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December 29, 1981

P5700.00
Mr. Dennis Rohan
SRI International
333 Ravenwood Avenue
Merlo Park, CA 94205
Dear Mr. Rohan: Susitna Hydroelectric Project

The purpose of this letter is to transmit jnformation in preparation for
your briefing on the subject, January 14 and January 15 in Bellevue,
Washington. Mr. Robert Mohn of APA has previously outlined the meeting
topics in his letter of December 7, to you.

Tnese materials are related to the Susitna study, Economic Analysis
Methodology and Preliminary Results and the Risk Analysis. Background
material for Acres' third area of briefing responsibility, Financial
Analysis, are being sent under separate cover.

Enclosed are separate briefing packages for the economics and risk analysis
topics. As you will note, at this time, we are getting into the middle of
each task's scope of work. As a result, the information presented here is
oriented towards methodology rather than results. We hope to have more on
the results side to present at the meetings.
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The Economic Analysis package includes six sections:

1 - A Scope of Work for the generation planning update work. This work
builds on the work done about one year ago for the Development
Selection Report.

2 - A draft memorandum of a coordination meeting held between Acres and
Battelle to review the respective studies and identify and resolve
conflicts where possible.

3 - An explanation of the economic analysis methodology which uses the
generation model production costs as a basis. The end product of the
economic analysis is a benefit-to-cost ratio.

4 - Preliminary results of the *with® and *without” Susitna, Railbelt
plans.

5 - Load Projections as supplied by Battelle, December 21, 1981.
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Dennis Rohan -2- December 29, 1981

6 - A summary of the Generation Planning Model, OGP, written and published
by General Electric, Schenectady, New York.

The Risk Analysis package contains the following:
The scope of work for the Risk Analysis

2 - A list of risk and construction activities

N e e
—
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3 - Risk analysis

4 - Progress status of work scope

f—

We hope that these packages provide you with sufficient background for our
briefings. If you have any questions on this material, please contact me
or Phil Hoover in Columbia (301-992-5300).
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Very truly yours,
o7

%’:é,/é 1ol wee®l
John Lawrence
Project Manager
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ITEM 1 - SCOPE OF WORK
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Item 1

DETAILED WORK PLAN - SUBTASK 6.37/6.38 - UPDATE GENERATION PLAN 11/10/81

Objective:

Update results of the generation planning studies based on detailed
information available to the study from the Battelle Power Alternatives
Study and the latest information on the Susitna Hydroelectric Project. The
primary tool to be used in this analysis is the General Electric Optimized
Generation Planning model.

Methodology:

The generation planning portion of the study Subtasks 04, 05, 06 and 07

~will follow this general methodology:

1. Pre-Susitna base system under economic parameters (low, medium and high
load forecasts).

2. Study period (1993-2010) without Susitna case with economic parameters,
medium load forecast.

3. Study period with Susitna case with economic parameters, medium load

- forecast.

4, Repeat for high and low load forecasts.

5. Test medium load forecast case using financial parameters.

6. Conduct sensitivity analysis on medium load case with the Susitna
project.
See Figure 1 for diagram of analysis.

Schedule:

This outline assumes an initial target start date of November 9 and a
completion date of January 22 based on the availability of information for
each of the Subtasks listed below. See Table 1 for a summary and
schedule.

Subtask.0l: Update Load Models

Based on information provided by Battelle/ISER and WCC derived load shapes
(Task 2) regarding load forecasts; medium, high and low forecasts for
energy (GWh) and peak (MW) for net generation demand (not just utility
sales) will be revised in the 0GP-5 Load Model program routine. ISER has,
in the past, presented projections for load in terms of utility sales.
Generation plans are developed based on sales plus transmission and
distribution losses or net generation. Also, since Battelle is using an
probabilistic model without a high, medium or low forecast per se, it may
be necessary to revise information from Battelle/ISER to conform with our
high, medium and low load forecast format, concentrating on the medium

case.

This subtask is completed.
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Subtask.02: Update Generation Model

According to March 1981 (Task 4) Report by Battelle, check existing
generation system planned additions and retirements for consistency, revise
if necessary.

Subtask.03: Update Alternatives Data

Review results of alternatives' cost and availabilities, as well as other
parameters, outages (forced and planned) and 0&+ costs. Data on fuel costs
and escalation patterns is also necessary from Battelle Task 1 fuel
reports. Update 0GP-5 model and check initial data preparation output.

At this point a second coordination meeting with Battelle will be
necessary. Some additional points discussed:

escalation from 1980 - Jan. 1982 price level

utility sales conversion to generation demand assumptions (note;
Battelle + 8 percent)

intertie cost assumptions with respect to thermal and Susitna
development plans

consistency of capital cost assumptions

preliminary reserve margin figures from Battelle

clarification of other points which may arise during the review of
alternatives data

planning parameters.

The alternatives selected by Battelle for use in the Susitna study
generation planning update are:

coal-fired steam electric at Nenana and Beluga

gas-fired combined cycle plants at Anchorage or Fairbanks
gas-fired combustion turbines at Anchorage or Fairbanks
Chackachamna Hydro project

Subtask.04: Generation Plan Without Susitna (Economic Parameters)

Based on system reliability criteria or reserve margins (if available) from
Battelle, a "without" case, medium load forecast will be run, allowing the
program to optimize new generation production costs using economic
parameters.

The following assumptions will be made provided they are consistent with
Battelle and Acres transmission team assumptions.

- No 1imit in natural gas use.
- Economic parameters as specified by APA (0% escalation; 3%
interest)
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- Costs of transmission for initial Beluga and Nenena plants will be
added in.

- Alternatives available under Battelle's Plans I & II will be
available to the system and staged as necessary.

- Fuel escalation as specified by Battelle will be used.

Similar OGP-5 runs will be made for the high and low forecasts.. These runs
will be comparable with Battelle Plans I and potentially IV and V.

Subtask.05: Generation Plan With Susitna (Economic) Parameters

A number of 0GP-5 runs will be made under this task to confirm a "with"
Susitna plan under the medium, high and low load forecasts for comparison
with Battelle Plan II results.

Three key points are:

- Economic parameters will be used as specified by APA (10/29/81)

- The only Susitna plan is Watana/Devil Canyon (in that order)

- Susitna data (energy and cost) used in this task identical to that
provided to Battelle

For the medium load forecast, staging will be optimized using economic
parameters. Definition of a plan under the high load forecast similar to
the medium case including later unit additions of Susitna. The low
forecast plan will also resemble the base case, utilizing cheaper
alternatives for peak during intermediate years. The first coal units will
be assessed for transmission cost to the existing Willow to Healy 345 kV
line provided this is consistent with assumptions in Subtask 04.

Subtask 06: Financial Analysis'

Based on the plans for the middle load forecast defined in the Subtask 04
and 05 work; the systems for the with and without cases will be run under

- the financial parameters.

Subtask.07: Sensitivity Analysis

The methdology for sensitivity analysis is as follows:

Identify areas of uncertainty

For each topic identify the range of variability
Test sensitivity

Discuss the variability.

Several topics have already been identified and tested in the 6.36 work:
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Loads - As part of both Tasks 04 05 and 05, high, medium and low ioads will
be addressed. Intrinsic to these loads are assumptions of economic
activity, state spending, per capita use in each consumptive sector. The
variability of the with and without plan within the range of load forecasts
has been treated before and will be updated.

Economic/Financial Inflation/Discount Rates - Under this revised scope of
work economic (0% inflation, 3% cost of money) and financial (to be
identified by APA) parameters are to be tested in Subtasks 04, 05 and 06.
Similarly, the conclusions_drawn in the Task 6.36 (DSR) work would be
extended in this phase. At this time, we propose to wait until the results
of the previous tasks are completed to define a range of variability of
discount rate. However, assuming that Susitna is still economic, the
approach would be to seek the case where Susitna becomes unacceptable in
economic terms, rather than review the entire range of greater economic
feasibility; i.e., higher rather than lower real interest rates will be
used.

Period of Analysis - The planning period for modeling purposes extends to
2010. This is considered to be the outer limit for load forecasting and
economic cost projections. However, the Susitna project is entered into
the system in the 1993-2005 timeframe (Watana/Devil Canyon separate
stages). Thus, the production cost model will assess the value of the
Susitna stages from a maximum of 17 years, to as little as 5 years. Given
that the 1ife of the Susitna project is approximated as 50 years, several
assumptions must be made to extend the period of analysis.

In order to assess the economics of the project, the last year of pro-
duction cost modeling will be assumed to re-occur annually for a period of
time equal to 50 years after the last Susitna installation. This assumes
no load growth and no actual escalation of any costs. It is believed that
this approach provides a slightly conservative edge to the non-Susitna
plan. This approach is discussed in more detail in the B/C methodology
section.

Sensitivity of this approach could be performed only if the economics of
Susitna are not within the acceptable range. The sensitivity would be to
find the period of analysis where Susitna is feasibile/unfeasibile.

Project life for the generation alternatives have been mutually agreed upon
by Acres and Battelle and are within accepted ranges for the industry.
Results of the study are not highly sensitive to a + change of 5 years or
less to these values.

Capital Costs - A considerable amount of analysis and reiteration of
capital costs of thermal alternatives has been already completed in the
1981 sensitivity analysis. Additionally, Battelle/Ebasco has devotied a
significant level of effort into estimating capital costs of alternatives.
Nonetheless, there is concern that the estimates produced (particularly for
the coal-fired steam alternative) and a level of confidence lower than the
Susitna project. The sensitivity of the capital costs will be approached
in two ways.




First, the alternative capital costs will be checked against the Susitna
base plan using 90 percent and 120 percent of the Ebasco estimate. The
selected alternative plan (units and staging) will remain constant. These -
percentages will be varied somewhat in an effort to determine the

"breakeven point" for the Susitna project.

Second, using the medium forecast plans, real escalation of construction
and operation costs will be entered. These escalation values will be
adopted from those included by Ebasco in their Railbelt capital cost
studies. These values are not being used in the base plans at this time.

Construction Period - An upward variance (longer) in the construction
period will be considered. It is expected that this possibility will not
have a major impact on results since 3 percent, interest during
construction is minimal.

Fuel Cost and Escalation - As defined in the DSR senstivity analysis, fuel
cost and fuel cost escalation plays an extremely important role in the
planning procedure. Sensitivity should be geared towards defining the
fuel/cost escalation rate combination for alternatives at which Susitna
becomes unattractive. In the financial analysis of the Susitna study,
exception has been taken to the coal escalation rates. One case will be
analyzed using the base plans and the Acres' escalation estimates.

Construction Period and Online Dates - This sensitivity is essentially
accomplished under the definition of the plans under financial parameters.
Constraints on construction period are factored into the earliest possible
online date and the high contingency values.

0 & M Costs - Although a factor in the production cost model it would
appear that due to the lack of historic data and the consistency of
application, it is doubtful that the sensitivity of this parameter would
result in different recommendations and will not be further addressed.

System Reliability - A system loss of load probability of one day in ten
years has been used in system modeling. Variance of this factor would
cause the system to add more or less capacity, thus potentially changing
the staging of alternatives. Additionally, the Battelle study in using a
probabilistic approach to the load forecast may result in a reserve margin
higher than that planned with a single forecast input. For sensitivity we
would propose to conduct our study planning Subtasks 04, 05, and 06 using
Battelles' reserve margins (if available) and then checking sensitivity
with LOLP. Thus further model runs should not be needed.

These represent a most of the potential sensitivity runs that can be
accomplished. Given the results of the sensitivity checks, combinations of
parameter variance will be checked, if they appear critical.

Figure 2 outlines assumptions and peotential sensitivity tests.
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Subtask.OS: Document Results

Document results of the above tasks in a format consistent with the
proposed outline of the Feasibility Report (dated October 12, 1981)

It is our understanding at this time that Section 8.8 will document the DSR
Task 6.36 studies and remain intact. The 6.37/6.38 Tasks will provide a
portion of the financial and economic evaluation of new Section 16. OGP-5
data will be summaraized in Appendix (Al).
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EXISTING GENERATION SYSTEM

1981
(Update)
Low Med1um High
Load Model Load Model Load Model
(Update) (Update) (Update)
1 |
1981-1993 1981-1993 1983-1990
1993-2010 1993-2010 1993-2010
Without ¢ Economic** With Without | Economic** With Without Economic With
Susitna Plan Susitna Susitna Plan Susitna || Susitna Plan Susitna
|
W/0 Financial* W
Plan
Sensitivity |
SYSTEM PLANNING METHODOLOGY
*  Using parameters defined by APA (10/29/81).
** Using 0%, 3% parameters. FIGURE 1




ASSUMPTIONS

Appliance Saturation

Turnover of Housing

Residential
Commercial

Industrial

Economic Activity
State Spending

Per Capita Use

Analysis Period

Discount Rate

Inflation Rate

Construction Cost
Escalation Rate

SENSITIVITY

LOAD FORECASTS

1982 Cost

Fuel Cost/Escalation

Fuel Char.
Esc. Rate

Alaskan Factor

Construction Period
0&M Costs

Env. Protection |

Capital Costs

Base Costs

Contingencies

0&M Costs
Construction Period

Risk Cost

Capita? Costs

Petential Sensitivity Tests.

ECONOMIC
ANALYSIS
PARAMETERS

COST OF
THERMAL
GENERATION

COST OF

SUSITNA

GENERATION

FIGURE 2
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ITEM 2 - MEMORANDUM OF BATTELLE/ACRES MEETING
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Memo of Meeting December 17, 1961

December 14 and 15, 1981
Battelle PNL

Richland, Washington

Subject: Susitna Generation Planning and
Railbelt Alternatives Studies

Purpose:

The purpose of the meeting was to review the study progress to date and identify
and reconcile, if possible, differences.

Attendance:

m TRem [WEm TeER W AW

Jay Jacobson, Battelle; Mary Ann Hosko and Phil Hoover, Acres

Agenda

1. Discuss status of progress of the individual studies, inciuding work
remaining.

Review and compare preliminary input/output of the Railbelt Generation
Planning models, OGP (Acres) and EPRI Over/Under-AREEP Version (Battelle).

Discuss and resolve specific issues and differences between studies
identified.

4. Unresolved issues

Meeting Notes

1, Phil Hoover reviewed the Acres' scope of work for the 6.37/.38 efforts and
provided a copy of the work scope. This scope provides for a breakout of

the effort into eight subtasks:

Update Load Models (input) - Generation Plan with Susitna
Update Generation Model (input) Financial Analysis

- Alternatives Data - Sensitivity Analysis
Generation Plan without Susitna Documentation

Jay Jacobson reviewed Battelle's effort which consists of essentially five
tasks:

(a) Fuel cost estimating: (Lead - Tom Sechrest) This task is essentially
complete. One area which is being reviewed is the availability of
North Slope Gas in Fairbanks given recent developments in the gas
pipeline.

Demand Forecasting: (Lead - Mike Scott) The forecast provided 12/9 has
been invalidated due to an internal error in program data. New
forecasts were being developed during the meeting. Anchorage and
Fairbanks are assumed to have a 97 percent coincident peak.

DRAFT:




Memo of Meetings December 17, 1981

{EE It appears that the medium load forecast, when completed, will be
B fairly close to the forecast used in previous DSR Acres' studies. All
three forecasts will probably be available during the December 16-18
time period. The forecasting team is confident that the errors are

ironed out of the forecast.

Evaluation of Generation and Conservation Alternative: (Lead -
Jeff King) This task is also nearly complete. From the initial
exhaustive list of alternatives, there remains 17; eight or nine are
hydro and the rest are coal and natural gas. The plans to be developed
in Battalle Plans 1A and 1B will use coal-fired steam, combined cycle
and gas turbine plants, located in both Anchorage and Fairbanks.

(d) System Integration: (Lead - Jay Jacobson) The primary tool to be used
in this task is the EPRI Over/Under Model, AREEP Version. Using this
model, Battelle will develop plans with scheduled plant additions and
cost. Also to be done is a sensitivity analysis consisting of:

- Higher and lower fuel costs. The base case is set with world markets
forcing real escalation of 2 percent on oil prices. Sensitivity will
be done on price forecasts with world cil escalating at 1 and 3
percent.

- Capital costs will be varied on a + 20% basis. Variance will be
1Timited to one alternative at a time. All capital costs will be
recovered in the generation planning study.

- Effect on demand of SB2%,"capital cost grant" interpretation. For
example, if consumers did not have to repay the costs of Susitna in
their rates, what effect would the low cost energy have on demand.

(e) Implementation Strategy - This will be defined for each Generation Plan
identified. This task will address the possibilities for financing,
strategy and institutional arrangements needed for pilan
implementation, including cautionary notes on assumptions.

The actual completion date for the draft report in January 30. This

will include plans, cost of plans, environmental impacts, other
precautions. No recommendations are anticipated.

Mary Ann Hosko reviewed in detail a printout of a preliminary OGP output.
The input data was discussed in detail. In general, there is a high degree
of consistency between Acres and Battelle's basic data.

ro—

The Joad model used by OGP will be annually matched to the Battelle
forecast ; however, the monthly/daily characteristics will remain based on
the 1980 Woodward-Clyde studies. The load model is a significant difference
between AREEP and OGP as the former operates on a yearly load duration curve
while the latter varys by month and day. AREEP will use a constant shape of
load duration curve throughout the 30-year period of analysis.

DRAFT



Memo of Meetings -3- December 17, 1981

Acres has adopted the most recent Batteille information on existing and
committed units. We will include the Copper Valley/Glennallen resources and
load in the study, as Battelle has been directed to do so. In the OGP
model, heat rates are specified to units, thus the existing units have a
much higher heat rate than the available new alternatives. AREEP allows
only a single heat rate for each type unit. Therefore, the OGP model will
have higher fuel costs associated with use of existing generation units.

-

It was noted that Battelle is assuming no interactive energy fiows between
Anchorage and Fairbanks can take place prior to 1984. 1In 1985-89, energy
transfer is 1imited to the planned intertie, 260 GHW annually. In the
post-1990 period, energy transfers are unlimited. Acres, in focusing in the
post Susitna period (1993-2010) has full exchange potential but also in
costs to account for the more intertie capability.

Acres is currently using one cost level each for coal, gas and oil.

Battelle is differentiating between coal in Anchorage (Beluga) and Fairbanks
(Nenana), and old and new gas in CEA and AML&PD. It was decided that Acres
would make the necessary changes in their Railbelt model to enact the cost
difference. This change will probably have a small impac® on results.

Battelle is reviewing cost projections of North Slope gas available to
Fairbanks. This is consistent with the economic scenario assumption of the
completion of the TAPS gasline. It is interesting that this gas decreases
in real price through time, due to the back out price from the lower 48
sales.

Nenana, as compared to the Acres' all Beluga development. Since the costes
developed by Ebasco are nearly equal for the two sites, the prior decision
that it would be much less expensive to upgrade the intertie and keep
development at Beluga may be remiss. Acres will give consideration to the
shifting of some of the Beluga units to the Nenanna fields. This could
enact savings to the all-thermal plan, as it would have lower transmission
costs (currently  $500 million).

At this time, 200 MW units are the standard size being used by Battelle for
coal and combined cycle units. Acres will adopt this size. The retirement
policies on the units will be from published Battelle work paper 4.1.

|
I
|
] sattelle is using two coal plants at the separate prices at Seluga an
i
E
J
J

The AREEP model calculates interest during construction on capital costs,
given a constant annual cash flow during the construction period. The OGP

; model does not calculate IDC so it is input as part of the capital costs.
! Acres is using an "S" curve formula for this calculation. These differences

should not be significant.

ﬁ Start up time as defined on Battelle's information sheets is not consistent
with the Acres' definition of immature unit time. The Battelle definition

is time which would be added on to the construction period for unit
E commissioning. The Acres' definition is that time that the unit suffers a

DRAET



Memo of Meetings December 17, 1981

higher forced and planned outage rate, due te "bugs" in the plant which must
be worked out. Acres will revert to using the previous immature time
periods instead of the new Battelle start-up times. Battelle does not have
the capability for expressing immature outage rates.

Batteile is using several factors in AREEP, not used in the Acres' model.
These include a rate base for plants in service, and a cost for distibution
and overhead. Battelle is using 8.13 mills/kWh for general administration
and overhead. The rate base was supplied by the Alaska-PUC. A copy was
given to Acres. It is depreciated by Battelle on a declining balance method
at 10 percent per year.

The AREEP model develops a generation plan based on a desired long term mix
goal and an upper 1imit on capacities specified by the operator. Thus, the
miXx is controlled somewhat by the operator. The program, when capacity is
needed, reviews the existing system mix and compares it to the long term
desired plan. Units are then selected to make the existing balance as close
as possible with the plan. Currently, the all-thermal long ferm mix is
approximately 40% Beluga coal units, 18% combined cycle, 8% gas turbines,
14% Fairabnks (Nenana) coal and 20% hydro.

— e

Spinning reserve requirements are not addressed by the AREEP model. The OGP
model operates plants as necessary on a hot spinning reserve mode. Thus,
the fuel costs in the Acres model will be higher for the same amount of
generation.

The output of the AREEP model are in three categories of price Jan. 1981,
mills/kWh: total, electrical reguirements, delivered energy, and
conservation. The latter is calculated by Battelle's RED (Railbelt Electric
Demand) model. The delivered category corresponds to the Acres' planning
since conservation is taken into account by the forecasts provided by
Battelle.

It was concluded from the close comparison of the two models that the
outputs will not be directly comparable on an absolute number basis. The
generation plans are expected to be similiar with the relative merits of
each plan shown to be the same. The following are major differences in
methodology/model capability:

T EEA e W

(a) Dispatch: The daily unit dispatch modeling in the OGP model results in
greater use of more expensive units than the AREEP model, which
dispatches units on an annual basis. This will result in higher fuel
costs in the OGP model.

TR CTEWW e

Heat Rates: The AREEP riodel uses only one heat rate per unit type.
The Acres' model was specific rates for each existing unit. This fuel
costs for operating existing units will be significantly higher in the
Acres' model.

——
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(c) Overhead and Sunk Costs: The Battelle AREEP model has included cost
for distribution systems and utility overhead. These have not been
included in the Acres' model since relative costs between plans is
desired rather than an absolute customer cost. Thus, the production
cost value from the OGP model is not equivalent to the AREEP consumer
cost. The AREEP model also includes an annual cost for existing plant
in service which is depreciated over time.

3. Other issues discussed:

(a) Hydro alternative: Battelle has cost and energy information from both
Bechtel and Ebasco on the Chackachamna project. It was agreed that the
primary Chackachamna alternative would be Case B from the Bechtel
Study. Battelle will check the Ebasco costs and project in sensitivity
analyses.

Other hydro alternatives to be used are Grant Lake (7 MW in 1988) and
Allison Creek (7MW in 1992) based on Acres-DSR costs {escalated to
January 1982 Tevel by 7 percent) and energies.

Socio-economic data which is the basis of ISER's forecast was provided
to Acres in report form.

The revised medium forecast, as well as the high and low forecast, will
be available by December 18. The high and Jlow will bracket the range
of reasonable economic futures.

No analysis of a resultant reserve margin which would be dependent on
forecast uncertainty has been completed. At this time Battelle is
doing their analysis on a 40 percent reserve goal. Acres is planning
to a loss of load probability of one day in ten years.

A copy of Acres' final report on Cook Inlet Tidal Power will be sent to
Battelle.

Acres will adjust its model to differentiate between fuel costs in the
different load centers. This will be consistant with the AREEP model.
Additionally, to be consistent with Battelle's findings, a limited
number of coal plants will be sited in Nenana to balance demand and
generating resources.

The period of analysis for the study was discussed. Acres is making
the assumption of a 40-year extension of the last year (2010) of
modeling in order to make some measure of the long term relative
benefits of the with and without Susitna plans. While Battelie has no
specific objections to the methods, they will not be doing the same,
unless directed.

: [‘@MFT




Memo of Meeting December 17, 1981

(h) Susitna development was discussed, and it was pointd out that the
development could be formulated as follows:

Watana 1 4 170 MW units = 680
2 2 170 MW units = 340
1020 MW

Devil Canyon 1 3 150 MW units = 450 3264 GWh
Z 1 150 MY units = 150 0
600 MW 6649 GWh
Addition of second stage at Watana delays $41 million expenditure.

4. Unresolved Issues:

(a) The escalation of O&M and capital costs proposed by Ebasco have ot
been accepted yet by Battelle. They have requested that Fbasco
substantiate the figures. At this time the values are not being used.

(b) The Acres' concern with regard to coal prices was discussed including:
the zero real escalation of Nenana coal, the relationship between the
coal and oil prices, and the probability of the opening of the Beluga
fields in light of low coal value. This issue will be pursued at a
later date.

- W

An additional concern with regard to level of confidence of estimates
was discussed. The Susitna estimate, made with detaiied studies, takes
into account the specific problems of the site. The alternative
estimates, on the other hand, may have a lower confidence level and may
actually be a center point forecast, subject to a cost increase.
Battelle will discuss the level of confidence of the estimates with
Ebasco.

Transmission line costs for Susitna development have included a
reliable assessment of transmission 1ine update and capability. A
similar assumption and associated costs must be made for the thermal
alternative, to be added to the cost of the "without" Susitna case.
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(h) Susitna development was discussed, and it was pointd out that the
development could be formulated as follows:

v Energy
) Watana 1l 4 170 MW units = 680 3385 GWh
- F Z 2 170 MW units = 340 0
@ N | 1020 MW GWh
Devil Canyon 1 3 150 MW units = 450 3264 GWh
Z 1 150 M units = 150 0
600 MW 6649 GWh

Addition of second stage at Watana delays $41 million expenditure.

4. Unresolved Issues:

(a) The escalation of 0&M and capital costs proposed by Ebasco have not
been accepted yet by Battelle. They have requested that Ebasco
substantiate the figures. At this time the values are not being used.

(b) The Acres' concern with regard to coal prices was discussed including:
the zero real escalation of Nenana coal, the relationship between the
coal and oil prices, and the probability of the opening of the Beluga
fields in light of low coal value. This issue will be pursued at a
later date.

b T BB

(c) An additional concern with regard to level of confidence of estimates
was discussed. The Susitna estimate, made with detailed studies, takes
into account the specific probiems of the site. The alternative
estimates, on the other hand, may have a lower confidence level and may
actually be a center point forecast, subject to a cost increase.
Battelle will discuss the level of confidence of the estimates with
Ebasco.

(d) Transmission line costs for Susitna development have included a
reliable assessment of transmission Tine update and capability. A
similar assumption and associated costs must be made for the thermal
alternative, to be added to the cost of the "without" Susitna case.
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Susitna Hydroelectric Project Economic Analysis

Benefit to Cost Ratio Calculation

The primary method of comparing with and without Susitna alternative scenarios
is total system costs. The planning model provides output from a computer of the
total production costs of these alternative models on a year by year basis.
These total costs for the period of modeling include all costs of fuel and
operation and maintenance of all generating units included as part of the
system. In addition, the production cost include the annualized investment
costs of any production plants added during the period of study. Factors which
contribute to the ultimate cost to the consumer of power which are not included
in this model are: all investment cost to plants in service prior to 1993,
costs of the transmission and distribution facilities in service and
administrative cost of utilities for providing electric service to the public.
These costs are common to all scenarios and have been omitted from the study, as
having no impact on generation plant decisions.

Thus, the production costs modeled are only a portion of ultimate consumer costs
and in effect are only a portion, albeit major, of total costs. The sum of the

costs is an effective relative indicator of the measure of cost of following one
plan compared to another.

In order to compare costs, all annual costs from 1993-2010 production simulation
have been converted to a present worth to 1982. These present worths for all
scenarios considered are shown in tabular form in two amounts. The first is the
1982 PW of the 18 years of model study from 1993-2010. The second value is an
estimated long term PW of system costs which will be discussed later.

To illustrate this discussion, the with and without Susitna plans of the medium
load forecast will be compared. Considering the without Susitna Plan (Case D in
Item 4 of this package) the 1982 PW of 1993-2010 production costs is $3141 X
106, This total is the theoretical amount of cash (not including those items
noted) needed in 1982 to meet electrical production costs in the Railbelt for
the period 1993-2010, given scenario assumptions.

The second cumulative PW value is the long term (2100-2051) PW estimate of
production costs. In considering the value of the addition of a hydropower
plant, which has a useful life of approximately 50 years, the study period is
inadequately short. A plant which is added in 1993 or 2002 would accrue PW
benefits or penalties for only 17 or nine years respectively in the PW measure.

It is also true that modeling the system for an additional 50 years, assuming
loads and generation alternatives, is well beyond the realm of any prudent
projections. For this reason, the final study year (2010) production costs were
assumed to reoccur for an additional 41 years, and added to the 18 year PW, to
sum a relative measure of long term cost differences between alternative methods
of power generation.




It should be noted that the long term PW is not by any means an absolute number
but is a relative measure of alternative scenarios production costs. For this
reason, a benefit-to-cost ratio for a Susitna alternative cannot be calculated
by taking one 20 year or long term PW divided by another. What can be estimated
is a 1ong term benefit of utilizing one alternative compared to another, by
exam1r1ng the difference in PW totals. For example, there would be a production
cost savings over the Tong term of $1022.4 million by pursuing the with Susitna
Plan ($8069.8 million), compared to the non-Susitna system ($7047.5 million).
Since the costs of these hydro alternatives are built into the production costs,
this is a net benefit.

In order to compare the Susitna alternatives in terms of both net benefits and
costs, it is desirable to estimate a benefit-to-cost ratio for the alternative
developments based on system cost estimates. The first impulse would be to
divide the total long term PW of one system by another, yielding a system
with/without comparison. However, as previously noted, the PW total is not an
absolute figure by itself, but does contain some system-common factors.
Additionaily, both the numerator and denominator contain substantial portions of
system costs common to both systems, masking the costs and benefits under
scrutiny.

The following benefit-to-cost methodology was used. It is readily seen that the
net benefits of a plan are defined as the production system cost savings or
penalties of the plan as compared to the basis. Additionally, the present worth
of the alternatives investment cost would be in the denominator of the ratio.

The measure of net benefits is inadequate however, in computing a complete
benefit-to-cost ratio. Inherent to the non-Susitna plan is a portion of basic
costs of generating which are equal to the cost of the Susitna alternative.
These costs must be included with the net benefits to yield a total benefit for
an alternative. Figure 1 illustrates this discussion. In that illustration,
the ratio would be equal to the PW of gross sysiem benefits divided by the PW of
the alternative cost.

The basis used for calculating the B/C ratios is the non-Susitna plan. This
plan has a long term PW of 7047.5 Since the Susitna plan has a lower production
cost, the B/C ratio is 1.2. Should any plan in sensitivity analysis have a
higher production cost than the non-Susitna plan, it would then have a B/C less
than 1.




WITHOLT
SUSITNHA

ToOTAL |
PRODUCTION , {2.
cosTS -

PEESENT WORTH

NET BENEFIT OF EXCESSNE
COST =2

_ = 1
o i .

PW COST OF, EQULIVALENT COST OF
surP=3 | o ALTERNATIVE =3

I T N I

. ALL OTHER
SYSTEM
cosTS

A B

ALTERNATIVE BRASI|IS
FOR COMPARISCON

ALL COSTS OR
BRENEFIT _ GROSS BENEFITS _ EQUIV. B+ExCEssB

cCosT cosT OF A — cosT OF A

RENEFIT TO COST RATIO METHODOLOGY

FicuegE | Agms

. v - . ¥




ITEM 4 - PRELIMINARY RESULTS
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Preliminary Results - Economic Analysis

The following pages present preliminary results of the economic analysis
discussed in other items in this package. The first two pages are calculations
based on output from the production cost model using different development
plans. The following pages are direct output from the model describing those
plans. To interpret the output, the final item of the package (0GP summary)
should be consulted.

L

Five plans have been developed to date:

Without Susitna, all Thermal Alternatives - using Battelle figures

Without Susitna, Thermal plus Chackachamna - using Battelle figures

With Susitna - using Battelle figures

Without Susitna, all Thermal Alternatives - using Battelle figures except
for coal prices, including real escalation on capital costs and O&M.

With Susitna - using Battelle figures except for coal prices, including real
escalation on capital costs and 0&M

As concluded from the work sheets, in comparing Cases D and E, the Susitna
project has a benefit to cost ratio (B/C) of 1.21 to 1. In comparing Case C to
Case A, Susitna has a B/C of 1.16 to 1. In comparing Case C to Case B the B/C
is 1.11 to 1.

Note that these are preliminary results. Several minor adjustments to model
input need to be made. These include the estimate on O&M for Susitna and the
calculation of interest during construction in Cases D &nd E. These changes may
raise the B/C for Susitna to a small degree.
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GL:-EfAL ELECTRIC CONTANY .
DOF-5 GENERATION FLANNING FROGRAM-SUMMARY OQUTFUT
$EXF K ORK KKK KRk ok 30 300 0K R KR F R 30F kbR KR R R KR ¥ R KKK
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ZEROZ - 3% :

JOE NUMEBER 2ML749 12/30/81
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GENERATION SYSTEM
NUKE COAL NGASGT OIL GT DIESEL COMCYC TYFES

TYFE 1 2 3 4 5 é 7-10
DFTMZING 0 1993 1993 0 0 1993 ¥EX
FCT TRIM 0 0 o - 0 0 0 i
1992 MW -~ D 59 452 7 141 &7 317 155 SUM= 1190
¥R KRR IO KRR KRR KRR R E E KRR RE KRR KRR Rk kR ok ok ok ok ok kR k Rk Rk x kkkk
TOTAL
CAFAR,
YR YEARLY MW ADDITIONS + TIES
%X KERERRK KFRRREE RERKERE REERERK EREERER FRRRERE SRR E¥X RKEKEK REKX
93 1X 200 . 1373
94 7 200% 1542
95 : 1495
964 200% 1624
97 70% 1620
98 70% 1635
99 , - 14635
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] 14608
3 1X 70 1625
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5 . . 70% 1807
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3223333322 PEE P22 CE 2222222223232 22223222220 000 2200022342203 3
AUTO 0 200 70 0 0 0 0 SUM= 270
FCT TOT 0. 74.1 25.9 0. 0, 0. . ©O. SUM=100 PCT

¥ COMMITTED MW

.
SENYTRIN & T L SR e I A A “ W e T o * § - d AT o
s g Siade ST I BT I S S : " ’ B IR S T iy B

* 3 . . X i ot




GENERAL ELECTRIC COMFANY
OGF-5 GENERATION FLANNING FROGRAM-SUMMARY OUTFUT
2222202222232 2335233232222 IC LIRSS,

ALASKA RAILRELT

ZERDZ - 3%Z

JOBE NUMEBER 2ML749 12/30/81

FRORRRR R RREORK R ROR KR RR KRRk koK Rk w K

TOTAL CAFAERILITY ’
(INCLUDING TIES) L0SS OF LOADl COST 1IN
YEAR  TIME OF FROBARILITY YEARLY
END FEAK n/y H/ZY COST
KKKKK  RRERKK KKEEKE  RERKEEK  KREXKKK
1373 1373 0,063 * 0, 14i.8
1542 1542 0,027 0. 165.1
1495 1495 0,077 O 170.,0
1624 1624 0.059 0, 203,64
1620 1620 0.084 0. 210.7
1635 1635 0.092 0. 218,8
1635 1635 0,055 0, 222,7
1591 1591 0,059 0. 226.7
1661 1661 0.038 0, 237.8
1608 1608 0,062 0. 242,7
1625 1625 0,087 0. 256,1
1825 1825 0,029 0. 272,1
1807 1807 2 0.062 0, 287 .4
1854 1854 0,064 0. 302,3
1924 1924 0.057 0, 318.,1
2098 2098 0.033 0. 3375
2097 2097 0,063 0. 350.3
2097 2097 0,060 0. 36146

MILLION ¢
CuM. FUW
TOTAL
XX KKKk
102.4
218.2
334.,0
468.6
603.8
740.2
875.0
1008.1
1143.7
1278.1
1415.8
1557 .8
1703.4
1852.1
2004.1
2160.5
2318.3
247643
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XREEEK  RKRKEREK  KERRRE KRR RKKRK KRRk kkkkk RRRkE XKKRXX
247 47386 357.07 142 5.07 21,23 3.64 0. 29.93
9635 4829 57.12 165 12,46 17.96 3.76 0. 34.18
983 4922 57416 170 12,22 18.60 3.72 0. 34.55
1003 9031 57.10 204 18.14 18,32 4.02 0. - 40.47
1023 5141 57.37 211 18.21 18.81 3.96 0. 40.99
1044 5230 S57.40 219 18.29 19.47 3.93 0. 41,69
10464 9360 G7.51 223 17.91 19.78 3.85 O 41,355
1084 54469 S57.24 227 17.56 20.17 3.72 0. 41,45
1121 5661 G7.65 238 17.38 20.94 3.68 0. 42,01
1158 5853 $7.70 243 16.81 21.10 3.56 0., . 41.46
1196 6044 B7.469 256 16.68 22.18B 3.52 0. 42,38
1233 6236 57.58 272 20,01 19,80 3,82 0. 43.63
1270 6428 S57.78 287 19,78 21.21 3.73 0. 44,72
1323 6761 57.82 302 19.33 22,13 3.66 0. 45,12
1377 6972 S7.81 3ig8 18.92 23.08 3:.62 0. 45,62
1430 7246 57.6% 338 21,52 21.21 3.85 0. 446,58
1484 7518 57.83 350 20.74 22,09 3:77 0. 46,60
1537 7791 57.8B6 362 20,01 22.73 3.67 0. 46,41
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- ZERDX - 3%
~ JOR NUMBER oML7KS  12/30/81
i;” $x***x****xxmxx*x*xxxxx***xxx**x***xx**x
e} h
| GENERATION SYSTEM
. ISQ<TYFE 1 2 3 4 5 6 7 8 9 10 SUM
I B 92 0 59 452 141 67 317 155 0 0 0 1191
******xxx**xx*xx**x******xx*x**x*xxx***x*xx*xxxxx*xxxx***x*****xx**x*x
: B TOTAL
| CAFPAR,
YR YEARLY FPERCENT MIX
**xxmxx****x*xxx***xxxx***x*x%xx***x***xxx*xx*xxx*xxx***x*xx*x*xxxx*xx
93 0. 3.0 29,5 9.3 3.9 21.1 32,3 0. 0. 0. 1503
‘¢4 0. 4.0 28,0 9.5 3.9 21.5 32,9 O, 0, 0. 1472
95 O 4.1 28,0 9.4 2,2 22,3 34.0 0. O 0. 1424
. 96 O 4.4 D9.5 4.8 2.1 23,4 35.8 0. 0, 0. 1354
!; © 97 0. 175 2647 0O 1.6 21.4 32.8 0. 9 0. 1480
g0y T 1753 ¢ 2748700V 3.2 "21%52° 32vA 7 07T 7087 ~0., ~T495
: 99 0. 17.3 27.8 0. 1,2 21.2 32.4 0. 0. 0. 1495
&‘ 0 0. 26,3 24.1 0. 1.0 19.2 2%9.4 0. 0. 0. 1651
- i 0. 26,3 24.1 0. 1,0 19.2 29.4 0. 0. Os 1651
5 0. 26,0.25.0 0. 0.9 19.0 29.1 0. O O 1668
!' 3 0. 25.8 25.7 O 0.9 18.8 28.8 0. 0, O 1685
4 O, 25.8 25.7 QO 0.9 18.8 28:8 0. 0. 0. 1485
s 0., 34.1 20.9 0O 0.4 17.6 27,0 0. 0. 0. 1797
e A b 180G Qe 0.4 17.9 27.3 0 0, O 1774 }
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GENERAL ELECTRIC COHFANY
0GF-5 GENERATION FLANNING FROGRAM-SUMMARY OUTFUT
L33 S 222222 SRR RS2SR0 2002202 22N

ALASKA RAILEELT

ZERDZ - 3X4

JOE NUMEER 2ML7V1 12/731/81

2SS 3222382032352 0223 L0202 5030 20338 ¢

GEMERATION SYSTEM
NUKE COAL NGASGT OIL GT DIESEL COMCYC TYFES
TYFE 1 2 3 4 3 b 7-10
OFTMZING 0 1993 1293 0 0 1993 XXX
PCT TRIM O 0 0 0 0 0 p
1992 MW 0 a9 452 141 67 317 155 ©SUM= 1190
FRAKKEERRKRKEKKKKEEKKEKEKEXK KKK EREEREE KR RRKE KKK KRR FRRRRRR KRR KRR KRRk KKK
TOTAL
CAFAR.
YR YEARLY MW ADDITIONS + TIES
XX KEERERKE KREREEK KXRKKEK KEXKERK RKEKRERKEK RKREKKEX KREKEK KXKKK¥XK
93 680% 1853
94 1822
93 | 1774
96 1704
27 1630
28 1575
1575
1531
1531
2079
2026
1% 2027
1939
1x 1917
1X 70 ) 1987
1X 70 i 2032
2031
i1X 70 . 1% 2102
ERERE KRR RKREKEIFRREKE KRR K KK KK AR KK KKK KE KRR KKK KEKKKEKREKEKK K KL KK KKK KKK
KEKEEKEKE KK KRR KK E KR KR EKERE R KK EKEEK KKK KKK KKK KK E KRR KKK KKK KKK KKK KRR KK KKKk
MW ADI 0 0 210 0 0 0 1285 SUM= 1495
MW RET 0 -46 -335 -141 -61 0 0 Suu= -a83
ERKEKEE KEEKEK  KEREEEKK  KKEKKE  KEXEKXK  RKKKERKK  RKKEKEKX KKXK REXRKEKKKKRKK
2010 0 13 326 0 6 317 1440 SUM= 2102
FCT 70T 0. 0.6 15.5 0. 0.3 15.1 &68.5 SUM=100 FCT
EEKEKE KK EER KT R R IR KRR KKK EREKLERKERKKK R KKK KKK KKK KK EE KRR KRR KKK R KKK KKK
AUTO 0 0 210 0 0 0 0 Sun= 210
FCT TOT O. O, 100.,0 O 0. 0. 0. SUM=100 FCT

¥ COMMITTED MW




GENERAL -ELECTRIC CUHNFANY
0GF-5 GENERATION FLANNING FROGRAM-SUMMARY OUTFUT
KKK KK KK FOK K K KKK K KK K KK KKK K K K KR OK KO R R KRRk K

ALASKA RAILRELT

ZEROZ - 3%

JOE NUMEBER 2ML7V1 12/731/81
1932308223899 2050P 830322222 20222202 20

TOTAL CAFARILITY
(INCLUDING TIES) LOSS OF LOALD COST IN MILLION $
YEAR TIME OF FRORARILITY YEARLY cumM. FUW
END FEAK nsy H/Y COST TO0T7AL
FRXKX XKREKKX XKKKKK  KXKKKE  X0ROKXX KEKKKKKXK
1853 1853 0.000 0. 203.8 147.2
1822 1822 0.000 0. 209.0 293.8
1774 1774 0.000 0. 211.9 438.1
1704 1704 0.000 0. 222.2 583.0
1630 1630 0.000 O. 225.4 729.7
1575 1575 0.001 0. 229.7 B72.8
1575 1575 0.002 0. 234, 6 i014.8
1531 1531 0.015 0. 244.0 1158.1
1531 1531 0.032 0. 253.4 1302.6
2079 2079 0.000 0. 250.7 1441.4
2026 2026 0.001 O. 268.2 1585.6
2027 2027 0.001 0. 250+ 6 1716.3
1939 1939 0.017 0. 266.9 1851.6
1917 1917 0,068 O 254.9 1976.9
1987 1987 0.025 0. 278.4 2109.9
2032 2032 0,029 0. 2767 2238.2
2031 2031 0.050 0. 296.0 2371.4
2102 2102 0.025 0. 299.5 2502.3




GENERAL ELECTRIC COMFANY

OGF-5 GENERATION FLANNING FROGRAM-SUMMARY QUTFUT
#ﬁ************X*****X*****XX*X******X*##*i******

ALASKA RAILEELT

ZEROZ - 3%

JOE NUMEBER 2ML7V1 12/31/81

RSS2 22282 2SS ILITE288252023 822220228

FOOL TOTAL TOTAL YEARLY $/MuH
FEAK ENERGY LOALD COSTS KR KKK K KA KRRK KKK KKK IR KKK IR K
(MW) (GWH) FACTOR (MIL.$) INV. FUEL 0+M N.I. TOTAL
KERRKK  RRRRERkk  kkkkkk  kobokkokk RRRkKX ¥REKK  RkKkk  RkRRk RKRKKEK
247 4736 G7.09 204 - 34.49 4,99 3.54 O 43,02
963 4829 S7.12 209 33.83 5.99 3.50 C. 43,28
983 4922 57.16 212 33.19 6.42 3.44 O. 43,035
1003 5031 57.10 222 32.47 B.35 3.35 C. 44.17
1023 5141 S97.37 225 31.78 8.80 3.27 0. 43,84
1044 5250 57.41 230 31.12 ?.43 3.21 0. 43.76
10464 5360 57.51 235 30,48 10,11 3.18 O. 43,76
1084 S46%9 57.44 244 29.87 11.63 3.12 0. 44,62
1121 5661 57.65 253 28.8B6 12.81 3.09 0. 44,76
1158 6352 62.61 251 35.96 0. 3.51 0. 3947
1196 6455 61.61 268 35.39 2.66 3+50 0. 41.54
1233 6599 60.92 251 34.62 0. 3.36 O 3797
1270 6698 6021 267 34.10 2.44 329 O, 39.84
1323 &880 59.38 255 33.20 0.:.69 3.15 0. 37.04
1377 7079 GSB.67 278 32.60 3.56 3.16 0. 39.32
1430 7310 58.20 277 31.90 2.89 3.07 0. 37+ 85
1484 7551 ©58.08 296 30.88 5,28 3.04 O 39.20
1337 7827 GB.14 3200 30.10 S.21 2.96 0. 38.26

OV NGGUND WO
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BEGIN FILE - L7090207 0

;E SNUME = ML709y ACTIVITY . 02, REFORT CODE = 07y RECORD COUNT = 000349

;E BENERAL ELECTRIC COMFANYr OGP-5 GENERATION FLANNING FROGRAM '}/

J JOR NUMERER 2ML709 12/31/81 —_—

b LD# [ 709 b
NAMELIST DATA RECORD 1 HAS EEEN READ ' |
NAMELIST DATA RECORD 2 HAS BEEN READ Wl Swdin or Rak
xx¥kkxk END OF NAMELIST DATA CHECKING X¥XXk¥ Aues- ese o0 R0

'E . . QQMA - @4¢, on Coas. )014"\
-] GENERAL ELECTRIC COMFANY

OGF-5 GENERATION FLANNING PROGRAM-SUMMARY QUTPUT

F KKK KKK KEKKKKKKAKEKERKR KRR RRRR IR R KKK KRR KKK

¥
- ALASKA RAILERELT
ZERDX - 3Z

JOR NUP‘SBERS LiHL?O? ) 12/31/81
KERELKEKEKRKR KK KRR R AOR KRR R RRRK

GENERATION SYSTEM
NUKE COAL NGASGT OIL GT DIESEL COMCYC TYFES

TYFE 1 2 3 4 5 é 7-10
- OFTMZING O 1993 1993 0 0 1993 XK
g PCT TRIM O 0 0 0 0 0 .
- 1992 MW 0 59 452 141 67 317 155 SUM= 1190
TR R EREEK KR EKEA AR EEER KKK KRR K KRR KK RRER KRR KRR KK AR K KRRKRAIRRRK KKK
EE TOTAL
= CAPAR.
YR YEARLY MW ADDITIONS + TIES
';ii K% FREFREK KRREREK KRKRRKE K000k KRKKRKK RRRRRKK KRR RRRRK KKK
J 23 200% . | 1373
94 1X 200 | 1542
{ 95 1495
E} 94 : 200% o 1624
i 97 70% 1620
? 98 70% 1635
l} 99 1635
" 0 : 1591
1 70% 1661
i 2 1608
N 3 70% 1625
4 200% 1825
- 5 70% 1807
E é 70% 1854
& 7 70% . 1924
t 8 200% 2098
E 9 2097
> 10 2097
ERHEKEEI KRR ERREEIERRER KRR KRR KL RRKRR KRR EHIERRKRKR K RHAHARKIKRK AR
| e S S 2 L L 25 s sttt s et Ea SRt et 2Rt fE s el s il tsy
E; Wi ADD 0 1000 490 0 0 0 0 SUM= -1490
MW RET 0 ~46 ~335 ~141 -61 0 0 SUM= -583
YEEREE KRRREE  RRROKK RR0RKK REORKK RRRRRK KKK XXRE RR0RK KRR KK
E: 2010 0 1013 606 o 6 317 155 SUM= 2097
= FCT TOT  O. 48,3 28,9 0. 0.3 15.1 7.4 SUM=100 FCT
, e e 2 TS L sttt asstesss2eess s st sa 2 St it s s st sy
gﬁ AUTO 0 200 0 0 0 0 0 SUM= 200
N PCT TOT 0. 100.0 0. 0, 0. 0. 0. SUM=100 PCT

i
?%;

.
g i - - o v 8
e e T T e AT T ; R
R LAtk U RN Lot SRR ] . » ok T v i e s ’ . Rl Sy Sl s Soaeeae Dt T it
i t B R B . e . gt § i ; B , TR TS
T N . o : . . o 3 5 . e
by N . « ' . K . ¥ : . . T . .
W m e . . : : " ,
R ¥ "
g - 3 .
o C . -



E

E #u amp

R

e e

. 2097
10 _ 2097
RERRRRRRRR KRR KRR KRR KRR ROk KRR R RSO KRR KRR KRR KRR K
| ORERR KRR RO K ROOKIORR KKK KKKk K kKKK KKK KRR IOk KRRk ok kR kb bk ok

1484
1537

0.0627
0.0603

%

1490 0 0 0 0 . SUM= 1490
MW RET -o83 0 0 0 0 SuUM=, ~583
SRR REKERKE  KRRKKK  RKROKRK  ORRKRkR KRRk dokoRERKRRROkK
2010 1942 155 0 o 0 SUM= 2097
FCT TOT 92.6 7.4 0. 0. 0. SuM= 100 PCT
KRR ERKKAOK KKK KA K KKK KRR KKK KA KKKk ok kokok kK Kok ok Rk ok ook R Rk Rk Rk kR kR kR kKKK
AUTO 200 0 0 0 SuH= 200
O. SuM= 100 PCT

FCT TOT 100.0 0. O,

¥ COMMITTED MW

GENERAL ELECTRIC COMPANY
OGP-5 GENERATION FLANNING FROGRAM-SUMMARY OUTPUT
kR ROk KoKk KKk KRk ok ok kR ok ook Rk Rk ko R ROk X

ALASKA RAILRELT
ZEROZ - 3%
JOR NUMEER 12/31/81

TOTAL CAFARILITY

P\ﬂﬂ"

ﬂ L .
N -
RS .

(INCLUDING TIES) LOSS OF LBABR—CUST IN MILLION $
YEAR TIME OF PCT. FROBABILITY —YEARLY CuM. PW
YEAR——LOAT—— END———PEAK —RESs ~—D7Y~ ~——H/Y T TUST TOTAL
EXKE OBOKKK RRRKK RRRRRK RKKEK KORRKKR oRokkk kkkkbkk XkkkkK
1993 947 1373 1373 45,0 0.063 0. 171.3 123.8
1994 965 1542 1542 S59.8 0.027 O 194.7 260.4
1995 983 1495 1495 52,0 0.077 O 201.,0 39743
1994 1003 1624 1624 61,9  0.059 R 250.6 S63.0
1997 1023 1620 1620 SB8.4 0.084 O 261,2 730.6
1998 1044 1635 1635 56.6 0,092 0. 271.6 899.9
1999 1064 1635 1635 S3.6 0.055 - O, 278.5 1068, 4
2000 1084 1591 1591  46.8 0.059 0 285.0 1235.8
2001 1121 1661 1661  4B.2  0.038 O 296,9 1405.1
2002 1158 1608 1608 38,9 0.062 0. 305.3 15741
2003 1196 1625 1625 35.9 0,087 0. 320.1 17462
2004 1233 1825 1825 48,0  0.029 0. 35645 1932, 3
2005 1270 1807 1807 42,3  0.062 0. 373.1 2121.,3
2006 1323 1854 1854  40.2  0.064 0. 391,2  2313.7
2007 1377 1924 1924 39,7 ©.057 0. 410,2 25096
2008 1430 2098 2098 46,7 0,033 0. 453.3  2719.8
2009 1484 2097 2097 41,3 0.063 0. 468,0  2930.5
2010 1537 2097 2097 3b.4 0,060 0. 481.8 3141.1
. GENERAL ELECTRIC COMPANY
OGF-5 GENERATION PLANNING FROGRAM-SUMMARY OUTPUT
FKEFKKKIRREKE KKK IRRRR KK KKRKEKKRKEKF KRR KKK KA KK
ALASKA RAILEELT
ZERDZ - 3%
JOR NUMEBER 2ML709  12/31/81
FREERK KKK KKRK KKK KK KKKRKKA KKK KRKKKK KKK
FRKKKKKKKHAK LOSS OF LOAD FRORABILITY KKKEKKKRKRKK
EXCESS JANe « FER. MARCH  APRIL MAY JUNE
YEAR  (MW) DAYS/YEAR  JULY  AUG. SEFT.  OCT. NOV.,  DEC.

*#k*%* ****x*** #**********X*****#***#****#*******************%

Pl e By VLA e £ DD

“Nf

is

“”WWWMﬁiﬂstma:*N?+im~q o

’Y, \;mwwwv :
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SERUZ ~ &%

JOE NUMEER 2ﬁL7a;\l 12/31/81
FERKEARR KRR REERRRK KK KR RKIOEK KRR KKK KKK
fE FOOL  TOTAL TOTAL YEARLY  $/MUH .
& FEAK ENERGY LOAD COSTS  KERKRKRIKRRRRRKFRRRRRKRRK KR KRR KKK
YR (MW (GWH) FACTOR (MIL.$) INV., FUEL . O+M N.I. TOTAL
,g K ORKRRKEK  ORRKRRKK  KRORK  kkkkkk R0k kkkkx kR lokkkk Rk
B o3 947 4736 57,09 171 9.31 22.43 4.43 0. 36.18
94 265 4829 57.12 195 15.31 20.35 4.67 O 40,33
;@ 95 983 4922 57.16 201 15.02 21.11  4.71 0. 40,84
B 96 1003 5031 57,10 551 22,469 21.92 5.21 0, 49,82
97 . 1023 5141 S7.37 261 22,82 22,74 5.26 0, 50 .82
o 98 1044 5250 57.40 272 22.96 23.46 S5.31 0. 51,73
;E 99 1064 5360 57.51 278 22.48 24.15 5.32 0. 51,96
50 1084 5469 57.44 285 22.04 24.84 5.24 0. 52,12 -
1 1121 5661 57.65 297 21.89 25.26 5.29 0. 52,44
?E? 2 1158 5853 S7.70 305 21.17 25.76 5.23 0, 52,16
B 3 1196 6044 57.69 320 21.09 26,61 5.27 0, 52,97
4 1233 6236 57.58 356 26,27 25.06 S5.83  O. . 57.16
5 1270 6428 57.78 . 373 26,06 264,19 5.79 0. 58,04
6 1323 6701 57.82 391 25.56 27.01 5.80 0. 58,37
7 1377 6973 S57.81 410 25.11 27.86 5.85 0. 58.82
8 1430 7246 S57.69 453 29.60 26.61  &.35 O, 62,56
9 1484 7518 57.83 468 28,53 27.39 -6.33 0., 62,25
10 1537 7791 57.86 482 27.53 28.03 4.29 0. 61.85
;E?‘ : GENERAL ELECTRIC COMPANY
L 0GP-5 GENERATION FLANNING FROGRAM-SUMMARY OUTFUT

KR KL KKK KKK KR KKRRKEEKRRKKRRHRKRKRKRKRFRKAKK

ALASKA RAILEBELT

ZEROZ - 3Z

" JOB NUMEBER 2ML709 12/31/81

i} KKK K E KK KKK E KKK EKARKKERRKKKKEEKKK KKK EK

GENERATION SYSTEM

'°.}lE? TYFE 1 2 3 4 5 6 7 8 $ 10  SUM
B g2 0 50 452 141 67 317 155 0 0 -0 1191
| FERNE R E KRR KRR RERRARRK KR EIRRKER KRR KA KRR RKRKRR KK AARRA KA KK
3 TOTAL
] i; , | , CAFAR,
YR YEARLY PERCENT M I X
KRR ERRK R RRRF EX0ER KRR KRR RRRRR OO RR KRR RRR KRR KRR KRR AR RRR KK
93 0. 1B.9 32.3 10,2 4,3 23,1 11.3 0, 0. 0. 1373
54 0., 29.8 26,8 9.1 3.7 20.6 10.1 0, 0, & 1542
95 0. 30.7 26,7 B9 2.1 21.2 10,4 0. 0. 0. 1495
E; 96 0. A40.6 24.6 4.0 1.8 19.5 9.5 0. 0. 0. 1624
8 o5 0., 40.7 28.8 0. 1.4 19.6 9.6 O 0. 0. 1620
98 Qe 4003 2907 O, 1.1 19.4 Q9 O. O O 1635
{99 0., 40,3 29.7 O, 1.1 19.4 9.5 0. 0. 0. 1635
E{ 0 O0. 39.8 29.4 O, 1.1 19.9 9.7 O, 0. 0. 1591
. 1 0. 38.2 32.4 0. 1,0 19.1 9.3 0. 0. 0. 1661
g 5 0, 39.4 30.3 0. 0.9 19,7 9.6 —O0+—07v __0. 1608
_~i} 3 o, 39.0 31.0 0. 0.9 19.5 9.5 Oe—0s _ O, 1625
N O —35y7 2756 0y 0.8 1774 T B{S T 0F=— 0+ O 1825
” = 0., 45,0 28.5 0. 0.4 17.5 8.6 0. 0. 0. 1807
E; 6 O, 43.8 30.4 O, 0.3 17.1 8.4 0, 0. 0. 1854
J 2 0. 42,3 32,9 0. 0.3 16.5 8.1 0. 0. 0. 1924
8 O©O. A48.3 28.9 O, 0.3 15.1 7.4 O, 0. 0. 2098
w © 0., 48,3 28.9 0. 0.3 15.1 7.4 0, 0. 0. 2097
i; 10 ©O. 48,3 28.9 0. 0.3 15.1 7.4 O, 0. 0. 2097

I S T S & 8 LSttt tatoaeetssvsssissstites st ittt tidissy i
e SRERR KRR RO RRRRRRRRRR KRRk KRR ARK f
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0GF -5 GEMERATION FLAnwninG FROGRAN-SJUnmART OUIFUY
EHE KK R R ROK KK OORHOE 3 8 3k 3k 3k K K O R R K KRRk KR K

ALASKA RAILBELT

ZERDZ - 3%

JOE NUMEBER 2ZML7V7 12/31/81

KKK KKK KKK KRR KKK KRR RAORK KA KK RRRKERKEKRK

GENERATION SYSTEHM

NUKE coaL NGASGT OIL 6T DIESEL COMCYC TYFES
TYFE 1 2 3 4 5 & 7-10 .
OPTMZING 0 1993 1993 0 0 1993 X KK :
_PCT TRIM o) 0 ' S 0 o o . :
1992 MW 0 . 59 452 141 47 317 155 SuUM= 1190 |
x*xxxx*x*xxx*xxxxxxxxxxx*xxxxxxxxx*xx**xxx**xxx*xx*xx*x*xxx**x*xxxx**xx 5
. ) TOTAL :
CAFAB. :
YR YEARLY MU ADDITIONS + TIES :
XX KEEKEKK EEREEREE KRKKREK HR000kR 0ERKkR okkkkkk kRRk KokkRkx KEKK i
23 ' | 680% 1853 - d
?4 .o - 1822 £
.95 s 1774 -
964 ' . 1704 j
97 1630 ;
98 15735 %
99 1575 :
0 1531 :
1 1531 i
2 &01% 2079 .
3 2026 :
4 ; . - - A 1% 2027 ¢
5 1939
b ik 1917
7 70% 1987
8 70% 1% 2032
9 ’ 2031
10 - 70X . : S 1% 2102 &
xx**xx*xx*xxx**x*x*x*x*xxxxxxx*xxxxx*xx*xx***x*xxxxx*xxx*x**x**xx**xx%* .
xxx*x*xxx*xxxx*xx*x*xx*x*xx*x*tx**x**xkx***xx**x*x**xx*xx**xx**xxxxx**x
MW ADD 0 0 210 0 o 0 285 SUM= 1495
MW RET 0 ~464 -335 -141 -461 0 0 SUM= -583
KRELKE FRERRK  RKRKKK Rk kkkkopk Rbkkkk KHEKEEK  XERK IRk RRRkXK
2010 0 13 326 0 6 317 1440 SUM= 2102
FCT TOTY 0. 0.6 15.5 0. 0.3 15.1 6B.5 SUM=100 FCT
**xx*xxxx*#*#xx*#*2*****3*****%****x*x**xxx*xx**x**xxxx*xxx*xx*x*x**#*x
AUTOD 0 ) . 0 o 0 o 0 SUM= 0 .
F'CT TDT Oo 00 00 Qo O Qo 00 SUﬁ= ¢ F'CT
¥ COMMITTED MW
?\\
SR AR o R s e g SR PERUTRM LA " o o o S gt g T By o e P T e
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ALASKA RAILRELT

ZERDZ - 3%

GENERAL ELECTRIC COMFANY

12/31/81

3823825290208 3922259229822222922222¢ 022"

JOB NUMBER 2ML7V7
FOOL  TOTAL
PEAK  ENERGY

YR (MWD (GWH)
KK RKKRKK  KRRKKKK
93 947 4736
94 965 4829
95 983 4922
96 1003 5031
97 1023 5141
98 1044 5250
99 1064 5360
0 1084 5469
1 1121 5661
2 1158 6352
3 1196 6455
4 1233 6599
5 1270 6698
6 1323 6880
7 1377 7079
8 1430 7310
9 1484 7551
0 1537 7827

SR i L ek R e S e e S s G
S o

LOAD

FACTOR
XREXKXK

97.09
57.12
9716
97.10
39737
97 .41
57.51
57 .44
37 465
62:61
6161
60.92
66,21
c8.36
9B8.+.69

58.20

58.08

S58.14

TOTAL
COSTS
(MIL.%)
XXXXKKX

OGF~5 GENERATION FLANNING FROGRAM-SUMMARY DUTFUT
1332250233303 23800 22332033320 2392 2322320289222 0%

=%, twmgﬁ THEcs :;fgvswmwgevq!g@zriﬁh‘ww;‘;u; If‘&f};.‘."?ﬁ.wt,»?&’mfﬂaﬂiemwfus p

YEARLY ¢ /MUWH
b 3333233 EEIET SIS L2222 200
IHY, FUEL O+ N.I. TOTAL
KEKERKE  RREEKEK O RKKEXX XEFXXKXK XRKXKK
243 42,05 4.99 4.32 ° 0. 51.36
249 41,24 S99 4433 0. 91.395
252 40.46 6,33 4,36 0. S1.16
263 39.99 B.35 4,35 0. 52.28
267 38B.74 8.80 4,33 0. 31.87
271 37.94 ?.43 4,34 0. 51.71
277 37.16 10.11 4.39 O. 91.+65
287 36.42 11.72 4.40 0. 32.54
297 35,18 12.81 4.44 0. 52.43
327 46.28 0. 5.14 O. 91.42 =
245 45.04 2.66 Ge23 0. 53,42 v
328 44.55 . 0. .11 0. 49.66
345 43.89 2.44 S5.12 O. 591.435 g
333 42.73 0.69 2.00 0. 48,41 i
359 42.07 3+56 9.12 0. a0.74
360 41.27 2.89 9.05 0. 49 .21 -
380 3%2.96 D28 oe11 0. 50.34
386 39.07 D.21 5.08 0. 49.35
H
3




E GENERAL ELECTRIC COMFANY ;f
O0GF~-5 GENERATION FLANNING FROGRAM-SUMMARY OUTFUT
FOROR R KKK KKK KKK KKK KK KKK OK AR KKK KKK KRR R AR R KKK KKK

E;LASKA RAILERELT
ZEROX - 3%

J0B NUMERER 2ML7V7 12/731/81
CERERERRARRKROR KR KR KRR KRR ERERE KKK RRREK

. TOTAL CAPARILITY :
ET (INCLUDING TIES) LOSS OF LOAD  COST IN MILLION $ i
, YEAR  TIME OF PCT. FROBARILITY  YEARLY  CUM. FUW :
EAR  LDAD  END  FEAK  RES.  I/Y H/Y  caosT TOTAL :
iggﬁx FRRKK KRR RRREX RXRXK KRRKEE RKRKKK KKRRREX KRRRKKX "
1993 947 1853 1853 95.7 0.000 O, 243.3 . 175.7 :
1994 965  is22 1822 88.8 0.000 0. 248.9 350.3 :
1995 983 1774 1774 B0.5 0,000 O, 251,8 .  521.8 i
fl996 1003 1704 1704  69.9  0.000 0. 26340 6957 !
1997 1023 1630 1630 5%.4 0,000 O, 26647 866.9 i g
1998 1044 1575 - 1575 50.8  0.001 . - 0. 271.5  1036.0 )
1999 1064 1575 1575 48.0 0,002 0. 276.8  1203.5 :
2000 1084 1531 1531  41.2 0,015 0. 287,3  1372.3 :
2001 1121 1531 1531 36,6 0.032 0. 296.8  1541.6 i
2002 1158 2079 2079  79.5 0,000 0. 326,6 172244 :
2003 1196 2026 2026 6%.4 0,001 0. 344,9  1907.8 ¥
2004 1233 2027 2027 4.4 0.001 0, 327,7  2078.8 £
2005 1270  1939- 1939 . 52.7 0.017 0. 344.6  2253.4 §
2006 1323 1917 1917  44.9 0.068 0. 333.1  2417.3 :
2007 1377 1987 1987  44.3 0,025 0, 359.2  2588.8 &
iEOOB 1430 2032 2032 42,1 0,029 0. 359.8 275504 {
Er0o09 1484 2031 2031 36,9 0,050 0. 380.1  2926.8 :
2010 1537 2102 . 2102 36.8 0.025 0. 386.3  3095.6 i
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ITEM 5 - LOAD PROJECTIONS
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ACRES AMERICAN INC.» COLUMEIA MD.» 21044
ALASKA RAILEELT BATTELLE MEDYUM FORECASTY
(HW) . (MWH)
YEAR FOOL FEAK TOTAL ENERGY LOAD FACTOR
1981 574, 2893000, 57,54
1982 601, 3027000, 57.50 -
1983 . 626, 31462000, 57.66
1984 652, 32946000, 57.55
1985 678, 3431000, - 57.77
1986 721, 3636000, 57,57
1987 764, 3841000, 57,39
E 1988 804, 40456000, : 57.15
1989 849, 4251000, 57.16
» 1990 892, . 4454000, 57,03
Eﬁ 1991 910, 4549000, 57,07
B 1992 928, 4442000, 56,95
1993 . 947, 4736000, ' 57409
1994 965, 4829000, 57,12
1995 983, 49220060, 57.16
1996 4 1003, . 5031000, 57.10
1997 1023, 5141000, 57.37
1998 1044, 5250000 57.41
1599 1064, 53460000, 57,51
2000, : 1084. 5449000, 57,44
2001 1121, 5661000, 57,65
2002 1158, 5853000, 57.70
2003 1196, 6044000, | 57,69
2004 1233, 6235000, 57.58
2005 1270, 6428000,  57.78
2006 1323, . 6701000, 57,82
- 2007 1377, 6973000, 57,81
;H 2008 1430, 7246000, 57,49
""" * . 2009 1484, 7518000, 57,83
2010 1537, 7791000, 57.86
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ACRES AMERICAN INC.s COLUMEIA MD.» 21044
ALASKA RAILRELT ’

BATTELLE Lo FORECAST

E (MW) (HWH)
| YEAR PDOL FEAK TOTAL ENERGY | DATt FACTOR
| 1981 568, 2853000, 57.34
g 1582 586, 2948000 57.43
f 1983 605, 3044000, 57 .44
A 1984 623, 3139000, 57.36
? | 1985 642, 3234000, 57 50
A 1986 ‘674, 2387000, 57,37
1987 706, 3540000 57.24
" 1988 728, 3693000777 _ S46.97
E» T78% 7705 38Z6000 57,02
1990 802, 3999000, 56,92
- 3991 811, 4047000, - S6.97
g 1992 821, 4095000, 56.78
a 1993 830, 4144000, 57,00
1994 840, 4192000, S$46.97
ﬁ 1995 849, 4240000, 57.01
1996 843, 4320000, 56.99
1997 878, 4400000, 57.21
1998 892, 4481000, 57.35
5 1999 907 « 45610004 57.40
2000 921, 4641000, 57.37
2001 950, 4784000, 57,49
E 2002 979, 4528000, 57.46
~ 2003 1008. 5071000, 57.43
2004 1037, 5215000, 57.25
5 20065 1066 5358000, 57 .38
] 2006 1102, 5547000, 57.46
2007 1138, 5736000, 57 .54
2008 1173 5925000 . 57 .50
E 2009 1209, 6114000, 57473
2010 1245, 6303000, 57.79




JOB NUMBER 1HL4VS 12/730/81

ACRES AMERICAN INC.sy COLUMEIA MD.» 21044
‘. ALASKA RAILBELT ‘

B
E BATTELLE HIGH FORECAST

(M) CHWH)
E YEAR FOOL FEAK TOTAL ENERGY LOAD FACTOR
1981 598, 3053000, 58,28 -
1582 647, 3347000, 59,05 i
E 1983 696, 3642000, 59,73 : ,
1964 745, - 3934000, 60,15
1985 794, 4231000, 40,83 |
1986 855, 4525000, 60,42 *
E{ 1987 916, 4820000, £0.07
1588 976, 5114000, 59,65 :
1589 1037, 5409000, 59,54
E 1990 1058, ' 5703000, 59.29
1991 ' 1128, | 5855000, 59,25
1992 1158, 6007000, 59 .06
E 1993 1188, : 6160000, . 59,19
1594 1218, 4 6312000, 59,16 ?
1995 1248, 6464000, 59,13 ,
1996 1286, 65663000, - s58.98 z
i 1997 1324, 4861000, 59,16 3
1998 1363, 7060000, 59,13 i
1599 1401, 7258000, - 59,14 ]
E 2000 1439, . 7457000, 58,99 :
2001 1505, - 7795000, - 59,13 :
2002 1571, 8133000, | 59.10
. i 2003 - 1637, . 8472000 . 59.08
2004 1703, 8810000, © 58.89 .
2005 1769, 9148000, | 59,03 :
2006 1848, 9605000, - 59 .33 » i
E 2007 1927, 10063000, 59,61
2008 2007, 10520000, 59.67 i
2009 2086, | 10978960““”” £0.08
i e D O s DY A T - T TABB000 A e g 29
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OPTIMIZED GENERATION PLANNING (OGP) PROGRAM

The OGP program was developed over ten years ago to
combine the three main elements of generation expansion
planning (system reliability, operating and investment
costs) and automate generation addition decision analysis.

The first calculation in selecting the generating
capacity to install in a future year is the reliability
evaluation using either percent installed reserves or loss-
of-load probability (LOLP). This answers the questions of
"how much" capacity to add and "Ywhen" it should be in-
stalled. A production costing simulation is also done to
determine the operating costs for the generating system with
the given unit additions. Finally, an investment cost
analysis of the capital costs of the unit additions is
performed. The operating and investment costs help to
answer the question of "what kind" of generation to add to
the system.

The next three sections review the elements of these
computations.

Reliability Evaluation

Historically, electric utility system planners measured
generation system reliability with a percent reserves index.
This planning design criterion compared the total installed
generating capacity to the annual peak load demand. How-
ever, this approach proved to be a relatively insensitive
indicator of system reliability, particularly when comparing
alternative units whose size and forced outage rate varied.

Since its irtroduction in 1946, the measure that has
gradually gained widest acceptance in the industry is the
"loss-of-load probability." The LOLP method is a probabi-
listic determination of the expected number of days per year
on which the demand exceeds the available capacity. It
factors into the reliability calculation the forced and
planned outage rates of the units on the system as well as
their sizes.

Computing LOLP requires an identification of all outagﬁ
events possible (in a system with n units, this means 2
events) and then a determination of the probability of each
outage event. However, since LOLP is concerned with system
capacity outages and not so much with particular unit out-
ages, the probability of a given total amount of capacity on
outage is calculated. This information can be presented as
a "cumulative capacity outage table" as shown in Figure 1.
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CUMULATIVE PROBABILITY
OF MW OR MORE ON 0.0l
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0001 TOTAL
INSTALLED
CAPACITY
0.0001 |~
4 _
0.0000! 3

MW CAPACITY OR MORE ON OUTAGE

Figure 1. Cumulative Capacity Outage Table
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0 MW 1.0000
10 0.6342 HOURLY LOADS
20 0.3719
30 0.2463
40 0.1986 |
SO ]
50 N
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N
Y
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]
|
| L
R
Y. Y |
LOLP = 2 PROBABILITIES HOURS ONE YEAR
Figure 2. LOLP Calculation Procedure
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Utilizing a highly efficient recursive computer technigue,
these capacity outage tables are calculated directly from a
list of unit ratings and forced outage rates.

The LOLP for a particular hour is calculated based on
the demand and installed capacity for that hour. The re-
serves are glven by capacity minus demand. On this basis, a
deficiency in available capacity (i.e., loss of load) occurs
if the capacity on forced outage exceeds the reserves. The
probability of this happening is read directly from the
cumulative outage table and is the LOLP for a single hour as
shown: in Figure 2.

In addition to calculating the percent installed re-
serves, OGP can also calculate a daily LOLP (days/year) and
an hourly value (hours/year). The daily LOLP is determined
by summing the probabilities of not meeting the peak demand
for each weekday in the year. The hourly LOLP is calculated
by summing the probabilities of not meeting the locad for all
the hours in the year. These two values are not related by
a factor of 24 because a deficiency for the peak hour of the
day does not necessarily imply a deficiency for the entire
day.

The discussion above proceeded on the assumption that
the hourly demand was specified deterministically. The in-
clusion of load forecasting uncertainty can also be impor-
tant and has been integrated into the OGP computational
procedure. At each demand point in the uncertainty distri-
bution, the LOLP is calculated. The equivalent ‘'is then
determined by weighting the LOLP result at each demand point
by the probability distribution value.

Utilizing this technique, generation planners can
design the generation system to a spec1f1ed level of relia-
bility. As the demand grows through time, generation addi-
tions are automatically timed by OGP such that the LOLP does
not exceed the design criterion.

Figure 3 plots LOLP versus the annual peak load for a
spec1f1c generation system. As the graph :Lndlcates, LOLP
varies exponentlally with load changes. The design cri=-
terion in this case is 0.1 days/year. For the 1985 peak
load indicated on the graph, the generation system is at a
level of reliability better than 0.1 days/year. Therefore,
no additioénal capacity is required.

In 1986, the annual peak has increased to a point where
the generation system cannot maintain the desired 0.1 days/
year LOLP. 1In anticipation of this, a unit addition would

gy
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be scheduled for 1986. What happens to the LOLP versus peak
load curve?

With the new unit addition installed, the curve shifts
to the right as in Figure 3. 1In 1986, the LOLP has de-
creased from 1.0 days/year to about 0.05 days/year because
of the unic¢ addition. This is below the desired 0.1 days/
year criterion established by the utility system planner and
hence the unit addition process is completed in that year.

Production Simulation

Once a system with sufficient generating capacity has
been determined by the reliability evaluation, the fuel and
related operating and maintenance (0&M) costs of the system
must be calculated. OGP does this by an hourly simulation
of system operation.

The program commits and dispatches generation based on
economics- so as to minimize costs.  However, the user has
the option of biasing or overriding the normal economic
operation of the system. This can be accomplished in two
ways. The user may specify weighting factors for various
environmentally related quantities such that the program
will operate those units to minimize their impact. The user
may also limit, on a monthly basis, the number of hours that
units may run or the amounts of different fuels that may be
consumed,

The producticn simulation in OGP is performed in six
steps: load modification based on recognition of contrac-
tual purchases and sales; conventional hydro scheduling and
its associated 1load modification; monthly thermal unit
maintenance scheduling based on planned outage rates; pumped
storage hydro or other energy storage scheduling; thermal
unit commitment for the remaining loads based on economics
and/ocr environmental factors, spinning reserve rules, and
unit cycling capabilities; and unit dispatch based on incre-
mental production costs and environmental emissions. The
production simulation is for a single utility system or
pool. TUnrestrained power transfer capability is assumed
between aireas or companies internal to the pool represented.

Purchases and Sales

The OGP production cost load model is an hour-by-hour
model of a typical weekday and weekend day for each month,
arranged in monotonically decreasing order. These hourly
loads are modified to reflect the firm purchases and sales
between the area being studied and entities outside that
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area. Each contract has associated wiin it a demand charge
(S/kW/yr) and an energy charge ($/Mvh).

Conventional Hydro Scheduling

Hydro energy generally has a very small incremental
variable cost and, therefore, in OGP it is used as much as
possible so as to minimize system operating costs. There
are two types of conventional hydro. First, run of river
hydro is typically an installation which has a low head and
minimal storage. These units tend to be base locaded since.
. the river and dam characteristics dictate that the unit must
| D: be running most of the time. The second form of convention-

al hydro is pondage hydro, -characterized by a significant
volume of storage. ~Pondage hydro units are usually sche-
duled during peak load time periods because it is durlng
these periods that the system s incremental fuel cost is at
its highest. Thus, the pondage hydro is scheduled to shave
peaks. In scheduling conventional hydro, attention must be
given to the fact that hydro capability is affected by
seasonal conditions. This is handled in OGP by specifying
data on a monthly basis. ‘

Thermal Unit Maintenance

- On a utility system, the planned maintenance of indi-
vidual wunits is usually performed on a monthly basis.
During these perlods, the units are unavailable for energy
production. Maintenance scheduling is normally done so as
to minimize the effect on both system reliability and system
operating costs. A common "strategy ifor schedullng main-
tenance, and the method used in OGP, is the levelized re-
serves approach. Basically, the monthly peak 1loads are
examined throughout the year and incremental amounts of
generatlng capacity maintenance scheduled to try and level=-
ize the peak load plus capacity on maintenance throughout

the year.

ES: K3

Increased maintenance levels which might be required

ke during the first few years of a unit's operation are modeled

using an immaturity multiplier. OGP also allows the user to
=4 annually input a predetermined maintenance schedule for
ok units for which this information is available.

Energy Storage Scheduling

Although very often applied to studies of pumped stor-
age hydro, OGP may also be used to study other types of
energy storage on electric utility systems such as bat-
teries, thermal storage, and compressed air storage.

K
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Recognizing losses in the cycle, generating and charg-
ing energy is scheduled to maximize the savings in system
production costs on a weekly basis. Energy storage units
are assumed to be fuliy charged at the beginning of the
week. Incremental amounts of generation are balanced by
enough charging to fully recharge the-unit by the start of
the next week. Becausez of the nonlinearity in system oper-
ating costs, the energy storage units can operate so as to
decrease costs despite a cycle efficiency less than 100%.

Thermal Unit Commitment

After modifications for contracts, hydro, unit main-
tenance, and energy storage, the remaining loads must be
served by the thermal units on the system. In OGP, the
units can be committed to minimize either the operating
costs, as is usually done, or some combination of user
specified environmental factors and operating costs. The
operating costs are calculated from the fuel and variable
O&M costs and input-output curve for each unit. Fixed O&M
costs do not effect the order in which units are committed,
but are included in the total production cost.

Figure 4 illustrates the type of input-output represen-
tation used by OGP to model the thermal characteristics of
generating units. This model specifies the fuel input in
Btu per hour as a function of the electric power output in
megawatts. However, performance economics are dictated not
only by the heat input but also the price ($/MBtu) of the
fuel used by +the generating unit. Therefore, the cost
characteristic relating fuel cost per hour to power output
is simply the product of the heat input characteristic and
the fuel price. 1In addition to the fuel input versus power
output specification, the maximum and minimum output are
specified as operating limits.

The environmental quantities that OGP can factor into
the operation of the system along with the operating costs
are: heat rejectioen into the aunosphere, heat rejectlon
into the cooling medium, SO, emissions, NO_ emissions, CO
emissions, particulate emisfions, and wat8r consumption.
Figure 5 shows that these characteristics are modeled much
like the unit heat rate.

The unit commitment logic determines how many units
will be on-line each hour and also attempts to prov1de an
adequate level of operating reliability while mlnlmlzlng the
system operating costs and/or environmental emissions. The
operating rellablllty requirement is met by committing
sufficient generation to meet the load plus a user specified
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.Spinning reserve margin. Units are committed in order of

their full load energy costs or emissions, starting with the
least expensive.

This commitment is then reviewed to determine if the
thermal cycling capablllty of any units is being violated.
I1f so, this preliminary commitment will be modified to keep
such units on line as may be dictated by their cycling
restrictions.

r

Thermal Unit Dispatch

If a unit is committed, the unit's minimum loading
level requires that its output be at that level or higher.
When the final commitment has been established, each unit
will be loaded to at least it's minimum. Typically the sum
of the mlnlmums does not equal the load. Additional load
will be served by the units! incremental loading sections.
The dispatchi ng function in the OGP production simulation
loads the incremental sections of the units committed in a
manner which serves the demand at minimum system fuel cost
or emissions. This dispatch technique is the equal incre-
mental cost approach.

Figures 4 and 5 also show the incremental fuel cost and
environmeéntal emissions models used in dispatching the
incremental loading sections to serve ithe load.

OGP can model the forced outages of units either deter-
ministically, by extending the planned maintenance period,
or stechastically. In the .stochastic dlspatch the program
recognizes that units will be out of service in each zone of
constant commitment for a period of time proportional to the
forced outage rate. The load previously served by these
units will be transferred to higher cost units. This usual-
ly requires the commitment of additional generating units.
If additional units are not available, emergency tie energy
will be supplied at a cost input by the user.

Fuel and Energy Limitstions

OGP has the optionkof performing the production simula-
tion subject to additional constraints. The amount of
energy to be generated each month by each unit or the quan-
tities of the different fuels consumed in a month may be
limited. If any limits are reached, other, less economic
units will be committed and dispatched as needed.
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bd Investment Costing

™ The investment cost analysis in OGP calculates the

L annual carrying charges for each generating unit added to
the system. This is computed based cn a &/kW installed

- cost, a kW nameplate rating, and an annual levelized fixed

¥l charge rate.

. OGP Optimization Procedure

Lsi Figure 6 outlines the procedure used by OGP to deter-.
mine an optimum generatlon expansion plan.

E ' For the year under study, a reliability evaluation is.

performed. This determines the need for additional generat-
ing capacity. If the capacity is sufficient, the program
calculates the annual production and investment costs,
prints these values, and proceeds to the next year.

1f additional capacity is needed, the program will add
units from a list of available additions until the relia-
bility index is met. This list can contain up to six ther-
mal types and three types of energy storage units. These
units can be added both by themselves and 1n combinations
with other types of generation.

For each combination of units added to the system, OGP
does a production simulation and investment cost calculation
for the year under study. The program uses the information
gained from the cost calculations to logically step through
the different combinations of units to add, eliminating from
consideration combinations that would produce higher annual
costs than prev1ous'ly found. This process contlnues until
the expans:Lon giving the lowest annual costs is found. The
selected units are added to the system, and the program
proceeds to the next year of the study.

In cases where operating cost inflation and/or time
variation in unit outage rates are present, the OGP optimi-.
zation logic utilizes a "Ylook-ahead" feature. The look-
ahead feature develops 1levelized fuel and O&M costs and
mature outage rates for use in the economic evaluation. 2s
part of the output information available, the user obtains
documentation of the relative costs of all the alternatives
examined. After the generating unit selection, the reli-
ability and costing calculat1ons are repeated for ithe chosen
alternative so that the expansion report available for the
user contains the correct annual values.
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Sample Output Results

The "bottom line" result from the OGP program is the
annual summary of additions. Figures 7 and 8 present the
annual capacity additions by type (nuclear, coal, gas tur-
bine, etc.). For example, in year 1995, the OGP program
added in this sample run one 1300 MW nuclear unit and two
300 MW blocks of gas turbines as well as 500 MW of pumped
storage hydro. The generatlng units indicated with an
asterisk (*) are those units which have been previously

committed for service. For example, in 1984, a 1200 MW .

nuclear unit and a 500 MW battery storage unit are committed
for service. :

At the bottom of the additions report, a summary is
provided. The first row is the sum of megawatt additions
and retirements (MW ADD and MW RET) during the period. The
second row 1is the capacity in service in 1998 (end of the
study). The third row is the MW additions that were addegd
automatically (AUTO) by the OGP program (total additions
less committed additions).

Other summaries are also provided by the program.
Figure 9 presents the load, capacity, reserve, LOLP and cost
summary. Figure 10 presents a more detailed cost summary
both on a yearly basis and also on a cumulative present
worth basis.

OGP also makes available more detailed yearly and even
monthly results. One of these results is illustrated in
Figure 11. This is the annual production cost summary and
illustrates the annual history of each generating unit's
maintenance period, hours on line, capacity factor, fuel
cost, etc.

At the bottom of the page, the energy output, capacity
factor, and fuel cost results are summarized by generating
plant type (nuclear, coal, gas turbine, etc.).

Other summaries are also available. including annual
fuel consumption by fuel type (nuclear, coal, oil #2, oil
#6, natural gas, etc.), and annual env1ronmenta1 summaries
(water consumption, SOZ' and Nox emmissions, etc.).

while these summaries are examples of OGP program
output, a complete printout would include a formatted list-
ing of the input parameters and other useful displays of
information.
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: GEMERAL ELECTRIC COMPANY
OGP-5 GENERATIONMN £LANMING PROGRAM-SUMMARY OUTPUT

XX XX A XTI X I AP NS I XN I XX I AN XN EXX IR IXXK

OGP-85 ELECTRIC SYST:IM
USERS MAMUAL EXAMPLE
JOB MUMBER 249398 03/14/79

oo I ‘v v

xx:!t:xxxtx:xx::‘::t*t‘:tx:xxxx:&zzx‘xxzxxxxx

! GEMERATION SYSTEM
E} MUCL. F-COAL G.T. STAGQ C~-CGAL F-GIL  TYPES
‘ TYPE 1 2 3 4 5 6 7-10
OPTMZING 1988 197 1979 1654 1884 1987 XXX
, - PCT TRIM 25 25 L8] 2% 2% 25
E} 1878 MW 5005 47819 702 500 3006 4782 934 SUM= 17114
g ) R R N Y I Y I T R X N I A I I T R I N T X I T S S N N N S T S XX EE A IS LIXIEN
TOTAL
, CAPAB.
i!z YR YEARLY MW ADDITIONS + TIES
k. o XX EXIXLTEX EXTALEXY ITTXXXX XXXEPIT XXXLXIEEY XXXXIXX STEXH XTS=SX TLEXX
o 79 225z 2X 150 18367
80 1200x 2X 150 15844
”T 81 750x 2X 150D 20804
E% 82 1200z 400x 22288
83 1200x 1X 150 23514
84 1200x : 500x 25214
- _85 500 25334
J 8% 500=
500 26534
87 2X 300 600 27609
g8 1300 28778
”} 89 1X 300 2X 400 5Q0 30278
;d =1s) 1X 300 3X 400 100 31863
a1 2X1300 34248
92 2X1300 __BEB48
-t 23 3X 300 30N 37802
. a4 iIX 300 3X 400 300  3¢410
: =11 1X1300 2X 300 500 41647
86 2X1300 22X 300 100 4a527
a7 . 1X1300 1IX 300 1X 400 300 48777
a8 2X13800 2X 300 100 45761
AR A NN E X NN R S R N N Y R N N N N XTI LI EXXE XIS

:xxzxxzxr:z::x:xx:xxz:xzr:x:vzx:zx:xzx.tx":txxxxxxzxxtt:*tr:x:xtxxt::::xxzxx

MW ADD 7400 11375 55560 4000 o) 0 6100 SUM=s 34425
MW RET 0 -1435% o] o) o) -1373 0 SUM= -2828

EXXEXE XXXXKXX XX KX XX TXEAXXX XXUXEXX XXXXXX XXXXXX EEIXX XEXAIZIXXXAXX

1598 12405 14701 6252 4600 300 3419 7034 SUM= 48711

PCT TOT 25.95 30.2 12.8 S.4 0.6 7.0 14.4 SUM=100 PCT
N A N X T X AR X R A AN A AN S NS R T EF AT IT XTI
AUTO 2600 10400 5550 3600 - 0 0 5100 SUM= 27250
PCT TOT 8.5 38.2 20.4 13.2 0. 0. 18.7 SuUM=100 PCT

x COMMITTED MW

) KD 3 EL T3 o

Figure 7. Annual Capacity Additions by Type
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GENERAL ELECTRIC COMPANY
OGP-3 GEMERATION PLANMING PROGRAM-SUMMARY CSUTPUT

2*7'!t!l!:iK!:'X:!!Ilﬂ!!:ﬂ‘!r:‘:!!!!!*!x!:’*x:!*!!!!

OGP-3 ELECTRIC SYSTEM
USERS MANUAL EXAMPLE
JCB NUMBER 243398 03/14/78

EIXIXXLIIIXTTXRL S t!&&:xx:xtx::x:%xxxxxxx

GENERATICON SYSTEM

THERMAL HYDRO PSH BATRES CCOMPAR
TYPE 1-6 7 8 $ i0
OPTMZING xEX 1984 1884 1984
PCT TRIM o 0 0
1878 MW 16130 310 624 0 O SUM= 17114
X N L R R R XXX T I T I X XTSI T X S I X N X N N T A XX XX AR EXEXEENE XY
TOTAL
CAPAB. LOAD LOLP
YR YEARLY MW ADDI! TI1I ONS +TIES MW D/Y
xx XTXZIXE EXASXE AXXXXX ILXTXE XXXEXX ELZXXXX  ALTEXX ETXXXRXSK
79 525 ) 18387 14091 0.4133
80 1500 18844 14856 0.3813
81 1050 ) 20804 15684 0.4021
82 1800 2223 16546 D.3362
&3 1350 23514 17456 0.4551
84 1200 500z 25214 18416 0.2454
&85 5X 100 25584 15428 0.4728
86 SX 100 500= 263534 20498 ©.4280
87 600 - BX 100 27509 21625 0.43826
:1-] 13X 100 26778 22814 $.<820
88 1100 SX 100 30378 24068 . 0.3&91%
[0 1500 11X 100 31363 25393 0.3350
g1 2600 34348 25790 0.4140
a2 2500 36848 28263 90,3910
83 800 3X 100 37802 29818 D.4783
84 1500 3X 100 38410 31453 0.4€835
85 1900 5X 100 41647 33188 G,44938
g6 3200 1X 106 44627 35013 0.4217
87 2000 ' 3X_100 46777 36239 N.4551
=1 3200 - 1X 100 - 48761 383970 0.4303

L3
X N I I Y X X I R S R X I I X N X L I XX A XN LRI I TR LTI F XN LN ERXR TSN
R X X I Y N I R N X I S N X N L X X E A R AR I X E XA I NAN A IELEI LTI LEX

MW ADD 28325 o 5100 500 500 SUM= 34428
MW RET -2828 0 4] 0 0 SUM= -25828
XXTIXX XXXXXX XILXXT XXLLXX  XXXITX XITXXX  XXXZEXTTTXRX
1998 41677 310 5724 500 500 SUMs= 48711
. PCT TOT_ 85.86 0.6 11.8 1.0 1.0 SuUM= 100 PCT
T I I T N I I I T I I I I T I I T NI It I
AUTO 22150 8100 0 0 SuUM= 272350
PCT TOT 81.3 18.7 0. 0. SUM= 100 PCT

x COMMITTED MW

Figure 8. Annual Capacity Additions by Type
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GENERAL ELEGTRIC COMPANY
OGP-5 GENERATION PLANNING PROGRAM-SUMMARY OUTPUT
I X I XY I Y I P X I F IS RN S X XX S XA I NN ERES T ENXXXN
OGP-5 ELECTRIC SYSTEM
USERS MAMUAL EXAMPLE
JOB NUMBER 249398 03/14/79 %
3!:‘::3‘::18’**1:82zx:!!l::‘!!!!!!!x:!t!!!x
TOTAL CAPABILITY
(INCLUDING TIES) LOSS OF LOAD  COST IN MILLION $ j
YEAR TIME OF PCT.  PROBABILITY YEARLY CUM, PW i
YEAR LOAD END PEAK RZS. D/Y H/Y cosT TOTAL ?
XXXX LS & &3 ¢ XXE¢XEX IXTXX t B 3 & XXXEEXX YEXZXXKITX XXXXTXXX TITTXrNEX i
1879 14091 18422 13367 30.83 0.415 0.5%3 1207.8 10668.0 f
1960 14866 19384 19844  33.5 0,381 0.48 1547.0 2376.5 :
1981 15684 20344 20804 Q2.6 0.402 0.51 1827.8 3749.5 ;
1582 16546 22329 22283 34.7 0.335 0.42 22386.2 5277.0 |
1883 17456 23554 23514 34.7 0.455% 0.858 25652.9 6824.2 f
1984 18416 25254 25214 36.8  0.245 0.31 3146.7 5700.4
1885 19429 25624 25584 31.7 0.473 0.53 3598.3  10444.2
1985 20498 26524 -26584 29.7  0.429 0.52 3754.7 12195.8
1987 215295 27548 27609 27.7 0.4383 Q.58 4134.1 13270.3
1588 22814 28818 28778  26.1  0.483 0.56 4731.3 15794.4
19889 240593 30418 30378 26.2 0.338 0.38 5384.3 17671.6
1290 25353 31903 31863 25.5 0,338 0.37 60%3.1 10613.0
1991 26790 34388 34248 28.2  0.414 0.47  7233.1 __ 21713.2
o 1992 28263 36388 35648  30.4  0.391 0.45 8291.6 23522.9
;J 1983  2931e 37342 37902 27.1 0.478 0.54 9305.6 26151.3
- 1284 31458 38450 32410 25.3 0.470 0.52 104%3.8 28427.7
1985 331388 41587 41647 25.5 0.450 0.489 120723.4 30206.8
- 1696 95013 44667 44627 27.5  0.422 0.46 137f0.1 33231.4
g 1997 36933 46817 46777 26.6 0.455 0.50 15577.5 35323.4
1998 38970 48801 489761 27.7 0.430 0.47 17F93.6 28458.7
”’] ]
d
ot Figure 9. Summary of Load, Capacity, Reserve,
L] ‘LOLP, and Cost
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DENCRAL _ELECTRIC _COMPANY, OGP-B _GENERATION PLANMING FPROGRAM PAGE 78
96P-8 ELECTRIC SYSTEM 249393
- USERS MAMUAL EXAMPLE 03/14779
POCL TOTAL YEARLY  COSTS  (MILLION $) YEARLY COSTS  (3/MWH)
: PEAK ENERGY LOAD 1 28233333233 2233 3353333333333 8833823332833 288 SN0 R0 BN RN IR NN KK K K K
YEAR (MW) {GWH) FACTOR INVEST. FUEL O+M NUC INV  TOTAL - 1NV, FUEL o+ . N.1. TOTAL
‘{yxxtx EREKXK I3 32833 5 1 32533883 WA RN K |3 32838 ¢ MWW X WK WMWY WK MWK KK XN KR K oK WX AAEN KR NRM ¥ XA 1 3 3 £ 2 84
1978 14091, 740861 .4 60,00 24.5 997.0 186,2 30.0 1207.8 0.3 13.9 2.1 0.4 16.3
1980 14866, 78348.9 60,00 246.1 1085.,0 176, 2 39.6 1547.0 3.1 13.8 2,2 0.5 19,7
3981 15684, 82432.0 60,00 364 . 4 1228,3 192,7 42,2 1827.6 4,4 14,9 2.3 0.9 22.2
1982 15546, £6966,0 60,00 633,8__ 1833.6 218,0 53, 7 2236.2 7.3 15,98 2.5 0.6 25.7 )
ELE 17436, 91749.6 60,00 896.0 i1451.2 239,2 66.4 2652, 9 9,8 5.8 2.6 0.7 26,9
1964 10416, 97061,3 60,00 1235.2 1563,3 267,95 00.6 314G, 7 12,7 16,1 2.8 0.8 32,4
1465 19479, 102120,2 60,00 1272.6 1759, 200,6° 85,0 3398.3 - 12,5 17.2 2.7 0.8 33.0
1986 20498, 102735.4 60,00 1352.7 2012,7 297,9 91.4 3754.7 12.6 18.7 2.8 0,8 34.9
1907 21625, 113662,2 60,00 1427.6  2345.2 313.9 97.4 4184 .1 12.6 20.6 2.8 0.9 36.8
1260 22814, 120241.6 60,00 1539.8 27%54.4 333.4 103.7 4731.3 12.8 22.9 2.8 0.9 39.3
19869 240069, 12G500.6 60, 00 1677, 1 3214.,2 362.8 110.4 8364.9 13.3 25.4 2.9 0,9 42.4
‘“990- 25393, 133466.2 60,00 1827.9 3756.4 397.2 117.6 6099, 1 13.7 28,1 3.0 0.9 48,7
f1omm 26790, 140806, 2 60, 00 2435, 3 4229 .4 443, 2, 125.3 7233.1 17.3 30,0 3.1 0,9 51.4
{1992 20263, 148958.2 60,00 8056.6 4711.3 490,3 133, 4 8391, 0 20,5 81.6 3.3 0.9 56,2
3993 298186, 156722.0 60,00 3145, 2 5490,7 530.6 1da.1 930A.G: 20,1 35.0 3.4 0.9 59.4 f
1994 31458, 165341.,3 60,00 3352.2 6381 .1 575.2 i51.93 10459, 9 20.3 38,6 3.5 g.95 63,3 s
il 331108, 174434, 9 60,00 4028.,5° 7173.2 639,2 182,55 12022, 4 23.1 41,1 3.7 1.0 68.9 w\
i 38013, 184533, 4 60, 00 40866, 8 7990,0 708,9 194,4 13760, 1 26.4 43,3 3,8 1.1 74.6 me
o) 36939, 124150.6 60,00 8642.6 8920,6 783.1 2081.2 18877, 8 29,1 ''45,9 4.0 1.2 8Q,2 §
] | @ 30970,  204828.8 60,00 6503.5  10008.5 860, 3 245.3 __17693.6 32.1 48.8 4.2 1,2 86.4 ~
, CUMULATIVE PRESENT WORTH (MILLION ) I
| 2833233323383 833333333230333383333303838333 8¢ :
YEAR____INVEST. _ FUEL G+M NUC INV __ TOTAL ,
AAXE TR X AN WPOK WX NN TEXKEEX 232 &P P PAXKEEXKNK
1979 22,3 906, 4 142,0 27.3 1098, 0
1900 225,7 1803,1 287.6 60,1 2376.%
1901 499.6  2725.9 432.4 91.8 3749.6
; 1902 932.4  39636,8 579, 3 128.5 5277.0 <
! 1989 1488.,7 4537.9 727.9 169.7 6924, 2
; 1984 2186,0 5420.4 878,9 215,2 8700.4
% 1903 2839,1 __ 6323,1 _ 1022.8 259.2 10444.2
: 1ang 3470.2 7262,0 1161.8 301.9 12195.8
: 1907 4075.6 B82%G.8  1294,9 343.2 13370.8
| 1968 4669.3  9318.5  1423.,5 383.2 15794.4
g 1909 5257.1 _10445,1 __ 1550.6 421.9  17674.6
I 1990 5839.% 11642.0 1677.2 459, 3 19618.0 )
1991 6%14,9 12867.1 1805.6 495.6 21713.,2
1992 7349,8 14107.7 1934.7 530.7 23922,9
1003 8102.8__15422.1 _ 2061.7 564.8 _ 26151.3
18904 8032,3 16810,9 2186.9 597.7 20427,7
1995 0629,3 18230,0 2313,3 633.8 30806,3
1996 10504,6 19667,1  2440.8 668.8  33281.4
198087 11d27.3__2112%,7  25G8.9 706.6___ 35828.4
1908  12403,9 22613,.0 2696,8 743.2  30438.7
8 Figure 10. Detailed Summary of Costs .
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CENEPAL ELECTRIC STYPANY, OGF-% GENERATIEN PLANNING PRESRAM PAGE 34
s3P-8 ELECTRIC SYSTEM 25855K
USERS MANUAL EXAMPLE 01/25/78 b
CPTIHUM i
E— @.7T. PSH g
alt 1887 YEARLY PRODUCTION COST SUMMARY
C=STS IN THOUSANDS OF DOLLARS
TERRITORY PEAK 21625, MW 18080, :
gj SPINNING RESERVE 1200, MY THERMAL PEAX e i
14
? | "ORTT STATISN NARE L. ORTT " FUEL RATING  MATRTENANCE RIN, ENERGY  RRS, CAPACTY FUEL  GFER.e FUEL FORZED PLANNED FutL . |
iD IDENT, TYPE TYPE MW PTRN. MONTHS UP OUTPUY ON FACTOR  COST MAINT., 1INVT. OUTAGE GUTAGE PRICE i
RULE  MWH LINE CSSTS COSTS RATE RATE 3/MBTU |
- - 7
T%  REWIOHK UT EUTSBR 2 e  J/U5.0 2 =T 4B57BES. VISE. - . P 0. : ; i
» 4% SEASHORE 02 EDISOR 1 950.0 4 1 8793910. 7083. 0.808 77088, 14815, $833, 0.11® C.120 1.134 3
© 23 SEASHORE ©O1 EDISON ¢ 1 $60.0 3 1 61706658, 8428, 0.734 63958, 14818, 9532, 0.118 0.120 1.134 {
&3 EAST PT 02 PUBSER 1 1 960.0 0 MARCH 1 6779612, 7082. 0.806 765858, 34218, 9%33. 0.119 0.120 1,124
3& EAST FI U7 FUSSER 1 { ¥eS.0 o AFPRIL L3 A . . . N . O. ik K] .
%7 SEASHORE OS5 PUBSER 1 1200.0 0 MaY 1 B837247%. 6980. 0.786 $7776., 1723%. 11916. 0,128 0.120 1.124
-} =8 EAST PT ©03 PUBSER 1 1 1200.0 © APRIL MAY 1 7330164, &352. 0.718 8B228, 1723%. 11918, 0.128 0.120 1.134 .
hj &0 SEASHRORE 06 EDISON - 1 1 1200.0 © APRIL 1 8413056. 70%1, O.BOO SB238,  1723%. 11816, 0.128 £.120 1,134
; XH SEASNORE D3 EUISEN T 7 1200.0 % T BIAUSIE, BWER0. 0,774 114303, V7238, 1518, 0.128 0.120 1,134 :
5D SEASHORE 04  EDISON % 1 1200.0 O ©CT. 1 7383211. €%80. 0,702 104383, 17233, 11918. 0.128 ©.120 1.1234
19 STATE D2 EDISON 2 2 210.0 0O MARCH 2 13808D0%1. 7807. O0.751 34297, 48832, 0. 0.081 0.100 2,598
% LINCOLN D2 EDISAN 2 2 179.0 © JUNE 2 1125880, 7638. 0.757 28078. 4136, 0. 0.0%0 ©0.100 2.598 '
0 WAIEASIDE U7 EUTSBN 2 z 83.U T FARCH AFRIL 2 TIU&7Z. ©E3Y. ~DU.E5F 23Z57%. 203%. 5. G.050 0.100 Z.E58 !
, 8 LINCOLN O1 EDISSN 2 2 1%0.0 © JuLy 2 971314. 7818. 0.738 24223, 3848, 0. 0.050 0,100 2.658
Led 12 STATE 01 EDISON 2 2 12%.G O JuLy 2 BO3247, 7E18. D.734 20038, 3457, 0. D.050 ©0.1080 2,638
11 WATERSIDE 02 EDISON 2 2  117.0 O MAY 2 7238958, 7618, 0.721 18430 3326, 0. 0.050 0.100 2.8598
a1 BolULt LARE O FJSSER -~ & SO0, U T AFK]L € 11/70432, 7908, D.074 L3Z537T, BS07. D, 0.Cbs 0.703 2. 588
- 4 HARSOR 01 EDISGON 2 2 131.0 0 Nov. 2 810908, 7E38. 0.707 20976, 3583, 0. D.0S0 2.100 2.£98
6 NEWTON 02 EDISON 2 2 7%0.8 1 2 405BODS. 6727. 0.510 105281, 9880, 0. 0,084 ©,174 2 ESB
40 FRONTIER 02 PUBSER 2 3 ©21.0 D FEB. 2 3455768, 7473. 0.837 113424, B8829. 0. 0.078 G.111 3,578 g
Lo S0 rRoNiiei Ug Fomda 2 -3 3cd. B T JAN. Fes. 3 i=braclh, B, [ =353 17335, R-}32 8 0. 0,887 0.183 e E-Y4-) ;
46 BLUE LAKE ©4 PUBSER 2 3 210.0 0 JuLY 2 1129133, 7607. 0.618 37548, 4582, €. 0.051 0.100 3.578 4
34  BLUE LAKE 03 PUBSER 2 3 146.0 O AUG. SEPT. 2 711334, 6931, 0.%56 23770. 3786, O. 0,050 0.100 3.57%
“} 37 RIVERSIDE 0% PUBSER 2 3 105.0 O AUSG. 2 S30508, 761%. ©.%99 18443, 3122, 6. 0,050 ©0.100 3.57%
R<}] DLUE LARE LE FUBSER < <] 14e.0 T FRARCH < 283207, 76198, T, 581 29483, 37806, 0. U.C3D 0. 100 3.579
¥&é 30 RIVERSIDE 04 PUBSER 2 3 100.0 0O Nov. 2 810328, 7638. 0,583 1752E, 2024, 0. 0,050 ©0.100 3.57% ,
=8 NEWTON 01 PUBSER 2 3  730.0 0 JULY 2 3633448, 7343. 0,553 128938, 9a380. 0. 0.084 O0.114 3,575 o
32 FRONTIER 03 PUBSER 2 a  22%,.0 O AUG. SEPT. 2 9%4433, 6917. 0,484 34038, 4878, 0. 0.032 0,101 3.573
- 4o DAY Vith U8 =01 SON [ -] - S20.0 T UCT. £ 2o]JU4, 73WS. D.928 311, LBaY. O, U.002 O, 088 J.50d
39 LOON MT 03 PUBRSER 6 4 S50.0 O SEPT. 2 2435598, 7331. 0.505 87473, 4888, 0. 0.082 ©0.029  3.852
36 LOON MT 02 PUBSER 6 4 117.0 0 JAN. FEB. 2 434710. 7018. D.444 16642, 1878, ©. 0.030 0.0BO  3.852
E4 33 LODN MT 01 PUBSER 6 4 150.0 O JUNE 2 644428, 7789, D.490 23548, 2284, 0. 0.030 0,080 3,362
K3 SiAlL U3 cuiSCk b & 2&7.0 T fARDR . € LUBIOEw, /D1 l. T, &4l 79338, L4754, 0. C.050 0.068 3.E52
18 STATE 04 E=DISON 8 4 227.0 0 AW, 2 1971254, 738%. 0.427 75727. 4754, 0. 0.050 ©.088 3.282 /
. 16 FARROR 03 ED!SON 6 4 <&3565.0 0 MAY 2 1504738, 6S47. 0.377 SB260., 4378, 0. 0.046 0.086 3,362
1% ~A3EGR 02 EJISON - & 4 2220 0O JAM. 2 ©33113. 6543, 0.356 24%64. 2774. 0. 0.031t 0.080 3.862 ,
U UAS TURSTRE EDTSBN 3 S T, 0 U JAR. 3 K7%4, au5.  U.003 31~ 305, 3. 0,060 O.046  4.730 !
! | 70 GAS TURBINE EDISON 3 S 150.0 © 3 3299, 38&. 0.004 870. 298, 0. U.0O60 0.040 4.730 T
70 GAS TURBIME EDISON 3 5 150.0 © ©CT. 3 3827. =283. 0.003 660. 288, 0. 0,060 0©.040 4.730 -
70 ©SAS TURBINE SDISON 3 Z  150,0 © © S z2881,, 229, 0.002 528, 247. 0. 0,060 0.04D 4,730
22 HARSOR-GT UZ E=DISBR 3 S Y50, 0 O FEB., <} Z10V. 18V. U.00Z B0z, Z30. U, 5.080  0.040  &.738
"] 42 B.T. LUMP 2 PUBSER 3 S 100.0 O 3 1228. 1%3. 0.001 280. 147. 6. 0,087 O0.040 4.730
21 UFTOWN-GT 02 EDISSN 3 S 100.6 0O APRIL a 908, 12%. ©,001 227. ' 140, 0. 0.067 0,040 4,730
hj 6Y 6.T. LUMP & EDISON 3 s $4.0 © 2 690. 100. ©,001 178. 127. 0, 0.0687 0.040 4.730
20 G.7. LURPF 1 EDISON 3 5 1280 O JURE 3 727, ve. 0,007 YEa. Y65, 8 . ;
41 G.T. LuMP 2 PUBSER 23 S 130.0 © 3 707, 80, 0.001 - 206, 168, C. 0.083  ©.040 4.730
TI1E ENERGY 368, 81,
7 TOTAL THERMAL 230258.0 112437672, 23153974, 303%29. 97383,
L CONV, HYDRS 310.0 2208000, 4B8.
PUMPED HYDRS 2224.0 1148989, s. 4846,
BATTERTES s00.0 ~55827. 0. 1823, ‘
=y CCRPRESD AIR SUU.0 ~3cuU/&, oL /8., 1183, '
g .
L PURCHASE + SALES 1630.0 310200. 22988,
bciound
2T 180 TUTALS £75808.0D 113bot ¥5E. CILSITVE, ST&UZE, »/3bd.
{? TYPE RATING - ENERGY OUTPUT CAPACITY FUEL COST o+ M THERMAL
i s Fim ExCixl rACiOn; T TRGWVSAND § THOGSAND ¥ $/Hwny
i
1 NucL. o808, 65562474, 0.7633 794321, 143088, 14.33
2 F-COAL 5144, 28706043, 0.8370 840487, 94373. 92,87
& el P -1 1bd/s/bo. u,.Ju/o cUiJdd, —dId. 1 -4 -1 -
fj 4 STAD 1000, 699870. 0.0799 28587, 4447. 47.21
B 8 C~-CZAL aco, 1770432, 0.6737 44431, 6307. 28.77
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. Figure 11. Annual Production Cost Summary
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