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and do not reflect the opinions nor the policies of either the NRRI or the 
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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 utility regulation. 

ii 

Douglas N. Jones 
Director 



EXECUTIVE SUMMARY 

The and Reliability Evaluation tem (CERES) is 
a modular: at The National Regulatory Research Institute 
at The Ohio State University to find the economically optimum generating 
expansion for an electric utility with various constraints .. 

CERES is an new program and Iffis been 
the difficulties with the existing programs of the 

to overcome 
same kinde CERES has 

the (1) the entire code is 
with the user on a time sharing terminal, (2) 

of the code are easier than 
codes, (3) time is much shorter, and (4 the 

in the code is more suitable for analyzing 
electric utilitiese 

interactively 
ion and 

available 
proce

investor-owned 

Easy input preparation and code operation are achieved by (1) care
procedures for a time-sharing terminal, (2) proce

updating data sets while running the program, and (3) an 
iterative procedure to find the optimum solution" Higher 

accuracy and shorter computing time are achieved by the use 
of two different numerical algorithms to simulate electric generating 
system Two accounting systems are available in 
CERES: one is based on the value of the plants; the other is 
based on the annualized fixed charge rate" The financial analysis 

of CERES allows the user to evaluate with a mi.nilnal effort the 
effect of the planning on the financial condition of 
the 
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INTRODUCTION 

The Expansion and Reliability Evaluation System (CERES) is 

a program for analyzing electric power generating systems 

hydroelectric units and pump storage units@ It is designed 

to find the economically optimum generating expansion plan for an 

electric utility with various constraintsc In the past~ WASP-I and 

WASP-II [1-4] were the only sophisticated programs in the public domain 

used for this purposee WASP-II has been extensively used for a number 

of studies at The Ohio State University [5-8]@ Through the 

use of WASP-I as well as the effort to modify WASP-II, a need for major 

in WASP-II became obvious in order to make the system expansion 

s easier, for use by state regulatory agencies$ 

Rather than modifying WASP-II, however, an entirely new code, 

CERES~ has been developede The CERES is to be used exactly for the same 

purpose as WASP-II, but it is independent of WASP-II in its program 

and has the following significant differences: (a) the 

entire code is operated on a time-sharing terminal in an interactive 

manner between the code user and the computer; (b) input preparations 

and of the code are much simpler than WASP-II; (c) running 

time is significantly reduced while accuracy is improved by adopting new 

10nal techniques; (d) accounting formulas used in the code are 

more consistent with the traditional practices of investor-owned 

electrlc utilities of this country; (e) financial analyses of a 

based on the optimum expansion plan, or even suboptimum 

may be armed at the user's option; and (f) future modifications of 

the code will be easier than for WASP-11m 

The basic features of CERES are described in the remainder of this 

report~ The details of technical aspects are given in several 

The operational procedure of the program is described in a 

separate report, CERES Operational Procedureo 
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CHAPTER 1 

WHAT DOES CERES DO? 

CERES analyzes alternative expansion plans of an electric utility 

generating system for up to 20 years considering all generating units 

involved. Those units are classified into two categories: scheduled 

unit types, and expansion unit types. Scheduled units include the 

generating units that exist at the beginning of the study period and 

those units that are firmly scheduled for future addition. Retirement of 

generating units is also considered. The expansion units refer to those 

candidate units for future addition that are not firmly scheduled at the 

beginning of the study period but that can be added to the system if 

selected for optimum system expansion. Optimization of system expansion 

is achieved by the forward dynamic programming so as to minimize the 

total objective function that is the sum of construction, operating, and 

maintenance costs during the entire period. The effects of discounting 

and escalating costs in each future year are taken into consideration in 

evaluating the total cost. 

The addition and retirement of generating units are assumed to 

occur only once a year. If the system must be expanded, all possible 

combinations of new candidate generating units that satisfy certain 

criteria are evaluated. This evaluation requires simulation of the 

system energy production and reliability during each year, considering 

both the scheduled and expansion units. This evaluation is accomplished 

by probabilistic simulation [7,8]. Subsequently, these combinations of 

new candidate generating units are compared, according to the dynamic 

programming algorithm [1,8], in order to find the optimum solution. 

Suppose the generating units for a year are all specified. Each 

year under consideration is divided into four periods (seasons). With 

the electric load characteristics provided as input for each period, the 

loss-of-load probability (LOLP) and total operating costs are calculated 
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us the ilistic simulation The effects of mainte

nance shutdown and forced of units are 

in the ilistic simulation~ 

Since 

year, the decision 

a year., The 

programming 

reliab 

histories that sat 

system expansion is assumed to occur only once a 

dynamic programming is done only once 

configurations in each year that do not meet the 

or do not meet the system 

are rejected, and only those expansion 

the dynamic programming optimality and 

are recordedm Costs of the plans are compared 

if there are acceptable expansion plans@ The imum expansion 

is the one with the minimum cost among all the plans" 
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CHAPTER 2 

MODULES AND SUBMODULES 

CERES consists of three major modules as follows: 

INPUT Module 

PLANT Submodule 

LOAD Submodule 

OPTIM Module 

PREP Submodule 

DYNO Submodule 

FINAN Module 

The INPUT module is divided into a PLANT submodule and a LOAD sub

module. The two submodules may be run either sequentially or 

concurrently. The PLANT submodule reads the plant data for scheduled 

and expansion unit types through a time-sharing terminal and creates 

data fileso It can also revise the plant data files that already exist. 

The LOAD submodule reads reference hourly load data and key data 

characterizing seasonal load demand; then, it creates the files of 

seasonal load duration curves as well as the load cumulants. The OPTIM 

module performs the remainder of the optimization analyses and has the 

following functions: (a) checks reliability of alternative 

configurations (generating mixes) and calculates production cost of 

electricity, (b) finds the least cost expansion plan by means of dynamic 

programming 0 Based on the results of the optimization, the FINAN 

module performs a financial analysis that is similar to that in the RAm 

model [12] but in a simpler form. The use of the FINAN module is 

optional, and it is run only after the DYNO submodule. 
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More of module and submodules are next<D 

This submodule reads the following data through a 

(1) year of the 

(2) Last year of the (total number of years of 
s must not exceed 20) 

( 3) r-iaximum number of expansion unit declared: if the number 
declared is N;v then the unit numbers 1 

unit II and the unit numbers 
for unit 

N are assigned for 
1 up to 200 are 

(4) Individual data for thermal units include the fol 

aw limit and lower limit on the number of units of 
each unit in each year 

bm Number of units of each unit in each year 

of the base block in MW 

d<l\ Total in MW block plus peak block) 

H.aintenance in 

f~ Forced rate in fraction 

g cost of construction in $!kW 

hi F~uel cost for the. base. in $ 

i .. ~'uel cost for the block in 

j", Fixed arul maintenance costs in $ 

k Variable and m.aintenance cos ts in $ 

l@ Economic life of the unit in year 

(5) The for units includes the 

and lower on the number of units 
of each unit for candidates 
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(6) 

b. Number of units of each scheduled hydro unit 
of type i 

c. Base capacity in MW 

d.. Maximum rated hydro capacity in MW 

e. Available in-flow hydro energy in each season 
in GWh 

f. Energy storage limit of reservoir in GWh 

g. Seasonal multipliers of base capacity and in-flow energy 

h. Maintenance required in days/year 

i. Forced outage rate in fraction 

j. Capital cost of construction in $/KW 

kG Fixed operating and maintenance costs in $/MW/year 

1. Variable operating and maintenance costs in $/MWh 

m. Economic life of the unit in year 

n. Capital cost escalation rate in fraction 

Pump storage plant data include the following: 

a .. Upper and lower bounds on the number of units of each 
pump storage unit type for expansion candidates 

b. Number of units of each scheduled storage unit in 
each year 

c. Generating capacity in MW 

d.. Energy storage limit of the reservoir in GWh 

e. Pumping efficiency in fraction 

f. Generating efficiency in fraction 

g. Maintenance requirement in days/year 

h. Forced outage rate in fraction 

i. Capital cost of construction $/KW 
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j~ Fixed and maintenance costs in $ 

k.. Variable and maintenance costs in $ 

1.. Economic life of th~ unit 

cost rate in fraction 

Items (1), (2)~ and ) can be input only once when a file is 

cr:eated and cannot be changed once fixed e Items (4):11 ) and (6) may be 

rev:tsed creation of a new file 0 Item (3) may also be revised as 

often as necessary (see the flowchart in figure 2-1). The input and 

revision is by the computer 

this sut)m()aULLe~ the input data are stored in a file allocated 'to 

Unit ll~ 

Before the LOAD submodule, the user must prepare a reference 

file allocated to Unit 20$ This module then reads the 

data from the terminal: 

a for four seasons of each year 

b" Load for four seasons of each year 

The is guided by the with ample chance for 

the user to correct and check the input data& After the user input 

is dura't.ion curves and cumulants ,10] are 

and written in files for each season and each year (see 

~( 2-2.) " Three files are written when a run is ( Unit 21: 

energy and load factors; Unit 25: load curves; 

Uni t. 26: load the same program~ it is also 

to revise the energy and load factors@ 

The PREP the functions: reads and 
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LANT submodule start 

Yes I Read the exsisting data file J Do you already have a L 
plant data file? 

No 

Enter the starting and ending years of 
expansion study: items (1) and (2) 

I 
Declare the maximum number of expansion 
plant types: item (3) 

CALL CREATE 
Interactively read plant data: item (4) 

" Are any change to plant data necessary? 

Yes 

CALL CHANGE 
Change parts of the data read by CREATE 

+ 
Do you want to add plant types? 

f 

yes! 
CALL CREATE 

Read plant data of additional plant types 

VI 
<. Do you want to print plant data? 

,/ 

Yes 
\~ 

Print 
CALL LIST I 

whole or partial plant data 

t 
Are your plant data complete? )' 

I Write data filel 
I. 

Go to LOAD submodule 

No 

1 

No I 

-

No 

No 

-

... 

Figure 2-1 PLANT submodule flowchart 
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Yes 
load Read LF and EM 

t------~.....{ 

from a file 

want to c 

No 

want to c 

No 

of the seasonal load 

F 2-2 LOAD 
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restructures the plant and load input data, (b) calculates plant seasonal 

maintenance schedule, (c) estimates minimum and maximum reserve margins, 

(d) finds the economic loading order, (e) calculates plant cumulants, f) 

estimates minimum energy costs, and (g) transfers all the above 

information to DYNO submodule. The flowchart in figure 2-3 shows the 

sequence of calculations. 

2.3.1 Maintenance Schedule of Scheduled Units 

The maintenance requirement for each unit type is specified by 

input in number of days of maintenance shutdown per year per unit. The 

PREP submodule determines the season in which the maintenance of each 

unit type takes place. The maintenance schedule of the expansion units is 

considered in the DYNO submodule. 

The season of maintenance of each unit type is determined first for 

the largest unit type as follows: the excess capacity of scheduled units 

for each season j is calculated by 

2 (1) 

where 

PL j : 

EXC j : 

i 

the total capacity of scheduled unit of type i 
in season j 

peakload demand in season j 

excess capacity in season j 

Seasonal values of EXC. in the year are compared and the season in 
J 

which EXC. becomes the maximum is found. The maintenance of the 
J 

largest unit type is assumed to take place in that season. Once the 

maintenance season is determined, the seasonal maintenance outage rate, 

MOR, for that unit type in that particular season is calculated by 

where Di is the required number of maintenance days per year for the 

unit of type i. MORij for other seasons is set to zero. After 

11 
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submodule 

PREP 
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MORij for the unit type is calculated, ECij in equation (1) for 

that unit type is redefined, before processing the maintenance schedule 

of the next unit type, by 

EC .. 
1.J (3) 

where Ci is the total capacity of a unit of type i. The same procedure 

is applied to the next largest unit type and repeated until all the 

scheduled units are considered. 

203.2 Minimum and Maximum Reserve Margin Requirements 

The minimum reserve margin requirement (RMIN) for each year is 

applied in the DYNO submodule to examine the generation configurations. 

The RMIN is calculated based on the critical loss-oi-load probability 

denoted here by CLOLP in such a way that if a configuration does not 

satisfy the minimum reserve margin, then the configuration will never 

satisfy the critical LOLP requirement. 

RMIN is found by the following procedure. For each season of year 

n, LOLP for the system consisting only of scheduled unit types is 

calculated first. If LOLP calculated is greater than CLOLP, the 

expansion candidate units allowed for the year are hypothetically added 

one by one to the system until LOLP becomes less than CLOLP. The forced 

outage rate of the added units is assumed to be equal to that of the 

lowest forced outage rate among all the allowed expansion units for the 

year. In adding the units, the smallest units available are added 

first, and then the next smallest units, and so on. This is repeated 

for each season of the year n. The maximum total capacity of expansion 

units thus added is found and denoted by CAno Then RMINn is 

calculated by 

(4) 

where 

RMINn ! RMIN for year n 
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C The total of the scheduled units for year n 

the total of the units 
added as mentioned above 

the annual of the load demand in year n 

The system consisting of the scheduled units plus 

units tha.t are added is no means related 

to the but RMIN thus calculated 

the lower bound for the reserve of the systems tr~t 

the CLOLP criterionc Thus, RMIN is used to exclude the 

I\.~onf that do not the CLOLP criterion 

without LOLP .. 

The ],'fu':l~d.mum reserve are calculated using 

the same for the calculation of RMLIN with the 

modif::I.c.ati.ons: 

of 

( The CLOLP is replaced by a LOLP upper bound 

( 

) of each added unit is assumed to be equal to the 

The forced 

the expansion plant 

of the scheduled units is assumed to be 
of all the expansion unit types 

RMAX thus serves as an upper bound for the reserve margin 

system" configuration with a reserve 

will be considered to be unjustifiable.. It should be 

noted that both RMIN and RMAX may be overridden the user during the 

execution of the DYNO 

The cumulants for the scheduled units are calculated from 

the moments (see A-6)~ The moments are defined as 

::'.1 (1 - ) j (5) 
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where 
v 

Mijv : 

FORi: 

ECij : 

integer 

v-th moment of unit type i in season j 

forced outage rate of unit type i 

equivalent capacity of unit type i in season 
j as defined by equation (3) 

For the plants with two capacity blocks, the moments for the first 

capacity block are calculated by (5), by replacing ECij with ECBij, 

defined as 

where 
maintenance outage rate of unit type i in season j 

base block capacity of a unit of type i 

2$3.4 Loading Order 

The loading order of the base and peak blocks of the units is 

determined in the strict order of economic merit. 

2 .. 3 .. 5 Lower Bound of Operating Cost (LBOC) 

(6) 

LBDC is the operating cost calculated for the hypothetical 

generating system that consists of the scheduled units and pseudounits 

for expansion. The pseudounit added in year n has the same capacity as 

CAn defined in section 2.3.2, and its operating cost per MWh is equal 

to the lowest among all the expansion unit types that are allowed for 

year n= The forced outage rate and maintenance requirements of the 

pseudounit are assumed to be equal to the lowest in the same sense.. In 

year n, there are at most n pseudounits, the capacities of which are 

CAl' CA2,~&.CAn. In this hypothetical system, the pseudounits 
have a higher loading order than the scheduled units. Therefore, the 

operating cost of the hypothetical system is lower than any generating 
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of real units and so a 

lower cost for the system the minimum 

reserve. for the year.. Thus Sl if the calculated annual 

cost of an arb is lower than LBOC~ it will not 

the &MIN This is used in the 

process in the DYNO submodulel!! 

This submodule the economic evaluation of the alternative 

and determines the best for the 

The forward method is used to find the expansion 

and 

Db 

the minimum u~o~~ .• uu~.cu cash flow of 

value of the 

, which is to be minimized 

for each in each 

s year~ Each is as a Ustate, Ii and 

each year is the of 

the user can s the effects of allowing 

different 

definitions of the 

discount rates~ and different 

function $ DYNO a report of the 

or few of the next best 

A. flowchart of the DYNO 

has 

~ and 

for the ob 

altern.ative definition 

solutions at the user's 

is shown in 

fu!~tion: traditional 

the levelized fixed 

E1.ther. of the two can be chosen for 

at time the program is executedo 

( Tradi tional Def initi.on 

The ob ·function is defined as the sum of the costs 

and. for construction minus the value of the units, 



I 

I 
I 
I 

I 
I 

I 

! 

I 

( DYNO start) 

Read DYNO input data from files 
created in PREP submodule 

First study case 
ITOUT=l 

Read the user input for ITOUT 

I 
Find the optimum solution by 
dynamic programming I 

Read the number of solutions to be 
reported 

Resimulate the optimum' and 
suboptimum solutions requested and 
print a report 

II 

More study requested? 

Yes 

II 

t I TOUT= I TOUT+ 1 j 

No ... ~o to FINAN mOdUle~ 

FIgure 2-4 DYNO submodule flowchart 
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both of which are discounted to a base year., Dlscount and 

escalation rates are to each cost The value 

in the function the credit given for the 

unused of the unit life.. In other '~ords ~ it is to 

value of the units after depreciation., The salvage value 

is schedule $ More details 

are c" 

) Fixed Rate 

The fixed is defined as that factor, which when 

cost of a facility~ a levelized 

annual filted return on investment, taxes~ insurance~ 

retirerlllent , and investment credit [11] In this 

the ob is the sum of (i) the worth of the total 

cost for all the units the s , and 

( the worth of the fixed charges of all generating units that 

were added to the the s 

The COilS traints on the allowable configurations 

(states) for each year are divided into two types as follows: 

( Us constraints (input) 

LOLP < CLOLP (i ) 

) lVlaximum reserve ( ) 

c) Maximum and mir.rf.:mum number of units 
in each ( ) 

( c,onstraints 

d) Minimum and. maximum reserve II RMIN and RM..U 

e) Tunnel constraints 

18 



The total number of states (generation configurations) in a year 

satisfying constraint (c) can be a large number, some of which would 

be rejected by constraints (a) and (b). The reserve margin is 

calculated first, since its calculation is much less expensive than for 

LOLP. If the reserve margin is less than RMIN, that state is 

immediately disqualified because constraint (a) will not be satisfied 

(see section 2.3@2). The same applies to the maximum reserve margin: 

in this case, the maximum LOLP specified in PREP will not be satisfied. 

Tunnel constraints are used to limit temporarily the number of 

states to be considered in a run of dynamic programming optimization. 

They are used to reduce the computational time but should not affect the 

final result of optimization. Tunnel constraints consist of upper and 

lower bounds for the number of expansion units allowed each year. 

Because of the artificial tunnel constraints, dynamic programming (DP) 

optimization is performed with an automated iterative scheme (tunnel 

iteration). In the first iteration, DP is run with the first guess of 

tunnels. If the optimized trajectory runs on the tunnel boundary, the 

tunnel is changed and DP is rerun. This procedure is automatically 

iterated until the optimum trajectory stays inside the tunnelse The 

wider the tunnels, the faster the iterative convergence but more core 

space and computing time are required per iteration. 

The constraints are applied in the following hierarchy: (1) 

maximum and minimum number of expansion units allowed, (2) RMIN, (3) 

maximum reserve margin, (4) LOLP, and (5) tunnels. 

2$4.3 Fathoming Technique 

Fathoming is a technique to disqualify some trajectory (history) of 

system expansion without completing the DP optimization. Suppose the 

minimum objective function at the final stage (year) among all the 

previous tunnel iterations is OBJL• In the next tunnel iteration, 

OBJL serves as an upper bound of the objective function. 
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the DF reached the year n at which the ob 

function of a at state g is Then1j for the 

the state g~ a lower bound for the ob 

function at the final· N may be written as 

N 

where 

,n 

N 

,D lin + + ,Ilt 

the lower bound for the ob function at the final 
8 estimated at state g in year n 

t p"e "\falue of the ob 
in year n 

the minimum 
in year 

constraints in i 

function at state g 

cost of a 
satisfies the user 

the minimum construction cost 
the user constraints after the 

add:i.tion of state g arui for all 
s n+ 1, n+2, ...... , N 

the total number of (years) in the study period0 

in the PREP module .. CC is estimated by first gl)n 

) 

the MW that be added in stages n+l to N in 

order to reach the minimum reserve in the last (N) of the 

study This MW is then multiplied by the minimum 

construction cost and is for escalation and 

to base year~ The state g in year n and those trajectories 

t hat pass the s tate will be no considered if 

(8) 

where 
as defined in (7) 

upper bound (the minimum value 
function of all tunnel 

iterations) ® 
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2 .. 4 "L~ Sensitivity Analysis 

DYNO provides the user with the option of performing a sensitivity 

analysis on the following parameters. 

(a) The expansion unit types that are allowed in the optimization. A 
maximum of eight unit types can be considered in each DP optimization. 
These units are chosen from the list of expansion unit types that are 
specified in the INPUT module ,,' 

(b) The discount rate may be changed to study its effect on the optimum 
solutionQ) 

(c)The traditional definition of the objective function may be changed 
to the fixed charge option, and any fixed charge rate may be specified" 

(d) Critical LOLP may be changed from that used in the PREP submodule .. 
However, consistency with minimum reserve margin calculations requires 
that the new value for the critical LOLP is larger than that used in the 
PREP submodule .. 

(e) The minimum and maximum reserve margins calculated in PREP may be 
overridden" 

2 .. 4 .. 5 Reports 

After each DP optimization, DYNO provides a report for the following 

information: 

(a) The construction expenditures associated with each unit type for 
all years of the study period 

(b) Characteristics of the yearly operating costs associated with each 
unit type for all years of the study period 

(c) Optimum expansion plan: 

(i) The number of units from each expansion candidate that 
come on line 

(ii) The system LOLP and unserved energy 

(iii) The operating and construction costs 

(iv) The salvage value (if this option is used) 

(v) The cumulative objective function up to and including 
year N 
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The ftnancial m.odule of CERES is designed to perform financial 

of the 

submod.'111e.. It uses as 

or solution obtained from the DYNO 

data the capital budget, operating and 

maintenance costs, and interest rates for each year in the study period .. 

Data based on financial practices and regulatory policies for a given 

utility are also used .. Most of these data are specified by the user~ 

and the rest is transferred from the PLANT and DYNO submodules .. 

This module various financial statements~ that is, the 

income statement, the balance sheet, and the uses-and-sources-of-funds 

statements .. It also calculates a set of financial ratios that may be used 

to evaluate the projected financial condition of the utility. 

The data may be divided into three parts: (1) the user 

data, (2) the data obtained from the DYNO submodule~ (3) the 

data obtained from PLANT submodule" 

" (1) User Data are the following: 

a" Construction for scheduled units 

b~ Gross value of scheduled units 

c. Construction time for expansion unit types 

d", Construction for each expansion unit type 
each year of construction 

e. Interest rates for short and debts 

f~ Federal and state tax rates 

g structure 
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h. AFUDC (allowance of funds used during construction) rates 

i. Upper limits on debt and equity 

j~ Percent of outstanding short- and long-term debts 
to be retired 

k. Economic life of each expansion plant 

1. Investment tax credit'rate 

m~ Accelerated depreciation method chosen for calculating income 
taxes 

n. Preferred dividend rate 

0$ Dividend payout ratio 

p. Percent of construction work in progress (CWIP) allowed in the 
rate base 

q. Allowed rate of return on rate base 

r. Beginning value of gross plant in service 

s. Beginning value of accumulated book and tax depreciation 

t. Beginning value of accumulated CWIP and AFUDC 

u. Beginning value of outstanding short- and long-term debt 

v. Beginning value of outstanding common and preferred stocks 

Data from DYNO·submodule are the following: 

ao The optimum and suboptimum solution specifying the 
plant mix 

be Operating, maintenance and fuel costs of all units 
for each year for a given solution 

Data from PLANT submodule are the following: 

ao Construction cost of each unit type in $!MW 

b@ Total rated capacity of each unit type in MW 

c. Economic life of each unit type in year 
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The calculations performed by the financial module may be divided 

into the four partse 

(1) Rate Base Calculations 

These calculations combine the gross plant in service~ the book 

~ the CWIP, and the AFUDC. 

(2) Income Calculations 

Once the rate base and the allowed rate of return are found, the 

allowed net income is calculatede All the information 

necessary to the income statement is found from income taxes, 

interest , operating income and operating expenses and finally 

revenuese In these calculations, the flow-through accounting 

method is used (the savings realized through differences in tax and book 

are passed through to the customer)@ 

(3) Uses and. Sources of Funds 

Simultaneously with income calculations, the sources and uses of 

funds are obtained@ The internal funds include net earnings while the 

external funds are a user specified mix of common and preferred stocks, 

and short-term and long-term debtsG The uses include gross plant 

added the common and preferred dividends, debt retirements, and the net 

increase in capital. 

(4) Ratio 

financial rates such as debt/assets~ debt/equity, assets 

and the t coverage ratio are calculated by the module.. All the 

ratios are related to the capital structure and leverage .. The 

stn'l.cture is so that the user constraints on the maximum allowed 
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new debt and equity requirements for each year are not violatedo 

The FINAN module output consists of the following statements: 

i) Income statement 

Balance sheet statement 

i Uses-and-sQurces-of-fund statement 

The balance sheet statement contains the utility's assets and 

liabilities in each year during the study period~ 

More detail of the calculations is given in appendix E~ 
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CONCLUSION 

CERES, a highly efficient computer program to find optimum electric 

generation planning has been completed. CERES is applicable to much 

larger electric systems than is WASP-II, yet has a greater accuracy with 

a significantly lower computing cost. This has been made possible by 

adopting new mathematical techniques developed recently that include the 

cumulant method, fathoming, and automatic tunnel iterations. The user's 

work required to operate the program is also reduced substantially by an 

interactive procedure between the user and the computer, operated through 

a time-sharing terminal. 

CERES should be of particular use to electric utilities and 

regulators alike. 
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APPENDIX A 

PROBABILISTIC SIMULATION OF ELECTRIC GENERATING SYSTEM 
US ING CUMULANTS 

A-I Load Probability and Load Frequency Functions 

A load demand probability function L(x) defined for a time interval 

T(hrs), where x is the demand in MW, has the meaning that the difference 

L(a)-L(b) represents the probability that the load demand x MW takes a 

value in the interval, a<x<b, namely 

P(a<x<b) = L(a) - L(b) (1) 

Assuming that L(x) has the first derivative, the function f(x)= 

-dL(x)/dx is called the ilload frequency function." The probability that 

the demand x' takes a value in x<x'<X+dx is written in the form 

p(x<x'<X+dx) = f(x)dx (2) 

The load probability and load frequency functions are schematically 

illustrated in figure A-l. If the system capacity is denoted by e (MW) 

and we assume there is no generating unit outage, the value L(e) is the 

loss-of-load probability (LOLP), that is, the probability that the load 

demand exceeds the capacity C. In figure A-lea), LOLP is equal to the 

ordinate corresponding to x=C, which in figure A-l(b) is equal to the 

hatched area under the curve. 

The hatched area under the curve of L(x) in figure A-l(a) times T 

is the expected amount of demand that cannot be fulfilled by the system, 

and is called "unserved energy.," 

If an additional unit with capacity G is added to C, and if this 

unit is used only when the original capacity is exceeded by the load, 

then the energy generated by this additional unit is given by 

C+G 
T Ie L(x) dx (3) 
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F A-I Load probability and load frequency functions 
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where T is the length of time under consideration and the added unit is 

assumed to have no forced outage. 

A-2 Equivalent Load and Equivalent Load Frequency Function 

In the previous section we ignored the effect of outage. However, 

its effect may be taken into consideration by using an equivalent load 

function Le(x) or the corresponding equivalent load frequency function 

fe(x) = -dLe(x)/dx as described below. 

In evaluating the effect of outage of generating units, it is often 

more convenient to increase the load artificially rather than to 

decrease the total on-line capacity. It ·can be easily shown the two 

approaches are mathematically equivalent. To explain this further, sup

pose that the total capacity of a system on-line at a time is C MW, and 

the load function and the load frequency functions are given by L(x) and 

f(x), respectively. 

Suppose also that an outage of z MW exists continuously all the time. 

Then, LOLP, unserved energy, and the amount of energy generated by an 

additional unit during the outage of z MW may be evaluated if L(x) and 

f(x) used in the previous section are all replaced respectively by 

( 4) 

The functions Le and fe are called "equivalent load" and "equivalent 
load frequencyn functions, respectively. Note that in this equivalent 

approach, the capacity is unchanged in spite of the z MW outage, but 

rather the demand is increased by z MW all the timeQ 

Extending this approach to more general cases, suppose that the 

outage of z MW happens with a probability q. Then, the equivalent load 

frequency function for the entire period of T becomes , 

(l-q)f(x) + qf(x-z) (5) 
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If partial outages. of a unit can happen with different capacities, zl, 

, mG with probabilities, ql, q2,GG., then the equivalent load 
frequency function becomes 

A-3 Capacity Frequency Function 

The capacity of an actual generating system fluctuates from time to 

time because of partial or total unscheduled outage of generating units~ 

the change of the capacity on-line due to an outage is discrete 

in real systems, we assume the total capacity on-line is a continuous 

random variable. With this assumption, we define the on-line capacity 

function g(x) which states that the probability that the capacity x' in 

<X+dx is given by 

P(x<x'<X+dx) = g(x)dx 

The capacity frequency function g(x) satisfies the normalization 

condition, 

c 
fo g(x)dx = 1 

where C is the total capa~ity of the system. 

(7) 

(8) 

With the capacity frequency function g(x) given~ the equivalent load 

function becomes 

C 
fe(x) = f f(x-y) g(C-y)dy 

o 

the outage frequency function as 

q(y) = g(C-y) 
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equation (9) may also be written as 

== 
c 

J f (x-y)q (y)dy 
o 

A-4 Convolution of Units according to the Loading Order 

The generating units in a sy"stem are loaded according to a "loading 

ordere il Suppose the system consists of N units with capacities c 1, c2, 

••• cn,·eCN' and the loading order is in the increasing order of n. 

Suppose the function Ln-1(x) represents the ~quivalent load function~ 

in which the effect of outage of units 1,2, •• ~n-l are already taken into 

consideration. Denoting the capacity frequency function for unit n by 

gn(x), the availability of the unit may be calculated by 

c 
Pn = Jron ygn(y)dy/cn (11) 

Then the energy generated by the unit n during the time interval T becomes 

where An is the capacity total of units 1,2, •.• up to n, or 

equivalently 

(12) 

and E h d n is t e energy generate by unit n. The equivalent load curve for 

the next unit n+l is obtained by a convolution integral 

33 



c 

Ln(x) = ~n Ln-l(x-y)gn(cn-y)dy (13) 

or equivalently, 

(14) 

Since q(y) :: 0 for y)cnll the above equation may be rewritten as 

00 

Ln(x) = ~ Ln-1(x-y)qn(y)dy (15) 

Notice that the equivalent load function for the first unit is equal to 

the load demand probability function, 

Lo(x) :: L(x) 

Thus, once the actual load demand L(x) is given, the equivalent load 

functions are successively generated by convolving the units in 

accordance with the loading order. Using the last equivalent load 

function LN(x) that includes the effect of outage of all the 

generating units, the LOLP and unserved energy are calculated as 

in sections A-I and A-2. 

The successive convolution of generating units may be performed in 

term.s of the equivalent load frequency function as 

00 

fn(x) = ~ fn-1(x-y) qn(y)dy (16) 

Transformation of fn(x) to Ln(x) may be performed by integrating 
f 
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A-S Deconvolution 

In the previous section, generating units are convolved in the 

loading order. However, this sequence of convolution is necessary only 

if the energy generated by each unit needs to be calculated by equation 

(12). In other words, if only f (x) or L (x) for a certain value of n n n 
is needed, the sequence of lo~din~,order is unimportant .. 

This principle may be used to withdraw a unit already convolved in 

fn(x) without repeating the sequence of convolution from the beginning .. 

Suppose a unit m<n is withdrawn from fn(x) without changing the unit 

numbering sequence" The new equivalent frequency function for unit n 

is denoted here by f'(x), which could be obtained by convolving units 

1, 2, ... m-I, m+l,.".n. Notice that fn(x) is related to f'(x) by 

(17) 

because both fn(x) and f' (x) are not affected by the loading order. 

Solving the above equation for f' is called "deconvolution"it The 

numerical scheme for deconvolution varies depending on the method used 

for convolution, so this subject is postponed until section A-8. 

Most generating units are divided into two capacity blocks, namely, 

base capacity and peak capacity, each of which has a different loading 

order. Outage occurrences of the two capacity blocks are not 

independent, so they cannot be convolved independently. In order to 

take the simultaneous effect of the outage of both blocks, the base 

block is first deconvolved and then the total of the base and peak 

blocks is convolved. 

A-6 Cumulant Method 

The Fourier transform of a frequency function, f(x), 
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(18) 

is called the "characteristic function" of f(x). The frequency function 

f(x) may be recovered by the inverse Fourier transform as 

00 

f ( x) :::: ( 1/2 7r ) r e - i tx F ( t ) d t 
)-00 

(19) 

Let us denote the n-th derivative of F(t) by F(n)(t). It can be shown 

easily that the n-th moment is defined by 

(20) 

and related to F(t) by the simple relation as 

:::: (21) 

To derive equation (21), we take the n-th derivative of equation (18) and 

set t=O. In the neighborhood of t=O, F(t) may be expanded in Maclaurin's 

series (Taylor expansion about t=O) as 

00 

F(t) == 1 + 2: t m F(m)(O)/m! (22) 
m=l 

or (21), 

00 

F(t) :::: 1 + 2 (it)mam/m! (23) 
m=l 
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Thus) the characteristic function is expressed in terms of moments of 

the frequency function f(x). 

Referring to the Maclaurin expansion of log(l+z), we have 

If z in equation (24) is set using equation (23) as 

00 

Z :: F(t) - 1 :: ~ (it)mam!m! 
m=l 

(24) 

(25) 

then the left side of equation (24) becomes log F(t)e Because z is a 

polynomial of (it), the right side of equation (24) may be written in 

the form 

k 
log F(t) = ~ ky(it)v/v + O(tn ) 

v=l 

In the above equation, k are coefficients called "cumulants," and v 

(26) 

found by introducing equation (25) into equation (24) and comparing the 

coefficient of tV on the right side of equation (26) with that on the 

right side of equation (24). The cumulant kn is a polynomial in aI' 

a 2 ,···an , and conversely an is a polynomial in kI' k2,· •• kn 
as shown next: 

kl = al :: M (27) 

k2 a2 al 2 =(7 2 

k3 a3 3ala2 + 2al 
3 

k4 :: a4 3a2 
2 4a1a3 + 2 12al a 2 6al 4 

(28) 
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In the above equations, M is the mean value of x and kZ is the 

variance .. 

A-7 The Central Moments 

The moments about the mean of a frequency distribution f(x) are called 

the "central moments" and are given by 

In terms of the central moments, the expressions of the cumulants 

become 

kl M 

kZ u2 = (1"z 

k3 u3 

k4 u4 3uZ Z 

kS == Us 10u2u3 

k6 :::: u6 15u2u4 IOu3 Z + 30u 3 
2 
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A-a Convolution and Deconvolution Using Cumulants 

Suppose the moments of a frequency distribution f(x) are denoted by 

av ' and those of another frequency function q(x) are denoted by bv • The 

convolution of f(x) is given by 

00 

j(x) = 1 f(x - y)q(y)dy 
-00 

The characteristic function of j(x) becomes 

00 

J(t) == 1 e itx j(x)dx 
-00 

= 

00 

f eitx' f(x' )dx' 
-00 

00 J eity q(y)dy 
-00 

== F(t)Q(t) 

Thus, referring to equation (26), we have 

log Jet) log F(t) + log Q(t) 

k 
== 2 (av + bv ) (it)V Iv 

v=l 

where av and bv are cumulants of f(x) and q(x). Denoting cumulants 
@@36 
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of j(x) by rv ' we have 

:: (36) 

Therefore, the convolution of two frequency functions is expressed by 

summation of cumulants of the same order. 

Deconvolution is just inverse of convolution. Knowing the 

functions j(x) and q(y), the solution for f(x) of the equation 

00 

j(x) = f f(x-y)q(y)dy 
-00 

is called udeconvolution." If the cumulants of j(x) and q(y) are given by 

rv and bv ' those of f(x) are simply 

(37) 

The above equation shows that a deconvolution needs only one subtraction 

operation for each cumulant. 

A-9 Reconstruction of Load Probability Function from Cumulants 

In the previous section, it is shown that convolutions and 

deconvolutions are easily done by adding and subtracting cumulants. 

However, we need a method to reconstruct equivalent probability function 

or equivalent load function from the cumulants. For this purpose, the 

Gram-Charlier expansion is used. The probability distribution, fez), 

which has the cumulants, 8i , may be expanded as 

(38) 
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+ (g8 + 120g1g5 + 210g2g4 + 126g32 

+ 2100g1
2g2) N(lO)(z)/lO! +.em 

where z is the standardized variable defined by 

Z :: (x - M) / cr (39) 

N(z) is the standard normal probability distribution 

N(z) :: 1/(J2;) exp[-z2/2] (40) 

and &i is related to the cumulants by 

(41) 

The derivatives of N(z) are given by 

== n= 0,1,2"". (42) 

where Hn(z) are the Hermite polynomialse Some of the members are 

(43) 

The load probability function is obtained by integrating equation (38) in 

accordance with equation (3). 

41 





APPENDIX B 

PIECEWISE LINEAR POLYNOMIAL EXPANSION 

OF LOAD FUNCTIONS 

When expressed in terms of cumulants, an equivalent load 

probability function Lm(x) for a large x can involve a significant 

amount of relative error, particularly where Lm(x) is very close to 

zero. Such is the case when LOLP for a highly reliable system is 

calculated. The piecewise polynomial expansion has been shown to be 

significantly more accurate than the other expansions [7]. 

The piecewise polynomial expansion of Lm(x) needs grid points, 

Xi = xl-1 + 6x, where i is the grid number and AX is the interval 

between two consecutive grids. Given the values L (x.) on all the m ~ 

grid points, Lm(x) for x in the interval between Xi and xi+l is 

approximated by the linear interpolation: 

Therefore, the piecewise polynomial L (x) for the entire range m 
of x is defined by specifying Lm(xi ) for all the gridse 

The convolution is straightforward if the equivalent load curve for 

the previous unit is given in the form of the above equation. The 

deconvolution with piecewise polynomial expansion is written as 

The above calculation is done recursively in the increasing 

order of ie For x < 0, . Lm-l(x) = 1 is used@ Because em 
is not a multiple of the interval, a piecewise linear interpolation 

is used to find the value Lm-l(x-Gm). 
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APPENDIX C 

DYNAMIC PROGRAMMING OPTIMIZATION 

OF SYSTEM EXPANSION 

C-l Definition of the Optimization Problem 

In applying the dynamic programming to optimization of a generating 

system expansion, we view the generating system expansion as a discrete 

control problem. Therefore, it is convenient to define the problem 

using the language of control theory. 

We assume that the generating system is expanded at the beginning 

of each year, and only once a year. The year number denoted by n is 

used as the stage variable; the first year of expansion is referred to 

by n = 1. 

The generating system configuration in the year n is expressed by a 

state vector 

x 
n (1) 

where xk is the number of generating units of type k in the year TI. ,n 
The control vector is defined by 

(2) 

where uk n denotes the number of units of type k added to the system , 
at the beginning of the year n. Using xn and un' the system 

equation is defined as 

(3) 

The state variable xk n is subject to the constraints in the form , 
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(4) 

where a k and bl are the lower and upper bounds of the number of ,TI l<.,n 
units of type k in the year n. There are two main reasons why these 

constraints are important. First, the permissible number of units of a 

particular type may be restricted by technical and financial reasons 

such as (a) diversity of unit types and sizes is desired, (b) manufac

turing of a type is limited, (c) policy constraints, (d) limitation due 

to fuel availability~ and (e) already committed without optimization. 

Second~ the constraints in the form of equation (4) are used to reduce 

overall computing time as explained in more detail next. 

The constrained range a ~ x ~ b used for reducing computing time is 

called a "tunnel. 1i It is easy to see that the computational time quickly 

increases as the tunnel width for every stage increases. Conversely, 

the computational time is reduced as the tunnel width for every stage 

decreases. In using this device, it is important that the constraints 

do not distort the solution.. This is achieved by an automatic iteration 

scheme as follows. First, the dynamic programming is run with an 

appropri.ate tunnel for each candidate at each stage. If the solution of 

the dynamic programming optimization is on the upper bound (xk = ,n 

bk,n)' this indicates that the truly optimized xk,n may still be 

above bk • Therefore, a and b are both increased. A similar ,n 
procedure is applied when xk is on the lower bound except that a and ,n 
b are decreased.. The dynamic programming is run with the new 

COlwtraints. (If the constraints are set for a legitimate reason other 

than reducing computing time, a and b are not altered .. ) The above 

bound" 

is repeated until xk does not fallon the lower or upper ,n 
There is a trade-off between the tunnel width and the number of 

iterations required.. As the tunnel width is reduced, more iterations 

become necessary. On the other hand, in order to reduce the iteration 

times, the tunnel width must be increased; thus, computational time for 

iteration is increased. In CERES, the tunnel iteration is carried out 

with optimum width to minimize the overall computational 

time., 
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The optimization requires the objective function to be minimized. 

The objective function in the case of traditional definition is given by 

n 

Ln:: ~ (C j - R j + ° j ) 
J=l 

(5) 

where 1n is the objective function at stage n, Cj is the total 

construction cost for the units that entered the system in year j, Rj 
is the salvage value of all the units that exist at the end of year j, 

and OJ is the total operating cost in year j. More details on how to 

calculate C, D. ~nA A_ ~-~ ~x~'~~_~A ~~ ph~ ~~~p n~~t~~ ~ ... hl'P J' .l"j' GIoL U V j cU .. c C P.J..o..i..Ll.cu. .L.LL I..UC UCAI.. ~c'- ..LVn, ~_ 

objective function in the case of fixed charge rate is calculated 

according to reference 110 

In summary, the optimization problem is stated as follows: 

Minimize 1n , subjecting to the system equation 

(6) 

and the constraints 

(7 ) 

C-2 Cost Calculation Formulas 

The cost incurred each year is calculated in terms of dollars of a 

reference (or base) year. This is done in order to take the effects of 

escalation and discount into consideration. The combined present-worth 

and escalation factor, which is used in the later equations, is given by 

Q (8) 

where 

~ escalation rate 
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i present-worth discount rate 

n number of years from the present-worth base year 

p number of years from the escalation base year 

The value Q is calculated separately for each generation unit candidate. 

The construction cost for the generating units that come on-line in 

year j is calculated by 

where 

t 

the present-worth value of the capital 
expenditure for year j 

unit type 

the combined present-worth and 
escalation factor in the year j 

lIt : capital cost per MW capacity for type t 

Nt . ,J 

the capacity of expansion unit of type 
t, MW 

the number of units of expansion unit of 
type t added in year j 

(9) 

A credit is given at the end of each year for the unused portion of 

the unit life. The total salvage value for the system at the end of 

year j is given by 

(10) 

where R. is the salvage value, a credit to objective function for all 
J 

the units added in year j; P is the present-worth factor at the t,nyr 
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study horizon; St,j is the computed salvage value for all units of 

expansion candidate t added in year j (straight-line depreciation). The 

present-worth factor and the salvage value are respectively given by 

where 

where 

nyr 

P (1 + it)-nyr 
t,nyr == 

St . ,J == Ct . ,J 

number of years from present-worth base 
year to the end of year j 

economic life of the units of type t in year 

the number of years that the unit has 
been used by the end of year t in year 

the discount rate for capital expenditures 

escalated but undiscounted construction 
cost for type i in year t 

The operating cost in year j is given by 

(11) 

(12) 

(13) 

the combined present-worth and escalation factor for 
operating expenditures for year j and type t 

CST t 

NFCST
t 

the fuel cost for type t 

the total non-fuel-operating cost for type t 

The factor QLt . is given by ,J 

where 

QL t . ,J 

mt the escalation rate for operating expenditures 

it the discount rate for operating expenditures 
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APPENDIX D 

PROBABILISTIC SIMULATION WITH HYDROELECTRIC GENERATING UNITS 

D-l Classification of Hydroelectric Generating Units 

Hydroelectric generating units may be classified into three 

categories: (1) normal hydro, (2) emergency hydro, and (3) pump storage. 

The amount of energy generated by a hydro unit is limited by the 

supply of water as well as by various reservoir constraints. Hydro 

generation is distributed throughout the year to make optimum use of the 

hydroelectric resources by minimizing fuel costs of the thermal system. 

No energy cost is assigned to hydroelectric systems. The capacity of a 

normal hydro unit may be further divided into two portions, one called 

"run-of-river capacity," and another, Vlpeak capacity.1i The former is 

the same as the base block of thermal units, while the latter is used 

only for peak-shaving duty in order to reduce the cost of operating peak 

thermal units with a high fuel cost. 

The hydro units that cannot be used continuously because of 

insufficient water but used only for peak-shaving purposes are called 

"emergency hydro units .. " They are usually at a reservoir with a limited 

amount of water.. In CERES, the emergency hydro units are treated 

identically with the normal hydro units except that they do not have a 

run-of-river capacity .. 

With pump storage hydro units, water is pumped to a higher 

elevation during the periods of low demand. When the system demand is 

high, the water is allowed to flow back through a turbine and generate 

electricityo This reduces the use of thermal peak units using high-cost 

fossil fuel and increases the system reliability_ The usage of pump 

storage units for generating electricity is identical with the emergency 

hydro units. However, the difference is that they add load to the 

remainder of the system during the periods of low load in order to pump 

up water to higher reservoirs. 
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D-2 Aggregate Treatment of Hydro Generating Units 

The number of hydro generating units as well as pump 

storage units can be many. In CERES, they are classified and aggregated 

into the following three capacities: 

(1) Scheduled normal hydro capacity 

(2) Expansion normal hydro capacity 

(3) Scheduled and expansion pump storage capacity 

The scheduled hydro capacity includes all the normal hydro units that 

exist already or are firmly committed at the time of the expansion studY$ 

The expansion hydro capacity includes all the normal hydro units whose 

addition is subject to an optimum expansion decision. The scheduled and 

expansion storage capacities follow the same definition as for the normal 

hydro capacities. Each of these capacities may vary from year to year$ 

Each aggregate capacity is treated in probabilistic simulation as 

if it were a single generating unit. This aggregate treatment does not 

cause any serious error in probabilistic simulations because the forced 

outage rate of hydro units is normally very low. 

D-3 Probabilistic Simulation with Normal Hydro Capacities 

As mentioned earlier, there are two normal hydro capacities, one 

aggregating the scheduled units and another aggregating the expansion 

units, each of which is divided into base and peak blockse The 

probabilistic simulation of a generating system with normal hydro 

capacities starts with loading the base block of the normal hydro 

The maximum hydro energy available less the expected base 

generation is the available energy for the peak block@ The available 

capacity factor of each peak hydro capacity is defined as 

available peak hydro energy 
CFA = 

(available capacity)(capacity availability)(T) 
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where T is the number of hours in the period of simulation. CFA is then 

used to estimate the loading position of the peak hydro capacities. The 

procedure is as follows. 

After the base hydro capacity block is loaded, thermal units and 

peak hydro capacities are given next loading priorities. However, 

before each thermal unit is loaded according to the loading order, the 

expected capacity factor of the peak hydro capacity (CF) is estimated as 

if it were loaded instead of the thermal unite The estimated capacity 

factor CF is then compared with CFA defined in equation (1). 

If CF)CFA, it means that the peak hydro capacity is not suffic.ient 

to fulfill the demand at this loading priority. Therefore, the thermal 

unit under consideration is loaded. If CF(CFA, then loading priority is 

given to the peak hydro capacity. After the peak hydro capacity is 

convolved, the energy generated is calculated~ The energy generated at 

this loading position is, in general, less than the available peak hydro 

energy.. In order to match the energy generated to the energy available, 

a small adjustment of the loading position of the peak hydro capacity is 

made as follows. 

Let us assume that a block of a thermal unit is loaded just prior 

to the peak hydro capacity under consideration. It is obvious that the 

ideal loading position for the hydro capacity is in between the present 

one and the loading position of the thermal unit loaded just prior to 

it~ So, the thermal block is partitioned into two subblocks, one of 

which is off-loaded, allowing the hydrocapacity to shift to a higher 

loading position by the capacity of the off-loaded subblock of the 

thermal unite The capacity of the off-loaded subblock is determined in 

such a way that the energy generated by the peak hydro capacity becomes 

nearly equal to the peak energy available= The off-loaded thermal 

subblock is then reloaded next to the peak hydro capacity. 

The remaining hydro capacity is treated in the same way except 

when it is loaded immediately after the first peak hydro capacityo In 

case the two peak hydro capacities are consecutively loaded, the loading 

position adjustment is performed as if the two peak hydro capacities are 

combined into one capacity blocke 
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peak hydro 
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order of CFA 
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accordi.ng to the loading order I 
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Calculate thermal energy and 
CF 

ItLOad this thermal unit; 
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uuit 
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order 
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hydrocapacities loaded 
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Combine the consecutive peak 
hydrocapacities into one 
aggregate block 
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to match the generated energy 
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8 

D-l Flowchart of probabilistic simulation with 
normal hydrocapacities 
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The electric generation with pump storage capacity work in the same 

way as the peak hydro capacities except that pump storage draw energy 

from the thermal capacity when the load demand is low~ The available 

energy generated by the pump storage capacity is specified by input~ So, 

the loading of the pump storage capacity for is treated in 

exactly the same way as the peak hydro capacitiese If the pump storage 

capacity is loaded next to a peak hydro capacity, the loading position 

adjustment to match the energy generated to the available energy is done 

as if the peak hydro capacity and the pump storage capacity are combined 

into one capacity blockm 

The difference between the pump storage and a peak hydro 

capacity arises from the fact that the former draws energy from thermal 

capacity during low demand periodsw In order to simulate the additional 

load to the thermal capacity for pumping requirement, we consider an 

auxiliary load demand probability function as illustrated in figure 

D-1& The thin solid curve in figure D-1 is the load probability 

func.tion without pumping requirement, while the thick curve is the 

auxiliary load curve including the effect of pumpinge Notice that the 

curve Lp(x) in A<x<B is obtained by shifting L(x) to the right by 

Cpll where Cp is the power required for pumping.. At x=B, Lp is 

a vertical linee The hatched area is made equal to the total energy 

for pumping .. 

The additional energy for purpose by a block 

of a thermal unit at the i-th loading position is calculated by 

T ]dx (2) 

where is the additional energy ~ a and b are the lower 

and upper end of the loading ~ T is the number of hours in the 

block, 

i-th 

under consideration, is the availab of the thermal 

the availability of the pumping capacity~ and Li is the 

load 
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APPEMDIX E 

MATHEMATICAL FORMULAS IN THE FINAN HODULE 

E-1 Rate Base Calculations 

a. Gross Plant Values 

The gross plant value of expansion units is found by summing the 

construction costs of individual units that are in service or will enter 

service in year n: 

imax 
PLGS~ =2 PLlS. n 

i=l \I 

(1) 

where 

PLY. 4"1.. ,n 

imax 

gross plant value of all expansion units 
in year n 

gross plant value of all the units of the i-th 
type in service in year n (supplied by DYNO) 

maximum number of expansion unit types con
sidered (DYNO) 

The gross plant value of all units (scheduled and expansion) is the 

sum of the above quantity and the gross plant value of the scheduled 

units: 

where 

PLGSFn 

PLGS~ + PLGSFn 

value of gross plant in service for all units 
in year n 

gross plant value of scheduled tmits in 
year n (user-supplied) 

The gross plant added in year n is given by 

(2) 

PLGAln = PLGSln - PLGSln_1 (3) 

Remark: n is an index of years in the utility planning horizon~ Any 
value with the year subscript, n=O, is set to a beginning value 
spec ified by the user .. 
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Load demand probability functions 
with and without pumping requirement 
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b 0 Construction Expenditures 

The construction expenditure for an expansion unit in a gi--len year 

is identified by the unit type, i, and the number of years after the 

beginning of construction, j. Therefore, it is expressed as a function 

of i and j, denoted as CEPLX. . and given as input by the user. 1 ,] , 

Obviously, CEPLX .. =0 if j<l or j>t. where t. is the total number 1,J l' 1 
of years of construction.. It is, however, more convenient to express j 

in terms of the year in which the expenditure is incurred, so the 

following relation will be sub st ituted for j in the later equa tions: 

j = ti -m+n+l 

where 
m the year when the construction is completed 

n the year when the constr uction expenditure is incurred 

ti the total number of year s of construction 

If the total number of units of the i-th type coming into service 

in year m is IPLXi,m' the construction expenditure for such units in 

year n is CEPLX. . times IPL x. .. The to tal construction 1,J ~~,m 

expenditure for units of the i-th type in year n is obtained by summing 

the above quantity over all the years of completion, m: 

where 

nmax 
CEPXi,n ~ (CEPLXi J") (IPLXi m) 

1 ' , m= 

CEPLX .. : construction expenditure for a unit of 1,J 
type i during the j-th year of construction 

IPLXi,m: number of unit~ of type i that corne into service 
in year m (calculated from DYNO output) 

(4) 

CEPX.! n! total construction expenditure for expansion units 
.1., 

of type i in year n 

nmax total number of study years (DYNO) 

The beginning value of construction work in progress for expansion 

units is 
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CWIPXB 

where 
CWIPXB 

imax nmax 

L 2: 
i=l m=l 

t:i~+l 

k=l 

beginning value of cumulative construction work 
in progress for expansion units (user) 

(5 ) 

The total construction expenditure for all expansion units in year n, 

CEXn , is simply the sum of CEPXi,n over all unit types: 

CE~ 

imax 
LCEPX; .n 
i= 1 - 7--

(6) 

Finally, the total construction expenditure for all the units 

(scheduled and expansion) is given by 

where 

the total construction expenditure in year n 

construction expenditure for all the scheduled 
units in year n 

(7) 

The cumulative construction expenditure up to year n is 

where 

n 

CECn = 2 C Ek + PLGSB + CWIPB 
k=l 

CWIPB= CWIPFB + CWIPXB 

PLGSB: beginning value of gross plant in service (user) 

(8) 

CWIPB: beginning value of cumulative construction work in progress 
for all sched uled and expansion units 

C~JIPFB: beginning value of ctm1ulative construction work in progress 
for scheduled units (user) 
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c@ Construction Work in Progress (CWIP) 

The aJIP is the value of plant and equipment that are yet to 

come into service~ The cumulative CWIP is given by the difference 

between the cumulative construction expenditure and the total plant in 

service (scheduled and expansion): 

CHIPC n = CECn - PLGS In 

Th.e Ct-JIP increment is given by 

CWIPn = CWIPCn - CWIPCn_l 

where 

CWIPn : increment of CWIP in year n 

d~ Allowance for Funds Used During Construction (AFJDC) 

(9) 

(1 

This is an allowance on construction expenditures that may be used 

as a part of the rate base when the plant goes into service, and it has 

two components.. One belongs to the CWIP ac count and the other to the 

gross ant-in-service account .. The CWIP component, AFDCln , is given by 

w..here 
AFDCln 

AFDCRn 

FCWIPn 

(1 

AFUDC in CvJIP account in year n 

AFUDC rate in year n 

frac tion of CWIP allowed ll1. the rate base 

Tne AFUDC in the plant-in-service account for expansion plant type i 

into in year m is 

( 12) 

i 

(13) 
1= 
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where 

n = m - 1 - ITPLi + j 

CEPXC i ,j 

CEPL~ ,j 

IPL~,m 

AFDC~ 

FCWIP n 

cumulative construction expenditure for unit 
type i in the jth year of construction 

annual construction expenditure for unit type i 
in the j th year of construction (user) 

no .. of units of type i entering service in year m 
(DYNO) 

AFUDC rate in study year (user) 

frac tion of CWIP allowed in the rate base in 
study year n (user) 

total construction time in years of a single 
unit of type i 

If n<l, AFDC~ and FCWIPn are set equal to AFDCR 1 and F(J~IPl' the 

respective values in the first year of the study period. 

The total AFUDC for all expansion units entering service in year m is 
imax 

AFCX~ = 2 AFDCX2i m ( 14) 
i=l ' 

where 

AFCX~ total AFUDC in the plant-in-service account for 
expansion units 

The total AFUDC for all the scheduled and expansion units in year m 

where 

AFDC2m = AFDCF2m + AFDCX~ 

AFUDC of all scheduled and expansion units 
entering service in year m 

AFUDC of all scheduled units entering 
service in year m 

To account for the two components of AFUDC properly, the AFUDC 

associated with the units coming into service is subtrac ted from the 
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cumulative AFUDC in the C~lIP balance and added to the c umulat ive AFUDC 

in the plant-in-se rvice balance: 

where 

AFDC 

AFDC2C n 

AFDCICn = 

n 

k=l 

n 
AFDC2k + 

k=l 

c tmlulative AFDC 

(16) 

AFDC2B (17 ) 

in CWIP balance 

AFDC cumulative AFDC in the plant-in-service 
balance 

AFDCIB beginning value of c tnnula tive AFUDC in CWIP balance 

AFDC2B beginning value of C UlJ!.ulative AFUDC in the plant-in-
service balance 

e.. Depree iation 

Straight-Line He thod 

Under the straight-line method, the depreciation factor for a unit 

of type i is given by 

FDEP i == llLi (IS) 
where 

Li : the expec ted economic life of the unit of type i 

and FDEP..:=O for all years beyond Li in which the unit is use ful if 
JL 

he unit"'s age exceeds the economic life" 

The depreciation in year n for the units of the type i 

is given by 

n 
DEPL ,n (19) 

1i>lhere 
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gross plant value of expansion units of type i 
entering service in year m 

(ii) Sum of Year's Digits Method 

The "sum of year's" for the unit type i mcl uding and up to the 

economic life, Lsumi , is given by 

where 

L. 
~k 
1<=1 

Li : life of a unit of type i 

The depreciation factor, FSUM.. is 
1,J ' 

where 

FSUM· . = (L i - j) /LSUlTli 1,J 

= [L. - (n - m)] /Lsum. 
1 1 

j: number of years that the unit has been in service 
(j=n-m) 

Finally, the depreciation of units of the i-th type in year n is 

given by 

DEPLX. 1,n 
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iii) Daub Ie Dec lining Me thad 

In this method, a yearly depreciation fac tor is applied to the 

declining balance at the end of each yearG This depreciation factor 

is given by 

The declining balance in the beginning year of service is 

(23 ) 

(24) 

1jjihich is the gross plant value minus the depreciation in the beginning 

year, where m is the year of first service. For other years, the 

current year's depreciation is calculated by multiplying previous year's 

balance by the deprec iation fac tor: 

The total depreciation for plants of the i-th type in year n is 

DEPLX
l
· ,n 

where 

n 

~ (BPLm,n_l - BPLm,n) 
m=l 

(25) 

(26) 

DEPLXi n: total depreciation of the units of type i in year n , 

The book depreciation and tax depreciation of plants are denoted by 

DEPLXl. and DEPLX2. res"pectively. Ei ther of these quantities can l,n l,n· 
be set to DEPLX. after the method of depreciation is selected. l,n 

The book and tax depreciation of expansion units are given res-

pec tively by 

imax 

=2 
i=l 

DEPLXl i ,n (27) 

imax 

=:?: (28) 
i=l 

where 
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imax 

annual book depreciation expense in year n for 
expansion units 

annual tax depreciation expense in year n for 
expansion units 

the total number of expansion units 

The accumulated book and tax depreciations are given by 

wtiere 

n n 
~DEPXln + ~DEPFlk + DEPIB 
k=l k=l 

n n 
DEPX2a + :2:DEPF2k + DEP2B 

k=l k=l 

DEPIB beginning value of accumulated book appreciation 

DEP2Cn accumulated tax depreciation in year n 

DEP2B beginning value of accumulated tax depreciation 

DEPFln annual book depreciation expense in year n 
for scheduled units (user) 

DEPF2n annual tax depreciation expense in year n 
for expansion units (user) 

fG Net Plant Values 

The book values of net plant in service are given by 

PLNSln = PLGSln - DEPICn 

The corresponding value of net plant added is 

PLNSln - PLNSln_1 

"lhere 

book value of net plant in service 

book value of net plant added 
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g @ Ra te Base 

The rate base for year n is given by 

'tJhere 

where 

fraction of CWIP allowed in the rate base 

E-2 Capital Requirements Calculations 

The total capital expenditure required for year n is given by 

- WKCAPn_ 1 + DEBLRu + DEBSRu 

CAPRQn: capital expenditure requirement in year? 

CEn total construe tion expend iture in year n 

AFDCln : AFUDC in CWIP account in year n 

TXDEFn: income taxes deferred in year n 

GREVn : gross operating revenue in year n 

RWCAPn : an estimate of the ratio of WDrking capital 
in year n to gross operating revenue in year n-l 
( user) 

vJKCAPn : working capital in year n 

DEBLRn= outstanding long term debt to be retired in year n 

DEBS~: outstand jng short term deb t to be retired in year n 

The long-term and short-term debts, and the perferred and the 

common stocks are given by multiplying CAPRQn by appropriate 

fr ae tions: 

67 

(33) 

(34) 

( 35) 



where 

STCO~ 

FSTCO~ 

long-term deb t borrowed in year n 

frac tion of totCil capital requirements 
financed by long-term debts (user) 

short-term debt borrowed in year n 

fraction of total capital requirement to 
be financed by short-term debt in year n (user) 

common stock issued in year n 

fraction of capital requirement to be 
financed by common stock in year n (user) 

preferred stock issued in year n 

fraction of capital requirement to be 
financed by preferred stock (user) 

If DEBSn , DEBLn , STCOMn , or STPRn exceeds the user specified 

limits, the user can either respecify these limits or stop the 

calculations. The limits are denoted by 

(36) 

(37) 

( 38) 

DSLIMn upper limit on short-term debt borrowed in year n (user) 

DLLIMn upper limit on long-term debt borrowed in year n (user) 

COMLll1u: upper limit on common stocks issued in year n (user) 

PRLU~ : upper limit on preferred stocks issued in year n (user) 

The total new debt borrowed in year n is given by 

DEBSn + DEBLu (39) 
where 

DEBNn = total new debt borrowed in year n 
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The total outstanding long-term debt and short-term debt are repectively 

given by 

DEBLTn DEBLTn_ 1 + DEBLn DEBLRn 

DEBST DEBSTn_ 1 + DEBSn DEBSP'n n 
where 

DEBLT total out st and ing long-term debt in year n n· 

DEBSTn : total outstanding short-term debt in year n 

The debt retirements in year n are given by 

DEBSRu 

"Where 

FDEBLP'm n , 

n 
(DEBSm) (FDEBSRm,n) 

m=l 

fraction of long-term debt borrowed in year m 
to be retired in year n 

( 40) 

(41 ) 

( 42) 

( 43) 

FDEBS~ n , frac tion of short-term deb t borrowed in year m 
to be retir ed in year n 

The total outstanding debt is 

(4 

where 
DEBTn= total outstanding debt in year n 

The total deb t retirement in year n is 

DEBSRa + DEBLRn 5) 

E-3 Income and Expe nses 

a@ Ne t Income 

Tne allowed operating income is given by 
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where 

OPINCn : allowed operating income in year n 

RATBn : rate base in year n 

ARATEn = allowed rate of return in year n 

The total interest charge on debts in year n is the Stm1 of the 

total in terest charge on short-term debts and the total interest charge 

on long-term debts: 

where 

CDEBTn = CDEBSn + CDEBLn 

CDEB~ 

total in terest on short-tern debts in 
year n 

total interest on outstanding long-term 
deb ts in year n 

The total interest charges on short and long-term debts are 

calculated respectively by 

n n-l 
~ DEB~( 1 - 2FDEBS~ k)RDEBSm 
m=l k=m' 

n n-l 
CDEBLn = ::2: DEBI,n ( 1 - ~ FDEBLRm,k)RDEBl;n 

m=l k=m 

where 

DEBSn : short-term debt borrowed in year n 

DEBLn= long-term debt borrowed in year n 

(47) 

( 48) 

(49) 

FDEBSl\n,k: frac tion of the short-te rm debt borrowed in year m 
that retires in year k (user) 

FDEBLl\n k: frac tion of the long-tenn debt borrowed in year m , 
that ret ir e s in ye ar k (us er ) 
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where 

interest rate on short-term debt in year n 

RDEBLu interest rate on long-term debt in year n 

The income before interest is given by 

IAFC = 1 if AFUDC is considered as income, 0 otherwise 

BINTn : income before :Interest 

OPINC n : allowed operating income 

AFDCln : AFUDC component of CWIP in year n 

(5 

The net income is calculated by subtracting interest for short- and 

long-tern debts from the income before interest: 

where 

ERNETn : net income 

be Dividends 

where 

The 

The total preferred dividend is given by 

n 
(STPRk ) (RD IVPk ) 

k=l 

preferred stock issued in year k 

red dividend rate in year k (user) 

s available to common is gi-ven by 

ERNCO~ := ERNETn - DIVPRn 
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Finally, the total common dividend and the total retained earning 

are given by 

DIVCO~ 

where 

(ERNCOMu) (FDIVCn ) 

fraction of common earning to be paid as 
common dividends in year n (dividend payout 
ratio) 

fraction of common earnings retained in 
year n 

c.. Taxes and Tax Credits 

The investment tax credit is given by 

w'here 

investment tax credit in year n 

construction expenditure in year n 

fraction of CEn allowed for tax credit (user) 

investment tax credit rate in year n (user) 

The income before federal and state income taxes is given by 

where 

ERNETn - (AFDCln ) (IAFC) + TXSPD n 

BINCn : income before federal and state incor.l.e tax 

TXSPDn : federal and state income taxes paid in 
year n 

The total of federal and state income taxes paid in year n is 
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where 

RTXST n 

TXINC 
n 

TXINCn is given by 

s tate income tax rate in year n (user) 

federal income tax rate in year n (user) 

t axab 1e income in year n 

Simultaneous solution of equations (57) through (59) is 

necessary to obtain BINCn , TXINC n and TXSPDn • 

(58) 

(59) 

The federal and state income taxes paid are respectively given by 

where 

TXFDn=(RTXFDn) (TXSPDn)!(RTXFDn+RTXSTn) 

TXSIa=(RTXSTn) (TXSPDn)!(RTXFDn+RTXSTn ) 

TXFDn= federal income tax in year n 

TXS'La: s ta te income tax in year n 

The property tax is given by 

where 

RTXPn : property tax rate in year n 

property tax in year n 

PLGS g ros s plan t in servic e in year n 

AFDC2Cn : AFUDC (cumulative) in the plant in service 
ac count in year n 

The deferred income tax is given by 

where 
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TXDEFn= deferred income tax in year n 

IDEF = 1 if normalized accounting is used, 0 otherwise 

The cumulative deferred income tax is given by 

where 

n 

TXDEFB + ~TXDEFm 
m=l 

TXDEFCn : cumulative deferred income tax in year n 

TXDEFB : beginning value 0 f deferred income tax 

d.. Operating Expenses and Revenues 

The total operating expense is given by 

OPEXPn 

where 

OPEXP n : total operating expense in year n 

(64) 

( 65) 

DEPICn : cummulative depreciation expense using the regular 
deprec iation method 

OMen : total operating and maintenance cost in year n 

FUELn= total fuel cost in year n 

The gross operating revenues, GREVn , is set equal to 

(66) 
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where 
GREVn : gross operating revenue in year n 

The operating revenue tax is given by 

where 
TXREVn : operating revenue tax 

RTXR.EVn : revenue tax rate in year n 

The total expense is the s~m of operating expenses~ taxes j tax 

deferred and operating revenue tax: 

TOTEXP 1'1 == OPEXP n + TXSPDn + TXDEFn + TXCRa 

+ TXREVn 

E-4 Sources and Uses of Funds 

(67) 

(68) 

The internal source of funds is the sum of net income, depreciation, 

and deferred income tax: 

SRCINn == ERNETn + DEP~ + TXDEFn (69) 

where 
SRCINn : in~ernal source of funds 

The external source of fllilds consists of common and preferred stocks, 

and short-term and long-term debts: 

SRCEXa == STCOMn + STPRn + DEBSn + DEBIn (70) 

where 
SRCEXa: external source of funds 

The to tal source of funds is given by 

S RCINn + SRCE~ (71) 
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where 
SRCTOTn : total source of funds in year n 

The uses of funds, USEn , consists of annual construction expenditure, 

new AFUDC in the CWIP account, preferred and common dividends, and debt 

retirements: 

+ DEBRn (72) 

The balance bet1iJe en sources and uses of fund s is recorded as net 

increase in'working capital: 

where 

where 

CAPINn : balance between the total source of funds and 
the use of funds 

E-5 Assets and Liabilities 

The gross plant value (including AFUDC) is given by 

PLGS2n = PLGSln + AFDC2Cn 

PLGS 2n: gr ass plant val ue incl uding AFUDC 

The net plant value is the gross plant value minus the accumulated 

deprec iation: 

PLGS 2u - DEPIC n 

where 
PLNVn ! net plant value 
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The net utility plant is equal to PLNVn plus the CWIP: 

(76) 

'Where 
PLNUTn : net utility plant 

The common equity, EQCOMnSl consists of common stocks and retained 

earnings: 

EQCOl~ S'I'COHCn + ERNRTC n (77) 

n 
STCOMCn ~ STCOMk + STCOMB (78) 

k=l 
n 

ERNRTCn ERNRTk + EHNRTB (79) 
k= 

and 
STCOMCn : total common stock held in year n 

ERNRTC n : accwlulated retained earnings in year n 

STeOMB beginning value of common stocks 

ERNRTB beginning value of retained earnings 

The total capital is the sum of common equity, outstanding preferred 

stocks, and long-term deb t: 

where 

and 

STPRk + STPRB 
k=l 

STPRCn : outstanding preferred stocl~ in year n 

STPRB : beginning value of prepared stocks 

STPRCn : total preferred stock held in year n 

DEBLTn: 0 ut stand ing long-te rm deb t in year n 
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The total liability is the sum of total capital, outstanding 

short-term debt" and deferred income tax: 

TLIABn = CAPTOTn + DEBSTn + TXDEFCn 

where 

TLIABn total liab ilities in year n 

DEBSTn outstanding short-term debt in year n 

The net working capital, WKCAPn , is given by 

where 

VlKCAP n wo rking cap i tal in year n 

CAPINn net increase in working capital in year n 

The to tal of asse ts is given by 

where 

total value of assets in year n 

E-6 Ra tio Anal ysi s 

(82) 

(83) 

(84) 

The debt/asset ratio, debt/equity ratio, and the interest coverage 

ratio are respec tively given by 

(85) 

(86) 

COVRG = B INT /CDEBT n n n (87) 
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where EQTOT is the total equity given by 

EQTOTn = STC0Mu + STPRn + ERNRTn 
and 

DEBASSn : debt/asset ratio of year n 

DEBEQn debt/equity ratio of year n 

interest coverage ratio of year n 

income before interest in year n 
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Appendix F 

PROGRAM LISTING 
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c 
c 
c 
C 
C 

c 
C 

c. 
c 

ALLOCATE F(FlllF001) DA€PARM.DATA) 
ALLOCA1E F(FT14F001) OA'~EYl.DATA) 

PLANT DATA INPUT CODE 

00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
OG000010 
00000080 
00000090 
00000100 
1"'\(1,-..nr.'10 
05000120 
00000 I.::\.(; 
00000140 
00000150 
00000160 
00000170 
00000l,80 
00000190 
00000200 
00000210 
00000220 
00000230 
000002",,0 
00000242 
00000244 
000002:;0 
00000200 
00000270 
00000280 
00000290 

WRITE (6,311) 
311 FORMAT '5X~~lH 

WRITE (o, 41.1) 
411 FGRMAT (5X,5!M 

WRITE (b,51U 
~ll FORMAT .jX,~lM 
520 PRINT 530 

00000300 
00000310 

SINCE A FILE DOE~ NOT ~XIST9 YOU CAN CREAfE A FILE)OOOOO~~O 
00000330 

FRuM SCRATCH. A SET Or INSTRUCTIONS WILL APPEAR ON)00000340 
00000350 

THE Tc~lNAL TO WHICH YOU SHOULD RESPOND PROPERLY.)00000360 
READ *,I\iBVR 
PRINT 540 
READ *? lEND 
IF(IENDeLT.40) IEND=IENO+100 

530 FORMATt/ lOX,' ENTER TH~ fIRST YEAR OF EX~ANSION (2 DIGIT }eG) 
540 fORMAT(/10X,· tNl~R TH~ LA~T YEAk OF EXPANSIONe) 

NiYR=IEN0+1-NBYR 
IF(NTYRGGTo20) PRINT 550 

550 FORMAT(/10X,' lH~ NUMBER OF YEARS OF EXPANSION EXC~ED$ 20 1 , 
+ 10X~~ kEPEAT INPUT Qf YEARS. 8) 

IF(NBYRGGi.20) GO TO 520 
PRINT 010 
PRINT 600 

600 FURMA T( lOX, II OECL.ARE T h£ i"iAXIMU14 NlJ'II tiER. OF EXPAN SION PLANTS" 
+10X, I (NU MORt: IHAN 20) .. tIl. _II) 

READ 010 t N PEXP 
610 F URMA T ( l~» 
oiO FORMAr"/IOX,·PLANT CODE UP TO 9,12, I ARE ASSIGNI:::D" 

+lOX,'FOk EXPANSIuN ~L~~TS$;) 
IF(NPEXPe&T~l) PR1Nl 620, NPEXP 

645 FORMA T {12) 
CAll CREATE 
(;,0 TO 2020 

82 

00000310 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
0000045C 
00000460 
00000410 
OOOOO't-80 
00000490 
OOOOOSOO 
OOOOOSlC! 
00000520 
00000530 
00000540 
00000550 
00000500 
OU000510 
00000580 
00000:>90 
00000000 
00000610 
00000620 
00000630 
00000640 
00000650 
00(,00060 



c c 

SUBROUTINE CREATE 
.... ., .... THlS SUBPRO!.;i.RAM CREATES A PLANT DATA 

FILE FROM ~~RATCH If NUNE EXlSTED BEFORE .. 
US~R CAN INPUT DATA FOR ~ACH PLANT 
INTi:RACTIVELY 

P'MAXliJ /\tUM, 'it: AR 
,.Ul» III 'H:.~ 

IP,PlANT,lN~,KcYL!iIPNUM,lPMAX,JNUM 
,lUP(30,lOb, Nti'fK, NTVk 

UATA YtS/3HVES/~ YE/3hY I 
IEN0=NbVR+NIVR-1 

10 WRIT':; (ow102.) 

83 

00000670 
00000080 
00000690 
00000100 
00000710 
00000120 
00(;00730 
00000740 
£,\Ai"lorL-~&:;O 

00000160 
00000110 
00000180 
00000190 OOOv0800 
00000810 
00000820 
00000030 
00000a40 
00000850 
00000b60 
00000610 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000'150 
00000960 
OC000910 
00000980 
00000990 
OOOOlOOO 
00001010 
00001020 
00001030 
00001032 
000010:>0 
0000 1060 
00001U10 
00001072 
0000101",* 
OOOOlu15 
00001076 
00001071 
.00001018 
00001080 
00001061 
OOOOi082 
00001090 
00001100 
00001110 
000011.20 
DOOOU.30 
000011"1-0 
00001150 
00001160 
00001t70 
00001180 
000011.90 
00001200 
000012.10 
000012.20 
OOOOli.30 
00001240 
OOOC1L50 
000012&0 



c 

C 
C 

8420 
8500 

8503 

SUBROUTINE CHANGE 
&~eoGfHIS SUbPKO~KAM IS USED TO MODIFY EXISTING 

PLANT DAIAo ALL DATA MANl~ULArIONS ~AN 
BE DUNt INTERACT1V£LV. 

84 

00001210 
00001280 
00001290 
00001300 
00001310 
0000132.0 
00001330 
00001340 
00001350 
00001360 
00001310 
00001380 
00001390 
00001400 
00001't10 
00001420 
000014.:$0 
OOOOl~O 
000014::;0 
00001400 
00001't70 
00001480 
00001490 
00001:>00 
00001510 
000015>20 
000015.30 
00001540 
00001550 
00001560 
00001510 
00001580 
00001590 
00001600 
00001610 
00001620 
00001630 
00001040 
00001650 
00001b60 
00001610 
00001680 
00001090 
00001100 
00001110 
00001120 
00001730 
00001740 
00001750 
00001100 
00001110 
00001780 
OOOOi790 
OOOOH.!OO 
OOOOll)lO 
00001820 
00001&30 
00001840 
OOOOl.ti50 
00001860 
00001670 
00001l)80 
Ou001890 
00001'.:100 
00001'110 
00001'120 
00001930 
00001940 



c 
c 

ThE DATA OF A PLANT1 u/ 

JREP=l 

THE 3 DIGIT PLANT COuE FUR THE SINGLE DATA 

GO TO 10 

DATA CODE IN 2 DIGIT, OR 99 FOR HELP." 

2GOR~JP@&T~14) GO TO 11 
0,107) tKE'tU,H"'+26,KPb tKP=l,18 » 
bO" PLANl (Ill',,;?) 
SX,i (ThE VALUE bEFOKE CHANbE:·,F10.S,t)~) 
(111 18A4) 

'Ow lOb) 
'liM --.. --...... -) 
,109) PLANT(IP,JP» 
~FIO .. 5) 

(3d 

.. EQ .. YE) GO TO 11 

.. EQ .. YE:) GO TO 9 

PRINTS A lEGrtNO WHICH ASSIGNS 
fOk EACH PLANl PARAMETER 
PMAA lI,Jl\ldM, '(~AK 
,18), 'H:S 

PLA~i ~ lNS ~ lI\.EY1, IPNUM, I PMAX, JNUM 
(30,20), N~YK, NTYR 

85 



c 
c 

SUBROUTINE l.IST 
DIMEN~rUN JPR«lOO) 
INTEG~R YE,lP,IPNUM,IFMAX9JNUM,Y~AR,UPT 
INTEG~R RESP, KEY1(4l,!8), YE~ 
REAL PLANT(200,14) 
COMMON ~UF(200,20), IP,PLANT~!NS,~cVl,lPNUM,IPMAX,JNUM 
COMMON !CACAI NPEXP,IUP(30,20), NBVR, NTVR 
DAT A YE 5./3riYt: $1 
DATA ICV,lCF/IEXPNs,.SCHOII 
DATA Yf::/3HV / 
DATA INPl,INP2/11.141 
&)0 5uO j::::llllPNUM 
JPfH U:;:;ICV 
IF(I&GT.NPEXP} JPR(I)=ICF 

500 CONTINUi;; 
11 KTEST;~lEST+l 

wRI TE (0,10 U 
101 fORMAT (5X,32H ~NTER 1,l,3,4 OR 5 ACCCKDING la, 

+" PRINT OPT lUNStll) 
If (K1ESTGGE.Z) GO TO 12 
WRIT,;: (0,102) 

102 FORMA T t 5X, 17H 1 PRINT ALL DA fA) 
wiU1E (6,,103) 

103 FORMAT '~X,40H l PRINT ALL uAIA FOR A PARTICULAR PLANT) 
WIU Tt:: (b, lO4t) 

104 fORMAT (~X,~7H 3 PRINT IH~ SAMt DATA ~OR ALL PLANTS) 
WRITE (011105) 

105 ~ORMAT t5X,4~H 4 PRINT SPECIFIC DATA FOR A PARTICULAR PLANT) 
WRITf: (0,100) 

106 FORMAT (5X,~lH 5 EARLIER REQU~ST FOR PRINTING CANCELLED) 
12 WRI IE (6,107» 

107 FORMAT (2H -i 
REAL) (5,108) OPT 
IF(OPT.GT.5) PRINT 200 
IF{0~TeGT.5J GO TO 12 

200 FOK.MAT\ & INPUT ERROR... Rl:t=NTER .... ) 
108 FORMAT (11) 

GO TO (LO,30,40,50,bO), OPT 

20 CONTINUE 
DO 4000 IP=l, IPNUM 

CALL NuNIT',) 
4000 CONTINUl: 

IP1= 1 
I PPP= IPNUM/5+1 
DO 2800 IlXX=l,lPPP 
IP2=IPl+'" 
IF(IPNUMoGT.IPZ) GO TO 2813 
If(IP2-1PNUMel~s4) IP2=lPNUM 

2813 CON T I NU t:. 
PRINT 5~OO, (lP,lP=!Pl.lP2) 
PR INT ~ 500, 'JPR( 1P j pl,?=!Pl, IP2') 

5500 FORMAT(2~X,5(~4,6X» 
5400 FORMAT(3X t G PLANT CODE .,5110) 

00 1001 K=2,JNUM 
1f( K.tQ.9) &u TO 1001 
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00002630 
00002640 
000026:;0 
00002600 
00002670 
0000268U 
0()002090 
00002.100 
00002110 
00002720 
0(;(;02730 
00002740 
00002750 
00002. 700 
00002110 
00002180 
00002790 
00002~OO 
00002810 
00002820 
00002b30 
00002840 
00002850 
00002b60 
00(:02870 
00002880 
00002b90 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
0000301.0 
00003020 
00003030 
00003040 
00003050 
00003060 
00003010 
00003080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003110 
00003180 
00003190 
00003.G:OO 
0000:;'210 
00003220 
00003i30 
00003240 
00003250 
00003260 
00003210 
00003280 
00003290 
00003300 



87 

00003310 
00003320 
00003330 
u0003340 
00003350 
00003360 
00003370 
00003380 
00003390 
00003400 
00003410 
00003420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003!;'70 
00003580 
00003590 
00003000 
0000301.0 
00003620 
00003630 
00003640 
000036:;0 
00003660 
00003670 
00003680 
00003690 
00003700 
00003110 
00003720 
0000~130 
00003740 
00003150 
00003760 
00003770 
00003780 
00003790 
000031:WO 
00003810 
00003b20 
00003330 
00003 !J40 
Oa003l:i50 
00003860 
00003&70 
00003&80 
00003890 
00003900 
00003910 
00003':12.0 
00003930 
00003tt40 
00003950 
00003c,,60 
OOOO~910 
00003':180 



c 

C 

IC 
C 
e 
C 
C 
C 

126 FORMAT (11'1 ,Fa.3) 
GO TO 5~ 

53 ~RITE (0,121) PLANT (l?,J) 
12.1 fORMAT n.M ,ll) 

GO TO 55 
54 CALL HELP 

GO TO 51 
~5 WRITE (o,l2.4) 

124 FORMAT t/5Xe32H DO YOU WANT TO PRINT MORE DATA?~ .. - cNTER-YE:S·Ok NO .. e)-- ----- .. -
READ (5,13b) R~SP 
IF (RESP.~~eYES.OR.RtSP.EQ.YE) GO TO 11 

60 WRI TE «0,125) 
125 FURMATt5X,· E:NO OF PRINTING.;II) 
13b FORMAT tA3) 

ReTURN 
END 

SUBROUTINE NUNITUOPT) 
THIS SUB RE ADS AND PRINTS 

fOR EAC.H 'feAR 
IOP1;:.l REAO 

THE NUMBER Of 

2. PKINT FOR TH ENTIRE 
3 CHANGE 
4 P~lNT ONLY SPECIFIED 

88 

UNITS 

PERIOD 

YEAR 

00003990 
00004000 
00004010 
00004020 
000040:30 
00004040 
00004050 
00004000 
00004070 
00004080 
0000<+090 
00004100 
00004110 
00004120 
00004130 
00004140 
0000't-150 
00004160 
00004170 
00004180 
00004190 
000042:00 
00004210 
00004220 
00004230 
00004240 
00004250 
OOOOl.t-260 
00004210 
000042tlO 
00004290 
00004~OO 
00004310 
0000'1-320 
00004~30 
00004340 
00004;;50 
00004360 
00004370 
0000'1-380 
00004390 
000044-00 
00004410 
00004420 
00004430 
00004440 
000044S0 
000044bO 
00004410 
00004480 
00004490 
00004500 
00004~10 
0000"1-520 
00004S30 
00004540 
00004550 
00004500 
00004S70 
0(;004580 
000045>90 
00004600 
00004610 
00004620 
00004&30 
00004640 
00004650 
00004660 



r., 
c 

SUBROUTINE HYDPS 
c --------..... ----------c 
c 
c: 

SUBPROGRAM IS USED TO PROCESS AND STORE INPUT 
FOK HVORU~LECTRIC AND PUMPED STOKAGf PLANTS. 

PROCEDURE FOR HYOROE~EC1RIC INPUT 

IFLAG.:1 

CALL H'fDA 

PROCEDUKE FOR PUMPED SrORAbE INPUT 

IFlAG=2 

C.ALL PSDA 

89 

00004bl'O 
00004080 
00004090 
00004700 
00004710 
00004120 
OG004130 
00004740 
00004 -bO 
000041'60 
00004710 
00004780 
00004190 
0-0004800 
00004810 
00004-820 
00004&30 
00004&40 
00004o!)0 
00004060 
00004810 
00004880 
00004090 
00004900 
00004"J10 
00004920 
0{)004930 
00004Si40 
00004950 
QOa04t,lbO 
00005010 
00005020 
00005022 
00005030 
0000:::'040 
00005052 
00005062 
0000::'06-1 
00005068 
00005070 
OOOO~075 
00005080 
000050&5 
00005100 
00005110 
00005120 
00005130 
00005140 
00005150 
00005160 
00005170 
00005180 
00005190 
00005.l00 
00005210 
0000S220 
00005230 
00005240 
00005250 
0000;;260 
OOOO~270 
00005280 
OOOO:>.l90 
Q0005.:S00 
00005310 
00005320 
00005330 
00005::S40 



c. 
C 

(. 
r 

C 
C 
C 

RETURN 
!:NO 

C. -------------------__ 
SUSR-OUT INE hYOA 

c -----------------__ _ 
C 
C 
C THIS PRUGRAM ACCEPTS INPUl DATA FOR OP!:RATING AND 
C CUST ~AkAMETEkS Ur HYOKO!:LECTR1C PLANTS. 
C lHE: ENTiRE PROCEOURE 1$ INTt:KAClIVE. 
C 
C 

WRITE (6,120) 
1...::.0 FOKMAT UI,;;.X,34H INPuT PROCEDURE fOR HYDROELEC1RIC, 

+2lM P LANY SYSTEM Bi:::fj,I NS ... » 
wRITE t6,123) 

123 FORMAT (11,32M 00 YOU HA~E A FILE FOR EXISTING? 
+22ti HVDKOE:I..i:::CTRIC PLANTS?/11H I::NTE:R YES Uk NO .. , 
R~AO t5~130) KE~P 

130 fORMAT (A3) 
IF (RtSP@E~~VES.OR.RESPGEQoYE) GO TO 30b 
wRIT E l 6 , 15 3 ) "tiM 

1!:>3 FORMAT U/,~h BEGIN YOUR INPUT fUR EXlSTlNu HYGRUEU:.CTRIC, 
+8H PlANTSQ,/38H ThE MAX. NO. Of S~H PLANTS ShUULD 01:,13) 

152 CCNTINUI: 
l<.HU=I01U+l 
IF (KHUoI..EeKh~l) KHU;KHUl+l 
KHUl=KtiU 

9D 

00005350 
00005:::'60 
00005370 
00005:::'~O 
00005390 
00005400 
OOO{J5~10 
OOOO~4-20 
00005430 
00005440 
0000 54::.i0 
00005400 
00005410 
00005480 
00005490 
00005500 
00005510 
00005520 
000055::'0 
00005540 
00005550 
00005560 
00005:::'70 
00005580 
00005590 
00005bOO 
00005b10 
00005620 
00005630 
00005640 
OC005650 
00005600 
00005610 
00005680 
00005690 
00005100 (Jooos-no 
00005720 
00005-/30 
00(;05740 
00005750 
00005>760 
00005770 
00005780 
00005790 
00005800 
00005510 
00005820 
00005B30 
00005840 
00005b50 
00005660 
00005b70 
00005 eao 
00005>B90 
00005~OO 
00005910 
00005920 
000051930 
00005>11140 
000059:'0 
O(J00~960 
0000 5<j70 
O()OO~9bu 
00005990 
00006000 
00006010 
00006020 



c 

170 F OR !III A T (I :2 ) 
IF O<.HU .. EQ .. KHM) KhMX.=I<U-IM 

112 CONTINU~ 
C.AlL hUN! 1 

115 CONT INUE 
CALL HeRtAl 
CALL HKEG 

C CHAN&ES/CORRECTIONS OF INPUT DA1A 
C 

c 

91 

00006030 
000106040 
00006050 
00006060 
0010106070 
00006080 
00006090 
00006100 
000106110 
00006120 
00006130 
00006140 
0000 6l:)0 
00006160 
00006170 
00006180 
00006190 
00006200 
00006210 
OOOObl20 
00006230 
00006240 
00006250 
00006260 
00000270 
00006280 
0000629() 
OOOOb300 
00006::HO 
0000632.0 
OOu06330 
00006340 
00006350 
00006360 
00006310 
00006380 
00006390 
00006400 
00006410 
00006"fr20 
00006430 
00006440 
00006450 
00006460 
00006470 
00006480 
00006490 
Cl0006~00 
0000651.0 
00006 ~20 
00006530 
00006540 
00006S50 
0000 6~60 
00006510 
00006580 
0(;006:'90 
00006600 
0000b610 
00000020 
00006630 
00006640 
00006bSO 
000066bO 
OOOObb70 
00006bI:J0 
000000'10 
00006700 
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00006710 
00006120 
00006730 
00006740 
00006750 
00006160 
00006170 
00006780 
00006190 
00006tlOO 
00006810 
00006820 
00006830 
00006840 
00006850 
00006860 
00006870 
00006680 
00006890 
00006900 
00006910 
00006920 
00006930 
00006940 
00006950 
00006960 
00000970 
00006980 
0000b990 
00007000 
00007010 
00001020 
00007030 
0000"1040 
00001050 
00001060 
00001010 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001100 
00001110 
00001180 
00007190 
00001200 
00001210 
00001220 
00001230 
00007240 
00007250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00007320 
00001330 
00007340 
00001350 
00007300 
00001370 
00007380 



93 



c 
WRITE (0,1965) 

19b5 FeRMAT tl/,37H ~RINTING OF THE ENTIRe HVOROElECTRIC v +21H SYSTEM OATA FLllOWS.1 11M l~ YOU WANT THIS, 
+2OH PRI NTING, t::NTER YE:S .. j 

READ (5,130) RESP 
IF (RESP&EQ.YtS .. OR.R~SP .. EQ.1E) GO TO 1915 
GO TO 2000 

1915 WRITE (0,1980) 
1980 FOKMAT t/I,21H BA~c CAPACITY MULT1PlIEkS:) 

WRITE (0111983) 
1983 FORMAT (/,4X,7H WINTER~2X,lH SPRING.3X, 

+lH SUMMER,~X,lH AUTUMN) 
WRITE t~!11982) (PBMtJS)vJS=lt~~ 
WRITE €o,1985) 

1985 FORMAT (/1,27H INfLOW ENERGY MULTIPLIERS:' 
WRITE (0,1983) 
wKITE (0,1982) CEAM«JS),JS;l,~) 

1982 FORMAT (4F10oS) 
CALL HPRINT(l) 

2000 CON r INUt: 
C ENu OF INPUT PROCED~RE 
C 

c 
C 

WRITE t 6, 2Q54) 
Z6S4 fORMAT '11,~lH END OF INPUT PROC~CURE FOR HVDRO~lECTRIC, 

+811 PlANTS .. /oIt-4H INPUT DATA S,TOkf:::O uN UNITS 3~,~8,39 ANI.) 40 .. ) 
RE:TIJRN 
END 

94 

00008070 
OOO()8080 
00008090 
00008100 
0000811.0 
00008120 
(J0008130 
OOOOfH40 
000081.50 
000081.60 
00008110 
00008180 
00008190 
000Cl8200 
00008210 
00008220 
00008230 
00008240 
00008;(50 
00008260 
00008210 
00008280 
00008290 
00006~00 
000082.10 
00008320 
000082)30 
00008340 
00008350 
00008300 
00008370 
u00082.80 
00008390 
0000Cl400 
00008410 
00008420 
00008430 
00008440 
00008450 
00008460 
00008410 
00008480 
00008490 
00008500 
00008510 
00008520 
000085.30 
00008540 
00008550 
00008560 
00008510 
00008580 
0000&590 
00008600 
00008610 
00008020 
00008030 
00008640 
00008650 
OOOOb600 
0000St>70 
000086tiU 
000086",0 
0000870(; 
00008710 
00008720 
00008730 
OU008740 



c--------------------------------
~--

SUB!{OUT INft: HfU::b 

THIS SUbROUTINE DETERMINES The RtGULA1ING AND 
AND PEAKlNG ChAKACTERISTICS u~ hYUKu PLANTS. 

CUMMON/TEN/NPlRKb w121 wHPLl(b,12),HPLF(12,20), 
+ H?lRl(6,ll) 
COMMON/E~EVEN/KEY2(3o,16)wKEY3(43,18»,KEY4{11,18) 
COMMON ITWelVEI KHU9KHMt~HMX,~Hl,JNUM,ITYP?lFlAG 
COMMON ;MULTPSI P8M(4)tcA~'~9 
COMMON/UNITS/ lrlUFt6,~O),IHUL(bt2u)tIHUrl(b,20), 

+ NVRt 20) 
INTEGER RcSP,~EY2,KEY3~YES,YE 
DATA YES~Y~/jHYES,3rlV I 
HR=Z"lb 

10 Pb=HPLR(KHUwl) 
PC=H~LR(";'HU'll2) 
II;;;;H P L R ( K HU jt 3 ) 
EA=rli='lR U<'HU ,"I-) 
EE:I=Pb>l<l'"iI< 
PCH=PC*HR 
Pl=l:A/I-lR 
IF (Pl®LE@PB) GO TO 220 
P A=!-) l'-P jj 
IF (PC~Lc~PBj GO TO 220 
PMAX:::::PC-PB 
TV;;;;!OOO .. 'II'V/PMAX 
110=:1000 .. ",\1'/24 .. 
Vl=(PMAX-YA)/12& 
VZ=tPMAX-~A)~PA/PMAX 
V3=i3@""PMAX-1.·PA/5oj*PAI?MA~ 
1J4-'=:3,,>l<PA 

100 f.ORMAT tlH ,5F10.~) 
C 
C FINO REWlA. lING CAPAS lLIlV 
C 

95 

00008750 
OOCJO&760 
00008710 
00008780 
00008790 
00008(;00 
00006810 
00008820 
00008030 
00000&40 
0000&~~50 
000032;60 
00008810 
0000l-J880 
OOOOebSlO 

·00008(jY00 
00008910 
00008920 
00006930 
000089",*,0 
00008950 
00000960 
00008910 
00001:1'::180 
00008990 
00009()OO 
00009010 
00009u20 
0000'S:1030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
00009160 
00009110 
00009:L80 
00009190 
00009200 
00009210 
000092.20 
00009230 

. 0000'1240 
00009250 
00009260 
00009210 
00009280 
00009.2:90 
00009300 
00009310 
00009 :>20 
0(;009330 
0000':1340 
00009350 
00009360 
00009370 
00009380 
00009~90 
00009400 
00009410 
00009'1-20 



C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 

C 
C 

WRITE (0,99» 
HPLR' KHU, U=HPLR( KHthZ) 
HP ... R(KHU,-')=O 
GO TO 3uU 

110 CONTINUt:. 
lIS ~ORMAT (11,33H T~IS IS A DAILY REGULATING PLANT) 

GO TO 300 
120 CONTINUi:. 

WRITE (b~12b) 
126 fORMAT (11,3~H THIS IS A WEEKLV REGULATING PLANT) 

GO TO 300 
125 CONTINUE 

WR.ITE (011127) 
121 fORMAT (11,3QH THIS IS A SEASONAL R~GUlATING PLANT) 

GO TO 3uO 
220 C.ONTINUE 

P2z::PC 
IF (PlelE.PC.. P2=Pl 
WRI TE to, 230) P2 

230 fORMAT (11,31H eRRORt SASE. CAPAC.ITY SHOULD B~, 
+lOH LESS THAN,F10.~,~H Mw./22H R~tNTER ~ASE CAPACITY, 
+bH IN Mw) 

WRITE t 0,24(U 
240 FORMAT (1/,llH ----.-----) 

READ (5,250) HPLRiKHU,l) 
250 FORMAT (flOeS) 

GO TO 10 
300 CONTINUE 

RETURN 
END 

SUBROUTINE HCREAt 

THIS SUBROUTINe CREATES A fILE Of HYDRO PARAMETERS 

COMMON/1EN/HPLRt6, 12) ,HPLltb, 12) 11 HPLF U2,20) \\I 
+ HPLR1(6,12) 
COMMON/ElEVEN/~EY2€36,lb),KEV3€43,lb),KEY4{11,18) 
CCM"ON ITwELVEI KHU,KHM,KHMX,KH1,JNUM,lTYP,IFLAG 
COMMON /MUlTPS/ PbH(4),~AH(~. 
COMMON/UNITSI IHUftb,20),IHULl6,20),lHUH(6,20), 

+ NVR( 20) 
INTEGER RESP,KEY2,KEY3,YES,YE 
DATA YES,VE/3HYES,3HY I 

GO TO (lO,20),IFlAG 

10 DO 180 K=l,JNUM 
wKITE: (b,llZ) 

110 fOR~AT tlSA4) 
112 FORMA1(/,lH ) 

WRITE (4:>,110) (KEY2tK+23 v J),J=1.,ltl) 
WRITE (o,190) 

190 FuRMAT (/\VllH --.. ---, 
READ (5,210) HPLRtKHU,K~ 

210 FORMAT 'F10 .. 5) 
180 CONTINUl: 

GO TO 30 

96 

00009430 
OOu09440 
00009450 
00009400 
00009470 
00009480 
00009490 
00009500 
00009510 
00009520 
00009530 
00009540 
00009550 
00009560 
00009570 
00009580 
00009590 
00009600 
00009610 
00009620 
00009630 
000096'+0 
00009050 
00009b60 
00009610 
00009080 
00009690 
00009700 
00009710 
00009720 
00009130 
00009140 
00009150 
00009100 
00009110 
00009780 
00009790 
00009tlOO 
00009810 
00009820 
00009~30 
000098'tO 
00009850 
00009860 
00009810 
00009880 
00009890 
00009900 
00009910 
00009920 
00009930 
00009940 
00009950 
00009960 
00009910 
00009980 
00009990 
OC010000 
00010010 
00010020 
00010030 
00010040 
000100:;0 
00010060 
00010010 
OCiOI0080 
00010090 
00010100 



97 



c 
c c 

c. 
c 

120 

110 

385 

98 

00010810 
00010820 
00010&30 
00010840 
00010850 
00010860 
00010870 
00010880 
00010890 
00010*':100 
00010910 
00010920 
00010930 
00010940 
00010950 
00010960 
00010970 
00010'180 
00010990 
00011000 
00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011010 
00011080 
00011090 
00011100 
00011110 
000111:::0 
00011130 
00011140 
00011150 
OOOU .. 160 
000:U .. 110 
00011180 
00011190 
00011200 
00011210 
000112.20 
00011230 
00011240 
00011250 
00011.260 
00011210 
00011280 
00011290 
00011300 
00011310 
OOOllllO 
00011330 
OOOlj.,340 
00011350 
00011360 
00011370 
00011380 
00011390 
00011400 
000114-10 
00011420 
00011430 
00011440 
00011450 
0(;011'1-60 
00011410 
00011480 



c c 

c 
c 
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c. 
c. 
C 
t 
C 

C 
C 

-(, 
C 
C 
C. 
C. 
C. 
C 

C 
t 
C. 
C 

$USKOUT INt: P~OA 

THIS PROGRAM ACCEPTS INPUT DATA fOR OPERATINb AND 
COST PAKAH~TERS OF ?UMPEU STORAG~ PLAN1S. 
THE ENTIRE PROCEDURE IS INl~RACTlVE. 

WRl TE (6.120» 

100 

00012110 
00012180 
00012190 
00012200 
00012210 
00012220 
00012230 
00012240 
00012250 
OOC122bO 
000:&.2270 
00012280 
00012290 
00012300 
00012310 
00012320 
00012330 
00012340 
00012350 
00012300 
00012310 
00012380 
00012390 
00012400 
00012.410 
00012420 
00012430 
00012440 
00012450 
00012460 
00012410 
000124~0 
00012490 
00012500 
00012510 
0001.2520 
00012~30 
00012540 
00012~50 
00012560 
00012510 
00012580 
00012590 
00012(:)00. 
00012610 
00012620 
00012630 
00012640 
0001.£650 
00012660 
00012670 
00012680 
00012.690 
00012700 
00012710 
00012120 
00012130 
00012740 
00012750 
000121t:>O 
00012710 
00012180 
00012-/90 
00012800 
00012b10 
00012820 
00012830 
00012840 



WRITE 4 b'iJ 260) 
260 FORMAT tll w38H DO YOU WANT TO AOD MORt PLANTS TO THE, 

+ClH SYSTEM?/11H EN1ER YES OR NO .. ) 
READ (~,130» KcSP 
IF t~ES~$cQ&YES .. OR8RESPGEQ0Y~j GO TO 152 
KHI"'IlX =KHU 

GO TO <!q·4G 
3Gb CONT I NU t: 

READ (4jw515w~NO=146h KHU 
154 FORMAT i:;;13) 

101 

00012850 
00012clbO 
00012870 
00012&80 
0001Za90 
00012900 
00012910 
00012920 
00012930 
00012940 
00012950 
00012SobO 
00012.970 
000i.2980 
000121:J90 
00013000 
00013010 
00013020 
00013030 
00013U40 
00013050 
00013060 
00013070 
00013080 
00013090 
00013100 
00013110 
00013120 
00013130 
00013140 
00013150 
00013160 
000131-10 
00013180 
00013190 
00013:t.OO 
00013210 
00013220 
00013230 
00013240 
00013250 
00013260 
00101.3210 
00013280 
00013290 
00013300 
000132>10 
101010132>210 
00013330 
OOOl.32>40 
010013350 
1010013360 
100101331'10 
010013380 
10100132>90 
10001341010 
00013410 
010013420 
0100134310 
1010101.3440 
10010134510 
101010134610 
00110134110 
100013480 
001013490 
001013500 
00013510 
101010135210 



26~ WRITE (0,270) 
270 FORMAT (II, 35M DO YOU W~Nr TO CHANGe ANV DATA fOR, 

+251-1 i:XISTING 5.TORAGf PLANTS?/l1., t:.NTfR YeS OR NO. J 
READ (5,130) RES? 
iF CRES~$i:Q.YfS.uR.R~SP.EQ.YE) GO TO ~oo 
GO TO 440 

400 CONTINUE 
IF (~HMX.GE.KhH) GO TO 417 
WRITE '6,405) 

405 fORMAT (11,39H ~NTER UATA CHANGE OPTION ACCORDING TO, 
+15H THE FOlLOWING.j 

WRITE (6,406) 
~OO FORMAT tllr~2H 1 AOO MORE PLANTS TO TH~ SYSTEM, 

+1,26H 2 CHANGE PLANT PARAMEI'ERS. 
+II,2H -) 

REAO (5,407) lOP! 
407 FORMA T lIB 

GO TO (~11,411),10Pl 
411 GO TO 1,2 
417 WRIT~ (0,420' 
410 FORMAT (11,341-1 ENTER PLANT CODE NUMBER(2 DIGITS), 

+/3~H fOR WHICH YOU WANT TO CHANGE UATA., 
+113H -) • 

READ (5,170) KhU 
GO TO £30 

440 C.ONTINUi;;; 
W R 1 T E «b, '0-5 0 » 

450 FORHAT ( Ilt~OH IS YOUR INPUT FILE FOR EXISTING STORAGE, 
+17H PLANTS CUMPLETE?/, 1111 ENTER YE S CJR NO .. J 

READ (5,130) RESP 
IF (RESP.EQ.YES.OR.R~SP .. ~Q.YE) GO TO 490 
GO TO 205 

490 CONTINUE 
CALL IiC.OMP 

575 FORMAT(/,313) 
REWIND "-1-5 
DO ~60 MU: 1,KHMX 
WRITE (45,~15) KHU 
WRITE (~5t590) (IHUF'KHU,~),K=1,15) 
WRITE (,45 .. 587» (I1PlR(KHU,J),J=l,JNUM) 

560 FORMAl (lH ,5F10.~) 
5 bO CON TIN U i:: 
570 FORMAT (/,lH ,313) 

102 

00013530 
00013540 
00013550 
00013560 
00013570 
00013580 
00013590 
00013600 
00013610 
000136~O 
00013630 
00013640 
00013650 
00013660 
00013070 
00013680 
000136S10 
00013700 
00013710 
0001::,120 
00013130 
00013740 
000131:50 
00013160 
00013770 
OCi0131bO 
00013190 
00013800 
00013810 
00013620 
00013830 
00013&40 
00013850 
00013860 
00013810 
00013t:!80 
00013890 
00013900 
00013910 
00013920 
00013930 
00013940 
00013950 
00013900 
00013910 
0001.3980 
000l~990 
00014000 
00014010 
00014020 
00014030 
000l404O 
000140~0 
00014060 
00014070 
00014080 
00014090 
OOOl"tlOO 
00014110 
0001,,"120 
000141:.;0 
00014140 
00014150 
00014100 
000141.70 
0001'0-180 
00014190 
00014200 



103 

00014210 
0001.,..2.20 
00014230 
00014240 
00014+250 
0001"";':0.0 
00014210 
000}'~280 
000142.90 
00014300 
0001.,..310 
00014:'2.0 
00014330 
000142>40 
OOOl4350 
00014360 
00014370 
00014380 
00014390 
00014400 
0001.,..410 
OOOll.4420 
00014430 
00014440 
00014450 
00014460 
0001.4410 
00014480 
00014490 
00014500 
OOCH't510 
00014:'>20 
00014530 
OOOl4540 
00014550 
OOvl"'r560 
00014510 
0001451:10 
00014590 
00014600 
00014610 
00014620 
00014630 
00014640 
00014050 
00014060 
00014070 
00014680 
00014690 
00014100 
00014110 
00014120 
00014730 
OOO!4740 
00014750 
00014160 
00014110 
00014180 
00014-&'90 
00014BOO 
00014blO 
000ll."1f620 
00014830 
00014840 
OOOl4b::'O 
0001.4860 
00014810 
00014bBO 



c 

c 

104 

00014890 
00014S'00 
000:1.4910 
00014920 
00'0144:130 
000ll.t940 
00014950 
OOOll.t96O' 
OOOl&t910 
00014980 
00014990 
00015000' 
00015010 
00015020 
00015030 
00015040 
00015050 
00015060 
00015010 
00015080 
00015090 
00015100 
000:1.5110 
0001.5120 
OCJ015130 
oo6i~i40 
00015150 
00015100 
00015170 
00015180 
00015190 
00015200 
00015210 
00015220 
00015230 
00015240 
00015250 
00015260 
000152.70 
00015280 
00015290 
00015300 
00015310 
0001532.0 
00015330 
00015340 
00015350 
00015360 
0001.5370 
00015380 
00015390 
00015400 
00015410 
000154,0 
00015 ... 30 
00015440 
00015450 
0001540.0 
00015410 
00015"t80 
00015490 
00015500 
OOul !)SHi 
00015520 
00015530 
00015540 
00015550 
00015560 



WRllE ic,5LG) 
500 CONTINU:: 
520 FORMAT UI,3"t-H *' 

RE1UR.N 
END 

K$ M~ANS UOLLAkS IN THCUSANDS) 

105 

00015:>10 
00015580 
00015590 
00015600 
00015610 



:****.-----~***~-----** •• *-----* ••• *-----***.*-----*****-----***** 
(;.--.. .. ***--...... ---***.,.-----** •• *---.** •• ---****.---
: SUbROUT1NE LUAUl 

c 

20 
99 

Tril~ PRDbKAM ReAD LOAU uATA ANU CALCuLATtS LOAD DUKATION 
CURV~S AND CUMULAN1S FOK ~ACH SEASON ~VEKY EVERY YEAR. 

F(FT2LF001) OAl~R~O.DATA) 
F(FT2LF001) oA{LF21.DATA) 
F'FT2~F001} uACUUR2~.~ATA) 
F{fTZoFQ01) DAlCUM2oeUATA) 

STAkT Ur LOAD INPUT PRUCEDURE *.********1) 

c c c c c c c c C c C C~ C L C C 
C 

k~AD LUAD CHARACTERITIC~ 

CALL MULT 
C 
C C C C C C C C C C C C C eeL C C KEAU R~FERENCE LUAD MULTIPLl~R 
C 

c 

NPRD=91 
NPER=4 
IPNT=50Ci 

101 FORMA T( 4A4) 
WKI IE t 0, 10~) 

102 FORMAT (/lOx ,'oatS A FILe Of kEFE~ENCE LeAD DATAl, 
+' EXIST? ENIEK YE~ OK NO.' ! 

READ (5,l03) lRESP 
103 FORMAT (A3) 
135 FORMAT (lH tAj) 

IF (lRESP.Nc.lYc~.ANU.IKCSP.N~.lV) GO TO 50 
CALL PANDA 

C C C C C C C C C C etc C C C C 
C 

CALCULATE LOAD DUkATION CURvE 
ANU C.UMULANT 

DO 200 l=NBYR,ItND 
N Y=l-Nd Yl 
ICY::.l 
CALI.; DURA.l 
CALL CUM\Jl 

200 CONT IN0E 
50 WKITE «(;.,100) 

00000010 
00000020 
00000U30 
Ou000040 
00000050 
0{;000060 
00000010 
OOOOOu80 
00000090 
00000100 
000U0110 
00000120 
00000130 
000001 ... 0 
00000150 
00000160 
00000110 
O(l()00180 
000C0190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000210 
00uOCJ280 
00000290 
00000300 
00000310 
0001.10320 
00000330 
00000340 
0(;000350 
00000360 
00000310 
00000380 
00000390 
OU000400 
00U00410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
OOOOO~OO 
00000510 

lOb FORMAT \ih ?I *******"*cNU O~ INPUT PkOC~DuRE FOK 
+G LOA.D MULTIPLIERS SlD~ED l~ UNiT 21.'1 
+' L.UAU OUK-AT lUI'll CuKVi::S ~iOk.t:u IN UNIT 25 .. '/ 
+m CUMULA~lS STOR~O IN UNIT ~0'11) 

STOP • 

lGAO DATA****'/00000520 
00000530 
OOOOOS40 
00000 :>50 
00000560 

END 

106 

00000510 
00000580 
00000590 
00000000 
00000010 
00000620 
00000630 
00000040 
00000050 
00000060 
OOCJOu610 
00000680 



I NT E: G!:R Y, Y t:~ 
DATA V,YES/.V G,sYES el 

30 FORMAT{/ij EN1~K:') 
PR.IN T 3 

3 ~QRMAT'/e uOES A FIL~ OF ~N~RGY MULTIPlI~R AND LUAD FACTORal 
... D E: X lSI ~ ? f::N T lR '( i:!:. L.. K NU .. S ) 

REA!) ':1'-)., IAN:;) 
1Ft lANS .. E.Q .. Yi;;S .. OK"lANS .. t:Y .. Y) t;u 10 ,01 

c c c c c c c c c C C C C 

PRINT 30 
PRINT 200 
DO 70 l=NbYR., lEND 
ICY=l 
NY=I-N~Vl 
PRINT 40 9 1 

40 FORMAH/u YEARs,rS) 
P~UNf SL 

KE:AU iNPUT Ut..fA 

50 FORI"'IAT( W ---- .. -- --.. ---____ .. _____ .. ___ 0) 

READ bO, 'EMLPYI~,NYI,~=1,41 
80 FORMATt 4Fl~.~} 
70 CONT INU t:: 

100 PRIN T::;;: 

PRINT 130 
130 FGKMAT(· LJAO FACT uK FOK tACH StASUN EACH YEARi) 

DO 170 I=NBYR,I~~G 
NY::: I-Nfl Yl 
PKINT 40 ,1 
PkINT SU 
REA0 dO,lFL0l~,~y},~=174) 

170 CQi\lTINUI::. 
. GO TO 20Z 

C C C C C C C C C C C C C PRINT TO VAKIFY 
201 CONT INUt 

Rb-ilND .:::1 
R.EAD (Ll,SlCd EMLPV,FLD 
Rf:WIND 21 

202 CONT INLlt: 
PRINT 200 

200 FORMAT~m ENER~Y MULIIPlYtR FUR EACH SEASON EACH YEARU) 
DO 210 l;~oYR,IE~L 
NY=I-NbYl 
Du 231 ~=l, ... 
IFlEML?YIJ,NYJoEQ.O) tMLPY(J,NYJ=l.U 
If{FLDlJ,NY}ot~.Uj rlu(~,NY)=O.c 

231 CONT I;\lU t: 
PRINT ~UCJ ,I, (EMLPY(J,NY),J=l, ... ) 

270 CONTINUt: 
P RIN T *' 
PKINT 130 
DO zeo l=Nb Yk, lEN\) 
NY:::l-1\jBYl 
PRINT 3lJO,1 ,tfU,H J,NY J,J=l,~) 

280 CUNTINUt: 
PRINT 80 

C C C C C C C C C C C C C CHANb~ DATA 
PRINT 290 

290 FORMAT! g IS YCUR l~pui C~MPLt::lt? ENT~k YES OR NO.i, 
REA D 99., I AN S 
1ft lAN~Gt:ioJ .. Y!:,S .. OR61ANS .. t:Q .. Y} (,;,u 10 SL'J 

300 ::ORMAT(' Yt:ARw,lS,G: ','"t":i{J .. S) 

107 

00000690 
00000700 
00000110 
00000120 
00000730 
00000740 
00000750 
00000760 
000001'1'0 
00000780 
00000790 
00000800 
OOuOOblO 
00000820 
OOuOO&30 
OOOOOS""O 
00000850 
OOOOJ860 
00000810 
00000880 
00000890 
00000900 
000C0910 
00000'120 
00000930 
00000940 
OOuC0950 
00000900 
00000S10 
OOQ009~O 
U0000990 
00001000 
00001.010 
OCO,H020 
00(1)1030 
00001040 
00U01050 
00001060 
00001010 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
OU001140 
00001150 
00001160 
00001170 
000G1180 
00001190 
00G01200 
000C1210 
000012.2.0 
00001230 
00001240 
000012S0 
0000 1260 
00001270 
000012&0 
00UOl2.90 
00001300 
00001310 
00001320 
00001330 
00001l34Q 
00001..350 
00001360 



SUBR00TINt PANDA 
COMMON IYEAKI NdYR,NbYl,I~NJtlLy,NY 
CGMMUN ICMKlul EML~Yt4,30),rLUl~'JU) 

... , AVKIH4,~).,I-'t(AI:H~,:,), hL(24), PK(,+),aSl{4) 
+ , ~M(4),AVL(4),ElO(~00),~L~(4) 
OIMcNSIL~ I~RL(2~) 
I NT l: G E: K ~ Sf'&( .... ) 
DATA SSNI'wl',·;>P',.SU' ,'AUD, 
PKMAX=O .. O 
INT=2.0 
NPtR=4 

DO 10 I{=l,~ 
:3SU K )=1. OE10 
NO=Yl 
IF (K.EQ.,+) Nu=92 
o Q 2. 0 I 0= i ., N D 
R~AD (INT,&99,~ND=S5) (IHKl(I),1=1,2.4) 

55 CONT Il\Uu; 
U:J ~O 1=1.2. .... 
rl L( I );. ll'1R d 1 » 
SUM(~)=SUM(K»+hL(l) 

899 FeRMAT (2QX,i2Ij) 
IF (HUU .. Gr .. i'r\tKLI PK\K)=Hl(l). 
IF (HUU .. ;H: .. G .. ANIJehL(U.LT.oSL(K» B!:,LtK)=I1Lll» 

30 CONT I NU I: 
20 CONTINUe. 

AVLlKJ=SUM(K)/NO/~4 
ELF(K}=AVL(Ki/~K(K) 

10 CONTINLlI: 

REW INO INT 
00 ~U K=l,N~EK 
IF 'PK(K).Gl~PKMAAl PKMAX=PKlKA 

40 CONTINUE 

108 

00001370 
00001380 
00001390 
00001400 
00001410 
00(,01.420 
00001430 
00001440 
00001450 
OCCU14bO 
00(101470 
00001480 
00001490 
00001500 
00001510 
0000lS20 
00001530 
00001540 
00001550 
00(101560 
00001510 
00001580 
00001590 
OOOOlbOO 
00001610 
00001620 
00001630 
00001640 
Ou001650 
00001660 
00001670 
00001080 
00001690 
00001700 
00001710 
00001720 
00001730 
00001740 
00001150 
00(,01760 
00001710 
00001780 
00001790 
00001800 
00001810 
00C01820 
00001830 
00001b40 
0(;001850 
00001860 
00001870 
00001880 
00001890 
00001900 
00001910 
000019·20 
00001930 
00001940 
00001950 
00001':1160 
00001970 
00001'380 
00001990 
0(;002000 
00002010 
0000.(:020 
0000 l030 
00002040 



101 F LlKMA T (9 X , * THE ANNU;,-L ~EAr<. Gf TnE KE FERENC E LO AD DATA IS 9? 
+1 ?El~ .. 'i-,' MW') 

WRlrc to,lOc.) 
1081 FOKMAltJI! !lSN Pi:AK LD{Mw) MIt\! LD(MW) A\lE LJ(MW)i, 

+; TOT ENtK(MwH) LOAD FACTuK" 
00 10 r\.=l?NPEK 
WklT~ lOt l09} SSN (Kj .,PK{Kj, oSLtK) ,AVL(I\.) .,SUM(K) .,ELFlK) 

109 FORMA 1 Ux ,A"t-, lX, 1 P5 t.l 3 .. 5) 
10 CONT INU E: 

166 

155 

160 
1. SO 

151 
140 

WRITE {e,101) PKMAX 
P RIN T 10'1 

RbHND INT 

DO 140 t<.=lt"t 
PTS=P~'K)-6Sl(K) 
DO 1 66 I\lN :: 1 ,"t-
Il. VR t3 ( K 'i ~N ) = I.J .. iJ 
CO:\lT l.'-H.JE 
NPRI,)=91 
IF(K~~Y$4) NPRO=~2 
DO 180 ND=l.,NPKD 
REAO tINT9d""'~t:.hl(j=15:» (lHRL(l),I=l,';::4-) 
CO:'JT INUt. 
DO 100 1=1,~4 
H U I ) == I nK U 11 
AVRti(K,lJ=AiJKdlK.,H +r.L(l)*(1 .. U-thLU)-tl$LtK)/PTS¥O .. 4) 
AVK6(K9L)=A~Ktll~'~)+Hlll)~\i.~-{hLll)-BSLtK»)/P1S*0 .. 21 
AVRo{K,~)=AVRb'K,3)+Hl{i) 
A VR t, l r<. , ... b ==1>. V K D l r<. t L;-)+ H U U'" l !. .. \J+ (H L l 1 ) -b SL (I<. ) ) j P 1 S* 0 .. 2 ; 
AVR~(Kt~)=AVko'K'J)~ML(ll*( 180+{HLtl)-~SLi~)/?TS*O.4) 
CONTINuE 
CUNTli'i0c.. 
'(,(=-0.,6 
DO 151 l\N::l.,5 
VY=YY+Oe2 
BX=NPRD"'24 
AVRB(K9NNJ==AVkB(~,NNI/6X 
PKAD(I<.,NNJ=P~lKJ.lleO+VY)/AVRSIKtNNj 
COi'HINUl:: 
(.:JNTINUt. 
RETURN 
END 

SUSROUTINf:: uURAT 
COMMON IAVRAGf::1 Avl(4) 
DOUBL2 ~R~CiS1CN A~T 
COMMON IY~ARI NoYR,NoVl,lcND,lCy,NV 
COMMLlN ICHKLlJ/ t.MLPV t 4,.:.0) t fLU (4, ~l}) 

-+ ? A \I k D { 4- , 5 ) 11 PK A b ( 4 f J h H L , i 4- ) 1/ V- K \ ... » ,B S L ( 4 ) 
+- , SU M ( ... j ,J.l. V L t ~) , d .. lH 5 (, G» "f:: U- ( 4 ) 
UIM~N~ICN Ir.KL'2~J 
DOUBLt PKt.Cl~lON tl01~AVLD 

108 FORMAT( e ~~N ?EAK LD(MW) MIN LD(M~b AVE lOIMd)', 
+ 9 TeT ENERlMwH) LUAu ~ACTOR') 

PRINT lCO, ICV 
lOa r:Or<.MAH/o YeAR LJf 11,14) 

PRINT luI.) 
PKMA A=U .. O 
PTS=SOO 
INT=20 
R EfJ 1.',)[) IN1 
IPNT=ju;; 
DO 214 K~l\i'L;
clOT;: 0.,0 
CALL KONSTlK T CL,C4,PKf) 
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00002050 
00002.060 
0(;002070 
00002080 
00002090 
00002100 
OC,U02.U.O 
000(;2120 
00002130 
00002140 
000021:>0 
00002160 
(,(;002170 
00002180 
00002190 
OlJ002200 
000022.10 
0000222u 
00002.230 
00002.2.'"1"0 
00002250 
00002260 
00002270 
00002280 
000\)2290 
000U2300 
000(;2310 
00002320 
00002330 
0(~OO2.340 
00002350 
00002360 
00002370 
00002380 
00002390 
0000Z4uO 
00002410 
00002.420 
00002430 
00002440 
00002450 
00002460 
00002470 
00002480 
00002490 
00002500 
OOe02510 
OOOOl :'20 
00002530 
OOU02.54·0 
00C02550 
00002560 
00002570 
00002580 
00002590 
Ov002000 
00002610 
0(,;(;02620 
00002630 
OU002640 
OCCl02650 
00002b60 
00002670 
U0002680 
OC)Q02690 
00002700 
00002110 
00002720 



DO 209 J=l,lPNT 
209 E LD t J ) = 0 co U 

NPRD=-,.l 
If lK.E~.~) NPKO=~2 
DX=(~~(~).PKF-c~L(K)·Ll)'FLOA1\lPNT-l) 
PRINT *,uX,Cl,L2yPK~ 
DO 218 ND=l,NPKW 
READ (INT9b~9"LN0=25!» (lhKltl),1=1,2.4) 

899 FOKMAT(20X,121j) 
l jj CONT INU t. 

00 210 1=1.,2. .... 
H U I ) = 1 hR l' U 
EKK= ?K(~)-bSL(KJ 
tiLt 1) =Hd 1) *t C1+ (HL( U-851.. tK) )/i:I\KlG<C~) 
IF( HLtl).cy.O} ~o T~ 21b 
LA=(HL(i}-B~Lll\j.Cl)/uA+l.O 
If(LAoLTol.OR.LA.bT.lPNT) G~ TO ~LO 
ELD(LA)=ELO(LA)+l.U 
ETOT=l::TOr-t-HL( 1) 

21b CONTINUt: 
300 FOKMAT(iOF7.0) 
218 CONTINUe 

OU 340 lX=~,lPNT 
l=l?NT+l.-IX 
ELDlI)=tLD(I)+ElD(l+lJ 

3~O CONT INUt 
C C C C C C ~ C C C C C MAKt: A FILE OF LuAD DURATIuN 

WRITE: (25) H.Y,K 
355 FORMAT(/8 Y~AR=',l~,' ScA~~N= ',l~) 

B5LO=~SL( 1<..) *C1 
PKC=?KlK).PKF-
AVLu=:TUT/(2 .... *NPRw) 
WRITE (,5) uX,5SLu,PKC,t.TOT,AVLU 
WKITE (25) tLD 
AVT(K)=AvLD 
E lB=AVLU/I'IKC 
PRINT l09,~, PKC,tlSLD,AVLO,cTOT,ELo 

109 FORMAT (3X 9!~,lX,!P~~1~.~) 
350 FORMAT(1?~~!£a5) 
214 CONT 1 j;JU E 

RETURN 

400 PRINT 410,LA,1,ND 
410 FORMAT( & tKROR WITH UNIT 20 

REWiND INT SeE SU8KourINc uURAT') 
RETURN 
END 

110 

00002730 
00002740 
00002750 
00(;02.760 
0000211'0 
00002780 
00002790 
OC002aoo 
00002810 
00002dZO 
00002830 
00002840 
00002850 
00002.d60 
00002B70 
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940 
00002.950 
00002960 
00002.970 
00G029dO 
00002990 
00003000 
00003010 
OU003020 
00003030 
00003040 
OU003050 
00003060 
00003010 
00003080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00U03230 
00u03240 
00003250 
00003260 
0000321'0 
00003280 
000U3290 
00003300 
00003310 
0(.1003320 
1,)0003330 
00U03340 
O(;c.:0~350 
00(jO~~60 
00003370 
OOC03380 
00003390 
00003400 



IF (~.E~.4) NPRQ=~2 

DO 10ZC ND=ltl\jP;<u 
RtAD (l.'-of,o'7'i'lci\lD=ooi llHKLUJ,,1=1,24) 

bo CO'JT 1:\lUI: 
Ou 10L~ 1=1,2't-
H L ( I ) = I hI<. L tIl 
EKK= PKlKj-t~L{K) 
HUr)::'HLlI)~{ Cl1'"(HL(U-o~L(K)/I;:KK~2) 
HKL(I)=hL(I}-AvT{~) 
HOURL=l .. O 
Du 103J J=1,8 
HOUKL=nwUkL¥hKLil) 

~030 ~M(Jb=~MlJ)+hJUKL 
1025 COj'll r I NUt. 
1020 CONTINUi: 

OU 1:).55 J=l.,t> 
1035 EM(J)=cM(J)/{NPRO*24) 

H LU R. ell )::. E. M t 1 ) 
HCUKC t 2) ::.!:M (.C j 
HQUKe L~ j::: E."'l L~) 
hUUK~l4i=EMl4j-3.~tM(~)~cM(L) 
HuU~Cl5}=eMl~I-LC.¥=M(~)+t:Ml~j 
MJURC(6)=~MloJ-15.*~MI4).~MlLJ-1O.~t:M(~)*cM(3)+ 

+ 30.*EMtZ)*t:MllJ*EM(2} 
HUUs{C(7)=tM(7J-L~ •• ~M(SJ.~MILJ-~~ •• ~Ml4)*EMI3l+ 

• 210 •• ~M(3).EMtll·EM(~) 
He'll RC t S ) = ~ 1"\ ( b )-2 d .. ;;&i:: M to I .... c M (2 j -~o .. * eM t :) ) ""'I;: 11 (3 )-

• 35 •• EM(~I*~~l~'+~2U •• cHt~'.cMtLJ.tMI~)+ 
• SoO •• ~M'31.lMI3J*tM(~I-ojO •• ~M(L).~MI21.~M(~)*tMI21 

3~5 FORMATC-tA,' Yt:AK=e91~,' ~t;;"~L;N::. II ,11, 4X 'I' II AVtRAGi:=u,lpc-'::0.10l 
rlOJKCIIJ=AIITll\.) 
PRINT 110 
PkIl\.T 134 
.-(kITt (0,.,;,5::') lCY.,K,AV1(/(., 

134 Fl;RMAT (1H ?·T~t: LOAL CUj'lULAN1~ FUk • .,15,lX.,14, DARE') 
WRlfE (o?ilO) (HOUKCl~l,J=l,d) 
WRITt: L:o,:;::>::') lCY9~,AVlUd 
WKl Ii: Uo,1l1.)) (nCUKC (J) ,J=l,t:i) 

iOO~ C::;:\lTI~UE 

110 FORMAT(lP3E23~1~) 
899 FlRMATt2JX,i2IS} 

R E:W I NO IN T 
RETUR.N 
END 

SUdRJUTINE ~UNSf(K,C19CZ9PKFI 
COMMON IYEAkl NBYK,NbYl,lEND,ILy,NY 
COMMON ICHKLJI 2MLPtI4,:;uJ,rLuI4,3G) 

+ , A V K b ( 4 7 :j J , f-:<.. A b ('+ , 5 J, H L ( 2 lot ), P K ( 4 J ,£):) L ( 4 ) 
... , SLJI"\(~j ,AVLl4) ,z.:.L:Jl ~(Jld ,t:Li-(4) 
PTAA=l.~/rlDlh,NY} 
XA=-G.o 
DiJ ",,0 ;\IN=2,;; 
XA=XA +0 .. .::: 
Xb=XA+Q .. 2 
IF[PTAA.~T.PKAD(K,~N) G~ TO 20 

10 PTAd=Pr<.Abl~,~N) 
PTA~=?K~bIK9~N-ll 
A=0~2~(~TAA-PIAR)/(PTAd-PTAk)+XA 
AVA=( (Xd-XI~AVk81~,NN-l.+IX-XAI.AVR5'K,NN'J/U.2 
Cl=AVL'K).cMLPYIK,~Y"AVA 
C2=C.I.*)I, 
PKF=Cl1"C2 

111 

00803410 
OU003-4-.i0 
000U3~30 
00C03~40 
00003450 
OOG03-4-60 
00003470 
00(;03480 
00(;03"+'10 
00003500 
00003S10 
00(;C3~20 
00003530 
00003:l40 
00003550 
0000:::'::>00 
00003570 
OU003:-80 
00003590 
00003000 
00u03010 
00003020 
00003&30 
00003040 
00(;J3b50 
00C0.3660 
OOOu3670 
00003000 
00003690 
00(;03700 
00003710 
00003'720 
OU003730 
00003740 
00003750 
0((,03700 
00003170 
00U03780 
0\,;003790 
00003bOO 
00003810 
00003820 
OOC03830 
00003d40 
00003850 
00003t>bO 
OU003b70 
00003880 
00003B90 
00003~00 
00003910 
00003'120 
00C03930 
00003':140 
OCC03950 
00003960 
00003~70 
00U03980 
00C03'790 
00004000 
0(;004ulO 
00004u20 
00004030 
00004040 
OOOC4050 
000(;4060 
00C04li7a 
00004080 



RETURN 
30 IF(NN.EQ.~) GU TO 10 
40 CONT I /'tv t: 

END 
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00004-090 
00(}O4-100 
00004110 
00004120 



c 
c 
c 
c c 
c 
c 
c 
c 
c c 
(. 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c c c c 
c 
c 
c c 
c 

**** PREP SUBMODUlE **** 
THIS SUBMODULE DETERMINES, FOR EACH YEAR IN THE STUDY PERIOD 

(1) MINIMUM AND MAXIMUM RESERVES 
(2) ECONOMIC LOADING ORDER 
(3) LOIr4ER BOUND OF OPEkAT10N COSTS 

ON INPUT : 
(1) PLANT DATA (UNIT 11. 
(2) NORMAL DISTRIBUTION TABLE (UNIT 15) 

ON OUTPUT :: 

NAME 

n,) FINAL lOC AFTER THE CONVOLUTION OF 
SCHEDUl~O SYSTEM FOR EACH YEAK(UNIT 22) 

(2) ECONOMIC LOADING ORDER AND SCHEDULED 
SYSTEM MAINTENANCE ALLOCATION FOR EACH 
YEAR (UNIT 24) 

(3) HOURLY LOAD CUMULANfS AND SCHEDULED 
SYSTEM OUTAbE CUMUlANTS FOR EACH 
YEA!HUNIT 27) 

(4) PLANT DATA (UNIT 23) 
(5) OTHER lNFORMATIa~ KEQUIRED BY 

DYNO-SUBMOOUlE(UNIT 10). 

COMMON ~ARIABLE DESCRIPTION 

TYPE SIZE DEfINITION 

00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000210 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 

c 
c c 
c. 
c 
c 
c 

---------------00000370 

AVSPE 

c 
C COSTOP 
COWL T 
C EAVAL 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 

EC 
EL 

EMOR 

EMORH 

EMUL T 
EXPLCU 

HRCUM 

20 
4 
3 

20 
4.,1.250 

AVSPc(I'IJ)--AVAILABLE SPACE FOR MAINTENANCE 
ALLOCATION 

I YEAR INOf: X 
J : SEASON INDEX 
LOWER SOUND OF OPERATING COSTS FOR EACH YEAR 
SEASONAL CAPACITY MULTIPLIER 
EAVAl(I)--MAX AVAILABLE HYDRO ENERGY IN MWH 
1=1 SCHlD hYDRO PLANT 
1=2 EX?N HYDRO PLANT 
1=3 PUMPED STORAGE 
SCHEDULED SYSTEM CAPACITY FOR EACH YEAR 
EL(I,J)--NORMAlIZED LOAD DURATION CURVE 
1 SEASON INDtX 
J : ABSCISSA INDEX 
EMOR(I,J)--THERMAl PLANT MAINTENANCE OUTAGE 
1 PLANT INDEX tEXPNtSCHLD) 
J : IND~X OF SEASON IN WHICH MAINTENANCE IS 

SCHEDULE.:D 
EMUKH(I,J)--HVDRO PLANT MAINTENANCE OUTAGE 
1=1 SCHEDULED HYDRO 
1=2 EXPANSION HVORO 
1=3 PUMPEU STORAGE 
J: SAME AS IN EMOR 
SEASONAL ENERGY MULTIPLIER 
EXPLCU(I,J)--EXPN PLANT OUTAGE CUMULANTS 
I : FIRST FOUR CUMUlANTS 
J : PLANT TVPE 
HRCUM(llJl--LOAD CUMULANTS FOR EACH SEASON 
I : ~EA~ON INDEX 
J : CUMUlANT ORDER 
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00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000410 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000570 
00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 



c 
c 
c c 
c 
c c c c 
t 
c 
c 
c 
c 
c c 
c 
c 
C 
t 

~ 
C 
C 
C 
C 
C 
C 
t 
C. 
C 
C 
C 
C 
C. 
C 
t 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

HYDR. 

HYEXPN 

lSK 

10 

IPMAX 
1PT 
ITK 

tup 

IX 
IYRB 
JYR 
KMAX 
MAINS 

MAXI 

MX 
MXELOC 

NHYMN 

NHYMX 

NP 
NPEXP 
NPSMN 

NPSHX 

NSTPRE 

I 
I 
I 

I 
I 
1 
1 
I 

I 

I 
I 

I 

1 

I 
1: 
I 

1 

I 

20,20 

20 

200 

20 

20 

-20 

20 

20,10 

HYDR(l,J)--HYURO PLANT CHARACTERISTICS 00000690 
1=1 SCHEDULED HYDRO 00000100 
1=2 EXPANSION HYDRO 00000110 
1=3 PUMP£::D STORAGE 00000120 
J=l l=l v2: BASt CAPACITY MW 00000130 

1=3 :: STORAGE CAPACl TY MW 00000140 
J=2 1=1t2:: MAX CAPACITY MW 00000150 

1=3 :: ENERGY lIMIT GWH 00000160 
J=3 1=1,2:: SiR ENERGY lIMIT GWH 00000110 

1=3 :: PUMPING EFFICIENCV 00000180 
J=4 1=1.2:: ENERGY LIMIT GWH 00000790 

1=3 :: GENERATING EFFICIENCY 00000800 
J=5 :: FORCED OUTAGE RATE 00000810 
J=6 : filA INTENANC E OUTAGE O/YR 00000820 
J=l D FIXED O&M COST K$/MW!YR 00000830 
J=8 : VARIABLE O&M COST S/MWH 00000840 
J=9 :: CAPITAL COST $!KW 00000850 
J=10 ; CAPITAL COST ESCALLATION RATE 00000860 
J=11 • SALVAGE VALUE ~s 00000870 
HYEXPNC!)--HVDRO EXPN CHARACTERISTICS 00000880 
I : SAME AS IN J OF kYDR ARRAY 00000890 
IBK(l~~)--~CONOMIC lOADING ORDER 00000900 
I :: LUADING POSITION INDEX 00000910 
J=l PLANT CODE NUMBER 00000920 
J=2 CAPA{;ITV SLOCK IDENTIFIER 00000930 
J=3 NO OF UNITS (-1 DENOTES AN EXPN TYPE) 00000940 
FLAG USED IN MIN RESERVE CALCULATION 00000950 
10=1 SCHEDULED SYSTEM CONVOLUTION 00000960 
10=2 EXPANSION ADDITION 00000910 
10=3 RESIMULATION WITH MIXED SYSTEM 00000980 
TOTAL NU OF ThERMAL PLANt TVPES CONSIDERED 00000990 
NO OF POINTS DESIRED IN PW-LOL? CALCULATION 00001000 
ITK'I,J)--EFFECTIVE LOADING ORDER FOR 00001010 

OPERATING Cost CALCULATION 00001020 
I : SAME AS IN IBI'\. 00001030 
J : ~AME AS iN IBK 00001040 
lUP(l,J)--ALLO~ED UPPER BOUND OF THERMAL EXPN 00001050 

CANUIDATES 00001060 
I : PLANT INO EX 00001010 
J :: VEAR INDE X 00001080 
THERMAL EXPN PLANT TYPES INDEX ARRAV 00001090 
BEG INNING YtAR OF STUDY PER 100 00001100 
SlUey YEAI<. COUNTER 00001110 
MAX NO ON LOAiHNG POSITIONS 00001120 
SCHEDUL~D THtRMAL SYSTeM MAINTENANCE 00001130 
AlLU('AT ION SP EGOlF ICA TION 0000 1140 
EXPECTED MAX NO OF POINTS IN X-ARRAY FOR lOLP 00001150 
CALCULATION 00001160 
MAX NO OF POINTS ALLOWED IN LOLP CALCULATION 00001170 
HXElDC(I,J)--MAX NO OF POINTS IN THE FINAL EL 00001180 

CURVE: AFTER THE CONVOLUTION OF 00001190 
SCHLD THERMAL SYSTEM 00001200 

I : YEAR INDEX 00001210 
J : SEASON INDEX 00001220 
MIN NO OF HYDRO EXPN UNITS SPECIFIED FOR EACH 00001230 
STUDY YEAR 00001240 
MAX NO O~ HYDRO EXPN UNITS ALLOWED FOR EACH 00001250 
STUDY YEAR 00001260 
NO OF SIMULATION SEASONS(PERIODS) 00001210 
NO OF THI:RMAL EXPN PLANT TYPES 00001280 
MIN NO OF PUMPED STORAGE EXPN UNITS SPECIFIED 00001290 
FOR EACH STUDY YEAR 00001300 
MAX NO OF PUMP~O 5TORAGE EXPN UNITS ALLOWED 00001310 
FOR EACH YEAR 0000 1320 
N~TPKt( I,J)-EXPN ADDITION CONFIGURATION FOR 00001330 

EACH YEAR 00001340 
1 :: YEAR INDEX 00001350 
J :: PLANT TYPE 00001360 
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C NT I 
C 
C NTHY I 
C 
C NTPS 1 
C 
C NT'fR. I 
t NUF I 
C 
C 
C 
C 
t 
C NX 1 
C NXHY I 
C NXPS 1 
C 
C PEAK R*4-
C 
C 
C 
C PERENE R*4-
t 
C 
C 
C PLANT R*4 
C 
C 
t 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C PLAtA R*4 
C 
t 
C PPMAX R*4 
C 
C PPif.UN R*4 
C 
C PSEXP R*4 
C 
C PTCUM R*8 
t 
C 
C 
C PTCUHH R*S 
C 
C 
t 
C 
t RSMAX R*4 
C RSMIN R*4 
C SCHCUM R*4 
t 
t 
t 
C rnn R*8 c 
C TY R*S 
C 

20 

20 

20 

20 
220.,20 

20 
20 
20 

20,4 

200,14 

20,14 

11 

2111116 

20 
20 
"",20 

120 

120 

CUMULATIVE NO OF UNITS OF THERMAL EXPANSION 00001370 
AOD1TION FOR EACH PLANT TYPE 00001380 
CUMULATIVE NO OF UNITS OF HYDRO EXPANSION 00001390 
fOR f::ACH 'fEAR 00001400 
CUMULATIVE NO OF UNITS OF PUMPED STORAGE 00001410 
EXPANSION FOR EACH YEAR 00001420 
LENGTH Of STUDY PERIOD 00001430 
NUf(I,lJ'--fOR THERMAL SCHLO SYSTEM: MAX NO OF00001440 

UNll"S ALLOWED FOR EACH TYPE 00001450 
FOR THERMAL ~XPN SYSTEM : LOWER 00001460 
BOUND FOR EACH TYPE 00001410 

I : PLANT li\lDEX 00001480 
J : VEAR INDEX 00001490 
NO OF THERMAL EXPN ADDIT!U~ FOR EACH TYPE 00001500 
NO FU HYDRO EXPN ADDITION FOR EACH YEAR 00001510 
NO OF PUMPED STORAGE EXPN ADDITION fOR 00001520 
EACH YEAR 00001530 
PEAK«I,J)--SEASONAL PEAK LOAD DEMAND FOR EACH 00001540 

YEAR IN MW 00001550 
1 : YEAR INDEX 00001560 
J : SEASON INDEX 00001510 
PERENE(I,J)--TOTAl ENERGY DEMAND IN MWH FOR 00001580 

EACH SEASON EACH YEAR 00001590 
I : YEAR INDEX 00001600 
J : SEASON INDEX 00001610 
PLANHIIIJ)--ThERMAl PLANT ChARACTERISTICS 00001620 
I; PLANT CODE NUMBER 00001630 
J=2 BASE CAPACITY MW 00001640 
J:3 MAX CAPACITY MM 00001650 
J=4 MAHH OUTAGE DAYS/YR 00001660 
J=5 FORCED OUTAGE RATE 00001670 
J=6 CAPITAL COST $/KW 00001680 
J=7 BASE FUEL COST $/MWH 00001690 
J=8 MAX FUEL COST $/MWH 00001100 
J=9 PLANT ECONOMIC LIFE YR 00001710 
J=lO FIXEO OtM COST S/MW/YR 00001120 
J=11 VARIABLE OtH COST $/MWH 00001730 
.,$;::::12 SALVAGE VALUE K$ 00001140 
J=13 CAPITAL ESCALLATION RATE 00001150 
J=14 FUEL ESCALlAllON RATE 00001760 
PLACA(I,J )--THERMAL EXPN CHARACTERISTICS 00001170 
I : PLANT INDEX 00001780 
J : SAME AS IN PLANT ARRAY 00001190 
LOLP VALUE ASSIGNED FOR MAX RESERVE 00001800 
CAlCULA T ION 00001810 
lOlP VALUE ASSIGNED FOR MIN RESERVE 00001820 
CALCULATION 00001830 
PSEXP(!)--PUMPEO STORAGE EXPN CHARACTERISTICS 00001840 
I : SAME AS IN HYDR ARRAY 00001850 
PTCUM(I,J)--THERHAL PLANT OUTAGE CUMUlANTS 00001860 
I PLANT INOf:X 00001810 
J::::l ti FOR BASE BLuCK 00001S80 
,J=9 16 FOR PEAK BLOCK 00001890 
PTCUMH(ItJ)--HYORO PLANT OUTAGE CUMULANTS 00001900 
1=1 SCHliJ HYDRO PLANT . 00001910 
1=2 EXPN HYORO PLANT 00001920 
1=3 PUMPED STORAGE 00001930 
J : SAME AS IN PTCUM ARRAY 00001940 
MAX RESERVE fOR EACH YEAK IN MW 00001950 
MIN RESERVE FOR f:ACH YEAR IN MW 00001960 
SCHCUM'lt~)--SUM OF lOAO&SCHLD PLANT CUMUlANTS00001970 

FOR PEAK PERIOD FOR EACH YEAR 00001980 
I : FIRST fOUR ~UMULANTS 00001990 
J : YEAR INDE X 00002000 
CUMULATIVE NORMAL DISTRIBUTION 00002010 
CORRt::SPONDlNG TO TY 00002020 
NORMAlIlED INDEP VARIABLE IN NORMAL DISTRo Ou002030 
TABLE 00002040 
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c 
c c c c c c 
c 
C 

t 
C 

t 
C 

t 
C 

t 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 
C 

~ 

t 
C 
C 
t 
C 
C 
C 
C 
C 
t 

x 1250 NORMALIZED MW ARRAY 

MAIN PROGRAM 

COHMON/ONE/ ... 

COMHON/TWO/ .. .. 

COHMON/SIX/ TINT(120),TY(120) 
DOUBLE PREC ISION TINT tTY 

UERS SPECIFICATION OF PPMIN & PPMAX 

WRITE(6.,960» 
960 FORMAT(lH ~·SPECIFY THE CRITICAL LOLP 

.' MINIMUM RESERVE CALCULATION IN DAYS 
READt 5,*. PPMIN 
WRITEtb,910) 

970 FORMATI1H I'SPECIFY THE LOlP VALUE TO 
.' RESERVE ~AlCULATION IN DAYS PER TEN 

READ(5,.) PPHAX 
PPMAX=PPMAX/3650.0 
PPMIN = PPHIN/3650. 

*** SEC T ION 1 *** 
INITIALIZE PARAMETERS AND READ 
YEAR INDEPENDENT INPUT 

116 

VALUE TO BE USED IN THED/ 
PER TEN YEARS') 

BE USED IN THE HAXlMUMo/ 
YEARS' ) 

00002050 
00002060 
00002070 
00002080 
00002090 
00002100 
0000211.0 
00002120 
00002130 
00002140 
00002150 
000021bO 
00002170 
00002180 
00002190 
00002200 
00002210 
00002220 
00002230 
00002240 
00002250 
00002260 
00002210 
00002280 
00002290 
00002300 
0000231.0 
00002320 
00002330 
00002340 
00002350 
00002360 
00002310 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002410 
00002480 
00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002550 
000025bO 
00002510 
00002580 
00002590 
00002600 
0000261.0 
00002620 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
-00002690 
00002100 
00002710 
000021.20 



C 
t 
C 
C 
C 

c 
c 
c 
C c 

c c 
c 
c c 

c 

c 
c. c 
c 
c 
c 
c c c c 

c 
c 
c 
c c 

.c 
c c. 
c c. 

READ PLANT DATA 

WRITE PLANT INFORMATHN ON UNIT 23 

STORE INFORMATION FOR EXP .. 5.YSTEM 

DO 15 I?=l,NPEXP 
DO 15 J=l,JNUM 

15 PLACA€IP,J}=PLANT(IP,J) 

DO 20" 1 P=l, NPEXP 
R tEA 0 (K 11,1040) U UP U P, N ) ,N=1 ,20» 

20 CONTINUE 

READ NORMAL DISTRIBUTION TABLE 

HYDRO MULTIPLIERS 

HYDRO EX?N SYSTEM 

PUMPED STORAGE EXPN SVSTi:.M 
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00002.130 
00002140 
00002.150 
00002160 
00002110 
00002.180 
00002190 
00002800 
000012810 
00002820 
00002830 
00002840 
00002850 
00002860 
00002810 
00002880 
00002890 
00002900 
00002910 
00002920 
00002.930 
00002940 
00002950 
00002960 
00002910 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
00003010 
00003080 
00003090 
00003100 " 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003110 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003210 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
00003350 
00003360 
00003310 
00003380 
00003390 
00003400 



c c 
C 
t 
C 
C 
C 
C 

t 
C 
C 
C 
C 
C. 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 

~ 
C 

c 

f c 
c 
c 
c c 
c 

*** SEC T ION z .. * 
START SIMULATION FOR EACH STUDY YEARS 

DO 30 J=l,NTYR 
JYR=J 
IYEAR=IVRB+JYR-l+1900 
WRITE(17,1070)"IVEAR 

READ YEAR DEPENDENT INPUTS 

CALL RINPUT 

DETERH1NE MIN ... " MAX .. RE5E:RVE5 

CALL RE5ERV 

DETERMINE LOADING ORDER ACCORDING TO FUEL COST 

CALL LOADER 

DETERMINE HYDRO COMPOSITE CHARACTER 15TICS 

CALL COMPST 

COMPUTE LOWER BOUND OF OPERAT ION COSTS 

CALL OPC05T(NCUM) 

30 CONTINUE 

904 
1030 
1040 
1050 
lObO 
1070 
1080 
1090 
1100 
1120 

CREATE FILES FOR DP-MODULE 

CAll INOUT 

118 

00003410 
00003420 
00003430 
00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003610 
00003620 
00003630 
00003640 
00003650 
00003660 
00003670 
00003680 
00003690 
00003700 
00003110 
00003720 
00003730 
00003140 
00003750 
00003160 
00003170 
00003780 
00003190 
00003800 
00003810 
00003820 
00003830 
00003840 
00003850 
00003860 
00003870 
00003880 
00003890 
00003900 
00003910 
00003920 
00003930 
00003940 
00003950 
00003960 
00003910 
00003980 
00003990 
00004000 
00004010 
00004020 
00004030 
00004040 
00004050 

·1,;0004060 
00004010 
00004080 



c c 
c 
c 
c c 
c 

C 
C 

c 
C 

c 
c 

c c 

c c 

c 
c 

END 

SUBROUTINE RESERV 

COMMON/ONE/' ... 

COM HON/TWOI 
041-.. 

COMMON/ FOUR/ ... 

COMMON/SIX/ TINT(120~,TY(120) 
DOUBLE PRECISION TINT,TY 

THIS ROUTINE COMPUTES THE MINIMUM RESERVE MARGIN FOR EACH 
'fEAR .. IT IS OBTAINED BY REQUIRING THAT THE CRIT lCAl 
SEASONAL lOlP IS lESS THAN OR EQUAL TO THE CRITICAL 
VALUE ASSIGNED B'f THE USER AT THE BEGINNING. 

OBTAINED INFORMATION ARE EXPRESSED iN TERMS OF ; 

NT' Ii 

IX (Xl 

SUBROUTINE 
lPO 

" AMCUNT IN MW 
IN PERCENT 
NUMBER OF UNIT OF TYPE IX(I) 
(EXPANSION SYSTEM ONLY) 

:: TOTA l NO OF ADDITION OF 
TY PE IX (I» 
«EXPANSION SYSTEM ONLY) 

: TYPE OF UNIT 
,EXPANSION SYSTEM ONLY) 

CALLED :: 
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c 
C 

c c c 
c c 
C c c c 
c 

c c 
c 
E 
c c 
C 

c 
c c 
C 
t 
C 
C 
C. 
t 
C 
C 
C 

fIND YEARLY P~AK 

. PMAXlJYR )=0 .. 0 
DO 10 1=1.4 
IF(PEAK(JYR,I) .. GT.PHAX(~YR») PMAXeJYR)=PEAK(JYR,X) 

10 CONTINUE 

*** SEC T ION 1 *** 
SET EXPN CANDIDATE INDEX ARRAY 
DETERMINE UPPER BOUND Uf EXPN CANDIDATE 
INITIALIZE NX-ARRAY 

If(JYR.GT.l) GO TO 30 
IX( U=NPEXP 
IUT(1)=lUP(1.~VR) 
NX(l)=O 
NT( U=O 
DO 20 I=2 INPEXP 
IXC!)=lX( -U-1 
NXCO=O 
NT( 1 )=0 

20 IUT(I)=IUP(I,JVR) 
NHAVAL=NHYMX(JYR) 
NPAVAl=NPSMX'~YR) 
NXPS( JYIU=O 
NTPS(JYR)=O 
NXHV{JYtU=O 
NTHY(JYRJ=O 
GO TO 50 

30 CONTINU~ 

DETERMINE NO OF UNITS AVAILABLE FOR TH~ PRESENT STUDY 
YEAR AND IN ITIAI..IZE NX( 1» ARRAY 

00 40 1= 1,N PEXP 
IUT(IX(l);=IUP(lXll),JYR)-NT(l) 

40 NX( 0=0 
J PAST=JYR-l 
NHAVAL=NHYMX«JYR)-NTHY(JPAST) 
NPAVAL=NPSMX(JYR)-NTP$( ~PAST» 
NXP $( J YR )=0 
NXHY (JYR;=O 

*** SEt T ION 2"* 

MINIMUN RESERVE CALCULATION 
THIS IS OBTAINED BY R~QUlRING THAT CRITICAL lOlP 
IS lESS THAN OR EQUAL TO THE ASSIGNED PPMlN. 

SCHEDULED SYSTEM CONVOlUTION 
50 I D=1 

IDl=-l 
AOD = 0 .. 0 
CALL SYSlP«ClP,SCAP,ECP,IOL,NCRT,NHAVAl,NPAVAL) 
IF(ClPelE.PPMIN) GO TO 1001 

120 

00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
00004830 
00004840 
00004850 
00004860 
00004870 
00004sao 
00004890 
1'\"" .... 0 1 ............ 

00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004910 
00004980 
00004990 
00005000 
00005010 
00005020 
000050.30 
00005040 
000050~0 
00005060 
00005010 
00005080 
00005090 
00005100 
0000511.0 
00005120 
00005130 
00005140 
00005150 
00005160 
00005110 
00005180 
00005190 
00005200 
00005210 
00005220 
00005230 
00005240 
00005250 
00005260 
00005210 
00005280 
00005290 
00005300 
00005310 
00005320 
00005330 
00005.340 
00005350 
00005360 
00005310 
00005380 
00005390 
00005400 
00005410 
00005420 
00005430 00005440 



c. 
C OTHERWISE PUT HYDRO EXPN UNITS ON LINE 
C ONE AT A TIME 
C 
C 

c. c 
c 
c 
C 

C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 

115 
170 

120 

160 

140 

,NC.R T, NHA\I AL fiN PAl/AU 

PUMP STORAGE EXPN ADDITION 

OTHERWISE pur THE SMAlLE~r THERMAL CANDIDATE ON LINE 
ONE AT A TIME 

DISTRIBUTE THIS AMOUNT B~TWEEN OTH~R AVAILABL~ 
CANDIDA TES 

J=2ogNPEXP 

eIUT(IX(J»)) GO TO 115 

GO TO 140 

121 

)OJ Ii i I ~4 5( 

I i i.~ r I 
b' 

,di 

I I~ .! 
I ;' 

';\ ) 

,1,£ 

) , 
li,1 

:> '0 ~~ )l >0 
H it ~ \ 



c 
~ 
C 
C 

c 

c 
C 

c 
c 
C 
C 
C 

c c c 
c 
c 

c c 

N X« I » =N X ( 1) + 1 
GO TO 160 

130 CONTINUE 
1(''1) NX(JJ=NX(J)+l 

IFlNXlJ).Gl.IUTlIX(J)) GO TO 110 
GO TO 110 

155 CALL SYSlPCCLP,SCAP,ECP,IOL,NCRT,NHAVAL,NPAVAL) 
IF(CLP.LE.PPHIN) GO TO 1001 

START ADDING THE SMALLEST CANDIDATE AGAIN 

GO TO 90 
110 CONTINUE 

PRINT 1020 
1020 fORMAT&lX,· NO CONVERGED SOLUTION 0/ 

*lX,· CHECK YOUR INPUT fOR EXPANSION SYSTEMD//) 
GO Ta 1100 

1001 RSMIN(JYR)=ECP-PMAX(JYR) 
IF(RSMIN(JYR).lE.O.O. RSMIN(JYR)=O.O 
RHIN;RSHIN(JYR)/PHAXtJYR)*lOO.O 

STORE CURRENT EXPN ADOITION IN NSTPRE-ARRAY 

00 900 I=l,NPEXP 
Il=NPEXP-I+ 1 

900 NSTPRE(JYRDl)=NX(Il) 

505 

520 
510 

DETERMINED PSEUDO-PLANT PARAMfTERS 

lI=IPHAX+l 
P LA NT' I 1 .2 ) =11. 00 
PLANT ( 11,3) =AOO 
PlANT(IJ.,4)=10 .. a 
PlANT(lI,S)=0 .. 02 
IP=lSK« 1,1) 
DC 505 J=6,14 
PLANT(II,J)=PlANT(IP,J) 
DC 510 I=lINPEXP 
J:::::NPEXP-l+ 
If(NT(J).LE.O) GO TO 510 
IP=l>(( J) 
PLANTtIP,Z):PLANT(lP,3) 
DOl 520 K=4 14 
PlANTtIP,KI=PLANT(II,K) 
CONTINUE 

C REALLOCATE MAINTENANCE 
C 
C 

c 
c 

10=3 
CAll HAINTICECP,IDl) 

C FINO TOTAL NO Of UN IT S ADDED t,p T:O THE PRESENT 
C STUDY YEAR 
C 
C 

DO 500 I=I,NPEXP 

122 

00006130 
00006140 
00006150 
00006160 
00006170 
00006180 
00006190 
00006200 
00006210 
00006220 
00006230 
00006240 
00006250 
00006260 
00006270 
00006280 
00006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006350 
00006360 
00006370 
00006380 
00006390 
00006400 
00006410 
00006420 
00006430 
00006440 
00006450 
00006460 
0000641'0 
00006480 
00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
00006550 
00006560 
00006570 
00006580 
00006590 
00006600 
00006610 
00006620 
00006630 
00006640 
00006650 
00006660 
0000661'01 
00006680 
00006690 
0010061'00 
00006710 
00006120 
00006130 
000106140 
00006150 
010006760 
00006170 
00006180 
00006190 
Q0006800 



c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
C 

(. 
C. 
C 
C 
C. 

c c 

c c 

500 NTiI):NT(l)+NX(I} 
IF(JYRoLE.l) GO TO 530 
NTHyeJYR)=NIHY(JPASTi+NXHY(JYR) 
NTPS(JYR)=NTPS(JPAST)+NXPS(JYR) 
GO TO 540 

530 NTHY(JYR)=NXHY(JYR) 
NTPS(JYR)=NXPS(JYR) 

*** SEC T ION 3 *** 
MAX RESERVE CALCULATION 
THIS IS OBTAINED BY REQUIRING THAT THE SMALLEST lOlP 
IS lESS THAN OR EQUAL TO THE ASSIGNED PPMAX. 

540 

bOO 

PRINT RESULTS 

COMMON/ONE/ 
.... 

COMMON/TWOI 
+ 
.... 
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00006810 
00006820 
00006830 
00006840 
00006850 
00006860 
00006810 
00006880 
00006890 
00006900 
00006910 
00000920 
00006930 
00006940 
00006950 
00006960 
00006970 
nr.r.0'-9°r. 
00006990 
00007000 
00001010 
00007020 
00001030 
00007040 
00007050 
OOOO~f060 
00001010 
00001080 
00007090 
00001100 
00001U.0 
00001120 
00001130 
00007140 
00007150 
00001160 
00007110 
00007180 
00001190 
00007200 
00007210 
00001220 
00001230 
00001240 
00001250 
00007260 
00001210 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00007340 
00007350 
00007360 
00007310 
00001380 
00001390 
00007400 
00001410 
00001420 
00001430 
0000144-0 
00001450 
00007460 
00007410 
00007480 



c 
c 

t 
t 

C 
t 

C 
t 

COMMON/FOURI .. 
COMMON/FIVE/ HRCUMi~,8)LPTCUM(211,lb)lPTCUHH(3,16),SYSCUM'8) 
DOUBLE PRECISION hRCUM,PICUM,PTCUHHv~V~CUM 

COMMON/SIX/ TINT(120),TY(120) 
DOUBL.E PREC ISION TINT ,TV 

COHMON/SEVENI CMULT(4),EAVAL(3),EMULT(4),EXPlCU(4,S), 
.. HVEXPNill),NHVMN4Z0),NPSHNI20),NTHY(20), 
.. NTP~(20),NXHY{20),NXPS(20),PSEXP(11),SCHCUM(4,20) 

t •••• e.G •••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C 
C 
C 
C 
C 
C 
C 
t 

COMPUTES SEASONAL LOLP USING Pl~CE-W!SE LINEAR 
METHOD. MAINTENANCE OUTAbE IS CUNSIDERED USING 
EQUIVALENT CAPACITY ALGORITHM. 
SUBROUTINE CALLED: 

HAINT1,PWADO,PLOLP 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~ 

c c 
c 

c 
c 

c c 

1<22=22 
ISTAR=«JYR-1)*4+1 

CALL MAINT1(ECP,IDL) 

PP=O .0 
CLP=O .. O 

C LOOP FOR EACH SEASON 
C 
C 

c 
C 

t 

C 
C 

.C 
C 
C 
C. 
C 

00 20 NS=l,4 
N=NS 
PI(= PEAK «JYR liN) 
OX=PKlFLOAT(IPT) 
MAXI=(ECP/DX)+l+lPT 

GO TO (100,200),10 

100 CONTINUE 

*** SEC T ION 1 *** 
SCHEDULED SYSTEM CONVOLUTION 
10:::1. 

00007490 
00007500 
00007510 
00001520 
00001530 
00007540 
00001550 
00007560 
00007570 
00001580 
00007590 
00007600 
00001610 
000016201· 
00001630 
00001640 
00007650 
00001660 
00001670 
00001680 
00001690 
00007100 
00007710 
00001120 
00001130 
000017401 
00001150 
00001160 
00001170 
00001780 
00007790 
00001800 
00007810 
00007820 
00007830 
00007840 
00007850 
00001860 
00001870 
00001880 
00001890 
00007900 
00007910 
00007920 
00001930 
00007940 
00007950 
00007960 
00001910 
00001980 
00001990 
00008000 
00008010 
00008020 
00008030 
00008040 
00008050 
00008060 
00008010 
00008080 
00008090 
00008100 
00008110 
00008120 
00008130 
00008140 
00008150 
00008160 



c 
c 
c c 
c c 
c 
c c 

c 
c 

c 
c 
c 
C 
C 
C 

c 
c 
C 
C 
C 
C 

SCAPHH=O .. O 

HYDRO SYSTE~ CONVOLUTION 
CONVOLVE THE SCHEDULED SYSTEM FIRST 
THEN CONVOLVE THE EXPN SYSTEM DETERMINED 
FROM PREVIOUS STUDY YEARS 

SCHEDULED HYDRO & PUMP STORAGE SYSTEM 

STORE INFORMATION AFTER THE CONVOLUTION OF 
THE ORIGINAL SCHEDULED SYSTEM 

HXELDC(JYR,N)=NMAXI 
WRITE(K22) (El(N,K),K=l,MX) 

110 CONTINUE 

EXPENSION HYDRO SYSTEM FROM PREVIOUS YEARS 

125 

00008110 
00008180 
00008190 
00008200 
00006210 
00006220 
00008230 
00008240 
00008250 
00008260 
00008210 
00008280 
00008290 
00008300 
00008310 
00008320 
00008330 
00006340 
00008350 
00008360 
00008310 
00008380 
00008390 
00008400 
00008410 
00008420 
00008430 
00008440 
00008""50 
00008460 
00008410 
00008480 
00008490 
00008500 
00008510 
00008520 
00008530 
000018540 
00008550 
00008560 
00008570 
00008580 
00008590 
00008600 
00008610 
00008620 
00008630 
00008640 

. 00008650 
00008660 
0000861'0 
00008680 
00008690 
00008700 
00008110 
00008720 
00008130 
00008740 
00008150 
00008160 
00008110 
00008780 
00008790 
00008800 

.00008810 
00008820 
00008830 
00008840 



c c 
C PUMPED STORAGE SYSTEM fROM PREVIOUS YEARS t 
C 

c 
C 

C 
200 CONT INUE 

t *** SEC T ION 2. ** * C 
C START ADDING EXPANSION SYSTEM 
C. 10=2 
C IDl=O -- HYDRO EXPN ADDITION 
C IDL=l -- SMALLEST THERMAL 400ITION 
C IDl=2 -- RESIMULATIO~ 
C 
C 

C 
C 

IF(IOl.lE.O» GO TO 300 
IF(IOL.EQ.l) GO TO 205 

C RETRIVE FINAL LDC FROM fLOC ARRAY 
C 
C 

c c 

c c 

126 

00008850 
00008860 
00008870 
00008880 
00008890 
00008900 
00008910 
00008920 
00008930 
00008940 
00008950 
00008960 
00008970 
00006980 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
00009160 
00009110 
00009180 
00009190 
00009200 
00009210 
00009220 
00009230 
00009240 
00009250 
00009260 
00009210 
00009280 
00009290 
00009300 
00009310 
00009320 
00009330 
00009340 
00009350 
00009360 
00009370 
00009360 
00009390 
00009400 
00009410 
00009420 
00009430 
00009440 
00009450 
00009460 
00009470 
00009480 
00009490 
-Ot)009500 
00009510 
00009520 



c 
c 
C fIND lOl? 
C 
C 

c 

500 CONTINUE 
PLP(N)::::PlOLP(A,N) 
IF(PLPHH",GE .. ClP) GO TO 510 
GO TO 520 

510 ClP=PlP (N) 
NCRT=N 

520 PP=PP+P lP (N) 
20 CONTINUE 

C fINO SYSTEM lOl? 
C 

c 

c c 
(. 

PlO?=PP/flOAT«NP) 

RETURN 
END 

c ---------------
c. 
c 
c 

c 
C· 

(. 
c 

c 
c. 

SUBROUTINE MAINT1(ECP,IDl) 

COMMON/ONE/ .. 
'C aMMaN/TWOI' 

+ .. 

COMMON/FOURI ID,lPMAX,IPT~IYRB,JYR,KMAX,MAXI,MX,NPvNPEXP, 
.. NTVR,IPPMAX!I>PPMIN!I>~.T., PM AX (20) ,EPMP c c 

c c 
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00009530 
00009540 
00009550 
00009560 
00009510 
00009580 
00009590 
00009600 
00009610 
00009620 
00009630 
00009640 
00009650 
00009660 
00009670 
00009680 
00009690 
00009100 
00009110 
00009720 
00009130 
00009740 
00009150 
00009160 
00009770 
00009180 
00009790 
00009800 
00009810 
00009820 
00009830 
00009840 
00009850 
00009860 
00009810 
00009880 
00009890 
00009900 
00009910 
00009920 
00009930 
00009940 
00009950 
00009960 
00009970 
00009980 
00009990 
00010000 
100010010 
00010020 
00010030 
00010040 
00010050 
00010060 
00010010 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
00010160 
000110110 
00010180 
00010190 
00010200 



c 
C 

COMMON/SIXI TINT(120),TY(120) 
DOUBLE PREC IS ION TINT" TV 

COMMON/SEVENI CMULT(4),EAVAl(3',EMULT(4),EXPLCU(4,S), 
.. HVEXPN (11 ),NHYMN( 20" NPSHN( 20 ).,NT H'I (20) , 
+ NTP5l20),NXHYt20),NXPS(20),PSEXPlll),SCHCUH(4,20) 

C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ALLOCATES HAINTENA~CE FOR SCHEDULED SYSTEM AND 
EXPANSION SYSTEM ACCORDING TO FLAG CONTROL 10. 
MAINTENANCE OUTAGE IS STORED IN EMOR(lP,NP), 
WHERE !P=PLAN1 INDEX, NP=SEASON INDEX. 

DEFINITION :; 

10=1, 

10= 2, 

10=3" 

FOR ·SCHEDUlED' SYSTEM (ORIGINAL SCHEDULED 
SYSTEM+EXP. CANDIDATES DETERMINED FROM 
PREVIOUS STUDY YEARS). 
FOR EX PA NS ION SV S1 EM W IT Ii ONE-B LOCK 
REPRESENTATION. 
RESCHEDULE MAINTENANCE tALLOCATE ORIGINAL 
SCHEDULED SYSTE.M fIRST THEN NEW UP. 
CANDIDATES). 

C ••••••••••• o ••••••••••••••••••••••••••••••••••••••••••••••• C . 
C 

C 
C 
C 

c 
c. 
c c 
C 
C c 
€ 

c c c 
C 
t 

111 

110 

RLT=365./FLOAT(NP) 
GO TO (100,200,400»,10 

*$$ SEC T I 0 I'll 1 *** 
ALLOCATE MAINTENANCE FOR SCHEOUL~D SYSTEM 

10=1 

DETERMINE INSTALLED SYSTEM CAPACITY 
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00010210 
00010220 
000102.30 
00010240 
00010250 
00010260 
00010270 
00010280 
00010290 
00010300 
00010310 
00010320 
00010330 
00010340 
00010350 
00010360 
00010370 
00010380 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
00010450 
00010460 
00010410 
00010480 
00010490 
00010500 
00010510 
00010520 
00010530 
00010540 
00010550 
00010560 
00010510 
00010580 
00010590 
00010600 
00010610 
00010620 
00010630 
00010640 
00010650 
00010660 
00010670 
00010680 
00010690 
00010100 
00010110 
00010120 
00010130 
00010740 
00010150 
00010160 
00010110 
00010780 
00010190 
00010800 
00010810 
00010820 
00010830 
00010840 
00010850 
00010860 
00010&1'0 
00010680 



c 
c 
C 
c 
c 

C 
t 

c 
c 
€ 
c 

IFtJVR.LE.l) GO TO l1Z 
J PAS T=JVR-l 
HMULT=FLOATfNTHVeJPAS1)) 
EP(JVRl=EP(JYR)+HMUlT*HVEXPN(Z) 
HMUlT=FlOAT(NTPS(JPAST») 
EP«JYR)=EP(JYR)+HMULT*PSEXPll) 

112 ECP ::: EP(JVR) 

HYDRO MAINTENANCE ALLOCATION 

THERMAL KAINTENNANCE ALLOCATION 

00 130 I=!B,IIE 
IF( L.GT .. NPEXP) GO TO 1.31 
IFtNT( I l .. EQ .. O) GO TO 130 
IP=!X(I) 
IN=2*IP 
GO TO 13Z 

131 IF(NUFil,JVR)GEQ .. OJ GO TO 130 
lIP::: I 
IN=IP+NPEXP 

132 EHXAS=O .. O 
1.)0 140 L::;l,NP 
If(AVSP(L)oGTeEMXAS) GO TO 150 
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00010890 
,)0010900 
00010910 
00010920 
00010930 
00010940 
00010950 
00010960 
00010910 
00010980 
00010990 
00011000 
00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011010 
000U.080 
00011090 
00011100 
00011.110 
000U.120 
00011130 
00011140 

'00011150 
OOO:U.160 
00011170 
00011180 
00011190 
00011200 
00011210 
00011220 
00011230 
00011240 
00011250 
00011260 
00011210 
00011280 
00011290 
00011300 
00011310 
00011320 
00011330 
00011340 
00011350 
00011360 
00011310 
00011380 
00011390 
00011400 
00011410 
00011420 
00011430 
00011440 
00011450 
00011460 
00011410 
00011480 
00011490 
00011500 
00011510 
00011520 
00011530 

"00011540 
00011550 
00011560 



GO TO 140 
150 EMXAS=AVSP(l. 

ll=L 
140 CaNT INUE 

EMOR(lN.LL)=PlANT(IP,4)/RlT 
IF( I .. GT .. NPEXP) GO TO 133 
AVSP(ll)::::AVSPtLL)-PLANT(lP,3)*FLOAT(NTII»*EMORCIN,ll) 
GO TO 130 

133 AVSP(lL):AVSP(lll-PlANT(IP,3)*flOAT(NUf(I,JYR)$EHOR(IN,Ll) 
130 CONTINUE 

DO 100 N::::l,tNP 
. 160 APT (N)::::A.VSpHO 

. GO TO 1000 ;c 
C 

c c 
200 CONTINUE 

c *** SEC T ION 2 *** Ie 
'CALLOCATE MAINTENANCE fOR EXPANSION SYSTEM 
C USING I-BlOCK REPRESENTATION 
C 
C .10=2 
C 
C 

ECP=EP € .JYI'O 
HMULT=FLOAT(NXHY(JYR) 
ECP=ECP+HMULT*HYEXPN(Z) 
DO 265 N=l,NP 
AVSP (N )=APHN) 

265 AVSP(N)=AVSP(N)+HMULT*HYEXPN(2)*(1 .. 0-EMORH(Z,N») 
IF(NXPSIJYR).lE.O) GO TO 266 . 
HMUlT=FlOAT(NXPS(JYR») 
ECP=ECP+HMUlT*PSEXP(l) 
DO 210 lId::l,N? 

210 AVSP(N)=AVSP(N)+HMUlT*PSEXP(l)*(l.O-EHORH(),N» 
266 IF(IDL.EQ.O) GO TO 1000 

00 210 1:::1, NPEXP 
IF(NX(I).EQ .. O) GO 10 210 
ECP=ECP+FLOAT(NXt!))*PLANT(IX(I),3) 

210 CONTINUE 
00 220 N:::1,NP 
DO 230 l=l,NPEXP 
IFCNX(I).EQ.O) GO TO 230 
AVSP(N)=AVSP(N)+FLOATtNXtl»)*PlAN1(IX(I),3) 

230 CONTINUE 
220 CONTINUE 

00 240 l=l,NPEXP 
IF(NX41).f:Q.0) GO TO 240 
IP=IX«Il 
IN:::2*I? 
EMXAS::::O .. O 
DO 250 N=l,NP 
IF(AVSP(N).GT.EHXAS) GO TO 260 
GO TO 250 

260 EMXAS:::::AVSP(N) 
NN=N 

250 CONTINUE 
·,EMOR(IN,NN):::::PLAN1(IP,4)/RLT 

AVSP(NN)>::::AVSP(NN)-PLANTilP,3)*FLOAT(NX(I))*EMORClN,NN) 
240 CONTINUE 

GO TO 1000 

400 CONTINUE 'c 
t 

130 

0001151'0 
00011580 
00011590 
00011600 
00011610 
00011620 
00011630 
00011b40 
00011650 
00011660 
00011670 
00011680 
000116.90 
00011700 
00011710 
00011720 
00011730 
00011740 
00011750 
00011760 
00011770 
00011780 
00011790 
00011800 
00011810 
00011820 
00011830 
00011840 
00011 .. 850 
00011860 
00011870 
00011880 
00011890 
00011900 
00011910 
00011920 
00011930 
00011940 
00011950 
00011960 
00011970 
00011980 
00011990 
00012000 
00012010 
00012020 
00012030 
00012040 
00012050 
00012060 
00012070 
00012080 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
00012150 
00012160 
00012170 
00012180 
00012190 
00012200 
000122.10 
00012220 
00012230 
00012240 



c 
c 
c. 
c. c 
c. 
c c c 
c. c 

c 
c 

c c 

c 

c 

*** SEC T ION 2 *** 
REALLOCATE MAINTENANC E WITH A SINGLE 
PSEUDO PLANT REPRESENTING TOTAL CURRENT 
THERMAL EXPANSION ADDITION 

INITIALIZATION 

DO 405 J:::::l,4 
DO 405 1=12220 

405 EMOR€I~J)=ocO 
HMULT=FlOAT(NXHY(JYR)) 
DO 100 N=l, NP . 
AVSPE(JYR,N)=EClJYR)-PEAK(JYR,N) 

700 AVSP<<N)=APHtN>>+HMUlT*HYEXPN(2)>$tl .. O-EMORH(1,N)) 
HMULT=FLOAT(NXPS(JYR) 
DO 710 N=hNP 

110 AVSpaN)=AVSP(N)+HMULT*PSEXP(1)*(1.O-EMORkC3,N)) 
I P ::::: IPMAX +- 1 
IN ::: IP +- NPEXP 
IF ( PlANT(lP,).lE.O.O ) GO TO 435 
EMXAS=O .. O 
DO 420 N=hI\iP 
I F~ AIISP HH .. G1 .. EMXAS) GO TO 430 
GO TO 420 

430 EMXAS=AVSP€N) 
NN=N 

420 CONTINUE 
EMOR(lN,NN)=PLANT(IP,4)/RlT 

AVSP€NN}:::::AVSP€NN)-PlANT(lP,3)*EMOR(IN,NN) 
435 CONT INUE 

IB=NPEXP+l 
1 E= IPMAX 

495 CONTINUE 

DO 440 I=lB,IE 
IF« I .. GT .. NPEXP) GO TO 450 
Il=NPEXP-I+1 
IF(N1{!1).EQ.0) GO TO 440 
I P= IX (11.» 
IN=2*IP 
GO TO 460 

450 IP=I 
IN=I+-NPEXP 

460 IF(PlANT(IP.~)GUE.O .. O) GO TO 440 
EMXA5=O .. O 
DO 470 N=l,NP 
IF(AVSP(N».GT.EMXAS) GO TO 480 
GO TO 470 

460 EMXAS=AVSP(N) 
NN=N 

410 CCl'lTINUE 
IF(I.lEeNPEXP) GO TO 415 
K=I-NPEXP 
M Al N S ( I( ) =NN 

475 EMOR(IN,NN)=PLANTtIP,4)/RlT 
IF(IeGT®NPEXP) GO TO 490 
AVSP(NN}=AV~P'NN)-?LANT(IP,3)*FLOAT(NT(Il)$EMOR(IN,NN) 
GO TO 440 

490 AVSP(NN)=AVSP(NN~-PlANT(IPw3)*FlOAT(NUf(IP,JYR)*EMOR4IN,NN) 

131 

00012250 
00012260 
00012270 
00012280 
00012290 
00012300 
00012310 
00012320 
00012330 
00012340 
00012350 
00012360 
00012310 
00012380 
00012390 
00012400 
00012410 
00012.420 
00012430 
00012440 
00012450 
00012460 
00012410 
00012480 
00012490 
00012500 
00012510 
00012520 
00012530 
00012540 
00012550 
00012560 
00012510 
00012580 
00012590 
00012600 
00012610 
00012620 
00012630 
00012640 
00012650 
00012660 
00012670 
000120.80 
000120.90 
00012100 
00012110 
00012720 
100012130 
00012140 
00012750 
00012760 
00012770 
00012180 
00012190 
00012800 
00012810 
001012820 
00012830 
00012840 
00012850 
00012860 
00012870 
00012880 
00012890 
00012900 
00012910 
00012920 



C 
C 

C 
t 
t 

c 
C 

t 

AVSPEtJYR,NN)=AVSPEtJYR,NN)-PlANTlIP,)*flOAT(NUF€lP,JYR)) 
l*EMOR( IN,NN» 

440 CaNT INUE: 

IS=1 
lE=NPEXP 
GO TO 495 

bOO, CONT INUE 
EMXAS=O ... O 
00 bl0 l==l,NP 
1 F( AVSP 0 ..... GT .EMXAS» GO 10 620 
GO TO 610 

6Z0 EMXA$==AVSP(l) 
ll==L 

610 CONTINUE 

1000 

EMOR(Z"U.)=PlANT( 1,4)/RlT 

RETURN 

C 
C 
C 
C 

C. 
C 
C 

c 
c 

c 
c. 

c 
c 

C. 
t 

C 
t 

END 

SUBROUTINE PWADD«Y,P,N,NEWMAX) 

COMMON/ONE/ .. 
COMMON/TWOI ... ... 

·.COHMON/FIVE/ HRC.UM(4,IH .!.PTCUM(211, 16» !PTCUMH(3 ,16) ,SYSCUMUU 
DOUBLE PRECISION HRC.UM,PICUM,PTCUMH,~Y~CUM 

COMMON/SIX/ TINT( 120) ,TY( 12(H 
DOUBLE PRECISION TINT,TY 
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00012930 
00012940 
00012950 
00012960 
00012970 
00012980 
00012990 
00013000 
00013010 
00013020 
00013030 
00013040 
00013050 
00013060 
00013070 
00013080 
00013090 
00013100 
00013110 
00013120 
00013130 
00013140 
00013150 
00013160 
00013170 
00013180 
00013190 
00013200 
00013210 
00013220 
00013230 
00013240 
00013250 
00013260 
00013210 
00013280 
00013290 
00013300 
00013310 
00013320 
0001.3330 
00013340 
00013350 
00013360 
00013370 
00013380 
00013390 
00013't00 
00013410 
00013420 
00013430 
00013440 
00013450 
00013460 
00013470 
00013480 
00013490 
00013500 
00013510 
00013520 
00013530 
00013540 
00013550 
00013560 
00013510 
00013580 
00013590 
00013600 



C 

t 
C 
C 

t 
t 
C 
C 

C 
C 
C 

c 
C 

c 
c 

c 
C 

c 
c 

c 
c 

c c 

DIMENSION ElF(1250) 

FUNCTION PlOlP(YvN) 

COMMON/ONEI ... 

COMMON/TWOI 
+ 
+ 

COMMON/FOURI ... 
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00013610 
00013020 
00013630 
00013640 
00013650 
00013660 
00013670 
00013680 
00013690 
00013700 
00013710 
00013720 
00013730 
00013740 
00013750 
00013760 
00013710 
00013780 
00013790 
00013800 
00013810 
00013820 
00013830 
00013840 
00013850 
00013860 
00013810 
00013880 
00013890 
00013900 
00013910 
00013920 
00013930 
00013940 
00013950 
00013960 
00013970 
00013980 
00013990 
00014000 
00014010 
00014020 
00014030 
()'0014040 
00014050 
00014060 
00014010 
00014080 
00014090 
00014100 
00014110 
00014120 
00014130 
00014140 
00014150 
00014160 
00014110 
000 14 l!.8 C' 
00014190 
00014200 
00014210 
00014220 
00014230 
100014240 
00014250 
000142600 
00014270 
00014280 



t 
C 
C 

c 
c 
c 
c 
C 
C 
C. 

c 
C 

c 
c 

C 
C 

c c 

c. c 

c c 

c. 
c. 
c. 
c 
c. 
c 

.. .. 
YV=V*lPT 
IV::::VV 
MAXIM=HAXI-l 
If(IV .GT. MAXIM) GO 10 100 
OY=IV+1-VV 
PLOLP=( El(N ,IV)-e UN,IV+l) ,*OY + El (N, IV+1» 
RETURN 

100 PLOlP=O .. O 
RETURN 
END 

SUBROUTINE LOADER 

COMMON/ONE/ 
+ 

COMf'40N/TWO/ 
+ ... 

COMMON/THREE/ AVSPE(20!4),COSlOP(lO),SC{20),IBK(SOO,)), 
+ ITK(500!~),MXElOC(20,4"NSTPRE(20,lO), 
+ PERENELW,4) 

COMMON/fOUR/ 
+ 

COMMON/fIVE/ HRCUM(4,8)~PTCUM(211,lb)~PTCUHH(3,lb),SYSCUM(8) 
DOUBLE PRECISION HRCUM,PaOJM9PTCUMH,SV~CUM 

COHMON/SIXI I1N1(120),IY(120) 
DOUI:H.E PREC IS 10N 1 IN1 ,T Y 

DIMENSION M(3),6(500) 

OAT A K2.4/24/ 

11=1 
DO 30 I=l,IPMAX 
B(II)=PlANT(1,1) 
181U I I, 1) =1 
IBK(IIItZ)=l 
18K (II t 3 ):;:::-1 
1ft I .. G .. NPEXP) 18Ke 11,3 )=NUF( I,JVR) 
11=11+1 
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00014290 
00014300 
00014310 
00014320 
00014330 
00014340 
00014350 
00014360 
00014310 
00014380 
0(014)90 
00014400 
00014410 
00014420 
00014430· 
00014440 
00014450 
00014460 
00014470 
00014480 
00014490 
00014500 
0001't510 
00014520 
00014530 
00014540 
00014550 
00014560 
00014510 
00014580 
00014590 
00014600 
00014010 
00014620 
00014630 
00014b40 
00014650 
00014660 
00014610 
00014680 
00014690 
00014700 
00014710 
00014720 
00014130 
00014140 
00014750 
00014160 
00014110 
00014780 
00014190 
00014800 
00014810 
00014820 
00014830 
00014840 
00014850 
00014860 
00014810 
00014880 
00014890 
00014900 
00014910 
00014920 
00014930 
00014940 
00014950 
00014960 



c 
c 
c 
c 
c 

t 
C 
C 
C 

C 
C 
C 

c c 

c 
C 

c c 

c c 

c c 

ARRANGE 'IBK' ARRAY ACCORDING TO fUEL COST 

SU8ROUTINE OPCOST(NCUM) 
.... -...------~------

COMMON/ONE/ ... 

COMMON/TwO/ 
+ ... 

COMMONISIXI TINT(120),lV{120) 
DOUBLE PREC ISION lINT ,TV 
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00014970 
00014980 
00014990 
00015000 
00015010 
00015020 
00015030 
00015040 
OCHH5050 
00015060 
010015010 
00015080 
00015090 
00015100 
00015110 
00015120 
0001.5130 
00015140 
00015150 
00015160 
00015110 
00015180 
00015190 
0001.5200 
00015210 
00015220 
00015230 
00015240 
00015250 
00015260 
00015210 
00015280 
00015290 
00015300 
00015310 
00015320 
00015330 
00015340 
00015350 
00015360 
00015310 
00015380 
00015390 
00015400 
00015410 
000 1,5420 
00015430 
00015440 
00015450 
000154bO 
00015470 
00015480 
00015490 
00015500 
00015510 
00015520 
00015530 
00015540 
00015550 
00015560 
00015510 
00015580 
00015590 
00015600 
00015610 
00015620 
00015630 
00015640 



C 
t 

C 
t 
t 

c 
c 
C 
C 
C 

c 

t 
C 
C 
C 
C 
C 
C 

C 
t 

c 

COMMON/SEVENI CMUlT(4),EAVAl(3)9EMUlT(4)tEXPLCU(4,S), 
.. HYEXPN« 11.) ,NHYMN( 20 )'NPSMN 20 ),NTHY(ZO it 
.. NTPS(20),NXHY(20),NXPS(20),PSEXP(ll),SCHCUM(4,20) 

T=8760./NP 
IVR=rYRB+JYR~1+1900 
1 Sf AR=( JYR-l )#4+1 

. INITIALIZATION 

00 5 J=1,16 
00 5 1=1,211 

5 PTCUM(I,J)=O.O 

DO 50 J=1,2 
DO 50 1=1,220 

50 ENRHl,J)=O.O 
00 805 I=lI't 

805 NORDER( U=o 
COSTOP« JYR) =0 .. 0 
OTOT=O .. O 
GENTOT=O .. O 
HYTOT=O .. O 

DETERMINE EFFECTIVE LOADING ORDER 

I<K=1 
IE=IPMAX+l 
IF(PlANT(IE,2).LE.O.O) GO TO 19 
ITK (KI<., U=lE 
11K (KK, 2 )=1 
ITK «K.K ,3 )=1 
KK=KK+l 

19 DO 10 I=l,NPEXP 
J::I'I.IPEXP-J[+l 
IF«(NT(J)-NX(J».EQ.O) GO TO 10 
IP=IX(JD 
I TK « KK , 1 ) = I P 
11K (I<.K,2)=1 
ITK(KK,3)=NT(J)-NX(J) 
KK=KK+l 

10 CONTINUE 

GO TO 15 
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00015650 
00015660 
00015670 
00015680 
00015690 
00015700 
00015710 
00015720 
00015130 
00015740 
00015150 
00015760 
00015770 
00015180 
00015790 
00015800 
00015810 
00015820 
00015830 
00015840 
00015850 
00015860 
00015870 
00015880 
00015890 
00015900 
00015910 
00015920 
00015930 
00015940 
00015950 
00015960 
00015970 
00015980 
00015990 
00016000 
00016010 
00016020 
00016030 
00016040 
00016050 
00016060 
00016070 
00016080 
00016090 
00016100 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016110 
00016180 
00016190 
00016200 
00016210 
00016220 
00016230 
00016240 
00016250 
00016260 
00016270 
00016280 
00016290 
00016300 
00016310 

'00016320 



2000 
2010 

C 
C 
C 
C 
C 

*" SEC T ION 1 *** 
C 
C 
C 

START ENERGY &. COST CALC.UUHION fOR EACH SEASON 

lOOP 60 
C 
C 

c 
C 
C INITIALIlATION 
C 
C 

C 
C 
C 

ESHORT:::::O .. o 
DO 11 K=1,3 

11 C. FH ( K ) :: 0 .. 0 
OTOT=DTOT+PERENE(JYR,N; 
00 18 K=1!8 

IS SUCUM(I()=o .. ODOO 
DO 55 J=1.,2 
DO 55 1=1,3 

55 ENRH(I,J)=O.O 

C CUMULANTS Of SCHEDULED THERMAL PLANTS 
C 
C 
C 

c 
c 
E 

3000 
C 

~ 
C 
C 
C 

c 
c 

CALCULATE CUMULANTS OF HYDRO PLANTS 
IflAG=4 
CALL C.UCAL(IFLAG,Ni 
DO 3000 1(=1,4-
SUCUM(I()=HRCUM(N,K'+PTCUMH(3,K) 
IFLAG=3 
CALL CUCAL(lFLAG,N) 

STORE & WRITE PTCUM,HRCUH 
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00016330 
00016340 
00016350 
00016360 
00016370 
00016380 
00016390 
00016400 
00016410 
00016420 
00016430 
00016>440 
00016450 
0001b460 
00016470 
00016>480 
0001b490 
00016500 
00016510 
00016520 
00016530 
00016540 
00016550 
00016560 
00016510 
00016580 
00016590 
00016600 
00016010 
00016620 
00016630 
00016640 
00016650 
00016660 
00016610 
00016680 
00016690 
00016700 
00016110 
00016720 
00016130 
00016140 
00016150 
00016>'160 
00016770 
00016180 
00016190 
00016800 
00016810 
00016820 
00016830 
00016840 
00016850 
00016860 
00016ij70 
00016880 
00016890 
00016900 
00016910 
00016920 
00016930 
00016940 
00016950 
00016960 
00016970 
00016980 
00016990 

'00011000 



C 

C 
C 
C 

t 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 

~ 

IN=NUF€I,JYR) 
DO 52 K=1,4 
IF(C.lE.O.O) GO TO 53 
KK=K+8 
SUCUH(K)=SUCUM(K)+OFlOATtJN)$PTCUM(I,KK) 
GO TO 52 

53 SUCUMCK'=SUCUM(K)+OFlOAT(JN)$PTCUM(l,K) 
52 CONTINUe. 
51 CONTINUE 

00 54 K=1,4 
54 SCHCUM(K,JYR)=SNGLCSUCUM(K» 

2020 DO 65 K=1,,8 

b5 
PCUM(l,K,l)=SNGL(HRCUH(N,K») 
CONn:f'WE 

IE=IPMAX-NPEXP+l 
.00 61 I=2,lE 
IP=I+NPEXP-l 
DO 62 K=1;8 
IftK.GT.4 GO TO 63 
PCUM(I,K,l)=SNGl(PTCUM(lP,K)) 
GO TO 62 

63 1<.K,=K+4 

62 
PCUM(I,K,l)=SNGL(PTCUM(IP,KK)) 
CONTINUE 

61 CONTINUE: 

WRITE(21) PCUM 

CALCULATE PLANT CUMUlANTS FOR SINGLE 'PSEUOOI-PLANT 

IFlAG=2 
CAll CUCAL(lflAG,N) 

INITIALIZE SYSTEM CUMULANTS 

30 
DO 30 1=1,8 
SYSCUM(I)=HRCUH€N,Ii 

SUMP=O.O 
fPMP=O .. O 

C *** SEC T ION 2 ** $ 
C 
C SASE LOAD RUN-DF-RIVER CAPACITY 
C 
C 

C 
t 

IH=4 
DO 20 K::1,2 

. ?=1 .. 0-HYDRU<.,51 
Y=HYDR(K,l>*CMUlT(N)*(l .. O-EMORH(K,N») 
Yl=SUMP 
SUMP=SUMP+'( 
Y2=SUMP 
If(K.EQ.l) GO TO 25 

C CONVOlV~ THe fIRST HYDRO 
C 
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00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011010 
00011080 
00011090 
00011100 
00011110 
00017120 
00011130 
00017140 
00011150 
00011160 
00011110 
00011180 
00011190 
00017200 
00017210 
00011220 
00017230 
00011240 
00011250 
00011260 
00017210 
00011280 
00017290 
00011300 
00017310 
00011320 
00011330 
00011340 
00017350 
00011360 
00011310 
00017380 
00011390 
00011400 
00017410 
00011420 
00017430 
00017440 
00017450 
00011460 
00017470 
00011480 

.00017490 
00011500 
00011510 
00017520 
00011530 
00017540 
00017550 
00011560 
00017510 
00011580 
00017590 
00011600 
00017610 
00011620 
00017630 
00017640 
00011650 
00017660 
00011610 
00017680 



c c 
c c c 

C 
t 
t 
C 
C 

c c 
C 
t 
C 

c 
c c c c 

t 
C 
C 
C 
C 

c 

EVALUATE AREA UNDER EL-CURVE 

MAX. HYDRO ENERGY AVAIlASLE 

CONVOLVE THE SECOND HYDRO 

00 27 J= l,.,NCUH 
21 SVSCUM'J)=SYSCUM(~)+P1CUMH(2iJj 

OKOER Of HYDRO PLANT IN DECREASING CAPACITY FACTOR 

NUMBER=O 
IFtCFH(1).GE.CFH(2l) GO TO 800 
NORDER (1. )=2 
IF{CFH(l).lEoO.O) GO TO 802 
NORDER( 2)=1 
NUMBER=2 
GO TO 801 

800 IF(CFH~l).LEoOQO) GO TO 801 
NORDER(l)=l 
IF(CFH(2).LE.0.0) GO TO 802 
NORDER(2)=2 
NLHBER=2 
GO TO 801 

802 NUMBER=l 
801 IF(EPS.LEeOoO) GO TO 803 

HUM BER=NUMB Eft + 1 
NORDER{NUMBER)=3 

803 NUMBER=NUMBER+l 
NORDER(NUMBER)=4 

INITIALIZE INDEX FOR HYDRO lOADING ORDER 

DO 28 K=1.3 
KLW1UO=0 

28 K lW 2 ( K ) =0 
NOHY=l 
IH:=NORDEIHNOH'O 
lPUMP=-l 
If(EPSeLE.O.O) IPUMP=l 
KlOWl=O 
KlOW2::::0 
SUEN2=O .. 0 
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00017690 
00011100 
0001TnO 
00011120 
00011130 
0000'140 
00011750 
00011760 
00011710 
00011780 
00011790 
00011800 
00017810 
00017820 
00011830 
00011840 
00011850 
00017860 
00011870 
00011880 
00011890 
00017900 
00011910 
00011920 

.00017930 
00011940 
00011950 
00017960 
00011910 
00011980 
00011990 
00018000 
00018010 
00018020 
00018030 
00018040 
00018050 
00018060 
00018010 
00018080 
00018090. 
00018100 
00018110 
00018120 
000Hl130 
00018140 
00018150 
00018160 
0001811'0 
00018180 
00018190 
00018200 
00018210 
00018220 
00018230 
00018240 
00018250 
00016260 
00018270 
00018280 
00018290 
0001.8300 
00018310 
00018320 
00018330 

""00018340 
00018350 
00018360 



c 

t 
C 
t 

E 

c c c 
c 
c 
C 
t 
C 
t 

C 
t 
t 
t 
C 

c 
c 
C 
t 

*** SEC T ION 3 *** 
START lOADING THE THERMAL PLANTS 
lOOP 10 

DO 10 KC=l.,NMAX 
K=KC 
ID1=ITK(K.,2 ) 
l(>::lTK(K,1) 

DO 630 J=1.,30 
ENP(2,J)=O .. O 

630 ENY(2,J)=O .. 0 

INDEX FOR EHOR ARRAY 

IF(IP .. GT@NPEXP) GO TO 11 
IMANT=2*IP-I01+1 
GO TO 12 

11 IMANT-IP+NPEXP 
12 ION ITB=l 

IUNITE=ITKU<. 3) 
PT=1 .. 0-PlANTtIP,5) 
IF(ID1 .. GT .. l) GO TO 13 
YT=PlANT« IP.,2)*' l .. O-EMOR tIMANT IN» » 
GO TO 14 

13 YT=(PLANT(IP,3)-PlANT(IP ,I2)*(1 .. 0-EMOR(IMANT,N) 

lOOP FOR IDENTICAL UN IT S 

LOOP 15 

14 00 75 ISTAR=II.I'4ITS,lUNITI:: 
1=1 ST AR 
Vl=SUMP 
SUMP=SUKP+YT 
Y2=SUMP 
If(I.EQ .. l) GO TO 16 
IQ:=IP 
102=101 
GO TO 19 

16 IF«K .. EQ.1) GO TO 150 
KIX=K-l 
lQ=ITK(KIX, U 
102=ITK(KIX,2) 

,PLANT CONVOLUTION 

19 00 90 J=l,NCUM 
Jl=J 
IF(ID2oGT.l) Jl=J+8 

90 SYSCUM(J)=SYSCUM(J)+PTCUK(IQ,J1) 
IF(IDl .. LE .. l) GO TO 150 

PLANT DECONVOLUTION 
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00018370 
00018380 
00018390 
00018400 
00018410 
00018420 
00018430 
00018440 
00018450 
00018460 
00018470 
00018480 
00018490 
00018500 
00018~10 
00018520 
00018530 
00018540 
00018550 
00018560 
00018570 
00018580 
00018590 
00018600 
0001&610 
00018620 
00018630 
00018640 
00018b50 
00018660 
00018670 
00018680 
00018690 
00018700 
00018710 
00018720 
00018130 
00018140 
00018150 
00018760 
00018770 
00018780 
00018790 
00018800 
00018810 
00018820 
00018830 
00018840 
00018850 
00018860 
00018810 
00018880 
00018890 
00018900 
00018910 
00018920 
00018930 
00018940 
00018950 
00018960 
00018910 
00018980 
00018990 
00019000 
00019010 
-00019020 
00019030 
00019040 



C 
DO 100 J=l,NCUH 

1010 SYSCUM(J):SYSCUM(J)-PTCUH(!P.J) 
t 
C 

c 
c 
C ANY MORE HYDRO lEfT 
C 
C 

C 
C 

If(IH.GE.4) GO TO 75 

C CHECK HYDRO GENERATION FEASI8ILITY 
C 
C 

c 
c 
~ 
c 
c 
c 
c 
C 
C 

C 
C 

If(CF .. LE .. CFH(IHU GO TO ZQO 

CHECK PUMPING DUTY ASSIGNMENT 

PUMPING ASSIGNMENT 

C STOP PUMPING 
C 
C 

C 
C 
C 

c 
C HYDRO GeNERATION 
C 
C 

c 
C 

200 CONTINUE 
lCNTL=-l 
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00019050 
00019060 
00019010 
00019080 
00019090 
00019100 
00019110 
00019120 
00019130 
00019140 
00019150 
00019160 
00019170 
00019180 
00019190 
00019200 
00019210 
00019220 
00019230 
00019240 
00019250 
00019260 
00019210 

. 00019280 
00019290 
00019300 
00019310 
00019320 
00019330 
00019340 
00019350 
00019360 
00019370 
00019380 
00019390 
00019400 
00019410 
00019420 
00019430 
00019440 
00019450 
00019460 
00019470 
00019480 
00019490 
00019500 
00019510 
00019520 
00019530 
00019540 
00019550 
00019560 
00019570 
00019580 
00019590 
00019600 
00019610 
010019620 
00019630 
001019640 
00019650 
0010119660 
00019610 
001019680 
.00019690 
000119100 
001019710 
00019120 



c 
C 
t 
C 
C 

c 
c 
C 
t 
C 

REPLACE THE THERMAL BY HYDRO 

SUMP=SUMP-YT 
E NY ( 2, I ) =0 .. 0 
ENP (2,1 )=0 .. 0 
IF(lDl.LE.l) GO to 215 

RETRIVE EL-CURVE INFO 

DO 210 J:::l,NCUM 
210 SYSCUM(J)=SYSCUM(J)+PTCUH(IP,J) 
215 CONTINUE; 

DECONVE BASE LOADED HVDRO 

216 DO 220 J=l,NCUM 
220 SYSCUM(J)=SYSCUM(J)-PTCUMH(IH,J' 

C 
C 

c c 
~ 
c 

CONVOLVE THIS HVDRO 

DO 230 J=l,NCUM 
J 1=J+8 

230 SVSCUM' J )=SYSCUM( J» +PTCUHH( IH,Jl ) 
C 
C 
C . NEXT HYDRO 
C 
t 

C 
t 

If(IH.EQ.3) GO TO 620 

NOHV=NOHY+l 
IH=NORDER(NOHY» 

"ICNTL=l 
GO TO 216 

240 IF(EHoGToEA~Al(IH») GO TO 250 
ENRH( IH ,2 )=EH 
KLDWl=K 
KlOW2:I-l 
KlWl(IH)=K 
KlW2(lH)=I-l 
GO TO 300 

250 CONTINUE: 

C REPLACE THI S HYDRO BY THERMAL 
C 
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00019130 
00019140 
00019150 
00019760 
00019770 
00019180 
00019190 
00019800 
00019810 
00019820 
00019830 
00019840 
00019850 
00019860 
00019810 
00019880 
00019890 
00019900 
00019910 
00019920 
00019930 
00019940 

. 00019950 
0001.9960 
00019970 
00019980 
00019990 
00020000 
00020010 
00020020 
00020030 
00020040 
00020050 
00020060 
00020010 
00020080 
00020090 
00020100 
00020110 
00020120 
00020130 
000201.40 
00020150 
00020160 
000201.10 
00020180 
00020190 
00020200 
00020210 
00020220 
00020230 
00020240 
00020250 
00020260 
00020210 
00020280 
00020290 
00020300 
00020310 
00020320 
00020330 
00020340 
00020350 
00020360 
00020370 
00020380 
00020390 
00020400 



c 

c 
c 

.~ 
C 
C 
C 

c 
c c 
c c 
c 
c 

SUMP=SUHP-VH 
DO 210 J=hNCUH 

210 SYSCUH(J)=SVSCUH(J)+PlCUHH(IH,J) 
NOHV:;NOHV-l 
IH=NOROE-R€NOHY) 

620 IBlK=-l 
CALL TRIM(ENy,ENP,ENRH,KlOW1,KlOW2,SUEN2,IBLK,NOHy,CFH,IPUHP, 

+NORDER» 
If'UHP=1 
GO TO 455 

300 CONTINUE 

301 

302 

310 

320 

321 
322 

fORM CLUSTER AND TEST SWAP LOADING POSITION 

ACCEPT SWAP TEST 

K lOW 1=1<, 
Kl0f42=I-2 
KlWl« In }=K 
KLW2 ~ IH j =1-2 
Klw U IHPT )=K 
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00020410 
00020420 
00020430 
00020440 
000204501 
00020460 
00020470 
00020480 
00020490 
00020500 
00020510 
00020520 
00020530 
00020540 
00020550 
00020560 
00020570 
00020580 
00020590 
00020600 
010020610 
00020620 
00020630 
00020640 
00020650 
00020660 
00020670 
00020680 
00020690 
00020100 
00020110 
0002012.0 
00020730 
00020740 
00020150 
00020160 
00020170 
00020180 
00020790 
00020800 
00020810 
00020820 
00020830 
00020840 
00020850 
00020860 
00020870 
00020880 
00020890 
00020900 
00020910 
00020920 
.00020930 
00020940 
00020950 
00020960 
00020970 
00020980 
00020990 
00021000 
00021010 
00021020 
00021030 
00021040 
00021050 
0002100.0 
00021070 
00021080 



c c 

C 
C 

C 
C 
C 
C 
C 

c 
c 
c c 
c 

c 
c 

c 

t 
C 
C 
C 
C 

c c 

KlW2 (IH PT)= 1-2 

COST=COST-CST1*ENP( ISWP, ITRH) 
EPHP=EPHP-ENP(ISWP,ITRH! , 
EN? (ISWP ITR.oU=O .. 0 . . 
CAll TRI~'ENV'ENP'ENRH'KLOW1,KLOW2,SUEN2'ISlK'NOHV,CfH'IPUMP' +NORDER» 
lPUHP=l 
GO TO 450 

400 CONT INUE 

REJECT SWAP TEST 

SUEN2=ENRH(IH,2)+ENRH(IHPT,Z) 
CAll TRIM(ENy,ENP,ENRH,KlOW1,KlOWl,SUENl,lBLK,NOHY,CFH,IPUHP, 

+NDRDEFU 
I PUMP=l 

450 CONT INUE 

LOAD THE CURRENT OFf-LOADED THERMAL PLANT 

DO 460 J=l,NCUM 
Jl=J 
If(II2.GT.l) Jl=J+8 

460 SYSCUH(J)=SYSCUH{J)+PTCUM(IIl,Jl) 

455 NOHV=NOHY+l 
I H==NORD ER (NOHV » 
Vl=SUMP 
Su-tP=SUMP+YT 
Y2=SUMP 
IF(lDl .. NE .. 2) GO TO 470 
00 468 J=l,NCUM 

468 SYSCUM(Jl=SYSCUM(J)-PTCUM(IP,J) 
470 CALL ARE/H Y 1, Vl,PT, ET .CF.CF P, IH,N) 

E NY « 2 , I » =ET 

END Of IDENTICAL UNITS 
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00021090 
00021100 
00021110 
00021120 
00021130 
00021140 
000211.50 
00021160 
00021170 
00021180 
00021190 
00021200 
00021210 
00021220 
00021230 
00021240 
00021250 
00021260 
00021210 
00021280 
00021290 
00021300 
00021310 
00021320 
00021330 
00021340 
00021350 
00021360 
00021310 
00021380 
00021390 
00021400 
00021410 
00021420 
00021430 
00021440 
00021450 
00021400 
00021410 
00021480 
00021490 
00021500 
00021!>10 
00021520 
00021530 
00021540 
00021550 
00021560 
00021510 
00021580 
00021590 
00021600 
00021610 
00021620 
00021630 
00021640 
00021650 
00021660 
00021.670 
00021680 
00021690 
00021700 
00021710 
-00021720 
00021130 
00021740 
00021750 
00021160 



c c 
C 
t 
C 

t 
t 
C 

C 
C 
t 

t 

C. 

t 

c 
C 
C 
C 
C 

C 
C 
C 
C 

END OF SECTION 3 

10 CONTINUE 

600 

6110 

END OF SECTION 2 

60 CONTINUE 

*** SEC TID N 

pas • • , 2A, IJ CAP .. 
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00021110 
00021180 
00021190 
00021800 
00021810 
00021820 
00021830 
00021840 
00021850 
00021860 
00021870 
00021880 
00021890 
00021900 
00021910 
00021920 
00021930 
00021940 
00021950 
00021960 
00021970 
00021980 
00021990 
00022000 
00022010 
00022020 
00022030 
00022040 
00022050 
000220bO 
00022070 
00022080 
00022090 
00022100 
00022110 
00022!?:O 
00022130 
00022140 

MAX.',5X,'BASE ENERGY',5X,00022150 
00022160 
00022110 
00022180 
00022190 
00022200 
00022210 
00022220 
00022230 
00022240 
00022250 
00022260 
00022210 
00022280 
00022290 
00022300 
000.22310 
0002232:0 
00022330 
0002.2340 
00022350 
00022360 
00022370 
00022380 
00022390 
00022400 
00022410 
00022420 
0002.2430 
00022440 



t COST CALCULATION 
C 
C 

C 
t 
C 

c c c 

t 
C 

t 
C 

DO 810 J=1,14 
00 ijlO l=l,NPEXP 

S10 PLANT(I,J)=PLACAtl,J) 
RETURN 
END 

COMHON/ONE/ ... 

COMMON/TwOI ... .. 
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00022450 
00022460 
00022470 
00022480 
00022490 
00022500 
00022510 
00022520 
00022530 
00022540 
00022550 
00022560 
00022510 
00022580 
00022590 
00022600 
00022610 
00022620 
00022630 
00022640 
'00022650 
00022660 
00022670 
00022680 
00022690 
00022700 
00022710 
00022120 
00022130 
00022140 
00022750 
00022760 
00022170 
00022180 
00022190 
00022800 
00022810 
00022820 
00022830 
00022840 
00022850 
00022860 
00022870 
00022880 
00022890 
00022900 
00022910 
00022920 
00022930 
00022940 
00022950 
00022960 
00022910 
00022980 
00022990 
00023000 
00023010 
00023020 
.00023030 
00023040 
00023050 
00023060 
00023070 
00023080 
00023090 
00023100 
00023110 

,00023120 



c c 

c c 

t 
C 

c 
c 

c c 

~ 
c 

t 
C 
C 
C 
C 

c c 
c 
c 
c 

c c c 
c c 

COMMON/FOUR.I .. 

COMMON/SIX/ TINI(120)~lY(120) 
DOUBLE PRECISION TINT,IV 

IF(KlOW2.lE.0) GO TO 10 
15WP=2 
ITRM=KlOWZ 
I.,=KlOWl 
GO TO 15 

10 l=KLOW1-l 
15\011>=1 
ITRM=ITK(l~3)+KlOW2 

15 .lI.P=ITK(l,U 
IO=lTKC lila 
IFtIBLK.GT.O) GO TO 30 

TRIM HYDRO SLOCK 

IH==-NOROER (NOHY) 
OlFF=EAVAltIH)-ENRH(IH,2) 
ENRH(IH,21=EAVAl(IH) 
IF(NOHYolEol) GO TO 40 
ENYiI5WP,ITRM)=ENY(ISWP,ITRM)-DIFF 
GO TO 60 

TRIM HYDRO CLUSTER 

PUMPING ENERGY ADJUSTMENT 
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00023130 
00023140 
00023150 
00023160 
00023170 
00023180 
0002.3190 
00023200 
00023210 
00023220 
00023230 
000232"~O 
00023250 
00023260 
00023270 
00023280 
00023290 
00023300 
00023310 
00023320 
00023330 
00023340 
00023350 
00023360 
00023370 
00023380 
00023390 
00023400 
00023410 
00023420 
00023430 
00023440 
00023450 
00023460 
00023470 
00023480 
00023490 
00023500 
00023510 
00023520 
00023530 
00023540 
00023550 
00023560 
00023510 
0002.3580 
00023590 
00023600 
00023610 
0002362:0 
00023630 
00023640 
00023650 
00023660 
00023670 
00023680 
00023690 
00023100 
00023710 
00023720 
00023130 
00023140 
00023750 
tl0023160 
{)0023710 
00023180 
00023190 
00023800 



~ 
c 
c 
C 
t 
C 

c c 

c 
c 

c 
C 

c 
C 

c 
C 

c 
C 

c 
C 
t 
t 

COHMON/ONE/ ... 

COMMON/TWO/ ... ... 

COMMON/FOUR/ ... 

COMMON/SIX/ TINT(120),TY(120. 
DOUBLE PRECISION TINT,TY 

COMMON/SEVEN/ CMULT(4),EAVAl(3),EMULT(4),EXPlCU{4,Sl, 
... HVEXPN(11),NHYMN(20),NPSMNt20),NTHV(20j, 
... NTPSl20),NXHY(20),NXPS(20),PSEXP{11),SCHCUM(4,20) 

DOUBLE PRECISION OOfFF(S),SIGHA,SlGS,ILl,llZ,ZV1,ZV2 

NCUM=4 
COEfF(l)=SYSCUHll) 
COEFF€Z)=SYSCUH(Z) 
SIGMA=DSQRT(SYSCUH(2» 
SIGS=SIGMA*SIGMA 
DO 10 J=3,NCUi* 
S IGS=SIGS*S IGMA 

10 COEFFIJ}=SYSCUMCJ)/SIGS 
ZL1=(DBLE(Y1J-COEFF(1»)/SIGMA 
1l2=(DSlE(V2)-COEFF€1)/SIGMA 
tAll VAlUE( ZL1,COEFF, M:W"tpZV1) 
CALL VAlUE( IL2,COEFF,NCUM,lV2» 
Cl=(ZV1'''lVl)/200 
CFP::;::;Cl 
Xl=V2-Yl 

148 

00023810 
00023820 
00023830 
00023840 
00023850 
00023860 
00023870 
00023880 
00023890 
00023900 
00023910 
00023920 
00023930 
00023940 
00023950 
00023960 
00023970 
00023980 
00023990 
00024000 
00024010 
00024020 
00024030 
00024040 
00024050 
00024060 
00024070 
00024080 
00024090 
00024100 
00024110 
000241.20 
00024130 
00024140 
000241.50 
00024160 
00024170 
00024180 
00024190 
00024200 
00024210 
00024220 
00024230 
00024240 
00024250 
00024260 
00024210 
00024280 
00024290 
00024300 
00024310 
00024320 
00024330 
00024340 
00024350 
00024360 
00024370 
00024380 
00024390 
00024400 
00024410 
00024420 
00024430 
00024440 
00024450 
00024460 
00024410 
00024480 



t 
C 
t 
C 

C 
t 
t 

C 
t 

c 
c 

c. c 

c c 

c c 

c. c 

c 
c 

SUBROUTINE CUCAl(IFLAG,N) 

COMMON/ONE/ ... 

COMMON/TWO/ ... .. 

COMMON/ FOUR.I .. 

---

COMMON/SIX/ TINT(120),TY{120) 
DOUBLE PRE;CISION" lINT ,TV 
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00024490 
0002.4500 
00024510 
00024520 
00024530 
00024540 
00024550 
00024560 
00024570 
00024580 
00024590 
00024600 
00024610 
00024620 
00024630 
00024640 
00024650 
00024660 
00024670 
00024680 
00024690 
00024100 
00024710 
00024720 
00024130 
00024740 
00024150 
00024160 
00024770 
00024780 
00024790 
00024800 
00024810 
00024820 
00024830 
00024840 
00024850 
00024860 
00024870 
00024880 
00024890 
00024900 
00024910 
00024920 
00024930 
00024940 
00024950 
00024960 
00024910 
00024980 
00024990 
00025000· 
00025010 
00025020 
00025030 
00025040 
00025050 
00025060 
00025010 
00025080 
00025090 
00025100 
J0025110 
()0025120 
00025130 
00025140 
00025150 
00025160 



c 
c 
c 
E 
c 

t 
C 

c 
c. 

E 

100 

.200 

DOUBLE PRECISION R(ShC,Q 

GO TO (100,200,600 v100) ,If LAG 

CUMULANTS OF THERMAL PLANTS 

LB=l 
LE=I PMAX 
GO TO 500 
LB=l 
LE=l 

GO TO 1000 

C ClI1ULANTS OF HYDRO PLANTS 
C. 
C 

C 
t 

600 CONT INUE 

DO 610 1=1,3 
Q=HYOR (I ,5 J 
00 620 J=1,2 
IF(J*Gr~l) GO TO 630 
C=HYDR t I Ill) IiitCMULT tN}* U .. O-EMORHt 1 ,N» 
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00025170 
00025180 
00025190 
00025200 
00025210 
00025220 
00025230 
00025240 
00025250 
00025260 
00025270 
00025280 
00025290 
00025300 
00025310 
00025320 
·00025330 
00025340 
00025350 
00025360 
00025370 
000253BO 
00025390 
00025400 
00025410 
00025420 
00025430 
00025440 
00025450 
00025460 
00025410 
00025480 
00025490 
00025500 
00025510 
00025520 
00025530 
00025540 
00025550 
00025560 
00025510 
00025580 
00025590 
00025600 
00025610 
00025620 
00025630 
00025640 
00025650 
00025660 
00025610 
00025680 
00025690 
00025100 
00025110 
00025120 
00025130 
00025140 
00025750 
00025160 
00025770 
00025180 
00025190 
00025800 
00025810 
00025820 
00025830 
00025840 



t 
C 

C 
C 

C 
C 

630 

640 

650 
620 
610 

100 

GO TO lOOO 

CONTINUE 
Q=PSEXP(S) 
C:::::p SEXP« U* U .. o-EHORH(3 ,N)) 
P1CUMI"U.3 \!I 1 )=C*Q 
PTCUMH€.3,Z)=C*C*Q*€l.Q-Q) 
PTCUMH(:3 ,3 )=C*C*C*Q*, 1 .. O-€3 .. 0-2 .. 0*Q )*Q» 
PICUMH(3,4)=C*C*C*C*Q*dl.O-t1 .. Q-(12.0-b.0*Q)*Q)*Q) 

,....; . 

1000 RETURN 
END 

C 
C 
C 
C 

c 
c 
c 

c 
c 

c c 

c 
c 

t 
C 

c 
c 

Cc.:Ifo1MON/ONE/ .. 
COMMON.I TWO.l .. .. 

00025850 
00025860 
00025810 
00025880 
00025890 
00025900 
00025910 
00025920 
00025930 
00025940 
00025950 
00025960 
00025910 
00025980 
00025990 
00026000 
00026010 
0002.6020 
00026030 
00026040 
00026050 
00026060 
00026010 
00026080 
00026090 
00020.100 
0002o.U.O 

. 0002.6120 
00026130 
00026140 
00026150 
00026160 
00026110 
00026180 
00026190 
00026200 
00026210 
00026220 
00026230 
00026240 
00026250 
100026260 
00026270 
00026280 
00026290 
00026300 
0002b310 
00026320 
00026330 
00026340 
00026350 
00026360 
00026310 
000263130 
00026390 
00026400 
00026410 
00026420 
00026430 
00026440 
00026450 
00026460 
00026410 
000264130 
00026490 
00026500 
00026510 
00026520 



c 
c 

c 
c 

c 
c 

c 
C 

C 
C 
C 

c c c 

t 
C 

COMMON/SIX/ TINT(120),TY(120) 
DOUBLE PRECISION TINT,TV 

DOUBLE PRECISION I,ZN(S},FRE,FAE,F3,F4,F5,F6,F7,FS,F9,E, 
$:llNTEG. ZSQ"t CUS) 

IF ( Z.GT.5@90000 » GO TO 40 
ZSQ :;;: Z*Z/2.0DOO 
E :;;: OEXP(-ZSQ)/2.50b62S275000 
lI'H 1) :;;: -l $: E 
IN(2) == E lit (Z*Z - 1 .. (000) 
ZN() :;;: -l*E*€Z*l - 3.0000) 
IN(4) :;;: E*«Z*Z*«l*Z - 6.0000) + 3.0000) 
IN«S) == -Z*Elit(Z*Z*(Z*Z - 10.0000) + 15.0000) 
ZN{6~ = E*(l*l*(l*l*€Z*l - 15 .. 0000) + 45.0000) - 15.0000) 
ZN(1)==-Z*E*(Z*Z*<Z*Z*(Z*I-21.ODOO)+105eODOO'-105 .. 0DOO) 
ZN(S)=E*tl*l*€Z*Z*(Z*I*lZ*l-28eOOOO)+210.0000)-420.0000)+ 

+105 .. 0DOO) 
F3 = 6.0000 
f4 24 .. 0DOO 
F5 :;;: 120 .. 0000 
F6 :.:: 120 .. 0000 
F7 :;;: S040 .. 0000 
F8 :;;: 40320 .. 0000 
f9 :.:: 36288000000 
NUMCU-NC.UM-5 

CALL TALOOK(Z,ZINTEG) 

fRE :;;: 1.0000 - ZINTEG 
FRE :;;: fRE + C(3)*ZN(2)/F3 

+ - C (41*ZN (3 )/F4 
+ -C(3)*C(3)*ZN(S)*lO.0000/F6 

IF(NUHCU) 5,10,15 

fOUR CUMUlANT EXPANSION 

5 IF(FREelT.O.ODOO) FRE=O.OOOO 
IF(FRE.GT.l.ODOO) FRE:;;:l.OOOO 
RETURN 

FIVE CUMUlANT EXPANSICN 

10 FRE = FRE + C(S)*lN(4)/F5 
+ + C(3)*CC4)*INlb)*35.0DOO/F1 
+ + C(3)*C(3)*ZN(S)*280.0DOO/F9 

IFlFRE.lT.O.OOOO) FRE=O.ODOO 
-IF(FRE.GT.l.ODOO) FRE=l.ODOO 
RE.TURN 

EIGHT CUMUlANT EXPANSION 
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00026530 
00026540 
00026550 
00026560 
00026510 
00026580 
00026S90 
00026600 
00026610 
00026620 
00026630 
00026640 
00026650 
00026660 
00026610 
000266S0 
00026690 
00026100 
00026710 
00026120 
00026730 
00026140 
000261S0 
00026760 
00026770 
00026780 
00026790 
00026800 
00026810 
00026820 
00026830 
00026840 
000268S0 
00026860 
00026870 
00026880 
00026890 
00026900 
00026910 
00026920 
00026930 
00026940 
00026950 
00026960 

. 00026910 
00026980 
00026990 
00021000 
00021010 
00021020 
00021030 
00027040 
00021050 
00021060 
00021010 
00021080 
00027090 
00027100 
00027110 
00027120 
00021130 
00021140 
00021150 
00021160 
00021110 
00027180 
00027190 
00027200 



C 
C. 

c. c 

c c 

C 
t. 

C 
C 

c c 

c 
c c 
c 
c 
c c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

itO FRE :: 0 .. 0000 
RETURN 
END 

SUB ROUT INE TA LOOK (l, 1. INT EG) 

COMMON/ONE/ . .. 
COMMON/TwOI ... .. 

- COMMON/FOURI ... 

'COMMON/SIX.! ,(INTi 1.20), Y(20) 
DOUBLE PREC IS ION YINTtV 

COMMON/SEVEN.! CMULT(4),EAVAL(3),EMULT(4),EXPlCU(4,S), 
.. HYEXPN( 11) t NHYMN( 20) t NPSMNl 20) ,NTHY t20)., 
... NTPS(20),NXHY(20),NXPSt20),PSEXP(11),SCHCUM(4.,20) 

DOUBLE PRECISION AVltZ,ZlNTEGtOy.,PI(,l.INT,FACTOR 1 ... Rl,R2,R3,R4,Q12,Q13,Q14tQ23,~4.,Q34,Q21,Q31,Q4 ,Q32,Q42,Q43 

lOOKUP IN NORMAL DISTRIBUTION FUNCTION THE VALUE OF 
THE INTEGRAL OF EXP(-l2/Z) FROM MINUS INFINITY TO 1.0 
INTERPOLATE WITH CUSIC FIT BETwEEN THE 1.20 DATA POINTS 
COPIED FROM TABLES. THE REFERENCE USED IS: TABLES OF 
NORMAL PKOBABILITY FUNCTIONS 8'( THEU.5. DEPARTMENT 
OF COMMERCE ... 

DEFINITION OF KEY VARIABLES: 
NAME TYPE SIZE 
I REAL 
11NTEG REAL 
Y REAL 120 

~INT 

K 
DY 

REAl. 

INT ., 
REAL 

120 

IF(Z~GE.-5e9DOQ) GO TO 5 
IINTEG .::: 0 .. 0000 
RETURN 

:; CONTINUE: 

MEANING 
NORMALIZED INDEPENDENT VARIABLE 
INTEGRA l. VALUE 
NORMALIZE INDEPENDENT VARIABLE 
« 1 N PU T 0 A T A ) 
IN1EGRAL VALUES CORRESPONDING 
TO Y (INPUT DATA) 
GRID POINT CORRESPONDING TO Z 
'f INCREHE:NT 

IF {DABSil)"GT .. 1 .. 0D-10 GO TO 10 
ZINTEG ;;;; 0",,5000 
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100021210 
00021220 
00021230 
0002-/240 
00021250 
00021'260 
00021'210 
00027280 
00027290 
00027300 
00027310 
00027320 
00021330 
00027340 
00027350 
00027360 
00021310 
00021380 
00021390 
00027400 
00027410 
00021420 
00021430 
00027440 
00021450 
00021460 
00027410 
00021480 
00021490 
00021500 
00027510 
00027520 
00027530 
00021540 
00027550 
00021560 
00027570 
00027580 
00021590 
00021600 
00021610 
00027620 
00021630 
00021640 
00021650 
00027660 
00021670 
00021680 
00027690 
0002.1100 
00021110 
0002172.0 
00021130 
00027140 
00021150 
00021160 
00021170 
00027780 
00021190 
00021800 
00021810 
00027820 
00021830 
00021840 
00021850 
00027860 
00027870 
00027880 



c 

c 

c 

C 
t 
C 
C 

C 
C 
C 

c c 

c 
c 

RETURN 
10 CONTINUE 

OV = Y(2) - Y(1' 
PI( :::: DABS(l)/OY + 1.0000 
I( = PI( 
Air/I:::: DABS( l) 
Rl :::: 0 ... 0000 
Rl :::: 0 .. 0000 
R3 :::: 0 .. 0000 
R4 - 0 .. 0000 
If (AVI.NE.V(K)Rl :: AVl - Y(K) 
IF I AVZ.NE~V(I(+1))R2 = AVZ Ytl(+l) 
IF « AVl.NE.Y(K+2»)R3 = AVl Y(K+2) 
IF « AV1.NE.V(K+3))R4 :: AVl - Y(K+») 

Q12:::: yaK) - Y(K+l) 
Q).3= YUO - YU{+2) 
Q14= Y(K) - Y(K+») 
Q23= Y(K+1) - Y(K+2) 
Q24= Y(K+l} - Y(K+3) 
Q34= Y(I(+2) - Y(K+3) 
Q21== - 'lI2 
Q31= -Q13 
Q41= -Q14 
Q32= -Q23 
Q42= -Q24 
Q43= -Q34 
IF « DABS(Rl) .. GT .. l .. OO-lO)GO TO 20 
lINT = YINT(K)*R2*R3*R4/(Q12*Q13*Q14) 
GO TO 30 

20 IF « DAbS(R2).GT.l.OO-lO;GO TO 22 
lINT :: YINT« K+1 )*Rl*R3r*R4/C Q21*Q23*Q24» 
GO 10 30 

22 IF ( DABSCR3).GT.l.OD-10)GO TO 24 
lINT:::: YINT(K+2)*Rl*R2*R4/(Q31*Q32*Q34) 
GO TO 30 

2.4 IF ( OABStR4).GT.l .. OD-l0)GQ TO 20 
lINT:: YINT(K+3)*Rl*R2*R3/(Q41*Q42*Q43) 
GO TO 30 

26 ZINT = YINT(K)*R2*R3*R4/(Q12*Q13*Q14)+ 
... YINTU(+1»*Rl*R3*R4/(I,J21*(,J23*Q24'+ 
... YINT(K+2»*Rl*R2*R4/(Q31*Q3Z*W34)+ 
... YINT(K+3)*Rl*R2*R3/(Q41*Q42*Q43) 

30 FACTOR = 1.0000 
IF(Z.lT.O.ODOO)FACTOR = -1.0000 
ZINTEG = 0.5000 * ( 100000 +FACTOR * lINT 
IF ( lINTEG.GT.l.ODOO ) liNTEG = 1.0000 
RETURN 
END 

SUBROUTINE RINPUT 

COMMON/ONE/ 
+ 

COMMON/TWO/ .. .. 
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00021890 
00021900 
00021910 
00027920 
00021930 
00021940 
00021950 
00021960 
00021970 
00027980 
00021990 
00028000 
00028010 
00028020 
00028030 
00028040 
00028050 
00028060 
00028070 
00028080 
00028090 
00028100 
00028110 
00028120 
0002&130 
00028140 
00028150 
00028160 
00028170 
00028180 
00028190 
00028200 
00028210 
00028220 
00028230 
00028240 
00028250 
00028260 
00028270 
00028280 
00028290 
00028300 
00028310 
00028320 
00028330 
00028340 
00028350 
00028360 
00028370 
00028380 
00028390 
00028400 
00028410 
00028420 
00028430 
00028440 
00028450 
00028460 
00028410 
00028480 
00028490 
00028500 
00028510 
00028520 
00028530 
00028540 
00028550 

~a0028560 



c 
c 

t 
t 

t 
C 

c c 

( 

C 
C 
C 
C 
C 

1000 
10 

C 
C 
C 
C 
C 

t 
(OMMON/THREEI AVSPE«20,4),COSTOP(20),EC(lO)r IBK (500,3), 

.. 11K (500,3 » ~MXELD( (20,4 j ,NSTPRd 20 11'10» ., 

.. PERENE ( 20 ,4) 

COMMON/fOUR/ .. 

COMMON/SIX! TINT(120)~lV(120) 
DOUBLE PRECISION TINT,TV 

COMMON/SEVEN; CHULT~4)9EAVAl(3)>,-EMULT(4),EXPlCU(4,8), 
.. . HVEXPN( 11 hNHYMI"oU 20), NPSHfH 20) ,NTliYt 20 h 
+ ,.J. NTPS,(20),NXHY(20)"NXPS420)"PSEXP( lU,SCHCWH4,,20) 

DATA K25,K26/25,l6.1 

READ lOAD CUMUlANTS 

DO 10 1=1'14 
READ(K2b,1000) (HRCUH4I,J),J=lub) 
FORMAT(lH 1(3E23.14») 
CONTINUE 

READ PEAK AND ORIGINAL lOC 
. INITIAlIZAT ION 

DO 20 1=1,4 
00 20 J=ltMX 

20 El(I,J)=O .. O 

c 
( 
C NORMALIZATION 
C 
C 

C 
C 
t HYDRO SCHEDULED SYSTEM 
C 
C 

t 
C 
t 
t 
t 

PlHPEO STORAGE SYSTEM 

READ( 33li> lOlC» NOOH 
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00028510 
00028580 
000213590 
00028600 
00028610 
00028620 
00028630 
00028640 
00028650 
00028660 
00028670 
00028680 
00028690 
00028100 
000281'10 
000281'20 
00028130 
00028740 
00028750 
00028760 
00028110 
00028780 
00028790 
00028800 
00028810 
00028820 
00028830 
00028840 

-.. 00028850 
00028860 
00028810 

·00028880 
00028890 
00028900 
00028910 
00028920 
00028930 
00028940 
00028950 
00028960 
00028910 
00028980 
00028990 
00029000 
00029010 
00029020 
00029030 
00029040 
00029050 
00029060 
0002901'0 
00029080 
00029090 
00029100 
000291].0 
00029120 
00029130 
00029140 
00029150 
00029160 
00029170 
00029180 
00029190 
00029200 
00029210 
00029220 
00029230 
00029240 



·c 
C 
t 
t 

t 
C 
C 

c c 

t 
C 

c 
C 

C 
C 

c 
c 

C 
C 

C 
C 
C 

C 
C 

SUBROUTINE INOUT 

COIiMON/ONE.I ... 

COMMON/TWO/ ... ... 

COMMON/fOUR/ ... 

COMMON/FIVE! HRCUM(4,S),PTCUM(211,l6'tPTCUMH(3,16),SYSCUM{S) 
DOUBLE PRECISION HRCUM9PTCUM9PTCUMHtSY~CUM 

COMMON/S IX/ TINn 120), TV( 120) 
DOUBLE PRECISION TINT,TV 

DATA lIO/lO/ 
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00029250 
00029260 
00029210 
00029280 
00029290 
00029300 
00029310 
00029320 
00029330 
00029340 
00029350 
00029360 
00029370 
00029380 
00029390 
00029400 
00029410 
00029420 
00029430 
00029440 
0002'9450 
00029460 
00029410 
00029480 
00029490 
00029500 
00029510 
00029520 
00029530 
00029540 
00029550 
00029560 
00029510 
00029580 
00029590 
00029600 
00029610 
00029620 
00029630 
00029640 
00029650 
00029660 
00029610 
00029680 
00029690 
00029100 
00029710 
00029120 
00029130 
00029740 
00029750 
00029760 
00029770 
00029180 
00029790 
00029800 
00029810 
00029820 
00029830 
00029840 
00029850 
00029860 
00029870 
00029880 

;::-, 00029890 
00029900 
00029910 
00029920 



c c c 
c 
c 
c 

c 
c 

C 
C 

C 
C 

c c 

c 
c 

SUBROUTINE RESMX(ECP,SCAP,NCRl) 

COMMON/ONEI 
~ 

COMMON/TWOI' ... ... 

COMMON/FOUR/ 
+ 

ELt4,1250),HYDR(3!11)iIUP(20120~!NUF(220120)1 
PEAK'20,4),PlANT(~OO, 4),PLA~A'2u,14),X( 250; 

157 

00029930 
00029940 
00029950 
00029960 
00029970 
00029980 
00029990 
00030000 
00030010 
00030020 
00030030 
00030040 
00030050 
00030060 
000300110 
00030080 
00030090 
00030100 
00030110 
00030120 
00030130 
00030140 
00030150 
00030160 

._. 00030170 
00030180 
00030190 
00030200 
00030210 
00030220 
00030230 
00030240 
00030250 
00030260 
00030270 
00030280 
00030290 
00030300 
00030310 
00030320 
00030330 
00030340 
00030350 
00030360 
00030310 
00030380 
00030390 
00030400 
00030410 
00030420 
00030430 
00030440 
00030450 
00030460 
00030410 
00030480 
00030490 
00030500 
00030510 
00030520 
00030530 
00030540 
00030550 
00030560 
00030570 

.;::::-:> .00030580 
00030590 
00030600 



c 
c c 
c 
c c 

C 
C 
C 

C 
C 
C 

c 
C 

c c 

c c 

c 
C 

t 
C 

c 
c 

DIMENSION PlP(4) ,1 SCAP(4) 

IOHl=-l 
10 ECP=ECP+PlAN1(1,3) 

ClPMX=lO .. O 
00 20 N=l,NP . 
PK=PEAK (JYR ,N) 
IF(ICNTL.LT.O) S=SCAP(N) 
Y=PlANTC1,3)*(1.0-EMORC2,N))/PK 
P=laO-PLANT(1,5) 
S=S+Y 
CALL PWADD(Y,P,N,NHAXI) 
A=S 
PLP(N)=PLOLP(A,N) 
If{PlP(N)slE .. ClPMX) GO TO 15 

.GO TO 20 
15 CLPMX:::::PLPHO 

NCRL=N 
20 CONTINUE 

If(CLPMX.LE .. PPMAX) GO TO 30 
ICNTl=l 
GO TO 10 

30 RETURN 
END 

SUBROUTINE COMPST 

COMMON.!ONE.! 
+. 

COMMON/TWOI 
-+ .. 

COMMON/THREE/ AVSPE(2014),COSTOP(20)?EC(20)!IBK(500,l3), 
... . ITK (5 oo,~ ) II'MXELDC (20,4, ,NSTPRI: (20,10) , 
.. PERENE:( 20,4~ 

COMMON/fOUR/ ... 

COMMON/SIXI TINT( 120) ,TV( 120) 
DOUBLE PRECISION TINT,TV 
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00030610 
00030620 
00030630 
00030640 
00030650 
00030660 
00030670 
00030680 
00030690 

" 00030100 
00030110 
00030720 
00030130 
00030140 
00030150 
00030160 
00030170 
00030780 
00030190 
00030800 
00030810 
00030820 
00030830 
00030840 
00030850 
00030860 
00030870 
00030880 
00030890 
00030900 
00030910 
00030920 
00030-930 
00030940 
00030950 
00030960 
00030970 
00030980 
00030990 
00031000 
00031010 
00031020 
00031030 
00031040 
00031050 
00031060 
00031010 
00031080 
00031090 
00031100 
00031110 
00031120 
00031130 
0003U.40 
00031150 
00031160 
00031110 
00031180 
00031190 
00031200 
00031210 
00031220 
00031230 
00031240 
00031250 

;--"8°031260 
0031210 

00031280 



c 
c 
€ 
c 

c 
c 
~ 
c 

c 
c 

c 
c 

HYDRO EXPN PLANT 

If(NXHV(JYR).LE.O) GO TO 10 
HMULT=FlOAT(NXHY(JYR») 
GO TO 20 

10 HMUlT=FlOAT(NTHYlJYR» 
20 00 30 J=1,4 

HYOR(2,J'=HMULT~YEXPN(J) 
30 CONTINUE 

00 35 J=5,11 
35 HYDR(2,J)=HYEXPN(J) 

PUMPED STORAGE PLANT 

RETURN 
END 
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00031290 
00031300 
00031310 
00031320 
00031330 
00031340 
00031350 
00031360 
00031370 
00031380 
00031390 
00031400 
00031410 
00031420 
00031430 
00031440 
00031450 
00031460 
00031470 
00031480 
00031490 
00031500 
00031510 
00031520 
00031530 
00031540 
00031550 
00031560 
00031510 
00031580 
00031590 
00031600 
00031610 
00031620 
00031630 
00031640 
00031650 
00031660 
00031610 
00031680 
00031690 



c 
c 
c 
c 
c 
c 
c c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 

OYN02 .. fORT 

OYNO IS THE OPTIMIZATION SUBMODULE OF THE OPTIM 
MODULE IN THE CERES CODE. 

TITLE::: MAIN 
FUNCTION:THE MAIN PROGRAM ROUTINE CONTAINS THE DYNAMIC 

PROGRAMMING Al60RITHM. THIS ROUTINE IS DIVIDED INTO 
ThE: FOLLOWING 5ECTIONS:: 
1. READ INPUT DATA, INITIALIZE PROGRAM FLAG, 

EXERCISE PROGRAM EXECUTION CONTROL (OUTER 
I H:.RA lIONS) 1" hROUGH 'SUBROUll NE CHOICE, AND 
DEFINE OUTER ITERATION VARIABLES. 

2. GENERATE AND KEEP THE ACCEPTABLE STATES FOR THE 
FIRST STAGE (YEAR) OF THE STUDV PERIOD. 

3. FOR EACH STATE OF STAGE (YEAR) N'f OF THE STUDY 
PERIOO~ GENERATE THE ACCEPTABLE STATES FOR STAGE 
NYNEXT = NV + 1. fOR ANY STATE IN STAGE NYNEXT, 
THAT· OR IGINATES FROM MORE THAN ONE STATES IN 
STAGE NY, KeEP THE MINIMUM OBJECTIVE FUNCTIONo 

4. IDENTIFY THE MINIMUM OBJECTIVE fUNCTION IN THE lAST 
YEAR AND TRACE BACK THE OPTIMUM SOLUTION HISTORY 
(PAlH) DURING THE STUDY PERIOD. 

5. MODIFY THE ARTIFICIAL TUNNEL BOUNDARIES UNlIl THE 
OPTIMUM SOLUTION UOES NOT VIOLATE THE TUNNEL 
BOUNDARIESo BRANCH BACK TO SECTION 2 OR 3 (INNER 
OR TUNNEL ITERATIONS). 

C NAME TYPE SIZE 

20,4 
20 

DEFINITION Of COMMON VARIABLES 

DEFINI TION 
C ---
C A\lSP REAL 
C CAPA85 REAL 
C 
C ClOL? REAL 
C CPLOlP REAL 
C 
C OISRA T REAL 
C OX REAL 
C EL REAL 1250 
C ELDC REAL 4,1250 
C 
C 
C 
C 
C 
C 
C 
C 

~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ELF 
ENEDEM 
EXPLCU 

fATOPE 

FCR 
HOURS 
IBASYR 

IDEXP 

IPCH 
1S0l 

ITIN 
ITMAX 
tTOUT 
lBOLO 

REAL 
REAL 
REAL 

REAL 

REAL 
REAL 
1NT .. 

un .. 
INT, 
INT .. 

INT ... 
INT .. 
INT .. 
INT .. 

1260 
l(J,4 
4,8 

20 

8 

a 
20,8 

8 

SPACE AVAILABLE FOR SCHEDULED MAINTENANCE 
SCHEDULED SYSTEM CAPACITY FUR EACH YEAR 
OF T HE STUDY PE:R 100 .. 
CRITICAL LOSS-OF-LOAD-PROBABllITY(LOLP) 
CRITICAL LOSS-oF-LOAD-PROBABILITY(LOlP) 
AS DEFINED IN PREP SUBMODULE 
DISCOUNT RATE 
NORMALIZED MW INCREMENT (DX=l./MAXPO) 
AUXILIARY ELUC FOR LOL? CALCULATION 
FINAL LuAD DUKAIION CURV~ AFTER ALL 
THE UNITS OF Tht SCHEDULED SYSTEM HAVE 
BEEN CONVOLVED tUSED FUR LOLP CALCULATIONS). 
ELDC IS READ FROM THE DIRECT ACCESS FILE 22 
AUXILIARY ELOC FOR LOlP CALCULATION 
ENERGY DEMAND FOR I:ACH SEASON 
lJCUMol) EXPANSION PLANT CUMUlANTS 
JCUM=1,4 IS THE JCUM-TH CUMULANT 
1=1 .. 8 IS THE I-TH PLANl TYPE IN THE 

RESTRlCTED EX.PlANT LISTo 
lOWER 80U~O FOR ENERGY COST FOR EACH 
YEAR (IN MILLION DOLLARS. USED FOR FATHOMING) 
fIXED CHRAGE RATE 
NUMBER OF HOURS PER SIMULATION PERIOD 
BASE 'fEAR. CAl~NDAR YEAR NEXT TO 
WHICH THE STUDY PERIOD BEGINS. 
IOEXP(l)=IP MEANS THAT THE I-Th PLAtA 
PLANT IS THE IP-TH INPUT MODULE PLANTs 
NUMBER OF UNITS BY WHICH THE ARTIFICIAL 
IISOltN,J): OPTIMUM OF SUBOPTIMUM SOLUTION 
N: YEAR Of STUDY PERIOD 
I: NU"-1bER OF UNl TS OF I-TH PLANT TYPE 
TUNNEL CHANGE FOR EACH tXP. CANDIDATE 
NUMB~ OF TUNNEL ITERATIONS 
MAXlr-uM ITIN. 
NUMiH:R OF 0)'1'40 SfNSI T IV lTV ANA LYSES 
(1) ARTIfICIAL LOWER TUNNEL BOUNDARY BEFORE 
THE CURRENT CALL TO THE ADJUST ROUTINE. 

160 

00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000010 
00000080 
00000090 
00000100 
00000110 
00000120 
00000130 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000210 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000410 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
00000560 
00000510 
00000580 
00000590 
00000600 
00000610 
00000620 
00000630 
00000040 
00000650 
00000660 
00000610 
00000680 



c 
C lIST 
C 
C lOWS 
C MAINS 
C 
(, MAXAOO 
C 
C MAXAll 
C HAXINP 
C 
C MAXI 
C MA,"(PLA 
C 
C MAXPO 
C 
C MAXOR 
C MAXTUN 
C 
C 
C MAXUN 
C 
C MINTUN 
C 
C 
C HINUN 
C 
C MXELOC 
C 
C MXPL 
C MXYEAR 
C NEXPI!) 
C 
C 
C 
C NORDER 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C NUBalD 
C 
C 
C NSTPRE 
C 
C. 
C NUPB 
C PEAKS 
C PLACA 
C 
C 
C 
C 
C 
C 
C. 
C 
C 

INT .. 8,1000 

INT.. 20,8 
INT.. 200 

INT... 8 

IN! .. 
INT .. 

INT .. 
INT .. 
INl., 

INT .. 
INT .. 

INT .. 

INT .. 

INT .. 
INT. 

INT .. 
INT .. 
INT .. 

INT ... 

INT ... 

nn .. 

INT .. 
REAL 
REAL 

I=lL8 I-TH PLANT IN RESTRICTED EXP .. PLANT LIST 00000690 
llSI OF STAT~S GENERATED WITHIN TUNNELS 00000700 
FROM ORIGIN STATE 00000710 
ARTIFICIAL YEARLY PLANTS TUNNEL LOWER BOUND 00000720 
MAINS'l) DEFINES THt SEASON IN WHiCH SCHeDULED 00000730 
PLANT 1 IS SUT OOWN FOR MAINTENANCE. 00000140 
MAXIMUM NUMBER OF UNITS THAT CAN BE ADDED 00000150 
EACH YEARe 00000160 
MAXPLA ... MXPl 00000170 
MAXIMUM NUMBER OF EXPANSION CANDIDATES 000007BO 
DEFINED BY INPUT MODULE 00000190 
MAXIMUM NUMBeR OF POINTS IN THE ElOC ARRAYS OOOOOBOO 
MAXIMUM NUMBER OF PLANTS IN THE 00000810 
SCHEDULED 5.YSTEM.. 00000820 
MAXI~JM NUMBER Of POINTS IN THE NORMALIZED 00000830 
ORIGINAL ELDC. 00000840 
NUMBER OF PLANT BLOCKS IN THE LOADING ORDER 00000850 
(1) ARTIFICIAL UPPtR TUNNEL BOUNDARY FOR 00000860 
CURRENT ORIGIN STATE~ 00000810 

1;11)& I-lH PLANT IN RESTRICTED EXP .. PLANT LIST 00000880 
MAXIMUM ALLOWED NUMBER OF UNITS FOR EACH 00000890 
YEAR AND EXPe CANDIDATE 00000900 
(1) ARTIfICIAL LOWER TUNNEL BOUNDARY FOR 00000910 
CURRENT ORIGIN sr ATE.. 00000920 

1=1,8 I-TH PLANT IN RESTRICTED EXPoPlANT LIST 00000930 
MINIMUM ALLOWEO NUMBER Of UNITS FOR EACH 00000940 
YEAR AND EXP$ CANDIDATE 00000950 
MAXIMUM NUMbER Of POINTS IN EACH OF THE 00000960 
SCHEDULED SYSTEM ELOC'S fOR THt STUDY PERIOD 00000970 
MAXIMUM NUMB~R OF NEW CANDIDATE5@ 00000980 
MAXIMUM NUMBER OF YEARS IN STUDY PERIOD 00000990 
NEXPIO€IP)=1 MEANS THAT TH~ IP-TH INPUT 00001000 
MODULE PLANT IS THE I-TH PLACA PLANT. 00001010 
IF 1<0 THE PLANT IS NOT USED IN THE 00001020 
CURRENT SENSITIVITY ANALYSIS 00001030 
LOROERtI,J): PLANT LOADING ORDER. 00001040 
1=1,420: PLANT BLOCK LOADING ORDER 00001050 
J=l: INDICATES THE POSITION OF THE PLANT 00001060 

IN THE SCHEDULED OR NEW CftNOIDATE 00001010 
FILES (PLANTS & PLACA RESPtCTIVElY) 00001080 

J=2: PLANT BLOCK 00001090 
J=3: IF >=0, IT INDICATES THE NUMBER OF 00001100 

UNITS Of PLANT (I,J=l) IN 00001110 
THE SCHEDULED SYSTEMe 00001120 

If < 0 «USUALLY -U9 INDICATES THAT 00001130 
TH~ CORRESPONDING PLANT 00001140 
(I,J=l) IS A NEW CANDIDATE. 00001150 
THE NUMBE:R OF UNITS FOR THIS 00001160 
PLANT IS FOUND FROM THE STATE 00001170 
UNDER EXAMINATIONo 00001180 

(1) ARTIFICIAL UPPER TUNNEL BOUNDARY BEFORE 00001190 
THE CURRENT CALL TO THE ADJUST ROUTINEs 00001200 
1=1,8 I-TH PLANT IN RESTRICTED EXP.PLANT LIST 00001210 
YEAKLY STATES USED FOR THE MINIMUM RESERVE 00001220 
MARG IN CALCULAT ION IN PREP SUBMODULE .. THEY 0000 1230 
USED HERE fOR lHE FIRST ESTIMATE OF UBOUND& 00001240 
ARTIFICIAL YEARLY PLANTS TUNNEL UPPER BOUND 00001250 
YEARLY PEAKS FOR THE 20 YEARS OF THE StUDY PERIODO0001260 
PLACA( I,J): PLANT CANDIDATES@ 00001210 
1: PLANT NUMBER IN THE SAME ORDER AS IN 00001280 

THE NEW CANDIDATE PLANTS FILE. 00001290 
J=l NUMBER OF UNITS BELONGING TO THIS 00001300 

PLANT CODE 00001310 
J=2 BASE CAPACITY IN MW 00001320 
J=3 MAX. CAPACITY 11\1 MW 00001330 
J=4 MAlNTENANCE REQUIREMENT IN DAYS PER YEAR 00001340 
J=5 FORCED UUTAGE RATE 00001.350 
J=6 CAPITAL COST IN $/KW 00001360 
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c 
c 
c 
C 
c 
C 
C 
C 
C 
C 
C PLANTS 
C 
C 

€ 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C POPEC 
C 
C 
C PTCUM 
C 
C 
C 
C 
C PTCUMX 
C 
C PESMAR 
C 
C RESMAX 
C RESMIN 
CRaM 
c 
c 
C SOL 
C 
C 
C 
C 
C SSCUM 
C 
C 
C 
C UBOUNO 
C 
C UNE 
C X 
C 
C 
C 
C 

REAL 200~14 

REAL 225,20 

REAL 200118,4 

REAL 8,8,4 

REAL 

REAL 20 
REAL 20 
REAL 20,"t 

REAL 

REAL 20 
REAL 1250 

J=7 BASE FUEL COST IN $/MWH 
J=8 MAX OPERATING FUEL COST IN $/MWH 
J=9 ECONOMIC PLANT LIFE IN YEARS 
J=lO FIXED OPERATION AND MAINTENANCE 

COSTS IN S/MW.VEAR 
J=ll VARIABLE OPERATION AND MAINTENANCE 

COSTS IN S/MWH 
J=12 SALVAGE VALUE IN THOUSAND DOLLARS 
J=13 ANNUAL CAPITAL COST ESCALATION RATE 
J=l"t FUEL COST ESCALATION RATE 
PLANTS'I,J): SCHEDULED SYSTEM PLANTS 
I : PLANT NUMBER IN THE SAME ORDER AS IN 

THE SCHEDULED SYSTEM FILED 
J=l NUMBER OF UNITS BELONGI~G TO THIS 

PLANT CODE 
J=2 BASE CAPACITY IN MW 
J=3 MAX CAPACITY IN MW 
J=4 MAINTENANCE REQUIREMENT IN DAYS PER YEAR 
J=5 FOKCED OUTAGE RATE 
J=6 CAPITAL COST IN S/KW 
J=1 BASE FUEL COST IN $/MWH 
J=B MAX OPERATING FUEL COST IN $/MWH 
J=9 ECONOMIC PLANT LIFE IN YEARS 
J=lO FIXED OPERATION AND MAINTtNANCc 

CO STS IN S/MW .. YEAR 
J=ll VARIABLE UPERATION AND MAINTENANCE 

COSTS IN S/MWI1 
J=12 SALVAGE VALUE IN THOUSAND DOLLARS 
J=13 ANNUAL CAPITAL COST ESCALATION RATE 
J=14 FUEL COST ESCALATION RATE 
POPEC(IP,NV) OPERATING COST 
IP: PLANT ID 
NY: YEAR OF STUDY PERIOD 
PTCUM(IP~I,J) SCHEDULED SYSTEM PLANT eUMUlANTS 
IP: PLANT 10 AS UEFINED IN INPUT MODULE 
1=1,~ BASE BLOCK CUMUlANTS 
1=5, B PLANT CUMULANTS 
J= 1, <t YEAR l Y SE:A S.ON 
EXP. CANDIDATE eUMULANTS DEFINED AS IN PTCUM 
ARRAY MORlI,J) 
MAXIMUM RESERV~ MARGIN (DEFINED IN % AND 
USED AS DECIMAL) 
MAXIMUM RESERVE MARGIN EACH YEAR 
MINIMUM RESEKVE MARGIN tACH YEAR 
EXPo CANDIDATE MAINTENANCE OUTAGE RATE 
1: EXP* CANDIDATE NUMBER 
J=114 ~EASON NUMBtR 
SOL N,J): OPTIMUM OR SUBOPTIMUM SOLUTION 
C.HAR AC 1 ERI ST Ies .. 
N: YEAR OF STUDY PERIOD 
J:;:l LOL P 
J:;:2 OBJECTIVE FUNCTION 
(JCUM,NY) seHEDULEU SYSTEM CUMULANTS 

FOR THE PEAK SEASON IN EACH YEAR 
JCUM=1,<t IS THE JCUM-TH CUMULANT 
NY=1,20 IS THE YEAR IN THE STUDY DfRIODe 
UPPEk tlOUND OF OBJECTIVE FUNCTION@ IN 
MILLION DOLLARS. (USED FOR FATHOMING) 
U'dSERV~O ENERGY FOR EACH YEAR 
NORM ALllEO MW ARRA Y 

FILE DESC.RIPTION C ____________________________________ _ 

C 
C NAME 
C INour 

UNIT TYPE DEFINITION 
8 SEQUENe INPUT DAlE READ BY READIN SUBROUTINE 
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00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001410 
00001480 
00001490 
00001500 
00001510 
00001520 
0000 1530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 
00001600 
00001610 
00001620 
00001630 

--, 00001640 
00001650 
00001660 
00001610 
00001680 
00001690 
00001700 
00001110 
00001120 
00001730 
00001740 
00001150 
00001760 
00001770 
00001180 
00001790 
00001800 
00001810 
00001820 
00001830 
000018"t0 
00001850 
00001860 
00001810 
00001880 
00001890 
00001900 
00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001910 
00001980 
00001990 
00002000 
00002010 
00002020 
00002030 
00002040 



C DPOU1 
C 51A TE S 
C LDF IN 
C PlSCH 
C lORD 

11 SEQUENe DEBUG OUTPUT 
14 OIR.AC$ YEARLY ACCEPTED STATES 
22 SEQUEN... SCHEDULED SYSTEM FINAL ELOC· S 
23 DIR .. AC S(.HEDUlED PLANT DATA 
24 SEQUENo ECONOMIC LOADING ORDER 

C PTCUH 
C SOL 

21 SEQUeN", SCHEDULED PlANT CUMULANTS 
28 OIR.AC FINAL SOLUTIONS AFTER EACH TUNNEL ITERATION 

C 
C 
C 

c 
c c 

c 

C 

c 
c 

C 

C 

C 

c. c 
c c c 

c 
c 

COMMON 
1 

tARSI 

2. 
:3 
4-
5 
6 
1 

COMMON IleSt El(1Z50),ELOC(4,1250),ElFt1260), 
+ MXELDC(20,4j,X(1250) 

COMMON ICMSI PTCUM(201,8,4},PICUMX(20,S},ROM(4Q,4),PICUMH(3,S) 

COMMON 11NSI LBOlD(8)~LIS1(871000),MAXTUN(8), 
+ MINTL.rH8hNUBOLD(8) 

COMMON 11SlI T1N1(120),1Y(120) 

DOUBLE PRECISION TINT,TY 

COMMON IHYSI CMULl(4),EAVAl(3),EMUL1(4),HYDR(3,11), 
+ HYEXPN(111,hVSCHOtZO,8i,PSEXPN(11), 
+ PSSCHD(20,a),SV~CUM{4) 

DIMENSION CUMlOL(lOOO), MINSNU€20}, NSTCUR(20l r NSTA1E(20), 
+NO~TIM(20,2), NUMACC(20), OP11MA(~O~4), RESCAP,20,20), 
+NST2(2 v lOOO),NSTltlOOO) ,STN2t4,!OOO),SlNl(lOOO) 

***** SEC T ION 1 ***** 

E====================~=========================== c 
c. 
c 

c 

DATA MINSNU/20*51 
READ INPUT DATA 

CALL READIN 
INITIALIZE PROGRAM FLAGS 

IRES ::: 0 
110UT =:: 0 1-
ICFLAG :. 0 

INITIALIZE OBJECTIVE FUNCTION UPPER BOUND 
CALL UFIRST 
RfSET=UBOUND 
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00002050 
00002060 
00002010 
00002080 
00002090 
00002100 
00002110 
00002120 
00002130 
00002140 
00002150 
00002160 
00002110 
00002180 
00002190 
00002200 
00002210 
00002220 
00002230 
00002240 
00002250 
00002260 
00002210 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
00002340 
00002350 
00002360 
00002310 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002410 
00002480 
00002490 
00002500 
00002510 
00002520 
00002530 
00002540 
00002550 
00002560 
00002510 
00002580 
00002590 
00002600 
00002610 
00002620 
00002630 
00002640 
00002650 
00002660 
00002610 
00002680 
00002690 
00002100 
00002110 
00002120 



c 

c 
C 
t 
C. 
C 
C 
C 

c. c 
c 

.~ 

C 
C 

C 

c c 

c 
c 
c 

DEFINE INPUT PARAMETERS FOR CURRENT OUTER ITERATION 
10 CALL CHOICE« l!. SlOP» 

IF (ISlO? 0GT. 0) GO TO 600 
UBOUND:;RESET 

CALCULATE PLANT CUHULANTS OF EXPANSION CANDIDATES 
WITHOUT MAINTENANCE CONSIDERATION 

N=l 
ICUM=-l 
00 16 I=l,MXPl 

16 NSTCUR a 1):::1 
CALL CUCAlltNSTCUR,NwICUM) 
00 11 I =liMXPL 
1 P= IDEX PC 1) +2 
DO is K=1,4 . 

18 EXPLCU(K,I)=PTCUMX(IP,K) 
11 CONT INUE: 

DEfINE THE PACK lNG BASE 
CAll BASE 

INITIALIZE INNER (TUNNEL) ITERATION COUNTER AND ORIGINAL 
AilFICIAl TUNNEL BOUNDAkIE:S 

I TIN:::. 1 
CALL CHANEl(MAXSTA, ICFlAG) 
IF (ICFLAG .GT. 0) GO TO 10 

START INNER ITERATION CALCULATIONS 
20 CONTINUE 

INITIALIZE AUXILIARY ARRAYS 
DO 30 NYF :::. ltMXYEAR 
UNE(NYF) :::. O .. U 
NUMACC (NYF) :::. 0 
DO 30 1=118 
RESCAP(NY~fl) :::. 0.0 

30 I so L ( NY F ,I) :::: 0 

WRITE (6,926 » 
926 FORMAT{lH1111) 

***** SEC T ION 2 ***** 

E~=================== c 
C 
c. SET BASE YEAR ORIGIN STATE 

DO 40 l=l,MX.P'L 
NSTATE(I) = 0 

40 CONTINUE 
OBJORI :: 0 .. 0 
NOR I = 1 

SET BEGINNING YEAR 
NYCR = 1 
NVOR :; 1 
KVEAR :: IBASYR + NYCR 
WRITE(6,92b) 
WRITE(6,900) KYEAR 

READ SEQUENCIAl fILES FOR THIS YEAR 
REW IND 22 
REW IND 24 
REWIND 27 ~ 

·00501'45=1.,4 
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00002730 
00002740 
00002750 
00002760 
00002770 
00002780 
00002790 
00002800 
00002810 
00002820 
00002830 
00002840 
00002850 
00002860 
00002870 
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
00003070 
00003080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003110 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
00003350 
00003360 
00003310 
00003380 
00003390 
00003400 



t 
C 

C 

C 

t 
C 
C 

t 
C 

t 
C 
C 

c 
c 

~ 
c c c 

C 
C 
C 

C 
C 

c 

c c 

t 
C 
C 
C 

C 
t 

C 

'MAXK ;:;; MXElDC(NYCRDNS) 
REA!H22 j «ElDCtNSIKPOlNT hKPOINT=l, 1250) 
REAO(21) «(PTCUMl P,JCUM,NS),IP=l,201),JCUH=l,8) 

50 CONTINUE 
. READ(24,902J "lORDERIJBlOCK,KATTR),KATTR=l,31,JBLOCK=l,4201 

REAOl24,921) (HAINS(IP),IP=lv200) 
-DEFINE THE FIRST YEAR ORIGINAL TUNNEL. SET TUNNEL FLAG 

TO INDICATE THAT THIS IS THE ORIGINAL TUNNEL DEFINITION. 
IFl TUN=-l 

SET ACCEPTED STATE COUNTER 
NACCEP = 0 

DEFINE TUNNEL 
60 CALL TUNNEL(NSTATE~NYCR,lFLTUN) 

GENERATE THE STATES FOR THt FIRST YEAR. STORE THEM IN THE 
=lIST= ARRAY IN UNPACKED FORM. 

CALL STAGENCNSTCNT,CUMlOL,NYCR) 

INITIALIZE AUXILIARY VARIABLES 
. NSTOLD ;;. 0 
·OlOL? ;:;; 1 .. 0 

CHECK THE STATES IN "LIST" ARRAY FOR PW-lOLP «IF NEEDED) 
AND FATHOMING~CAlCUlATE THE OBJECTIVE FUNCTION FOR THE 

. ACCEPTED STATES. 
00 100 Nl=l,NSTCNT 
WRITE(11,903) NYCR~NL 

COpy CURRENT STATE FROM THE -LIST- ARRAY INTO "NSTCUR-
00 70 I=l I1 MXPL 

10 NSTCUR'U ::: llSHI,Nl) 

RETIEVE THE CuMUlANT lOLP FROM THE CUMLOl ARRAY~ 
CUlOlP ::: CUHI..OL (N U 

IF CRITICAL lOLP IS LESS THAN 0.001, CALCULATE lOl? 
WITH THE PW-LINEAR METHOD. REJECT UNACCEPTABLE STATES. 

If(CLOlP.GT.Oe001) GO TO ao 
CALL FlOlP(NSTCUR w CUlOlP, NSTOlD, OLOLP, NVCR) 
IF (CULOlP .GT. ClOlP) bO TO 100 

CURRENT STATE IS ACCEPTED FOR LOlPG CALCULATE ITS 
OPERA T ING COST .. 

80 CALL OPERCO(NSTCUR, NVCR, OPEC,IRES) 

CALCULATE THE OBJECTIVE FUNCTION 
CALL OBJFUN(NSTCUR, NYCR, OPEC. NSTATE, CAPCD, OBJORI I1 OBJ, 

"" SALV,RESCAP,IRES) 

WRITE(ll,*' (NSTCUR«I},I=l,MXPl) 
WRITE{ll,*) NYCR,OPEC,CAPCO,OSJORI,QSJ 

EXERCISE FA1HO"ING 
CALL FATHOM(NSTCUR, NYCR~ OBJ, IfATH) 
IF U[FATM .. EQ .. 01) GO TO 100 

REACHING THIS POINT MEANS THAT THE STATE CONSIDERED 
IS ACCEPTABLE .. 
INCREMENT THE ACCEPTED STATES COUNTER@ 

NACCEP = NACCEP+l 

PACK ACCEPTED STATE ... 
CALL PACK(NSrCUR, NST} 

STORE ACCEPTED STATE ATTRIBUTES IN CORE. 
WRITE~ll~*~ NST,NORI,CULUlP,OPEC,CAPCO,OBJ 
N S1 2 ~ l!l NAce i::P) = NS T 
NST1CNACeEP) .: NST 
NST2t2,NACC~P) = NORI 
STN2« 1, NACCEP) .: OJLOLP 
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c 
c 

c 
C 

t 
C 

t 
C 

c 
c 
c 
c 
C 
C 

C 

c 
c c 
c 
c c 
C 
C 

t 

C 

t 

C 

C 

C 
C 

STN2{2,NACCEPi :: OPEC 
SlN2(),NACCEP) :: CAPeD 
STN2(4,NACCEP) :: OSJ 

,.,STf'H H"ACCEF~) ;: OBJ 

STORE THE CURRENT STATE LOlP FOR OLD lOLP USAGE 
NSTOLD :: NSl 
OLOlP ::. CUlOlP 

100 CONTINUE 
CHECK IF THE NUMBER OF ACCEPTED STATES IS ADEQUATE. 

·,If(NACCEP .. GT .. MINSNu(NVCR)) GO TO 150 
, THE NUMIH:.R OF STATtS IS TOO Si'4ALL .. INCREASE THE ARTIFITIAL 

, TUNNEL WIDTH 
CAll ADJUST (NVCRI!' IFlTLN) 
IF(IFLTUN .. GT .. O) GO TO 60 

REACHING THI S POINT MEANS THAT THE ARTIFlllAL TUNNELS 
DO NOT CONSTRAIN ST ATE GENE:RATION ... 

WRITe(6,914) KYEAR 
. IF NO STATES WERE ACCEPTED IN THE FIRST YEAR, REDIFINE 

THE INPUT DA iA FOR ThIS ITERAT ION .. 
IF(NACCEP~LT~l) GO TO 480 

STORE THE NUMBER OF ACCEPTED STATES IN NUMACC ARRAY FOR 
CURRENT YEAR 

150 NUMACC(NVCR» ::; NAtCEP 
STORE ACCEPTED STATES ATTRIBUTES ON DISKo 

,lOAf:: 1 
WRtITE€14'IDAf) NST2 
IOAF:l 

"WRITE(15 I IDAF) STN2 

WRITEg6~909) NACCEP,NYCR 
WRITE(11,904) NVCR~NACCEP 

FIRST YEAR CALCULATIONS ARE FINISHED. lOOP THROUGH ALL 
OTHffi YEARS .. 

***** SEC T ION 3 ***** 

200 NYC R ::; NYOR+l 
KYEAR :: IBA$VR + NYCR 
WRITE(6,900) KYEAk 

READ SEQUENTIAL fILES fOR YEAR NYCR. 
DO 210 NS =lr4 
MAXK ::; MXELDC(NVCR.NS) 
REAO(22) (ElDC(NS,KPOINT),KPOINT=1,1250) 
REAO(21) ((PTCUM(lP,JCUM,NS),IP=1,201),JCUM=1,S) 

210 CONTINUE 
READ(24,902) «(lORDER(JBlOCK,KATTR),KATTR=1,3),JBLOCK=1,420) 
READ(24,921) (MAINS( IP) 'l'IP;1!200) 

SET TUNNEL FLAG FOR ORlblNAL TUNNEL DEffINITION 
t·H.TUN=-l 

220 MAXNST ::; NUMACC(NVOR) 
~ SET STATE COUNTER 
NACCEP :: 0 

DO 300 N=l,MAXNST 
IDENTIFY THE CURRENT ORIGIN STATE AND ITS OBJECTIVE 
FUNCTION .. 

NSTORI :: NST1 (N) 
,OBJORI :::: STNl iN» .. 

INITIALIZE ORIGIN LOlP FOR OLD lOlP USAGE. 
;OLOLP = lQO J 
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c 
c 
c c c 

c c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
c 
E c 
c 
c 

C 

C 
C 
C 

C 

c 
c 
c c 

c 
c 
c 

c 
c 
c 
c 
c 

NSTOLD == NSTORI 
CALL UNPACK tNSTORhNSTA 1E) 
WRI TE( 11,.) (NSTA Tf: H h,l =lw HXPL» 

SET TUNNELS 
CALL TUNNEl(NSTATE\\l NYCR,IFLTUN) 

GENERATE STATES IN STAGE NVCR, ORIGINATING FROM NSTATE 
AND WITHIN THE DE:FINED TUNNELS .. 

CALL STAGENINSTCNT,CUMLOL,NYCR) 
IF(NSTCNT.LT.ll GO TO 300 

NOT BRANCHING TO 300 MEANS THAT AT LEAST ONE STATE 
WAS GENERATED IN THE CURRENT STAGE (iiYEAR G1IINYCR") FROM 
THE DRIbIN STATE@ CHECK WHETHER ANY OF THE CURRENT 
STATES HAS ALREADV BEEN GENERATED THROUGH A DIFFERENT 
ORIGIN STATE. FOR ANY STATE THAT HAS SEEN GENERATED 
BEFORE CHECK THE STATEGS LOLP AND IF ACCEPTABLE 
THAN UPDATE "NGRIG1ll (THE ORIGIN STATE SEQUENCE 
NUMBER) TO POINT TO THE ORIGIN STATE IHAT RESULTS IN 
THE SMALLEST CURRENT STATE OBJECTIVE FUNCTION {l.E@ 
EXERCISE THE 8ELMAN 3 S PRINCIPLE OF OPTIMAlITV)0 IF THE 
CURRENT STATE HAS NEVER BEFORE BEEN GENERATED CALCULATE 
PW-LOlP (IF NEEDED) AND THE STATEuS OBJECTIVE FUNCTIONo 

STATES Wln~ UNACCEPTABLE tOL? ARE NOT DISCARTED BUT 
INSIEAD THEY ARE ASSIGNED LARGE OBJECTIVE FUNCTIONS. 
THIS IS DONE SO THAI WHEN THESE STAlES ARE GENERATED 
AGAIN FROM A DIffERENT ORIGIN STATE, THEIR LOlP NEED NOT 
BE RECALCUlATED® THESE STATES WILL BE FATHOMED WHEN 
NO HORE STATES CAN SE GENERATED IN THE CURRENT YEAR. 

DO 280D~~i~~N~~~NtURRENT STAlE. 
DO 230 l:::l,MXPl 

230 NSTCUR(I) :;;: LIST(I,NL) 
PACK CURRENT SlATE. 

CALL PACK€NSTCUR9N~T) 
IF (NLeEQml)WRITe(11w906) NLw(NSTCUR(I),I==l,MXPl) 

IF THIS IS NOT IH~ FIRST TIME STATES IN STAGE NVCR ARE 
S!MULATED, CHECK IF TH~ SAME STATE WAS SIMULATED BEFORE. 

IF (N~EQ*l) GO TO 240 
SEARCH PREVIOUSL Y GENERATED SlAT ES IN NVCR STAGE 

CALL SEARCH (NST 'INS T2 wNUM Ace ,NVCRi'NACC EP ,1'HtH 
AF€NTH&EQ~O) GO TO 240 

STATE WAS PREVIOUSLY CONSIDERED .. RECALCULATE OBJ .. 
CHECK FOR LOlP 

IF (STN2(l,NTtU .,GT .. CLOLP) GO TO 280 
THIS STATE~S LOLP IS ACCEPTABLE 
CALCULATE OBJECTIVE FUNCTION FROM THE NEW ORIGIN STATE 

OPEC::: STN2(2,NTH) 
CALL OBJFUN(NSTCUR, NYCR, OPEC, NSTATE, GAPCD, OBJORl, 

+OBJ,SALV,RESCAP,IRES) 

IF (OBJ .. GTe STNZ«4,NTH)) GO TO 280 
. NEW OBJ IS SMALLER. REPLACE THE CURRENT STATED OLD 

ATTRIBUTES WITH THE NEW ONES. 
NST2(2,NIH) :;:: N 
SlN2(3,NTH) = CAPCD 
STNZ«4~NTH} :;:: OBJ 
GO TO 280 

ASSIGN THE CUMULANT LOLP TO OULOLP 
240 CUlOlP ::: CUMLOL(NL) 

CHECK LOLP CALCULATED THROUGH THE PW-lINEAR METHODt ONLY 
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C 

c 

c 
C 
t 
C 
t 

c 

t 

c 
c c 
c 

t 

c 
c. 
c 

IF THE CRITICAL LOl? IS LESS THAN 0.001. 
IF€ClOLP.GTeO*OOl) GO TO 250 
CAll FLOLP(NSTCUR, CUUJlP, NSTOLO, OLOL?, NVCR) 
IF (CUlOlP eGT. ClOLP) GO TO 260 

CALCULATE OBJECTIVE fUNCTION 
250 CAll OPERCotNSTCUR, NlVCR, OPEC,IRES » 

CALL OBJFUN(NSTCUR, NlVCR, OPEC, NSTATE, CAPeD, OBJORl, 
+OBJtSAlVIRESCAP,IRES) 

GO 0 21u 
260 OPEC ::: UBOUND*Z.O 

CAPeo :::: OPEC 
OBJ ::: OPEC 

210 CONTINUE 

Z80 
300 

350 

355 

REACHING THIS POINT MEANIS THAT THE S1AT~ CONSIDERED 
IS ACCEPIASLt EXEPT FOR FATHOMING. STATES WITH BAD 
RElIABI~lTV WILL BE FATHOMED. 

NAceEP :::: NAceEP+l 
NTH:::: NUMACC(NYCR)+NACCEP 
NST2 U" NTH) :: NST 
N S12 (2, NTH) :::: N 
STNZ(l ,NTH) :::: CUlOlP 
STN2(2,NTH) ::: OPEC 
STN2t3,NTH) :::: CAPeo 

-STNZl4 t NTH) :::: OBJ 
SORE lOlP FOR OLD LOLP USAGE. 

NSTOlD ::::. NST 
OLOl? ::::. CUlOLP 

CONTINUE 
CONTINUE 

EXERCISE FATHOMING FOR THE STATES IN YEAR NYCR 
WRITE{11!91Z) NYC~~NACC~P 
IF tNACCI::P .. LT .. U w TO 355 

SET THE RANGE OF STATES TO BE CHECKED FOR FATHOMING .. 
NTHl :::: NUMACC(NVCR) + 1 
NTH2 :::: NUMACC(NVCR) + NACCEP 
NACCEP :::: 0 
NPOSTN=NUMACC (NYCfU 
DO 350 NTH:::: NTH1,NTH2 
NST :; NST2( 1,NTH) 
OBJ :::: STNZ(4,NTH) 
CALL UNPACKCNST 9 NSTCUR) 
CALL FATHOMtNSTCUR, NVCR, 06j, IFATH) 
IF (IFATH .EQ. 0) GO TO 350 

STORE THE ACCEPTED STATES IN THE N5T2 AND 5TN2 ARRAY S .. 
NOTE THAT THE INUEX FOR TH~ ACCEPTED SlATES IS LESS OR 
EQUAL TO THE INDEX OF ALL STATES,(I .. E.NACCEP .. LE .. NTH) .. 

NACCEP :::: NACCEP + 1 
NPOSTN:NPOS TN+l 
NST2(1,NPOS1N) N5T 
NSTZtZ,NPOSTN) :::: NST2(Z,NTH) 
STNZ«l,NPOSTN) STNZ(l,NTH) 
STN2tZ,NPOSTN) :::: STN2CZ,NTH) 
SThl2(3,NPOSTN) STN2(3"NTH) 
STN2C4 9 NPOSTN) :::: OBJ 
CONTINUE 

RECORU THE NUMBER OF STATES ACCEPTED AFTER FATHOMING 
NUMACCINYCR) = NUMACC(NVCRI + HACGEP 
NACCEP = NUMACC«NVCRi 
WRITEi6,909) NAeCEP,NYCR 
WRITE(11,909)NACCcP,NYCR 

CHECK IF THE NUMBER OF STAT~5 ACCEPTED IN YEAR NVCR 
IS ADEQUATE .. 

IFINACCEPeGT0MINSNU(NYCR.) GO TO 360 
THE NUMBER OF STATES IS TOO SMAll .. ADJUS,T ARTIFICIAL TUNNEL 
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c c 

c c 
c c 
C 
C 

c c 
C 

c 
c 

CAll AOJUST{NYCRwIFlTUN» 
IF(IfLTUN$GT~O) GO TO 220 . 

REACHING THIS POINT MEANS THAT THe ARtIFITIAL TUNNELS 
00 NOT CONSTRAIN STATE GENERATION. 

WRITE(6,914) KYEAR 
If{NACCEP@lT.ll GO TO 480 

360 lOAF :::: NYCR 
STORE THE ACCEPTED STATES ON DISK. 

WRITE(14@IDAF) NST2 
IDAF:::::NYCR 
WRITE(lsmIDAF) STN2 

STORE THE STATES FOR YEAR NYCR IN THE NSt1 AND SINl 
ARRAYS, SO THAT THEY CAN BE USED AS ORIGIN STATES IN 
N EXT "II' EA R II S CA lC Ul A l' lON~ ... 

DO 365 N=l,NACCEP 
NSTICNJ :::: NST211,N) 

365 STN1(Nh :::: STN2(4,N) 

GO TO NEXT STAGE 
NYOR :: NYOR+l 
IF (NVOR DlT. MXVEAR) GO TO 200 

REACHING THIS POINT MEANS ALL STAGES{YEARS) WERE EXAMINED. 
fIND THE MINIMUM OBJECTIVE FU1\lCTION AND TRACE BACK THE 
OPTIMUM SOLUTION 

OElJMIN ;::. UBOOND 
DO 370 N=l,NACCEP 
IF (OBJMIN ~lT0 STN1(N) GO TQ 310 
OBJMIN ;::. STNltN) 
Nf-IND :::: N 

310 CONTINUE 

00 380 IATTR=lv4 
OPTIMA(MXYEAR,IATTR) ;::. STNZ(IATTR,NFINO) 
IF €IATTR@GT.Z}GO TO 380 
NOPTIMtMXVEAR,IATIR) :::: NST2(IATTR,NFIND) 

380 CONTINUE 
WRITE«6~911) STNICNFIND) 

tIiIRITE( 11'/1910) (NST2( I,NFINO) wI=1'll2h (STN2(l,NFINOhI=1,4) 
TRACE BACK THE OPTIMUM SOLUTION 

NSTOP == l"lXVEAR-l 
00 390 NVF=l,NSTOP 
NYB = NSTOP - NVF + 1 
lOAF ::: NYB 
REAO(14°IOAF) NST2 
10AF=NYB 
REAOU5'IDAF) STN2 

NOR! ::: NOPTIM(NYB+lw2) 
00 385 IATTR== 1114 
OPTIMA(NYBtIATTR) == STN2«IATTR,N~RI) 
IF(IATTRsG'a2) GO TO 385 
NOPTIM(NYB,IATtR) ;::. NST2(IATTR,NORI) 
CONTINUE 
CONTINUE 
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c 

c c 
C 

PRINT ITERAT ION NUMBER 
WRITE(6,917) ITIN 
WRITE(11,911i ITIN 

ADJUST THE OBJECTIVE FUNCTION UPPER BOUND 
UBOUND :: OPTIMA(MXYEAR,4) 
WRITE{6,920b UBOUND 
,~RI TE« 11,920» UBOUND 

t ***** SEC T ION 5 ***** C ______ . __________ _ 
C 
C 
t 
t 

~ 
C 

t 
t 
C. 
C 

c 

c 
c 
c. 
c 
c 
c 

CHECK WHETHER THE OPTIMUM SOLUTION IS CONSTRAINED BY THE 
ARTIFICIAL LOWER OR UPP~R TUNNEL BOUNDARIES FO~ EACH 
YEAR IN THE ~lUDY PERIOD. ADJUST BOUNDARIES AS NEEDED. 
INITIALIZE THE rUNNEL VIOLATION FLAG. 

NYFlAG :: 21 
THE YEAR lOOP GOES BACKwARDS (leE. FROM MXYEAR TO 1) 
SO THAT THE lOWE~T YEAR OF lU\lNEL VIOLATIONS CAN tiE 
10 EN 11 FrED .. 

DO 430 NYF=l,MXYEAR 
NYB : MXYEAR-NYF +1 
LOFLAG :: 0 
NUFI..AG :: 0 
NST :: NOPTIM(NYB,l) 
CALL UNPACK(NST1NSTCUR) 

CHt:CK AI'-liO F N~E-DEO ADJUST THE ARTIFICIAL LOWER BOUNDARY 
00 420 I=l,MXPl 
IDP = IDEXP(I)~2 
IF € LOWB(NYBvII~LE~HINUN'NYB,IDP) GO TO 410 
IF ( NSTCUR(I)olE~MINUN(NYB~IDP)) GO TO 410 
IF , NSTCUR(I)~NE~lOWB€NYB~I)) GO TO ~10 
, REACHING HERE MEANS THE SOLUTION IS CONSTRAINED. 

LOWER THE lOWER BOUNDARY. 
LOWB(NYB,I) = lOWB(NYB,I) - IPCH(I) 

o ADJUST THE AIUIF lCIAL LOWER bOUNDARY TO COMPLY WITH THE 
, REAL CONSTRAINTS& 

iF @lOWB(NVBwI»$Ll~HlNUN(NYB,IDP») lOWB(NYB,I) = MINUNlNYB,IDP) 
ACTIVATE THE BOUNDARY VIOLAlION CONSTRAINT. 

lOFLAG :::: I 
ADJUST THE ARTIFICIAL UPPER BOUNDARY TO COMPLY WITH THE 
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c 
c 
c 

c 
c 
c 
c 
c 
c c 

c 
c 
c 

c c c 

c 
C 

C 

C 

C 

t 
c 
c 

MAXIMUM WIDTH CONSTRAINT~ 
NUP6€NYB,I) :: LOWB(NYB,I) + IWIDTH(I) -1 
IF 'NUPB'NYB,I).GT.MAXUN(NVB,IDP~) NUPB(NYB,I) :: MAXUN(NYB,IDP) 

, GO TO 420 

410 CONTINUE 
CHECK AN.{) IF NEEDE D ADJUST THE ART IF ICIAL UPPER. BOUNDARY 

IF ( NUPB(NVB,1).GE.HAXUN4NYB,IOP) GO TO 420 
IF (NSTCUR(I)oGE~MAXUN(NYB,IDP)) GO TO 420 

.. IF « NSTCUR (I) .. NE .. NUPB( NVB, U) GO 10 420 
REACHING HERE MEANS THE SOLUTION IS CONSTRAINED. 
INCREASE THE UPPER BOUNDARY@ 

NUPB(NVB,l) :: NUPB(NYB,I) + IPCH(I) 
ADJUST THE ARTIFICIAL UPPER BOUNDARY TO COMPLY WITH THE 
REAL CONSTRA 1NT5 .. 

IfU\lUPB€NY811'!-) .. GT .. MAXUN(NY8"IDP)) NUPB(NYB,I) :: MAXUI'HNVBvIDP» 
ACTIVATE THE BOUNDARY VIOLATION CONSTRAINT. 

NUFLAG :: r 
''''',' ADJUST THE ARTIFICIAL LOWER BOUNDARY TO COMPLY WITH THE 

MAXIMUM WIDTH CONSTRAINTe 

1~w~t~~gt~~B:11~r¥!~I~~:NvB!15~T~(l6~~CNYBwI) = MINUN(NYB,IOP) 

420 CONTINUE 
·IF (LOFlAG .. GT.O) WRITE(6,915) NYB 
IF (NUFLAG~GTGO' WRITE(b~916) NYB 

RECORD THE FIRST YEAR THAT ARTIfICIAL BOUNDS CONSTRAINED 
THE SOLUTION 

IF (LOFLAGelT.l.ANO.NUFLAG.lT.l ) GO TO 430 
NYFlAG ::: NYB 

430 CONT INUE 

440 
450 

455 

ADJUST THE ARTIfICIAL TUNNEL BOUNDARIES SO THAT THEY ARE 
AN INCREASING FUNCTION OF THE VEARS. 

00 450 I :: 1,MXPl 
I DP :: IDEXP (1 )-+'2 
DO 440 NYF=2,MXYEAR 
NYB = MXYEAR - NYf + 1 
IF(lOW6(NYB+l,!)~GE&lOWB(NYB,I) GO TO 440 
lOWB(NYB,I) = lOWB€NYB+l,I) 
NUPPER = lOWSCNVB,I) + IWIOTH(I) -1 
NUPS(NYS,I) ::: MINO(NUPPER,MAXUNtNYB,lDP) 
NUPB(NYB,li=NUPB(NYB+l,l) 
CONTINUE 
CONTINUE 

ITERATE THROUGH DP AT MOST l'TMAX TIMES 
IF (NYFlAG eGTa HXVEAR) GO TO 500 
ITIN :; lliN + 1 
IF (ITIN.GE.ITMAX) GO TO 410 

WRITEf6f/923} 
DO 455 NYF=l,MXYEAR 
KYEAR :: IBASYR + NVF 
WRIT~ ~924) KVEAR~ilOWB(NYF,I)flI=l,MXPl) 
WRITE 925) (NUPBlNVF,lhl=l,MX.PL) 
WRITE .,926) 

NYFLAG*EQ~l) GO TO 20 
., SET THE ORIGIN YEAR FOR NEW INNER ITERATION .. NYOR = NYFlAG - 1 
. REWIND AND RE-REAO THE FIRST NVOR ReCORDS OF THE 

SEQUENCIAl FILES~ 
REWIND 22 'J. 
REWIND 24 
REWIND 21 
DO 465 NYF=l,NYOR 
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00001490 
00001500 
00007510 
00007520 
00001530 
00007540 
00007550 
00001560 
00007570 
000015810 
00007590 
00007600 
00007610 
00001620 
00007630 
00007640 
00001650 
00007660 
00007670 
00001680 
00001690 
00001100 
00001710 
00001720 
00001730 
00001140 
00007150 
00001760 
00007110 
00001180 
00001790 
00001800 
00007810 
00001820 
00001830 
00007840 
00001850 
00007860 
00001810 
00001880 
00007890 
00007900 
00001910 
00001920 
00001930 
00001940 
00007950 
00007960 
00007910 
00001980 
00001990 
00008000 
00008010 
00008020 
00008030 
00008040 
00008050 
00008060 
00008010 
00008080 
00008090 
00008100 
00008110 
00008120 
00008130 
000081.40 
00008150 
00008160 



C. 

C 

C 

C 

GO TO 200 

410 WRITEi6'!1918) HM.6\X 
GO TO 500 

480 WRITEl6,92Z) KYEAR"NACCE.P 
ITOUT :::: 0 
GO TO 10 

500 CONTINUE 

IF (ISTOPoLE.O ) GO TO 10 

600 STOP 
900 FORMATt6H YEAR ,14) 
902 FURMAT(125(I3,12~!3a) 
903 FORMAT(5H YEAR tI4,1H STATE ,14) 
904 FORMAl(5H YEAR ,I4,21H NUMb~R OF ACCEPTED STATES ,14' 
906 FORMATt4H Nl=,14~9H NSICUR=,lOlZ) 
908 FORHAT(6H NYCR=,14,11H FINAL NACCEP IS=, 14) 
909 FORMAT(lH 1I'14,31H STATES WER~ ALCEPTED AFTER FAlHOMING 

+ 8H IN YEAR ,14) 
910 fORMAI(lH ,2110, fll@8, 3F13.2} 
911 FORMAI(lH 1I140H THE FINAL YtAR OBJECTIVE FUNCTION IS: 

+ ~E13.,6~ 
912 fuRMAI« S THE UNFATHOM~D STATES FOR YEAR ',14, W AREO,I4) 
913 FORMAI(HI4,2E1401) 
914 FORMAT(42H ARTIFITIAL BOUNDARIES ELIMINATED IN YEAR ,15) 
915 FORMAT(4UH ***** SOLUTiON AGAINST LOWEK BOUNDARY II 

+ 9H IN YEAR ~I4,1H *****) 
916 FORMATi40H +++++ SOLUTION AGAINST UPPER BOUNDARY, 

+ 9H IN YEAR ~I4,1H +++++ ) 
911 FORMAH29H "!HE NUMBER OF- ITERATION IS:,14) 
918 FORMAT(lOH MORE THAN ,14, 

+ 41H ITERATIONS HAVE BEEN RUN. PROGRAM STOPS) 
919 FORMATt29H THE N~W BOUNDARIES FOR YEAR,14,1H ARE: ,2013) 
920 FORMAH3:;!., NEW UPPER BOUND FOR FATHOMING IS ,F13 .. 21') 
921 FORMAT(20012) 
922 FORMAT(3BH THE NUMBER OF STATES DEFINED IN yEAR ,IS, 

+4HIS ,131119H PROBAbLE REASONS: 1 
+341i A .. SMALL MAXIMUM RtSERVE MAKGIN .. I 
+5SH Be THE SllE OF THE tXPANSION PLANT TYPES SELECTED IS I 
+47H roo SMALL TO PROVIDE AU~QUATE RELIABILITY. I 
+41H **~ R~RUN ~ITH PROPER ADJUSIM~NTS **** } 

923 FORMAT~ 1136H THE N~ LOWER ANO UPPtR BOUNDS ARE: I) 
924 FORMATi YEAR ~!4~2Xi2(14) 
925 FORMAl( ~6Xw20 4) 

END 
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00008170 
00008180 
00008190 
00008200 
00008210 
00008220 
00008230 
00008240 
00008250 
00008260 
00008210 
00008280 
nr..nn.Ol>C'\f"'t,. 
VVVVO<t.7V 

00008300 
00008310 
00008320 
00008330 
00008340 
00008350 
00008360 
00008310 
00008380 
00008390 
00008400 
00008410 
00008420 
00008430 
00008440 
00008450 
00008460 
00008410 
00008480 
00008490 
00008500 
00008510 
00008520 
00008530 
00008540 
00008550 
00008560 
00008510 
00008580 
00008590 
00008600 
00008610 
00008620 
00008630 
00008640 
00008650 
00008660 
00008610 
00008680 
00008690 
00008700 
00008110 
00008120 
00008130 
00008140 
00008750 
00008160 
00008110 
00008180 
00008190 
00008800 
00008810 
00008820 
00008830 
00008840 



SUBROUTINE AOJUST(NYCR, IFlTUN) . C--------------------------------------C ? 

C TITLE: ARTIFICIAL BOUNDARY ADJUSTMENTS 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

c 

c 
c 

c 

FUNCTION:: THIS SUBROUTINE ADJUSTS THE ARTIFICIAL 
BOUNDARIES SO THAT MORE STATES CAN BE 
GENERATED IN THE CURRENT VEARo THIS 
ROUTINE IS CALLED ONLY WHEN THE NUMBER OF 
A.CCEPTED STATES IS LESS THEN THE MINIMUM 
ALLOWED FOR THE CURRENT YEAR~ 
THE ARTIFICIAL BOUNDARIES ARE ADJUSTED IN 
INCREMENTS OF 1 UNIT FOR ALL EX PANS ION 
CANDIDATES IN CURRENT YEAR (NVCR)0 THE 
LOWER BOUND IS ADJUSTED FIRST, UNTIL THE 
M!NIMU~ UNIT ~~MBER FOR EACH CANDIDATE IS 
REAeHEO$ IF NO LOWER BOUND ADJUSTMENTS 
ARE POSSI8lE, THE UPPER BOUND IS INCREASED 
UNTIL THE MAXIMUM UNIT NUMBER FOR EACH 
CANOIOA. TE IS REA('HE 0", IF NO ADJUSTMENTS 
ARE POSSIBLE FLAG IFlTUN IS SET TO O. 

CALLED BY: MAIN 
CALLS TO: NONE 

SUBROUTINE ARGUMENTS 
NAME OESeR lPI ION 
IFlTUN FLAG <0 SPECIFIES ORIGINAL TUNNEL 

NYCR 

=0 SPcCIFIES NO AOJUSTMENTS POSSIBLE 
=1 LOWER BOUNDARY ADJUSTED 
=2 UPPER BOI.J'.IDARY ADJUSTE 0 

OESTI~TION (CURRcNT) STAGE (YEAR) 

COMMU~ VARIABLES USED: IBASYR, IDEXP, lBOlD, lOWS, 
HAXvN, MINUN, MXPl, NU80lD, NUPB 

LOCAL 
NAME 
I 
lOP 

ITEMP 

KYEAR 

VARIABLE5. 
DESCR I?TION 
I-TH EXPANSION PLANT TYPE 
PLANT TYPE INDEX IN ORIGINAL EXPANSION PLANT 
TVPE: UST 
TeMPORARY VALUE OF PLANT TYPE BOUNDARY THAT 
MAY BE AllERED 
DESTINATION (CURRENT) CALENDAR YEAR 

COMMON .IVRS.I ~~;~o5k~~~~1~~k~~~x~[~~~IN~1tMAx, 1 
.2 
3 
4-

1 
2: 
3 
4 
5> 
6 ., 

CI.lMMON lARS.! 

p 

.'. 

ITOUT,MAXAlL,MAXI,MAXINP,MAXOR, 
HAXPlA ,MAXPO ,.MXA Ll ,MXP L,MXYEAR, 
RESMAR ,UOOUNO 

AVSP{20t4)~CAPABSi201~ENEDEM(20,4),IEXPlCU(4,8), 
JIDEX P ~ 2.U~, I PABA« 8), I r'l-HUU, r.SOlt 20 ,8) 'jI 

IWIDTH(8)ll0RDER(420,3),lOWB(20,Sl,MAINSt200), 
MAXUN'20,~O}wMAXAOO(8),MINUN(20,l20), 
NEXPIDt20i,NSTPRE(20,20),NUPB«2.0!8), 
PEAKSd20,4»~PlACA«20w14),PlANT(210,14), 
RESMA)t(2 0) ,RESMHH 20 j 1/ SSCUM (41l' 20) 1/ UNE( 20) 1/ 
FATOPEI201.S0l120,2),AUPEAKC20) 

COMMON /lCS/ El[1250),ElDC(4,1250),ELf(1260i, 
+ MXELDC(2Ow4hXU250) 

COMMON /eMSI PTCUM(201,B,4D ,I PTCUMX(20,S),ROM(40,4),PTCUMH(3,S) 

C.OMMON fiNSI lBOLDHH ,LIsns"lC)OOhMAXTUN(8h 
+ HINIUN(S),NUBOlU(S) 
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00008850 
00008860 
00008870 
00008880 
000088'90 
00008900 
00008910 
00008920 
00008930 
0000S940 
00008950 
00008960 
00008910 
00008980 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009010 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
00009160 
00009110 
00009180 
00009190 
00009200 
000092.10 
00009220 
00009230 
00009240 
00009250 
00009260 
000092.70 
000092S0 
00009290 
00009300 
00009310 
00009320 
00009330 
00009340 
00009350 
00009360 
00009370 
00009380 
00009390 
00009400 
00009410 
000094.20 
00009430 
00009440 
00009450 
00009460 
00009470 
00009480 
00009490 
00009500 
00009510 
00009.520 



C 

t 
C 

c 
C 
t 
C. 
C 

C 

c 
c 

C 
t 

c c 

c 

COMMON /TBll TINT(120l,lY(120) 

DOUBLE PRECISION TINT,TY 

IDENTIFY THE CURRENT CALENDAR YEAR 
KYEAR ::: IBA5YR + NYCR 

CHECK IF lOWER SOUND HAS REACHED THE MINIMUM 
IIFLiUN=O 
00 15 l=leMXPl 
LBCR:lOWB(NYCR,I) 
LBDlD« I )=lBCR 
IDP=IDEXPU H·2 
MN=MINUN(NYCR,IOP) 
IIF(NYCRoNEel) GO TO 10 
lB=MN 
GO TO 11 
LS=LOWB(NYCR-lw!) 
IF(lBCR~GT5LB» GO TO 12 
GO TO 15 

12 ITEMP=lBCR-l 
If(ITEM?®GEeHN) GO TO 13 
GO TO 15 

13 IflTUN=l 
LOWB4NVCR,I)=lTEMP 

15 CONTINUE 

IF(I~LTUN$LE.O' GO TO 20 
WRITE{6~900) KYEAR, (UJwS(NVCR,l), I=l,MXPL) 

900 FORMAT{33H NEW lUNNEL LOWER BOUND FOR YEAR,I5, 
+41-1 15,813/) 

RETURN 

30 RETURN 

) KYEAR, (NUPB(NYCR,l) 'i! !=l,MXPl) 
NEW TUNNEL UPPER BOUND FOR YEAR,I5 t 

U 
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00009530 
00009540 
00009550 
00009560 
00009570 
00009580 
00009590 
00009600 
00009610 
00009620 
00009630 
00009640 
00009650 
00009660 
00009610 
00009680 
00009690 
00009100 
00009710 
00009120 
00009130 
00009740 
00009750 
00009760 
00009710 
00009-180 
00009190 
00009800 
00009810 
00009820 
00009830 
00009840 
00009850 
00009860 
00009810 
00009880 
00009890 
00009900 
00009910 
00009920 
00009930 
00009940 
00009950 
00009960 
00009910 
00009980 
00009990 
00010000 
00010010 
00010020 
00010030 
00010040 
00010050 
00010060 
00010010 
00010080 
00010090 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
00010160 
00010nO 
00010180 
00010190 
00010200 



c c. 
c 
c c c 
C 
c 
c 
c 

c 

c. 
c 

c 
c 
c 

c c 
c 

END 

COMMON 
1 
2 ." 
3 
4-
5 
6 
l' 

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

COHMON /lCS/ EL(1250)~ELDC(4w1250',Elf(1260)~ 
+ HXElOC{20,4),X(1250) 

COMMON /CMS! P1CUM{ZOl,S,4-),PTCUMX(20,8),ROM(40,4),PTCUMH(3,S. 

COMMON ITNSI lBOlO«S),llST(8,lOOOl,MAXTUN(S), 
+ MINTUN(S),NUBOlD(S» 

COMMON /TBl/ TXNT (120 h TY(20) 

DOUBLE PRECISION TINT,TY 

COMMON /HYSI CMUlT(4),EAVAl(3),EMUlT(4),HYDR(3,11), 
+ HYEXPN(ll),HYSCHO(ZOfS),PSEXPNill), 
+DOUSLE PRECIs~5~C~~~t~1~liSYSCUM(4) 

DIMENSION COEFF(4) 
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00010210 
00010220 
00010230 
00010240 
00010250 
00010260 
00010270 
00010280 
00010290 
00010300 
00010310 
00010320 
00010330 
00010340 
00010350 
nnniin':l""f'l. oooiono 
00010380 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
00010450 
00010460 
00010470 
00010480 
00010490 
00010500 
00010510 
00010520 
'00010530 
000],0540 
00010550 
00010560 
00010570 
00010580 
00010590 
00010600 
00010610 
00010620 
00010630 
00010640 
00010650 
00010660 
00010670 
00010bSO 
00010690 
00010100 
00010710 
00010720 
00010730 
00010740 
00010150 
00010760 
00010770 
00010780 
00010190 
00010800 
00010810 
00010820 
00010830 
00010840 
00010850 
00010860 
00010870 
00010880 



c c 
C 
C ____ ~l~~~~~~~--------·--------------------------------------SOYRoOT IN!: ijA$E 
c---- .. ---------
c 
c c 
c 
c. 
c 
c c 
c 
c 
c 
c 
c 
c 
c c c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 

TITLE: PACK ING BASE 

FUNCTION: THIS ROUTINE DETERMINES THE PACKING BASE 
VECTOR (DENOTED BV IPABA) USED FOR PACKING 
THE STATES IN ONEWORO. 
IPABA(I), I=l,MXPL, IS SET TO 10**(I-l),IF THE 
MAXIMUM NUMBER OF UNITS FOR ALL EXPANSION 
PLANT TVPES «MAXLiN, IS LESS THAN 10 .. 
OTHERWISE, IPABA(I) I~ IDENTICAL TO THE 
PRODUCT OF MAXUi\1( U 11=1-1.. IF IN THIS CASE 
THE HIGHEST IPABA ENTRY IS GREATER THAN THE 
MAXIMUM INTEGER SUPPORTED BY THE HOST 
COMPUTER (HERE TAKEN AS 201 * 1000000000), 
THE USER IS PROHPED TO REOUCE THE ENTRIES OF 
MAXUN (!) .. 

THE PACKING BASE V~CTOR AND THE RPACK~ SUBROUTINE 
ARE CONSTRUCTED IN SUCH A MANNER SO THAT w WHEN 
THE NEW STATES GENERATED BY TH~ "STAGEN- ROUTINE 
ARE PACKED THEY WILL BE IN ASCENDING ORDER. 

CALLED BY: MAIN 
CALLS TO: NONE 

COMMON VARIABLES USED: IBASYR, IDEXP, IPABA, MAXUN, 
MXPl lI MXYEAR 

LOCAL 
NAME 
I 
lOP 
ITEMP 

&>I.YEAR 

VARIABLES 
OEseR lP T ION 
PLANT TYPE INDEX 
PlANTY TYPE INDEX IN ORIGINAL LIST 
TEMPORARY ARRAY wITH MAXIMUM UNIT NUMBERS FOR 
EACH PLANT TYPE IN CURRENT YEAR 
CURRENT CALENDAR YEAR 
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00010890 
00010900 
00010910 
00010920 
00010930 
00010940 
00010950 
00010960 
00010970 
00010980 
00010990 
00011000 
00011010 
00011020 
00011030 
0 ,..."".,. 't n~.'" 

VV.II.A.V",,"U 

00011050 
00011060 
00011070 
00011080 
00011090 
00011100 
00011110 
00011120 
00011130 
00011140 
00011150 
00011160 
00011170 
00011180 
00011190 
00011200 
00011210 
00011220 
00011230 
00011240 
00011.250 
00011260 
00011270 
00011280 
00011290 
00011300 
00011310 
00011320 
00011330 
00011340 
00011350 
00011360 
00011370 
000U .. 380 
00011390 
00011400 
0001141.0 
00011420 
00011430 
00011440 
00011450 
00011460 
00011410 
00011480 
00011490 
00011500 
00011510 
00011520 
00011530 
00011540 
00011550 
00011560 



c 
E 
~ 

C 

20 

LUUr 

IYRSI' 

I'ARSI 

IU:SI' 

COMMON ITSl/ 

DOUSlE PREC ISION 

IHYS/ 

ALLOWED FOR CURRENT VALUE 

litH Ie H MAXIMUM UN IT LIMITS 5.'iOUlU) 

SJ\Y 

",GE .. l\U GO TO 30 

THE lOOP MEANS THAT BASE 10 PACKING 
IPABA WITH BASE 10 

BASE SHOULD BE IOE~TICAl TO 

THAT If MXPl<8 THE IPABA VECTOR 

Of MAXIMUM UNIT 
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C 
t 
C 
C 
t 

c 
c c 
c 
c 

·C 

C 

c 
C 
t 
C 

C 
C 
C 
t 

C 

C 

t 
C 
C 

REACHING 60 MEANS BASE IS TOO LARGE® THE USER SHOULD 
REDUCE THE MAXIMUM UNIT NUMBER FOR SOME EXPANSION 
CANDIDATES SO THAT TNEIR PRODUCT IS <2~O*lO**9~ 

WRITE(6\l1901) 
FORMAT (48H PACKING BASE CONTAINS NUMBERS lARGER THAN 2E09 I 

-\I- 44H WrHCH IS NuT ALLOWED BY THE HOS! COMSUTER.. Jl 
2: 411-1. PLEASE RI::OUSE THIt: MAXIMUM NUMBER OF UNI1S FOR I 
3 SOH SOME EXPANSION PLANT TYPES SO THAT THEIR PRODUCT I 
4 30H BECOMES SMAllER THAN 200E09~ / 

10 

5·· 48H ENTER THE NEW lIMITS FOllOWING THE lIST OF THE I' 
6 SOH olD MAXIMUM UNIT NUMBER FOR EACH EXPANSION PLANT I 
1 40H TYPE IN EACH YEAR OF THE STUDY PERIODe ) 

NYl:l 

lIST ANO RE-ENTER THE MAXIMUM UNIT NUMBERS FOR EACH 
EXPANSION PLANT TVPE IN EACH YEAR 

SET DEFAULT BEGINING YEAR OF CHANGES. 

CHANGES .. 

TYPES IN CURRENT VEAR~ 

),I::::ltMXPL) 
llM! S ARE: /lH ,813 1i' 

) 
U 

AND CHECK NEW PACKING BASE VECTOR. 

85 

90 ITEMP( I) 

MEANS THAT THE UNIT lIMITS 
ACCEPTABlE.ASSIGN THEM TO 

lIMITS 100 81G* ENTER AGAIN 

178 

THE MEANS TO RESPECIFY 
fIRST YEAR OF CHANGES. 



TINT 

179 

, .. cc, .. ,... •.. " ..... { 4lV a~ ii' 

"'.· ....... ,·"'_ •• 200» It 

):) . ~ i: ~~ 
·1 ;,~~(\ 
.~ )1 

)i :~ i~~! 
2 ~C'( 

}, .< 
)\ 

I" 
!~ 

!" 

) 
111 

'" 1')( Ji 

I~S~ ~ ~: 
~ 

HH 
1£ f, 

J ~~/ 
): L~ 

;9i 

~(i ~. 
~~ 

'); '! » 
n~: •• ] 

)~ '0::, } 
U 
H $( 
),'r )j 

II ~,>i ) 
] 

:~ 
} 

II ~i 
), 

}I 

,( i~, 

i&t: J 

;~ .~ 
~i 

,6;" 
". 'i 
~.£ 

H I~ 
!I( )ill 

Ii 
) 

} ~, 

) 

0( ~: 
Ii ) ;}, 

~ I li ~6~J!1 



t 

C 

t 
C 
t 

c. 
c. 

DOUBLE PRECISION iINT~TY 

IHYSI CMUll«4»~EAVAl(3),EMUlT(4)wHYDR(3911)~ 
HVEXPN«11),HVSCHD,20,S),PSEXPN(11) , 
PSSCHD'20fS~iSYSCUM(4) 

NID 

ARTIFICIAL VCHANNElS. 

- 1 

- PK 

PlACA(I@3)*lOWa«NV,!) 

TO 130 
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IN£:: 

INCREMENT AND MAXI 

SMAll TO ill/ 
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C IMAL SOLUTIONS WIll BE PRINTED DEPENDING ON 
C 
t 
C 
C , ,DEFINITION OF LOICAl VARIABLES 
(. 

~ 
~ FLAG~ 
C PROGRAM CONTINUES 
C PROGRAM STOPS 
C ST SOLUTIONS REQUESTED 
t 
t 
C 
C 

C 

C 

t 

t 

c c 
(. 
c 
c c 

I\iRSI 

/ARS/ 

/TNS! 

COMMON ITBll T!NT(120~~TV(120j 

PRECISION TINT'lJTV 

/t"iVS! 

10 
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h> MAXTUi'H 8» 'II 

200»", 

SPECITV:Wi/ 

BE@/ 
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PEAKS(20,4),PLACA(20,14),PlANJ(210,14), 
RESMAX{20b,RESMIN(20),SSCUM(4 1 20),UNE(20), 
fATOPE \20), SOU20, 2) ,AUPEAK (2u J 

ILCSI EL€1250»,ElOC(4,1250),ELF(1260), 
MXElDC(20,4),Xt1250) 

COMMON ICMSI PTCUM€201,8,4),PTCUMX(20,S),ROM(40,4),PTCUHH(3,S) 

/TNS/ lBOLO(8D,l!ST(8,lOOO),MAXTUNC8), 
MINTUN(8jtNUBOlD(~) 

COMMON ITBl/ TINT(120),TV(120f 

OOUBlE PRECISION llNTwTY 

IHYSI CMUlT(4)~EAVAl(3}~EMULT(4),HVDR(3wll)i 
HVEXPN(11)tHVSCHO(20,8),P~EXPN(11), 
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t 
t 
t 
C 
C 

t .. 

C 

t 

t 

) GO TO 100 

~-tlLIV+l) )*OV+ElUY+U 

!'lotS!' 

IINSI 

COMMON ITSl/ TINT«120)~TYC120) 

DW8lE PREt ISlUJN TINT ~ TY 
CQ!l!~MO!N IHY $1 

DEFINITION Of TERMS~ 

OF THE UNIT WITH 

MATRIX~ STORES THE NEW 

ADDEO UNIT: Y=MWC/PERPK 
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c 
c 
c 
C 
t 
C c 
l 
c 
t 

C 
C 
C 

c 
c 
c 
C 
C 
C 
C 
t 
C 

P=l-FOR~ LOAD PROBAbILITY 
Q=FOR ~ fORCED AOUTAGE RATE 
MAXI: EXPECTED MAX IMUM DIMENSION OF EL MATRIX .. 
PMAX: =O@999 IS CONSIDERED A REALISTIC LIMIT OF UNIT 

AVAILABILITY ESTIMATE .. I .. E., IF P>PMAX 
IT IS ASSUI'4ED THAT P=l",Q AND THE ELO 
CURVE DOts NOT CHANGE 

ELMIN=O .. OOOOOOl, IS THE LIMIT OF LOLl? ACCURACYo 
If lOLl? < ~lMIN lH~N lOLl? :: OeO 

IF'P .. GEcPMAX) GO TO 100 

fORM THE NEW ElO CURVE@ STORE IN ELF 

GO TO 30 

(J)Y@LE0ElHIN) GO TO 40 
-XY)/(X(J-l)-X(J))*EllJ)+ 
))/'X(J-l)-X'J))*~l(J-l) 

GO TO 55 

.. MAX l) NEWHAX=MAXI 

ALL ElO VALUES FOR WHICH I SATISFIED THE : 
NEWMAX<1<MAX11HAVE El(I)<~lMIN AND 
ARE LEFT TO B~ lERO.tNOTE THAT THE EL MATRIX 
IS INITl'ALllED TO ZERO IN LOALlSY) 

REDEFINE THE El MATRIX AS THE NEW ElD CURVE 
THAT IS T~MPORARllV STORED IN ElF@ 

00 60 I=lwNEWMAX 
EU I) =ElFCl) 

60 CONTINUE 

100 

IVRSI ClOlPwClOLI?U,CPLOLPwDISRAT~DX~ 
FCR,HOURS,I&ASVR~IMXPL,IIIN,IiMAX, 
ITOUT9MAXAlL~MAX1,MAXINP,MAXOR! 
HAXPLA,MAXPO,MXALl,MXPL,MXVEAR, 
RE$J'IIAR,UBOUNO 

COMMON IARS/ AVSP«20,4)~CAPABS[20~wENEOEM(20,4),EXPLCU{4~8), 
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/lCS/ 

CO~HON ;eMS; PTtUM(201~8~4»~PTtUHX€20~8)~ROH(40~4},PTCU~H~3~S) 

/TNS; Ji/MAXTlfHS)y, 

TINT ~TY 

TO 130 
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wJ:::lr14) 
(, 

II ), J= ,,14) 
60 

C UNITS ALLOWED fOR EACH CANDIDATE PER VEARe 
t> ltP) 'IIltP :: l!i'MXEXPN) 
,IP),l? ::: 1,MXEXPN) 

IP)., IP=l ,MXE XPN) 
00 \II If') IIII> =l,MXEXPN} C 

3,6~ ~~; 
li~~"'d ;;. 

I H '?t?~ ifO~ 
J " :iI ~9 

,l-
)?; ":' ?~ 
11 )1 

) if 
H ~ < 

C FOR CALCULATION OF OBJ UPPER BOUND 
I 

90 
)I r ~ 

C :l> 
}, 

100 )1) ::Pi E II 
-!"J 

110 
C 
C lBUr roN TA BLE 

)Il'TINT(K),K =1,120» 
C (K),TINT(K),K =1,120) 
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11 

/CMS/ PTtUHq201~S,4)wPTCUMX«ZO~S),ROM(40,4)wPTCUMH'3,S) 

/TNS/ » 'i' HAXTUN is) fI 

COMMON ITBLI TIN1112DI.TYI120. 
DOUBLE PRECISION TINT,TV 

IHYSI c,,,"''''-'P,.'' 
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c c 
c 

c 
(. 
C 

c 
c 
c 

GO 10 14 
12 DO 13 J=1'l2.0 

IF(IP@N~eJ} GO TO 13 
Pi...( I }=AlPHA (J» 
GO TO 14 

13 CONTINUE 
14 CONTINUE: 

15 

16 

11 

o 
GO TO 18 

):::::AlPHA( J) 

+R E. S CA P ( N"If \I I ) 

» 
,30X,2.3H CHARACTE.RISTICS OF THE, 

OR SUBOPTIMAL SOlUT ION/I) 
) 

15X.,11H PLANT TVPE,laX,9H UNSERVEO,5X,6H TOTAL) 

~~~18~E~~j~~~lVE) 
lP+.,5X,6H€MWH) ,5X, 
,3X,lOHFUNCTION* ) 

Ny,l), 1=1.,8) ,SOUNV,Il), 
lVtN'i) I'ISOUNY\>2) 
eO'llX,E12.5,2F10G 3,lX,FIO&3, 
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C 

C 

C 

C 

c 
c c 
C 
t 

c 
c 

c 

c 
c 

6 
1 

RESMAX(20) ,RESMIN(20)vSSCUM44,20),UNE(20), 
FATOPE(20),SOlt20,2),AUPEAK(20) 

/lCS/ El(1250),POPECl250!20),Elf(1260), 
HXELDC(20,4),X(125u) 

COMMON /CMS/ PTCUH«201,8,4),PTCUMX(20,S),ROH(4Q,4),PTCUMH(3,S) 

COMMON /TNS/ lSOlO«8),llST~8,lOOO),HAXTUN(8), 
.. HINTUN«Si,NUSOLDi8) 

COHMON /TBl.! TINT(120),TY(120) 

DOUBLE PRECISION TINT,TV 
COMMON .IHYS/ 

+ .. 

20 

30 

10», SA LV (020) jlNST AT E~ 20» IINSTCUR( 20) "RESCAP( 20,20) 

SOLUTIONS THE FIRST TIME CALLED fOR EACH MAIN 

IHN 
ITIN,N,NBEST,KEEP(l) 
)ITIN,N~~BEST,KEEPil) 
119HXYEAR 

99(0) (ISOl(NV,I),1=1,8},SOl(NY,1),$OL(NY,2) 
«lS0l(NY~1},I=lrb)~SOl(NY,1)fSOl(N1~2) 

~ ! SO l ~ NY '$ 1 P w I =i \I b " SO U NY 11' U , SO l ( NY ,2 » 
EQ$ 1 ) GO TO 100 

GO TO 100 

o 
100 

INO) GO TO 20 

~cSlMUlATE THE N-TH BEST SOLUTIO~ 

100 1 

8 
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00039450 
00039460 
00039410 
00039480 
00039490 
00039500 
00039510 
00039520 
00039:'30 
00039540 
00039550 
00039560 
00039570 
00039580 
00039590 
00039600 
00039610 
00039620 
00039630 
00039640 
00039650 
00039660 
00039610 
00039680 
00039690 
00039100 
00039710 
00039720 
00039130 
00039740 
00039150 
00039760 
00039710 
00039780 
00039790 
00039800 
00039810 
00039820 
00039830 
00039840 
00039850 
00039860 
00039810 
00039880 
00039890 
00039900 
00039910 
00039920 
00039930 
00039940 
00039950 
00039960 
000399-10 
00039980 
00039990 
00040000 
00040010 
00040020 
00040030 
00040040 
00040050 
00040060 
00040070 
00040080 
00040090 
00040100 
00040110 
00040120 



II~ !€ 
)';C '5ii 
14 
)<i 
li~ ~! 

910 I. 'll @i 

t 
205 

C 
;.<,~. 

210 = 0 .. 10 
t 

\t'~ 

I~J~N)~l=l~ZOl)~~=l,a» J"~>' 

~J:li'420) ,""~ 

1.4: 

~( 

}i fI.i ii 

';) ~4 ~f:il 

it 

)& ):1>' 

~, 

~I )B~ 

;' 
r'd~ 

IS ii. 
,i.:" 
~. 

" 
)~ ,; 

)1 
)<l 

!. 
I" 1I,:li 
i-

IN YEAR " /~ 
J<l 
P't 

Ht,;i 

~t 

219 



c c c c 
c 
c 
c c 
c 

c 
C 

COMMON VARIABLES USED: NONE 
LOCAL \lARlAB U: S . 
N TEMPORARY INDEX OF SEARCH POINTER 
NBEGIN BEGINNING INDEX OF SEARCH RANGE 
HEND ENDING INDEX OF SEARCH RANGE 
NRANGE SEARCH RANGE 

DIMENSION NUMACC(20), NS12(2,1000) 

DEFINE SEARCH RANGE 
NBEGIN :: NUHACC(NYCR) + 1 
NEND :::; NSEGIN - 1 + NACCEP 

10 N=NBEGIN, NEND 
(NST ~NE~ NST2tl,N}) GO TO 10 

eSTATE tiJNSTtiJ IS FOUND IN 1I1NS121lG ARRAY IDENTIFY THE 
C SEQUENCE NUMBER AND RETURN 

NTH :::; N 
GO TO 20 

10 CONTINUI::: 
C DROPPING THROUGH ThE lOOP MEANS THAT STATE IllitNSTIIIit WAS 
C NOT FOUND IN THE lieNS T2Q' ARRA "(,,, THIS FAC.T IS INDICATs) 
C BY SEllIN NiH = 0 

NTH :: 0 
20 RETURN 

END 

TITLE. 

FUNCTION 

STAGE GENERATION 

THIS SUBROUTINE GENERATES ALL THE ACCEPTABLE 
STATES WITHIN THE TUNNEL DEFINEO BY THE 
~TUNNEl~ SUBRUUTIN~$ STATE ACCEPTABILITY 
I SCHECK I:D lHkOUGH CALLS TO THE ·CONSTRIlG 
SUBROUTIN~a TH~ ACCEPTED STATES ARE STORED 
IN THE "LIST" ARRAYe 

CALLED BY 
CAl.lS TO 

MAIN 
tONSTR 

SUB ROUT IN!: ARGUMENT S 
NAME DESCRIPTION 
NSTCNT COUNTER Of THE NUMBER OF ACCEPTED 

NSlCUR 

STATES 
VARIABLES USEO$ l.IST, HAXTUN, MINTUN, MXPl 

VARIABLES 
TYPE SIZE DESCRIPTION 

DUMMY PLANT TYPE INDEX 
CONSTRA IN! FLAG .. 

IF =0, STATE IS ACCEPTABLE 
IF =1~ STATE IS UNACCEPTABLE 

NSTCUR( I» DENOTES THE NUMBER Of 
UNITS OF THE 1-TH PLANT TYPE 
CONTAINT IN STATE ~NSTCURII&., 

ALGORI lHM LOGI C 
THE FIRST STATE IS IDENTICAL TO THE TUNNEL LOWER BOUNOe 
A NEW STATE IS GENERATED RECURSIVE:LY FROM THE PREVIOUS
lY GENERATED SlAlE BY INC.REASING THE NUMBER OF UNITS 
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c 

C 

C 

c c c 

c 
c 

.C 

IARSI' ~4,ah 

200 ), 

COMMON ICMSI PTCUK@201w8~4)~PTCUMX'20~8),ROM(40~4)vPTCUMH(3@8j 

ITNSI h MAXTUNI UU ~ 

COMMON rf8LI TINTi120),lY'lZ0~ 
PRECISION TINT,TY 

/HYSI 

LOWER TUNNEL BOUNDARY 
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(lIST{I,N)~1=1.HXPl),N=1,NS1CN1) 

TE 
+ 1 

7 C------------------------------------
t 

t 

c 

IVRSI ~l~~~o5k~~i~1~~k~I~x~t~~~IN~~fMAx, 
ITOUT,MAXALl,MAXI,MAXINP,MAXOR, 
MAXPlA,MAXPO,MXALL,MXPl,MXYEAR, 
RESMAR ,UBOUND 

IlCS/ El{ 1250) ,POPEC~250t2(H ,ElFU260h; 
MXElOC(20,4),X(125u) 

IHYSI 
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REAL 

10 

120 

120 

GO 10 5 

1 .. 0000 

GO TO 10 

8 Alii! - YUU 
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VARIABLE 

I,'· 

!~ 

no. 

i« 
1 ", 

HW' l~ 
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)d 

'I..r: ;'1 

14 

.i" 



c 

c 
c 
c 

c c 
C 
t 

IA.RSI 

.llCSI 

AVSP~20!4)~CAPABS(20)~ENEOEM(20~4)wEXPlCUt4~8), 
IOEX P L2u h 1 PABA (8) li'I PCH( 8) ,I Sal (,20 ~8) , 
IWIDIH(8)~lORDER~420,3)~lOWB(20,8)?MAINS(200), 

~~i~7btgof~~s1~~~?~b~~o7:~~~~T~o~g~: 
PEAKS(20,4),PlACA(20~14),PlANT{210,14)w 
RESMAX(20),RESMIN(20»,SSCUM{4,20),UNE(20), 
FATOPE(20),SOl{20,2),AUP~AK(20) 

) 1/ IrK ( 420, ::n II 
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00043530 
00043540 
00043550 
00043560 
0004-3510 
00043580 
00043590 
00043600 
00043610 
00043620 
00043630 
00043640 
00043650 
00043660 
00043610 
00043680 
00043690 
00043100 
00043710 
00043"120 
00043730 
00043740 
00043750 
00043160 
00043110 
000431'80 
00043190 
00043800 
00043810 
00043820 
00043830 
00043840 
00043850 
00043860 
0004381'0 
00043880 
00043890 
00043900 
00043910 
00043920 
00043930 
00043940 
00043950 
0004·3960 
00043910 
00043980 
00043990 
00044000 
00044010 
00044020 
0004410310 
00044040 
00044050 
00044060 
00044010 
00044080 
00044090 
00044100 
00044110 
00044120 
00044130 
00044140 
00044150 
00044160 

~.00044110 
00044180 
000441.90 
00044200 
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C 
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It 
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l 
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10 

15 

30 

COMMON ITell TIN1(120)~TV(120' 

DOUBLE PRECISION rl~T#TV 

.fHYSJ' 

, GO TO 10 

30 

HYDRO f:U .. OCI( 

It ITRM )-DIFf 

.""4> 

HYDRO CLUSTER 

ADJUSTMENT 

225 

H''1l''''''',~ 

~~#~j~1 
l&'wll,?', 

.;;:; 

'i.;l'wll 
~~ ~~ 

iJl~ ~l 
)! )~~.: 

,,.4 

)~ 

~~ ~. 

J', 

R. 1l 
~"""', 
ILL 

"""';.J'. 
~.L. 

I"~ 
UI4 

,;/, 

14 

)" . .;( 
JI'. 

~"" ti. 
i£ 

i.!. 

~~ 1'1 

~. 
),1' 
;;:;. PI 

;;~ ~~ 
DI ~4t 

H 1'.·At 

Ii" 
~4e: .1 ~, 

~4.t;,~ 

)£..4 i~ 

J 1&, .. 4 ,"'" l! 
'11 ~"',,', :1') 'Ii Af.. 



t 
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C 
c ____ ~~~~~ __ ~~ __ ~~-~--~~~ __ ~~ 

sOSRDOTINE tONNELtNSTlTE, NVNtXl, l~(TON) C ______________________ . __________________________________________ ___ 

C 
t 
C 
C 
t 
t 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
t 
C 
t 
C 
C 
C 
C 
C 
C 
t 
C 
t 
C 
C 
t 
t 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
c 
E 
c 
C 
t 
C 
C 
C 
C 

TITLE: TUNNEL 
fUNCTION: THIS SUBROUTINE DEFINES THE RANGE «CALLED 

TUNNEL) IN THE NUMBER OF UNITS THAT EXPANSION 
PLANT TYPES C.A~4 HAVi: IN STATE NYt~EX·r WHEN 

THEY ORIGINATE FROM STATE ~NSTATE~ IN STAGE 
"NY"e THE CONSTRAINTS THAT ARE CONSIDERED IN 
THE "lUNNEl~ DEFINITION ARE BOTH REAL AND 
ARTIFICIAL., 
1. REAL CONSTRAINTS 

Ae MINIMUM NUMBER Of UNITS REQUIRED 
OUNUN) 

B .. MAXIMUM NUMBER OF UNITS ALLOWeD (MAXUN) c. MAXIMUM NUMBER OF UNITS THAT CAN BE 
CONSTRUCTED IN A YEAR FOR EACH EXPANSION 
PLANT TYPE ~MAXADD) 

2. ARTIFICIAL CONSTRAINTS 
AG ARTIFICIAL UPPER BOUNDARV 
B$ ARTIFICIAL LOWER BOUNDARY 

IF IFLTUN>::::O THE TUNNEL fOR STATE IliINSTATEI!!! 
HAS ALREADY BEEN DEfINED BUT THE NUMBER OF 
STATES ACCEPTED IN STAGE ~NYNEXTIlil IS SMALLER 
THAN THE MINIMUM NUMBER AlLOWEO& THEREFORE~ 
ADDITIONAL STATES ARE GENERATED BY RELAXING 
THe ARTIFICIAL CONsTRAINTS (ZA AND 26)0 
IN THIS CASE ONLY lHE REGION NOT INCLUDED IN 
THE OLD TUNNEL~ WIll CONSTITUTE THE SUPPLE
MENTAL TUNNEL. 

SUBROUTINE ARGUMENTS 
NAME DESCRIPTION 
IFlTUN FLAG -1 ::: ORIGINAL TUNNELS 

o ::: NO TUNNEL ADJUSTMENTS POSSIBLE 
1 == LOWER BOUNDARY DECREASED 
2 == UPPER BOUNDARY INCREASED 

NSTA1E UNPACKED ORIGIN STATE IN STATE NV==NVNEXT-l 
NVNEXT CURRENT STAGE 

CALLED BY: MAIN 
CALLS • NONE 

COHMON VARIABLES USED: 10EX?, LBOLD, HAXTUN, MINTUN, 
HXPl, NUBOLD 
LOCAL VARIABLES 
NAME DESCRIPTION 
I EXPANSIQ\;l PLANT TYPE INDEX 
lAO!) MAXIMUM NUM8ER OF UNITS ALLOWED FOR EXPANSION 

PLANT TYPE I DUE TO LIMIT OF UNIT ADDITION 
EACH YEAR 

I? I-1h EXPANSION PLANT TYPE 10 IN THE ORIGINAL 
EXPANSION PLANT TYPES LIST 
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00044890 
00044900 
00044910 
00044920 
00044930 
00044940 
00044950 
000"0>4960 
00044970 
00044980 
00044990 
00045000 
00045010 
00045020 
00045030 
00045040 
00045050 
00045060 
00045070 
00045080 
00045090 
00045100 
00045110 
OOOL1l-5120 
00045130 
00045140 
00045150 
00045160 
00045170 
00045180 
00045190 
00045200 
00045210 
00045220 
00045230 
00045240 
00045250 
00045260 
00045270 
000452-80 
00045290 
00045300 
00045310 
00045320 
00045330 
00045340 
00045350 
00045360 
00045370 
00045380 
00045390 
00045400 

. 00045410 
00045420 
00045430 
00045440 
00045450 
00045460 
00045470 
00045480 
00045490 
00045500 
00045510 
00045520 
00045530 
00045540 
00045550 
00045560 



'C 

.C 

c c 

10 

20 

COMMON ITBll TINT~120~,TY«120) 

DOUBLE PRECISION TINTwTV 
;HVSI 

SUPPLEMENTAL TUNNEL 

BOUNDARY WAS CHANGED 

lH I S ROUTINE 
SUPPLEMENT Ai.. 

CHANGED BRANCH TO 40 
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t 

C 

C 
t 

40 DO 50 l=l~MXPl 
IP=IDEXP« U +2 

l.OWER BOUND 
MINTUN(I) = NUBOlOtI) 

UPPER BOUND 
IADO = HAXADO«I) + NSTATE(I) 

50 HAXTUN«I) = MINO(IADO~ NUP8'NYNEXT~I), MAXUN(NYNEXT,IP)) 

RETURN 
END 

C ____ ~~~~~~~?~~ ______ -------------------------========= SUSROU~!N~ U~1R~B C __________________________ . ___________ . __________________________ ___ 

t 
C 
C 
C 
C 

c 
c 

t 

C 

C 

c. 
c 
c 
C 
It 
C 

C 

C 
t 
C 
t 
t 

CALCULATES THE FIRST ESTIMATE OF THE OBJECTIVE FUNCTIONm BASED 
ON ,TRADITIONAL OBJ DEfINITION AND DISCOUNT FACTOR OF 10%0 

COMMON 
1 
2 
3 
4-
5 
6 
'1 

COMMON /CMS/ PTCUMt201,S,4)tPTCUMX{20,S),ROM(40,4),PTCUMH(3,8) 

COMMON /TNS/ lBOlD'8},LIST(8~1000)tMAXTUN(8), 
+ HINTUNt8b,NUSOlO«S) 

COMMON /TBl/ TINT€120),TY(120) 

DOUBLE PRECISION TINT,TY 

COMMON /HYS/ CMULT(4),EAVAl(3),EMUlT(4),HYDRi3, 11), 
+ HYEXPNCll),HYSCHD(20.S),PSEXPN(11)t 
+ PSSCHD(20,B)tSYSCUM(4) 

DIMENSION NSIATE(20), NSTCUR(20i, RESCAP(20,20),NUF(20) 

IF €ITOUT $lE$ 0) GO 10 10 
RETURN 

10 CO\ITINUE 
OSJ == 0 .. 0 

.J 

ANNUAL PEAK DEMAND 
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00046250 
00046260 
00046270 
00046280 
00046290 
00046300 
00046310 
00046320 
0101046330 
00046340 
00046350 
00046360 
00046370 
00046380 
00046390 
00046400 
010046410 
00046420 
00046430 
00046440 
00046450 
00046460 
00046470 
00046480 
010046490 
00046500 
00046510 
0004·6520 
00046530 
00046540 
00046550 
00046560 
00046510 
00046580 
00046590 
00046600 
00046610 
00046620 
00046630 
00046640 
00046650 
00046660 
00046610 
00046680 
00046690 
00046100 
00046710 
00046720 
00046130 
00046740 
00046150 
00046760 
00046110 
00046180 
00046790 
00046800 
00046810 
00046820 
00046830 
00046840 
00046850 
00046860 
00046870 
00046880 
00046890 
00046900 
00046910 
00046920 



229 



c 
C C __ 'T 

~OHRouTINE UNPAtKtNPA, NUNP) C ______________________________________________________________ ___ 

c. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(. 
C 
C 
C 
C 
C 
(. 
(. 
C 
C 
C 
C 
C 

t 

C 

C 

TITLE: STAlE UNPACKING 

FUNCTION: UNPACKS STATE ~NS1~ INTO ~NSlCUR~ USING 
THE PACKING BASE IPABA. 

CALLED BY: MAIN 
CA LlS TO: NONE 

SUBROUTINE ARGUMENTS 
NPA PACKED SlATE 
NUNP UNPACK~D SlAlE 

COMMON VARIABLES USED; IPABA, KXPL 

LOCAL VARIABLES 
NAME DESCRIPTION 
I I-TH PLANT TYP~ 
II BACKWARD PLANT TYPE INDEX 
HSTEH? PACKED STATE REMAINDER 

t OMMON IVRSI' 
1 

CLOlP,ClOlPU~CPLOLP,DISRAlwDX, 
FCR, HOUR S, I BAS VR ,IMX Pl t 1111'4, 11MAXf/ 
11001 !!MAXAlLIlMAXI,MAXINP ,MAXOR, 
"AXPlA~MAXP01HXALl,MXPL,MXYEARt 
RESMAR,UBOUNU 

2 
3 
41-

CIOMMON 

I'ARSI' AVSP(20,4)ICAPABS(20),ENEDEM(20w4},EXPlCU(4.S), 
IDEXP(20h PABA(8)<jpIPCH(8),ISOl(20,8h 
IWIOTH(8)jlORDERi42093»tLOW~(20,8)?MAINS(200), 
~AXUN«20,~O),MAXADD(8),MI~UN(20120», 
NEXPIO(20),NSTPRE(20,20),NUPS(2U,S), 

kg~~~r~o1!R~~~~~~g)!~§C~~~Z!~~t~u~~liO)w 
fATOPE(20)wSOl(20,Z),AUPEAK(2U) 

.flCS.f El (1250) tE l DC( 4,1250 h ELF ( 1260)' 
MXELDC(2u,4)wX€1250) 

I'CMSI PTCUM(201~8,4),PTCUMX'20,B}9ROM(40,4),PTCUMH(3,8) 

.fiNS.! ,l I sn 8 \7 10(0) ,HAXTUl'H8) w 
l,NUBOLDUH 
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00041610 
00047620 
00041630 
00041640 
00047650 
0004 -'660 
00047670 
00047680 
00047690 
00047700 
00047110 
00041720 
00047130 
00047740 
00047150 
00041160 
0004T110 
00041180 
0004·1190 
0004-/800 
00041810 
00041820 
00047830 
00041840 
00041850 
00041860 
00041810 
00041880 
00047890 
00041900 
00041910 
00041920 
00041930 
00047940 
00041950 
00047960 
00041910 
00041980 
00041990 
00048000 
00048010 
00048020 
00048030 
00048040 
00048050 
00048060 
00048070 
00048080 
00048090 
00048100 
00048110 
00048120 
00048130 
00048140 
00048150 
00048160 
00048110 
00048180 
00048190 
00048200 
00048210 
00048220 
00048230 
00048240 
00048250 
00048260 
00048270 
00048280 



c 
c 
c 

C 
t 

t 

C 

c 
c 

tOM~ON liSt' TINT(120)~TY@120) 

DOU8lE PREt ISION TINT ,lY 

IHYSI 
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c 
c-c. 
c 
c c 
c 
c. 
c 
c 
c 
c c 
c 
c. c 
c 
c 
c. 
C 

:.:c 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C. 
C 
C 
C 
C. 
C 

.. C 
C 
C 
~c c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c ·c 
c 
c 

--------------------
THIS PROGRAM P~RFORMS FINANCIAL CALCULATIONS FOR 
TME OP1IMAL OR ~ueOPTIMAl LAPACITY EXPAN~IUN 
PLA~ ObTAINED FROM THE uYNO MODULto 

SUBROUTINE NAME 

MLANC 

CAPTL 

DEPR. 

FBCHNG 

FUND 

FYCrlNG 

INCOM 

INFINl 

RATSAS 

REPORT 

CUMMON /DE B TS/ 

DESCRIPTION OF SUbROUTINES 

FUNCTION 

PERFORMS CALCULATIONS OF ASSETS 
ANu L!A&ILITIES~ ALSU PERfORMS 
RATIO ANAI..Y:;)IS .. 

PERFORMS CAPiTAL BUDGET CALCULATIONS 
FROM THE U~Ek SPECIfIED CAPITAL 
SIKUCTuRE rUK EACH YEAR IN fHE 
STuDY PER10D .. 

CALCULATES DEPRECIATION OF PLANTS. 

CHANGES/CORRECTS BEGINN1NG VALUES 
Of flNA~C1AL 0AIAo 

CALCULATES THE USES ANO SOUKCES 
fUNDS .. 

ChANGeS/CORRECTS YEARLY 
fINANCIAL DATA .. 

CALCULATES EARNINGS AND EXPENSES 
OF THE UTILITY INCLUDING O~ERATrNG 
REVENU~~9TAXES, AND OPERATING ANU 
MAINTENANCe (.0£15. 

ACCEPTS AND STORES USER SuPPLIED 
EXOGENEOU:;) FINANCIAL PAKAMETERS .. 

CALCULATES THE RATEEASE ON WHICH 
THE AlLUWeD OPERATING INCOME OF 
THE: UTILITY i'411.l EH= BA!:>E:D .. THE 
RATEBAS~ 1£ FOUND bY COMPUTING THt 
UOLLAk VALUt Of ALL PLANT ADDITIONS, 
RETIREM~Nrs INCLUDING THE EFFECT 
Of CONSTRUCTION WORK IN PROGRE~S 
'CWI?) AND OE?K~C!ATrONe 

PRiNTS THE BALANCE SHEET9THE 
INCOMt: !::.TAH:MENl AND THE: FINANCIAL 
SlATEMENT .. 
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00000010 
0001)0020 
00000030 
00000040 
OOOO()050 
OOU00060 
00000070 
OOOOOU80 
00000090 
00000.1..00 
00000110 
00000120 
00000130 
00000140 
OO{JOOl.::;O 
00000i60 
00000110 
00000 lEla 
00000190 
00000200 
00000210 
00000220 
00000230 
00000 ,40 
00000Z50 
000002bO 
000002.70 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000:.70 
00000380 
00000390 
00000400 
00000410 
00000"+-20 
00000430 
00000440 
00000450 
00000460 
00000410 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000!:>50 
00000560 
00000510 
00000580 
00000590 
000000.00 
00000010 
00000620 
000006)0 
000000<;,.0 
00000650 
00000660 
OOOOuo 70 
ObOOOol::W 



+ 
+ 
".l-

+-
'W> 

+-
+-
+-

"\II> 
"\II> 

+-
"\II> 

+-
"\II> 
;)-

+ 
'\I> 

~. 

-+ 
+-

+-

+-

11 

15 

.fEQUITV / 

/FUNIJS/, 

fTAXES/ 

IAUX./' 

(20)> f 

IAUX'l1 

ISVALI 
"/ 

/1NO\"N/ 

READ DATA FKOM DYNe OUTPUT FILc 

MODULE) 
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00001340 
00001;:;50 
00001360 
00001370 
000013BO 
00001390 
00001",,00 
00001410 
00001420 
00001430 
00001440 
00001450 
00001460 
00001 ... 70 
00001480 
00001.4<;;0 
00001500 
00001510 
00001520 
00001530 
0000 1540 
00001550 
00001S60 
00001570 
00001580 
00001590 
DOOOloOO 
00001610 
00001020 
00001630 
00001640 
00001650 
00001660 
00001670 
000016i;j,0 
00001690 
00U01700 
00001110 
00001120 
00001730 
00001740 
00001750 
00001160 
00001170 
00001180 
00001790 
00001800 
00001810 
00001820 
00001030 
00001.1340 
000015.50 
00001860 
oooo:uno 
00001880 
00001890 
00001900 
00001910 
00001':120 
00001930 
0000 1 9o'.tO 
00001950 
00001900 
00001<,.70 
00001980 
00001990 
00002000 
0000201Q 



l: 
C 

COMMON 
+ 
+ 
+ 

COMMON 
-1)0 

+ 

+ 
+ 
-1)0 

i-
i-
+ 
+-
+ 

CJMMON 
+-

i-
+ 

+ 
+ 
+ 

+ 

+ 
+ 

:U GO TO 99 

/DEB{S/ 

.IEWlT'i1 

IINCOMEI 

/FUNu$/ 

ITAXES/ 

IAUX.' 

.IAUX21' 

SUYPLIED VALUES Of 
i:::L Y 11\H I: K PIC T 1 V I:: .. 

235 



c 
c 
c 

c 

c 
105 

YE~~YE/3HYES~!HYI 
NE~,N~/~HNO,lHNI 

C READ THE KlV OF VARIABLE DEFINITIONS 
C 

DO 110 l=l,NRD 
READ Hb,12Cd U<.EVFINU\\,JhJ=l,HH 

11Q CUNT I NUE: 
120 FORMAT (lSA4) 

C 
lw fORMAT ~A3} 

IFILE=l 
149 CONTINUE 

C B~GINNINb Of INPUT SESSION 
'C 

WRITE ~6,210~ 
210 FORMAT {//~39H iNPUT SESSION fOR ThE fINANCIAL MODULE, 

+l1H OF CE~ES bEGINS .. /28H 3 SETS OF [;AlA ~OUlD BE, 
+9H ON FILEe/22H OTHERWISE ENTER THEMoil' 
+1131H 1 BEGINNING VAlU~~ OF fINANCIAL DAlA, 
+/2.41'1 2 YEAKLY FINAI\ICIAL DATA\Jl 
+/S1H ~ RETIR~MENT ~CHEDULES Of SH~T ANO LONG TERM DEBTI 

wRITE (6'i'l15~ 
215 fORMAT (11,40H THE DATA TO BE EN1ERED ARE LISTED BELOW) 

WR.ITE (6'1220) 
220 FORMAT (//~35H BEGINNING VAlu'E:S, OF FINANCIAL DATA, 

+/351-1 --------------- ) 
00 22:' l;;;l"NBOT 
WKITc: tlll1201 (KEYFINU+11,Ji,J:llt18) 

22:; CON n t: 
if.tRITE 0,230) 

230 FORMAT tll,22H VEARLY Fl IAl DATA, 
+/22H ------------

UO 235 1= 
WKITt ttl, tl+19,J)w~;;;1111&) 

235 CCNTINUi: 
W R. I H: (6 ~ 231 ) 

L37 fORMAT 1I1 1 35H R~TIREM~NI ~CHtOUlES F8k SHORT AND. 
+l~H LONG TcKM DEBT, 
+/~OH -- --------------------) 
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00002100 
00002110 
OOOOl-flO 
00002721 
00002130 
0000[140 
00002150 
00002160 
00002770 
00002780 
OOCl0219C 
00002.800 
00002810 
00002b2.0 
00002b30 
00002840 
000028::>0 
00002860 
00002b10 
00002680 
00002890 
00002 'JOO 
00002910 
001002.920 
00002930 
Ou002950 
000029600 
0000.2910 
00002980 
00002990 
00003000 
0000301.0 
00003010 
00003030 
0000:21040 
000030:;'0 
00003060 
00(;03070 
00003(.80 
00003090 
00003100 
00003110 
00003130 
00003ll..40 
00003150 
00003160 
00003110 
00003180 
00003190 
000032.00 
00003;:'10 
00003220 
00003230 
00003240 
00003,50 
00003.i:.60 
00003210 
DOOO.;$280 
00003:':'90 
00003300 
0000:21310 
00003320 
0000333U 
00003340 
00003:i50 
000033.60 
00003 .. :110 
0000338U 

I 
f 



C 
C 
C. 
r ... 
C 

iC 
C 
C 
C 

c 

240 

9000 

258 

2bO CON! INuE 

MATURITY FUR D~BT ISSUED, 

RETIRED eACH Y~AR FO~~ 

VALUES OF 

ALREADY FOR, 
OK NU", 1211 '1 J 

BEG1NNING VALUES OF.., 

Of BEGINNING VALUES 

IF YOU WANT 10, 
OATA .. /2H 11 

~0IJ~'.~~;~reEQeYE) GO TO 358 

GO 10 2QO 

F,lNA"'CIAl DATA .. ~ 
ALL DATA fOR THE, 

C CHANGES/CORRECTIONS Of YEARLY fINANCIAL DATA 
C 
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IVCH=2 
NY:::. 1 
WRITe: (6,500) 

560 FORMAT (11,33H DO YOU WANT TO CHANGE ANY YEARLY, 
+ioN fINANt.iAL UATA1/17H t:NTI::K 'it!:. Ok NO .. ) 

ReAD t5 w140) K~SP 
IF (R~SPo~QQY~S&OR&RESP~EQ .. YE) GO TO 510 
GO TO ~~o 

570 CONTINUE: 
1YCH.:;:2 
WRITE {6,515) 

515 FOKMAT tllf~2H ENTER 1 TO RE1NPUT ALL DATA FUR v 
+llH ALL VEAkS@/29K ~NTER l TO CMANbE: DATA fOR A, 
+13H SlNGLE VEARo) 

READ (5,126» !FeH 
GO fO ~36U,~71),lfC~ 

517 CONT INUt: 
WK.lT!: ~c'i580» 

530 FOkMAT tll,3bH .ENTER '(EAR(4 DlbITS) OF DATA CHANGE, 
+/2H '() 

REAiJ (5 9 585) KY 
585 FORMAT (14) 

NV::'KV-NBVR 
GO TO "t-':10 

590 CONTINUE: 
IF (IFILi:oEQ.Z) GO TO 1200 

C 
C ENTER DEBT RETIREMENT SCMEDULES 
C 

238 

00004070 
00004080 
00004090 
00004100 
00004i10 
0000'"1- 120 
00004130 
00004140 
00004150 
00004160 
00004170 
00004180 
00004190 
00004i.OO 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260 
00004270 
00004280 
00004-'90 
00004300 
00004310 
00004320 
00004:'30 
000043~0 
00004350 
00004360 
00004310 
00004380 
00004~90 
00004400 
00004410 
00004420 
00004430 
00004440 
00004~50 
00004460 
00004470 
00004~0 
00004490 
00004:)00 
0000 ... 510 
00004520 
00004530 
00004:;40 
0000 ... ::'50 
000045.60 
00004570 
00004580 
00004590 
00004000 
00004610 
000046.20 
00004630 
000040'-!-0 
00004650 
00004660 
00004610 
0000461)0 
00004090 
00004700 
00004710 
0000472.0 
00004730 
00004/1"+0 



c 

0.30 

700 

110 

7lu 

122 

125 

72.6 

730 

141 

GO TO 11(; 

DEST ISSUE (4 DIGITS)/2H 1) 

~ ENTER CON~TRUCTION EXPENOITUKE fOR EXPANSION PLANTS 
"" 

219 



WRITE (o,84,d IY 
8~8 FORMAT (11,25H CONSTRUCTION tXPtNOITURE, 

+311'1 lMILLIONS OF LOL..LARSi FOR. Y'=AH.,B,lH?, 
+/111-1 --,,---) 
REA~ (5,855) C~PLX(r,IY) 

d5S FORMAT (FIO.5) 
SSO CONTINUE 

WKITE (b,~52) IDEXP(I) 
d5L FOKM~T {11,3orl OU YUU WANT TO KEINPUT CCNSTRUCTION, 

+11H tX?ENDITURE DATA/2SH JUST ~NTERRc0 ruR UNlT, 
+SH CODf:!14!>2H 111.11-1 E!'1!It:R Yt:~ OK NiJ .. /O:::I1 'n 

READ (j,14U) RES? 
IF (RESP.E~~YtS&OkeKf:SP.~Q.YE) GO 10 ao~ 
IF (IPCH0EQ.2J GO TO ~85 
IF tI.GE@MXPL) GU TU e51 
1=1+ 1 
r;o TO bUS 

851 CONT I NU E. 
WRITE:: (b,890) 

890 FORMAl (// 9 331'1 ENTER YES IF YOU WANT "i0 CHANGE, 
+/35H ANY CONSTRULT10N ~XPEN~lTURc DATA, 
+/21H FOR EXPAN~lON UN1T~./2H ?) 

RcAu (~v140) kE~P 
lF tKESP.cQeYtSoOReR~~P$~QGtt) GO TO ~jO 
GO TLJ (120U, 1.100 b II l.F I LE 

950 CONTINUi:: 
WKITt: tV'llSr55~ 

955 FORMAT (119~bH DO YOU WANT TO ChANG~ ALL, 
+/31H CONSTRUCTION EXPt:Nu!TUKI:: DAIA?, 
+/11H c;\JTEK YES OR 1'40 .. /211 1) 
R~A~ (St!~' RtSP 
IF (RES~GtQ.YtS.OKGR~SPetY.YE) GO TO 800 

960 C.ONTINUi: . 
WRITE tc.996~) 

965 ~OKMAT (1/93~H ENTER UNIT COOt NUMB~K (2 DIGlTS), 
+/42H ~OR WI-! len YUU WANT TO CHANlllt:. CONSTkUCT ION, 
+1711 EXPENDITURE DATA) 

970 CONTiNUE 
wRITE (b,97~) (IDEX?(l),l=l,MXPL) 

915 fGRMAT (/,2bH ENlcR UNE uF THt fOLLUWING./dI4, 
+/~H --) 

REALI (S,9(0) .J 
00 917 K=l,MXPL 
lr «.J0E~.lDEXP(K») GO TO 980 

971 CONTINUE: 
WkiTt (0,982) 

982 FORMAT (11,1H ERRORl! 
GO TO 910 

986 I=K 
IPCH=2 
GO TO 805 

985 CONTINUE 
wRITI:: (5;987) 

987 FORMAT UI,36H 00 YOU WANT TO REINPUT CONSTRUCTION 9 
+17H EXPE:NUI lURE DATA/3:;'H FOR ANuH-:ER EXPANSiON U:'Iil T TYPE?, 
+/11H EN1EK YES OR NO./2h 1J 
R~AO (5,140) RES? 
IF iRE~P@EQ.YES.OKoRESPe~QoYE) GO TO 960 

990 FORMAT t12) 
GO TO l1200,llOO),IflLE 

1100 CONTINUE 
C 
C REAO DATA FROM EXISTING DATA fILe 
C 

IFILE=2 
REAl) [id,1225} (BDAT(I),I=l,,\j!jDT) 
Rt::AD 'U:h1215~ M)l.YR 
Du 1120 NY=lwMX~K 
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00005430 
00005440 
00005450 
0(;005460 
OGC05"l170 
0000541;}0 
000054'.10 
00005:'00 
00005510 
0000552.0 
00005530 
00005~40 
0000;,550 
OOG05560 
00005570 
00005SBO 
00005:>'.10 
00005600 
00005610 
0000S6~0 
0000S630 
000050ltO 
00005650 
00005660 
00005610 
00005660 
00005690 
0000:' 700 
oeoos 710 
0000572.0 
00005130 
00005140 
00005750 
00005700 
00005770 
0000 57(J.0 
00005790 
00005BOO 
OOOOSB10 
0000562Q 
00005030 
000058';-0 
000055::>0 
00005&60 
00005670 
aCCOSS!:lO 
00005<190 
00005'i00 
00005910 
00005920 
00005930 
00005'140 
000059:>0 
00005960 
00005'-)10 
00005980 
00005990 
00006000 
00006010 
0000bU20 
00006C30 
OCJ006G .. O 
00006050 
00006000 
00006070 
000U6000 
0000611':f0 
00006100 



ANG~S IN fl~ANCIAL DATA1~ 
1'2H ?) 

SPG~Q.YE) GO TO l~OO 

U ),,!=l,NSOT) 

~s Of DATA .. , 

INPUT fll~ fOK FINANCIAL, 
Ei'\ITi£R YES eM. NO .. /Zh '1» 

.. EQ.Y~I GO TU 1485 

TRANSFER THE INPUT DATA INTO APPROPRIAT~ 
ARRA~S Of FINANCIAL VAKIA&l~S .. 
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c 

C 

c c 

READ (5,12b) IQEF 

\;IIRI TE 'b, 2bOO) 
2600 FCkMAT t/I,3~M tN1ER 1 If AFUDC SHOULD BE TREATED, 

+lOH AS INCOME/18H ENT~K U OTHEX~lSE/2H 1l 
READ €5 t 12bl IAfC 
H· (10Ef .. l::t.l .. O~ TxOEFB=O 

4000 CONTINUf:: 
Rt:iUKN 
END 

C------------------------------
SU~RUUTINE ryCh~G(NY~NYDT) C--------------------------------

C 
C 
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00006600 
0000/)~10 
00006a20 
00006830 
00006(:)40 
000060.50 
00D06 b60 
00006d10 
00006 &80 
00006&90 
00000':100 
00006910 
00006':12.0 
00006~jO 
00006940 
00000'150 
0000096Ci 
00006970 
000069BO 
00000'790 
00001000 
00007010 
00007020 
00001030 
00001040 
00001041 
00007050 
000070S3 
00001055 
OOU07060 
00007065 
00007070 
00007075 
OOOO?GI:iO 
00007085 
00007090 
00007110 
00001120 
00007130 
00007140 
000011..50 
00007160 
00007170 
00001180 
00001190 
00007192 
00001194-
00007196 
00001198 
00007-':00 
00007201 
00007202 
00007203 
00007204-
00007205 
00001206 
00001201 
00001210 
0000771:32 
00007790 
00007800 
000076.10 
00007b20 
00007830 
00007040 
00007bjO 
00007360 
00007b10 



( ThIS SuBPROGRAM is USED TO ChANGe OR CORRECT 
C fINANCIAL PARA~E1ERS b~TtkEO nUkiNG TH~ CURRENT 
C SESSION OR ALREADY EX1STl~G ~N A OATA FIL~e 
C 
C 

COMMON IDE6TSI 
-$> 

'Ii' 

+ 
COMi,.,ON IEQU lTVI 

+ 
+ 

COMMON IINCUME.I 
"\0-.. 
-$> 

COMMON /INPUTSI 
C.UMMON /PILANTSI 

-I)-

-$> 
«;-
«;-
«;-
-0> 
'Ii' 
«;-

IfUNDSI 
+-
+-

wMMON ITAXESI 
+ 

COMMON IAU'!.,.! 
-0> 

+ 

+ .. \I (,2.0 ) '1/ 

+ 
+ 
'*" 
+ 

COMMON IAUX.21 
"Ii> 
0&-
+ 
+ 
0&-

+ 
COMMON laVA1L1 

+ 
+ 

IINOVN/ 

+ 

C 
C 
( 

C 
',C 

K V:::.NBVK+NV 
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c 

l05 FORMAl (A3) 
lOb C.ONTINUE 

\<dRITt: (6,.110) 
110 fORMAT (l/v31H WHICH DATA YOU W~NT TO LHAN~E1, 

+/43H ENTER 2 DIGIT DATA COOE .. f-OR hf:LP,ENTEK. '19 .. '11 
+/3H -) 

READ (5 11 12.0) IP 
120 FORMAT (2) 

I F (1 P .. l:Q .. 9 9 » GO TO 1 bO 

C ENTER ChANGED/CORRECTED PARAMETER 
C. 

125 CONTINUt:. 
WRIT!:: (b~ 135) U<.EYFINUP+I01,J) ,J=l,Hd 

1~5 FORMAT (lBA~) 
WRITi::. (6,142) FINDAT{NY,IP) 

142. FORMAT ~lbH PREVIOUS VALUE;,FlO.4) 
WRlTE (o1tl""~) 

145 FORMAT tl.i..H --",---) 
RtAO (59155) FINDATtNY,lP) 

155 FORMAT (FIO&~) 
W R 1 T E ( 0 f 159) K. Y 

159 FORMAT (//y30H ANY MORE CHANGES IN FINANCIAL, 
+9H DATA fOR,l~, 
+/17H E~TER YE~ "DR NO&/2H 11 

READ (~vl05) RESP 
IF (RES~.tQ.YtS .. OReRESp.cQoYE) GO TO lOb 
(,0 TO 190 

100 CONTINUE 
C 
C PRINT 2. DIGI! DATA cooes AND 
C DEFINITUNS. 
r.. 

C 
C 

c 
c. 

00 180 IP=lwNYDT 
wRITE (b, 13!» U{EYFIN U P+19 ,J )'J=J., 18) 

180 CONTINUt:. 
GO TO 106 

190 CONTINI.H:: 

RETU;:{N 
END 

·c -------------------------------
SUBROuTIN~ INCOM(NY) c------ -----------------

C 
C 
C 

'C 
C 
C 
C 
t 

+ 
+ 
+ 

+ 

THIS SUBPROGRAM PERFORMS All CALCULATIONS OF 
EAKNINGS AND ~XPENSESG lHlSE lNCLUOe OPERATING 
R~VENUES AND COSTS.FEDKALwSTAT~ ANu OTHER TAXES, 
AND INTERE~T CHAkbES ON DEBuo 

COMMON IDEBTSI 

COMMON IE.W lTV I 

COMMON IINCOMEI 
+ 

+ 
CCMMON / INPUTSI 
CQ."IMON /PLANl~1 
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000085.30 
OOOO&S40 
00008~50 
0000&560 
00008570 
00008580 
00008590 
0000&600 
00008610 
0000802.0 
000086~O 
00001:)040 
00008650 
00008660 
00008670 
0000861:$0 
00008690 
00008100 
00008110 
00008-ILO 
QOOOaH30 
00006140 
00008150 
00008160 
00008170 
00008180 
00008790 
00008800 
OOOOt:l810 
00008820 
00008830 
00008640 
00008850 
OG008660 
00008870 
00008880 
00008890 
00006900 
00008910 
00008920 
00008'130 
00008~40 
00008950 
00008960 
00008910 
OOOOa980 
00008990 
00009000 
00009010 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
00009160 
00009110 
00009180 
00009190 
000094::.00 



+ 
<I> 
-iff 
+ 
+ 
<I> 
<I> 
-iff 

<I> 

<I> .. 
+ 

IAUX21 

COMMON lSI/ALI 
<I> .. 

102 

YES,YE/3HVES~lHYI 
N~G9NfI2HN091HNI 

PRfAC=O ... 5 
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SU8RJUTIN~ RATbA$ 
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00009772 
00U09774 
000097S0 
00009782 
00009792 
0000<:7793 
00009t)UO 
OOQ091:l10 
000098.20 
0000'1/:)30 
00009040 
00009650 
00009&60 
00009870 
00009BBO 
00009900 
00009902 
00009910 
00009911 
000099~O 
00009930 
00009940 
00009950 
00009970 
OO()0997 :2: 
00009980 
00009990 
00010000 
00010001 
OOul0030 
00010040 
000100:.i0 
OOOlOu51 
00010052 
00010060 
00010010 
00010080 
00010090 
00010092 
OOOlOu94 
0001009S 
0001.0096 
00010097 
OOOiC 098 
00010100 
00010110 
00010120 
00010130 
00010140 
00010150 
00010100 
00010170 
OOOlO~8(j 
OOOlO~90 
00010400 
00010410 
00010420 
000lO~30 
00010440 
00010450 
00010400 
00010Lt-70 
00010480 
00010490 
00010500 
OOOlO~10 
OOOlO~LO 
00010530 

:) 
I) 



IINCOME.I 
1>-
1>-

1>-
+ 
+-
+-
11-
+ 
<Ii' 
<Ii' 

COMMON IFUNOSI' 
<Ii' 
11-

.I r A;l(£=S,.1 

.lAUXI 

+ 
+ 
-it-
11- ) '» 
+ 
-it-
11-

IAUX.21 

'* + 
<Ii' 
+ 
11-

COMMON IBVALI 
+ 
<Ii' 

+-
COMl'IION IINDYNI 

11-

INITIALIZE VARIABLES 

110 

COMPUTE GROSS PLANT VALU~ OF EXPANSluN PLANTS 

247 



PLGSXtNV)=PLGSX(NY)+PLCtl)$ISOLtl,NY) 
130 CONTINUE 
1£.5 CONTINUe 

CALCULATE GROSS PLANT VALuE OF ALL PLANTS 

00 135 NV=l,MXVR 
1~5 PLGS1(NY)=PLGSFtNY)+PL~SX(NY) 

CALCULATE GROSS PLANT ADDITIONS 

PLGA1(ll=PLGS1(1)-Pl&SB 
00 140 NY=2 wMXVR 

l~O PLGA1(NVl=PlGSliNYl-PUGS1(NY-i, 

CALCULATE DEPReCIATION FOR BOGK PURPOSES 

255 FORMAT tll,34H ENTER ACCORDING 10 THe FOLLOWING.I, 
+23H 2: SUM OF YEAKS UIGIISI 
+ZOH 3: uOUB LE DECLINING) 

257 FuRMAT (Ill 
CALL Di::PRU' 
DO 260 !=l,MXPL 
DO Z.'/lJ NV=l,1MX vR 
OtPLX1(l,NYJ=UcPLX(!,NV) 

270 CONTINUt: 
200 CONTINUe: 

CALCULATE DEPKECIATION fO~ TAX PURPOSES 
WRITE (b,215) 

l15 FORMAT {/1,32H ACCELERA1ED DEPRECIATION METHOD, 
+lBH FOR TAX PU~POSES1i 

wRITE (6,255) 
REAl,) t=>,2:.)1) IDEP 
(.ALL DEPRO!..lEP) 
DO lobS !=l,MXPl 
DO 211 NY=lrMXYR 
D~PLX2(l,NYB=DEPLX(I,NY) 

211 CONTINUt: 
265 CONTINUE 

CAlCULA1E TOTAL D~PRECIATION FOR 
BOTH BOOK AND TAX ~URPO~ES 

DO 290 NY=l,MXYR 
OtPlINY)=DEPF1&NYI 
DEP2(NV1=DEPF2(NY) 
DO 300 I=l,MXPL 
DEPU N'O=DE PUNY) +OEPlXl (I,NY) 
OEP2(NY)=DE~2(NV)+OE~LX"I,NY) 

300 CONTINUE: 
290 CONTINUE 

CAlCULATf ACCUMULATED DEPRECIAiION 

OEPIC(1)=DEP1B+OEP1(1) 
DEP2C (1 }=uE P2o+0EP2 (1) 
DO 315 NV=2,MXVR . 
DtP1CCNYI=u~P1C(NY-l)~cPl(NY~ 
DeP2C{NY)=OEP2C{NY-l)~OEP~(NV) 

315 CuNT INUE: 

CALCULATE NET PLANT IN SERVICE 
AND N~T PLANT ADDEO 

PLNS1(l)=PLGS1{l)-DEP1Ctl) 
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... 
00011180 
00011190 
OaOilLOO 
00011210 
00u11220 
00011230 
0001124-0 
00011.LSO 
00011260 
OOOlLl70 
00011280 
00011290 
00011300 
OOOi1310 
00011320 
00011330 
00011340 
00011350 
00011360 
00011370 
00011380 
00011390 
00011400 
00011410 
OOOl.l"t:i.O 
00011430 
00011440 
00011450 
00011460 
OUOU.410 
OOOU.480 
000114'10 
OOOll~OO 
00011510 
00011520 
00011:;30 
000115 .... 0 
OOOll!>50 
00011560 
00011510 
00011::'80 
C}fJOll:;90 
00011000 
00011610 
00011620 
00011630 
000110.40 
00011650 
00011660 
00011610 
00011680 
00011690 
00011700 
00011110 
OOOU.12.0 
00011130 
00011740 
00011750 
00011760 
00011170 
00011780 
00011790 
OOOlldOO 
00011810 
00011820 
00011630 
00011840 
00011850 



PtNA1(1):PtNS1(ll-(PlGS8-0EP1B) 
PLNS2(16=PtGSl'1)-DEP2C(1~ 
PtNA2(1)=?LNSl(lj-(PlGSB-DEP28) 
DO 3&0 NV=2,MA'fM 
P IN S .1 (N Y ) =P LG S1 t !\! Y» -0 tp 1 C ( N V) 
?LNAl (NY J =P'l~SU NY )-Pl,,'\!Sl (N'I-1) 
PLNS2(NY}=PLGS1{Ny)-o~P2C(NY» 
PLNA2 (N 1)::::P LNS,Z (NY) -PLNS.2 (NY-l j 

360 CONTINOi:: 

510 

FINO CWIP FOR EXPANSION UNITS 
00 310 1=1, MXPL 
DO 31:5 M=lll'f'IIXYR 
l=lTPU H-M+l 
IF (L0LT~1) GO TO 377 
DO 310 K=l ~d .. 
CwlPX~=CWiP~b+CEPlX(ltK)*lPlX'liH; 
C8NTINUt: 
00 380 NY=l I1 MXYR 
J=ITPLI1J-M+l+NV 
IF (JeLTeleORed@GleITPl(ID) GO TO 380 
C~PX(I,NY»=CEPX'I,NY)+CEPLX'ItJ)·IPlX(I,M) 
CONTINUt: 
CQ.l\BTINUt-. 
CONTINUE 

ION PLANTS 

~fH 
IF' i 1 ~ ) 
fOClii+Cf: P*Af CR 

&O~ AFCR=AFOtR€NY)$(le-fCWIP(NYl) 
)=AfU2U"M» +(.f::P*AFCk 

UH + AfCX2' 1 , '1) 

FOR SCHEDULED AND EXPANSIUN 
TO FINO TOTAL CE 

,MXVR 
NY) +Cf:XHd'i ) 

CONSTRUCTION 
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CECl 1 )=CEB+CE (U 
DO J~O NY=LvHXYR 

520 CEC(NY):C~C(NY-l)+CE{NY) 

CALCULATE ACCUMUlAT~D ANU 
INCR El.l!I.:NT A L C~lP 

DO 530 NY=l,MXYR 
CWIPC(NY)=CtClNYl-PLGSltNV) 
lr (CwIPC(NY).LT.uoO) CWIPC(NV)=O 

530 CaNT INUE.: 
CWIPtl>=CWIPC{l)-CWlPB 
DO 5~U NY=2,MXVR 
CWIP{NY)=CWIPL(NY)~WIPC{NY-li 

540 CONTINUE 

CALCULATE ALLOWANCe FOR ~UND~ USeD DUKIN~ 
CuNSTRUCT IQ,"\i( AfUuC}.. AfDCJ.. IS ASSOClA"fE:O wITH 
THE CwlP ACCOUNr~AFD~2 aELON~~ TU Tnc PLANT 
IN SEkVICE ACCOUNT. 

UO 550 NY=l,MXYR 
AFDC1{NY}=CwIPC(NY}*AFDCR(NY)*<1.-fCWIP(NV)) 
AFOC2(NV)=A~O~f2{NY)+AFuCX2lNY) 

5 50 CON T I NU t: 

CALCULATE CUMULATIVE AFUOC 

AFuCIC(11=A~DC18+AFDC!(lJ-AfDC2(1) 
AFOC2Cil)=AfOC2B+AFDC~'1) 
DO 500 ~f=l~MXYR 
AfDC1C(NYa=AfDC1C(NY-l)+AFDC1(NY)-AHlCZtNY) 
AFDC~C(NY)=AFOC2C'NY-li+A~DC~(NY) 

500 CONTINUE: 

CALCULATE THE RATE8ASE 

DO 600 NV=l,MXYR 
RATtH NY )=PlNSUNYH·AFOC2CtNY}+ 

1 FCWIP(NY)*tCwiPCiNY)+AH.JC1C(NY)) 
lXCR(NY)=CE{NYb*FCE{NY}*RTXCR(NY) 
lXDEf(NY)=(DEP2(NY)-utPl(NY)'* 

1 (RTXST(NY)+RTXFu(NV))*lOEf 
bOO CONTINUE 

RETURN 
END 

~UBKOUTINE O~PR(lOEP) ----------------------
THIS SuBPROGRAM CAlCULAT~S THE TOTAL DEPR~CIATION 
OF ALL PLANTS ~AScD ON A ~PEClfl~u MEIHOD OF 
DEPRECIATION 

COMMON IDEBTS/ 
-+ 
+ 
+ 

+ 
+ 

COMMUN IEQUITY/ 

COMMON IINCOME/ 
+-
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00012310 
OOOlZ :;.20 
00012,;)30 
00012340 
000123>50 
000123>60 
0001.2370 
00012380 
000123>90 
00012400 
00012.401 
00012402 
00012410 
00012420 
00012430 
00012440 
00012450 
00012400 
00012470 
00(.12480 
00012,+90 
00012500 
00012510 
00012520 
00012522 
OOC12540 
00012550 
00012560 
00012570 
00012600 
00012610 
000.1.2620 
00012630 
00012040 
00012650 
00012660 
00012610 
00012680 
00012690 
00012700 
000.12710 
00012720 
00012730 
000121'40 
00012150 
00013440 
00013450 
00013460 
00013"1:-70 
00013480 
00013490 
00013500 
00013':'10 
00013510 
00013530 
00013540 
00013550 
00013560 
00013570 
OOOl:;!:J80 
00013590 
00013600 
00013010 
00013b20 
00013630 
00013b40 
0001.3050 
00013660 



90 

10 
u: 

bY USING Tnt: 
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DO 120 NY=l,MXYR 
DO 125 M=l,NY 
QEPlX(I,Nl);OEPlXlI,NV)+PLX(l,M)$FD~P(I) 

12!:) C.ONTINUI: 
120 CuNTINUE 
110 CONTINUe 

135 

1::.0 
140 

11'5 
110 
lbQ 

185 

200 

205 
2uO 
190 

GO TO 999 

CALCULATE DEPRECIATION BY USING THE 
SUM OF YEARS DIGI IS ll'lE.TI-tOD 

CONTINUt:: 
DO 140 l=l,M){Pl. 
LSUM ( 1 )=0 
LP=LPL(I) 
Du 1~0 LV=1,LP 
LSUMti)=lSUM41)+LY 
CONTINUE: 
CONTINUE: 

CALCULATE DEPRECIATION SY USING THE 
DOU8lE D~CllNlN~ MtThUO 

CONT INUf: 
00 1<,10 l=l,MXPL 
FDEP~1)=2o/FLOAT(LPLCI») 
OEPLX(!,l }=PLXtI, U*FDEP( I) 
BPL(l,l}=PLXtl~l)-o~PLX'i,l' 
00 200 NY=2,MXVR 
00 205 M=l,NV 
If (M.EYeNY) GO TO 20b 
BPL(M,NY»=tiPLtM,NY-l)~(l.-FDEP(I)) 
DEPLXll,NV)=uE?LX'I,NY)+'8PL(M,NY-l)~PL'MtNV)) 
GO 10 Z05 
BPL(M,NY)=PLX{I,H)*(l$-fDEP(l» 
DEPLX(I,NV)=D~PLX'l,NV)+PL){(ltM}*fDEP(I) 
CONTINUE: 
CONTINUE: 
CONlTINUI: 

999 CONTINUE: 

RETURN 
ENU 

------------------------------SUBROUTINe CAPTl 

THIS SUbPROGRAM CALCULATES THE CAPITAL REQUIREMENTS 
AND OCiCKMINcS TH~ CAPITAL buuGtT FKOM THt INPUT 
CAPITAL SlRUCTURE rO~ ~ACH Y~AK 
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OOO1l4370 
00014380 
00014~SlO 
00014400 
00014410 
0001442.0 
00014430 
00014440 
00014450 
00014460 
00014470 
0001448.0 
00014490 
00014500 
00014~10 
00014520 
00014530 
00014540 
00014!)50 
00014:'00 
00014510 
0001 ... 580 
00014590 
00014t-.OO 
00014610 
00014620 
00014630 
00014640 
00014650 
00014660 
00014070 
00014680 
OOOl46S10 
00014700 
00014710 
00014120 
000141'30 
00014740 
00014750 
00014760 
00014770 
00014780 
00014190 
000141:)00 
OOO1.4blO 
00014820 
00014830 
00014640 
00014850 
00014860 
00014b70 
00014880 
00014890 
00014900 
00014960 
000.14970 
00014980 
0001.4990 
00015000 
00015010 
0001502.0 
00015030 
00015040 . 
OOOlSU50 
00015060 
00015070 
0001:;,080 
00015090 



COMMON J'OEB T5.1 
+ 
+ 
+ 

COMMON I'i:QUITY/ 
+ 
+ 
COMMO~J / ll'-£O~E; 

? 

+ 
+ 

COMMO:-.& IINPUTS/ 
COMMON I'fiLANTSI 

+ ... 
? 

+ 
-'<I" 

4-
+ 
'\I> 
'\I> 

COMMON I'FtJl\U.lS/ 

+ 
COMl"tON ITAXf.S/ 

+ 
COMMON .fAUX.I 

+ 
4-
4-
+-
4-
+ 
4-
+-
+-

COMMON I'AUXZI 
4-
'Ii' 
+ 
+ 
+ 

+ 
'It 

IBVAL;' 

COMMON IINOYN.f 
4-
+-

{, 

ANO CAPHAL 
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110 

120 

130 

135 

140 

145 

254 

00015720' 
00015730 
00015740 
00015750 
00015760 
00015-00 
00015712 
000156'74-
00015716 
00015119 
00015aOO 
00015801 
00015820 
0001582.1 
00015b30 
00015840 
00015&:;0 
00015860 
00015l::l10 
00015880 
00015890 
00015900 
00015910 
000151712 
0001591~ 
00(;15916 
OOOl!>920 
00015930 
00015;;'40 
00015950 
00015960 
00015S'70 
00015980 
00015990 
0001&000 
00016002 
0001.6004 
00016010 
00016020 
00016030 
00016032 
00016034-
00016040 
00016042 
00016062 
00010064-
00016066 

, 00016068 
00016010 
00016080 
00016100 
00016101 
00016110 
00016120 
00016130 
00016140 
00016150 
00016160 
00016i70 
00016180 
00016190 
00016192 
00016194-
00016196 
00016:'::00 
00016210 
00016~2.0 
000102.2)0 



ANY OF THE DEBT AND EQUITY ISSU~S EXCEEDS 
FI~D uPP~R l!MITS,RES~;ClfY TH~SE LIMITS 
OP THi:: PROGR.AM .. 

EXCEEDS UPPER\1 

----------

COMMON I'DEB lSI ... ... 
IEOOIIY I 

.IINCO~E.I 
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c 
C 
C 

c 
c. 
c 
c 
C 

+ ... 
COMMON IAUX21 

+. 

-+ 
"'&

+ 
COMMON IBVALI 

DATA VES,YE/3HVES,lHV/ 
DATA NcG,NE/2HNO.,lHNf 
DATA DA~H/~n----1 
MAX=8 
Nl:l 
DO 110 NY=l.,MXYR 
HVPti( NY )=OA SH 

110 NYRiNY)=NBYR+NV 

PRINT THE BALANCE SHEET 

112. CONTINUE 
W KIT E (0 t 99 ) 
WRITE (6,1l~) 

ll~ fORMAT {11,40X,21H XYl ELECTRlC CUMPANY) 
WRITE (o,125) 

125 FORMAT l40Xwl4H BALANCE SH~ETJ 
WKITE (o,l"l-S) 

145 FORMAT ill,40X,29H MILLIONS Oi CONS1ANT DGLlARSJ 
WRITE (6,155; (NVA.'ll,.I.;:;.NltMAJO 

00017450 
00017460 
00011470 
00017480 
00017490 
00017500 
00017510 
00017520 
00017521 
0001? 530 
00017540 
00017541 
CrOOl7550 
00017560 
00017570 
Q0017580 
00011590 
00011600 
00011610 
00011620 
00011630 
00017640 
00017650 
0001.1600 
00017610 
00011680 
OU017690 
00011100 
0001T110 
00017720 
0001.1130 
00017740 
00017750 
00017760 
00017761 
0001 T170 
000171130 
00017190 
00011800 
00017810 
00011820 
00011830 
00017840 
00011&50 
00011860 
00011870 
00011880 
00011690 
00011900 
00017910 
00017920 
00017930 
00011940 
00011950 
00011960 
00011910 
00011geO 
00011990 
00018000 
0001dOlO 
0001.8020 
00016030 
00018040 
0001 i::I050 
00018060 
00018070 
OOOlb080 
00018090 



155 

165 

110 

118 

180 

ld2_ 

185 

195 

190 

lOO 

210 

~20 

2.30 

240 

2510 

2c.() 

2.10 

2810 

290 

2~5 

300 

.302 

305 

99 

310 

320 

330 

PRINT ThE INCOME STATEM~NT 
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c 

c c 
c c 
c 

c 

350 

340 

360 

363 

370 

313 

311 

380 

383 

381' 

390 

400 

4J.O 

42'.0 

430 

440 

450 

4-60 

462 

465 

470 

480 

490 

500 

510 

;. 20 

530 

S'tO 

PRINT ThE SOURCES AND USES Of fUNDS STATEMENT 
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00018800 
00018805 
00018810 
00018811 
00018020 
00018830 
00018840 
00018850 
00018860 
00(J18670 
00018880 
00018890 
00018'700 
00011:$910 
00018920 
00018930 
00018940 
00018950 
00018960 
OU018970 
00018980 
0001,&9<;0 
00019000 
00019010 
00014.Y020 
00019030 
00019040 
00019050 
00019060 
00019010 
00019080 
0001909Q 
00019100 
00019110 
00019120 
00019130 
00019140 
00019150 
00019160 
00019170 
00019180 
00019190 
00019200 
000192.10 
00019220 
00019230 
0001.9240 
000192.50 
00019260 
00019270 
000.1 921:S0 
00019290 
00019300 
(00),9310 
00019320 
00019330 
00019340 
00019350 
OOOl9~60 
00019310 
0001.9380 
000193'iv0 
00019400 
00019410 
000194;';:0 
00019430 
0001944U 
00019"rt5U 



c 
C PRINT THE RATIO ANALYSIS 
C 

720 

114 

730 

740 

750 

7"#0 

SUSROUTINE eAlANC(NY) 
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c 

c 
c c 

c 
c 
c 

DATA Y~S~VE/3HYEStlMY/ 
DATA NEG,Nt/2HNU,lHN/ 

FIND TOTAL ASSE.1::) AND U.AbILITIES 

P L G S 2 ( :'II'" ) =P LG S. U N 'If H· Po fD C 2: C , 1II'1f ) 
PLNV t NY )=PLt.:.$L (NY }-DE PI\... (NY) 
CwlPL1{NY)=LW!PC(NY}+AFDC1ClNY) 
PLNUT (NY) =-PLN\/(NY H·CW .!.PCl(NY) 
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00020].80 
00020190 
00020~00 
00020210 
00020220 
00020230 
000202,+0 
00020250 
00020260 
00020270 
00020280 
00020290 
00020300 
00020310 
00020320 
00020::'30 
00020340 
000202>50 
00020360 
00020.310 
00020380 
00020 ';'90 
00020391 
00020400 
00020410 
00020411 
00020420 
00020430 
00020440 
00020450 
00020"t60 
00020470 
00020480 
00020490 
00020500 
00020510 
00020520 
00020 S~O 
00020~40 
000.20:'50 
000'::0560 
000.20S10 
00020580 
00020590 
00020cOO 
00020610 
00020620 
00020630 
00020c31 
00020640 
00020650 
00020660 
00020670 
0002.0b80 
00020690 
000£0700 
00020710 
00020720 
00020730 
000£.0740 
00020750 
00020860 
00020870 
00020880 
000.20900 
00020910 
00020920 
00020<;30 



COMMON .IDES T S/ ' 
~ 

~ 

·a· 
~, 

1f:G.:U1T'f1 

/lNCOME/ 

//FUNDSI 

ITAXf;S/ 

IAUXI 

I AUX. ?1 

COMMON /8 VA l.l 

) 
H'TXOEfC(N'O 



c c 
c 

c 

c 
c 

C 
C 

DATA VES9YE/~HYES,lhYI 
DATA Nc~?NEI2HNOtlHNI 

SRCININV'=ERNETINy)+bEPICNY'+TXOEFINY' 
SKC~X{NV)=STCOM(NY)+~fPR(NY)+ ucbSlNY)+ 

1. ClEBLtNY j 
CE1(NY)=CE(NY)+AFDC1CNY) 
SRCTOTtNY}=SRCIN(NY).SRCEXCNY) 
US~(Nt);CEl(NY)+OlVPR(NY)+ulVCOM(NY1+OEBR'NY) 
CAPIN(NY)=SRCTOfCNY)-USE{NV) 
USETOT'NYJ=US~(Nya+CAPIN'N" 

RETURN 
END 

C----------------------
SUBROUTINE FdCHNG(NBDT) 

C------------------------------
C 
C THIS SUBPROGRAM IS USED TO CCRR~CT 
C OR CHANbE BEGINNINb VALUE$ UF FiNANCIAL DATA 
C 
C 

COMMON IDEdTSI 
+ 
+ 
+-

CUMMON lEW I TY I 
• + 

COMMON IINCOMEI 
+ 
+ 
• COMMON IINPUTSI 

COMMON IPLANTSI 
+ 
+ 
• .. 
• 
+ 
+ 
+ 
+ 

COMMON IFUNDSI' 
+ 
+ 

COMMON ITAXESI 
+ 

+ 
+ 

COl"'tMON IAUX'! 
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00021620 
00021630 
00021631 
00021640 
000210510 
00021660 
0002.1610 
00021680 
Ou021690 
00021100 
0002.1710 
00021720 
0002.1130 
00021740 
00021150 
00021160 
0002.1780 
00021800 
00021810 
00021812 
000218~0 
00021840 
00021560 
00021810 
00021890 
00021900 
00021910 
00021920 
00021'130 
00021940 
00021950 
00021960 
00021970 
0002191::10 
00021990 
0002.:.000 
000221110 
00022.020 
00022030 
00022040 
0002.2050 
00022060 
00022010 
00022080 
0002.2090 
00022100 
00022110 
00022120 
00022130 
00022140 
00022150 
00022160 
00022110 
00022180 
00022190 
00022200 
00022210 
00022220 
00022230 
00022231 
00022240 
00022250 
00022251 
00022260 
000:222-/0 
00022280 
00022290 
00022300 



c 
(. 
c 
c 

c c 
C 

lL5 

135 

142 

14:) 

155 

159 

160 

80 

ENlER CHANGeO/CORRECTED PARAMETER 

CHANGE?§' 
,&I::;NTER 99 .. ., 

GO TO 1001 

ot<.1" A CWES AND 
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t 
'h 
'6 
6 

O( r! 

) )1;; 
J ); 
) ,~.~ 

,. 
Ii J~. ~ 

I,. < 
i~: 

~~~.~ 
)1 I, 

JII. 
I! 

-",j 
.II ~~ :Ibd 

I~ 3i ( ~ ( 
'( 

)t Hii 
l' 

'~ 
f( I. ;1 

!~ ) ., ~. ) 

g! f~ ft. ) 

( .",~~I~ 
( .91·) 



c 
c 

c 

190 CaNT INUE 

KETUKN 
END 

264 

00022980 
OOO:t..Z990 
00023000 
00023010 
00023020 
OOOl3030 



Appendix G 

SAMPLE OUTPUT 
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********** INPUT PROCEDURE FOR PLANT D~TA STARTS ********** 
UNLESd OTHERWISE SPECIFIED, 
t1 PUirH CODE IDEfHIFIES (I THEF:MrlL PLANT. 
DO YOU HAVE A FILE ALREADY FOR THE PLANT DATA? 

n 

n 

1 

ElTEF: YES OF: NO • 

.. ~r.:E M'·lY CHM!GE~; IN F'L(.ltlT DATA NECESSAf~Y? ENTER YES DF: NO. 

DO YOU l·!(.'INT TO ( .. flIt PLANTS? ENTER YES OR NO. 

**** IF PRINT OF DATA IS NEEDED, ENTER YES. 

ENTER 1,2,3,4 OR 5 ACCORDING TO PRINT OPTIONS 
1 PRINT ALL DATA 
2 PRINT ALL DATA FOR A PARTICULAR PLANT 
3 PRINT THE snME DATA FOR ALL PLANTS 
4 PRINT SPECIFIC DATA FOR A PARTICULAR PLANT 
5 EAF:l.IEF: f~ECltJt;:ST FOR F:RINTING CANCELLED 
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LOWER BOUND (1ST LINE) & UPPER BOUND (2ND LINE) 
OF PLANT CODE 1 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o o 
5 

o 
5 

o 
5 

000 0 0 0 0 0 0 0 0 
5 10 10 10 10 10 15 15 15 15 15 

lOWER BOUND (1ST LINE) & UPPER BOUND (2ND LINE) 
OF PLANT CODE 2 (EXPANSION PLANT). 

31 82 83 84 85 86' 87 88 89 90 91 92 93 94 95 

(100 
555 

o o 0 0 0 0 0 0 000 ~ 
5 10 10 10 10 10 15 15 15 15 15 

LOWER BOUND (1ST LINE) & UPPER Bo8ND (2ND LINE) 
OF PLANT CODE 3 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 000 0 0 0 0 0 0 0 0 0 0 
5 :::; 5 5 5 10 10 ··'1.0 10 10 15 15' 15 15 15 

LOWE& BOUND (1ST LINE) & UPPER BOUND (2ND LINE) 
OF PLANT CODE 4 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 0 0 0 0 0 0 000 0 0 0 0 
5 5 5 5 5 10 10 10 10 10 15 15 15 15 15 

LOWER BOUND C1ST LINE) & UPPER BOUND (2ND LINE) 
OF PLANT CODE 5 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

00000 0 0 0 000 0 000 
5 ::; 5 5 5 10 10 10 10 10 15 15 15 15 15 

LOWER BOUND C1ST LINE) & UPPER BOUND '(2ND LINE) 
OF PLANT CODE 6 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 0 0 0 0 0 O. 0 0 0 0 0 0 0 
5 ::; 5 5 5 10 10 10 10 10 15 15 15 15 15 

LOWER BOUND (1ST LINE) & UPPEij BOUND (2ND LINE) 
OF PLANT CODE 7 (EXPANSION PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 000 000 0 0 000 0 
'353510:1.01010101515151515 
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LOt,JLr, [~Cll.IN(1 (1!:;T Llril:~) t; UI>F'[!, nUUNn (2ND LINE:) 
OF PL~NT CODE 8 (EXP~NSIDN PLANT). 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 o o 0 000 0 o o () o 
5 5 ~ 10 10 10 10 10 15 15 15 15 15 

LOl.JEf< DOI.JND (1 ST L J NF) & tll='F'ER [lDUND (2ND LINE) 
[) F F'L,IIlH C CJ DEI'; (E X PAN SID N F'l. ANT) • 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

o 0 0 0 000 0 0 () 0 0 () 0 0 
5 5 5, 5 ~ 10 10 10 10 10 15 15 15 15 15 

LOW~R BOUND (1ST LINE) & UPPER BOUND (2ND LINE) 
OF PLANT CODE 10 (EXPANSION PLANT). 

81 82 83 84 8~ 86 87 88 89 90 91 92 93 94 95 

o 
5 

o 0 
1::- I;' 
.,J .J 

o 0 ,0 0 0 0 0 0 0 0 0 0 
5 5 10 10 10 10 10 15 15 15 15 15 

j,!IJi'iE:Er< OF U1HT~:; UF F'I..{INT CClD[ 11 ldClF~I\INC; IN EACH Y[(~IF~ 

81 82 SJ ~1 S~ ~~ UJ 38 SQ 90 91 92 93 94 95 

1 1 1 1 1 1 111 1 1 1 1 

NUMBER OF UI~ITS OF PLANT CODE 12 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 8e 89 90 91 92 93 94 95 

111 1 1 1 1 1 111 1 1 

NUMBER OF UNITS bF PLANT CODE 13 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 9? 93 94 9~ 

2 222 2 2 2 2 2 2 2 2 222 

('iI.I h r: [: r:: 0 F U i'll T~; () F f:' LAN T C () D [ 1 4 {,,l Cl F~ 1<1 N GIN E A C H Y E td:~ 
81 82 83 84 85 86 87 88 89 90 9i 92 93 94 95 

222 2 2 2 222 2 2 2 222 

NUMBER OF UNITS OF PLANT CClDE 15 WClRKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

'l ~ 2 2 2 2 2 2 2 2 

1!l,lii!::n:: OF UIHT~:; OF F'L("NT CDIIE lb mml<ING IN [(~CH YE:(IF~ 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

2 2 2 " .- 2 2 2 2 2 2 

i·IUiiBEf:: elF Ui'l J T"'3 DF:' F'I.,(.N T CODE 17 vJOF(I< I NG I N EACH YEr~F: 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

2 2 2 ~ 2 2 2 2 2 2 2 2 222 

N1Jiinu-: or:' Ui-llT:; elF j"L.l"iNT CODE 1.8 wm(I<ING IN EACH Y[td~, 

81 El2 f.lJ [j4 U~:i H6 u? un WI 90 '1192 93 94 '):5 

,1 1. 1. 1 1 1 1 1 1 
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NUMBER OF UNITS OF PLANT CODE 19 WORKING IN EACH YEAR 
~l 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

222 2 2 2 2 2 2 2 2 2 2 2 2 

NUMBER OF UNITS OF PLANT CODE 20 WORKING IN EACH YEAR 
81 82 83 84 85 86 e7 88 89 90 91 92 93 94 95 

~ 2 2 222 2 2 2 222 2 2 2 

dUIiF:U;: OF Ul'HTS OF F'L(.'\~H CODE 21. I,JOF~I\IND IN EACH YE(IF: 
81 82 83 84 85 86 87 88 89 ~O 91 92 93 94 95 

2 2 2 2 2 222 2 2 2 2 

NUMBER OF UNITS OF PLANT CODE 22 WORKING IN EACH YCAR 
31 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

3 3 3 3 3 333 3 3 3 3 3 3 3 
-, 

NW1BER OF UNITS OF F'U~Nr CDDE 23 t,J(JI:;:KING IN EACH YI~tti:~ 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

2 2 2 2 2' 2 2 2 2 2 2 2 2 '2 2 

NUMBER OF UNITS OF PLANT CODE 24 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

2 2 2 2 2 2 2 222 2 2 2 2 2 

NUMBER OF UNITS OF PLANT CODE 25 WORKING IN'EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 ~5 

3 i 3 3 3 333 3 3 3 3 3 3 3 

NUMBER OF UNITS OF PLANT CODE 26 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

5 5 5 5 5 5 5 5 5 5 5 5 

NUMBER OF UNITS OF PLANT CODE 27 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 -, 

3 3 3 "z .' 3 3 3 3 3 3 

NUMBER OF UNITS OF PLANT CODE 28 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

4 444 4 4 4 4 4 4 4 4 4 4 4 

NUMBER OF UNITS OF PLANT CODE 29 WORKING IN EACH YEAR 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

" ,!~,"':' 4 4 4 4 4 -1 4 4 



NUMGER OF UNITS or PLANT CODE 30 WORKING IN EACH YEAR 
81 82 83 84 85 86 07 88 89 90 91 92 93 94 95 

4 441 4 4 4 4 4 4 4 4 4 4 4 

N l H1 BE!:;; u r LJ in r ~:; U F F'L ANT C (J Ii [ 3 1 W em 1<1 N GIN I:. A C I I '( [: ,.\ ri: 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

1 1 111 1 1 :L 

NUMBER or UNITS or PLANT CODE 32 WORKING IN EACH YEAR 
81 82 83 8~ 85 86 87 88 89 90 91 92 9~ 94 95 

1 .L 1. 1 L 1 1 1 

il U r-I [( 12: r;: U F U i'! IT';'; (J F F'L (\ n T CUD I ~ 33 W () r: 1< T I! GIN [A C H '( E (I f:; 
c~ 1 8:2 t: :3 U . j U ~~) ~16 U"/ D tl U '? YO? 1 'l2 (') ~.~ '1' -I 'I ~.i 

4 4 4 4 4 4 4 4 4 444 444 

NUMBER OF UNITS or PL~NT CODe 34 WORKING IN EACH YEAR 
P 1 B2 fj~i (p, :]'5 OJ, U/ 8E) U9 90 '/1 92 9'3 '14 <;'5 

4 444 4 4 4 4 4 4 4 4 4 4 4 

NUlmEF: DF WHTS OF PLMH CODE 3!:,j t.JCJl:;:I\ING IN EACH Y[I;F~ 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

r.::- I=-
J J 

C' r:-
d J 

<.
J 5 5 5 5 

NlJi"/E:Ef;: OF UN I T~; OF F'l...MH CDDE 3f.; \,)()F:l< HH3 I N EACH YEtll~: 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

5 5 1::' 
J 5 5 5 5 5 

Num:l:~r~ OF lJl-JIT~3 (W F'L.t.lH CODE: 37 W()I:;:I\ING IN EACH YEM~ 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

4 4 444 4 4 4 4 4 4 4 444 

NUVIBEr, OF UNIT2, OF F'L~INT CODE 38 WCml\ING IN EACH YEAF..: 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

r.:
.J 5 5 5 I~ 

J 5 5 5 5 l:"-
.J 

t.
.J 

N W·H: [n CJ F:- UN I r3 0 F F'L (1 N TeO [I E 39 W () W\I N CJ I N [I~ C H Y [: tl F~ 
81 82 C :5 B '" f)~) n <'.> to 8 (\ f:l9 90 9 1. 92 93 114 ') ~j 

4 444 4 4 4 4 4 4 4 4 444 

UUhH:R 01:' Ui\HT~) OF F'I.Jd'lT CDI)[ 40 WORI\ING IN EACH Y[(iF~ 

81 82 83 84 85 86 07 88 89 90 91 92 93 94 95 

I~ 
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PLANT conE 1 :2 3 -1 :· ... i 
EXPN EXPN EXPN EXI::'N E><F'N 02 flAt;[ Cr\PCTY MI...! ~)OO. 000 600.000 4')0.000 2~:iO. 000 ~~O() .000 03 ri r-I X C(\F:'AC I TY i'll<i 1200.000 1200.000 000.000 400.000 ~::.oo. 000 04 MATNT OTG DY~;/YR 40.000 . ···30.000 ····_···25.000 25.00!) t::'i.OOO 05 FCJr~C[D OTe .1;:()TE 0.300 ().2:.:iO 0.200 0.200 0.150 06 C('IF' • CDST <i;/~~W 400.000 300.000 330;.000 180.000 160.(JOO 

(,'7 F.l(.IGE Fl CST $/t1WH 3. SlOO 7.000 7.700 9. :I. 00 11.910 08 flAX Flo. C~;T '1;/i'1t,JH 7.000 10.000 11.000 13.000 l7.020 10 FIX D.H.C. $/r1l'JY 5.000 5.000 4.000 2.000 2.0()O 11 VI~F~ O.N.C. ~i> IMl.JH 0.005 0.()12 0.010 0.010 0.010 12 SAl~)G 1)(ILUE 1\$ 0.0 0.0 O~O 0.0 0.0 13 CAP. E:3C. F.;ATE O.OBO O.OBO 0.080 <J.ono o.ono 14 FUEL ESC. Rt1TE 0.100 0.100 0.100 0.100 0.100 

F'l(~NT CODE 6 7 8 9 10 
EXPN EXPN EXF'N E>::r:'N EXF'N ')2 E{{:l~)E CtlPCTY rit,J 200.000 200.000 200.000 JtJO.OOO }O.OOO 03 !-i(\;.( C{.IPACITY mJ 200.000 500.000 200.000 100.000 ?o.ooo 04 1'1(:IIHT DTG lWS/YR 10.000 2~=;. 000 O.BOO '.:.),000 2.000 os FOr.:CED OTG .I:;:(HE 0.150 0.120 0.100 0.070 0.050 06 Cr:IP. COST $/i(~j .140.000 200.000 :l.20.0()() 130.000 90.000 ':17 Bt.S!:. Fl CC·" 't./i'·it,JH 12.600 8.4()O 17. ~=;OO IB.'?OO 2-1. ~.:iOO ,oJ' 

08 i-1()X FL Cf:;T ~;/i'!VJH 18.000 12.000 25.000 2·7.000 ~5:::; • 0 ()() iO FIX O.h.C. ~!;/r·jl:JY 1.000 3.QOO O. ~500 O. ~:jOO 0.200 11 VI;F< O.il.C. $/Mwn 0.010 0.010 0.020 ().O:W 0.020 12 SI\L.~)G !H~LUE I<'~ 0.0 0.0 0.0 0.0 0.0 13 CtIP. ESC. litlTE 0.080 0.080 0.080 ·O.OdO 0.080 14 FUEL E~;C • F:;.YfE 0.100 0.100 0.100 '0.100 0.100 

PLANT CODE 11 12 13 14 15 
SCHD SCl-m SCHD SCHD SCHD 02 PASE CtlPCTY MI:J 203.000 212.000' 80.000 94.000 96.000 03 MAX CtlF'f~C I TY Ml,J 653.000 650.000 330.000 276.000 255.000 

04 r·iPIINT OTG DYS/YR 26.00() 26.000 21.000 2~:) • 000 24.000 
1)5 For~CED OTG. r~t,TE 0.117 0.117 0.045 0.(;'46 0.039 06 CAP. COST ~>/I\'-'J 300.000 300.000 150.000 140.000 140.000 
07 D{)SE FL CST $/rH·JH 8.600 B.540 14.700 15.400 :l.6.BOO OB hi~X FL CST t/i11:JH 12.400 12.200 21.000 22.000 24.000 
10 FIX O.~LC. 't/MloJY 3.500 3.4()O 2.500 2.100 2.0()0 
t 1 l)r11~: O.d.C. $//"iWH 0.010 0.010 0.010 0.010 0.010 12 SALI·)G I)(:ILUE ~~~> 0.0 0.0 0.0 0.0 0.0 13 C('{F' • ESC. F:('~TE 0.080 0.080 0.080 O.OGO O.OBO 14 FUEL ESC. t:;:{HE 0.100 0.100 0.100 0.100 0.100 

F'LAtH CODE 16 17 18 19 20 
SCHD SCHD SCHD SCHD SCHD 1·)2 Brlse C{~PCTY i"ll.oJ 76.000 109.000 159.00'0 77.000 47.000 03 j'.i (.\ X C(.,F'M: I T Y ~'lI;J 243.000 '232.000 570.000 225.000 191..000 01'} t·l(lIiH OTe:; DYS/Yf< • 20.000 26.000 25.000 14.000 21.000 

C·'S FOr::C[ft DTG. F';(ITE 0.034 O~052 0.046 0.023 0.035 06 C{.IF' • COST '~/I<vJ 135.000 134.000 280.000 130.000 120.000 07 BI~SE Fl. CST $/rlt,JH 17.000 17.100 9.000 17. :500 18.200 08 i1AX FL CST ~1i/1\!~jH 24.500 24.600 12.500 2~). 000 27.000 to FIX (). fl. C. $/t·'iWY 2.000 2.()00 3.100 2.000 2.000 
11 i) (:F: o. t'l. c. $nlWH 0.010 .0.010 - .. 0.03.0 0.010 0.009 ~ '1 S(ILIJG VI~UJ[ 1<$ 0.0 0.0 0.0 0.0 0.0 
.i.~ 

1:::: crlP. E~;C • F<ATE 0.080 0.080 O.ORO O.ORQ 0,080 I '. 1:'1 I,:··! r":::,' .. ;" Tr~ ,. '1 i\ /\. r. 1 t\l\ 
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FL (lilT CODL 21 ")"""1 ~l;~ ::'4 ... ~ f' 

.' ,J 

SCHli ~:;r: H 11 L;CHfl ~:;(:I-I U SCI{D 
0:2 [I()' ;[ ('ilr'n y M~J HO.OOO !:.'J 1 .000 ;;i.OOO '!:i,OOO 4'l.OOO 
03 ~1tl I, e 0', f' (I C ,r T Y hlJ 1/ () • 00'," 14~).OOO 14:'>.000 led,O(lO 110.0(j() 
,)4 ~1t'i I tJ T UTt'; [i'{~;1 ,(h: :w.ooo ~?O. OOii .t4.000 ;:,' L .OO() :! 1. .0(',0 
(\5 nlf~C[ II () I'll .1,An O.(U4 0.0 .. ).1 0.0;),1, o ,03:'j o • l):~~"i 
06 [tit' • C () ~~; I '1./I\W 120.000 11:,. (iOa 11/.000 I I 'j'. 000 1 O:i .000 
07 fltl':C fL (,::;'1 ~/I'\WH 1 U • ~,)()(} 1 Y. 0(.10 lU.c)/)O 10.400 ::';0,000 
0[< rl(IX II (' ~', f 1./M~JlI 27.000 ;',iH. (lOU ;,''l. ~';OO 2} .000 :!(/.O(iO 
10 FIX (J ,t~. C. $/Mt.JY :,~. 000 :,',000 :::'.000 2. ()()O ;.'.000 
11 \)1'1 F\ U • i1 , (' • 't,/MWH O.OO'il 0.00'; O.OOli 0.00(/ 0.009 
1:' !;tll.,I)U Ihli IlL 1,,'1, 0.0 0.0 0.0 0.0 0.0 
13 Crl~' • ! t>i: t t,tl fF O.OflO 0.000 O.OUO 0.000 O.OUO 
14 FULL t'.~;c • h:(1 T L 0.100 O.:J 00 0.100 0,1(;0 (). 1 00 

f't. ANT CorlE :26 :!? 2U 29 ~'5 0 
SCH[I SCHD setHi sellD ~;cr 1[1 

.):; r,ASE CAr:'CTY hW 3B.00O 40.000 27.000 ;)H.OOO :~,). 000 
03 M(iX CAF'I'IL r TY tiJ.,J 106.000 10h.OOO 104.000 no.ooo b6.000 
04 M(~ r IH U fl.; 1I( SlY I( 20.000 2:,).000 1'1.000 16.0()O 21.000 
05 FOhCEli DTG. k(ilL 0.034 0.03(1 O.O3!::; (.I.O?7 0.0,55 
06 C{'iF' • COST $/I\W 10~::'.OOO 105.000 100.000 1/0.000 tlO.OOO 
07 W'iGE FL CST $/tWII :.~(). 000 2,).000 :,)1.000 21.000 22.000 
08 ti(lX FL CST ~;/hl,J!1 2(/.000 29,000 29. ~;oo :)9. ~:;oo 30.000 
1.0 F" I)" Q.M,C. 'ii/ht,JY :'::'.O()I) 2.000 1.500 1.~;O(; 1. ;';00 
1 1 \)(lr, Cl ,(1 • C • $/I',WH 0.00<, 0.00(, 0.000 0.007 O. ()O~j 
1~ t;(d l)G l)t'lLU[ 1\ $ 0.0 0.0 0.0 0.0 0.0 
13 Ctl;::' • [set (,(\ rE O.OUO ,0.000 o.ono O,OBO O.OBO 
j 4 FUEL Fse. f<t1 T'E 0.100 O. 100 O • .l.O() 0.100 0.100 

F'L ANT CODE: 31 32 33 34 3 ~'i4 
sCtH! SCI-HI sc~m ~:;c Hf! ~~CH [I 

0::> FH\SE C{iF'elY MW 73.000 :) 1.000 ::,~:::'i. 000 lY.O()() 2'l.OOO 
03 Mt'iX C(.lf-)nC IT i tiW :,n3.000 2:5~:;. 000 69.000 47.000 :U • H/)() 
04 t1td NT (IlL! VY~;/Yt< l~.'i.OOO 1:;.000 22.000 ;?2.000 2~:). 000 
1)5 !ClF<r.[[I U I (;, h:()TF 0,()46 0.046 0.039 o • ():I'l O.O'}"'; 
('~J CfiF' • C(l~; I 4/1\W 140.000 120.()()0 100.000 ';0. (,00 dO.()()() 
" , F'I'\~;[ tL (;\:;r $/hWH :~ u • 00'0 30.000 32 ~ ~:jO~) 3:',;.000 4~,~. 000 
[I ~~ M(tX H" c(:;r ~,/i"ll'JI'1 3(.).000 37.000 46.000 :"jO •. )()() f)O.Of,O 
10 Fl.( U. i'j, L. $/IlWY 0./00 0.600 O.60() () • :::10 () 0.500 
11 V(lR (l .l'i , C. $ 1 1'1 l,)H 0.0:)0 O. (L!O 0.010 O.OO'l Q,OOI 
! ~~ ~; ii L vc, VtlL 1)[ 1\1, 0.0 0,0 0.0 0.0 0.0 
I. :3 C(ir' • [: ~~c • f<f"1 TI:, O.OBO o.ono O.OflO O.OIlO O.OUO 
14 FUEL E::-,C. F,{)TE O. 100 0.100 0.100 0.100 0.100 

r'U;NT CDD[ 36 37 :~ l3 39 40 
~;nm SCI-HI SCHD SCHD SOIIt 

0: f{(IS[ (;{il"Cr y /,jW 17.000 3~:i, 000 3~J. 000 2:,';,000 2f3.000 
«3 Mr,'< Lt'II'I'IC.1 r '( MW 17.000 35.000 3~:i, 000 2:5.000 :,;U • 000 
04 MtlHH ore; {lYS/YI;: 0.0 0.0 ,0.0 0.0 0.0 
C'5 FOF:CEII nrc;. r';:lYTE 0.016 0.012 0.032 o. (j:'~6 0.032 
()6 C(IF-' • CDS'y 1>/hW 6~:j, 000 85.000 85.000 BO.OOO 01.000 
07 BASE FL CST $//'lWH 44 000 36.200 38. ;::j()O 44.::jOO 42.'100 
(,8 M{)X FL CS'Y 'l',/M~Jl1 62,000 53.000 55.000 63.000 i)l.OOO 
10 FIX n.M.C. $/MWY 0, ~IO() 0.200 0.200 0.2()O 0.200 
J 1 VtiF.: a.M.C. $/h~JH 0.00:3 o.oo~ 0.005 O.OO:-,J 0.005 
17 ~;(ll VC; IHd llL r",,!> 0 0 0.0 0.0 0.0 0.0 
13 CflF' " ESC. RA1[ O.OdO O.OUO O,OBO O.OUO O.OBO 
14 r UEl, [~;C • Rr'lTE 0.100 0.100 0.100 0.100 0.100 

[I () '( fll ) W (ilH Tel H\I N T M () R E n t'n A? UH F f~ YES D F: NO. 
II 

r i ! i i LI iii,' .I ; ! I ! I J Ci 
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n 

OO','j 

'j'9 

IS YOUR PLANT D~TA COMPLETE ? ENTER YES OF, NO. 

ARE ANY CH~NGES IN PLANT DATA NECESSARY? ENTER YES OR NO. 

DO YOU WANT TO CHANGE ALL THE DATA OF A PLANT? 
ENTEF( YES m-.; 'NO. 

ENTER THE 3 DIGIT PLANT conE FOR THE SINGLE DATA CHANGE. 

ENTER DATA CODE IN 2 DIGIT~ OR 99 FOR HELP. 

DATA CObE, CONTENT 

01 NUMBER OF UNITS IN EACH YEAR 
02 DASE CAPCTY MW 
03 MAX CAPACITY MW 
04 MAINT OTG DYS/YR 
05 FORCED OTG.RATE 
O~ CAP. COST S/KW 
07 BASE F~ CST S/MWH 
08 MAX FL CST $/MWH 
09 (NOT USED) 
10 FIX O.M.C. S/MWY 
11 VAR D.M.C. 'S/MWH 
12 SALVG VALUE KS 
13 ~AP. ESC. RATE 
14 FUEL ESC. RArE 

ENTER DATA CODE IN 2 DIGIT, OR 92 FOR HELP. 

05 
FORCED OUTAGE RATE 1 

(THE VALUE BEFORE CHANGE= 0.15(00) 
--.--.. t -_._.---

0" 1· !i~.s 

n 

n 

n 

n 

',J 

ANY MORE CHANGE FOR PLANT CODE 51 ENTER YES OR NO. 

DO YOU WANT TO CHANGE DATA FOR ANOTHER PLANT? ENTER YES OR NO. 

DO YOU WANT TO ADD PLANTS? ENTER YES OR NO. 

**** IF PRINT OF DATA IS WEEDEDv ENTER YES. 

IS YOUR PLANT DATA COMPLETE ? ENTER YES Dr;: NO. 

ATTN: THERMAL PLANT DATA FILE IS CREATED 
OR REVISED ON UNIT 11 

***** END OF THERMAL PLANT INPUT PROCEDURE ***** 

DO '(QU ('Jf.-lNT TO INCLUDE HYDFWELECTRIC 
AND PUMPED STORAGE PLANTS 
IN YOUr<: INPUT [!{.ITA FILE? 
ENTE1:;; YES OF< NO. 
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INPUT PROCEDURE FOR HYDROELECTRIC PLANT SYSTEM BEGINS. 

DO YOU HAVE A FILE FOR EXISTING HYDROELECTRIC PLANTS? 
ENTEF< YES CHi: NO. 
'::l 

THE TOTAL NO. OF EXISTING HYDROELECTRIC PLANTS IS 3 

ENTER YES IF YOU WANT TO PRINT EXISTING SYSTE~ DATA. 
n 

DO YOU WANT TO CHANGE ANY DATA FOR EXISTING 
HYDROELECTRIC PLANTS? ENTER YES OR NO. 

ENTEr.; F"I.JliFr CODe IJUhI~En (2 D I DITS) 
FOr.: (·JHICH YOU l.JtdH TO CHfiNGE DI:\"f{). 

02 

DO YOU WANT TO CHANGE ALL THE DATA FOR PLANT 21 
ENTER YES Of( NO. 
n 

WHICH DATA YOU WANT TO CHANGE FOR PLANT 2? 
ENTER 2 DIGIT DATA CODE NUMBER. 

IF YOU NEED HELP,ENTER 99. 

99 
01 I'W. OF UNITS 
02 BASE CAPACITY,MW 
03 MAX. AVILABLE CAPACITY,MW 
04 STORAGE ENERGY LIMIT,GWH 
05 TOTAL INFLOW ENERGY IN THE PER~OD,GWH 
06 FORCED OUTAGE RATE (FRACTION) 
07 htdrlT. OUTAGE 1 [t,~YS/YR 

08 FIXED OPER. AND MAINT. COSTS1 $(THOUSANDSl/MW/YR 
09 VARIABLE OPER. AND MAINT. COSTS, S/MWH 

WHICH DATA YOU WANT TO CHANGE FOR PLANT 2? 
ENTER 2 DIGIT DATA CODE NUMBER. 

IF YOU NEED HELP,ENTER 99. 

02 
BASE CAPACITY,MW ? 

(PREVIOUS VALUE= 20.00000) 
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DO YOU WANT TO CHANGE ANY ~ORE DATA FOR PLANT 2? 
ENTER YE~) em NO. 
n 

THIS IS A SEASONAL REGULATING PLANT 

"DO YOU U~NT 10 CH~NGE D~T~ FOR ANOTHER PLANT? 
ENTER YES OR NO. 
r! 

IS YOUR 'INPUT FILE FOR EXISTING HYDRO PLANTS COMPLET~? 
ENTEr.; YES OR NO. 
~ 

DO YOU HAVE A FILE FOR EXPANSION HYDROELECTRIC PLANTS? 
ENTEF: YES DR NO. 

NO. OF PLANT TYPES CONSIDERED FOR EXPANSION IS 3 
THEY ARE ASSIGNED PLANT conE NUMBERS 4 THROUGH 6 

ENTEr.; YES IF YOU WANT YO PRINT EXPf-iN£iI"tlN SYSTEM DATA. 
n 

DO YOU WANT TO CHANGE ANY DATA FOR EXPANSION HYDRO PLANtS? 
ENTER YES Dr;': NO ~ 
n 

IS YOUR INPUT FILE FOR EXPANSION HYDRO PLANTS COMPLETE? 
ENTEf~ YES OR NO. 

DO YOU HAVE A FILE ALREADY FOR SEASONAL MULTIPLIERS 
OF BASE CAPCITY AND TOTAL INFLOW ENERGY? 
ENTER YES 01:;: NO. 
? 

ENTER YES IF YOU WANT TO PRINT THE SEASONAL MULTIPLIERS. 
? 
n 

'ENTER YES IF YOU WANT TO RENTER SEASONAL MULTIPLIERS. 
? 
n 

PRINTING OF THE ENTIRE HYDROELECTRIC SYSTEM DATA FOLLOWS. 
IF YOU WANT THIS PRINTING, ENTER YES. 
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BASE CAPACITY MULTIPLIERS: 

WINTER 
1.00000 

SF'FUNG . 
0.90000 

SUMMn~ 

1.00000 
AUTUMN 
0.90000 

INFLOW ENERGY MULTIPLIERS: 

WINTER SprUNG 
1.00000 1.05000 

SUMI-IER 
i.l0000 

AUTUMN 
1.00000 

NO. OF UNITS OF EACH PLANT CODE WOR!,ING 
(EXISTING PL(iNTS) 

HYD PLT CODE 1 2 

1981 1 1 

1982 1 l' 

i9fJ3 1 1 .• 

1984 1 1 

1985 1 1 

1986 1 1 

1987 1 1 

1988 1 1 

19W1 1 1 

19(")0 1 1 

·1.991 1 1 

1992 1 1 

1993 1 1 

1994 1 1 

1<]95 1 1 

INDII)IDt)td_ PU\NT D?'IT.cI: 
(EXISTING PLANTS) 

HYD F'LT [[mE 

BASE UiF' ((11;) 

MAX AVAIL CAP(MW) 
STr, , EI-lF:G. LEnT (GWH) 
TOTtlL. H!FL Ei'mG (Gt.JH) 
ForCED OUTAGE RATE 
MeH In OUTG (D/YF;:) 

*FIXED O.M.C.CK$/MW/YR) 
V?'\R O.I'l.C(<{;/MlfJH) 

3 

J. 

i 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

50.00000 
30().00000 

50.00000 
150.00000 

0.01000 
2.00000 

200.00000 
20.00000 

EACH YEAf< : 

'"> ..:.. 

21.00000 
100 00000 

50.00000 
100.00000 

0.01000 
::. :.'iOOO() 

23.00000 
12.50000 
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12.50000 
100.00000 
~5~). 00000 

100.00000 
0.00<)00 
2.60000 

2~). 60001 
13.4~:JOOO 



LOWEr.; AN:!) UPPER BOUNDS ON 
EAr:H PLANT corse EriCH YE()rn 
(EXPANSION f'Li'-lN rs) 

Hvn PLT conE 4 

L 

1981 () 

1902 () 

1983 0 

i984 () 

1905 () 

1986 0 

1987 0 

1988 0 

19f:l~) 9 

1990 0 

1991 () 

1992 0 

1993 0 

1994 (J 

1995 () 

HIfiIVJDllAl. F'l (;Nf [!r-iT~'1: 

(E'xr·tef,j~:) I: UC'/ r't r1t·!l~:») 

Hyn F'LT CODE. 

nM.;[ C(,d"~ ,"/v) 

U 

,::-
~J 

t:~ 
.. J 

5 

;5 

'5 

"'. .J 

'5 

.".. 

.. ! 

5 

"" ..J 

0;:' .., 

5 

c:· 
.. I 

:3 

"'-:-.. / 

h(iX (,Wd I. C(if' (MW) 
SH~. nmn. LJ i'iT f «(/WH) 
HIHil IN! L u·mG (lI~HO 
rnf;:CFD DtlTAGE F:(ITE 
M(-IHH UUfb(II/YI-:) 

*FIXED O.M,C.CKS/MW/YR) 
W'-lF< D. 1'1. C ($/r1WH) 
eM:' CUST ( t/l<W) 
[{IF' COST F~3C RT 

)}::jflLVtdjE \Hd .. U[(K$) 

NO. OF UNITS OF 

I: 
..J 6 

l U L U 

0 5 0 i:~ 
~J 

0 l:!' ;;; 0 5 

0 '5 0 '5 

0 '5 0 .".. 
,.I 

0 "'. .., 0 '5 

0 5 0 '5 

0 5 0 :5 

0 '5 0 '5 

0 '5 0 5 

0 I:::" .., 0 '5 

0 '5 0 '5 . 
0 f.:." 

..J 0 '5 

0 '5 0 ~j 

0 '5 0 '5 

0 '5 () ~i 

4 I:::" ..... 

12.50000 12. ~:;OOOO 
~):::i. 00000 75.00000 

·2~':;. 00000 5.0()OOO 
67.()0000 100.00000 

0.00900 O.OOBOO 
:2. ~iOOOO 2.00000 

12.50000 10.50000 
5.50()()0 5.50000 

23.::iOOOO -4. ~.'iOOOO 
O.OBOOO 0.08000 

1600 .. 00000 2000000000 . 
!/;: 1\$ MEf\!'JS n(lLLN~G IN THOUSANDS 

nm OF HWU r F'ROCn.HJI-:F FOF,; HVfirWELECTRrC PLANTS. 
HII'II( ('t.H. '~lnl'I'H 1!!1 WilrS ]~j9.~m~39 MID 40. 

277 

6 

10.00000 
100.000()() 

~:i 0 ()()()() 0 
50.00000 

O.OOBOO 
;! .OO()()() 

1.0.5()OOO 
-4.50000 

23.BOOOO 
O.O<]'O()(l 

1900.00000 



INPUT PROCEDURE FOR PUMPED STORAGE PLANT SYSTEM BEGtN9 

DO YOU ~AVE A FILE FOR EXISTING PUMPED STORAGE PLANTS? 
ENTER YES OR NO. 

THE TOTAL NO. OF EXISTING STORAGE PLANTS IS 3 

EI'lTEf( YES IF YOU (,j{:li'iT TU PiUi-1T EXIST LNG SYSTEM DATt-l. 
f'l 

DO YOU WANT TO CHANGE ANY DATA FOR EXISTING STORAGE PLANTS? 
El'nCF: YES Of-< NO. 
n 

IS YOUR INPUT FILE FOR EXISTING STORAGE PLANTS COMPLETE? 
EilTEE: YES or;: no. 

DO YOU HAVE A FILE FOR EXPANSION PUMPED STORAGE PLANTS? 
ENTEr.: YES' OF.: NO. 

ONLY 1 PLANT TYPE IS CONSIDERED FOR EXPANSION. 
IT IS ASSIGNED PLANT CODE NO. 4 

ENTER YES IF YOU WANT TO PRINT EXPANSION SYSTEM DATA. 
n 

DO YOU WANT TO CHANGE ANY DATA FOR PLANT 41 
ENTER YES (If.: NO. 

IS YOUR INPUT FILE FOR EXPANSION STORAGE PLANTS COMPLETE? 
ENTER YES or;: 1'.JO. 

PFUrHIi'IG OF THE ENT:r.r~E PIJl'lPED ~1TClr\AGE SYSTEM DATn FDLLmh;. 
IF YOU WANT THIS PRINTING,ENTER YES. 
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NO. OF UNITS OF EACH PLANT CODE WORKING EACH YEAR: 
<EXISTING PU'iNTS) 

PS f'LT CDl)E 1 2 3 

1981 1 1 1 

1982 1 1 1 

1983 1 1 1 

1984 1- 1 1 

1'185 1 :1. 1 

1986 1 1 1 

i9tl7 i 1 1 

'" 19H8 1 1 1 

1989 1 1 1 

1990 l' 1 1 

19'71 1 1 1 

1992 1 1 1 

1<?93 1 1 :I.. 

1994 1. 1. . 1 

1995 1 1 1 

INDI(JIDU(.~L PU'HH [lATA: 
<EXISTING PJJINTS) 

F'S f'LT CODE 1 2 3 

C{1F'{iC I T'( ( 1·'i~J) 50+00000 25.00000 30.0000(· 
srr;: Enr.:G Lli"iIT(GI..JH) 10.00000 20.00000 20.00000 
PUMPING EFFECIENCY 0.90000 O.900()() 0.90000 
GENEf.:r-'iTING EFFECIENCY 0.90000 0.90000 0.90000 
FOF:CED OUT(iGE RATE 0.00900 O.OOBOO 0000800 
M(lINT OUTG(D/YR) 2.00000 2.00000 2.50000 

*FIXED O. I'i. C. (1<~t>/I"iW/YR) 10.50000 12.50000 12.50000 
VAR o. M. C ($/N~·jH) 5.50000 5 .. 000{)O 5.00000 
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LOWER AND UPPEf.: BOUNDS ON NO .. OF UNITS OF 
THE L<Pt-,NSION PLANT EriCH YEAR: 

F·~:; F'LT CUDE ·l 

L U 

19B1 0 5 

1982 0 C" 
..J 

19B3 0 5 

1984 0 0::-
..J 

1985 0 5 

1986 0 5 

1987 0 5 

1S'88 0 5 

1989 0 5 

lS'90 () 5 

1991 . 0 5 

1992 0 5 

1993 0 ::; 

1994. 0 5 

1'195 0 5 

280 



INDIUIDUAL,PLANT DATA: 
(EXPANSION PLANT) 

PS PLT CODE 

C{.IPt!C I TY': MI).l) 
STR ENRG LIMIT(GWH) 
PUMPING EFFECIENCY 
GENEf::i='iTH!G EFFECIENCY 
FORCED OUTAGE RATE 
r1('HNT OUHH D/YFO 

*FIXED O.M.C.(K$/MW/YR~ 
VAR O.M.C($/MWH) -
CAP COST (1)/I<W) 
CAP COST ESC RT 

*SALVAGE VALUE(KS) 

4 

35.00000 
25.0()OOO 

0.90000. 
0.90000 
0.00800 
2;40000 

12.50000 
5.50000 

20.50000 
0.09000 

500.00000 

* KS MEANS DOLLARS IN THOUSANDS 

END OF INPUT PROCEDURE FOR PUMPED STORAGE PLANTS. 
INPUT DATA STORED ON UNITS 45,48 AND 49. 
HUlDY 
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o:::>~c~c laad.clist 

t**t****** START OF LOAD INPUT PROCEDURE *********~ 

DOES A FILE OF 2NERGY MULTIPLIER AND LOAD FACTOR 
EXISTS? ENTER YES OR NO. 

YU1F~ 

YEtm 
YEI'iF.: 
YEAf~ 

YE(jf~ 

YEr1~: 

YEAr~ 
YEtif~

YEM~ 

YE(lH 
YEr-IF.: 
Y[f·~lF~ 

YE(tF: 
Y[tIF~ 

YEr11~: 

YE(.IH 
YEI~I!:;: 

YE(II:: 
·YE(.lF~ 

YEtll:;: 
YErlF: 
YEM:: 
YE(\\:: 
YEM-\: 
'fEAf-~ 
YE(lF: 
Y[()F.; 
YE(.lF~ 

YE(:ll~ 

YE:rI!:~ 

ENERGY MULTIPLYER FOR EACH SEASON EACH YEAR 
81 1.07000 1.07000 1.07000 1.07000 
82 1.14000 1.14000 1.14000 1.14000 
83 
84 
B5 
86 
El7 
88 
89 
90 
91 
92 
93 
94 
95 

1.22500 
1.3l000 
1.40000 
1.50000 
1. tlOOOO 
1.72000 
1.83000 
1.97000 
2.10000 
2.25000 
2.40000 
2.58000 
2.76000 

1.22500 
1.31.000 
1.40000 
1.500()() 
1.60000 
1.72000 
1.83000 
1.97000 
2.10000 
2. ~~5000 
2.40000 
2.50000 
2.7,oSOOO 

1.22500 
1..31.000 
1.40000 
1 • ~:.;OO()O 
1.60000 
1..72000 
1.03000 
1.97000 
2.10000 
'2.25000 
2.40000 
2. ~:W()OO 
2.7bOOO 

LOAD FACTOR FOR EACH SEASON EACH YEAR 
81 0.60000 0.60000 0.60000 
82 0.60000 0.60000 0.60000 
83 0.60000 0.60000 0.60000 
84 0.60000 0.60000 0.60000 
85 0.60000 0.60000 0.60000 
86 0.60000 0.60000 o.6booo 
87 0.60000 0.60000 0.60000 
88 0.60000 0.60000 0.60000 
89 0.60000 0.60000 0.60000 
90 0.60000 0.60000 0.60000 
91 0.60000 0.60000 0.60000 
92 0.60000 0.60000 0.60000 
93 0.60000 0.60000 0.6000~ 
94 0.60000 0.60000 0.60000 
95 0.60000 0.60000 0.60000 

1.22::'iOO 
1.31000 
1.40000 
:1 .• 50000 
1 • ~)OOOO 
1.72000 
1 • tl~:;()OO 
1.97000 
2.10000 
2.2::;'iO()() 
2.40000 
2.58000 
2.76000 

0.60000 
O. ClOOOO 
0.60000 
0.60000' 
0.60000 
0.60000 
0.60000 
0.60000 
o.{.()OOO 
0.60006 
0.60000 
0.60000 
0.60000 
0.60000 
0.60000 

IS YOUR INPUT COMPLETE ? ENTER YES OR NO. 
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DOES n FILE OF REFERENCE LOAD DATA EXIST? ENTER YES OR NO. 

SSN 'PEAK LDCMW) MIN LDCMW) AVE LD(MW) TOT ENER(MWH) LOAD FACTOR 
WI 7.37000E+03 2.77300(+03 5.07329E+03 1.10801E+07 6.88370E-01 
SF' 7.23500(+03 2&43200£+03 4.08594(+03 8.92370£+06 5.64746£-01 
SU 7.80500[+03 2.63200£+03 4.95954E+03 1.08316E+07· 6.35431E-01 
AU 6.43900E+03 2.57100E+03 4.29443E+039.48210£+06 6.66940E-01 

THE ANNUAL PEAK OF THE REFERENCE LOAD DATA IS 7.8050E+03 MW 

YE(.lF: OF fii 
SSN PEAI\ LI:i(MW) NUl LD(MW) AVE LD (~1vJ) TOT ENEf.: ( MvJH) LO?lD FACTOR 

1 9.05093E+03 2.46071E+03 5.42882I1+03 1.185651H07 5. 99808£ ·...:01 
2 7.30691Et03 2.69436E+03 4.37216f.i+03 9.54B80DtOc) 5.98360E-01 
3 8.86041E-t03 2.63889Et03 5.30~10lD+03 :1. • j,590:::iD+07 5.98957E-0:1. 
4 7.6l>659Et03 2.45871Et93 4 ._5Cf54 71H03 1.01468D+07 5.99416[-01 

YEAr~ OF 82 
, SSN PEril{ UHMW) MIN Ln (M~j) AVE LD( Mt.,\) TOT ENER (M~JH) LOAD FACTor~ 

1 9.64305E+03 2.62169£+03 5.78398D+03 1.2(1)322[1t07 5.99808E-01 
2 7. '78494E+03 2.87063[+03 4.65820D+03 1.017:55[1+07 5.9836()E-Ol 
3 9.44007E+03 2.81153E+03 '5.6::-;42()IH03 1.23488[1+07 5.98957[-01 
4 8.16814£+03 2.61956£t03 4.89611D+03 1.0'8106Dt07 5.99416E-01 

YEAf~ OF 83 
SSN PE(~!'~ U)(MW) MIN LD (M~J) AVE L.D(M!.J) TOT ENEf\ ( i'H~H) LOAD F(.iCTOFi: 

1 1.03621E+04 2.81717E+03 6.21524D+03 1.35741D+07 5.99808E-01 
2 8.36541£+03 3.08467Et03 5.005520+03 1.09321D+07 5.98360E-01 
3 1.01439E+04 3.02116E+03 6.07578:0+03 1. :~2695f.t+07 5.98957E-01 
4 8.77717E+03 2.81489E+03 5.2c)117Dt03 1.:1.6167[1+07 5.99416E--Ol 
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YEAf.: OF 84 
SSN PEAl, LD(MW) 

1 1.10810E+0·1 
2 8. 945a~;E+03 
3 :I .• 08478£+04 
4 9.38620[+03 

YEAr.: OF' 85 
SSN PEAK LD(MW) 

1 1.18423£t04 
2 9.5604~'jEt03 

3 1.159:HE+04 
4 1.00311Et04 

YEAr< 9f ,86 
SSN PEAl< lIiCMW) 

1 1.26f:l82Et04 
2 1 .024 3:3E +04 
3 1.2421:1E+04 
4 1.0),4"76E+04 

J 
YEAr~ OF 87 

~SN PEAK LDCMW) 
1 1.35341E+04 
2 
3 
4 

YEAR 
SSN 

1 
2 
3 
4 

1.09262E+04 
1.32492Et04 
1.14641(+04 

OF BS 
PEr~!, LD(MW) 
1 • 4~34(i2E+04 
1.174:j7E+04 
.1.4242<JEt04 
1.23239Et04 

MIN LD(MI.J) AVE UH MW) TOT ENER(MWH) 
3.01264E+03 6. ()4fl~50D+()3 1.45160[1+0] 
3.29871E+03 5.35284[1+03 1.16906D+07 
3.23079E+03 6.49737D+03 1.4l903Dt07 
3.01020Et03 5. t)2,~23IH03 1.242271H07 

MIN LDCMW) AVE LDCMW) TOT ENERCMWH) 
3.21961Et03 7.10312D+03 1.55132Dt07 
3.52534£t03 5.720590+03 1.249380+07 
3.45275E+03 6~94375Dt03 1.516520+07 
3.21701Et03 6.b1277Dt03 1.32762Dt07 

MIN LD01W) 
3.44(159E+03 
3.77715E+03 
3.69938E+03 
3.44680(+03 

MIN LIHMW) 
3.6795l)E+03 
4.02B96Et03 
3.94600[+03 
3.6765BEt03 

MIN LD (Mili) 
3.95553E+03 
4.331131::+03 
4.24 t 9~jE +.o;;} 
3. 9~S233E+03 

AVE lD (Ml;.J) TOT ENER (M~JH) 
7.61.0491H03 1.66213[1+07 
6.12921D+03 1.330621)+07 
7.43974[1+03 1. cl2484D+07 
6.44225[1+03 1 • 4224~5D+07 

AVE LD(MW) TOT ENERCMWH) 
8.11787D+03 1.77294D+07 
~.53782[1+03 1.42786[1t07 
7.93572D+03 1.73316D+07 
6.87174D+03 1.51728D+07 

AVE LD ( 11(,) ) TOT ENEf\ (MWH) 
8.726·71D+0=~ 1.90591D+07 
7.028161H03 1.53495D+0/ 
1].530(?OIl+O:-5 1 • 8631 :':iI:H· 0 7 
7.:"lGl1211+03 1. 6~510DD+07 
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LOAf! .FACTOR 
5.991308[-'01 
5. 983,:}OI::--O 1 
5 .. 989:"!7E-01 
5.99416/::-01 

LO()D FI~CTDr\ 

5.99BOf:lE-Ol 
5.98360[-"01 
5. 9B957E --01 
5.99415E-O:l 

LOAD FACTor;; 
5.9980B(-01 
:5.9B360[-(H 
5.98957E-01 
5.99415E-01 

LOAD 1::-I~CTor\ 
5.9(JOOBE-01 
5.9t.l360E-Ol 
5.98957E-()1 
5.99416E-·01 

LOAD Fr\CTor~ 

5. 9980t~E -01 
5.98360E-01 
5.989!'.'j7E-Ol 
5.99415[-01 



SSN 
1 
2 

4 

YE(it:~ 

~)SN 

1 
2 
3 
4 

YEAr.: 
SSN 

1 
2 
3 
4 

YEAr.: 
SSN 

1 
2 
3 
4 

YEt'iR 
SSN 

1 
2 
3 
4 

PEAK LD (M~J ) 
1.54'796Et04 
1.2496'7E+04 
1.51~33m~+04 

1. 31120E+04 

OF (iO 

F'EAI< 1_[1 (l'm) 

1 • 6.6639EHH'~ 
1 • 3.1!:::;2~"'E +.()4 
1.,S3131E+04 
1.41151E+04 

OF 91 
PEAK LD (M~J) 
1~77635E+04 

1. 4:~40'7E+04 
1.73896E+()4 
1.5046clEt04 

OF 92 
PEM~ LD( M&J) 
1.90323E+04 
1.53650E+04 
1~86317E+04 

1.61213E+04 

OF 93 
·PEAK LD(Ml·J) 
2003011E+04 
1~63894E+04 
1.98738E+04 
1.719611::+04 

MIN LD01t·j) AVE LDUil,n -TOT ENER(MkIH) 
4~20850Et03 9.28481D+03 2.02780D+07 
4.60812E+03 '7.47763Dt03 1.63312Dt07 
4.51323E+03 9.07648D+03 1.98230D+07 
4.20509E+03 7.85955Dt03 1.73539Dt07 

MH! LDU-'H,J) {WE I~D (MW) TOT El·iEF~~ (11t~H) 

4.53046E'''-03 9 • 9'1512D+O~5 2. H:329::W+07 
4.96065[+03 8.04969D+03 1 • 75Do~mtO} 
4.B5852E+03 9.77086D+03 2 .1~~396IH-07 
4.52680E+03 8.46003))+03 1.B681~m+07 

MIN Lrl (M~.l) ~W[ LX) (Ml"') TOT ENCR (Mt.JH) 
4.82943E+03 1 • 06~"j47:O+04 2.32,S</<1[1+07 
5. :~880()E+03 8.58009D+03 1.8740'lD+07 
5.17912£+03 1.04l56D+04 2.2747711+07 
4.82552£+03 9.01915Dt03 1. l]9143!1+07 

. 
MIN LD(MI,rJ) AV£ U){ MW) TOT ENEF: (Mt.JH) 
5.17439£+03 1.14158D+04 2.493201)+07 
5066572£+03 9.19:381D+03 2.00793D+O'7 
5.54906E+03 1.11596Dt04 2.43'726D+07 
5.17020£+03 9.66338D+03 2.13367D+07 

MIN UHM~J) AV£ !..[I(MW) TOT ENEl, ( 
:5 ~ 519:~4E+()3 1.21768D+04 2~6594:1.D+07 
c .• 04344E+03 9. G06 73D+O~3 2.14179n+07 
'5.91(100[+03 :I. • 19036[1+04 2.59974:0+0'7 
5.51487£+03 1.030'76Dt04 2.275921)+07 
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LOAD FACTOr::: 
5.99808E-01 
5. 9B360E-O l' 
5.98957E-01 
5.99416E-01 

LOAD FACTOi~ 

5. <;")980BE-O 1 ' 
5. '/B360E-O 1 
5.98'j57E-(H 
5.'1<';>415E-01 

LO{HI FACTOF{ 
5.1f9ElO8E-Ol 
5.98360E-01 
5.98957£-01 
5.99415£-01 

LOtH) FACTOR 
5.99808E-01 
5.90360E-01 
5.98957E-Ol 
5.99415E-Ol 

LOAD FACTOR 
5.99000E-01 
5.983,:'OE-01 
5.989571::-01 
5.99416[-01 



YEAR OF 94 
SSN PEAI'''': UH MI...!) MIN LD(MW) AVE LD(MW) TOT ENEF: (MWH) 

1 2.1[12371::+04 5.93330[+03 1. :10<)01:0+04 2.85887:0+07 
2 1.76186E+04 6.49c>69Et03 1.05422[1+04 2.30242[1+07 
3 2.13644[+04 6.36293E+03 1.27</64:0+04 2.79472D+07 
4 1.8485BE+04 5.92849£t03 1.10807D+04 2.44661IH07 

YEtlf..: DF 95 
SSN PEAl, U)(M~n MH! LII(MW) AVE LD(MW) TOT ENER (Ml:JH) 

1 2.3346:3Et04 6.34725E+03 1.40033D+04 3.05833D+O? 
2 1.8H47BEt04 6.94995£+03 i~12'l77Dt04 2.46306IH-()7 
3 2.2B:"549Et04 6-. 80685E +():~ i.36891Itt04 2.989701H07 
4 1.9775::iE+04 6.34211£+03 1.185381)+04 2.61731D+07 

**********END OF INPUT PROCEDURE FOR LOAD DATA**** 
LOAD MULTIPLIERS STORED IN UNIT 21. 
LOAD DURATION CURVES STORED IN UNIT 25. 
CUMULANTS STORED IN UNIT 26 
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LO(.':jI1 FACTOR 
5.<t9C08E-O:J. 
5.903601::-01 
5.9f:l957E~Ol 

5.99415[-01 

LOI~D FflCTOR 
5.99B08E-()1 
5.9B360E-01 
5.98957E-01 
5.9(141~:;E-Ol 



~~@~ ~~~~$~~~~~0~11§\ 

S'ECIFY1HE CRITICAL LOLP VALUE TO BE USED IN THE 
~iNI"Ufl RESERVE CALCULATION IN DAYS PER TEN YEARS 
? 

SPECIFY THE 'LOLP VALUE TO BE USED IN THE ~A~I"U~ 
RESERVE CALCULATION IN DAVS P£R TEN V~S 
? 
0,,2 

112:1131 

UlJS2 

Ui183 

U1I84 

UiS5 

~nNl[MUM 

RESERVE 
U,IWI) * 

1707"S5 

ee8aS5 

,859,,95 

23!3!.Sa 

a7,' .. 48 

" 0 .. 0 

:2527 .. 25 

2704 .. ;'7 

MA)(IMUM, , 
RESERVE 

UiW) 

25310 .. 08 

, l11ii1711ii1 .. 'i5 

845,,95 

143a~SIliil 

.. 37 

3037,,14 

885 .. 24 

Z2lt!3!.S7 

LOWER BOUND 
OF OPERATING 
t:CllST ~ 

1l4S .. S5S 

SSO .. 7S0 

sal'it$.030 

3fU .. S75 

310 .. 671 

218 .. ::r14 

Z30 .. 4U 

:242 .. 7 iii! 

1150 .. 151 

i37 .. ll.0S 

i27 .. El73 

* C~ITICAL LCLP ASSIGN£D IS 0.000274 

IiK' "U .. LUn~S OF 19S0 Dou..tARS 

9050 .. 1 

9643 .. 0 

10362 .. 1 

uoel:f ... o 

11942 .. 3 

12SSS.2 

13534 .. 1 

1.45~e,.,2 

1$479 .. 8 

USSS3 .. S 

:117763 .. ' 

-111032 .. 3 

20301 .. 1 

A BUILT IN SE~SITIVITY ANALYS!S ~ROCESS$ 
FOR EACH SENSITIVITV ANALVSIS ITERAi'ION (CALLED HERE 

ITERATIQN~'. THE USER MUST SPECIFY THE EXPANSAO~ 
PLANT CANDIDATE COMBINATION THAT W!LL BE USED IN 

SINCE THE CERES OPTIMIZATION ALGORITHM 
JfTERAHVE NATURE THE MAXIMUM II.'UMSER OF '"TUNNEL 

MUST BIE PROViDED 
FOR EACH MI-'HN HERAnON niE USER MUST SPEcnv: 

l."lESlj:(iED EXPANslmo;a IPl,ANT COM!HNATION .. 
MAXlLMUM NUI"tSER OF "i"UNNEL ITERATlrONI:H"lI!3T BE 

reJl""·'"U"'~I:!'1h.' :JlO AND 50~ DEFAUl.T IS 1t@~ 

NUNBER OF BES,. SOLUTIONS FOR WHICH A REPORi 
D~SIj:(iED (MAXIMUM IS 10 OR THE NUMBER OF TUNNEL 

n'IEtRATIONS RErll.HRED TO REACH THE OPTlrMUM SOLUTUJN 

liTERATI ONS 
STOP WHEN TH~ USER INSTRUCTS TO DO SO& 

CHAj:(iGE RATE OR SALVAGE VALUE OPT10N FOR COS! 
CALCULATIONS 
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ENTER THE NUMBER OF EXPANSION CANDIDATES YOU WILL CONSIDER IN THIS ITERATION 
IT SHOULD NOT BE MORE THAN B. IT IS RECOMMENDED TO BE 4 OR 5 
'1 
:3 

ENTER THE 3 EXPANSION PLANT ID~S. 

THE PLANT ID~S ARE DEFINED FROM THE PLANT ORDER IN THE INPUT "ODULE. 
ENTER -1 FOR HYDRO EXPANSION. 10 FOR PUMPEO STORAGE EXPANSION. 
THE NUMBERS ENTERED SHOULD BE SEPARATED BY BLANKS: 

79:3 

ENTER THE MAXIMUM NUMBER OF TUNNEL ITERATIONS 
IT SHOULD BE BETWEEN 110 AND SQ 
'1 
2S 

FOR SALVAGE VALUE OPTION ENTER -1.10 
FOR FIXED CHARGE RATE ENTER THE FCR VALUE ., 
-1 ~O 

THE CRITICAL LOLP VALUE IN PREP MODULE IS 0.10010214 
IF YOU WANT TO INCREASE IT. ENTER THE NEW NUMBER. OTHERWISE ENTER -1.10 
? 
10.002 

ENTER THE MAXIMUM RESERVE MARGIN IN % 
;T SHOUL~'BE BETWEEN 210 AND 50%. 'DEFAULT 15"410%. 

35.0 
ENTER THE DISCOUNT RATE IN %. DEFAULT IS 15% 
l' 
15.0 

PACKING BASE IS 
1 113 256 

LOWER" AND UPPER CHANNEL BClUNDS PER YEAR 
t9EU 0 0 0 

:3 :3 4 
1982 0 0 0 

3 3 4 
1993 0 0 0 

3 3· 4 
1984 1, 1 0 

4 4 4. 
1985 :2 ! 10 

5 4 4 
1988 :3 1 0 

G <4 4 
1987 5 2 1 

9 5 5 
HISS S 3 2 

8 S S 
19S5 7 4 :::I 

10 7 7 
1990 lSI 5 4 

U. e e 
. 1991 €!I 5 4-

H a €!I 
lS92 e 5 4-

11 lSI e 
1993 u e 7 

14- 11 11 
'1994 12 Sl 9 

1S 12 12 
1995 13 10 9 

1S 13 13 

VEAR1S91 
S STATES WERE ACCEPTED AFTER FATHOMING IN 

VEAiHS82 
23 STATES WERE ACCEPTED AFTER FATHOMING IN 

VEAR1S83 
44 STATES WERE ACCEPTED AFTER FATHOMING IN 

YEAR1SS4 
50 STATES WERE ACCEPrED AFTER FATHOMING IN 

YEAR1S85 
62 STATES WERE ACCEPTED AFTER FATHOMING IN 

YEAR!SaS 
57 STATES WERE ACCEPTED AFTER FATHOMING IN 

,(EAR1SS! 
5Q STATES WERE ACCEPTED AFTER FATHOMING IN 

YEAR 

YEAR 

YEAR 

YEAR 

YEAR 

YEAR 

YEAR 

2 

:3 

4 

:5 

6 

1 
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YEAlII191i:liS 
WERE ACCEP"rED AFTER FATHOMING IN YEA~ e 

'/EAlIIisea 
55 STATES WERE ACCEPTED AFTER FATHOMING IN YEA~ 9 

YEAR1990 
41'S STQ!;l"iES fl!CCEPTED AFTEF\! FATHOMING IN YEAR 10 

WERE ACCEPTED AFTER FATHOMING IN YEAR 11 
YEAFU992 

STATES WERE ACCEPTED AFTER FATHOMING iN YSAR 12 
YEARiSS3 
n STATES !r.1ERE ACCEPTED AFTER FArHQI"IING IN YEAR 13 

YEARllS94 
STATES !r.1ERE ACCEPTED AFTER FATHOMING IN YEAR 14· 

YEAR1SS5 
57 STATES WERE ACCEPTED AFTER FATHOMING IN VEAR 15 

[tHE Fn'liAL YEAR OBJECT!VE FUNCTION IS: 0.9297751::+04 
THE NUMBER OF ITERATION IS: 1, 

lOU~ OP. COST CAP. COST OBJ FUNCTION PLANT MIX 

0.0 8170392 741.357 0 0 1 
0.0 ::i88.608 1438s6:23 ('I d 2 
0.0 562.918 2073.325 :2 0 2 

548.908 2712.4GB :2 :2 :3 
0.0 534.058 146.103 3300.094 ~ 3 
0.0 527.886 137 ~':210 '~3873. 7f1 ':2; 3 
O~O 512.227 234.522 4456 .. 291 7 2 4 
0.0 527.690 167.505 5028.612 ., 3 5 
0.10 301.419 9::34 7 4 7 
i).iJ'J -:' 2101. 187 8 8 

573.23J 150.351 6955.983 H S' 8 
H13 0 .. 0 7472.055 U :'5 Sf 

0.0 884 411 .518 9080.08S 12 8 11 
0.0 SSJ.575 239.519 9S89.805 15 9 12 

101.986 9287.750 15 10 13 
NEW UPflEifi SOUND FOR FATHOMING IS 9287.75 

-lil>-lil>-lil>-!Ir-l!- SOLUTION AGAINST UlWfER BOUNDARY IN YEAR 15 -!Ir-lHHHI' 
+++++ SOUHXON AGAINST UPPER BOUNDARV IN YEAR 15 +++++ 
-lil>-i?*-i?-i? SDI_UTWN AGAINST LOWER BOUNDARY IN YEAR 14 -i?**** 
+++++ SOLUTION AGAINST UPPER BOUNDARY IN VEAR 14 +-+--+-++ 

AGAINST LO!r.1ER BOUNDARY IN YEAR 13 ***** 
SOUJrrON AGAINST UPPEr:c IN 'fEAR 13 +++++ 

,**.J1Hil--i? SOLUTION AGAINST LllWfER !iN YEAR 12 *-lil>-I!-** 
SOLUTION AGAINST UPPER BOUNDARY IN YEAR ~2 +++++ 

*-lil>1;j.~~ SOUJTION AGAINST LOWER BOUNDARV XN YEAR U .* ... "'** 
+++++ SOLunON AGAINST UPPER BOUNDAR';" IN YEAR 11 +++++ 
~~*·IH" SOLUTION AGAINST LOWER BOUNDARY IN YEAR :ll.O ~-lil>"'~H/; 

+++++ AGAINST UPPER BOUNDARY m YEAR 10 +++++ 
SIJLUnOhJ AGAINST LOWER SOUNDARY IN YEAR S ;!}**~* 

+++++ SOLUTION AGAXNST UPPER BOUNDARY It.r YEAR 9 +++++ 
1'HH,,-i?~ SOLUTION AGAINST LOWER BOUNIMRY IN YEAR a *-lil>* ..... 
*-i?il<-i?il< BOUNDARY VEAR '1 *-lil>*** 
+++++ BOUNDARY 'fEAR a: +++++ 

THE ~~EW LOWER AND UPPER BOUNDS ARE: 
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'fEAR 1992 ~O 3 7 
13 S ll.1 

'fEAR 1993 U. B 10 
14 9 14 

'fEAR 1994 12 7 11 
13 10 1:5 

VEAR HiSS 13 8 11 
16 11 15 

YEAR Hl8S 
52 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR e 

VEAR1S87 
62 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 7 

YEAR198e ; 

68 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR e 
YEARle89 

31 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR '8 
YEAIH980 
50 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 10 

YEAFH99t 
22 STATES WERE ACCEPTED AFTER FATHOMING iIIl YEAR 11 

VEAR1SS2 
SO STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 12 

YEAFH993 
30 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 13 

YEAR1994 
44 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 14 

YEAR199S 
38 STATES WERE ACCEPTED AFTER FATHOMING IN .YEAR 15 

THE FINAL YEAR OBJECTIVE FUNCTION IS: O.S154UE+04 
THE NUMBER OF ITERATION IS: :2 

LOLP OP. COST CAP. COST OBJ FUNCTION PLANT MIX 

OQO 617.392 247.830 741.357 0 0 
0.0 588.808 232.839 1438.823 0 0 :2 
10.0 582.919 15S.SSS 2073.325 :2 0 2 
10.0 549.976 215.468 2709.489 2 1. 3 
0.0 534.832 146.103 3297.892 4 1. :3 
0.0 528.475 137.210 38:,'2.104 B 1 3 
0.0 512.815 234.522 4455.074 7 :1 4 
0.0 524.325 159.739 5021.992 7 1 5 
10.0 553.418 307.419 5647.133 7 :2 7 
0.0 543.535 288.707 5248.398 7 3 S 
0.0 554.811 150.351 8828.262 10 3 9 
0.0 549.956 248.511 7411.344 10 3 11 
0.0 581.582 178.132 7990.715 11 S 12 
0.0 563.878 268.085 8572.324 12 7 14 
0.0 575.593 185.955 8134.109 14 S 15 

NEW UPPER BOUND FOR FATHOMING IS 9154.11 

-it4444 SOUJnON AGAINST LOWER BOUNDARY IN YEAR is iHHU;'4 
iHlf444 sm ... unON AGA!NST LOWER BOUNDARY IN YEAR 14 4;;'-IIHi"i1-
,..444* SOLUTION AGAINST LOWER BOUNDARY IN YEAR 13 4,..*** 
*4,..,..4 SOLUTION AGAINST LOWER' BOUNDARY IN YEAR 12 4**** 
+++++ SOLUTION AGAINST UPPER BOUNDARY IN YEAR 12 + ... + ...... 
**4*4 SOLunON AGAINST LOWER BOUNDARY IN YEAR 11 ***** 
4-!>4i!i>4 SOLunON AGAINST LOWER BOUNDARY IN YEAR 10 44il1'** 
*,..44* SOLUTION AGAINST LOWER BOUNDARY IN YEAR Sl ,..,..4*4 
,..44** SOLUTION AGAINST LOWER BOUNDARY IN YEAR e **4iHt 

THE NEW LOWER AND UPPER BOUNDS ARE: 

YEAR lSfH 10 0 0 
:1 :3 4 

YEAR 1982 0 0 0 
::JI ::JI 4 

YEAR 1::183 0 0 0 
:l 3 4-

YEAR tSe4 1 10 0 
4& :3 4& 

YEAR 1985 2 0 0 
5 :3 4 

YEAR ises 5 0 0 
S ::JI 4 

YEAR :ise, 5' 0 
S :l 5' 

YEAR Isee 5' 10 :2 
8 :3 8 

-"1:'-
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YEAR' 5 0 IS 
8 :3 llO 

'fEAR' H:ii90 S 1 S 
9 4 10 

YEAR' 1981 e 1 1 
:I. 4 11 

YEAR 1892 9 1 10 
H 4 14 

10 
'7 14 

"EAR 11:1194 10 5 11 
13 8 15 

YEAR Hl9S 1\3 e U 
lI.G a 15 

YEARH~es 
GS STATES WERE ACCEPTED AFTER FATHOMING IN VEAR a 

VEAR1SBS 
33 STATES WERE ACCEPTED AFTER FATHOMING XI\!! VEAR 9 

YEARH:iSO 
5~ STA'rES WERE ACCEPTED AFTER' FATHO!"I!NG !~: VEAP. 10 

YEAR1SSl 
STATES WERE ACe!;?TED AFTER FATHOMING IN YE~R 11 

YEAR1SS2 
STATES WERE ACCEPTED AFTER FATHOMiNG IN VEAR 12 

YEARiSS3 
S2 WERE ACCEPTED AFTER FATHOMING IN VEAR 13 

YEAR1SS4 

S6 STATES WERE ACCEPTED AFTER FATHOMING IN VEAR 14 

WERE ACCEPTED AFTER FATHO;UNG AN YEA I\! 15 

FINAL. VEi!!\R OSJECnVE FUNcnON IS: 0.807449E+04 
TliE NUMBER OF ITERATION IS: :3 

LOLP OPe COST CAP. COST 06J FUNCTION PLANT MIX 

817.382 247.930 141.351 0 0 1 
O~O 588.608 232.839 1438.623 C 0 2 
o. (~ 562.918 165.656 2073.325 2 0 :2 

.Q.O 549.816 215.488 2109.488 2 1- :::I 
0.0 534.832 146.103 3291.882 4 1. :3 
0.0 528.475 137.210 3872.104- Ell :i. :::I 
0.0 528.158 170.093 4451.2199 iii ,. 4-
0.0 5~4.531 :U9.418 5051.008 S 1 8 
0.0 533.383 300.032 5654.402 6 :I. 8 
0.0 525.381 2fH.769 6236.141 8 1 10 
0.0 537.051 150.351 6788.248 9 1 10 

533.868 248.511 1385.344 a 1 12 
0.0 546.752 n8.132 1929.902 10 4 13 
0.0 550.533 266.085 8498.168 11 :5 15 
O~O 572.232 122.021 8074.481 14 8 15 

NEW UPPER 80UND FOR FATHOMING JIS 9014.48 

AGAINST UJWER BOUNDARV IN VEAR 15 * .... *** 
AGAINST LOWER BOUNDARY !N VEAR 14 ***** 
AGAINST LOWER BOUNDARY IN YEAR 13 f*<!li>** 
AGAINST LOWER BOUNDARY IN VEAR 12 ***** 
A!3A!NST UJWER BOUNDAR V IN 'fEAR H ***** 

SOLUTION AGAINST LOWER BOUNDAR V !N VEAR 10 -»**<iI'* 
.1'++++ SOI..UnON AGAINST UPPER BOUNDARV IN YEAR a +++++ 

LOWER AND UPPER SOUNDS ARE: 

1981 ~') 0 0 
;:$ :31 

'fEAR 0 (I 0 
4 

VEAR 0 (I 

:3 :.11 4 
\I) 

4 
'fEAR 1985 01 

:.11 4 
4 0 0 
7 :.11 4 
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YEAR 19S7 4 0 
7 :3 5 

YEAR lase 4 0 3 
7 :3 1:1 

YEAR HlSa ·4 0 IS 
7 :3 10 

YEAR UJ90 4 0 S 
7 :3 10 

YEAR 1881 e 0 1 
U :3 U 

YEAR' 1882 IS 0 10 
11 :3 14 

YEAR 1983 9 Z 10 
12 3 14 

YEAR 1994 10 J 11 
1l.3 S 13 

YEAR 1995 13 t!i! 11 
Hi 1 15 

YEAR19SS 
23 STATEs WERE ACCEPTED AFTER FATHOMING IN YEAR e 

'fEARleS9 
32 51"rATES WERE ACCEPTED AFTER FATHOMING IN YEAR S 

YEAR1990 
S2 STATES WERE ACCEPTED AFTER FATHOMING. IN YEAR 10 

YEAR1SS1 
47 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR U 

YEAR1892 
34 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 12 

YEAR1993 
51 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 13 

YEAR1994 
10 STATES WERE ACCEPTED AFTER FATHOf"IING IN YEAR 14 

YEAR1995 
13 STATES WERE ACCEPTED AFTER FATHOMING IN YEAR 15 

THE F!NAL VEAR OBJECTIVE FUNCTION IS: O.905484E+04 
THE NUMBER OF ITERATION IS: 4 

lOLP OPe COST CAP. COST OSJ FUNCTION PLANT MIX 

0.0 617.392 247.930 741.357 0 0 :1 
0.0 598.609 232.839 1438.623 0 0 2 
01.0 582.819 165.656 2073.325 2 0 2 
0.0 548.976 215.468 2709.489 2. l' :3 
0.0 534.832 146.103 3297.892 4- :1 3 
Cl.O 52B.475 137.210 3872.104- 8 1 3 
0.0 528.158 110.093 4451.299 S 1 4 
0.0 ~'H 4.531 319.418 5051.008 IS 1 S 
0.0 533.393 300.032 5854.402 IS 1 8 
0.0 525.391 281.789 6236.141 S 1 10 

531.051 150.351 6798.246 S 1 10 
.533.969 248.511 1385.344 S 1 12 

0.0 532.403 239.130 7921.656 S 2. 14 
0.0 546.828 1£18.006 1EI481.S80 11 :3 15 
0.0 568.091 122.021 9054.836 14 4 15 

NEW UPPER BOUND FOR FATHOMING IS 9054.84 

-1l>-1l>-1l>-m-* SOLUTION AGAINST LOWER BOUNDARV IN VEAR 1.5 ***** 
***** SOLUTION AGAINST LOWER BOUNDARY IN VEAR 14 ***** 
-1l>.j!l<*** SOLUTION AGAINST UJWER BOUNDARV IN YEAR 13 ***** 
+++++ SOLUnON AGAINST UPPER BOUNDARY IN YEAR 13 +++++ 

THE NEW LOWER AND UPPER BOUNDS ARE: 

YEAR lSIH 0 0 0 
:'l :3 4 

VEAR 1982 " /I) 

3\ :3 4 
VEAR 19931 . 0 0 (11 

:3 3 4 
YEAR 1984 1. 0 0 

4 :3 4 
YEAR 1985 :;: 0 0 

5 3 4 
YEAR 1996 4 0 0 

1 31 4 

I' . 
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VE§.)R 19B; (j) 1 
'1 :11 ~ 

"fEA~ 4 0 :5i 
7 :3 9 

VEAR 4 0 is 
'1 l 10 

"fEAR 1990 0 6 
:11 10 

1991 '1 0 , 
10 :3 11 

1992 , 0 10' 
Hi 3 14 

"fEAR 1993 '1 0 11 
10 :3 15 

UlS4 :itO 11 
4 15 

VEAR 18S5 13 2: 11 
ll.iS 5 15 

YEAR19S:l 
STATES WERE ACCEPTED AFTER FATHOMING IN VEAR 13 

VEARi994 
1.:1 STATES WERE ACCEf'TED AFTER FATHOMING IN VEAR 14 

WERE ACCEPTED AFTER FATHOMING IN VEAR 15 

YEAR OBJECTIVE FUNCTION IS: O.S03a74E~04 
THE NUl"lBER OF ITER/H! ON IS: :; 

lOU;) 011'. COST CAP. COST OSJ FUNCTION PLANT i"IIX 

0.0 EHl.392 241.830 741 ~357 0 0 1 
0.0 588.808 232.839 1438.623 (I 0 2: 
0.0 582.818 165.656 2013.325 :2 0 :2 
0.0 548.878 215.488 2709.489 2 :Ii. 3 

.832 U6.103 32970892 4 " :3 
528.475 137.210 3e!17Z.104 S :1 3 

0.0 529.158 170.093 4451.289 G t 4 
514.5::31 ::US.478 5051.00!lll a 2 a 
533.393 300.032 5654.402 a t e 
525.3S1 281.188 13236.141 6 :l. 10 
537.0:.':11 150.3:51 6798.246 S 1 10 

0.0 533.968 248.51 7385.344 e 1- 12 
0.0 530.S18 233.384 7919.293 S 1- 14 
0.0 538.554 234.122 8473.448 :1.2 13 
0.0 5EH .233 122.021 8038.742 15 :2: 1$ 

NEW UPPER SOUND FOR FATHOMING IS 130313.14 

~~~'iIl;Ji SOLunON AGAINST LOWER BOUNDARY IN YEAR 15 ~**** 
-Ill'~;!1!~* SOLUTION AGAINST LOWER BOUNDARY IN YEAR 14 iO;:t.*** 

NEW LOWER AND UPPER BOUNDS ARE: 

"lEAR HiS 1 OJ 0 0 
3 4 

lSSZ 0 01 0 
:3 4 
0 0 
::~ <4 

0 

0 
4 
0 
4 

~fEAR 

1 5 
VEAR 4 0 

1 3 
lS8S 4 0 8 

1 10 
S 

3 10 
0 ., 

:!i.0 11 
H~82 7 10 

14 
0 :1 

10 3 1S 
YEAR 1994 0 :I. 

i3 3 15 
0 11 
3 15 

293 



YEAIH994 
13 !:rrATES 

YEAR!995 
:2 STATES 

NEW TUNNEL 
:2 STATES 

!\lEW TUNNEL 
:2 STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
2: STATES 

NEW TUNNEL 
:2 STATES 

NEk! TUNNEL 
:2 E?TATES 

NEk! TUNNEL 
2: STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
2: STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
:2 STATES 

NEW TUNNEL 
2 STATES 

ARTiFITIAL 

WERE ACCEPTED AFTER FATHOMING IN VEAR 

YEAR 
o 1:1. 

YEAR 
O· 11 

YEAR 
o 11 

YEAR 
4 15 

YEAR 
5 1:5 

VEAR 
S 15 

VEAR 
1 15 

VEAR 
a IS 

VEAR 

WERE ACCEPTED AFTER FATHOMING IN 
LOWER BOUND FOR YEAR 1995 IS 12 
WERE ACCEPTED AFTER FATHOMING IN 
LOWER SOUND FOR YEAR 1995 IS i1 
WERE ACCEPTED AFTER FATHOMING IN 
LOWER BOUND FOR YEAR 1995 IS 10 
WERE ACCEPTED AFTER FATHOMING IN 
UPPER BOUND FOR YEAR 1995 IS 16 
WERE ACCEPTED AFTER FATHOMING IN 
UPPER BOUND FOR YEAR 1895 is 1S 
WERE ACCEPTED AFTER FATHOMING !N 
UPPER BOUND FOR YEAR 1995 IS IS 
WERE ACCEPTED AFTER FATHOMING IN 
UPPER BOUND FOR YEAR 1995 IS 16 
WERE ACCEPTED AFTER FATHOMING IN 
UPPER BOUND FOR YEAR 19S5 IS 16 
WERE ACCEPTED AFTER FATHOMING IN 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER BOUND FOR YEAR 1995 IS 
WERE ACCEPTED AFTER FATHOMING 
UPPER SOUND FOR YEAR 1885 IS 
WERE ACCEPTEO AFTER FATHOMING 
BOUNDARIES ELIMINATED IN YEAR 

16 S 15 
IN YEAR 
16 10 15 
IN"YEAR 
16 11 15 
IN YEAR 
16 12 15 
IN YEAR 
16 13 15 
IN YEAR 
16 14 15 
IN YEAR 
16 15 15 
IN YEAR 
HI9s 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1:5 

THE FINAL YEAR OBJECTIVE FUNCTION IS: 0.903111E+04 
THE NUMBER OF ITERATIDN IS: 6 

LOL? CP. COST CAP. COST DIBJ FUNCTION PLANT 

0.0 611.392 247.930 141.357 0 0 0.0 588.508 232.B39 1438.623 0 0 0.0 582.918 155.556 2013.325 2 0 0.0 548.816 215.458 :n09.488 :2 1. 0.0 534.832 146.103 3297.892 4 i 0.0 528.475 131.210 3872.104 B 1 0.0 528.158 170.093 4451.289 is ! 0.0 514.531 :319.478 5051.00B 6 1 0.0 533.393 300.032 5654.402 S ! 0.0 525.381 281.769 13236.141 S 1 0.0 537.051 150.351- 13798.248 S 1. 0.0 533.968 248.511 7365.344 9 :I. 0.0 530.818 233.384 7918.293 S :I. 0.0 538.554 234.122 9473.448 12 :I. 0.0 558.766 116.953 9031.109 15 1 NEW UPPER BOUND FOR FATHOMING IS 90:31.11 

THE NUMBER OF MAIN ITERATIONS IS: 

s TUNNEL ITERATIONS WERE REQUIRED TO FIND THE OPTIMAL 

INPUT THE NUMBER OF eEST SOLUTIONS YOU WANT REPORTED THIS SHOULD BE LESS OR EQUAL TO 6 
? 

111.>< 

1 
2 
2 
3 
:3 
:3 
4 
6 
8 

10 
10 
12 
14 
1:5 
15 

SOLUTIU:\! 
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CHARAC TER I 51" I CS OF THE OPTIMAL OR SUBOPTlMAL SOU.!T!ON 

PLANT TYPE UNSERVED TOTAL 
ENERGY OPERATING CAPITAL SALVAGE OBJECTIVE 

VEAR 1 9 3 LOL?+ (MWH) COSH COST*~ , VALUE~ FUNCTION~ 

1991 0 0 OeO 0.1'360E+O' EU7.399 123.955 123.965 741$357 

1ge2 0 0 :.2 0.0 o ~ 1 9TJSE +05 5eeoSl' 10s.s~e ll.24.1EH 1438.823 

le93 2 0 2 OeO 00 26809E+05 562.924 11.784 llJ3.872 2013 .. 325 

Ui84 2 1. :3 0.0 0.300BOE+05 549.983 eS.1S7 :l.29.2Sl!. 27090489 

1985 1 :3 0l .. 0 0034720£+05 534.839 530571 llJ2.5::n 32llJ7.S92 

1985 8 3 OQO 0.33 Ull4E +05 528.483 45.731 91.413 3972.104 

1981 It 0.0 0.31056E+05 529.1S7 !'H.029 U9.0S5 4451.289 

1988 S 5 0.0 0.2S7S9E+05 514.539 8S. Hl4 234.284 5051.008 

1995 $3 8 (LO O.24992E+05 533.401 10.007 230.025 5854.402 

1990 S 10 0.0 O.:!.2000E+05 525.399 58.354 225.415 6236.141 

1991 8 10 0.0 O. HH04E+05 537.059 25.059 125.293 S186.246 

1992 S 12 O~O 0.0 533.979 33.135 215.315 7385.344 

1993 51 14 0.0 0.0 530.624 23.336 210.046 1919.293 

1994 12 15 0.0 0.0 538.SE14 15.508 :U8.514 9473.449 

:1.995 15 1S 0.0 0 .. 0 559.715 '3.1399 113.054 9037.109 

-I> ZERO MEANS LOLP VALUE Si"iAI..LEw( THAN 0.00001 

4li MILLl!:ONS OF iSS? DOLLAFlS 

4li-i& PLANT COSTS ARE GIVEN AS THE TOTAt WORTH OF TtIE PLANT AS IT COMES ON LINE LESS THE 

SALVAGE VALUE AT THE END OF THE STUDY PERIOD. IF THE FIXED CHARGE RATE OPTION IS USED. 

CAPITA!... CQ:1HS REPRESENT THE FIXED CHARGES FOR EACH PLANT. 



PLANT TYPE 

2 

3 

4 

:5 

G 

7 

8 

9 

10 

11 

12 

13 

14 

15 

PLANT TYPE 

21 

22 

19131 

0.0 

0.0 

45.732 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

49.242 

48.126 

65.628 

47.027 

40.551 

H:1I81 

30.997 

32.10:1. 

47.897 

24.535 

15.405 

21.415 

19.297 

18.554 

12.471 

17.389 

21.9713 

12.996 

9.382 

.9.269 

5.202 

1982 

0.0 

0.0 

87.484 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

46.821 

45.989 

56.053 

40.397 

33.450 

1982 

28.964 

27.652 

45.072 

21.574 

13.498 

18.8:32 

16.436 

15.920 

10.882 

14.463 

18.272 

10.S95 

7.708 

7.546 

3.464 

COST OF OPERATION BY PLANT TYPE 

MIllIONS OF 1990 DOllARS 

1983 

0.0 

0.0 

83.666 

0.0 

0.0 

0.0 

64.788 

0.0 

0.0 

0.0 

43.823 

43.485 

44.889 

29.522 

27.094 

1984 

0.0 

0.0 

US.B96 

0.0 

0.0 

0.0 

61.507 

0.0 

6.918 

0.0 

40.900 

40.940 

37.228 

25.351 

22.970 

, 1985 

0.0 

0.0 

114.602 

0.0 

10.0 

0.0 

118.277 

0.0 

3.458 

0.0 

37.198 

37.780 

27.579 

19.834 

19.128 

COST OF OPERATION BY PLANT TYPE 

MILLIONS OF 1980 DOLLARS 

HI 83 

20.523 

22.872 

41.547 

11.423 

10.5S6 

15.049 

12.754 

12.615 

8.516 

11.320 

14.261 

8.219 

5.724 

5.033 

20303 

1984 

11.773 

151.737 

38.534 

14.937 

8.187 

13.009 

10.665 

10.924 

7.385 

9.415 

11.772 

6.779 

3.904 

'J.5SS 

1.867 

H!85 

H.09S 

15.989 

34.464 

12.028 

7.290 

10.454 

8.390 

8.S80 

5.860 

7.378 

8.887 

4.934 

2.792 

2.708 

1.208 

19136 

0.0 

0.0 

109.492 

o.b 

0.0 

0.0 

164.373 

0.0 

4.428 

0.0 

33.362 

34.364 

21.488 

15.808 

14.989 

1986 

11.636 

13.168 

30.190 

9.849 

5.985 

8.529 

6.779 

7.049 

4.786 

5.814-

8.608 

3.445 

2.198 

2.035 

0.950 

PAGE 

1987 

0.0 

0.0 

139.266 

0.0 

0.0 

0.0 

154.435 

0.0 

4.018 

0.0 

30.664 

31.853 

19.725 

14.752 

13.EH5 

1987 

10.918 

12.078 

27.591 

9.140 

5.820 

7.887 

6.049 

S~~ 

4.506 

5.046 

6.288 

3.184 

2.122 

1.975 

0.984 

1998 

0.0 

0.0 

198.521 

0.0 

OmO 

000 

136.830 

0.0 

10.419 

0.0 

25.055 

26.399 

13.466 

10.499 

6.892 

PAGE 

198B 

7.677 

8~'575 

22.413 

6.400 

3.B15 

S.147 

3.754 

3.728 

2.719 

3.231 

4.001 

2.228 

1.307 

1.229 

0.646 



TOTAL 

o.zos 

0.003 

0.001 

0.004 

0.000 

0.000 

0.002 

0.000 

0.000 

0.000 

:U.534 

0.0 

0.748 

lsas 

0.0 

0.0 

244.510 

0.0 

s.ass 

0.01 

27. HIS 

Z8.198 

21.303 

1I6.083 

14.254 

199Z 

0.193 

0.008 

0.009 

0.006 

0.000 

0.000 

0.004 

0.001 

0.000 

0.000 

19.725 

0.0 

0.1$51 

5ea.S15 

COST OF OPERAT!ON BY PLANT TYPE 

MILLIONS OF 1980 DOLLARS 

0.136 

0.004 

0.001 

0.004 

o.oocf 

0 .. 000 

0.003 

0.001 

0.000 

0.000 

16.Z83 

0 .. 0 

0.56S 

0.121 

0.008 

0.006 

0 .. 005 

0.001 

0.000 

0.004 

0.002 

0.000 

0 .. 000 

14.159 

0.492 

0.091 

0.005 

0.001 

0.005 

0.001 

0.000 

0.004 

0.002 

0.000 

0.000 

12.:312 

0.0 

0.428 

COST OF OPERATION BV PLANT TYPE 

MILLIONS OF 18SQ DOLLARS 

1890 

0.0 

0.0 

0.0 

45.441 

0.0 

9.533 

0.0 

23.359 

24.381 

18.203 

12.218 

11.250 

1991 

0.0 

270.940 

0.0 

0.0 

0.0 

65.19S 

0,,0 

!Si.HS 

0.0 

22.848 

23.527 

11.742 

13.244 

H.922 

1992 

0.0 

0.0 

302.511 

0.0 

0.0 

0.0 

62.363 

0.0 

8.722 

0.0 

18.832 

20.882 

14.302 

10.528 

£1) .. 880 
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1993 

0.0 

0.0 

329.524 

0.0 -

0,,0 

0.0 

58.652 

0.0 

8.343 

0.0 

17.237 

19.012 

11.085 

8.5U; 

7.924 

0.093 

0.005 

0.008 

0.004 

0.001 

0.000 

0.004 

0.002 

0.000 

01.0010 

101.706 

0.0 

0.312 

0.0 

0.0 

331.190 

0.0 

0.0 

0.0 

78.078 

0.0 

7.980 

0.0 

15.163 

lS.52! 

10.189 

7.195 

1.451 

1887 

0.119 

0.011 

0.014 

0.009 

0.003 

0.001 

0.0108 

0.0105 

0.001 

0.002 

8.310 

0.0 

0.324 

PAGE 4 

lS9a 

o.oao 

0.008 

O.(HO 

0.008 

0.002 

0.001 

~.oos 

00004-

0.001 

OeO!)2 

8e095 

OaO 

0$2B1 

lSS5 TOTAL 

0.0 O@O 

0.0 o~e 

320.521 2980.349 

0.0 0.10 

0.0 0.0 

0.0 0.0 

80.951 1145.389 

0.0 0.0 

'P--i33 92.529 

0.0 0.0 

15.878 448.979 

16.526 456.192 

11.937 398.595 

9.135 280$195 

5.495 252.049 



PLANT TYPE 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

PLANT TYPE 

TOTAL 

19B9 

11.667 

12. H33 

24.914 

9.712 

6.309 

8.135 

6.654 

4.963 

5.991 

7.640 

4.132 

2.954 

2.672 

1.534 

1989 

0.364' 

0.092 

0.082 

0.058 

0.027 

0.012 

0.059 

0.044 

0.012 

0.024 

1.039 

0.0 

0.245 

ceST OF OPERATION BY PLANT TYPE 

~ILLIONS OF 1980 DOLLARS 

1990 

8.203 

8.633 

21.330 

7.643 

4.861 

8.404 

:5.209 

5.B9 

3.904 

4.443 

5.404 

2.933 

2.214 

2.049 

1.087 

1991 

9.550 

9.872: 

20.569 

8.092 

5.561 

6.384 

5.830 

5.150 

4.012 

4.928 

6.115 

3.583 

2.587 

2.408 

1.300 

1992 

7.676 

8.233 

17.561 

6.618 

4.307 

5.422 

4.367 

3.477 

3.768 

5.158 

2.175 

I 2.136 

1.964 

1.130 

1993 

6.539 

8.759 

15.495 

5.420 

3.580 

4.367 

3.561 

3.334 

2.186 

2.977 

3.925 

2.185 

1.685 

1.498 

0.892 

COST OF OPERATION BY PLANT TYPE 

MILLIONS OF 1990 DOLLARS 

1980 

0.306 

0.076 

0.015 

0.053 

0.026 

0.012 

0.054 

0.042 

0.012 

0.024 

6.121 

0.0 

0.213 

525.399 

19S1 

0.497, 

0.154 

0.147 

0.101 

OQ060 

0.030 

0.106 

0.090 

0.031 

0.055 

5.323 

0.0 

0.185 

1992 

0.447 i· 

0.149 

0.142 

0.104 

0.061 

0.031 

0.104 

0.089' 

0.032 

0.056 

4.829 

0.0 

O.H31 

533.978 

298 

1993 

0.382 

0.127 

0.130 

0.088 

0.053 

0.028 

0.089 

0.019 

0.030 

0.050 

4.025 

0.0 

0.1.40 

530.624 

1894 

5.S68 

8.047 

14.384 

5.017 

3.473 

3.953 

3.470 

3.070 

2.514 

2.879 

3.707 

2.137 

1.699 

1.449 

0.902 

1984 

0.451 

0.164 

0.170 

0.U5 

0.072 

0.040 

0.114 

0.105 

0.042 

0.010 

3.500 

0.0 

0.122 

PAGE 5' 

HiSS 

1.358 

7.171 

14.814 

6.048 

4.372 

4.794 

4.527 

3.891 

3.273 

3.121 

4.690 

2.688 

2.383 

2.085 

1.289 

PAGE S 

1985 

,0.174 

0.334 

0.338 

0.242 

0.158 

0.089 

0.228 

0.220 

0.091 

0.154 

3.043 

0.0 

0.108 

559.175 

TOTAL 

188.446 

212.077 

418.375 

U14.424 

104.156 

139.783 

118.259 

115.526 

82.015 

102.785 

128.666 

72.823 

50.684 

47.499 

24.738 

TOTAL 

4.265 

10134 

1.153 

0.811 

0.485 

0.244 

0.790 

0.685 

0.258 

0.439 

144.804-

0.0 , 

5.032 

IU83.738 



CONSTRUCTION COSTSojJo BY PLANT TVPE 

MILl_IONS OF 1980 DOLLARS 

PLANT TVPE :tgel lS82 11:1183 1984 198:5 19S5 UliS7 

OuO 0.0 71.784 OeO 53.511 45.737 OwO 

2 O~O 0$0 0.0 4.045 OaO 10.0 10.0 

3 123.9S5 108.S58 0.0 1:J2.142 0.0 0.0 51.028 

TOTAL 123.965 109.558 71.784 BS.1S7 53.511 45.737 51.028 

~PLANT COSTS ARE GIVEN AS THE TOTAL ~ORTH OF THE PLANT AS IT COMES ON LINE LESS THE 

SALVAGE VALUE AT THE END OF THE STUDY PERIOD. IF THE FIXED CHARGE RATE OPTION IS USED. 

CONSTRUCTION COSTS REPRESENT THE FIXED CHARGES FOR EACH PLANT. 

CONSTRUCtiON COSTS" BV PLANT TYPE PAGE 2: 

9'1ILI..UlNS OF lSBO DOLLARS 

PLANT TYPE lS8S U~90 t991 1992 1993 1994 1995 

0.0 0.0 250059 0.0 0.0 9.302 3.8S9 

:2 0.0 0 .. 0 0.0 0.0 0.0 0.0 0.0 

:3 10.001 56.354 0.0 33.135 23.338 1.30e 0.0 

TOTAL 10.007 56.354 25.<)59 33.135 23.338 15.608 3.BS8 

~PlAN1' COSTS ARE GIVEN AS TH~ TOTAL WORTH OF THE PLANT AS XT COMES ON LINE LESS THE 

SALVAGE VALUE AT THE END OF THE STUDY PERIOD. !F THE FIXED CHARGE RATE OPTION 16 USED. 

CONSTRUCTION COSTS REPRESENT THE FIXED CHARGES FOR EACH PLANT; 

IF YOU WANT TO STOP THE MAIN ITERATIDNS (SENSITIVITV ANALVSIS). TYPE 1 
VOU DESIRE TD CONTINUE. TYPE 0 

299 

PAGE 

1995 

0.0 

0.0 

95.194 

95.Hl4 

TOTAL 

209.351 

4.045 

841. 127 

953.524 



HEGINNING OF FINAN MODULE 

'dlI;) 1 TEF:nT ION I NCU.JDES 2 UNI T TYPES. 
fHEY HAVE THE FOLLOWING UNIT CODE NUMBERS: 

1'.:' 
~J 

OPTIMnL SOLUTIONS ARE AVAILABLE FROM DYNO OUTPUT FILE. 

COMPUTATIONS TO BEGIN FOR SOLUTION 1 
IF YOU WANT TO STOP ENTER 1 

o 

.iNF'UT ~:;E!3~)JUi·.1 FCm TilE FIUAf·ICIAL MODUL.E OF CEF\ES BEGINS. 
3 SETS OF DATA SHOULD BE ON FILE. 

OTHrRWISE ENTER THEM. 

I. H E G J ( J N I N CJ ~) til. U [: ~; Cl F FIN A r·) C I A L. II A T A 
:.:~ ·r'I:::~,;r,:l.. '( F I NPd~C 1 (IL [r(.YT' f.l 
.3 r::[:TII?r::r-'IFj\~'r ~:;C~I··IEnl.J1. .. EE OF SH()F~T A~~I' L(]NL' TEF\M I)l:::BT 
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THE DATA TO BE ENTERED ARE LISTED BELOW 

BEGINNING VALUES OF FINANCIAL DATA 

01 BEGINNING GROSS PLANT IN SERVICE (MILLION DOLLARS) 
02 BEGINNING ACCUM BOOK DEPR (MILLION DOLLARS) 
03 BEGINNING ACCUM TAX OEPR (MILLION DOLLARS) 
c)4 BEGINNING ACCUM CWIP SCHD PLANTS (MILLION DOLLARS) 
05 BEGINNING OUTSlND S TERM DEBT (MILLION DOLLARS) 
06 BEGINNING OUTSTND L TERM DEBT (MILLION DOLLARS) 
07 BEGINNING INTEREST CHARGES ON S TERM DEBT (MILLION DOLLARS) 
08 BEGINNING INTEREST CHARGES ON L TERM DEBT (MILLION ~OLLARS) 
09 BEGINNING S TERM DEBT RETIREMENT (MI~LION DOLLARS) 
10 BEGINNING L TERM DEBT RETIREMENT (MILLION DOLLARS) 
11 BEGINNING OUTSTND COM STOCK (MILLION DOLLARS) 
12 B[GINNING OUTSTND PR STOCK (MILLION DOLLARS) 
L3 BEGINNING_RET EARNINGS (MILLION DOLLARS~ 
14 BEGINNING AFUDC IN CWIP ACCT (MILLION DOLLARS) 
L5 BEGINNING ACCUM TAX DEFER (MILLION DOLLARS) 
1b BEGINNING ACCUM INV TAX CR (MILLION DOLLARS 
17 BEGINNING AFUDC IN PLANT INS ACCT (MILLI~N 

YEARLY FINANCIAL DATA 

01 GROSS SCHEDULED PLANTS IN SERVICE~(MILLION DOLLARS) 
02 BOUK DEPRECIATION OF SCHEDULED PLANTS (MILLION DOLLARS) 
03 TAX DEPRECIATION OF SCHEDULED PLANTS (MILLION DOLLARS) 
04 TOTAL CONSTR EXPENDITURE FOR SCHD PLANTS (MILLION DOLLARS) 
05 SHORT TERM DEBT (PERCENT OF NEW CAPITAL) 
06 UPPER LIMIT ON SHORT TERM DEBT (MILLION DOLLARS) 
07 LONG TERM DEBT (PERCENT OF NEW CAPITAL) 
08 UPPER LIMIT ON LONG TERM DEBT (MILLION DOLLARS) 
0Y CUliMON STOCK (PERCENT OF NEW CAPITAL) 
10 UPPER LIMIT ON COMMON STOCK (MILLION DOLLARS) 
11 PREFERRED STOCK (PERCENT OF NEW CAPITAL) 
12 UPPER LIMIT ON PREFERRED STOCK (MILLION DOLLARS) 
13 INTEREST RATE ON SHORT TERM DEBT <PERCENT) 
14 INTEREST RATE ON LONG TERM DEBT (PERCENT) 
15 PREFERRED DIVIDEND RATE (PERCENT) 
16 DIVIDEND PAYOUT RATIO (PERCENT) 
17 FEDERAL INCOME TAX RATE (PERCENT) 
18 STATE' INCOME TAX RATE (PERCENT) 
19 OPLR REVENUE TAX RATE (PERCENT) 
20 PROPERTY TAX RATE (PERCENT) 
2 fNVESTMENT TAX CREDIT RATE ~PERCENT) 
~2 PERCLNl OF CONSTR EXPND ELIGIBLE FOR INV TAX CR . 
23 PERCENT OF CWIP ALLOWED IN RATEBASE 
24 AFUDC RATE (PERCENT) 
25 ALLOWED RATE OF RETURN ON RATEBASE (PERCENT) 
26 AFune FOR seHD PLANTS IN SERVICE (MILLIOON DOLLARS) 
27 RATIO OF CURRENT YR WK CAPTL/PREV YR OP REV (FRACTION) 
28 AMOUNT OF BEGINNING DEBT TO BE REFUNDED (MILLION DOLLARS) 

RET SCHEDULES FOR SHORT AND LONG TERM DEBT 

1 YEAR OF MATURITY FOR DEBT ISSUED" IN EACH YEAR 
2 PERCENT TO BE RETIRED EACH YEAR FOR EACH DEBT ISSUE 
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DU YOU HAVE A FILE ALREADY FOR FINANCIAL DATA? 
[11 TTJ~ YES OF~ NO. 

ENTfR CONSTRUCTION TIME IN-~EARS (2 DIGITS) 
:'uh: 1:'-' ~;HWLE UNIT tHTH UNIT CODE 3 

'tHE TOTAL CONSTRUCTION COST FOR PLANT 3 IS 264.000 MILLION DOLLARS. 
filE CDN!HfWCTION TIi1E If:; 5 YEI~F~S. 

LNIER CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) 
DI.,Ih:li\!(J EI~CH YEAr.: OF CONSTf.:UCTION. 

CO~STRUCTION EXPENDITURE (MILLIONS O~ DOLLARS) FOR YEAR 11 
"~""'-- .. -----
Y),O 

C()tI~:nTWCTION EXPENDITURE (MILLIONS OF DOLLAI:;;S) FOR YEAR 21 
_ .. _._-. -----

CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 31 
---.. ~., ---_ .. _-
~50. 0 

C6NSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 41 
_ .. _-_ ...... -----
50.0 

CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 51 
.-. __ .. -. -----
~:j() • 0 

DO 'YOU t,.U\\NT TO f~EINPUT CONSTRUCTION EXPENDITpf\E DATA 
JUST ENTERRED rOR UNIT CODE 3 1 • 
ENT[F~ \(E~:) OH NO. 
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ENTER CONSTRUCTION TIME IN YEARS (2 DIGITS) 
FUR A SINGLE UNIT WITH UNIT CODE 5 . 

( ) ~.::i 

IHE TOTAL CONSTRUCTION COST FOR PLANT S IS 48.000 MILLION DOLLARS. 
[HE CONSTRUCTION TIME IS 5 YEARS. 
ENTER CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) 
(IUF:H·IG E(~CH YEAR OF CONSTRUCTION. 

CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 11 
., ....... --~ II- -----

[ONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 21 
._--_._- 4> -.-----

10.0 

CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS' FOR YEAR 31 
•. - •••• _ •• _. i!' --- ..... -

CONSTRuciION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR 41 
.... _ .. _ .. - + -----

:to,o 

CONSTRUCTION EXPENDITURE (MILLIONS OF DOLLARS) FOR YEAR S1 
- .. - •• - •• - (r -.----

U,O 

DO YOU WANT TO REINPUT CONSTRUCTION EXPENDITURE DATA
JUST ENTERRED FOR UNIT CODE 5?· 
ENTER YES OR NO. 

no 

ENTER YES IF YOU WANT TO CHANGE, 
(\NY Cm·-lSTI:;:UCTION EXF'ENDITUF~E DAif~' 
FOR EXPANSION UNITS. 



ANY CHANGES IN FINANCIAL DATA? 
unEf.: YES OF.: NO. 

EliTU:;: :l TO CHANGE BEGINNING VALUE~) OF DATA. 
I i·)TFJ;: --2 -l:.£.l ..... CI··lt .. NGE YEAF;:L Y F I NANG--IAL· D(1T~I. 
lNTER 3 TO CHANGE DEBT RETIREMENT SCHEDULES. 
ENTER 4 TO CHANGE CONSTRUCTION EXPENDITURE 
DATA OF EXPANSION UNITS • 

. ENfER 5 TO REINPUT ALL OF THE ABOVE DATA. 

DO YOU WANT TO CHANGE ALL THE BEGINNING DATA? 
ENTU';: YES OR NO. 
? 

n 

WHICH DATA ~OU WANT TO CHANGE? 
ENfER 2 DIGIT DATA CODE.FOR HELP, ENTER 99. 

79 
01 BEGINNING 
02 BEGINNING 
03 BEGINNING 
04 BEGINNING 
05 BEGINNING 
06 F:.EF;INNING 
D? BEGINNING 
08 Di:~D I NN 1",·10 
() ~~ f:.[GINNING 
10 BEGINI'·!ING 
l.l Bf:::GINNIf-ll'J 
12 flEGINNING 
:1.3 DLGINNING 
14 I-!.ECINNIUG 
15 BFDINNING 
16 £~EG I j'·lN I p·lG 
1/ BEGINNING 

GROSS PLANT IN SERVICE (MILLION DOLLARS) 
ACCUM BOOK DEPR (MILLION DOLLARS) 
ACCUM TAX DEPR (MILLION DOLLARS) 
ACCUM CWIP SCHD PLANTS (MILLION DOLLARS) 
OUTSTND S TERM DEBT (MILLION DOLLARS) 
OUTSTND L TERM DEBT (MILLION DOLLARS) 
INTEREST CHI!iRGES ON S TEF<11 DEBT. 01IL.LION D()LLAj=~S) 

INTEREST CHARGES ON L TERM DEBT (MILLION DOLLARS) 
S TERM DEBT RETIREMENT (MILLION DOLLARS) 
L TERM DEBT RETIREMENT (MILLION DOLLARS) 
OUTSTND COM STOCK (MILLION DOLLARS) 
QUTSTND PR STOCK (MILLION DOLLARS) 
RET EARNINGS (MILLION DOLLARS) 
AFlI:OC IN Cl"JI p {ieCT (M ILL I ON D()Ll.lf.jr~S) 
ACCUM TAX DEFER (MILLION DOLLARS) 
ACCUM INV TAX CR (MILLION DOLLARS) 
AFUDC IN PLANT INS ACCT (MILLION DOl.LARS) 
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['JHICH DATA YOU WANT TO CHANGE? 
ENTER 2 DIGIT DATA CODE.FOR HELP,ENTER 99. 

1.7 
BEGINNING AFUDC IN PLANT IN SERVICE ACCOUNt (MILLION DOLLARS)? 
PREVIOUS VALUE= 100.0000 
-----.----
9;). () 

ANY MORE CHANGES IN DATA? 
ENTER YEt) em i'!D. 

nO 

ANY CHANGES IN FINANCIAL DATA? 
[irrEf{ YES .01:;': NO. 

<.:! 

[rEn: 1 TO CI-lANGE BEGINNING VALUES OF DATA. 
ENTER 2 Trr CHANGE YEARLY FINANCIAL DATA. 
ENTER 3 TO CHANGE DEBT RETIREMENT SCHEDULES. 
ENTER 4 TO CHANGE CONSTRUCTION EXPENDITURE 
DATA OF EXPANSION UNITS. 
ENTER 5 TO REINPUT ALL OF THE ABOVE DATA. 
? 
2 

ENTER 1 TO REINPUT ALL DATA FOR ALL YEARS. 
ENTER 2 TO CHANGE DATA FOR A SINGLE YEAR. 
2 

ENTEH YE~if\ (4 DIGITS) OF DATA CH.ANOE 

1985 

I> 

DO YOU WANT TO CHANGE ALL THE DATA FOR YEAR 1985? 
ENTeR YES OR NO. 
? 
n 
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WHICH DATA YOU WANT TO CHANGE? 
ENfER 2 DIGIT DATA CODE.FOR HELP,ENTER 99. 

01 GROSS SCHEDULED PLANTS IN SERVICE (MILLION DOLLARS) _ 
02 BOOK DEPRECIATION OF SCHEDULED PLANTS (MILLION DOLLARS) 
03 TAX DEPRECIATION OF SCHEDULED PLANTS (MILLION DOLLARS) 
04 TOTAL CONSTR EXPENDITURE FOR SCHD PLANTS (MILLION DOLLARS) . 
05 sHorn "iT};:i"i DEBT (PEJ;:CENT OF NEW CM:'ITAL) 
06 UPPER lIMIT ON SHORT TERM DEBT (MILLION DOLLARS) 
07 LONG TERM DEBT (PERCENT OF ~E~ CAPITAL) 
08 UPPCR LIMIT ON LONG TERM DEBT (MIL~ION DOLLARS) 
:} ') C()l''ll\',()(~ bloCI, (F'Er::CENT ()f:' NEbJ C~f.1P I TAl ... ) 
.t ,) I...IPF'Fh: L.lr:iIl ON C()i1i~")()N ~)T()CI\ (11It_L_ION fiOLLARS) 
~J PREFERRED STOCK (PERCENT OF NEW CAPITAL) 
1~ UPPER L.IMIT ON PREFERRED STOCK (MILLION DOLLARS) 
" ~: i !TEF;:L:~; r r::I'IIE Cli·! ~;HDFn T[J~i'j DEBT (PEF<C[NT) .. 
14 I i'JTFF;:E~;l F(AT[ ON LONG TEf\M DEBT (PERCENT) 
15 PREFERRED DIVIDEND RATE (PERCENT) 
1~ DIVIDEND PAYOUT RATIO (PERCENT) 
J.? F 1:::.oL F: 1::1 I.. '[ i'fCOiwiE T(.IX h:ATE (PEf;:CENT) 
1J STATl INCOME TAX RATECP[RCENT) 
19 OPER REVENUE TAX RAT[ (PERCENT) 
20 PROPERTY TAX RATE (PERCENT) 
21 INVESTMENT TAX CREDIT RATE (PERCENT) 
22 PERCENT OF CONSTR EXPND ELIGIBLE FOR INV TAX CR 
'::.:3 PEr::CEdT OF CvHP I~U .. DWED IN RATEB(.I~)E 
~~ AFUDC RATE (PERCENT) 
25 ALLOWED RATE OF RETURN ON RATEBASE <PERCENT) 
26 AFUDC FOR SCHD PLANTS IN SERVICE (MILLIOON DOLLARS) 
27 RATIO OF CURR[NT YR WK CAPTL/PREV YR OP REV (FRACTION) 
'2B r'H1OUNT OF 13EGINNING DEBT TO BE REFUNDED (MILLION DOLLrd::':S) 

WHICH DATA YUU WANT TO CHANGE? 
ENTER 2 DIGIT DATA CODE.FOR HELP,ENTER 99. 

14 
INTEREST RATE ON lONG TERM DEBT (~ERCENT)? 

8.0(JOO 
.. - .... _ .......... ? ......... _ .. -

,/, '.:j 
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ANY MORE CHANGES IN FINANCIAL DATA FOR 1985 
ENTE:r:: YE~:) Of< NO. 

n 

uo YOU WANT TO CHANGE. ANY. YEARLY FINANCIAL'DATA? 
F~nEF~ YES or.: NO. 

I~;IIY CHANGES IN FIN(.\NCIAL DATA~? 

i:::rrrEF: YE~) em NO. 

1\; Y iiur~ Il·!F'UT F I L.E FOR F IN(.\NC IAL pATA COMPLETE? 
EI11[F~ YES or.: NO. 

Ll!£i OF H·lF'UT PFWCEDUHE. INPUT. .DATA _STOI~ED_ON -UN1T -i8.-

ENTER ACCOUNTING METHOD ~OR TREATING DEFERRED TAXES 
1 : NORMALIZED ACCOUNTING 
o : FLOW THROUGH ACCOUNTING 

ENTER 1 IF AFUDC SHOUL~ BE TREATED AS INCOME 
ENTER 0 OTHERWISE 

ACCELERATED DEPRECIATION METHOD FOR TAX PURPOSES? 

ENTER ACCORDING TO THE FOLLOWING. 
~: SUM OF YEARS DIGITS 
3: DOUBLE DECLINING 
.3 

307 



w 
o 
00 

DECEM[lEf~ ;'51 

;:~ ~:; ~:; E T ~;; 

GI;: V'L (lilT 1. nn (1: f~lCL AFUDC) 
.. I'lL CUi1 l!FF'r;:LC I (.) T 1 DN 
(·IE T r't tlllT 1.)(iLUE: 
+Cl'JIF' 
NET UTILITY PLANT 
i·IF T l\lor;:I:: I ilG C(IF' I TI')L 

r u r (I L tl ~; E; E T f) 

LI(Ir:IL.I"f"lE~; 

LlklilUf! ~:) rUCI, 
+ REfAINED EARNINGS 
'C'DT (II.. CUiii-1CJfl LUU 1 T"( 
-:- r-r;:FF"CF:r;.:L:LI bluel·:; 
+ L.CHIG H::F:(j Dc.cn 
T U T j::·11... C tl r:' 1 T (I L 
+. ~:;I'lnr\T TEr;:11 DEBT 
i DEFERRFLI INCOME TAXEn 

T () T (I L L. I (:IU r L T T "I I: ~:; 

XYZ ELECTRIC COMPANY 
BALANCE SHEET 

MILLIONS OF CONSTANT DOLLARS 

1901 19D2 19D3 :I. <'04 

19:::i2.20 2~~:l.6. ::.~B 2400.20 2"797.0tl 
1ll.DO :l.B2.40 261.Bl 3~'il.. 6l 

:lB40.48 203:'1. BD ?2:1.El.4? 2445.4"7 
9::.:.iO. ;3:1. :I. () ~) D • ~.'iO 1. J B(? O(? 1266.413 

2"7(?O. "79 3092. ~m . ~~4()7. ~:;6 371:1 .• (jl5 
3"71.69 173.66 L"54.~:;4 140.22 

316:~.4n 32{.,6. ()4 3·~:i42.:I. :I. :m:::;2.17 

110~:;'b7 :I.10::.:j.6"7 1.1"12.06 :1.249.43 
364.6(; ·43:1..3!::; :::.iO:l • n::.:j ~)?~:;. 94 

1470.36 :1.::';3/.0:1. 16/3.<1'2 :I. B:.:~~:;. :3l 
21:3. ~~:I. ~.~:I.:3 • ::.~:I. 2:?1 • ~'.i1 231.:1.13 

:l132.0B 1.:1.3~.~.OB 1.::1.:1.:::; .on L:H:l."7(J 
2B:l::'.i.6!:j ~.~nEl2. 30 31:l.().~:j:l :3360. :34 

163.21 :t. 63. ~.~:I. :1.7:1 .::):1. lOl.tD 
:1.03.62 220 t !:~i:? 260.()i"i 30::.!.6:5 

3:1.62.40 3266.04 3 ~::,:L") , 1 () 3\:1::.:;:,:).:1 ? 

:1.98:5 19B6 1907 1.900 

3Jl3.nn ;'5430.68 3"747.48 41,1"7.0"7 
4::.:i1,.01 562.4:1. 603.41 0:1.6.41 

~.~b62. 01' ::~B6B. 27 JOf.l4. Of.> ~53()(). 66 
1.:·:~6::). 47 1.~.~:l.O.O6 1"702.0~) :l.n::.'j9.04 
4027.~;4 43"1f.l.32 4766.11 :5:1::.;9. "70 

196.:1.9 1.~:)::.). 32 1:::;8. ~.:i2 :1.64.97 

4l73.73 4::.:;30.64 . 4924 ;63 5324.66 

:1.328.9/ 14::!.().4El l~:;24.8? :L62/j.43 
l;~:.;3, 76 /;'5:::;.20 El~.)O.4(? (1'09.0:1 

1. <?U2. /3 ::.~ :I. ::.'j ::.:j • "7 !::; 234~:i. 36 2 ~:.; :-5 <? f :~ ~:s 

24:1. • :I.~.~ ~~ ~:s :::.~ t ~::; 6 2b:5.61 2/f:l.60 
1411.21 1. ::)2::.). bO l. 6:~i6. 09 1.706.79 
:·~t.)3::5. 06 39:5::;.9t 4267.06 4C)04. "11 

1.<.ill.12 ::~ 0 ~\:.~ ~ ~::j 6 21~"'i.61 22B.6B 
347. ~)::.:j 3 Ci4.:l.B 44:1. • <76 491. ::.!? 

4:1 /:.·S, ?:.~ 4 ~:.:.; :.~ 0 " (i ··-1 4')'":)/1, .. i,·'), ~::; :.~ .:~ -4 " l-, /. 



w 
o 
1..0 

DECEnBEr~ ;31 

(:I')~:;Er~; 

GR PLANT INS CINCL AFUDC) 
.... ACCU(i DLPr;:LClr-'!TIOr-.! 
HET F'LfliH ~,1(H.,UE 

+CWJF' 
ilEY UTILITY PLANT 
NET WORKING CAPITAL 

Turf'lL Af~SETS 

LltlI-.lILITlE::; 

t;UI-il'iCJN SlOC" 
+.RETAINED EARNINGS 
TOTAL CUMMON EQUITY 
+ F'REFERRED STOCK 
+ 1..(Jl!G TEF:;·, [I[1.-:T 
TUT {II., C{:IF'I T ()L 
+ SHORT TERM DEBT 
+ DEFERRED INCOME TAXES 

TOl tiL I. .. I (In I I .. I TIES 

XYZ ~LECTRIC COMPANY 
BALANCE SHEET 

MILLIONS OF CONSTANT DOLLARS 

1989 1990 1.9(H 19(;>2 

,I 

4433.8'7 4856.27 ::';384.27 ~591.2.27 

9~:j9 .02 1116.82 :1.29:1..42 14i.B.62 
3474.06 :~739. 46 409::'.0:'5 442a.6~'j 

~,!031. 03 2()12.6~5 17~',i:5 • 132 1349.6l 
!:'i~'j()5. 09 ::';'752.013 ~W48.67 !::i'l78.25 

1'71.23 17'7.30 232.20 4~'j6. 24 

~=;676.31 5929. ~3B 60BO.8l 6234.49 

:l.713.~j3 :1.756.39 1'7:':i6.3(» 17:','.i6 • ~~9 
1()():I..B9 10(;>7.1:',:j :t.:I.(J~.'.i.()4 :1.~~(»3.0? 

2'71.5.42 2B:53.54 2 (I ::)1, ,<1:3 3049.46 
2B9.19 2(»4.5:5 2(74. :','i::.'; 294.5!5 

Hl9:1. .92 l. 94~'i ~ 4tl :I. 94!,';, -1B 1 '74:::i. 413 
4D96. ~.'i3 ::';093. ::)'7 51.9:1..46 :52D9.49 

239.1.9 244 .~'j:::; ~~44. !::i!~i ,244.5:5 
540.59 591.26' 644. D~,'i 7()().4:5 

5676.30 5929.3'7 60BO.El6 6234.4B 

19(»3 1994 :1.995 

6:'534.67 6440.27 6440.2'7 
16139.4~~ 113913.43 2107.43 
464~~5 t 25 4~.'i4l.85 4332.04 
105'7.~W 104'7.70 104'7.'70 
5702. ~.)4 5~'i89. 55 5380.54 

'79B.21 1.:1.47. ~'iO 14BO.22 

6~:;()0. l:5 67~~7. 05 6B60.76 . 

17:56.39 :tn:i6.39 l7~'j6. 39 
1390.72 1483.92 1.:369.44 
3147.11, 3240.3l ~~ 3 ::,~ :',:i • 8 3 

294. :::;:5 ~.~(74 t 5~) 294.55 
1 (;>-4~.). 48 :1.(?4~5.4B 194::.:i.413 
530l.14 ~'i4BO. 34 ~'i!:,'i6~). [16 

244,.!:-i:::i 244.5:','i 24-4.55 
7:54.96 B02.06 B40.25 
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IN 
f--! 
o 

ltECEhBEf( 31 

D~'LI-:I)T I NG I:;:E\)[NUES 
.. OPLF: (iND MAINT COf:ITtl 
.... FUEL COUT!:; 

TOTAL OPERATING EXPENSES 

. - ft E I' r~ Eel fl T J U N 
.. DF'LI:': r;:E~) T (IX 
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OPERATING INCOME 
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INCOME BEFURE INTEREST 
.... ItHF:::;T ON SI·ICH(f H::r;;H DEBT 

INTRST ON LONG TERM DEBT 

(l[ T 1 NCDf'lE 

- PREFERRED DIVIDENDS 
EARNINGS AVAIL TO COMMON 

.. - C CI j.j i" i U r! It 11.) I fI L N D ~3 
I::(T (lli·IF Ii F (IF::N:I. HD~:; 

XYZ ELECTRIC COMPANY 
INC()11F ST(lTE~IENT 

MILLIONS OF CONSTANT DOLLARS 

1901 198~!' 1. (jlD3 1904 

1263.20 12f:lO.73 1.~522.69 J36?30 
22.6f.l 19.7B :1."7.26 :I.:'.'i.OO 

::.)94.72 !:i6B.84 ~)!:.)t:l. OB ~:j :5:~ • 4 ~.:; 

6l7.:3<';> 580.62 :'.")74. :1.4 ~:i47. 53 

6l..BO 70.60 7 e/.40 09.BO 
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(,64.73 952.4:3 ',6::-;. ~!.B (,7:::i.B4 
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!:)l6.03 :~iOD. 60 503.00 ~)Ol.91 
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XYZ ELECTRIC COMPANY 
GUl.mCEG td,m U!:;EG UI: FUNDB 

MILLIONS Of CONSTANT DOLLARS 
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324.77 334.61 354.68 373.53' 
61.80 70.60 79.40 89.80 
33.62 36.90 39.57 42.56 
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105.67 0.0 66.40 77.37 
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INTEREST COVERAGE RATIO 

XV? ELECTRIC COMPANY 
r~ 1A.j T I (J A N til .. Y GIS 

1901 19~n 

0.41 0.40 

0.77 0.74 

U .• ~51. 7.3::'i 
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1(?B9 . 1990 
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0.71 0.70 

3.02 :~. 71 
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~~. 60 
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