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EXECUTIVE SUMMARY

The Capacity Expansion and Reliability Evaluation System (CERES) i
a wodular program developed at The National Regulatory Research Institu
at The Chic State University to find the economically optimum generatin
expansion plan for an electric utility with various constraints.
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CERES is an entively new program and has been developed to overcome
the difficulties with the existing programs of the same kind. CERES has
the following advantages: (1} the entire code is operated interactively
with the user on a time sharing terminal, (2) input preparation and
operation of the code are significantly easier than previously available
codes, {(3) computing time is much shorter, and (4) the accounting proce-

dure adopted in the code is more suitable for analyzing investor—owned
electric utilities.

Easy input preparation and code operation are achieved by (1) care-
fully designed input procedures for a time-sharing terminal, (2) proce-
dures for easily updating data sets while rumning the program, and (3) an
automatic iterative procedure to find the optimum solution. Higher
accuracy and significantly shorter computing time are achieved by the use
of two different numerical algorithms to simulate electric generating
system operations. Two optional accounting systems are available in
CERES: one 1s based on the salvage value of the plants; the other is
based on the annualized fixed chavge rate. The financial analysis
capability of CERES allows the user to evaluate with a minimal effort the

effect of the optimized expansion plamning on the financial condition of
the utility.
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INTRODUCTION

The Capacity Expansion and Reliability Evaluation System (CERES) is
a computer program for analyzing electric power generating systems
including hydroelectric units and pump storage units. It is designed
to find the economically optimum generating expansion plan for an
electric utility with various constraints. In the past, WASP~I and
WASP-II [1-4] were the only sophisticated programs in the public domain
used for this purpose. WASP-II has been extensively used for a number
of expansion studies at The Ohio State University [5-~8]. Through the
ugse of WASP-I as well as the effort to modify WASP-II, a need for major
changes in WASP~II became obvicus in order to make the system expansion
study easier, especlially for use by state regulatory agencies.

Rather than modifying WASP-II, however, an entirely new code,
CERES, has been developed. The CERES is to be used exactly for the same
purpose as WASP-II, but it is independent of WASP-II in its program
development 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 operation of the code are much simpler than WASP-II; (c¢) running
time is significantly reduced while accuracy is improved by adopting new
computational techniques; (d) accounting formulas used in the code are
more consistent with the traditional practices of investor—owned
electric wutilities of this country; (e) financial analyses of a
utility based on the optimum expansion plan, or even suboptimum plan,
may be performed at the user’s option; and (f) future modifications of
the code will be easier than for WASP-II.

The basic features of CERES are described in the remainder of this
report. The details of technical aspects are given in several
appendices. The operational procedure of the program is described in a

separate report, CERES Operational Procedure.






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 functionm 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 comsideration in
evaluating the total cost.

The addition and retirement of generating units are assumed to
occur only once a yvear. Lf 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 solutiom.

Suppose the generating gnits for a year are all specified. Each
vear 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



using the probabilistic simulation technique. The effects of mainte-
nance shutdown and forced outage of generating units are incorporated
in the probabilistic simulation.

Since generating system expansion is assumed to occur only once a
year, the decision making by dynamic programming 1s done only once
a year. The system configurations in each year that do unot meet the
dynemic programming optimization path or do not meet the system
reliability requirements are rejected, and only those expansion
histories that satisfy the dynamic programming optimality and
reliability requirements are recorded. Costs of the plans are compared
if there are multiple acceptable expansion plans. The optimum expansion

plan is the one with the minimum cost among all the plans.



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 files. 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. Based on the results of the optimization, the FINAN
module performs a finmancial aﬁalysis 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.



More details of the module and submodules are explained next.

2.1 PLANT Submodule

This submodule interactively reads the following data through a
time-sharing terminal:

(1) Starting year of the expaunsion study

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

(3) Mawimum number of expansion unit types declared: if the number
declared is N, then the unit type numbers 1 through N are assigned for
expansion unlt types, and the unit type numbers N + I up to 200 are
assigned for scheduled unit types

(4) Individual plant data for thermal units include the following:

a. Upper limit and lower limit on the number of units of
each expansion unit type in each year

b. Number of units of each scheduled unit type in each year
c. Capacity of the base block in MW

d. Total capacity in MW (base block plus peak block)
e. Maintenance requirement in days/year

f. Forced ocutage rate in fraction

g. Capital cost of comstruction in $/kW

he Fuel cost for the base block in $/MWh

i. Fuel cost for the peak block in $/MWh

Jo Fixzed operating and maintenance costs in $/MW/year
k. Varisble operating and maintenance costs in §/MwWh
1. Economic life of the unit in year

(5) The data requirement for hydro generating units includes the
folliowing:

a. Upper and lower limits on the number of units
of each hydro unit type for expansion candidates

6



Number of units of each scheduled hydro unit
of type i

Base capacity in MW
Maximum rated hydro capacity in MW

Available in—-flow hydro energy in each season
in GWh

Energy storage limit‘dé.réservoir in GWh

Seasonal multipliers of base capacity and in-flow energy
Maintenance required in days/year

Forced outage rate in fraction

Capital cost of comstruction in $/KW

Fixed operating and méintenance costs in $/MW/year
Variable operating and maintenance costs in $/MWh
Economic life of the unit in year

Capital cost escalation rate in fraction

storage plant data include the following:

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

Number of units of each scheduled storage unilt in
each year

Generating capacity in MW

Energy storage limit of the reservoir in GWh
Pumping efficiency in fraction

Generating efficiency in fraction
Maintenance requirement in days/year

Forced outage rate in fraction

Capital cost of comstruction $/KW



jo Fixed operating and maintenance costs in §/MW/year
ko Variable operating and maintenance costs in §/MWh
1. Economic life of the unit

me GCapltal cost escalation rate in fraction

Items (1), (2), and (3) can be input only once when a file is
created and cannot be changed once fixed. Items (4}, (5) and (6) may be
revised during creation of a new file. Item (3) may also be revised as
often as necessary (see the flowchart in figure 2-1). The input and
revision procedure ie gulded by the computer interactively. After
running this submodule, the input data are stored in a file allocated 'to
Onit 11,

2.2 LOAD Submodule

Before runnning the LOAD submodule, the user must prepare a reference
hourly load data file allocated to Unit 20. This module then reads the

following data from the time~gharing terminal:

a. Energy multipliers for four seasons of each year

be. Load factors for four seasons of each year

The input procedure is guided by the computer with ample chance for
the user to correct and check the input data. After the user input
procedure is completed, load duration curves and cumulants [9,10] are
calculated and written in files for each season and each year (see
figure 2-2)s Three files are written when a run is completed ( Unit 21:
energy multiplier and load factors; Unit 25: load duration curves;

Unit 26: leoad cumulants). By using the same program, it is also

possible to revise the energy multipliers and lcad factors.

23 PREP Submodule

The PREP submodule performe the following functions: (a) reads and



GEANT submodule sta%})

% Yes

Do you already have a—— > Read the exsisting data file

plant data file?

No

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

E 0

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

CALYL, CREATE
Interactively read plant data: item (4)
Y -—
No
<Are any change to plant data necessary?}—-——-—>~
Yes
CALL CHANGE
Change parts of the data read by CREATE
¥ _ No
<Do you want to add plant types?>_ .
Yes
|
CALL CREATE
Read plant data of additional plant types
No
(TDo you want to print plant data?)) -
Yes
CALL LIST
Print whole or partial plant data
& No
{Are your plant data complete? ) : =l

{
Write data file

v

ég to LOAD submodul%)

Figure 2-1  PLANT submodule flowchart




(i§OAD submodule staﬁg\
o S

% Yes

Does a file of energy multiplier and load

factor exist?

Read LF and EM
from a file

Interactively read energy multiplier (EM)
and load factor (LF)

| Print EM and LF|

Yes
<_Are your EM and LF complete? -
No
Tes - .
{z;ga you want to change EM? = Interactively change parts of EM*E
e {
No

Yes -
< Do you want to change LF? s Interactively change

parts of LF|

- i

No

{wgim EM and LF in a file

No
ﬁi:Dwes a file of reference load dats exist?;>w“~4biﬂ ,

i Yes
L

%Raad the reference data file |

%ﬁalcmlate load duration curves and write in a file

)

Print statistics of the seasonal load
| .,
ECaicuE&ﬁe cumulants and write in a file |

e
END
Figure 2-2  LOAD submodule flowchart
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restructures the plant and load input data, (b) calculates plant séasonal
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 ‘

EXC. = .. - PL.
C; % EC; ; = PL; (1)

where

EC, .: the total capacity of scheduled unit of type i
in season jJ

PL. : peakload demand in season j

EXCj: excess capacity in season j

Seasonal values of EXCj in the year are compared and the season in
which EXCj becomes the maximum is found. The maintenance of the
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 1i. MORij for other seasons is set to zero. After

11



<%RE? submodule sta%})

| Read critical LOLP|

? Ye@g nzig

| Read plant and load data for year n =

Calculate geheduled units malntenance
requirement for vear n

Calculate minimum and maximum
reserve margin

SR

Decide economic loading order

Calculate plant cumulants
and minimum energy cost

Write in files the plant cumulants, minimum
and maximum veserve margin, economic loading

order, minimus energy cost, and restructured
plant data

No

H
o .5 ™, - n=ntl i
<i_ Fima; vear ! P

( DYEO @uhm@dul%j)
N

Figure 2-3  PREP submodule flowchart
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MORij for the unit type is calculated, EC; 4 in equation (1) for
that unit type is redefined, before processing the maintenance schedule

of the next unit type, by

where C, 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.

2.3.2 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—-of-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
vear. 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 CAn’ Then RMIN, is
calculated by

RMIN, = CSp + CAp - Pp (4)

where

RMINn: RMIN for year n

13



C8,: The total capacity of the scheduled units for year n

Ch,:  the total capaclty of the expansion units hypotheti~
cally added as mentloned above

P,t the annual peak of the load demand in year n

The generating system consisting of the scheduled units plus
expansion units that are provisionally added is by no means related
to the optimized generation configuration, but RMIN thus calculated
represente the lower bound for the resgerve margin of the systems that
satisfy the CLOLP criteriom. Thus, BMIN is used to exclude the
genevation configurations that do not satisfy the CLOLP criterion
without calculating LOLP.

The maximum reserve margin requirements (RMAX) are calculated using
the same procedure used for the calculation of RMIN with the following

modifications:
(a) The CLOLP is replaced by a LOLP upper bound

(b) The capacity of each added unit is assumed to be equal to the
capacity of the largest expansion plant type

{c) The forced outage rate of the scheduled units is assumed to be
equal to the largest rate of all the expansion unit types

The BMAX thus calculated serves as an upper bound for the reserve margin
of the generating system. Any configuration with a larger reserve
margin will be considered to be economically unjustifiable. It should be
noted that both BRMIN and RMAY may be overridden by the user during the

execution of the DYNO submodule.

2.3.3 Plant Cumulant File for Scheduled Plants

The plant cumulants for the scheduled units are calculated from

the plant moments (see appendix A~6). The plant moments are defined as

= - v .

14



where
v ¢ 1integer

Mijv: v=th moment of unit type i in season j
FORi: forced outage rate of unit type i

ECij: equivalent capacity of unit type 1 in season
j as defined by equation (3)

For the plants with two capacit§‘blocks, the moments for the first

capacity block are calculated by (5), by replacing Ecij with ECBij’
defined as

ECBy 4 = (1 - MOR;)CBy (6)

where
MORij ¢ maintenance cutage rate of unit type i in season j

CBi ¢ 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)

LBOC 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
CA;, CAy,...CA,. 1In 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

15



configuration consisting of real expansion units and so represents a
lower bound of the operating cost for the system satisfying the minimum
reserve margin requirement for the year. Thus, 1f the calculated annual
operating cost of an arbiltrary system is lower than LBOC, it will not
satisfy the BMIN requirement. This principle is used in the fathowming
process in the DYNO submodule.

2.4 DINO Submodule

This submodule performs the economic evaluation of the alternative
expansion plans and determines the best expansion policy for the system.
The forward dynemic programming method is used to find the expansion
plan that gives the winimom discounted cash flow of compounded capltal
and operating expenditures over the study period. The value of the
objective function (total cost), which is to be minimized through
dynamic programning, is calculated for each system configuration in each
study year. Each system configuration is designated as a "state,” and
each year is designated as a “stage."  DYNO provides the option of
sensitivity analysis whereby the user can study the effects of allowing
different expansion types, different discount rates, and different
definitions of the objective function. DYNO produces a report of the
optimum or a few of the next best suboptimum solutions at the user’s

request. A flowchart of the DYNO submodule 1s shown in figure 2-4.
2:4.,1 Obdective FPunciion

CERES has two definitions for the objective function: traditional
definition, and an alternative definition using the levelized fixed
charge rate. Either of the two options can be chosen for sensitivity

analysis at the time the program is executed.
(a) Traditional Definition

The objective function is defined as the sum of the operating costs

and capital costs for comstruction minus the salvage value of the units,

16



C DYNO start )

Read DYNO input data from files
created in PREP submodule

First study case
1TOUT=1

¥

Read the user input for ITOUT

Find the optimum solution by
dynamic programming

Read the number of solutions to be
reported

Resimulate the optimum and
suboptimum solutions requested and
print a report

No
<iMore study requested? t> ,(g; to FINAN modul%:)
Yes

| ITOUT=I1TOUT+1 |

Flgure 2-4  DYNO submodule flowchart
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both of which are discounted to a specified base year. Discount and
escalation rates are appllied to each cost component. The salvage value
considered in the objective function represents the credit given for the
unused portion of the unit life. In other wovds, it is equivalent to
the value of the generating units after depreciation. The salvage value
i8 calculated by the stralght-line-depreciation schedule. More details

are given in appendix C.
(b} Fized Charge Rate Option

The fixed charge rate (FCR) is defined as that factor, which when
multiplied by the capital cost of a facility, produces a levelized
anmual fixed charge reflecting return on Investment, taxes, insurance,
retirement depreciation, and investment credit [11}. In this option,
the objective function is the sum of (1) the present worth of the total
operating cost for all the generating units during the study period, and
(ii) the present worth of the fixed charges of all generating units that
were added to the system during the study peviod.

2.4,2 Constraints of Dynamic Programming

The coustraints imposed on the allowable genevation configurations

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

(i) User-specified constraints(input)
al LoL? < CLOLP (input)

b) Meximum reserve margin (input)

c) Maximum and minimum number of expansion units allowed
in each type (input)

(i1) Computational constraints

d) Minimum and maximum reserve margin Llimits, RMIN and RMAX

&) Tunnel constraints

ig



The total number of states (generation configurations) in a year
satisfying constraint (¢) 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 tunnels. 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

OBJ; serves as an upper bound of the objective function.

19



Suppose the DP procedure reached the year n at which the objective
function of a trajectory at state g is 033g3n° Then, for the
trajectories passing the state g, a2 lower bound for the objective
function at the final stage N may be written as

N

LB =  OBJ + § LOBCy + CC 7
il s i (7)
&, & (oot g,0
where
LBg,n ¢ the lower bound for the objective fumction at the final

stage estimated at state g In vear n

OBJg,n s the value of the objective function at state g
in year n

£
&
&
]
[

the minimum poseible operating cost of a
systen in year n that satisfles the user
constralute in stage {

[¢]
(@]
ew

g,n the minimum possible construction cost that
satiesfies the user comnstraiuts after the

addition of state g and for all remaining
stages wrl, nt2,.0., N

N : the total number of stages (years) in the study period.

LOBO is calculated in the PREP wmodule. ch a is estimated by first
calcu}ating the MW capacity that should be added in stages ntl to N in
order to reach the minimum reserve margin in the last stage (N) of the
study pericd. This MW capacity is then multiplied by the minimum
construction cost and is properly adjusted for escalation and
iscounting to base year. The state g in year n and those trajectories

that pass the state will be no longer considered if

Lﬁg,n > 0BJy, (8)
where

LB, ¢ as defined in equation (7)

OBJy : objective function upper bound (the minimum value
of the objective function of all previous tunnel
iterations).

20



2.4.4 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
solution.

(¢)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

(¢) 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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205 FINAN MODULE

The financial wodule of CERES is designed to perform financial
analyses of the optimum or suboptimum solution obtained from the DYNC
submodule. It uses as input 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 produces various financial statements, that is, the
income statement, the balance sheet, and the uses—and-socurces-of-funds
statemeuts. [t also calculates a set of financial ratios that may be used

to evaluate the projected financial condition of the utility.

2¢5.1 Input Dsta

The input data may be divided into three parts: (1) the user
specified data, {2) the data obtained from the DYNO submodule, (3) the
data obtained from PLANT submodule.

. (1) User Specified Data are the following:

a. Construction expenditures for scheduled units
b. Gross plant value of scheduled units

¢. Comstruction time for expansion unit types

d. Construction expenditure for each expansion unit type
during each year of construction

e. Interest rates for short and long debts
f. ¥ederal and state tax rates

g+ Proposed capital structure
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h. AFUDC (allowance of funds used during construction) rates
i. Upper limits on debt and equity

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

ko Ecomnomic life of each expansion plant
1. Investment tax credit-rate:

ms Accelerated depreciation method chosen for calculating income
taxes

n, Preferred dividend rate
6. Dividend payout ratio

ps Percent of comstruction 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 ocutstanding common and preferred stocks

Data from DYNO -submodule are the following:

a. The optimum and suboptimum solution specifying the
plant mix

b. Operating, maintenance and fuel costs of all units
for each yvear for a given solution

Data from PLANT submodule are the following:
a. 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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2.5.2 Calculations and Reports

The calculations performed by the financial module may be divided

into the following four parts.
(1) Rate Base Calculations

These calculations combine the gross plant in service, the book

depreciation, the CWIP, and the AFUDC,

(2) Iuncome Calculations

Once the rate base and the allowed rate of return are found, the
allowed net operating income is calculated. All the information
necessary to develop the income statement is found from income taxes,
interest charges, operating income and operating expenses and finally
operating revenues. In these calculations, the flow-through accounting
method is used (the savings realized through differences in tax and book

depreciation 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 Iinternal funds include net earnings while the
external funds are a user specified mix of common and preferred stocks,
and short-term and long-term debts. The uses include gross plant
added, the common and preferred dividends, debt retirements, and the net

increase in working capital.

(43 Ratio Analysis

Key financial rates such as debt/assets, debt/equity, assets/equity,
and the interest coverage ratio are calculated by the module. All the
ratios are related to the capital structure and leverage. The capital

structure is adjusted so that the user constraints on the maximum allowed
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new debt and equity requirements for each year are not viclated.

The FINAN module output consists of the following statements:
i) Income statement
ii) Balance sheet statement

iil) Uses~and-sources—of-fund statement

The balance sheet statement contains the utility’s assets and
liabilities in each year during the study period.
More detall of the calculations is given in sppendix 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-I1, yet has a greater accuracy with
a significantly lower computing cost. This has been made possible by
adopting new mathemarical 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
USING CUMULANTS

A-1 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<z<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"load frequency functiond The probability that

the demand x’' takes a value in x<{x'<{x+dx is written in the form
P(x<x’<x+dx) = £(x)dx (2)

The load probability and load frequency functions are schematically
illustrated in figure A~1. If the system capacity is denoted by C (MW)
and we assume there is no generating unit outage, the value L(C) is the
loss—of-load probability (LOLP), that is, the probability that the load
demand exceeds the capacity C. In figure A-1(a), LOLP is equal to the
ordinate corresponding to x=C, which in figure A-1(b) is equal to the
hatched area under the curve. |

The hatched area under the curve of L{x) in figure A-1(a) times T
is the expected amount of demand that cannot be fulfilled by the system,
and is called"unserved emnergy.'

If an additional unit with capacity G is added to C, and if this
unit is used only when ﬁhe original capacity is exceeded by the load,

then the energy generated by this additional unit is given by

C+G
ch L(X) dx (3)



L{x)

Unserved Energy
LOLP ¥

x MW C

(a) Load Probability Function

£(x)

LOLP

x MW C.

(b) Load Frequency Function

Figure A-1 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 cutage. However,
its effect may be taken into consideration by using an equivalent load
function Le(x) or the corresponding equivalent load frequency function
£.(x) = -dL,(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

Le(x) = L(x-z)

(4)
f.(x) = £(x-2)

The functions L  and f_ are called "equivalent load" and "equivalent
load frequency" 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 time.
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 t@e entire period of T becomes

fo(x) = (I-Q)f(x) + qf(x-2) (5)
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If partial ocutages of a unit can happen with different capacities, zy,

Zyyeee with probabilities, q;, q3,..., then the equivalent load
frequency function becomes

f.(x) = (1 €2§qk)f(X)-F :%qkf(x-zk) (6)

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.
Although the change of the capacity on-line due to an outage is discrete
in real systems, we assume the totai capacity on—-line is a continuocus
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"{xtdx is given by

P(x<x’<xt+dx) = g(x)dx (7)

The capacity frequency function g{(x) satisfies the normalization

condition,

C
jg g{x)dx = 1 (8)

where C 1s the total capacity of the system.
With the capacity frequency function g(x) given, the equivalent load

frequency function becomes

C
£(x) =fo £(x-y) g(C-y)dy (9)

By defining the outage frequency function as

q(y) = g(C-y) (10)
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equation (9) may also be written as

c
£.(x) = '[0 £(x~y)q(y)dy

A-4 Convolution of Units according to the Loading Order

The generating units in & system are loaded according to a "loading
order." Suppose the system consists of N units with capacities ¢y, co,
ce<C,s esCy, and the loading order is in the increasing order of mn.

Suppose the function L__, (x) represents the equivalent load function,

in which the effect of outage of units 1,2,...n-1 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

o
Py = j;n ve (yldy/e, (11)

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

A
n

E, =T p, f Ly (x)dx (12)
n~1

where A is the capacity total of units 1,2,... up to n, or
equivalently

n
Ay = = oy
k=1

and En is the energy generated by unit n. The equivalent load curve for
the next unit ntl is obtained by a convolution integral
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C
n
Ly(x) = j; Lp~1(x-y)gn(eq~y)dy (13)

or equivalently,

¢
n
L,(x) = j; Loy (ey)a, (y)dy (14)
Since q{y) = 0 for y>c,, the above equation may be rewritten as
o)
L(x) = J; Lo~ (37¥)a,(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 successlvely generated by convolving the units in
accordance with the loading order. Using the last equivalent load
function Lg(x) that includes the effect of outage of all the
generating units, the LOLP and unserved energy are calculated as
explained in sections A-l and A-2.

The successive convolution of generating units may be performed in

terms of the equivalent load frequency function as

[
£ (x) = j; £1(xy) qu(y)dy (16)

Transformation of £ (x) to L. (x) may be performed by integrating
£ (0)=-dL_(x)/dx.
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A-5 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 £ (x) or L (x) for a certain value of n
is needed, the sequence of loqdipgworder 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 £’ (x), which could be obtained by convolving units

1, 2,60 m=1, mtl,ccome Notice that fn(x) is related to f'{(x) by

cm
£,(x) =f0 £ (x-y)gy(y)dy (17)

because both fn(x) and f’(x) are not affected by the loading order.
Solving the above equation for f’ is called "deconvolution." 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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®
F(e) = f 1t (x)dx (18)
-

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

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

w o
£(x) =(1/2w) f e +EEF(t)dt (19)
-=Q0

Let us denote the n~th derivative of F(t) by (@) (). It can be shown
easily that the n~th moment is defined by

D
an = [ an(x)dx (20)
¢ ¢]

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

r(®o) = 1o a (21)

To derive equation (21), we take the n-th derivative of equation (18) and
set t=0., In the neighborhood of t=0, F(t) may be expanded in Maclaurin’s

series (Taylor expansion about t=0) as

00
L+ S e F®(0)/m!

F(e) = (22)
m=1
or using equation (21),
®
Fe) =1+ 5 o)y /m! (23)
m=]

36



Thus, the characteristic function is expressed in terms of moments of

the frequency function £(x).
Referring to the Maclaurin expansion of log(l+z), we have

log(l+z) = z/1 = 22/2 + «u. 25/k + 0(2K) (24)

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

(0]
z =F(t) -1 = E (it)mam/m! (25)

m=1

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

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

k ;
log F(t) = = k,(it)¥/v + 0(t™ (26)
v=1

In the above equation, kv are coefficients called "cumulants," and
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 ay,
Byseeed and conversely a, is a polynomial in kl, k2"°'kn

as shown next:

k, = a; = M (27
Ky = ap - a? =of

k3 = a3 = 3ajap; + 2a13

ky, = a; - 3322 - 431a3 + 1231232 - 6a14

& = K (28)
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8y = ky + klz
83 = ky + 3kiky + ki
8, = k, + 3k,> *t 4Kjkg + 6kjZky + Iyt

In the above equations, M is the mean value of x and k2 is the

variances

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
@

= - M vf(x)dx 2
uy fo (x = M) (29)

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

become

k, = M (30)

Ky = u, = o? (31)
- 2

k4 = ul‘ - 3112

k5 = US i 10‘(12113

k, = y, = 154 - 10 2 + 30u,3

6 6 284 us3 2
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A-8 Convolution and Deconvolution Using Cumulants

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

a,s and those of another frequency function q(x) are denoted by by The

convolution of £(x) is given by

o8]

ix) = f £(x - y)q(y)dy (33)

it 0}

The characteristic function of j(x) becomes

as
J(t) = f el™ j(x)dx (34)
-~

[s 0} [e's] :
[ [ o1t £(x~y)q(y)dydx
- =0

1

m 2 Y m 2
= [eltx £(x’)dx’ f et q(y)dy
- ~®
= F(e)Q(t)
Thus, referring to equation (26), we have
log J(t) = log F(t) + log Q(t) (35)
k
= > (ay, + by) @)V/v
v=1

where a and b, are cumulants of f£(x) and q(x). Denoting cumulants

@@36
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of j(x) by r, , we have

v T Dby (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

Q0

i(x) = j £(x-y)q(y)dy

e o]

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

r, and b, those of £(x) are simply

a, = r, = by (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, f(z),

which has the cumulants, 8;, may be expanded as
£(z) = N(2) - g83)(2) /31 + g,n(4)(2) /41 = gan(5)(2)/51 (38)

+ (g, + 10g,2N(8)(2)/61 - (g + 10g,g,)NT)(2)/71
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+ (g5 + 56gyg3 + 35g,2)N(8)(2)/81
- (g + Bhg,g, + 126g,g3 + 280g;>IN(9)/9!

+ (8g + 120g,g5 + 210gyg, + 126g3°

+ 2100g;%8y) N1V (2)/10t +...

where z 18 the standardized variable defined by

z = (x - M)/o

(39)
N{z} is the standard normal probability distribution
N(z) = 1/(/2m) expl-z2/2] (40)
and g, is related to the cumulants by
gy = k1+2/0'i+2 (41)
The derivatives of N(z) are given by
N (z) = D HE (2)N(z), n=0, 1, 2... (42)
where H_(z) are the Hermite polynomials. Some of the members are
Hy(z) = 1, Hj(z) =z, Hyz) =z* -1 (43)

§

HS(Z) = 23 - 3Z, HA(z) = ZA - 622 + 3

]

He(z) = z° - 102> + 15z, H(z) = 2° - 1524 + 4522 - 15

The load probability function is obtained by integrating equation (38) in
accordance with equation (3).
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APPENDIX B

PIECEWISE LINEAR POLYNOMIAL EXPANSION
OF LOAD FUNCTIONS

When expressed in terms of cumulants, an equivalent load
probability function L (x) for a large x can involve a significant
amount of relative error, particularly where Lm(x) is very close to
zero. Such ig 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,
X; = %31 T 4x, where 1 is the grid number and Ax is the interval

between two consecutive grids. Given the values Lm(xi) on all the

grid points, L (x) for x in the interval between xq and %y, is
approximated by the linear interpolation:

LG = DGy =0l () + (eex L (xqq)1/ax

Therefore, the plecewise polynomial Lm(x) for the entire range
of x is defined by specifying Lm(xi) for all the grids.

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 plecewise polynomial expansion is written as

Lm~l(xi) =1 Lm(xi) - (l’Pm)Lm-l(Xi”Cm)]/Pm

The above calculation is dome recursively in the increasing

order of 1. For x < 0, L _,(x) = 1 is used. Because Cy
is not a multiple of the interval, a piecewise linear interpolation

is used to find the value Lm_l(x—cm)e
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APPENDIX C

DYNAMIC PROGRAMMING OPTIMIZATION
OF SYSTEM EXPANSION

C-1 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 generatihg system configuration in the year n is expressed by a
state vector
}T

X

(1)

n - [ Xl,n’ Xz’n, ] @ @ Xk’n, [ @

where X 4 is the number of generating units of type k in the year n.
The control vector is defined by

= T
un"‘ [U]"n’ Uz,n, ° ° ° ]

(2)
where Uy , denotes the number of units of type k added to the system
2

at the beginning of the year n. Using %, and u,, the system

equation is defined as

Eq = Epe1 tug (3)

The state varlable x | is subject to the constraints in the form
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a8k ,n £ Xk,n £ bk,n (4)

where 4y p and bk,n are the lower and upper bounds of the number of

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 comstraints 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.” 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 impbrtant 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
appropriate tunnel for each candidate at each stage. If the solution of

the dynamic programming optimization is on the upper bound (Xk n =

$

bk,n)9 this indicates that the truly optimized X p 1Ay still be

above bk,nw Therefore, a and b are both increased. A similar
procedure is applied when X, 18 on the lower bound except that a and
b are decreased. The dynamic programming is run with the new
constraints. {If the constraints are set for a legitimate reason other
than reducing computing time, a and b are not altered.) The above
procedure is repeated until % ,n does not fall on the lower or upper
bound. There is a trade-off between the tunnel width and the number of
itevatlions 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. 1In CERES, the tunnel iteration is carried out

automatically 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

L = %(cj = Ry +03) (5)
where L is the objective function at stage n, Cy 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 Cj, Rj, and Oj are explained in the next section, The

objective function in the case of fixed charge rate is calculated

according to reference 1l.
In summary, the optimization problem is stated as follows:

Minimize L , subjecting to the system equation

a = Up * Xpoy (6)

and the constraints

m

A3
o
72N

*n,k < bn,k )

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=1 +mPQ+)™ (8)

where

m : 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

Cj=§t:QLt’j e Ilg . MWCp . Ng j (9)

where

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

t ¢ unit type

QLt s ¢ the combined present-worth and
*J  escalation factor in the year j

Ilt : capital cost per MW capacity for type t

MWCt ¢ the capacity of expansion unit of type
t, MW

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

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

Ry = Etpt,nyr St, 3 (10)

where Rj is the salvage value, a credit to objective function for all

the units added in year j; P, pyr 18 the present-worth factor at the
¥
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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 depreclation). The

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

-nyr
Peoayr = (1 + 1p) (1)
St,j = (l = Yt/Lt) Ct’j (12)
where
nyr : number of years from present-worth base
year to the end of year j
Ly : economic life of thevunits of type t in year
V¢ ¢ the number of years that the unit has
been used by the end of year t in year
i, : the discount rate for capital expenditures
C. s ¢ escalated but undiscounted construction
sJ
cost for type i in year t
The operating cost in year j is given by
0; = %QLt,j (CST, + NFCST,) (13)
where
QL j ¢ the combined present-worth and escalation factor for
H

operating expenditures for year j and type t

CSTt :  the fuel cost for type t

NFCSTt ¢ the total non~fuel-operating cost for type t
The factor QLt 3 is given by
2
ntl/2
Qe = (L +m)™ /(L +1 / (14)

where
m, : the escalation rate for operating expenditures

iy : the discount rate for operating expenditures
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APPENDIX D

PROBABILISTIC SIMULATION WITH HYDROELECTRIC GENERATING UNITS

D~1 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, "peak capacity.” 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
electricity. 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 unlits 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 capaclity 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
hydrc capacities. FEach 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 errvor 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, omne
aggregating the scheduled units and another aggregating the expansion
units, each of which is divided into base and peak blocks. The
probabilistic simulation of a generating system with normal hydro
capacities starts with loading the base block of the normal hydro
capacities. The maximum hydro energy avalilable less the expected base
generation is the avallable 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) (1
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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 1s 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 thetmal unit. The estimated capacity
factor CF is then compared with CFA defined in equation (1).

If CF>CFA, it means that the peak hydro capacity 1s not sufficient
to fulfill the demand at this loading priority. Therefore, the thermal
unit under consideration is loaded. If CFLCFA, 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 subbleck of the
thermal unit. 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 capacity. 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 block.
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D=4 Probabilistic Simulation with Pump Storage Capacilty

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 generation is treated in
exactly the same way as the peak hydro capacities. If the pump storage
capacity is loaded next to a peak hydro capacity, the loading position
ad justment 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 block.

The difference between the pump storage capacity and a peak hydro
capacity arises from the fact that the former draws energy from thermal
capacity during low demand periods. In order to simulate the additiomnal
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
function without pumping requirement, while the thick curve is the
auxiliary load curve including the effect of pumping. Notice that the
curve Lp(x) in A<x<B is obtained by shifting L(x) to the right by

CP’ where C, is the power required for pumping. At x=B, L, is
a vertical line. The hatched area is made equal to the total energy

reguired for pumping.
The additional energy generated for pumping purpose by a block

of a thermal unit at the i-th loading position is calculated by
PE; = pyppeT [ [ Ly (eC)) = Ly () lax (2)

where PEi is the additional energy generated, a and b are the lower
and upper end of the loading position, T is the number of hours in the
period under consgideration, Py is the availability of the thermal

block, Pyg 1s the availability of the pumping capacity, and L; is the
i-th equivalent load probability function.
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APPEMDIX E

MATHEMATICAL FORMULAS IN THE FINAN MODULE

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
PLGSX, =:§i PLX; (1)
i=

where

PLGSX, : gross plant value of all expansion units
in year n

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

imax : maximum number of expansion unit types con-
sidered (DYNO)

The gross plant value of all wnits (scheduled and expansion)‘is the
sum of the above quantity and the gross plant value of the scheduled

units:

PLGS1 = PLGSX, + PLGSF, (2)
where

PLGS1, : value of gross plant in service for all units
in year n

PLGSF, : gross plant value of scheduled units in
year n {user-supplied)

The gross plant added in year n is given by

PLGAL, = PLGSI, - PLGSI,_; . (3

Remark: n 1s an index of years in the utility planning horizon. Any
value with the year subscript, n=0, is set to a beginning value
specified by the user.
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b. Construction Expenditures

The construction expenditure for an expansion unit in a given year
is identified by the unit type, i1, and the number of years after éhe
beginning of construction, j. Therefore, it is expressed as a function
of i and j, denoted as CEFLY; ;, and given as input by the user.

Obviously, CEPLXi’j=O if j<l or j>t;, where t; is the total number

of years of comnstruction. 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 substituted for j in the later equations:

j=ti—m+n+l

where
m : the year when the construction is completed

n : the year when the construction expenditure is incurred

t{ ¢ the total number of years of construction

If the total number of units of the i-th type coming into service
in year m is IPLX; ., the conmstruction expenditure for such units in
year n is CEPLX; . times IPLX; . The total construction

153 5
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:

nmax

CEPX; . = 2 (CEPLY; ;) (IPLX; ) (4)
m=1
where

CEPLXi,j: construction expenditure for a unit of
type i during the j-~th year of construction

IPLXi,m: number of units of type i that come into service
in year m (calculated from DYNO output)

®

CEPX; ¢ total construction expenditure for expansion units
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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imax nmax t.,-m+l
KB = S S S (CEPLX; 1) (IPLX; ) (5)
i=1 m=1 k=1

where

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

The total construction expenditure for all expansion units in year n,
CEX , is simply the sum of CEPX; , over all unit types:
imax

CEX, = zlc EPX; 5 (6)
i=

Finally, the total construction expenditure for all the units

(scheduled and expansion) is given by
CEn = CEFn + CEXn (N
where

CE, : the total construction expenditure in year n

CEF, : construction expenditure for all the scheduled
umits in year n

The cumulative construction expenditure up to year n is

n
CEC, =2 CE, + PLGSB + CWIPB (8)
k=1

CWIPB= CWIPFB + CWIPXB
where
PLGSB: beginning value of gross plant in service (user):

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

CWIPFB: beginning value of cumulative construction work in progress
for scheduled units (user)
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¢, Construction Work in Progress (CWIP)

The CWIP 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):

CWIPCn = CECn - PLGSIn (9)
The CWIP increment is given by

CWIP, = CWIPCy -~ CWIPCp.y (1O
where

CWIP,: increment of CWIP in year n

de. Allowance for Funds Used During Construction (AFUDC)

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 account and the other to the

gross plant-in-service account. The CWIP component, AFDCIn, is given by

[

AFDCL, = (CWIPC,) (ATDCR,) (1 - FCWIP,) (11)

where
AFDCLl, : AFUDC in CWIP account in year n

AFDCRn ¢ AFUDC rate in year n

FCWIPn : fraction of CWIP allowed in the rate base

The AFUDC in the plant-in-service account for expansion plant type i,

coming into in year m is

S
!

i
AFCX2; . = §i (CEPXC;  5) (IPLX; n) (AFDCR,) (1-FCWIPy) (12)
j"—"

;
CEPCX; 5 = > CEPXL; ; (13)
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n=m-—l-ITPLi+j

where

CEPXCj 4 ¢ cumulative construction expenditure for unit
type i in the jth year of comstruction

CEPLXi’j ¢ annual construction expenditure for unit type 1
in the jth year of construction (user)

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

AFDCR, : AFUDC rate In study year (user)

FGIIP ¢ fraction of CWIP allowed in the rate base in
study year n (user)

ty ¢ total construction time in years of a single

unit of type i

If n<l, AFDCR, and FOWIP, are set equal to AFDCR; and FCWIPj, 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
AFCX2, = > AFDCX2; (14
i=]
where

AFCX2 : total AFUDC in the plant-in-service account for
expansion units

The total AFUDC for all the scheduled and expansion units in year m is
AFDCZ, = AFDCF2 + AFDCX2 (15)

where

AFDC2 ¢ AFUDC of all scheduled and expansion units
entering service in year m

AFDCF2, ¢ 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 subtracted from the
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cumulative AFUDC in the CWIP balance and added to the cumulative AFUDC

in the plant-in-service balance:

I

AFDCIC =2 (AFDCl, - AFDC2) + AFDCIB (16)
)1

AFDC2C_ =§1Amczk + AFDC2B (17)

where
AFDCIC,: cumulative AFDC in CWIP balance

AFDCZC,: cumulative AFDC in the plant-in-service
balance

AFDCIB : beginning value of cumulative AFUDC in CWIP balance

A¥DC2B : beginning value of cumulative AFUDC in the plant—ip-
gservice balance

es Depreciation

(i) Straight~Line Method

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

of type i is given by

FDEP; = 1/Ly (18)
where

Ly ¢ the expected economic life of the unit of type i

and FDEP;=0 for all years beyond L; in which the unit is useful if
the wnit’s age exceeds the economic life.
he depreciation in year n for the units of the expansion type i
is given by
ol
DEPLY; = =2 (PLXj y) (FDEPy) (19)

m=]

where
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PLXi’m ¢ 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 including and up to the

economic life, Lsum,, is given by

k=

where

Lj ¢ life of a unit of type i

The depreciation factor, FSUMi i» is
b1

= [L;y - (n - m)] /Lsumy ' (21)
where

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

DEPLXi n=

2

7 MP

1 (PLX; o) (FSUMy ) (22)
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iii) Double Declining Method

In this method, a yearly depreciation factor is applied to the
declining balance at the end of each year. This depreciation factor

is given by

FDEP; - 2/L; (23)
The declining balance in the beginning year of service is

BPLm,m = (PLXi,m)(l - FDEPy) (24)

which 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 depreciation factor:
BPLm,n = BPLm’n_l(luFDEPi) (25)

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

n
DEPLXisn = EI(BPLm,n—l - BPLm,n) (26}
m= ‘

where
DEPLXiyn: total depreciation of the units of type 1 in year n

The book depreciation and tax depreciation of plants are denoted by

DEPLXIi n @nd DEPLX2,  respectively. Either of these quantities can
9 3
be set to DEPLXi,n after the method of depreciation is selected.
The book and tax depreciation of expansion units are given res-
pectively by
imax
DEPXl, =2 DEPLXl; -@n
i=1 :
imax
DEPX2, =2> DEPLX2; (28)

i=1

where
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DEPX1l, : annual book depreciation expense in year n for
expansion units

DEPXZn ¢ annual tax depreciation expense in year n for
expansion units

imax ¢ the total number of expansion units

The accumulated book and tax depreciations are given by

o 21

DEPIC, = _DDEPXl, + > DEPFlj + DEPIB (29)
k=1 k=1
n T

DEP2C, = _>DEPX2, + > DEPF2, + DEP2B (30)
k=1 k=1

where
DEPIB : beginning value of accumulated book appreciation
DEP2C_ : accumulated tax depreciation in year n

DEP2B : beginning value of accumulated tax depreciation

DEPFl, : annual book depreciation expense in year n
for scheduled uits (user)

DEP‘FZn ¢ annual tax depreciation expense in year n
for expansion units (user)

fo Net Plant Values

The book values of net plant in service are given by

PLNS1, = PLGS1, - DEPIC, (31)

The corresponding value of net plant added is

PLNAln

PLNS1 - PLNS1__; - (32)

where

PLNS1, : book value of net plant in service

PLNAL, : book value of net plant added

66



2. Rate Base

The rate base for year n is given by
RATBn = PLNSln + AFDC2Cn
+ FCWIPCn (CWIPCn + AFDCICH) (33)
where

FCWIP, : fraction of CWIP allowed in the rate base

E~2 Capital Requivrements Calculations

The total capital expenditure required for year n is given by

CAPRQ, = CE, + AFDCl, - TXDEF, + (GREV,_ ;) (RWCAP) (34)

+ DEBSR,
vhere WKCAP,_; + DEBLR,

CAPRQ,: capital expenditure requirement in year n

CE, ¢ total construction expenditure in year n

AFDCIn: AFUDC in CWIP account in year n

TXDEF,: income taxes deferred in year n

GREV, : gross operating revenue in year n

RWCAPH: an estimate of the ratio of working capital
in year n to gross operating revenue in year n=-l1
{(user)

WKCAP ¢ working capital in year n

DEBLR: outstanding long term debt to be retired in year n

DEBSR,: outstanding short term debt to be retired in year n

The long-term and short-term debts, and the perferred and the
common stocks are given by multiplying CAPRQ by appropriate

fractions:

DEBL, = (CAPRQ,) (FDEBL,) (35)
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DEBS, = (CAPRQ,) (FDEBS,) (36)
STCOM,= (CAPRQ,) (FSTCOM,) (37)
STPR,, = (CAPRQ,) (FSTPR,) (38)

where

DEBL, : long-term debt borrowed in year n

FDEBL, : fraction of total capital requirements
financed by long~term debts (user)

DEBS, : short-term debt borrowed in year n

FDEBS, : fraction of total capital requirement to

be financed by short-term debt in year n (user)
STCOM,, : common stock issued in year n

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

STPR,, : preferred stock issued in year n

FSTPR

e

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

If DEBS,, DEBL,, STCOM,, or STPR, exceeds the user specified
limits, the user can either respecify these limits or stop the

calculations. The limits are denoted by

DSLIM, : upper limit on short-term debt borrowed in year n (user)
DLLIM, : upper limit on long-term debt borrowed in year n (user)
COMLIM,: upper limit on common stocks issued in year n (user)
PRLIM, : upper limit on preferred stocks issued in year n (user)

The total new debt borrowed in year n is given by

DEBN, = DEBS, + DEBL, (39)
where

DEBN,: 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
DEBLT |

IE

DEBLT,_; + DEBL_ - DEBLR, (40)

i

DEBST = DEBST,_; + DEBS_ - DEBSR, (&1)

where

DEBLT : total outstanding long-term debt in year n

DEBST,: total outstanding short-term debt iIn year n-

The debt retirements in year n are given by

.
DEBLR, = > (DEBL,) (FDEBLR, ,) (42)
m=1 ’
ja3
DEBSR, = > (DEBSy) (FDEBSRy ) (43)
m=1

where

1’*‘])1281’_,1’\1.{191.1 : fraction of long-term debt borrowed in year m
to be retired in year n

FDEBSRm’n ¢ fraction of short-term debt borrowed in year m
to be retired in year n

The total outstanding debt is
DEBT, = DEBST, + DEBLT, (44)

where
DEBT_: total outstanding debt in year n

The total debt retirement in year n is

DEBR, = DEBSR, + DEBLR_ (45)

E-~3 Income and Expeunses

a. Net Income

The allowed operating income is given by

OPINC, = (RATB,) (ARATE,) (4:6)
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where

OPINC,: allowed operating income in year n

RATBn ¢ rate base in year n

ARATE: allowed rate of return in year n

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

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

on long-~term debts:
CDEBT, = CDEBS, + CDEBL, 47)
where

CDEBSn ¢ total interest on short-term debts in
year n

CDEBL, : total interest on outstanding long-term
debts in year n

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

calculated respectively by

n ) n=-1
CDEBS, = > DEBS,( 1 - > FDEBSR, i JRDEBS, | (48)
m=1 =m
n n-1
CDEBL, = =5 DEBL,( 1 - 3 FDEBLR })RDEBL, (49)
m=] k=m
where

DEBS,: short-term debt borrowed in year n
DEBL,: long-term debt borrowed in year n

FDEBSRm K’ fraction of the short-term debt borrowed in year m
’ that retires in year k (user)

FDEBLR | : fraction of the long-term debt borrowed in year m
®
that retires in year k (user)
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RDEBS, : interest rate on short-term debt in year n

RDEBL,, : interest rate on long-term debt in year n

The income before interest is given by
BINT = OPINC, + (AFDCL,) (IAFC) (50)

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

BINT_ : imwome before interest

n
OPINC,: allowed operating income

AFDC1l,: AFUDC component of CWIP in year n

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

long-term debts from the income before interest:

ERNET, = BINT, - CDEBS, - CDEBL, (51)

where

ERNETn: net income

b Dividends

The total preferred dividend is given by
n
DIVPR, = > (STPRy) (RDIVP,) (52)
k=1
where
STPRy : preferred stock issued in year k
RDIVPy: preferred dividend rate in year k (user)
The earnings available to common is given by

ERNCOM,, = ERNET, - DIVPR, (53)
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Finally, the total common dividend and the total retained earning

are given by

DIVCOM, (ERNCOMn)(FDIVCn)

It

ERNRTn (ERNCOM,,) (FERN )
where
FDIVC, : fraction of common earning to be paid as
common dividends in year n (dividend payout
ratio)

FERN, ¢ fraction of common earnings retained in
year n

co. Taxes and Tax Credits

The investment tax credit is given by

TXCR,

(CE,) (FCE,) (RTXCR,)
where
TXCRn ¢ investment tax credit in year n
CE, : construction expenditure in year n

FCEn

ae

fraction of CEn allowed for tax credit (user)

RTXCRn investment tax credit rate in year n (user)

oe

The income before federal and state income taxes is given by

BINC, = ERNET, - (AFDCl,) (IAFC) + TXSPD,

where
BINCn: income before federal and state income tax

TXSPD, : 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

TXSPD,, = (TXINC,) (RTXST, + RTXFDg) - TXCR, (58)

RTXST, : state income tax rate in year n (user)
RTXFD, : federal income tax rate in year n (user)

TXINC_ : taxable income in year n

TXINC, is given by

TXINC, = BINC, - (DEP2, - DEPL)) (59)

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

necesgsary to obtain BENCn9 TXINCn and TXSPDH.

where

The federal and state income taxes paid are respectively given by

TXFD_ = (RTXFD ) (TXSPD,) /(RTXFD +RTXST,) (60)

TXSTQ=(RTXSTH)(TXSPDH)/(RTXFDH+RTXSTn) (61)

TXFD,: federal income tax in year n

TXST,: state income tax in year n

The property tax is given by

where

TXP_ﬁ = (PLGSln + AFDCZCH)(RTXPn) (62)

RTXP, : property tax rate in year n

TXPn ¢ property tax in year n

PLGS1, : gross plant in service in year n

AFDC2C,: AFUDC (cumulative) in the plant in service
account in year n

The deferred income tax is given by

where

TXDEFn = (DEPZn - DEPIn)(RTXSTn + RTXFDH)(IDEF) (63)
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TXDEF,: deferred income tax in year n
IDEF = 1 if normalized accounting is used, 0 otherwise
The cumulative deferred income tax is given by
n
TXDEFC,, = TXDEFB + :E%TXDEFm (64)
m=

where
TXDEFC,: cumulative deferred income tax in year n

TXDEFB : beginning value of deferred income tax

d. Operating Expenses and Revenues

The total operating expense is given by
OPEXP,, = OMC, + FUEL, (65)
where
OPEXPn: total operating expense in year n

DEPIC, : cummulative depreciation expense using the regular
depreciation method

OMC, : total operating and maintenance cost in year n

FUEL,: total fuel cost in year n

The gross operating revenues, GREVn, is set equal to

GREV, = OPEXP,, + TXSPD, + TXDEF, + OPINC, (66)
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where
GREV,: gross operating revenue in year n

The operating revenue tax is given by

TXREV, = (GREV,) (RTXREV,) (67}
where

TXREV, : operating reyenue tax

RTXREVn: revenue tax rate in year n

The total expense is the sum of operating expenses, taxes, tax

deferred and operating revenue tax:

TOTEXP,, = OPEXP, + TXSPD, + TXDEF, + TXCR,

+ TXREV, (68)

E-~4 Sources and Uses of Funds

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

and deferred income tax:

SRCINn = ERNET, + DEPL, + TXDEF, (69)

where
SRCINn: internal source of funds

The extermnal source of funds consists of common and preferred stocks,

and short~term and long~term debtis:

SRCEX, = STCOM, + STPR, + DEBS, + DEBL, . (70)

where
SRCEXH: external source of funds

The total source of funds is given by

SRCTOT, = SRCIN, + SRCEX, (71

75



where
SRCTOT,: total source of funds in year n

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

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

retirements:

USE, = CE, + AFDCl, + DIVPR, + DIVCOM,

+ DEBRn

The balance between sources and uses of funds is recorded as net

increase in working capital:

CAPINn = SRCTOT, - USE,

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

PLGS2 = PLGS1_ + AFDC2C_

where
PLGS2 : gross plant value including AFUDC

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

PLNV, = PLGS2, - DEPIC,

where
PLNV,: net plant value
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The net utility plant is equal to PLNV_ piyus the CWIP:
PLNUT = PLRV_ + CWIPC (76)

where
PLNUTH: net utility plant

The common equity, EQCOM_, consists of common stocks and retained

earnings:
EQCOM, = STCOMC, + ERNRIC, (77)
where
23
STCOMC,, = > STCOMy + STCOMB (78)
k=1
a i
ERNRTC, = _> ERNRT, + ERNRTB (79)
k=1
and

STCOMC,: total common stock held in year n
ERNRTC,: accumulated retained earnings in year n
STCOMB : 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 debt:

CAPTOT = EQCOM, + STPRC_ + DEBLT (80)
where
b4
STPRC, = > STPRj + STPRB (81)
k=1
and

STPRC: outstanding preferred stocks in year =
STPRB : beginning value of prepared stocks
STPRC,: total preferred stock held in year n

DEBLT ,: outstanding long-term debt in year n
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The total liability is the sum of total capital, outstanding

short-term debt, and deferred income tax:
TLIAB, = CAPTOT, + DEBST, + TXDEFC, (82)
where
TLIAB, : total liabilities in year n

DEBST,, : outstanding short-term debt in year n

The net working capital, WKCAP , is given by

WKCAP, = WKCAP__; + CAPIN, (83)

where
WKCAP, : working capital in year n

CAPINn ¢ net increase in working capital in year n

The total of assets is given by

ASSET, = PLNUT, + WKCAP ~ (84)
where

ASSET, : total value of assets in year n

E~6 Ratio Analysis

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

ratio are respectively given by

DEBASS_ = DEBT,/ASSET, (85)
DEBEQ, = DEBT_/EQTOT, (86)
COVRG = BINT,/CDEBT, (87)
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where EQTOT is the total equity given by

EQTOTn = STCOMn + STPRn + ERNRTn (88)
and

DEBASS : debt/asset ratio of year n
DEBEQ, : debt/equity ratio of year n
COVRGn : interest coverage ratio of year n

BINT, : income before interest in year n
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[algialnlel

O

[algl

311
41}

311
520

530
340

Ui
w
o

11
1400

ALLOCATE F{FTL1FO01} DA{(PARM.DATA)

00000010
ALLGCATE F(FTI4FOOL) DA(KEYL.DATA} 00630020
00006330

PLANT DATA INPUT CODE 80000040

, G00G0050
INTEGER YE, IP o LPNUMe LPMAX 9 uNUM, Y E AR 6GG60GaG
INTEGER RESP, KEYI42418)4 YES 06000079
REAL PLANTLZ00y14) G0000080
COMMON NUF(:005203s 1PsPLANT; INSy KEY1, IPNUM, 1PMAX, JNUM 06806090
COMMON /CACA/Z NPEXP,IUP(305203s NDYRs NTYR 90000160
00000120

DATA YES/3MYES/,YE/3HY # GGO00IS0
DATA INPL,INP2/1ly14/ 30000 140
JNUM=14 00000150
IPNUM= L 00000160
IPMAX=250 00660 170
D0 2096 K=1,42 : 00000180
READ (INP2:115) (KEYL(Ksd)pd=1gl6) 00000196
CONTINUE 000056260
FORMAT (1844} 00000210
WRITE (0101) 00000220
FORMAT(//3 * assessswss INPUT PROCEDURE FOR PLANT DATA® 00000730
B 5% STARTS #mseswussu®//9 UNLESS GTRERWISE SPECIFIED, /s 000060240
#% 4 PLANT CUDE IDENTIFIES A IHERMAL PLANTS/ 00000242
5° DO YUU HAVE A FILE ALKEADY FONK THE?, 00000244
#9 PLANT DATAZ®/® ENTER YES OR NO.®y/2H 7} 60660250
READ (5,103) RESP 000003560
FORMAT (A3} , 00000576
IF(RESP 20« YES-DRKESP.EQWYE) GO 1O 11 00600280
00000390

00000 300

WRITE {6,311) 000006310
FCRMAT (5X;51H SINCE A FILE DOES NOT EXIST, YOU CAN CREATE A FILE)OO000320
WRITE (6,411} 00066330
FURMAT (5R,5ir FRUM SCRATCH. A SET OF INSTRUCTIONS WILL APPEAR ON)OCOOO340
WRITE (b6,511) , > 00000350
FORMAT ([5Xy5in THE TERMINAL TO WHICH YOU SHOULD RESPOND PROPERLY.}30000360
PRINT 530 06000370
READ #,NBYR 06000380
PRINT 540 60000350
READ %, LEND 00000400
IF(IEND oL T 40} IEND=IEND+LO0 , 00000410
FORMAT(/ 10X, ° ENTER THE FIRST YEAR OF EXPANSION (2 DIGIT ).t} 00000420
FORMAT{/10Xs® ENTER THE LAST YEak OF EXPANSIONY) 00000430
NTYR=LEND 1 ~NBYR 00000 440
IF{NTYR.GTo20) PRINT 550 - 00000450
FURMAT(/L10OX5% THE NUMBER OF YEARS OF EXPANSION EXCEEDS 20°/ 000004560
+ 10Xy % KEPEAT INPUT GF YEARS. §) 00000470
IFINTYR.GT.201 GO TO 520 60000430
PRINT 610 00000450
PRINT 600 30000500
FURMAT(10X, °DECLAKE THE MAXIMUM NUMBER OF EXPANSION PLANTS®/ 00000510
+10Xy  {NU MORE THAN 20)e 048 —m¥) 006000520
READ olG, NPEXP 00000530
FURMAT (1213 0000540
FORMATL /10X ®PLANT CODE UP TO $,12,° ARE ASSIGNEDS/ 00000550
+10Xy " FOK EXPANSION PLANTS.9) 00000560
IFINPEXP.GT o1} PRINT 6205 NPEXP 00000570
FORMAT (12} 00000580
CALL CREATE 00000590
&0 10 2020 00000600
06000610

READ (INP1,140G) IPNUM,NPEXPsNBYR ¢ IEND 00000620
FORMAT(4110) 00000630
NTYR=JEND*1-NBYR 00000 640
DO 1001 1IP=1, IPNUM 06000650
READ (INPLy1422)(NUF{IP NIy N=1,20) 000000560
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PLANT{LPod ) sd=1 s JNUM}
IUPLIP oNY 9N=19201}

ARE ANY CHANGES IN PLANT DATAs
ENTER YES 0K NUa)
5P
«OR

RESP «EQ.YE)} CaLl CHANGE

H D0 YOU WaNT TG a0D PLANTS?
OR NUe}

j Ris

;&S.OR»RESP.EQ.YED CALL CREATE

*;3 IF PRINT OF DATA 1S NeEDED, ENTER YES.®)
YES<UOR.RESP.EW.YED CALL LIST
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SRTPOX MDD XNTHROD
TN e @A N DU 2 (atn) e

o= o R bt
E et Miened (AemZ ot [NomTe=d
o 230 @
& Zvt G

NuUM o NPEXP sNBY Ry LEND

ip
1014221 (NUFCIPoN)yN=1,200
54200 (PLANTUIP s dsd= Lo JNUM)

MMV QM e @ M
[»]

s2422% LLUPLIPoN)oN=1e20)

FNRECOELQE Cr<RT o= NE-D

OO ROCARO R CT.MC

ATTN: THERMAL PLANT OATAa Fitt IS CREATELS®./
ISED ON UNLT 11°%)

Wl G O Z

¥
0
#¥%8% END OF THERMAL PLANT INPUT PROCEDURE #%%%%t ]
£

0
b 00 _YOU WaNT Y0 INCLUDE HYDROELECIRIC?® o/
PUMPED STOKAGE PLANTS®e/° IN YOUR INPUT DATA FILEZ®e/
e ER_YES OR NO.®/2n 7}
READ (55103} RESP
IF (RESP.EQ.VYES.OR-RESP.EQ.YE} CALL HYDPS
Cab.l_L0ADI
PRINT 8600 X
EggMAT (/7 Poxsek END OF PLANT DATA INPUT PROCEDURE #¥&xx i)
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O e 0 O e wm (ub ( emen e e )
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=
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me
P

NE CREATE

UBPROGRAM CREATES A PLANTY DATA

ROM SCRATCH IF NUNE EXLISTED BEFORE.
AN INPUT DATA FOR caCH PLANT
CYIVELY

507 R ot s

OMMON NUFE 20020 ) s
OMMON /CACAZ NPEXP,

Ta YES/IRYES/y YEJSIHY
END=NBYRENTYR=1
i¥c (6y102}

e KEYe o IPNUM IPMAX ; JNUM
NBYRe NTYR

Ny
Yi
L PLANT(200.14%
D]
EX

e Bt
w £

u

A
I
WR

83

& IEEYSUR PLANT DATA CUMPLETE ? ENTER YES OR NOu.?})
b

00000670
00000680
Q0000690
QGOG0a700

Goo00ELC
00000820
00000630
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[9ly]

102
103

2515

104
204

199

112
108

C
igoz

R

o 98 3% 16 14 20 3G

106
206
8300
1400

1422

8420
8500

8503

FORMAT (//5X,® ENTER PLANT CODE NUMBER.®}
WRITE loyl0

FORMAT (4H ——m)

READ (5,104

IF{IP L ¥20e0RaIP.GT-200) PRINT 2515
FORMAT(? INPOT EKROK. )
IF{IP.LYe0c0Ra1PeGTo200) GO 10 LO
FORMAT (13}

FORMAT (in 133

eocs«ENTER ALL PLANT DATA

CaLL NUNIT (1)

IF(IP.GT. IPNUM) IPNUM=LP

FORMAT (3H —)

D0 1002 K=2 ,JNUM

1F(K.EG.9) G0 10 1002

WRITE (0p1il1) (REYLIK+28sd)od=1y18)
FORMAT (lH_ iBa&}

HRITE (64105)

FOKMAT (11H J—

READ (55106} PLANT(LP oK)

WRITE (652063 PLANT(IP 4K}

CONTINUE

PLANT (1P, 1) =FLOAT( IP} 4000001

EORMAT (F10.5)

FORMAT (1R F10.5)

INPI=11

REWIND INPL

WRITE (INP1,1400) IPNUM,NPEXP oNBYRs IEND
FORMAT (4110 )

DO 8500 1P=1,1PNUM

WRITE (INPLyi%22) (NUF{IPsN)yN=l, 20}
FURMATL 012 )

WRITE (INPL,8420) (PLANTUIP pd)su=1oJNUM)
FORMAT{3EL545)

CONTINUE

UO_ 8503 1P=1,NPEXP

WRITE (INPLo14221 (IUP(IPyN}eN=1,20)
REWIND INPL

ecsss PROMPT FOR ADDITION OF MGRE PLANTS
WRITE (69107}

FORMAT {5X; 341 D0 YOU WANT TO ADD ANGIHER PLANT?,
+17H ENTER YES OR NG )

FORMAT (4H YYY)

READ (59112} RESP

FORMAT (A3}

IF (RESP.EU.YES.ORRESP.EQ.YE) GO TO 10
RETURN

[ =4

SUBROUT INE CHANGE

evess fHIS SUBPROGRAM IS USED Y0 MODIFY EXISTING
PLANT DATA. ALl DATA MANIPULATIONS CAN
BE DUNE INTERACTIVELV.

JNUMe YEAR
YES

20ty NoYRg N

84

NT g INS; KEYL IPNUM s 1 PMAX ¢ JNUM
] TYR
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[wla

£

9 PRINT 400 00001950
READI{S,112} ESP 00001960

400 FORMAT{® 00 YCU WaNT 70 ChaNGE AaLL ThE DATA OF A PLANTZE®/ 0000 LY70
+8 ENTER YES UR NOe%) 00001980
JREP=0Q R ) 0000 1990
IF{RESP-EUe YES.URRESPEU-YE} JREP=L 00002000
IF{JREP.EU. 1} LabLl CREATE 00002010
LF{JREP«EUL L} TO 3333 QG0B2020

L0 WRITE (oglQL} - Q0002030
101 FORMAT(S5X,®cNTER THE 3 DIGIT PLANT COUE FOUR THE SINGLE DATA CHANGEQOQRZ 04O
+o ¥} Q0002050
WRITE (6,102} 00002060

102 FORMAT {&p ==} 00002070
READ (541033 1iP ) Goo02030
IF(IP.LTolaUReIPGT IPNUM) GO TO 10 00002090

103 FORMAT (13) GCRo21i00
LL HRITE (02104} 00002110
104 FORMAT(OX, SENTER DATA CUDE IN 2 DIGIT, OR 99 FOR HELP.®} Q0002120
WRITE (03105} Q0C02 .30

105 FORMAT (3H -} 00002140
READ (54,1060 4P 80002150

106 FORMAT (12} Q0002160
IfF (JUP.EQ.99Y GO_T0 12 Go00217¢0

IF (JdP.cuelld 6O TO 15 Q0002180

G0 TO 13 Qo002 19C

12 CaLL HELP Q002200
GO TO 11 0Qo02210

13 IF(JPLTe2.0ReJP6Teia) GO TGO L1 0000222¢
WRITE (o0yl07) (KEYLiuPr28,KP) KP=1y18) Q0002430
PRINT 1650s PLANTLIP,JP) ) 00002240

180 FORMAT{SXKs® {Tnt VALUE BEFORE CHANGE=®F10.54%)%) Qo000 2250
107 FORMAT (LK 1844} QGGL2260
WRITE (0.108) 00002270

108 FORMAT (lim weeg oo 00002280
READ (51090 PLARTUIP 4P} Q0002290

109 FORMAT (Fl0.5) 00002300
GO 7O Lo QQ002310

15 CALL NURIT{3} Q0002320
16 CONTINUE 000022330
WRITE {6,110} IP 00002340

110 FURMAT(S5X, * ANY MORE CHANGE FOR PLANT CUDE® $I3,°%2°%, 00002350
+1H *ENTVER YES @R « ) 00002360
111 FORMAT (4nt YYY} Q002370
READ 15,112} RESP QUC02380

Li2 FORMAT (A3} Q0002360
IF (RESPoEQoYES-OR-RESPsEQ-YE} GU TO 11 Q000 2400
3333 WRITE (641132 QQ0024L0
113 rORMAT (5Xs3Lin DO YOU WaNT TO CHANGE DATA FQORs Q000242
+ ANOTHER PLARY 7 ENYER YES OR NU.®) G0002430
READ (59112} RESP 00002 440

IF _ERESP.EQoYES.OR.RESPEQ.YE} GO YO 9 QG0 2450
RETURN GOG02460

END 00002470
Q00D248¢

Q0002490

SUBROUT INE HELP . 00002500
ccess THLS SUBPROGRAM PRINTS A LEGEND wWHICH ASSIGNS Q0002510

A ¢ DIGIY INDEX BOK EACH PLANY PARAMETER 00002520
INTEGER YE LPo IPNUMy L PMAX s uNUMe YE AR GO00Z530
INVEGER RESPy KEY1{42s18)s VYES Q0002540
KEAL PLANTE 200,14 ) Q0002550
CUMMON NUF{ZOQ'ZOEg IPy PLANT; INSy KEYLy IPNUMs I PMAK e JNUN 000G 2560
COMMON FCACAS NPERP,LIUP{30s20)y NBYRe NTYR 00002570
Data YES/3HYES/ 00002530
UDATA YEZ3HY 4 00602590
DaTA INP2/l4s 00002600
00002610

WRITE (oel02} Cubd2620
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126

FORMAT (LH +FBo3)
GO_T0 55

53 WRITE (bvld?) PLANT {IPod)}
127 rURMAT (ih 912}
g 7O 55
54 CALL HELP
. GO _10 51
35 WRITE (6o.1l24)
124 FUORMAT (/5X¢32H DO YOu WANT TO PRINY MORE NATAZ,
+8 ENTER YES
READ (5,136} SP
iF (RESP.&Q.YES URRESPEQ.YE) GO TO 11
60 WRITE (09125}
125 FURMAT(5Xy* END OF PRINTINGE®///)
136 FORMAT (A3}
RETURN
END
SUBROUTINE NUNITELIGPT S
THIS SuB REaDS AND PRINTS THE NUMBER OF UNITS
FOR EACKH v:nl RE
g CPRINT FOR TH ENTIRE PERIGD
HA
& PRINT ONLY SPECIFIED YEAR
DIMENSION JP{4U}
COMMON NUF{200520 b, 1P sPLANT y INSoKEY Lo IPNUM, IPMA Xy JNUM
CuMMON /CACA/ NPEXP,IUP{30:2U)s N YR
DATA JP/ *BUP %8L¢ ‘82“7°6:'p'6#'g‘83° ‘B6%, BT E,85888,0390,
+ '90“9'91'9'9&'9‘95'9°94'9‘9b','9b'g’9 ‘98' "99' ‘00',
+8018, B0t °05“,°0%'.'05*.'00“,'0?'c'Ob'v'09‘ 310','11',
+8126,8] 50 68,8, 59,0]68,0]70 8540, 0}48/
DATA IDSH/Y =i/
Ki=1l+NBYR-B80
Li=1
IF{i0PT.GT-2 GO TQ 2 :
IF(IDPT.&Q L0AND IPa LI NPEXP) PRINY 420,1P
IF(IDPT,EQe «ANDo IPLENPEXP} PRINT 52U
520 FORMATI5X, "ENTER MINIMUM NUMOER OF UNITS PERMITTED®/
+3Xe "EACH YEAR {LOWER BOUND Or EXPANSION PLA TS).{/
*loxy'THtN ENTER ThHE MAX, NUMBER OF UNLTS MIITED'/
*10X,"EACH YEAR (UPPER BOUNU) ON THE SE LDND INE %)
&20 FURMAT€5Xy'tNYER NUMBER OF UNLTS OF PLANT CODE 9,12,

#¢ WORKING IN £ACH YEAR®)

430 FDRMAT(be'NUH&ER OF UNXTS OF PLANY CODE ®,12,
+8 WORKING IN EACH YEAKE)

440

bt &
“l‘l
o
L)
=]
o
)
°
m
(=
K

2.AND. IP.GT.NPEXP) PRINT 430yIP

IF(I0PT EQe 2o ANDe IP. LELNPEXP) PRINT 44Us1p
FORMAT(5X, ¥' LOWER “BOUND_1iST LINE) & UPPER BOUND (2ND LINE) */
+ 5Xg¢ OF PLANT CODE ®5i35° (EXPANSION PLANT)a®}
DO 90 ud=i,4
1X=NTYR=L1
L2=01+19
KZ=Ki+19
IF(1X.GT7.19} 6O TG 40
L2=L1+1X
K2=K1+1X
PRINT 10+ (JP{K)yK=KL K2}
PRINT 20g(IDSHoK=K1yK2)
IF(I0PT.EQ.1) READ 30y (NUF 1PaL Jgl=tista)
IE (10PT.EasioANDeIP o LE.NPoaXE 1T EE 1Y CIOP(IP, L) gL=Ll, L2}
LF(IOPT.EGo1) PRINT 10
PRINT 31, (NUF!I?9L$9L=L19L23
IF(IP, LE.NPEAR) PRINT 3Ly (LUP(1PyL)el=Ll,L2)
PRINT 10
IF(IX.LE.19) GO TO 50
Li=p2+1
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00003990
00004000
00004010
00004020

00004 140G
00004150
00004160
00004170
00004180
00004150
00004200
00004210
00004220
00004250
00004240
00004250
06004260

004350

004390

00004460
00004490
00004500

00004580
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660



on
(=

Kl=K2+¢1

CONTINUE

EORMAT{ 1X»20(A2¢1X) )

FORMAT { LOA3 )

FORMAT( 1251 Xs 20012, 1X )}

FORMAT{1X920€1291 X5}

CONTINUE

RETURN

PRINT 210

FORMAT{? WHAT IS THE YEAR ?29/° —t}

FORMAT{212}

READ 2209dYR

Li=JdYR

TFILL.LT.NBYR} LL=LL10C

LL=LL+ I -NBYR

IE(IP.LE.NPEXP) PRINT 250

FORMATL S ENTER NIMIMUM AND MAXIMUM NUMBERS OF UNITS®/
+8 GF THE EXPANSION PLANTS6%/9 =t fuwad}
IF{IP.GT.NPEXP) PRINT 24

EORMATL ® NTER THE NUMBER OF UNITS®/% —=0}

IFL10PT «EQa3) READ 220s JNUjgJUP

NUF {1PyLL )= JNU

IFLIP.LE.NPEXP) LUP({LIPsLLI=JUP

IF({P.GTNPEXP) PRINT 300y 1PedJPitL)s NUF(IP,LL)
IF{IP.LENPEXP) PRINT 327s1PsJPilL]oNUF{LPyLLY, 1UPLIP,LL)
FORMATI S PLANT CODE=851238 VR=bghzy® MIN.=8,12,0 MAX=® (127}
FaRMAT(s PUANT CODE=9312,° YEARZ®5A2,° NUMBER OF UNITS=S
¥y

RETURN

END

SUBROUT INE wYDPS

IR algialg B ety

£ - TR IO ¢ 8 - BOSDOOn

THIS SUBPROGRAM IS5 USED TO PROCESS AND STORE INPUT
DaThA FOR HYDRUELECTRIC AND PUMPED STORAGE PLANTS.

CDMMUQéEg?{ZP%S%&wZZD9HPLI(6:12)7H?LF(1272099
CGHMON/EL&VE@/KEYZ€36viB)wK&¥3(#3w18§sKEY4€11,133
COMMON FTWELVE/S KHUSKHM JKHMA KLy JNUM LTYPy IFLAG
COMMON /MULTPS/ PbMi4lsEaM(«)

Cﬁ@g?gé%ﬂli&/ IRUF{6220) 9 INUL {62039 InUN {62010

+

%

PROCEDURE FOR HYDROEWECTRIC INPUY

IFLAG=L
CALL HYDA

PROCEDUKE FOR PUMPED STORAGE INPUT

IFLAG=2

CALL PSDA

89

CO004520
00004630
00004640
Q0004450
Q0064560
00004870
00004880
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RETURN
END

SUBROUT INE hYDA

THIS PRUGRAM ACCEPTS INPUT DATA FOR GPERATING AND
CUST PAKAMETERS OF RYDROULLECTRIC FLANTS.
Tk ENTIRE PROCEDURE IS INTERACTIVE.

COMMON/ TEN/HPLR (6912 3HPLI L0y 12)s HPLE(12,20)
+ 7
COMMON/ cLEVEN/KEY 2030 ,18) sKEY3 (43 18) yKEY4{ 11,18}
COMMON / TWELVE/ KHU, KMy KHMK o KA1y SNUM 3 1TYPs IFLA G
COMMON /MULTPS/ PBMI4 )y LaM{ k)

COMMGN/UNLITS/  THUF (69205 s tRUL (652005 LHUH{69201
+ NYR{Z201}

DOUBLE PRECISION ISSN(4)

INTEGER RESPyKEY2sREY3s YESYE sNO

INTEGER SEASON{4) 26CAPy LERK

DATA ISSN/8H WINTER o8H SPRIMG ,

+6H_SUMMER »8h AUTUMN 7

DATA YESy YE/Z3HYES 33HY 7/

DATA NOZ3MNG /7

ip=1

ITYP=1

KRU1=0

JnUM=8

KHMX=1

KHM=3

KHu=0

KH1=1

KXL=4

KAM=6

KXMX =4

D0 100 K=1,34

READ (31,1100 (KEY2(Kyd)sd=1y18)

CONT INUE

FORMAT (18A4)

BEGINNING OF INPUT PROCEDURE

WRITE (65120) .

FORMAT (//3X934H INPUT PROCEDURE FOR HYDROELECTRIC,
+21H PLANT $VSTEM BEGINS.)

WRITE (64123}

FORMAT {//,520 DO YOU HAVE A FILE FOR EXISTING
#2211 MYDROELECTRIC PLANTS?/L7H ENTER YES UK NOo}
READ 15,1301 KESP

FURMAT (3}

IF (RESPEJ.YES.OR.RESP.EQ.YE) GO TO 306

WRITE 165153} KAM

FORMAT {{/piubi BECIN YOUR INPLT FUR EX1STING HYCRUELECTRIC,
+8H PLANTS.3/38H THE MAXo. NOe OF SUCH PLANTS SHOULD 6bs13)
CONTINUE

KHU=KHU+1

I LKHU-LE-KRUL) Kru=kHUL+1L

KHUL=KH

a0

00005530
Q0005540
00005550
00005560
00Q05570
00005580
00005590
00005600
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Cali nREG
CHANGES/CORRECTIONS OF INPUT DATA
217 CONTINUE

WRITE (652203 WKHU
220 FORMAY {(//-4int DO YOU wani YO ChnANGE ANY DATA FOR PLANTr

#13,107/07H  ENTER YES CR NO.)
READ (5,130) RESP
IF (RESP.EUoYES.ORRESP.LGaYE] GO TO 230
IF (KHU.EQ.KHE2ANDoKHMXa EGeKAL) GO 10 250
WRITE (0,237
READ {3,130} RESP
T a2 s 20 v RS BR RESP  EQuYE) GO O 417
229 CONTINUE
€0 T0 250
230 WRITE (by240) KHU
220 FORMAT (/935H DO YUU WANT T3 CHANGE ALL THE DATA FOR,
+on PLAN¥w13wih?II7H ENTER YES OR NUa}
READ (5,130} RESP
1F (RESP.EdeYES.OR.RESP.EQ.YE) O TO 172
CALL HCHNG
1F (KHU.EGeKHLoANDoKHMX<EdeKH1) GO 1O 250
248 CONTINUE
" WRITE (65257}
257 FORMAT {(/s31H DC_YOU WANT TO CHANGE DATA FORg
#1594 ANOTHER PLANT?/17H ENTER YES CR NC.)
READ (54130} RESP
 IF (RESP.EQYES.OR.RESP.EQ.YE) GO TO 417
250 CONTINUe
IF (KHU.GE. KHM.OR.KHMXoGEKHM) GO TO 440
ADDITIONS OF MORE PLANTS TO THE SYSTEM
WRITE (69260) ;
200 FORMAT_ (/7438H DG _YOU WANT TO ADD MORE PLANTS TU THE,
#8H SYSTEM?/17H ENTER YES UR NO.)
READ (5,130) RESP
IF (RESP.EQ.YES.ORRESPLEWYE) GU TO 152
KAMX=KAU
GO TQ 440
306 CONTINUZ
READ (355575END=1461 KHU
READ (35«59QEF(IHUFéKHUsRluK 1s15)
154 FORMAT. (//,313)
READ (35,5871 LAPLR(KHUgS)sJ=Ly SNUMD
GO To 306
146 CONTINUE
KAMX =KHO
WRITE (6,158) KHMX
158 FORMAT (7/740H ThE TOTAL NO. OF EXISTING HYDROELECTRIC,
#10H PLANTS 15,13}
00 161 Krili= 1y RrMx
READ (3795750 Knu
READ (37,590} (IRUFIKHUsK)K=1,s151
L6l CONTINUE
WRITE (65171}
L71 EQRMAT (77, 31H ENTER YES IF YOU WANT TO PRINT,
22M EXISTING SYSTEM DATA.)
READ (5,130} RESP
IF (RESP.EQeYES-ORRESPEW.YE) CALL HPRINT(2)

91

G0a06030
Q0006040
00036050
00GG6060
00006070
20006080
00006090
0006 100
Q0006110
00C06120
00006130
0006140
Q000 L350
00006160
Q0Q0617C
00006180
00006190
00006200
Q0006210
0006220
Q0G0 623G
Q0006240
00006250
Q0006260
Q006270
Q00006280
Q0606290
QU00U6300
Q0006310
0G006320
00006330
00006340
00006350
00006360
Q0006370
00006380
G00G63590
Q005400
Q0006410
000086420
Q0006430
Q0006440
Q0006450
00006460
Q0006470
00006480
00006490
00006500
QQ006510
00006520
0G006530
Q0006540
Q0006550
000G 6560
Q0006570
Q0006580
06006590
000606600
GoR06610
00006620
00006630
00006640
00006050
00006660
0GU06670
Q0006080
00006690
00006700



148 CONTINUE
159 FORMAT(//013}
265 WRITE (65270}
240 FIRMAT (/7 4%H DO YOU WANT TO CHANGE ANY OATA FOR EXISTINGs
+/22r HYDROELECTRIC PLANTS?, 17k ENIT&R YES OR NO. )
READ (55130) RESP )
IF (RESFoEUYES-ORRESPEQ.YE} GO TO 400
60 TO «40
00 CCNTINUE
IF (KHMALGE «KMM} GO FO 417
WRITE (65405}
405 FORMAY {//539n ENTER UATA CHANGE OPTION ACCORDING TOy
+5i5H _THE FOLLOWING.)
WREITE (65406)
406 FORMAT (/74,324 L aDD MORE PLANTS TO THE SYSTEM,
+/326H 2 CHANGE PLANT PARAMETERS .
*ffg2H =}
READ (5,407} IOPT
407 FORMAT (11}
GO TO (411,4L7),10PT
411l 6O YO0 152
417 WRITE (694200 )
420 FORMAY (//,34n ENTER PLANY CODE NUMBER(2 DIGITS ),
#5333 FD? WHICH YOU WANT TU CHANGE DATAes
.0' crmem
REAU (5,170} KHU
GO TQ 230
440 CONTINUE
i€ {RHUL1.GY.3) GC YO 750
I1F (ITYP.EQe2} GO TQ 750
WRITE (6,450}
450 FORMAT { /7,331 1S YOWR INPUY FILL FOR EXISTING HYDRO,
*L7ri PLANTS LOMPLETVEZ/LITH ENTER YES Uik NOo)
READ {5,130}% RESP .
IF IRESP.EReYES.ORRESP.EW.YE} GO TO 490
GO TG 265
490 CONTINUE
CALL HCUMP
S5T5 FORMAT(/¢313)
REWIND 35
D0 560 KHU=KHL oKHMX
WRITE {354575) Knu ) X
WRITE (35,5903 (IHUF(RHUK)oK=Lel5])
_ WRITE (359587) (HPLR{RHUod} 9d =1y JNUM}
580 FORMAT (1K ¢5F10.5)
560 CONTINUE
570 FURMAT {(/Fs1lH 4313}
5@3 FORMAT (1H 75&3.305)
550 CONYINUE
590 FORMAY (2013}
ReWIND 38
DD 540 NY=1:15
WRITE {38¢575} NY
WRITE (285587} (HPLF{JsNY)pd=LoJJNUM)
587 FORMAT {5clz.51}
540 CONTINUE
&00 CoNTINUE
500 CONTINUE
602 LYVYP=2
JNUM=1L
K=l MM
KrM=K XM
Krl=KAL
KEMA=KA L
KAZK UM=K X+
HRITE (6,605}
605 FORMAT (//533H D0 YOU HAVE A FILE FOR EXPANSION s

92
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+22r MYDROELECTRLIC PLANTS?/LTH ENTER YES OR NO.)
READ (5,130) KESP
IF {RESP.EW.YES<OR.RESPEQ.YE} GO TO 80O
WRITE (Gy6l0)

610 FORMAT //y%0H DO YOU WANT TO CONSIDER HYURO PLANTS AS,

v/22r EXPANS ION CANDIOATES?,17h ENTER YES UK NOe }
READ (5,130 RESP _

IF (RESP.EQoYES.DR.RESPEQeYES 6O TO 710

GO 10 940

TLO WRITE (& 7153 KX KX1LyKAM ]

715 FORMAT (//¢30n NOe UF PLANT TYPES CONSIDERED,
+171 FOR EAPANSION IS,I3718n THEY aRe ASSIGNEDs
+19 PLANT CUDE NUMSERSs13,8H THROUGH, 13)

750 CONIINUE

WRITE (64720}

720 FORMAT (/79 33H_1IS YOUR INPUT_ FILE FOR EXPANSION

+23H HYDRD PLANTS COMPLEVE?/LTH ENTER YES OR NG. )

READ (5,130F RESP B

IF (RESP.EQeYES.ORRESP.EQ.YE) GO TG &50
800 CONTINJE N

REad (39,575 ,END=830) Khu

READ (36,590) (IHLLIKHUSK) o K=1o15)

READ 139,590} {InUR{KAUsK)sK=1s15)

READ {39,537) (HPLA(KHUpJ)gd=L1y JNUM)

G0 70 B8L0
830 CONTINUE

A eMX = KHY

KM L= KHU

KX=KHMA—KXL+L

WRITE (657151 €0y kKL ¢ KXM

WRITE {68321

332 FORMAT (//,31iH ENTER YES IF YOU WANT TG PRINT,

+23H EXPANSION SYSTEM LATAG)

READ (5,130) KRESP

IF IRESP.tQoVES.OKRESP«EQ.YE} CALL HPRINT{3}
WRIVE (6y535)

835 FORMAT (//,35H DO _YOU WANT TO_CHANGE ANY DATA FOR,

+24H EXPANSION WYDRO PLANTS?/17n ©NTER YES OR NJe)
READ (5,130) RESP ,
IF (KESP.EQ-YES.OR-RESP.EQ.YE) GO TO 400
GU TO 750
850 CONTINUE
KEME=KAUL
REWIND >9
DL 8570 KRUSKHLeKHMX
WRITE (39,575) KRU
HRITE 139,590 (IAVLIKHUsK)sK=1y15)
WRITE (39¢590) (IHUM{KAULK) ;K=go15)
WRITE (39,5871 (HPLR{KHUgd) gu=1sJNIM)
870 CONTINUE
900 CONTINUE
WRITE (65902}

902 FORMAT (//.,31H OO0 YOU HAVE A, FILE ALREADY FOR,
+21H SEASONAL MULTIPLIERS/ZOH OF BASE CAPCITY AND,
+21H FOTAL INFLOW :NERGY2/17H ENTER YES OR NQo/Z2H 7

KEAD {54130} RESP
IF (RESP.EQeYES.ORRESP.EQ.YE) GO TO 94l

908 WRITE (659101}

910 FORMAT {//530H ENTER SEASONAL MULTIPLIERS OF,
+/39H BASE CAPACITY AND TUTAL INFLOW ENERGYes
+34H USE WINTER AS THE BASE SEASUN AND/
+40H SET MULTIPLIERS 70O L.G FOK THIS StASON.)

915 FORMAT (FLGa5)

925 FURMAT (12H R

WEITE (63920}
920 FORMAT (//;<9H BASE CAPACITY MULTIPLIER FCR)
DO 924 I=l,4
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WRITE (649300 ISSN(I)

FORMAT (/1M pABs2H 2)

WRITE (69925}

READ (5,915) PBM{I)

CONT INUE

WRITE (65940} o
FORMAT (//,29H INFLOW ENERGY MULTIPLIEK FUR}
0O 934 1=21,%

WRITE (5,930} ISSN(I)

WRITE (05925}

READ (5,915) EAM(L)

CONTINGE

GU TO 954

READ {(«40s587) (PBM{JS)s JE=ls %)

KEAD (409587} (EAM(US)edS=1o4)

CONT INUC

HRITE (65962)

FORMAT (7/,25H ENTER YES IF YOU wANT TO,
32H PRINT THE SEASONAL MULTIPLIERS./2H %)
READ 15,1303 RESP

IF (RESP.EQ.YES.DR.RESP.EQ.YE} GO TO $70
G0 TO osi

CONTINUE

WRITE (651980) )

WRITE (691983}

WRITE (6019821 (PEM{JS)ydS=1y4)

WRITE (651985}

WRITE (601563} ‘

WRITE (6519821 (EAMIJS) s dS=14)

WRITE (64985)

FORMAT (//,25H ENTER YES IF YOU WANT TO,
291 RENTER SEASONAL MULTIPLIERS</2H 23
READ (55130) KESP

IF (RESP.EWaYES-OK.RESP.EQ.YE) GO TQ 9U8
REWIND 40

WRITE (40o587) (PBM{JS)sdS=1,4)

WRITE {40567} (EAM(JS) 3 do=1.4)

CONTINUE

WRITE {691965)

FCRMAY (/7/,37H PRINTING OF THE ENTIRE HYDROELECTRIC,
2IH SYSTEM DATA FLLLOWS./ 17r IF YOU WANT THIS,
20H PRINTINGyENTER YESe)

READ (55130} RES$

IF {RESP.EQ.YES.OR.RESPEQ.YE) GO TO 1975
GO TO 2000

WRITE (6519801

FOKMAT (//,27H BASE CAPACITY MULT IPLIEKS:)
WRITE (691983}

FORMAT (/yaXyTH WINTERy 2Xo7TH SPRINGg3 Xy

TH SUMMER y3Xs 7H AUTUMN]

WRITE (551982} (PBMIJS)pdS=le4)

WRITE {691985)

FORMAT (//,27H INFLOW ENERGY MULTIPLLERS:)
WRITE (691983)

WRITE (651982) (EAM{JS) puS=Lye4)

FORMAT (4F10.5)

CALL HPRINT(L)

CONTINUE

END OF INPUT PROCEDURE

WRITE (692656}

FORMAT (/7,%1H END OF INPUT PROCEGURE FOR HYDROELECTRIC,
8 PLANTS./44n INWUT DATA STOKED N UNITS 35,38,39 AND 40.)
END
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[alainl

00008750
— 00068760
SUBROUT INE HREG 00005770
36008780
G000 §7950
00006500
THIS SUBROUTINE DETERMINES The REGULATING AND 00006810
AND PEAKING CHARACTERISTICS UF RYURO PLANTS. 00008820
wusg
CUMMON/TEN/FPLR (04121 oiPL1C6s 4213 HPLEL12020 0, 5600 & 640
HPLRL{6vi2) ) , ] 0GG06a50
T COMMUN/ ELEV EN/KEY 2 (30 918 ) sKEY3 (43 918) sKEY4(11,18) 00002860
COMMON /TWELVES KHUpRHM o RHMX o KM Ly SNUM 5 ITYPy IFLAG 00008870
COMMON 7MULTPS/ PBMI& )y EAME<) 50008880
COMMON/UNIT S LHUF (692039 ARULI692UY s IRUA(69200, 50006590
+ NYRL20) 00088900
INTEGER RESPyKEYZ9KEY 39 VES, YE 00068910
UATA YES,YE/5RYESs3nY 7/ 83008920
HR=2.16 00006930
10 Po=HP LR (KHUs1) 00008940
PC=HP LR (RHU 32 ) 00008950
YorPLRIKHU: 3} Q0005960
EA=HPLR (KHU y4) 06068970
EB=pE AR 00005980
BLh=PCErR 00008990
Pizta/H 04005000
T e e 6o To 220 00009010
PA=PL-PE 60009020
1F (PC.LE.PBI GO TO 220 30069030
PMAX=EC—P B 80009 a0
TV=1000. v/ PMAX 06009050
Y0=1000 o¥V/ 24 u 96609060
Vi=(PMAX-PA /12, 00609070
VZ={ PMAX=PA | SPASPMAX 60009086
V3= (3. 7kMAX=T.xPAsS, ) #PA/PHAK 60009090
V=3, %P 00009100
106 LORRAT (1H »5F1051 00009110
00009120
FIND REGULATING CAPABILITY G009 130
00009140
IF (EA.GE.PCH} GO _TO 101 00009150
IF (EA-LE.EB) GO TO 1U& 000091560
TF (TV.LTe240) GO 7O 10 00609170
TF(VOGT.VLoANDVU.LESV2) GO TO L10O 06009180
TE(VO0.GTaVZoANDaVUSLESV3) GU TO 120 00609190
1F (VO.GToVal GO TO L25 000093200
101 CONTINUE 60009210
WRLTC (6575} 00009520
75 FORMAT (/7,29 INFLOW ENEKGY EXCEEDS PLANT 00069330
+22R GENERATING CAPABLILIY.) 00009240
WRITE (6999) 00009250
99 FORMAT 135H THE PLANT HAS ONLY BASE BLOCK AND ¢ 00009260
+18H4 NO PEAKING BLCCKe ) 06009270
HPLR{KHUs 1) =HPLR (KA 2} 00009280
HPLR ( KHU 25 = $0009 290
Go 10 300 00009300
104 CONTINDE Q0009310
TE {65800 , , 06009320
80 FORMAT (//,33H BASE ENERGY REQUIREMENT EXCEEDS » 0U0G9330
+L9H THE INFLOW ENERGY e} 00009350
MRITE (6099) Q0009350
HPLR I KHUy L) SHPLR [ KHU 5 2 000093560
HPLR(KHU,2)=0 00009370
GU 10 300 00009380
107 CONTINDE 00009390
| WRITE (6485} 00009400
85 FORMAT (/7,35H THIS PLANT HAS A RUN-OF-THE RIVER 00009410
+10H ReSERVOIRe/3GH AND NU REGULATING CAPABILITY .} 00009420

95
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WRITE (6999}
HPLR(KHU-I)—SPLRGKHUQZ)

HPLR {(KHUy 2

GO 10 300

CONTINGE

EORMAT (/7/933H THIS IS A DAILY REGULATING PLANT)
60 10 300

CONTINUE ,
WRITE (64126) )

FORMAT (//y34H THIS IS A WEEKLY REGULATING PLANT)
60 10 300

CONTINGE

WRITE (65127}

FORMAT (/79 36H THIS IS A SEASONAL REGULATING PLANT)
60 10 300

CONT INUE

P2=pC

IF (Pl.LE.PC) P2=P1

WRITE (65230} P2

FORMAT (/7331H ERROR} BASE CAPACITY SHOULD Bk
+10H LESS THANoFiOeSpiH MWe/22H REENTER BASE CAPACITYs
+6H IN MW)

WRITE (652403

FORMAT (779 11H =e—oqemmem

READ (542500 HPLR{KHUgl)

FORMAT (F10e5)

60 10 10

CONTINUE

RETURN

END

SUBROUT INE HCREAT

THIS SUBROUTINE (REATES a4 FILE OF HYDRO PARAMETERS
COMMON/TEN/ HPLR{6912) oHPLI{69 L2 s HPLF (125201
%

HPLR1{6gd2
CUNHGN/ELEVE&IKEYZCB&uI&bgKEYB(#S918)1KEY4€11.13)
CLMMON /TWELVE/ KHU@KHHeKﬁﬂX KHLle JNUM g LTYP9 IFLAG
COMMON /MULTPS/ PBMi&)ok

COHHO%é?NlTS/ IHUF(bdeBuIHUlevZO}.IHUHlboZO)o

YR (
INTEGER RESPvKEYZaK&Y31YES)VE
DATA YES,YE/3HYES3HY

+

GO TO (10,20} IFLAG
DO_1B0 K=1l,JNUM

12)
F 1844}
FORMAT(/51H }
WRITE (69110} (KEY2(K$2394)yd=Ly18)
WRITE (64190}
FURMAT (/gllH —=ogm—m—e
READ (5,210} HPLRUKHU 4K}
FORMAT (FL0o5)
CONT INUE
60 TO 30
DO 280 K=l JNUM
WRITE (65112)
WRITE (691100 (KEY3(K#23,J),J=1,18)
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WRITE {64190}
READ (55210} HPLRIKHUK}
280 CONTINUE
30 RETURN
END
SUSROUTINE HUNIT
COMMON/TEN/HPLR (6912} yHPL1 (69 1255 HPLF{ 12,201 4
% HPLR1{0s 12}
COMMON/EL EVENZKEY 2136 ;180 ;KEV3(43 181 KEY4{ LL 18}
CUMBON /TWELVES KRU ABM e friMX s Kl JNUM, LITYP o 1FLAG
LCOMMONZUNITS/ THUF 6020}y InUL (o 1200 5 1 (64 207,
K [
INTEGER RESP,KEY2KEY 39 YESsYE
??T& YESyYE/IHYES$3KY 7
NEYR=50
DO 110 K=1,15
110 NYR(K)=NEYR+K
G0 10 (17891881 I1TYP
178 CONTINUE
TEi1FLAG.GT.1} GO TO 10
WRITE (651821 KHU. . )
182 FORMAT. (#7,38H ENTER NUMBER OF SCHEDULED HYDRG UNITS,
¢jo WITH PLANT CUDEslI3¢/3ivyM WORKING EAUH YEAK.)
£0 10 20
10 WRITE (64L83) KHU
185 FOURMAT (/77,%40H ENTER NUMBER OF SCHEDULED STORAGE UNITS,
+1oH WITH PLANT COUEgL3,/19H WORKING EACH YEAR )
20 WRITE iGol8w) (NYRIK) pR=1,15)
WRITE (69136)
READ (591903 (IHUF(KHU(K) K=Lsi5)
GO T0 215
188 CONTINUE
WRITE {69192 KHU
192 FORMAT_ (//,%5H ENTER THE MIN. NO (LOWER BOUND} OF EXPANSION,
+6r UNITS/16H wiTH PLANT CODEgi3s2LH PEKMITTED EACH YEAR.)
WRITE (6o184) INYREK)sK=Lyib)
WRITE (op186)
READ (55190} € IHULIKHUK ) oK=1515)
WRITE (ogl94) KHU
194 FORMAT (//,%5H ENTER THE MAXo MO (UPPER BOUND) OF EXPANSION,
¢6r UNITS/16H WITH PLANT CODEyi3e2iH PERMITTED EACH YEARS)
WRITE (631843 INYRUK)K=1s157
184 FORMAT (/ylH 92013}
WRLTE (69186}
186 FORMAT (/ylH ¢L5{3H —=}}
READ 59190} (IHUH(KHUsK ) gK=1515)
190 FURMAT (2013} .
167 FORMAT (/75313)
215 CONTINUE
RETURN
END

SUBRCUT INE HCHNG )

COMMON/ TEN/HPLR(6 »12) sHPLI( 60 12 ) HPLF (12,200 5
HPLRL{6s 12} )

COMMON/ ELEVEN/KEY2 (360161 oKEY3(43 918) sKEY4(11418

COMMON /THELVE/ KHUgKHMy KRMA g KHL o JUM 9 LTYP IFLAG

INTEGER RESPsKEYZ oKEY 39 YESyVE

DATA YESoYE/SHYES g3RHY 7/

3

K(H=0
JNUML = JHUMS L
105 CONTINUE
HRITE (691100 KHU
110 FORMAT (/7,544 WAICH DATA YOU wANT TO_CHANGE FOR,

o PLANT 132K 7/32M ENTER 2 DIGIT UaTa CODE NUMBER.y
v?éZ?H IF YOU NEED HELPsENTER 999
+

P ==}
READ (541201 K

97

<

&
Wb
Qoo

P
[l oY uYatelolalulsle]

1N RS B 4 ot for oo o ot ot
P 0 D 08 A

%U £
DOOOQLLOOO0

FORINR AR
D=1
oo

[sleldlelulnlslelw]sl

o et e G ot B o ot ot e okt 5 ?
LB

lelalolololnlelalolalolaleiolelelolole]
uw»wungwum»g
5 e On

ot
G
0
L]

0400

o o0

= =

o
A e e

o

©

M OO O G U S LI pue= O

[sYelalwlalalalolnlelalololslelato]
[
[wlutsTalalwlalalslotelelelw,

[eloTalulaloleletalslnlelolalalelolalalolulalolnlalolulole Lo le La)



0
0
4]
Q
0
&0
80
90

[elelolulslele lnlolnlalelolslolefulolulololelolololelolololulolelalelolelolo ol lalo Jole o]
WAOMMZB#5678901,&345678901234567890123@567390I:/r.a
Q

70

[o]aletel
%567
B

480

o SO0 OO Ordrdrtrdrd refpd el ed et NN NI NN S N NNV OO N OO AN O S &
[slelalololalelelolulnlwle] ool e g el e o] ) ol oed d el o o o] pn] ) o ] ] g ) el o o g e o 1o o] e e od 0 < ol g ] e ] v o) 5] ) o] e ool e g
7 oo 20} pad e g ool el o] pad o] o o el o pedgred ead o) gl gk s 5o ool 2 2l o) g o e o] <08 o el sl ol e o P s ] = el o] g g ok o ] i ) i et v ) o o ] 7 g od ) g
[elelelalelulvlelalclolololelolnlslalaloleloloTele ol s Tolate taleloTote Yo lotulatotelolotola foloTotolloTule I TotolotaTe Lo a Yot o Yalo tulo
DO0000CROCO0000D0GOOCAS0R063GODALN0SCOs00A0LHON00000IV0LROLILBIVLI0D
[sIelSTsTotelslatoteloloTulsToTo Tl e IaloToTa T ToTata ot el Ta ToT s To Ta ol e e tal s e To Tal oo ol olo ToTo T o Taltn oo to T o to To o ateT ot Ta T s

10940
10950
L0960
10970
10980

&
L4 Ed
o= L-T0]
L4 4 g 'Y
(o] e, ) e
s S O
W e L B oY ]
- <4 O wa &
~ [=] N $o. 0
® h o B Padm
e~ n N W= T
x > o ~§ et D)
o 4 D - e T
& o us TR e
iy O - & N
- s T} (=% B AZ = ww
P - @B = O ) T e O
> [+ e O ed 2 €D wd e Me N B
(] b o ed b, <& 9 u &.iﬂa m ®
® ® - e e < - o=
o4 =) [ ] w S} o QY = a
it il 2 N W [TH] e Do o) wild
-3 -3 - L ] © Do O WxXFD >
i e - el | b= ord w Y=L e
x o ™y -y o Y e N aLEed s}
54 -3 “2 o 3{> 4 e i ot L a ~y
p¥4 o & 1“. o axd i 2 94 W D sldem O
v Lo iy [] & &
we oA a3 3BY N3% 7% 2o 53 s oPa U4
DN + $ ¥ +X0O 12D LK) W o O F & NP
S ocify [ I 4 4 O Wy | X 2.0 L b N M ewd T
o md o = P mN w3 uK QxX= ol ) =T BA) 3 ey 54
=] & oy > N =t Y] L= e NIOYL o=@ ZN g x
[ =] Q > > O >di 6 2 exa Qo O WA s A T oa b
L Bediah s 1) D Wad. e Pttt l7 B | [ et | O 3=l e o | w
9C3 XA =Y = ML= a ¥Q~ W a8 IO £ Rt (N 3= x L E E
[=R]=] o Y e 20 L = e AL M [ B N [ e £ T w2 ey Wit
Z 9 ~Z& 4 [N hog Sond ) oo T > 0 CvaVP/ o4 athh e & o s
gL = o Yo Fom P oA mDPeD m o DDBSwem  oesd ZLOUU=A AN [ e Yl o
e D= b sy Y R =) NN G TOO0 DN Qe=iF o e B S BUIW wd & i} H .2 =i
21919 GHB 5ﬂm58 D et 31v115ﬁ4f IHNRM3EQ %NIEWUM L = i) et 208, HD
=48 0 9 o f m w8 B od b Sod ) - B -4 o1l MO b T 2t o > O
moe (F(FNUD £ U D 2D =D 0D 0P D~ awif) Zil) Hu TsMP. ITL:H/UPQRS MﬁNb:ﬂEmmmtmm
QUi D ODed Qrd DL w FDw w N DD 20 VI L L N Ot U e rmoaTy  smen D
b 0 2 0 ZododwZ ow peoF o we po feshe TP e Ok WIOE DR2EZZ2ZINMNMU QO9Z>>Z2NIID20NO
K WO PG U L Ui (3 iy, AL WL A0 O020=-2d od Nrastodd 2P rd O Lokt IO
T, ot o o o b gu o oo g o oo oo g o o oo G o D I o b pe LD e D g TELgoww<g el i, o ot b 10 3 02 B P
-4 e Im D wsted pprdlrd M L MBI L b= ) 134 MWHMYMTT AEINE w2
DLLLAoWOXOOO¥A0OLEDXLOZOWICELOUD D ~1WIILLUE 20 OUIADE-EL [a]el-Nalad e Te Bl T lolh]
FLIIGCIDNQGUNGFCIHGHHFWFRFGCCNFﬂHRFIIRE SC&CCCC@DID DOAZVEEVAZTZUOS
[=] = = ON e CO®m QO O NG O o o (=] uy
o o F oE N mFM 0 v 0 (5] ] =4 Ed
= =] od = edesd e el eded e o=d ] vt 1)

(&1 [8 ] (s ]}

98



jelslelalalololelolololalelolelolalulelolelo] elelolelo]
POHANAOTR DD QNN FIO D DD e O
B gTeUa T a VS TEA T A TELTVR T S TiS VG TN R Bs s N < I+ N5 s} HODROWBHLGR
11..51llllilillllku&lllllilllllllll11&111113111&111111222222222&2222222
vend o g g o ) el v ] o s g gend o] 0 g i o ] s e el e 5] g o o 0 gl ) 2l ke g o e ol o o g o oo o o] gt P o e} P o el g o o ) el sl e e o ] 5 g el el
[=]olelalelolalelulatatelelololnlutatelalelninlolelnlvivlololalolalatulnlalnleloTalo taloTo lalsTatolnlelalo ol ale tulo o lolu o [ole Le faTeTe)
[elelételalolalolololotolnlalalolwlelvloleloTalalolelolalals [alinlatals InlelolwivislsTololnlwlvTole Iotote lwleiw o loelelo lolelolal s 1o (o]
[slelulstolelolelsTolololalolnlslelototalo lnlalvlalelelololelalelolsloToTalolslalalalslolelal s lalstalelololals alalelulalefola I lulaTate ]

sty

oy

e 4

e 2] d

g e L)

= [V @) e I

3= ol o wdll, © -2

= = - ikl N -

& % £ wr oo ES o e

2 Ll ™~ Fo. o ~

T b B s e & 3

4 W N W= X e

o= P IR - | [= T

L ] - a8 I B e ws

m = > W =% ey a 80 owd m

o sz z 2 ! NV = L ) o o

P B = = m D P = X & b= 3 QO

22 # #* r &3 2 e o %€ ~ K

& o P A e e «f, 08 i 0 = e

=22 o 2 = Fed B 1114 Z B e

rr Eot Y & = m =L O k9 o= -3 = m e

P 2& D e B W Wl o) e 8 = Z XX o

o —we 5 & o e W CI5e o = o 4 F =

(LT i B4 % 0 W ED > w3 oM = P )

W.u B oo G w0 L=l o V1L tme o 2 [ ]

x BR & LA ot eL i ) bt 2 U 3 Mg ¥

=g N W -4 2 od g e W) Lo T ] x o el) e

Y o WNID a n, » W D elifem P N [ WE Lﬂ%r,.w -3 &ns_...c =

s S = vl B o & =N o w2

o S ) P~ 4 H M m o @ vmbw 1] m (U] fed [T rdjes o

X S & o - F e Ol s B e S UE (D O = =t el T

Wy o DD » > 3 BN N ewd W R & Dot Zom B z Tead,

< v fan WEL =2 2 = e T we W H) o P A=W =] B vt of

7= N Ews & 8 e NIgw ° oo S 38X  peeer = e 3=

2R o M%a\ -3 b oD YKPW I W 08 VLS = == 2Ly

+ & () ol vefoe s £ B, asp | 3 B > B Y i T W

s s -3 Jos TV [F W V1T S of Bl A R A R e T S & . 3 e L wooed - L]

bl o Wea LR34 D4 W 122 od e U 100 wOL < I 0 E-4 r 6

4 o 4 T megeed @2, Ba, om Bl PE T  ewrfy ) mEdymmson el om oemsafismp)  ea

o ° i et NL D> LTLHU LN A L™D &N QDN oM e O HONNO~IO

=i O o ed oyl DH R e Ipild e UML) @ & O 2 IOLN At P 0 S0 e oed

o oo 4] NDD e T @ WZ sl R4 U] Poed £ Ny NDN el 0?_ TN N N O el 16}

ex® ° SPELLIUE §> ¥ DL oo BB Rm = i D eNgEe sed e ™2 ath el e
W AMUD 2 Z2EALZHIZUD UL o o o 1L Yy e (% ] N Q=B O Qoo F VDtibb.ﬁebﬁJO_t
men D o4 P e B e 3t Y o G M N il 3 o DY P SN -y
Do %o P wd SO~NNOIZIOIEIZEZE DZEBZ2ZIENUIAN U Z bed e Qb Bk o =D 2
P Z el e F A et O OO P T G T8 P et D) aer bt en bop ed 0 Qo O000=BE Wi Coe=a 0 R Q1L {11 < O 5= 1= QUL F Ll o D Wt
moloped |0 Hbe il 00 HPF NS b Gl i=D ®E TEFFoULE b bun oo e BN B e b S o oo S b B 0 o b
PN F P = od et O] et 00N Ly T E - i b b4 P o | 0 WMMWYTHF = QIMHIRIR W ot od vl e O, ot F
foo pes HIL DO WD DWAUSOTEQL IO JOUE o Jo OODEZ i {3 L O0xO3xBe00» 200wt OI%0
EEUIINDIIDI9DIDIIOANETEATIALAOITVLXW SE@ﬁCCC#IDDDK GCNFWJNF WO BOLEIZLELIEY
DN (=} © w0 Q0 i o Q 0 o Q0 o O [
(o le] w4 o~ 4 [T ] [ o N N Relind [ <
B4 - & T [SUR ~Nond oo NN [

OO WO

99



AOOOOOONO  ACOOO

[glelnlal

495
500

520

100

G0 7O 500
33L1XsF1l0e5)}

48
For

LOWER aMD UPPER BOUNDS ON NOo s
F/729 E4CH PLANT CODE EACH YEARS)

2
PANSION PLANTS))
KH{1) g Iséy0)
w
rs

e O G O T o
e 0-"; 2\; e
Ll
§w—§\» @ 0D
O WO
wwont e
m X
o=

Sa &

1

3? YD PLY CULE3110G)
§93€ Xe

]

i

L Inbo&Xe LHU D)

KY o {THULE JHoNY s IHUHIGHNY ) g JH=44 6}
155X, 615}

CHERE N

’%
{ (KH{I} o I=by6)
b

=G M 0L g Cmme

h ]
=

Ob
34H % K$ MEANS OOLLARS IN THGUSANDS)

MRTEMNOZOITZLZNOTLAONT DI NE NI O1ITi=

SUBROUT INE PsDA

THIS PROGRAM ACCEPYS INPUT DATA FOR OPERATING AND
COST PARAMETERS OF PUMPED STURAGE PLANTS.
THE ENTIRE PROCEDURE 1S INTERACTIVE.

’CUNMDMgFEN/HP%%§6'IZBvHPLI(b,lZ)wHPLFQIZpZO)v

HPLRL{

COMMON/ ELEVEN/KEY2 (36180 9KEY3(43518) sKEY&E 11 018)
COMMON /THELVES KHUgKHMgKHHX MLy JNUM; ITYPy IFLAG
COMMON 7MULTPS/ PBM(& Do LAM(%e)

COMMON/UNLITS/ LHUF(6920) ¢ IHUL (69200 IHUH (6200
+ NYRE20)

INTEGER RESPyKEYZ2oKEY35YES, YE
?31% YESs YE/SHYESs3HY 7

1
DO 100 K=1,34

KEAD (415110) (KEY3(Ked)od=le18)
CONTINUE
EORMAT (1844

BEGINNING OF INPUT PROCEDURE

WRITE (69120}

100

(KEY2{J oK} sK=1s 639 { HPLR{JHo J) g JH= %46 )
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[gleled

[alela]

170
172
175

217
220

248
257

250

260

306
154

b
3

Xy35H INPUT PROCEDURE FOR PUMPED STORAGEs
.;ﬁr:m BEGINS .}
2

2 U0 YOU HAVE A FILE FOR EXISTINGs
ORAGE PLANTS?/L7H ENTER YES UR NU. )
ReSP
EQ.YES . OR.RESP.EQ-YE) 6L TO 306

KM

SH BEGIN YOUR INPUT FOR EXISTING STORAGE,
38H THt MaXKe NO. OF SULH PLANTS SHOULU BE.I3)

WOR=0)
TR T

4
ARTENT

OWME

-

IWh4 ﬂg
e

60U}
77936 ENTER PLANT CODE NUMBER (2 DIGITSl.y

READ (541700 KHu

FORMAT (1213

IF (KHUEW.KHM} KhME=RHM
CONTINUE

CONTIRUE

Cabl HCREAT

CHANGES/CORRECTIONS OF INPUT DATA

CONTINU
HRITE }OKHU

EOK 1 30 YOU WANT TO CHANGE ANY OATA FOR PLANT,
+

o

&4

ENTER YES OR NO.)
} RESP

2

b

YES.OR.RESP.EQ.YED} GO TO 230
2} 60 ¥0 7540
3AN0.KHHX.LT.23 6U ¥O 250

I bt D F bt i bt T
WQD"T\I;\Q'T]‘TVTWW

G
92400 KHU
/939H DO YOU WANT TO (HANMGE Atl THE DATA FORy

I2¢203/1TH ENTER YES OR NU.)

303 RESP
EQ-YES-OR.RESP-EQ.YE} 6O TO 172

EQe21 GO TO 750
ToldeANDKHMX L. T2} GO TO 250

7333 DD_YOU wWANT TO CHANGE DATA FOR,
?éa PLANT?/17H ENTER YES OR NO.)

RESP
EdoYEScORRESPoEQ.YE) 6O TO 417
e GEo KHM. OR o KHMXo GE o KM 3 GO TO 440
ADDITIONS OF MORE PLANTS TO THE SYSTEM

WRITE (65260}

FORMAT_ &//7,38H DO_YOU WANT TO ADD MORE PLANTS TO THE,
+3H SYSTEM?/17H ENTER YES UR NO.)

READ 1541303 RESP

IF (RESPoEQYES.ORRESP.EQ.YE)} GO TO 152

KHMX =KHU

GO 70 440
CONTINUE
READ {45

575, END=L46F KHU
FORMAT (3133

e« O b P

L3 L0400 L0 B ) WA D I W )

1 L4 LY UM I PRI BRI PO PO PRI RN e oot ot fod s ot fo? ot
00 = @ LN £ () Pl o OAD GO =30 W~ QPO ©10 Q0
Potetlalelatel alnlelalal=letolelelalvivtslelulalilolal el e



[glalgls]

READ (45,590} (IHUF (KHUsK}sKS1e15 )

READ (45,587) (HPLR(KHUsdbyd=1ydNUM)

G0 10 206
146 CONTINGE

KHMX=KHU

WRITE (0s158) KHMX
158 FORMAT (/7734H THE TOTAL NO. OF EXISTING STORAGE,

+10H PLANTS ISg13)

D0 161 KHU=1yKAMX

READ (479575) KHU

READ (479590) (IAUF(KHU,K)oK=1,15)
lel CONTINUE

WRLTE (65171)
174 FURMAT (//,31H ENTER YES IF YOU WANT TO PRINT,

+22H EXISTING SYSTEM DATA.)

REAU (5,130} RESP

IF (RESP.EQ.VES.OR.RESP.EQ.YE) CALL SPRINT(2)

IF (1P.iG.1) GO 70 265

DD 149 NY=1g15

READ (4855751 NY

READ (48,567) (HPLFCJgNY)pd=1 ydNUM)
149 CONTINUE
146 CONTINUE
159 FORMATL// 413}
265 WRITE (64270}
270 FOURMAT (/7,35H_ D0 YOU WANT TQO CHANGE ANY DATA FOR

+25H £XISTING STORAGE PLANTS?/17h ENTER YES OR NO, |

READ 15,130} RESP

TE (RESPIEQYESORGRESP EQ.YE) GO TO 400

G0 10 %40
400 CONTINUE

IF (EHMé. kM) GO TO <17

:ETER UATA CHANGE OPTION ACCORDING TO,

W £
%06 FORMAT (//932H 1L ADD MORE PLANTS TO THE SYSTEM,
:ﬁ;dgH 2 CHANGE PLANT PARAMETERS,

?
READ (5,407} I0PT
407 FORMAT (11
GO TO (411,417),10PT
411 GO 10 132

417 HRITE (0644

Ul
420 FORMAT (//v34H ENTER PLANY CODE WUMBER{2 DIGITS)s
I;;gﬁ FO% WH ICH YOU HANT TO CHANGE LATAey

READ (5,170} KHU
Ga 7 30
440 CDNFINUE

HRITE (69450}
450 EORHAT 7/ 240H IS YOUR INPUY FILE FOR EXISTING STORAGE y

oo

TH PLANTS CUMPLETE?/i7H ENTER YES (R
READ {55130} RESP
IF (RESP.EQeYES.ORRESP o£Q.YE)} GO TO 490
G0 T3 265
490 CONTINUE
CaLL nCOMP
575 FORMAT(/,313)
REWIND 45
DO 560 KrU=1,KHMX
WRITE (45,575} KHU
WRITE {45:590% (IHUF{KHUoK}oK=1,15)
WRITE (4555875 (MPLR (KHUgJ}pd=LsdRNUMD
560 FORMAT (1H s5F10.5)
560 CONTINUE
570 FORMAT (/sLH ¢313)

102
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585 FORMAT (1H ¢5E13.5) 00014210
550 CONTINUE 00014220
REWIND 47 86014230

& DO 554 RHUSL oKMMX QOO0LL c4
¢ WRITE (47575} KHU 06014250
€ . WRITE (474590} {LMUF{KHUsK)sk=1515) 00014260
€ 554 CONTINUE 86014270
590 FORMAT (20I3} 00014380
D0 540 NYsig15 60014290
WRITE (48,5757 NY 00014300
WRITE (48,587) (HPLF{JoNYDyd=LsINUM) 06614310

587 FORMAT (5C12.5) 00014520
540 CONTINUE 06014330
500 CONTINUE GO014 340
500 CONTINUE 00034550
502 Iivp=2 00014260
JNUM=11 00014370
K=K MY+ KL Q0014380

Krd L=KHU 00014390

WRITE {6;605) 00014400

605 FORMAT (/7,330 DO YOU HAVE & FILE FOR EXPANS ION 00014410
230 PUMPED STURAGE PLANTS?/17H ENTER YES GR NU. | 00614420
READ 15,1301 RESP 00014430

IF (RESPeEU.YES.ORRESPEQ.YE} 6O TO 800 0001 4440
WRITE (6solU) 06014450

610 FORMAT [/7+a3n DO YOU WANT TO CONSLDER STORAGE PLANTS AS, 00014460
+/22H EXPANS 1ON CANDIDATES?yLTH ENTER YES OR NOe 00014470
"READ (5,130) RESP 00014480

e (RESP.20 VESIDR.RESP .EQuYE) GO TO 710 00014490

€0 T0 900 00014500

710 WRITE {65715} KH1,KnU 00014510
715 FORMAT (//55H ONLYs12,14H PLANT TYPE 1S D00L4520
+26H CONSIDERED FOR EXDANSIONS F1sh 1T 2o ASSIGNED, 00014530
+15H PLANT CODE NOopi3) G0G14540

8 30 172 GO0L4 550

756 CONTINUE 00014560
WRITE (64720} 60614570

720 FORMAT (//533H IS YOUR INPUT FILE FOR EXPANSION s 00014560
+254 STORAGE PLANTS COMPLETE?/1TH ENTER YES UK NGed 00016590
READ (5,130} RESP 00014600

IF (RESP.EQaYES.ORRESPEG.YED GU TO 850 $0014610

G0 YO 217 00014620

800 CONTINUE 0UOL4630
HRITE (6¢715) KHI sKHU 06014640
READ (497590} (LHULIKHUsKIgK=2515) 000L4 650
READ (4995901 (IHUHEKHUsKIsK=1y15} 00014660
READ (4955873 (HPLRI{KHUyJ)ed=LyJNUM) 00014070
WRITE (boB32) 00014680

832 FORMAT (/7 31H ENTER YES IF YOU WANT TO PRINT, 00014690
*230 EXPANSION SYSTEM DATA.) Q0014700
READ {55130) RESP 00014710

1E IREZPIZ0 VLT MRRESP «EQuYE ) CALL SPRINT(3) 00014720

G0 YO 217 80014730

850 CONTINUE 00014740
REWIND 49 ) 00014750
WRITE (49:590) € IHUL (KHU oK) oK=1,15) G0614760
WRITE (495590) (LHUMLRHUsRkS oK=koL5) 06014770
WRITE («9,587) (HPLR(KHUyd) 9d=1yJNUM) 00014780

900 CONTINUE 00014750
WRLTE (699653 00014800

965 FORMAT 1//,36H PRINTING OF THE ENTIRE PUMPED STORAGE 00G14610
+2iH SYSTEM DATA FULLOWS./ 17H IF YUU WANT TH1S 00014620
#20H PRIMTINGENTER YEkSeb GO014830
READ (3,130} RESP 00014840
(RESF.EUYES.URRESPoEGsYE} CALL SPRINT(L} 00014850

1000 CoNTIECE 00014860
00014870

¢ END OF INPUT PROCEDURE 00014680
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95

260
270

280
290

300
310
400
430
%50
455

460
“70

435
490

495

ERITE (69654}

ORMAT {/7,42H ENU OF INPUT PROCEDURE FOR PUMPED STORAGES
+ggT5k£NTs.vloqlh INPUT DaTA STORED ON UNLTS 45,48 AND 49.)

SUBROUT INE SPRINT(IPRT}

COMMON/ TENZHPLR (69 12) oHPLI{69 120, HPLF {12203 5
+ HPLRE(6g 12} -
COMMON/ELEVEN/KEY2(36918hoKEY3{63918) yKEY4(11,18)
COMMON /TWELYE/ KHUoKHM sKHMX o KHLy JNUM ¢ 1TYP; IFLAG
COMMON JMULTES/ PBB{<)yLaMise]

CK?Q??Q?NITS, IHUF (69200 ¢ IHUL (69200 s THUH(652010,
+

INTEGER RESPyKEYZ2sKEY3s YES,YE

DIMENSION KH{6)

BATA YESyYES/IHYES,3HY 7/

DO 95 J=ise

Krdul=y

gres

FO b=t Ehem X

NI, OF UNLTS OF EAULR,
RKING EalH YEAR:Z)

G
STING PLANTS) $
Hll)ox=i'3

PLY (ODke3IS5)

@

HRNELONEOZODNENEZLNVOEZERTNMENELVNEOD

ZLOOXTQANOROQOATMRORDOROPRZOQDI<OLUADRC

W
X1
(K
PS
5

KY o { IHUFE JHsNY) o dH=1e3)

=S E b Qe
s

$

o

wn

-

p}

VIDUAL PLANT DATAs)
)9131933

LT COUEs 9Xo3({1XoL10be/}
tJd

o) sK=1lp 6o { HPLR(JUHsJ ) g JH= 132

O=i
P8 @ Do W0 =)
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CHRREE Fo e o 230 % A 3 E 23 PR R s 32T 3R B K e e e R AR e o e T O K

00000010

o e e T ST X B e e 3 X TR R B EBERY tx: 33 L2 2 et & 4 1+ Bt e GGo00020
° SUBROUTINE LuaD] 00000L30
< 7 GUOCOC4D
= TrlS PROGRAM READ LOAD VATA ANU CALCULATES LOAD DURATION QuU00050
" CURVES AND CUMJLANTS FOr cALH SEASON EVEKY EVERY YEAR. QU0C0060
" FEFT20F00L) DALFRZ20UDATAS 0C0D00CT0O
[ FIFT21FU0L) DAlLF21L.DaTA} 00000080
o F(FT2=F001) DA(LCURZ2S5.LATA) 00000090
c FIFrT20F00L} DALCUMZo.DATAY 00000100
- 0Q0L01L10
jos ) 00000120
COMMUN  /VEZAR/ NbYk,NBYL.lENu.ILY.NY 0Q0C0130
INTEGER YeSyYylRES 00000240

OATA IYES,1Y/9YZS5® 'Y“/ 0C0U0L50
REWIND 11 . CUOCL 160

REAU (11ls20) NDUML,NDUMZ SNBYReIEND CL000L70
NBY1=NbYK=-1 Q0000180
REWIND 4l Q00C0190

20 FORMAT(4I10} 0000G0 200

99 FURMAT(//°% =xxxsxzed® START Ur LUAD INPUT PRUCEDURE =xsxxxwxxx® ) Q0CC0210
PRINT 99 0u000220

< ) ) 00000230
gcccoLccccoccecceccoccCccece €l KeaD LUAD CHARACTERITICS 00000240
c 00000250
CaALL MULT 00000260

C o R . ouG00270
cccCcCcCccCccCclCcCCcilLecCCCLCC READ REFERENCE LUAD MULTIPLIER o0u00280
c 00000290
NPRD=91 00GC0300
NPER=4 00000310
IPNT=50C 000uL0320

101 FORMAT(%A4) ¢000033¢0
WRITE (oyl0c} 00000340

102 FORMAT (/10x o°*D0tS A Flik UF KEFERENCE LLAD DATA®, 000GO350
+& EXIST? ENTEKR YES OR NG.® ) 000003560

READ {5,103) IReSP : 00000370

103 FORMATY (A3} 00000380
135 FORMAT (1H A3} . Q0000350

F (IRESPeNEolYrSeANDIKESPoNcolY) GO TO 50 00000400

CALL PANDA 00000410

C 00000420
ccegcccecececccecceccececceccecceeg LALCULATE LOAD DURATION CURVE GQ00043C
C ANU CUMULANT 0C0C 0440
D@ 200 1= NBYRyItND 00000450
NY=1=N3V Q0000460

ICYy=1 000060470

CAaLL DURAT 00000480

CaLL CuMuL Q0000490

260 CONTINUE 0000Us00
50 WRITE (¢910061} 00000510
106 FORMAT (lp o f ®xxxsxxamscNY Uf INPUT PKDCEDURE FOR LUAD DaTasxxt /00000520
+8 LOAD MULTIPLIERS STURED 1IN UNET 2L.%/ 00000530

+8 LUAU DUKATIUN CurRVES smhtu IN UNIT 254 ° 00000540

+® CUMULANIS STDR:U IN UNIT <o '//) Q0CU0O 550

sTap 00000560

END 00000570

¢ Q0000 SBO
« Q0000590
- 00000600
CHSEEGERERFEE DR LB R IR ERRBER CPERFREREE 000C0610
< 006V00620
SUBROUT INE MuULT ) . R ) 00000630

THIS SupPrUchAM READ THE ENckoY MULTIPLIER ANO LODAD FACCTOR 0C000640

COMMON /YEAKR/ NBYRNBYLoIEND,LICY oNY QCU0CY 650
CLMMDN /ChrLD/ cMLPY(#QJO)erD(4pbO) 00000660

s AYRBLS D)y PKAD(G 3D }e HLIZ24)s PKI&)BSL{4) C000UBTO

* v SUM{4GlenVi lad oLl (500) slF (4} 00G00680
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201
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200

231
270

280
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300

Iy
(1%

=T
<

7]
N

2 BYES °/
ENTERS®]

)(n

OES A FluE OF tNtRbY MULTIPLIER AND LUAD FaCTORY/
fSTS? ENTER YES LR Nuo®}

EQoYESeOrs EANSeleY) GU TO «O1L
cccceccecce REAL INPUT DATA

PAL e =T

OV ZE e T
Um N N\ ¢

oo
@ 0—- JO

BYRs IEND

z
CmCmUmPE =N

YEAR’;IS)

e e e o - - o e - ——— 1] )

LEMLPY (g NY o=ty 4 ) : °
"liew)

e 2CNO<

—{peJp P oegTred | b Qetemf () e
¢

LA BOIZR T N NZZ
HZ O o o

18

LOAD rACTUK FOR EACH SEASUN EACH YEAR®}
fNBYRqIEN&

40 o1
dO,(FLJaJva),J lo4}
InUe

cecccceccecceccecceccecc PRINT TO VARIFY
D <1
READ (21,51G) EMLPY,FLD
ND 21

L ENERGY MULYIPLYER FUR EACH SEASON EACH YEART)
DU 270 I=NBYR,IENC

=1
PYLJINY ) EGe0) EMLPY(JyNY) =100
J,NYD.:M.U) FLU{UsNYI=0at

[l
gU o1y QEHLPY(JyNY,iJ:li‘?)

1]

XOTNG =<
Bt fort ¥ oo 2 o e
P4
o
-
]

30

llNBYKleNU

Y

COpl o FLDOJISNY Jod=hou i

PEDLOX 00
ZoedZ = NZ Z Gl TN RO
P A Lk B o R R o, i S I |

Ao 3o T pet €Y g Z b |

ccceccecceccee CHANGL: DATa

1S YCUR INPUT CUMPLETE 7 ENTER YES OR NO.® )

td e VESWORG lANS-tQ Y} bu T8 509
YEAR ¥ 515, % 2 ®,ur}Q,

N=RBTO O VOV200V0VOVM-OE
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00000690
000207C0
00000710
Q0000720
00000730
00600740
00C00750
00000760
00000770
00000780
00000790
00000800
Q0000810
Q0000820
00000830
00000840
000CLE50
0UC00860
0uoooRrI0
00060880
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315
330

340

+
MDTNMEQLXUYVZDTVNX o TT QOEQOUZDOTI U Do T

p

x

INT 330

MAT&VXp' 00U YOU wWANT Ty ChAth ENERGY MULTIPLIER?®/
J ENTER YES R NO.Y)

Ad S99 IANS

(IAMS.Mt YESeANU. IANS.NE.Y) GO TG 4945

INT 340

RMAT(® ENTER WHAT YEAR .9}

XW

NT 4us 1

X1 bt et
322 =CZ

[V}
Oi(tMLPY(J'NY)vJ ley4)
>

aL
o

L0 YOu NANT TU CPANGE LOAD FACTORS?Y/
NtNTER YES CR NOo®)

re
£
[

oNEs YELoAND.IANS.NE.Y) GU YO 202

>
Z# ZAD o~

e P OUE T QIO e

PNty CQOelpr $e
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899

30
20

10

&0

SUBROUT INE PANDA

COMMON  /YEAR/ NBYRgNBYLs IEND ¢ ILY pnY
CUMMuN /CRRLLY/ EMLP¥(4 3CGIsFLDl%y S0 )
g l\VKDl‘!—’D),H‘ABi‘Q’b)g HL(&‘O), PK“*),&SL“’)

t LUM{4) pAVL L4 ) s ELD (500D sl {4)
OIM:VSILV IERL{24) .
INTEGER SSNi«})

DATA SSN/'Wl0,05peygegQye 088y,

PKMAX=0 «0 .

INT=20

NPER=4&

[814] 10 K=l,4

3SLIK)=4 UELU

ND=91

IF {KoEGQe4) ND=92

DG 20 ID=L¢ND

READ (INT 899,cND=55) {EHRLETI ) pl=1924)
CONTINUE

03 30 I=ile24

Hi{Il=1nRe{1l}

SUM(K}=SUM(K)+NL(1)

FCORMAT (20Xs1215

1F (HL{;).GS.rn&K;) PRAKI=HLEL) »

IF {HLEI}eEaCe AND-hL(l’-LT-DbL(K)) BSLEKI=HL{I}
CONT INUE

CONTINUE

AVLIK }=SUM{K)/ND/ 24
ELE{I=avL(K}/PRLRK)

CONTINUE

REWIND INT

DO «0 K=1yNrER

IF (PKIK)}abToPKMA A} PKMAX=PK(K]
CONTINUE
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107 FURMAT (9X +*THE ANNUL PEAK  UF TmE REFERENCE LJIAD UDATA IS 9, 00002050
+IPEL3 s " MH ] 0GC02060
WRITE (65100) i 0eC02Q7¢

108 FORMATL/® SSN PoAK LD{MW) MIN LO(MWY  AVE LO(MW)E, Gu02080
+ ®  FOT ENeR{Muwn} LOAD FACTuxe® 00002090

[\ 18] 70 K=1yNPER Q0002100
WRITZ (6453109} SSNEKfvPK(KEyDbL(K)vAVL(ﬂivSUﬂ(K)' Lr{K) GLo0z110

109 FORMAT (3X sA4¢lXgLP5EL3.5) 00002120
70 CONTINUE 00CL2130
WRITE {cpy107) PKMAX QUCCZz14Q
PRINT 109 00002150
00002160

RERIND INT GUOV2L70
000021890

B0 140 wz=l.4 Q00C2199Q
PTS=PRAKI~oSLIK S Qu002200

DO 1686 N=144 00002210
AVRB{KgNNI=ZULU 00002220

166 CONTINUE Q00Cz230
NPRD=G] 00C0z2+«0
IF{K.Ewe&} NPRD=92 00002250

DO 180 ND=1¢NPRD - Q0002260

. READ {INTe39%,uiNU=155) (IHRL(1)ol=lecs) 00002270
155 CONTINUE 00002230
DG 160 I=ls24 QU0U2290
MElII=InRL{ L) 00002300
AVRB UK, 1)1=AVKBIKs L] +nefli® (1.0~ hLil)=BSLIK}I/PTS%0as) 000C2310
AVR&(&,Z)=AWK&(&,¢)+HL(ii“il.b-(hL‘l)*ESL(Ki)/P?S*O.Z) 00002320
AVREB (K, 2)=AVREIKeZ)+HL{ L) . 0CC02330
AVRE(K s+ ) =AVRBIKya4l+rll L}* FlLle Ut (HLEL)—ESLIK)I/PIS®0.2} Q0CU2340
AVRBIK; ) =AVRB{Ky S+l 10%{ Lo Ge{rb (LI ~ESLIK ) )/PTS%0,4} 00002350

160 CUNTINUJE 00002360
180 CONTINJCL 00002370
YY==~0 .6 00002380

00 151 Mi=lgb Q0002390
YY=YY+(o2 00C0Z4 G0
BX=NPRD*24 00002410
AVRBIK s NN JT AVKB{K ¢NN} /B X 00002420
PRAS(Ky NNJ=PRIKIX( L 0+YY JZAVRB LK ; NN 00002430

151 CONTINUE 00002440
140 CONTINUE 0000 2450
RETURN 00002460
00002470

00002480

A A AR O AR A R B O O T R R R R R 00002490
000CZ500

SUBROUTLN& LURAT Q0L02510
MON FAVRAGE/ AvY (4} 00002520

DGUBLi PR:LLSLuN avy 00002520
COMMON  /YEAKY/ NEYRsNBY1, IeND, ICY oNY 0C002540
COMMUN 7CHKLL S tMLPY(Qw;O);rLUl#vBU) - 00C02550

+ v AVRD (495} s PKAB(%s5 )y HLGca )y PK{4T8SL(%) 00002560

+ } v SUM{4 saVL le) sl D(SU0) sELF (4) 00002570
DIMENSICN IkKL{2«) 00002580
DOUBwr PR:zCISION ETOT ;AVLD 00002590

108 FORMAT{® SSN PEAK LDI{MW) MIN LD{MW) AVE LD(MN)®, 00C02600
+ 8 TOT ENER{MWH} LUAL raCTOR®) 00002610
PRINT 1(G, ICY 0LC02620

L00 FORMAT(s® YocAR UFP % 14) 00002630
PRINT 1us QUCC2640
PRMAX=U .0 00002650
P75=500 00002660
INT=20C 0CC02670
REWIND INT 00002680
IPNT=500 : QUU02690

DO 214 K= Ly4 000C2700

cTa Os 00002710
CALL KUNST&KyLLvC¢yPKF) 00002720
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209

INTITNY
e Ot
Roo

ccC
355

400
“10

s

1008

D3 209 J=1, IPNT

ELD{J}=0.u

NPRD=v1

IF tKeBda&) NPRD=92

DX={ PR ) #PKF~oSL{K }#*(1 J/FLOATLIPNT=1)
PRINT ‘QDXyblgLa'P

DO 218 ND=g,NPRU

READ (INTqbi9ng0-ZSb) CInRL{1)ol=Lp24}
FORMAT{ 20Xy 1215}

CONTINUE

DO 216 I=l,24

HilLy=1nmRL{ 1}

EKK= PR{R)=bSLIK}

Het Ii=ri {1} #¢ CLe{HL{1)~BSLIK})/ERKSCZ)
IFL HL{l)ecwo0) GU TU 216
LA=(HL(£)—B>QlK)*CL)/Ux*l.O,
IFfLALTeloCRabl AT lPNT) Gu TO ©(L0
ELD{LA)=ELD(LA}+L .0

ETOT=eTOT+rL{ L)

CONTINUE

FORMAT{ LOFT7.0)

CONTINUE

DU 340 1X=zg¢1PNT

I=1PNT+g~1X

ECD(II=ELD(II+ELD(I+1)

CONTINUE :

CeCCccCoe L C cC KMARe A FILE OF LUAD DURATION
WRITE (25) 1LY,

FORMAT(/® Y:AR $ol5,0 SEASUN= 8,15)
BSLU=8SL{K)=C}

PKC=PK(K)=PKF

AVLO=ETUT/{ 2o*NPRU)

WRITE (5) LXs3 SLO,PKC.:TDT,AVLU

WRITE (25) e1D

AVTI{KI=aAvVLD

ELB=AVLU/PKC

PRINT 1094K ¢ PKCsbSLﬂvAVLthTOToELD
FORMAT (3X ol%glXpiP5E13,5)
FORMAT(1P5EL124D)

CONTINUE

RETURN

PRINT 4103LA¢1,ND i
FORMAT( ® ERROR WITH UNIT 20 ¢ StE SUBROUTINE DURAT®}
REWLIND INT

RETURN

END

R e e N Ly - T L T m—

SUBROUT INe CUMUL

CCMMUN FAVRALEZ AVT(4)
DOUBLE PREC1SION avi
COMMON  /YEAR/Z NEYRoNBY
COUMMON /CnkLLUZ EMLPY( 4
9 A PKi&)BSL(4)

]
819 IHRL{ 24}
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110
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IF (KeEwe &) NPRD=YZ

00 1020 ND=1,NPRD '
REAG (INTs05952ND=661 (IRKL(Liyl=1,24)
CCNT INUE

EKK= PREKI=eSLIK)

LDy = e il =0 ClelnLii)=oSLIK)I/LKK=C2)
HRLII)=rL (I =AavTin)

HOURL =1 .0

DU 1030 J=1,8

HOURL=mOUKL ¥nKkL (1}

EMidl=2M{g) +ndurl

CONT INUE

CONTINUE

00U L1335 u=le8 )

EM{Ji=cMIJ ) /INPRO% )

HUURC L1 )=EM{ 1

HCURKC (2 =EMics )

HOURC (3 )=EML3)

RUURC {4 )=EMie =3 2™ J*cM{2)

HUURCUS )=EMIS =10 ® M3 ) wuM (L)
nJURC(6)=cmloi*iﬁ.*:ﬁl&)*cﬂlc)-iC.*tM{:)*:ME3)+

* 30 *EMAZ ) #EM(2 IFEMIZ ) . A
ROURC{7I=EMU TS ~ciwPaM(5 ) %EMlic ) ~25 o EM (4 ) %EML3 )+

+* 2i0.FCcMUSI®EMI2I®EM( L}
HOURCULBIZCMUb }=28%EM 10 ) #EM{Z J =50 o FEM {5 ) e M (3 §—

+ 25.FEMUG IR eM(a i va20  FeMla) RoMl g JREME L]+

* 590.45@(3)*LM&3)*tM(L]—obon*tﬂ(a)*:M(Z)*EM(Z)*E@
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PRINT 110

PRINT 124 R
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FURMAT (In ,°THr 10al CUMULANTS FUK L9159 1Xs 149" ARE?)
WRITE (00110} (HOUKC{ulsJd=1,81

WRITz (c09305) ICYynyAVI{K]}

WRITS (Z20s110) (NCURC(JI sd=1s8)

CONTINUE

FDRMATKIP3EZ§.14)

FCRMAT{ 20X, 2215}

REWIND INT

RETURN

END
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wsss PREP SUBMODULE w#% 00000010

000600020

00000030

THIS SUBMODULE DETERMINES, FOR EACH YEAR IN THE STUDY PERIOD 00000040
{1) MINIMUM AND MAXIMUM RESERVES 6000006

{Z) ECONOMIC LOADING OKDER 80000070

{3) LOwER BOUND OF OPEKATION COSTS 00000080
00000090

06000100

ON INPUT : 00000110
(1) PLANT DATA (UNIT 11) ) 00000120

2} NORMAL DISTRIBUTION TABLE (UNIT 15} $0600 130

00000140

ON OUTPUT : 000600150

g1} FINAL LDC AFTER THE CONVOLUTION OF 00000160
SCHEDULED SYSTEM FOR EACH YEAR(UNIT 22) Q0000170

(2} ECONOMIC LOADING ORDER AND SCHEDULED 00000180
SYSTEM MAINTENANCE ALLOCATION FOR EACH 00000150

YEAR (UNIT 24) 00066200

(3) HOURLY LOAD CUMULANTS AND SCHEDULED 60000210
SYSTEM OUTAGE CUMULANTS FOR EACH 00000220

VEAR (UNIT 27) 00000230

{4} PLANT DATA (UNIT 23) 00000 220

{5) OTHER INFORMATIOUN KEQUIRED BY 40000250
DYNO-SUBMODULE(UNIT 10} $0006260

00600270

30000280

66060290

00000300

00000310

00000320

COMMON VARIABLE DESCRIPTION 20006330

, 00000340

66000350

NAME  TYPE  SIZE DEFINITION 00000360

— 00000370

_ 0000380

AVSPE  R%*4  20.4 AVSPE(I,J)——AVAILABLE SPACE FOR MAINTENANCE 00000390
ALLOCATION 0600400

I : YEAR INDEX 06000410

J s SEASON INDEX . 0000420

COSTOP R*4 20 LOWER BOUND OF OPERATING COSTS FOR EACH YEAR 00000430

CMULT  R®e & SEASCNAL CAPACITY MULTIPLIER 0000440
EAVAL R%4 3 EAVALEI J—~MAX AVAILABLE HYDRO ENERGY IN MWH 00000450
I=1 SCHLD RYDRO PLANT 00000460

I=2 EXPN HYDRO PLANT 00000470

f=3  PUMPED STORAGE 00000480

EC R4 20 SCHEDULED SYSTEM CAPACITY FOR EACH YEAR 00000490
EL R¥4 491250  EL{I,J)—NORMALIZED LUAD DURATION CURVE 00000500

I s SEASON IN 00000510

J 3 ABSCISSA INDEX 006000520

EMOR R¥4 22004  EMOR(lyd)——THERMAL PLANT MAINTENANCE OUTAGE 00000530

I : PLANT INDEX (EXPN&SCHLD) 00000540

J : INDEX OF SEASON IN WHICH MAINTENANCE IS 00000550

SCHEDULED 00000560

EMORH  R%4 3,4 EMORM{Isd )=~HYDRO PLANT MAINTENANCE OUTAGE  GG000570
I=1 SCHEDULED HYDRO 80000580

I=2 EAPANSION RYDRO 60000590

i=3 PUMPED STORAGE 00000660

. J : SAME AS IN EMOR 00000610

EMULT  R%4 & SEASONAL ENERGY MULTIPLIER 00000620
EXPLCU R%4 448 EXPLCUL [59) —EXPN PLANT OUTAGE CUMULANTS 80000630
It FIRST FOUR CUMULANTS 00000640

J ¢ PLANT TYPE 00000650

HRCUM  R¥3 498 HRCUMEL o )—LOAD CUMULANTS FOR EACH SEASON 00000660
I : SEaSON INDEX 000670

J ¢ CUMULANT ORDER 00000680
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HYDR R¥4 3,11 HYDR(1,J) —HYORO PLANT CHARACTERISTICS 00000690
I=1 SCHEDULED HYDRO 00000700
I=2 EXPANSION HYDRO 000006710
I=3 PUMPED S TORAGE 00000720
d=1 I=1,2 s BASE CAPACITY MW , 00000730
I=3 3 STORAGE CAPACITY MW 00000740
J=2 I=1,2 ¢ MAX CAPACITY MW 00000750
1=3"" : ENERGY LIMIT GwH 00000760
J=3 1=1,2 : STR ENERGY LIMIT GWH 0000077
1=3"" & PUMPING BEFICIENCY 00000780
d=4 I=1,2 s ENERGY LIMIT GWH 00000790
I=3"" : GENERATING EFF ICIENCY 00000800
J=5 : FORCED OUTAGE RATE 00000810
3=6 : MAINTENANCE OUTAGE O/YR 60000820
=7 : FIXED O&M COST K3/MW/YR 00000530
=8 : VARIABLE Q&M COST $/MWH 00000840
=9 : CAPITAL COST $/KW 00000850
J=lo : CAPITAL COST ESCALLATION RATE 00000860
X J=ii t SALVAGE VALUE RS 00000870
HYEXPN R%4 11 HYEXPN( 1) ~~HYDRG EXPN CHARACTERISTICS 00000880
I : SAME AS IN J OF HYOR ARRAY 000060890
18K I 50043 IBK (154 )~~ECONGMIC LOADING ORDER 00000900
I : LOADING POUSITION INDEX 00000910
J=1 PLANT CODE NUMBER 60000920
Jd=2 CAPACITY BLOCK IDENTIFIER 00006930
J=3 NO OF UNITS (-1 DENOTES AN EXPN TYPE) 00000940
1) I - FLAG USED IN MIN RESERVE CALCULATION 00000950
I0=1 SCHEDULED SYSTEM CONVOLUTION 00000960
ID=2 EXPANSION ADDITION 00000970
; ID=3 RESIMULATION WITH MIXED SYSTEM 006000980
IPMAX I - TOTAL NU OF ThERMAL PLANT TYPES CONSIDERED 00000990
1PT 1 - NO OF POINTS DESIRED IN PW—LOLP CALCULATION 00001000
ITK i 50043 ITK(I,J)—EFFECTIVE LOADING ORDER EGR 00001010
GPERATING COST CALCULATION 00001020
I ¢ SAME AS IN IBK 50
J = SAME AS IN IBK
P I 20420 TUP(1,J1-~ALLOWED UPPER BOUND OF THERMAL EXPN
CANDIDATES
I ¢ PLANT INDEX
J 3 YEAR INDEX
X I 20 THERMAL EXPN PLANT TYPES INGEX ARRAY
IYRB i = BEGINNING YEAR OF STUDY PER 10D
JYR i1 - STUGY YEAK COUNTER
KMAX i - MAX NO ON LOADING POSITIONS
MAINS I 200 SCHEDULED THERMAL SYSTEM MA INTENANCE
ALLOCATION SPECIFICATION
MAXI 1 - EXPECTED MAX NG OF POINTS IN X-ARRAY FOR LOLP
CALCULATION
MX 1 - MAX NG OF POINTS ALLOWED IN LOLP CALCULATION
MXELDC I 2044 M IN THE FINAL EL

XELUCE{I,J)—MAX NO OF POINTS
CURVE AFTER THE CONVOLUTION OF
SCHLD THERMAL SYSTEM

[elwlalalolalolslolalelolelolslalalolaleleloloolalalolalolelalalele]
08000000000000OOOOQOOOOOOOOQOOOOOO
[wlelelolalotlalololalalolsYolalalololololalololalalalelalolslololalel
[elslolelslalelololololaloYelelolelslslolalalalololalalalolslelole ]
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£ L1 0 LI LI P RN N NI PO PN et st s s ot et ot ot peot ot D Q O O O QO
NS WNEOYR =0 NS LN PO OV =0 U’I&WNHO\OOD-JO‘UIG
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I 3 YEAR INDEX
J = SEASON INDEX :
NAYMN I 20 g%ﬁoengiRHYDRﬂ EXPN UNITS SPECIFIED FOR EACH
NHYMX 1 20 HAX NO OF HYDRO EXPN UNITS ALLOWED FOR EACH
STUDY YEAR
NP I - NG OF SIMULATION SEASONS(PERIODS}
NPEXP I - NO OF THERMAL EXPN_PLANT TYPES
NPSMN I 20 MIN NO OF PUMPED STORAGE EXPN UNITS SPECIFIED
FOR EACH STUDY YEAR
NPSMX I 20 KHAX NO OF PUMPED STORAGE EXPN UNITS ALLOWED
FOR EACH YEAR
NSTPRE I 20,10 MSTPRE( 19 JI—EXPN ADDITION CONFIGURATION FOR
EACH YEAR
I : YEAR INDEX
J z PUANT TYPE
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falnlalate)

25

NCUM=4
IPT=500
JNUM=14
Bx=1250
DXNgRN = 1.0/FLOAT{IPT)

DG 25 I =1
X(1Y = FLOAT(I} * OXNORM

READ PLANT DATA

- READIK11,1030) IPMAX NPEXP,IYRBsIYRE
MIVR=IYRE=IYRBe1
DO 10 IP=lylPMax
READ(RKLL 1040} (NUF{LPyN) N=1,20)
READEKL1,10501 (PLANT(IPsJlsd=1,JNUMK}
PLANT(IPy9)=30.

io

iz

i5

20

WRITE(239904) (PLANT{IPpJdleJd=LoJINUM}
CONTINUE

LI=NPEXP+L

BC 12 1=11, IPMAX

HRITE(2341040) (NUF{IyNJ ¢N=L1,NTYRD
CONTINUE

STORE INFORMATION FOR EXPo SYSTEM

D0 15 IP=L.NPEXP

DO 15 J=1l,JNUN
PLACA(IPsJ}=PLANT(IP,J})

DO 20 IP=L1,NPEXP

READIK11,1040}) (IUP(IPsN}oN=L420}
CONTINUE

READ NORMAL ODISTRIBUTION TABLE
READ{KLS551060) (TY(I)TINT(I)sI=14120}

HYDRO MULTEIPLIERS

PUMPED STORAGE EXPN SYSTEM
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30

%68 SECT ION 2 #&%

START SIMULATION FOR EACH STUDY YEARS

08 30 J=1,NTYR

WRITE (17010700 IVEARC

READ YEAR DEPENDENT INPUTS

CALL RINPUT

DETERMINE MIN. & MAX. RESERVES

CALL RESERV

DETERMINE LOADING ORDER ACCORDING TO FUEL COST
CALL LOADER | |
DETERMINE HYDRO COMPGSITE CHARACTERISTICS
CALL COMPST

COMPUTE LOWER BOUND OF OPERATION COSTS

CALL OPCOST{NCUM)
CONTINUE

CREATE FILES FOR DP-MODULE
CALL INOUT

HWRITE(61120])

FGRMAT(F3.032F5.0gF3.01F8.6Q3F7.Z.F3.0p2F7.3.510.3.2F@.2)

FORMAT(4110

NN NN TS
NOs My mo
B gt 0 o () ot
TP Te N
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END

C
¢
&
. SUBROUTINE RESERV
¢

COMMON/ZONE/  EL(%p1250) ¢HYDR (3,113, 1UP{20, 20}, NUE(220,20)
. > PEAK{ 2034 ) s PLANT( 2005 14 ) s PLACA2D 514 ) 5241250}
¢

COMMON/THD/  EMORE220,% 3 EMORME3 94 39 IX({ 207 oMALINS (200}

. NHYMX {20 s NPSMX (207 sNT{205sNX {203 sRSMIN(20) 5
. M RSMAX { 20)
¢

COMMON/ THREE/ AVSPE{20,4) 5COSTOP (20}, EC{20 318K (500,31},

+ ITK (50053 ) yMXELDC(20s4) yNSTPRE(20510) 4
. + PERENE( 2054}
€

COMMON/FOURZ 1D, IPMAX, IPTy 1YRB pJ YR sKMAX s MAX I oMX oNP s NPEXP 5
. + NTYRPPMAX o PPMINGg T o PMAX (20 ) o E PHP
i

COMMON/F IVE/ HRCUM{%58) g PTCUMEZ1L, 160 PTCUMHE3 3163 » SYSCUM(B)
. BOUBLE PREC ISION HRCUM, PTCUM, PTCUMY»SYSCUM
€

COMMON/SIX/  TINT(1203,TY(120}
. BOUBLE PREC ISION TINTTY
¢

JCOMMON/SEVEN/ CHULT (415 EAVAL (3)ERULT (4} EXPLCU (4,8)

YEXPN (L1 yNHYMN{ 2G )  NPSHN (20} JNTHY (20 ) o
: NTBa Do o Ray 120 cnae NS BB Y 128 fcumt4,200

ceowe e

P 6@

OCCIOIT  CIOOOCOOOCOOOOOOMAOOOOCONG

BBV OOCEYVVORB O OROEV VP CHL PV OPPOILEVOBP OO PEROVODIBOTOEIPHCIOO OO GO

THIS ROUTINE COMPUTES THE MINIMUY RESERVE MARGIN FOR EACH
YEAR. IT IS OBTAINED BY REQUIRING THAT THE CRIT ICAL
SEASONAL LOLP IS LESS THAN OR EGUAL TO THE CRITICAL

VALUE ASSIGNED BY THE USER AT THE BEGINNING.

OBTAINED INFORMATION ARE EXPRESSED IN TERMS OF :
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(EXPANSION SYSTEM OHLY)
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COMMON/ FGUR / PMAXy IPTy IYRB g JYR oKMAX s MAX T oMX o NP NPEXP o
* o PPHAX s PPMIN, 15 120} sEPMP :

(gl

COMMON/F IVE/ HRCUM

v { 163 PTCUMH(3 316} 4 SYSCUM(8)
DOUBLE PRECISION MRCUM »SYSCUM

O

COMMON/SIX/ TINT(L
DOUBLE PRECISION TIN

[lg]

COMMON/SEVEN/ CMULT(4},EAVALI3) yEMULT (%) yEXPLCU {498} o
+ HYEXPN'll}gNHYMN(%Q)’NPSMN‘ZO}QNTHY(ZO)!
% NTPS(20) s NXHY {203 yNXPS(20) 9 PSEXP( 11) y SCHCUM{4,20)

PPCO00 300000 YGOUROR0OO0UOBRIO VOO LOBOC0ECOCOOOCD0OCOPO 0G0 6060

COMPUTES SEASONAL LOLP USING PIECE~WISE LINEAR
METHOD. MAINTENANCE OUTAGE IS CONSIDERED USING
EQUIVALENT CAPACITY ALGORITHM

SUBROUT INE CALLED :

MAINTL,PWADD,PLOLP

PR L2020 00LO000C00000T0E0 COGOPO00 0000 COOECEOBCEPPOP 00D GE B

[glxlgialalalaialalalntalyl

12500 ;SURY( 4) 5 SCAP(4)
(111}

[glgle]

K22=22

ISTAR={ JYR=1} 4]
CALL MAINTLCECP,IDL)
PP=0 .0

CLP=0.0

LOOP FOR EACH SEASON

QOG0 (a3 ¢}

)
+«IPT

GO TO (1005200),1D

100 CONTINUE
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HYDRO SYSTEM CONVOLUYION

CONVOLVE THE SCHEDULED SYSTEM FIRST

THEN CONVOLVE THE EXPN SYSTEM DETERMINED
FROM PREVIOUS STUDY YEARS

SCHEDULED HYDRD & PUMP STORAGE SYSTEM
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STORE INFORMATION AFTER THE CONVOLUTION OF
THE ORIGINAL SCHEDULED SYSTEM

MAELDC{SYR, N)=NMAXI
WRITEI(KZZ) (ELINgK) ¢K=1 MK}
CONTINUE

EXPENSION HYDRO SYSTEM FROM PREVIOUS YEARS

IF{JYR.LE.L) &0 TO 90

JPAST=JYR=L

IFENTHY(JPAST) oLELO) GO TO 80

HMUL T=FLOAT (NTHY{ JPAST) )
Y=HMULTEHYEXPN(2)%{ Lo O=EMORM{ 2N} )/PK
P=l,0~HYEXPN{S}

SUMY END=SUMY {N}+Y

SCAP{N) =SCAP{N)+Y

CALL PHADD(YsPyNyNMAXI)
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(LU
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PUMPED STORAGE SYSTEM FROM PREVIOUS YEARS

IF(NTPS{JPAST).LE.O) GO TO 90
HMULT=FLOAT (NTPS{ JPAST] )
Y=HMULT*PSEXP (11%{1 . 0~EMORH(3 sN ) ) /PK
P=1,0-PSEXP (5}

SUMY (N)=SUMY TN} +Y

SCAP(N}=SCAP(N}+Y

CALL PWADD(YyPoNyNMAXI)

S=sumviNg
IF{NHAVAL.LE.O. AND. NPAVALoLE.O) GO TO 160
G0 70 500

e B,

BRI ’

CONT INUE

gTAgT ADDING EXPANSION SYSTEM

IDL=0 «- HYDRO EXPN ADDITION
I0L=] -~ SMALLEST THERMAL ADDITION
I0L=2 == RESIMULATION

DL.LE.O) GO TO 300
DL-EQ.L} GO TO 205

o =
ksl

RETRIVE FINAL LDC FROM ELDC ARRAY

STH=SUMY (N}

SCAPTN} =SUMY (N}

DO 210 1=1,1250
ELINGI)=ELOC(Ny1)

G0 10 206

IF{NHAVAL.LE.O} GO TO 310
Y=HYEXPN (2} % (1 ,0~EMORHI 2 oNJ ) 7PK
P=1.0=HYEXPN(5]

SUMY (N)=SUMY (N} +Y
SCAP(N}=SCAP{N}+Y

CALL PWADD(Y, PNy NMAX L)
A=SUMYIN)

zF(NHAVAL.Gr.xg GO I0 500
IF(NPAVAL.LE.O) 60 TO 320
GO 10 500

Y=PSEXP (L)% (1 .0-EMORH (3 N} ) /PK
P=1.0~PSEXP (5}

SUMY (N)=SUMYIN) Y
SCAP(N)}=SCAP(N}+Y

CALL PWADD(YoPyNoNMAXI)
A=SUMYIN)

IFI{NPAVAL.GT.1} GO TO 500
DO_330 I=i,1250
ELDCINg I J=EL TNy I}

¢6 1o 500
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CUMULANTS OF SCHEDULED THERMAL PLANTS

IFLAG=L
CALL CUCALIIFLAGyN}
CALCULATE CUMULANTS OF HYDRO PLANTS

IFLAG=4

CALL CUCAL{IFLAGGN)

DO 3000 K=1,4

SUCUM{K IsHRCUMINS K) +PTCUMKI 34K )
£

C

L
FLAG=3

ALL CUCAL{IFLAGsN}

STORE €& WRITE PTCUM¢HRCUM

0 64 I=31,201
b4 J=148

[
DO
PCUM{Ied9ll=0.0
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DO 100 J=1,NCUM
SYSCUM{JI=SYSCUMIJI=PTCURIIP, 4}

CONT INUE
EVALUATE AREA UNDER THE EL-CURVE

é%I’VZQPYQET&CF aCF Py EHeN 3

- ANY MORE HYDRO LEFT

570

200

IF{IH.GE.4} GO YO 75

CHECK HYDRO GENERATION FEASIBILITY
IF{CF.LE.CFH{IXN}} GO TO 200

CHECK PUMPING DUTY ASSIGNMENT
IF{IPUMP.GT a0 .0R-CFPGE. 140} GO TO 75

PUMP EING ASSIGNMENT

Z # O e

IPUMP=1

ENP (251 J=ENP {2, 1) ~{ EPMP~EPS )} ZHYDR {33
EPMP=EPS

EAVAL (3 )=EPSEHYDR (3 54}
CFHE{3)ZEAVAL(3)/( THHYOR (391 )% {1 a0~HYDR (35} } §
GO T0 75

EAYAL{3)=EPMP*HYDR (3 ,4)
CPH{3)=EAVAL(3)/{ T#HYOR {351 1% {1 .O-HYDRE3,5} )}
€0 10 75

HYDRO GENERAT ION

CONTINUE

ICNTL==1
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[glxln]
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(gl

[elaisi [a1sle)

[alg}

[glg]

COST CALCULATION

IE=IPMAX+]
DO 700 I=1,1E
IF{1.GT-NPEXP} GO TO 711
JENPEXP=141
HM=NT (J ) =NX (J )
IF(MM.LE.O) GO TO 700
711 EIX=PLANT(I¢10}
VABSPLANT(I 11}
D0 710 J=ly2
IF(J.6T.1) GO TO 715
CFL=PLANTIL 7}
C=PLANT (1,2}
éo T8 7120 .
715 CFL=PLANTII 8}
C=PLANT (143 )—PLANT(I,2)
720 FACS ({1 04PLANT(L;14)0/1e2) %% (FLOAT(JYRI40.5}
COSTOP (JYR) =COSTOP{JYR) + (ENRT (140 )% (CFL+VABI+C¥FIX)*FAC/1 LOE+06
710 CONTINUE
700 CONTINUE
REPORT RESULT
WRITE(17:,902} .
902 EORMAT(/7S tevers ANNUAL THERMAL OPERATIONAL SUMMARY +++s¢//)
b4
903 FORMAT (/3X, SPLANT NO®,3X°BASE CAP®,3Xe"MAXe CAP®,3X,
SBASE ENERGY(MAHS Sy 3% s® PEAK ENERGY{MWH)S/)
1230 FORMAT(//% ++4++4 ANNUAL SYSTEM OPERATIONAL SUMMARY 4497/}
GENTOT=GENTOT+HYTOT
WRITE{1751240) DTOT,GENTOT
1240 FORMAT(/2Xy SENERGY DEMAND = 8 ,E14.7,° MWH®//
2%y *TOTAL GENERATION = ° yEl4e¥o® MWH®//)
WRITE(17,1990) COSTOP(JYR)
1990 FORMAT(/IH ,° LOWER BOUND OF OP. COST = ®oEl4.7,
MILLION DOLLARSS/)
DO 810 J=1,1
00 810 1=L,NPEXP
810 PLANT (I,J)=PLACALY,d)

"SUBROUTINE TRIM{ENY ENP 9 ENRHyKLOWLsKLOWZ ¢ SUENZ 5 IBLKNOHY s CFH,
+IPUMP yNORDER )

(COMMON/ONE/  EL(441250 ) JHYDR (3,1 11 4 IUPL20,20), NUF {220, 201
* PEAK{ 20743 sPLANT(200, 14 )oPLALR( 20, 11250}

0CDHHGN/?HG/

EMOR( 220, % J o EMORH{3 94 Jy IX(20) MAINS (2000
NRYMX {200 s NBSMX (200 yNT{20) sNX {200 sRSMIN(203,
+ RSMAX{20)
COMMON/THREE/ AVSPE(20g4)sCOSTOP (20 J5EC(20) I1BK (500531,
. 1TR (50003 ) sMXELDC (20945 sNSTPRE (2091004

146

[alnletelolslololololelolelale]
ODOOO0OOOQOO0

[URVIVAN A RN )
€0 wd O AN B L PN e
COOO00

QOO0

oA
W= O

QO
fod
Y
]
0
(2]
o



[e]laTolelelulololalalololalelololalylnlelelelololelolelolelolalolnlnlelelelelalalnlelnlolalnlalulolelulolnlololeolslealalelnlnlelalsleleo lo]
3456789012345é?898l23456?89%£23Q567390123@56?890123%5675901234567890
et g ed e ol 73 = N Y DI NN DI N (DA A A QG 0T P f 8 5 7 T IDOAN AN IDIN G D 0 0 0 0 00 O D oo ou o o s oo P P f 05
[ahululalututulutututulutaTulut e T T Tu TuTu Tu it Tu Ta Tu ta o Tutu tu Tu tu lu lu e hututalu Tu Tu tu Tu Tu Ta Ta ta te Tate To To Ta T Tu e Tu Dt Ta Tu Tu T Tu Ta Tyl
ORI DI OGO O NI O QI DI O Y O DN A I D O O DI O O D IN O N I N D GO N O O DI N N B O DI O N N I O A N N N N e S NI
[elstolulotulelelnlelolslolnloteletileTolotulalslulolelwloTotulelatulnlelo] i el lalnlsYotal=Talolololat ol TnlnlaTulsTalrtole ol oo lals]
[elelalolnlalwlstelalotslaleletolalolslolotalalolulnlalulololalalololelolololololalalalotalolo lalololololetalalwto otelalal s TolaToTule Io]
OORO0D0OOOOOOICOVOHVOGRIDOOO0DDOOOVOOVLOVOVSOOTTOCOVOOOVDOOROILOROVY
s
Q
- ]
© '
-
e z M
a, 2 ®
¢ 3 =2 -
w wy [%) 5
a. > & bt
=2 [’ Sam( ) of
- - Ll=1%] ul
a o= 0al » (=]
2 ) Do o
[ =g N3 et m
4 o e T2
%2 2 3tz - <
CS P o
= x - el N
0. x Q=i ®
) w xXow (L2}
- Y x [IF]N]. W -
ot b ) P Or vy
O a o - o =
<N ®y) 4%0 Z -
B e ) N ] %
b 424 Re1v ] [ S =
B . ed B wd Z = b=
WW £y 4 - 0, 9 [
e B Eoem 34 [} W thy ®
3 e - edD) wWo 2 ® U, - a4
S Zn N ® o~ g W = 20O
o - - o, Gy e om, e V3
44 A (=] gl [+ % ﬂ iy nW IrT
S bl = e o~ e 30 (N 2 - w =% s
= WM ) MY( w num f = >
ey st b P Z ot
= o B a b 22 o= 1= o= m Wifes
¥ A= e b g o O = ey fe = = Sy el
o =43¢ o, (D Wi 22 (41} N & A = = =z W e
o b e 9 hoe Ped o o o L] o b= O 11} [=1TR. %
™~ Eed wg O o ™~ =4 (=] r o= m.m P@W E s
e <8 3 N PO - ) oIS 84 - E N fem (= 17]
U 0. el d B a4y 3= Q et el o d (0 1% [ R
=4 a = b o st =0, 0 =z b= [\ o3 LLC X o o s - [y
wd ol goff w.ﬁ M? W»XS w _W = W,i:lv. or P L I B ] o Kby
<4 & o, & - & o $oo o v o ) 22 =] az
Iy [=] o IW - v w s [} h¥4 W= I3 fan SELV@E <€ Gcnm
[-% = pw] o= [R5 v 4 il 14 [T (% = § LB H [%] e Ll ) b g}
=4 =3 - = + Q e o b R T N Y e
v 2N x o o~ - wd L Lag-g wd T 2LaglledE L] =35 o
™ N =] 4 W ° o o] e O rlied el o & it i tliom opf 4 [1-%-4
[+4 wed ) W (8 *1] B o B Zow il Ok 2§ o=l Nt s [
o p--31¥] p4¥Y) > -4 o 55l NG [o] o f et puey (o] e A wd e o d bl = (LI T
o) = 0 [ w 2 s B o oa 4 AN & < LN o & w sed o
th TR N wna, %] (=] N O B walat e =] W e no Q WOED albenO OB
by > ~ Y e B wdededed b cosey? > (S o 5 T >= QZOCLTIVNED (=3 Tow
4 2w 2ud 4 wv) ONER Bl ¥ o ol [FATY L g ] x o BUemisd LY =z DEAD
o [ [ Q z SR HOOSH Nt O R =03 e ] {f oo Qus=e () g [« STV
s £ WW E Mu.,. KPHMTLPMﬂII x PULZ = %= ZWVie U LT B w i W g {}
x e 08 OF Bl H L L, o = 3o 4 D U, G 0f wor o e
o ww [aTw] W L £ = _.DmeTPDF 4 MU 20 of WPHIN Wz ¢ D TR W
" C... [B:1m] W C.v + [=} od b o e ) e B g 7ol 0 B P s I e teod 32 0o (Y AR LAND - O el 2810
=] W [= =]
d E] % &

WD [ ] (518 (e8] Ui WU LDULIILD LIILILID LIItILILD

147



U@QGQOQOOQGOOQOOQQGOGQOO000000@00000000000@@000090000000000000000000
123.%567890123&.5678903234567890123&“56?89012345,@?890123@56?390}23.%567.8
3838838589999999999000000%000111111111122222222223333333333,*A/»..WQ/u..%,u.,u.
AAED I ON OO DEANOOA NG PS8 44.».k.&va.,u.44.%&,4&.&.&,.&,&.4.&.#4444@4444444@444444444
222222222222222222222222222322222222222222222222222222222222222222.(.2
00000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000@0000000000000000000000000000
000009000000000000000000000000@0000000000000000000000000000@000000@0
)
[=]
o= ~
[=+] &
o -
L Y] o L b M
O - o o | =
e o = (] =2
Sed Lt o L vy (6]
Qe P son o, > e
[ L Q2 ] 4 e Lamd ™
(OIS e S [ £y = (I N
e N e o - DN > >
W =0y a0 z o P
Dl %14 e @ vl FIeed @
- 2 e [ 3 3 @ wo Cend  eof
* i o 2O Mu M D 2
=0 <O md o r WZa N
O o ey = po R
[N R4 L L2 > 0. = Ay N
=03 =3 emgl <ty = KOV =
o« (=4 [o3=9 E WO wea, ™~
[y N e Dipe Promm L™ B B W
s s =) O au B =t
Q= HO (654 <<€ Lo FEQ o4
oy oo T3 =50 (VIR 3 B -n AN
b4 g Peer Py Y44 NV, koo (. £
um. Bomd ﬂm M,» o< l.m. mu_,.NS A
- o » < o e 5
U ke e =D & o NO > (3 e b S
[P s = ot O [ Tl = (N I e =43 woz2 »v
= ¥ pan a, eng e 3 . N Spen [\ Y N e @
ﬂ 4 4, I o (%] o e o = Bt ¢
. J o &L o -4 b« N (=] MTEO E o=
- e o ®E =D 3.l ol po o~ wEO O o oL el N
z a & [* % o<« ¥ 3wl = 3 WX od wd Prme bt ExE>>
ol Wy m (&4 b e (8 ol =23 s LT O DeSrdnd
oo ® Iao. 8 wd, o Ll awd > SZIL & peibd & &
=] o, W Y o 2 o o 4 & wp paw & o3 o NNEE
®» m & o o g = R Y verd 38 =), ade Ul e N T
[+ W a, o D oy (Y o w s [y Cymd G D 4f)
AT o3 = - i1 885 S« 2% O e i - By
[ R VO W [\ NO N NQ O ¥ N Tl W = tdonired = &
b (T3VY & b > ey [ HQE o .mc ot 2 = ZN U & KWI\QWF
e e & e e [Ta Y- -V 3 e e [ e [IRVIRE NN
Z=olig mz > 3 ¥ RMM G e LA g Um | kel -t K w o o ig, Ua U
Z00 = m > e & > ko o (8] Z Duin, ] WWG
L 3w D O~ A <l vy Snbeild [=] a4 w..m E ks 2 e b S e QOO
I Do ] € [FE] <N WZeat G [k o e wrz Q EEVNE AHJ»J» & & 8
=#¥nn @ = w P~ b = 555GEx S [ Teney
FUO & emw o Y %] %] A v LI DB LYoo g 4
O EMm D oL Lo ad AN E e = & Ld AU PN = Y o (N I PN =
b L wred S P N Y Wi o MLy w3 W (& bl A ol b et N
=il sO> = w 1 Q m w U L = s A 2 DNl
e QM e @ & 2 E . et =g L -4 HRQETMmy WD ON
BT o= I Ul O, e [} b= | W, o G %1% 7] [-% s BBl Besd b2 =t
FBANTLIHOR fm =, ) ) ) = Y s AN e Pt 3 O D) o Lod B
W= § £ osm UIE o | = £ m 2 2 24 4 w P f A A DO e |
it} d O 3= LN Ol =] Q (] [} Ot £3d [ ] wad il it © U WL~ T
”PM\uﬁCMvB(W o & = X wun MB Hw = @ WWHW%ISFB # WL( i >
e > X ud on
NMA HaLL OZw w m m W Q © [wle] m m CUUIIU%OLRA&FF.L
WA B L= W 1 3 (&) [*] (%] (& [$1a] [$a) (% Q LI NDIL SIRILILILII X
+ P 4 ¢ % ¢ ¢
o0 w

W

WDOLIY WY (1%} [ 18] [S18) LS (& 18] e U WU

148



00000%0000900000@0.@000000QGQOQQQGOOGOGUOOODOUwQOGGOQQQOOOOQQOQOOOWOO
Qe 56?890.&23@567.890123%5«07390123@56?890123 1\ D=0 D =HANATIN O DR Q=N D
455555555556666666bb%??????.????aaoa&8@88&5999999999900000000001111111
B R R D R B I A I A A e B S e FF TG G F G T E ST EIEEE S T FRnD DN nnnnn
2222222222222222222Z222222222222222222222222222222222222222222222222
00000@00600000009000000000090000000006000000000000000000000000600000
000&0000000@000060000&0000000000000000000000000000000000000000000000
00009000@00000000000000600000000000000000000000000090000000000\«00000
-
j=]
by o~
8 o
Qasny s
@y ® -3 = M
on = a. D x
(L] [=] »® V] =
Sl 20\ & 1] v (%]
[ 2 Rt o [« N 3 [0
[N el oz ] 2 “ ema )
N s (e T8 ] ® o & o == DUy
ey N Doem a, Ll W &
[T ot/ o0 4 ] oo om
Ded vt W e @ »4 ~F 3o e
- & o = = 3 s 7 g
=) ) ooy O z (4] o |
N (o] N af, = WZa.
[« =y 0 ot x wd ®3¢
N G L3t 1] 3O = Buenig)
=) =3 = 0f < s § ROV
o< [+ ¥4 [«1-% Lea [} o [IT58): N
N N N Suen b 2D B @
sy, oy war Y ' qw] A o P
-9y MO WE L * FEQ
D= S Y] W oo o~ L =T TN
g o o 4] B bo @, o
emd e MA. e Xm S22V
- o 5 > @ w2 a0,
=5 Iz ~S EE aF P
- 4O e ) “3 & =423 woz
z BN = B o= LS By &
e fa 2 = [ 0 = o - o v
b w i [T 0o o0& F i (=) ©ZOo
=4 [=] xE o Dt o e L\ =~ E N
= W™, Q< T Qw [k WX =g wnd B
m Qe ook wnn 43¢ =8, ] o AL P
% - % >0, S e L [N 3= >»ZL
&* [N == e & - B A ® aaje e & @3
kil bt Z e & > L sodha 4 5¢ o O (> g 2
o oed e ™ (o] @ty v i 8 W & s Bed 6
& o ﬁﬂ\ § -l (4] 5JN PDOO Oaw.m XM e O?W Ll )
Ten [} DO < NO NN AW A, ¥D e $=0
D e I ) o e 8% ] wofing [aY ST o 3 o, -t} A3 ~wur 5 (5
G et N _wn s g L [ e 3 3 [E1]T e 4 [ MM s bg b, v
ofSe - S$F EER 50 i of 5 3
D= v g bt et > oa . 0,
e oo m L P o4 @ RO - vy LN VTH b= oE wlm mv&?«
(%) Mu: o o=t LR ek < wa, wEZal g, =3 B o [ Wz
%00 NG [ (I B Y PRIS T 5] =1 [
QDo D = MY % Diey, 2 ey (2] (%] W
% N o (oo 3K CHUITAS N | o W 23] = AN $d
Dem hamen W o3 i) B ™R R0 Sl Y SN W of I K1 W
3 By [ s 4 /%Q?BDZIT& 73} w Q <4 =2 >l Pl >
€ od 8 9 Lrtem 8] ] PNAE Q=L = 2 = X (&) =4 o b w
[ e OI(BFLOXQﬁ_ i@ i O w g ] b= b= [T 0. B 7]
ol (DL LI 2 B 1D o | [ OO Qi P D b = Y *y = = N sy
A 8O B Bedtd XL d o OO 0 2l Do 22 o | m 2 p-4 -4 2w 2 b4
BEFTTROOP AN 0 ordrdeitdt] i bo(Gedtdns (] Q Q (=) [ D Q-4 o
EIHIiﬂ.JuTYu.nXXlT oﬂﬂﬂﬂm%ﬂ.cﬂ?ﬁTUD ot W @€ z ® %B 0 =
»g e ) oo f§ | ol el IS b= = = x5
() FZFFEZO#B: wHEn 1Z3¢EKZFFQPWEN w =] [=} W w [=l%] OW . m
180 3 b 0oy ron o €D O W A VIO D d= D OB LIS L1 (28} C&. C.v . C.? » ﬂ,¢ (8 1o ] [§1a] ﬁxv s

& R? A 88

WAIIL DD (S [*] (S 18] (818 Wi Litd LI W

149



jelelolelotol=lelslalololelwlole]e)
= OO = NTF UV OO0 R Qi )

DOUBLE PRECISION RU8).CsQ
GO VO (100,200,6005700) ¢ IFLAG
CUMULANTS OF THERMAL PLANTS

0
G
0
o
Q
O
0
0
0
0
000253

[S18]

[#lelelslaleleleolelsle]
PO FIND =00
RO A DN
WA BN A IS N
SISO NN N O
QDQOLO0OL00
[slolelalalelalalelele]
[sl=lelololelalotelote)

00025600
00025610

Q)
0+24.0%Q)%Q ) Q) %Q)
QI *Q)

(180 .0+{=390.0+
?i 0+{~10206.0+{25200.0+

o

2.0+{—2100.0+{3360.0¢

=60 0%Q ) ¥Q )%
20+ {500+ (—-60.
{=31.0+

oO#{—15
0
Q
1
}
15
4“0

3
(NPEXP+IyN)}

§
MOR{2%IyN})
{—=63,0+{60

N
<
«OFGIEQ)
To0=({12,0-6.0%
3

G0 70 515

0 517
JJeLE-O} GO YO 510

2]

Q

2

%

p

%

GO

332% '3
o=t d
e (e e O

a~Ng i %4
2T iel” Bl ® ]

wd O thd Cad QL L] Gon o

HZ e Dot =t 22 5r4pd O rliy
W ol eiddrd w ™ ¢ldw 8Jww sl
D el b b e bt e D
ZOV.LJZ0 ZOZULLVLLO
g AL T OO AN dihaf sOC st BH U NH N sHHN OGO
oo U odttee D fo Qo AU d it o "D L Db s s s, (e U el Y TG D e Jem
m T LY (€$G PéNlZB&Sb%TZEﬁ =GCNN

OLLL OO0 HOWLLTLO I LDwew wwwfew | o | LD
CDIIIIGIGEQDIECIGCICRRRRRR”R”R”DKIPCC
Q P VD Q O SO
Q e vl od L et
') [FA AT wow Ny

Qe(l 20—{

BCELECRQR (L
2020%Q)¥g ) *
HCECECRCECE

CoQ*(1,0-G}
#LHCEQ%E (] 0= 3.0~2

KK1=R (K)
£

RCECECHCECH Q%
1

U

UE

20.0+{ 20160, U~

(0] K=Le8
Tol) KK=K+8

HCHCHCH
a
=1

CxC
0.,0+720.0%Q})®Q

CECECHCECHCHCR

555 P R o oo P e

00025720

CUMULANTS OF HYDRO PLANTS

60 YO 1000

600 CONTINUE

WY LDWOVW WD

[celielonlealee]

BAID NN DO AN
NN NI NN OO NI
[e]eleleleYololololaleTa]

CMULT{N}* (1 O-EMORH{ IsN))

0 TO_630

150



OQGQGQGDOGOOODGQOOOOQGOOOQQOGOG000000000000000000OQGOQOO@DO (%)
) OF O D=t A PIN 67890123456?3901234567390123%56?890123%5 B O et (I3 U O
B&&&&%?%?99999?%0006000001111&31%1l22222222223333333333#4%4 3§ 7
55555555555555556666666666666666666666666666566666666666656666
22222222222222222222222222222222222222222222222222222222222222
00000&0000000000@000000000000000000000000000000000000000000000
0009@0000000009000000000000000@000000000@0000000009000@0000900
GQ@QO@UQQQO09009900090000000,9000@QOOOOODGOGQOOOOU0000000000000
$
[
@
[+]
<y G
el (4] Lsal®) & &
] L) on = o
* o N Y] (=} b3
Ll LA o pd =0y » [¥1]
e [= I [« 39 e oo a,
# B O [Nk Q2 3] =
Ll [31] [ N & = ® o o
(e [ ] o NE Qe o
% e ) o g =3 [ale] =z
o= $ N o po 1] (%] 4 uyed =
[« QO % Z & e - e b
B e el = &0 L Boind j =] b 4
e © e o a0y <€ fealyt | et
20 Q = (¥ # O 2N it et
$ 0 o~ e o= o s UL Q.
OG0 N O w L) =L o0l <Ly
e | T # od =¥ o £ &
#OM = 04 o O ad N e D= B
Py ¢ {Bom & = O, g ol O
- IO O OJ =0 A e 2O (S 4 Y]
= #0F 0 = | D e s T
» o i) 0 swes %O =t $ s Gy Fod
o =0 @D $& P rgad s fen oo &
i) % ¢ L =] =4y = & [« 2
=l Qow i eW # = ~O zWuﬂ nNO mm
p o omd ¢ ey O~ QO e o0 9 e
oL PO Qe aAW bk ] =) Qo P
[m) QWS% 8 Y efom o s et p gy ) (20 B
= BOwD R lg i e i e o O e [] LZ
w e gp 8 Do B O W xZ ax W Doty
kg ANQed | TP em [Rd 4 o« o [« 7] s 2
Lad= ] Bl ot emsip Om - o § A > iy 2% =0,
2 e Quwifd | Fbom o - e o Io. =, [ o 0,
® e 9 | e O FHHO 2 =1 9 b4 ®w -~ Lodt o -
e N ,W) 6w 9 e IS = o § @ o= o 38
o b R o o (1] L Suay oy o
=53 L vIgISER N Wiy e KL 855 SW =
of ~d dus el mudp 3 B I oy o NO Ny NO = L O
Q= M) e GTaa IO of =4 ¥ (%) =40y S =W o
o ZEM €0£W$$Qt. m YLy o ooa o 3 5€ TSIy 4 a o
0 W =] s YU E OO ®e% ~ £ hEL [+ YY) =l ot
o fe« Owidf b Fi =¥ o @ FUY - = MY Wiver o
[~ R lal 1 CHIB LTLO b 28 % w = LLd x eI TY] o
@ 8= Qedip %ot § %0 3 e LIS e wa, WwEed el B, L4
O el 8 FLHIFI O LI IX:4 od # # 4% d
=y R GHRRER RO 4] it I « =,
L B = IV OISO LINDG X w {j 4 H > W S
o BRBRER 2B N~ o b o o o o Ny Yy [I¥] of
(e [+ [ TRIN TN Vo TO T B FURC 4 [=] o g sl NHTY <§ ud w Q [ 4 m
MO &M HHERRNEPRON =4 e [=} Ned & 0 & & 4 2 = r
8 ALV =IO o LLE eI [~} e s (Y (N3 6 £6) e} [ b oo e
WO R B %8 |54 5O [ Jon = e N i e ) Y ) By
Y OZOVVVLILOVOUNG OLZZ ZHEXLLLT 2 2 Z = = Z
S o= I HH HH s HANHOWD s imiind o (ST 56w 1 o (=) Q Q =] Q
D oo S b 2 o e £ 1Y S0 v ) 2 D T e B b E=INDDDD s o o * = x
hons ﬂms&Nq&za&vS& PergOO @) el Z MPD.CCCC = 2y m m o L= m
e O T M mavsow s cumomo (oo § e § (I 2l P 0D 00 =] 0 pbopmler , WIE 8 ]
o=t 5, =4 L) 02 O 08 0 O 0 o @ o O e £ e Do 830D - LD [Rle (BT RN .- U] 3 w [&] (8] ]
8 % ¥ & L X &P 4
o % [elele] Q (=}
') L e o [}
8 0 009 [l w
EC~EC I WLHID LIS (518} LI Wi

COMMONZFIVE/Z HRCUMU%,83 oPTCUML21 1, 16 4 PTCUM
BOUBLE. PRECISION HRCUMSE TEUMPTEURLL Sy EEEGUNA3 1160 4 SYSLURIB)

(18]

00026520

[S18]

151

ol



felelelalelelnlolalaleleletulolalalalaloTale ot lnlsloTaleIololrlulolelale lalilelnleloleololololelulalalalnlolelololelelalelalotelnlolo]
@ FUNOP= 0O et (N O U D= 00 O O ved N F LD =80 O Ol M F WD) O 00 O D d N 0 U D= 00 G O v NP N D= 00 BN Ot (N M AV O D GO
DTBAGBINDNIN O O O D00 00 0 0=l fafopnfefafeDRDNOOROBOECRRECPRPTCOOOOO OO OO vl sl pd vl slpad rdgmd (N
DD 0O OVHDO VI OL OV LHVOLYODLOH0 D00 DD 0000000000000 000G oo oo foe s oo om0 Pou fos o o P2 fron oo P o s fon fra
O OGO DO IO O O O O O O O IN 00 03 OF N O O D OJ O N O3 O BSOS O O I N O O O O O D O IO I N A D D O 0 O SO (N O D 0
DOOO00NOTODOOO0OOA00O0MOCOIACO0OLOORCOROOCOOROOROOTOVOO0CDOOOTDOOCCODD
[aletetelelalalalotal=TolotalalolotelaloletotolalelalolalolalololalolalelalcTolololoto ol Y o lo lulalolsl e tn]atotalo odulalofole toleYoTola]
DOO000000000OALDCOOCDDO00O0O0RO000COOO00OCOCROCOO0DIVOVDOCORCOOLOODO0
s )
[«
o~ L1
P A
oty
3 ~
b -~ -
=) & O =
(%] it] o o ~
oX ® m)nu *
s () o Q0 -
N -=Ou h 10O ==
- WO o @ ne @ <
Oraar s o) ~ DO -
R ol W 209 W
o I8 od » g
Dbeaw e ol -
(W )r4.% 1N B ol 5
=l 3 & Qo -
Qo u Ne] (om0 [l @]
XOWn L onoa . ¥
wes. [ [s3=1<T=1 O
G B 749 o 8 @ Pl
o 2 TN SNno0 033
TED S o~ 0 avd » O
we 3N & on NN (g 2 %
=) o T8 Qe s O ¢ 0 TN by
2 [ =] o [ ~Q #
=0, ] Qb= ~ (1] -
3¢ . [ =T [] [e]=] -
wo= o A= OO [=] [=]=] i
s & W OWOO Q Om B
P o e e € 4 [] o @
[} [ F-de] u. m. 0 ® N0 L %W
o T o [=] O o0 [=] ey o
wed %Yﬁ w W [=] Wmllb ﬂ %0 » # OO0 MO0
bt ot [=] o & o a0 st w28
W VWW [ B ~0Q~) | 8 - Om HDRO CCWW
@€ @3 e O = 000 NN Mg [T et~ 1o] Do #*koO
o w2 o N 00.-“3” [ERTIEY e @ WZEE oo M WLOO 8 @
= pa aed & © -] o9 e NN et I T T BNNOO O
o e =y - 0O N 8 NNy - m nn m ~g N S sl =1= 1
Dies Fwd -} w oy | it g - 2R o] e ) v $nooww
Ll 4 s F O =4 wd i g O W T4 WV ol Z = 8 sl
o=t b B, w0 e~ O b P Pl 3 W e2zE Z Wi 2 2wl 4 ZZOVOULL
b prn = X h ~ [ IR X AN [ A ] £ < NOU G ~Nedein
Z WEP [= K] ol PgPdd s g Z O =R#Y 0N A sme O g e M OB o
b4 2 o Z OON Ngp-~# = # [=] ot oo - X OO0 ¥ a0 W smmemnes OO
0 DLE CemmO% 3% S N R [T} ~ e o i mo W NNnoo [l Yalal
) =3 00 C {2 oo LY P o P et P 3 e 200 & | ey (= =] = ems (D e aPew e e (303
A W N=COU =d & E~E DOO0O ~ [S18 193 b OO = LULOO 2 LDLUWOO
L] L) 6 X523 S At Pl g 00000 N = O (@] » £ s 8 = ® o L3 uweso 8§
= 1] [ IO B R e X OODD0.0# 'Y me_- n g Oml € ¢ oo Om o e lO~
] > W o ind NERSUN ODOO SO0 =] w 08 ] ° 8 2 e ¢
b 1] Cborde § W | WR =0 & eONOD O OW = D ke oW oo pom T W b
%1% %] ESILEY-% NEOO IOOTMAIY o 0 D ¥ LJO T o SIS = I 1L
~ N e o B BN HN WO sFNNOODZ o« il W D e D K [KNETN e o
2 = WwoN W B HOON=PNFTOH - E O w2z O wwz uwi
Oud =] wdll G LY o g o s o O =3 [ ] 2 s 4:4+4 1t doted b i [r 4 454
T M L rANOEFNOTD s H B QB Y HY I 2 o wLud w wws I T
1 o o o s e as e Y | e IERTTTIT) e oo vl S L WL P e N T T [y v
mm Q mmFW DERZZEZZO0MFTNIOO] « Lif [T W [N TV I A 4 W us = ol [EWINTT}
(571 X} TP R A Pl R P e R L L M L U AL 2 ) Wl U, bl ik W mardg? WA M s
+ 4 L) $ &P PP e e
w0 [=3 3]
o= =

(8 18] (818 [S IS ] Wl QUL DO WD (S 18]

152



nuQ@Oﬁ00000@0900000000@09000@0000000@@000OOG%000000900000006000000000
ot O 3 U D 03 O £ O T ) O 0 G O N N F 100D = 0 O O e D (F UV D [ D O F =Ny LD s 00 G €D e (Y -3 1A D e 80 O O od IO P10 D P D)
2222222223333333333@4h%é4é@%#55555555556666666666777?77??778388888&8
??777?77?7??777777777777??7?7?7?77?777?77????777?77?77??7???777?7?77
22222222222222222222222222222222222222222222222222222222222222222222
0000000G009000090@0006000@000000000000000000000000000600000000000000
G009000nuCGQOOGO000QOG00099000000000@00@00000000000006000000000090000
000000000@@000000OOQDOGQOQGOOOQO000@0000003000090000090000000309@@0@
/ - #
(o] 1
o= o~ w
o] & © )W
By et 3 ¢ 0 - BN
=y o - = - < @ Z
oW = 2, pel E e P4 g 4 (D
(3t o] [e] > [ DN o w0 b=
P | NN S i vy L= £ of 2
nas s - Q. = =L ) > G4 0 8
[N Ed fF-4 o Z [%] LS e > o 2
N e Ot > o = Y a3y &N Y41 N foe 0y 4
s o NE o o N N & ) WO Z o WO
[T ) (== Z 0 pures (F ) (3 b= w2 o Z
D %414 =t & vt B e Doz 2 W m m
zZ » Z e - & =< @ = Led med Wik WU F =]
(o] el 2O z L) D F D A AE W F S
=0 et o [3-% - Q2000 Ly O W < W
(= =N ot o i o ol P Ao Ll W O Vit
L Foar LT ] €0 £ Doemlj(Jod Dot e o Uil wiegal
&Ly o= ool <y > KON LM 4 a. 220 D00
o [« oo £ - WL WA W sold ST )
DNoad N oe A b L e & @ 2 TLAVNO i L hoe P
-0 o -l O ol e L e B Y A ] 0> D2
L. > O LZ |y ) FITOZN v e W Az
D =0y = - e w ANFIG @ QA S L (o B - )
bt B e b4 Bl Qe & QVTW 6 QDrdagrd QU
e S S 32024 n3733 2853708
- > e o Pz DWW [ S
[l v.m NO 3= ) B2 FemxXA U= L NMEMP%YDN o
e O e =N “3 e = 3 WOR » o ZEu Al 4 i A vl
Y] -y @, e oo %) anyg w3 P D WY EGNWS.NDR
(U o oW 0 e R e mar o () FH.HWY I o v G, s e e (1) S0 [}
s o & b 0 =44 o - MZ20 & Gl d b
%S [m)29 A e bl D (o] = HE D e Ealdln
Q< TE aw =4 LE o wd 3pee Y UL @ LI % [}
- 3= 4 Wy (&334 o, b= o4 KLyt w2 (%] [T}
T To (Y aFem . ) SPL2T pempeid W
d L - = g a e o > o a3t 0 TIAJed O 4 e o=
W NW L &M% =5 K NP vY weeZrdd N ke m ']
P &) o ES o Srgd or Saeed  bud w fe]
= e 00O Q ey ke oF De ety R&CHK =i [w] vl
~ NO NN NQw Lo, L= Np= e I S e Y 4 .~ B~ [ m.
£ =0 [t Bt - O o, =) vt & wr BN Ve U L4 NN
~ e X WRE e Hm okl selped O @ >N et e | w (=3
bt L ¥4 EE < O, =) Lt -4 pue o e HARALT QX IVIs @
b4 s o, mYH 15071 4 Lo (6] 2 WEP o W s b od [
[} =d L vy > p=ibd (=1 oL E bed 2 2opa BN b T 14 g L
(@] W wiEal s l-N 2 ro >0 WDEZ0O™ -0 L4 (s 1w =D
wod = = N K ittt (=151 [3: 1=
< N %) v 5 e ¥ Ekd ottdod d  od  Bud o0 1=}
(=] | o ¥ w Y S b [ 2 g Qe « 8 DoadLd « o [ ]e 7]
m = N Y| o s N w vt ZLAWEOW Seuiw W 2w LK e
¥} w [} [+4 = Ul > > w e [P 4 lelal] MTRRR of dod :.JQ o (33
L] 2 4 = X ] fad 4 v...m u ) 2oLl %]
2 g [=] e b= i Wo. vy wi Qo mUlJUO U e ) LB
(=] fe= N ) N * ey o, ) o fea 3 E = L po L= 4
= 2 = Z z 4 2 2w -4 Wwed AZo.0.uL4E &) DOZZ0Y
[+ (@] Q Q Q Q O o 0] (@] wad O UEREMG 2 [*H] sjage W
EWD M = x = b WB £m P* nunuu E E!..KC M...E fom o Z?UW:&T
-y o), 4 P Z P
[41t b4 p} m m m m GW mw . m Qo N%NDUF EM = m b St ™ Lt
[LN =41 1] 3 & L8 ] 4. w WO Lo W o A I QBRI 0 MO O eeniadideerd
w € + & LR oo L @

WL WL LS LD (B8] (IR (S 18} [S18) IS I IIO LIIHIDLI I LNIIS

153



[elelolololnlelolelelolololeols ] ulelele) OOOOW [elelelalelelololnlololelulelololalelslelelelolelolalolololelelalalalelo fnle ot wle]
COHNMTNONPO=NAOFTN OO O=NOFN DD RO =N GNP DO N M TN D= DO O =N T I DO O NM TN O
B999999999900060000001l111111112222222222333333333344444444445555555
e 12 (o 2o oo s o s run e o 9 €O €0 00 00 03 00 00 G0 60 00 €0 €23 00 GO 60 €0 0 €0 00 T 60 60 0 0 60 €0 €0 13 03 6 00 €0 €23 €0 U 00 €0 €3 00 00 €0 €0 60 663 00 €0 €0 00 60 &9 60 09 01 20 ¢ €0
OO IO OO O N O DO O O O DO O O OO OO OO O TN OO O 0 SO B DN O I OO IN OO O O AN O AN N O N O N N N NN
[e]=1elelvlolnlalolelololololetololalalelotelolslolwlstalalstoToletal e lalololelrlelalalnlelalslololelnlTotelotoloTe TaToTatatolatnTa o o]
[slefolalelvlelolslelolulelolotnlololelolololnlalololotololulolalelololelolslolololelolsTolololololalololalmialolololololotalolotatute o]
0000000000000000000000000000000000000000000000OOOOOOOOODOOOOOOODOOOW
\
s
/ =0 -
S -
ey [=]
Sagmd an
R L
1Y oz
N » Ort
—e NI
Ly  =n
Ded (704
Z = Z e
[Ye] e .
= <O
O o
N<g P
-~ (%] o 2
O oz
= [ N o
4 e ), g oy
= - P =} Q. & xO
+ <+ @ LX) ~NO Do B
Ll o~ [a] & % ooy gy [ bed g -
UNM M o o] [« 44%% #O Geed e
# # = O\ ° o= o Ly
-~ b [« % o~ o~ A I of ot O vm
A4V OS# NN O o3 &4 [=) O e
wu”ﬂ” ZB ZW ZW NG HﬂZZ (=%} otd MO
#* ) [«18] [ o
QF QO O Ot QQQ% o< S o~
[ b= 0N M) ey % 3%# [=1TR13) xE o
e o 0o 02 g2 Aum: e = £3 &5
P - < el [32) [}
>>>> [Gle ) WI O™ mw/ IITI = O Lo a0
Lgag g e P e owpf) s S s [ oY) . e e -z
e W o3 98 3% 2% 333 a oF i<
e =i v ) S
a Ty Th T& TE $3E9 ' ]t &35
o N D% o oK O L3S 2 LD NSO NI
® - 4-4-'4 s s , O Q¥ e O AONN ==} eedey LY
e P Py aam saf  ord B9 Opd [+ 4:4.3-4 P = = 30 3¢
OLomomin e an o i sl ol mioC 3% %% L o e 3 44
+ e N =00 O M M 0N ek e 9l Ol d 