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FOREWORD

- This report concerns the use of the Wien Automatic System
Planning Package (WASP) model, modified to meet the needs of the
Florida Public Service Commission for improving power pooling
analysis. It is important to note that the Tennessee Valley
Authority (TVA) has developed and has the proprietary rights to the
WASP model. Any commission, agency or other potential user of
this model or any modifications thereof must first secure the
permission of the TVA for its use.

This report was prepared by Dr. Shoichiro Nakamura and
Mr. Spyridon Tzemos of The National Regulatory Research Institute
(NRRI) under Contract No. EC-77-C-01-8683 with the U.S.Department
of Energy (DOE), Economic Regulatory Administration, Division of
Regulatory Assistance. The opinions expressed herein are solely
those of the authors and do not reflect the opinions nor the
policies of either the NRRI or DOE.

The NRRI is making this report available to those concerned
with state utility regulatory issues since the subject matter
presented here is believed to be of timely interest to regulatory
agencies and to others concerned with utilities regulation.

The NRRI appreciates the cooperation of the Florida Public
Service Commission with the authors in preparing this study and
for their permission to make this information available to others
interested in regulatory affairs.

Douglas N. Jones
Director




EXECUTIVE SUMMARY

This report summarizes the activities that were undertaken by the
National Regulatory Research Institute (NRRI) in fulfillment of the
Florida Technical Assistance Project for Power Pooling Studies under
Contract No. EC-77-C-01-8683 with the U.S. Department of Energy (DOE).
The work consisted of four tasks that were jointly agreed to by the
Florida Public Service Commission (FPSC), NRRI and were approved by DOE.

The Wien Automatic System Planning (WASP) computer model was
developed at the Oak Ridge National Laboratory for use by the Inter-
national Atomic Energy Agency. Although WASP was originally intended
to be used for optimal electric system expansion planning in under-
developed or developing countries, the program was also adopted for use
by several public utilities and state agencies in the United States.
This trend necessitated the modifications made in this project so that
WASP could best fit the needs of the Florida Public Service Commission.

The modifications made to WASP have improved the original version
in the following ways:

1. A Targe generating system can now be represented adequately:
and as a result, WASP can be used in power pooling studies
on a state or regional level.

2. The accuracy of reliability calculations was increased so
that the very small loss of load probabilities (high
reliabilities) of aggregated generation systems can be
estimated more precisely.

3. The cost algorithm was modified to provide the option of
simulating investor-owned utilities accounting practices.
Therefore, WASP results were compatible to those of private
utilities, and the program can be used for comparative
checks.

4. The input data algorithms were modified so that outages of
generating units could be more precisely represented. Also,
system load description data can be retrieved from the public
utilities' data in an easier and more accurate way.

The modified WASP code was extensively tested with satisfactory
results. During the on-site testing, further modifications were made
in order to adapt the program to FPSC's computer facilities in the
optimum way. The program algorithms were analyzed in detail so that
FPSC's staff could gain adequate insight into the program and learn to
use it properly. This modified version of WASP was made operational on
the FPSC computer system in May of 1979.
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CHAPTER 1
INTRODUCTION

Background
In April 1978, the Florida Public Service Commission (FPSC) responded

to a solicitation by NRRI described in the Regulatory Assistance Program
brochure with a request for technical assistance in the general research
area of power pooling. At that time, the FPSC had recently acquired the
Wien Automatic System Planning (WASP) model and was concerned with its
direct applicability to conditions in Florida. The original intent for
selecting WASP was to fu]fi]] the FPSC responsibility under the Power
Plant Siting Act, the Grid Bill, and general rate case investigations.
After examination of the model, staff members of the FPSC concluded

that WASP needed modification and identified several elements of the
internal program that would have to be redesigned if the model were to

satisfy the needs of the Commission.

The Request for Technical Assistance

The FPSC turned to the National Regulatory Research Institute (NRRI)
for technical assistance and submitted a statement of needs and require-
ments in April 1978. Specifically, the FPSC statement requested the
following modification to the WASP code:

1. Change the form of load data input from fifth order

polynomial to pointéwise data.

2. Add an option which produces a levelized annual fixed charge.



3. Increase the limit of total number of units to 200, or 240
if possible.
4. Add an option to allow the user to specify seasonal maintenance
by input.
5. Incorporate the forced outage rate as a function of age of the
plant.
6. Evaluate the possibility of increasing the accuracy in
dealing with spinning reserve.
7. Evaluate the possibility of increasing the accuracy of LOLP
(1oss=of-1oad~probabi1ity).
The project was selected for support by the NRRI with funds provided
by the U.S. Department of Energy (DOE) in October of 1978. Dr. Shoichiro
Nakamura, a professor of Nuc1éar Engineering at The Ohio State Uﬁiversity
and a recognized authority on WASP, was selected to provide the technical
assistance to the FPSC. A meeting was held at the FPSC in November of
1978 with the purpose of producing a work plan that would satisfy the
staff and the program objectives of NRRI.

Development of the Work Plan

As a result of that meeting, a work plan was deve1oped that was
agreed to by the staff of the FPSC and the NRRI project team. The
objective of the technical assistance effort was to modify the WASP
model and the codes in accordance with the seven project items listed in
the Commission's request for assistance. Among the seven items requested
by the FPSC, items (1), (2), (4), and (5) were relatively simple, while
items (3), (6), and (7) required careful study before starting any

alteration of WASP. Item (3) was considered logical from the programming
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point of view but could increase the core storage requirement significantly.
Therefore, item (3) needed prior evaluation of the increased requirement
for core space and compatability with the FPSC computer. Item (7) needed
evaluation as to whether it was possible to accomplish this modification
with the existing version of WASP. Item (7) was viewed as possible by
adopting the piecewise polynomial developed previously at The Ohio State
University. However, its compatability with WASP had to be evaluated in
terms of memory requirements and increased computational time.
The NRRI project team then proceeded to implement the technical
assistance through a program composed of four tasks.
Task One: Evaluation of Feasibility of Modifications
At the end of Task One, it was necessary to assess:
a. what the expanded number of generating units to be
included iﬁ the program must be;
b. whether it is possible to modify the spinning reserve
treatment;
c. whether the piecewise linear approximation should be
incorporated into the existing WASP program.
Task Two: WASP Modifications
The purpose of this task was to reprogram WASP on The Ohio
State University computer. This effort includes debugging
and a series of alterations to the card decks of WASP.
Task Three: On-site Technical Assistance
The modified WASP was tested extensively on The Ohio
State University computer to make sure the code worked

properly with all different types of user's input. After



completing tests of WASP on The Ohio State University
computer, the program will then be tested on FPSC's computer
to make certain all the programs are operational. If any
problems are encountered during the test, WASP will be
readjusted for the FPSC computer. Therefore, a representative
from NRRI will be made available for on-site consu1£ation
and assistance.
Task Four: Documentation of the Program Modifications |

The modifications made to the program are to be clearly

written and submitted to the staff of the FPSC.

The work plan specified that the NRRI project team produce three
reports to be submitted to the FPSC. The first report was to contain
research findings on (a) the number of generating units to be included
in the program; (b) whether it is possible to modify the spinning
reserve treatment; and (c) whether the piecewise linear approximation
should be incorporated into the existing WASP program.

This first report was submitted to the FPSC in February of 1979 and
required their formal approval before further work was continued on the
project. A copy of the first report can be found in Appendix A of this
final report. A second brief verbal report was provided to the FPSC by
telephone relating the progress of modification and testing underway at

The Ohio State University. The work plan also called for a final report
ktu document in detail the results of the technical assistance effort,
the modifications made to the code, and the nature of the reprogramming
required of the WASP model. This document satisfied the final report

requirement of the work plan and is presented as evidence of that effort.




Those readers not familiar with the original documentation and
operation of WASP will better understand this report if References 1

and 2 in the bibliography are consulted.






CHAPTER 2
IMPLEMENTATION OF THE WORK PLAN

This chapter summarizes the work performed as described in the
implementation of the first three tasks of the work plan. Each task
description is presented followed by a description of the activities
associated with the implementation of that task. Where the presentation
of material such as computer programs or documentation is found to be
- inappropriate, that material is cited in an attached appendix.

Task One: Evaluation of Feasibility of Modifications

The contractor will evaluate the feasibility of performing
the WASP modifications suggested by FPSC within the time and
budget constraints.of this project.
The Wien Automatic System Planning (WASP) code was designed to
determine the optimal generation expansion plan for an electric utility
generating system. FPSC acquired WASP to fulfill their responsibility

as described under the Power Plant Siting Act, Grid Bill and general

rate case investigations. In order to apply WASP to these legislative

requirements more effectively, FPSC requested the following modifications

to the code:
1. Change the form of the load data input from fifth order
polynomial to point-wise data.
2. Add on option by which the depreciation of generating plants
is accounted for by a fixed charge rate rather than by salvage

values.



3. Increase the Timit of total number of units to 200, or 240 if

possible.

4, Add on option to allow the user to specify seasonal maintenance

by input,

5. Incorporate the forced outage rate as a function of age of the

plant.

6. Evaluate the possibility of increasing the accuracy of LOLP

(Loss-of-Load Probability).

7. Evaluate the possibility of increasing the accuracy in dealing

with spinning reserve.

The first six modifications were determined to be feasible and were
implemented under Task Two. Research on the seventh modification
indicated that a more accurate treatment of spinning reserve was possible
only if the current two-block representation of each generating unit was
changed to three-block representation. Such a change required substantial
reprogramming and would cause significant increase in computational time.
It was concluded that, although a more elaborate treatment of spinning
reserve was possible, it could not be incorporated in WASP within the
time and budget constraints of this project.

Task Two: WASP Modifications

1. Modifications to Load Input Data.
The load data were the input for the LOADSY module of WASP. The
data handling algorithm of LOADSY was modified to accept point-wise

representation of the Load Duration Curve (LDC). Up to 1000 points may



be assigned by the user for the LDC representation. Since the computing
time of LOADSY was not affected significantly by the number of points of
.. LDC, it was recommended that the maximum number of points, namely 1000,
. be used for the best accuracy.

A detawled technwca1 description of the LOADSY algorithm is presented
in Appendix B, while the input format changes are listed in Appendix C.

2. Fixed Charge Rate Option in Capital Cost Calculations.

The capitai cost component of electric generatiénkby an expansion
schedule is calculated in the DYNPRO module.. The optimization was
performed for a finite study period. (Under the original WASP assumption
the remaining value of the plants, after the study periéd, is taken

into consideration by assigning a sa1vage va1ug at the<end of the study
j‘perxod to each expans1on alternative.)

The DYNPRO a]gor1thm was modified to make the salvage va]ue
calculation optional and provide a Fixed Charge Rate (FCR) option that
accounted for generating unit depreciation in accordance with private
~utility accounting proéedures, The FCR was the factor which, "when
multiplied by the capital cost of a facility, broduced a levelized
annual fixed charge reflecting return on investment, depreciation,'taxesﬁ
insurance, retirement dispersion, and investment." 1

In the modified DYNPRO version, the total cost of an expansion
configuration is based on the sum of:

a) the present worth of the total operating cost for all

generating units during the study period;
b) the present worth of the fixed charges of all generating

units that were added to the system during the study period.

L Page 7 in Reference 3 in the bibliography.
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The fixed charges for each added generating unit were calculated
for the life of the unit, The fixed charge rate is a user specified

parameter.

A more technical description of the DYNPRO modifications is included
in Reference 3 in the bibliography. The necessary input data changes are
described in Appendix C. Table 1 shows the results of sample WASP runs
with and without the FCR option. The input data used were identical to

those for the predetermined run of Case 26 2 except for the FCR option.

Table 1

Objective Function for Case 26 With and Without the FCR Option

OBJECTIVE FUNCTION (Thousands of Dollars)
YEAR No FCR -~ 12% FCR 15% FCR 18% FCR
1982 926,130 1,044,330 1,140,266 1,236,201
1986 2,406,457 2,781,345 3,052,569 3,323,793
1990 3,831,580 4,387,459 4,803,992 5,218,662
1994 5,296,328 6,067,640 6,664,992 7,262,343

3. Increase of the Maximum Number of Generating Units

The total number of units that can be handled by WASP was increased
from 100 to 270. The sum of the total number of units specified in the
fixed and varjable systems (FIXSYS and VARSYS modules respectively) was
Timited by programming considerations to 270. Since no more than 20
expansion alternatives could be specified in the variable system, at

least 250 units would always be described by the fixed system.

2
WASP sample runs in Reference 2 in the bibliography.
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The increase in core memory requirement for each module is listed

in Table 2.
Table 2

Core Memory Increase Due to Change in the Maximum
Number of Units in WASP

Additional Memory Requirements

WASP MODULE STORAGE LOCATIONS IBB BYTES
LOADSY - _
FIXSYS 170 680
VARSYS - | -
CONGEN 680 2,720
MERSIM 9,350 37,400
DYNPRO . 3,060 12,240

4. & 5. User Specification of Seasonal Maintenance Schedule and
Incorporation of Forced Outage Rates as a Function of
Plant Age. |

Although modifications 4 and 5 are mentioned separately in Task One,
they are described here simultaneously because they both are accomplished
by the same auxiliary program.

Availability probability of a generating unit is defined as the
probability a unit will be available when it is called to generate power.
Thus, both scheduled maintenance and changes of the unit's forced outage
rate affect the unit's availability probability. Since the system's
LOLP calculation is based on the availability probability of each unit,
the LOLP changes when the availability probability is modified.

11



The availability probability was originally defined\in CONGEN as

P =1 - FOR/100 (1)
where P: generating unit availability probability

FOR: generating unit forced outage rate.
Hence, the maintenance outage effect was not taken into consideration.

Auxiliary program MATURE was written to create an adjusting factor
for each generating unit availability probability so that it incorporated
both scheduled maintenance effects and forced outage rate maturity with
unit age.

The maintenance schedule for each unit is specified by the number
of days required for maintenance in each perjod (usually four periods
per year with a maximum of 12) of every year studied. An adjusting
factor to the availability probability P, defined by eq. (1), is

calculated as:

365/NPER

where PAD: availability probability adjusting factor for each unit,

PAD = é - DAYS ). PMATUR (2)

each period of the year, for every year studied.

DAYS: number of days of scheduled maintenance for each unit, each

period of the year, for every year studied.

PMATUR: forced outage rate'adjusting factor for each unit, each year.

NPER: number of periods per year.

The default value for the adjusting factor PAD is 1.0. MATURE stores

PAD in the MATURE.MAINT binary file through logical unit 35.
The modified CONGEN module of WASP (PWCONGEN, described in the next
section) reads the PAD’adjusting factors from the MATURE.MAINT binary

12



file and applies them to each unit's availability probability. The
adjusted availability probability is:
p' = p . PAD (3)
where p': the adjusted availability probability for each unit, in each
period, for every year studied.
p: as defined in eq. (1).

PAD: as defined in eq. (2),

Use of p' for LOLP calculation is a user option. Forced outage
rate maturity adjustments for expansion candidates cannot be used in
optimization runs but only in predetermined runs. This is because the
a priori knowledge of the year when an expansion candidate comes in
service is required for the compilation of the MATURE input data. Only
then, is it possible to know the unit's age at each year of the study
and make the necessary forced outage rate maturity adjustments. The
same is true for scheduled maintenance since maintenance scheduling is
possible only when the system generation mix is known. Forced outage
rate maturity adjustments for the existing units are always meaningfﬁ1
because their age is always known.

Description of MATURE input data is provided in Appendix C.

6. Accuracy Increase in LOLP calculation

The accuracy of LOLP calculated by WASP was improved by switching
the Fourier expansion of Toad curves originially used in the probabilistic
simulation in CONGEN, to the piecewise polynomial expansion. The new
version of CONGEN is henceforth called PWCONGEN (Piece-Wise CONfiguration
GENerator). The effect of the maintenance outage was also incorporated

into the LOLP calculation of PWCONGEN. The probabilistic simulation in
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MERSIM was not changed but still used Fourier expansions for the following
reasons: (1) the major objective of MERSIM was to calculate electric
energy generated by each generating unit; (2) since MERSIM uses two-
capacity block representations of generating units, the use of piece-
wise polynomial would substantially increase the total computing time;
(3) having taken into consideration the maintenance outage effect in
PWCONGEN, the LOLP calculated by PWCONGEN was theoretically equivalent

to that by MERSIM; (4) the Fourier expansion provided sufficient accuracy
to the energy calculations in MERSIM. The piecewise polynomial used in
PWCONGEN did not increase the computing time considerably because

energy generation was not calculated.

The accuracy of PWCONGEN was checked against a special case (a
system consisting of identical units) where LOLP could be calculated
analytically. The results of this comparison are shown in Table 3.

The running time of PWCONGEN was compared with the original CONGEN.
The results are listed in Table 4.

PWCONGEN also includes the option of adjusting the availability
probability of the generating units; thus LOLP can be calculated with
consideration for the effects of scheduled maintenance and forced outage
rate maturity.

A detailed technical description of PWCONGEN is provided in

Appendix B, while the input data description is given in Appendix C.

Task Three: On-Site Technical Assistance

The contractor will test the modified WASP on FPSC's
computer in order to make certain all programs tested at

The Ohio State University work at FPSC.

14




Tablie 3

PWCONGEN Reliability Check

Number of Number of LOLP for Period 1 L.LOLP for Period 2
Identical Points for Exact CONGEN PWCONGEN Exact CONGEN PWCONGEN
Plants LDC Inversion % % % Error % % Error % % % Error % % Error
9 1,000 0.61514 | 0.6014 2.233 0.6151 <107% 1.95412 | 2.0895 6.928 1.9547 0.0005
9 500 0.6138 | 0.218 1.9510 | 1.159
13 1,000 0.11349> 0.1203 6.000 0.1135 1.026 0.68860 | 0.6982 1.394 0.6883 0.042
13 500 0.1131 0.343 0.6856 0.435
< Table 4
Running Time Comparison Between CONGEN and PWCONGEN*
Number of CONGEN PWCONGEN Run 1 PWCONGEN Run>1
FIXSYS Units CPU Seconds CPU Seconds CPU Seconds
7 1.68 15.50 12.00
110 2.68 68.93 14.78
220 4.04 131.60 14.98

* YARSYS and

LOADSY are identical in all cases.




The modified WASP package was transferred and tested by NRRI staff
on FPSC's computer during the week of May 14-19, 1979. Several
changes were necessary due to differences between the FORTRAN compilers
of the OSU's AMDAHL and the FPSC's CDC computers.

The CDC's single precision representation of real numbers is equiva-
lent to the double precision of AMDAHL. Therefore, all double precision
variables were changed to singie precision to avoid unnecessary core
memory utilization. Accuracy tests on the CDC computer at the FPSC

gave the results listed in Table 5.

Table 5

Results of PWCONGEN Accuracy Tests on FPSC's CDC Computer

LOLP % % ERROR
0.02 1.0
0.002 3.0
0.000008 6.0

Running procedures were demonstrated during the test at FPSC. A1l
WASP modifications were carefully checked, and detailed instructions
with regard to the modifications were given to the FPSC's staff.

Additional details for the on-site testing of WASP are provided in
Appendix E.
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Task Four: Documentation of the Program Modifications

The contractor will prepare documentation of all modifications
made to the code, alterations to input and output format,
if any, and results of tests.

A detai]ed documentation of the WASP modifications is presented in
Appendix B. The input data changes are described in the procedure manual
contained in Appendik C, while the results of the test runs are listed
in Appendix D. Appendix E contains the report for the on-site testing

of modified WASP.
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CHAPTER 3
SUMMARY AND CONCLUSIONS

In power pooling studies, several public utilities are combined to
form an aggregate electricity generating system. Such a system contains
a large number (often greater than 100) of generating units. The
original WASP model could accurately represent only up to 100 units.

This constraint was relaxed and the modified WASP can handle up to 270
units, rendering it capable of representing large generating systems.

The loss=-of-load-probability (LOLP) calculation by the brigina]

WASP was of questionable accuracy and abnormalities were experienced at
small LOLP values. These defects were corrected in the modified WASP
through the use of a piecewise linear approximation in the algorithm

for LOLP calculation. Thus WASP can now be used to analyze power pools
that exhibit high reliabilities where such an analysis with the original
version would have been of questionable validity because of inaccuracies
in the calculation of small LOLP values. Consideration of pollution
control in dispatching and individual commitments of the public utilities
may make the WASP generated maintenance schedule inapplicable in actual
operating conditions. For this reason, the modified WASP provides an ontion
for user specified maintenance schedules. Furthermore, the availability
of the generating units can be more accurately represented by providing

an option to make adjustments to unit availability because of maturity.
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The user options for scheduled maintenance specification, unit
availability adjustments for maturity, and fixed charge rate cost
calculations in accordance with standard utility practices make the
modified WASP compatible with expansion planning models that are currently
in use. Therefore, public utility regulatory commissions can utilize
WASP to verify the accuracy of the expansion planning models used by
investor-owned utilities.

The extensive on-site testing of WASP provided FPSC staff with the
necessary insight into the program so that the results can be correctly
interpreted and utilized with confidence. A thorough understanding of
the program algorithms is one of the major advantages of WASP when
compared with other commercially available expansion models (such as the
General Electric or the Westinghouse models) where the algorithms are
proprietory. The FPSC is now in position to verify the validity of the
results of expansion planning modeis submitted by public utility companies
in support of their need for additional power plant construction.

Public utility regulatory commissions can use WASP to estimate the
cash requirements for expansion of the electricity generating system.

This information is necessary for power pooling financial analysis and
in rate case investigations when corporate finance models (such as RAM-
finance) are utilized to determine the cost of electricity.

Although the modifications made to WASP during this project have
greatly increased its usefulness to public utility regulatory commissions,
time and budget considerations 1imited the making of additional modifica-
tions. Several improvements were identified and endorsed by the FPSC

staff and the NRRI project team. Four major modifications were identified

that could further enhance WASP,

20




1) The existing WASP literature is fragmented and outdated. The
input data descriptions, although precise; provide no details on data
compilation procedures and no information for their proper use or correct
interpretation of the final results. Therefore, a substantial effort is
required to update and combine the existing literature into a user
oriented manual that would contain:

a) Detailed algorithm description;

b) Precise input data requirements;

c) Data sources and proper usage of input data;

d) Sample parametric sensitivity analysis so that the dependence

of the output results on the various input parameters can be
realized.

2) Research and further modifications are needed in the generating
unit's depreciation algorithm in order to increase its accuracy and
computational efficiency.

3) A financing feasibility constraint should be incorporated in
WASP to assﬁre that the projected optimum expansion plan is within the
utility's financing capabilities. Such considerations would also
increase computational efficiency by avoiding detailed simulation of
expansion configurations that are not feasible.

4) Transmission limitations of utility interconnections should be
incorporated in WASP so that power pools can be analyzed more realistically.

Confidence in the use of WASP by state utility regulatory commissions
would be greatly enhanced by arranging for on-site technical assistance
from experienced WASP users. The new capabilities of the modified WASP

and the experience gained by the FPSC staff during the on-site testing

21



gave them the necessary confidence in the operation of the program so
that it could be used in an upcoming rate case. NRRI and FPSC staff
agreed that similar on-site technical assistance or WASP workshops

would be extremely valuable to other state utility regulatory commissions

interested in the use of WASP as avregu1atory analysis tool.
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1.0

2.0

2.1

2.2

Introduction

This report describes the research findings on the following
three subjects as specified in the Approved Work Plan for The Florida
Public Service Commission:

a) the number of generating units to be included in the program;
b) whether it is possible to modify the spinning‘reserve treatment;

and,

c) whether the piecewise linear approximation should be incorporated

into the existing WASP program.

Findings and Conclusions

The Number of Generating Units to be Included in the Program
Examination of the WASP program has shown that the 1imit of
total number of units can be easily increased to 240. Therefore, we

will increase the 1imit to 240 as originally requested by FPSC.

The Spinning Reserve Treatment

A more elaborate treatment of spinning reserve requires a three-
block representation of each generating unit as opposed to the current
two-block representation. In order to change the current two-block
representation to three-block representation, a substantial reprogram-
ming is necessary. The computational efficiency from such a change
will be significantly sacrificed. We conclude that, while a more
elaborate treatment of spinning reserve in WASP is not impossible,
it cannot be incorporated within the time and budget constraint of
the present project.

However, we suggest that the FPSC can incorporate the effect of

spinning reserve approximately through the loading order of base and
peaking block of units.

26



2.3 Use of Piecewise Linear Approximation

Piecewise linear approximation provides much better accuracy
for the probabilistic simulation that calculates lToss-of-load proba-
bility and energy generation by each generating unit than the Fourier
expansion that is currently used. FLSC has requested us to investigate
the feasibility of replacing the Fourier expansion in WASP by the
piecewise approximation.

Qur computational study during December indicates that the piece-
wise linear approximation is several times more time consuming than
the Fourier expansion if Fourier expansion in WASP is entirely re-
placed by the piecewise linear approximatioﬁ. However, the accuracy
of WASP can be increased significantly with 1ittle increase in comput-
ing time if piecewise polynomial approximation is adopted only in
part of WASP. This is the case if only LOLPs for a large number of
alternative configurations in one period are to be calculated. The
former is the case in the subroutine MERSIM (Merge-Simulation sub-
program) and the latter in the subroutine CONGEN (Configuration
Generating subprogram). Based on this finding, we propose that the
piecewise polymonial approximation be used in CONGEN while the Fourier
expansion be retained in MERSIM. We also propose to incorporate the
maintenance outage effect in the probabilistic sfmu?ation calcu-

Tation in CONGEN.

Since no energy is calculated in CONGEN, the last equivalent
load curves, all the alternative configuration in a period may be
obtained only by convolution and deconvolution of a few units
except the first alternative configuration. The computing time
required for convolution or deconvolution is small compared with that

27



of an entire calculation. Therefore, the increase of computing time
by adopting piecewise polynomial is minimal. CONGEN filters out
those configurations that do not satisfy the LOLP test. If LOLP is
calculated accurately in CONGEN, all the configurations passed to
MERSIM have satisfied the LOLP test. Therefore, the user can rely on
LOLP calculated in CONGEN rather than that calculated in MERSIM. In

increasing the accuracy of LOLP calculation in CONGEN, incorporation

of maintenance outage effect is essential.

3.0 Conclusion
The Timit to the total number of units incorporated into WASP
will be increased to 240.
No modification of WASP with regard to spinning reserve will be
attempted in this study.
Piecewise polymonial approximation will be adopted in CONGEN
in conjunction with maintenance schedule to increase the accuracy of

the LOLP calculation.
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APPENDIX B

B.1 LOADSY Technical Description of Program Modifications

Originally, the load data were supplied to the LOADSY module as a
normalized Load Duration Curve (LDC) expressed by a fifth order poly-
nomial, This representation of LD" was transformed into a point -wise

linear representation by subroutine LOADS and stored in the TLD array

- which is defined as

5 . .
o, = 1 cixg j =1, NTH (1)
i=0
where Xj = (j-1) - (N%ﬁ? + % (2)

TLDj: fraction of peak Toad at the jth point
X.: fraction of a period at jth point
C.: ith coefficient of fifth order polynomial (i = 0 - 5)
NTH: number of points used for discretization
The original LOADSY algorithm used a fixed value of 720 for NTH.
In the modified LOADSY module, the input of LDC may be given directly
in point-wise data (NTH < 1000) for each period of the year. The
input data for all periods are stored in the POL array. The load data
of each period is transferred into the TLD arréy in subroutine LOADS.
The fifth order polynomial representation of LDC still remains an
option in the modified LOADSY. Two additional modifications were made
in LOADSY in order to facilitate the probabilistic simulation in PWCONGEN.
a) The number of points used for the inversion of the LDC, called INVERT,
can be specified by the user. INVERT rnwst be less than or equal to 1,200.

b) The inverted load duration curve (calculated in COEFF subroutine and

29



stored into the TLOD array) is transferred into binary disk file LOADDATA
through logical unit 22.
B.2 FIXSYS
The required increase of the number of units that can be handled by
WASP led to the following changes in FISXYS:
1) Executable line 5:
DIMENSION MWC (101)
was changed to
DIMENSION MWC (271)
2) Executable line 70:
IF(NFP-100) 18,18,15
was changed to

IF(NFP-270) 18,18,15.

B.3 VARSYS

No modifications were necessary in VARSYS.
B.4 MATURE

A flow chart of the MATURE program is shown in Figure B.1.
B.5 CONGEN

The following changes in dimensions were made:

FOR (101) was changed to FOR (271)

NSETS (101) was changed to NSETS (271)

MWC- (101) was changed to MWC (271)

NTYPE (101) was changed to NTYPE (271)

30




Figure B.1
MATURE Flow Chart

Read number of plants, number of periods per year, number of years in
study period, and first year of study.

Read plant names

|

Write plant number as in combined FIXSYS plus VARSYS Tlist
and plant names.

Start annual loop
Read PMATUR and DAYS for each plant as needed. '

|

Calculate adjusting factors PAD for each plant as needed.

i
Set PAD to 1.0 for plants not requiring adjustments.

g Store adjusting factors in MATURE.MAINT binary
1 file through logical unit 35

End of annual loop




B.6 PWCONGEN

Probabilistic simulation successively generates Equivalent Load
Duration Curves (ELDC) through convolutions. The jth ELDC is defined

by the recurrence relation

FLDC;(x) = py+ELDC; 4 (x) + (1-p,)-ELDC,_; (x-C;) (3)

where ELDCj(x): the jth equivalent load duration curve
Pj: the jth unit availability probability

Cj: the jth unit capacity
The ELDC for j=0 is the original inverted load duration curve (also

called load probability curve). After all N units in the system are
convolved, LOLP is found as

LOLP = ELDCN(XC) (4)

where LOLP: generating system's loss-of-load probability
ELDCN(X): the Nth equivalent load duration curve

XC: the system capacity

PWCONGEN uses eq.(3) to calculate each successive ELDC numerically using
the piecewise linear representation of ELDC, This calculation is performed
in subroutine PWADD.

Function PWFUN of PWCONGEN utilizes eq.(4) to find the system LOLP
for each prospective expansion configuration.

A PWCONGEN run consists of two steps. In the first step the ELDC,
convolving all the unit§ of the fixed system, is generated and stored in
the binary disk file FIXELDC through logical unit 32. In the second step,
the fixed system ELDC is read from FIXELDC and the expansion candidate
units are convolved. The LOLP for each expansion configuration is then

calculated.
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The two-step approach of PWCONGEN saves computing time because ELDC
for the fixed system is calculated only once during the WASP optimization
process. This is especially important when the fixed system involves a
large number of units. The size of the array to store the ELDCs is
Timited to 3,000. If the normalized original inverted load duration
curve is represented by the number of points "INVERT," then the maximum

number of points for the final ELDC curve is

X
~ C
MAXIMU = INVERT.(l + ‘““"Peak) (5)

where MAXIMU: maximum number of points in ELDC representation
INVERT: number of points for the representation of the inverted
load duration curve
XC: system capacity in MW

PEAK: system period peak in MW

If the maximum reserve margin specified in PWCONGEN is RES percent, the maxi-

mum system capacity allowed by the PWCONGEN reserve margin constraints is

- penwfs + 555
Xax = PEAK(l * 100 (6)

Replacing XC in eqd.(5) with Xnay from eq.(6) vields

= : RES 7
MAXIMU = INVERT <z+ 100) (7)
Both INVERT and RES are specified by the user and must be chosen so that
the following constraints are satisfied:

INVERT < 1,200 (8)

A

MAXIMU < 3,000
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As INVERT is increased, the accuracy of the probabilistic simulation
becomes higher but consumes more time. The effect of INVERT on LOLP
accuracy and running time is shown in Table B.1.
The flow chart of subroutine PWLOLP is shown in Figure B.2.
B.7 MERSIM
Two kinds of modifications were made in MERSIM.
a) The dimensions of the following arrays were changed:
Main Program
The dimensions of the arrays, MWB, MWC, ENERGY, NAME, NTYPE,
MAINT, MAINCL, FOR, OMA, OMB, BHRT, FCST, FCSTF, CRMHRT, NSETS,
LOCATN were changed from 101 to 271. The dimensions of arrays,
AVLBTY, NOSETS, USBSE, UCBSL, UINCF, UINCL were changed from 100
to 270. Arrays, LORDER(200), NCONS(500), NORDER (500), PMAINT (100,12),
INAME (202), ICLAS (202) were changed to LORDER (540), NCONS (1350),
NORDER (1350), PMAINT (270,12), INAME (542), ICLAS (542).
Subroutine MAINTN
Arrays, MWC(101), NOSETS(100) were changed to MWC(271), NOSETS(270).
Subroutine ANSIM |
Arrays, MWCS(100), MWBS(100) were changed to MWCS(270), MWBS(270).
Subroutine SIMUL
Arrays, ENGB(101), ENGP(101), EGEN(101), EPPK(101), NSETS(100),
MWCS(100) were changed to ENGB(271), EPPK(271), NSETS(270), and
MWCS(270).
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Table B.1

Effect of INVERT on LOLP Accuracy and Computing Time

T

YEAR 1 INVERT LOLP (%)
CONGEN PWCONGEN
1980 200 0.00035
500 0.00035
1,000 0.00789 0.00035
1985 200 0.01619
500 0.01620
1,000 0,02133 0.01621
1990 200 0.05153
500 0.05160
1,000 0.07559 0.05163
1994 200 0,07512
500 0.07493
1,000 0.09894 0.07498
Total CPU Time (Seconds)
Run 1 Run 2
200 3.64 3.84
500 8.05 7.01
1,000 1.68 15.50 12.00
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Figure B.Z2.
Flow Chart for Subroutine PWLOLP

=
Constant definition

Variable initialization

Yes 1000)

No

800

Yes 700

Read TLDC from LOADDATA file through unit 22

No

IPRERU=1
?

Yes

READ PTlant availability adjusting factors PAD

i

Calculate FIXSYS ELDC for thermal by convolving
thermal plants through PWADD subroutine

|

Write FIXSYS ELDC in FIXELD C file through unit 32
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Figure B.2 (Cont'd)

No

!
| Read FIXELDC through unit 32

{ Add minimum number of thermal alternatives

L~ Write new ELDC on temporary file 33

| Rewind 32

Start current configuration

N=NPER Yes 3000
\K

Add rest of thermal units for this configuration

"




Figure B.2 (Cont'd)

©

{ Pick up pump-storage, hydro and emergency hydro
and calculate LOLP through function PWFUN

{- Calculate LOLP if there is no hydro

Rewind 33

KJAHR=JAHR

( RETURN )
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b)

B.8

a)

Subroutine HYDALL

Array, NLIST(500), was changed to NLIST(1350).
Subroutine MILORD

The dimensions of arrays, MWCS, MWBS, DMWC, DMWB, and DSMW were
changed from 100 to 270.
The control variable NUMRUN was inserted after executable statement
32 in the MAIN program. At the first MERSIM run for a specific set
of FIXSYS, VARSYS, and LOADSY, NUMRUN must be 1. At any subsequent
run, NUMRUN # 1. This control variable eliminates the need for an
initial creation of a "null" binary disk file 16.
DYNPRO
Two kinds of modifications were made in DYNPRO.
Array dimension changes.
Main program

The dimensions of the arrays, PLIFE, NAME, NTYPE, MWC, COSTL,
COSTF, COST2L, and COST2F were changed from 101 to 271. In relation

to this, the 12th executable statement was changed from

DO1gp I =1, 101
to
DO 198 I =1, 271

Subroutine CAPITL
Array, NTYPE(101), was changed to NTYPE(271).
The fixed charge rate option was incorporated in DYNPRO as described

in Ref. (3] in the bibliography of the main report.
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Appendix C

Modifications to WASP-2B User's Manual

CONTENTS
Page
C.1. Job Control Language Modifications . . . . . . . 42
C.2. Input Data Modifications . . . . . . e e e s e e 42
To LOADSY . o v 0 v v o s e e e e e e e e e 42
A B ) 42
3. VARSYS & . v v s e e e e e e e e e e 42
4. CONGEN . . . . . . v v v v v v v v o v v v 42
5., MERSIM . . ¢« . . ¢ v v v v v v v 0o e e 42
6. DYNPRO . . . . . . o o v v v v v v v e e 48
7. PWCONGEN . . . . . . . . o v v v v v v 48
8., MATURE . . . . . . . o v v v v v o v v v 48
C.3. Sample Input Data. . . . . . .. .. ... ... 51

The modifications. described in this appendix refer to the "User's
Manual for WASP-2B" (also known as WASP-2, version 76-1). See Reference

2 in the Bibliography of the main report.
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C.1. Job Control Language (JCL) Modifications
1) The first part of Figure 2,1, creating & "null" SIMULNEW file, is not

necessary.

2) Figure 2.3 should be replaced with Figure C.1. There are two substantial
differences between the two tables other than those necessary because
of differences between IAEA's and 0SU's computers:
a) LOADSY JCL of modified WASP-2B require binary file 22 (LOADDATA)

b) PWCONGEN JCL of modified WASP-2B require binary files 22 {LDADDATA)
and 32 (FIXELDC).

C.2. Input Data Modifications.
C.2.1 LOADSY input data

Replace Table 2.1 with Table C.1. Card types 2 and 4 represent the
load duration curve. Either of them can be used each year but not both
together. If the load duration curve for a specific year is the same as
for the previous year, type 2 or 4 cards are not required,
C.2.2. FIXSYS input data

There were no modifications in FIXSYS input data.
C.2.3. VARSYS input data

There were no modifications in VARSYS input data.
C.2.4. CONGEN input data

There were no modifiaatiéns in CONGEN input data.
C.2.5. MERSIM input data

Add card typeAf to Table 2.5.

Type No. Cols. Format Name Type of Information

) 1-4 I NUMRUN The first time MERSIM is run
with a specific set of FIXSYS,
VARSYS, CONGEN or PWCONGEN,
and MATURE runs, it must be
NUMRUN = 1. NUMRUN # 1 for
all subsequent runs,
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. Figure C.1
JCL for Modified WASP-2B

LOADSY JCL

/7 REGION=300K

/=JOBPARM LINES=10000

//LOADSY EXEC FTGIGePARM=*LET¢NORESNOMAP®

//SYSLIN DD DSN=TS0904.T750504cLOADSY«0BJ®4DISP=SHR
F/GOFTI2FO01 DD DSN=TS090%4.L0OADDUCUS

7/ DISP={0LDeKEEP)¢UNIT=USERDAsSPACE=(TRKs{Llsl))oe
/7 DCB=(RECFM=VBSsLRECL=2292+BLKSIZE=2296}
J/FT22FCOL DD DSNz=TS50904.LOADDATA,

/7 DISP=(NEWeCATLG) sUNIT=USERDAGSPACE=ITRKs(60s11sRLSED
/7 DCB=(RECFM=VBST+LRECL=24048+BLKSIZE=24052}
//G0SYSIN DD =

LR G S e DA R LOADSY DATA ERTTETORSCREL TR L LR
VA
s

FIXSYS JCL

/7 REGION=190K

/*JOBPARM LINES=10000

//FIXSYS EXEC FTGLG+PARM=*LET,NORESNOMAP®

//SYSLIN DD DSN=°TS0904.750904«FIXSYS.OBJ®sDISP=SHR
//GOFTI0F00L DD DSN=TS0904.FIXPLANT

/7 SPACE=(TRK¢{1lel} ) sUNIT=USERDAS
/7 DCB=(RECFM=VSBsBLKSIZE=LT6LRECL=1720+DISP=(QLDKEEP])
//G0SYSIN DD =
SR e e gr e e e e Qe fr g es F[)(SYS DATA B R e 3o B30 R B2V R o3  Fo X X
Vi
//

VARSYS JCL

// REGION=190K

/*JOBPAKM LINES=10000

J/VARSYS EXEC FTGLlGPARM='LETNORES NQOMAP®

F/SYSLIN DD DSN='TS0904.T50904«VARSYS03J°,DISP=SHR
F/GO-FTLLFOOL DD DSN=TS0904.VYARPLANT ¢

/7 SPACE={TRKs{1ls1)}gUNIT=USERDA,

7/ DCB={RECFM=VSBsBLKSIZE=1T6LRECL=LT2}DISP={0LDKEEP)
//G0.SYSIN DD =
e s o o 0 4 2 5 e s e e S o g S
7

/7

VARSYS DaATA SENEL NP S L S AR RS GEE
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Figure C.1 (Con't.)

MATURE JCL

4/ REGION=190K

/eJOBPARM LINES=10000
//MATURE EXEC PROC=FORTRUN
F/CHMPSYSIN DD

00 e e R A R MATURE PROGRAM CEEEEHRARRGERERARRE
Vi

//GUFTISFO0L OD DSNsTS0904oMATURESMAINT,

4 SPACE=(TRKs (16911 oRLSE}¢+DUB=(RECFM=VBS,LRECL=12960+BLKSIZE=12964)

/7 DISP=(0OLDSKEEP)
//G0-SYSIN DD %

SRBLELTLRRLEEHERNETS MATURE DATaA 222222 2211 2-2-2-3-2-2 -2
/% ‘ ¢
7/

A CONGEN JCL

/7 REGION=3S50KTIME=2

/*JOBPARM LINES=10000,CARDS=10000
FFCONGEN EXEC FTGLG-PARM="LETNDRESNQMAP®

//SYSLIN DD
F//GO.FT1O0FOOL
//GOFTLLIFOOL
//7GD.FYL2F0O0L
//GO.FT1I3F001L
//FT23F00L DO

DSN=°750904.750906-CONGENOBJ® +DISP=SHR
DD DSN=TSO904<FIXPLANT+DISP=(0OLDsKEEP])

DD DSN=TS0904«VARPLANTDISP=(0OLDsKEEP)

DD DSN=TS0904.L0ADDUCUSDISP=(0LDIKEEP)

DD OSN=TS0904-EXPANALT«DISP=(0OLOKEEP]}
DSN=BEADISP={+DELETE ) sSPACE={(TRKel4sl) 1}y

/7 UNIT=SYSOAsDCB={RECFM=VBSsLRECL=2404¢BLKSIZE=T216}
FJ/GOSYSIN DD =

CREURBEREEABERUR LG CONGEN DATA

/%
/7

B3 -2-E-3-3-2-2-1-3-2-2-3-3-2-2-2 -3 -2 -3

PHWCONGEN RUN 1 JCL

/7 REGION=350KeTIME=2
/=JOBPARM LINES=10000.CARDS=10000

//PWCONL  EXEC

//SYSLIN DD
//GD.ETI0F00L
F/GRFTLLIFOGOL
F/GOFTL2F0OL
//GOeFT13F00L
7/G0eFT22F001
F/GDFT32F001L

FTIGLGsPARM="LET oNORESINOMAP® s TIME=3
DSN=TS0904.T50904. PWCONGENOBJ®* s DISP=SHR
DD DSN=TS50904.FIXPLANTsDISP=(0LD+KEEP})
0D DSN=TS090%e VARPLANTDISP={0LDKEEP])

DO DSN=TS0904.L0ADDUCUSDISP=(OLDKEEP)
DD DSN=TSQ904.EXPANALT «DISP=(0LD+KEEP)
DD DSN=TS0904-LOADDATALDISP=(0OLDKEEP}
DO DSN=TSO904.FIXELDC,

PR

i
B
JR———

F/ DISP={NEWeCATLG) UNIT=USERDA,SPACE=(TRKo {50+ oRLSE} .

/7 DCB={RECFM=VBSTILRECL=24048sBLKSIZE=24052)

F/FT23F00L DD DSN=EEA.DISP=(«DELETE) o SPACE={TRKs(4ollid¢

£/ UNIT=5YSDA-0CB=(RECFM=VBILRECL=2404+BLKSIZE=T216}
//FT33F00L DD OSN=LEBsDISP=(oDELETE} oSPACE=ITRK (249103 oUNIT=8YSDA,
// DCB={RECFM=VBST LRECL=264048,BLKSIZE=24052})

F/GOFT35F00L DD DSN=TS0904-MATURE-MAINTDISP=(0OLDIKEEP)
F/GAa5YSIN DD
Srfr el e de e dr ek

Suuss PWCONGEN RUN | DATA SodutouosGonsssssss
Vs
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‘ A Figure C.1 (Con't.)

PWCONGEN RUN 2 JClL

F/PHCONZ  EXEC FYGLGsPARM=°LET yNORESNOMAR ®

F/SYSLIN DD DSN=TTS0904.T50904sPHCONGENOBJS® sDISP=SHR
//G0FTLOFO0L DD DSN=TS0904«FIXPLANT «DISP={OLDoKEEP)
//GUFTLLIFOOL DD DSN=TS0904«VARPLANT DISP=(OLDIKEEP)
7/GO-FTL2ZFO0L DD OSN=TS0904.LOADDUCUSDISP=(0CLDKEEP}
//GOFTL3F00L DD OSN=TSO904.EXPANALT oDISP=(OLDIKEEP)
F/GO<FT3I2F00L DD DSN=TSO90&4.FIXELDC e DISP=(OLDKEEP)
//GUsFY35F001 DD DSN=TS0904«MATUREMAINT+DISP={0LDKEEP)
S/FT2Z3F00L DD DSN=ECLADISP=(+DELETE} sSPACE=(TRKs (4ol )

/s UNIT=5YSDAsOCB=(RECFM=VBS o LRECL=2404+BLKSIZE=T72161)
F/FTI3F00L DD DSN=E£EB,DISP=({sDELETE) s SPACE=(TRKs {26911 sUNIT=SYSDAS
/7 DLBs(RECFM=VBSToLRECL=24048,BLKSIZE=240521

//G0eSYSIN DD =

St Lol e e e e e e PWCONGEN RUN 2 DATA 20t fitifftfadadad
Fx

MERSIM JCL

//MERSIM  EXEL FTGLlGePARM=*LET(NORESNOMAP®

F/SYSLIN DD DSN='TS0904.T50904-MERSIMa0BJI? s DISP=SHR
//GDFTOBFOOL DO SYSOUT=A

//GO«FTQ9FO0L DD DUMMY

//GO.FTLOFO0L DD DSN=TS0904.FIXPLANTsDISP=(OLDKEEP)

F/GBFTL1IF0OQ!
FiGOFTL2F0O01L
//GOFTL3IFOOL
F/GOFTLS5FOQ1
//G0.FT16F00L

//G0«SYSIN DO

Gl ez e e e de

s

//DYNPRO  EXEC

//SYSLIN DD
//GOFTO8FOOL
f/GOFTO9F Q0L
F/GOFTOTFOOL
F//GO-FTLOFDOL
F/G0FTLLFOOL
//G0FT12F00L
//GOFTL3F00L
F/GOFTISF0OL
fAGO=FTLBFOOL

//GUsSYSIN DD

Vg

T R T h

/7

CSN=TS0904. VARPLANTsDISP={(0LD+KEEP}
DSN=TS0904.L0ADDUCUsDISP={ULDKEEP)
DSN=TS0904-EXPANALT¢DISP=(ULD¢KEEP)
DSN=TS0904« SIMULNEWDISP={0OLDKEEP}
DSN=TS0904.SIMULOLD-DISP={QLD+KEEP]}

MERSIM DaTA

DYNPRO JCL

FTIGLG.PARM="LET¢NORESsNOMAP®

DSN=°T50904.T50904«DYNPROUBJ* sDISP=SHR

[sls}

Do

SYSQOUT=4

DUMMY
DSN=TS0904«OSOYNDATDISP={0LDKEEP)
DSN=TS0904«FIXPLANT+DISP=(0OLDsKEEP)
OSN=TS0904. VARPLANT¢DISP={0OLDKEEP}
DSN=TS0904«LOAODUCU-DISP={0LDKEEP)
DSN=TSOS04.EXPANALTDISP={QLDWKEEP)
DSN=TS0904e SIMULNEWSsDISP=(0OLDKEEP)
DSN=TS50904EXPANREP«DISP=(0OLDKEEP)

DYNPRO DATA
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Table C.1
Types of Data Cards Used in LOADSY

Type No. Columns Format Name Type of Information
A 1-4 I NPER Number of perijods (seasons) per
year (2 to 12), Cols 1& 2 must be
blank.
5-8 I NOCOF Number of cosine terms in Fourier

approximation of load duration
curve (100 maximum, 50 recommended).

Col.5 must be blank.

9-12 Must remain blank
13-16 I NNTH Number of points for load duration
curve representation
17-20 I INVERT  Numbers of points used for inverted
load duration curve representation.
B 1-8 F PKMW Annual peak Toad (MW)
8-14 I JAHR Year number
1 1-4 I INDEX Index number (1 indicates end of

data for this year; 2 indicates
that one type-2 card follows for
each season; 3 indicates that

one or two type-3 cards follow;

4 indicates that (NNTH/5) + 1 cards
follow). Cols. 1-3 must be blank.

2 1-12 F ag (normally 1.0)
13-24 Fo ay
25-36 F ay
37-48 F
%
49-6
0 F a,
61-72 F
a5
3 1-8, 9-16,etc. F PUPPK Ratio 6f peak load in period 1 to
for each period annual peak, up to 10 numbers per

card. For 11 or 12 periods per year,
use the first one or two fields of

a second type-3 card. For 4 periods
for example, only the first 4 fields
would be used. One of the ratios
should be 1.0.
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Table Cl.1
Types of Data Cards Used in LOADSY (Con't.)

Type No. Columns

Format

Neme

Type of Information

4 1-16, 17-32, etc.

F

47

" Point-wise representation of load

duration curve. Use NNTH/5 cards
for NNTH points for each period.
Add NPER/5 cards at the end for the
minimum load in each period. For
example, if NNTH=720 and NPER=2,
289 cards will be needed.



C.2.6. DYNPRO input data

Add card type 19 to Table 2.6.

Type No. Columns Format Name Type of Information
19 1-4, 5-8, F LFCR Levelized Fixed Charge Rate
etc. (LCFR) for each expansion
candidate. LCFR = 0 or blank
cause default to original
method using total cost and
salvage calculation.
C.2.7. PWCONGEN input data

Add card type A to Table 2.4 that describes the CONGEN input data.

Type of Information

Type No. Cols. Format Name
A 1-4 I NRUN
5-8 1 INVERT
9-12 I IPRERU
C.2.8. MATURE input data

NRUN = 1, PWCONGEN creates the
FIXed system Equivalent Load
Duration Curve (FIXELDC) NRUN#1,
the LOLP for expansion
alternatives is calculated. For
each set of FIXSYS, VARSYS,
LOADSY and MATURE, NRUN = 1

only once. All other runs must
have NRUN # 1.

Number of points used for the
representation of the inverted

Toad duration curve. (Maximum
= 1200)

IPRERU = 1, the plant availa-
bility changes option is in
effect. IPRERU#1 no changes
of plant availability are
possible.

Table D.2 shows the input data card types used by MATURE. One

type 3 card must be used for each power plant for which maintenance or

forced outage will be modified.
order must be preserved.

storage plants.
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The combined FIXSYS and VARSYS plant
No adjustments are possible for hydro or pump

Add one blank card after all changes each year. The




Table C.2

MATURE Input Data

Type No. Columns Format Name

Type of Information

2

1-4 I NFP
5-6 I NPER
7-8 I NYEARS
9-12 i NYEAR
1-4,9-12, A4, 4X PLANT
etc.
1-3 I I
7-12 F PMATUR
13-16, F DAYS
17-20,etc.

Number of plants in the combined
FIXSYS plus VARSYS Tist.
(Maximum = 270)

Number of periods per year.
(Maximum = 12)

Number of years in study period.
(Maximum = 30)

The first year of the study period.

Plant names as described in FIXSYS
and VARSYS. Ten names per card
separated by ten 4-column blank
fields. NFP/10 cards are required.
(For example, if NFP = 28, there
will be 3 cards out of which the
third will contain only 8 plant
names. )

Plant number as found in the com-
bined FIXSYS plus VARSYS Tist.

Maturity adjusting factor.

Days of scheduled maintenance each
period.
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blank card will indicate the end of input for current year. 'This
process must be repeated for each year. If no adjustments are required
for a specific year, a blank card would indicate so.
C.3. Sample input data

Table C.3 Tlists the input data used to obtain the output listed in
Appendix D. These input data are similar to IAEA's case-26 predetermined
run (listed in the reference procedures manual). Use of MATURE for plant
availability adjustments changed the results.

DYNPRO input data using LFCR # 0.0 are not presented here though a
DYNPRO output with LFCR = 15.0% for all plants is provided in Appendix D.
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Table C.3 .
Input Data for Sample Runs of Modified WASP-2B

LOADSY OATA

Z 50 7201000
1647, 1380

3

sBTHY 10

&

Ue997378969566060.993975551893300.990023272646210.986121670969050.98227028845300
De978468669130210697471635946T7910.9T10L2908362560.967357867133880.96375078951900
0:900191231666570:.956678752130810.953212911865670.949793274218870+94641940492608
0.9430908721049506.939807246249260:936568100222970.933373009254390.93022155093022
0927113305189700.9240467854318680.9210247682943730.918043678026230.91510412885651
00912205727C47920.309348066530920.90653CT743567230.903753356643B90.90101550666735
0.898316796757650.8956568323642410.893035221131020-.890451573108720.88790550053068
0.885396617916110882926542042370.880488891939080.878089288882200.8757253563881+4
0.B73396720207890.871103008321050.868343850930030.866618880454050.86442773152334
0e862270040973150.860145447837930.858053593345370.855994120910550.85396667613000
0.851970906775860.850006462789890.8480729962776T0.846170161502650.8442976146880724
0e842655014971950.840642022479470.838858300238780.837103513214230.835377328492693
0e8336794152T77580.832009444853050.R820367090728020.828752028330320.82T716393%317078
0:825602491337310,824067378219050.822558279800420.821074882005250.81961687282090
0eB1l8183942292310.816775782516150+8153920876364890.814032553830920.812696879320465
0uB81l1384764368600.810095911181520.808830024102470B807586809404960.8063659753"-98
0..B805167232345200.803990292568970802834870334520.801700681898960.80058744549448
0:799494881322390.798422711567230.797370660290880.796338453626690.79532581957352
De79433248B0B9BY0,793358191068070.792402662328180:7914656376122804790546685657849
0a789646052795030.788752973734610.T8T397360767950.787048959158640,T7T8621751605601
0eTB5402780491230.784604503369450.783822437464870.783056337414670.78230595971312
0a781571062705620.780851L406582880.780146753374980.779656866945480.77878151298549
0.778120459007860e7774736746341160.776840330123900.776220799298550.T77561465660567
0« 7T750216785T8020:T7644%41643536640.773874331574990.773319524573000.77277700617122°
BaT72246561774680.771727978546020.771221045397600.770725552987560.77024129371298
0.T69768061704110.769305652818540.768653864635260.76846124696448790.76798134926326
0e76T560225786500.76T148930426190.766747269273910.7663550501192B80.76597208242404
UaT65598177326150.765233147631910.764876807810060.764528973985850.76418946393518
0.763858097076690:.763534694475840.7632190788B13060.T762911074427790.T6261050724264
0aT6231720468194670.7620309963234650.761751712523240.761479185785030.,761213250066¢8
0760953740911 790.760700695443820.760453352360190.,760212151926390.75997673597005
0.759746947875100.759522632575800.759303636550900.75908B9807817720.75888099592623
0.758677051953200.75847782B496260.T58283179668030.758092961090180.75790702988761
Qe T57725246682450.757547465588260.757373554204060.757203373608430.757036786835371
0.756873664460000.75671386%3403260.756557272139500.756403743038790.,75625315393940
0s756105378111940.755960290259370.755817766511190755677684417500.75553992294309
Ce755404362461580.7552T70884749500755139372980390.755009711718910.75488178691492
0e756755485897620.754630697369620.754507311401050.754385219642369075426431422501
0.754146489962360.7540256420569106753907667388000.753790464087040.75367393163165
0:753557970819840.753442483764020.75332737T3885170753212545906870.75309790584950
0eT52983361024260.752868820027280,752754192733760.752639390292070.75252432511770
0.752408910887920.752293062534830.752176696240530.75205972943065%0.75194208076858
0.751823670149600.75170641B694950.7515862487465910.751463083857970.75134084879487
0aT51217469522730.751072873204140T50966988192270.750839744024980.75071107141890
0.750580902263550.750449169615420.750315B07692110.750180751866390.75004393B66033
0e749905305739390.749764T917206520749622337096270.T494TTBE2368880,74933136990442
0aT491827462996820,7490319646068030,748878924562120.748723625139340.74856599547027
0e768405984329830.T482435415T1700.764B8078618121800:T76¢7911165973020.74774113817901
0a74756B8488848330,747393173138560.747215147250410.7470343666421810.74685073492203
0:T46664386065750.T46475102107190.7462829046434200.74608775%5362380.7458896182291¢
0.745688457367850.745484238101L900745276926738B830.7465066490566640.74485289783685
De7%4536iL??60&40674%416£205@09309?%Ql@&&??}??520a7%3?6&3&0258?{Da?#3?3b5%2£5&§&
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Table €.3 (Continued)

0.7435033972338630.743266900606T00.763027027279260.7T427T83754706140.74253706034252
0eT42286922753050.742033321403950.T617T76236657090741515649764140.74125154286063
0eT409838968960060.7407127019468000.740637936576230.740159588456T60.,73987764405603
0.739592090688940.739302916512970.739010110522300.738713662541300.73861356322161
0.T38L09804030300.737802377269910.737491275969560.737176494079710.73685802626619
0oT36535868004330.736210015553090.735880465949110.735547217000850.73521026728267
0. T34869616128950.734525263628180.734177210617070733825458674620.7334T001L011630
$7331108679880460.732748036060640.T732381518822790.732011321477240.73163744993283
0aT3LE59910799660.T730578711382930.730493859677120730105364359990.72971323478677
G.729317480984230.7289181L13644770.T728515144120520.728108584417480.72769844718957
0727286765 732790:726867493979250.726446T06491350.726022398455810.72559458567782
0s725163284575130.T724728512172150.724290286094030.72384B624560810.7234035463B147
0e722955070948070.722503218229840.722048008767270.721589463666230.72112760459204
0.720662653763630.7201940333475900719722368452280719247481121950.71B76939633083
071828813897 7240.717803734477680.717316808760940-,7T16825588262190.71633189991711
GaTl5835171155960.71533542989T690.714832704544070T14327023973740.713831841753635
0:713306915046670.712792546T76660.712275343459580.711755336264100.71123255680841
0sTL0T07037144310.7L0L78809753300.709647907540700.709114363829770.70857821235575
0o 708039487260030.T07498223084210.706954454764220.T706408217626410.T70585954737166
0.705308480089480.704755052232110,704199300618630.703641262427060.T0308097518843
0.702518476780930.701953805423990.T701386999672390.700818098410330,700246714084558
0:6996T741665035606699099215221380.698522327142100.697943542708660.69736290265809
0:696T780648015550.696196220086500.695610260460710:695022610986450.69443331378454
0c693842411232480.693269945960510.692655960845760.692060499006340.691463603795¢41
0e690865318795320.6902656878117T00,689664756867550.689062564197360.68845916024119
0e687854%87638800.657248891223720.686642116017380.686034307223190.68542551022067
0e684815770555520.664205133953740.683593646275T10.682981353550330.68236830194911
0ob68L7T56537784230.681140107502690.680525057680420.679909435016320.67929328632642
0ebT86T6658537960.6T8059598683500.677442153895000.676824371397940.67620629850544
Da675587982612320,674969471189230.674350811776730.673732051979440.67311323946008
0:6724694421933610.6T187564T161330.5671256962944940.670638417120720.67002005755357
0:669401932131120.669784088757840.66B166575349170.667549439825560.66693273010663
0e666316494105250.665700779721610.665085634837390.6646T71107309810.66385724496573
02663244095595790.662631T06963480.6620201267242640.661409402569600,66079958207124
0.66019071L27500906659582842055480.658976017359190:658370285949580.65776569502567
0657162291691 280.656560122949100655959235694770.655359676711060.654T76149266189
0:654164T30086470:6535694353934610.652975654854790.652383434600300.65179282061130
06651203858716970.650616594578350.6500310737025300649464T7341416650.6468654428T7207
00648285423036460.64T70732668T890.647131198408930.646557082580780.64598502337732
026656415064759260.644847250468230.644281624020860.643718228702910.64315710756336
0.6425983034085%00.642041858796050.641487816029260.640936217151000.64038710393787
0.639840517894310.639296500246680.638755091937380.63B8216333613%40.63768026564813
0:637146928080080.636616360662330.6360R8602828980.635563693694T80.63504167204921
0o63452257635061L0.634006644723280633493314936550,632983224426930.63247621027216
0.631972309180360.63147155750L100.630973991209510.630479645902380.62998855679226
0.629500758701640.629016286056860.628535172882390.628057452794890.62758315899727
0a62T112324272830:62664%4980979320.626181161043110.625720895953210.62526421675546
0.6264811154066550:624361737968170.623915998201090.623473963959280.62303566398401
0eb22601126537930.6221T70379399190:621743449855%540,621320364698430.,62090115021712
0620485832192750.6200T4435892500.6196669860613630:.619263506927610.61886402217424
0618468554955 720,61807T127880760.617689763008T00.617306481843590.61692730532829
De6l6552253838610.616181347177360.61%814604568480:6156452064651140.61509366547385
DablétT39566488530.614389638544640.614043983883280.6137025946131300.61336549029535
0e613032680756060.612704181262090.612380004924220.5612060164209500.61174467093534
0e6L11433536263560.6111267T7T0694560.610824384061400,610526385523860.61023278356261
0:609963585973270.609658799860500.609378431632150.609102486993330.60883097094049
C.608563887755580.,608301241000110.608043033509240.607789267385%920.60753994399499
0:607295063957250.607054627143570.606818632669020.606587078886930.60635996338304
0:606137282969560.605919033679280.6057052L0759710.605495808667110.60529082106067
0:605090240796560.604894059922030.6064702269669570.606514860450920.60433182185126
0o00415314262327T0.603978810681220.603808813095090.603643136084690.60348176501371L
De6033246863083890.,603171877829050.603023328109250.602879017104660.60273892581067




Table ¢.3 {Continued)

De&02603034329990.60264T1321868770.60234376672967T0.,602220346306180.60210103707672
0501985814598 T50.601874653502860.60176752T7485860.601666409309910.60156527078662
0601470082781 130.601378815201210:601291436992390.601207916132060.60112821962348
0a601052313490090.600980152769390.6009L1731507140.6006846982751480.60078358T854700
0600728379328840.600674446916810:6006240368509480.600577112678280.60053362636162
0e600493535458960.600656794826950.60062335B8263680.600392178521850.60036620728481
Ue60034239516087100600321691715550.6003064045387130.600289403559130.60027771251522
0ob00268917441140.600262962418840.600259790420530.600259343302850.60026156180089
0.6002656385522380.600273752941720.600283601394120.60029%667069670.60031048500749
UabD03273895089800.6003%46512036010.600367T785396850.60039113954B460.60061650368650
0e6004643805820210.600472972766600.500503930146450.600536602368470.60057091264241
0600606782958130.60064413407971L0.600682885547560.600722955667520.60076426150597
0.600806718883900,600850242371060.5600894745280010.600940139660260.50098633629236
0.601033244682000.601080773054110.601128828346970.601177316206310.60122614097939
Da601275205709140.601324412128240.6013736460653210.601422850378540.60147187907076
0601520643162590.601569037746980.6016169565T1260.601664292031220.60171093516522
Ce601756775648280.601801LT01786190:,601845600509640.6010888357368260.60192985652477
0:.601969980749060:.602008611412310.602065628481080.602080910511400.60211433464291
0o6021L465776592920602175110650510.602202209670690:602226945068440.60224%18681284
0eb02268803621150.602285661952960.602299628004220.602310565701420.60231833769562
06023228051956610.602323827766980.602321263716220:602314969694830.60230480088845
0.6022906109716880.602272252103300:602249574918270.602222628523860.60219066049280
G«602156116857500.602112642104230.602066079167180.602014269422550.60195705268268
0:601894267190160.401825749611890601751335033220.601670856952030.6015841472728¢
Ga601491036300920,601391352736390.,5601284923668280.601171574568710.60105112928693
0:600923410043430.6007882374624060.5600645430374140:6004694806192530.6003361805257%
0e800169367362050599994179025680.5998104261T0630:59961T7917775110.59941646113548
L 0e599205861860320.598985923364620.598756449363840.59851723886B000.59826809117580
$..5980068803368720.5977391L70805L20.5974568987114360.597168044190840.59686613218813
0.%96553039513300.596228552820470.595892457005460.595544535199650.59518456876411
De997978969566060.993975551893300.990023272646210.986121670969050.98227028845300
Ge97B458669130210.97471635946791L0.971012%08362560.967357867133880.96375078951900
0-960191231666570.956678752130B810.953212911865670:949793274218870.94661940492608
0e243090872104950.939807246249260.936568100222970:933373009254390.93022155093022
0eP271L13305188700:924047T8546313680.921024782943730.918043678026230.91510412885651
0o912205727047920.909348066530920:90653074¢354T7230.903753356643890.90101550666735
D.8983167T96757650.8956560832342410,893035%221131020.890451573108720,88790550053068
0.885396617916110.882924542042370.880488891939080.878089288882200.87572535638814
0.873396720207890.871103008321050.868843850930030.866618880454050.86%442773152334
0eB622T0060973150.86014544TB37930,858053%93345370.855994120910550.85396667613000
G2851970906775860.850006462T789890.B848072996277670.846170161502650.84429761488024
0:8424550149T71950.840642022473470.838858300238780.837103513214230.835377328692¢69
0.B336T9415277580.832009444683050.830367090728020.,828752028330320.82T716393530078
0:825602491337310.,824067378219050.822%58279800420.8210764882005250.81961687282090
0c8L8183942292310.8L6T7T75782%10150.815392087634890.814032553830920.81269687932065
0:8113847643468600.81L0095911181520.808830024102470,807586809404960.80636597538698
0.8051672323465200.803990292568970.802834870334520.801700681898960.80058744549448
0e7T99494881322390.79842271154T230.T9T7T370660290880.796338453626690.79532581957352
0.T2433240BU89890.T93358191068070.T792402662328180.791465637612280.790546854657849
GeT89646052795090788762973734610.T8T8%3T360767950.787T048959158440.78621751605601
G:785402780491230.784604503369450.T783822437464870.783056337414670.78230595971312
DTBLSTLIO6ZTC5620.780851406582880.T80146T53374980.779456866945480,TT8TB1512985¢49
0T781LZ0459007860.777473474361160.TT6840330123900:776220799298550.775561465660567
0aTT5021678578020.774441643534640.TT3874331574990.773319524573000.77277700617122
07722465617 7T48B80.TT1727978546020T77T1221045397600.770725552987560.77026129371298
0769768061706110769305652818540.768853864635260.768412496448T790.T6T98134926326
0:767360225786500.T6T1489306424190.766747269273910.766355050119280.76%597208242404
0u7655981TT326150,T65233147T631910.7648T6807310060.764528973985850.764185946393518
G763858097078690.763534696475840.763219078819060.762911074427790.76261050724264
0.F62317206819470.762030996323450:761T7517T12523240.T7614679185785030.76121325006668
0760983740911 790.7607006954643820.,760453352360190.760212151926390.75939T673557005
0.75974694T8751L00.T759522632575800.7593036365%0900-759089807817T20.75B8880995%2623
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Table C.3 (C@ntiﬂugd)

De75867T051953200.T7586TIB26496260,758283179668030.T58092961090180.75790702968761
BeT5T725264682450,757547465588260.75737355620460406757203373608430.757036T8835371
Be756873664460000.756713869409260-756557272139500.756403763038790.75625315393940
0e7%6105378111940.7559602902593707556817766511190.7556T776846417500.75553992294309
0oT55404362461580.755270884769500.755139372980390.755009711718910.75488178691492
02T754755485897620.754630697369620.754507311401050.754385219423690.75426431422501
0:7541444689942340.754025642056910.75390766736880006753790464087040.75367393163165
Ge7535579706819860.7534424837640206753327373885170753212545906870.75309790584950
UcT52983361024260.752668820027280.752754192733760.752639390292070.75252432511780
0e752408910887920.752293062534830.752176696240530.752059729430650.75194208076858
0e751623670149600.751704418694%50:751584248745910.751463083857970.75134084879487
GeTS51217469522730.751092873204140.750966988192270.750839744024980,75071107141890
0.750580902263550.750449169615420.750315807692110.750180751866390.75004393866033
02749905305739390.T497647919065200749622337096270.7494TT882366880.74933136990442
B T42182742996820.749031946048030.,748878924562120.748723625139340.74856599547027
0aT48405984329890748263541571700.748078618121800.747911165973020.74774113817901
0TaT56B488846330.747393173136560.767215167250410.747034368421610.74685079492203
0.746664386065750.7464T5102107190.746282904434200.746087755362380.7458896182291¢
0o T4568845T367850.745484238101900.745276926738830.745066490564440.74485289783685
0o7446361177806400744416120580930:744192877377510.743966360258910.74373654225650
B8s743503397338630.743266900404700.743027027279260.762783754706140.74253706034252
0:742286922753050.742033321403950.T741776236657090.741515649764140.76125154286063
00740983898960060.740712701948000.7404379365762306740159588456760.73987764405603
0a739592090688940.739302916512970,739010110522300.738713662541900.73841356322161
Da73Bl09804C30300.737802377249910.737491275969560.73T176494079710.73685802626619
0.736535868G06330.736210015553090.735580465949110.735547217000850.73521026728267
0.734869616128950.734525263626180.7346177210617070.733825658674620.73347001011630
047331108679868040.732748036060440.732381518822790.732011321477260.73163744993283
0:731259910799660.730878711382930.730493859677120.730105364359990.72971323478677
0.729317680986230.726891BL13644770.728515144120520.728108584417480.72769844718957
0.72T28B4T765732790.7268674933T9250.726446706491350.726022398455810.72559458567782
0:725163284575130.7247285121721506724290286094030,723648624560810.72340354638147
0:722955070948070.722503218229840.722048008767270.721589463666230.72112760659204
0.T20662453763630,720194033947590.719722368452280.719247481121950.71876939633083
0071828813897 7240.T717803734477680.717316208760940.716825588262190.T1633189991711
OeT15B35171155960715335429897690.7146832704544070.714327023973740.71381841753635
0:713306915046670.712792546T7T8660.7122753434659580.711755336264100.,71123255680841
0.710707037144310.7T101T8B09753300.709647907540700.709114363829770.70857821235575
0= TDB039487260030.7074982230684210.706954454764220.70640821T7624410-,T0585954737166
0e705308480089430.704735052232110.704199300618630.T0364126242T060.70308097518843
0eT02518476760930.701953805423990.701386999672390,700818098410330.70024714084558
06699674166503540.699099215221380.698522327142100.697963542708660.69736290265809
0.696780448015550.696196220088500:695610260460710.695022610986650.69443331378454
0,6938424112326806693269945960510:692655960845760.692060499006340.69146360379541
0:690865318795320.690265687811700:.689664754867550.689062564197360.68845916024119
Uo68TB54507638800.687248891223720.68664%2116017380.,686034307223190.68542551022067
0e6B4B1I57T0U559520.664205133953740.683593646275710,682981353550330.68236830194911
0e6B817564537784230,68L140107502690,680525057680420.679909435016320.67929328632642
0.678676658537560.678059598683500.677442153895000.6768243T1397940.67620629850544
0a675587982612320.6749694T1189230.674350811776730.673732051979440.67311323946008
0e672494421932610.,671875647161330.671256962944940.670638417120720.67002005755357
Ge869401932131120.668784088757840:,668166575349170.667549639825560.66693273010663
G666316494105250.665700779721610:665085634837390.664471107309810.66385724496573
06632644095595790.66263170694B480.662020126724260.6614609402569600.66079958207124
Bo6601907T12750090:659582B42055480.658976017359190.658370285949580.65776569502567
006571622216912800656560122949100.655959235694770.655359676711060.654T751469266189
0e654164T730086470.653569435393410.652975654854790.652383434600300.65179262061130
0.651203858714970.650616594578350:650031073702530.649447341416650.64886544287207
0.6482854623036460.64TT073266687T890.647131198408930.6465570825B0780.6459R502337732
0:6456415064759260.644347250468230.644281624020860.643718228702910.64315710756336
00642598303408500.6420418587%6050.641487816029260.640936217151000.640387103593787
0a639040517894310.,639296500246680.638755091937380.638216333618940.63768026564813
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Table .3 (Continued)

Je637146928080080.636616360662330:,6360886028289B0.6355636936946T80.63504167204921
0s636522576350610:634006444720280.6334933164936550.63298322442893063247621027216
Gs631972309180360.631471557501100:630973991209510.630479645902380:.62998855679228
0eb629500758701640.629016286056860.628535172882390.628057452794890.62758315899727
0=627112324272830:626644980979320.626181161043110625720895953210.62526421675546
Gebl26811154046550.626361L73796B1LT0.623915998201090.623473963959280.62303566398401
0622601126537930662217T0379399190.621743449855540.621320364698430,62090115021712
0:.6206858321927500620074435892500:.619666986063630.619263506927610.61886402217424
Je818468554955720.61807712788B0760.617689763008700.617306481843590.61692730%532829
0e616552253838610.61618134TLTT7360.615814604568480.6154520464651140.61509368547385
0e614739544488530.614389638544640.614043983883280.613702596131300.61336549029535
0e613032680750060:612704181262090.612380006924220.612060164209500.61174467093534
02611433536263560.611126770694560.6108243B4061400.610526385523860.61023278356261
0609943585973270.609658799860500.6093784316321506091C2486993330.60883097094049
0. 608563887755580:608301241000110.608043033509240.607789267385920.60753994399499
02607295063957250.607054627143570.606818632663020.606587078886930.60635996338304%
0.606137282969560.605915033679280.605705210759710.605495808667110.60529082106067
0s605090240796560.604894059922030.604702269669570.6046514860450920.60433182185126
0:604153142623270.603978810681220.603808813095090.603643136084690.603481L76501371
0e603324684383830.603171877829050.603023328109250.602879017104860.60273892581067
0602603034329990.602471321868770.602343766729670.602220346306180.60210103707672
0.6019858145987506601874653502860.601767527486860.601664409309910.60156527CT866A2
0s601470082781130.601378815201210.501291436992390.601207916132040.60112821962348
0.601052313490090.600980162769390.600911731507140.600846982751480.60078587854700
0.600728379928840.600674%46916810.600624038509480.600577112678280.60053362636162
0.600493535458960.600656794824950.6004623358263480.600393178521850.60036620728481
0.600342395168710.600321691715550.600304045387130.600289403559130.,60027771251522
0e600268917441160.600262962418840.600259790420530,600259343302850.60026156180089

0.600266385522380.600273752941720.600283601394120.600295867069670.600310648500749
0:600327369089800.600346512036010.600367785396850,600391139548460.60041650368650
0600443805820210:600472972766600.,600503930144450.600536602368470.60057091264341

" 0.600606782958130.600644134079710.600682885547560.600722955667520.60076426150597

0.6008067T1838B3900.600850242371060.600894745280010s600940139660260,60098633629236
0:6010332644682000.601080773054110.,601128828346970.601177316206310.60122614097939
0:6012752057091L40,601324612128240.601373660653210:601422850378540.6014T187907076
0.601520643162590.601569037746980.601616956571260:601664292031220.60171093516522
Ba6017567T75648280.601801701786190.601845600509640.,601888357368260.60192985652477
0.6019699BCT749060.602008611412310.602045628481L080.6020809105116400.60211433464291
0sb021457T76592920,6021T51106505106602202209670690.602226%945C068440.,60224918681284
06022688036421150.602285661952960.602299628004220.602310565701420.60231833769562
0e602322805156610.60232382T7766980.602321263716220.602314969694830.60230480088845
0.60229061L0971880602272252103300:,602249574918270.6022226428523860.60219066049280
0e602154116857500602112642104230.602066079167180.602014269422550.60195705268268
0601894267190160.601B825749611890.601751335033220.601670856952030.60158414727284
0601491036300920:601391352736390.601284923668280.601171574568710.60105112928693
0600923610063430.600788237424060.60064543037461460.600494806192530.60033618052575
0.600169367362090:599994179025680:5998104261T70630.59961791777511059941646113548
0:599205861860320:598985923364620.598756449363840.59851723886800059826809117580
(0598008803368 720e597739170805120.597458987114360597168044190840.59686613218819
0:596553039513300.596228552820470.595892457005460.595544535199650.59518456876411

a 595 89595

1

1936 1981

i

2274 1982

i

EH6F . 1983

1

3129 1984

1

3666 1985

3
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09237 1.0
2
1.0 ~3.27689
Le0 =302768%9
1
4290 1986
i
50L7. 1987
l
5863, 1988
i
6845. 1989
1
7985. 1990
3
29543 1.0
2 .
10 ~3.51974
1+0 ~3e51974
i
9307, 1991
1
10837, 1992
i

12609, 1993
1
14658, 1994
1
END OF LOADSY DATA

Table C.3 (Continued)

15.08061 -32055363 309992
1508061 -32.55363 3009992

16019426 -34.83805 33.,05702
1619426 ~34.83805 33.05702
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Table C.3 (Continued)

FLXSYS DATA

1980 2
FHYD 1 159 324 O Qe [+ 2% Oe 5 0 0.0 o] 0 2051 230
FEMH 1 44 44 2262 22620 10 9800 =199 0.0 O 4] Qe «30
FOIH 5 34 100 2490. 219Q. 10 700 210 3.0 28 100 O« 2430
FOS0 8 25 50 2618, 2326« 10, 700 210 3.0 28 50 Os 3.00
Fpes 3 20 25 2175 1800 10« 980, 420 1.0 14 25 Qe «85
FGTH 5 29 97 6322« 2262 10e 980+ 172 25 14 50 Oe «52
FPST 0 6 0 2325

1.0000 08750
1.0000 0.7707
065427 04573
) 0.8841 1.0000
! 3 HYORO CONDITIONS
. 1.0000 1.0000 1.0000 1.0000 0.6000 NORMAL YEAR
05000 09500 0.8200 09000 0.2500 ORY YEAR
1.5000 1.1500 1.2600 1.1000 0.1500 _ WET YEAR

«85 B8

2
3 2

1980

1981

) o= e

1982
1983
1384
1935
1986
1987
1988
1989
1990
1991
1992
1393
1994
END OF FIXSYS DATA

e gt g pe Put ped fms pue Be s g pot e
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VARSYS DATA

2 9

N&00 400 600
NLOH 667 1000
€300 100 300
€600 200 600
CLOoH 334 1000
0600 200 600
GT2H 58 192
VHYD &

233 233 1%00.
1,00 Qb7
100 067
0.59 Qo
0.00 0.00
0 349 T80.

1.0000 0.9748

00 Oo

03987 046013

0.8816 10000

106, 616 2611,

1.0000 0.8300

1.0000 0.3206

06702 0403298

08837 1.0000

150 600 2800,

10000 0.
1.0000 066761
05961 0.

0.0
vesy
240
240
240
240
240
END OF

5

8000

4039

0.0

240
240
240
240
2640

VARSYS DATA

218
218
218.
218e
218,

2568.
25660
2480.
24606
2440.
2440.
63226

92

138

Table C.3 (Continued)

2363,
2361,
2180,
21600
21400
2140
22620

0685
0«85
0.85
085
085

G

450
450
450
10.
10s

0.88
0.88
0.88
0.88
0.88

142 0 5
134 0 §
0.0 310
0.0 310
0.0 310
700. 210
980s 173

1982 1

1984 1

1986 1

1990 1

1984
1985
1985
1986
1986

58

1260
160

Te0
120
160
10.0
le25

42
42
35
2
42
42
14

600
1000
300
600
1000
600
50

Qe
Oe
Qe
Qe
Oe
Oe

099
073
1.20
071
0.56
0.67
0052

2325

Oe
O

Oe

Oe




Table C.3 (Continued)

CONGEN DATA

7 READ PERIOD AND ANNUAL CRITICAL LOLP
1.0 1«0
& READ OPTION MODE
1 CALCULATION OF LOLP AND CHECKING AGAINST CLOLP®S
5
0
% READ MINIMUM AND MAXIMUM RESERVE MARGINS (%)

Os 50
MAXIMUM ADDITIONAL NUMBER OF CANDIDAYE UNITS
0 Q ¢ 0 0 0 0 o}
MINIMUM NUMBER OF CANDIDAYE UNITS
0 0 o] 0 0 0 4] 0

PO P e B PG e B P e P R P B R D e P b e P B b R e e P e O e O R DR O R ON O RO W
] [¥e]
- [}
[ (s3]

3 4 7 a 0 0 e 3
1994
END OF CONGEN DATA



Table C.3 (Continued) o ‘ L :

PWCONGEN RUN 1 DATA
11000 1
? READ PERIOD AND ANNUAL CRITICAL LOLP 3
1.0 1.0 |
READ OPTION MODE “
CALCULATION OF LOLP AND CHECKING AGAINST CLOLP®S

READ MINIMUM AND MAXIMUM RESERVE MARGINS (%) ?

0o 50, :

MAXIMUM ADDITIONAL NUMBER OF CANDIDATE UNITS

©o 0 0 a o g

MINIMUM NUMBER OF CANDIDATE UNITS |
©6 0o 6 0 0 0 o0 O

980 {

(=]
o
o

NNPNNNNMMNNO-NNP-PND-'D-N&-C-—N;-‘F—'NSONNONMONF‘OND—ON&-QNOW & O W O
[+
(4

9 4 7 Y G 0 Z 3
1994
END OF PWCONGEN RUN I DATA
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Table C.3 (Continued)

PHCONGEN RUNZ DATA
21000 1
K READ PERIOD AND ANNUAL CRITICAL LOLP
1«0 le0
READ OPTION MODE
CALCULATION OF LOLP AND CHECKING AGAINST CLOLP®S

READ MINIMUM AND MAXIMUM RESERVE MARGINS (%1
Qe 50a :
MAXIMUM ADDITIONAL NUMBER OF CANDIDATE UNITS
4] o} 0 0 0 0 Q Q
MINIMUM NUMBER OF CANDIDATE UNITS
o] 0 0 o} 0 o} 0 0
980 ¢

P P o= B P b B P e P P e By R B e [t s PP e R B S P e DS N O RO RN ORe O e ORO W £ O W B
]
@
Wt

9 4 7 Q 0 0 2 3
1994
END OF PWCONGEN RUN 2 DATA
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MATURE DATA

16 2151980
FHYD FEMH
€600 CLlOH

1 0.9

3 0.9

4 0.9

11 0.9

2 lel

4 el

5 0.9

6 lel

10 1.1

1

5

i

s

i 0.9

& 0.9

20e
20.

20,
200

FOLlK
0600

20.
20,

20.
20.

END OF MATURE DATA

Table c.3 (Continued)

FOS0 FD25 FGTH FPST
GT2H VHYD vPST

62

N60O

N1OH

300

END

END

END
END
END

END
END
END
END

END
END
END
END
END
END

1980

1981

1982
1983
1984

1985
1986
1987
1988

1989
1990
1991
1992
1993
1994




Table C.3 (Continued)

MERSIM DATA
i
1980 1980
2 READ LOADING ORDER OPTION
~" a0
9 8 12 il L0 10609 1008 i3 3 4 1012 1011
1010 1013 1003 100« 5 14 6 1005 1014 1006 7

3 READ MULTIPLIER OW FOREIGN COSTS
1.2
% OUTPUT CPTION
Q MINIMUM PRINTOUT
5 DECREASE NUMBER OF FOURIER COEFFICIENTS
20
6 READ DISCOUNT RATE (%) FOR ALL LOCAL OPERATING COSTS
0.0 {
7 READ DISCOUNT RATE (%) FOR ALL FOREIGN OPERATING COSTS
0.0
10 DECREASE NUMBER OF HYDRO CONDITIONS TO ONE
3 (3 1S USED FOR DEMONSTRATING ERROR MESSAGE)
1980
2 READ LOADING ORDER OPTION
1.0-0.03 1 (o) AUTOMATIC LOADING ORDER TO FULFILL SPINCRESER: REQUIREM.
9 8 L2 il 16 13 3 4 ] & 7
io
1]
B READ OISCOUNT RATES (%) ON PLANT TYPES; LOCAL AND
0.0 0.0 0.0 0.0 0.0 0e0 00 Ge0
0a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 READ ESCALATION FACTORS ON PLANT TYPES; LOCAL AND FOREIGN
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1981 '
1982
1983
1984
2 .
1.0~-0.05 o . 1
1985%
1986
1987
1988
1989
é
1¢0-0.03 0 13
1990
1991
1992
1993
1994

ENG OF MERSIM DATA
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Table ¢.3 (Continued)

DYNPRO DATA
1980 1980 15

° 199i 8. Be
L5 READ DISCOUNT RATE (%) ON FOREIGN OPERATING COSTS
14 80 READ DISCOUNT RATE (%) ON LOCAL OPERATING COSTS
3 80 READ MULTIPLIER ON FOREIGN COSTS
i;z READ MULTIPLIERS ON DOMESTIC AND FOREIGN OPERATING COSTS

100 100 1.00 1.00 110 1.00 1.00 100
1.00 L. 00" 1.00 1.00 1.10 1,00 1.00 1.00

16 READ SALVAGE VALUE QPTION
1 SINKING FUND OPTION
e READ THERMAL PLANT CAPITAL COST DATA i
134. 586. 30 a0 86.0 2400 8.0 1N600
108 480 30e 0.0 79.0 2460 8.0 2N10H
65, 327. 30. 0.0 020 15.8 5.0 3C300
51a 26le 30 0=0 Ce0 157 5¢0 4C600
430 227a 30« 0.0 0.0 157 5.0 SC10H
4T, 239, 306 0.0 0.0 157 560 60600
33. 132, 20 0«0 0.0 8.0 200 1GV2H
: 50
387, 258 25.0 8.0 8VHYD1
231 154, 1262 4%e0 8VHYD2
513. 3426 2540 8.0 BVHYD3
9450 630, 2540 860 8VHYD¢
50
364 786 2460 6.0 9VPSTL
9le 786 12.0 340 9VPST2
9. 18. 12.0 3.0 9VPST3
1600. 100. 2640 7.0 QVPST4
2706 100, 13.0 3¢5 QVPSTS5
12 READ CRITICAL LOLP
1.0
i3 READ NUMBER OF SOLUTIONS TO REPORT
b
18 READ OUTPUT OPTION
0 fAEA OPTION
& READ MAXIMUM BUILDING CONSTRAINT ON CANDIDATE UNITS
i 10 10 10 110 10 10 10 10O
19
1 1980
1 1981
1 1982
i 1983
i 1984
L 1985
i 1986
1 1987
i 1988
i 1989
i 1990
1 1991
1 1992
i 19932
i 1994

END OF DYNPRO DATA

64




Appendix D

Sample Output of Modified WASP-2B

CONTENTS
D.1. LOADSY . . o v v v vt
D.2. FIDSYS . v v v vt
D.3. VARSYS . . . .. e
D.4. MATURE . . . . . . . .. ....
D.5. PWCONGEN Run 1 . . . . . . . ..
D.6. PWCONGEN Run 2 . . . . . . . ..
D.7. MERSIM . . . . . . . .. ....
D.8. DYNPRO . . . . .... A
D.9. CONGEN, MERSIM, DYNPRO . . . . .

D.70. DYNPRO With FCR Option . . . . .
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LOADSY sample output

D.1.

i
e e e e n
M 0
— :
— —_ PRSI [
1
v
PR .
X
—_— i

¥V¥3A/5C01d3d ¢
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[

FCR Y

AK LOAD #C

Pz

1647, M

AP TI9EG 15

O IR R

GHH

56C.& MK
RIES oo 54526 OWH

LCAD
0 POIMES _ .

4452 .4

®
< Ww
[ >
Epm
_ >
Ww o
N 2z
- 4 &
N L
. o
o
=
E
[ M o
o i
NYT) QA [y
o ok =
| S Qua
! W e
t] om
wy X E
o W
[ e
QU Zoeo
< DD
[l e
ey iy
QW !
L4 =4 t
< wo;
e
a«t W
%
1
("
Y
ETaN

e e

JZQQQVZ

PERCENT

w
i
vS
.
w

[ Zolslele]
CLQCHJOC
.D. T 6§ e
_Aomn_,.ao

FDR THIS PERIGD

NTS

1]
U T
BT L ITY
NI F et 0D
et P O S P OO
Lt QNNND
Lo GO ¥ e P O (T
Lo ZO0D0
o3 ladmd el il &)
LW 2 ¢ 6 v o
icconco
wied “
-l
Pﬂ??baéﬂ
Titd AOrow
el L) D ot 3 et (1
FAT%4342
* gl

e Qe QO
et 0V €D
e e 9o
AICDGOG

bt 1
(%1%

ATy
CO..}«O (X 4

LI e gD

J A P P et
e

{ i@

| worco

w LR Slsl=T08

H

A

O%JCQ

ed

rn_q e

2

PERIOD

PIECEWISE~LINE

[

DURATION CURVE

-R L OAD

1
t

|
__
w
|
i
i

o .a.»@&«gﬂ“ S ¥ TR S

PERCENT

o
.=J
Q
.0
0

Pt O

el liato ol

caomne |

wagew

MR Oerm .

LS..FCR.THIS_PERICL-
o
1
3
7
8

wrer PG o
G etmmmQLNQ
LWOUVr v e @ 0 8
CoCOooO
[- 47 ] _

[

LR

& ol e

D ANOCOS

CY el UIE il et P
T I A

Camooooe
Ypetl t
'Ol £
cawd
Buma oo
[ P e AT
O et
NP
A o
10313
MGOJ
s o8

,
|
_ Or*n.CD
!
v

|

T ER P Pl B, o pE ,.g-,}-,,g.,,»m,« 0, w5 A RN AGN " MRS T T 1 18 Ra 3 A A ees @ bl T G MR GRRGD AT by MU I b et o RAY Vbt § R i v tpas g

PR IETRCIN

e

—



ANNUAL SUMMARY

SRR R R

T

&

ER R E R R

&

EFD OF CATA FCR YEAR 1980

RN EE N

=

P

vvw-m;‘ moup. g

e, o)

- "“1“\“"




69

PEAK LOAC FCR YEAR 1581 15 1936.¢C M

DERION_PFAK L Q ADS. _AS . ERACTICN OF AV&UAL_EEAK.LHAD ' R
3.878200 . 1.C<0000 ; ) —

e

- PERICD 1 : - : -
5 PEAK LCAD  1700.2 MM " MIN. LOAD  1011.6 Mu K

b3

A EMERGY UMDFR LUAD DURATICHN CURVE =
¢ POLYNCMIAL 5233,.6 GWH r
: FOURIER SERIES 5234,2 GwH 1
f PERICA LEAD FACTOR 3 PERCENT - :
. POLYNCMIAL 70,28 -

SOURIER SERIES 7€.29 “

F 3
PERION 2 ’ ' : ;

! PEAK LGAD  1936.0 ™MW MiNe. LOAD 11519 MW - T
ENERGY UNDER LOAD DURATION CURVE :

. POLYNEMIAL ... . ) 5959. 5_GWH :
FOURTER SERTES 5960.1 GWH ;

PERTCN LCAD EACTOR , PERGENT i

v JE—— —_ .= POLYRCMIAL - : TC.28 - ——— e — et e A A b et =t A .8 4 e b 4 o i - PR e e ey
FCURTER SERTES 70.29 ..é

[ ANNUAL-_SUMMARY. jg
EHERGY DEXAND i

POLYNCHIAL 11193.2 GWH ,{

— .. FOURIER SERIES : 1119403 GuH. __ e
ANNUAL LOAE FACTOR e ' §

COYACMIAL 66200 A

; . FCURIER_SERIES 8601 3 L
2% & % % & % % & K % % EHMD OF DATA FOR YEAR 198% BB & B B R E & KT g
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e FEAK LOAD FOR YEAR 1482 18 274,00 AW
i ' o
L PERIOD._PEAK L CADS AS ERACTION OF ANNUAL PEAK LOAD : . — R ;
i 0.878200 1.££C00D . . s o o g
{ ' ) ' ' ‘ N
M S
O T PERICD 1§ .
; PEAK LOAD  1997.0 MW “MIN. LOAD  1186€,2 M 4
ENERGY UNDER LOAD OURATION CURVE 3
POLYNCHIAL 6147.4 GWH 3
FGURIER SERIES : . 6148.0 GWH p
PERTICD.LGAD FACTOR , PERCENT -
“TPCLYNPMIAL 70.28
FOURIER SERIES’ 70,29 . ;
PERIOD 2 . o
PEAK LOAD  2274.0 MW - Mitl. LOAD  1353.0 MW i : .
' ENERGY UNCER LOAD DURATION CURVE ‘ :
POLYRCMLAL 1oco.n.suu ' b
: FOURITER SERIES ‘ 7060.7 GWH
3 A .
PERIOD chgt‘ﬁanR + PERCEM . . .
FOLRYER SERTES . ~70.29 f
N L] -
ARNNUAL . SUMMARY. ]
ERGY CEMAN
B R U YNCHMIAL 13147.3 GWH j
. Eﬂl,RiFR SERIES 13128.7 GKHY :
ANNUAL LDAS FACTOR
FOLYNCMIAL . 66.00
FOURIER SERIES 86,013

% % & & ¢ & & # % ¢ % & END OF CATA FOR YEAR 1982 # #.% & % & & % & % & %
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PERTOD 1
2343.6 A MIN, LOAD  1394.6 Md

PIPS o QIR EFEIN DRI NETY I}

AD FXtion s PERCENT
VACMTA 70.28
RIER SER!ES 70,26

o

4

el § Al

o

2

3

PERIND 2
o i PEAK LOAR  2669.0 MW T MIM. LOAG is8e.y MW~ T T T T 0
ENERG!GU?\C CAD DURATION CURVE

JEVSV AN

ER L
CMIA e
FOURIER SERIES 8216, 7 GWH §
ppqxon LCAR FACTAR , PERGEHT H
e CPOUNYNCMIAL e TCe28 U
FOCFTER SERTES 70.29 ,
N . _ANNUAL _SUMUARY. — e ——- . ——— —_— P . b
ERERGY TEMAND 3
“paUyNTMI AL 156431.1 GWH :
. L FOURLER SERIBS L o e 15432 .7 GHH.. - — i e e e P RS ¥
- 4
ANNUAL LCAC FACTOR _ . o . ]
SNLYNCMIAL 66.00 : .
e BOUSTER SERIES e BBa O e e e e i :

v
1
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pgax LOAD FOR VEAR 1684 1§ - 21290 Aw . T

SERIND PEAY { ARS AS FQA’TJBN‘QE*jNNLAL‘PEAK lﬂAﬁ "

=
. 0.876200 1.0€0000 E
oy » PERICD L ‘ 3
; E PEAR LDAD  2747,5 Mu MIN. LDAD  18635.0 Md B
¢ ENERGY UNDER LOAD DURATION CURVE ]
nGUYNEMTAL 8458.7 GHWH 3
FOURIER SFRIES . .. 8459.& GWH i
PERIOD LCAD FACTOR » PERCENT I
PCLYNCMIAL . 70.28 :
_FOUPIER SERIES 70029 2
PERIOD 2 ) 3
PEAK LOAC  3129.C MH MIMN. LOAD  1861.8 MW -
ENERGY UNDER LOAN GURATION CURVE 4
— e — POLYNCMIAL R : 9631 .9_GWH . .
FOURTER SERTES 96372.9 GuH - ~
PERICH LCAD FACTOR , PFRCENT ‘ . . 3
poLVNn TAL 70.28 ; . p
OURIEP SERTES 7C.29 ] : _ : : -
ANNUAL_SUMMARY 2
ENERGY DEMAND . - . : ol 3
) . : K
EENENT AL e 13828-5 o :
ARRUAL LCAD FACTOR
POLYNCMIAL 66.00
EQURLER SERIES 66,01

% w % s 84 wa s ®a ENDOF CATA FOR YEAR 1986 % # & % & & # # & % * &
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PEAK LCAD FOR YEAR 1586 15 4290.0 MW

I  PERInn BEAK i OANS.AS_ERACTICH OF_ANMUAL PEAK § DAD : ) e E
0.92379% 1.0C0000 - ' , : -

6o 1

FFICIENTS ARE - ‘ S

15.080610 ~-32.553630 30.99920¢ =-10.707710 i
E

TR, LCAD  214&.1 MW ) ) , - :

PERT
POLYNCMIAL COE
1.0090032 ~3.276899

PEAK LOAD 39€2.7 MM

ENERGY UNDER LCAD DURnTan CURVE : ’ ' ‘ . ' <
e POLYRCNT AL 11506 .2 GuH. ... B [ e R PSS :
FOCRIER SERIES 11545, 7 G :
OFRICD LGAD FACTGR 4 PERCEMT . ' ~ ;
—_IPQUYNZHIAL . 66.52 - . _— ;
SOCRTER SERIES 86,52 N
T PERIOD 2 o o e T T . ;
ODLYPP“!AL rnFFFICiEMTS ARE ) £
1.033200 3.276890 15.080610 =-32.553630  30.99920C ~10.7077;o i

BEAK Lnaﬁ'““lpﬁb"ﬁ_ﬁi“ MIN. LCAD  2323.4 MW

ENERGY UNDER LOAD DURATTON CURVE . N
— i _PGLYRCMIAL TR 150 L GMH L il i e s
FGURTER SERTES 12496, 4 GWH

ERIC? LFAD FACTOR , PERCENT B . . N

PRt

;u

Rl
=
o=y
m
(%]
0*3‘
NN
‘
pr—.

e ANRNUAL_SUMM2RY. .. —_ - — S —— e —— —

ENERGY DEMAND ,
POLYNL YT AL 24046 .2 GWH <
_FOURTER SERIES. o 74045.1_GWH — U OV OOV .
ANNURL LEAC T 2{r0n 63.99 ) ;
e e . FOURILER qeqx:&m_.__-”“”___w__bwlgamuu_ 2 e

R R ENDQFCATAF(}R‘(FARI‘?BG, « 3 % kK F K G K E KKK l

e . =+ —a . = Grm ———— b — 4= = s = e g [ - RYTe S m e A i A s T A e o s e mms = mmm = ¢ - - et e L ebe e e e ————— -.-.;
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PEAK LDAD FOR YEAR 1987 1§ . B017.0 MH

@ﬁafnﬂ.PEAKmLEADS AS_EEACTIﬂ&wDE.ANNUALMPFﬂK LOAD

0923700 1.0C0000

. i M
EEARY BREEPE TV ER Mt

PERIGO i
POLYNCMIAL COEFFICIENTS AR . : R
1.600000 =3.2 76890 15,08 6610 =32.553630 306.99920( =10.707710 s
PEAK LOAD  4636,2 MW © MIN. LOAD 250%.8 MW é
(EMERGY UNDER LOAD DURATIOMN CURVE
£ OLYNOMIAL. - — 13502, S_GWHH =g
¢nu9xen SERTES v 13502.3 GWH .
PER!OD LCAD FACTOR o PERCENT P
— PCLYNCMIAL .. b£b.52 o i
FOURIER SERIES = 66,52 . IR
PERIND 2 "3
SPOLYNCMIAL COEFFICIFNTS ARE . 5
1.000000 -3,276890 15.080610 -32.553630 30.99920C8 -~10.707710 3
PEAK LOAT  5017.0 MW - MIN. LOAD  2717.1 MM i
EMERGY UMDER LNAD NURATION CURVE §
POLYNCMIAL 14618, 3.GHH
FOUFTER SERIES 14617.6 GWH <
PERIGD‘LCAO F&CTOR » PERCENT ) %
YACMLAL £5£.52
FObPIFR -SERTES 66,52 %
AMNLAL SUFMARY :
ENERGY DEMAND 1
3 vy 1.2 GWH
th;?gk Sknres 33124-2 gut s
MNUAL LA, FASTCR s
EgbﬁiﬁﬁiSER!Fﬁ £2°an

& & % & & & & % % & &« END OF CATA FOR YFAR 1987 % 2 & & % % & & % #Af &

.u,.n,u.LAEA..V.a
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PEAK LOAD FOR VEAR 1SR 15 58€3.0 W

2 PERIOD. PEAK I CADS_AS-ERACTICM_OE AL PEAX_IOAD e 4
;L 0.923700 1.CC2000 —
22 Rlﬁﬁ 1 . . 3
5 POLYNCHIAL PENEPFICIENTS ARE e 1
= 1.C00000  -12.27689G  15.080610 ~32.553530  30.,999200 =10.707710 3
T FEAK LOAD  5415.7 “d MiN. LCAD - 253340 MW y
. ENERGY UNNER LDAD DURATION CURVF i

: PLLYNC AL AL . 1%170_._3 _Guid —— ~
FOURTER SERIES 15779, 1 GWH 3

¥

PERICD LCAD FACTOR ', PERCENT . :

LYNCMIAL £E,52 . 3

FGURTER S EOTES 66,52 . N

- S - - i

PERIND 2 - H

POLYRCHIAL COCEFICIENTS ARE i

1.000060  '=1.256536 @ 15080610 -32.553630 30.999200 ~-10.707710 1

FE4AK LDAE"""%FEi"b My MiN. LCAD  3176.3 Ma o ‘

ENERGY UNTER LNAD DURATION CURVE ]

LyneMLaL.. o 170A%.3 GHHo o . — i

ERuNTER SERTES 17082.5 GwH . _

PERICD LCAD FACTOR » PEPCENT i

RCLYARMIAL BEL52 N i

EOURIER SEQTES 6€.52 §

- o ARNUAL_SUMMARY. . __ — - — : : SN L
ERERGY DEAND . : H

POLVECMIAL 22463,1 GWH ;

—  EOYRLER SE2 1ES R2R5 1 T _GUWH — t

APRUAL LCAD EACTOR :

PCLYNCMTAL §3.9% :

EGCRIER SERLES 63,58 __ ;

e % % & % * £ % % & % &% END OF CATA FOR YEAR 1988 % # % % & % & % & % & %
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PEAK LOAD FOR YEAR 1689 15  €B45.0 MW . N
ERINS_PEAY | OAD deﬁAcxlnﬁ_ﬁzmﬁmmuAL_zEAn,LﬂAn . i Sl
3.923707 1.000000 ' » T . ) 3
. , L
PERIOD.  § , 3
POLYNCMIAL cosssxcxsnts ARE .
H 1.003200  ~3.276893  15.08061C <=32.553630 - 30.99920¢ <10.7077iC "
o PEAK LDAD  6322.7 W T HMiM. LCAD  3424.3 W k
LS ‘ENFRGY UNDER LOAD CURATION CURVE .
: LYHCMIAL A422..8..GWH
ﬁaunxsa SERTES T 18422.0 GWM K
PERIOD LDAD FACTOR ', PERCENT : K.
LYNCMIAL. 5E.52 - i
FOURTER SERIES T86.52 5
e
PERIOD 2 . .
OLYMNMIAL ('GEFF! IFNTS ARE -]
1.30000% ~3,276890 - 15.080610 =-32.553630 . 30.99920C <-10.707710 .
PEAK LOAD  6845.0 “W WIN. LOAD 3707.1 MW g
[
ENERGY UNCER LOAD DURBTION CURVE eorn. b Cun '
FOUFTER SERTES o 19943, 7 GHH i ’ R T
PERIOD LCAC FACTOR , PERCENT ‘ ‘ ) :
POLYNCMLAL £6.52
FOURIER SERIES 6€.52 _ ] _ T
ANNLAL (HNMAD‘{
ENERGY NEMAND : -
36T.4 GHH
EOLATER SEniEs 383813 Gui
. N 8
ANNUAL LCAC FACTCR i
POLYNCMIAL £3.99 3
EQURIER SE2TES F 8
s % & & % % 2 % % # & & END OF DATA FOR YEAR 1989 & @ & & & & & & & % & @ ) . 4%
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- PEAK LOAD FOR YEAR 1691 1§  93(7.0 MW ;
e PERIDD_PEAK.LCADS AS FRACTLON OF ANMUAL SEAK 1 0AD A X
S 3.954500 1.020300 . -
N g
P i §
! PERIOE 1 =
P e . POLYNCHMIAL COEFFICIENT o : : o
P 1.060600 -3.519748 6.} 33260° -34.838050 33,057020 ~11.373690 "3
" PEAK LOAD  8B83.5 W MIfl. LCAD  4623.0 Pd . -
- ENERGY UNCER LOAD DURATION CURVE g
NEMIAL 25081.0 GHH
FOURTFR SERTES 25084, 9 GhiH ,
PERICH LCAD FACTOR o PERCENT , o . » :
ROLYACMIAL. £6.56 . . ;
FOURTER SERIES . €4o4T ] } . '
PERIOD 2 : —
POLYNCMIAL COEFFICIEMIS ARE A o
1.033000 ~=3.519740  16,194260 =34.838050 33.05702C =-11.373090 i3
PEAK LOAD  9307,0 9W Mit. LOAD  4B843.4 MW ’ Sg
ENERGY UNCER L DAD DURATION CURVE s
] A 26275, (; ] — 3
FOURLER SERTES S6560: 5 GWH H
PIRICY LCAD FACTOR , PERCERT 1
POLYNOMIAL 64,66 i
FCURIER SERTES T B4.4T 3
¥
ANNUAL _SUMMARY -
ENERGY CFMAND v . : . - : ;
PCLYNCMI AL 51357.7 GHH . |
ECGURIER SERIES 51345,.2 GWM —— . ]
AANUAL LCAC EACTOR o :
CHIAL : 62.99 .
:cuugq SER.IES - A3.00 ‘ N

44 &% 8 &% s 85 %% ENDOF DATA FOR YEAR 1991 & # % ¢ & & & # & & & &
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PEAK LOAD FOR YFAR 1992 1§

PERIOD DEAK LEADS<ﬁS_ERACILGN_ﬂE_ANNUAL_EEAK_LOAD
0.954300 .000000

”Iﬁéa7.o Mw

b O e G By A 07 & P AT

PERICH 1 -
POLYNCMIAL COEFFICIENTS ARE ,
1,000000  ~3,519740 Y52260° -34.838050 .33.057020 =11.373090
i PEAK LOAC 10343.9 MW MIN. LOAD  5383,0 fi ) ‘ .
EMERGY UKDER LDAD DURATINM CURVE
POLYNGMIAL oo 29204.2 GHH
FOURTER SERTES 29208.7 GHH
PERIOD LOAD FACTOR , PERCENT
.. POLYNCMIAL SR - L I . SO . , ——
FOURIER SERIES 64,47
TUPERING. 2 B
PCLYNCMIAL COEFFICIEMTS ARE
1.000000 ~3.519740 <194260 -34,838050 33,05702C =-11.373090

PEAK TOAD ~10837.0 ww

MIN. LOAD 5£3€.6 MW

‘NERGY UNCER LOAD DURATINN CURVE

KCHMLAL. 30596.3 GHH.
FOURIEP SERTES 20601.1 GWH
PERTOD LCAD FACTOR , PERCENT
POLYMOMIAL E4.tb
FOURIER SERIES Eb. 4T
—ANMUAL_SUMHARY
ENERGY DEFAND ’
oOLYMEMIAL 59800.5 GWH
.. EOURLER SERIES. 59809.8 GHH
AMRUAL L OAD FACTOR
SCLYNGMIAL 62.99
FAURLER SER{ES £3.00_

£ & % % 5 8 % B BB R D

END OF DATA FOR YEAR 1992 % # ¢ 2 % # & % ¢ & &

[RVGPY PPN F79 NP T ‘.mwu-;b‘t-;;.fh.i._.é‘\:' JL-'Z'\-:h‘l-.' SETTION RO [ Maibe i ¥
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.
iz
.
P PEAX LOAD FOR YEAR 1963 15 . 12609.0 MK
3E. B o : . Lo Doeesow '3
bR PERIOD PEAK LDADS AS ERACTION OE ANNUAL PEAK TOAD : ' : : : SR
Poun 0.954503 1.0030000 o : : ; g -
§ o . . : ' : . . G
I 3 PERIC 1 ’ - . . : :
LR : POLYNCHMIAL COEF ICIENTS ARE ' :
T 1.003700  -3.519143 - 16.194260 -34.838350 33.05702C =11.373090 ;
. PEAK LOAD 12035.3 Mu MIMN. LOAD  62632.2 MM T - ; ] T
. ENERGY UKDER LOAD CURATION CURVE ' o E
OLYHCMIAL. . . 33979.4 .GWH. - — — —
F URIER SERIES 33%84.7 GWH - .
PERICA LOAL FACTOR ¢ PERCEMT : ' o ' 3
—PROLYNOMLIAL i £ho45 ; — 2
FOURTER SERTES €4,4T

(X o]

PERIND 7
PnLYNCMXAL COEFFICIENTS ARE
£,000033 " -3 9740  16.194260 ~34.838050 33.05702C -11.3730%0
PEAK LOAD  12609.0 MW Mitle LOAD 65617 MW T T - T
ensvsv UNDFR LOAD DURATION CURVE o .
— YHEMLAL -.35599,2. GWH . — —— : e
FOUR!EP SERIES " 356(C4, € GWH ; i 4 :
pERXﬂv LOAD FACTOR . PERCENT ) i
CLYNCMIAL Y Y 7YY S ] o . e
FﬂLFiFR SERXES T €4.4T ‘ ' T ’ -
ANNUAL _SUMMARY. e S R SR I8
ENERGV CEMAND ) oL : ' )
POLYNCHT AL 69578.6 GHH
. _FOURIER SERIES ‘ £5589.5_GWH ——
BNNUAL LCAD FACTCR
POLYHEMIAL 62.99
— ___EOURLER_SERIES 63,00 i R

=2 % % % &% %% &% % END OF DATA FOR YEAR 1993 % % & KR &R EERE
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pe-i

"PEAK LOAD FOR YEAR 1994 15  14658.0 MW

H
;.
il PERINL PEAK LOADS. Ai_ERACIIGN_DE_ANNUAL_EEAK LOAD
] 0.954506 1.000000
5
& PERIOD 1 T
: POLYNCMIAL COEFFICIENTS ARE . o : ,
P 1.000000  =3.519740 16.195260 -34.838050 33.05702¢ =11.373090 -
PR PEAK LOAD 13991.1 ¥ AIN. LOAD  728C.9 MW, ;
oyt
PR EMERGY UNDER LOAD DURATION cun»s -
5 CYNGALAL . 39501..2.GHH 3
FEGRTFR SERTES 39507.4 GWH 2
PERICD LCAD FACTOR , PERCENT 5
POLYNCMIAL 64 .46
FOURTER SERIES £4.47 3
PERIOD . 7 ' ) ‘ i
POLYNCMIAL COEFFICIENTS ARE , i
1.000006 ~3.519740  16.19%260 ~34.838050 33,057020 =-11.373090 i
PEAK LOAD 14658.0 W MiM. LOAD  7626.0 MW ' ;
ENERGY UNCER LOAC DURATION CURVE ) i
PCLYNCMIA 41384.2 OCHWH 3
FOURIER SEATES 41390, € GWH i
PERIOD LOAD FACTOR , PERCENT : i
2LLYHOMI AL YY) :
FOURIER SERTES £4o4T p
ANNUAL _SUMMARY ;
ENERGY DEMAND : ’
POLYNOMT AL 8CB85.4 GHH
FQUPIER SERIES EOBQB;.C.:.GHH
AMMUAL LOAD FACTOR
ECLYNOMT AL 62.99
ENURLER SERIES £3.00

% % % & % % % % & & & % - END OF CATA FOR YEAR 1994 #* 4 2 € % & 2 & & & % %
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a2y

Fiesy YEﬁRz? NC. CF SEASCNS

1585 : . : :

T CARD TMAGE  "CARD IMAGE CARD THAGE CARD IWAGE CAR'D [MAGE  TARD TMAGE CARD IHEGE T CARD T THAGE T o -
. BASE  AVGE FUEL €OSTS. =~ L FR FULL  UMIT GENERATION
: NQ.__MIN. AP~ _LOAD INCR  CPNTSZMILE 10N cﬁQUIr,NDAYS ..“,LG g QOSKS_"iﬁlﬁWH)E_ e
£ 9F TLOAD CIIY REAT  FEAT AG SCHL MATN ENRGY W TOTH T HEAT T BASE BASE FLO ECTT T
i RAME SETS MW MW RATE RATE 'DMSTC  FORGN TYPE N RATE MAIN- CLAS GWH {(FIX) [VAR} RATE OOM FRGN DOM FRGN
i 1 EHYD 1-_150__324 o Qo 0.0 0.0 5 _ 0 0.0 0. _..0__2091. 0300 0.0_ _ __Ou__ 0.0 __ 0.0 0.0 0,8
3 . N .
3y 2 FEuH L 44 44 2262, 2262, 18,00 980.00 -1 99 0.0 ] 0 0. 06303 0.0 2262, 0.2 22.2 0.2 22.2
§~,_J_._¢ss1a__“_5__‘34“mLao__zgso¢u,z190n_ﬂ,iﬂ,nm_‘lnn,oa___z~;1aﬁﬁﬁziaa__nza__lnewu__.aa_z.aoa.o.ﬂ. 2292.._ 0a2 17e4 . 0.2 16,0
EES FG50 8 25 50 2618. 2326. 10.00 760.00 2 10 3.00 28 50 0. 3.000 6.0 2472, 0.3 18.3 .2 17.3
E 5 _£N2s 320 25 2175. 1800. _.10.00 - 980.00 4 20 1.00 .14 25 0. 0.850 0.0 2100. 0.2 21.3 _ (.2 20.6
s FGTH 5 26 ST 6322, 2262. 10.00 980.00 .1 72 2.50 14 50 ° 0. 0.520 0.0 3476. 0.6 62.0 0.3. 34.1
% b EPSY .. D a o] s a 0.0 0.0 6 D 0.0 _ 0. 0. _0.0:325 0.0 O _0a0_ 0.0 0.0 0.0
? 8 5 3 3 0. 3. 0.0 0.0 O 0 0.0 6. 0 0. 0.0 0.0 0. 0.6 0.0 0.0 0.0
;g%‘gg s%%gfacrmg_wfxc1Jy_'4uum.u-:amsE_cm__um.nm_m&g EMERGY ALLOCAYION .. o
P 1.03£3 3.7107 '
i 529257 3:4i8% A
HYCI0 CARPACTIY. FACTORS 28,4 75.5 . S —- ; e
. EMERGENCY FYDRD CAPACITY SEASONAL MULTIPLIERS , : ’
¢ 0.E541  1.00C0 '
£MULT [PLTERS 0% HYDPO SEASUNAL FACTORS FOR 3 CCNDITICN(SE ]
i BASFAL TOTFAC ENGFAC EMGFAC = PROB .
5 1.2003 1.0008 1.€GCO 1.6000 0.6000
-0.5GC3 006522 0.82C0 - €..20£0-. .. 2500 . ) ) i
FT1.5000 1.1580 1.2600 1.1000 0.1500
® PUMPEN STOSAGE--PUMP EFF ,GEM EFF.CYCLE EFF. ’ -
- L2873 3.8830 _0.T483 R
il.
CINCEX %o -
Rl 2 SETS TG PLANT 3
i INDEY 1 L o : o
Y972y rixen cavaciTy Summary : : — — . _
THYDRO CAPACITY 376 283 -
i EMFRGENCY HYDRO CAPACITY .38 44
{ puds STORAGE CAPACITY 0 a
ALl oiaea APALITY. 1601660

TOTAL CAPACITY 2022 1587

cen ne naTa ENe VEAR QAN % %2 5 % % B % % £ & % *

PTHER DY L
.

Py

2°a

1ndino adues SASXIA
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by

g St
£ :
2 9 :
£ e CARD YEAQE.__QARD_LAAQE__.ARQ,luﬁﬁE_EARn_lﬂAﬁE_CAR_D_lﬁAEE__EARD_XMAGE__QARD IMAGE _ CARD I[MAGE -
P ' -
g b BASE  AVGE FUEL COSTS BULL  UNIT GENERATION -
a3 R S L L R, ol )
¥ NAWE SETS. MW MW RATE RATE . DMSTC FORGN TVYPE N RATE MAIN CLAS FIKT_TVART"~RA?E DGM  FRGNTUOM %
[
t X600 0 400 600 2568. 2363, 0.0 142,00 6 5 _12.00 42 600 0. 0.990 0.0 2500. 0.0 3.6 0.0 3.5
;o2 M10H 8 s&7 1000 256&. 2361, 0.0 134.00 € 5 16.00 &2 1640 6. 0.730 0.0 2498, 9.0 3.& G.00 3.3
T €309 9 100 300 2%80. 21R%. 450.00 0.0 3 10 7.00 35 300 0. 1.200 0.0 2280. - 11.2 0.0 10.3 0.0 -
S & €600 0 200 600 2460. 2160, 450.00 6.0 310 12.00 42 600 0.7 0.710 6.0 7380, 1ic1 0.0 10.2 0.0
5 10 0 334 1000 2440. 2140. 450.00 0.6. 3 10 16.00 &2 1000 0o 0560 0.2 2240, 110 0.0 10.1 0.0
& 5500 6 200 600 2440. 2140,  10.00 160,00 2 10 10.00 &2 600 0. 0.670 0.0 22507 0.2 IT.1 6.2 15.7 3
. X . ﬂ
T GT2H 0 58 192 6322, 2262, 10.00 980,00 1 73 1.25 14 350 0. 0.520 0.0 3688, 0.6 62,0 0.3 34,2
N 8 YUY D 4 o 0 a. O« 0.0 0.0 § G 0.0 ) 0 6. 0.0 4.0 0. 0.0 0.0 6.0 0.0
PR%',_{E*C 233 ?S'M‘ g . G.0 0.0 1982 1 i
1-GCCO  0.67C0 :
i.00¢0 E£.67C .4
€.53C0 0.4100 ;
8.3 s I - e U -
CUYJLATIVE OPTIONAL HYCRO ADDITICH CCMSTS THRU PROJ 1 EAR AVAILAELE - 1982 i
8ASE CAP, 233 CAPACITY 233 ANNUAL ENERGY 1500.00 AVAIL. SMERGENCY CAPACITY - 0. ¢
——da.Cl20 £ BZEC — i
t.COLTE C.67C0 =
0.5920 0.%1CO .
6.2 3.0
T PROJECT_DATA_ B -
0 349 780, 92 0.0 0.0 1984 1 :
1.€00D  C.ST748 , , |
NN« s DORRUSN oY « S — :
C.3587 £.6013 ;
£.2816 1.C0€0
e CUMULATIVE CPLICHAL _HYORO ADDITICHM CCMSYIS THRU PROJ . 2. YEAR ILABLE .. 1984
cusc CAP. 233 CAPACITY 582 ANNUAL ENERGY - 2280.00 AVAIL. EH G%ﬁcv PACITY §2
i.00CC ¢.8528
1.C0C0 0.6720
e ,5266 . Js 5154
0.8816 1.00C0

£°a

Indino ajdwes gisyyA
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'

06

0.0 ieg8s 1.

NS PRCPPUFE EXHNUI o

e LUMULATIVE EEFECTIVE ORTIONAL P.STGE. CONSIS. T RU_ E_R[LL 1 _YEAR _AVAILABLE 1384
pymMo Cap 240GEN. CAR, 240 MAXIMUM ENERGY 218, "EFFe 0.7

PROJECT CATA .
———2460.- 240 218, . __QO__£.8500__0.8800 1985 O

511, 138 _ 0.0
0.8300 .
0.320¢
0.32¢8 .
: 120600 - ‘ .
SCUMULATIVE OPTIONAL HYCRO ADDITION CONSTS. THRU PROJ .3 YEAR AVAILABLE 1986
LEASE CAP. 339 CAPACITY 1198 ANNUAL ENERGY 4891.00 AVAIL. EMERGENCY CAPACITY 236 :
1 71.06¢07 0.8%11 : . _ L
= 1.0085  0.5607 i P
. 0.5023  0.39%7 3
¥ 0.8R23  1.C0CO -
PRCJECT CATA T
. 150 680 2800. 0 6.0 0.0 1990 1 \
1.09¢) - 0.8030 E
1.LOC0 D 6161
N. 5661 0.4039 Y
C.C 0.0 h
e LUMILATIVE GPIICNAL HYLRO. ADDLTICN. CONST.S. THRU_PROJ _YEAR_AVAILABLE 1990 :
BRSE CAp.~ 489 CAPACITY 1798 ANNUAL Ry e M st T R e RN E S ea bR et iy —o0 :
1.C0C0  0.5961 ' ’ ;
2600 0040040 y
T0.8829 " 1.0000 :
9 vPST 5 0 0 0o 0. 0.0 0.0 & 0 0.0 o 0 0. 0,325 0.0 0. 0.0 0.6 0.0 0.0 3
PROJECT, CATA T e - ) 'ﬂ_ - ' ]
2437 240 218 0 0.8533 0.8830 1984 0 %
%

CUMULATIVE,EFFECTIVE OPTIONAL P.STGE. CONSTS THRU PROJ 2 YEAR AVAILABLE 1985 :
PUMP CAP  480GEN. CAP. aso HAXTMUM ENERGY 436,00 GWH, CYCLE o7 ;
TTTPROJECT CATA T - ; :
243 240 218, 0 0.8500 0.8200 1985 0 - o . o - i
e CUMULATIVEEFEECTIVE OBTIONAL P STGE. CONSTS_THRU PRCJ 3 YEAR AVAILASBLE 1985 '
UMD AR T0CEN . CAP . 720 MAXTMUN ENERGY ©54,00 GWHy CYCLE EFFs Do748
PROJECT CATA
&0 260 218, 0 G.R500 C.ARBC0 1986 0 : 3
CUMULATIVE EEFECTIVE DPTIONAL P,STGF. CONSTS THRY PRCJ 4 YEAR AVAILABLE 1985 ;
S AP B GhaneEn. TCaR, 1080 MAXTMUM ENERCY 872.00 GWH, CYCLE EFF. 00748 i
T ORNJECT CATA - : ’ e -
257 240 218. 3 0.8500 0.8800 1986 0 ‘
_CyMuL € EFEE £ AL D £. CCNSTS. THRU_ P‘O 5 _YEAR AVA[LABLE--}QB&
- '%3sz?X VE EFECSCTIVE OPTIONAL. P,STGE U PRO o YEAR AVAILAR

I
TAR T 1200GEM. CAP, 1200 AARTMUN ENERGY #hs
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PLAMT ADJUSTIMNG FACTORS,

{ YEAR: 1980 PLANT NUMBER PLANT NAME ADJUSTING FACTORS FOR EACH PERIOD

£ 1 FHYD 6.900 0.900
v 3 FOLH 6.9C0 C.9C0
: g RS 508 o8
T VEAR: 1981 PLANT NUMBER PLANT NAME AGJUSTING FACTORS FOR EACF PERIOB
;

L 2 FEMH 1.100 1.100

: 4 £052 1.120 1,100
3 5 FD25 029007 C.9¢0
: & EGTH 1.100 1.100
H 10 €300 1,100 1,100
;_££A&A_iﬂﬁz__2L&NJ*NuMﬂER_WPLA&I.MAM,______JUUUEIJHG~EACTDRS EOR_EACE PERIAD
% % §;H\2ru i 0.0 g.o ‘
l—_XEA&a.l&ﬂs_.RLANJ_NUMBER__ELAﬁlﬁuﬁaﬁ*_____AﬂJuSIING_EALIDKS*ELR_EACH BERIOD_.
®
¢ YEAR: 1984 PLANT NUMBER PLANT NAME ADJUSTING FACTORS FOR EACH PERIOD
i,_ygAR;_lsaa,waLANx-Numaﬁa_,zLANI-Auuua_______AnJusxlﬂs_EAﬁxngs_Ena_ﬁActuaealnD.___,.~~

, i FHYD 0.0 0.0 ‘ ‘

: 5 FD25 0.0 0.0 ° : ‘ .
L ¥EAR: 1586 PLANT..NUMBER-_PLANT NAME____ ADJUSTING_EACTORS_FOR _EACH. PERIOD
! vEAR: 1987 PLANT NUMBER PLANT NAME ADJUSTING FACTORS FOR EACH PERIOD:
¢ .

. YEAR: 1988 BLAMT HUMRER _PLANT MAME .  ADJUSTING EACTORS _FOR. EACK PERIOD

o

_¥EAR: 1989 PLANT NUMBER PLANT RAME "+ ADJUSTING FACTORS FOR EACH PERIOD
I EHYD e 0oB0L o BOL o o e e e et
¥ s FGTH 0.801 0.8€1
§ YEAR: 1990 PLANT MUMBER PLANT HAME - ACJUSTING FACTORS FOR EACH PERIOD .
f _YEARZ_ 1991 PLANT_NUMBER_..RLANT_NAME —_ ALJUSTING FACTORS FOR_EACE PERIOD.__ .. .
" VEAR: 1992 PLANT NUMBER PLANT NANE ADJUSTING FACTORS FOR EACH PERFOD ‘
. .,__xsm“w 93 DLANT._MUMBER._PLANT. MAME______ ADJUSTING. EACTORS FOR_EACE PERIOD

E YEAR: 1994 PLANT NUMBER PLANT NAME - ADJUST!NG FACTORS FOR EACYH PERIOD
B
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NUMRER OF PHCOMNGEP RUMS IS 1 :
N NUMRER OF PCINTS_FPR 1CCC REPRESENTATION IS 1000
b PLANT _AVAILABILITY CHARGES. ORTIGN IN EFFECE e e e .
NUMAER OF ALTFERNATIVES FROM WHICH TC CHOOSE IS 9
NUMAER OF PERIODS IN YEAR 2
. MNUMBER _OF EOURIFR.CLEFF...I 50
3 BASE  AVGE FUEL COSTS L "FRCD
N UMl aglp e CeVISMILCIGN € QT R ok eveer gpn  om
3 TNAME SETS MW MM RATE T RATE  DHSTC T FORGN TYPE N RAIE HAIN Beis GUH TEIXY {VART
X FIXED SYSTEM :
g“"""“"'fikd“"x“Tﬁo““ﬁE@" 0, 0. 6.3 6.0 S 6 0.0 5 0 2051.- G.300 G.0
5 2 FEMH 1 44 44 2262. 2262. 10.00 980,00 -1 99 0.0 0 0 0. 0.300 0.0
f 37 T FOIA & 734 100 2490, 2190, 1C.00 766.00 2 10 3.00 28 100 0. 2.300 0.9
. 5 FC50 8 25 50 2618. 2326. 10.00 700.00 2 10 3.00 28 50 0. 3.000 0.0
T TTsT T epes T 3 0 Zo 2872115, 1800, 10.060 980.00° & 26 - 1.00 14 25 0. 0.850 0.0
§ 6 FGTH S 29 97 4322, 2262. 10,00 980.00 L T2 2.50 14 50 0. 0,520 0.3
i 7 FPST O ) 0 0. 0. G.0 0.0 & 6 0.6 6 6 0. 0.325 0.4
i . YARIABLE SYSTEW
T8 Ne33 0 400 600 2568, 2363.  0.0. 142.60 6 5 12,00 42 600 . 0.990 4.0
: 9 N1OH ¢ 667 1000 2566, 2361, 0.0 134.00 0 5 16.00 42 1000 0, 0,730 0.0
o1 €300 0 130 300 2480, 2183. 450.00 6.0 . 3 10 71.83 35 300 - 0. 1.260°G.9
T €600 0 200 600 2460, 2160. 450400 6.0 3 710 12.00 42 600 Do 0.710 0.0
12 C10H € 336 1000 2440, 2140. 450.00 .0 3 10 16.00° &z 1000 0. 0.560 0.5 ]
13 0690 0 200 600 2640, 2140, 10.00 T700.00 2 10 16.00 42 600 0. 0.670 0.0 )
1o GT2H 0 58 192 6322. 2262. 16.00 980.06 1 73 1.25 1& 50 0, 0.520 0.0 BT
15  vHY2 & 0 0 0. 0. 0.0 3.0 .5 0 0.0 o 0 0. 0.0 0.3 aloe
16 WPST 5 o o 0. 0. 0.0 ¢.0 & 0 0.0 o0 0. 0.325 0.0 % 4
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D-10. DYNPRO sample output using the fixed charge rate option (FCR = 16%)
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APPENDIX E

.0n~Site Test of Modified WASP-2B

On-site technical assistance was provided to the FPSC during the
week of May 14, 1979.

The NRRI representative worked with project coordinator from FPSC's
engineering department and scientific programmer from the computer
applications department. The following is a brief description of the

on-site technical assistance provided by NRRI.

Monday, May 14, 1979

| A1l WASP modifications were outlined to FPSC's staff. The basic
functions of each module of the WASP package were idéntified and the
major effects of the modifications were briefly analyzed.

The work schedule suggested by the NRRI representative for his
stay at FPSC was discussed. Arrangements were made to assure accessi-
bility of computer facilities all times the FPSC computer was on-line.

Mounting the WASP tabe and loading the card-decks on disk required
a visit to the Florida State University's central computer terminai.
The WASP modules were then cdpied from the tape on disk so that they
could be more easily accessible.

An attemptvto compiTg the VARSYS module showed that IBM and cbC
Fortran compilers were slightly different. Some minor modifications
of the source statements were necessary in order to compile VARSYS on
the CDC computer. The same changeé were subsequently performed on

all programs transformed to FPSC, VARSYS test runs proved successful.
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Tuesday, May 15, 1979

FIXSYS and LOADSY mudifiéaticna were presented to FPSC's staffs.
The LOADSY module was analyzed in detail and the modified fortran stéte-
ments were explained. Data preparation procedures were outlined and
wsamp1e test data were analyzed. '

FIXSYS and LOADSY modules were compiled after the necessary source
modifications. Test runs with sample data were successful.

Wednesday, May 16, 1979

A source listing of NATURE and CATCH22* programs showed that several
character changes were necessary before compilation. These character
differences appeared only in programs transferred by card decks and not
in those transferred by tape. This occurred because the tape was written
after the IBM's EBCPIC character system was translated to BCD system
for use by the CDC computer.

CATCHZ2Z was successfully run -and binary file LOADDATA (created by
LOADSY through logical unit 22) was retrieved and 1isteda Careful
examination of the file's contents :showed no flaws in the piecewise
representation of the inverted load duration curve.

MATURE program was run successfully with test data.

Thursday, May 17, 1979

The modifications made in CONGEN were analyzed. Sample data
- were presented. The program was compiled and run successfully after

the necessary source character changes.

CATCH22 is an auxiliary program that is used to retrieve b1nary
files LOADDATA or FIXELDC for debugging purposes. *
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PWCONGEN was expounded to FPSC's staff. Subroutines PWLOLP,
PWADD and function PWFUN wefe analyzed and detailed fortran programming
information was proyided. Data compilation procedures were explained
and sample data analyzed. The proper method of using PNCONGEN'in con-
junction with MATURE was emphasized.

The necessary changes of source characters were made before

successfully compiling PWCONGEN. Running procedures were established

and the results from the test runs were checked for errors and ané?yzed~
in detail.

Since the CDC's single precision accuracy is compatible to IBM's
double precision, it was decided to change all double-precision variables
to sing]e precision. This required extensive source changes in the
LOADSY and PWCONGEN modules. Both modu]eé were then cohpiTed and the
test runs showed no accuracy differences in LOLP calculations. Hénce,
the same changes wefe performed in MERSIM and DYNPRO sources.

Friday, May 18, 1979

MERSIM and DYNPRO modifications were explained and data compilation

procedures were analyzed. The DYNPRO depreciation algorithm was exten-

sively discussed in both the salvage value and fixed change rate options.

The proper running procedures were presented.

Compilation and test runs of MERSIM and DYNPRO modules were suc-
cessful. The results were analyzed and properly interpreted.

The results of the test runs of all modified WASP modules were
checked again and compared to those obtained at 0SU. The changes
froh double to single precision in LOADSY and PWCONGEN did not affect

the accuracy of loss-of-Toad probability calculations as was expected.
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The test runs were also compared to those listed in the NASP'procedures
manual. The comparison showed no inconsistencies.

Saturday, May, 19, 1979

NRRI and FPSC's staffs met to discuss the modified WASP applica-
bility in rate cases and power pooling studies. The NRRI representa-
tive extensively analyzed the proper procedures for data compilation
for both of‘the above cases. Supplemental instructions were provided
for the use of two auxiliary 1oéd forecasting models that FPSC had .
acquired and intends to use for load forecasting.

Several suggestions were made by FPSC staffs for further minor
modificétions of WASP. These were later implemented and are included
in a tape that will be sent to FPSC along with the final feport. After
lengthy discussion on DYNPRO depreciation algorithm, it was agreed that
although the currently available options (salvage value or fixed charge
rate) are reasonably accurate, further research is needed in this sub-

ject in order to increase the efficiency of calculations.
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