benefits of the interconnection are more indirect for HEA,
a small percentage participation in the intertie project is included for
t his ut il i ty •

c. Effect of Sinking Fund on Total Revenue Requirements

In evaluating the revenue requirements for each participant to the AlA,

the cumulative effect of the municipal bond sinking fund on the allocated
debt repayment should be noted. The total revenue required from each
participant is indicated on pages F-8, F-9, and F-10 and F-19, F-20,
and F-21 of Appendix F, and includes both debt service and sinking fund

payments over the 35-year period, to full loan amortization and bond
maturity.
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9.4 FINANCIAL PLAN FOR STAGED DEVELOPMENT

The following is intended as one possible view of future plans for financ-
~. ing successive expansions and extensions of the initial 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

r" associated facilities could be financed on a comprehensive basis, pos
sibly on more advantageous tenns 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 partic

ipants"

....
i

One poss"ibility 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 AlA would then be desirable,
with possibly a token allocation, prior to the determination of the timing
and cost of the facilities to link 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 the transmission system associated
with the development of Susitna hydropower.

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 fac~lities. The large increments of firm
power possible from the Susitna development would require the expansion
of the initial intertie, to receive the energy blocks for transmission to
Anchorage and Fairbanks.

9 - 8
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As part of the comprehensive financial plant the funding of transmission
line and substation facility expansion through time could be arranged on
the basis of total incremental funding t with partition of costs and finan
cial obligations between participants t on a similar basis to that used for
this initial approach to first stage financing of the transmission system
interconnection via the Railbelt.

9.5 REFERENCES

1. International Engineering CompanYt Inc.
Financial Planning Model

2. Moody's Bond Record
'Tax Exempt Bond Yields by Ratings·
'Tax Exempts Vs. Governments and Corporates·
January 1979
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TABLE 9 - 1

ALLOCATION OF TOTAL PROJECT COSTS BETWEEN PARTICIPANTS
TO

ALASKAN INTERTIE AGREEMENT
A I A

SECTIONAL INTERCONNECTION DIVISIONS

1 1 1

Anchorage Pallrer Healy Ester

I Secti on I I Secti on II I Secti on II I I
40 M 191 M 92 M

lD
INTERTIE COMPONENTS PROJECT COSTS - 1979 $1000 (%) TOTAL FACILITY

I Transmission Line 6644 (10) 31,726 (46) 15,282 (22) 53,652 (78 ).....
0

Substations:

Anchorage 3976 (6) 3,976 (6)

Palmer 717 (1) 717 (1) 1,434 (2)

Healy 717 (1) 717 (1) 1,434 (2)

Ester 5,080 (7%) 5,080 (7)

Control &Communications 1,450 (2) 400 (1) 1,450 (2) 3,300 (5)

TOTAL 12,787 (19) 33,560 (49) 22,529 (32) 68,876 (100)

AlA PARTICIPANTS ALLOCATIONS OF TOTAL PROJECT COSTS (1)

AM&LP (5) (10) (15)

CEA (10) (20) (30)

HEA (1) (1)

MEA (3) (3)

CVEA (9) (27) (36)

FMUS (10) (5) (15)
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CHAPTER 10

INSTITUTIONAL CONSIDERATIONS

The Intertie Advisory £ommittee 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 result"ing 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 (AlA). 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 AlA. 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.

10 - 1
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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 wi 11 serve "to supply power at the lowest reason

able cost to the state's municipal electric, rural electric, cooperative

electric, and private electric utilities, and regional electric author

ities, and thereby to the consumers of the state, as well as to supply
existing or future industrial needs".

APA would mainly act on behalf of the municipal and rural electric util
ities as a party to the AlA. Therefore, it is not presently anticipated
that the authorized "powers to construct, acquire, finance, and incure
debt" would be required for the lntertie Project. Rather APA could
integrate and coordinate the efforts of the other participants to
the AlA, to ensure that an expeditious approach is maintained during the
course of the proj ect.

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.

10 - 2
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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 AlA, 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.

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.

I
A. Present Arrangements and Future 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 jo'int 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 improved communications facilities will also need to be addressed,
together with the mode of overall system control and data acquisition
for interconnected facilities.

10 - 3
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B. Evolution of Institutional Framework

In any approach toward projecting institutional requirements for the

establishment of the necessary framework to support the Anchorage

Fairbanks Transmission Intertie, it is essential to preserve a

sense of perspective towards the future and allow for the possibility

of integrating the presently conceived plans and concepts within a

larger and more comprehensive institutional structure. This is par

ticularly appropriate to the task of system interconnection, when

successive expansions are necessary to accommodate the incremental

additions associated with major generating plants.

In the case of the Railbelt, the possible implementation of the major

hydropower developments of the Upper Susitna Project, would require

that the institutional structure required for the transmission inter

tie be compatible with future institutional needs of the Susitna devel

opments. Thus, whatever institutional changes would be brought about

by a program of hydropower development of the Susitna should represent

only a transition between organizational requirements keyed to trans

mission system expansion without the impact of the Susitna develop

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

and Devil Canyon.

The evolutionary approach to effecting this transition is preferable

over an abrupt change of institutional structures and it is thought

that with the acceptance of a pattern of multiple participation in the

planning, financing, implementation, and operation of the Intertie, a

suitable mode of proportionate involvement can also be considered for

applicability to other transmission facilities required for the Susitna

Project. This division of fiscal and managerial responsibility can also

be extended into the operation of the system.

In this way a maximum of local utility participation can be achieved,

with a financially beneficial allocation of total project costs between

funding sources to arrive at a least financial cost package to multiple

borrowers having pre-arranged sharing of debt-service obligations.

10 - 4
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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 life 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 II robots li to come and the electric car are

just two of such items nearing the scene.

These considerations certainly support the trends of electrical energy

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

A-I



exceeded, if the rising standards of Alaskan life 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

Electric 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.

:/I:INTROOUCTION

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.

:/I: Excerpted from MEA System Planning Report, January 1979 - see Chapter 3,
Ref. 7.
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The understanding of a long-range plan in the context of the whole growth

of a community or region and in terms more useful to the consumer of

electricity and his representatives is believed extra difficult today

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

To provide some perspective that is intended to illuminate the broad

impact and position of the MEA electric supply system on its service area

a tabular listing of significant MEA statistics is included herewith on

the following page, Table A-I.

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 life and the productivity

of the MEA service area.
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MEA STATISTICAL SUMMARY - PAST, PRESENT AND FORECAST

Year

(I)

1942

1954

1966

1977

Ave. No.
Served

Average
kWh/Mo.

(2)

210
142

1401
-m
3134
951

9434
1m"

Ave. No.
(w/o LP)
Average
kWh/Mo.

(3)

188
47

1393
--ns-
3113

694

9352
1m

Mil es
of

Line
Di st. Trans.

(4)

90
o

313
----0

708
63

1430
---gr

Const.
Per
Mile

Di st.

(5)

2.3

4.5

4.4

6.6

Ave. Cost
Purch.
POl~er

S/kWh

(6)

0.020

0.0196

0.0114

0.0128

Average
Revenue

Total Sales
$/k~ih

(7)

0.0628

0.0450

0.0348

0.0359

Average
Revenue
(wlo LP)

$/kWh

(8)

0.1074

0.0531

0.0366

0.0368

Average
Bill/Const.
(wlo LP)

$/Mo.

(9)

5.07

17.82

25.40

48.50

Average
Family
Income
S/Mo.

(l0)

175

590

885

2248

Portion
of

Income
Percent

(l1 )

2.9

3.02

3.9

2.4

See Footnotes

Level I
('82-85')

Level II
( '87- ' 92)

Level III
('92-'99)

16693
2IOO

30510
2m

55744
--rrr4

16510
1735

30060
2IffiS'

54956
S494

2212
241

2705
209

3041
--m

7.5

11.3

18.3

0.0187

0.0348

0.0488

0.0546

0.0692

0.0829

0.0559

0.0705

0.0837

99.78

175.30

292.45

3303

4853

7131

3.02

3.60

4.10

The basic historical data was taken from .the REA From 7. Each column is explained as follows:

(I) The year of operation - MEA first energized its system on January 19, 1942. Level 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 total average number of consumers with LPs and their average monthly energy (kWh) 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 - Columns (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 levels I, II and III the figures resulted from a generalized forecast of costs using the investments indicated by the

Long Range Plan escalated at 7% per year, the operating costs per consumer escalated @7% per year and the purchased power costs4Qf Col
umn (6). It was also assumed that there would be lOr. losses of energy and that MEA margins would be lOr. of Gross Revenue.

(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. .

(II) Column (9) divided by Column (10) multiplied by 100.
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APPENDIX B

TRANSMISSION LINE COST ANALYSIS PROGRAM (TLCAP)

B.1 GENERAL DESCRIPTION

The Transmission Line Cost Analysis Program (TLCAP) calculates the in

stallation, operation, and maintenance costs of a transmission ljne using

a detailed unit cost model. It also automatically determines the lI op t"imum ll

span and conductor size combination. Applications include the following:

• Voltage Selection - TLCAP examines the relative economics of

various voltage levels.

• 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 multitude of interrelated factors, each

of which will have a decided influence on line performance and the

installed and operational costs of both the line and the overall system.

The installed cost of a line increases rapidly with the voltage used.

~or typical single-circuit ac lines, the cost increase is approximately

in direct proportion to the increase in voltage. On the other hand, the

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

B-1
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but this is partially offset by the increase in phase spacing and the

resultant increase of line impedance.

Another factor affecting the load carrying capacity and line cost is the

size of the conductor and the number of conductors per phase. Since the

installed cost of the conductors may constitute as much as 28% of the

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

in any line design.

For EHV 'lines, conductor size selection is first governed by two basic

electrical requirements - the current carrying capacity and the corona

performance in terms of corona loss radio interference (R.I.) and tele

vision interference (T.V. I.). As the line voltage increases, the corona

performance becomes more and more the governing factor in selecting con

ductor size and bundle configuration.

If consideration is given to the electrical aspects alone, there is an

optimum solution as to the size and number of conductors for each voltage

level and load carrying requirement. However, the size of the conductor

affects the loads on the structures supporting it, as well as the sag,

tension, span length, and tower height and weight. All such factors

influence the total cost and economics of the line. Hence, both the

electrical and mechanical aspects must be considered together in order

to arrive at a truly optimized overall line cost. Often a solution which

is entirely satisfactory from the electrical viewpoint alone will be

in conflict with the mechanical requirements. This is particularly true

at locations where heavy ice loading is encountered. For example, a

small conductor in a bundle of three may meet all the electrical require

ments but may be entirely unsatisfactory mechanically due to excessive

sag and overstress. This results in higher towers or shorter spans with

more towers per unit length of line than would a larger conductor in a

bundle of two. A large number of conductor and phase configurations

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

vo ltage 1eve1.

B-2



•-t
I;i •
I""'" •

•
J'i""

-

The voltage level for any given line should be chosen on the basis of

its effect on the system to which it will be connected. This may re

quire medium- or long-range estimation of load flow. For example, it may

be more advantageous to build a single 750-kV line instead of two 400-kV

lines. Each solution has its own impact on the system with respect to

reliability, stability, switching over-voltages, transfer of power, and

possibly the cost of future expansion. In other words, the line 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 lowest overall

cost in terms of investment and operation. Without proper attention to

future needs, the 1I1 0west initial cost solution ll 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:

Conductor material. size, and stranding.

Tower types, such as rigid or guyed, single or double-circuit,

ac or dc, metal or wood.

Foundation costs.

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 IEeD. Program methodology of TLCAP is shown on

Figure C-1. Briefly, program elements include:

B-3
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TRANSMISSION LINE COST ANALYSIS PROGRAM (TLCAP)

METHODOLOGY

FIGURE B-1

'f""
I

~
I

r"
I

ITower Design Studiesl

,It
Tower Weight Estimation

Al gorithm

Electrical & Mechanical I Ri ght-of-Way Cos tl
Performance Specification , II , II \ II

'----
Unit Ma teri a1 & --'Transmission Line Cost - System Economic
Labor Costs

I - Analysis Program - Parameters
J J ~

Transportation Costs Inflation Rates

\ V ,V \ V--- "----Input Detailed Optimum Span &
Data Design & Conductor Cost
Summaries Capital Cost Summaries

Summaries
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• 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.

• 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.

• Tower Selection and Span Optimization - The installed cost of

towers represents a large portion of the total line cost. There

fore, this item is given special and careful consideration in

the calculations. The installed cost of a tower is usually a

function of the weight of the steel used. A considerable dif

ference in weight between different tower configurations can be

experienced, even in cases where the loads are identical. If

to this variable. the variations in loads due to conductor size.

bundling, and climatic criteria are added, it becomes evident

that correct tower weights can only be determined by an actual

tower design in which all the variables are properly considered.

Therefore. the optimization program is complemented with a tower

design program. Appropriate foundation and insulation costs are

added to each tower solution to obtain the total installed cost

per tower location. This information is then used by the opti

mization program to determine the optimum span length (the span

that results in the lowest tower cost per unit length of line)

for each conductor configuration being considered.

In processing these criteria, including a present worth evaluation of

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

B - 5
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gram arrives at a long-range minimum cost solution for each voltage level

investigated. However, as previously mentioned, the final evaluation of

the adequacy of a line should be based upon its present and future effect

on the system as a whole. Therefore, the lowest cost solution for a

select number of conductor configurations, with their specific electrical

characteristics, should be tried in a few additional system study runs

to obtain a proper basis for a final decision.

B.3 TLCAP SAMPLE OUTPUTS

Sample outputs of the TLCAP computer program are shown on the following

pages. The output cases are listed below:

• 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-I).

~ • Devil Canyon - Ester, 230 kV (Case II-2A).

• Watana - Devi 1 Canyon, 230 kV (Case II-3A).

-r-
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INTEkNAJIONAL ENGINE~RI~G co. INC
SAN FHANCTSCO C~LTFORNIA

H~ANSMISSION LINr COST ... NALYSIS P~OGRAM

V~RSIUN 1: 23 ffA lQ79,

ANCHORAGE-fAIRHANKS INTERTI~ CASE IA
230 KV TRANSMISSION LINE COST A~ALYSIS AND CONDUCTOH OPTIMIZATION

DATE: 12 APR 79 TIME: q:29:47

•• ** ••••••••••••••
• •
• INPUT DATA •
• •
••••••••••••••••••

SYSTFM tCONOMIC FACTORS

STARTING YEAR Of STUDY
ENDI~G YEAR or STUDY
RASt YEAR FOR ESCALATION
~1AXI"'UM CIRCIIIT LOADING
AVERAGE CIRCUIT LOADING
OEMAND COST FACTOR
ENFHGY COST fACIOR
V AR ((I ST F A.C T (J H
CAPITAL COST/DISCOUNT RATt:

MINIMIIM
MAXIMU..,
NUMAfR OF INTERVALS

Oll.M COST FACT(J~

RIGHT OF wAY CDST FACTOR
RI~HT OF WAY CltAHING COST
TNTEHESl DURING CONSTRUCTION
FNGINHRING FEF

INPUT VALUE:

1979
1996
1977

136.8 MVA
41.0 MVA
B.O $/KW
13.0 MILLS/KWH
0.0 $/KVAR

7.0 PFRCtNT
10.0 PERCENT

1
1.':> 'l: CAP. COST

715.0 $/ACHE
1430.0 $/ACRE

0.00 % INST.CST
11.00 % INST.CST

REFtRENCE YEAR FOR INPUT

1992
1992
1979
1979
191\Ll

lQ84
lC/8'l

1979
19]q
19H
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ANCHORAGE~FAIR~A~KS INTERTIE CASE IA
?30 KV TRANSMISSION LINF COST ANALYSIS AND CO~DUCTOR OPTIMIZATION

DATE: 12 APR 7q TIME: q:?Q:q7

********t**t****tt

* ** INPUT DATA *
* t

COM'UCTOR [)hTA

*******t**********

GROUNOVlIRE DATA SPAN DATA
______ •• w •• •

ttl
I

00

"Ilj'11F~ ·)rl~ I't1AS[
cni\l:)UC Ti)fi SPAL !tl!;
II,'L TA~f_

V!ILTAG' IIA~IAIIlI'l

L1-'<£. FlO. !JUr.NCY
F!l1~"EqHI:.Q lOSSrS
LPJI: If,l(,TH
PU"ER F~(TnR

wFAIHER DATA

I
O. () IN
2~O KV

10,00 Pcf
60 CPS

C).OO Kw/MI
323.00 MILES

O,Q5

NUMHER PER TOwER
DIAMETER
Wf:.IGHT

o
0.00 IN

0.0000 LRS/FT

MINIMUM
MAXIMUM
INTERVAL

1200. FT
\1,00. FT
100.0 Fl

------------~-----.---------_.-_._-------

"'A)(J MI'" RA I Nf /ILL I~A IE t. I fl IN/HR
M;I q c., J" f.: AI NfilL L f) 1111 ATION I 11I<S/YR
A\ r ,< ,\ I; f FAPHALL '«ITF 0.03 IN/HI'
AliF:.lA:;f f-IAP~rALL DUIIATIO'J 036 "RS/yR
'lAX I ~1dl' :;tJl),,~ IILL I< A r ~_ 1,1\7 IN/HP
'~i\XI"J"' [,IJilwr All l)lJfJA I ION 1 HRS/yR
Avi:RAGf 0tJ(h-j~ A( L RA TE 0, I ~ IN/HR
AvFt~'\[;f SNO"FALL I)UI-iATION 2M HRS/YR
RtLATIlir AJI~ !)ENSITY I. \l'OO
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ANCHORAGE-fAIRHANKS INTERTlf CASE IA
230 KV TRANSMISSION lINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TI~E: q:29:q7

**.**.*~*-~~*~****

* ** INPUT DATA *
* *
******************

SAG/TENSION DESIGN FACTORS
-_._----_.--------.------~

td
I

to

EVERYDAY SIRESS TEMPERATURE
ICE A~D WIND T~MPERATURE

HIGH WIND TFMPtRATURE
fXTREME ICE tf.MPERATURt
MAX DESIGN TfMP fOR GND CLEARANCE
EDS TfNSION (PCT UTS)
NESC CONSTANT

TOTAL NUMRfR OF PHASES
PHASf SPACING
CO'Jf)I!CTOR CONFIGURATION FACTOR
GR(WNO CL E AI? At~C f
NO. OF INSI!LATllRS PER TowFR
INSULATOR SAFElY FACTOR
STRING LENGTH
I, VEE, DR COMRINATION
Hl!JNOATIlJN TYPE
TFRRAIN FACTOR
LINE ANGLf FACIOR
TOwER GROUNDING
tRANSVERSE OVERLOAO FACTOR
VERTICAL OvERLOAD FACTOR
LONGIIUDINAL lOAD
MISCELLANEOUS HARDWARE WEIGHT
ID~ER WEIGHT FACTOR

TOwER WEIGH! ESTI~ATION ALGORITHM----- - ..-.~_.- -------- ---- -~-----,-

qO. DEGREES F
O. DEGREES F

40. DEGRfES F
30. DEGREES F

120. DE.GREES F'
20. PERCENT

O.Jl LBS/FT

TowER DESIGN

3
20.0 FEET
1.02
28.0 FEET

qll
2.50

o,e; FEET
3
4

1.0b PE.R UNIT
.08bq

o
2.50
1.50

1000. U:lS
0.11 TONSITOWER
1.02

ICE. AND WIND TENSION (PCT UTS)
HIGH WIND TENSION (peT UTS)
EXTREMl ICE TENSION (PCT UTS)
ICE THICKNESS wITH WIND
WINO PRESSURf WITH ICE
HIGH WIND

ExTREME In

DISTANCt tlfTWEEN PHASES:
01
02
03
[)4

Ol:j

On

50. prRCtNT
50. PfRCENT
70. PERCfNT

0.50 It.CHfS
4,00 LBS/SQ.FT.
9.0 LBS/SfJ.FT.

0.50 INCHES

20.00 FT
?O.OO FT
40.00 FT
0.00 FT
0.00 FT
0.00 FT

lOiIlER TYPE q: 230KY TOWER

T~ : Q.OhOlh*TH**? - ].09797*TH*-0.3313 - 0.OS9U]*FFFYOL 
O.11Jbl*tftlUL • O.OO~10.TH*EFfTDL + O.OOlbO.TH*EFfVUL •
18.37911 KTPS
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A~CHORAGE-FAIRBANKS INrEKTIf CASE IA
2~0 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIM[: 9:29:47

******************

* *• INPUT DATA *• *
**********.****.**

CONDUCTOR SUM~ARY

*****************

TEMP.COEF.
STRANDING UNIT WEIGHT OuT.DIAM. TOTAL AREA MOfllJl US AU'HA*E.-b

10 ';lJ'1l'ER NAME: SI7UKCM) (AL/STl (LI3S/FTl (INCHES) (g().IN.) (fF/E:.b PSI) PE.R DEG F
-----_ ...- ---- --------- ------- ......---- -------- -------- ----------- -_... ------

2q GkllSBEAK 636.0 261 7 0.8150 0.9900 0.5809 11.00 10.3

to 25 fGRf. T 63b.0 30119 0.9880 1.0190 0.6134 11 .50 9.7
I 2b FL AM I NGll bbb.O 241 7 0.8590 1. 0000 0.5914 10.55 10.7

f-l ?7 GA~NrT bh6.0 261 7 0.9P10 1.0140 0.601:\7 11.00 10.3a
2f\ 51 ILT 11'5.0 24/ 7 0.9210 1.0360 0.63q/\ 10.55 10. 7
29 STARLING 715.0 2bl 7 0.C/1I50 1.0510 0.6535 11.00 10.3

H RE:OWING 715.0 30/19 1.1110 1.081u 0.6901 II .30 9.7

~I CUCKOO 795.0 2ql 7 1.0240 1.0920 0.70':>5 10.'>':1 10.7

3~ DRAI<.r HS.O 261 7 1.0940 1.1080 0.7261 11.00 10.3

35 TfRN 7Q5.0 'lSI 1 0.8960 1.0b30 0.6b76 9.QO 11 • ';

51.1 CO"Jl)(lR 79').0 541 7 1.0240 1.0930 0.70'53 10.85 10.9

35 M ALL AIlO 795.0 30/19 1.23';)0 1.11100 0.7668 11 .50 9.7

3tl RUDDY qOO.O 451 7 1.0150 1.1310 0.7069 9.tlO 1 1.5

51 CA~JAIH 900.0 ':IIlI 7 1.1590 1.lb20 0.798':1 10.85 10.9

31:1 RAIL 9'J4.0 tl51 7 1.0750 1.1b50 0.1\011 9.40 11.5

3J CARD PJAL 9511.0 541 7 1.2290 1.1900 0.8464 10.8'5 10.9
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ANCHORAGE-FAIRRaNKS INTERTIF CASE IA
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 7q TI~t: '1:2'1:47

******************

* ** INPUT DATA ". "
***.*********.****

CONDUCTOR SUMMARY
* •• ***.*****.****

AC RESIST.
ULT.TF.NS. GfOM.MEAN HiERM.LlMIT AT 25 DEG ( IND.REACT. CAP. REACT •

If) 'n)"IHl:.R NIIME STRfNGTft(LRS) RA()TUS(FT) PRICE($/LB) (AMPERES) (OHMS/MILE) (OHMS/MILE) (MOHM-MIU:S)

--------- ---- ------------- ._-------- ----------- ..-------- .-----.---- ----------- ------------
,'11 r,kflSHEAK 2~OOO.0 O.O'BS 0.628/1'177 790. O. 111'~? O.,:n18 2.03147

O:l 25 FGill T 31<;00.0 0.0.551 0.609/Iq]7 870. O. 1447 0.40hO 2.0136
I ?b FLIIMTNGO ?HOO.O 0.OB5 0.6110/19n 810. 0.1399 O.lttlB 2.6(>qll

i--'
i--' '>1 I~HIi'E T t?fJeOO.O 0.0311.3 0.609/1'177 820. 0.1373 0.lt092 2.t>3117

?il STILT 2<"C;vO.O 0.O5117 0.bn/19n 840. 0.1:320 O.IlObh 2.641)0
;:>'1 STARLING (lHI00.0 0.0.3"5 0.608/1977 850. 0.12911 o.ltO'JO 2.6453
~o fiE [hI} NG 3/~6l)O. (j 0.0372 0.b12l1977 860. 0.1288 O• .3992 2.5601
H [U(K()O 21100.0 0.0360 0.636/1977 '100. O.It?lll 0.399'" 2.5502

'2 OJ,H,KE .31(100.0 (l.OH5 0.622/1'177 '110. 0.1172 0.399(' 2.54 r>0
33 HRN <,?qOO.o 0.0352 0.677/1977 8'10. 0.1188 0.4060 2.5706
311 CO'J!)(JR 211"OO.f) 0.0368 0.6";/1977 900. 0.11l? 0.400(' 2.55'55
~c; MAll ARD '8 IjOO.0 0.0.392 0.599/1977 910. 0.1162 0.3928 2.5181)

'6 RUDDY 25/j 00.0 0.0374 0.076/1977 935. 0.1-082 0.39;;>8 2.5080
H CANARY 32300.0 0.0392 O.6.B/1977 950. 0.1040 0.3928 2.5027

'8 RAIL 2b900.0 0.0385 0.07111Q77 970. 0.0998 0.394'1 2.5027
39 CARDINAL 34?00.0 0.04011 0.63211977 990. 0.0987 0.3902 l.1I816
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A~CHORAGE-FAI4RANKS I~TERTIf CASE IA
230 KY IUANSMISSION LINf COST A~ALYSJS AND C()~DUCTOR OPTIMIlATION

DATE: 12 AP~ 7q TIME: q:2q:a7

.****** •• **.******
•
*•

INPUT DAIA
*

'"
'"

to
I
~
N

UNIT MAIERIALS COSTS

PHICC OF TOWER MATERIAL
PRICE OF CO~CRETE

PRICE OF GRnUNO nIRE
INSTALLED COST Of GROUNOING SYSTEM

TOwFf~ SETUP
TOw!' R ASSH1Al Y
FOUNDA TION SETuP
FOUNDATION ASS!:."1HLY
FOUNDATION !:.XCAVATION
PRICE OF MISC(LLAN~OUS HARDWARE

IJNIT LAHOR COSTS

RFFFRENCE YfAR LABOR COST
STRI',G GROlJ~ID wiRf
STRING LABOR MARkUP

IINlT TRANSPORTAllON COSTS
.-----_._-~-----------.--

•• **** ••••• *******

INPUT VALlIF.

0.957 $/LB
0.00 $/CU.YD.

0.000 $/Ll:i
0.00 $/TOWER

175 I. $
0.4':>5 $/LB

O. $
41aO.OO :tITON

0.00 $/CU.YD.
290.00 S/TOWER

24.00 $/MANHOl)R
0.0 ~/MILE

a.2 PER UNIT

REFfRfNCf YEAR FOR INPUT

197'1
1977
1977
1977

1979
1'179
1'11'1
IH'1
1'179
1'177

1979
1977

TOWER
FOUNDATION CONCRETE
FOUNDATION sTfEL
CONDUCTOR
GROUND l'fIRE
INSULATOR
HAROWARF

100.0 $/TON
100.0 $/YO
100.0 $ITON
100.0 $ITON
100.0 $nON
100.0 S/TON OR S/M**3
100.0 S/TON
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A~CHOHAGE-FAIRRANKS INTE~TIE CASE IA
230 KV TRANSMISSION LINE COST ANALysIS AND CONDUCTOR OPTIMIZATION

DATE: lZ APR 79 TIMl: 9;29;q7

**************************************
* *• AUTO~ATIC CONDUCTOR SELECTION •
* ALL QUANTITIES PER MILE *
* *
****.***********.******.**************

CAPITAL COST/DISCOUNT RATE OF 7.00 PERCENT
_._--------------_...-_.-------------------

PRESENT WORTH
--_._--~----------------~-----------_.

ClJ~j()IJCTO~ INSTALLED COST LINE LOSSES OltH COST LINE cost
... - .. --_ ... ---------------..----.----.----_._._----------------------------- ------_._.- -------- ---_.__ ._.
NO. KCM SPAN(fT) MATERIALS TRANSPORTATION INSTALLATION [NGIlDC SUBTOTAL SUBTOTAL SURTOT AL TOTAL

.------- -----.--- -.-------_.--- ....--------_.- -----.. -------- ____ ewe. --------

I~ )'1 954. 1300. bR lin •. 3834. 84Hh. 93Z8. 166104. 32600. 3784. 201'18H.

3" 7'1'). 1300. 64664. 3721. 82616. <)088. 160089. 39120. 3151. ;ons<J •
3':> '7<)5. III 00. 6537'). 3684. 82031. 9023. 160113. 39120. ~lt>l. 202394.
37 '100. 13ilO. 67?99. 3772. 84608. 9307. 161.198b. 31.151.13. 32':>7. 20?7R!.l.

3° 95/1. I !~ () O. ~q'i52. 382~. 81.1673. 9)14. 167367. 326()0. 3322. ,;>03<'8'1.

37 900. 1400. 68697. 3766. 81.1491.1. . 9Z<JI.I. Ih62S1. 34S43. 3?94. 20£l()I'\I:I.

3', 795. lr:.oO. 66f17'1. 3689. 82176. 90V~ • 16171:\4. 39120. 3206. 201.1109.

.3<' 79r:,. 1300. 65558. 368':1. 831'193. Q<??8. 162364. 39523. 31<)5 • 205082.
30 715. 1.)00. /">3510. 3615. 82301. 90':>3. 158478. 44166. 3112. 20,:>756.

30 715. 11.100. 64204. 3576. 81729. RQ90. Pi1'l1.l9B. 44166. 3122. 2057i',7.

~" 7'15. 1300. 65807. 3659. 843'59. 9279. 163104. 39')99. 3;>09. 20""15.
32 795. 1400. 6671\4. 3bb9. 83683. 9205. 16334Z. 39523. 3226. 20/',091.

H 95 11. 1500. 7181.15. 3870. 85337. 93f.7. 170437. 32600. 3397. ?061.133.
3~ 9':14. 1300. 70qb. 31'HI. 80787. 9547. 170300. 32997. 33 71. 206bb7.

3<> 954. IlOO. 703H6. 4033. 87082. 9519. 171080. 3?600. 3385. 2070n5.

3f 900. 1')00. 70<)83. 3807. 85172. 9369. 169331. 34543. 3369. ?07?1.I?

34 79'1. 11.100. 67235. 3653. 81.1298. '1215. 16t14,9. 39599. 3246. 207306.
3, 795. 1600. 69124. 3735. 82979. 9128. 1649b6. 39120. 3282. 207367.

30 71<;. 1500. 6~7(l2. 3580. 81896. 9009. 160187. 44166. ')167. 207')20.

3<:' 795. 1100. 66809. 3916. 8')020. '13')2. 165176. 39120. 3254. 207r:.L19.

H 900. 1200. 69631. 3977. 86926. 9'.:lb2. 1700'16. 34'J43. 336 I. 207999.

2CJ 71 s. 1300. 64091. 3')93. 83683. CJ20'J. 160573. tl4·80 4. 3150. 20A527.

21.1 656. 1200. ')8648. .H45. 82481. 9073. 1~3l5118.· 52193. 297'; • 20871':l.

32 79"'. 1500. 6881'.3. 3701. 84257. 9268. 16bl09. 39'J23. 3795. 20P,92b.

31, 900. 1300. 1,9499. 3780. 86682. Q':l3':l. 1&91196. 3&096. 335t. 20R9a2.
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ANCHORAGE-FAIRBANKS INTERTIF CASf IA
23~ Kv TRANSMISSION LINE COST ANALYSIS AND CQhDUClnR OPTIMIZATION

DATE: 12 APR 79 TIME: q:29:47

******************************

* '"* COST OUTPUT PER MILE *
* PRESENT VALUE ~ATE •
* 7.00 PERCENT *
* *
* ••• ** •••••••••• *.* ••••• ** •• *.

CONDUCTOR NUMBER = 39
954. KCMIl 1300. FT SPAN 87.7 FT TOwfR

I"lSTALLFD COST MATfRIAl TRANSPORTATION INSTAllATION TOTAL
IiR~.IIK()OW"l (WA NTIT Y COST(S) TONNAGE COSTf$) CnST(S) COST($)

....... _---------- ...--~_.- -------- --._._. - ... ------------ ------------ -------
to CONfWC rOR 15~ Ll o. FT 14086. 9.73 973. 18257. 33316.I
f-' GROl)N()" IRE o. FT o. 0.00 o. o. o.+:-

I"lSillIlTIlI<S ?O7. UNITS 1313. 1 .14 244. 1'5')7.
HAR[).-jAf<E 1429. 0.47 47. 1£177.
TOW~RS £1.3 UNITS 38870. 20.:H 2031. 200 1q. bbq21.
FOU~I[JATIONS 1~.3 UNITS 3327. 538. 22280. (161£1'5.
RIGH! OF WAY 13. ACRES 91?0. 18('141. 27301.
IOClr NG TNf. ER IIIJG 9328 • 9328.
... -------.._---- ----.-- ----.- ----_. ----... -------
lOll<lS 68147. 31.65 ''\834. 847q6. IbbIOLl.

PRESENT VALUE ($)
..--.-----...---.--.----------~_....--~------._------------ ------------

LOSS ANALYSIS DEMAND LOSSES ENERGY LOSSES TOTAL LOSSES
-----_._------------ ------------ .. --------_....-- ------------
RESISTANCE LOSSES 24588. 7992. 32580 •
CORONA lOSSES o. 19. 19 •._----~-.--..-._---- -....---. ------- -------
TorAlS 24';88. 8011. 32600.
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INTERNATIONAL ENGINEERING CO. INC
SAN fRANCISCO CALIFORNIA

TRANSMISSION LINE COST ANALYSIS PROGRAM
VERSION 1: 23 FEB lQ79,

ANCHORAGE-FAIRBANKS INTERTIE CASE IB
230 KV TRANSMISSION LIN~ COST ANALYSIS AND CONDUCTOR OPTIMIZATION

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

t::d
I

t-'
(.n

SYSTFM ECONOMIC FACTORS

STARTING V~AR OF STUDY
ENnING vEAR Uf STUDY
~ASf YEAR FOR ESCALATION
MAqMIlM CIHClHT LOAI)ING
AVEfHGE CIRCUIT LOAD!tljG
DEMAND COST fACTOR
ENERGY COST FACTOR
VM~ COST FACTOR
CAPITAL COST/DISCOUNT RATE:

HI r. flolUM
HA>. I r~UM
NUMRfR OF INTERVALS

0&'" COST FACTOR
RIGrlT OF ~A' COST FACTOR
RIGHT OF ~A' CLEARING COST
INltRESi DURING CONSTRUCTION
E1I1GINHRING Flf

••••••••••••••••••
• •
• INPUT DATA •
* •
**.* •••••••••••• *.

INPUT VALUE

1979
1996
1977

130.8 MVA
1J9.2 MVA
7.5.0 $/Kw
13.0 MILLS/KWH
0.0 $/KVAR

7,0 PERCENT
10.0 PERCENT

1
1.5 % CAP.COST

715,0 :Ii/ACRE
11.130,0 $/ACRE

0.00 t INST.CST
11.00 % INS1.CST

REFERlNCE YEAR FOR INPUT

1992
1992
191q
1979
1984

JCH~4

1984

Iq79
1979
1979
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ANCHORAGE·FAIRBANKS INTfRTIE CASE 16
210 KV TRANSMISSION LINE COST ANALYSIS ANO CONDUCTOR OPTIMIZATION

DATE: 12 APR 7q TIME: Q:37:07

.,*** •• *******".***
*
* INPUT DATA

....

lONDUC J OR IH TA

.. *
**********.*******

GROlJNDwIFIE DATA SPAN DATA
-----------.-------------_.-..--_.------

b;:I
I
~

0\

NU"'SE'l I'ffl PHASf
CONDUCTOR SPACING
VOLTAf,[
ViJLTAGE VAHIAJION
LJ.\!E FR'RUfrJCY
FAI~"'EAIHtR LOSSES
LINE LE"'JGTH
POWER FACTOR

WtATlffY DATA

1
U.O IN
230 KV

10.00 PeT
60 CPS

0.00 KW/MI
123.00 MILES

0.95

NUM~ER PER TOWER
DIAMETER
WEIGHT

o
0.00 IN

0.0000 LBS/FT

MINIMUM
totAXIMlJM
INTE.RVAL

1200. FT
1600. FT
100.0 FT

~----------------------------~-----------

MAX IMJM RA INFAll fH Tf. 1.18 IN/H~

~AXIMUM RAINFALL (lU~ATION 1 HflS/YR
AvERAGF RAINfALL RATE 0.03 IN/H~

A\lE~AGt RAINFALL DUh'l\TION 636 HRS/YR
~AXIMJM S~OwrALL RATE 1.87 IN/HR
"1AX[ Mli M SNOwFALL OUf~ArrON 1 HRSIYR
AvERAGF SNOWFALL RATE 0013 IN/HR
AVERAGE SNO~FALL DURATION 264 HRS/YR
fllLATIvE AIR DENSITY 1.000
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ANCHORAGE-f~IRBANKS INTERTIE CASE IA
250 KV TRANSMISSION LINE COST ANALVSIS ~ND CONDUCTOR OPTIMIZATION

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

***.,*************
* *
* INPlIT DATA *
* *
******************

SAG/TlNSION DESIGN fACTORS
--------------------------

I:d
I

I-'
-..,J

EVfRyrAY STRlSS TEMPERATURE
ICf AND WIND TEMPERATURE
HIGH WINO TEMP~RATURE

lXTRfM!: ICE TfMPERATURE
MAX DESIGN TE.MP FOR GNU CU:.ARANCI:
EOS TENSION (PCT UT5)
NESC CONSTANT

TOTAL NUMAI:R OF PHASlS
PHASl SPliCING
CONDUCTOR CONFIGURATION FACTOR
GROUND CLEARANCE
ND. OF INSIJLATORS PfR TOwER
INSULATor, SAfETY FACTOR
STRING U:NGTH
I, VEE, OR CO~8INATION

f (JIIWH I I (iN T YPf

J[kRh IN r ACTOR
LINF A~GLE FACTOR
TOv.FR [;JWUNOING
TRhNsvERSE OVfRLQAD ~ACTOR

VERTICAL OVERLOhO fACTOR
LONGITUDINAL LOAD
MISCELLANEOUS HARDWARE WEIGHT
TOwFR ~EIGHT FACTOR

TO~tR wEIGHT ESTIMATION ALGORITHM---_._-----_..----..----_.._-----

1.10. DEGREES F
O. DEGRHS F

40. DfGRFES F
30. DEGREES F

120. DEGREES F
20. PERCENT

0.31 lI:lS/FT

TOWER DESIGN

3
20.0 FEn
1.02
28.0 FEn

41'1
l.50
6.5 FEET

3
1.1

1.06 PER IINIT
.086/.1

o
2.~0

1.50
1000. LRS
0.11 TONSITOwE~

1.02

ICE AND WIND TENSION (PCT \)15)
HIGH WIND TENSION (PCT UTS)
EXTREME ICE TENSION (PCT UTS)
ICE THICKNESS WITH WIND
WIND PRESSURE WITH ICE
HIGH WIND

EXTREME ICE

DISTANCE BETwEEN PHASES:
01
D2
In
01.1
05
Db

50. PE.RCENT
50. PE.RCENT
70. PERCENT

0.50 IIJCHES
/.1.00 Lf:lS/S(J.fT.
9.0 LflS/SQ.FT.

O.~O INCHES

20.00 FT
20.00 FT
1.10.00 FT

0.00 FT
0.00 FT
0.00 FT

TOWER TYPE 9: 230KV TOWER

Tw = 0.OOOlb*TH**2 - 3.097Q7*TH**0.3333 - 0.OB9/.15*EFfVDL 
O.}7Shl*tFF10l + O.00510*TH*ffFTDl + O.OU)60'TH*tffVDL +
lA.~'Ql? KIPS
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ANCHOR~GE·FAIRHANKS INTERTIE CASE 1B
230 KV TRANS~lSSION LINE COST ANALYSIS ANU CONDUCTOR OPTIMIZATION

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

•• * •••••••••••••••
* •
• INPUT DATA •
• •
••••••••••••••••••

CONDUCTOR SUMMARY
•• *•••••••••••• **

TEMP.COFF.
STRANDING UNIl WEIGHT OUT.DIAM. TOTAL AREA MODULllS ALPHA*E·6

TD "iU-'RfR NAt~E SIZf:.(KCM) (AL/Sn (LBS/FT) (INCHES) (SO.IN.) (EF/Eo PSI) PER DEG F

--------- ---- --------- ..------ -------- .. ------- - ... ----- .---------- ----_ ....---

21.l GROSREAK 1)30.0 261 7 0.8750 0.9900 0.1)809 11.00 10.3
2':1 fGRfT 1'>.56.0 30/19 0.9880 1.0190 0.6134 11.50 9.7
20 Fl. M1INGO 666.0 2/J1 7 0.8590 1.0000 0.5 cHIl, 10.5' 10.7

tid 27 GANf\lFT 666.0 261 7 0.91RO 1.01110 0.1>087 11.00 10.3
I

I-' ?>I STILT 715.0 2111 7 0.9210 1.0.560 0.634R 10.55 10.7
co (>9 SJAi~LING 715.0 ?61 7 0.98')0 1.0':>10 0.0535 11.00 10.3

30 RUhiWG 715.0 30/19 1.1110 1.0610 0.0901 11 .30 9.7
31 CliCKOr) 79'5.0 2111 7 1.02110 1.0no 0.7053 10.55 10.7
3~ DIU<KE 795.0 261 7 1.09110 1.1080 0.7261 11.00 10.3
.n TI:.IHJ 795.0 IJSI 7 0.8900 1.0630 O.667b 9.40 11.5
3 'j C()~JDOR 79';.0 541 7 1.02'10 1.0930 0.7053 10.HS 10.9
3':1 MALLARD 795.0 3011 9 1.2350 1.1400 0.7608 11.30 9.7

30 RUDDY 900.0 45/ 7 1.0150 1. BI 0 0.7069 9.40 11. S
37 CANARY 900.0 SIJI 7 1.1590 1 • 1620 0.7985 10.1:1':> 10.'1
3'\ RATL q'jIl.O 451 7 1.0750 1.1650 0.8011 9.40 11.5
39 CARDINAL 954.0 5111 7 1.2290 1.19bO O. Moll 10.85 10.9
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ANCHORAGE-FAIRtlANKS INTERTIE CASE IB
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 9:J7:07

******************

* ** INPUT DATA *
* *
******************

CONDUCTOR SUMMARY
*****************

AC RESIST.
ilL T.TENS. GEOM.MEAN THFRM.L1MIT AT 25 DfG C INO.RI::ACT. CAP.REACT.

10 NUMBER NAMf STRENGTH(LBS) RADIUS(FT) PRICE($/LB) ( AMPERES) (OHMS/MILE) (OHMS/MTLU (MOtiM-MIUS)

------.-- .--- -_._--------~ -~-------- ~--- ..._----- ._-.-~--- ----------- ----------- --_.....- ...-- ..

2£l GROSHfAK 2~000.0 O.OBS O.628I1Cf77 790. 0.11152 0.4118 2.63/H
?5 fGHET 31500.0 0.0351 0.b09/1n7 870. 0.14 1'1 0.1I0bO 2.0136
26 FU,M INGO 2.3700.0 O.O.BS o.bIIOIl 977 810. o.139q 0.4118 2.6244

t::d 27 GANNET 2t>200.0 0.03113 0.609/1977 820. 0.1313 0.4092 2.1)3117
I 213 STIL 1 2S,00.0 0.0347 0.627/1977 8110. 0.1320 0.11066 2.b1l00.....
~ 29 STAfil.I NG 21\100.0 0.035S 0.608/1977 8'>0. 0.12911 0.1I0S0 2.bll,)3

30 RtO~, ING 311600.0 0.0.H2 0.612/1977 860. O.PAR 0.3992 2.')601
31 CUCKOO 27100.0 0.0360 0.636/1 9 77 900. 0.1<:>14 0.H92 2.5502

32 D"'AKE 31200.0 0.0375 0.b2C11977 910. 0.1172 O. '5Q9? 2.54')0
33 HRN 22900.0 0.0352 0.671/1977 890. 0.lt88 0.40bO 2.5766
3ll CO~JI)OR 2B,)00.0 0.0368 0.635/1977 900. 0.lt72 0.tlO02 2.5')55
35 "lAl LAr~D 381100.0 0.0.392 0.599/1977 9tO. 0.1162 0.392fl 2.5186
36 RUOOY 2S1l00.0 0.03711 0.67b/l'H7 935. 0.10R? 0.3928 2.501:10
37 CANA,n 32300.0 0.0392 0.6)3/1977 950. 0.10tlO 0.3928 2.5027
38 RAIL ?6900.0 0.0385 0.67111977 970. 0.0998 0.39119 2.5027
39 CARDINAL 311200.0 0.0404 0.b32/1 IH7 990. 0.0987 0.3902 2.4816
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ANCHQRAGE-FAIRHANKS INTENTIE CASf lA
250 Kv rRANSMISSION LINE COST A~ALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIM~: 9:37:07

******* •• ***.*****
• •
•
*

INPUT DA fA *
*

tti
I

N
o

lINTT MATERIALS COSTS

PNIC~ OF TuwlR MAT~NIAL

PRICt OF CONCRETE
PAIcr OF GHOUND WI~E

INSTALLED COST O~ GROUNDING SYSTEM

rOwER SErup
TOVl[R ASSE ~1Rl Y
fOUNDArIO~ SETUP
FOUNDATION ASS~MBl Y
FOUNDATION EXCAVATION
PRIcr OF MISCELLANEOUS HARDWARE

UNIT LABON COSTS

RlFtRENCF YFAN LABON COST
SIRI'H: GI!OUN[) .. 11<[
STRING LABOR MARK!jP

UNIT TRANSPORTATION COSTS

TOwER
FOUNDATION CONCR~TE

FOUNDATION STEEL
CONDUCTOR
GROUND WIRE
INSULATOR
HARO~ARE

***********.******

INPUT VALUE

0.9'57 $/Lfl
0.00 $/CU.YD.

0.000 $/Ll:l
0.00 $/TOWER

17'51. $
O. 4~~ $/Ul

O. $
41l10.00 $/TON

0.00 3i/CU.YD.
290.00 $O/TowER

24. 00 $tr~ANHOUR

0.0 $/Mll E
4.2 PER UNIT

100.0 $/TON
100.0 $/YD
100.0 $110N
IbO.O $/TON
100.0 $/TON
100.0 $/TON OR $/M*~3

100.0 $/TON

REFERENCE YEAR ~OR INPUT
------------------------

1979
1977
1977
1977

1979
1979
1<1/9
1979
1979
1977

1979
1977
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ANCHORAGE-FAIR8ANKS INT~RTIE CASE 18
230 KV lRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 lIME: q:37:07

**************************************

* ** AUTOMATIC CONDUCTOR SELECTION *
* ALL QUANTITIES PER MILE *
* *
**************************************

CAPITAL COST/DISCOUNT RATE OF 7.00 PERCfNT

PRI:51:NT WORTH
--~-..------_.--~ ..-------------------

C["IN:)UC TOR INSTALLED COST lI"J1: LOSSE.S Oll.f1 COS T LINE COST
---------

____________________ ~ __________________ ~ ____ M _________ • __________

----------- -----_ .... ... _....----~
~J l) • KCM SPAN(FTl MATERIALS lRANSPORTATTON INSlALLATI.ON ,ENGIIDC SUHTOTAL SUBTOTAL SUBTuTAL rOT AL

-------- -----_....... -------------- ------------ .. __.--. --------- .--- ..--- .----- ....

tP 59 9'J 11. 1300. 681lJ7. 5a31l. 811796. 9328. 1661011. 358')0. PHil. 205244.
I 37 qUO. 130{J~ 672QQ. 3772. 84608. 9507. 1b4'HI6. 37993. 3257. 20623').N
l-' V, 79S. 1300. 6116611. 3721. 82610. 901'\8. 160089. 43028. 3151 • 206267.

35 795. 1400. 65375. 3684. 82031. 9023. 160113. Ll3028. 3161, 20630<'.
39 95Ll. lLlOO. 69552. 3828. 84073. 931Ll. lon6L 351\% • 332.? • 206'>45.
57 900. 1£100. 68697. 3766. 8LlLl94. '12'14. 160251. 37993. 32'14. 207538.
35 7Q'). 1.,00. 6bf',7'1. 36B'I. 82170. 9039. 1617811. lJ3028. 3206. 20flO17.
~? 79S. nOli • 05558. 56A5. 83M3. 9.??8. 102364. 434bR. 3195. ?09027 •
y~ 9" Ij • 1500. 718 113. 3870. 85337. 9387. 170437. 3<'856. 3'397. 20901\9.
31j 795. 130(J • 6'JR07. 3659. 8Ll359. Ci279. 163104. lJ35 1j5. 3209. 20'lt58.
38 9"4. 1300. 70136. 3A31. 81:>787. 9547. 170300. 36295. 3371. ?OCi9t>3 •
32 7Q 5. 1400. 66784. 3669. 83683. 9205. 1633"2. 434hfl. .3""6. 21003b.
50 715. 13(l(J. 63'510. 3615. 82301. 90')5. IS8£178. Ll8501. 3112. 210151,
30 715. 1'100. hLl204. 3':>76. 81729. 89 Q O. 158£198. 1l8'5bl. 31n. ?10182.
3'1 '1511. 120ll. 70\l:!6. 4033. 87082. Ci'i79. 171080. 3':>1\% • BAS. "10321,
37 900. 1':>1\.). 70'11'13. 311 07. 1l,5172. 93,,9. 1693.51. 37Q93. 3369. 210693.
34 79S. 1400. 67?35. 31:>53. 8t~298 • 9273 • 16 11£15'1. In5 i1S. 3248. 211251.
35 79'S. 1600. 69124. 3735. 8?979. '1128. 1049t>b. 1l30"Fl. 3'?82. 211275.
37 900. 12(l0. 09631. 3'117 • A6Q26. 95h2. 1700'10. 37993. 3361. 211i.l50.
3'> 1'1S. 1200. 66f18Q. 3'H6. 85020. 9552. 16'51/6. 1130211. 3?5lJ. 211457.
30 715. 1')00. 6':>702. 3SAO. 81896. QOO9. 160187. £18')61. 3167. 211915.
36 '100. 1300. 69lJQQ. 3780. flb082. '1':>35. 1691190. 39701. 3351. <'125Ll7.
51l, q'Jil. ILlOU. 7? 348. 3801. 8723£1. Q590. 173039. 3b2'1~. 341;0; 212771.
32 7<:;5. l':>tlO. be,B83. 3701. 84257. '1268, lobl09. 43Ll6B. 3295. 212871.
2'1 TIS. 1300. 64091. 3593. 1\ 3M3. '1205. 160':173. 492?2. 3150. 212'1lJlI.



--1 "--1 e_e~l ..mol """"'1 ""'-'''1 '1 '"" ....-'·1 "'"'-""] """'1 1 1 1 I

AN~HORAGF-FArRHANKS INTFRTIE CASE IA
230 KV TRANSMISSION LINt COST ANALYSIS AND CONDUCTOR OPTIMIlAtION

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

********.*********************
* *..
..
*

COST OUTPUT PER MILE
PRESENT VALUE RATE

7.00 PERCENT

I<

*..
.. .
.. *.* .. *.. *.. ************.* .. *** .. *.

CONDUCTOR NUMHFR: 39
9~4. KCMIL 1300. FT SPAN 87.7 FT TOWER

J!':STALlf lJ COST MATf:RJAL TRANSPOR TI\ TION INSTAll AlION TOTAL
bJ,(f- II 1\ [1li., h (JUAN!!TY COST($) TONNAGE COSl($) COST($) C05T($)-_ ..---------- --- ..... _-- .- ... ----. ------- .,.---- ...------- -------- .... _- -_ ........

1::0
I C(l,'JDll( TOR 1~840. FT 14086. 9.73 973. Illl'57. 33316.

N
GR(JlPIf) ... I ><1: O. FT 0.00 O. o. O.N u.
I N;jUL /I TOKS 207. UNITS 1313. 1 • 14 244. 1557.
ti!, r( f) t. Afir 1429. 0.47 47. 1477.
TO"fkS 4.3 UNITS 31l1170. 20.31 2031. 26019. 66921.
f OiH.u II TI d'JS 4.3 UNTIS 37,27 • ~31l. 22i'RO. 26145.
RIGHT OF .... I1Y 13. ACRES 9120. 11l21J1. 27361.
welf NGT\i~I:RING 9328. 9328 •
... --.- ..-------- --- ........ ------ --.--- ........ -- -------
TO/ALS bR14]. 31.6" 3/l3ll. 84796. 166104.

PRESfNT VALUE ($ )

Li15S Ardi...YSIS OfMAIliD LlJSSE.S ENfRGY LOSSE.S TOTIIL LOSSES
-------------------- ---------_ ..-. --------.---- _.- ... -------.
NESJSTj~(E LOSSfS .?4SIlB. 1121lQ. 351137.
(0"0'1' lllS5.ES O. 1q. 1q.

-------------------- ------- ------- -------
TOTALS 21l':l8f1. 11268. 3585b.
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INTERNATlONALENGIN£ERING co. INC
SAN FRANCISCO CALIFORNIA

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

ANCHORAGE-FAIRBANKS INTERTI£ CASE I-C
3a5 KV TRANS~ISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 10:10,52

**************.***
* *
• INPUT DATA *
* *
******************

0:;
I

N
~

SYSTfM ECONOMIC FACTORS

STARTING YEAR OF STUDY
tNOI~G YEAR or STUDY
HASt Y~AR FOR ESCALATION
~AXI~U~ CIRCUIT LOADING
AVfRAGE CIRCUIT LOADING
OEMA~D COST FACTOR
F~fNGY COST FACTOR
VAR COST FACTOR
CAPITAL COST/DtSCUllJljl RATE:

MI~IMUM

MAXIMUM
NIIMRtR or INTFRVALS

Oli,M COST FACTOR
RIGHT OF 'flAY COST FACTOR
RiGHT OF ~AY CLEARING COST
INTEREST DURING CONSTRUCTION
[NGINEFRING FEf

INPUT VALUE

1979
19C1b
1977

168. IJ MVA
58.9 MVA
73.0 $/KW
13.0 MILLS/KWH
0.0 $/KVAR

7.0 PERCENT
10.0 PFRCENT

1
1.~ % CAP.COST

715.0 $/ACRf
la30.0 $/ACR£

0.00 " INST.CST
11.00 " INSJ.CST

REFERENCE YEAR fOR INPUT

1992
1992
1979
1979
19Ra

19M
19M

1979
1979
1979
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ANCHORAGE-FAIRrlANKS INTfRTIl CASE I-C
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

OATE: 12 APR 7q TIME' 10'10:52

AA***A************
* ** INPUT DATA *
* *
******************

'1

CO',Ol!CTf1P DATA' GROUNDwIRE DATA SPAN OA TA

b:J
I

N
+:>0

~UM~[~ PER PHASf
C(J'WlJC TCIR Sr'AC TNr,
VOLTA;:E
VULTAGf VARIATION
lINF FiH.f,uFI·i(y
FAIRwcA1H~R lOSSFS
LINE:. LFNGIH
POwE.R FACTOI-I

wtATHfR DATA

2
18.0 IN

345 KV
10.00 PCT

bO CPS
1.70 Kloo/MI

323.00 MILFS
0.9';)

NUMBE:.R PER TOwER
DIAMETER
WUGHT

o
0.00 IN

0.0000 LBS/FT

MINIMUM
MAXIMUM
INTERVAL

1000. FT
1600. FT
100.0 FT

'\AXI~JM RAINFALL I-IATF I • IIj IN/HR
>-11.xIMJ'1 fHlhFAll DURAIIO'll 1 HRS/yR
AVFRA:, ~ Nfl p.F ALL HA TE 0.03 IN/HR
AvE~A~; RAI~FALl DiJP ATION b36 HRS/YI-I
MAXIMJ~ S~O~iALL !H. TE 1.87 IN/HI-I
~A.I~J'1 SNO~FALL DUl-iA1ION 1 HRS/YI-I
AVHAGE StW"F ALL RA Tf 0.• 13 IN/HR
AVF4AGc S~0~~ALL DURAIIO'll 2b4 HRS/VR
RHATlVE AIR OfNSITY 1.000
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ANCHQRAGE-fAIRBANKS INTERTIF -CASE I-C-
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 10:10:52

*****.************

* "* INPUT DATA *
* *
*****-************

SAG/TENSION DfSIGN fACTORS

-----------~------------ ..

b:l
I

N
t.n

EVERYDAY STRtSS TEMPERATURE
ICE AND WIND TEMPERATURE
HIGH ~rND TEMPERATURE
EXTRlMl ICE TEMPERATURE
MAX DESIGN TEMP fOR GND CLEARANCE
EDS TENSION (PCT UTS)
NESC CONSTANT

40, DEGRttS F
o. DlGREES F

40. OEGRfES F
30. DEGREES F

120, DtGREES f
20. PERCENT

0.31 LBS/FT

TOwER DESIGN

ICf A~D ~IND TENSION (PCT UTS)
HIGH WIND TENSION (PCT UTS)
EXTREME ICE TENSION (PCT UTS)
ICE THICKNESS wITH WIND
WIND PRESSURE wITH ICE
HIGH WINO

EXTREME ICE

';l0. PERCENT
50. PERCEJltT
70. PERCENT

0,50 INCHES
4.00 LbS/S(.j.FT.
9,0 LbS/SQ.FT,

0,50 INCHES

TOTAL NUMBER or PHASES
PHASE. SPACING
CnNOUCTOR CONFIGURATION fACTOR
GPOUND CLfARANer
NO. OF INSULATURS PER TOWER
INSULATOR SAfrTY FACTOR
STRTNG LfNGTrl
I, Vlf, OR COMBINATION
F /lUNDA 1I0N TYPt
TERRAIN FACTOR
LINE ANGLE FACTOR
lONfR GROUNDING
TRANSVERSE ovrRLOAD FACTOR
VERTICAL OVERLOAD fACTOR
LONGITUDINAL LOAD
MISCELLANEOUS HARD~ARE WEIGHT
TOwER wEIGHT 'ACTOH

TOWER WEIGHT EsrIMArION AlGORITH~

.-----_.----_~.------------------

3
27.0 FEU
1.0?
32,0 FEET

72
2.50
9.5 FUT

3
4,

1.0b PER UNIT
.0864

o
2.50
1,50

1000. LBS
0.11 TONSITOwER
1.02

DISTANCE BETWEEN PHASES:
01 21.00 FT
Vi? 71.00 FT
03 54.00 FT
011 0.00 fT
05 0.00 FT
Db 0.00 FT

TOwER TYPf 10: JQ5KV TOweR

TW : o.ooo41*TH-*?' - O.QQ?'111*TH**O,bOOO - O.10371*FFFVOL 
0.215b~.tFFTOL ~ o.o050J*rH*lfFTDL • 0.00181*TH-fFFVDl t
20.77101 KIPS
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ANCHORAGt-fAIRBANKS INTERTIE CASt I-C
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTI~IZATION

DATE: 12 APR 7q TIME: 10:10:52

*************.****
• •
*
*

INPUT DATA *
*

III ~,I""AlR NAMf--_ ... --.--
;>9 STARLIN(,
~O fif. f)" T~,G

tp H CUCKOO
I ,2 [)~AKt:N

0\ B TERN
~/.j CONDOR
55 I'-'AllAHO
3h RUDOY
)7 CANARy
"5/1 IJAIl
V:l CAkDT~,IAL

.:j(l ORTULAN

*****-*** •• *** ••• *

CONDUCTOR SUMMARY
*****.**.** •••• **

TfMP.COEF.
STRANDING UNIT WEIGHT OUT .DlAM. TOTAL AREA MODULUS ALPHA*E-o

SI7E(KCM) (ALlST) (LRS/FT) (INCHES) (Sa.IN.) (EF/Eo PSI) PER DEG ~

.-.------ ....----.- .-_ .... _--
----~--- --.------ ---_ ... _---_. ----------

71.,.0 c.ol 7 0.91:150 1.05)0 0.6':>3'5 11.00 10.S
71'>.0 50/19 1.1110 1.0810 0.6901 1 1.30 9.7
79'5.0 21.11 7 1.0240 1.0920 0.705.5 10.5') 10. 7
795.0 2hl 7 1.0940 1.1080 0.72hl 11.00 10 • .3
795.0 451 7 0.8960 1.0630 0.6676 4.40 11 .5
795.0 54/ 7 1.0240 1.0930 0,7053 10.85 10.9
795.0 30/19 1.2350 1.1400 0.7668 11.30 'l.7
900.0 45/ 7 1.0150 1.1310 0.70b9 9.40 11 • '>
900.H 5tU 7 1.1590 1.1020 0.7985 10.85 10. q
Q':>4.0 45/ 7 1.07S0 1.1050 0.8011 9,40 11,5
9')4.0 54/ 7 1.2290 1.1960 0.8464 10.8') 10.9

1033.0 4'51 7 1.1650 1 .2130 0,8678 9.40 11 , ')
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ANCHURAGE-FAIRBANKS INTfHTIE CASE I-C
lQ5 KV TRANSMISSION LINE: COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATf: 12 APR 79 TIME: 10:10:52

••••••••••••••••••
• •
•
'"

INPU T 011 fA •
"

(>8100.0 0.03')5 0.608/1977 8~0 • 0.1294 0.4050 ?611'i3
34600.0 0.0512 0.61211977 8bO • 0".1288 0.3992 2.5601
27100.0 o. H66 0.636/1977 900. O.I?iLl 0.3992 2.5502
31<'>00.0 0.0.515 0.62211977 (no. 0.1172 0.3992 2.51150
2?QOO.0 0.0352 0.677/1977 890. 0.11 88 0.11060 2.5706
28,00.0 0.0368 0.635/1977 900. 0.1172 0.4002 2.5555
"SMOO.O 0.0392 0.599/1977 910. 0.1162 0.:5928 2.')186
251100.0 0.0374 0.67&/1977 935. 0.1082 0.3928 2.':l080
32300.0 0.0392 0.633/1977 9S0. 0.10110 0.3928 2.5027
2n900.0 0.0385 0.67111977 970. 0.0998 0.3949 2.5027
347.00.0 0.01.104 0.b3211977 990.' 0.0987 0.3902 2.4816
28900.0 0.0401 0.670/1977 1020. 0.0924 0.3902 2.46Stl

ID Nll :/jfR "IAM~

--.._----
29 SIA"lLINI';

.b:J .'0 RI!.1wINr;
I 31 CUCKOO

N "2 Ill-lAKE
-....:J

~3 TUiN
34 CUNDDR
"5 ~'ALLAtW

3b HUDDY
37 CANARY
38 flAIL
3q CARDINAL
411 ORTOLAN

ULT.TfNS. GfOM.MEAN
STRE:NI;THllf:lS) RADIUSCf T)

"' ••••• "'.*** ••••• *.

CONDUCTOR SUMMARY
•• ,,*.**"'* •••• "' •••

THfRM.LIMIT
PRICE($/LB} (AMPERES)

Ae RESIST.
AT 2~ DEG C IND.RfACT. CAP.REACT.
(OHMS/MILE) (OHMS/MILE) (MOHM-MILfS).--._------ -_..------- ...-----_._-
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A~CHORAGE-FArRijANKS INTERTIE CASE I-C
~4S KV TRANSMISSION lINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 1? APR 79 TIME: 10:10:52

-****** ••• ******.*
• •
~ INPUT DATA *
~ *
*.**.*************

UNIT MATERIALS COSTS INPUT VALUE REFERFNCE YEAR FOR INPUT
---.--------------------

to
I

N
00

PRICE OF TUWlR MATERIAL
PRICE O~ CONCRETE
PRICE OF GROU~D ~IRE

INSTALLED COST OF. GROUNDING SYSTEM

TOwER SETUP
TOWER ASSEMlll Y
FOUNDATION SETUP
FOUNDATION ASSEMBLY
FOUNDATION EXCAVATION
PRICE OF MISCELLANEOUS HARDWARE

UNIT LABOR COSTS

REFERENCE YFAR lABOR COST
STRING GROU~D WIRE
STRING LABOR MARKUP

UNIT TRANSPORTATION COSTS
.-.--------_.-.----------

lOwER
FOUNDAIION CONCRETE
FOlJ~lDATION STHl
CONDUCTOR
GROUND WIRE
INSULATQR
HARDWARE

0.957 S/lB
0.00 SleU,YO,

0.000 $/lS
0.00 $IIOWER

1751. $
0.1l';'; S/LB

O. $
1l11l0.00 :llIION

0,00 $/CU.YD.
290.00 $/TOwER

2/1,00 $/MANHOUR
0,0 $/MIlE
4.2 PER UNIT

100,0 SITON
100,0 S/YD
100,0 S/TON
100,0 SIION
100,0 ilION
100,0 S/TON OR ~/M**J

100,0 SIION

1979
1977
1977
1977

1979
1cn9
19/9
1979
1979
1977

1979
1977



"J I 1 ~--l ~-~~l ·--1 ---1 ----1 ----I --1 ---·'--1 ----- 'J -_.) 1

ANCHQRAGE-fA1RUANKS INTE~TIE CASE I-C
34~ KV lRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMILATION

DATE: I? APR 7q TIME:: 10:10:52

**.**.****** •• **.***.**~****.*A.*.****
* *
*
*
*

AUTOMATIC CONDucrOR SfLfCTION
ALL QUANTITIES PER MILf

'I<

*
*

••• ***************************-*******

CAPITAL COST/DISCOUNT RATE OF 7.00 PERCFNT

-~--------_._----------------_.------------

PRESEln wORTH
----_._---------_._---------------_._-

CU'JOlJC1OH INSTALLED r.OST LINE: LOSSES O&/" COST LINE COST
------- ... --------_.-------------------------_.---------------------------- .... ---_ .._--- ----_._- ---------
p...~u • "eM Sf'AN(FTl MATfRIALS TRANSPORTAl ION INST ALLA TION ENG/IDC SUBTOTAL SUBTOTAL SUATOTAL TOTAL

-------- --------- ...------------ -- .. --------- - ....--- -------- .----_ .. - --------
ttl 30 7IS. 1500. IOSh.?? 62bl. 1151\12. 12S19. 23f12111. 227.?FI, 4821. 26S762,
I

N Vj 7'I'; • ISOll. IOH?5~. h41:16. 114488. 12')q4. 2L!lfl21, 191>29. 4qOI\. .?66357.
ID 30 71S • 1'10 (). I () 73.? I~. beS6. 112903. 1?L!lq. 238q02. 221e8. 4·854. 2664113.

v; 79'). IIJOO. 110039. 61187. 1135Q9. 121196. 242620. 19629. Ij91l11 • 267192.
.$0 II'). I.?OO. 105232. 6 3110. 11')902. 127119 • 240;>23, 2272R. L!8t13. ';>67793,
3') l'J">. Ic?OO. 107799. b'ibl. 116571. 17823. 21137')3. 19629. 492Q. .?6f1310.
29 115. 1300. 10':>9,:>'). 6203. II')SI:l8. 1.?71'). 240461, 239l3. 11857. 21:>9240.
>,0 71S. \ ') 0() • 110231. 6320. I U036, 12434. 2112026. 227?8. 4939. 26%n.
.?9 11 ., • 1200, 1(\4868. 62'>0. 117nl. I?A911. 2412H. 23923. 48<;,<'. 270008,
.32 19S. 130 I) • 11l9.?55. 6399. 116121\. 12774. 2445':>6 • 20"89. 4960. 270105.
3') r9'i. 1500. 1 I 3Dc:' 1 • b')'}4. 113739. 12511. 211<;'825, 14629. 50!1, 2701185.
52 lq5~ 11.00. 10RI?1. 6443. 111764. I?QC;4. 24':>282, 205f19. 49<;,S. 27082'),
54 19'; • \.$00. 109371:1. 6541. 110691. 12836. 2452116. 21069. 1l972. .?712f16.
29 715. ILl 0 () • I ll!lIlRO. 6.?57. I1S211. 1?673 • 2£12600. 23923. 4Q?? 2711145.
311 19S. 1200. II17QQ1. 03n. 118160. 12991:\. 2£15522. 21069. 11956. 271546.
52 795. 140 II. 1111\05. 6lI35. 115732. 12731. 2£16703. 20589. 5026. 272>113.
57 '100. 1500. 112812. hS1B. 1 I 731l2. 12908. 249645. 17916. 5082. 2720112.
"37 qoo. I?Ou, 111385. 6612. l1tlB21l. 13071. 2498Q2. 1791/). 'iOb5. 212872.
30 115. 1100. I Hb3 tn. />')06. IIQ3'!S. 131 B. 211':>"378. 22721'., IlQ"31. .?75036,
~') r9'j. 1100. 1081\51. 0723. 1200L!1:>. 13205, 248805. IQb29. SOIL!. 213!l48.

34 1'i5. \400. 112220. 6390. 11b4H6. 128\,). 247Ql0. 21069. '>01l9. 274llt!7 •
?'1 i 1S. 1I (lO • 10'l~62. 6.3H8. 120302. 1.32"3.3. 2£15285. c'3Q23. 1.1'116. .?74124.

"'1 ./ ') II • 1300 • 114706. b 714. 1177':>4. 12953. 252127. 16b83. SIILL nIl15.3.
)9 dc;q. 1<'01). 1. n?2~. 67iJO. 119225. n115. 252.308. 16883'. 51?5. 714315.
31 1'15. 1200. 109517. 6440. 119187. 13 III. 2£18251l. 21550. 5016. t'71l1l20.
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ANCHO~AGE-FAIRBANKS INTERTIE CASf I-C
345 KV TRANS~lS5ION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATf: 12 APR 79 TI~E: 10:10:52

******************************
* *
A COST OUTPUT PER MILE *
* PRESENT VALUf HATE *
* 7.00 PERCENT *
* *
******************************

CONDUCTOR NUMBER; 30
71~. KCMIL 1300. fT SPAN 90.1 FT TOWER

-_.-------------------..-.-----_.~--------~~------
INSTAlLED cnST MATE~IAL TRANSPORTATION INSTALLAT ION TOTAL

[WE A"f)OwN QUANTITY CllST{$) TONNAGE COS1(S) CllST($) COST(S)
-.--_.-------- -------- .------- ------- -------------- ------------ -------

ttl COt.Due TOR 31680. FT 211601. 17.60 1760-. ;>')306. 51727.
I [,ROIII,ll'; I Rr 0." F T O. 0.00 o. O. O.lJ.I

to Ir,SlllAl0RS 310. UNITS 1970. I. 70 306. 2336.
~H.i, Do. !.I<F 1429. 0.117 47. 11177 •
TO,·EHS 4.5 UNITS 03399. B.12 B12. 37681. 1011393.
f (lll~IO A I IONS L1. ~ UNll S 11/91. 775. 3201:\3. 376118.
RIGHI OF WAY 13. ACRES 9371. 11:\742. 281111.
IDCIPH,TNffRING 12519. 12519 •
--------------- ----.-. . ----- ------ ------ -------
lOlALS 105b22. ':i2.90 b2bl. 113R12. 231'1214.

PRESENT VALUE ($)

LOSS A:JAl YSIS

RfSISTANCf LOSS£S
CORONA LOSSI:S

T01AlS

DEMAND LOSSES

9670.
2088.

117<;8.

ENERGY LOSSE.S

3735.
7235.

.------
10970.

TOTAL LOSSES

1540').
9323.

?2728.
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INTERNATIONAL E~GI~ElRING CO. INC
SAN FRANCISCO CALIFORNIA

TRANSMISSION LINE CUST ANALYSIS PROGRAM
VERSION 1: 2S FlB 1979,

ANCHURAGE-DEVIL CANYUN CASE Ir-I
345 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIMl: 10:?5:33

********* ••• ***.**
• •
•
Ir

INPUT DATA *
Ir

\j:j
I

LN
~4

SYSTF.M ECONOMIC fACTORS

SJARTING YEAR OF STUDY
ENDING YEAR OF STUny
BASE YEAR FOR ESCALATION
MAXIMUM CIRCUIT LOADING
AVfRAGE CIRCUIT LOAOING
DEMAND COST FACTOR
ENERGY COST.FACTOR
VAR COST FACTOR
CAPITAL COST/DISCOUNT RATE:

MINIMUM
MAXIMUM
NUMBER OF INTERVALS

08,M COST fACTOR
RIGHT O~ .AY COST FACTOR
RIGHT OF ~AY CLEARING COST
INTERE$T DU~JNG CONSTRUCTION
ENG I !tEER I NG H.E

Jflr n-Ir *** * Ir-lf*... * Ir Ir

INPUT VALUE

1979
1996
1977

o31./) MVA
347.4 MVA
73.0 $/1<1'1
U.o MILLSlKWH
0.0 ~/KVAR

7.0 PERCENt
10.0 PERCENT

1
1.5 % CAP.COST

715.0 $/ACRE
1430.0 $/ACRE

0.00 % INST.CST
11.00 % INST.CST

REFERENCE YEA~ FOR INPUT

1992
1992
1979
19Jq
198/j

1984
1984

1979
1979
1979
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ANCHORAGE-DEVIL CANYON CASE 11-1
3QS KY TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIHIZATION

DATE: 12 APR 7q TIHE: 10:25:33

.***.***--**.~****

- **
-

INPUT DATA *

CONOUC TOR 0 ATA
---.--.-._-------._----------~------~~---

-* •••• _--**---*-*-

GROLJNDWIRE DATA
-.-_._--.----.~-------._~ ..--------------

SPAN DATA
----------------------.~-----_._--_. __.

t:J:j
I

t".I
N

NUMHf~ PER PHAS~

CONDUCTOR SPACTNG
vOLTAGE •
VOLTAGE VARIATION
LINE FRFQ(lfNC't'
fAIRwEATHfR LOSSES
Ll Nt Li: NG 1H
POWER FAC10R

WEATHf:.R DATA

2
18.0 IN

345 KV
10.00 PCT

60 CPS
1.70 KW/MI

155.00 MILES
O.q'j

NUMBER PER TOWE.R
DIAMETER
wEIGHr

o
0.00 IN

··0.00 0O-CB SIFT

MINIMUM
MA~I MU_M
INTERVAL

1000. I'T
1bOO. FT
100.0 FT

--.--------~~-.-_.~~-._-----~-----------.

MAXIMlI'1 RAINFALL RATE lolA IN/HR
MAX1Mu'1 RAINFALL DURATION 1 HRS/YR
AVERAGE RAINFALL RATF 0.03 IN/HR
AVERAGE RAINFALL DURATION 63b HRS/YR
MAX!Mv'1 SNOWfALL RATE 1.87 IN/HR
MAXIMUM SNOwFALL DURATION 1 HRSIYR
AVERAGE SNOWFALL MATE 0.13 IN/HR
AVERAGE SNOWFALL DURATION 26'~ HRS/YR
RELATIVE AIR DENSITY 1.000
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ANCHORAGE-D~/tL CANYON CASE 11-1
345 KV TRANSMISSION LINt COST ANALystS AND CONDUCTOR OPlIMIZATION

DAT~: 12 APR 79 TIMt: 10:25:33

~1>1>*~.*~~*****•• *.
1\ *
1> INPUT DATA 1>

1> •
*****.,*,,***.*.**

SAG/TtNSION ~ESIGN FACTORS

t:d
I
~

u-l

EV~RYOAY STRtSS TEMPERATURE
let AND ~IND TEMP~WATURE

HIGH WINO TEMPlRATURf
tXTR~ME ICf TEMPERATURE
MAX OrSIGN TEMP FOR GND CLEARANCE
EDS TFNSION (PCT UIS)
NESC CONSTANT

TOTAL NUMBER OF PHASES
PIUS~_ SPACIN(;
CONDUCTOR CONFIGURATION FACTOR
GIWIIND Cl.EARP~Cf

NO. UF INSULATORS P~R TOWER
INSULATOR 8M-ETY FACTOR
STRING LfNl;TH
I, VEE, OR COMBINATION
FOUND AnON TYPE
TEHRAI N F AC TfJR
LINE ANGLE FACTOR
TOwfR GROUN01NG
TRANSVERSE OVERLOAD ~ACTUR

VERTICAL OVFRLOAD FACTOR
LONGITUDINAL LOAD
MISCELLANEOUS HARDWANE WEIGHT
TOwEN wEIGHT FACTOR

TOWER WEIGHI ~STIMATION ALGORITHM

110. Dc.GHEES F
O. D~GREi:.S F

1I0. DE:.GRFES F
30. DEGREES F

120. Dc.GREES F
20. PERCENT

0.31 L8S/FT

TOWER DESIGN

"!
27.0 FEEl
1.02
32.0 FEfT

n
2.50
9.5 FEET

3
Ij

1.0b PER lINIT
.0Abil

o
2.50
1.50

1000. LBS
0.11 TONS/TowFR.
1.02

ICE AND WIND TE~SION (PCT UTS)
HIGH WIND TENSION (P'CT UTS)
EXTRE~E ICE TENSION (peT UTS)
ICE THICKNc.SS wITH WIND
WINO PRESSURE WITH ICE
HIGH WIND

EXTREME ICE

DISTANCE BETWEEN PHASES:
01
02
D3
Oll
05
Db

50. PERCEt.T
50. PERCENT
70. PERCENT

0.')0 INCHES
1I.00 LBs/sr).FT.

Q.O LBS/50.FT.

0.50 INCHES

27.00 FT
21.00 FT
5il.00 FT

0.00 FT
0.00 FT
0.00 FT

TOWFR TYPE 10: 145KV TOWER

IW = O.0004~*TH4*; - O.QQ211t'TH'*0.bOOO - 0.10111 4lFFVOL 
O.273b~*lFfTDL + O.00503*TH.lf~TDL t 0.00181*TH*fFFVDL +
20.77701 KIPS
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ANCHORAGt-UfVIL CANYON CASE 11-1
3~5 KV TRANSMiSSION LiNE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIMt: 10:25:33

•• ****************
* *
* INPUT DATA *
* *
*******.**********

CONDUCTOR SUMMARY
**********••• ****

TEMP.COfF.
STRANDING UN-!-T WEIGHT OUT .DIAM. iOTAL AREA _. MOOULUS ALPHA*E-6

to NU"AFR NAME SIZE(KCM) ( AL/ST> (LBS/F T) (INCHE.S) (SQ.iN.) (EFI~6 PSI) PfR DEG F
......------ ---- --.- .. ---- .-.---- .-.----- -------- -------- - .... -- .. --_. ..---------

29 STAHLiNG 715.0 261 7 0.91'150 1 .0510 0.b535 11.00 10.3
30 REDwlNG 715.0 30/19 1.1110 1.0Bl0 0.6901 11.30 9.7

0;
31 CUCKOO 795.0 241 7 1.0240 1.0920 0.70'53 10.5S 10.7

I 32 ORAKF '95.0 261 7 1.0940 1.101'10 0.7261 11 .00 10.3
(,N 33 Tl;RN 795.0 4S1 7 0.89bO 1.0b30 0.6676 9.40 11.5
+:>

~4 CONDOR 795.0 541 7 1.0240 1.0Cl30 0.7053 10.8'5 10.9
35 MALLARD 79").0 30/19 1.2350 1.1400 0.761:>8 11 • ~O 9.7
3b RUDDY 900.0 451 7 1.0150 1.1310 0.7069 9.40 11.5
.", CANARY 900.0 'jill 7 1.1590 1.1620 0.7985 10.1'1") 10.9
3R RAIL 954.0 451 7 1.0750 l.lb50 0.8011 9.ilO 11.5
H CARIJINAL 954.0 541 7 1.2290 1.1960 0.1'1464 10.85 10.9
40 ORTOLAN 10,33.0 451 7 1.1650 1.2130 0.8678 9.£10 11.5
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ANCHORAGE-DEVIL CANYON CASE IT-l
~4~ KV TRANSMISSION LIN~ COST ANALYSIS AND CONDUCTOR OPTIMTZATION

DATE: 12 APR 79 TIME: 10:25:33

A*************.* ••

* ** INPUT DATA *
• *
**,*. ** ***•• *•**** *

CONDUCTOR SUMMARY
*****.***********

Ae RESIST.
ULT.TfNS. GEOM.MfAN HIERM.LIMIT AT 25 OE.G C IND.REACT. CAP.REACT.

J D NlJ"H!:R "JAM!: STRfNGTH(LHS) RAO!US(FT) PRTCE($/LA) (AMPE:.RES) (OHMS/MILt) (OHAS/tHLf) (MOHM-M!LES)
.. ------- .. - ... -- .... ~_ .. __ .. _____ _ __ w_ .. ____ -- .. -------- --------- ----------- _.. _-------- --_.--------

2'1 STARLING 21:\100.0 o.o)r;~ 0.608/1977 850. 0.1294 0.4050 2.bLJ':i3
50 REflw[NG 3 11/:>()O.0 0.0372 O.612/1'~77 1',60. 0.121:\8 0.3'192 2.561>1
31 CUCt<,[)(j 27100.0 0.0500 0.b5b/1977 900 • 0.1214 0.3'192 2.5502

t:l:l .P rJflAKf. 31200.0 O.O.H':> 0.62211'177 910. 0.1172 0.399i? l.5/l50
I 3.S TLRN 22900.0 0.03':>2 0.671/1977 890. 0.1188 0.40bO 2.5706

VI 3 'I CONDOR 28')00.0 0.0568 0.03':>/1977 900. 0.1172 0.11002 2.5555til
3,) "ALLARD 3B/IOO.O 0.O.5'~2 0.<;99/1977 '11 O. 0.1162 0.392i1 2.511',6
'H, RIJrwl' 2')/lOO.0 0.0374 0.676/1977 935. 0.1082 0.3928 2.5080
5/ CANARY 32300.0 0.0392 0.63311971 9':>0. 0.1040 0.H2H 2.5027
~'i RAIL ?6900.0 0.0385 0.671/1977 970. 0.OQ9a 0.3944 2.S0n
'P C·~RIJINAL 31t?OO.0 0.01.101.1 0.632/1977 Q90. 0.OQ87 0.3902 2.{j816
1.1') lJRTOLAN 28QOO.0 0.01.101 0.670/1977 1020. O.OQ24 0.3902 2.4658
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ANCHORAGl-DEVIL CANYON CASE 11-1
3q~ KV rRA~SMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 10:25:33

******************
*
*
'"

INPUT DATA
*
*
*

t:d
I

LN
0\

UNIT MATERIALS COSTS

PRICr OF TOW!:R MATERIAL
PRICE OF CONCRETE
PRICE OF GROUND wIRE
INSTALLED COST OF GROUNDING SVSTEM

Tn~FH SETUP
lOwFR ASSlMBLY
FOUNDATION SETUP
FOUNDATION ASSEMBLV
FOUNOATION EXCAVATION
PRICE Of MISCELLANEOUS HARDWARE

UNIT LA~OR COSTS

RErERfNCE YEAR LAKOR CUST
STRING GROUND WIRE
STRING LABOR MARKUP

UNIT TRANSPORTATION CUSTS

TOwER
FOuNDATION CONCRETE
FOUNDATION STEEL
CONDUCTOR
GROUND WIRE
INSULATOR
H4RO ... ARE

*.** •• ***** •••• ***

INPUT VALUE

0.957 S/LB
0.00 S/CU.VD.

0.000 $/LH
0.00 $/TOWER

175.1--.- $
0.455 S/Ul

O. $

4140.00 S/TON
0.00 $/CU.YO.

290.00 $/TOW!:R

24.00 S/MANHOUR
0.0 SIMILE
4.2 PER UNIT

100.0 $/TnN
100.0 $IYD
100.0 $110N
100.0 $/TOfll
100.0 SI10N
100.0 S/TON OR S/M**3
100.0 S/TON

REFERENCE YEAR FOR INPUT

1979
1977
1977
1977

1979
1979
1979
1919
I'H9
1977

1979
1977
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ANCHORAGE-DEVIL CANYON CASE II-I
3QS KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIMl: 10:?5:33

••••••••••••••••••••••••••••••••••••••
• •
• AUTOMATIC CONDUCTOR SELfCTION •
• ALL QUANTITIES PER MILE •
• •
*.* •••••••• ** ••••••••••••••• *•••••••••

CAPITAL COST/DISCOUNT RATE OF 7.00 PERCENT

PRFSlNT WORTH

~-----------------------------------~-

CONDUCTOH INSTALLED COST LINE LOSSES O&M COST LINE COST
._---- ......

-------~------------------.----------_._-------------- ----------- ------ .. _--- .._----- -----_ .. --
NO. KC"1 SPAN(FTJ MATFRIALS TRANSPORTATION INSTALLATION lNGITDC SUbTOTAL SUHTOrAL SUBTOTAL TOTAL

-------- --------- -.---.-------- ----- ..._---- ------- -------- -------- --------
ttl

39 954. 1500. 114701>. 1>714. 11775ll. 129')3. 252127. qOllll. S II, 3- 347081.
I 39 9':>4. 1200. 11522~ • I> 74-0. 119225. 13115. 252308. 90411. 5125. 347843.

VI 110 lOB. 1200. 117782. 08110. PI88'). 13!i07. 259913. 8Qo? 1. S?95. 349829.
-.....l

37 cOO. 1300. 112812. b,)83. 11 nQ2. 12908. 249b11S. 9S060. 50~2. 3':>0380.
39 95/J. ]400. 117620. b7b9. 11 '/''532 • 129211. 2':>11849_ 90411. 522? 3501182.
37 900. 1200. 111385. 6612. l1RA24. 13071. 249892. 9')660. ':lOo,:>. 35001b.
59 9511. 1100. 113373. 6/'1'59. 122168. 13!i3B. 25')838. 90ll11. 5170. 351425.
40 1033. 110 v. IloB99. 0910. 124193. 13661. 201004. 84621. ~3()7. 3<;1591.
/JO 1035. 1]00. 120 11?0. '6Rb9. 121120_ 13323. 2bl732. liI.021. ')358. 351711.
57 900. 11100. 11')1>79. bb5S. 117111. 12882. 252301'. <)')6bO. '::>l S9. )';3120.
38 95'•• 12MI. 11£1994. b6b? 121202_ 13332. 250189_ 911:\55. 5204. 3532116.
3S 79e; • 1300. 108?53. o£ldb. 114488. 125911. 2111821. 107119. 11908. 353847.
H 900. I 100. 111')110. 071>4. 121780. 13396. 2')31190. 95060. 511 R_ 351126b.
5S 79". 1I1·J 0 • 1100.,9. b1l87. 113')99. 12U90. 242620. 10711'1. I1lJ411. 35"6iB.
3i'i 9')1~. 130ll. 117510 •. 0681l. 120390. 1321l3. 2e;7827. 911l55. 5262. 354942.
31\ 9':,1, • 1 100. 1111231. 6738. 123557. 1V~9 1. 258117. 91853. 52<'0. 355190.
35 79':>_ 1201). 107799. 0561 • I 1657 I • 12823. 2113753. 107119. tl929. 35580v.
39 9')4. 1500. 121880. 6899. 11842')_ 13021. 26Q230. 90411. ':>3':>7. 3559911.
Ill) lOB. 1400. 124&1l3. 0989. 121712. 13388. 2&&772. B1t621. S1188. 350881.
~5 795. 150') • 113021. oS51l. 113739. 1251 1. 24S825. 107119. 5031. 357975.
32 79"1. UOv. 109255. b399. I1b128. 127711 • 24 L1 556. 1013934. I.iQoO. 3SRU50.
57 qOO. 150B. 119E195. b762. 117998. 12980. 257634. 9':>660. 5?'n. 3'::.8587.
3? Ttl">. 1200. 108121. 0443. 111704. 12q54. ?li52&2. 101\</34. 4'155. 3'5'H 70.
30 900. 1200. 1134qa. 6552. 170883. 132'17. 2~4229. 100106. 5156. 3S9491.
3£1 7~5. 1300. 10'1318. 0341. 116091. 12836. 2~5?40. 109437. 4q72. 3SQ054.



",) r:~ .. -" ~~ •...,. -'i - .' .-"', ,
,~ ... '1 ") ")"1 -"'. ""J >.~~ ! ~ "1 "1 "...." .. - "11 , If " ,. ,.

ANCHORAGE-DEVIL CANYON CASE 11-1
345,KV TRANSMISSTON LINt COS1 ANALYSIS ANO CONDUCTOR UPTIMIZATION

DATE: 17 APR 79 TIME: 10:?5:33

******************************
* *
*
*
*

COST OUTPUT PER MILE
PRESENT VAlUE RATE

7.00 PERCENT

*
*
*

* *
******************************

CONDUCTOR NUMBER =
954. KCMIL 1'00. FI S~AN

39
94,7 FT TOWER

INSTALL fO COST MATERIAL TRANSPORTATIUN TNSTALLA TlON TOUL
I:iflEA/I[)(1WN QUANTITy COSJ($) TONNAGE. C05T($) COST(],) CuSH$)---_ .._.. ------- ----.--- ... ------ ------ ..... -------------- --_ .... _---.--. ._-- .. --

CONDUCIOt< 316110. FT 211172. 19.47 1'147. 25870. 55989,
GR()IJ r"D~i I !-If 0. FT o. 0.00 o. O. O.

tid I'JSULATORS 310. UNIlS 1970.. 1.70 300. 2336.
I HAf<U" I,R~ 1429. 0.47 47. Iln7.

f.N TO,·fPS 4.3 UNITS of\490. 35 • .,9 3579. 40104. 112179,00
FOIJr-.l'hTTONS 4.3 UNITS 14791. 775. 320H3. 37 b/.lll.
RIGHT OF WAY 14. ACRE.S 98148. 1'16'17. 2'1545.
lDUl NGJr,HR]NG 12953. 129'::13.
---------""""---_. ------- ._---- ------ ------ ----...-
TOTALS I11J70b. 57.43 b 714. 117754. 252127,

PRESENT VALUE (S)

-------------------------------------------------------------~----
LOS5 ANAl YSIS

KESISTANCF LOSSES
COHOf;h LUSSES

TOTALS

lJfl'lAND LOS5t.S

1J4314.
2088.

41>401.

ENFRr,y tOSSES

J94'13.
4517.

44010.

TOTAL LOSSES

831'107.
ob04.

904 II.
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INTERNATIO~AL ENGINtF.RING co. INC
SAN FRANCISCO CALIFORNIA

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

OEVIL CANYON-E~TER CASE II-2A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 9:45:19

*AAAA*******A*****
* ** ~NPUl DATA *
* A
******************

SYS1FM tCONOMIC FACTORS

STA~TING YEAR Of STUDY
E~DING YFAR OF STUDY
HAS~ YFAH FOR ESCALATION
MAXIMUM CIRCUll LOADING
AV£RAGE CIRCUIT LOADING
OEMANO COST FACTOR
E~fRGY COST .FACTOR
VAR COST FACTOR
CAPITAL COST/DISCOUNT RATE:

MINIMUM
MAXIMUM
~JMHER OF INTERVALS

O&M COS1 FACTOR
R1GHT OF WAY COST FACTOR
RIGHT OF WAY CLEARING COST
lNTEREST DURING CONSTRUCTION
ENGINEERING FEE:

INPUT VALUf

1979
1996
1977

194.7 MVA
107.1 MVA
73.0 $/KW
13.0 MILLS/KWH
0.0 $/KVAR

7.0 PERCENT
10.0 PERCENT

1
1.5 % CAI-'.COST

71~.0 $/ACRE
1&30.0 $/ACRE

0.00 X INST.CST
11.00 % INST.CST

REFERENCE H.AR FOR INPUT
~_.-.-.--_._--------- ..-

1992
19q<!
1979
ICf79
1984

19A4
19M

1979
1979
1979
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DEVIL CA~YUN-ESTER CASE II-2A
230 KV TRANSMISSION LINt COST ANALYSIS AND CONDUCTOR OPTIMIlATION

DATE: 12 APR 79 TIM~: 9:~5:19

*.*********** ••• **
* *
*
*

INPUT DATA *
*

CONDUCTOR DATA

************.*****

GROUNDWIRf DATA SPAN DATA

NUM~E~ PER P~ASF

CG~OUC1UR SPACING
VOL I ASi
VOLTAGf VARlt>TIO'J
LI'It F '-I~ QUE NO
HIftwEJ\TH~R I aSSeS
LINF U NGIH

~ PuwER fACTOR
.j:».
o

\<ifATHFA DATA

1
0.0 IN
?30 t<V

10.00 PCT
bO CPS

0.00 ",w/MI
189.00 MIUS

0.95

NUMBER PER TO~ER

01 AMETER
WEIGHT

o
0.00 IN

0.0000 LBS/FT

MINIMUM
MAXIMUM
INTf.RVAL

1200. fT
IbOO. fT
100.0 FT

M~l(IM ,~ ~J\ INf ALL ftA TE 1.1BIN/HR
M~, '! I'~ '" R" I t. filL I DURATION 1 HRS/YR
A... F ~A I RAINFALL RAll: 0.03 IN/~R

Ad:."A r R.q WALL DlJRAT ION b36 IH<S/YR
I-LU' 1M ':1 S'·JOl'IF Al L RA Tf 1.87IN/HN
"'I A XI "I J'~ S!j() i- F AI I LlllI,ATIOtIJ 1 HRS/VR
AVFRA~~r S'i(jwF ALL RA IE 0.13 IN/HR
A Jti,!AGf SII!lwt AL L IJtJRATION 2b4 HNS/VR
RtLATIJf AIR {JEt.S1 TV 1.000
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DEVTL CANyON-ESTER CAS~ 1I-2A
230 KV TRANSMISSION LINE COST ANALYSTS AND CONDUCTOR OPTIMIZATION

OATE: 12 APR 79 TIME: 9:aS:lQ

.*****.***********
* *
*
*

INPUT DATA *
*

****~.~*.*.*****.*

SAG/TENSION DESIGN FACTORS
---------.----------------

td
I

.j:::"

~

EVI:RYDAY STRESS TEMPERATURE
ICE AND WINO TI:MPEHATURE
HJ~H NINO TEMPfRATUR~

EXTR~HE ICE TEMPERATURE
MAX Of SIGN TEMP FOR GNO CLEARANCE
tOS TENSION (PCT UTS)
I,ESC CON::; rANT

TnlAL HUHAFR O~ PHASES
PHAS~ SPACING
CONOUCIOR CONFIGURATION FACTOR
GROUND Cl f MHNCE.
NO. UF INSULATORS PER IOWfR
INSI)LATOI~ SAFETY FACIOR
STRING LtNGTH
I, VtE, 1)>< CDMI'!NATION
FOI,N[H1IDN TyP~

lFRRATN FACTOR
LIN[ ANGLE FACTOR
TOwER GROUNDINl>
TRA"SVfRsE OVERLOAD FACTUfl
vfPTICAL nVERLOAD ~ACTOR

LONGITUDINAL LOAO
MISCELLANEOUS HARO~ARf WeIGHT
TOriER WEIGHT fACTOR

TOwER wEIGHT ESTIMArloN ALGORITHM

-------------~-----------------_.

L10. DEGREES F
O. DEGREES F

40. DEGREES F
30. DEGREES F

120. DEGREES F
20. PERCENT

0.31 LtiS/fT

TOWER Of SIGN
.-----------

3
20.0 FEET
1.02
2f\.O HET

£I/<
2.50
b.5 F!:ET

'3
4

1. Db PER UNIT
.Oflb4

()

2.')0
1.';0

1000. LilS
0.11 TONSlTowER
1.02

ICE AND ~IND TENSION (PCT UTS)
HIGH WIND TENSION (PCT UTS)
EXTREME ICE TENSTON (PCT UTS)
ICf THICKNESS wITH WIND
wINO PRESSURE WITH ICF
HIGH WIND

EXTREME ICE

DISTANCf H[TwEfN PHASfS:
01
O?
03
01.1
OS
06

';0. PERCENT
50. PERCENT
70. PERCENT

O.~o INCHES
tI.OO LBS/SQ.FT.
9.0 LBS/SG.FT.

0.50 INCHES

?O.OO FT
20.00 FT
/40.00 FT
0.00 FT
0.00 FT
0.00 FT

TbwEH TYPF Q1 230KV TOwER

TW = O.ooOlbAr/jAA? - ~.091ql.IH.*O.33~~ - o.ORql.l~*lrFVDL 
U.27~bl*fFfTDL t O.OOS10.Trl*EffTDl + O.OOlbO*THiEFfVOL +
ta.17Qt2 KIPS
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OEVTL CANYON-ESTEH CAS~ 11-2A
230 KV THANSMISSION LINE COST ANALYSTS ANU CONDUCTOR OPTIMIZATION

DATE; 12 APR 19 TI~E; 9;45:19

••••••••••••••••••
• •
• INPUT DATA •
• •
••••••••••••••••••

CONDUCTOR SUMMARY.*...............
TEMP.COEF.

STRANDING UNIT WEIGHT OUT.DIAM. TOTAL AREA MODULUS ALPfiA.E.-b
10 Nl)'\HEcR NA"1f;. SI7E(KCM) (ALI S T) (LRS/F T) (INCHES) (SQ. IN.) (EF/t6 PSI> PER DEG F
... _------- ---- --_ ...._.-- ..._..--- ---_._--- -----... -------- ----------- -_ ... -------

i' 'j [,Rll0'lf At'. 636.0 261 1 0.8750 0.9900 0.5809 11.00 10.3
2<; [bReT b~6.0 30/19 0.9880 1.0190 0.6134 11 .30 9.1
2t, Fl A:~lNGO 666.0 241 1 0.8590 1.0000 0.')914 10.55 10.1
27 G·'NNF T 6b6.0 261 7 0.9180 1.0140 0.b087 11 .00 10.3

td ?h STTL T 115.0 21U 7 0.9210 1.0360 0.6348 10.55 10.7
I 27 S IARUNG 715.0 261 1 0.9850 1.0510 0.b535 11 .00 10.3

.j:::o 3') Rfn"TNG 115.0 30/19 1.1110 1.0810 0.6901 11.30 9.1
N

31 CUCKOO 795.0 241 1 1.0240 1.0920 0.7053 10.55 10.7
~2 DRAKE 795.0 26/ 7 1.0940 1.1080 0.1261 11 • 00 10.3
3;; Tf qrJ 795.0 1151 7 0.1'1960. 1.0630 0.6676 9.40 11.'S
3u CliNDOR 195.0 541 1 1.0240 1. 0930 0.7053 10.85 10.9
3') 1~·\LLAf<D 195.0 30/19 1.2350 1.1400 0.7b68 11.30 9.7

Sn R!I[1I)Y 900.0 451 7 1.0150 1.1310 0.1069 9.40 11.'S
37 CPIARY 900.0 541 7 1.1590 1.1620 0.7985 10.85 10.9
3,.; RAIL 95/1.0 45/ 1 1.0150 1.1650 0.8011 9.40 11.5
39 CARDINAL 954.0 541 1 1.22QO 1. t 900 0.8/164 10.85 10.9
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DEVIL CANYON-EST~R CASr Ir-2A
?~O KV TRANS~ISSION LINE COST ANALYSIS AND CONOUCTOR OPTIMIZATION

DATE: 12 APR 79 TIMf-: 9:45:1~

********'**'******
* ** INPUT DATA *
* *
******************

CONDUCTOR SUMMARY
****A************

AC RESIST.
ULT.TENS. GEOM.MEAN THERM.LIMIT AT 25 DEG C IND.REACT. CAP.REACT.

ID NU"'PfR NAME:. STRENGTH(LAS) RADIUS(FT) PRICU$/LB) (AMPE.RES) (OHMS/MILE) (OHMS/MILE) (MOHI1-MILlS)
------.-- ---- ------------- ---..----- ---.--- ..-- .. .- ... - ...-. ... ---------- --------- .... .-_.........----

2/1 GRfJS'iFAK ?5000.0 0.0335 0.021:l/\977 790. 0.1/~'i2 0.4118 2.0347
2S tGHE:.r ')1500.0 0.0351 0.009/1977 870. 0.la47 0.4000 c'.b13b
2b FlJl,HINGO 23700.0 0.0555 0.640/1977 810. 0.1399 0.4118 2.62911

t;::I
27 GA'oNE.r 26200.0 0.0343 0.609/1977 820. 0.1 H3 0.1l0'li:' 2.6347

I 2'\ S 1 II T 25500.0 0.0347 0.621/1971 840. 0.1320 0.406& 2.&400
.j::. 24 STARLING 2f1100.0 0.0355 0.00/J/1977 /:150. 0.1294 0.4050 2.64':13
t.N

30 RLlJwING 34600.0 0.OH2 0.61211977 800. 0.121:\8 0.3992 2.5661
3 J CUCKOO 27100.0 0.0300 0.630/1977 900. 0.1214 0.3992 2.5502
32 rWAKt 31200.0 O.OHS 0.622/1977 910. 0.1172 0.3992 2.5/J50
35 Ttf'N <'2900.0 O.OSS'! 0.677/1977 890. O.IIRA 0.4060 2.5766
3(i ClJ'JlJOR 28500.0 0.0368 0.63511977 900. 0.1172 0.1.1002 2.5555
3') MAI_LA~() 38/100.0 0.0392 0.599/1977 910. 0,1102 0.392H 2.51~0

:h RUfJOY 25400.0 0.0374 0.b76/1977 935. 0.101'12 0.39?" 2.';080
37 CAN,\RY 32300.0 0.0392 0.t>33/1977 950. 0.101.10 0.3928 2.5027
311 RAIL 26900.0 0.0385 0.671/1971 970. 0.0998 0.3949 2.')027
39 CARDINAL 34200.0 0.0/J01l 0.03211 tH7 990. 0.0987 0.3902 2.4816
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DEVIL CANYON-ESTER CASE II-2A
230 KV TRANS~ISSION LINE COST ANALYSIS ANO CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIM~: q:45:19

************.* ••••
* *
*
*

INPUT DATA *
*

td
I

.po

.po

U~IT MATERIALS COSTS

pq\Cf. OF TowtR MATERIAL
PRICt OF CO~CRflE

PRICE OF GROUND wIRE
INSTALLED cnST OF GROUNDING SYSTEM

TnwER SETUP
TO .. f.f1 ASSE~lBL Y
FOUNDAT IUN SETUP
FnUNDAT ION ASSEMHI Y
FOUNDATION EXCAVATION
PRICf OF MISCFLLANEOUS HARDWARE

UNIT LAHOR COSTS

RFFFRENCE YEAP LAHUR COST
STHrr~G GROUND WIRE
STRING LAAOR MARKUP

UNIT TRANSPORTATION COSTS

TowFR
FOUNDATION CONCRETE
FOUNDATIUN STEEL
CONDUCTOR
GROUN\) WIRF
P·JSUlilTOR
tIARD~AR~

***~k~*.**A***A.**

INPUT VALUE

0.957 $/Ui
0.00 $/CU.YD.

0.000 $/LB
0.00 $/TOWER

17'51 __ $

0.4':)"; $/LB
O. $

4140.00 $/TON
0.00 S/CU.YD.

290.00 S/TOWER

24.00 $/MANHOUR
0.0 $/MILE
4.1' PER UNIT

100.0 S/TON
100.0 $/YD
100.0 $/TON
100.0 SITON
100.0 $/TON
100.0 i/TON OR $/M**3
100.0 $ITON

REFERENCE YEAR FOR INPUT

1979
1917
1917
1917

1q7'~
1979
1979
l'H9
1979
1977

1979
1977
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OfVJL CANYON-ESTER CASE It-?A
230 KV lflA~,SIolISSI{)N LlNE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 7<;; TIME: q:q5:1q

••••••••• *.* •••••••• *••••** •••• **.***.
•
•
•
•

AUTOMATIC CONDUCTOR SELECTION
ALL QUANTITIES PER MILE

*•
•
•••••••••••••••• *•••••••••• *•••••• ** •••

CAPITAL COST/DISCOUNT RATE OF 7.00 PERCENT
----_.-._------~--------~---- ..---._-_.-_..

PRE Sf NT wORTH

-----------~-------------.------------

CU~JDIJC TOI~ INSTALU:.D COST LI NE L(lSSE S O!!.M COST U/ljf: COST
.- ... _----- --..-------------------------_._--------------------...---------- ----------- ..- ..---- ---------
N(;. -eM SPAN(f !l ~ATunALS TRANSPORTATION INST ALLAT ION ENGIIDC SUBTOTAL SUBTOTAL SUR TOTAL fOTAL

-------- --------- -------------- ---------"""-- ------- -- ... ----- -------- --------
H q r) it • 1 SO () • 68 II~ 7. 311.54. 8qH6. 9328. 166104. 36981\. 3284. 20t,) 70.

t:d S7 co 1 (j • I sou. 6729'1. 377? 8£160~. 9307. 164986. 3Cflq~. 3257. 207£1~6.

I S'5 7'Ie,. I ,On. hLJ664. 3721. 82616. 901\8. 160089. 4£15'59. 31':> I • 207SQI\.
.j:::>

~5 1 :1') • I" 00. 6~315. 3684. 82031. 9023. 160113. £14359. 3ll,l. 201633.
U1

S9 () ':t lJ • 1'.0 u. 69')'52. 31:128. 84673. 9311J. 167361. 3691\8. B22. 207076.

H '100. 1400. 68697. 3766. 11£1£194. 9294. 1662')1. 39195. 3294. 201'139.

35 7 'JS. 1':>00. 661\79. 3689. 82176. 9039. 161781J. 443')9. 3206. 20Q34!1.

)C 795. 1. ~ 00 • 6S5':>1I. 36eS. 83893. 9228. 162364. 44830. 319<;. 21031\9.
,9 (i .) Ll • 1 .... 0 (J • 718/B. 31:110. 8SB7. 9581. 1704H. 369Fl8. .33 9 7. 210821.

3<1 q 'J 4. I ) 0O. 70136. '>831 • 86787. 9547. ,170300. 37£1"6. .B 71. 211126.
34 i~':>. I S00. 6<)607. 3059. 8£1359. 9279. 1631 O£l. £1491'). 5209. 211228.

32 l"le:; • 1/100. 667~IJ. 3b69. 83683. 920S. 1633£12. 4LJ1:\30. 322 b. 211398.
3« q ~'J • 1<' 0 (l • 70386. 40 B. 87082. 9S79. 171080. 361.11\8. :B8'i • 211453.

.30 71 t, • I 30(1. 63510. 3615. 82301. 9055. 158478. SOOIJ9. 3112. 211639 •

~~ 0 71". leiOO. 64?0IJ. 3576. 81729. 8990. lS1\1l9A. ~OO£l9. 3122. 2111>69.

H ()'J'O .. 1,00. 709B!>. 3807. 85172. 9369. 11>9331. 39195. 3369. 21189£1.

35 7'-15. 1000. 691cQ. 3735. 82919. 9128. IM966. £1113';)9. 328? 21?607.
3£1 7 .J'). 140lJ. 67235. 36':>3. 11£1298. 9273. 16q459. £14915. 321~8. ?12621.

S7 'J}O. liDO. 69651. 3977 • fl6926. 9562. 170096. 39195. :S3b 1. 2126')1.

3'5 795. 1'>00. 6h889. 3916. 8'5020. 9552. 165176. 1~£I5S9. 3254. 212188.

30 71'5. 1,00. 65702. 3C,HO. 81896. 9009. 160187. 50049. 3167. 213£102.

3b q "10 .. 1.500. 691~qq • 31150. 81>082. 9'555. lb91196. 1I0Q6/;l. 33051. 213814.

5~ (f'14 ~ 1400. 7231.18. 3861. 87234. 9596. 173039. 37456. 3QI.lO. 213934.

32 79 5. 1500, 68883. 3701. aQ257. 9268. Ibbl09~ £I£1IBO. 3295. 21£12330.

38 QS£I. lC'OO. 7B05. 3980. 883q8. (H2£1. 173407. 37115b. 31131.~ 21£12<13.
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DEVIL CANYON-fSTE~ CASt 1I-2A
250 KV TRANSMISSION LIN~ COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIME: 9:45:19

******************************
*
"
"
*
*

COST OuTPUT PER MILE
PRESfNT VALUE RAIE

7.00 PERCeNT

*
*
*
*
*

***.**************,,***********

CONDUCTOR NUM8ER = 39
9514. KCMIL 1300. FT SPAN 87.7 FT TOWER

PIST"l.LFD ClISI MATERIAL TRANSPORTAl ION INST'ALLATION TOIAL
HRf At<rowr, QUANTITY C05T($) TONNAGE COST(S) COSI(:!» COST($}

... _- .. --- .._----- ----._--- -------- ----- ..- -------------- ..----------- -------
CONDUC TfJR 1~B40. FT 14086. 9.73 973. 18257. 3331 b.

b:' GPLJlI'Jl)w T~t O. FT O. 0.00 O. O. O.
I PJ$lIL AHWS 207. UNlfS 1313. 1• 14 244. 15')7.

+>- HA 1-<1)" AI< ~ 1£129. 0.147 47. 1477 •0-
TO"f;iS 14.3 UN ITS 3M70. 20.31 2031. 26019. 66921.
FOUNDATIONS 11.3 UNITS H27. 538. 22280. 261115.
RIl,HT Of' WAY 13. ACRl:.S 9120. 18241. 27361.
It1C1EM;P;Ef..RING H2B. 9328.
--------------~ ------- ------ \ --- ..--- ------ ...-- ..--
TOTALS b8147. 31.65 3834. 84790. 1661014.

PRESENT VALUE ($)

- ..---------'-_._------------------------- ..- ..-_ .._--,-----------..------
LOSS ANALYSTS DEMAND LOSsEeS ENERGY l.OSSES TOTAL LOSSES
----------------- ..-- ------------- ------------- _....__ .... ---_.. _-
Rl:.STSTANCE LOSStS 19S11 7• 17422 • 3b969.
C[lRONA LOSSfS O. 19. 19.
--.-----~-~.....-----~- ----.".... -------- -_._- ...--
TOTALS 1<)5117. 17441. lb988.
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INTERNAT lO'NAL cNGINfEl<ING co. INC
SAN FRANCISCO CALIFORNIA

TRANSMISSION LINE COST ANALYSIS PROGRAM
VlPSION l; 23 FEB 1979,

~ATANA-DEVIL CANYON CASl II-]A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: 12 APR 79 TIl'll: 9:02:43

********.*********

*
*
*

INPUT OA TA *
*

ttl
I

.j::>.
---J

SYSTEM ECONOMIC FACTORS

STARTING YEAR OF STUDY
rNOHJli YEAR OF STUDY
~ASE YEAR FOR ESCALATION
MA~I'HJM CIRCUIT LOADING
AVfRAGE CIRCUIT LOADING
D~MANO COST ~ACTOR

fNfRGY COST fACTOR
VAR COST FACTOR
CAPITAL COST/DISCOUNT RATE:

MINIMUM
MAXIMUM
NUMBER OF INTfRVAlS

O&M COS1 FACTOR
RIGHT OF WAY COST FACTOR
RIGHT OF ~AY CLEARING COST
INTfRtST DURING CONSTRUCTION
ENGINEERING Ftf

**.*****.******.**

INPUT VALUE

19H
I'1Q(,
1(1] 7

514.0 MVA
282.7 MVA

73.0 $/Krl
13.0 MII.LS/KWH
0.0 $/KVAR

7.0 PERCENT
10.0 PERClNT"

1
1.5 X CAP.COST

71!i.O S/ACRE
1430.0 S/AOIE

0.00 X INST.CST
11.00 % INST.CST

REFERENCE YEAR FOR INPUT

-------~._--.--_.-------

l<1q?
lqq2
lCJH
197q
1 'Hi 4

1984
198£1

lq7q
lqJq
1979
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WA1ANA-OEVIl CANYON CASE Il-lA
ZlO KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DAlE: 12 APR 19 TIME: 9:02:113

******** ••**.*.*.*
* ** INPUT DA TA *
* •
••**.**•• *********

CONDUCT OR 04 TA

------_.~---_._-.-------------.._------_.
GROUNOWIRE DATA SPAN DATA

td
I

-I:>
00

NUMtl[1< f'fR PfJASt
CO"J!JIICTOR SPACI'.G
VOLTAGf
VULTAGE VARIATION
L PH. f !~[ Q"Et.C Y
fAIRWEATH~R LOSSES
LINE. LFtJGTH
powER FACTOR

w[ATHER DATA

1
0.0 IN
230 KV

10.00 PCT
bO CPS

O.OIl KW/MI
27.00 MIUS

0.Q5

NUMBER PER TOwER
DIAMETER
'WETGHT

o
0.00 IN

0.0000 LAS/fT

MINIMUM
MA)CI~U'"

!NTtHVAL

1200. FT
1600. FT
100.0 F-l

I-lAXIM.J'1 RA INF lilt RIITf 1.18 IN/HI'<
f<AX!Mll1 fHINFAtl fll.'RATIO"l 1 HRS/YR
IIVEI<AG' RAII,FAll IHlF 0.03 IN/HI-?
A1if,RA~;" RA }f';f At l DlJRATION b3t> HRS/YR
MAXIMY" S'JI)lr;FAlL RAIE 1.87 IN/Hk
MAlCIMU"l SI.Ohf At l OIlRATTOIII 1 HRS/YR
AVEHAbE S~n~fAlL RATf 0.13 IN/Hk
AVE~A:;E 5'.O .. FALL DURATION '2M HRS/YR
R!:.LATJvf ATH DP,SIlY 1.000
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WATANA-D£VIl CANyON CASE 1J-3A
2~0 KV TRANSMISSION LINE COST ANALYSIS AND CONOliCTOR OPT1HIZATION

DATE: II APR 7q TIME: Q:02:43

*.*.***.*.***•• *.*
• *
* INPUT DATA *
* *
****•• *******.***.

SAG/TENSION DESIGN FACTORS
_._-----------------------

b;j
I

-+>
l.O

~VERY~AY STRESS TEMP~RATUR£

IrE AND WIND TtMPFHATURE
hIGH WIND TE~PERATURE

EXTREME ICt TEMPERATURE
~AX DFSIGN TEMP FOR GND CLEANANCE
EDS TFNS10N (PCT UTS)
NFSC CONSTANT

TOTAL NUM~ER OF PHASES
PHASE SPACING
CONDUCTOR CONFIGURATION FACTOR
GROUND CLEARANCE
NO. OF INSULATORS PER TOWEH
INSULATOR SAFFTY FACTOR
STI-IING LENGTH
I, VEE, OR COMBINATION
FOUNDATION TYPE
H.RNAIN FACTOR
LINE ANGLE FACTOR
TOWFR GROUNOING
TRANSVERSE OVERLOAD FACTOR
VERTICAL OVERLOAD FACTOR
LONGITUDINAL LOAD
MISCELLANEOUS HARDWARE WEIGHT
TOwER WEIGHT FACTOR

TOWER WEIGHT ESTIMATION ALGORITHM
------~--------._-.-._--_.----_ ..

40. DE.GREES F
O. OEGREE S F'

40. DEGKHS F
30. DEGREES F

120. DEGRI::ES F
20. PERCENT

0.31 LBS/FT

TOWER DESIGN
----.--.----,

20.0 FEET
1.02
28.0 FEET

46
2.50
6.5 FEET

3
4

1.06 PER UNIT
.0864

o
2.50
1.50

1000. LBS
0.11 TONS/TOWER
1.02

ICE AND WIND TENSION (peT UTS)
HIGH ~INO TfNSION (PCT UTS)
EXTREME ICE TENSION (peT UTS)
ICE THICKNESS wITH WINO
WIND PRESSURE WITH ICE
HIGH WIND

EXTREME ICE

DISTANCE BETWEEN PHASES:
01
02
03
D4
05
Db

50. PERCENT
SO. PERCENT
70. PERCENT

0.0,0 If'4CHE'S
/f.00 LBS/SQ.fT.
9.0 LBS/SQ.fT.

() • SO I NC HE S

20.00 FT
20.00 FT
40.00 FT

0.00 F'T
0.00 FT
0.00 FT

TOWER TYPE q: 230KV TOWER

rw = 0.OOOl&*TH**2 - 3.09]<H*THUO.1355 - o.oaQ4}*EFFVDl ..
O.273h7*Hf-T/>L + O.OU-')10*JH*EHTOL + O.OOlbOltTH*fFfVDL +
18.UQ12 KiPS
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w.TANA-DtvIL CA~YnN CASE II-3A
230 KV TRANSMISSllIN LINE COSI ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE.: 12 APR 79 TIl'll: 9:02:Q3

••••••••••••••••••
• •
• INPUT DATA '"

b::I
I

U1
o

I [) "JlI'R!.R

5?
~)

S I

'is
'i .')

"'1
5>\

~AMf

~HJT HA Tefl
PMIROT
LAPwING
FIILCON
C..JIIKHI
HLIJEf3I Rf)
KIWI

.. ..

............. * .

CONDUCTOR SUMMARY
... *•••••••• "'* .... *

TEMP.COff.
STRANDING UNIT WEIGHT OUT.DIAM. TOTAL AREA MODULUS ALPHA.(-b

SI7F(KCM) ( ALIST> (UIS/FT> CINCHE.S) (SO.IN.) (fF/E-1> PSI) PER DEG F

--------- --_.- .. - -------. -------- -------- ----------- -_... --_ .. ---
IS10.0 451 7 1.7020 1.4660 1.2680 9.tlO 11."3
1<;10.0 ..,1l/19 1.9420 1.50bO 1.3360 10 • .50 10.8
1590.0 1151 7 1.7920 1.5020 1.33S0 9.1.10 11."3
15</0.0 51111 9 2.0l/1I0 1.5450 t.I~070 10.30 10.8
1780.0 A4/19 2.07110 1.0020 I.S120 9.05 11.3
2156.0 811/t9 2.5120 1.7620 1.8280 9.0S 11.3
ltb7.0 72/ 7 2.3040 1.7370 t .7760 9.25 12.0
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WAIANA-DcVIl CANYON CASE II-3A
230 t<V TRANSMISSION lINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATE: I? APR 79 TIME: 9:02:43

******************

* ** INPUT DATA *
* *
******.***********

1 1 1

CONDUCTOR SUMMARY
********.********

AC RESIST.
ULT.TENS. GfOM.MEAN THfRM.LIMIT AT 25 DEG C TND.REACT. CAP.REACT.

10 IIIU"1IIER 'NA~f: STNf:NGTHllBS) RADIUSCFT) PRICEC$/LB) (AMPERES) (OHMS/IoIIlE) (OHMS/MllE.) (MOHM-MIlES)
--------- ---- ------------~ --.-_ .._--- -------- ....- .._- ...--- ----------- --------.-. ----..--_ .. --

'52 NlITrlATCH 41600.0 0,0485 0,66 1U1977 BOO, 0.06119 0.1b70 2 •.HZ6
53 PI>fli<O T 53200.0 0.0'308 0.630/1977 1320, 0.0602 0.36(12 2."862

tl:t 54 lAPwING 431\00.0 0.01.197 0.060/1977 1340. 0.0623 0.3638 2.2915I

U1 55 Fl\lCON 56000.0 0.0521 0,636/1977 1360 • 0.0612 0.3580 2.2701.1
I-' 56 CHUK A1~ 53600.0 0.053/1 0.075/1977 14/10. 0.0560 0.351.18 2.2387

57 BllJUiHID 63/100.0 0.OSfl8 0.673/1977 Ibl0. 0.0475 0.3/11.13 2.1 b48
58 KIwI 50900,0 0.0570 0.699/1977 1600. 0.0480 0.31.180 2.1806
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wATANA-DEVIL CANYON CASE 11-34
230 KY TPANSMlSSION LINE COST ANALYSIS AND CONDUCTOR OPTIMIZATION

DATf: 12 APR 7'1 TIME: '1:02:43

••••••••••••••••••
• •
•.. INPUT DArA •

•

to
I

U1
N

UNIT MATERIALS COSTS

PQICr OF TOW~R MATERIAL
P~ICE OF CONCRfT~

PRICt Of GROUND wIRE
INSTALLED COST OF GROUNDING SYSTEM

TowER SFTUP
rOwEl-< ASSFt'-RLY
FOUNDATION SETUP
FOUNDATIUN ASSF""RLY
FOUNDATIoN EXCAVATION
PRICt OF MISCFLLANEOUS HARU~ARE

I I'll I r LAf-lOR COSTS

REFFPENC~ YFAR LABOR CUST
STRING GROUND wIRE
STRING LABOR MARKUP

UNIT TRANSPORTATIUN COSTS
-------------------------

TflWER
FOUNDATION CONCRETE
FOUNDATION STEEL
CONDUCTOR
GROUND WIRE
{'JSULATOR
HARDwARE

••••••••••••••••••

INPUT VALUF

0.957 $/LA
0.00 $/ClJ.YD.

0.000 $/LB
0.00 $lTowER

17-51. .$
0.1I")'; $/LH

O. $

4140.00 $/TON
0.00 $/CU.YO.

, 290.00 SITOwlR

24.00 $/MANHOUR
0.0 $/MILE
4.2 PER UNIT

100.0 $/TON,
ll}O.O $/YD
100.0 $/TON
10'0.0 S/TON
100.0 SITON
100.0 $/TON OR S/M •• 3
100.0 sirON

REFERENCF YEAR FOR INPUT
------------------------

l'Uq
1'177
1'177
1977

lq79
1979
lq7Q
1979
1q7Q
1q77

1Q.,q
1q71
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WATANA-OEvIL CANYON CASE IT-JA
?50 Kv TRANSMISSIUN LINE COST ANALYSIS ANO CONOUCTOR OPTIMIZATION

DAT~: 12 APR 79 Tt~f: 9:02:43

"""""*""""""**"*"""""""""""""""""",,,,,,.
" "
"
"

AUTOMATIC CONDUCTOR SELECTION
ALL QUANTITlfS PER MILE "

"
" """"0""""""""""""00""*"""""""""""""""""

CAPITAL COST/DTSCOUNT RATf OF 7.00 PFRCFNT

PRf-SFNT WORTH
_._-------------.----------------------

Cr:"iDUC 1(JR INSTALLE.D COST LINF LOSSE.S O&H COST LINE COST
._- ... ---.

------------------------------.-----~-----------------.----------
..._-------- -_.- ... --- ---------

!\ill. '\lM SPAN(FT) MATFflIALS lRANSPOHrATION INSTALLATION ENG/IOC SUBTOTAL SUBTOTAL SLJHTOTAL TOTAL
- .. ------ --------- -.------- .. ---- __ illt .. ___ ••___ ------- -------- -------- --_ .. ----

0':1 ')7 21';6. 1500. 1\'1569. '510'5. 9uS21. 99<;7. 19~1'J3. llb3~11. 3992. 315LJ78.I
tJ"1 'J7 ;: ! cJ 6. 1200. 90 I.H. ':><>17. 92027. 1012,3- 197504. 116334. LJ033. 3111''.10.
tA

"7 ,.'1C,b. lij(\il. '}21?'. ')160. 90934. 10003. 1911219. 116334. 4071- 311\1>23.
" fl <: l b 7. 150" • 9241'). ':>12":1. 93?H. 10256. 201033. 117,83. 4114. 322730.
5"1 c.l l h 7. 1200. "12234. ":1,)04. 94210. 10363. 202012. 117'.:>83. 412<;. 323720.
57 21':>6. 1"00. "1':>709. '526A. 92163. 10138. 203339. 116334. 4194. 323f\66.
':>6 I 7RO. 1500. Rn64. 4678. 88729. 9760. 18'5931. 137630. 3767. 327327.
SA 2167. 11100. 9':>91\9. S,)26. 911328. 10376. 205919. 117":183. 4?H. 321734.
56 I 7PO. 14 (1() • 1\49':>1. 4714. 118966. 9786. 188417. 137630. 3833. 329879.
56 I1RO. 1<'00. R34'JI. 4796. 90292. 9932. 18f1Q71. 157630. 3812. 329912.
5\ ItdO. 1500. 77S00. 4479. 87052. 9<;73. 17BSfl4. 148?18. 35 Q O. 330391.
SI 21':>6. lo(lO. 100185. 5423 • 9411~4. 10356. 210101\. 116_~31~. 43')0. }30792.
.,S I', 10. lIJOO. 79192. 4490. 86974. 9')&7. 180224 • lQfI?18. 36H. 332078.
56 1 1!:I 0 • 1':>00. IH'I06t1. 4799. 9000B. 9901. 192776. 1371>30. 3937. 334342.
"J3 1<, 10. 1200. 7901'3. 464? 89077. Q7QfI. 182601. 14R21H. 36b9. 334'HI6.
')<; 1',90. ISOO. 790")1"\. 4SIO. 87330. 9606. 180565. 150144. 3640. 334949.
58 2i67. I~OO. 100672. ':>386. 96330. 10~96. 212984. 117583. 4397. 334964.
':>3 1')10. 1500. P,1760. 4';50. 87688 • 96'~o • 183644. 14f\2IA. 3721. 3:35':>82.
55 1',"10. 1400. P,0792. 4584. A7283. 9601. 1112260. 1'50744. :st>f\ A • 336692.
S? ISJO. 1200. 72903. 4IfH\. 871 ';)9. 9587. 173837. 160117. 34';9. 337413.
':>5 1<;'10. 1200. A0560. 4729. 13934Q. 98?f!. 184460. IS0744, 3716. 338920.
'J5 1'190. 1500. 83400. 46Q6. aBoo8. Q6R 1 • 185734. 1507Q4. 3173. 340751.
56 1780. 1600. Q2011. 4q32. 91788. 10097. 198888. 137630. 4079. 3405Q6.

S'~ l'i90. uoo. 7Q970. 41195. 8'H 19. Q1\03. 1833A7. 153527. 369? 340605.
'>3 1<;10. 1600. 85156. 4653. 89108. 9802. 188721. 148?18. 3840. 340778.
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WATANA-DEVIL CA~YON CASE JI-3A
230 KV TRANSMISSION LINE COST ANALYSIS AND CONDUCTOR UPTIMIZATION

DATE: 1? APR 79 lIM(: 9:02:43

****************~*************

* •
* COST OUTPUT P~R MILE *
* PRESENT VALUE RATE *
• 7.00 PfRCENT *
* •
********.*.****.***********.*.

CONDUCTOR NU~6EH =
215b. KCMIL 1300. FT SPAN

'57
87.4 FT TOwER

JNSTALLF'I) COST MATERIAL TRANSP(HHATION INSTALLATION TOTAL
5R~AKfltJi/N QUANTITY COSH$) TONNAGE'. COS1($) COST($) COSiO)

-------------- ..------- _... -_.. _-- _......_-- -------------- ------------ ---_ ... _-
CO~d)11CT(11< 15AllO. FT 30659. 19.90 1990. 21750. 54378.
GR\)(j>,[)w I RE O. FT O. 0.00 o. O. O.

tt:l PJSII[ A' o~s 207. UNITS 1313. 1• 14 2114. 15~7.I
U1 H!If!D >' AU E 14;>9. 0.1l7 1~7 • 11l77.
.j::o TO .. ri-iS 1l.3 UNITS 11375b. 22.1:\0 ?2f\6 • 283112. 743'111.

F(HiN,lA T1fJNS 4.3 UNITS B?7. 538. 22280. 2b145.
RIGHT or \<jAY 13. ACRlS 9085. 11:\170. ?7255.
I OC Il NG I I"ff R I Nt; 99'57. 9957.
--------------- ------- -- ....--- ..----- ---_._- -------
TOT ALS 895b9. 44. H 5105. 90')21. 19')153.

PRESENT VALUE ($)

_.. -...._-----------------_.._---------------_ .._---------- -----~--- .... -...
LOSS ANALYSIS ()f:~AN[) LOSSES fNFRGY LOSSES TOTAL LOSSES
----------~---._---- ------------- ----.-------- ------------
HI:SISl Af~Cl LOSSfS ol51b. 5(1818. llt>3311.
COlwr,l. lOSSfS O. O. O.
-_ ....----------------. ------- ----_..- -------
r01ALS bl")16. 5(1818. Ilb33ij.
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RELIABILITY PRCGFlIM (MlIREL)

SCHENECTADY, NEW YORK 12301
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PTI/I03

Page I of 3

518374-1220

....

SUMMARY 'lhe Multi-Area Reliability Program (MAREt) computes the IDss of IDad proba
bility (LOLP) reliability index for electric generating systems of several
areas interconnected by a transmission network without any restrictions on
the network. topology. 'lhe program permits the study of large !?Ower pools
and reliability councils as well as individual utilities imbedded in an ex
tensive interconnection. 'nle program is intended to be used in the design
and analysis of generation systems and the interconnection capability re
quirements needed to share reserves aoong the interconnected areas. The
program may be used for as many as six or seven interconnected areas modeled
directly. A greater number may be accOlTllOOdated by developing equivalent
systems. 'lhe output includes area and total system IDLP indices as well as
data or the prqbable 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.

'lhe structure of MAREt is shown in block form on Figure 1. Input data may
be provided for each case or partially supplied by saved case files. '!he
program structure is set up to analyze one year at a time under the control
of the user. 'lhis facilitates the development of system expansions inter
actively or with a series of runs on a batch basis without the risk of the
possibility of using excessive computer time.

(~~r
V

CllPl\CITY
PROBABILITY
TABLES

LOAD
MODELS

MULTI AREA
RELIABIL!T'l
EVAWMIClN

OtII'PtJr

SAVE
FILES

......

,.-

hURKlNG FILES ]

'-----

FIGURE I

STRUCTURE OF MULTI AREA RELIABILITY PRCGFlIM

C - 1

~_....._-------_....._------------_.._--_..........---------------------------.....
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Loads are rrodeled by area with distributions of peak
loads for each I season I of the year. A season may be of
whatever length is appropr iate for the study, weeks,
months, or longer intervals.

I

• Capacity Models are developed for each area for each
season of the year and are available capacity-probabil
ity density tables.

1"'"

PRCXJRAM
APPLICATIONS

•

•

•

•

•

•

Maintenance Outages are simulated either by adding the
capacity on outage to the appropriate area and season
load rrodel or by modification of the proper capa
city-probability table. Maintenance may be prescheduled
and input or done automatically within MAREt 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 ControIs 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 OOLP com
putations to save unnecessary computer effort and cost.

Program Output may include area load and capacity models
as well as maintenance schedules, three sets of both
seasonal and annual area and system OOLP ind ices, the
probabilities of various failure modes. That is, the
program automatically calculates area 0012 values as
though the area were isolated and then two separate OOLP
values with the actual interconnection. These two OOLP
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. 'I'hese data are useful
in developing reliable system designs.

System Size is not restricted except by limits on accep
table computational effort and cost. Past PI'I 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.

Evaluation of the reliability benefits of strengthening
ties vis-a-vis additions to generation reserves.-

•

•

Planning of interconnections to achieve
gration and more widespread sharing
reserves.

reg ional inte
of generation

C - 2
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Assistance in locating weak portions of a system in
order to locate new bulk power facilities for maximun
reliability improvement.

Analysis of the reliability benefits of new joint
ly-owned plants located remotely or within one system's
territory.

AVAILllBILITY
AND SUPPORI'

• Evaluation of the ability of irxHvidual utilities to re
liably survive the postponement of new plant additions
in their own and interconnected systems.

MAREL is available for use at ?TI for studies by irrlividual utilities or
groups of systems. It may also be leased for installation on a client' s
computer. '!he lease entitles the user to:

• Complete set of source code for all modules including
all MABEL activities and subroutines.

-

-

-

FDRFURTHER
lliFORMATION

1/78

• 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 oniy be done on the
basis of charging for the time and expense required.

Since PTI is a consulting engineering organization and uses MABEL in studies
for clients, the program is continually being enhanced and L!pdated.

While updates are not included in the Ml'IREL lease price, PI'I will offer all
significant MAREL improvements to lessees at add-on prices.

PTI can assist MAREL users in the development of system equivalents where
their use is attractive to the user.

Contact: C.K. Pang, Senior Engineer
or

A.J. Wood, Principal Eng ineer
Power Technologies, Inc.
P.O. Box 1058
Schenectady, N.Y. 12301

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

C - 3
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MULTI-AREA RELIABILITY PROGRAM (MAREL)

SAMPLE OUTPUT SHEETS

FOR

TWO-AREA RELIABILITY STUDY - YEAR 1989

Note: The following other output sheets (35 cases) are on file with
Alaska Power Authority under a separate cover:

• Independent System Expansion Plans
(years 1984 through 1996)

• Interconnected System Expansion Plans
(years 1984 through 1996)

• Interconnected System Expansion, Three-Area Realiability Study

with Susitna (years 1992 through 1996)

• Interconnected System Expansion Plans, with Firm Power Transfer

(years 1984 through 1987 and 1992 through 1996)

C - 4
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POWER TECilllOLOGIES. INC.
fIULTI-AREA RELIABILITY PROGRAM:

MULTI-AREA RELIADILITY PROGIWr - MAREL.--

---- VERS ION g NOVE,mER 15. 1978 ----

---- POliER TECHNOLOGIES, INC. ----

n

0')

**********************
** **** 01 - 18 - 1979 **
** **
**********************

STU Dye A S E:

****************************************************************************
** **** ANCnORAGE - FAIRBANKS TRANSMISSION INTERTIE. ECONomc FEASIBILITY **
** **** 2-AREA RELIADILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979 **
** ******************************************************************************
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POWER TECHNOLOCIES. INC.
1'IULT I-AREA REL I AD I L ITY PROCRAn

***~************************************************************************
** **** ANCHORAGE - FAIRnANKS TRANSMISSION IIITEnTIEECOrlOMIC FEASIBILITY **
** **** 2-ARF.A RELIABILITY STUDY - YEAn 1989 : INTERCONNECTED - 1/151'1979 **
** ****************:r.*************************************************************

YEAn OF STUDY

PROBABILITY THRESHOLD

:II 1989

'" 0.10E-07

n

FAILURE PROB. THRESHOLD ~ 0.20E-08

PROB. RATIO FOR LOAD LEV.= 0.0100
-.J

ROUNDING MW STEP SIZE '" 1

MAX. no. OF AIlEAS WITH NECATIVE
M.-\RCHl TO DE EXhJlllNED = 2

MAX. OF CAPACITY STEPS = 50

----- SYSTErI DATA ---

NO. OF AREAS on BUSES ~ 2

NO. OF AREAS WITH GENERATION II 2

NO. OF AllEAS WITH LOADS

NO. OF LINES WITIl OUTAGES

NO. OF FIRM LINES

-. 2

= 1

'" 0
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POWER TECIINOLOCIES. INC.
MULTI-AREA RELIABILITY PROGRAM'

AlICIIORAGE - FAIRBANKS TRANSMISSION INTERTIE ECONOllflC 'FEASIBILI1Y
2-AJ\EA RELIABILITY STUDY - YEAR 1989 : IN'I'ERCONNECTED - 1/1lV1979

---- DATA FOR LInES WITH OUTAGES ----
--- AVAILABLE CAPACITY PROBABILITY ---

LINE NO.1, LINK NO. 3
TIE FROY'[ AREA 1 Ar(CIIOn -1'0- AREA 2 FAIRBA

LEVEL CAPCFOR) CAP<REV) PRODADILI1Y

1
2

o
130

o
130

0.004000
0.996000

- TIME USED IN CPUS : INCREMENT r:: 2. ELAPSED • 2
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POWER TECH:lOLOCIES. nm.
MULTI-APJ~ RELIABILITY PROCRAl'lI

GENEI\ATOR UNIT DATA Fon ANCHORAGE-FAIRBANKS STUDY
"1",:0 AnEA SYSTEPI JANUARY 15 1979

StmMARY ON CAPACITY. PEAK LOAD AIfl) MAINTENANCE; AIlEA. ANCHOIl

SEASON 1 2 3 .. 5 6 ';' 8 (j)

InSTALLED
CAPACITY nnn 1747 1147 1747 1741 1747 1747 1747 1747 1747

PEAK LOAD (MW> 1200 882 789 1~2 729 725 826 886 1441

INSTALLED RESERVES

n MW 547 665 958 995 1018 1022 921 861 306

\.0 PERCENT 45.58 98.07 121.42 132.31 139.64 140.97 111.50 97.18 21.24

CAPACITY ON
MAWTENANCE (lfh') 0 135 227 256 286 287 188 122 0

RESERVES AFTER MAINTENANCE :

m'l 547 736 731 739 732 735 733 739 306

PERCENT 45.58 82.77 92.65 98.27 Ut0.41 101.38 88.14 83.41 21.24

UNIT RETIHEMEffTS AND INSTALLATIONS =

NO. UllIT CAPOfh') F.O.R. RET/INST SEASON DATE

1 COAL 2 200 0.057 INST 1 1/1989
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POWER TECHNOLOG-Irs. INC.
~1ULTI-AREA RELIABILITY PROCRAK'

GEffEIlATOn mUT DATA FOR ANCHORAGE-FAIRBANKS STUDY
TWO AI\EA SYSTE11 JANUARY 13 1979

SUMMARY ON CAPAC lTV. PEAK LOAD AND lfAINTENANCE : AREA FAIRBA,

SEP.sON 1 2 3 4 5 6 7 8 4}

INSTALLED
CAPACITY OIW) 385 365 385 385 385 385 385 385 385

n PEAK LOAD (MlO{) 274 177 135 119 112 130 136 166 313
I

I--'
0 INSTALLED RESERVES I

rIW III 203 250 266 273 255 249 219 72

PERCENT 40.51 117.51 185.19 223.53 243.75 196.15 183.09 131.93 23.00

CAPACITY ON
lfAINTE11AllCE (f·no 0 14 55 72 100 65 54 25 0

RESERVES AFTER MAINTENANCE :

tnT 111 194 195 194 173 190 195 194 72

PERCEfrr 40.51 109.60 144.44 163.03 154.46 146.15 143.38 116.87 23~OO

UNIT RETlREI'IENTS AlID INSTALLATIONS I

ITO. UlUT CAPoni) F.O.R. RET/INST SEASON DATE

J '1
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POWER TECIINOLOGIES. INC.
IIDLTI-AREJ\ BELlAlHLlTY PROGftMiI)

GENERATOR urIIT' DATA FOR ANCHORAGE-FAIRBANKS STUDY
THO AREA SYSTEM JANUARY 15 1979

SlJ1'mARY ON CAPACITY AND PEAK LOAD BY AREA

AREA ANCHOR FAIRBA
------ ------

n
I

PEAK LOAD SEASON 9 9
to-'
to-'

JNSThLLED CJ\PACITY <MID
AT AtINUAL PEAK 1747 385

ANNUAL PEAK
LOAD (linn 1441 313

mSTJ\l.LED
RESEHVES (Mln 306 72

RESERVES I N PERCENT OF
~.!I1WAL PEAK LOA!") 21.24 23.00

AREA lIE IGJITED AVERAGE
lnflT" FOR (PERCErlTI 5.46 7.42

AREA. ANNUM.. AWIlACE
n\rNTENAn€E{~EftCENTT 9+55 11. 11
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PO\~ TECITNOLOGIES. INC.
JillLTI-AREA RELIABILITY pnOORMl

CEl-IErtATOR UNfT DATA FOR ANCHORAGE-FAIRBANKS STUDY'
THO /\REA SYSTEM JANUARY 15 1979

-----S-UMMARY B-Y ABEAS-----

AI\EA NO.OF UNITS CAP. <1'00

(J

......
N

1 ANCUD."l
2 FAlRnA

36
24

1747
385

SEASONAL rn:SERVES IN PERCEnT OF PEAK LOADS
AFTER MAIHTEfiANCE OF UNITS FOR TIlE TOTAL SYSTEM:

SEASon RESERVES ORDER SEASON RESERVES
------ -------- ---- ----- ------

1 44.M·04 1 9 21.l'm07
2 lJ7.2G21 2 1 44.6404
3 100.2164 3 2 81.2G21
4 107.111J2 4 8 an.6392
5 107.6100 a 7 96.4.·657
6 leo. lB71 6 3 100.2164
7 96.4657 7 4 107.1182
8 Uil. 6,~32 8 5 107.6100
9 21.S:W7 9 6 163.1871
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POWER TECTInOLOCIES. INC.
mJI.TI-AREA RELIABILITY PROGRAM'

Cf.NEnATOR UNIT DATA FOR ~~CHORAGE-FAIRBANKS STUDY
THO J\nEA SYSTEM: JANUARY I~ 1979

MAINTENANCE SUrU1ARY BY MW AND PERCENT OF TOTAL AREA CAPACITY I

SEASON AREA ANCHOR AREA FAI RBA
----- ---------_._- -----------

0 0.00 ,0 0.00

2 13:; 7.73 14 3.64

3 227 12.99 55 14.29

4- 256 14.65 72 13.70

n 5 286 16.37 100 25.97

...... 6 2&7 16.43 65 16.88
w

7 138 10.76 54 14.03

3 122 6.93 25 6.49

9 0 0.00 0 0.00

AREA ErOn

SYSTEM EFOR "

5.4G50

5.0093

7.4169

ErOR ; WEIGllTED EFFECTIVE FORCED OUTACE RATE_ III PERCENT.

*** END OF rnOGnAM MNTCE ***
TUIE USED IN crus

TINE USED IN crus

INCREMENT =

INcrn:rIENT =

2. ELAPSED =

0. ELAPSED =

4

4

~~:t:* AREA 1 MICHon HAS NO UNITS ON ***
~;;:* HAlNTENAliCE FOit SEASPNS; 1 9 If:**

" ,

*** AREA 2 FAIRnA HAS NO UNITS ON ***



'J 1 -l I . \ 1 -, ._,' 1 " 1 I • I

n

......
c.n

PotIER TECITNOLOGIES. INC.
l':ULTI-ARE/\. RELI/\.IHLITY PROGRAM'I

MlCnOnAGE - F/\.InBArmS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AI\EA IlELIAnILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/1~/1979

--- LOSS OF LOAD PROD!l.BILITY AT VARIOUS AREAS ---

PRODADILITY PRODABILITY PROBADILITY
AT AIlE/\. ISOLATED WITH LLS WITHOUT LLS
-------- ----------- ---------- ----------
1 ANCnOn 0.149268E+00 0.79B471E-01 0.676829E-01

2 FAIRllA 0. 190494E+01 0.90967:>E-Ol 0.394379£-01

SYSTEU 0.915377E-01 0.915377E-01

NOTE: LLS = LOAD LOSS SHARING

***** ALL PROBABILITIES ARE IN DAYS/PERIOD *****
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POWER TECa~OLOGIES. INC.
MULTI-AREA RELIABILITY PROGRAM'

ANCHORAGE - FAInDAl'JKS TRANSl'IISSION INTERTIE ECONOl'IIC FEASIBILITY
2-AItEA RELIAnILITY STUDY - YEAR 1989 : INTERCONNECTED - l/15/t979

--- PROBABILITY OF MINIr~ CUTS ---

CUT PRODABILITY
n -----------

CUT MEMBEBS( LINKS)

2 O.u70032E-03 1 3

3 O.116904E-01 2 3

,......
O'l

1 0 •792771£-01 1 2

***** ALL PROBABILITIES ARE IN DAYS/PERIOD *****
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POWER TECIJNOLOOIES. INC.
JlruLTI-AnEA RELIABILITY PROGRAJ'lI

ArICIIOMGE - FAIRDANKS 'l"1tJlftSMISSION INTERTIE ECONOllfIC FEASIBILITY
2-AHEA JlELIJillILITY STUDY - YEAR 1989 : INTEll.COl'lNECTED - 1/15/1979

-- I1INU1J\L CUTS AND DEFICIENT NODES(AREAS) ---

n

I--'
.......

CUT PROBABILITY

1 O.792771E-Ot

2 O.570032E-03

3 O.116904E-Ol

NODESCAREAS) IN DEFiCIENT REGION

1 ANClIon 2 FAIRBA

1 ANCIIOR

2 FAIMA

***** ALL PROBABILITIES ARE IN DAYS/PERIOD *****
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POWER TEClrnOLOCIES. INC.
;'lULTI-AREA HELIABILITY PROGRAI1'

MICrrOIlAGE - FAIIlBANKS TRANSff:ISSION Il'ITERTIE ECONOMIC FEASIBILITY
2-AREA RELIAIHLITY STUDY - YEAR 1989 ; INTEll.CONNECTED ,- 1/15/1979

PROBABILITY TIIAT EACH LINE IS LIMITING ---

n LINE LINK
DESCRIPTION TOTAL

ARE A TO ARE A PROBABILITY
FORWARD
DIRECTION

REVERSE
DIRECTION

.......
co

1 3 1 ANCHOR TO 2 FAIRBA O.122604E-Ol 0. 116904E-01 8.570032E-03

***** ALL PROBABILITIES ARE IN DAYS/PERIOD *****
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POWER TEClrnOLOGIES, INC.
MULTI-AREA RELIABfLITY PROGMJIt

ANCHORAGE - FAIRDANKS TRANSMISSION INTERTIEECONOMIC FEASIBILITY
2-i\REA RELIADILITY STIJDY - YEAR 1989 : INTERCONNECTED - 1/]5/1971}

ISOLATED SITUATION - SUMMARY:

AREA LOLP IN DAYS/PEnIOD BY SEASONS.

n AREA AI1EA.
SEASON ANCHOR FAllIDA
----- ------ ------.....

\.0
0.30961 0.0021

2 O.OOGO 0.0071

3 0.0000 0.0000

4 0.0000 0.0000

5 0.0000 0.0000

6 0.0000 0.0000

"1 0.0000 0.0000

8 0.0000 0.0000

I} 0.1472 1.5882

YEAR 0.1493 1.9049



"'~", ""'-1 '-"r ""J ~~J --'-1 '1 >-l ' "1 ') " ') 't 'I

POWER TECTIl'iOLOGIES. INC.
HULTI-AREA RELIABILITY pnOGRAM

AllCnOllAGE - FAIllDhNKS TRANSMISSION IlITERTIE ECONOMIC FEASIBILITY
2-AREA nELIABILITY STUDY - YEAR 198f} z INTERCONNECTED - 1.115.11979

ISOLATED SITUATION - SUl'Il'IARY :

EXPECTED ~T\'l-DAYS LOSS BY SEASONS.

AIlEA AllEA
SEASON Al'lCnOR FAlnBA------ ...----- ------

n
1 0.09 7.45

N 2 0.00 0.14
0

3 0.00 0.00

4 0.00 0.00

5 0.00 0.00

6 0.00 0.00

7 0.00 0.00

8 O.CO 0.00

9 3.81 44.23

YEAR 8.9548 51.8097
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PO~'ER TE~P.NOLOGIFS. HfC.
r::JLTI-AUEA nELIADILITY PROGRAM'

AnCIJQMGE - FAIRBANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-J\P.EA IlELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979

ISOLATED SITUATION - SUWIARY :

EXPECTED I1U DEFICIENCY DY SEASON.

n AItEA AREA
SEASON ANCnOR FAIIlBA
------ ------ ------

N
I--'

42.33 24.04 .

2 13.57 19.22

3 0.00 0.00

4 0.00 0.00

5 0.00 0.00

() 0.00 0.00

7 0.00 0.00

8 0.00 0.00

9 60.24 27.85

INDICES FOR TIIE YEAR

I1W-DAYS 8.95 51.81

LOLP-DAYS 0.15 1.90

E( ID{) 59.99 27.20



"~) '-1 ""1 '~1 .~ ~l 1 '1
.,., ,.,', , 'J >,,~. "1

"'. '''I ) "I . )

POWER TECHNOLOGIES. INC.
MULTI-AREA RELIABILITY PROGRAMt

J\1lCrrOnACF. - FAIIIDANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILI1Y
2-AREA RELIABILITY STUDY - YEAR 1989' : INTERCONNECTED - 1/15/1979

INTERconNECTED UITII LOAD LOSS SHARING

AREA LOLP In DAYS/PERIOD BY SEASONS.

AREA AREA
SEASON ANCHon FAIMA

n ---- ------ ------

N 1 0.0004 0.0020
N

2 0.0000 0.0000

3 0.0000 0.0000

4 0.0000 0.0000

5 0.0000 0.0000

6 0.0000 0.0000

7 0.0000 0.0000

8 0.0000 0.0000

9 0.0794 0.0890

YEAR 0.0796 0.0910
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POWER TECHNOLOGIES, INC.
MULTI-AREA RELIABILITY PROGRAM;

ANCIlORACE - FAIRBANKS TRANSMISSION Il'rrERTIE ECOl'{OMIC FEASIBILITY
2-MlEA IlELIABILITY STUDY - YEAR 1989 : INTERCONNECTED - 1/15/1979•

INTERCONNECTED 1'11111 NO LOAD LOSS SHARING :

AREA LOLP I~ DAYS/PERIOD ny SEASONS.

n AIlEA AREA
SEASON ANCI:OR FA I lIDA
---- ------ ------

N
W

1 0.0003 0.0011

2 0.0000 0.0000

3 0.0000 0.0000

4 0.0000 0.0000

5 0.0000 0.0000

6 0.0000 0.0000

1 0.0000 0.0000

8 0.0006 0.0000

9 0.0673 0.0318

YEAR 0.0677 0.0394
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POWER TEcmWLOCIES, INC.
MIJLTI-AltEA RELIABILITY PROCI\AK:

M:cnORAGE - FAIRDANKS TRANSlUSSIOW IIn'ERTIE ECONOMIC FEASIBILITY
2-AREA RELIABILITY STUDY'- YEAR 1989 : INTERCONNECTED - 1/1:5/1979

--- SYSTEM RESULT SUl'fi'IARY IN PER UNIT --

PROrlABILITY OF SUCCESS EVENTS

PROBABILITY OF FAILUIlE EVENTS

= 0. 999648E+00

: 0.352068E-03

PRODADILITY OF NEGLECTED UNSPECIFIED EVENTSI: 0.270125E-08

n SUN OF TIlE ABOVE 3 PROBABILITIES IIr O. 100000E+0 1

N
+:> PROBABILITY OF UNCLASSIFIED FAILURE EVENTS = 0. 620649E-09

************:r.***************************************** NOTE: THE SUU OF TilE FlnsT 3 truST DE 1.0000 ****** ""ITIlI« REASOl~ABLE. TOLERANCE. ***
***************************************************

DEFINITION OF EVENTS :

SUCCESS : ALL LOADS SATISFIED.

FAILURE : ONE OR l'IOIlE AREA LOADS NOT SATISFIED.

unSPECIFIED : rlOT IDENTIFIED AS EITHER SUCCESS OR FAILURE.

UNCLASSED FAILURE: CAUSE OF FAILURE NOT ESTABLISHED.
CAUSE OF FAILURE IS INDICATED BY MINI~~ CUTS.

TOTAL ELAPSED Tll'lE HI CPUS = 20

***** END OF PROGRAM rlADEL *****
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A1fCHORAGE - FAIRBANKS TRANSMISSION IN'fERTIE EcorroMlc FEASIDILITY PAGE 0001

.~224 .~169 .~064

.~13Gl.0000 .8301
.5353
.0526
.8423
-.9375
.8918
.6934
.0976
.914,1
.9038
.9071
.9<t.15
.9162
.6589
.9255
.9177
.lli324
.9299
.94~4

.9379

.UfJ.15

.9222
• EmG2
.~OI4

.mj55

.9323

.6175

.6045

.6340

.9255

.9t()2

.5401

.lH29

.0577

.94·23

.9221

.G333

.9024

.9293

.90:;0

.9071

.9a91

.9231

.9204

.94·77

.921c)

.%4·g

. 'Y4,·41

.n-tt5

.9222

.9323

.9155

.7719

.93tH

.03~6

.ll654

.9421

• 9,ri~1,2

.9<1·27

.9613

.9441

.6715

.9;}nl

.9:l75

.l}202

.7757

.9:l93

.0386

.9135

.9537

.5865

.6327

.0731

.9519

.9307

.81146

.9024

.934.·3

.9372

.9:34·1

.9649

.9341

.9·:,<1·3

.9379

.9:H,7

• (}5\jG
.m~,~

.9611

.9531
· 9-2~·9
. 79a5
.9474
.C3%
.9327
.. 9575

.6122

.6lG4

.0%2

.%19

.9437

.0ilfVJ

.9073

.9444

.9424

.9344

.9703
• 9~·O 1
.%09
.9379
.94·:10
.9{)1~

.9<1·:17

.9677

.634,6

.5769

.94G2

.9615

.9654

.lmg?

.9073

. 9491i

.9476

.9563

.9703

.94til

.950')

.9:179

.94·94

.9603

.9~90

.97';·3

.95fJ5
• 9 1O"~
.l}722
.I)5D3
.,)2~6

.90G7

.9(;11

.0336

.9327

.9575

2

14 1983

2
50
o

ANCrrOR\CE - FAlnnANKS TRANSMISSION INTERTIE ECONOMIC FEASIBILITY
2-AREA IlELIABILI1Y STUDY - YEAR 1996 : INTERCONNECTED - 1/15'/1979

2 1 009 0 0 0 e 0
o 000 1 0 0 0 0 0
000 0 0 0
1 1 1 4

1996-
O.lE-07 O.2E-07 O.5E-05

0.01 O. Ht
2 1
2 1

ANCnOIlFAInBA
1 2 2'
o 0 O.00400~

2 130 130 0.996000
tOAD DATA m PER UNIT INTERVAL DURATION CURVE
TwO AREA SYS'fEl'I JAlWARY 15 1979
111
2 10 26 9
1 0.01 1.,00 0

111 1 1 1 223 3 4 455 667 7 809 I) 9 I) I) I)
o 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 000

I AilCIIOR 20 O. 0
7B'}. U77. 977. 1080. 1196. 1313. 1441. 1581. 1724. 1881.

2041. 2215. 2402. 2591.
.C333 .6667 .7~04 .7500 .6571
.~904 .GQ32 .4963 .5160 .5737

1.0010 .9769 .9731 .9530 .9500
1.0000 .93~a .9663 .9663 .9615
I.GOOO .9913 .97C4 .9C27 .9697
1.0000 .9829 .9487 .9359 .9017
1.00~O .9512 .9317 .9171 .9171
1•. 0000 .9n4l3 .9?911 .9747 .9646
1.0000 .9636 .9634 .9529 .9G29
I.OO~O .9781 .9727 .9617 .9GG3
1.COJ~ .9Bf.3 .CJ383 .l722;} .0C25
1.00:->0 .99~O .9n20 .9701 .95Gl
1.0000 .99~9 .9077 .9571 .9571
1.0000 .9938 .9D14 .9689 .9a6r.
I.DOJO .9010 .9681 .9620 .94~4

1.0000 .9304 .9739 .9739 .9673
1 • Cf1~O • 'JD73 .9745 .9554 . 9"!-<)~
1.GQ001.COOO .9933 .9G71 .~~~~

1.0030 .9933 .9814 .9689 .9627
1.0000 .~777 .9609 .9441 .~274

I.OO~O .q~4~ .9~4 .~722 .9722
I.OOJO .99?3 .9C96 .9C?6 .9687
1.VO~0 .9339 .94E4 .9437 .9390
1.0000 .9962 .9658 .9~63 .9463
1.00001.0060 .~087 ~9662 .9549
1.GJ00 .9754 .0632 .D596 .0421
1.00CO .9340 .9679 .9519 .9359
1.0000 .9730 .9730 .9614 .9614

2 FAIP~A 20 0.0
196. 212. 231. 249. 210. 291. 313. 338. 362. 390.

N
lT1

n
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AnCIIORAGE - FAIRBANKS TMNSftlSSION INTERTIE ECONmUC FEASIBILITY

"} 1

PACE 0002

~l 1 )

15 0.055
13 0.055
19 0.033
32 0.0;'5
370.mm
12 0.05(;
TO 0.0:15
21 0.OG5
73 0.035
13 O.O;J5
15 o.o~m

54 0.0:;:;
I) O.O~i5

G·t- 0.055
60 0.0:)5
63 O.C35
66 0.035
il O. 0(i5

20 0.055
24 0.055

n

N
m

416 . "1·46 • ~77 • 5 II.
0.:}7~90.69900.73710.76040.57490.u9710.56630.51110.43240J41150.38330.37470.3587
O.353~~.3aa3D.4I710.42010.43730.46190.53190.57490.89190,93370.93491.00000.7690

I. (;oono. 97<!-:!3. 9~'670. 94670. 94·5.~0.93130. 394UO. 36540. O"!,290. 0 177
I. 00::>GO. 93670.92790.92790.90::1 10. B?9H'J. cn:>50. G59'~O.82790. 7B91
I. (;0;,00. 993~m.<)6670.9·H3:l0. 94.·000. 92330. 903:10. (m~00.a6670.1~267
1.000,)0. 975~~,).% t 20. 94J 10. e&910. B3200. E2390. 81100. 79000H;16/}
J.COOOO.93500.90290.95940.9530Q.94660.910no.90RI0.90170.8D25
I. (}O:~O;). I) l)7C) a . ')9590. 9B170. 979'10. 951J~;O.93620. 1){);)30. 8<)300. C027
I.COOOO.9H4flO.CJ5010.93710.91970.B9370.Bnmo.E720@.86120.EO?I
1.0CJCO.96370.96150.95190.93510.91590.cn700.nn220.B7930.8558
I.OOJOO.1)91nO.~91aO.99150.97160.96370.931flO.80200.nB920.8693

I.GOJ~I.0G~CO.9G120.931~o.92n~o.?2r.10.92~40.907r.O.9045O.fl~55
I. ceo;;,:,. 990<,0.9')01·0.94350.92310.919<)0.91670.91350. n'7B20; B::I58
1.0(/)0;).96720.95410.92790. 9~N-60.90490. 0'1U10. fit):; 10. nnmL B721
I. oooeo. 96920 .1)6<)20. 9GB':PO. 95W)O. 94G~~0.94520. 93150.92120. 9 ()4, I
1.000no.q89GO.97220.96C70.95830.94790.93~0D.92360.92010.fi507

I. OOJCJ. 96770. <)3G70. 93230.91290.90320.90:120. ()0320. B710(). BG77
J. 00000 . .s7~!30. 07060.36760. eM,60. 85m~~.C1'710 .81110.83820. C059
I.OOJ80.9~4?O.ge610.906~O.C9470.n27~Q.82750.n2460.nI870.8312

I.COjCO.99t20.l)77aO.963f>O.96~GO.94900.9~n20.93320.9101O.C904

I.GOO~O.99~?O.96D10.93C90.92n20.90960.90600.90160.Rnn20.E836

I.COOCO.93~JO.93300.91450.90990.n9610.0DJIO.DD150.86370.0568

1.CO'CO.~9130.9UgC~.97650.94~20.92930.92740.91U39.91450;9017

1.COJC0.96690.911CO.fi9260.cnU40.79890.73970.64460.61020.6088
I. GO'),):). 97710.9 lOGO. 90790.90790.39340. B0')50. E3J30. fl632'}. 84·34
I. COOCiO. 97110. mi3~1O.33050.01870.79630.79240.74510.73320.7201
I.CCOCO.9Q510.9S160.97300.97170.9553:>.91650.US450.fl2430.6318
l.oooao.99D~O.93930.92CI0.89949.B8980.88300.84820.01310.7971

GEilJo:!tATCH UnIT DNfA FOR AUCIIOR..IWE-lo'A1IillAInCS STUDY
n:o AnEA S'/t-;TEH JANUIillY 15 1979
111

.2 I I.OE-12
AnClIon 44 12

1.()
1 i\NCll 1
2 i\!lCII 2
3 i\HCII 3
4 A:.11CIl 4
5 I\HCI1 5
6 gCIl 6
7 Allen 7
G AnCIl7S
<) tJlen B

10 C~LU 1
II D2LU 2
12 HELU 3
13 DZLU 4
14 r;:::LU 5
15 E7.LU 6
16 r::::LU 7
17 I~F:LU fi
10 BERH I
19 p·::nj( 2
~o BUUl 3-
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21 INTI. 1 14 0.055
22 InTI. 2 14 0.055
23 HiT!. 3 19 o.o:m
24 COO? 1 8 O. (}I 6
25 COOP 2 8 0.016
26 !WIT A 15 0.059 R 1/1986
27 WTL 4 71 0.055
23 IIlTL 5 71 0.055
29 fNn. 6 71 0.055
30 IHTL 7 71 0.055
31 HOIrEn 7 0.055
32 EY.LlfrN 30 0.016
33 DZLU 9 71 0.055 N 1/1986
34 ;\l~ClI 9 78 0.055 N 1/1985
3:i AIlCIIl 0 104 0.057 N 1/1936
36 GOAL I 200 0.057 N 1/1937
37 ANellll 10</.· 0.OG7 If 1/1993
33 COAL 2 200 0.057 N 1/1939
39 COAL 3 200 0.057 N 1/1990
40 COl'lL 4 200 0.057 N 1/1991
41 COAL 5 200 0.057 N 1/1992

n 42 PEAKi\l 73 0.0~5 N 1/1993
43 CEil 1 300 0.019 N 1/1994
4-1- CEIl 2 3CO 0.019 N 1/1996

N 45 PEAKI\2 18 0.055 N 1/1995
-.....I -99

COOP 1
COOP 2
I::KLUTII

-99
1
9

-99
.FAlnBA 26 12

1.0
I CllEn 1 5 0.059
2 cm:n 2 2 0.059
3 CllEn 3 2 0.059
4 CllEn 4 20 0.059
e CUEn 5 5 0.055
6 CUE-Ii 6 24 0.055
7 DIES 1 3 0.295
n DIr:S 2 3 0.295
9 DIES 3 2 0.295

10 ZEIm 1 17 0.0:;.5
11 Z£J!ii 2 17 0.0:)5
12 ZEml 3 4- 0.0:)5
13 ZElm 4 4 0.05.5
14 zunmi 3 0.295
15 ZEImn2 3 0.29il
16 ZI::mm3 3 0.2:;)5
17 ZEl~nD4 2 0.295
13 ZE4IID5 2 0.295
19 UEllL 1 26 0.05?
20 IIEAL D 3 0,,295

PACE 0003
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PAGE 0004

n

N
CO

~1 IWIlT 1
~2 HOr:T 2
23 U;.LA~K
25 COALFI
27 COALF2
20 COALf3

-')9
-I)I)

1
9

-99

65 o.o:m
65 O.05a

5 0.295
100 0.057 N
100 0.057 N
100 0.057 N

1/19B6
1/1992
1/1995
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APPENDIX D

DATA AND COST ESTIMATES FOR

TRANSMISSION INTERTIE AND GENERATING PLANTS

0.'1 DATA AND COST ESTIMATES FOR TRANSMISSION INTERTIE

A. Cost Summary and Disbursements for Intertie Facilities

Total Cost at 1979 Levels - $1000
Case IA Case IS Case IC Case 10 Case II

1. Transmission Line:

Eng1g. &Constr. Supv.
Right-of-Way
Foundations
Towers
Hardware
Insulators
Conductor

3,012
8,837
8,445

21,615
477
503

10,761

3,012
8,837
8,445

21,615
477
503

10,761

4,043
9,080

12,160
33,719

477
755

16,708

3,012
8,837
8,445

21,615
477
503

10,761

8,079
20,973
22~966

64,088
1,096
1,396

32,886

Subtotal 53,650 53,650 76,942 53,650 151,484

2. Substations:

Eng1g. &Constr. Supv.
Land
Transformers
Circuit Breakers
Station Equipment
Structures &Accessories

1,352
57

1,703
1,093
1,223
3,628

1,352
57

1,703
1,093
1,223
3,628

1,855
46

3,291
1,323
1,933
3,978

2,816
81

1,703
1,953
1,345
4,026

6,902
185

11,917
6,410
4,375

16,411

Subtotal 9,056 9,056 12,426 11,924 46,200

3. Control and Communications:

Eng'g. & Constr. Supv.
Equipment

Subtotal

125
2,375

2,500

125
2,375

2,500

125
2,375

2,500

165
3,135

3,300

200
3,600

3,800

Total Baseline 1979 Costs 65,206 65,206 91,868 68,874 201,484

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
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CAPITAL INVESTMENT DISBURSMEN1S FOR TRANSMISSION INTERTIE
CASES IA~ & IB

19tH-l 1981-c 1~82-1 ~962-2 1983-1 1983-2 TOTAL

r-
1• TkANSMISSION LINE

ENGINEERINt. AND CONSTRUCTION
SUPERVISIUN 45? 7':>3 0 '392 b93 723 3012

,.... RIGHI OF I'lAY 0 2209 bb20 0 0 <I 8837
! FOUNDATIONS 0 0 0 2280 6165 0 811115

TOlllERS 0 0 0 0 9727 11888 21615
HAkDIJIlARE 0 0 0 0 72 llOS ll77
INSULATORS 0 0 0 0 75 428 503

r- CONDUCrOk 0 0 0 0 16111 91117 10761
-----------.----------------------------------------------------------

SUB-lUT AL 1l,;)2 2902 6028 2672 18346 22591 53650

2. SUBS TAT IONS
~ t:NGINHRING & CONSTRUCTION

SUPERVISION 270 270 270 270 135 135 1352
LAND 57 0 0 0 0 0 57
TRANSFORMERS 0 0 341 596 596 170 1703
CIRCuIT 6,HEAKEHS 0 0 219 383 3~n 109 1093

}fMlI STATION EQUIPMENT 0 0 245 428 428 122 1223
STRUCTURES & ACCESSORIES 0 0 126 11151 1451 0 3b28

--------.----------------------~--------------------------------------SUB-TOTAL 30 270 1800 3128 2993 ~.H 905b,.. 3. CONTROL AND COMMUNICATIONS
ENGINHHING AND INSlALLAfION

SUPERVISION 0 0 0 0 ':>4 71 125
EQUIPMENT 0 0 0 0 950 1425 2375

--~--------.--~-----.----------------------------.--------------------,....
SUB-TOTAL 0 0 0 0 1004 1496 2500

TOUL 779 3233 1:\1128 '5800 U342 24024 65206

,- TGUl FOR YEAR 0 4012 0 14228 <I 116907 6520b

CAPITAL INVESTMENT DISBURSMENTS FOR 'rRANSMISSION INTERTIE
,.... CASE IC

1981-1 19&1-2 1982-1 1982-2 1983-1 1983-2 TOTAL

,.... 1. TRANSMISSION LINE
ENGINfERING AND CONSTRUCTION

SUPERVISION 606 1011 0 526 930 <170 11043
RIGHT OF IUY (I 2270 6810 0 0 0 9080
FOUND AliONS II 0 0 328l 8877 0 121bOI

fI" TOlilERS 0 0 0 0 15174 1854S 3371~

HARDlIIAR£ 0 0 0 0 72 1105 1177
INSULATORS 0 0 0 0 113 6112 755
CONDUCTOR 0 0 0 0 2506 14202 16708

--------------------------~-----.----------------._-------------------po- SUe--TOTAL 60ft- 3281 6810 3809 27671 311165 769112

z. SU8S TA II ONS
E.... I ..EERING , CONSTRUCTION

SUPERVISION 371 371 371 371 186 186 1855

r- l.AI\ID lib 0 0 0 0 0 116
TRANSFORMERS 0 0 658 1152 1152 J2<1 32<11
CIRCUIT 8R!AKERS 0 0 265 463 1163 132 1323
.TATION EQUIPMENT 0 0 387 677 677 193 1<133
STRUCTURES , ACCESSORIES 0 0 796 1591 1591 0 3978,.-

~-------.---------------_._------------------------~-- ----------------SUS-TOTAL 417 371 21176 112511 4068 8110 12426

l. CONTROL AND COMMUNICATIONS
ENGINEERING AND INSTALLA1ION

~ SUPERVISION 0 0 0 0 511 71 125
EQUIPMENT 0 0 0 0 ~50 11125 2375

------------------------------------------------..--------------------
SU8--TOTAL 0 0 0 0 1004 1119fl 2S00

,.... TOTAL 1023 36S2 <1286 80b2 l2711l 37101 <11868

TOTAL FOR YUR 0 4675 0 171118 0 6~8411 91868

r
0 - 2



- CAPITAL INVESTMENT OISBURSMENTS FOR TRANSMISSION INTERTIE
CASE 10

---------------------------------------------_._._--------------------

---------------------------------------~-------------- ----------------

-
,

I. TRANSMISSION LINE
ENGINfERING AND CONSTRUCT JON

SUPERVIStON
RIlOHT OF WA"
fOUNDATIONS
'01'l'R8
HARDWARE
INSULATORS
CONDUCTOR

SUB-TOUL

? SUBSTATIONS
ENGINEERING & CONSlRUCTION

SUPERVISION
LANO
TRANSF'ORMfRS
CIRCUIT BREAKERS
STATION EQUIPMENT
STRUCTURES & ACCESSORIES

SUR-TOUL

3. CONTROL AND COMMUNICATIONS
ENGINfERING AND INSTALLATION

SUPERVTSION
EQUIPMENT

SUB-TOUl

TOTAL

TOTAL FOR YEAP

/152
o
(\

(\

o
o
o

1/52

5b3
81
o
o
o
o

b/lll

o
o

o

109b

o

753
220'1

(\

(\

o
o
o

2qb2

')b3
o
o
o
o
o

Sb3

o
o

o

352'1

IIb21

1'18<'-\

o
tob2A

(\

(\

o
o
o

bb28

5b3
o

3/11
391
2bq
80S

23bq

o
o

o

8qqb

o

392
o

UtlO
()

o
o
o

2b72

5b.3
o

'i9b
b8/1
1171

Ibl0

39211

o
o

o

15"q?

b'l3
o

b I t,"l
~127

72
75

16 III

183l1b

?8?
o

';9b
b811
/171

IblO

3bll2

71
12511

HZ5

23313

o

723
o
II

111188
/lor;
1/28

'H1I7

U591

?82
o

170
195
135

o

782

"Ill
1881

1"175

25348

118bbl

TOTAl

3012
88]7
ijiJ 'I "l

<'lbl5
1177
503

107bl

53b50

2Alb
81

1703
1'151
13115
1I02b

Ib';
313')

non
b8R711

b8R71l

CAPITAL INVESTMENT DISBURSEMENTS FOR TRANSMISSION INTERTIE
CASE II

--------------------------------------~---------~----- ----------------

1. TRANSMISSTON LINE
ENGINEERING AND CONSTRUCTION

SUPERVISTON
RIGHT OF WAY
FOUNDATTONS
TOIIIERS
HARDWARE'
IN~IULATORS

CONDUCTOR

SUB-TOTAL

2. SUBS U TI ONS
ENGINEERING & CONSTRUCTION

SUPEPIiISJON
LANO
TRANSFORMERS
CIRCUTT 8PEAKERS
STATION EQUTPMENT
STRUCTUR£S & ACCE5S0RTES

1"181-1

12,12
o
o
o
o
o
o

1?12

1380
\8')

o
o
o
o

1'181-2

2020
52113

o
o
o
o
o

72b3

1380
o
o
o
o
o

1'182-1

o
15730

o
o
o
o
o

15730

1360
o

2183
1282
87';

3282

1982-2

1050
o

b?OI
o
o
11
o

7251

1380
o

1.117\
224/1
1531
b')bll

1"183-1

1858
o

Ib7b5
<'811110

1bIl
20'1

4'133

5Z770

b'lO
o

1117\
221111
1531
b5bll

1"13"1
o
o

35248
q3?

1187
27"153

b90
o

II 'I?
bill
11311

o

TOUl

807'1
20"173
229bb
64068

10qb
I3qb

32886

15111811

6"102
185

11917
blll0
4375

161111

SUR-TOTAL l~b5

3. CONTROL AND COMMUNICATIONS
ENGTNfERING AND INSTALLATION

SUPERYISTON 0
EQUIPMENT 0

1380

o
o

"1203

o
o

15890

o
o

15200

8b
14110

1 III
21bO

IIb200

200
3bOO

SUR-TOTAL

TOTAL

TOUL FOR YEAFl

o

2777

o

o

8bl.l3

11/1Z1

0-3

o

o

o

2J14?

1/8071/

152b

69/1qb

o

22711

721193

3/100

20111811

20111811



B. Case IA & IB, Anchorage-Fairbanks Intertie, 230 kV sic Transmission

System, 323 Miles

1. Cost Summary

"...,

-

-

-

r""
[

i

TIL Cost @ $166,104 per mile

Anchorage Substation

Ester Substation

Control and Communications System

TOTAL

2. 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 10 - 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

0-4

$53,652,000

3,976,000

5,080,000

2,500,000

$65,208,000

$ 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
234,000

23,000

$3,976,000



-

-

3. Ester Substation Costs

1 138-kV Circuit Breaker
Structures 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 10, 46 MVA, 138/230-kV Autotransformer
Structures and Accessories

3 230-kV Circuit Breaker
Structures and Acces.sori es

9 230-kV Air Disconnect Switch
Structures and Accessories

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

Land 3 acres

TOTAL

$ 86,000
108,000

11,000
38,000

265,000
198,000

116,000
89,000

984,000
516~000

507~000

613,000

157,000
528,000

474~000

356~00O

34~000

$5,080~000

c. Case IC, Anchorage-Fairbanks,Intertie~ 345 kV sic Transmission

System~ 323 miles

1. Cost -Summary

TIL Cost @$238,214 per mile

Anchorage Substation

Ester Substation

Control and Communications System

TOTAL

D - 5

$76,943,000

6,195,000

6,231,000

2~500,000

$91,868,000



,- 2. Anchorage Substation Costs

I"'" 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

1 13.8-kV 16-MVAR Shunt Reactor Bank 112,000
I""" Structures and Accessories 84,000

1 13.8-kV Circuit Breaker 39,000
Structures and Accessories 30,000

1 13.8-kV Air Disconnect Switch 8,000
Structures and Accessories 16,000,....

4 10 - 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 10 - 33-1/3-MVAR, 345-kV Shunt Reactor 882,000
Structures and Accessories 660,000

Land 2 acres 23,000

TOTAL $6,195,000

3. Ester Substation Cost

~

1 138- kV Circuit Breaker $ 86,000
Structures and Accessories 108,000

,....
11,0001 138-kV Air Disconnect Switch

Structures and Accessories 38,000

1 13.8-kV, 15-MVAR Shunt Capacitor 132,000
Structures and Accessories 100,000

,-. 1 13.8-kV Circuit Breaker 39,000
Structures and Accessories 30,000

1 13.8-kV Air Disconnect Switch 8,000,....
Structures and Accessories 16,000

D - 6
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3. Ester Substation Cost (Continued)

4 10 - 48 MVA, 138/345-kV Autotransformer
Structures and Accessories

2 345-kV Circuit Breaker
Structures and Accessories

5 345-kV Air Disconnect Switch
Structures and Accessories

4 10 - 33-1/3-MVAR, 345-kV Shunt Reactor
Structures and Accessories

Land 2 acres

TOTAL

$1,936,000
725,000

653,000
340,000

114,000
330,000

882,000
660,000

23,000

$6,231,000

D. Case 10, Anchorage-Fairbanks 1ntertie, 230 kV sic Transmission

System, 323 miles

1. Cost Summary

-

TIL Cost @$166,104 per mile

Anchorage Substation

Palmer Substation
Healy Substation

Ester Substation

Control and Communications System

TOTAL

$53,652,000

3,976,000
1,434,000

1,434,000

5,080,000

3,300,000

$68,876,000

2. Anchorage-Palmer, 230 kV sic Transmission System, 40 miles

-
TIL Cost @$166,104 per mile

Anchorage Substation
Palmer Substation
Control and Communications System

TOTAL

0-7

$ 6,644,000

3,976,000
717,000

1,450,000

$12,787,000



,....

r--

3. Palmer-Healy, 230 kV sic Transmission System t 190.5 m"il es-
TIL Cost @$166,104 per mile $31,726,000

I""" Palmer Substation 717 ,000

Healy Substation 717,000
,.... Control and Communications System 400,000

TOTAL $33,560,000

4. Healy-Ester, 230 kV sic Transmission System, 92 mil es .

-

-

I

TIL Cost @$166,104 per mile

Healy Substation

Ester Substation

Control and Communications System

TOTAL

5. Anchorage Substation Costs

1 138-kV Circuit Breaker
Structures and Accessories

'1 138- kV Ai r Di sconnect Swi tch
Structures and Accessories

4 13.8-kV t 12-MVAR Shunt Reactor Bank
Structures and Accessories

4 13.8-kV Circuit Breaker
Structures and Accessories

4 13.8-kV Air Disconnect Switch
Structures and,Accessories

4 1~ - 48-MVA, 138/230-kV Autotransformer
Structures and Accessories

2 230-kV Circuit Breakers
Structures and Accessories

4 230-kV Air Disconnect Switch
Structures and Accessories

Land 2 acres

TOTAL

D - 8

$15,282,000

717,000

5,080,000

1,450,000

$22,529,000

$ 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 t OOO
234,000

23,000

$ 3,976 t OOO
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6. Palmer Substation - (One Li ne Bay)
""'"

1.5 230- kV Ci rcui t Breaker $ 253,000
F'" Structures and Accessories 305,000

2 230-kv Air Disconnect Switch 36,000- Structures and Accessories 117,000

Land 6,000
~ TOTAL $ 717,000

7. Healy Substation - (One Line Bay)

""'"
1.5 230-kV Circuit Breaker 253,000

Structures and Accessories 305,000

2 230-kV Air Disconnect Switch 36,000
I""'" Structures and Accessories 117,000

Land 6,000
!"""

TOTAL $ 717,000

- 8. Ester Substation Costs

1 138-kV Circuit Breaker $ 86,000
Sturctures 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 10 - 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,.....

D - 9
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8. Ester Substation Costs (Continued)

9 230-kV Air Disconnect Switch
Structures and Accessories

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

Land 3 acres

TOTAL

Case II. Anchorage - Upper Susitna - Fairbanks Intertie

345 kV 2-s/c Anchorage-Devil Canyon 155 miles

230 kV 2-s/c Devil Ganyon-Ester 189 miles

230 kV 2-s/c Watana-Devil Canyon 27 miles

1. Cost Summary

$ 157,000
528,000

474,000
356,000

34,000

$5,080,000

-

'"""

.....

Anchorage - Devil Canyon TIL @$504,254 per mile*

Devil Canyon - Ester TIL @$332,208 per mile*

Watana - Devil Canyon TIL @$390.306 per mile*

Anchorage Substation

Devil Canyon Substation

Ester Substation

Watana Substation

Control and Communications System

TOTAL

* Includes two single-circuit lines .

D - 10

$ 78,159,000

62,787,000

10,538.000

23,160,000

10,109,000

11,339,000

1,596,000

3,800,000

$201,488,000
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- 4. Ester Substation Cost

2 138-kV Circuit Breaker $ 172,000,-. Structures and Accessories 216,000r
2 138-kV Air Disconnect Switch 23,000

~ Structures and Accessories 76,000

7 10 - 65-MVA, 138/345-kV Autotransformer 2,086,000
..... Structures and Accessories 1,253,000,

6 13.8-kV Air Disconnects 46,000
Structures and Accessories 96,000-

6 13.8-kV Circuit Breaker 232,000
Structures and Accessories 181,000

,-.
.~

6 13.8-kV, 6-MVAR Capacitor 264,000
Structures and Accessories 200,000

,...
9 230-kV Circuit Breaker 1,523,000: .~

Structures and Accessories 1,838,000

18 230-kV Air Disconnect Switch 314,000
Structures and Accessories 1,055,000

..... 2 230-kV, 80-MVAR Capacitor 968,000
Structures and Accessories 727,000

Land 6 acres 69,000

TOTAL $11,339,000

1"'"

5. Watana Substation Cost

3 230-kV Circuit Breakers $ 508,000
Structures and Accessories 613,000

- 6 230-kV Disconnect Switch 106,000
Structures and Accessories 352,000

,... Land 17,000

TOTAL $ 1,596,000
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D.2 DATA AND COST ESTIMATES FOR GENERATING PLANTS

1"'"'
I

B. Cost Estimates and Disbursements for Generating Plants
Note: Only specific units affected by interconnection of

Anchorage and Fairbanks systems are considered:

1. Northpole #3 (NORT 3) 69 MW SCGT in Fairbanks Area.

This unit is necessary for independent system expansion.
Will not be required if interconnection assured.

Rating - 68.6 MW (net) Combustion Turbine
Fuel - Distillate from North Pole Refinery
Ref. Table B-1, Appendix B of Stanley Consultants Review Report

For 1983 Installation:

01"""
Unit Cost = $31,482,000
NOx Cost 1,387,000

~ Subtotal $32,869,000 or $476/kW
Assoc. Transm.11 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.

Period

1983-1980
1980-1979

Labor (~20%)

1.085
1. 095

GNP Deflators
Materi a1 (:Q': 80%)

1. 07
1. 08

Composite

1. 075
1.085

!

"....

-

Summary of Costs:

Facility 1979 Baseline Costs

Gas-Turbine Unit $24,385,000 or $353/kW
Assoc. Transm. 3,549,000
Total Capital Investment $27,934,000 or $405/kW

Disbursements - $1000
Pre-Operational Period 1st Year (1983) 2nd Year (1984)

Gas-Turbine Unit 7,315 (30%) 17,070 (70%)
Assoc. Transm. 355 (10%) 3,194 (90%)

Total Facilities $7,670 $20,264

II Relocation of facilities and expansion of existing Northpole substation.
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2. 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 ~stimate 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
Applicable factor from Fairbanks to Beluga = l:~2 = 1.35

Estimated Cost = $473/kW or $33,548,000

Disbursements:

-
Pre-Operational Period

Independent Expansion
Interconnected Expansion
Proportion of Total
Investment - $1000

1st Year
1983
1984

30%
10,064

2nd Year
1984
1985

70%
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

Disbursements:

-

Pre-Operational Period
Independent Expansion
Interconnected Expansion
Proportion of Total
Investment - $1000
Transm. &Substations
Total Facil ities

1979 Baseline Costs
1st Year 2nd Year

1983 1984
1984 1985

10% 90%

895 8,055

D - 14

$42,490,000



-

,

3. 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

GT unit, transf. &swgr.
1st Year (1988)

7,555 (30%)

2nd Year (1989)
17,630 (70%)

-

4. 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 = $25,185,000 or $365/kW

78 MW GT Unit Total Cost = $28,080,000 or $360/kW

Now applying Alaskan construction cost location adjustment factor

from Battelle Report Table 6.3 P. 6.12

Applicable factor from Fairbanks to Anchorage = 1/1.2 = 0.83

Total Capital Investment = $23,400,000 or $300/kW

Disbursements:

-,

Year

1

2

Independent

1994
1995

Interconnected
1993
1994

D - 15

% Total
30
70

Cost 
$1000

7,020
16,380
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5. Northpole #5 (NORT 5) 69 SCGT in Fairbanks Area.

This unit is necessary for independent system expansion.

Will not be required with an interconnected system.

Scheduled In-Service Beginning Year 1997

The addition of this unit completes the expansion for the inde

pendent systems of the RaJlbelt Are~, 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-line 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)

'f""

-
,...

GT unit, transf. &swgr.

D - 16
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6. 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-I .

or $ 990/kW

$1173/kW

$1290/kW

$1029/kW

$134,160,000

$102,924,000
3,088,000

$107,012,000 or
14,982,000

$121,994,000 or

Escalating @ 10% to,,1979 Cost Level

Total Baseline 1979 Cost
without FGD =

For 1984 Installation Date (1978 Cost Levels):

Healy Unit 2 Plant (Without FGD):

Plant and Equipment
Contingency

Total Construction Cost
Eng'g., Legal &Overhead

TOTAL

"'..I

or $1069/kW

or $1255/kW

$1380/kW

$1101/kW

$111,174,000
3,335,000

$114,509,000 or
16,031,000

$130,540,000

Now Including Cost of Desulphurization:

Plant and Equipment
Contingency

Total Construction Cost
Eng1g., Legal &Overhead

TOTAL

Escalating @ 10% to 1979 Cost Level

Total Baseline 1979 Cost
with FGO =

,...,

Associated Transmission Facilities:

Assuming relatively short transmission line with substation facil

ities required, for connection to existing AML&P tran~mission

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

~
I
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Cost Estimate for Substation Facilities:

Equipment
Contingency

Total Construction Cost
Eng1g., Legal &Overhead

TOTAL

Escalating @ 10% to 1979 Cost Level

Total 1979 Baseline Cost

Summary of Costs:

$2,700,000
203,000

$2,903,000
377,000

$3,280,000

$3,608,000

WO/FGD W/FGD

Coal-Fired Plant (104 MW)
Transmission Line
Substation Facilities

TOTAL

$134,160,000
3,780,000
3,608,000

$141,548,000

$143,520,000
3,780,000
3,608,000

$150,908,000

.......
I

-
-

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 = 1.7/2.42 = 0.70

Applying this factor, Total Costs = $99,084,000 $105,636,000

or = $953/kW $1016/kW

Disbursements - $1000

Coal-Fired Plant (ANCH 11)

1979 Baseline Costs
Pre-Operational Year: %Total WO/FGD W/FGD

Independent Interconnected

1. 1982 1987' 2 1,878 2,009

2. 1983 1988 8 7,513 8,037

3. 1984 1989 30 28,174 30,139

4. 1985 1990 37 34,747 37,172

5. 1986 1991 20 18,783 20,093

6. 1987 1992 3 2,817 3,014

Associated Transmission Facilities

,~....
5.

6.

1986

1987

1991

1992
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20

80

1,034

4,138

1,034

4,138
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7. 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 0-1 and 0-2) in this appendix.

For Generating Plant COAL F2:

Plant Cost Estimates:

Without FGD

With FGO

1979 Baseline Cost Levels

$120)000,000 or $1200/kW

$130,000,000 or $1300/kW

Associated Transmission Facilities:

Assuming a plant site location at or near Healy, the trans

mission line and substation requirements are similar to those

required for Healy Unit 2. Reference Stanley Consultants

Review Report to GVEA, Appendix A, P. A-I:

Transmission Facility Costs:

1979 Cost Levels
(1.1 x 1978 Costs)

i Al_
I '

Equipment and Material

Contingency

Construction Cost
Eng/g., Legal &Overhead

TOTAL

D - 19

Transmission
Line

$15,510,000

465!000
$15,975,000

2,455,000

$18,430,000

Substation
Facilities

$3,348,000
100,000

$3,448,000
102,000

$3,550!000



Disbursements - $1000

Coal-Fired Unit (COAL F2):

1979 Baseline Costs
%Total WO!FGD W/FGO

2 2,400 2,600

8 9,600 10,400

30 36,000 39,000

37 44,400 48,100

20 24,000 26,000

3 3,600 3,900

......

!

Pre-Operational Year:

1. 1986

2. 1987

3. 1988

4. 1989

5. 1990

6. 1991

Associated Transmission Facilities:

5. 1990

6. 1991

20

80

4,400 4,400

17,580 17,580

8. Coal-Fired Unit 5 (COAL 5) 200 MW in Anchorage Area.

"...
i 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 generat1ng plant was obtained by scaling

costs from a base reference of 100 MW to 200 MW, using the nomograph

(Figures 0-1 and 0-2) 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 FGO

With FGO
$165,000 or $825/kW

$175,000 or $875/kW

o - 20
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"'"",
I
I

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)

Total Cost of Line Facilities =
Substation Terminal at Knik Arm =
Total Transmission Facilities

Disbursements - $1000

Coal-Fired Unit (COAL 5)

@ $174, OOO/mil e

$ 8,700,000

3,545,000

$12,245,000

Pre-Operational Year:

1. 1986

2. 1987

3. 1988

4. 1989

5. 1990

6. 1991

Associated Transmission Facilities:

1979 Baseline Costs
%Total WO/FGD W/FGD

2 3,760 4,000

8 15,040 16,000

30 56,400 60,000

37 69,560 74,000

20 37,600 40,000

3 5,640 6,000

5. 1990

6. 1991

20

80

2,450

9,795

2,450

9,795

.......

9. 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 0-1

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.

o - 21



Plant Cost Estimates:

1979 Baseline Cost Levels ($1000)
Healy Site Beluga Site

Without FGD

With FGO

$200,000 or $667/kW

$240,000 or $800/kW

$228,000 or $760/kW

$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)

Total Cost of Line Facilities =

Substation Terminal at Knik Arm =

Total Transmission Facilities

@ $240,000/mile

$12,000,000

6,250,000

$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 Faci 1it i es:

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 i~terconnected

systems but in-service date postponed one year with intertie.

For Generating Plant COAL 6:

It is assumed that site will be near to previous plant location at

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

with difference only in the time frame for construction.

Cost estimate for plant and associated transmission facilities are

then identical to that for COAL 6.

Disbursements - $1000

Coal-Fired Unit (GEN 2)
1979 Baseline Costs

Pre-Operational Year: %Total WO/FGO WIFGD
Independent Interconnected

l. 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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0.3 DATA AND COST ESTIMATES FOR SUPPLY OF CONSTRUCTION POWER
TO UPPER SUSITNA PROJECT SITES

The requirements of the combined Railbelt area generation expansion! with

incl~sion 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
Devil Canyon

4000 kW (estimated at 3750 kW)
3400 kW (estimated at 3350 kW)

Operational Assumptions for Both Sites:
6 months/yr intensive operation @0.65 LF
6 months/yr light loading @0.30 LF

Corresponding to construction planning assumptions of U.S. Corps of Engineers.

Figure 7-1 of Chapter 7 shows the recommenged 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 BIC analysis)

Basic Assumptions:

1. Diesel units purchased for Watana will be used for a period of
6 years and then sold at depreciated value.

JI!"1....

2.

1"'"

3.
.....
,

Diesel units purchased for Devil Canyon will be used for a period

of 5 years and then sold at depreciated value.

No provision will be made at Devil Canyon for tapping 230-kV
line from Watana once energized, due to prior purchase of
diesel units for construction power.

,.."
4. Diesel units will be installed

6 units at Watana
5 units at Devil Canyon

in multiples of 675 kW net/unit.

4050 kW net capacity
3375 kW net capacity

From previous construction power estimates for diesel ,unit installations:

1979 Cost = $700/kW

Installation for Watana construction power units would be made in 1985,
ready for service in January 1986.

Escalating @7% through 1985 - Cost Level = $1050!kW.

Installation for Devil Canyon construction power uni~ts would be made in
1989, ready for service in January 1990.

Escalating @7% through 1989 - Cost Level = $1377/kW.

Cost of Diesel Installations:,...
Watana
Devil Canyon

= $1050 x 4050 =
= $1377 x 3355 =

$4,252,500
$4,647,375

f'''<

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) 8760 kWh = 15,603,750 kWh
2

Devil Canyon

Say 15.60 GWh/yr for 6 yrs.

3350 (0.65 + 0.30) 8760 kWh = 13,9'39,350 kWh
" -2-

Say 13.94 GWh/yr for 5 yrs.

Operating Characteristics of Diesel Uni ts:

Fuel Rate Assumed - 13 kWh/gal (diesel fuel)

Base Price for Diesel Fuel - 41. 2 i/gal (1977 actual)
Plus 5% Allowance for Lube Oil - 43.3 i/gal

To be escalated @11% to 1980 and 7% thereafter.

O&M for diesel units estimated at 5% of total cost of incremental generation.

Year Devil Canyon

1990 $1,311,800

1991 1,402,400

1992 1,501,300

1993 1,607,300

1994 1,708,800

Year Watana Dam

1986 $1,118,500

1987 1,198,100

1988 1,280,800

1989 1,371,200

1990 1,468,000

1991 1,569,400

1'.....

".....!
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DIESEL GENERATION OPERATING COSTS

Diesel Fuel Including Lube Oil O&M Total Operating Cost
Year t/gal niills/kWh (m; 11 s/kWh) (mi 11 s/kWh)

,;-0.

1977 43.3 35.033.3 1.7

1978 48.1 37.0 1.9 38.9
r-

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

1""" 1982 67.8 52.2 2.6 54.8

1983 72.5 55.8 2.8 58.6
f"-

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

11"'''- 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

jiIililll
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Depreciated Value of Diesel Units:

Basic Assumption of 15-Year Service Life.

Assume Straight-Line Depreciation

1. Watana Installation

Installed Cost (new) =
Depreciation/Year =
Depreciated Value (1991)

$4,252,500 (1985)

283,500

6-Year Period =

2. Devil Canyon Installation

Installed Cost (new) =
Depreciation/Year =
Depreciated Value (1994)

$4,647,375 (1989)

309,825

5-Year Period = $3,098,250

Discounted Value of Benefits (Diesel Generation Alternative)

Base Year 1979 (Discounted @ 7%)

Construction Operating Total Cost Present Value
r" Year PWF ' Cost ($) Cost ($) ($) ($)

1979 1. 00000
I!"''' 1985 0.66634 4,252,500 4,252,500 2,.833,611

1986 0.62274 1,118,500 1,118,500 696,535

r- 1987 0.58200 1,198,100 1,198,100 697,294

1988 0.54393 1,280,800 1,280,800 696,666

".~
1989 0.50834 4,647,375 1,371,200 6,018,575 3,059,482

1990 0.47509 2,779,800 2,779,800 1,320,655

1991 0.44401 -2,551,500 2,971,800 420,300 186,617,....
1992 0.41496 1,501,300 1,501,300 622,979

1993 0.38781 1,607,300 1,607,300 623,327

1994 0.,,36244 -3,098,250 1,718,800 -1,379,450 -499,968

TOTAL PW 10,237,198
1""'" (- sign denotes assumed resale value)

r"
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B. Alternative 2 - Cost of Construction Power by Temporary Tapline

(This will represent costs for B/C analysis)

Basic Assumptions:

1. Same loading conditions and time frame as per Alternative 1.

2. Sequence of temporary construction as per previous assumptions.

3. Reuse of substation equipment possible after construction program

completed but no salvage value on line material. (Note: Possible

reuse as distribution line to recreational areas.) Assume resale

value of substation equipment to be depreciated vaJue based on

25-year life of facilities.

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

From previous estimates for line and substation facilities:

Construction Costs:

69-kV subtransmission line $3,200,000 (1985 level)

Susitna tap station + Watana substation facilities

Baseline cost level = $26.50/kVA (1979)

Escalating @ 7% to 1985 (6 yrs)

Construction Cost = $40/kVA (1985)

Total Construction Cost = $400,000

69/4.16 kW, 5 MVA, Substation at Devil Canyon (1979 levels)

Transformer - $45,000 fob factory (Virginia)

Allowing 5% for shipping and handling, etc.

At jobsite cost = $47,250

Fused Disc. Sw. = 2,750

Structure, Conc, pad, etc. = 5,000,

TOTAL
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Construction Costs:

Equi pment
Labor

Design

TOTAL

60%
30%

10%

$55,000

28,000

9,000

$92,000 or $18.4/kVA (1979)

Substation wou1d be insta1led in 1989.

Escalated at 7% from 1979 levels.

1989 Construction Cost = $36.2/kVA
Total Construction Cost = $181,000

O&M For Temporary Constructi on Power Line Ma i ntenance

69 kV Wood Po1e line - Approximately 40 miles long (11 + 29 M)

40 MTotal

Year

1986
1987

1988
1989

1990
1991

$/M

330
345

360
380

400
420

Total O&M
Costs ($)

13,200
13,800

14,400
15,200

16,000
16,800

{

1992
29 MTotal 1993

1994

440
460
485

12,800
13,300
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 Constructi on Power Supplied over Temporary Line Facil ity

Based on information from RWRA 2/1/79

,... Wholesale rates for Railbelt area, with combination of Susitna

Hyd~opower and large coal-fired plant feeding interconnection.
-..
I
I

Rate of Change

31.0 33.5

36.6

39.1

33.2

36.2

27.3 30.2

Note: 1977 Cost Levels

Cost of Energy (mills/kWh)
Bus-Bar Substation

34

37

39

42

45

47

50

24

26

28

30

32

Wholesale Rate
(mills/kWh)

17

18

20

22

5%

7%

8%

1993

1994

1995

2000

Year

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

......

-
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Conversion of Total Energy Rate to 2-Part Tariff

Assumption: 100 MW Powe» Transfer at 0.6 ~F is 525.6 GWh/yr.

,.....

TotC'fl Revenue 50/50 Revenue From: Equivalent Tariff
Bulk Rate for Bu"' k· Rate Demand lnergy Demand Rate Energy Rate

1"'" Year (mills/kWh) ,$1000) ($1000) $1000) ($/kWh) (mills/kWh)

1979 17 a;~935.2 4,467.6 74.5 8.5
f

/"""

1980 18 ~;460. 8 4,730.4 78.8 9.0

1981 20 10,512.0 5,256.0 87.6 10.0
/""-

1982 22 1,1,563.2 5,781. 6 96.4 11.0

..... 1983 24 I?" 61.4.4 6,307.2 105.1 12.0

1984 26 13,665.6 6,832.8 113.9 13.0
f~f!il

1985 28 14,716.8 7,358.4 122.6 14.0

1986 30 15,768.0 7,884.0 131.4 15.0
r-

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
p!;ll

1990 39 20,498.4 10,249.2 170.8 19.5

1991 42 22,075.2 11,037.6 184.0 21.0....
1992 45 23,652.0 11,826.0 197.1 22.5

~lI;Ii,_ 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.

f""'"
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Cost Estimate for Construction Power
r""" Assuming same loading as for diesel generation alternative.

r- l. Watana Damsite (3750 kW) 15.6 GWh/yr)

'-" Demand Rate Energy Rate Construction Power Costs
Year ($/kW) (lJ1i 11 s/kWh) Demand ($) Energy ($) Total ($)

1986 138.0 15.8 517,500 246,480 763,980
r-"
I 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

r- 1991 193.2 22.1 724,500 344)760 1,069)260

r~
2. Devil Canyon Damsite (3350 kW t 13.94 GWh/yr)

Demand Rate Energy Rate Construction Power Costs
Year ($/kW) (mi 11 s/kWh) Demand ($) Energy ($) Total ($)

1990 179.3 20.5 600,655 285,770 886,425

"""" 1991 193.2 308)074 955,294I 22.1 647,220
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

""OIlI

-

"'\
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Depreciated Value of Substation Facilities

Basic Assumption of 25-Year Service Life

Assume Straight Line Depreciation

l. Watana Substation
Installed Cost (new) = $ 27.6/kVA (1985)

= $138,000
Depreciation/Year = $ 5,520
Depreciated Value = $104,880 (1991) (6-year period)

2. Devi 1 Canyon Substation
Installed Cost (new) = $ 36.2/kVA (1989)

= $ 181,000
Depreciation/Year = $ 7,240
Depreciated Value = $ 144,800 (1994) (5-year period)

3. Susitna Tap Station/Watana Bus Tap

Installed Cost (new) = $ 262,000 (1985)
Depreciation/Year = $ 10,480

Depreciated Value = $ 167,680 (1994) (7-year period)

To transfer 5 MVA facility from Susitna Tap to Watana.

Cost of removal and transfer = $30,600 (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)

~l Base Year 1979 (Discounted @7%)

Construction Cost of Power Total Cost Present Value
Year PWF 1 Cost ($) O&M ($) ($) ($) ($)

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

1"""
* Including one-time cost of transfer of tap facil ities

and resale value of 5-MVA substation.

/"""

BIC Ratio for Construction Power Supply by Tapline.

-
1"'"'

BIC Ratio Discounted Cost of Diesel Generation'Alternative= Discounted Cost of Tapline Alternative

= 10,237,198
5,249,548

= 1.95
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DERIVATION

OF

INPUT COST DATA FOR ECONOMIC ANALYSIS

TO OBTAIN

BASELINE COSTS ASSOCIATED WITH THE TWO CONSTRUCTION POWER ALTERNATIVES

Alternative I Alternat i ve II

Diesel Generation Tapline Supply

~ Year 7% Defl ator Escalated Defl ated Escalated Defl ated

1979 1.00

1980 1.07

1981 1.14
r--"

1982 1.23

1983 1.31

1984 1.40

"."" 1985 1.50 4',252,500 2,835,000 400,000 266,670

1986 1.61 1,118,500 694,720 777 ,180 482,720
~
I

1987 1.72 1,198,100 696,570 827,880 481,330

1988 1.84 1,280,800 696,090 879,765 478,130

1989 1.97 6,018,575 3,055,110 1,480,490 751,520

1990 2.10 2,779,800 1,323,710 1,894,600 902,190

1991 2.25 420,300 186,800 1,650,574 ' 733,590
r--

1992 2.41 1,501,300 622,950 1,035,234 429,560

I'"'' 1993 2.58 1,607,300 622,980 1,081,888 4-19,340

1994 2.76 -1,379,450 ,-499,800 838,642 303,860
jfllfiliM
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SUMMARY

BASELINE COSTS (1979)

ASSOCIATED WITH TWO CONSTRUCTION POWER ALTERNATIVES

.....
$1000 (1979)

(Independent) (Interconnected)

Diesel Tapline
1"'''' Generati on SupplyYear

1985 2,835 267
/"""

1986 695 483

1987 697 481

1988 696 478
fill" 1989 3,055 752

1990 1,324 902,....
1991 187 734

JiiIl_ 1992 623 430

1993 623 419
g.JIl\I!It

1994 -50ol1 304

!""

1./ Negative sign indicates net resale value predominates over costs.
'\
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0.4 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

1984

Interconnected System Expansion

The number and type of generat
ing plants is identical to that
for each system operating inde
pendently.

Independent System Expansion

Each independent system would
be supplied by operational
units on basis of economic
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
AML&P system, obviating the
need for both NORT 3 and BELU 9.

Two units are required in
Anchorage area, ANCH 9 -
78 MW SCGT and BELU 9 -
71 MW RCGT, together with
NORT 3 - 69 MW SCGT unit at
the Northpole Station in
Fai rbanks.

......

-

As a first approximation, the relative generation cost advan

tage may be determined by estimating the respective fuel costs

associated with the generation of 145 GWh of energy by either

ANCH 9 or NORT 3, taking into consideration different primary

fuel costs and thermal efficiencies. The unit ratings are

sufficiently close to justify this analytical approach, on the

basic assumption that equivalent energy would be generated

during the year by the two units. An adjustment would then

be made to allow for the differential cost of supplying line

losses in the transmission intertie, which would amount to

1. 5 GWh/yr.
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Comparative Fuel Costs:

ANCH 9 - 78 MW SCGT

From Battelle Report (see Figure D-3)

See Figure 0-1

Trend Curve for HR8444 New Gas

with 8% inflation and escalation

1985 Fuel Cost = $3.60/MBTU

Net Heat Rate = 14,500 BTU/kWh

Annual Cost of Fuel (ACF)

to generate 145 GWh:

ACF @ 0.21 PCF~/ = $3.60 x 145 x 14,500

= $7,569,000

NORT 3 - 69 MW SCGT

From Stanley Consultants Report P. 21

1978 Fuel Cost = $1.98/MBTU

Escalating @ 10% per year1/:
1985 Fuel Cost = $3. 86/MBTU

For distillate from North Pole refinery

From Table 6, P. 22:

Net Heat Rate = 15,130 BTU/kWh

Annual Cost of Fuel (ACF)

to generate 145 GWh:
ACF @ 0.24 PCF~/ = $3.86 x 145 x 15,130

= $8,468,000

The total cost comparison is in favor of ANCH 9 generation to supply Fairbanks.

Total cost of generation, including loss component = $7,648,000.

- 1986 BELU 9 - 71 MW SCGT is added

to CEA system, the inter

connection having served to

delay the in-service of the

combustion turbine by one year.

It is assumed that this unit

will be operated for supply to

CEA system only during first'

year of operation.

ANCH 10 - 104 MW coal-fired

plant is added to AML&P

system for both independent

and interconnected system

expansions. KNTK A - 15 MW

thermal power plant (CEA) is also

retired from both expansions.

.....
I

"....

The relative economic advantage is attributable to the fuel cost

differential between distillate for NORT 3 generation and Beluga

gas for generation by either ANCH 9 or BElU 9. Selecting ANCH 9

as in the previou~ analysis for 1985:

1/ 7% inflation + 3% escalation.

~/ PCF = Plant Capacity Factor.
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Comparative Fuel Costs:

ANCH 9 - 79 MW SCGT

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,odo

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 16ca11y 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 Rai1be1t,

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

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 PQwer Transfer of 70 MW, 337 GWh

-
r-,

Year

1992

Interconnected System Expansion

Interconnected operation obvi-!
ates the need for COAL 5 - 200
MW uni tin Anc,horage area and
COAL F2 - 100 MW unit in Fair
banks area. Comparable genera
tion is maintained by COAL 6 
300 MW unit in Anchorage area.

Independent System Expansion

COAL 5 would have to be added
to Anchorage system and COAL
F2 to Fairbanks.

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:

'1'""
I

• COAL 6 - 300 MW • COAL F2 - 100 MW

.... From Battelle Report (see Figure D-4)

Fuel Cost in 1992

Net Heat Rate

ACF to generate 337 GWh

$2.60/MBTU

9,500 BTU/kWh

$8,324,000

$1.90/MBTU

10,700 BTUfikWh

$6,851,000

.....

e
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 6unft. 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
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.

PEAK Al - 78 MW combustion
turbine in-service from beginning
of year, for independent ex
pansion of Anchorage system.

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:

,....

1"'"
i

Cost of Healy coal in 1993

Net Heat Rate

ACF to generate 337 GWh

• ANCH 11 •

$2. 4/MBTU-~/

10,700 BTU/kWh

$8,654,000

COAL F2

$2.00/MBTU~/

10,700 BTU/kWh

$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:

• ANCH 11 • COAL F2
.....,

Cost of Healy coal in 1994 $2.5/MBTU $2.2/MBTU
(Minemouth Generation, FOB Tipple)

~A Net Heat Rate 10,700 BTU/kWh 10,700 BTU/kWhI
I

ACF to generate 337 GWh $9,015,000 $7,933,000

,tfiIl~

It may be noted that due to divergence of fuel cost trends after 1993, for coal

delivered to either Anchorage or Nenana, rather than minemouth, the economic a~

vantage moves progressively towards generation at an Anchorage location, with

transfer of the equivale~t energy over the intertie. However, in 1994, it is

possible to transmit energy generated economically at Healy to Anchorage over
the -j ntert i e.

Total cost of COAL F2 generation, including transmission loss = $8,016,000 .

..."

-

1995 COAL F3 - 100 MW coal-fired
plant is introduced to the
Fairbanks area and PEAK A2 
78 MW combustion turbine is
added to the AML&P system.
Interconnection results in the
postponement by one year of
the 300 MW GEN 2 in the
Anchorage area.

GEN 2 - 300 MW coal-fired plant
is introduced to the Anchorage
area with independent system
expansion but the 78 MW com
bustion turbine PEAK A2 is not
required in addition to the
large coal-fired plant. COAL F3
is added to the system in the
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:

Cost of New Gas in 1995
(HR 8444 - 8% infl. + esc.)

Cost of Healy Coal in 1995
(Minemouth Plant, FOB Tipple)

Net Heat Rate

ACF to generate 337 GWh

• PEAK A2

$7.70/MBTU

14,500 BTU/kWh

$37,626,000

• COAL F3

$2.40/MBTU

10,700 BTU/kWh

$8,654,000

There is a definite economic advantage to coal generation at Healy and energy

transfer over th~ intertie to dis~lace gas-fired generation in Anchorage.

Total cost of COAL F3 generation, including transmission loss = $8,745,000.

,
1996 GEN 2 - 300 MW coal-fired

plant is introduced to the
Anchorage area, the inter
connection serving to post
pone its in-service date by
one year.

PEAK A2 - 78 MW combustion
turbine is introduced to the
AtJIL&P system in Anchorage.

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:

Cost of Beluga Coal in 1996

Cost of Healy Coal in 1996

Net Heat Rate

ACF to generate 337 GWh

• GEN 2

'$3.3/MBTU

9,500 BTU/kWh

$10,565,000

• COAL F3

2.5/MBTU

10,700 BTU/kWh

$9,015,000

"'",

,l'O"
i
i'

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 0-1

Nomoqram ea eu\ates
ecorlomy of sea e
in power pants
By JAMES McALISTER, Arkansas PoWer & Light Co.

r"
i

Historically, the per unit cost of
larger power plants has been less
than that 01 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,/C2 ) = (MW,/MW2)P

Where:
C,= cost of plant 1
C2 ~ cost of plant 2
MW 1 -cc capability of plant 1
MW2 = capability of plant 2
P = proportionality factOr

F6r 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 technique,
design and time frame, and that the
only significant difference is in size.

Example: A 20o-MW plant can be
built for $200 million. Find the cost of
a similar 100o-MW plant.

Solution: (1) Connect uni't ratings of
200 MW and 1000 MW on the MW,
and MW2 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 C2 scale. Read answer as $0.53
billic:m. END

To obtain an extra copy 01 this article,
circle 206 on Reader Service Card

----_.._------------------
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FIGURE D-2
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FIGURE D-4
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APPENDIX E
TRANSMISSION LINE ECONOMIC ANALYSIS PROGRAM (TLEAP)
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APPENDIX E

TRANSMISSION LINE ECONOMIC

ANALYSIS PROGRAM (TLEAP)

The! fo11 owi ng pages contai n TLEAP computer pri ntout sheets for economi c

analyses 1, 2, 3, 5, 7, and 8.

E - 1
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" APlllL 79 ALASKA POWER AUT~ORTTY

A~CHORA~E - F~IqflANKS INTFRTIE
ECONO~IC Ft~SIBTLTTY STUDY

fCON.ANAl.NO I

rAPITAL OISfllIRSE"ENIS
IN !IOOO FUll

AlTtRNAITVF SYSTEM EXPANSIONS

Fljrl cnMPONENT OF OPFRATINr. COSTS
IN $1000 FOR

AI TFRNATIvE SYSTFi" FXPANSIONS

INQFPENOENT fNTERCONNECTFO
CnSTS - $79 COSTS - $79

Tt,I')EPENOFNT
FSrAlATED 'S

INT[RCONNEr. TED
FSCAI AHn $

fT1

N

, 979
19'10
191\1
19'12
19113
'91111
'911,:>
1911b
I 'Nil
,9l1B
l'i1\9
1990
1991
1992
'993
1 <JQ4
1 'i9')
I'IQb

i,009
;>b,bbb
RI, qlli
H.t 72
<'I.ln

7, 1<;2
7,5';5

;> S, I 10
;>I,'/;>u
Ri,iOO

101,3'10
';11,11'50
29, BII 0
;>3,93':>
17,03u

<1,01 1
111,2;>B
111>,91> 7
10,9<;'1
31,"39

2,009
8,o·n

30, I 39
1I2,b<;2
113,0117
119,3'52

1011,1100
711,I:l30
<'2, B?O

1979
I 'ill 0
191\1
191\2
'9113
191111
19'15
,911b
1'1117
19M3
'91\9
19'10
19 0 \

1'192
'993
, '/04

1'/0':>

\'19"

AI'IOITIUNAL OISBliRSEMENTS
IN 'Sinoo FUR

UNOERLYING IRANSMISSION SYSTEM

INDFPFNOENT TNTERCONNECTFO
lOSTS • $79 COSTS· $7'/

SUSITNA CONSTRUCTION POwER COSTS
TN $1000 FOR

ALTERNATIVE MOOFS OF SUPPLY

nIFSFL GENERATION INTERTIf TAPlTNF.
COSTS - .$79 COSTS - $79
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0; 4l'PIl 79 ALASKA ~OWEQ AUTH~RTTY

ANC~ORAr.E - FAIRBANKS INTfRTlf
EC:ONO~IC fEASTllTL TTY Sll.JDY

ECON.A"IAL.NO I

DTSCOIJNTEO COST RATTOs fOR RA'JGf OF BASE vEAR (1979) COSTS
ESCALATED OVER fXPANSTUN P~RIOD - 1979 TO 19'11,

---------------------------------- FSCALATION RATES -----------------••• -- ••••••••• - ••
DISCO/lilT 4~ 5t b~ 7't 8'- "I" 10'- 11 % 12%

R&TF :=:==:: ==:=:= :==:== :=::::: :::===:::; ==;:=:: :::===== =::::=: ======

~.oo 1.0S6 \ .0411 1.0'10 \.OV 1.025 1 .017 1.010 1.003 .Q9/)

/I,?') 1 • OO;~ I,O'iO 1.04? 1.034 1.027 1.019 1.01? 1.00'; .qq/\

R.r;o 1 .0bO l,O'i? \ .044 \ .0 3f> 1.029 1 .02\ I. 014 1.007 1.000
A.7') 1.002 1, 0'>4 1.04t> I .03/1 1.030 1.023 1,016 I.OOA 1.00 I

fTl Q.Ou 1.0b4 1,0'>6 \ .04/1 1 .040 1.032 \.025 1,017 1.0 10 1.00'
'I.?'; \.066 1,0'>11 \ .OSO \ .042 1.034 1.027 1.0 I 9 1.0 I? 1.000;

".51) 1.0b ll 1.0hf) 1 • OS? 1 .044 \.031> \ .0211 1,02\ 1.01'1 1.007
w ".7'> 1.0bQ 1. Ob \ \ .05'1 \ .0 "f> 1.03/1 \ • 0 ~O \ .023 1.016 1.009

10.00 , .0 7! 1,O/)1 \.055 1.04A \ .040 1.03" 1.025 1.017 I .0 I 0
\O,?,> 1.0n 1.0b5 \ .00; 7 1.050 \.042 1.034 1,027 1.01'1 1.0 I?

10."0 \.075 1.0b7 1.0SQ 1.051 1.044 1.03b 1.0211 I .0;> I I .0 I 4

1°.7,> \.077 \ .0bQ \ • ObI \.053 '.041:> 1.0311 1. f) 30 1.0;>' 1.0 I/)

1\ .Oll \ .0 I Q \ .01\ 1.0b3 1 .05'; t .047 1.040 1,032 1.0;>5 1.01/1

".?5 \ • Oil \ 1.073 1.0b5 \ .057 \.04'1 1 .042 \ .03'1 1.027 1.0 19
1\ • <;0 \ .oe? 1.075 \ .067 \ .00;9 \ ,00;1 \ .043 1.03/) 1.0211 1.021
11.75 1.084 1.071> 1.0bQ I .Ob \ I .0'> 3 1.04<; 1.0311 1.030 1.023
P.OO 1 .08f> 1.07A 1.070 , .Ob3 \.055 1.047 1.040 1. oJ? 1.025

()!SCOlINlfD VAUlt Of OISBilflSE"'ENTS Fill' TNIJEP~'JDENT EXPANSION
Cu5T RATTUS = ---------------. __ .-.._----~------ ..-------.--------.---------

OISCUUNTED VALUF OF OTSRURSfMFNTS tnR INTERCONNFCTED EXPANSTON
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., APRIL H ALASKA POW~R AUTHORITY
ANCHOPAG~ • FAIP~ANKS INTFRTlf

ECONU~IC F~ASI~TLTTY STUDY

ECON.ANAl.NO I

[lTFFERENTTAI oIscnUNTF[) VALliE OF RASE YEAR r I en9) cnsTS
INDFPEN~ENT SYSTE~ COSIS ~INUS INT~PcnNNECTrO SYSTE~ COSTS

(1111 $1000)

••• - •••-.-.-.-.-.- •••••••• - •• - •••• FSCAlATION RATfS ••••••••••••••••••••••••••••••••••
DTSrOlllllT 4"- S'l; b% n 8'1: 9X lO'J: II X l2X

RqF :=::::=: =~::;=:: ====== :::::::.:;: =~:==:::: ====== ;:;:::=== =:::-::==!!: ===::=
11.00 10,<,I? 111,')60 17,? I 'i 1'i, 417 1',0911 10, 1/j3 I>,'i90 ;>, ?26 ·3,011
A.?~ 10,I-/j1l 1/l,A~') 11, <;/j/j 10;,907 1',729 10,</17 7,'i7? 3,423 ·',5b7
11.<;0 19,11'1" 1'I,Obl> 17,q~<; 11>,'1><; IU,'2? 11,727 A,SO? U,')bO ·1'13

rTJ P..7~ lo,q/j> 1'I,?IJb I II, ;>40 1h, 7'II Ill,A7/l 12, '133 q, 'Ill <;,b3'1 1, 114
'l.00 20, , 011 1</,118 , HI, <;20 17, 1·/j 7 1<;, VIA l.3,09R IO,2n h,66? ?,3S7
Q.?5 20,;>07 IQ,I>61 111,79'1 17,<,,:>'1 1<;,/11\<; 13.72'1 IO,9'1A 7,1>3;> 3, <;37

~ 9.<;U 20,;>'1<; 19, R1q I q, 05h 17,/19 11 16,340 14, 311 11,740 /1,<;50 1l,6~9

0 .7'> 211,>67 1</,0':><1 1<1,751> 111,7011 16,7011 lu,Rb' 12, 'I ~Q 'I,ll20 0;,723
10 • 00 20,42<; 20,OIl? I q, 11')5 lll,ll'1l1 17, 1~Il 1<;, 'HO 1',O'1A 10, (''I? h,733
10.?~ ?II,Ub Q 20, lilA 1'~,1>311 IA,7b3 17,')25 15,1164 n,718 11,0 I q 7,1.191

10.<;0 20,<;00 20,?711 19,794 Ill,OO'i 17,111.14 II>, 'HI> I'l, 301 1\ , 753 11,<;98
10. 7~ 2°,S10 2",3':>2 10, II 51> 1'I,?26 111,1711 11>,7311 I'l, II'~ II 17,'145 9,1I~7

II .00 "o,S?" 2",41' 20,ObO 19,/121> 111,067 17,130 15, V,2 1',09A 10,270
ll.?~ 2 O ,'i21 2'O,4bO 20,\011 1'1,h07 11I,73? 17,49<; 1'),114;;> 13,11' 11,039
I I • 'i0 ?O,<;Ol, 20, '1'14 20,7(1) I 'l, 7011 Ill, 'I (') 17,1134 lh,;>'l;;> 14,791 11,161>
II • 7~ 20,0111 20,')15 20, H7 1'l,91? 1q, t 97 I II, 147 I h, 71? 1'1,1\34 1?,1l51
P.r.o "n,04h 20,'i2, 2n,uon 20,0-5'1 1<1,3911 11\,4 Sb 17,103 1';,344 13,091\
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5 APIlIL 79 ALASKA POWEll AUTHORI1'
A~C~OPAGE • fAIRBA~KS INTFRTlf
lCO~OYIC FEA51BTLTT, STUD'

ECON.ANAL.'lO 1

DISCOUNTED VALUF OF llASF HAll ( 1'17'1) ltHJ EPEN [) FNT SY.STfM COSTS
1'-' q 000

------- ____________ •• ___________ • __ [SCAl-ATlON HAIFS --.--.-.----•••• ----.---- ••--.-.-.
DISrOUNT 4" ,)l:: 6l:: 7"t. 8l:: 'I" 10" II X 12%

RifF ------- ====:== ~==.:~=:: =====:= ===:.;== ==:==== ======= ==:==== ====:::-------
A.O\) '67,<;21 404,713 44<;,'107 4'11, <;3/1 <;4?,nflA <;'1/1,OH/I 6bO,121:> 72 A,/l411 1104,'170
p.?S ~~o, 1 S'I ~'1<;,~4l' 43<;,43 0 4 / 'I, /1211 <;2R,'1'11 58.\,447 643,75'1 710,')';1:> 784,<;2'1
~.<;o '~O,O'lA ~Bf,.l'4? 42<;,?~A 4bR,ll,:>4 <;16,?83 <;b'l,l'4~ 627, /18<; 6'12,A1A 764,711
A.7'; '4',OI:\A 377,404 III <;, 'IJ? 4')7,417 <;03,04'1 <;~<;, I~ b I bl?,1187 67'),61<; 74'),4'1"

rrJ °.('10 35<;, 111'~ ~bll,lIl'I 40<;,7'11 446,70"\ 4'11, '17'1 <;4?,OHR ')'17,')411 6~A,q2'1 7l'6,Rbl
o.?~ 327,'156 300,480 3'16,476 'Uh, ?q'l 4/j0,3~R ')2'1,110 <;8~,O54 64?,744 7011,78'1
Q.<;\I 320,"711 3~?,q7 387,112'1 42",1'11:> 116'1,017 ')16, l:;} 2 <;6R,'18 R 1:><'7,041 1:>'11,260

U"1 o.7~ 'I', h2 1j '44,<;03 3/"',63<' 4 I ", ,1:\ I~ 115 A,123 <;04,?tl4 <;,:><;,'\311 61',A04 1:>74,;>';<;

10.°0 30/',7b6 336,A50 310,09'1 I~ I)", R':>, 447,48b II'll', 41l' "4?,0811 <;'17,0IA 6':>7,7'>7

1°.?'> ,oo,n'lA 32°,41? ~o 1, RO 1 3'17,<;'14 437,1';4 4tlO,Ril4 <;2'1,??b ')H?,l:>bR b41,74 A

10.<;0 ?93,'>\" 32?,11ll' Vj~,7Sb ~!jR,"'1A LJ27, 11 'I 4b'l,I:>Il'l ., I 6, 73R ')611,7'5'1 626,?13
1°.7':> ;>1:\7,30'1 " Ii, 1<;? v~<;, A'III 3/'1, A')b 417d70 4511,1117 .,0 '1,6 I 3 ,)5<;,217 1:>11,134

11.°0 ?1l1,' 77 301',~11> 3311, ;>7A 171 , ~hl "07,II'IA 44A,?"6 Ilq?,RS7 ')4?,0IlA 5'11:>,4'1A
II.?~ n<;, ?Il ~OI,60Q 350, Rb'l 36',10 11 ~9R,f.'1LJ 4,31, "'II> 11111,1101 52'1,''10 <;B?,?8'1
II. <;0 ~oQ, 110 7 ?'1'>,?03 '?3,",,6 ~~<;, 077 3A'I,74'1 Ij2R,O?B 470,?'1? 51'" QbO <;bP,4'1LJ
II .7':, 2b,,7~'1 28A,'11~ 1Ib,b,,1 ~47,?n '81,0':>5 41 A, 11/1 45 Q,4'1'1 <;04,'136 55S,O'l/\
I?OO ?':>",l'o' ?82,7'1S '0'1,1\47 3.5 Q ,b8b 37l',60LJ QOII,'1l'B LJ4'1,01LJ 493,2"b ')4;>,06R

DISCOIINTU) VALUf OF llASF Yf.A~ (1'l7'1)I~IFRCONNFCTED SYSIFM COSTS
IN ~IOoO

-- __ ._. ______ • ____ • ______________ ._ FSCAI ATION HAlfS •• ----.---.- ••• ----.--- •••••---•••
OTSCQIINT Il'- ':>'1: 6X 7'? 8'- '1% 10% 11% 12X

RAT!' :;:==:= ======= ======= :==:=== ===::== ------- ====~== :====:== ::=====----_ ... -
A.OO 34/1,00Q '81:>,151 4211,1>'11 '116,121 5211,Q'I0 <;87,'105 "<'3,<;.56 721:>,"2~ /\07,'161

"'.?':> 33'l,LJ';1 371:>,517 QI7,A4<; 46','117 <;1<;,?6? 572,116'1 1:>31:>,187 707,1 B 78",0'1<;
1'.50 Bl, 1~3 %7,171> 407,333 45;>,0'10 ')01, Q6 I <;~7,<;16 61'1,18' b811,?':>7 76LJ,'10'
1'.7') '23, lOS 3~R,II'1 3'l7,14? 4LJO,627 118'1,07? <;43,0211 1>03, 10<; 66Q,'171> 74Q,3Bl
'l.oO 31 5, ~OO 14 Q, H6 '87,~l>? Ij2 0 , 5 I 6 LJ71:>,<;80 <;2A,'1'10 587,335 6,,;>,;>/)7 724,<;0<;
O,?'i '117,72 0 340,111'1 377,683 41 11 ,7 LJ <; 4b11, LJ 73 51<;, VII> <;1;>,0~5 635, 'I? 70<;,2';;>
'1.<;0 300,383 39, 'i57 'bp.,~'13 11011,10 ;> 4S?,737 50?,201 <;5 7 ,?LJR 6111,LJ'IO 681>,bOl
Q.7':, ?93,2~7 32 1j, <;LJ3 '5<),~8' 3'1/\,1 /S 4LJ 1, '50 118'1, LJ21 <;LJ?,A'IP, I:>O?,~811 "/'11, 53?

1°.00 l'tll:>,341 '11>,7bR 3':,0,1>'1') 38A,~':,5 4.50,327 LJ77,03? <;2/1,'190 <;81:>,711:> 6'i1,0<,4

10.?'> 27 o ,62 Q 'OQ,??<; 34?,167 37 R,1I31 41Q,h50 '10<;,020 <;lS,50R <;71,64'1 634,0<;7

1°.<;0 ;>73, II <; 301, '1011 3H,'lLJ? 36'1,<;'l? LJOQ,?55 LJ5',374 SO?,Q.57 <;';6,'186 617,I:>IU
10. I'; ?ob,7'11 ?'1/~, 7'1'1 '2<;,'1b? 'bO,t-SO ,qQ"q? 442,07'1 118 9 ,7&11 54?,771 601,1:>77
11 .00 ?"0,,,,,>1 ?87,'1,n 'IA,?17 ,':, 1, °54 '/J'I,43? 4.51, I c'<; 1J77,LJ71:> <;2R,'1'10 <;86,?,,1I

11.;>') ?,>LJ,/,qn ?i\l,?vQ ~ I 0,701 3'1,,11</7 ~7'1,Qo~ '120,500 4/)5,5511 <;15,1:>2 7 <; 71, ?'i0
11.50 2<lA,Qul ? /1I, 71 0 303,40<; 31r:;,~OQ 370,71 4 LJ I n, I 'Ill LJ':>II,OOO 50l',b6Q 5"b,7<,A
11 .70; l'4~,?IA ?01l,39'1 ?9h,~2' 3l7, 'b? 361, A':, 'I LJ 0 0,1 'Ill LJ4?,7811 4'/0,10? ')4?,h4b
p. no ;>57,1'17 ?6?,?/1 ?II'I,I/l17 31'1,647 1',3, ?06 ,qO,LJ'I? LJ 31, QtI 477, Ql;> <;211,'1'10
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, ~~'lIL 79 ALASKA POWE~ AUT~nRTTY

A~C~OPAGE • F~IQ8ANKS I~TFRTlf

fCONO~IC Ff~STBTLTTY ,GTlrDY

fCON.ANAL.NO 2

FUI'L cnMPONENT OF OPFRATTNG COSTS
rN $\000 FOR

At TFR~ATIVt sysn", EXPANSIONS

CAPITAL DIStlllRSE~tNTS

PI $1000 FO'!
ALTE'lNATIVE SYSTEM E~PANSlnNS

I~l)I'PfNI'JE'IT II-iTEflcnNNECTFO
COSTS • $79 COSTS - $7'1

\'17'1
I'IRO
\9AI 4,011

rr1 I'IR~ 2,00'1 14,2?8
191H ?b.bbb 4b,91>7
I'IAII R1.9112 10,'1,9

O'l 1'11\'> ">7,172 '\,5'9
1'113 0 21. T?7 5,41',0
19117 ",5,2 25,9?9
1'11\8 100,555 '10,~H

''113'1 145,210 1">5,'>30
19°0 "4,71>0 11'>"'0
t 'i'l 1 119,475 112,8'4
19'12 101,3RO R9.5<;2

19'1~ '58,4,0 108,400
19'14 2'1,/:140 74,830
19'15 ?3,935 t'2,8<'0
\'1°6 ll.6'0

rNDEPt~DENT

fSCAI ATED $

8,41>8
9,524

10,21>7

b,BSI
7,212
7,'1'3
8,6,4
'1,015

TNTfRCONNECTfO
fSCAlATED $

T,bUIl
8,4'18
9,02'1

8,3;>4
8,b54
8,016
8,745
'1,10'1

1'179
1'11',0
1'11',1
\'11',2
191\3
I'1R4

\'185
\ '1R6

1'11',7
\91',8
''111'1
1'1<)0
1'191
1</92
I'I'I~

\'1'14
1995
1</<)1>

Arll)l [TONAL DISBURStMENTS
llIl $1000 FOR

UNDERLYING TPANSMISSTO~ SYSTFM

l'IUEPFNOtNT rNTfRCoNlIltCTFO
cnSTS - $79 COSTS - $79

susrTNA CONSTRUCTION PowFR COSTS
TN $\000 FOR

AI TFRNATIVE ,.,OOES OF SUPPLY

OIFSFL GFNFRATTON INTFRTIF TAPLINF
cnsTS - $7'1 cnSTS - $7q
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" APRIL 711 ALA5KA POWER AUTHO~TIV

ANCHORAGE - FATRHANKS TNTFRTIF
ECON04IC FEASIB'Ll1V 51UDv

rCON.ANAl.NO 2

DISCOUNTED COST ~ATIU5 FOR RANGF OF BASE VEAR (111711) C05T5
t5CALA1FD OVER EXPANSION PERIOD - 111711 TO 11111/,

---------------------------------- ESCALATION RATfS ----------------------------------
DISCOUNT 4~ 5'. 6'. 7'!. 8X llX lOX IIX 12X

l.l~lF ====== =~::=== ====== :===== .----- ====== ====== :===== :=:===

11.00 I. (\ 4U I. 0 ~II I,on I ,02/1 1.027 I ,0 I 7 1,01 ? 1 .007 I .OO?
1I.?5 1,04" 1.040 I. 0 ~4 1,0211 1.024 I ,01/\ 1.0 IJ 1,00/\ 1.00'
11,<;0 I,Oil/' I ,04 I I,O~/, I , O~O 1,02') 1,020 I .0 I 'i I, 001l 1,004

fT1 ~.7':J I,Ou ll 1.042 1.037 I , 0~2 1.026 1,021 1.0 I b I • (\ I I 1.006
1l.00 1.049 1.044 I • 0 ~II l,o.B 1,0211 1,027 1,017 1.0 I" 1.007
'"I.?'; 1.0':>0 1.045 1.040 I, °3'1 1.0211 1.024 1.0111 1.01' 1.00 11

-.....J 1l,<;O 1,0'>" I ,0 Ill, 1.041 1,031> 1.0~0 , .02<; 1.0<'0 1.01"; I .0 I 0
°.7':> 1.0'>3 1,0 111\ 1.04? 1.037 I ,O~;> 1.026 1. O? I I, °I 6 I .01 I

10.00 1,054 1.0411 1.044 I ,O~I\ 1.0H 1,02/\ 1.02? 1,017 1.012
10.?5 I,OS/> 1 ,o!,o 1,04<; 1,040 1,034 J,02'! 1.024 1.0 I II 1.011
10.<;0 1.057 1.0'><' 1.046 1 .0 u I 1.031> 1.030 1.02'i 1.020 1,0 I <;
10.75 1.05 11 I, 0'>3 1.041\ 1.04o? I.OH 1.032 1.0<'6 1.021 I. °I 6
I' ,00 1.060 I • 0"4 1.0u'! I ,041j 1,031\ l.oB 1 ,0211 1,023 1.017
11, ?S 1.061 1,051> I,O'iO 1,04<; 1,040 I. 0 ~4 1.029 1.024 1.0 I II
I I • <; 0 1.00? 1.0'> 7 I,O"? 1.041> 1,04 I I , 0 ~/, 1.030 1,0;>"; I , 0<'0
11,7'> 1. 00 , 1,0"11 1,053 1,0411 1.04? I,OH I, 0 ~2 1,027 1.021
P.OO 1,00" 1.0"1l I.OS4 1.04 1l 1.044 1.0311 I,OB' 1,0211 1.023

DISCOUNTED VAlliE OF OISBIIRSt"'[NT5 FOR TNIlEPtNOENT fXPANSTON
((151 RA 1I0S .= --_.----------------------------------~--------------- --.-._--

DISCOIiNTED VAl UE OF llTSRURSEMENTS FO~ INTFRrO"JNECTEO EXPANSTON



C'l 1 - 1 c·'-l I -"1 ,c'l 1 I ...c····l 1 -. 1 . ·1 ' .. '1 1 1 I 1 1

<; APRIL 7'1 ~LA~KA POWER ~UTH~~rTY

ANCHORAr,E - FAIqAA~KS INlfRTlf
ECONO~lC FEASTBTLITY STUDY

fCON,ANAL.ND 2

DTfFERENTIAL nl~cr1UNTfD VALllf Of RA~E YfAP (1'17'1) COSTS
I'JDEPFNr'lENT SYSTE~ CO~T~ MINU~ INTERCONNECTED SYSTE~ COST~

(TN $IOOU)

---------------------------------- ESCAlATION HATES --------------------.-------------
DIStOl/NT Ill:: 5~ b~ 7'Y. 8% '/X lOX IU 12'%

tUff :::;:= =::==== ==::.==: ------ --- ... -- ::=:=: ------ -- ....... -- ------
A,OO 21,0'11, 21>, 1'10 l/l,R2/l 22,Q2/' <,o,al/l 17, I '1~ 13,117 1l,?Il? 2,21,.'\
A,?,:> ?7,?5Q 2/',/l5b 2'i,?12 23, lIS/, 21, 110 lA, MIll 10,?f\A '1,bOA ~,'127

A,'iO i?7,000 2b,6'1'i 2'i,'ib1 23,'10A 71,760 IA,'121 15,337 10,QO? S,'iu3
m A.75 <,7,'il° 26,ClO'l 2'i,A'Il 2'I,00? n,3b7 1'1,70<; Ih,~25 12,127 6, '1'1 A

'1.00 27,617 ;>7,096 26, I tiS 2/1, A20 2?,q3? 2 0,000 17,?57 13,28'1 A,017
o.?':> 27,/,q'i 27,25'1 26,l/50 2'i,?0'i ?3,05/' 21,1<'7 I R, I 33 10, '79 '1,761

CO "'.'ill ?7.750 27, II UO 26,bB7 ?'i,'i'>7 "3,'103 21,770 IA,9'>7 15,01 ? 11,035
9,7" 27,74'i i?7,<;lq 26,A'/Q 2'1'A1q (111,>93 27,310 19,731 11,,387 12,7'11

10,00 27,Ar O 27,blR 27,01\6 2/,,171 ?O,AOII 2?,q2Cl ;>0, /157 17,306 13,31\2
10,2,:> 27, A2A ?7,h47 27,2':>0 26,1l30 2<;,113'1 23,01lA 21,136 1II, 171 10,000
10,50 27,R<'1 <,7,757 27,3'1 , 210,611 <,'i,'i59 <'3,'130 21,712 IA,'180 Vi,01Cl
In,7':> 27,7'/'1 27,AnO 27,<;11 2h,A83 r''i,A'''I 2/1,37/, <,?,30b I Q, 7q'l Ih,/lqO
II .00 27,76l/ ?7,A<'b 27,/,11 27,07 0 ?h, I 'j'l 21l,7/lf\ ;>?,Ql'l 20, /lb6 17,'~7

11 , ~':> 27,71'i 27,1\5h 27,h'l1 27, ?3/l 2h, III? 2'i, 167 23,l/~0 2\,13/\ I A,;>O 1
11.'i0 27,h"<; 27,1\31 27,753 n,376 21,,60'1 2'i,'i1'i 23, 'I II 21,767 IQ,OO<;
I I ,7<; 27,'ili3 ;>7, AII 27,7'/7 27,/l'l7 2h,AbO 2<;,1\13 <'11,'50 ??,355 I Q, 700
I?OO 27,IIQQ 21,771\ 27,825 27,'-,'/8 27,008 21,,123 20,103 2?, '103 20,~70
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'; APPIL 7'1 ALASKA POWER AUTHn~ITY

ANCHORAGE - FAIPBANKS INIERTIE
ECO'lOMIC FUSTBILllY Srl!LJY

ECON.ANAl.NO 2

DTSCOtlNT[TJ VAL UF OF BASE YEAR Il'lHl TNTJEPENDENT SYSTFM COSTS
IN ~IOOO

----------------------------------- fSCALATln'l RATES ----------------------------------
oISrOllNT ~'f. 5':: 6% 7'- 6% '1r. 10'1: IIX 12%

'lATE ======= =====:r= ======: ======= ===::== ======= =====:: _... _---- :=:==:::::-------
A.OO l:>~h,Flh7 70 11 ,'13;> 717,?34 Fl5?,'8h '135,064 1,021:>,007 I , 121:>,02 I 1,23<;,'1'13 1,3~b,Fl8'1

Fl.?'> 1'>3?,13 Q /'Q?,/'~'i 7,>ll,?IA A3?,4'>/' '113,013 1,001, /:>06 I,O'l'J,020 , , ?Ol:>, 114 1,3n,Fl27
A.'iO 1'>17,Fl13 676,1106 7~ 1,70 I A13,080 FI'I 1,5 IFI '1n,f19? 1,0/?,784 1,177,086 1,?9 1,71?
A.7'> 603, A77 I:>b I, IJ l1\ 724,667 7'1 IJ ,?4;> Fl70,7~? 'J54, Fl4/1 1,047,?H7 1,\ 4A, Fl82 1,?60,51?
</.00 <;'10,320 l:>al:>,~15 70A, 101 77<;, 'J23 FI';0,ll84 '132,4.1'1 1,02;0,507 1,121,474 l,nO,I'IQ

m
'1.?5 577,12 A I:> \ I, A.l1l 6'H,'J87 751l, 10'1 A30,787 QI0,6'>Fl '1'1I\,ll20 1,0'14, nFl 1,200,7~4

'1.50 5b4,?'12 617,1:>'::>4 616,31? 7~0,783 FlII,63? Fl8Q,4RI '17,,>,OOh 1,06F1,Q4B 1,172,120

I '1.7'> 'i51 ,7'1'1 1'>03,11'>4 1'>61,063 723,'l2'J 7'13,004 A6F1,Fl8F1 '1 '> 2, ;>11 I I, oln, un 1,144,300
10.00 'i3 Q,1:>40 <;'10,4;>4 1:>41:>,;>2<; 707,534 774,Fl85 f\4f1,flb3 '130,107 1,01'1,317 1,117, ?'>FI

l..O 10.25 <;n,f104 c, 77,3')3 h31,7B7 1:>'11,'iln 757,?60 Fl2'l,3H6 'JOA,<;H3 '1'1<;,530 1,0'10,'171
10.'i0 t,11:>,?82 ">b4,b30 617,737 1:>16,00' 740, I 13 1\10,4al Fl87,h50 97?,400 1,065,414
10. 7'j 'itl'i,063 5,>;>,?~6 1:>0 (l, 01, 1 h60,'l5'l 723,1130 7'1;>, °I I 1\1>7,;>'10 'llj'l, '107 1,040,564
11.00 494,13'1 ,,>~o,If\FI ">90,74'1 /:>~6,?bO 707, l'Ih 77/1,08 I 1147,465 CJ2F1,031 1,016,3'1'1
11 .;>5 41\3,<;01 ">211, 41H~ <;77,7'11 1:>31,'I5? h'll,39R 756,6.1"> A2A,?IF1 QOb,7"}? '1 'I? , Fl'l'l
11. <;0 473,141 'i 17,0 I 6 'ib'i,1 74 blll,02'i 1:>71:>,02? 73'1,1:>51\ f1O'l. Q7? Fl86,0"? '170,041
I I • 7~ 11&3,04'1 '>0<;,1\83 'i5?,I\IjQ b04,4&7 hbl , 051:> 123,IS/:> 791,?31 81:>'>, '113 '147,B07
P.I)O 11'>3,? PI 4'1,,>,I\~1) 'i40,'l25 'i'll, ?be; 646,1166 707,0~e; 773,41:l0 /l46,31F1 'l2h, 1 77

DlsrOUNTEr) VALue OE BASE YEAR (1'179JINTFRCONNECTEO SYSTFM cnSTS
IN qOOO

_-_________________________________ ESCAI ATION RATES ---------.-.-------------.--------
OTseOll'lT 4~ S~ 6% n 8% '1% 10'- 11% 12%

RATE ==:::::=: ~:==:::== ===.:=== ======= ==:.==== =====:=.! ------- ------- =====:::
---~--- -------

A.OO I:> 10 , 7/1 118?,743 752,410 Fl2Q,4bO '11 /1,651 1,00Fl,80'l I, II?, 844 1,i'27,7~1 1,354,1:>2?

1I.?5 1:>0 11,1\7'1 hb6, \ 11'1 734,001:> 1\0Q~001\ R'II,Q03 '163,520 1,084,73? 1,I'l6,'iOl> 1,3I'l~QOO

1\.<;0 1)'10, III 3 6'>0, 110 71h, 134 78'1,133 f16Q,FlIA '15F1, 'I 11 1,057,1147 1,166,H\4 1,?B&,20Q
11.75 ">711,3'i Q 1:>34,4'1(> 1:>'11\,711:> 7b'l,1\40 Fl41\,'7'i '135,13'1 1,1)31),'11:>2 1,136,755 1,;>53,514
'1.00 'i6?,703 61'1,320 1:>81,'11& 751, 103 Fl27,5~;> '111, '1'1'1 1,00'i,?">0 1,1 OB, 18'1 I, ;>21,783
0.?5 ">'1'1, 43 1l 1:>011,57'1 b6'i,o:;n 73?,'l04 1107,330 116'1,<>.10 'lBO,?87 I,OBO,451\ 1,1'10,'1113
Q.'iO 'i.lh,'i3 A 'i'lO,?S"> b IIQ,1:>2'i 71C,,?2& 787,11'10 1Ib7,711 Q56,0~A 1,0'>3,'i31:> 1,161, nlI5
'l.7~ 'i2n,004 571>,3.10:; 634, 1&1' 6'11\,051 76/\,1:>11 1146,0:;1A '132,">10 1,027,3'1h 1,13?,I)~Q

11\ .1)0 'i II, P21 ">b?,I1~h 6 I '1,13'1 681,31>4 7~0,077 Fl2'i,'134 QO'l,b'jO 1,002,011 1,11)3,871,

10.25 4'1'1,'177 'i~'l,I:>'Jb 604,<;37 I:>b'i,14'l 732,071 RO'i,'1.1B BB7,4Q7 '177,3'>'1 1,076,511
10.'i0 QHII,461 C,3b,l\73 5'10,34"> 64'1,3'11 714, 'i7 /1 766,"11 Flb'i,1I7F1 '153,416 1,1)4'1,'13<;
11\.75 417,?&4 C,·2 11,446 ,,>71:>,'i51) h3 11,07h 11'17, C, 71 7b7,1:>35 AIIIl, '124 '130, I ~I\ 1,024,123
I I • I) 0 40/>,37h 'i12,~,,? 'ib " I.lll h I 'I, 1'10 h81,047 7~'1,2'13 A('II, 'ib6 'J\J7,">b4 '1'1'1,052

II.?':> 4'>'i,71l1> 'iOO,I:>I? "'>0,0'1'1 60 11,71/1 I:>l>/j, QFlb 731, /Ib/l FlO4,7il4 /l1l'i,613 '174,691\

11.">0 445, LJ 6/o 48'1,181, ">H,4.!1 'i'l0,h4Q 1:>~'l,3n 714, 143 7115,">60 I\l:>ll, ?Ila 'l51,037

11 .7'> 1l3C,,4&b 471\,n72 'i25,0'l1 511:>, '1/0 1:>311, 1'11:> &'17,303 7&h,B77 1143,551\ '121\,041

1?~Ov 42<;,71'1 IH.7,?bl 'i13,100 'ibS,6bFl I:>IQ,4J'l 1:>80,'l3? 74 11 ,717 Fl23,41'i '105,701\

~'1\:
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5 APRIL 79 ALASKA PV~ER AUTHORITY
ANCHORAGE • FAI~bANKS INTERTIE

ECuNOMIC flASI~ILITY STUOY

ECON.AN.AL.NO 3

CAPITAL OlS8URSEMENrS fUEL COMPONENT Of OPERATING COSTS
IN SlOOO FOR IN SIOOO f-Ofl

.ALTERNATIvE SYSTEM EX~ANSIONS ALrERNATIVE SYSTEM EXPANSIONS

Ir.OEPENOENT INT.tRCUNNEC TEO INOlPENliENT INTERCUNNECTED
cosrs • $79 , cmil S - :Jif'l ESCALATEO 5 ESCALATED S

/979
1980
1981 'l,b.!1

rt1 1982 2,009 1~,5'14

1'1/:13 2b."bb '18,874
1981/ /JI.'I42 10,9~9

....... 1'185 37 ,172 31.~3'l

a 19t1b 21,l!U
1'I/J7 7, I ~2 2,00'1
1'I8/J 7,55':1 B,O.H
1'18'1 .!5,IIO 30.139
1'1'10 21.'120 42,b:''!
1991 82.200 45.0'l7
1'1'12 101,580 8q.5~2

1993 5tl,'l50 108.'100
1'19'1 2'1,840 74,030
19'/5 23,'H~ 22,820
199b 17,"30

AUUIIIUNAL DISBURSEMENTS SUSITNA CONSTRUCTION POWER COSTS
IN SIOOO FUR IN 311000 FOt<

UNDE~L'lNb lRANSMISSIUN SYSTEM ALTEflNATIVE MOOlS uF SUPPLY

INUEPEt,IlENT IN TEflC Ot'I~f.C TED uIESEL GENERATION INTEf1rIE TAPLlN[
cosrs ~ $79 cosrs - H9 COSTS - $79 COSTS - $79

1'l79
1980
1981
1982
1983
196'1
1965 2,835 2b7
198b b9S 483
1987 b,bllb I,35b b97 lIBI
1'11;\8 b'lb '178
1'18'1 3,05') '5~
IQ'lO 1,324 '102
1'191 Ill' 7 ~'l

IQ'I2 2,004 b25 'I ~o

1'1'13 b23 III 'I

1'194 -500 30'1
19'1'>
1"''10



-1 1 -1 ---1 1 -1 1 -----~J -1 ~~--l "-~I 1 1 '1 -I 1 '-1 1

5 APRIL 19 ALASKA PO~ER AUTHORITY
ANCHORAGE - FAIR~ANKS INTENT IE

ECONO~IC FEASIBILITY STUDY

ECON.ANAL.NO j

DISCOUNTE.U COSl KATIuS FUR RANGE. OF ~ASE YEAR (1979) COSTS
ESCALATED OVER EXPANSIUN PERIOD - 1979 TO 1996

--------~~--.---------------~-----ESCALATION RATES ----~---------~------~------------
DISCOUNT 44 5X 64 ]X 8X 'IX lOX IU 121

RATE :::::::;=== ------ ====== ====;;: ====== ====== ====-=: ------ ======
!l.uO 1.070 1.063 1.05" I .047 1.040 1.032 1.025 1.018 I • 0 II
tl • .:''> I.uli. 1.00') 1.057 1.0'19 t. 042 1.034 1.027 1.020 1.013
ll."O 1.074 1.000 1.0'>'1 I .051 1.044 1.036 1.0.:'9 1.022 l.vl5
11.1'> 1.076 1.068 1.061 1.053 1.045 1.038 I.O.H 1.024 I .017

fTl
'1.00 1.0/11 I .070 1.062 1.055 1.047 1.040 1.033 1.02'> I .018
'1.25 1.01:\0 1.012 I.Ob4 I .0'> 7 1.0«9 1.042 1.0311 1.027 1.020
'1.'>u I • () <II 1.0711 I.U66 I.OS9 I.OSI t. 041j 1.036 1.029 1.022

~

q • 7., 1.0113 1.0"10 1.0otl I .0bO 1.0'>3 1.01l'> 1.038 I .03 I l.v211

~
10.00 I. \)h,> 1.011 1.070 1.062 1.0'>5 1.041 1.040 I.O.B 1.025
10.25 I • Ob 7 1.019 I .012 I .064 1.051 1.049 1.042 1.034 1.027
10.'>u 1.01'8 1.081 1.073 1.066 1.0'>11 1.0'>1 1.043 1.056 1.029
10. 7'> I .090 J .ob3 I .075 I.Ob8 1.060 1.055 1.045 1.038 1.031
11.00 1.0'12 I .0114 1.077 I .070 1.062 1.055 1.047 1.040 I. u33
11.2') 1.094 1.0Bb 1.079 1.071 1.0011 1.0')b I .049 1.042 1.034
II .50 1.09'> 1.008 1.0111 1.013 1.066 1.0'>8 1.0'>1 I.U43 I. U3b
11.7'> 1.097 1.0'10 1.0112 1.075 I.Ob7 1.060 1.0'>3 1.04'> 1.038
12.00 1.0'19 I • 0'II I.Ob4 1.0n 1.069 I.Ob2 1.0'>4 1.047 I.U40

DISCOUNTED VALUE OF DIS~URSEMENTS FUR INOE.PENOE.NT EXPANSION
cuST RATIOS = _._--.-.------------------~._-----------------------.---------

DISCUUNTED VALUE uF DIS8URSEMENTS FON INTERCONNECTED EXPANSION
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5 APRIL 79 ALAS~A PO~ER AUTHORITY
ANCHORAGE - FAIRBANKS INTERTIE

ECUNO~IC FEASI~ILIT' HTUUY

[CON.ANAL.NO :5

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

(IN $1(00)

----------________________________ ESCALATIuN RATES ----------------------------------
OISCOUNT 'no ~%, 6%' 7%. 8X 'I%' lOX 1U 12X

RAIE ::===: ------ ====::= :::=:= ------ ==::=== ------ :====:: ==:====
8.00 25,042 2<l,7~~ 24,003 23,008 21,40<4 19,450 11:>,798 13,451 9,313
8.25 ~~, 074 2<l,829 24,~~9 23,309 21,918 20,019 11, ~3<l 14,381 10,4b5

fTl
8.50 2<;,090 24,910 24,431 2~,~1j2 22,3u9 20,541:1 18,<124 15,256 11,55'1
8.75 <15,0'11 24,9/:1<; ~'I,581 <13,828 2~,b08 21,039 18,Bb9 16,079 12,5B3
9.00 25,07" 2~,030 24,10'1 24,048 U,990 21,494 1'1,472 16,B53 13,554

f--'
9.~5 2'),lJ51 25,010 2<l,811 24,243 23,~91J ~1,'115 20,034 17,579 14,4b'l

N '1.';)0 2<;,011 25,011'1 24,'10" 24,41b 23,51>7 ad02 <'0,';)57 18,;>I>U 15,332
9.75 24,'I':>d ~5,()9~ 24,9/b ~4,':ibb 23,812 2~,b~9 21,043 18,b91 Ib,143

10.00 24,895 .lS,OIII 25,U~'1 ~4,h'lb .l4,()3~ a,'185 .l1,4'14 19,4'13 10,'1Uo
IU.~5 24,820 2,:>,057 25,Obb 24,1105 2'1,228 ~3d83 21, 'III 20', U48 17,b23
10.50 2'1, 73<; 2'),0~0 25,0117 24,8'15 24,401 23,553 22,2'10 20,':>bb Itl,2'1~

10.75 24,b'l1 ~'1, 9 71 25,093 24,9b8 24,552 23,/97 22.0'19 21,047 1B,9~4

11.00 ~<l, ~31 24,'HO 25,0114 25,023 2'1,682 2'1,017 22,'17'1 21,49<l 1'I,5lJ
11.2') 24,425 24,113'1 25,06.S 25,Oh1 24,7'13 <1'1,2lJ 23,2/0 21,'1u7 20,0<>3
11 .50 2'1,3('5 2'1,7",7 ~5,0~9 2':>,08'1 2'1,tlIlS ~4 ,38b 23,5\'1 22,289 20,<;75
11./5 ~'1, I I I 24,bOO 24,9U~ 25,093 24,'15'1 24,538 23,/d3 2~,640 21,o5~

1~.00 2'1'0"2 24,S"" 2'1,'125 ~5,Ob7 25,015 2'1,669 24,OU2 ~2,'1b2 21,'1'14
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5 APfliL 7'1 ALASKA PUwE~ AUTHORITY
ANCHORAGE - FAIReANKS INTERTIE

ECONOMIC FEASleiLITY STUDY

E.CON.ANAL.NO 3

DISCOUNTED VALUE OF bASE HAH ( 1979J INDEPENDENT SYSTEM COSTS
IN S1000

---------------------~-----~-------ESCALATION RATES ----------------------------------
DISCOUNT ~2; 52; b2; 7:l; 8X 'IX 101 111 12:1;

flATE ==:::=== ====::r:== :====== ======= ======= :=:==::= ======: ======: ====:.==
8.00 3111,019 419,402 4bl,8l1b 508,913 5bO,'173 b18,b07 bl:l'2,411 7:;3,044 1!.S1,230
11.25 312,3bb 40'1,734 4"1,083 49b,H43 547,4118 b03,542 bb5,~83 734,247 81U,239
8.50 3td,95tl ~OO,344 'l~0,594 41l5, 127 534.,401 51111,'I25 b4'1,2511 71b,Ol7 709,11115

rr1 d.75 35'>,711'1 391,222 43U,4UI:I 4 n, 152 521,b98 514, 7 Ill) td3,41'1 b'l6,335 710,14b
'1.00 347,851 3tl2,3bO 420,515 4b2,lub 509,3b7 5bO,'173 b18,051 blll,161 751,002
'1.25 340,13b 3/l"l.,u 410,'IU5 451, 'Ill 0 4'17,394 547,bl0 b03,137 bb4,5311 732,43..!

~ '1.'>0 332,b3b 3b5,3tl2 401,5bll 4'lI,')b2 4115,7f.'1 534,b311 5118,bb3 b4B,3119 114,417
W 9.75 3,,5,340 357,t!5U 3'12,497 4H,44..! 474,419 5<'2,043 574,b13 b32,717 b'l0,'137

10.00 3IB,2.,1 34'1,34b .~IH,blJ1 4t!l,bIO 403,'>13 5U9,1113 5bU,'I13 bl7,50b 1>7'1,'Ilb
10.25 311 db4 341,bbl 375,114 41",057 4':>2,llb2 491, fBb 547,1.50 602,741 b03,'>l5
lU.':>O 3\14,6bO 334,1'10 3bb,1l1b 402,774 442,':>14 4116,400 534,1:170 :;HB,401> 047,'.>38
10.75 2'18,140 32b,92'.> 3':>H,6'11 393,1'.>3 43",4'.>'1 41'.>, 1'14 522,31:11 574,'IHll td2,0211
11.00 2'1I,79b 31'i,tlbO 3'.>0,H20 31:14,'IH4 422,bHB 4b4,3u7 '.>lU,2':>1 ':>60,'113 blb,'I71
11.25 2tl~,025 312, 'Il:Ill 343,Ib7 31b,4:;9 413,1'13 45.~,7.~0 "'18,406 ':>47,l:I47 bu2,3'>1
11.50 n4,02U .50bd03 33'.>,724 3011,171 'luS,'1b3 "43,"':>0 4HI,020 53'.>,1)'1'1 5Kl:I,154
11 • 75 2'13,176 2'19,1'1'1 328,4ll4 300,112 394,'1'10 433,4bl 475,1:191 522,714 574,3bb
12.00 20B,081:1 2'13,471 321,442 352,275 38b,267 423,7'>0 4b5,089 510,b<l2 '>60,973

'v15C0UNltD VALUt U~ tlhSl ~tAfl 119/'1l!NJEHCUNNECTtD SYSTlM CUSTS
IN ilOOO

---_.---------~------.-------------ESCALATION flATES ----------------------~------~----
DISCUUNT 4~ 51 6X 7"1. 8l: 9l: 10% 11"1. 12~

HATE ======: ======= ==:::=== ======== ======= :====== ==::;:==== ======= =======
8.00 3'.>5,971 3'1'l,680 437,822 4ll5,905 539,1479 599,157 b1>5, 613 739,'>92 821, 41 7
8.25 3'17,2'11 3b4,9U5 42b,82'l 473,'>34 525,570 583,523 64/l,048 719,Bbb 799,774
8.50 3.>1l,8bB 375,4n 416,1b3 4bl,545 512,0'12 568,317 631,034 700,7bl 778,331
H. 7'> 330,6'1H 30b,c37 405,827 449,924 499,030 553,7UI b14,550 b82,25b 757,'.>64
9.00 322,773 357,3"4 395,80b 438,b59 486,3/0 539,47'1 598,':>80 6b4,3211 73/,U'Ib
9.2'> 31,>,0~5 34d,bf9 386,Od7 lI,c!,736 471j,0911 525,b95 583,104 64b,9'>'1 717,9b3
'1.:;0 3u7,b2b 3uO,29'1 370,6b2 417,14b 41>2,201 512,335 5b8,10b 1>30,12'1 bQ 9,085
9.75 3uO,3~7 332,1511 3b7,520 40b,ll75 450,6bb 499,3114 5'>3,:;70 b13,H20 6/:10, 1'14

10.00 2'13,3b2 3<i4,2b4 3511,652 .5'1b,914 439,481 48b,1:I2H '.>39, "19 598,013 lI,.b3,Ob'l
IU.25 2116,5'14 310,bU4 350,048 3B7,252 4211,b34 474,b5.~ 525,819 582,6'12 b45,892
10.50 2l9,925 30'l,17u 3111,700 317,8'19 4111,l13 4b2, Btl 1 512,575 507,8'10 b29,243
10./'.> lll, '1'19 301,954 333,59B 3bll,785 407,907 451,397 4'1'1,732 553,1l"1 1>13"04
II • UU 2b7,i?54 2~1j,9"0 325,731> 3'>9,'Ibl 3'l(j, OOb 440,2'10 "l:l7,21B 5H,4f'l '.>'1I,lI,,>/j
11.25 2bl,i'Oo 20tl,149 3111,104 Yo>!, .5'111 3tHI,400 42'1,')\7 475,1'1/:1 S2'.>,941l 5/12,2111:1
II .50 255,315 281,'>4b 31U,b95 3/13,OK7 379,070 41'1,005 4b3,4/j1 512,BIO 561,'>19
II .7':> 24'1,54'1 275,133 305,'>02 3.~", 1119 370,U32 4Utl,'125 4'.>2" 15 50u,07" ':>'>3,314
12.00 244,O'It> Z08,90S 2'1b,517 321,ll:I8 361,2':>2 3'19,OHI 4'11,01\1 487,720 5~9, 47'1
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~ A"f./IL 79 ALAS~A POw~Fl AUTHORITY
ANCH8RAGE - FAIR~ANKS rNT~RTIE

ECONOMTC FEASI~ILITY STUOY

ECO\.A',AL.~O ')

CAPITAL DISBURSEMENTS
I'Ij $1000 FOR

ALlfR~All~~ SYST~H EXPA'IlSIONS

FUEL COMPO"JfNT OF OP~RATING COSTS
IN $1.\)00 fOR

ALTERNATIVE SYSTEM EXPANSIONS

rrl

~

+::0

INDlPE~()ENT INrERCO'lj'llECTED
CUSIS - $79 COSTS - $1'1

1979
1980
1981 4,b21
1982 2,00'1 I ", ~91j

I'll:!> 2o,bbb 48,874
19t\4 81 , 9~~ 10,959
198') 37,172 31,539
1911b 2\,127
19BI 7, IS? 2,009
19/1/1 7,""" 11,037
19139 <'3. t 10 30,139
1990 21, 'Jt'll 42,h"?
199 I H2dv0 4S,047
1997 101.S,j,) 69, V,<'
I q93 513,""0 1011,400
1994 29,111.10 14,A30
19'1'> 23.935 22,5<'0
1996 I I, h 50

ItJOEPENDf:NT
ESCAlATED $

INTf:RCOfn,EC TED
ESCALATf:O $

AD~ITIONAL OISBURSEMENTS
I"J $1000 ~OR

U"JDERL~rNG TRANSMISSION SYSTEM

INOEP~NOENT INTERCONNECTED
COSTS· $79 COSTS· $79

SUSITNA CONSTRUCTION PO~E~ COSTS
IN $\000 FOR

ALTERNATIVE ~ODES OF SUPPLY

OIES~L GfNERATIO~ INTERTIE TAPLINE
CUSTS - $79 COSTS· $79

1979
19110
19111
19A2
1983
I ge ll

19115
19f\b
l'Itj7
1911/\
I ge9
199()
19'11
19'12
IQ'H
1"'14
1"9"
1'19"

1.,641.

2,0011

1,3'>1.
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5 APRIL 79 ALASKA POWER AUTHORITY
ANCrlORAGE - FAIRBANKS INTERTIE

tCONOMIC FEASIBILITY STUDY

HON.A'-IAL.NO 5

DISCOUNTED COST RATIOS FOR RANGt O~ BASE YfAH (1979) COSTS
ESCALATED O~ER tXPANSION PtRIUD - 1979 TO 199b

---------------------------------- ESCALATION RATES ----------------------------------
DISCOUNT 4l: 5X bX 7'1. 8X 9X 10l: 11% 121:

HAlt: .... _---- ====== ------ ====== ====== ::=:== ------ ------ ---_ ... -

8.00 1.0bO 1.053 1.04~ 1.038 I .031 1.024 I .017 1.010 1.004
8.25 I.Ob2 1.055 1.047 I. 040 1.033 1.0<'b I .0 I 'I I. 0 12 1.005
11.';0 1.0/,4 1.0Sb 1.011'1 I. 042 1.034 I. on I • Oil 0 I .0 I 4 I. 00 7
1:\.75 1.0bb 1.058 1.051 1.044 1.036 1.0<'9 I.on 1.0 I ~ 1.009
'I.Ov I.Vb7 1.0bO 1.053 1.045 1.03B 1.0 SI 1.024 1.017 1.010
9.?5 1.0b'l 1.062 1.054 I. 047 1.040 1.035 1.0l'6 1.019 I. a 12

ITl Q.~O 1.011 I.Ob3 1.05b I. 04'1 1.01,j2 1.054 I. on I.O?O I • v 14
'1.75 I. 0 72 I.Ob~ I .0'> 1:1 I • 0~ I 1.043 1.030 1.0;>9 1.02" 1.015

I U.00 I. Ol4 I. Ob 1 I • VbO 1.052 1.045 I. 031:1 1.031 1.024 I. 0 I 7
..... 10.;>5 1.07b 1.01.>9 I .0 b I 1.054 I. 04 7 I. 040 I.OB 1.0?b I • v I 'I
c.n 10.50 I. 071l 1.070 1.01.>3 1.05b 1.04'1 I. (/42 1.054 1.021 I. 021

10.75 1.07'1 I. 0 72 I.Ob5 1.051:1 1.0'>0 1.0 113 I. u 5b I.O?9 1.02<'
I 1• 1I11 1.081 1.074 1.01.>7 1.05'1 1.052 I. 045 1.038 I. 0 31 1.024
I J .2~ 1.083 1.075 1.01.>1\ I. Ob I 1.0':>4 I. 0117 1.040 I.OB I. v"6
11.50 1.01\4 I. (\ 77 I .070 I. Ub$ 1.0':>6 1.04'1 I .04 I I .03 'I I.un
11.75 1.0l:lb I. 07'1 1.072 I.oo~ 1.057 1.0'>0 1.043 1.0'>0 1.02'1
12.00 1.0117 1.080 1.073 1.0b6 1.0C;'1 1.052 I. 04'> I .0 '>tl I. 031

DISCOUNTED VALut OF DIShUPSEMENTS FOH INDE.PtNDtNT EXPANSION
CUST RATIOS = -------.---.-.---.--._-.------.-------------------------------

DISCOUNTED VALUE OF DISBURSEMENTS FOR INTERCUNNECTED EX~ANSIUN
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S AO'lIL 7'1 ALAS~A PO~ER AVT~ORITY

~~ChORAGF - FAIRSA~~S INIERTIE
ECONUMIC FEASlrlILlTY STUDY

ECO~. Ac.AL ."0 5

D!FFERENTI~L DISCUUNTED VALUE OF BASE YEAR (197'1 ) COSTS
I "GFoE ~OE"T SYSTEM COSTS MI"US INTERCONNlCTED SYSTEM COSTS

(P' $10(0)

._-------------------------------. ESCALATION RATES ----------------------------------
IJISCOU'H 4% SZ 1>% 7"J. 8% 'IX 10% II % 1<'%

riAIE ====== ------ ------ --_ ... _- ------ - ... ---- ------ ------ ------
1'.00 21,nS 20,h37 19,1>94 18,339 10,509 14.1 ,3 11,132 1,418 2,fl'il>

1'..2" i'l , 519 20,1'10 19,'11>0 I fl, 715 17, (11 4 14,11\ 7 11,9'>fl 1\,445 4, 144

f1.~Ll 21 , 59 7 i'O,'1b<' 20,i'02 1'1, (,1)2 17, tlH3 15,3'19 12, no '1,412 ", »7
».75 i'l ,4'>8 21,0'15 21),/j;>O I q, 3M 1 17,920 15,9/3 1" I./)4 lud21l 0, I~bl.l

9.00 21,505 21,20'1 i'O,GII> 1'1,1>/3 I H.524 II>,SO'l 14, I S7 11, 193 7, "3 I
'1.;>5 21,554 21,305 20, 1'10 19,959 18,b99 17,0(19 111,804 12,OUH 1:1,"41
'1.'>0 ,j 1,551 21.5h5 20,'143 20, 18U 19,044 17,47S 1'i, 41 0 12,7/7 9,4'11>

fTl 0. IS i! 1, SSll <' 1,448 l'1 , () 18 2il,,9'1 19,31>1 17,901l 15,'11H 13, SO 1 10,400
10.0- f ) 21 , ~dS i'l ,4'10 i'l .J43 ;>0,,:>95 19,1>52 18,310 11>,':>09 I q, I R1 11,e'55
I U• 2', i'1,52':> 21,'><'9 21,2'11 20, 7 I tJ 19,918 18,oR2 17,005 14, Il? 1 1i', 0'>1\

I--' 10. ':>\1 21,'1'13 21,':>'-Ifl 21,572 20,9<'ll <'0,1,>9 19,Ot" 17,467 IS,4i'1 12,817
O'l 10.7':> 21,4S0 i'l ,S'>S 21,4510 21,000 <'0,578 19,542 17,891 1'i,9~5 13, '> '2

11.00 i'1 ,39~ 21. '>'-19 21,Ilflll 21.177 ;>0,574 IQ,oS2 1/\,<'91> 11>,'>09 1 4 ,205

1 1 • ,,':> <' 1 , ~ 50 i'1 , '-, II 21,52 S 21,? 77 20, 1'>0 19,8<11 18,001> 17,001 14,857

11. ':>0 21,205 21,502 i'1,.,45 21,360 20,90S 20,13/\ 19,007 17,4"9 1'),451
1 1 • I,> 21, IllS 11,'lb2 i'1 ,5'>4 21,4n i'l,04<:' 20,3'>7 19,322 17,8/lo 1,>,9flll

1<'.00 <'1,0'11\ 21,413 21,551 21,109 c:'1, 101 20,'>'>4 19,011 18,21\2 10,'>09
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5 APRIL 79 ALASKA POWER AUTHORITY
ANCHOKACE - FAIR~ANKS INTERTIE
ECONU~IC f~ASIBILITY STUDY

ECON.ANAL.!';O 5

DISCOUNTED VALUE OF BASE YEAR (1979 ) INDEPE.NOENT sYSn'" COSTS
IN 11000

___________________________________ ESCALATION RATES ----------------------------------
DISCOUNT lIX 5% 6% 7X 8% 9% 10% 11% 12X

RATE ::====== ======= :::==== ==:==== :;;:;::=;= ::====:: :=::::=~= ------- =======-------
Il.OO 573,662 1I11, 1I U7 lIS3,201 lI"19,1I1'3 S">O,731\ 601,SO<' b10,361 13'1,9B'i 617,076

8.""> 3t>'),1'>1I 1I01,a98 1I42,':>n 41l1,o03 '037,460 592,662 bS3,71B 721,4Sb 796,376

B."O 3'>b,IHI9 392,603 1I32, ?,)3 1I7b,012 ')211,':>7':> 571\,265 637,b"lO 103,481 I7b,307
1l.7':> 3118,8':>9 5t13,b95 1I22,233 lIb4,87A ':>11,06'1 'i611,29'> 6?2,0911 6B6,0')9 7':>6, Blj '>
9.00 341,0':>7 374,9AO 1I1?,SOI 1I'>1I,009 1I99,930 550,738 60b,'I54 bb9,\ 511 731,97?
'1.25 B3,4711 366,">14 403,0'!9 1I113,1I55 1It1t1,\ 45 537,51l0 592,;>64 b'>2,1511 719,t,hb

rr1 9.50 526, lOll 3':>f1,2R'I 393,1367 lIB,205 106,701l ':>24,808 518,007 636,843 70 l, '109
'1.75 511:1,'140 3'>0,29'> 3811,9 /17 1I?5,250 lib':>, ,>'15 '>12,408 '>bll, I 10 6,)1,402 h1l4,6112

10.00 31 1,97':> 342,526 YII:J,n9 413,579 lj'>lI,A03 500,5b9 ,,>,:>o,7>e bllb, <11 7 bt>7,91>6
....... 10.25 30':>,205 5111,9/3 51>7,1<56 1I0 /.,IIU ljlJlI, 322 lIBA,678 537,6'18 ':>'11,873 6';l,146
'-l 10.':>0 2<1H,61t1 327,b31 3'>9,bh'l 39,:>,0'>4 434,1 '12 Ij 7 " 3?':> 52':>,057 511,1')lj 656,004

10.1'> 29?,213 32u,492 5'> I, 'II I 3b6, I Il2 1I211,2'>0 466.<'97 ':>12,711(1 ':>hll,047 b<,u,723

11.00 21l,:>,9B3 313,5')1) 31l),975 377, '>59 1I111,6 11O '1':>5,'>84 '>UO,501 '>50, ne b05,8'10

I I • <' '> 2/9,922 50b,199 336,4'>3 3b9, I 75 ljO'),300 411':>, 17b 1I89,'>02 ':>17,HIlI ':>'II,lIB')
II. ':>0 2711,0'>5 3uO,25~ 32'1, 138 361,030 j9bi223 1I3':>,065 1I7 7, q 51, ':>2,>,21>1 ':>71, '>Ob

11.7"> 2hB.I1l6 2 9 5,H43 VC,0211 3'> 3,1 Oil 387,3'19 42':>,231> 1I66,989 ':>13,069 ')63, 'In

12.00 262.702 21)7,62'1 31'>, 10'> 311'),1I04 3711,821 415,bB4 4':>b, 553 'O\II,n'O '>'>0. 75d

DISC GUN TED VAllJ!: ll~ IlASt YfAfl (19/91INf!:RCONNECTEO SYSTEM COsTS
IN Sioon

-- _________ • _________ - ___________ ._ £SCAlATION RAfES --------.---------.--.---.-.---~.-

DISCOUNT lit ':>r. 6r. 7% AX 9r. lOX II X 12%
RArE :=::::=== ======= :=:=:=: =::::==== .::====== ======:: ------- ======= ==:====-------

b.OO 552, 1I37 3'ID,771 lIB,S08 lIB1,IIIIj ':>311,229 593,369 b,)9,2>5 732,'>b7 8111, 1"0
H.2'> 343,8,1I 3i\ I, OI:lB 1I22,b12 1I6A,AH8 520,1I4b ')77 ,876 blll,82':> 713, (j 12 7'1i?,227

11.':>0 335, 1I9? 571,701 1I12,O,>1 Ij '> 7,0 10 ">07,091 Sb?,tln6 6i'1I,9bc 6911,0711 770,'169
A.75 527,401 3D2,59b 401,813 1I115,1I97 Ij911, 11I9 511/!,3?2 60A,625 075,731 7'>0,31)2
'1.00 319,':>511 3':>3,171 .39 I, /lS6 1I34, Bb 1I1l1,bOb 534,22'1 592,797 6'>7,9h2 730, 1I111

9.25 311,940 34'),20'1 582,21>0 1I?5,')lb 4b9,1I117 520,511 577,400 6110,7116 711,120
9.50 30'l,S'>1I 330,901l 312,9211 1I13,OC5 Ij':>7,660 '>01,5)3 ':>bc,'>91 bell,Oo'> 6'12, I. I 3
9./5 297.356 528, /j117 3b_~, 8"9 1I0?,IJSI 1J1I6,2,2 49 11, ':>00 51111,\Q c b07,901 6111,?"2

10.00 2'10,1I30 3211\)30 35,>,080 39,>,91l1l 43':>, I" 1 1I13c, 0'>9 '>311,22'1 ,:>92,25b 6':>6,714
10.25 2tJ3,679 515, lj 1I5 546, '>05 353,Ql3 1I211,1I0,> 1I69,9'16 520,b'13 '>/7,0':>2 639,6Hb
II). '>0 ;>77,\2':> 3~,,, 0'15 31t\,i'97 374, 1?'1 III 3, '1H2 1I')5,2'1q ':>07,':>10 562, BlI 623, I H7
10. 1'i 270,763 2"1',931] 530,2/4 36'>,122 40S,/I73 446,9'>') q9LJrti/~5 54(l,Unll 601,l~2

II. U0 2b
'
l, ':>RS 2"~,OU2 ,22,487 S'>6,31l? Vill,06':> 1I35,Q'>3 41l-2'.505 '>311,229 ,>"I,bh'>

II. ,,'> 2'>K,'>Kb 2/'.'),268 5111,'1;>'1 54 I , 'I I) I 584,'>'>U 1I2'>,2t10 41'0.'> n '>20,813 57h,b':>2
II. ':>0 2'>2,760 2/1\,730 5lJl,'>95 35'1,670 315,317 ljlll,92~ 4~tl.9c/! '>07,bO,? 562,0/':>
I I • 7') 247,\01 ;>12,381 3'JO, 'HO 331, bHI 366,351 1I 0 II, 8 ,,,. ~11 7, of> 7 lI'1':>, 183 5117,9~'I

J,'. 00 ?41,0Il4 21>b ..'I'> 295,'>">4 3?~,9,)':> 357,601 3'1,:>, I He 4.\6,1'1c 1I8e,'!"3 534,229
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5 APRIL 7'1 ALASKA POwER AUTHORITy
ANCHORAGE - FAIRBAN~S INTERTIE

ECONO~IC FEASIBILITy STUDY

HOIII.ANAL.NO 7

CAPITAL OISBURSE~ENTS

IN $1000 FDR
ALTERNATIVE SYSTEM E~PANSIONS

FUEL CO~PONENT OF OPERATING COSTS
IN $1000 FOR

ALTERNATIVE SYSTEM E~PANSIONS

INDEPENDENT INTERCONNECTED
lOSTS - $79 lOSTS - $7'1

INDEPENDEIIIT
ESCALATED $

INTERCONNECTED
E.SCALATfD $

rr'1

......
ex>

\'17'1
\ '1M
1'18\
1'182
191H
191\4
\'185
1'18f>
1'187
\'181\
l<lt:l9
\'1'10
19'11
19 'I£'
\993
1<1'14
1'1'1')
1 'I 'I/>

2,00'1
20,obo
61,'142
37,\72
21,1£'1

7,152
7,55')

23,110
21,'120
8;>,200

1010380
5ll,1150
2'1,1140
23, '13')
17, b3u

4,075
17,34'1
09,844
10,'159
31,539

2,00'1
8,031

30,139
42,0':>2
43,047
89,3':>2

108,400
74,830
22,H20

1'179
1'180
I 'Ill I
I'II:\£'
1983
1'11\4
1'18')
198b
1'187
1'181:1
1'18'1
1'1'10
1'1'11
1'192
1993
1'194
19'15
199b

ADUITI~NAL DISAURSEMENTS
[N $1000 ~Oli

UNDERLYING TfIANSM[SSll1N SYSTEM

INDEPENDENt INTF.RCONNECTEO
COSTS - $7'1 COSTS - $7'1

SUSITNA CONSTRUCTION PO~ER COSTS
IN $1000 FOR

ALTERNATivE ~OOES OF SUPPLY

DIESEL GENERATION INTFRTIE TAPLINE
COSTS - $79 COSTS - $79
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5 APRIL 79 ALASKA POwER AUTHORITY
ANCHORAGE • FAI~AANKS INTERT!E:

ECONOMIC FEASIRILITY STUDY

ECO~,ANAL.NO 7

DISCOUNTED COST RATIOS FOR RANGE O~ BASE YEAR (1979) COSTS
ESCALATED OVER EXPANSION PERIOD - 1979 TO 19'16

•••• --- ••••--------.----- •••• ----- ESCALATION RATES - •• ----------.---.--.--.----------
DISCOUNT QX 5t 6X H. 8X 'It lOt II X IZX

RATE ====== ====== ====== :=:::= ------ ====== ====:= ==:=== ------
/:1.00 ,'190 .'187 .'1113 .97'1 ,'176 ,972 .'168 .'16Q .960
6.25 ,'I'll .'1/:18 .'184 ,'180 .'177 ,973 ,96'1 .'165 • '16 I
8,50 ,'1'12 .'1/<'1 .'185 .'11:\1 .'171\ ,974 • 'I 70 .'11>6 .'162
8.75 ,'193 .989 .986 .982 .'178 .975 ,97\ ,'167 ,'163
'1,00 ,9'14 ,'190 ,91:\7 ,'11l3 ,'17'1 .'176 ,972 ,'10/:1 .'164
'1,25 ,'1'14 ,'I'll ,988 ,984 .'180 ,'I T7 ,973 , ''Ib'l ,91:>5

rrl '1,50 ,'1'1'5 ,'192 ,98"1 • <HI 5 ,981 ,976 ,974 .970 ,'I/)6
9,75 ,'1'16 ,'1'13 .'189 ,'11:\6 ,91\2 ,978 ,975 ,971 ,'167

10.00 ,'I'll> ,'I'd .'190 • 9R 7 • 9tH ,97'1 ,976 .972 ,'168
I-' 10,25 ,'1'17 .994 ,'I'll .'188 ,'1f14 ,9110 , '177 .'113 ,96'1
\D 10,50 ,9'16 ,'19<; .992 ,'1Hll .985 ,'1111 .97T .974 , '170

10,75 .9'18 • '191:> .'1'13 • 'lfl'l ,986 ,91\2 ,918 ,'175 , '171
I 1,00 ,99'1 ,9'1b ,'193 .'190 ,'187 ,'183 ,'179 ,971> ,972
11,2':> 1,000 ,'197 ,'194 ,'I'll ,91:1 7 ,9R4 .'11:10 .977 ,973
I I • ':>0 1.000 .'1'11:1 .99., ,'1'12 .988 .'1IlS .'181 .977 .'17Q
II , 75 1.00 I .9'18 .'195 .9'12 • 'HI 9 .9R6 ,982 • '118 .975
12.00 1,00 I .9'1'1 .Q9h ,'193 .990 .957 .983 .'179 .911:>

DISCiJUNTED VALUE Of DI51:HJRSEMENTS fOR INDEPENDENT EXPANSION
COST RATIOS = ..- - - - -_. -- - - ."-- - .. - - --- _.... - -- -- _..--- -- ..... -- ----- --- -_ ....... --_.-

DISCOUNTED VALUE Of DISBURSEMENTS FOR INTERCONNECTED EXPANSIUN
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5 APRIL 7'1 ALASKA POWER ADTHORITY
ANCHORAGE - FAIR~ANKS INTERTIE

ECONOMIC FEASI~TLITY STUDy

EeOIl.ANAL.NO 7

DIFFERENTIAL DISCOUNTED VALUE OF BASE YEAR <1'17'1) COSTS
INOEPE";OENT SYSTEM COSTS MINUS INTERCONNECTED SYSTEM COSTS

(IN $1000)

---------------------------------- E.SCALATION RATES -------.--------------------------
DlSCOUNT 47- 5% 6% _ 7'1. BX '1% 10'1. Il'1. 12%

RA TE ====== ==:;=== ------ ------ ------ ------ ------ ==:=== ===:==
8.00 -3,502 -5,375 -7,604 -10,311 -13,564 -17,438 -22,016 -27,3'11 -33,665
8.25 - 3 .183 -4,8'1'1 -7,016 -'1,'5'14 -12,6'18 -16,400 -20,781 -25,'132 -31,'150
8.50 -2,B25 -4,44'1 -6,45'1 -(l,'11? -11,872 -15,40'1 -1'1,602 -24,536 -30,308
1\.15 -2,4i11\ -4,024 ·'5,'131 -11,26'; -11,01\6 -14,465 -18,475 -23,201 -28,736
'1.00 -2,171 -3,622 -5,430 -7,1>4'1 -10, B8 -13,564 -17,3'1'1 -21,'125 -27,232

fT1
9.2~ -1,87, -3,['43 -4,'1~0 -7,06') -'1,621 -12,70'> -1/l,372 -20,705 -25,7'12
'1.50 -1,5'14 -2,RR5 -4,'>07 -6,')10 -8,'14'1 -II,bil7 -1,>,39? -1'1,53'1 -24,414
'1.7') -1,331 -2,548 -4,OB2 -5,'1R4 -8,306 -11.108 -14,456 -18,426 -23,0'17

N
10.00 -I,OR6 -2,250 -3,6t11 -'I,48S -7,6'14 -10,.365 -1.>,'>/l4 -17,361 -21,836

0 10.25 -8'>6 -I, '152 -3,302 -';,012 -7.112 -'1,6')8 -12,713 -16,345 -20,631
10.')0 -641 -1,"'>1 -2,'144 -4,564 -6,560 -8,'186 -11,902 -15,375 -1'1,47'1
10.75 -4 111 -\,387 -2,607 -4,141 -6,036 -8,34/l -11.128 -14,4 118 -18,377
It.OO -2'>4 -1,140 -<',20'1 -3,740 -'>,53'1 -1,137 -10,3'12 -13,564 -17,324
11 .2'> -BO -'10'1 -I,'1t1'1 -3,361 -5,068 - 1,1 '>'1 -'1,6'10 -12,120 -16,318
11.50 1'0 -6'13 -1,708 -3,003 -4,621 -6,610 -'1,022 -II, '116 -15,358
11 • I'> 22'1 -4'1\ -1,443 -2,665 -4,1 'Ill -6,088 -Il,31l6 -11,14'1 -14,440
12,00 367 -302 -1,1'15 -2, 3/j 7 -3,"'18 -'),5'12 -707Bl -10,417 -13,564
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S APRIL 79 ALASKA POwER AUTHORITy
ANCHORAGE - -AIRBANKS INTERTIE

ECONOMIC _EASIBILITY STUDY

ECOr-..A .. AL.NO 7

DISCOUNTED VALUE OF RASE YEAR (1979) INDEPENDENT SYSTEM COSTS
IN $1000

----------------------------------- ESCALATION RATES -----------------_.------------.--
DISCOUNr 4): 57. 67. 7:( ~r. '1% 107. 11% 12%

RATE ==:=:== :::====== ===::== ===;:== ====;== ======= =:::::: ===::::== =======
A.OO 307,521 404,713 445,907 491, ')3A 5112.0AB ">9B.08A h60,126 7?B,8 IJ !l 804,970
11.25 15Q,IYI 3<)5.3'12 1I~5,430 479,1I211 521\,991 583.447 643,759 710,">56 784,52'1
B.50 350,9911 3110,24~ 42,),2,)1l 468,454 516,21:\3 509,243 627,81\5 692, 81 I:! 701l. 71 I
8.75 345,088 377,401l 1I15dfli:' 457,417 505,949 555.401 612,487 675,615 745,49'>
9.00 355, 1I113 368,819 405,791 440,705 4'11,'17'1 5112,0811 5'17,5411 658,92'1 726,1-161
9.25 327,956 560,480 390,47b 1I3b,299 41\0.3511 ">29. 110 585,054 6112,744 708,789
9.50 3;>0,678 3'>2,577 587.429 426,1'16 469,077 516,512 56A,911B 627,041 6'11,260

rr1 9.75 31~,1>24 344,50~ 378,659 416,584 4S8,123 504,284 555,536 611,804 674,2'>5
10.00 306.766 336,I:\SO 370,0'19 406,1:\53 447,lIHb 1l'l2,41L' 5112,0IHI 597,018 6,)7.7,>7
10.~'i 3\10.098 329.412 50 I ,tlO I 397.5'14 1157,154 480,A84 '>"'1, i'?b ">82,608 641,741:\

N 10.50 ;>'13.615 32;>.18;> 355, nb 3811.')91l 1I27,!19 1I69,b89 510, "138 568,7H 620,213
I--'

10.75 2117.30'1 ~15'!52 545,A98 ~79,85b 417.370 458,1117 504,1>13 5SS,217 611,134
I 1.00 21\1,177 501l, 316 3H,2'R 371.301 407,1I9R 4 118,2<;1> 1l'l,>,H57 SIli',OBH 596,1./91l
11.2S 275,211 301.66'1 350,809 363,1011 3'1I1,b94 437,9'11> 481 .1l0 1 '>2'1,340 5f12.2il9
11.50 269,1I07 2Q5.20~ j2~,b66 355,077 51l'l.7119 IJ21'1,O;>1I IJ70,292 516,'160 <;t,ll, IJ 91./
II • 7'5 263,7S9 288,'114 516,b61 347,273 ~/\ 1,055 1118.341 1I59,49'1 504,936 555,098
12.00 25/\,263 282.795 30'l,8117 33'1,686 37;>,604 401\,'1211 1149,0111 '193,256 5112,OB8

OISCOUf,TEO VALU~ OF BASE yEAR 119791!NTENCONNfCTED sysrEM COSTS
IN $1000

.-_--_---- _______ • ________ • ________ ESCALATION ~ATES .---------------_.----------------
DISCOUNT 4): 5): 6l: 7% llX 'IX lOX IIX 12%

IlATE =:::::=: ===:::::: :=====: ==:;:=: ======= ======= ======= ======= --------------
8.00 371,0113 1I10,087 1l,>3,511 50 1,8/19 5"5,6~2 61'i,526 682,11l2 756,239 838,635
13,25 36;>,3?2 400,241 442,1l1l6 1I8'1,1l18 541,6119 59'1,811b 0611,r;1I0 731,,487 1116,479
II.SO 353,823 ,90.691 431.717 477 db7 52':\ ,155 584,6'>2 647,487 717,354 7"5,01'1
8.75 311,>,577 381,428 1121,312 465,611<' 51,>,031, 569,'12b 630,962 098,816 774,231
9.00 337.575 372,441 1l1l,221 4511,J<;2 502,317 555,652 614,947 0110,855 75'1,093
9,25 329,809 363,722 401,43;> 4113,304 489,985 5111,815 5'19,426 6b3,1l49 734,581
9.50 322,272 355,;:>1>1 591,930 432,706 1178,026 528,1l00 584,380 646,580 715,674
'1·,15 314,9')5 3117,0C;0 3il2,722 422.367 406.1128 5IS,3'11 56'1,7'14 630,229 697,352

10.00 307,851 33'1,081 373,7/l0 412, B8 1155, 179 S02,777 5,>'),1>52 1,14,37'1 679,5'13
10.2'> 301J,954 331,311 11 365,103 402,601> 444,2b6 490,')1l2 541,939 59'1,0·]3 662,37"
10.50 2'1q,~~0 3;>3. B53 3'50,680 3'13,lb2 1133,b79 117B,b7S 521:1,640 ,>fl4,113 b 45,691
10.75 287,''>0 316,S39 311R, '>0 11 31l3,9'17 423,1l06 467,163 51 <;,741 569,bb5 029,511
11.00 281,01 309,457 340,Sbo 51S.IOO 413,437 'IS5,993 '>05,22'1 '>55,05? 613,A2<'
11.25 <'7'1.291 302,'578 3~2,H58 366,1l64 403,762 445,1<;5 491,090 5112,O60 598.608
11.50 26'1.3;>6 2'15,896 525,3B 3'5H,081J 5911,370 43Q,b57 1179,313 528,871> 583.851
11.75 ;>63,530 2/l9,IlO~ 318,104 349,95fl 385,253 1124,429 {j07,eR5 516,Q811 569.5H
I?oa 257,H97 21i5,09H 3\1,0 112 3112, 05? 371>,1102 414,520 1l'>6,794 50J,673 555,6'.>2
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5 APRIL H ALASKA POwER AUTHO~ITY

ANCHORAG[ ~ FAIRBANKS INTERTJE
~CONOMIC FEASIBILITY STUDY

ECON.ANAL.NO 8

CAPITAL DISBURSEM~NTS FUEL COMPONENT OF OPERATING COSTS
IN $1000 FOR IN $1000 FOR

ALTERNATIVE SYSTEM EXPANSIONS ALTERNATIVE SYSTEM EXPANSIONS

INDEPENDENT INTERCONNECTED INDEPENDENT INTERCONN[CTED
COSTS ~ $79 COSTS - $79 ESCALATED $ ESCALATED $

1979
1980
1981 q, 0 II
1982 2,009 111,228
1983 26,6bb IIb,967
19811 81,9112 10,9"9
191\" 37,172 31,539 8,lIb8 7,b48
19B6 27,727 5,1.1/'10 9,32Ll 6,1.198
19B7 33,"52 23,929 10,267 9,029
198B 106,555 90,237
19R9 14.,,210 13",530

rr1 1990 9!1,760 115,,)30
1991 119,1.175 112,834
1992 101,580 89,3.,2 6,851 8,324

N 1993 58,4.,0 108,400 7,212 8,6511
N

19911 ?9,BLlO 74,830 7,933 8,01b
199'5 23,935 22,820 8,65/t 8,7 11"
1996 17,630 9,015 q, 109

ADDITIONAL DISHURSEMENTS SUSITNA CONSTRUCTION POWER COSTS
IN $1000 FOR IN $1000 fOR

UNDERLYING TRANSMISSION SYSTEM ALTERNATIVE MODES OF SUPPLY

INDEPlNOENT INTERCONNECTED DIESEL Gf.NERATION INTERTIF. TAPtINE
COSTS ~ $79 COSTS ~ $79 COSTS ~ $79 COSTS ~ $79

1979
1980
1981
1982
19/13
1984
1985 2,835 267
19Bb 695 1.183
191J7 697 lIBI
1980 696 1.178
1989 3,·0')~ 752
1990 1,321.1 902
I ClQ 1 lin 7311
1'192 b23 lI30
Iq'l.$ 623 41Q
199Li -500 30Ll

10 '1"
19Qo
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5 APRIL 79 ALASKA POwER AUTHORITY
ANCHORAGE - FAIRBA~KS INTERTIE

ECONOMIC FEASIBILITY STUDY

ECON.ANAL.NO 8

DISCOUNTED COST RATIOS FOR RANGE OF BASE YEAR (1979) COSTS
ESCALATlO OVER EXPANSION PERIOD - 197q TO 1996

---------------------------------- ESCALATION RATES ----------------------------------
VISCOUNT 4% "X 6% 7% 8X 9X 10" 11" 12%

RATE ====== .. ----- ------ ------ ------ ------ ====== --_ .. -- ~====:;------ ------ ------ ------ ------ ------

8.00 1.050 1.044 1.039 1.033 1 .021:1 1.022 1.017 1. 0 12 1.006
8.25 1 .051 I .045 1.040 1.034 1.029 1. 024 1. 01B 1.013 1.008
8.50 1.052 I.O/H 1.041 1.036 1.030 1 .025 1.020 I • () I 4 1.009
11.7" 1.0"4 1.048 1.043 1 .037 1.032 1. 026 1 .021 1. 0 I 6 I .0 10
9.00 1.055 1.0S0 1.044 1.039 1.0'33 1.0211 1 • U2 2 1 • 0 I 7 1. 0 12
9.2" 1.0':>6 1 • () 5 1 1.01~b 1.040 I .035 1.0?9 1.024 I .018 1.013
9."0 I.OSII I.OS2 1 .047 1.041 1.036 1.030 1.025 1.020 1. 014
9. 7" I.OS9 1.054 1.011R 1.043 1.037 1. 0$2 1.026 I .021 1 .016

10.00 I .0 b I 1. 0"5 1.050 1.044 1.039 1.033 1.0?8 1.022 I .017
10,25 1. 062 1.0')6 1.0"1 1.046 I .040 1. 035 1.029 1.024 1.018
10.50 1.063 1.051:1 1.052 1,047 1 .04 I 1.036 I .0.5 1 1.02S 1.020

rn 10.75 1.005 1.0S9 1.054 1.048 1.043 1 .037 1.032 1.027 1. 021
I I • 00 1.0b6 I .0 b I 1. 0"5 1.0':>0 I • 0 I~ 4 1.039 LOB 1. 028 1.023

N
11.2" 1.067 I .062 1 .050 I. 051 1.046 I.O/JO 1.035 1.0 ?9 1,02/J

w 11.S0 1.009 1.063 I • US8 1.0')2 I. Oil 7 1. 041 1.036 I .031 1. 025
II • 7 r, I .070 1.065 1.059 1.054 1.048 1.0ln 1.0.H 1.032 1. 027
12.00 1.071 1.066 I • 0 b 0 1 .055 1.0'-'0 1.044 1.039 1.033 1.028

DISCOUNTED VALUE OF DISBURSEMENTS FOR INDEPlNOENT EXPANSION
COST RATIOS = ----.------.-----------_._--------------_.---------------_.---

DISCOUNTED VALUE OF DISBURSEMENTS FOR INTERCONNECTED EXPANSION



~~'l -'"'1 "'") -"'Cl """') '--1 1 ···"···1 --'1 . "J '1 '". '1 ---"'1 -. '__ 'I 1 I J

5 APRIL H ALASKA POWER AUTHORITY
ANCHORAGE - FAIRBANKS INTERTI~

~CONUMIC FEASIBILITY STUDY

ECON.ANAL.NO 8

DIFFERENTIAL DISCOUNT~O VALU~ OF BASE YEAR ( 1979) COSTS
INDEPENDENT SYSTEM COSTS MINUS INTERCONN~CTED SYSTEM COSTS

(IN $1000)

---------------------------------- ESCALATION RATFS ----------------------------------
DISCOUNT L1X ~X 6% n. 8X 9X 10% 11% 12X

RATE ------ ====== ------ ------ ------ ------ ------ ====== ------------ ------ ------ ------ ------ ------ ------
8.00 30,913 30,276 29,194 27,")9~ 2'>,399 22,515 18,844 14,27":0 8,685
8.25 31,014 30,476 <'9,511 28,0~0 26,015 23,319 19,865 15,546 10,243
8.50 31,094 30,649 29,796 28,1167 26,586 24,070 20,824 16,7L16 11,720
8.75 31,1S3 30,798 30,0":01 28,8L18 27,115 24,771 21,725 17,878 13,117
9.00 31, 192 30,922 30,278 <'9, 195 27,604 <'5,425 22,571 18,945 14,440
9.25 31,212 .H,024 30, 1177 29,509 28,0~3 26,033 23,363 19,950 15,689
9.50 31,214 31,104 30,650 29,793 28,466 26,597 24, 104 20,895 16,870
9.75 31,199 31,164 30,798 30,046 28,f\4L1 27,120 24,796 21,783 17,985

10.00 31,1 69 31,20 11 30,923 30,??1 29, PHI 27,604 25,4/12 22,617 19,03'5>
10.25 31,123 31,225 31,025 .s0,470 29,')00 28,049 26,042 23,398 20,02'5>

fTl 10.50 31,063 31,229 31,106 30,6L12 29,781 28,4'18 26,601 24,130 20,957
10.75 30,990 31,216 31,1 66 30,791 30,033 28,832 27,118 24,813 21,833

N
1 1 • 00 30,903 31,18A 31,208 30,916 30,<'58 29,1 711 27,'196 25,4~1 22,6'5>5

+>0 11.25 30,805 31,11~4 31,231 31,019 30,455 <'9,483 28,037 26,045 23,427
11 .50 30,695 31,OA6 31,236 31,100 30,628 29,763 <'8,443 26,597 2L1,149
11 .75 30,~75 31,015 31,226 31, 162 .so, 717 30,014 28,814 27,110 24,824
12.00 30,44L1 30,9.s2 31,199 31,205 30,902 30,238 29,1')4 27,583 25,455
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') AP~IL 79 ALASKA POWER AUTHORITY
ANCHORAGE - FAIRUANKS INTERTIE

ECONOMIC FEASIBILITY STUDY

ECON.ANAL.NO 8

DISCOUNTED VALUE OF BASE YEAH (1979) INDEPENDENT SYSTEM COSTS
IN $1000

----------------------------------- ESCALATION RATES ----------------------------------
DISCOUNT 470 Si- 670 7i- 8r. 970 10i. lU 1270

RATE ------- ------- :====== -- .. ---- ------- ------- ======= ======= :=:====------- ------- ... _----- ------- ---_ .... --
8.00 654,225 716,927 785,918 861,816 9q5,299 1,037,112 1,138,066 1,2 119,05<? 1,371,043
8.25 639,3'11 700,481 167,129 8111,690 923,041 1,012,486 1,110,819 1,218,906 1,337,690
8.'>0 6211,883 684,118b 750,042 822,135 901,405 988,552 1,084,343 1,169,617 1,305,290
8.75 610,808 60R,929 732,842 803,116 !:lIlO,Hl 96",288 1,058,612 1,161,157 1,273,813
9.00 597,114 653, '90 716,114 7811,621 859,·921 9112,674 1,033,604 1,153,501 1,243,229
9.25 ':S1l3,790 6.39,073 699,842 166,0.34 840,035 920,688 1,009,294 1,106,622 1,213,510
9.50 "70,824 b?lj,748 684,013 749,139 820,697 899,")11 91\5,661 I,ORO,495 l,1fl4,627
9.7':J 5')8,?05 bIO,H09, 668,61") 73?,1.?1 801,890 878,5;>.3 9b2,oflll 1,055,098 1,156,5S5

10.00 51j5,9n 597,2411 6,)3,628 715,So6 783,590 858,306 940,3112 1,030,406 1,129,21,7
lU.25 "33,905 58 q, 0III 639,U1l6 699,4')7 765,799 838,6 1n 918,615 1,006,39 8 1,102,740

rr1 10.50 522,324 571,189 6(>4,854 6A~,783 748,485 819,516 897,q84 91\3,052 1,076,9Qa
10.75 510,990 558,078 011,0111 668,')30 7.S1,639 800,Q08 1\70,930 960,348 1,0:>1,869

II, 0° 499,9')3 546,49fl 597,"95 6')3,6811 715,24" 782,804 856,9)" 9~8,2bO 1,027,4RO
N 11.2S 489,205 5311,637 "BQ,~O'5 b39,;>.B 699,291 70';,11:\8 83"1,111)3 916,71:\') 1,003,7bl
(]"I

1 1.50 4//'.,7)6 ">23,088 511,759 620;,166 683,763 748,045 818,556 895,889 980,689
11.75 Q6R,5.3'l 511,8.39 5"9,3119 611,471 60H,6IJ7 731,361 800,159 8"15,558 958,246
12.00 1I'l8,604 500,883 5117,263 59A,1.36 653,932 715,121 782,215 855,775 936,412

DISCOUNTED V4LU~ OF BASE YEAR (1979)!NTERCONNECTED SYSTEM COSTS
IN $1000

----------------------------------- ESCALATION RATES ----------------------------------
DISCOUNT 4~ 5X 6~ n 8X 970 107. Iii. 127.

RATE ------- ======= ------- ------- ====::== ======= . ------ ------ . ---------.---- ------- ------- ------- -.----. -------
13.00 623,312 686,6"2 756,724 834,221 919,901 1,014,597 1,119,222 1,234,777 1,362,358
e.2':> 001),336 b70,005 738,218 813,646 897,026 989,167 1,090,95" 1,203,360 1,327,4Q6
A.50 593,71',9 653,837 720,2116 793,6b8 87lJ,fl19 9611,1J82 1,063,519 1,172,1171 1,293,570
8.75 579,6~5 631:\,131 702,791 7f4,2bR l:iS3,2S6 940,517 1,036,81:\7 1,1113,279 1,260,696
9.00 505,923 6n,873 685,1:\36 755,426 832,317 'l17,249 1,011,033 1,114,556 1,228,790
9.25 5'12,579 008,049 669, S6') 137,125 fill, 98~ eQlJ,o"" 985,931 1,080,672 1,197,820
9.50 539,610 593,61J4 6"3,363 719,)47 792,231 !:\72,713 961,5')7 1,059,600 1,167,757
9.75 527,OO~ 519,bQ6 637,8111 7U2, (1 f':S 773,OIJ6 8"1,1103 Q37,8H8 1,033,314 1,138,570

10.00 514,753 50b,01l0 622,70') 68",;>94 7':>lJ,IJOB 1:\3n,703 ClllJ,900 I,OD7,789 1,110,232
I f). 25 502,842 552,816 60Cl,u21 66A,9BiI 136,299 81l),5Y4 8'lc,572 983,000 1,082,714
10.50 491,261 539,901 '5Y3,7118 6S3,141 711:l,70 /• 791,058 870,Rti3 958, 'In 1,055,9 'l 1
10. 75 111'.0,000 527,llo2 579,A15 637,7VI 701,605 772,076 849,·1'12 935,':>35 1,030,030
11, () 0 469,050 515,310 566,",:\7 622,768 084,988 753,031 829,339 912,Fl14 1,004.825
I 1 .2') 1l')1\,400 503,493 ':>':>3,2711 001;,215 6bH,IJ3h 73S,11)'; RUY,446 e90,740 980,334
11.50 4Qf\,04! 11 0 <,,001 ')110,':>23 59'J,06b 6"3,135 71B,2 R2 1'/0,113 e09,291 956,5 11 1
I 1 .75 437,904 4/:i0,52Q :'28,1<'3 5" 0, }U/:I 6~7,870 701,3Qo 771,1;2':> 84B,1l4B 933,4a
12.00 Q28,1",0 4bg,9'l2 516, I) 6 3 ':>/:>0,931 023,030 6FlI.<.B53 '/53,OtJ2 (j2t'>, 192 910,9'58
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APPENDIX F
TRANSMISSION LINE FINANCIAL ANALYSIS
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APPENDIX F
TRANSMISSION LINE FINANCIAL ANALYSIS

ANCHORAGE-FAIRBANKS INTERCONNECTION

SEMI-ANNUAL DISBURSEMENTS

FOR

TRANSMISSION INTERTIE FACILITIES

(TLFAP)

1979

BASE-LINE

AND

ESCALATED

COSTS

F - 1
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2£1 APHIL 19 ANCHONAGt - F.I~~A~~S I~IE~CUN~ECrI0~

S[MI-Ati'lllJAL D1St'lllRSE~Er-.1 ~ FUR TRANSrll SSlUN IIJTENT IE f ACILI TIES
UNINFLATEIJ 1979 LEV!:.L COSTS

----_.----.------------------------------------------- -~-_.-_._-------

-----------------.-------..._---_•..----------------_.---,--------------

-----------------...--..---_._---------------------------------------_.

LIi'<£
NO

102.0
101.1.0
105.0
106.0
108.0
11 0.0
112.0
114.0
116.0
119.0
120.0
122.0
130.0
132.0
133.0
134.0
136.0
138.0
11.10.0

,., 141.0
145.0

. 146.0
N 1£19.0

150.0
152.0
153'.0
154.0
156.0
158.0
160.0
102;0
lM.O
166.0

1. TRANSMISSIUN LINE
ENGINEEHING AND CUNSTRUCTIuN

SUPERVISION
IHGtH UF WAY
fOUNDAoTIONS
TO"'ERS
HAR()~AoHE

INSUlA10kS
CONDUCTOR

.SUB-TOTAL

2. :)UdSUTIUNS
ENGINEERING & CUNSTRUCTIUN

SUPE.rlVISIUN
LAND
TRANSFORMERS
tIRcun HrlEAKERS
STATION EQUIPMENT
STRUCTUkE8 & ACCESSORIES

SUB·TuTAL

3. CONTROL AND COHMU~ICATI0NS

ENGINEERING AND INSTALLATION
S0PEwVJSION

EQUIPMENT

SUB-rOTAL

TorAL

TOTAL fOR YEAR

19t11-1

4':12
o
o
o
o
u
o

4~2

5td
81
o
o
o
o

644

o
o

o

1096

o

19t1l-2

153
aQ9

o
o
o
o
o

2'162

r,b3
o
o
o
o
o

.,63

o
o

u

3525

4621

191\2-1

o
0628

o
o
o
o
o

b028

~6:S

o
341
391
269
805

2369

o
o

o

89'1b

o

1982-2

~9i'

o
2260

o
o
o
o

267c.

'::163
o

S96
684
471

1610

3'124

o
o

o

bS9b

l'i'i9c!

l<HH-l

b93
o

61b5
9727

72
75

l611.!

1"346

282
o

S96
684
471

1610

3b42

71
1254

1325

23313

o

1983-2

123
o
l)

I1!HI8
40~

tl28
9147

225'11

282
o

110
195
135

o

782

</4
18tll

1975

25548

'I80bl

TlJTAL

3012
8837
8445

21615
tl71
503

10761

536~0

2816
81

1703
1953
UQ5
4026

11921.1

165
3135

3300

688711

b887t1
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ell APRIL 79 ANCrlURAGE - fAIHbAN~S INTERCUNNECTION
StMI-ANNUAL OISBUHSE~ENTS fUN r~ANSMlSSlO~ INIEHTIE FACILITIES

tuS1S INfLATt0 F~UM 1979 UASfLINE

---_._-------_._------------------------------------------------------

._---------------_._-------~--------~---_ ..---------------------_.._--

LINE
11IO

172.0
171l.0
176.0
178. a
180.0
182.Q
181l.0
lB6.0
189.0
190.0
191.0
200.0
202.0
201l.V
206.0
2011.Q
210.0
211.0
215.0
216.0

." 217.0
21R.0
219.0

(.oJ 220.0
222.0
U4.'0
226.0
228.0
230.0
232.0
2311.0
235.0

1. TRANSMISSIUN lINE
ENGRG & CONSTR. SUPERV.
RIGHI OF .,.AY
FUJNUAIIUNS
TU~~RS

I-IAROriARE
INSULATORS
CQNIJUCIUR

SUtj-10TAL

2. SUijSTAT IONS
ENGRG & CUNST. SUPERV.
LAND
TRANSFO~MERS

CIRCUIT BKEAKERS
STATIUN EQUIPMENT
STRUCTURES ~ ACCESSORIES

SUBTOTAL

3. CONTROL AND COMMUNICATIONS
ENGINEtwING AND INSTALLATION

SUPtRV15IUN
f:JWIPMENT

SUI:l-TUTAl

TOTAL

SUHMAWY OF PRICE ESCALATION
AT 6.0% ~A

19t1l-1

1152
o
o
o
o
o
o

1152

503
81
o
o
o
o

bqll

o
o

()

10116

o

19t1l-l

783
2298

o
o
o
o
o

3081

566
o
o
o
()

o

5el6

U
o

u

366b

1111

19t12-1

o
7169

U
o
v
v
o

7169

bUll
o

368
lIa
291
871

25b2

o
o

o

9BO

7311

1982-2

1I110
o

250!l
o
()

o
o

3uO':)

b34
o

1>70
709
!l30

1811

41114

o
o

o

71119

8211

19113-1

810
o

721e.
113/9

81l
I3B

lUll8

211162

329
o

697
1:'000
551

18811

11261

113
11167

15')0

nU3

3900

1963-2

879
o
U

11146'1
1I93
520

11129

27485

3tl3
V

207
238
lbll

o

951

II II
2289

2403

30839

5492

TOTAL

33bS
911b6
9777

258iU
577
608

13017

62653

30611
81

1943
2229
1~35

4566

13418

197
3756

3953

600211

11150
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ANCHORAGE-FAIRBANKS INTERCONNECTtt'MI

FINANCIAL PLAN A

BASE-CASE

(TLFAP)

70% REA LOAN AT 5% INTEREST RATE

30% MUNICIPAL BONDS AT 7.5% BONDING RATE

100% COMBINED SOURCES AT 5.7% COMPOSITE RATE

F - 4
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24 APRIL 79

--------------------------------------.----_..------------------~-----TOTAL 1090 30bb 97.50 7419 27273 30839 80024

INr~REST DURING CONSTRUCTION
APA BONDS 0 0 0 0 0 0 0
REA LOANS u 19 63 254 383 801 1000
eFe LOANS 0 0 0 0 0 0 0
FF6 LOANS 0 0 0 0 0 \) 0
Al'W BONDS 0 b 27 83 128 l8b 529
FMU RONDS 0 0 27 63 128 28b 529

-----------------------------------------------------------------._---TOTAL 0 32 137 419 039 1432 2b59

"'T']

(Jl

LINE
NO

400.0
401.0
~()2.0

403.0
404.0
405.0
400.0
408.0
409.0
410.0
411.0
412.0
q13.0
414.0
415.0
41b.O
417.0
420.0
421.0
422.0

FUNDING SOUHCES
APA BONDS
REA LOANS
CFe LOANS
FFU, LOANS
AMU 130NIJS
FI1U !iONOS

ANCHOKAGE - FAIRBANKS INTtRCONNtCTIOh
FUNO ll'fti--sotJHEf:S---ATtU- -.

I~TlHEST ~uHI~~ tU~~THUC'IUN

1981-1 1981-2 1<UU-l 1982-2 19tH-l 196~-2 TOTAL

0 0 0 0 0 0 0
707 ~Sb7 0811 5193 19091 21588 50017

0 0 0 0 0 0 0
u 0 0 0 0 0 0

104 5'30 1400 1113 4091 4b2b 12004
104 5S0 1400 1113 4091 4b20 12004-
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24 APRIL 7q ANCHOHAGE - FAI~BANKS INrtHCoNNECTION
Of. f; r JAtH.:E ANO ...

CUMPU9lJE [~TEHtSr RATt

LINE lqtll-1 lqtll-2 tq82-1 lq8l-2 19tH-l lq1:l3-2 JUrAL
NO

430.0 % DEBT ASSUMEo BY EACH ~TILlr1

432.0 AI1L &. P 15.110 O.ll 0.0 0.0 0.0 0.0 15.00
434.0 CEA lO.lJO o.u 0.0 0.0 0.0 0.0 lO.OO
431:».0 MEA .s.00 0.0 0.0 0.0 0.0 0.0 5.00
438.0 HEA, 1.00 0.0 0.0 0.0 0.0 0.0 1.00
44Z.0 FMUS 15.00 0.0 0.0 0.0 0.0 0.0 15.00
'144.0 GVEA 3b.00 0.0 0.0 0.0 0.0 0.0 3&.00
4Qb.O CVEA 0.0 0.0 0.0 0.0 0.0 0.0 0.0
447.0
448.0
449.0
450.0 DEBT ASSUMED BY EACh UTILITY
452.0 AML & P 1M 550 1460 1113 4091 41:»2& 12004
454.0 CEA 329 1100 2~lY 222& 8182 q252 24001
45&.0 MEA 33 110 2q2 223 818 925 2401
458.0 HEA 11 37 97 74 273 308 800
402.0 fMUS 164 550 14&0 11 U 40ql 4bi!b 12004
4&4.0 GVEA 3qS H2O 3503 21:»71 9818 11102 2880q
401:».0 CVEo\ 0 0 0 0 0 0 0

"r1 4&8.0
._____._.______.___________.__________.~--A_. _______________~_••---___

470.0 TOTAL DEBJ 109b 3bl:»& qno 7419 27273 3083q 80024
472.0

O'l 474.0
471).0
500.0 COMPOSIJE INTEREST RATE CALCULATIONS
501.0 APA BONOS 0 0 0 0 0 Q "502.0 REA LOANS 2601 0 0 0 Q 0 2801
503.0 CFC LOANS 0 0 0 0 0 0 0
504.0 FF8 LOANS 0 0 0 0 0 0 0
505.0 AMU BONDS qOO 0 0 0 0 0 qOO
50b.0 FMU bONDS qOO 0 0 0 Q 0 qOO
508.0
510.0 COMPOSITE RATE 0.057 0.0 0.0 0.0 0.0 0.0 0.051
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2/1 APRIL 79 ANCHORAGE - FAIH~A~~S l~TfHCU~NE(TIUN

OEb) ~f~VICE SCHEOULE

LINE 191.'11 19tj'j 198b 191\' PH~/'1 19t19 199(/ 1991 1992 19q3 1994 1995
NO

152.0 APA
15Q.0 SINKIrvG FUNO 0 0 \I 0 I) 0 0 0 0 0 0 0
15&.0 INTEREST OUE lJ 0 0 0 0 0 0 0 0 0 0 0
158.0 ------------------------------------------------------------------------------------------------------------
160.0 S. FUNOt I NT EI~ES T 0 0 0 tl 0 0 0 0 0 0 0 0
101.0
160.0 REA
108.0 REPAYMENT 1600 1600 100\1 1600 1600 1000 IbOO 1000 1000 1000 1000 1000
171.0 ours, AI~OING 5i1~10 52816 Sll1b 49015 118015 4bll14 41181tl 43213 41613 40012 38 1H2 U811
172.0 INTEREsr DUE 2801 2721 2041 2501 24t11 21101 2321 2241 Zlbl Z081 2001 1921
174.0 --------------------------------------~~-~~~-~~~~~~-~~~~~~~~~~~~~--.~~,-~..~~---~~~--~-----~~---------
176.0 OEtlT SERVICE 4401 4121 112111 4101 4081 11001 3921 38111 3701 3081 3&01 3521
177 .0
182.0 cFe
184.0 REPAYMENT 0 0 0 0 0 0 0 0 0 0 0 0
187.0 OUTSTANDING II 0 0 0 '0 0 0 ,0 0 0 0 0
168.0 LNTERES' \I 0 0 0 0 0 0 0 0 0 0 0
190.0

---------------------------------~---------------------------------------------------.-----._---------.-----192.\) OEMT SEKVICE 0 0 0 0 0 Q 0 0 0 0 0 CI
193.0
198.0 HfJ

" 200.0 REPAYl'lfNT 0 0 0 0 0 0 0 0 0 0 0 0
I 202.0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0

204.0
---------------------------------------------~-----------------------------------_..-------.----------------"'-J 20b.0 S.FUNOtINTl:Rf.S T 0 0 0 0 0 0 0 0 0 0 0 0

207.0
212.0 AMU
2111.0 SINKING FUND 81 81 81 81 dl 81 81 81 81 81 81 81
210.0 INTEHEST DUE 9110 940 qllO 940 9110 9110 940 940 940 940 940 '140
216.0

-------------------------------------------~---------------------------------------------.-.---_.-----------220.0 S.FUNOtINTEREST 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021
221.0
228.0 FMU
iHo.o SINKING fUND 81 61 81 81 61 al 81 81 81 81 81 81
232.0 INTEREsr DUE 940 '1110 940 Q40 940 9110 9lW 940 940 940 940 940
2311.0 -.-.----------------------------------------------.---------------------------------.--------.--------------230.0 S. Fl..li~D't1/11 TERES T 1021 10.!1 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021
250.0 lOTAL REPAYMENTS OR
251.0 S. FU~D PAYM~NTS 17&3 1763 Hb3 1763 1763 1763 H&3 17b3 17b3 17b3 I1b3 1703
253.0 TOT INTEREST DUE 4681 IIbOl 1I~21 1111111 11301 4261 42(,11 4121 40111 39&1 la81 3801
255.0

------------------------------------------------------.-------~--------.---------.---------.----------------257.0 TOTAL DEBT SERVI 011411 0364 6Z811 b204 61211 6044 5964 5884 5804 5124 5644 5504
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Z4 APRn 79 ANCrtUNA~t - FAIHbA~K5 iNrE~CUhNECiiU~

ulaT SlKVICE SCHEOUll

LINE 1990 19n 1998 19'19 2000 2001 2002 lO03 2004 Z005 2000 Z007
NO'

152.0 APA
154.0 SINKING FUNO 0 \) 0 \) 0 0 0 0 0 0 0 0
15&.0 INIEf/EST (jUE I) 0 0 0 \) 0 0 0 0 0 0 0
158.0 -..---.------------------.-----------------------------------------------------------------.----------------
160.0 S.FUND+INH.REST 0 II II 0 0 0 0 0 0 0 0 0
161.0
16&.0 REA
1&8.0 iolEPAYMEIlfT 1600 16UO 1600 t6UII 1bOO 1600 1600 1600 1&00 IbOO 1&00 1600
171.0 OUTSIANOING 350:'11 33610 32010 30409 26609 27206 2';606 2L10n7 22407 2080b 1920& 17&05
172.0 INTEREST DUE 1841 1761 1661 1&00 152u 1li40 13&0 1280 1200 1120 10liO 9&0
174.0 ------._--------------- .._-------------,.-----~.~_._.~~-~ ..--_...----------------_._----_.----.-_--------.----------_.-..._----.-.------
170.0 OEHT SERVILE 3441 3301 3261 3201 3121 30li1 . 29&1 281:11 2601 2721 2641 25&1
117 .0
182.0 CFC
184.0 RI::PAYHENT I) 0 0 u 0 0 0 0 0 0 0 0
187.0 OlJTSTANIHNG 0 0 0 0 0 \) 0 0 0 0 0 0
186.0 INTEktST 0 0 0 0 0 0 0 0 0 0 0 0
190.0

--------------------------------~-----------------.-------.-------------------------------------------------1n.v DEBT SEHVICE 0 0 0 0 0 0 0 0 0 0 0 0
193.0
198.0 HB

.." zoo.o REPAYI1ENT 0 0 0 0 0 0 0 0 0 0 0 0
202.0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
204.0 ---------------------------------------------------------.--------------_.---------.-..~-------.-------------CO 20&.0 S. FUNO+ IN TlREST 0 I,) 0 0 V 0 0 0 0 0 0 0
207.0
212.0 AMU
2111.0 SINKING FUND 61 81 81 81 61 61 61 81 81 81 81 81
21&.0 INTEREST DUE 940 940 940 940 940 940 940 941,) 940 940 940 940
218.0 -_._---_.------------------------------------------._----------------------------------------------------'----
220.0 S.FUNDtINTEHEST 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021
221.0
228.0 FMU
230.0 SINIUNG FUNO 81 81 61 81 61 81 81 61 81 81 81 81
232.0 INTEREST OUE 9110 9liO 940 9£l0 qQO 940 940 940 9liO 940 9QO 940
23t1.0 -------------------------------------------------------------------------------------_._-----._-------------
23&.0 S.FUND+INTERE.ST 10~1 1021 1021 1U21 1021 1021 1021 1021 1021 1021 . 1021 1021
250.0 TOTAL REPAYMENTS OR
251.0 s. FUND PAYMENTS 1763 17&3 1763 1763 1763 1763 17&3 1703 1763 17bJ 1703 1763
253.0 TOT INTEREST DUE 3721 3640 3~&O 3460 3400 3320 3240 3160 3060 1000 2920 28110
255.0

------~----------------------------------~------------------------------------------------...---------------257.0 TOTAL DEBT SERYI 5483 5li03 5323 5243 5163 5083 5003 4923 4843 47U 4683 4001
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24 APRIL 79 ANCHORAGE - FAIRUANK5 INTl~CONNECTlUN

Ot~l SERVICE SCHluULE

LINE 2110tl 20\1'1 2010 7011 c!1I12 20B 21114 2015 201b 2017 2018
NO

152.0 APA
154.0 SI HK I NG HIND 0 il 0 0 U 0 0 0 0 0 0
l!:1b.O INTEI<EST DUE 0 0 0 0 0 0 0 0 0 0 0
158.0

----------------------------------------------------~------------------------------------------_.--IbO.O S.FU"4D+!NTEHEST 0 0 0 0 0 0 0 0 0 0 0
101.0
106.0 REA
108.0 REPAYMENT IbOO 1/)00 1000 10011 1600 1600 1600 1600 IbOO IbOO IbOO
171.0 UUTSl ANIHNG 1000':) 1111+04 12804 11203 '1003 l.'uu2 btl02 4601 3201 IbOO 0
172.0 INTEREST DUE 880 800 n.o &40 500 460 400 320 240 IbO 80
174.0

___.a________________________________________ • _______________________________________________• _____

176.0 DE.eT 5tHV HE 2481 2401 c!,S21 221H 21bl 2061 2001 1921 1841 l7bl Ib81
177 .0
182.0 CFC
184.0 HEPAY"IENT 0 0 0 0 0 0 0 0 0 0 0
187.0 OUTSTANDING 0 0 0 0 0 0 Q Q 0 0 0
168.0 INTEREST 0 0 0 0 0 0 0 0 0 0 0
190.0 ..--._---------------.----------~.--------------------------------------------------_..-.----------192.0 DEBT SERVICE 0 0 0 0 0 0 0 0 0 0 0
193.0
198.0 FFe

"'T\ 200.0 REPAYi'lfNJ 0 0 0 0 0 0 0 0 0 0 0
202.0 OU1S TAl'IOING IJ 0 0 0 0 0 0 1/ 0 0 0

1,0 201+.0 ------------.------------------------------------.--------------------------------_._----.---------
~00.0 S.FUNO+INTEREST 0 0 0 0 0 0 0 0 0 0 0
207.0
212.0 A/'IU
211+.0 SINKING FUND 81 Al 81 81 81 81 61 81 61 81 81
210.0 HlrEREST DUE 940 9QO 940 940 940 940 94Q 9QO 0 0 0
218.0 _.._._-----------------_._-------------.--.--.-----------------------------------------------------
220.0 S.FUND+lNJEREST 1021 1021 1021 1021 1021 1021 1021 1021 81 81 81
221.0
228.0 FMU
230.0 SINKING FUND 81 81 61 til 81 81 lSi 81 61 81 81
232.0 INTEREST VUE 940 qQO 940 940 940 940 91+0 940 940 940 940
2311.0 ----------------------------------.-------.------------------------.-----------------------.-------
230.0 S.FUND+INTEREST 1021 1021 1021 1021 1021 1021 1021 1021 1021 1021 . 1021
250.0 TOTAL REPAYMENTS UH
251.0 S. FUND PAYMENTS 1703 1703 1703 17b3 1703 1703 1703 17b3 1763 17b3 17b3
253.0 - TOl INTEREST DUE 2760 2b80 2600 2510 2440 230U 2260 2200 1180 1100 --1020-
255.0 ------------------------------------------------.-.-.----------------------------------------------
257.0 TOTAL DEBT SEHVI 4523 441+3 4's03 4283 4203 4123 4043 39b3 2943 lBU 2783
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24 APRIL 79 ANCHORAGE - FAIk~ANK~ INTfR(~N~EC1IO~

OfriT HlPAY~ENT ANO SINKING FU~O

ALLUCATIUN HY UTILITY

LINE 1984 19t!5 1qtlb 19/H {<HHI 1'HIli 1'190 1991 19'1~ 1993 1994 1995

NU

352.0 AIotL II. P
35 1hO HfPAYMENT AMOUNT £611 l!oll lbll 204 2M ~b4 26l~ 2011 ~04 264 2M 264

351:1.0 ouTSTANDING 8991 8"127 6462 /H96 l~.n 7069 7405 711~0 667& 6611 6347 6082

360.0 INTEREST DUE 702 f)qo bIB 0/)0 654 042 630 618 bOb 594 582 570

301.0
3b2.0 CEA
364.0 HEPAYMENT AMOUNT ~2q ~29 529 ~2q 529 529 ~2q ~2q 529 529 529 529

306.0 OUTSTMWING 17'182 17454 10"'2'; 10396 15807 1~3~1:l 14809 14280 13751 13222 12693 12165

370.0 INTEREST DUE 1&104 1380 1356 1HZ 1308 1~84 1200 12~b 1212 1168 1164 1140

371.0
372.,0 MEA
374.0 REPAYMENT AMOUNT 53 ~3 53 ~J 53 53 53 53 53 53 53 53
378.0 OUrSTANI)ING 179& 1745 1092 1640 1567 1'>34 1461 1428 1375 1322 1269 1216

360.0 INIEREST DUE 140 Btl 136 133 Hl l~tl 120 124 121 119 116 114

381.0
382.0 HEA
364.0 REPAYMENT AMOUNT 18 ll:i 18 . 18 ltl 18 18 18 18 18 18 18
388.0 OUTSlAl'lDING 599 582 564 547 52'; 511 494 47& "58 441 423 405
390.0 INTEREST DUE. 47 4& 45 .. 4 44 4~ 42 41 40 40 39 38
391.0
402.0 FMUS.,., 40&1.0 REPAYMENT AMOUNT 264 264 264 204 204 26 .. 204 264 264 l64 2&4 264
408.0 OUTSTANDING 8991 8727 8&1h2 6198 7933 7069 1405 714.0 667b 6611 6347 6082

..... 410.0 INTEHEST DUE 702 690 678 666 054 642 030 618 606 594 562 570
a 411.0

412.0 GVEA
414.0 HEPAYMENT AMOUNT 63~ 635 635 635 635 635 635 63S 635 635 635 635
416.0 CUMliLA TI VE 635 126q 1904 2539 3173 380B 4443 5077' 5112 0347 6981 7616

418.0 OUTSTANDING 21~79 209411 20310 196/5 19040 16406 17771 17136 1&502 15867 15232 14598

1120.0 INTEREST DUE 1665 1656 1627 1599 1~70 1541 1512 1483 1455 1426 1397 1368

421.0
422.0 CVEA
424.0 REPAYMENT AMOUNT 0 0 0 0 0 0 0 0 0 0 0 0

426.0 CUMULATIVE 0 0 0 0 0 0 0 0 0 0 0 0
428.0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0

430.0 INTEREST OUE 0 0 0 0 0 0 0 0 0 0 0 0
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24 APRIL 79 ANCHOMAGl - FAIRbA~KS I~TlRCO~NECTIUN

OEBT MlPAWMlNI ANU SINKING FUND
ALL~CATIUN ~y UTILITY .

LINE 1990 1997 1"~'9lj t'i~9 20UU 2001 2002 lOO3 2004 2005 2006 2007
NO

352.0 AML & P
354.0 REPAYMENT AMOUNT 2b4 c?04 2b4 2b4 264 264 2M 264 264 264 264 264
358.0 OuTSTANDING 5/:;1/1 ':)1553 'j~8'1 ~02'j 4760 4496 4231 39b7 371)2 3438 :U73 2909
3bO.O INTEREST OUE 558 540 5.s4 522 510 49tl 486 474 462 450 438 426
3bl.0
302.0 CEA
3M.0 REPAY~ENT AMOUNT 529 529 ':)29 52'1 529 !»29 529 529 529 529 529 529
308.0 OUTSTANOING 11636 11107 10578 10049 9520 8991 8462 7933 7405 6870 6347 5818
370.0 INTEREST OUE 1116 1092 1008 10tll.l 1020 '196 972 948 924 900 870 852
371.0
572.0 MEA
374.0 REPAYMENT AMOUNT 53 53 ~3 53 53 53 53 53 53 53 53 53
318.0 OUTSTANDING 1164 1111 1056 1005 952 a99 846 793 140 688 635 582
380.0 INTEREST DUE 112 109 107 104 102 100 97 '15 92 90 88 85
381.0
382.\1 HEA
384.0 REPAYMENT AMOUNT 18 16 18 18 Ib 18 18 18 18 18 18 18
388.0 OUTSTANDING 38t! 370 353 335 317 300 282 264 247 229 212 194
390.0 INTEREST DUE 37 36 36 35 5t1 53 32 32 31 30 29 28
3'H .0

" 402.0 FMUS
404.0 REPAYMENT AMOUNT 264 204 264 264 264 Z64 264 264 264 264 264 2611
408.0 OUTSIANDING 5818 5553 5289 5025 Irl60 4496 4231 3967 3702 3438 3173 2909

I-'
410.0 INTEREST DUE 556 4'18 486 1174 462 450 438 4ZbI-' 546 534 522 510
411.0
412.0 r;VEA
414.0 REPAYMENT AMOUNT 635 635 b35 635 03!» 635 635 635 635 635 &35 635
416.0 CU"IULArIVE 8251 8885 9S20 10155 10789 11424 12059 12093 13326 13903 14598 15232
418.0 OUTSTANDING 13963 13328 12b93 ll059 11424 10769 10155 9520 8885 8251 7016 6981
4t?O.0 INTERf.Sl DUE 1339 1311 1262 lC!53 1224 11'15 1167 1138 1109 1080 1051 1022
421.0
4c?Z.0 (VEA
424.0 REPAYMENT AMOUNT 0 0 0 I) 0 0 0 0 0 0 0 0
426.0 CUMUlHIVE 0 0 0 0 0 0 0 0 0 0 0 0
428.0 OUTsrANDING 0 0 I) 0 0 0 0 0 0 0 0 0
430.0 INlElotEST DUE (/ 0 0 0 0 0 0 0 0 0 0 0
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24 APRIL 79 ANCNOHAGE - FAIHMA~KS INTEHCO~NECTION

OEMT RlPA1ME~T ANO SINKING FUND
ALLUCATIO~ 8Y UTILity

LINE 200f' 2u09 2010 2011 2012 2013 2014 2015 2016 2017 2UB
NO

352.0 AMI. & P
354.0 REPAYMENT AMOuNT 261~ 2btl 20tl loti 204 204 204 264 204 264 264
358.0 OUTSTANDING Zbllil 23t\O 2110 11:151 1587 1322 1058 7C13 529 264 0
360.0 INTEREST OUE 414 tl02 390 378 30b 354 342 330 177 165 153
361.0
362.0 CEA
364.0 REPAYMENT AMOUNT 529 529 529 52'1 ':129 529 529 529 529 529 529
308.0 OUTStANDING 5289 4760 4231 3702 3173 2b4t1 2116 1587 1058 529 0
370.0 INTEREST DUE 828 804 780 750 ' 732 706 684 boO 354 330 306
371.\1
372.0 MEA
314.0 REPAYMENT AMOUNT 53 53 53 53 53 53 53 53 53 53 53
316.0 OUTSTANDING 529 470 tl23 370 :.\17 264 212 15C1 lOb 53 0
3&0.0 INTEREST DUE 83 1'10 78 70 73 71 68 06 35 33 ' 31
381.0
382.0 HEA
364.0 REPAYMENT AMOUNT 18 18 11:1 16 18 18 16 18 18 18 18
388.0 OUTSTANDING 176 159 141 123 106 88 71 53 35 16 0
390.0 INTEREST DUE 28 27 26 25 2t1 24 23 22 12, 11 10
391.0

"'T1 402.0 FMUS
40tl.0 REPAYMENr AMUUNT 264 26t1 201~ 2b4 264 264 264 204 204 264 264- 40R.O oUtSTANDING 2644 2380 2110 1851 1587 1322 1058 '193 529 264 0

N 410.0 INTEREST DUE tl14 402 390 378 306 154 342 310 177 105 153
411.0
412.0 GVEA
414.0 REPAYMENT AMOUNT 635 &35 035 035 &35 035 o5S t135 635 03S 635
41&.0 CUI'IUlATI liE 15867 1&502 17130 17171 18406 1901.10 19b75 20310 20944 21579 22214
4 HI.O OUTSTANDING &347 5712 5071 1144J 3808 51 H 2539 1904 1209 635 0
420.0 INTEREST DUE Cl94 965 93& 907 878 850 821 792 425 19b 367
421.0
1122.0 CVEA
424.0 REPAYMENT AMOUNl 0 0 0 0 0 0 0 0 a 0 0
426.0 CUMULA TIYE 0 0 0 0 0 0 0 0 0 0 0
428.0 OUTSTANOING 0 0 0 0 0 0 II 0 0 0 0
1130.0 INTEREST DUE 0 0 0 0 0 0 0 0 0 0 0
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ANCHORAGE-FAIRBANKS INTERCONNECTION

FINANCIAL COMPARISON

OF

LOAN PACKAGES

(COMPARE)

10/15/5% CFC LOANS AT 8.75% INTEREST RATE

10/5/5% FFB LOANS AT 9.375% INTEREST RATE

F - 13
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PRESENT VALUE COMPARISON OF CFC/FFB PROPORTIONATE LOAN PACKAGES

Basecase: 10% CFC Funds @ 8.75%/10% FFB Funds @ 9.375%

Constr. Period I • 35 Year Amortization Period, ,
Year 0- 1 2 3 II S. 6 7 8 9 10 11 12

DEBT SERVICE AND FEES FOR ALL, LOANS
CFC 0 73 156 453 929 909 889 869 849 829 809 789 769
FFB 0 76 164 484 979 957 936 915 893 872 850 829 807

._------_._--------._---_._--------~_.-.-------------.._-------.--------~----.---,-----._----------------
TOTAL 0 149 320 936 1908 1866 1825 1783 1742 1700 lb59 lb18 157&

DISCOUNTED VALUE 0 139 279 764 1455 1331 1216 1111 1014 925 843 768 700
PRESENT VALUE lbb72 0 0 0 0 0 0 0 0 0 0 0 0

"T1 Year 13 20 21 22 23 24 2514 15 lb 17 18 19
I

......
,po DEBT SERVICE AND FEES FOR ALL LOANS

eFC 749 729 709 b89 6b9 bQ9 629 b09 589 569 549 529 509
FFB 78b 764 743 722 700 679 657 b3b 614 593 572 550 529

-------------..-----.---------_.-.-----------_._.----.-------------._----~---_.._-----._------_._-------
TOTAL 1535 1493 1452 1410 13b9 1327 1286 1245 1203 1162 1120 1079 1037

DISCOUNTED VALUE 637 579 52b 478 4n 393 356 322 291 262 236 213 191
PRESENT VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0..

Year 2b 27 28 29 30 31 32 H 34 35 36 37 38

DEBT SERVICE AND FEES FOR ALL LOANS
CFC 489 469 449 429 409 389 3M 349 329 309 289 ~b9 249
FFB 507 48b 464 ' 443 422 400 379 357 33b 314 293 271 250

-----------.-.--------------------------------._--------------.--_._-------------------.---_._-._--._--~
TOTAL 99b 955 913 872 830 789 747 706 664 623 582 540 499

DISCOUNTED VALUE 172 154 137 123 109 97 86 7b 67 58 51 44 38
PRESENT VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0
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PRESENT VALUE COMPARISON OF CFC/FFB PROPORTIONATE LOAN PACKAGES

Sub-Case 1: 15% CFC Funds @ 8.75%/5% FFB Funds @ 9.375%

Year 0 1 2 3 4 5 & 7 8 9 10 11 12

DEBT SERVICE AND FEES FOR ALL LOANS
CFe 0 110 233 &79 1393 13&3 1333 1303 1273 1243 1213 1183 1153
HB 0 38 82 242 489 479 4&8 457 447 43& 425 414 404

---------------------------------------------------------------_._......._._.--.-_._._---_....._--------
TOTAL 0 147 315 921 1883 1842 1801 17&0 1720 1&79 1&38 1598 1557

DISCOUNTED VALUE 0 138 27& 752 1113& 1313 1200 109& 1001 913 833 759 &91
PRESENT VALUE 1&470 0 0 0 0 0 0 0 0 0 0 0 0

Year 13 14 15 1& 17 18 19 20 21 22 23 24 25

" DEBT SERVICE AND FE~S FOR ALL LOANS
....... CFC 1123 1093 10&3 1033 1003 973 943 913 883 853 &23 793 7&3
U1 FFB 393 382 372 3&1 350 339 329 318 307 297 28& 275 2&4

--_____________________________________________________ e ___.-__ • ___________ • _________ • ________________·_

TOTAL 151& 1475 1435 13911 1353 1312 1272 1231 1190 1150 1109 10&8 1027

DISCOUNTED VALUE &29 572 520 472 428 388 352 318 287 259 234 211 189
PRESENT VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0

Year 2& 27 28 29 30 31 32 33 34 35 3& 37 38

DEBT SERVICE AND FEES FOR ALL LOANS
CFe 733 703 &73 &113 &13 583 553 523 493 4b3 433 403 373
FFB 2511 2113 232 221 211 200 189 179 1&8 157 14& 13& 125

-----------------------------------------------.------.--------------..---------------------------------TOTAL 987 911& 905 8&5 824 783 7112 702 &&1 &20 579 539 498

DISCOUNTED VALUE 170 152 13& 122 108 9& 85 75 && 58 51 44 38
PRESENT VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0
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PRESENT VALUE COMPARISON OF CFC/FFB PROPORTIONATE LOAN PACKAGES

Sub-Case 2: 5% CFC Funds @ 8.75%/15% FFB Funds @ 9.375%

Year 0 1 2 3 4 5 b 7 8 9 10 11 12

DEBT SERVICE AND FEES FOR ALL LOANS
CFC 0 37 78 22b 4b4 454 444 434 424 414 404 HII 384
HB 0 113 24b 72b 14b8 143b 1404 1372 n40 n07 1275 1243 1211

-----------------------------------------------------------------------------------------------_.-------
TOTAL 0 150 324 952 19B 1890 1848 180b 17b4 1722 lb80 lb38 1595

DISCDUNTEO VALUE 0 140 283 777 1474 n48 1232 1125 1027 937 854 778 708
PRESENT VALUE 16873 0 0 0 0 0 0 0 0 0 0 0 0

Year 13 14 15 1b 17 18 19 20 21 22 23 24 25

"'Tl

DEBT SERVICE AND FE~S FOR ALL LOANS
...... CFC 374 364 354 344 B4 324 314 304 294 284 274 264 254
O'l FFB 1179 1147 1115 1082 1050 1018 98b 954 922 890 857 825 793

----------------------------------------------------------------------------..---------.----------------
TOTAL 1553 1511 14b9 1427 138':) 1342 1300 1258 121b 1174 1132 1090 1047

DISCOUNTED VALUE b45 58b 532 483 438 397 3bO 325 294 2b5 239 215 193
PRESENT VALUE 0 0 () 0 0 0 0 0 0 0 0 0 0

Year 20 27 28 29 30 31 32 B 34 35 3b 37 38

DEBT SERVICE AND FEES FOR ALL LOANS
CFC 244 234 224 214 204 194 184 174 164 1')4 144 134 124
FFS 7bl 729 b97 bb4 b.32 bOO 5b8 S3b 504 472 439 407 375

---------------------~-------------------------------.----------------------------------_.•.------------TOTAL 1005 9b3 921 879 837 794 752 710 668 blb 584 542 499

DISCOUNTED VALUE 173 155 lH 124 110 98 8b 7b b7 ')9 51 44 38
PRESENT VALUE 0 0 0 0 0 0 0 0 0 0 0 0 0
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ANCHORAGE-FAIRBANKS INTERCONNECTION

FINANCIAL PLAN B

CHANGE-CASE 1

(TLFAP)

50% REA LOAN AT 5% INTEREST RATE

15% CFC LOAN AT 8.75% INTEREST RATE

5% FFB LOAN AT 9.375% INTEREST RATE

30% MUNICIPAL BONDS AT 7.25% BONDING RATE

100% COMBINED SOURCES AT 6.5% COMPOSITE RATE

F - 17
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24 APRIL 79 A~CHOHAGE - FAIHtlANKS INTERCU~NEcrluN

fU~Dl~G SOURC~S AND
I~Hkl:SI IiUkHHj CONSlkUCTlON

LINE
NO

1..,b1-1 1981-2 1'/8~-1 19f\2-2 1983-1 191n-2 TOTAL

"
I-'
CO

400.0
401.0
402.0
1103.0
404.0
405.0
40b.0
408.0
40'/.0
410.0
411.0
412.0
1113.0
414.0
415.0
416.0
417.0
420.0
421.0
422.0

FUNDING SOURCES
APA Bor'DS 0 0 0 0 0 a 0
REA LOANS 548 1833 't8b~ 3710 13636 1~420 (10012
eFe LOANS 104 ~~o 14bO 1113 4091 1I62b 120011
fFti,LOANS 55 163 487 HI U611 1542 4001
AMU BONDS 164 5S0 t4bO 11 U 4091 4626 12004
FMU I:WNOS 1M 550 tllbO 1113 4091 4b26 12UOll

---.._------------------_.-------------------------.-----------------.
TOlAL 1096 36bb 9no 7419 27273 30839 800211

INTEREST OUHING CONSTkueTIUN
APA SONDS 0 0 0 0 0 0 0
HEA LOANS 0 III 60 181 274 &15 11(13
eFe LUANS 0 7 31 95 11.l4 323 bOO
FFI:l LOAt~S 0 3 11 311 51 115 214
AMU IjOfllDS 0 b 2b 80 123 276 511
FMU BONUS 0 6 2& 00 123 27& 511

-----------------------------------------------.----------------------
roTAL 0 .35 154 470 715 1&05 2980
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2/1 APIHL 7Q ANCHO~AGt - FAIRBANKS INIEWCONN~ClluN

lH:.t1T Tf;dLE AI'.D
CUMPOSITE INTtRtST kAle

LINE l 'nl-1 1981-2 \9d2-1 1915~-2 1905-1 1963-~ TOIAL
NO

430.0 % DEBT ASSUMED BY lACH UTILITY
432.0 AHL K P 1~.1>0 0.0 O.J u.o 0.0 0.0 15.00
/1.$4.0 CEA .$0.00 0.0 1I.IJ 0.0 0.0 o.v .$0.00
43b.0 ME'" 3.00 u.o u.u 0.0 0.0 0.0 3.00
/I~/j.O HtA 1.HO 0.0 0.0 0.0 u.o 0.0 1.00
1142.0 rHUS 15.00 0.0 0.0 0.0 0.0 0.0 15.00
/1114.0 G'IEA 36.00 0.0 0.1> u.o 0.0 0.0 36.00
4116.0 C'IEA 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1147.0
/1118.0
11/19.0
/l50.0 DEBT ASSUMED BY EACH UTILITY
452.0 AML & I' 164 ~50 1400 1113 4091 4626 12004
/154.0 CEA 329 1100 2919 2220 6182 9252 24007
1156.0 MEA 33 110 292 223 618 925 2401
1158.0 HEA 11 37 97 74 213 308 800
462.0 FI1US 10/1 550 1(100 1113 4091 4626 12004
/164.0 G'Il4 395 1320 3503 2671 9818 11102 28809
466.0 C'IEA 0 0 0 0 0 0 0
<loR.O ---------~------~---~--------.--------.------------.-- ---------------.

" 470,0 TOTAL uEBT 1096 3660 9730 741'1 27213 30839 80024
/172.0

t-'
/174.0

~ /176,0
500.0 COMPOSIIE INTEREST RATE CALCULATIONS
501.0 APA I:!ONOS 0 0 0 0 0 0 0
0;02.0 REA LOANS 2001 0 0 0 0 0 2001
503.0 CFe LOANS 1050 0 0 0 0 0 1050
sall.o FFij LlIANS 375 0 0 0 0 0 375
505.0 AtolU BONOS 870 0 0 0 0 0 870
50tJ.0 FMO BONDS 870 0 0 0 0 0 810
508.0
510.0 eOMPuSltE RATE 0.065 0.0 0.0 0.0 0.0 0.0 0.0&5
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24 4PRIL 79 ANCHORAGE - FAlto<!3A:-IKS INT EkCUI"lNtc THI/I
DEBT SERVICE SCHtUULE

LINE 198&1 19ar, 148b 19H1 198tl 19ij9 1990 1991 1992 1993 19911 1995
NO

152.0 APA
154.0 SINKING FUf-lD 0 0 0 0 u 0 0 0 0 0 0 0
15b.0 INTE"E~l DUE 0 0 0 0 (j 0 0 0 I) 0 0 0
158.0 -----.----------------------------------------------------------------.-------------------------------------
IbO.O S.FUNOt1NTE~fST 0 0 0 0 U U 0 0 0 0 0 0
101.U
166.0 REA
168.0 FlEPAYMlNT 11113 1143 114,S 1143 1143 1145 11113 1143 114.3- 1143 1143 1143
171.0 OUTSTANDING 38809 31726 305/::l3 3')439 34296 331';)3 32010 30866 29723 28580 27437 262911
172.0 INTEREST (JUE 2001 1943 IH80 182? 1"/72 1715 1058 1000 1543 1466 '1i4~ 1312
174.0 -------------------------.----------------.-----------____________________ m _________________________________

176.0 DEBT SERVICE 3144 30tH 3029 297l. ~ql':l C!858 2/::l01 C! l/HI 2687 2029 2512 2515
171.0
182.0 eFe
184.0 HEPAYMl:NT 343 343 343 343 3Ll3 343 343 3113 343 343 343 3113
Itl7.0 OUTSTANDING 11661 11316 1097';) 10032 10C!89 99Qb 9003 92bO 8917 8514 6231 7688
188.0 INTt::kEST 105U 1020 990 900 930 900 870 840 810 760 150 720
190.0 -----------------.--------------~-----~---------------------------------------------------------------------
19l.0 DEBT SEHVICE 1393 1363 IH3 1303 1273 1243 1213 1183 1153 1123 1093 10&3
193.0
198.0 FF8

-n 200.0 RU'HMENT 1111 114 114 1114 1114 114 11'1 114 1114 1114 1111 1111
202.0 OUTSTANDING 3881 3173 3b58 3~4Q 3430 3315 3201 3081 2972 2858 2711q 2629
20Ll.0 -----------.-----------------------------------------------.----------------------------------.--------.----N 20b.0 S.FUNDtINTEREST 14001 ~881 3773 3658 35144 31430 3315 3~Ol 3087 2972 2858 27411a
2U7.0
212.0 AMU
21Ll.O SII~KrNG FUND 86 tlb 86 86 56 86 86 86 86 86 86 86
21b.0 INTEREST DUE 9U7 ClO7 907 907 907 901 907 907 907 901 907 901
218.0

-------.---------------------------------------------------.----------------------------~------------------.
220.0 S.FUNDtINl£REST 993 993 993 9'H 993 993 993 993 993 993 993 993
221.0
2£8.0 FMlJ
230.0 SIrlKING FUND Ilb 80 86 86 8b 86 86 80 86 86 86 86
232.0 INTEREST DUE 907 907 907 9UT 907 907 907 901 907 901 907 901
234.0 ------------------------------------------------------------------------------------------------------------
236.0 S.FUNDtINTEREST 993 9'13 99j 993 993 993 993 993 993 993 993 993
250.0 TOTAL REPAYMENTS OR
2~1.0 S. FUND PAYMENTS 1772 1772 1772 1772 1772 1772 1772 1712 1712 1772 1712 1772
253.0 TuT INTEREST DUE 8752 8551 8349 IH48 7947 77115 7S11q 7342 7141 t,Cl39 0731:1 cS36
255.0 -----------------------------.---------------------------------------~--------------------------------------
251.0 TOTAL DEBT Sl~VI 10'324 10323 10121 9920 9718 9517 9315 911,4 8912 6711 8509 8308
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III APRIL 19 ANCHOHAG~ - FAIHdA~KS l~rEHCU~NECTIUN

UtDI 5EHVICE SCHEuULt

LINE 19'H) 1997 199fl 1999 2000 2001 2002 2003 20011 2005 2006 2007
NO

152.0 APA
15~.O SINKll\j\7 f"U/,;O 0 0 0 0 0 0 i.l 0 0 0 0 0
15&.0 INH.kEST DUl:. 0 0 0 u u 0 0 0 0 0 0 0
158.0 ---_._-------------------------------------_._-------------------.-._--.-------------------------------------
160.0 S.FUND+INTERE.ST 0 0 0 0 0 0 0 0 0 0 0 0
161.0
10&.0 ~EA

168.0 REPAYMt.NT 11113 11£13 11113 11£13 1111,) 11£13 1111,) 11113 11113 11113 1143 1143
171 .0 OUTSTANDING 25150 211007 221:164 21721 20576 19434 18291 17148 1&005 148&2 13718 12575
112.0 INTEREST DuE 1315 1258 1200 1143 lu86 1029 972 915 857 800 743 &86
174.0 ---._.----------'-----------.--_.~-_._----------------------.-----------------------------_._----------------
176.0 DEBT SERVICE 24~tl 2401 .1344 2286 2229 2112 2115 20~8 2001 1943 188& 1829
177 .0
182.0 eFe
184.0 ~EPAYMENT 3113 343 343 343 3113 34,) 343 343 3113 343 343 343
11\7.0 UUTSTArlDI"lG 754~ 7202 btlS'l &516 &173 5830 5487 5144 4801 4458 411 & 3773
188.0 INTEREST b90 bbO &30 bOO 570 ~<lO 510 460 450 420 390 3bO
190.0

---.--------------------------------.------~--------------.------------.-------------------.~---------------192.0 lJEdT SERVICE 1033 1003 973 943 913 883 1353 1323 793 7&3 7H 703
193.0
1<18.0 FFB

." 200.0 REPAYMENr 114 114 114 114 114 114 114 114 114 114 114 114
202.0 OUTSTANDING 2515 2401 228& <!172 2056 1943 1829 1715 1&00 1486 1372 1258
204.0 -------------------_.----------._----------------------------------------------------------------------------

N 20b.0 S.FUNO+INTlREST 2b29 2515 21101 22b6 2172 2058 1943 1629 1715 lbOO 1486 1372......
207.0
212.0 AMU
214.0 SINKING Fut,D 8b 86 86 tlb 8t> tlb 86 8& 86 8b 8& 8&
216.0 INTE~EST DUE 907 907 907 907 907 907 907 907 907 907 907 907
218.0 -.-----_.--------------.----------------------------------------------------._----------------------------_.
220.0 S.FUNO+INTt:REST ~93 993 943 993 993 993 993 993 993 993 993 993
221.0
228.0 FMU
230.0 SINl\lNG FtJtlO 6& !\& 1:\& 86 86 tl6 86 1:16 8b 8& 8& 8&
232.0 lrHEREST L>vE. Q01 9111 907 901 907 907 907 9iJ7 907 907 907 907
2311.0

---------.--------.--------.-----------~.-.~-------.------------.-----.---------------------~.------------.-236.0 S .FUuDdN rEt<i:;ST 993 9~3 993 993 993 993 993 993 993 993 993 993
2~0.0 TOTAL ~EPAtME~TS OR
2~1.0 S. FUND PAYMENTS 1772 1112 1772 1172 1172 1772 1772 1772 1772 1772 1772 1772
253.0 TOT INTEREST OUt &335 biB 5932 5730 5529 5327 512b 4924 4723 4521 4320 4118
255.0

-----------------------------------------------------------------------------.----_._-------'----~--._-------
257.0 TOTAL DEar SfRVI 8107 79u5 7704 7~U2 7301 7099 &o'H! 6&9b &495 6293 6092 ';)890
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24 APtHL 79 A~GHOkAGE - FAiRBANKS l~ltHCUNNlCTION

ut~T SERVICE SCH£UUL£

LINE 2U08 2009 2010 2011 201l" 2013 lOll4 2015 2010 2017 2018
NO

152.0 APA
lSll.0 SINKING FUND 0 0 (I 0 0 0 0 0 0 0 0
156.0 INTEHESI DUE. l) 0 0 v 0 0 0 0 0 0 0
158.0 ---------------------------------------------------------------------------.-----------------------
100.0 5.fUNO+INltREST () 0 0 0 \l 0 0 0 0 0 0
lbl.0
1&&.0 REA
11>8.0 REPAYl'ltNl 114-S lltl3 1143 llq5 1143 l1'U 11£13 11113 1111} 11t1) 11113
171.0 UUT51ANOINb 11432 102B9 9146 8002 085<,1 5716 4573 311:S0 22tH, 1143 0
172.0 INTEHESI DUE &29 572 Sill 457 q\,lO 31.15 2db 229 171 114 57
1'1I.0

______ • ____ • _________ • ___________________ ~ ________________ ~____ • ________ w __________ • _________.-.___

170.0 ()EiH Sl::RVICE 1112 1715 1&58 1600 15113 146& 1429 1372 1315 1258 1200
177.0
182.0 (FC
lell.O REPAYMl::NT :S1l3 343 .s45 3113 343 343 343 3tH 343 3113 311l
187. 0 OUTSTANDING 311:S0 3087 2744 21101 2058 1715 1.H2 1029 bB& 343 0
Id8.0 INTEREST :no 300 C70 2qO 21\,1 180 150 120 90 00 30
lQO.O ------.----------------_._----------------------.--~------------------------------------.--------_.192.0 DEBT SERVICE 075 6113 613 583 S~3 523 493 4td 433 403 373
193.0
198.0 FFB

" 200.0 HEPAYtolENT 114 1111 114 114 1111 114 114 114 114 114 114
202.0 OUTS TANlJIN(, 1143 1029 915 800 &86 572 457 343 229 114 0
201l.0 -----------------------------------------------_._---------------------------.----_.-.--------_._--N 206.0 s. FUI~D+ INTEREST laS8 1143 102'1 915 aoo 086 572 457 343 229 114N
20.,.0
212.0 AMU
214.0 SINKING FUND 86 86 86 /jb 8t> 86 8& H& 86 86 86
216.0 INTEHEST DUE 907 907 907 907 907 907 '107 907 0 0 0
21B.0

----------------------------_._------_._---------------------------------------~-------------------220.0 S.FUNOtINIEREST qn '193 9'13 993 993 993 993 993 6& 8& 8b
2n. a
228.0 FI~U

230.0 SINKING fUND 80 86 86 86 86 8& 8& 8& 80 B6 86
232.0 INIEREST DUE '107 9CJ7 9U' 907 907 907 9Ul 907 907 9u7 907
23£1.0 ---------------------------------------------------_.----------------------------------------.---.-
230.0 3.FUND+INIEREST 993 9q:s '193 993 993 993 993 993 993 9q3 993
250.0 TOTAL HEP4YMENTS OR
251.0 s. FUND PAYMENTS 1772 1712 1712 1172 1772 1712 1172 1772 1712 1712 1772
2'B.0 rUT lNTERESl DUE 3917 3715 3514 3312 ll11 2909 2708 250b n97 1196 994
255.0

-------------------------------------------------------------------------------------------.---~--~257.0 TOTAL DEBT aERVl S689 51187 5261) 5084 lIB83 4081 411aO 4276 316'1 2908 2760
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24 API<Il 79 ANCHOHAbE - FAIHBANKS INTtWCU~NtCTIUN

DE~T ~EPArMENT ANO SINKING FUND
AllOCATION BY UTlllTY

LINE 19b~ 191'5 19t1o 1987 19Mtl 19119 1990 1991 1992 19m 1994 1995
NO

352.0 AMl & P
354.0 REPAYMENT AMOUNT 266 2bo cob 20b 20b Z60 loo 2b6 20b Zob 26b 266
356.0 OUTSTANOI"lb ~':II0 8200 13010 77"9 7';09 7259 7009 0758 6508 6258 6008 5757
36U.0 INT£flEST OUE 1313 1183 1252 12U 1192 1102 113C! 1101 1071 1041 1011 980
31:>1.0
302.U etA
30Ll.O REPAYMENT AMUUNT S32 532 ':132 532 532 532 ~32 532 532 532 532 532
31:>8.0 UUTSTANDING 11020 16520 16019 15519 15018 111.,18 14017 11517 13016 12516 12015 11515
370.0 INTEKESI DUE 2620 2'i65 2~0" 24114 238L1 2324 2C!03 2203 2142 2082 2021 1961
371.0
372.0 MEA
374.0 REPAYMENT AMOUNT 53 53 53 53 53 53 53 53 53 53 53 53
378.0 OuTSTANDING 1702 loS2 1602 1552 1502 14':12 1402 1352 1302 1252 1202 1151
380.0 II~TEKEST DUE 203 257 250 244 238 232 226 220 214 2b8 202 19b
381.0
382.0 HEA
364.0 REPAYMENT AMOUNT i8 18 18 18 18 18 18 18 18 18 18 16
388.0 ouTSTANDING 561 551 ':1311 511 501 484 467 451 434 417 401 384

-h
HO.o INTEREST OUE 88 80 d3 61 79 77 75 73 71 09 07 65
391.0
1102.0 FMUS

N 404.0 REPAY~£NT AMUUNT "06 206 200 20b 206 Z60 26b 20b 2b6 20b ~o6 200
w 4013.0 OUTSfANDING 8510 821>0 8010 7759 75U9 72.,9 7009 67~8 6508 6258 6008 5757

410.0 INTERESf OOE 1113 1283 1252 1222 1192 1162 1132 1101 1071 1041 1011 980
1I11.0
1112.0 GVEA
4111.0 kEPAYMENT AMOUNT 038 638 638 638 638 638 038 638 638 638 638 038
410.0 CUMULATIVE 638 1276 191q 2552 3189 3827 11465 5103 5741 0379 7017 7655
411:1.0 OUT ST Ai~DI NG 201124 19823 19223 18622 18022 17421 16820 16220 15619 15019 141118 13817
1120.0 INTEKEST DUE 3151 3078 3000 2933 2861 2788 2716 2643 2571 2496 2426 2353
Ll21.0
422.0 CIIEA
1124.0 REPAYMENT AMUUNT 0 0 0 0 0 0 0 0 0 0 0 0
426.0 CUMULATIVE 0 0 u 0 0 0 0 0 0 0 0 0
428.0 OUTST4NDING 0 0 0 0 0 0 0 0 0 0 0 U
430.0 INfEREST OUE U 0 0 0 U U 0 U 0 0 0 0
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21l APIol!L 79 AhCHOH4~~ - F4IHdA~~S I~rtR(ONNtcrIUN

UlhT Rf~AYMENr ANO SINKIN~ FUN~

ALLUCATION ~Y UTILITY

LINE 19<16 1997 1'Nti 19<19 2uOO cOlil 2002 .. 003 2uOlI 2005 200& 2007
NO

35c!.0 AML & P
354.0 REf>AYr1i::NT AMOUNT e6b 2bb e6b 2b6 COO 200 20b 260 26b 2&& 2&& 2&&
356.0 uUTSIANOING 5507 5257 5uol u7S6 450b 4lSb 1I006 3755 1505 3255 3005 27511
3bO.0 INTEREST DuE 950 920 890 860 82<l 7~9 709 739 708 678 6418 b18
301.0
362.0 CEA
31>£1.0 REPAYMENT AMOUNT 532 532 532 532 532 ~32 532 532 5320 532 532 532
.)1>8.0 OUTSrANUIN(; 11014 10511.1 lOU 13 ~5n 9U12 d51c? 6011 7511 7010 6510 6009 55\19
370.0 INrE~EST DUE 1900 1840 1119 171q 1059 1596 1531:1 14177 1417 135& 1296 1235
371.0
312.0 MEA
314.0 REPAYMtNT AMUUNT 53 53 53 53 53 53 ~3 53 53 53 53 53
378.0 OUTSTANDING 1101 1051 1001 951 901 851 1:101 1~1 701 &51 &0 1 551
3110.0 INTEKEST DuE 190 184 178 172 166 160 lSlI 146 142 136 130 124
.Hil.O
3/:'02.0 HEA
384.0 kEPAYMENT AMOUNT 18 18 18 18 18 18 18 18 18 18 18 18
31:\8.0 lJuISfAi'lOING 367 350 .,B1I 317 300 l811 267 250 23/l 217 200 1811
390.0 INTE"EST DUE. 63 61 59 57 55 53 51 49 47 45 43 41
391.0

"'TI 1I02.0 FMUS
40".0 REPAYMENT AMOUNT 266 266 266 2b6 266 266 266 26& 26& 2&6 cb6 2&6
408.0 OUTSTANOl''lG 5507 5257 5007 4756 lIS0b 1I256 4006 3755 3505 3255 3005 215/1

N 410.0 INH.REST OUE 950 920 8<;0 8bO 629 lqq 769 739 708 &78 611B US
-l::>

411 .0
412.0 GVE.A
414.0 HEf>Al'MtNT AMOUNT 038 638 b3d &36 638 638 638 636 &38 &38 038 &38
41t.>.0 CU"lULA TI VE 8293 8930 9568 10206 10BlIIj 11482 12120 12758 13396 111034 14671 15309
418.0 OUT~rAN[)ING 13217 12&1& 12016 11415 10815 10214 9613 9015 8412 7812 7211 &&10
420.0 INfEREST DUE 2260 2208 2115 2003 lq90 1918 18115 1773 1700 1&28 1555 11183
421. 0
4l2.0 C\lEA
4211.0 REPAYMl:.NT AMOUNT 0 0 0 0 0 0 0 0 0 0 0 0
il2b.0 CuMULA TI VE 0 0 0 0 0 0 0 0 0 0 0 0
428.0 UUTSTANDING 0 0 0 0 0 0 0 0 0 0 0 0
430.0 INTEREST DlJE 0 0 0 0 0 0 0 0 0 0 0 0
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Zli APRIl. 79 A~CHOkAGl - FAIH8ANKS INTEkCONNECTION
uthT ~tPAYM~NI AND SINKI~G FUNO

ALI.OCATIU~ BY UTILITY

LINE 2006 2009 bll0 lOll 2012 20U 20111 2015 2010 2017 2018
NO

352.0 AML & P
3~tI.o REPAYMtNT AMOUNT 2bb 2bb 2bb 2bb 2bb 2bb 2bb 2bb lbb 2bb Zbb
358.0 OuTST AN[>!NG 2:'0 '1 2254 2004 175~ I~03 1253 10H 7~2 5\)2 252 2
3bO.0 INTEREST DUE ~BI:l 5">7 ';27 4'H 4b7 "~b LlOb 376 210 179 149
3bl.0
362.0 CEA
3611.0 HEPAYMENl AMOUNT 532 532 532 532 532 532 532 532 532 532 532
368.0 UuTSIANOING 500f\ tl~/)lj LlOO7 3507 30lJb 2500 200S 15U5 1004 504 3
310.0 ttHEREST DUE 1175 111 ~ 105q 9911 'I.B tH3 81~ 752 Ll19 359 298
371.0
372.0 I~EA

374.0 REPAYMENT AMOUNT 53 53 53 ~3 53 ~3 53 53 53 53 53
378.0 OuT STANOING 501 Ll51 LlOl 351 301 251 201 150 100 50 0
380.0 INTEREST DUE 118 111 105 99 93 87 81 75 42 30 30
381.0
3bc.u HtA
3811.0 HEPAYMENT AMOUNT 18 18 113 18 16 18 18 18 16 16 18
388.0 OUTSTANDING 107 150 BLI 117 IOU 8t1 67 50 33 17 0
390.0 INIEREST DUE 39 ~7 ~5 .n 31 29 27 25 III 12 10
391.0

"Tl q02.0 FMUS
Ll04.0 ~EPAYMENT AMOUNT 2/)b lbb 20b 2bo 2bb 2bb 2bb 26b 2bb 2bb 20b

N 408.0 OUTSTA~UING 2504 2254 200q 1753 1503 1253 1003 752 502 252 2
U1 LllO.O INTEREST OUE 588 557 5,a 497 4b7 430 1I06 31b 210 119 149

1111.0
Ll12.0 GVEA
4111.0 REPAYMENT AMOUNT 638 638 03d 038 038 b~8 038 638 638 038 b38
416.0 CUHULAT IVE 15947 1b585 17223 17801 1849q lq137 lq775 201112 21050 21088 2232b
418.0 OUTSTAI~DING 0010 5409 4809 Ll206 3b07 3007 2110b 1800 1205 001i 4
420.0 INTEREST DUE 1410 1337 1205 1192 1120 1047 975 902 503 431 358
1I21.0
4U.0 CVEA
424.0 REPA~MENT AMOUNT 0 0 (,) 0 0 0 0 0 0 0 0
1I20.0 CUMULA rIVE 0 a 0 0 ,0 0 0 0 0 0 0
428.0 OUTSTANDING 0 0 0 0 0 0 0 0 0 0 0
430.0 INTEREST DUE. 0 0 0 0 0 0 0 0 0 0 0

'~
:',


