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ABSTRACT

The purpose of this EPRI-sponsored study was to develop a digital computer simu-
lation program for a single-area power system, and to hold a Workshop at which
this simulation package would be presented. This and the companion volumes
present our philosophy of modeling a power system and demonstrate the simulation
capabilities of the Area Control Simulator. The results of this research study
have been the development of the Area Control Simulator, the Area Control Simu-

lator Workshop held May 1-3, 1979 and the creation of the Technical Manual

(Volume 1), the Programming Manual (Volume 2), and the Program Listing (Volume

3).

The above-mentioned three volumes in addition to a fourth volume covering a

multi-area model development serve as a final report for this project.
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EPRI PERSPECTIVE

PROJECT DESCRIPTION

Over the past 50 years, all electric utilities have increased their interconnec-
tions with each other. In fact, there are currently just three groups of inter-
connected networks of utilities for all the power generated in the United States
and Canada. Historically, area control of generation was accomplished manually.
Then, analog computer generation control was developed to reduce manual control
requirements. More recently, direct digital computer control systems have been

installed, which provide the potential for improved control.

The growth of the interconnected networks has placed increasing demands on our
ability to analyze and control each generator's performance. This has stimulated
a need to mathematically simulate the control system in the interconnected
networks both to evaluate current control strategies and to develop improved

strategies.

PROJECT OBJECTIVES
This project under RP1048-1 had two objectives:

1. To develop a digital computer, two-area control simulator program for
use by EPRI member utilities to evaluate and improve their current
control strategies. This program was also being developed for use in
a companion project, RP1048~1, where interconnected control perfor-
mance was being analyzed by Control Data Corporation (CDC).

2. To develop a multiarea control simulator program for use by CDC on
RP1048-1.

PROJECT RESULTS

The simulator programs that were developed during this project were based on a
digital computer program developed by Philadelphia Electric Company (PECO) to
analyze control strategies in the Pennsylvania-Maryland-New Jersey (PJM) Power
Pool. The simulator program developed for EPRI can be used to analyze control
actions of generators in one control area (usually a single utility) that is part
of a larger interconnected network. The simulator has two features not available
in other simulators currently in use:
1. It includes mathematical models and representative data for most

types of generators commonly used in the United States and Canada
(fossil, hydro, gas turbine, and boiling water nuclear reactor).



2, It is based on generation models that were already developed and
extensively field-tested by PECO and PJM prior to the EPRI contract.

The area control simulators developed in this project were successfully used by
CDC while performing the research on RP1048-1. Two versions of the area control
simulator were supplied to CDC. The first used two control areas: one for the
control area to be analyzed and one for the remaining interconnected utilities.
The second allowed up to 10 control areas to be analyzed simultaneously. The CDC
research showed that the first version was preferable for analyzing control
strategies. A copy of this first version of the simulator is available from the

Electric Power Software Center.

The computer program developed for this project might be classified as an
engineering-grade program. This means it has been tested thoroughly as to the
integrity of the programming and the accuracy of the results. However, several

limitations in the use of the simulator should be pointed out:
1. The data input requires a user with good knowledge of the models.
2, The input is not user-oriented for entering large amounts of data.
3. Many of the models and their data are imbedded in the computer

program and limit the flexibility of the simulator usage.

If EPRI finds there is sufficient demand by users of the area control simulator
program, a production-grade version of the simulator could be developed which
overcomes the above limitations. In the production-grade develepment, the
simulator data requirements would be coordinated with the data requirements of the

long-term dynamics program being developed in RP1469.

Charles J. Frank, Project Manager
Electrical Systems Division
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SUMMARY

This research project has resulted in the development of two power system models
that are similar. The first is a single-area power system simulation, the Area
Control Simulator, the second is a multi-area power system simulation that was
used in a companion research project. Both computer programs are FORTRAN stand-
alone structures that offer such user-oriented features as print and plot
options, load data or available space for a load model, optional exter-

nal area power systems to be tied into the system under study, optional statisti-
cal variations to the load data (sine wave, random noise, frequency feedback)
and functions designed to simulate dynamic behavior (limits, deadspaces, delays,
etc.). One workshop has been given to date on the Area Control Simulator with
the material in Volumes 1, 2 and 3 serving as User's Manuals, detailing design
features. These simulation programs are available through EPRI and provide an
engineering-grade tool to quantitatively and qualitatively analyze new control
structures and strategies. They provide a test bed on which repeatable case

studies can be analyzed and system sensitivities can be determined.

These simulators are designed to have new or existing automatic generation con-
trol algorithms as their input and basis of analysis. The algorithms included
with these programs are merely intended to make the simulation whole and operable

and should be replaced or restructured by the user.

This volume presents the computer listing of the Area Control Simulator. The

user can refer to the Programming Manual, Volume 2, to gain an understanding

of program changes and their effect on the simulator program. The Technical
Manual, Volume 1, covers the dynamics that are simulated in this listing.

Both of the previous volumes refer to specific sections of the simulator listing
by subroutine, function or data set name. In this simulator listing, all data
sets are grouped at the beginning, followed by the subroutines then functions.

There are comments and instructions throughout the listing.



INTRODUCT ION

The Program Listing, (Volume 3), is a self-contained digital computer program of
the Area Control Simulator. It is a FORTRAN stand-alone program and the listing
includes both instructions and comments to the user. The time-sharing version

of this program (80 character width for CRT display) has prompting messages to
help specify the most used (or changed) system variables. There is a duplicate
version for batch running (132 character width for printout paper). The simula-
tor requires, as an input, either load data from a disk file (as in this version)
or a load model (to be programmed by the user and added to the listing). The
output is in the form of printout and plots. The plot information requires a
second disk file (temporary data set) to store the plot information between

computation and plot printout.

The listing has been arranged to include the data sets at the beginning of the
program, followed by the subroutines then the functions. The data sets include
input and output data in addition to the system variable storage areas. There
is a cross-reference in the first page of the listing that shows where each

data set or common area is used throughout the program. The block data sets are
then sequenced, explained, and listed. All of the parameters are dimensioned in
these explanations, some of the unitless variables are left undimensioned. The

subroutines are developed in the Technical Manual, Volume 1, and the Programming

Manual, Volume 2, of this report. There are further descriptions given through-
out the subroutine and function listings. The subsections of each subroutine

are separated and titled for easier reference.
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--------- KEY TO UNIT TYPZ ==-ceeee-

UNTYPE(N)= 1---NUCLEAR UNIT
Z---BOILER, SUPERCRITICAL UNCE THRUUGH UNIT
3---bB01LER,s SUBCRITICAL ONCE THROUGH .
4---BOILER, DRUM TYPE UNIT,O0IL
5===HYDRG UNIT
6-~-=GASTURB INE UNIET

7---BOILER, DRUM TYPE UNIT,COAL

CaMMO010
COMM0020
COoMM0030
COMMO040
COMM0050
COMM0060
cOoMMO070
COMM0O08B0
CoMM0090
CoMMO100
COMMOl10
COMMO120
COMMOI30
COMMO140
COMMO150
COMMO160
COMMO170
cOoMMO180
COMMO190
COMMO200
CaOMMO210
COMM0220
COMMO230
COMMO240
COMM0250
COMM0260
COoMMO0270
COMM0280
CoMM0290
COMMO300
COoMMO0310
cOMMO0320
COMMO330
C0OMMO340
COMMD350
COMMO360
COMMO0370
COMM0O380
COMMD390

COMMO400
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Ply UNTYPE,
OF ULNITS

-BOILER, NON-REHEAT DRUM TYPE UNIT

AND Mk ARE DIMENSIINED BY THE MAXIMUM NUMBER

COMMO410
COMM0420
COMMO430
COMMO440
COMM0450
COMM0460
COMMO470
COMMO480
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COMMON /COST/ CONTAINS COST CURVES FOR EACH UNIT FOLLOWED BY
OTHER FUNCTION GENEKATOR CURVES

COMMON /COST/ IS FOUND IN THZ AFGEN FUNCTION SUBROUTINE
THE AFGEN FUNCTION SUBROUTINE IS CALLED FROM:

-~ EXTRNL TO COMPUTE SKEDTX
== L00 TO COMPUTE SKDTIs MAl, AND PEC

BLUCK DATA

CUmMMON 7 COST / UNIT1¢20) » UNIT2(20) s UNIT3{20)
UNIT«4 €20) » UNIT5(20) » UNIT6(20)
UNIT7 (20} » UNITB(20) sy SKEDTX€20)
SKDTI €20)

DATA UNIT1/ Cey 5004 4.4, 500. » 4«5,y 1100ey 46, 1550 .,
60., 1550+ 10%0./

DATA UNITZ/ G., 200e9 5e¢5y 2006y 5.9y 800ey 642y 11284,
o3y 1230es b0e7s 1490+ 6.9, 1620+, 60es 1620.,
4%0. /

DATA UNIT3/ 0.y 10., 160y 104, B0y 57e» 8.6, 15%,.,
9.1' 2‘00., 9-5| 29“.. 10.3' 3300, 60.9 3300’
4%0./

CATA UNIT4/ C.» 15., TeBy 15a, 79y 529 8.3, 139.,
.5, 203.,s be.by, 413ey T2y 4BZe, 9.4, 500.,
OO-| 5004 » %0/

OaTA UNITS5/ 0., 10, 9.8y 10., 111, 704, 12.45 100.,
133y 13545 16435 171es 33,7, 18las 9655 190.,
60esy 190., %0/

DATA UNIT6/ C. P40 P Te5s 204, Teby 325.y 7.9, 400.,
Be3y 4755 beby 53B.y 60y 538., 6%0./

ODATA UNIT7/ Ce» 60 21404 60., 229y 21%ey 2%+, 310.,
¢5eby 480es 006y 480.s 8%0./

DATA UNITE/  U., 40, 19.9, 404, 23.89 278ey 20405 5344,
31e2y 6906y ©60ey 690., 8%0./

COMMO010
COMM0020
COMM0030
COMMO040
COMMO050
COMMO060
COMMOO70
COMMO0080
COMMO0090
COMMO100
COMMO110
COMMO120
COMMO130
COMMO140
COMMO150
COMMO160
COMMO170
COMMO180
COMMO190
COMMO0200
COMMO210
COMMO 220
COMMO230
COMMO240
COMMO0250
COMMO260
COMMO270
COMMO280
COMMO290
COMMO300
COMMO310
COMMO0320
COMM0330
COMM0340
COMM0350
COMMO360
COMMO0370
COMMO380
COMMO390
COMMO4 00
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THIS SPACE KRESERVED FOR FJTURE UNITS
FHLFFEIFEEIEL A SEP IFSACEE S XL %

DATA SKEDTX/OD .00 l3600. ,0. '16*0 .,
DATA SKDTI /0e90e93600e904,516%0./

. NUMENCLATURE .
00 00 0ECC RIS R0RIECEP SOV RO EENOPT O SO0 REBEREOC S CESEOONESS
SKEDTX EXTERNAL TIE FLOW -= M
SKDTI SCHEDULED TIE LINE FLONW == MW

THE ARRAYS ABUOVE ARE D IMENSIONED FOR TEN SETS OF DATA PAIRS
FOR A TOTAL OF 20 STORAGE LOCATIONS. ANY MODIFICATION
OF THIS DIMENSIONING WILL REQUIRE NEw CODING IN THE AFGEN
FUNCTION SUBRIOUTINE.

COST CURVES FOR ADDITIGNAL UNITS SHOULD BE PLACED IN THE
SPACE RESERVED ABOVE. SPECIFICALLY, THEY MUST BE PLACED
BEFORE ANY DOTHER FUNCTION GENZRATOR CURVES. THE ADDED
COST CURVES SHOULD HAVE PRECISELY TEN DATA PAIRS.

ENU

COMMO%10
COMMO420
COMMO430
COMMO 440
COMM0450
COMMO460
COMMO4T0
COMMO480
COMM0490

COMMO0500
COMMO510
COMM0520
COMMO530
COMMOS540
COMMO550
COMMO560
COMMO570
COMMO580
COMMO590
COMMO600
COMMO610
COMMO620
COMMO630
COMMO640
COMMO650
COMMO660
COMMO6T70
COoMMO68B0
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COMMON / BOILRS 7/

COMMON /BOILRS/ CUNTAINS ThHt PARAMETERS FOR EACH OF THE S5 TYPES
OF BOILER UNITS USEU IN SUBRDUT INE BOILER

BLUGCK DATA

COMMUN 7/ BOILKS / HUNT1(150)
DIMENSION HUNTZ(30) » HUNT3(30)
DIMENSION HUNT5(30) s HUNT6(30)
EQUIVALENCE (HUNTL €1 )sHUNTZ (1))
EGUIVALENCECHUNT1€(312,HUNT3(1))
EQUIVALENCE (HUNT1 £€61) ,HUNT 4(1))
EQUIVALENCE (HUNT1(91)}sHUNTS5¢1})
EQUIVALENCE CHUNTL1 (121}, HUNTOE1))

SUPERCRITICAL ONCE THROJGH
DATA HUNT2/20.00 ’
1 10. »1.0 s1.0
210.00 +0.025 +0.10 #8.00
33.877115 51.062857 46.59378& ,13.25411
40.0 +s0.0 9.0 +»0.9881
56.00 244 .00 90.51¢ »1.0

SUBCRITIZAL ONCE THRDUGH
DATA HUNT3/20.00 '
1 3.0 »1.0 »1.0
210.00 s00.025 »03.10 +8.00
30.G41757 41.076923 +27.0924% ,10.9132¢2
40.0 20.0 +9.00 +0.9881
56.00 2449 .C0 +0.0382 » 3.926

OIL FIKED DRUM

DATA HUNT4/20.00 .

s HUNT4 €30)

»00.85
»0 .28
sl.76
+0.0214
+»0 .006

#»00.85
+00.286
s4 50

s0.0214
+s0.004

COMMOO10
COMMO020
COMMO030
COMMO040
COMMO050
COMMO060
COMMOO070
COMMOOBO
COMMO090
COMMO100
COMMO110
COMMO120
COMMO130
COMMO140
COMMO150
COMMO160
COMMO170
COMMO180
COMMO190
COMMO200
COMMO210
COMMO0220
COMMO230
COMMO240
COMMO250
COMMO260
COMMO270
COMMO0280
COMM0290
COMMO300
COMMO310
COMMO320
COMMO330
COMMO340
COMMO350
COMMO360
COMM0370
COMMO380
COMMO390
COMMO400
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i ‘|-0 ’100 .1.0 l00085 0000 [ CUHHOQIO
210.00 200,025 »00. 10 +8.00 +00.28 +1.00 » COMM04 20
311,178 s1.060606 ,25+639 +11.39730 ,00.9 »00.015 y COMMO430
40.0 »1.00 $s9.00 »1.00 +00.5 »25 .00 ™ COMMO 440
56.00 240.0 0.0 0.0 »0 <0 9225, / COMMO0450
; ------------------------------------------------------------------ COMMO460
c COAL FIKED ORUM COMMO470
c COMMO0480
DATA HUNT5/20.00, COMMO0490
1 QOO ’1.0 '1 .0 '.85 .0.0 '] CDHHOSOO
210.0 s.025 s.10 »8.0 e 28 2 1.0 » COMMO510
311.178 »1.060606 ,25.634 21139730 ,.9 s <015 » COMMO520
40.0 sle »30. »1.0 »e5 25 .0 s COoMMO530
525.0 240, s0.0 0.0 20 .0 9 225. / COMM0540
[ bttt bbbt ittt ittt sttt etttk COoMMO550
C NON-REHEAT ORUM COMMO560
C COMMO570
DATA HUNT6/20.00, COoMMO580
1 1.0 »1.0 +1.0 »00.85 »0.0 s COMMO0590
210.0 0222 20222 1.0 vl .0 »1.0 . COMMO600
349.15835 21.064189 41620734 5.37715 ,2.0 s «04 » COMMO610
40.0 £1.0 »3.0 sl1.0 +5 .0 225. . COMMO620
52.0 vle 90« »0. 30 »80. /4 COMMO630
C COMMO640
C COMMO650
C S G008 G E GO0 OB E G008 S0V TV EEOS SO S SECP RS S SsEEESBOS COH"°66°
C . NOMENCL ATURE . COMMO6TO
C 0 EASSE SN SECEOTE F5 S BGOSR N SSRGS S0 &SRO IGISESE CUH"°680
¢ COMMO690
C HUNT1€1)=CYS02 SPEED DROOP €1/RESULATION} COMMO 700
C HUNT1 €2)=CYS03 DEAOUBAND COMMO710
C HUNT1(3)=CY50% Kls INDICATES FIRST STAGE PRESSURE FEEDBACK COMMO720
c HUNT1¢4)=CYS05 PRESSURE SET POINF - P.U. COMMO 730
C HUNT1¢5)=CYSQ6 INITIAL PRESSURE LIMITER SET PCINT-- P.U. COMMO 740
C HUNT1(6) = DUMMY COMMO 750
C HUNT1¢7)=CYS507 INITIAL PRESSURE LIMI TER GAIN COMMOT760
C HUNT1 €8)=CYS09 VALVE GPENING TRAVEL TIME -=- SEC CaMM0 770
C HUNT1(9)=CY510 VALVE CLOSING TRAVEL TIME -- SEC COMMO 780
C HUNT1€10)=CYS02 REHEATER TIME CONSTANT -= SEC COMM0 790




_g'[_

[sN el asRaNaN sl ol el sNoRaNaNeNaNaN ol aR ol ol

[aNaNaNalaNal ol

HUNT1¢11)=CYS1 1}
HUNT1L12)=FT
HUNT1(13)=C(2)
HUNT1€14)=FD
HUNT1€15)=C¢1)
HUNTIC16)=K"
HUNT1(17)=KP
HUNT1 (18 ) =K1
HUNT1(19)=
HUNT1 €20 )=k
HUNT1(21)=TF
HUNT1¢22) =K1
HUNT1 €23 )=Kk2
HUNT1 (2% }=M
HUNT1¢25)=CYFO03
HUNT1€26 ) =KD
HUNT1 €27 )=MnBYX
HUNT1(28)}=FEBY XX
HUNT1 €29 )=FEBDB

HUNT1(30)=CY501

Fs» POWER DEVELOPED BEFORE REMEATER

THROTTLE PRESSURE

CAPACITY OF SECINDARY SUPERHEATER

DRUM OK PRIMARY SJUPERHEATER PRESSURE
CAPACITY OF DRUM+PSH GR TRANSITION ZUONE+PSH
BOILER PRESSURE/FLOW CONSTANT

BIILER PRESSURE CINTROL PROPORTIONAL GAIN
BOILER PRESSURE CINTROL INTEGRAL GAIN

puMMmY

FUEL SYSTEM GAIN

FUEL SYSTEM TIME CONS TANT -= SEC
FEEONATER SYSTEM PROPORTIONAL GAIN
FEEDNMATER SYSTEM INTEGRAL GAIN

FEEDWATER SYSTEM TIME CONSTANT -=- SEC
FUEL SYSTEM FIRING DELAY -= SEC
BOILER PRESSURE CINTROL DERIVATIVE GAIN
COOKDINATED CONTRIL SYSTEM MEGAWATT BIAS
COORDINATED CONTRIL SYSTEM PRESS. ERROR BIAS
CODKDINATED CONTRIL PRESSURE ERRUR DEADBAND

BASE MW VALUE OF UNIT SIMULATED ~~ MW

HUNT1 1S DIMENSIONED FOK 5 TYPES OF BOILER UNITS AT 30

VARIABLES

ENL

PER UNIT. NOT T3 BE CHANGED.

COMMOBO00
coMMOB10
comMM0820
COMMO0B830
COMMO840
cOMMO850
COMMO0860
COMMOB70
comMM0880
COMMD890
COMMO900
CamMM0910
COMMO0S20
cOMM0930
COMMO0940
COMM0950
COMMO960
CUMMO970
COMMO980
C0OMMO0990
COMM1000
COMM1010
COMM1020
COMM1030
COMM1040
COMM1 050
COMM1060
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C T e e e e e e e e e e e e e e e e e - - e e~ ——— COMMO0O010
C ¥ 6 COMMON /7 WATT 7/ ¥ COMM0020
C  s-resmoommmmemr e s s e s s e srecse-- seess e soeee—ee COMMO030
C COMMO040
C COMMON /WATT/ CONTAINS THE PARAMETERS USED FOR THE MYDRO UNITS COMMO0050
C IN SUBKOUT INE HYDRO COMMO060
C COoMMO070

BLUCK DATA COMMO0080

CUMMON 7/ WATT / WATER1€36) COMM0090

DATA WATER1/C.05, 0.125, 1.0, 8.0, 43.33, 2.0s COoMM0100

1 0.055 041255 140, Be0y $3:.33, 2.0y COMMQOL110

2 0.05, 0.125, 1.0, 8.0, #3.33, 2.0, COMMO120

3 0.05s 0.125, 1.0, B.D0y 43.33, 2.0, COMMO130

4 0.05y 0.1259 1.0, 8.04 %3.33, 2.0, COMMO140

5 0.05;, 012545 10, 8.0, $3.33, 2.0/ COMMO150
C COMMO160
¢ C0OMMO170
C €9 ¢GOCE GEO OSSR GREG TS OO OGS SSOS GG SO G GO E s a SSRGS CUHHOIBO
C . NOMENCLATURE . COMMO190
C PO 8GO PO CESECD COSSSENO GO D 000 08 200 PCEE S SOSESO 0O 0 SRRGEESS CUHHOZOO
" COMMO210
C WATER1(1)= REGULATION I.E. 5% COMM0220
C WATER1I(2) = REGULATION/TRANSIENT REGULATION COMM0O230
C NATER1(3)= DEADBAND == MW COMM0240
c NATERLI€4)=TK TRANSIENT DROP TIME CONSTANT COMMO0250
C WATER1(S5 )= RATE OF GATE LIMIT == MW/ASEC COMMO260
C WATERL1(6) = WATER STARTING TIME -=- SEC CoMMO270
C cCOMM02B0
C COMM0290
C WATERL IS DIMENSIONED FOR 6 UNITS AT 6 VARIABLES PER UNIT. COMMO0300
c cOMM0310
c COMMO320

ENU COMMO330
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COMMUN / GAS / ¥

COMMON /GAS/ CONTAINS THE PARAMETERS USED FOR THE GAS TURBINES
IN SUBKOUT INE GASTUB

BLOUCK DATA

COMMON / GAS

DATA GASS1/1.0,
10,
1.0,
1.0,
1.0y
1.0,
1.0,
1.0,
100’
1-0’
100’
1.0y
1.0,
1.0,
1 00’
1.0y
1.0'
1.G,
l -O,
1«0y

/ GASS1 {60}
0.05, 544,
0.05; 546.,
D«055 544,
0.05, 54.,
0.05, 54944
0005) 5"-'
0005’ 540’
0.05, 544,
0.05, 54.,
0-0'5' 5“-’
0.05, 544y .
0.05, 54.,
0.05y 5449
0.05, 54.,
0.05, S54.y
0.05, 54.,
0.05, 54.,
0.05, 54.,
0.05s 54es
005y 54./

%0 008 86 66 U0 0 SO OS AT R 2SS PHSOLESE SO S 00 B S0E B8 ¢ SR eSS

NOMENCLATURE .

® 6 0 68 B8 00 006 ES B ELESE S B8GOS SRE NS SEE SO GEEE SO G 0B

GASS1(1)=
GASS1(Z)=
GASS1(3)=

GEADBAND -~ MW
REGULAT ION Eebe 14.2% - %
AMBIENT TEMPERATURE DEGREES C EJ6. 29.5 FOR
RINTER

GASS1 IS DIMENSIONED FOK 20 UNITS AT 3 VAKIABLES PER UNIT.

ENU

cOomMM0010
COMMO0020
COMMO030
COMM0040
COMMO0050
COMMO0060
cCoMM0070
COMMOO0BO
CaoMM0090
caoMM0100
COMMO110
COMM0120
COMMD130
COMM0O140
COMMO150
COMMO0160
cCOMMO170
cOMM0O180
COMMO190
caoMM0200
coMMO210
COMM0220
COMM0O230
CaMM0240
COMM0250
COMM0260
COMM0270
COMMO28B0
cOMM0290
CoMM0300
COMMOD310
COMM0320
COMMD2330
COMMO0340
COMM0350
COMM0360
COMMO370
cOoMM0380
COMM0O 390
COMM0420
COMM0O430
COMMO 4490
COMM0450
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COMMON / ATTOM / *

A W . G b Y O e WA Gr S YE W W G @ G A

COMMON ZATTOM/ CONTAINS THE PARAMETERS USED FOR THE NUCLEAR
UNITS IN SUBROUT INE NUCLER

BLUCK DATA

COMMON / ATICGM / ATOM1(110)

DATA ATOM1/0.0572050e15451003500135006632¢055.0,5063,44%.5,.50,
0005705001541 050¢130:652:095:05Ge3+%¢55.50,
0e0970090a1591c030:1300632u0952050e39%.5,550,
0.60970090e1591 409001 90e652:2095.090e35%0.55.50,
000937.040615910030.1300692:.0954050e39%55450,
0e6097¢090e154510050019066520055.0,0e3,%65,.50,
005705061591 2090e190e6320055¢090e635%459.50,
0:20970090e615910050e130.692¢035.090e3340553.50,
0.097¢090¢15910090013500692¢095.050:39%.55.50,
0e60s70609021551009061350063200355¢0,0e3,4655.50/

2005 SQESSOeSOsSe 0ssOEP® e .........‘;..‘.........‘.‘.....'..-

NOMENCLATURE .

IR AN KNI NNNENEENENNEEEEXEINEIINENEIENE F YN NNEYNENEITNTNNYNYN YN NYY N

ATOM1 €1)=CYBO2
ATOM1¢2)=CYBO3
ATOM1(3)=CYBOS4
ATOMI€42»=CYBOS

ATOM1¢5)=CYBOO
ATOM1¢6)=CYBOT7
ATOM1(7)=CYBOB
ATOM1(8)=CYBOY
ATOM1(9)=CYB10

ATOM1€10)=CYB1 1}

PROFORTIONAL PART OF RECIRCULATION CONTROL
IN-CORE THERMAL TIME CONSTANT -= SEC
INTESRAL PART OF RECIRCULATION CONTROL
POWER CORRESPONDING TO FULL RECIRCULATION
FLOw IN STEADY STATE == MW
PRE SSURE REGULATOR LIMIT
PRESSURE REGULATOR GAIN
PRESSURE REGULATOR TIME CONSTANT Tl

-=- SEC
PRE SSUKE REGULATOR TIME CONSTANT T2

-=- SEC
TURBINE POWER BEFJRE CROSSOVER AND MOISTURE
SEP ARA TUK == MW
TIME COUNSTANT OF STEAM FLOW IN MOISTURE
SEPARATOR AND CROSSOVER -= SEC

COMMO0010
COMM0020
COMM0030
COMM0040
COMM0050
COMMO060
COMMO0070
COMMO080
COMMO0090
COoMMO100
COMMO110
COMMO120
COMMO130
COMMO140
COMM0150
COMMO160
COMMOL1 170
cOMMO0180
COMMO0190
COMMO200
COMMO0210
COMM0220
COMMO230
CaOMMO240
COMMO 250
COMM0260
cCoMM0270
c0oMMO0280
cCOoMM0290
C0OMMO0300
COMMO310
COMMO320
C0OMM0330
COMMO340
COMM0350
COMM0360
COMMO370
COMMO0380
COMM0390
COMMO0400
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ATOM1(€11)=CYB12 REGULATION -- %X

ATOM1 IS DIMENSIONED FOR 10 UNITS AT 11 VARIABLES PER UNIT.

COMMO410
COMMO420
COMMO430
COMMO 440
COMM0450
COMMO0460
COMMO470
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¥ 9 COMMUON / FRICNL / *
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COUMMON /PRTCNL/ CONTAINS PARAME TERS USED 10 CONTROL VARIQUS
OUTPUT ROUTINES

COMMON /PRTCNL/ IS UTILIZED IN MAIN PROGRAM AND THE
SUBRUOUTINES PRINT, UGUTPUT, AND PAGEHD

COMMON /PRTONLZ IS PRESENTLY NIT USED IN SUBROUTINES
BOILER, HYDRUs GASTUBs AND NUCLER, BUT IS PLACED IN THESE
ROUTINES TO PERMIT THE USER TO PRINT ANY VARIABLE USED
WITHIN THESE ROUTINES

BLUCK DATA
REAL*4 VALUEC494)
REAL%*8 SYMBOLE 94 )

COMMON / PRTCNL 7/ ICOUNT, TLAST , SYMBOL, VALUE » LINES  IPAGES,
CURPRTy PRNTIM

DATA ICOUNT s TLAST ySYMBUOL,VALUESLINES,IPAGES/0,0 0 44%0.,%4%0.,
0,1/

DATA CURPRT¢PRNTIM/0.0,10.0 /
. NOMENCLATURE .
ICOUNT INDEX USED TO LOCATE PRINT VARIABLES IN THE
ARKAYS SYMBOL AND VALUE
TLAST STORES TIME OF LAST PRINT
SYMBOL ARKAY TO STORE PRINT VARIABLE NAMES
VALUE ARRAY TO STORE PRINT VAR IABLE VALLUES
LINES LINE COUN TER
1PAGES PAGE CUUNTEK
CURPRTY CURKRENT PRINT TIME
PRINTIM PRINT INTERVAL
END

CUMMOULU
COMMO020
COMMO0030
COMMO040
COMM0050
COMMO060
COMMOO 70
COMMO0B0O
COMM0090
COMMO100
COMMO110
COMMO120
COMMO130
COMMO140
COMMO150
COMMO160
COMMO170
COMMO180
COMMO190
COMM0200
COMMO210
COMM0220
COMMO230
COMM0240
COMMO250
COMMO260
COMMO270
COMMO 280
COMMO290
COMM0300
COMMO310
COMM0320
COMMO330
COMM0340
COMMO0350
COMMO0360
COMM0370
COMMO380
COMMO390

COMMO410
COMMO420
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* 10 COMMON # PLOTT / ¥
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COMMON /PLOTT/ CONTAINS THE PRINT SYM30LS AS WELL AS THE DATA
USED TU INITIALIZE PLOT SCALES AND LIMITS USED IN
SUBROUTINES PLOT AND 000DLE

Tt MAXIMUM NUMBER UF VARIABLES THAT CAN BE PLOTYED IS 14

BLUCK DATA
COMMON 7 PLOTT /7 XOLuT¢15) » AMAX (15 ) s AMINCELS)
POINT LS ) s INT e ITIC » NPLVAR, ACR
UpP s BLANK , PLUS , BPPL6O) s
D€1,6C) s APP{5), NKRITEs NEGATE, AFFIRM
REAL*9 NEGATE

DATA AMAX/0. 91004 345500¢ 950500+ 960.0551000+ 955000 31004 7%0 4/
DATA AMIN/O.y=100.,545004949500.559.95,-200.95200a9-100e, 730 o/
DATA POINT/Z' P tAs M PO SF S P70 810 SR ,730./

DATA INTL1TICs1,5/

DATA NPLVARZ 1/

DATA ACKUPSBLANK ,PLUS/ "= ¢ ", 8 ¢ teby

DATA NWRITE/ G/

DATA NEGATE JAFFIRM/INT, 'YV,

Os @ G O OGS CEE OEQESEOS S5 0 CEO GO POO OGS OSSP G EGE B GE SR BES

. NOMENCLATURE -
¢ 6 @O GCE "0 S0P EO PETOES S S FEO SR OSSO E CED OO OO SO IO OSSO
Xgut VALUES READ FROM DISK 10 BE PLOTTED

AMAX UPPEK GRAPH LIMIT

AMIN LUNWER GRAPH L IMIT

POINT SYMBOLS uSED IN PLOTS JF SIMULATION VARIABLES
INT PLOT INTERVAL DESIRED IN SECONDS

ITIC TiMt TIC MARK IN SECONDS

NPLVAK TOTAL NUMBER OUF VARIABLES 10 BE PLGTTED

ACR uStD TOU PRINT - >

uP USED TO PRINT I > USED PRIMARILY TO PRINT

COMMO0010
COMM0020
COMMO0030
COMMO040
COMMO050
COoOMMO060
COMM0070
COMM0080
COMM0090
CoMMO100
COMMO110
CoMM0120
COMMO130
COMMO140
COMMO150
CoMMO160
COMMO170
coMM0180
COMMO190
COMMO0200
COMMO210
comMM0220
C0OMM0230
COMMO0240
COMM0250
caomMmO260
COMMO270
COMM0280
COMMO290
COMM0300
ComMMO310
coMM0320
COMM0330
COMMO0340
COoMMO0350
COMMO360
COMMO370
COMMO380
COMMO390
COMMO400
COMM0410
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COONNOAOCOOOOOO

BLANK
PLUS
BPP

D

APP
NWRITE
NEGATE
AFFIRM

USED TU PRINT A BLANK > AXES AND REFERENCE POINTS
USED TOU PRINT + >

FRINTS LEFT MARGIN OF GRAPH

PLOYS (INE OF DATA

PRINTS SCALE HEADINGS OF VAR IABLES

NUMBEKR OF TIMES CLINE OF DATA IS WRITTEN TO UNIT 11
READS ANSWER OF N (NO) IN RESPONSE TO PROMPT

READS ANSWER OF Y (YES) IN RESPONSE TO PROMPI

SET UP THE SCALE (AMAX, AMIN) DESIRED FOR EACH VARIABLE TO BE
PLOTTED IN THE SAME OKDER AS THEY APPEAR ON THE PREPAR
CAKD (l.Ees» THE WRITE(11) STATEMENT IN MAIND. THE FIRST
DATA SET ENTRY FOR AMAX AND AMIN IS RESERVED FOR THE
INOEPENDENT VARIABLE, IN THIS PROGRAM THIS SCALE IS
NOT USED.

SET UP THE POINT CONFIGURATION (SYMBOL TD BE USED 10 PLOT
VARIABLE ) DESIRED FOR EACH VARIA3LE, MAINTAINING THE
SAME ORDER AS THEY APPEAR ON THE PREPAR CARD. THE FIRST
DATA ENTRY IN THE ARRAY POINT IS ALSO A DUMMY ENIRY.

ENU

COMM0420
COMMO430
COMMO 440
COMM0450
COMMO460
COMMO0470
COMMO 480
COMMO4 90

COMMO500
COMMO510
COMMO0520
COMM0530
COMM0540
COMMO550
COMMO0560
COMMO570
COMMO580
COMMO590
COMMO600
COMM0610
CoMM0620
COMM0630
COMMO0640
COMMO650
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¥ 11 COMMON / DELLAY / %
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CUMMON /DELLAY/Z CONTAINS THE STORAGE VARIABLES FOR THE DELAY
FUNCTION. ThHE COUMMON AREA IS JISPLAYED BELGW FOR
NOMENCLATURE PURPOSES ONLY. N3 INITIALIZATION OCCURS.

CUMMUON /DELLAY/ CC1000) sDLAY(B,2146)

N NOMENCLATURZ .
C AKRAY TO STORE DELAY POINTS
OLAY WURK AREA FOR TEMPORARY STORAGE OF DELAY POINTS

LAY 1S DIMENSIONED AS DLAYLEX 3Yy Z) WHERE 2
Xx= TOTAL NUMBER JF INDEXED SUBROUTINES
Y= MAXIMUM NUMBER OF UNITS PLUS 1
1= GREATER THAN JR EQUAL TO THE GREATEST
NUMBER OF DELAY FUNCTIONS CAWLED IN
ANY SUBROUTINE

- - - = e - W e W AR AR ST W R R e G S A R e G G SR R as T TER L AR R R R W AR R OB W e W e

COMMON /ZPASSES/ CONTAINS ThHE COUNTERS USED TO CONTROL THE
PASSES THROUGH THE BOILER SUBRIUTINE. THE CUMMON AREA
1S DISFLAYED BEL O FOR NOMENCLATURE PURPUOSES (ONLY.

NO INITIALIZATIOGN OCCURS.

CUMMUN /PASSES/ KUNT.AEERP

¢ ® S RGOS S LIS EEGPES 20 O 0UUdSEPEEOPPE BGOSR OGS G GssOELE OV

. NOMENCLATURE -

COMMOO10
COMMO020
COMMO0030
COMMO040
COMMO050
COMMO060
COMMO070
COMMO08O
COMMO090
COMMO100
COMMO110
COMMO120
COMMO130
COMMO140
COMMO150
COMMO160
COMMO170
COMMO180
COMMO190
COMMO0200
COMMD210
COMMO 220
COMMO 230
COMMO240
COMMO250
COMM0260
COMMO270
COMMO 280
COMMO290
COMMO300
COMMO310
COMMO320
COMMO 330
CUMMO340
COMMO350
COMMO360
COMMO370
COMMO380
COMM0390
COMMO400
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COMMO420

KONT A COUNTER THAT ACCUMULATES 4 PASSES THROUGH COMMO430
BOILER EACH TIME THE BOILER SUBROUTINE IS CALLED. COMMO440

THIS COUNTER 1S NEEDED BECAUSE THE INTEGRATORS IN COMMO450
SUBROUTINE BOILER ARE ON A .5 SECOND INTEGRATION COMM0460

STEP Slite. COMMO4&70

AEEP INTEGRATION TIME STEP COUNTER NEEDED IN THE COMMO&8BO
BOILER SUBROUTINE BECAUSE OF THE .5 SECOND COMM0490

[aEaNaNaNuNGRaN ol ol

INTEGRATICON TIME STEP CoMMO0500

COMMO510
COMMO0520

m e e e e e e e e e e e cemccemeemeeeeo = ((MM0530

¥ 13 COMMON 7/ NALARM / ¥ COMMO540

e e e e e e e e e e c e e e cccoes oo COMM0550

CaOMM0560
COMMON /NALARM/ CONTAINS AN ERROR FLAS THAT TERMINATES THE COMMO570

SIMULATION IF AN ERKOR IS DETECTED BY THE PRUGRAM. COMMO580

THE COMMON AKEA IS DISPLAYED BELOW FOR NOMENCLATURE COMMO590

PURPOSES ONLY. NO INITIALIZATION GCCURS. COMM0600

cCOoMMO610

COMMON /NALARM/ 1EKK COMM0620
COMM0O630

COMMD640

0 000800 EI00C OISt RO CRRNOENNECPNEE CPO PR O0COETESROGEERS COMMO0650

. NOMENCLATURE . COMMO660

60 00 B LECEIICCEEN0L IO ERP U RUEECEOE SE0 COERED G0 0 CC RS GO COMM06170
COMM0680

IERR ERROR FLAC COMM0O690
COMM0700

COMMO710

T e e e e e e e e e e e e ess e ceessecem e eee~ MAINOOLO
% ¥ MAIN0O20O
¥ MAIN PROGRAM ¥ MAINOO30
% ¥ MAINOO4O
- MAINOOS0
MAINQOG6O
COMMON / CURVAL / TIME , DELT o KEEP s NUNIT s GOTIME, N » MAINOO70
1 FkEaHZ, PME20), OMEGA , TM s PMSYS , PMTOT , MAINOOBO
2 PELSY , PACCEL, LDAD , LOOLIOT, H » PTINET, MAINOOS0

P S B G . W S S D G D e D D S WS R R G GGV R W Gh SRED S e G G WD G G e G G

2 kaXakakskukulalalak ol oK ol aN o oW o ol oW R a N o NaN oW uN u N ol o'
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COMMON / COST
CUMMON / INITAL /
COUMMON / PRTCNL /

1

COMMON 7/ PLOTT

1

2
3

COMMON 7/

REALZXy

REAL*B

REAL*4
1

/

PMEAT
OuTIES,
CEXTO 4,
CeExT10,
PURIP
CADD
CSKEDF,

ACE

SPt20),
PMSL20)
WAVEON,
SIGHA

LODEXT,
UUTIEG,
CEXTOS,
CEXT11,
GEDEXT,
CKCR
INADYV
AR »
PEB t20)

’
WAVEFR,

UNIT1 ¢20)
UNTYPE(20) ’

P1(20),
ICOUNT,
CURPRT,
XOUT(15)

TLAST
PRNTIM

PGINTLIS) ’

uP

D(1,60)
NALAKM / 1ERR

VALUE(9 4)
SYMBOL{ 44 )
LODTOT,

L0AD
MWNEW

WKITEL6510)
ENTEKR FINISH TIME IN SECONDS®')

10 FOKMATC(?
READ(5,20) FINTIM

20 FORMAT(E14.7)
wRITE(6,30)
DO YOGU WISH TO ADD VARIATIONS IN LOAD? *)

30 FUKMAT(®
KeAD(5,40)

NOLOAD

LNEW

BLANK

ouTz 02,
OEDIEX,
CEXT 06,
ACEE XT,
PGOVEX,
KLR »
LAM »
MRNEW »

14
FINTIM,
WAVE PH,

SYM3OL,s

INT »
PLUS

SPIEX
CEXTO1,
CEXTO07,
OQUTEO3,
SPEXT
DUM »
SKDTI
LNER »
UCE¢20)
KEXTRN,
PNOISE,

Mk (2 0)
VALUE

» AHAX‘IS’ ]

ITIC
BPPL6O)

s APPES), NKWKITE,

LOGEXT,
INITAL,

KLR ’
MR ’

INITTALTZATION

- e - - - .- -

KLP *
NEGATE,

OUTIE3, OUTIES,
CeEXT02,s CEXTO3,
CEXT08, CEXTO09,
CUTEO4 s, OQUTEOS,

CTIMR

] CBIAS i

CLSUP » KLP

TIMBS

’
’
FEC(20) ’
»
’

» FRABS

UCE1l

’
PFREQ o AMPLTD

NSEED

LINES

s MU

» 1PAGES,

AMINC15) ’
NPLVAR, ACR ’

1 4
NEGATEs AFFIKM

INADY

y LAM ’

NOLOAD, NSCALE

MAINO100
MAINO110
MAINO120
MAINO130
MAINO140
MAINO150
MAINOL160
MAINOL170
MAINO180
MAINO190

s MAINO200O

MAINO210
MAINO220
MAIND230
MAINOZ240
MAINO250
MAINO260
MAINO270

MAINOZ280
MAIND290
MAINO300
MAINO310
MAINO320
MAINO330
MAINO340
MAINO350
MAINO3060
MAINO370
MAINO380
MAINO390
MAINO4OO
MAINO%10
MAINO420
MAINO430
MAINO440
MAINO450
MAINO460
MAINO470
MAINO480
MAIND490



_92_

40

50

60

70

80

90

100
110

120

130

FUKMAT (A1)

1F(NOLOAD .EQ. NEGATE) GO 10 130

WRITE(6,50)

FORMAT(®* ENTEK FREQUENCY FEEDBACK GAIN®)
READ(5,20) PFKEQ

WRITEC6460)

FORMAT(® ENTEK SINUSOIDAL wAVE AMPLITUDE®)
READ(5,20) AMFLTD

IF(AMPLTD .EQ. 0.) GO TO 1060

WRITE(6,70)

FORMATC(®* ENTEK INITIATION TIME OF WAVE IN SECONDS?®)
READ(5,20) WAVEDN

WRITEL6,80)

FOKMAT(® ENTER WAVE FREGUENCY IN RADIANS PER SECOND')
READ(5,20) WAVEFR

WRITE(G,90)

FOKMAT(® ENTER PHASE SHIFT OF WAVE IN RADIANS®)
KEAD(5+20)} NWAVEPH

WK1TE(6,110)

FOKMAT(* ENTER AMPLITUODE GAIN OF NOISE GENERAIQGR®)
READ(5520} PNUISE

IF(PNOISE .£Q. 0.) GO TO 130

WRiTete, 120)

FORMATC(® ENTER AN ODD INIEGER®)

READ(5,490) NSEED

CONTINUE

WRITEL6,5140)

MAINO500
MAINO510
MAINO520
MAINO530
MAIND540
MAINOS50
MAINO560
MAINOS570
MAINO580
MAINO590
MAINO60O
MAINOG610
MAINO620
MAINO630
MAINO640
MAINO650
MAINO660
MAINO670
MAINOG8BO
MAINO690
MAINO 700
MAINO710
MAINO720
MAINOT730
MAINOT740
MAINO750
MAINO760
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140 FOKMAT(® DO YOU wISH TD MOOIFY ANY OF THE SCALES FOR THE PLOT VARIMAINO?770

IABLES?")
READES y40) NSCALE
IFCNSCALE «EQ. NEGATE) GO
CALL PLOTMD

150 WRITEL6,270) BLANK
WK1ITE(6,160)

160 FOKMATE® CLEAK THE SCREEN AND HIT ENTER TO START PRINT ROUTINE *)

READ(5+260) DUMM3

10 150

IFATIME «iT. DELT) GO TO 170

GG 70 190

170 CONTINUE
DO 180 L=1,NUNIT
PMEL)Y=PItL)
SPLL)=PILL)

180 PMS(L)=PI(L)

190 CUNTINUE

SIMWATION

L P R

200 CALL INERTA

- - P R e R AR P D G S D L Y P SR e R S S G b e A W W AR A G GREe W

1F eXTERNAL AKEA IS TD BE

L1 )

USEDs SET Kz XTRN=1 IN COMMON /CURVAL/

IFCKEXTRN oEQ. 1) CALL EXTRNL

* NUNIT IS THE TOTAL NUMBER OF UNITS IN THE MOOEL

OG0 210 N=1,NUNIT
cart LDO
210 CONTINUE
IFC(KEEP «NE. 1) GO 10 220

s

s mcrnccencrr s e mec e caw-m- - -

¥ WRITECL1l) IS5 LUSED TO wWRITE DATA ON DISK TOU BE PLOTIED LATER

MAINOT780
MAINO790
MAINOBOO
MAINOB10
MAIND820
MAINOB30
MAINOB4O
MAINOB50
MAINOB60
MAINOBT70
MAINOBBO
MAINOB90
MAINOS00
MAIND910
MAINO920
MAINO930
MAINO940
MAINO950
MAINO960
MAINO970
MAINO980
MAINO990
MAIN100O
MAIN1O10
MAIN1020
MAIN1030
MAIN1040
MAINIO50
MAIN1060
MAIN1IO70
MAIN1OBO
MAIN1090
MAIN1100
MAINLI110
MAIN1120
MAIN1130
MAIN1140
MAIN1150
MAINL160
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C
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¥ IT IS REFEKRREL T3 AS THE °*PREPARY CARD IN COMMON /PLOTT/

WRITEC11) TIME . ACEsPMSYS,PMEXT,FREQHZ, PTINET,LOAD, AR

NWRITE=NWRITE+*1
220 CUNTINUE

IF{XKEEP .EQ. 0) GO T0 230

IF(TIME «LT. CURPRT]

NO VARIABLE NAME MAY

S 4F % 2 4F St 4t

CALL PRINTC °®vLUAD

1 *LODE XYV
Z 'PACCEL
CALL PRINTE 'PTINET
i *SKD11
2 *AR
CALL PRINTC *PM(1)
1 ‘PM(3)
2 *PML5)
CALL PRINT( °PM(7)}
1 L]

2 *C

35 48 2

CALL OUTPUT

CURPRT=CURPRT+PRNTIM

230 CONTINUE

GO TO 230

- W R - P UR Gr SR LA EE W G N R IR TS GRS R SR YD 0D G GRS TEUE M e SbER W @

THE PRINT VARIABLES ARE ENTERED AS PAIRS:

VAKIABLE NAME, VARIABLE VALUE
PRECISELY SIX PRINT VARIABLES MUST BE CODED PER PRINT CALL.
THE LAST VARIABLE TO BE PRINTED IS FOLLOWED BY A BLANK.

EXCEED EIGHT CHARACTERS.

*y LOAD s TPMSYS ¢y PMSYS ’
*. LODEXT 4 *PMz AT ', PMEXT ’
*, PACCEL , *FRcQHZ %, FREQHZ )
*, PTINET , SACEEXT *, ACEEXT
e, SKDTI1 s TACE 'y ACE

*, AR s "LAM t, LAM )
', PM (1) s PML2) . PML2) ’
¢, PM(3) s "PMls) *, PML4) »
*, PM(5) s "PMLO) Y, PM(6) )
¢, PMLT) s *PM(B) s PMB)

', A . B *. B

ty C s *D *, D )

CALL OUTPUT WRITES THE PRINT VARIABLES

IFCTIME «LE. FINTIM) GO TO 290

240 WRITEL6,270) BLANK
WKITE(64+250)

MAIN11T70
MAIN1180
MAIN1190
MAIN1200
MAIN1210
MAIN1220
MAIN1230
MAINIZ240
MAIN1250

MAIN1260
MAIN1270
MAIN1Z80
MAIN1290
MAIN1300
MAIN1310
MAIN1320
MAIN1330
MAIN1 340
MAINL350
MAIN1 360
MAIN1370
MAIN1380
MAIN1390
MAIN1400
MAIN1410
MAIN1420
MAIN1430
MAINL1 440
MAIN1450
MAIN1460
MAIN1470
MAIN1480
MAIN1490
MAIN1500
MAIN1510
MAIN1520
MAIN1530
MAIN1540
MAIN1550
MAINL560
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250 FOKMAT(Y CLEAK SCREEN AND HIT ENTER T3 START PLOT ROUTINE')D
READ{5,260) DuMM3
260 FOKMAT(1A5)
CALL PLOT
WRITE(6,270) BLANK
270 FOKMAT(2A1)
WR1TE(6,280)

MAIN1570
MAIN1580
MAIN1590
MAIN1600
MAIN1610
MAIN1620
MAIN1630

280 FOKMAT(®* DO YGu wISH 10 MODIFY ANY OF THE SCALES FOR THE PLOT VARIMAIN1640

1ABLES AND SEE ThE
READ(5,40)
IFENSCALE
CALL PLOTMD
GC 10 240
290 CONTINUE
IF(KEEP
KEEP=KEEP+1
IF(TIME
1FCKEEP

1F ¢1ERR
60 10 200
300 WRITE(6,310}
310 FUKMAT(® SIMULATION TERMINATES DUE TO ERROR®)
320 WRITE(6,270) BLANK
WR1ITE(6,330)
330 FUKMAT(® END GF PROGRAMY)

STGP
ENC

PLOT AGAIN7Z%)
«EQ. NEGATE) 60 TO 320
1) KEEP=-}

FINTIM) G0
O)TIME=TIME*DELT

-EQ. 1) GD TO 300

MAIN1650
MAIN1660
MAIN1670
MAIN1680
MAIN1690
MAIN1700
MAIN1710
MAINL1 720
MAIN1730
MAIN1740

MAIN1750
MAIN1760
MAIN1770
MAIN1 780
MAIN1790
MAIN1800
MAIN1810
MAIN1820
MAIN1830
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INERTA- THE INERTIA MODEL

A SINGLE SHAFT COMMON FREQUENCY MODEL

L2
*
%
*

. - - D S T G s G T S GG A YE ChEE e TN AN S AW R AR W R R GEdE T SN SR G W G Ge G G O S W

¢ 2 <+ B 4 4 3F 3

COP OO L WN -

SUBROUTINE INERTA

COMMON /# CURVAL /7 TIME

REAL=4

FREQHZ,
PELSY
PMEXT ,
ODUTIES,
CEXTOs&,
CEXT10,
PODROP
CADD
CSKEDF,
ACE ’
SPE20),
PMS(20)

INITAL,
LOAD

INADYVY ,
LODEXT,

DELT
PME20),
PACCEL
LODEXT,
OQUTIEG,
CEXTO5,
CEXT1l,
DEDEXT,
CKCR
INADY
AR ’
PEB (20}

INTGRL »
LODT0T,

KEE?
OMEGA
LOAD
QUTEOQZ,
DEDIEX,
CEXT 06,
ACEEXT,
PGOVEX,
KLR ’
LAM ’
MWNEW »

»
FINT 1M,

KLP ’
MWNE W

NUNIT
™ .
LODT01,
SPIEX
CEXTO1,
CEXTO7,
OUTED 3,
SPEXT
DUM .
SKDTI
LNER
UCE (2 0)
KEXTRN

KLk s

GO TIME »
PMSYS
H ’
OUTIE3,
CeXT02,
CEXT08,
OUTEOS,
CTIMR »
cLSuP
TIMBS
PECL20)

EVERY SUBROUTINE THAT

FOR INDEXING THE DELAY AND INTGRL FUNCTIONS.
IN EIThEk THE DELAY OKk INTGRL FUNCTION SUBROUTINES FOR
FUKTHER DETAILS.

H1GT=0.
IF (KEXTRN

THIS NUMBER 1S USED

N )
PMIOT
PTINET,
OUTIEs,
CEXTO03,
CEXTO09,
OQUTEO0S,
CBIAS »
KLP ’
FRABS »

’

’

UCEl

LNEW

ISuB IS A SUBKRODUTINE IND=X NUMBER.
USES EITHER A DELAY OK AN INTGRL FUNCTION MUST HAVE A
UNIQUE SUBROUTINE INDEX NUMBER.

SEE COMMENTS

INEROO10
INER0020
INER0030
INERO040
INER0050
INER0060
INER0OO70
INER0OBO
INER0090
INERO100
INEROILO
INER0O120
INER0130
INERO140
INERO150
INERO160
INERO170
INERO180
INERO190
INEROZ00
INERO210
INER0220
INER0230
INER0240
INER0250
INER0260
INER0270
INERD280
INER0290
INER0300
INERO310
INER0320
INER0330
INERO340
INERO350
INERO360
INER0370
INER0380
INER0390
INER0400
INERO410
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cConcOann

4t dF S 4t dF dF

PM5YS5=0.

HTOT=HTOT+H
DO 10 L=1,NUNIT

10 PMSYS=PMSYS+PM{L)
CALL LOADER
PACCEL=PMSYS-LUGAD +PMEXT -LODEXT

IF (TIME

OMEGA=INTGRL ¢ ISUB 40,41, JMEGAO, PACCEL/COMEGA*2.3HTOT ), OMEGA)

lLTe

DETAILS.

DELT)

FRtQHZ=60.%0MEGA
PELSY=PMSYS=PACCEL*H/HTGI
PTINET=PELSY~LCAD

RETUKN
END

OME GAO =0UMEGA

- - P s G PR TP TR G D D L G P S GEEE W e e AR G R Gr YR G W R AR W . e

Tt CALLING FURMAT FOR THE INTGRL FUNCTION SUBROUTINE IS:
INTOGRLETISUB okUNI T, KINGRL , INITIAL CONDITION, INPUT ,GUTPUT )
St COMMENTS IN THE INTGRL FUNCTION SJBROUTINE FOK FURTHER

INERO420
INERO430
INEROD440
INERO450
INERO460
INERO&70
INERO48BO
INERO490

INEROS500
INEROS10
INERO520
INEROS30
INERO540
INERO550
INERO560
INEROS570
INERO580
INERO590
INEROG6OO
INEROSG1O
INERDG20
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LOADER

cCOMAOOOOO
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LOADE K-

SUbBROUTINE LOADER

COMMON 7/ CUKVAL / TIME

MmO LN UL WN -

REALF4 MIN

DATA JUMP1/0/

15uB=2

IFC(KEEP

60O 10 a0
10 CONTINUE

BLUAD=ALOAD

.EQ'

FREQHZ,
PELSY
PMEXT ,
DUTIES,
CEXTO4,
CEXT10,
PDROP
CADD
CSKEDF,
ACE ’
SP€20},
PMS(20)
WAVEO N,
SIGMA

» LOAD

«AND. TIME

20 READE1O) HRsMINSSEC,ALOAD
TM=HR¥3600.*MIN¥60.+SEC-GOTIME

A LOAD MIDEL
THIS SUBROUTINE IS USED TO INPUT SYSTEM LOAD
EITHER AS DATA (THIS CASE) OR BY INSERTING A

LOAD MODEL

DELT »
PM{20),
FACCEL,
LODEXT,
GUTIEG,
CEXTO05,
CEXT11,
DEDEXT,
CKCR
INADV
AR ’
PEB (20)

’
WAVEFR,

MU [

KZEP
OMESA
Load
guTz 02,
DEDIEX,
CEXT 06,
ACEZ XT,
PGOVEX,
KLR ’
LAM ’
MWNZ W

*
FINT IM,
WAVZPH,

NOISE

NUNIT
™ *
t0DI0T,
SP1IEX
CEXTO01,
CEXTO7,
OUTED 3,
SPEXT
DUM »
SKDTI1
LNEW
UCE(20)
KEXTRN,
PNOISE,

«6E. TM} GO TO 10

GOTIME,
PMSYS
H

s
OulIE3,
CEXTOZ2 »
CeExto08,
QuUTEOQ4
CTIMR
CLSUP
TIMBS
PEC(20)

’
PFREQ
NSEED »

N ’
PMIOT
PTINET,
OUT1ES,
CEXTO03,
CEXTO09,
QuUTE05,
CBIAS
KLP

FRaABS

UCel
AMPLTD
MU

LOADOO1O
LOADOOZ0
1.0AD0030
LOADO040
£ 0AD0050
LOADOO060
LOADOO?70
L0OADOOBO
L0ADOO90
LOADO100
LOADO110
LOADO120
LOADO130
LOADO140
LOADO150
LOADO160
LOADO170
LOADO18O
L 0ADO190
LOADO200
LOADOZ210
LOADO220
LOADO230
LOADO240

+ LOADD250

LOADO260
LOADO270
L0ADO280O
LOADOR90
LOADO300
£0ADO310
LOADO320
LOADO330
LOADO340
LOADO350
LOADO360
LOADO370
L0ADO380
LOADO390
LOADO400
L OADO410
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COOOM

COCOOOO

IF €JuM
BLUAD=
JUMP 1=
30 CONTIN
IF(TM
40 IF({KEE
LUAD =8

1FC¢PER

Pl .NE. O) GO T3 30
ALOAD

1

Ut

«LE. O.) GO TO 20

P «NE. C) GO T0 50
LOAD

EQ.EQ+0¢ +AND. AMPLTD.EQ.O. <ANJ. PNOISE.EQ.C.) GO

B e —————_————————— —— ———_— —————— - .- ———— . - ——————— -

SK1P THE VARIATIONS IN iOAD IF NO FREJUENCY FEEDBACK, NOISE,
JR SINUSUIDAL WAVES AKE USED.

10 50

xR BAITECRXREB LR LR RO XA EFF RRE R L IFIJE XLV ST EE %

BY ADJUSTING LGADER MUDEL PARAMETERS IN COMMUGN /CURVALZ/

¥ VARIATIONS IN LOAD SHOULD BE ADDED TO THE FOULLGOWING LINE

¥
%
%
¥

THHA RSB LLRRT ARSI L LTS AFBEREEE ST BRSNS XIS SRR

LOUAD=BLOAD*¢ 1 +PFREQ¥{FREQGHZ-CSKEDF )} )* AMP LTDXSINE (WAVEUN s WAVEFK,

1
50 RETUKN
ENnD

WAVEPH )+PNGISE*NU ISE ENSEED,MU,SIGMA)

LOADO420
LOADO430
LOADO940
LOADO&50
LOADO460
LOADO%70
L 0ADO480O
LOADO490

LOADO500
LOADOS10
LOADOS520
L 0ADO530
LOADOS540
LOADOS550
LOADI560
LOADOS70
LOADOS580
LOADOS590
LUADO60O
LOADOG1O
L0OADOG20
LOADOG630
LOADO640
LOADOOLS0
LOADOG6LO
LOADOOL70
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% EXTRNL- AN EXTERNAL AREA MODEL %
¥ ONE LUMPED (50000 MW) AGC CONTROLLED *
> BOILER-TURBINE-GENERATOR =
* -3
SUBROUTINE EXTRNL
COMMON # CURVAL / TIME 4 ODELT  KEEP 4 NUNIT , GOTIME, N »
1 FREQHZ, PM(20), OMEGA , TM s PMSYS , PMTOT ,
2 PELSY , PACCEL, LOAD , LODTOT, H s PTINET,
3 PMEXT , LODEXT, OUTEO2, SPIEX » DUTIE3, OUTIES,
4 OUTIES, OUTIEG, DEDIEX, CEXTO1l, CEXTO2, CEXTO3,
5 CeXT04, CEXTOS5, CEXTOS5, CEXTO?7, CEXTOB, CEXTO9,
6 CEXT10, CEXT11e ACECXT, OUTEOD3, OUTEO®, OUTEOS,
1 POROP , DEDEXT, PGOVEX, SPEXT , CTIMR , CBIAS ,
8 CaADD , CKCR o KLR s DUM s CLSUP , KLP ’
9 CSKEDF, INADV , LAM s SKDTI , TIMBS , FRABS »
A ACE s AR » MWNZ WK » LNEW s PEC(20) .
8 SP(20), PEB(20) s UCE(20) s UCEL ’
C PMS (20) s FINTIM, KEXIRN
REAL®9 INADV 5, INTGRL, KLP s KLR s LAM e LNEW , LOAD »
1 LODEXT, LODTOT, MWNEMW
IsuB=3

PTIE==1.%PTINET

- - G G TR L S N S SR G A R D N S T e S -

PTIE IS THE EXTERNAL TIE FLOwW
SIGN CONVENTION: __ INTO EXTERNAL SYSTEM 1S -
—— OUT OF EXTERNAL SYSTEM IS +

S d4F 4t 4

SKEOTX=AFGEN ¢ TIME 4NUNIT+11

EXTROO10
EXTR0020
EXTRO030
EXTRO040
EXTRO050
EXTRO060
EXTROO70
EXTRQGBO
EXTRO090
EXTRO100
EXTRO110
EXTRO120
EXTRO130
EXTRO140
EXTRO150
EXTRO160
EXTRO170
EXTRO180
EXTRO190
EXTR0200
EXTRO210
EXTR0OZ20
EXTRO230
EXTRO240
EXF¥R0250
EXTRO260
EXTRO270
EXTR0OZ280
EXTR0290
EXTRO0300
EXTR0310
EXTR0320
EXTRO330
EXTRO340
EXTR0350
EXTRO360
EXTRO370
EXTRO380
EXTRO390
EXTRO400
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ACEEXT=PTIE-SKEDTA-CEXTO1%10.*(FREQHZ-CSKEDF ¥
IFA{KEEP +EQ. O AND. TIME .EQ. O.) OUTEOZ=ACEEXT
DUTEC2=ACEEXTHCDELT/(DELT*+3.) )+ (3./€02LT*3,.) )%

1 DELAY ¢1SUB,0,1,1,DELT,0UTEQ2)

TrE CALLING FORMAT FOR THE DELAY FUNCTIIN SUBRIUTINE 1S3
DELAYCISUBSKUNIT,IDLAY, % SAMPLED PIINTS,DELAY TIME,INPUT)
Stk COMMENTS IN THE DELAY FUNCTION SUBROUTINE FOR FURTHER

DETAILS.

SPEXT=INTGRLCISUB +0+1,SPIE ALCEXTOZ2*0UTEDZ »SPEXT)

POULGVEX=SPEXT-¢CEXT11/560.)% ¢FREQHZ-CSKz OF)

i

1

IFAKEEP EQ. O) GO T0 50

A=PGOVEX-OEDIEX

IFWTIME .GE. CELT) GO TO 10

T1=CEXTO3

T2=CEXTO03

COBEXT=T1+T¢

IFCLA-T1) 20, 50, 40

1IF(A-T2) 30, 50, 50

TZ2=A

T3za+CDBEXT/2.

Ti=A+CDBEXT

60 T0O 50

Ti=A

T¢=A-CDBEXT

¥3=A-CDBEXT/2.

A=T3

DEDEXF¥=A+DEDILEX

CONTINUE

POROP==-R8CEXTO4*DEDEXT*0UTE03)

DUTEO4=INTGRL ¢I5UBs 0,2, OUTIE4 s CEXTOB*POROP,OUTE G4 )

OUTEOS=INTGRL §1SUBs0,3,0UT1E5, { CCEXTO74PDROP*0OUTEO4)-0UTEDS W/
CEXTO06 ,0UTEDS)

OUTEO3=INTGRLAISUB 099, OUTIED, €1 -CEXTO4 )5CCEDEXT *UQUTEODD)
~pUTEO3)/CEXTO5,0UTEQ3)

GuTeO7=DEDEXT+PDKUP

EXTRO4IO
EXTRO%20
EXTRO430
EXTRO440
EXTR0450
EXTRO960
EXTRO470
EXTRO48BO
EXTR0490

EXTRO500
EXTRO510
EXTRO0520
EXTRO0530
EXTRO540
EXTRO550
EXTRO560
EXTRO570
EXTRO580
EXTRO590
EXTRO600
EXTRO610
EXTR0620
EXTRO630
EXTRO640
EXTRO650
EXTRO660
EXTROb670
EXTRO680
EXTRO690
EXTRO700
EXTRO710
EXTRO720
EXTRO730
EXTRO740
EXTRO750
EXTRO760
EXTRO770
EXTRO780
EXTRO790
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PHEKI1=1NTGRLQISUB.Ov5:UUTlEb.(1-ICEXIXOI*GOUTEOT‘PHEKI),PHEKTI)
PMEXT=CEXTO9%0UTEOT+PME XT1

RE TURN

END

EXTROB00
EXTR0810
EXTR0820
EXTROB30
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1

1

1
2
3

LOO~- LOAD DISPATCH OFFICE
SUBROUTINE LOG
COMMON / CUKVAL 7/ TIME o DELT o KEE®
FREQHZy FME20), OMEGA ,
PELSY o PACCEL, LOAD
PMEXT , LODEXT, OUTEOZ2,
DUTIES, OUTIEG. DEDIER,
CEXTO4, CEXTOS5, CEXTO6,
CEXT10, CEXT11, ACECXT,
PDROP , LEDEXT, PGOVEX,
CADD 4 CKCR ¢ KLR s
CSKEDF, INADV , LAM ’
ACE » AR s MWANEW ,
SPt20}, PEB(20) *
PMS(20) s FINT IM,
CUMMON / INITAL 7 PIC20), UNTYPE(20) ’
COUMMUN # CONST1 /7 CLDUC &) s COXE20)
CL3(20) s CO4C20)
DIMENSION C2MLD20Q) e (2M0OD0OC20) ’
SPR«(z20)}) NUMBER(20)
REALwY INADV 5 INITAL, INTGRL,y KLP s
LIMIT o LL101 4 LL102 o LNEWN
LOLDT ¢ LKSET1, LRSET , Mk »
Mnl

DATA JUMP/O/

ISub=9

- e Ao o - - -

NUNIT o GOTIME,
™ + PMSYS
Lo0T01, H ’
SP1EX , OUTIE3,
CEXTO1, CEXTO0Z2,
CEX¥I07, CEXTO08,
OUTEO 3, GUTEO%,
SPEXT » C(TIMR ,
DUM e CLSUP
SKDTI , TIMBS ,
LNEW 5 PECC20)
UCE¢2 0) ’
KEXTIRN
Miwk €2 0)

y C02¢20)

s C05€20)

SPK1CZD) ’
LAM s

LUDEXT,
MWOLDL,

Ktk ’
LOAD
MWNENW »

N ’
PMTIODT
PTINET,
OUTIEs,
CEXTQ3,
CEXTO09,
gutTE 05,
CBIAS ,
KiLP

FR3BS

ultl

LCANGL o
LODTIOT,
M W2 ’

L D000O010
LB0oo0020
£ 0000030
L 0600040
LDOO0050
LDG00060
LD000070
L 0000080
L D000090
LD000100
t 0000110
LB000120
L 0000130
L 0000140
L0000150
LD000160
£ 0000170
L 0000180
L D0D00190
L 0000200
LDD00210
LD000220
L D00C230
L 0000240
LD0O00Z50
£ 0000260
LD0O0Z70
10000280
L 0000290
£ 0000300
0000310
L 0000320
L 0000330
LDO00340
L DU00350
L0B00360
L 0000370
L 0000380
10000390
L 0000400
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INITIALIZATION

- - - - -

IF(UUMP .EQ. 1) GO 10 20

N1=0
N2=0
N3=0
Na=0
DO 10 M=1,NUNIT
PEB(M)=0.
CZ2MOD(M) =0,
Czm000tM2=0.
IFAUNTYPEEM) .ECQ. 1.) N1=N1*}
IFCUNTYPEEM) .EQ. 1.} NUMBER(M)=Ni
IFCUNTYPE(M) .EG. 2.) NUMBER{M)=N2
IFCUNTYPE(M) .EQ. 3.) N2=N2+]
IFCUNTYPE(M) .EQ. 3.} NUMBEREM)=NZ2
IFCUNTYPEE(M) oEQ. &) N2=Nz+l
IFCLUNTYPEEM) .EQ. 4.} NUMBERAUM)=N2
IFCUNTYPE(M) .EQ. S5.) N3=N3+¢]}
IFCUNTYPE(M]) .EQ. 5.) NUMBER{M)=N3
IFCUNTYPE(M) .EQ. 6.} Né=NG+}
IFCUNTYPE(M) .EQ. 6.) NUMBER(M)=N¢
IF(UNTYPEEM) CEQ. T.) N2Z2=N2+]
IFQUNTYPEEM) .EJde 7<) NUMBER(M)=N2
IFCUNTYPECM) JEG. B.} N2=N2*]
IFLUNTYPE(M) .EQ. B.) NUMBERE(M)=N2
10 JuMP=1
20 CONTINUE
et rr rce mm e r e —— e —— - . —EE - e - ——— - —— - e - ——- - - - -—— -

b 48 48 dF 36 ¢ dF <

UNTYPE(M) IS THE ACKONYM FOR THE UNIT TYPE OF uNIT M

NUMBER (M) IS THE SEQUENTIAL NUMBER FOR UNIT M WITHIN A GIVEN
UNIT TYPE (NUCLEAR, BOILER, HYDRD, GAS TUREINE)

Nl= THE TOTAL NUMBER OF NUCLEAR UNITS

Ne= THE TOTAL NUMBER OF BOILER UNITS

N3= THE TOTAtL NUMBER OF HYDRO uUNITS

N4= THE TOTAL NUMBER OF GAS TURBINES

LD0OO0C410
LD000420
LDO00430
LDD00440
LDD00450
LD000460
LD000470
LDO0048O
L DD00490

L 0000500
L 0000510
L 0000520
L 0000530
L0000540
LD000550
L DD00560
L 0000570
L 0000580
LD000590
L 0000600
L 0000610,
L 0000620
L 0000630
L D000640
LD000650
LD000660
L 0000670
L 0000680
L 0000690
L 0000700
LD000710
L0B00720
LD000730
L 0000740
L0000750
LDO00760
L0000770
LD000780
LD000790
L 0000800
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CALCULATION OF THE REGULATION SIGNAL (AR) AND COST SIGNAL (LAM])
IS PERFUGRMED ONLY DURING THE FIRST PASS FOR THE FIRST UNIT
(N EQUAL 1) FOR EACH TIME STEP

4 4 4 4

CALCULATION OF AR

- - G e o o w a

IF(NeNE1)} GO TU 140
IF(KEEP «EQ. 1) GO TO 30
T1GLD1=PTITM
IFCTIMELELDELT) TIOLDI=PTINET
30 PTITM=(DELT/CUELT+CLDOC 4} ) IXPTINET+ECLOOt4 I/ CDELT +€LDOCY )23
1 T10LO1

SKUTLI=AFGEN(T IME, NUNIT*2)

DIFLO=PTITM-SKDTI

TIMER=INTGRL CISUB 404140 .5 (FREQHZ-CSKEDF)/60.,T1 MR
TiMBS=0.

- - . - ——— - S EREL G W S AR A DG G ER SR Gh e G G EL R PN W GRUR GB G GRS R O e S

INADV IS THE INADVERTANT INTERCHANGE JF cNERGY. 1T ACTS AS A
SWITCH AND IF EXCEEDED THE ALGORITHM CALCULATES THE TIMe
BIAS (TIMBS)

L1 Y I S 1)

IF(TIMEK«GT o0 e eAND INAD VL TeOs) GO TO 40
IFATIMER LT <0 «2ANDLINADV.GT.0.3 GO TO 4D
60 10 50

40 TIMBS=CTIMR%*TIMtR

50 FrRGBS=CBIAS*10C.*(FREQHZ-CSKEDF)}

P R TS L R L

¥ = ACE MEANS UNDERGENMNERATION
+ ACE MEANS UVERGENERATION

LI

L 0000810
L 0000820
LD0O00830
L 0000840
L 0000850
L 0000860
LD0O00B70
L DO00BBO
L D000890
1. 0000900
L 0000910
L.0000920
LD000930
L 0000940
L 0000950
L 0000960
L 0000970
L D000980

t 0000990
LD001000
L 0001010
10001020
L 0001030
LD001040
£ D001050
£ 0001060
L 0001070
L 0001080
£D001090
L D001100
L0G01110
L 0001120
10001130
LDJO01140
LD001150
LD001160
LDUO01170
L 0001180
10001190
£ 0001200
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60

70

20

100

110

ACE=0OTFLO-FRQUBS+CADD-TIMBS
1FtKEEP .EQ. 1) GO T0 60
FDBAK1=AR
AK=LIMITE-75.,75 yACEXCKCR *+(1 .~ CKCR)*FOBAK] )
IF¢KEEP .tQC. 1) GO 10 70
MWOL DL =MWNENW

IFCTIME.LT.DELT) MWOILDI =PMSYS
MWNEW=MWOLD1 - AR
IFCTIME.LT.DELT) LOLD1=INEW
IF(KEEP .EQ. 1) GO T0 80
LOLD1=LNER

SLUPE OF 650. Mw/MIL FOR STEAM GENERATION

ENEW=MWNEW/650.

CALCULATION OF LAM

- e e e e - -

CALCULATION OF COMPANY STARTING COST SIGNAL
AVAILABLE GENERATION LEVEL (PELSY)

IF¢TIME .EQ. CG. «AND. KEEP +EQ. O) GO T30 90
<0 10 120

CONTINUE

MW=0.

LAM=1.,

Mu=0.

DU 110 M=1,NUNIT
Mwl=AFGENCLAM M)

Mw=Mn +MW1

IF (MW .GE.PELSY) GO TO 120
LAM=LAM*]I.

60 TO 100

BASED ON

L0001210
L 0001220
LDO01230
L D001240
LDDO1250
L 0001260
L DO01270
L D001280
L 0001290
L 0001300
10001310
0001320
LD001330
LD001340
LDO01350
0001360
L 0001370
L 0001380
LDOO01390
L 0301400
L0001410
L DO01420
LDO01430
LDOC1 440
LDO01450
LD001460
LDO01470

L D001480
LD001490
L 0001500
LDO0O1510
1.0001520
£ 0001530
10001540
L 0001550
L 0001560
L 0001570
LD001580
LD001590
LDDO1600
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00 74
0075
007¢
0077
0076
0079
0080
00tl
00b<
0063
00 &4

0065
0ote

00E7
(0] ¢] 1]
0086%
0050
00%1
009¢

0053
0094
009%

OO C e

aEaN aN aKal o

OO0 OO0

120

130

is0

i

e rr e cc mm e, E e e E e —m . CE e, A S E e e E . GE . .- ———— - —————— -

CONTINUE

LCHNGI=UNEW-L(LD]

IFCTIME .tT. DELT ) LCHNGLI=C.

IFCKEEP «EQ. 1) 60 T0 130
LRSET1=LRSET

IFCTIMELT.OELT) LRSETI=LAM
LRSET=LRSET1+KkLR*=LCHNG] +CL SUP
LAM=LRSET+KLPFLCHNG1
LLI1O1=DELAY(1ISUBsQ+1s1,DELT4LAM)
LL10Z2=LIMIT(-CLDO€3),CLDOE3),LAM-LL1IOL)
LAM=LIMITCCLODGC1) ,CLDOEZ2) y0L102+LL201)

GOVERNOR CONTROLLER

- - - - - - - - -

PECINI=AFGEN{LAM,N)

PMSIN}=PM(N) *(DELT/(DELT*+COU3(N)I)+{CO3 (N)/(DELT*CO3ENI}I*

DELAYCISUB yNs2,1 sDELT,PMSIN))
UCEEN) =PECEN) -COZ (N )ZAR-PMSIN])
UCEI=UCE(N])

L 0001610
£ 0001620
L 0001630
L 0001640
L 0001650
L 0001660
LDO01670
L 0001680
L 0001690
L 0001700
L 0001710
L 0001720
LDOO01730
L 0001740
LDDOO01750
LDOO1760
LDO01770
LDOo01780
L 0001790
£ 0001800
£ D001810

IF(UNTYPE(N) +EG. 2. +OKe UNTYPECN]} .t 0Q. 3.) UCECN)=UCE(N)~-PEB(N) LDOO1820
CZMODANDI=INTGKRLEI SUByN» 2, C2MUDOEN) oUCE ENX »CZMDD N ) )

SPK1AN}=CO4 (N}*UCE (ND*CUSENDEC2MODENDY
SPRZANYF=LIMIT(-CO1UNY,COL1EN), SPRIEND)

o
w

PRIME MOVERS COMING ON LINE
HURNURN TR RREN WL RAR RN RRRRRR R RN Ny

SPANI=INTGRL ¢15UB oN 3P I(N)SPR2ENDI,SP(N) )
IF(SPEN) LT .0.) SPEN)=0.
IFCSPAN}.GEMRKIN)) SPENI=MAR (N)

PItN) INITIAL PUWER FRUOM UNIT N

SPEN) THE GOVERNOR SET PUINT FOR uUNIT N
PMIN) THE MECHANICAL POWEK FROM UNIT N
PEBEN) THE PRE SSURE ERROR BIAS SETVING USED

www UNIT GENEKATION CHANGE S3R%wd#addnes
E ALLOCATED FOR SPECIFYING TURKINE TRIPS

R B o i B St B b e s Bl R i b b e i Fo st B Bt ] ##ﬂ

L1
(3

T %2 X2 %2

BRE RN
R

»
0

Na s AN A
we w " L 2 8 2 44

| 14

(9
b4
Xk
@
£+
b {3

wlTh ONCE-THROUGH

L 0001830
L DOO1B4O
L D0O01850
L0001860
Logo1870
L 0001880
L 0001890
L 0001900
L 0001910
L00O01920
L 0001930
LD0O01940
L 0001950
£ 0001960

0001970
£ 0001980
£ 0001990
L D002000
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UNITS THAT HAVE AN INTEGRATED BOILER-TURBINE CONTRILLER LDOO2010

PMSIN) SENSED MECHANICAL POWERCTELEMETERED) FOR UNIT N

CZMUDEN) OUTPUT OF THE DIAT (THREE MODE CONTROLLER) INTEGRATOR
FOR UNITS THAT HAVE THESE CINTROLLERS

CZéMUDOEN) INITIAL COUNDITION OF THE DIAT INTEGRATOR FOR UNIT N

SPRZ{N) GOVERNUR SET POINT RATE (INPUT TO GOVERNOR MOTOR) FOR

UNIT N

SPLAST(N) LAST VALUE OF THE GUVERNOR MOTOR SET POINT FOR UNIT N

SPK1tN}) OUTPUT OF THE CONTROLLER (E«Ge A DIAT IF USED) FOR
UNIT Ne 1T COULD BE 1.%UCE(N) IN THE ABSENCE OF A
CONTROLLER.

PECEN) POWER KEQUIREMENT THAT RESULTS FROM THE ECONOMIC CURVE
FOK UNIT N

UCEEN) UNLIT CONTROL ERROR FOR UNIT N. UCE= PEC+AR-PMS

4 4h 3k 3L 4 2 9F 26 dF 4F gL 4F gk 3k X

———— e w M eh e B e - - - -

GO TO PRIME MOVER 90DcL

ITYPE=UNTYPE (N)
GU T0 ¢ 150, 160, 160, 150, 170, 180, 160, 160 )s ITYPE
150 CALL NUCLER(CSKEDF,UMEGAsSPEN D PMEN) JNUMBER END o N)
¢0 10 190
160 IF¢KEEP .NE. 1) GO 10 190
CALL BOILER(CSKEGFoOMEGAsSPIN), PMEND,NUMBER (N), ITYPE,
i UCECN),N,PEB (N),UCEL)
GO 70 190
170 CALL HYDROCC SKEDF OMEGA oSP IN) sPMEN)y NUMBE REN 35N )
GG T 190
160 CALL GASTUBLCSKEDF,OMEGA,SP(N),PMEN),NUMBER CN), N}
190 CONTINUE

- - - Y e G T A A ARG B G e mm e R W W

ITYPE IS UNIT TYPE

4% 2

L4

1-=--NUCLEAR UNIT

2939497 +8-~-BUILER UNITS
2==~SUPERCRITICAL UNCE THROUGH UNIT
3---SUBCRITICAL ONCE THROUGH UNIT

LLNE L

L 0002020
L DG02030
£ 0002040
L 0002050
L 0002060
LD002070
10002080
L 0002090
£ 0002100
£ 0002110
L 0002120
L 0002130
£ 0002140
£ 0002150
L D002160
t 0002170
LD302180
L 0002190
£ 0002200
£ 0002210
LDO02220
LDO02230
10002240
L 0002250
LD002260
LD00Z270
L 0002280
LD002290
LD002300
L0002310
£ 0002320
L 0002330
L 0002340
LD002350
10002360
LD002370
L 0002380
L0002390
10002400
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4 3 4 4F 4

4---DkUM TYPE UNIT, OIL FIRED LD002410
7---OkuM TYPE UNIT, CUAL FIRED LDD02420
8---DRUM TYPE UNIT, NON-REHEAT L DD02430
5---HYDRD UNIT L D002 440
6---GAS TURBINE UNIT LD002450
LD0OOZ460

RETURN LD002470
ENU LDD02480
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SUBROUTINE 801 L ER

SUBKOUTINE BUILERCCSKEDF,UMEGA,SPYS,PM Y5, NUMBER ,1 TYPE,UCE,
N, PEB, UCEL)

COMMON # CURVAL # TIME , ODELT 5, KEEP

CUMMUN 7/ BOILKS /7 HUNT1{150)

CUMMON 7/ PASSES / KUNT , AEEP

COUMMON 7/ INITAL / DUMMY (40) » MWRC20)

COMMON ./ PRTCNL # ICOUNT, TLASY , SYM30L, VALUE , LINES , IPAGES

OIMENSION HUNT(1340)

REAL%4 INTGRL, LIMIT , LDODEM, MWR
REAL®G VALUE(S4)

REAL=*8 SYMEOLE44 )

1S5uB=5

THE ARRAY HUNT1 IS THE DATA STORAGE AREA USED TOU STORE THE
PARAMETEKS FOR THE 5 TYPES OF BOILER UNITS. IT IS
DIMENSIONED FOR 5 TYPES OF UNITS AT 30 VARIABLES PER
UNIT. NUT TO BE CHANGED.

THt ARRAY HUNT 1S THE WORKING AREA REPRESENTING THE DYNAMIC
EQUATIONS FOR EACH B0ILER UNIT. IT IS DIMENSIONED FOR
20 UNITS AT 67 VARIABLES PER UNIT.

SUBROUTINE BOILER 1S DESIGNED TO REPRzSENT S5 TYPES OF BOILER
UNITS. THE TYPE OF UNIT IS TRIGGERED BY ITYPE WHICH IS
EQUIVALENT T0 UNTYPE.

---------------- KEY TO ITYPE ===-===-eecemcoae

80IL0010
BUOILO020
801L0030
BOILO04O
BOILOO50
B0IL0060
BOItL0070
BOIL0O80
801L0090
80Ic0100
B0IL0O110
BOItL0120
80IL0130
BOILO140
80OILO150
80ILO0160
BOILO170
80IL0180
BOIL0190
B01L0200
80IL0210
BOILO220
BOILO230
BOIL 0240
BO1L0250
BOILO260
BOI1L0270
801L0280
B01L 0290
BOILO300
BOILO310
801L0320
BOILO330
BOILO0340
BOIL0350
BOILO360
801L0370
80IL0380
BOILO0390
BOILO400
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TH1S SUBROUTINE

ITYPE=

TN W

SUPERCRITICAL ONCE TAKJIJGH
SUBCRITICAL ONCE THK3UGH
0IL FIRED DRUM

COAL FIREL DRUM

NONREHEAT DRUM

IS ON A HALF SECOND INTEGKATION STEP FOR

NUMERTCAL STABILITY. THE FUNCTIIN SuBKOUT INE INTGRL
AUTOMATICALLY USES A .5 SECOND INTEGRATION STEP SIZE

BY CHECKING THE VALUE OF ISUB TO DETERMINE WHEN INTEGRALS
FROM BOILER ARE BE ING UPDATED. THE COUNTEKR KONT CONTROLS
THE NUMBEK UF PASSES THROUGH BOILER AND THEREBY ENSURES
THAT BOILER INTEGRALS ARE PROPERLY uPDATED.

HUNTEL)=T1SY
HUNT(L+1)=T2SY
HUNT (L +2)=T35Y
HUNT (L +3)=CYSO1
HUNTEL+4)=CYS02
HUNT €L +52=CYSC3
HUNT{L+6 )=
HUNT(L*7)=CYSCa
HUNT €L +8 }=XL AST
HUNT L +9)=STMFLO
HUNTCL+10)}=CYS0>
HUNTEL*11)=CYSO6
HUNTEL*12)=
HUNTE(L*13)=K t1FL)
HUNTCL+14)=CYSOB
HUNTEL+15)=CVLEM
HUNTLL*+16)=
RUNTEL*17) =

HUNT L +18)=CVAREA
HUNT CL*+19)=CYS09
HUNT{L+20)=CYS10
HUNTEL*21)=T tKkH)
HUNT¢L*22)=F
HUNT(L+23)=TMYS
HUNT(L+24)=

OEADBAND UPPER VALJE -= MW
DEADEAND LOUWER VALUE -= Mk
OQUTPUT OF DEADBAND -= MW
UNIT MW RATING - Mu
SPEE D DKOOP == MW/MZ
UDEADBAND WIDTH -= Mn
QUTPUI OF DEADBAND -= MW
Ky FIRST STAGE PRESSURE FEEDBACK

STEAM FrOw == PeUe
PRESSUkE SETPOINT ¢ THROTTILED . == PesUe
INITIAL PRESSURE LIMIFER SETPOINT =-= P.U.

BOILER CONTROLLER COMPENSATION KATIO

CYSO7, INITIAL PRESSURE LIMITER CONSTANT
tOAD LIMIT == MW
CONTRCL VALVE DEMAND

LEG CONTAINING KC(IPL) o INPUT TO LOW VALVE GATE
INPUT AND OUTPUT T3 RATE LIMIT

CONTROL VALVE AREA

YALLUnW, VALVE OPENING TRAVEL TIME INVERSE
BALLUn, VALVE CLOSING TRAVEL T1lMc INVERSE
Cys1z2

CYS11, PERCENT PUWZ R FROM NON-REHEAT TURBINE
TUKRBINE OUTPUT == Pa.Ua
QUTPUT UF REHEAT TuRBINE INTEGRATOR

B0ILO410
BOILO420
BOILO430
BOILOY¢O
BOILO450
BOILO460
BOILO470
BOILO48O
BNIL0490

BOILO500
BOILO510
BOILO520
BOILO530
BOILO540
BOILO550
BOILO560
801LO570
BOILO580
BOILO590
BOILO6OO
801LO610
BOIL06<O
BOIL0630
BOILOG4O
BOILO650
BOILO660
BOILOL70
80IL0680
80110690
BOILO700
BOILO?10
BOILO720
BOILO730
BOILO740
BOILO750
BOILO760
B0OILO770
BOILO780
801L0790
BOILO8BOO
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HUNT 8L +25)=
HUNTCL+26)=PMYS
HUNT (L +27) =W
HUNT (L +28)=
HUNT(L+29)=P(T)
HUNT (L *30)=
HUNT (L +31)=C tz)
HUNTE(L+32)=P (D)

HUNT(L*+33)=
HUNT(L*+34)=C (1)
HUNT L +35)=K"*
HUNTCL +36)=KF
HUNTC L *37)=K]
HUNT ¢L.+38)=

HUNT €L +39)=
HUNTLL+40)=T (k)
HUNT(L+%1)=
HUNTL(L+42)=
HUNTEL+43)=
HUNT(L*g94)=

HUNTEL+95)=K
HUNTEL+46)=T (F )
HUNTtL+47)=
HUNT QL +46)=

HUNT L +49)=
HUNTLL+50)=Kk (1)
HUNTEL+51)=K (2)
HUNT L *52 ) =M
HUNT(L+53)=
HUNT (L +54 )=
HUNT (L +55) =
HUNT(L*56) =

HUNTEL+57)=

INITIAL CONDITION FOR INTEGRAVUOR NO.
MECHAN] CAL POWER OuTPUT

1

FEEDWATER FLOMW = P.U.

OUTPUT OF SQUARE ROOT IN BOILER REPRESENTATION

THROTTLE PRESSURE == Pols

INITIAL CONDITION FOR INTEGRATOR NO.

SECONDAKY SUPERHEATER STEAM CAPACITY

DRUM PKESSURE OR PRIMAKY SUPERHEATER
PRESSURE

INITIAL CONDITION FOR INTEGRATOK NO.

DRUM OR WATERWALL STEAM CAPACITY

PROPORT IONAL BOILER CINTROL CONSTANT

RESET BUILER CONTRIL CONSTANT

OUTPUT OF THE FIRST SuM BLOCK IN THE
CONTROLS

INITIAL CONDITION FOR INTEGRATOR NO.

BOILER CONTROL TIME CONSTANTY.

QUTPUT OF 2-FORM IN BDILER CONTROLS

Z-5SEC. DELAY OF HUNT(L+*41)

OUTPUT UOF BOILER CINTROLS

2
QUTLET

3

BOILER

4

OUTPUT OF LIMITER BEFORE FUEL AND FEEDWATER

SYSTEMS
FUEL SYSTEM GAIN

FUEL SYSTEM TIME CONSTANT -- SEC

ODUTPUT GF D-DELAY IN FUEL SYSTEM

INITIAL CONDITION FUR INTEGRATOR NO.
TYPE UNITS

OQUTPUT OF FUEL SYSTEM

GAIN IN FEEDWATER SYSTEM

GAIN IN FEEDMWATER SYSTEM

5--DRuUM

FEEOWATER SYSTEM TIME CONSTANE == SEC
OQUTPUT OF FEEDWATER INTEGRATORE?) IN FEED

FOKWARD LOOP
INITIAL CONDITION FOR INTEGRATOR NO.
THKOUGH UNITS)

OUTPUT OF SECOND FEEDWATER INTEGRATOR(7) (ONCE

THKOUGH UNITS)

INITIAL CONDITION FOR INTEGRATOK NOa
THKOUGH UNITS)

QUTPUT OF INTEGRATIR NO. ¢

5

T (ONCE

(INCE

BOILOB10
BOiILOB20
BOILOB30
BOIcL0B40
801L0850
BOI1L0860
BOILOBTO
80ILOB8BO
B0O1LOB90
BOIL0900
801L0910
801L0920
BOILO930
B0OIL0940
BOILO950
BOILO960
BOILO970
B0ILO980

BOI1L0990
80IL1000
BOIL1010
BOIL1020
BOIL1030
BO1L1040
80IL1050
BO1L1060
B80IL1070
8OIL1080
BOIL1090
B0IL1100
BOIL1110
BOILLI120
BOIL1130
80IL1140
BOIL1150
BOIL1160
BOIL1170
80IL1180
BOIL1190
8011200
BOIL1210
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L+

2

HUNT (L+58)=

CLGCK

HUNTEL#59)=D-0ELAY CYFO3

INPUT TU BOILER CONTROLS

VALUE OF HUNTCL+60) AE LAST TIME STEP
GUTPUT UF DERIVATIVE CONTROL .
DERIVAT IVE BOILER CONTROL CONSTANTE

HUNT L +60)=
HUNT(L*61)=
HUNT(L*62)=
HUNT (L+63 )=
HUNTLL*64) =
HUNT L *65) =
HUNT CL*6b) =

MW B IAS

-= MW

PRESSUKE FEEDBACK B IAS
DEADBAND wITH IN THE PRESSURE FEcDBACK CIRCUIT

INITIALIZATION

INITIALIZATION ROUTINE FOR EACH BOILER AT TIME LESS THAN
DELT, THE SYSTEM INTEGRATION STEP.

VALUES WHICH CEPEND ON

PMYS,

ANG SPYS.

THE UNIT RATING ARE CALCULATED USING MHR,
MKWR 1S THE MEGANATT RATING OF THE UNIT.

PMYS AND SPYS ARE ANALOGOUS TO PY(N) AND SPCN) wWHICH ARE

INITIALIZED IN INITAL.

SCALING IS uSED T2 ALLOW US TO Bt

ABLE TG USE ONE SET OF DATA TO TaKE CARE OF AiL uUNITS OF THE
YPE. THIS 1S ACCOMPLISHED BY SCALING DOWN SPYS AND

SAME 1

PMYS WITh RESPECT 7O THE RATING 3F THE UNIT REPRESENTED BY
THE DATA.

HUNT 15 INITIALLIZED BY THE DATA SET HUNTL AND HAS 67 LOCATIONS
RESEKVED FOKk EACH BOILER.

KONT=1
DELTD=45
AciEP=0.

ICALU=NUMBEK %67

L=1CALC-66

BOIL1220
BOIL1230
BOIL1IZ240
BOIL 1250
BOIL12060
BOIL1270
BOIL1280
BOIL1290
BOIL1300
BOIL1310
BOIL1320
B0IL1330
BOIL1340
BOIL1350
B0IL1360
BOIL1370
801L1380
BOIL1I390
80IL1400
BOIL1410
BOIcL1420
BOIL1430
B0O1L1440
80ILI450
B80IL1460
BOIL1470

BOIL1480
80IL1490
80IL1500
BOILI510
B0IL1520
BOIL1530
BOILi540
BOIL1550
80IL1560
BOILI570
BOIL1580
BOIL1590
801L1600
BOIL1610
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HUNTCL*+15)=HUNT(L *+8)

R et D i L e Rt RS L e ST P B80IL1630
C * L IS USED TO INDEX 10 THE APPROPRIATE LICATION IN HUNT FOR TdE BOIL1640O
cC = UNIT PRESENTLY BEING UPDATED. 801L1650
£ = BOIL1660
C BOILI6TO
IFtMWK(N) oLT. 1) GO TO 130 BOIL1680
IFE¢TIME oLT. DELT) GO TO 10 BOIL1690

G0 T0 20 BOItL1700

10 I1TYPE=1TYPE BOIL1710
IFCITYPE .EQ. 7} IITYPES=S BOIL1720
IFLITYPE .EG. 8) IITYPE =6 BOIL1730
LL=(1ITYPE-2 })%30 BOIL1740

C 80IL1750
( #wr-emerrccccccccrcr e e e - crem e e, e e e ae- - BOIL1I760
C * LL IS USED TU INDEX HUNTL TO0 THE PROPZR uNIT TYPE BOIL1770
C =% BOIL1780
C BOILI790
HUNTCL+3)=HUNT1(LL+30) 80111800
PMYS=PMYS/MWR (N)F=HUNT (L +3 ) BOIL1B1O

HUNT (L )=PMYS +HUNT1 (LL*Z2 }/2 . B801L18B20
HUNT(L+1)=PMYS-HUNT1CLL *2) /2. BOIL1830
HUNTCL*2 }=PMYS BOIL1840
HUNTCL+4 )=HUNT1(LL*1) B0IL1IB50
HUNTCL+5 }=HUNTI(LL+*2) 80IL1860
HUNTCL 6 }=PMYS BOIL1870
HUNTCL+7 )=HUNTLLLL*3) BOIL1880

HUNT CL+BI=HUNTEL* 2 JZHUNTEL +3) BOIL1IB9O
HUNTCL*9 J=HUNT(L*8) BOIL1IS00
HUNTCL*10)=HUNT1ELL *4 ) 80IL1910
HUNTEL*12)=HUNTLELL*5) BOILI920
HUNTCL+12)=HUNTICLL*6) 80IL1930
HUNTOL+13)=HUNTILLL+7) BOIL1940
HUNTCL+14)=HUNT(L +3) BOIL1950

BOIL1960
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HUNTCL*17)=HUNT(L+8)
HUNTEL+18)=HUNT(L*8)
HUNTEL*19)=HUNTLI(LL*+B)
HUNTEL+20)=HUNTEIC(LL *9)
HUNTCL 421 2=HUNT1C(LL*10)
HUNTEL+22 }=HUNTIC(LL*11)
HUNTEL+23)=HURNT(L+8)
HUNT (L +29 )=HUNTCL +8 )%(1 .~HUNT (L+22))
HUNTEL*+25)=HUNT(L +24)
HUNTLL+26)=PMYS
HUNTEL*27)=HUNT{L +8)
HUNTCL +28)=HUNT(L +8)
HUNTCEL*29)=HUNTICLL*12)
HUNTLL+30)=HUNT(L+29)
HUNTEL+31)=HUNTIC(LL*13)
HUNT L +32=HUNT1C(LL*14)
HUNTCL+33)=HUNT(L *+32)
HUNTCL*+34 )=HUNT1(LL *15)

HUNTCL 35 )= (HUNTCL+9F¥52)/ (tHUNT (L+32)-HUNTLL 429 })

HUNTEOL*36)=nHUNTICLL+17)
HUNTEL+37)=HUNTICLL *1B)
HUNTC(L*38)=HUNT (L +8)
HUNTCL+39)=HUNT (L *+8)
HUNTEL*+90)=HUNT14{LL+19)
HUNTCL*91 )=HUNT(L +8)
HUNTCEL*42 )=HUNT (L *+8)
HUNTCL*93)=HUNT(L *8)
HUNTCL+494 ) =HUNT (L #8)
HUNTEL+45)=HUNTI(LL+20)
HUNTEL*96)=RUNTI¢LL*21)
HUNTEL+47)=hUNT(L +8)
HUNTCL *48)}=HUNT (L #8)
HUNTEL*49 ) =HUNT(L +8&)
HUNT L +50)=HUNT1¢LL+22)
HUNTCL+51 J=HUNTI(LL *23}
HUNTCL+52)=HUNTI(LL #2%)
HUNTEL*+53 )}=HUNT(L +8)
HUNT (L *54 )=HUNT(L *8)
HUNT{L*55)=HUNT(L +8)
HUNTCL+56)=HUNT (L +8)

801L1970
BOIiL1980
BOIL1990
BOIL2000
BOIL2010
BOILZ2020
BOIL2030
BOIL2040
BOIL2050
BOIL2060
80IL2070
8012080
B0IL2090
BOIL2100
801tL2110
BOILZ2120
80IcL2130
BOIL2140
BOIL2150
BOIL2160
BOILZ2170
BOILZ2i80
BOIL2190
BOIL2200
BOIL2210
80ILz220
BOIL2230
BOIL2240
BO1L2250
BOIL2260
BOIL2270
BOIL2280
801L2290
801L2300
BOIL2310
BO1L2320
BOIL2330
BOILZ340
B0IL2350
BOIL2360



_Og..

[aEaN el alel

‘s Xakaka)

20

30

HUNTLL+57 }=HUNT(L +8)
HUNT (L #58 ) =HUNT(L +8)
HUNTCL+59)=HUNT1(LL +25)
HUNTLL+60)=0.0
HUNTEL+61)=0.0
HUNT (L +62)=0.0
HUNTOL+63 ) =HUNT1 (LL *26)
HUNTCL*64)=HUNTI{LL*27)
HUNTCL¥65)=HUNTI(LL+2B)
HUNT €L +66)=HUNTL(LL 29 )
PMYS=PMYS/HUNT (L+3 )} +MWR (N)
CONT INUE

STEAM SUPPLY SYSTEM

- Gmen an e W - - o -

PMYS=PMY S/MKK (N}*HUNT CL +3)

SPYS=SPYS/MRK (N}ZXHUNT (L +3 )

HUNTCL+27)=HUNTEL +55)
IFCHUNTEL*45 ) oEQe]l « JHUNTCL #27 }=HUNT L+ 49)
HUNTCL+29)=INTGRLEISUB, Ny 1 JHUNT (L #30), (HUNTCL*28) -HUNT (L +9).)
1 ZJHUNT(L*31),HUNTE(L*29))
HUNTEL*32)=INTGRL {ISUByNs2 yHUNT (L*+33 )y (HUNTLL*2 7} -HUNT (L +28))
1 ZHUNTEL+364),HUNTLL*32) )

B=HUNT L +32) ~HUNT (L *29)

IF(B «LE. O.) B8=0.

HUNT (L +28)=SUKT(ABS(B)=HUNT(L *+35))

A2=0.0

IF CHUNTCL*+10 ) -HUNTCL*29) GEe HUNTCL+56)/2.DA2=HUNTCL*10 )~
1 HUNT €L +29) ~HUNT LL+*6 0} /2.

IFCHUNT(L*10)-HUNTCL*29 ) oLEse -HUNT(L*66)}/2. IAZ=HUNT (L*10)~
1 HUNTA(L +29) +HUNT L L*6€E) /2.

PEB=MWR (N}#HUNT (L *65)FA2
HUNTEL+60)=HUNTLL *10)~HUNT {L+29)
IFCITYPE.£Q.2 OR. ITYPE.EQ.3) GO TO 40
GO 10 50

BOIL2370
BOIL2380
BOIL2390
BOIL2400
BOIL2410
BOIL2420
BOIL2430
BOIL2440
BOIL2450
BOIL2460
B0IL2470
BOIL2480
BOIL2490
BOIL2500
BOIL2510
BOIL2520
BOIL2530
BOIL2540
BOIL2550
BOIL2560
BOIL2570
BDIL2580
BOIL2590
BO1L2600
BOIL2610
BOIL2620
BOIL2630
BOIL26%0
BOIL2650
BOIL2660
BOIL2670
BOIL2680
BOIL2690
80IL2700
BOIL2710
BOIL2720
BOIL2730
BOIL2740
BOIL2750
BOIL2760
BOIL2770
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40 HUNTEL*60)=HUNT(L +60)+UCE]1 #HUNT (L 64 )/ MNR (N)

50 CONTINUE
IFCAEEP .EQ.0.)GU TO 60
HUNTLL*62)=C CHUNT (L +60) -HUNT (L *61 ))/0cLTO }¥XHUNT (L +63)
HUNTCL+61)=HUNT (L *60)

60 CONTINUE
HUNTEL*S5T7)=INTGRL (ISUBsNy3 sHUNT CL*+39 ), EHUNT(L*60) )SHUNT(L*37),
1 HUNT CL+57))
HUNTEL*38)=tHUNTCL*60)) THUNTUL*36)+HUNTE(L*STICHUNT (L *62)
HUNTC(L*494) =L IMITCO. 1., HUNT(L*38))

- s - - -

FUEL SYSTEM

- ——— - R G - N S S A UM S Ee e e AL R R GRS EE U G T R G SN W P As G R G ST PR e G W W T W e

FUEL SYSTEM DYNAMICS ARE REPRESENTED IN THE DRUM TYPE UNITS JNLY

LI A

IFtHUNT LL*45).£G.0.) GO T0O 80
NN=1FIX (2. FHUNTLL *59))

L - R P R A G S AR T A R G B S A G S S G W S T e S S W W W e

DELAY FUNCTIUNS IN BOILER MUST BE CO0DzD SO THAT THEY ARE ONLY
COMPUTIEL IF XUNT EGQUALS 4. IF ANY DELAY FUNCTIONS ARE
ADDED IN THE BOILEK SUBROUTINE, THIS PROVISION MUST BE
MADE «

4 2P 2 3 &

IF LKUNT «NEo 4) GO 70 70

HUNECL*47)=DELAYCISUB yN 1 y NN, HUNTEL+53 ), HUNT L 64 } )
70 HUNTEL*49)=INTGKL (1SUBsNp4 JHUNT (L 4B ),

1 CHUNTEL*497)-HUNTCL*49) )/HUNTLL*46) JHINT(L*49))
60 COUNTINUE

FEEDWATER SYSTzM

B80ItL2780
BOIL2790
80112800
BOIL2810
BOIL2820
801IL2830
BOIL28%0O
B0IL2850
BOIL2B6O
80IL2870
B0IL2880
BO1L2890
80IL2900
80IL2910
BOIL2920
80IL2930
801L2940
801L2950
BOIL2960
B01L2970
B0IL2980
B0O1L2990
80IL3000
BOIL3010
801L3020
BOIL3030
BOIL30%0
BOIL3050
B0OIL3060
BOIL3070
B0IL3080
BOIL3090
BOIL3100
BOIL3110
BOIL3120
80IL3130
BOIL 3140
B0IL3150
BOIL3160
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1

i

FEEOWATER OYNAMICS ARE REPKRESENTED ON THt ONCE-THROUGH UNITS ONLY

IFEHUNTLL+45 ) EQ. 1) GO TO 90
HUNTEL*53)=INTORL CT1SUBs N5 sHUNT (L *56 ), tHUNT LL*4 4)
“HUNTCL+S5) IFHUNTEL *51 ),HUNTCL+53) )
HUNTEL*S5SI=INTGRL € ISUBy N3 6 yHUNT (L *+56 ), (HUNT (L*53)* (HUNT(L*4 &)
~HUNTCL*55) IFHUNT (L +50 )-HUNTLL*55) J/HUNT (L.+52 ) yHUNT (L. +55))
CONTINUE

A=SPYS=CHUNT (L+3 ) =HUNT (L*+4 })* (OMEGA-CSKEDF/60.)

DEADBAND

e e rrm e c e e R R eRRE ERECE T EEE BT S G T S S e e

o
3=

-
a

"HUNTLL*15)=HUNT(L *+6 )¥HUNT L L*7 J/ZHUNT (L *3) - HUNTEL *+3 ¥ (HUNT (L* 72~ 1. )

i

1

DEADBAND REPRESENTS THt STATVISTICS OF LUMPED UNITS

IFECTIME oLT. DELT) HUNT(L*6)=A

HUNT (L )= (A-HUNTC(L *6)/1. }%¥3 1212 /HUNTLL ¢5)
HUNT(L*1)=LIMIT(-1.5606,1.5606,HUNT(LY)

HUNT(L#2 )=TAN(HUNT(L*1))
HUNTEL*6)=INTGRLL ISUBsN 975 A3 o 02 13FHUNT CL* 2 ) s HUNT{L #6))

- e - - -

VALVE AREA OF BOILER

IF(HUNTCL*14 )/ZHUNTCL*3) oL Te HUNTLL*15 DPHUNTAL* 15 =HUNT(L*1 4}/
HUNT(L+3)

HUNTCL*16)=(HUNTLL+Z29)-HUNTCL*1 1 J¥HUNT €L* 10 ) )SHUNT (L*13)

IFEHUNTCL*16) oLT. HUNT(L+15)) HUNTC(L*15)=HUNI(L*16)

HUNTEL+17)}=L IMITUQ.sles HUNTC(L*15))

IFCHUNTCL+17)-HUNT(L*E} L T. O.) GO T3 100

IFCHUNTCL#17 )-HUNTCL*E) oGT JHUNTLL*1G)SDELTDJHUNTLL #1 7)=HUNT (L+8) +
HUNTCL*+19)3=DELTOD

BOIL3170
B01L3180
B80IL3190
BOIL3200
BOIL3210
BOIL3220
BOIL3230
BOIL3240
BOIL3250
BOIL3260
80IL3270
BOIL3280
BOIL3290
B80OIL3300
BOIL3310
BO1L3320
BOIL3330
B80IL3340
BOIL3350
BOIL3360
BOIL3370
BOIL3380
BOIL3390
B80IL3400
BOIL3410
BOIL3420
801L3430
DULLO®HWV
BOIL3450
BOIL3460
301c3470
BOIL3480
80ItL3490
801L3500
BOIL3510
BOIL3520
BOIL3530
BOIL3540
BOIL3550
BOIL3560
BOIL3570
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HUNTCL*B)=HUNT{L*17)
G0 70 110
C IF(HUNTCL*B)~HUNT (L *+17) GT «HUNT(L+20)3DELTDIHUNTCL *1 7)=HUNT (L+B)~
1 HUNT(L*20)=DELTD
HUNTEL+8)=HUNT(L+17)

110 CONTINUE

LLNE DI AR K VR O

HUNTEL+18)=HUNT(L +17)
HUNTCEL*+9 )=HUNTEL+ 18 JFHUNT { L+29)
STMFLO=HUNT (L +9])

REHMEAT TURBINE

- e o - - -

HUNTAL¥24) = INTGKL (I SUB» Ne B sHUNT (L *25)s (HUNTLL*9 )+ ¢ 1. ~HUNT (L #22 ))
1 ~HUNT{L*24))%1 « /JHUNT (L* 21} 4HUNT(L *24))
HUNTCL+23)=HUNT(L *24)*HUNT CL*G)*HUNT (L +22)

HUNTCL+*26)=HUNTEL #+23)%HUNT (L*3)

PMYSzHUNT(L *26)

- W G L R R YR R R R G D - e W S 4R YR P R R R TRER WS AR v PGS R YD W G T -

ThE COUNTER KONT ACCUMULATES FOUR PASSES THROUGH BOILER EACH
TIME SUBKUUTINE BOILEK IS ENTERED« BEING A TwWO STEP
TRAPEZUICAL INTEGRATION ROUTINE THERE AKE TWO PASSES FOR
EACH .5 SECOUND BUILEK INTEGRATION INTERVAL AND TWwO .5
SECOND INTEKVALS FOR EACH le SECIND SYSTEM MODES INTEGRA-
TION STEF.

1F (AEEP <EQ. 1.} AEEP=-1.
AELP=AEEP+*].
KONT=KONT+1
IF¢KONT «EQ. 5) GO TO 120
GO TO 30

O CONTINUE

- > P T R R Y R TGN R S M W R A A R D - G G e SR S S SR e TR WS W

PMYS (MECHANICAL PORWER OUGUTPUT) AND SPYS (GOVERNUR SET POINT)
ARE RESCALED FROM THE UNIT SIZE JF AHICHEVER OF THE SIX
BASIC TYFES UOF BOItLEk UNITS USED TO THE SIZE OF THE UNIT

BOIL3580
BOIL3590
BOIL3600
BOIL3610
BOIL3620
BOIL3630
BOIL3640
BOIL3650
BOIL36060
BOIL3670
BOIL3680
BOIL3690
BOIL3700
80IL3710
80IL3720
BOIL3730
BOIL3740
BOIL3750
80IL3760
BOIL3770
BOIL3780
BOIL3790
BOIL3800
801L3810
80IL3820
80113830
BOIL3B40
BOIL3850
BOIL3860
BOIL3B70
301L3880
BOIL3890
801L3900
80Ic3910
BOIL3920
BOItL3930
BOIL3940
BOIL3950
BOIL3960
BOIL3970
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REPRESENTED IN THE SYSTEM MODEL. FOR EXAMPLE:
PMYS=PMYSHMEGAWATT RATING/ 191.0 MW
FOR THE SUBCRITICAL ONCE-THROUGH UNIT (ITYPE=3)

PMYS=PMYS/ZHUNT (L +3)sMNR (N)
SPYS=SPYS/HUNT{L*3}%MNR (N)
COUNTINUE

IF(MWREN} oLT. 1.) PMYS=0.
RE TURN

END

801L3980
BOIL3990
BOIL4000
BOIL4010
BOIL4020
BOIL4030
80IL40%40
BOIL4050
80IL4060
BOIL40O70
B0IL%080




_gg_

s

aNaNaN ook el oR N o R ol oW a oW aNa Ko Nl o

SUEROUTINE HYUGROCCSKEDF 4OMEGA ySPYP4PMY P, NUMBER, N}

COMMON /7 CUKVAL /7 TIME , UELT , KEEP

CUMMON 7 wWAT1 / RATER1(306)

COMMON 7 INITAL 7/ DUMMY £40) » MWR(20)

CUMMON 7 PRTCNL / ICOUNT, TLAST , SYM30OL, VALUE s LINES 4 IPAGES

OIMENSION WATEK (1 32)

KEAL *4 LIMIT 4 INTGRL, MWR
REAL*9 VALUE (44}

REALF8 SYMBULE44 )

15uB=6

THIS SUBROUTINE REPRESENTS HIGH AND tJw HEAD HYODRG UNITS.

THt ARRAY WATERY 1S THE DA TA STORAGE AREA USED T0 STORE THE
PARAMETEKS AND INITIALIZATION DATA FOR EACH HYDRJ UNIT.
wATER]1 1S DIMENSIONEL FOUR 6 UNITS AT 6 VAKIABLES PER UNIT.

THe ARRAY WATER IS THE WOKKING AREA REPRESENTING THE DYNAMIC
EGUATIUNS FOR EACH HYDRO UNIT. WAFER 1S DIMENSIONED FOR
6 UNITS AT 22 VAR1ABLES PER UNIT.

WATERLL ) =TH1Y
WATER(L*1)=THZY
NATEREL*2) =TH3Y
WATER(L*3)=CYPO1
WATER(L*4)=CYPOZ
WATEREL+5)=CYFO3

LEAD BAND UPPER VALJE
DEADBAND LOWER VALJUE
DEADBAND OQUTPUT

SPEE U DKkUOP t14R)
TRANSIENT REGULATIION (K/R)
OEADBAND ¢TER) )

HYDROO10
HYDROO0Z20
HYDRO030
HYDROO40
HYDRO050
HYDRO060
HYORO0070
HYDROOBO
HYDROO90
HYDRO100
HYDRO110
HYDRO120
HYDRO130
HYORO140
HYDRO150
HYORO160
HYDRO170
HYDRO180
HYDRO190
HYDR0O200
HYDROZ210
HYDRO220
HYDR0230
HYDRO240
HYDRO250
HYDOR0260
HYDROZ70
HYDRD280
HYDR0290
HYDRO300
HYDRO0310
HYDRO320
HYDR0350
HYDRO340
HYDRO350
HYDRO360
HYDRO370
HYDRO380
HYDR0O390
HYDRO0400
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NATERCL+6)=CYFO4
RATER(L*+7)=CYFROS
WATERCL*8B)=CYPOO
WATER(L*9)=CYPOT
WATER(L*10)=CYFPOSB
WATEKR(L*+11)=T3PY
WATER(L+12)=S1PY
WATEREL+13)=SPYP
WATEREL +14)=PMYP
WATER(L*15)=HY1
WATERELL+16)=PC
WATERCEL*17)=HYZ
WATEREL*1I8)=HY3
WATEREL*19)=C
WATER(L +20)=0L1
WATERCL+21)=5«PY

TRANSIENT DROOP TIME CUONSTANT
RATE OF GATE LIMIT ¢MN/SEC)
GATE UPPER L IMIT

GATE LOWER LIMIT

Ty WATER STARTING TIME
DEADBAND INPUT

GOVERNOK STATE

GOVERNUGR SETPOINT

MECHANI CAL POWER BUTPUT

INITIALIZED TO T3PY ,WATEK(L*11)
INITIALIZED TO HY1

INITIAL 1ZED TO PO

GUTPUT GF GATE

INITIALIZE T0 3.%*PD

HYDRAUL 1C TURBINE STATE

e s Y YE T W D e UL A R G D R TR G S S GRED AR AP PR AR W D MR N e @ e @

INITIALIZATIUN ROUTINE FOR EACH HYDR3 UNIT AT TIME LESS THAN

DELT, Tht SYSTEM IRTEGRATION STEP.

wATER IS INITIALIZED BY THE DATA SET HATER1 AND HAS 22 LOCATIONS

RESERVED FOk EACH HYDRO UNIT.

ICALC=NUMBEK*c2
L=1CALC-21

THE UNIT PRESENTLY BE ING UPDATED.

IFLTIME LT« DELTIGO TO 10

60 T0 20

10 LLCALC=NUMBE k%0

L 1S USED TO INDEX TO THE APPROPRIATE LDCATION IN WATER FOR

HYDRO410
HYDR0420
HYDR0430
HYDR0440
HYDRO450
HYDRO460
HYDRO470
HYDRO480

HYDRO490
HYUKUDUU

HYDRO510
HYDRO520
HYDRO530
HYDR0540
HYDRO550
HYDRO560
HYDRO570
HYDRO580
HYDRO590
HYDRO60O
HYDRO610
HYORO0620
HYOR0630
HYDRO640
HYDROG650
HYDRO66LO
HYDRO6TO
#YDRO68B0
HYDR0O690
HYDRO700
HYDRO710
HYDRO?720
HYDRO730
HYDRO740
HYDRO750
HYDRO760
HYDRO770
HYDRO780
HYDRO790
HYOROB00
HYDROB10O
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LL=LLCALC-5

- - = - e G GmGm Gn e e L T WP D GRS Gren A O TR NS G MR D S O -

LL INDEXES WATER1 TO THE PKOPER LOCATION FOR THE CURRENT UNIT®S

PARAMETERS.

WATER(L }=PMYP+nATERLI(LL*Z)} /2.
WATERCL*1)=PMYF-WATERL1(LL*2}/2.
WATERCL+2)=FMYP
WATER(L+3)=MKWKIN)*1./WATER1LLL)
MATERCL*4)=KATEK] (LL*1)
WATERCL*S5)=WATER] (LL*Z2)
WATEKEL*6)=hATEK] (LL*3}
WATERCL+T7)=hATER]L (LL*S)
WATERLL*8)=MkKk (N)
WATELREL*9)=0.10¥MRR (N)

WATERCL*10)=WATER1€LL®S )
WATERCtL*11)=FPMYP
WATER(L*12)=FMYP¥(1.~WATERLICLL*L))
WATERtL+13)}=SPYP
WATER(L*14)=PMYP
WATERLL*15)=PMYP
WATER(L*16)=FMYP
WATEREL+17)=FMYP
WATER(L+18)=PMYP
WATERC(L+19)=PMYP
WATEREL+20)=3.3PMYP
WATER(L+21)=3.%PMYP
CONTINUE

U YNAMICS

IF(SPYP .LT. .5) GO TU 80
WATERCL+13)=SPYP

WATEREL 1T )=WATERK (L +13) -WATER(L*3)¥(0OMEGA ~CSKEDF/6Ce)

HYDROB20
HYDROB30
HYDRO0B840
HYDROB50
HYDROB60
HYDROB 70
HYDROB®O
HYDROBIO
HYDRO900
HYDRO910
HYDR0920
HYOR0930
HYDR0940
HYDR0O950
HYOR0950
HYDRO970
HYDRO980

HYDR0990
HYDR1000
HYDR1010
HYDR1020
HYDR1030
HYDR1040
HYDR1050
HYOR1060
HYDR1070
HYDR1080
HYDR1090
HYDR1100
HYDR1110
HYOR1120
HYDR1130
HYDR1140
HYDR1150
HYDR1160
HYDR1170
HYDR1180
HYDR1190
HYDR1200
HYDR1210

. A
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C DEADBAND nYUKL LU
C —rr——eae HYDR1230
(o HYDR12s0
IF(RATERCL+11)-WATERCL))Y 30, 60, 50 HYDR1250

30 IFUWATERCL*+11)-WwATER(L*1)]) 40, 60, 60 HYDR1260

40 WATER(L*1)Y=wATER(L*1]1) HYDR1270
WATERCL*2)=mATEKCL*11)*WATERC(L*5) /2. HYDK1280
WATERCL P=WATER(L* 1] )*RATER(L*5) HYDR1290

GO TO 60 HYDR1300

50 WATERCL)Y=WATEK(L®*11]} HYDR1310
WATERCEL*1)=WATERCL*11)-WATER(L+5) HYDR1320
WATERGL*2)=WATERCL+11)-WATERLL*5}/2. HYDR1330

60 WATERCL*11)=WATER (L*2) HYDR1340
CONTINUE HYDR1350

C HYDR1360
¢ @ @ eeesccccsccesrccccccsccsrcccescoccrmon- HYDR1370
C GATE RATE AND TRAVEL NON-AINJOUP LIMITS HYDR1380
C el D R Ll e bl R bl Dt e b HYDR1390
C HYDR1400
WATER(L*12)=INTGRLEISUB oNo Loy WATERCL*15 €1 ~WATERCL*4)), HYDR1410

1 LIMITC-WATERCL*7)26 1.~ WATERCL*Q D)D), WATERCL*7 ) C1.-WHATERCL*4 J), HYDOR1420

2 Cle/WATER(L*6 J)SEWNATER CL*11)-WATERLL+15) )y WATERCL*12)) HYDR1430
IF(WATERC(L*12) GTa (1e-RATERLL*4)IEAATER(L*E)}) WATER(L*12)= HYDR144%0

1 Cl.~WATEK(L*s })3WATERCLL®B) HYDR1450
IFCWATERCL+12) Wb Te Cle-WATERCL *PI=WATEREL*9)F WATERCL*12) = HYDR1460

1 Cl.-WATEKC(L*G )YSWATER(L*9) HYDR1470
WATERCL*1S)=WATER(L+122*WATERCL*11)*KWA TER €L.*4) HYDR1480
IF(KEEP «NE. 1.) GO T0 70 HYDR1490
WATERCEL*+17)=WATER (L *15) HYDR1500
IFCABSEWATERCL*IS ) -WATERCL *18)) GT. AATERCL*7TIFDELT) WATERCL*17) HYDRISI1O

1 =WATERCL*1B)* WATERCL*7 J¥DELTH*SIGNE1., MATERCL*15)~WATERCL®*18)) HYDR1520
WATEREL*+18)=NWATER (L *17) HYDR1530

70 CONTINUE HYDR1540
WATER(L*19)=LIMIT (WHATERCL* G}, WATERCL*B }ywATERCL*1 7)) HYDR1550

C HYDR1560
C merme- HYDR1570
C TURBINE HYDR1580
c -  eesce=- HYDR1590
C HYDR1600
WATERCL+20)}=DELAY (ISUByNs1,1,DELT,HATZR(L*+21)) HYDR1610

WATERCL*21)=WATER (L+1G)33.%31 701 *HATZREL*10 M/ (2. *DELT))*(]l a1/ HYDR1620




_65_

1 C1e*WATER(L*10)/€2.3DELT ) IIFRATERCL*20)
PMYP=WATEREL*+21)-2.*WATER(L*+19)
80 CONTINUE
KETURN
END

HYOR1630
HYDR1640
HYDR1650
HYOR1660
HYDR1I670
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SUBRDUTINE GASTuUB

&
%
%
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SUEROUTINE GASTUB (CSKEDFsOMEGA, SPYT,PUYYT s NUMBER 4N)

COMMON / CURKVAL / TIME , DELT » KEEP
CGMMON 7/ GAS / GASS1(60)

CUMMON / INITAL / DUMMY ¢40) y MWR(20)

COMMON / PRTONML / ICOUNT, TeAST » SYM3OL, VALUE o LINES , IPAGES

REAL %4 LIMIT » MWR
REAL *4 VALUE(44)
REAL*8 SYMBOL €44 )

DIMENSION GASS(I«0])

IsuB=7

“SUBROUTINE GASTUB IS THE GAS TURBINE 4ODEL USED IN THE SYSTEM

MODEL

THE ARRAY GASS1 IS THE DATA STORAGE AREA wHEKRE THE PARAMETERS
AND INITIALIZATION DATA FOR EACH GAS TURBINE UNIT ARE

STOKRED. GASS1 1S OIMENSIONED FOR 20 UNITS AT 3 VARIABLES

PEK UNIT.

THE ARRAY GASS IS THE WORKING AREA REPRESENTING THE DYNAMIC
EQUATIONS FUR EACH GAS TURBINE. GASS IS DIMENSIONED FOR
20 UNITS AT 7 VARI ABLES PER UNIT.

DEADSAND UPPER LIMIT
DEADBAND LOWER LIMIT
DEADBAND GUTPUT
DEADBAND INPUT

GASSEL }=TG1Y

GASSEtL+1)=TG2Y
GASSEL+2)=T63Y
GASSCLL+3)=T3TY

GASTOO10
GAST0020
GASTO030
GASTO040
GASTO050
GASTO060
GAST0070
GAST0080
GASTO090
GASTO100
GASTO110
GASTO120
GASTO130
GASTO140
GASTO150
GAST0160
GAST0170
GASTO1BO
GASTO190
GAST0200
GASTO210
GAST0220
GASTO230
GASTO0240
GAST0250
GASTO0260
GASTO270
GAST0280
GAST0290
GASTO0300
GASTO310
GASTO320
GASTO0330
GAST0340
GAST0350
GASTO0360
GAST0370
GASTO3B0
GASTO0390
GAST0400
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GASS{L+4)=CDBYT OtADBAND WIDIH
GASS(iL+5)=CYTO1 SPEEDDROOFP (1/R)
GASS(L+6)=CYT0Z2 EXHAUST TEMPERATURE PUWER LIMIT

_—— e - - - -

INITIALIZATION

ICALC=NUMBEK=7
L=1CALC-6

e - T G A e e e TR P L PP EE SRS W TRR R R En R R S e R N R YR S e Gh GE AN AR AR G R G G G e S W

t 1S USED 10 INGEX TO THE APPROPRIATE LICATIGN IN GASS FOR THE
UNIT PRESENTLY BEING UPDATED.

IF(TIME «tT. LELT) GO TO 10
60 10 2¢

10 LLCALC=NUMBE k%3

4 3 S JE

LI A

Li=LLCALC-2

- - - = e - e e G G . N GR E S G S GRS G GG WS S GPEE T A A Y W Gnes -

LtL INDEXES GASSI TO ThE PROPER LOCATIIN FOR THE CURRENT UNIT®S
PARAMETERS.

GASSIL)=PMYT+GASS1(LL)/ 2.
GASSEL *1)=PMYT-GASSI(iLL )}/2.
GASSC(L*2)=FPMYT

GASStL+3)=FPMY]
GASSEL+4)=CGASSI{LL)
GASS{L*5)=MkKk (N}*1./GASS1{LL*1)

. - - G G R S R G e SR A SR TR SR G S G G BN W e S

295 1S AMBIENT TEMPERATURE IN WINTER (DEGRESS F})

GASSULL*E)=(1ac3-123/59 J)%GASSIELL*2)YF¥MARIN)

GASTO410
GASTO0420
GASTO430
GASTO0440
GAST0450
GASTO0460
GASTO0470
GASTO0480
GAST0490
GASTO0500
GASTO510
GASTO0520
GAST0530
6GAST0540
GASTO550
GASTO0560
GASTO570
GASTO580
GAST0590
GASTO600
GASTObL10
GAST0620
GASTO630
GAST0640
GASTO650
GASTO660
GASTO670
GASTO0680
GAST0690
GASTO700
GASTO710
GAST0720
GASTO730
GASTO740
GASTO750
GASTO760
GASTD770
GASTO780
GASTO0790
GASTO800
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20

30
40

50

60
70

CONTINUE

UYNAMICS

GASSEL*+3)=SPYT-GASS(L+5)%(OUMEGA~-1.)
IFCKEEP EQ. G.)} GO TO 70
IFCGASSEL+3)~GASStL)) 30, 60y 50
IF(GASStL+3}-GASS({L+*1)) &40, 60, 60
GASSEL+1)=CGASS(L*3)
GASSEL+2)=GASSEL+3)+GASSEL *4) 22,
GASSCL }=GASS (L+3)+GASS(L*+4)

GO TO 60

GASS(L)=GASS {L+3)
GASSCL*1)=6GASSCtL*3)-GASSLL*4)
GASSCL*2)=GASSCiL*3)-GASS(L+9) /2.
GASSCL+3)=6ASS(LT2)

CONTINUE
PMYT=DELAYCISUBN 319292 esLIMITEOws GASSCL*6)GASSEL*3)))
RE TURN

END

GAST0810
GAST0820
GASTOB30
GASTOB40
GAST0850
GAST0B860
GASTO0870
GASTOBB0O
GAST0890
GAST0900
GASTO0910
GAST0920
GAST0930
GAST0940
GAST0950
GASTO960
GASTO0970
GAST0980
GAST0990
GASTLI000
GAST1010
GASTi020




_Eg_

(@)

o

(s aloNaNaNaNaNealalaNaEaNaNaN o aRaEa N ol o]

- - s 4 - e = e W W R e AP e o - -

- - - - - - - - e R Yn GG E GRS e A G n e Gr WA S G AR G CRGE N P EE b RO GRee @ G AR G O TR > SR

SUBROUTINE NUCLER (CSKEDF,OMEGA,SPYB ,PYYB,y NUMBER yN)

COMMON
COMMON
CGMMON
COMMON

Rt AL 8
REAL 4
REAL%*g

/s CUKVAL /
/ ATTIOM 7/
/ INITAL /
/4 PRTICNL /

SYMEOLE 44))

VALUE(94)

TIME s DELT o KEEP

ATOM1 €110)

DuMMY (40 ) s MWR(Z0)

ICOUNT, TLAST , SYM3(0L, VALUE o LINES , IPAGES

INITAL, INTGRL, LIMIT » MwR

DIMENSION ATUME310)

1suB=86

SUBROUTINE NUCLER REPRESENTS THE BOILING WATER NJCLEAR REACTOR
UNITS ON THE SYSTEM.

Tk ARKAY ATOMI 1S THE OATA STORAGE AREA wWHERE THE PARAMETERS AND

INITIALIZATION DATA FOK EACH NUCLZAR UNIT ARE STORED. IT IS
ODIMENSIONED FOR 10 UNITS AT 11 VARIABLES PEKR UNIT.

THE ARRAY ATOM 1S THE WORKING AREA REPRESENTING THE DYNAMIC
tQUATIONS FOR EACH UNITe. 17 IS DIMENSIONED FOK 10 UNITS
AT 31 VAKIABLES PER UNIT.

ATOUMEL)Y=CYBOL

ATUMEL*1)=(YBOZ
ATOGM{L+2)=CYBC3
ATOMEL*3)=CYBGa
ATGM{L+4 )}=CYBCS

UNIT MW RATING

PROPORTIONAL PART OF KECIRCULATION CONTROL
IN-CORE THERMAL TIME CONSTANT

INTEGRAL PART OF <ECIRCULATION CONTROL

PONER COKRKESPONDING T0 KECIKCULATION CONIROL

NUCLOO10
NUCL 0020
NUCL 0030
NUCL 0040
NUCLO0O050
NUCLO0060
NUCLOO70
NUCLOOBO
NUCLO0090
NUCLOL100
NUCLO:10
NUCLD120
NUCiO130
NUCLO140
NUCLO150
NUCLO160
NUCLO170
NUCLO180
NUCLO190
NUCL 0200
NuCLO210
NUCL0220
NUCLO0230
NUCLODZ240
NUCLO0250
NUCLDZ260
NUCLO270
NUCLDZ280
NUCLOZ290
NUCLO300
NUCLO310
NUCLO320
NUCLO0330
NUCL0330
NUCLO350
NUCLO360
NUCLO370
NUCLO380
NUCLO0390
NUCLO%00
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ATOMLL+5)=CYBO6
ATOMELL*6)=CYB(T
ATOMEL+7)=CYB(B
ATUMEL+8)=CYB(CY
ATGMEL+9)=CYB10
ATOMCL+10)=CYEI11
ATOMEL+11)=CYE12
ATOMEL+12)=S18BY
ATOMCL+13)=S2BY
ATGMCL*14)=S3BY
ATOMEL*15)=S4BY
ATOMEL*16)=S5bBY
ATUMCL*17)=PFLON
ATUMEL +18)=L ULEM
ATOM(L+19) =L DEKRK
ATOMEL+20)=THKESH
ATUMCL +21)=THKES]
ATUMCL +22)=THKESZ
ATOMEL+23)=P1PK
ATGMLL *24)=RECIR]
ATOUMEL*25)=REC]IKZ
ATOMEL*26)=KECFLD
ATOM{L+27)=PGEN
ATOMEL+28)=PG DEL
ATOMEL 29 =M SEPC
ATUMEL +30)=DUMMY

TICALC=NUMBEK*31
L=1CALC-30

PRE SSUKE REGULATOR LIMIT

PRE SSUKE REGULATOR GAIN

TIME CONSTANT PRESSURE REGULATOR OFFSET
TIME CONSTANT PRESSURE REGULATOR OFFSET
TURBINE PONER BEFIRE MOUISTURE SEPARATOR

MOI STUKE SEPARATOR STEAM FLOW TIME CONSTANT

TURBINE INTEGRATOR

CORE THERMAL STORAGE INTEGRATUR

PRE SSURE REGULATOR OFFSET INTEGRATOR
PRESSUKE REGULATOR OFFSET INTEGRATOR
PRE SSURE REGULATOR OFFSET INTEGRATOR
INPUT TO TURBINE

LOAD DEMAND

LOAD DEMAND ERROR

PRE SSURE REGULATOR THRESHOLD

OUTPUT OF PRESSURE REGULATOR

RECIRCUWATION FLOW

PORER CORRESPONDING TO KECIKCULATION FLOW
PGEN DELIVERED

TURBINE POWER BEFIRE MOISTUKE SEPARATOR

INITIALIZATION

L INDEXES TGO THE PROPER LOCATION IN ATOM FOR THE UNLIT PRESENTLY

BEING UPDATED

NUCLO410
NUCLO420
NUCLO04%30
NUCLO4%90
NUCLO450
NUCLD460
NUCLO4 70
NUCLD480
NUCLO0490Q
NUCL0500
NUCLO510
NUCL0520
NUCLO530
NUCLO540
NUCLO550
NUCLO560
NUCLO570
NUCLO580
NUCLO0590
NUCLODO600
NUCLO6X0
NUCLO0620
NUCLO630
NUCLOb40
NUCLO650
NUCLO660
NUCLO6170
NUCLO680
NUCLO0690
NUCLO700
NUCLOTI1O0
NUCLO720
NUCLO730
NUCLOT7%0
NUCLOT750
NUCLO760
NUCLO770
NUCLDOT78B0
NUCLO 790
NUCLO0B0O
NUCLOB10
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IF(MAR(N] ot Te 1.) GO TO 3¢
IFCTIME .LT. DELT) GO TO 10

GO To 20
LLCALC=NUMBEK=*11
LL=LLCALC-10

P - W LG G - R G G GRS S T W PSS G G W GG YR YR W A AR WSS e e A

Lt INDEXES ATOM1 TO TonE PROPER LOCATIONS FOR THE CURRENT UNIT*S

PARAMETEKS.

ATUMEL )=MNR(N)
ATUM(L+1)=ATOMICLL)
ATOM(L*2)=ATOMI(LL*1])
ATOMCL+3)=ATOMI ELL+2)
ATOMEL*6 J=ATOMI(LL+3)
ATOMEL+5 J=ATOMICL L*4)
ATOMEL*6)=ATOMICLL*S)
ATOGMEL*7)=ATOMI(LL*6)
ATOMEL*B)=ATOMICLL*T)
ATGMEL*Y9 I=ATOMICLL*8)
ATOMEL*10)=ATGMLICLL*9)

ATGMEL+T11)=ATOMICLL*10)
ATUMEL+13)=PMYB/ATOMIL)

- > A S S Ah G e G e G W R W e

ATOMEL*12)= (1,-ATOMCL*+9})*ATOMEL+13)
ATUMEL*14)=€13%ATOM{L+ 13 ) ZATOM (L *4 ) )~ .3

ATUMEL+15)=0.C
ATOMEL+26)=0.C

ATOGMEL*17)=ATOUMEL*T16)}+ATOMLL*13)

ATOUMEL*22)=ATURLL*15)
ATUMEL+23)=ATCM(L*10)
ATOMEL+28)=ATUMIL +13)
ATGM(L*+30)=ATIM(L+*12)
CONTINUE

NUCLOB20
NUCLOB3O
NUCLO340
NUCLOB50
NUCLOB860
NuCiL0870
NuCLOo880
NUCLD390
NUCL0900
NUCLO910
NUCL0920
NUCLO930
NUCLO0940
NUCLO950
NUCLO960
NUCLO970
NUCLO9BO
NUCLD990
NUCL1000
NuCL1010
NUCL1020
NUCL1030
NUCLIO40
NUCL1050
NUCL1060
NUCLLO070
NUCL1080
NUCL109%0
NUCL11CO
NUCL1110
NuCt1120
NUCLI130
NUCL1140
NUCL1150
NUCLLL160
NUCLILT70
NUCL1180
NUCL1190
NUCL1200
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DYNAMICS

ATOMCL*18)=(SPYB/ATOM(L }) -~ tOMEGA-CSKEDF/60. ) /ATOM(L*11)
ATUMCL*19)}=ATUMCL +18)-ATOMCEL*17)

ATOMEL*20)=L IMITC-ATOMEL*S },ATOMCL*+5 ), ATOM(L+19 ))
ATUMCL+21)=ATOMAL+6 }*ATOM{L*20)
ATGMEL+22)=INTGRL €ISUB, Ny 1 ,ATOMCL*15), CATOM(L*21)~ATOM(

1 L+22))Y/7ATOMCL 7D, ATOM(L*22))
ATUMCL*23)=INTORL CISUBs Ny 2 )ATOMCL*16), CATOMCL*2 1) -ATOME
1 L+22)-ATOMIL +23) )}/ ATOMEL*B ) ATOM(L*23))

ATGMCL +24)=ATUM(L +1G)}3ATOMEL*1)
ATOMEL+25)=INTGKL CI1SUBs Ne3 ;ATOM (L #14 )5 ATOMIL +19 )%
i ATOMIL*3),ATUM(L*+25))
ATCMEL*26)=L IMITE 05051 .05 JATOMCL+25)¢ ATOMEL +24 ))
ATOMEL*27)=CATOMUL*26)+0.3 )=CATOMCL*4} /1.30)
ATGMCL*28)=INTGRL LISUBsNs4 JATOMAL*13 ), CATOMCL*27) -ATOM(
i L+28))/ATOMLL*2),ATOM (L*28))
ATOMCL+17)=ATOM(L +23)+ATOM tL*+28)
ATUMEL+29)=ATCM(L+ S )=ATOMEL*17)
ATGMEL*30)=INTGRL ( ISUBsNsS ,ATOM L +12), CCATOMIL* 17 ) -ATOME
I L+29))-ATUMEL*30 ) ZATOMCL* 10 ATIMCL *30))
PMYB=CATOMEL +29)+ ATOMLL +30 2)ZATOM(L)

30 CONTINUE
RETURN

END

NUCL1210
NUCL1220
NUCL1230
NUCLEZ240
NUCL1250
NUCL1260
NUCL1270
NUCL1280
NUCL1290
NuCL1300
NUCL1310
NUCL1320
NUCL1330
NUCL1340
NUCL1350
NUCL1360
NUCL1370
NUCL1380
NUCL1390
NUCL1400
NUCL1410
NUCL1420
NUCL1430
NUCL1440
NUCL1450
NUCL1460
NUCL1470
NUCL1480
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AFGEN- A FUNCTION GzNERATOK

ERFFAF ST B SRFBXEFE S RH 2SI FEF A

4
¥
%

2SR kPSRRI ITIF LRI RS UL SR LR AR AL IBE VI ISIERX IR T XY

10
20

30
40

FUNCTION AFGENULANPUT,SN)

COMMON 7 CUKVAL /# TIME
/7 CURVE (1)

COMMON # COST

DIMENSION LGCC100)

OATA LOC/100%1/

M=20%F(N-1)

11=0L0CINY)

DU 10 1=11,18,¢

IFECURVE LI +M)

CONT INUE
I12=1-1

DO 30 K=2,124¢
IF(CURVELI-K+M)

CONTINUE

LOCENY=I-K

I=L0CtN)+2

SLOPE=CCURVE t1+1*+M)~CURVECI-1+M))/CCURVEC I+M)~-CURVE(I-2+M))
AFGEN=CUKVE (I-1+M ) +SLOPE* L ANPUT-CURVEL I=2tM))

RETURN
END

Gl

ANPUT)

DELT

GG TO 20

«LT. ANPUT) GO T8 40

AFGEOOQLO
AFGEOO20
AFGEOO30
AFGEQ040
AFGEOO50
AFGE0060
AFGEOOTO
AFGEOOB0
AF5ECO090
AFGEO100
AFGEO110
AFGED120
AFGED130
AFGEO140
AFGEOL150
AFGEOL60
AFGEOL1T0
AFGEO180
AFGED19D
AFGED200
AF5E0210
AFGEQ220
AFGEQOZ230
AFGEO240Q
AFGEO250
AFGED260
AFGED270
AFGEDZ280
AFGED290
AFGEO300
AFGEO310
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C OEADOOL1Q
C 22 IrFIrnerFdebpr IR In P RFL SRR FIFRRE 255 e LTSS Lo uhkfr S DEADOORO
C * % DEADOO30
C = DEADSP ~-=-- DEAD SPACE FUNCTION * DEADOO4O
C = ¥ DEADOOSO
C LT3R 30 AR LIRL IBLEEFFLFFEE IS FRE W EIF TS EHE R3¢ DEADOOGO
C DEADOQTO
FUNCTION DEADSP( Pl, P2, X ) DEADOOBO

C DEADOO90
IFC X «6Te P2 ) 60 T0 10 DEADO10O

IF¢ X «LT. P1 ) GO TO 20 DEADOIL10
DEADSP = 0.0 DEADO120

RE TURN DEADO130

10 DEADSP = X - F2 DEADO14O

RE TURN DEADO150

20 DEADSP = X - F1 DEADOL60
RETURN DEADO170

END DEADO18B0O
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DELAY- DELAY FUNCTION ¥

FUNCTION DELAY(ISUB,KUN 1T, IDLAY ,NUM,PsX)
ISUB --- SUBRGUTINE INDEX NUMBER
KUNIT =~ SEGUENTIAL UNIT NUMBER (O OR N}
IDLAY -~ INDEX OF THE DELAY FUNCTION WITHIN THE SUBROUTINE
NUM ---- NUMBEK OF POINTS SAMPLED IN INTERVAL P
R DELAY TIME IN SECONDS
X --=-=- INPUT
-=e-==--~ KEY 0 ISU3 ---=--=--
SUBROUTINE SUBR DU TINE
15uB= leeoas INERTA ISUB=  5..... BOILER

2..... LUADER
3..... EXTRNL
QO. s e e LDU

6Geesee HYDRO
Teseea GASTUB
&..... NUCLER

TU INCORPORATE ADDITIUONAL LELAYS OR INTEGRALS IN MODEL:

1)

PROVIOE A SUBROUTINE INDEX NUM3ER FOR EVERY SUBROUTINE
THAT HAS A DELAY OR INTEGRAL BY CODING:

ISuB=K
AS ONE GF THE FIKRST STATEMENTS IN THE SUBROUTINE WHERE
K IS AN INTEGER VALUE UNIQUE FIR EVERY SuCH SUBROUTINE.
(ISUB=k MUST PRECEDE ANY DELAY OR INTGRL FUNCTIONS IN
THE SUBROUTINE)

1F THE UELAY OR INTEGRAL IS UNIT DEPENDENT, I.E., USED
BY A PKIME MOVER, THEN THE VALJE UF KUNIT MUST BE N.
IF THE DELAY Ok INTEGRAL 1S NOT UNIT OEPENDENT, I oEes
THE FUNCTLON IS CALCULATED FOR THE SYSTEM AS A WHOLE,
THEN ThHE VALUE OF KUNLIT MUST BE 0.

NUMBER THE INTEGRAL S SEQUENTIALLY FROM 1 TO K WHERE K IS
THE MAXIMUMUM NUMBER OF INTEGRATORS USED IN THE SUB-

&

B FE LRI TLEILTF IILETR FRE AL ARG ARSI T XIS A S H S

DELAOO10
DELAOO20
DELAOO30
DEL ADO4O
DELAOOS50
DELAOOKO
DELAOOT0
DELAQOBO
DELAOO90
DELADO10OO
DELAOLLO
DELAQOL120
DELAO130
DELAO140
DELAO150
DELAOL60O
DELAOLTO
DELADLBO
DELAOL190
DELAOZ200
DELAD210
DELAD220
DELAO230
DELAD240
DELAD250
DELAO260
DELAD270
DELAD280
DELADZ290
DELAD300
DELAO310
DELAD320
DELAO330
DELAD340D
DELAD350
DELAO360
DELAD370
DELAO380
DELAO390
DELAO400
DELAO410
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10

20

30

KOUTINE. THIS NUMBER IS CODED IN THE KINGRL SPOT OF THE
CALLING ARGUMENTS. SIMILARLY NUMBER THE DELAYS IN THE
SUBROUTINE FKOM 1 TO M WHERE M IS THE MAXIMUM NUMBER OF
DELAYS USED IN THE SUBROUTINE«. THIS NUMBER 1S CODED IN
THE 1DLAY SPOY OF ThHE CALLING ARGUMENTS.

4} BE SURE THAT DLAY, SD, AND PD ARE DIMENS IONED ADEQUATELY.
¢SEE COMMENTS IN COMMON /DELELAY/ ABOVE AND IN FUNCTION

INTGRL BELOW)

5) 1F A DELAY FUNCTION 1S ADDED IN THE BOILER SUBROUTINE,
A BKANCHING STATEMENT MUST BE PROVIDED SO THAT THE DELAY
1S ONLY CUMPUTED WHEN KONT EQUALS 4. IF KONT DOES NOT
EQUAL 4, THE DELAY FUNCTION MUST BE SKIPPED.

CUMMON 7 CURVAL /# TIME , DELT o KEEP

CUMMON 7 DELLAY / C{1000) s DLAY(8,21,406)
COMMON 7/ PASSES / KOUNT

COMMON / NALAKM / 1ERR

INTEGER*4 KC (1)
EQUIVALENCE (C(1),KC(1))

DATA K1/3/

IFCISUB.GT .8 .Oke KUNIT.6T.21 .OR. IDLAY.GT.6) GO 10 140
IF(TIME .EG. C.)} 6O TO 10

K=DLAY ¢ 1SUB 4 KUNIT+1 ,1DLAY)

GO 10 40

IF (KEEP .EQ. C .OR. KONT .EQ. 4) GO T3 20
60 TO 30

DLAY (ISUB,KUNIT+1,IDLAY )=K 1

KIzK142ENUM42

CONTINUE

K=DLAYCISUB,KUNIT+1,I0LAY)

IFtK.6T.999) GO TO 170

IFCTIME .GT. 0.0} GO T0O 40

DELADs20
DELAO430
DELAO440
DELAO450
DELAD460
DELADAT70
DELAO48B0
DELAO490

DEL AO500
DELAD510
DELAOS520
DELADS30
DELAOS40
DELAOS50
DELAO560
DELAO570
DELAOS80
OELAO590
DELAD600
DELAOGLO
DELAOG620
DELAOQ630
DELAOS40
DELAOG50
DELAOG60O
DELAOGTO
DELAOGBO
DELAOD690
DELAO700
DELAOT710
DELAD720
DELAO730
DELAO740
DELAD750
DELAO760
DELADT770
DELAO780
DELAOT790
DELAOBOO
DELAOBLO
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40

50

60
70

80

90 FOKMATC'O DELAY BLOCK NEEDS MORE THAN THE *,15,
*PGINTS PRUVIDED FOR ODELAY OF*,ti2.5/)

160

110

120

1

KCE(K-1)=K

KCE(K=2)=K+2% (NUM-1)
C{k)»=0.0

CEx+1)=X

DELAY=X

RE TURN

TEST 1F TIME FOK QUTPUT
TIMEX=TIME-P

IF¢TIMEX GE. G.0) GO TO0 50
DELAY=X

GO 70 120

INDEX=KC(K-1)

IFCCEK) oLE. C.CG) GG TO 70
KEND=KC (k=2

IFCINDEX EG. KEND) GO 70 70
INDEX2=INDEX*Z

DO 60 II=INDEXZ,KEND,Z

1=11

IF¢TIMEX-C(1)) 100, 110, 6C
CONTINUE

DO 80 I11=K,INCERA,Z

I=11

IFETIMEX-CtI)) 100G, 110, 80
CONTINUE

WRKITE(6 ,90) NUM,P

60 10 200

I=1~-2

IF¢]L LT. K) I=KEND
DELAY=CEI+1)

TeST 1F TImME T0U STOKE INPUT
IF(KEEP oLE. C) KETURN
INDEX=KC(K-1)+2

IFCINDEX JLE. KCUK=-2)) GO 10 130
INGEX=K

KC (X-1)=INDE X

CUINDEX)=TIME

CCINDEX+1)=X

G0 10O 210

DELAOB20O
DELAOB30
DELAOB4O
DELAOBS0
DELAOBGO
DELADBTO
DELADBBO
DELAOBYIO
DELAO900
DELAD910
DELAO920
DELAOI30
DELADI40
DELADO9F50
DELADO960
DELAD970
DELAD980
DELAD990
OELAL1000
DELAIOL10
DELAL1020
DELAL1030
DELALID40
DELAL1050
DELAL1060
DELALIOQ70
OELAL1080
DELALOSO
DELAL10O
DELAL1110
DELALL20
OELAL130
DELALIL%O
DELAL1150
DELAL1160O
DELALLTO
DELALL1BO
DELA1190
DELAL1200
DELA1210
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140 WRITE(6,150)
WKITEC6,160) 1ISUB »KUNIT »1DLAY

150 FOKMAT(*O A OLAY INDEX HAS EXCEEDED A MAXIMUM.

1t THE DIMENSIGN OF OLAY (B,21,6)°)

160 FUKMAT(® THE ATTEMPTED INUICES WERES 1ISUB=%15,"

115,¢ IDLAY=*,15/)
G4 10 200
170 WR1TEL6,180)

KUNIT="*,

DELAL 220
DELALIZ30

USER MUST INCREASDELAL1240

DELAL1250
DELAL1260
DELAL270
DELALZBO
DELAL1290

180 FOKMAT()HO,* MOKE THAN 1000 STORAGE SPACES REQUIRED, USER MUST INCDELALI300

IREASE DIMENSICN OF Ct1000).')
WRITEL6,5190) K
190 FUGKMAT(® THE ATTEMPTED INDEX WAS: K=%,I5/)
60 T0 200
200 IkKkR=1
210 CONTINUE
RETURN
END

DELAL1310
DELAL1320
DELA1330
DELA1340
DELAL350
DELAL 360
DELAL370
DELAL380
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INTGRL- TRAPIZOIDAL INTEGRATION ROUTINE ¥

¥

FEXFF UL ERLL LT NT IR TR INEE S FEE SEPFEFFREFRE IS ERE LG SIS 2R T LGS IE F

KEAL FUNCTION INTGRLEISUB,KUNITKINGRL $35CsY)

COMMON 7/
COMMON «/
COMMON /

DIMENSIGN

SO AND FPD
X=
Y=
2=

SUBRCUTINE INDEA MUMBER

SEQUE

NTI AL UNIT NUMBER (0 OR N)

INDEX OF THE INIGRL FUNCTION WITHIN THE SUBROUTINE

INITI
INPUT

AL CONDITION OF INTEGRATOR

OQUTPUT FROM LAST TIME STEP

CukvaL /7 TIME , ODELT

PASSE

s KEEP
S / KONT 4 AEEP

NAL AKM / 1ERK

SDes

221 ,10) » PDEB,s21,10)

AKE DIMENSIONED AS SD(X.YsZ) s PD(XsY,Z) WHERE:
TOTAL NUMBER OF INDEXED SUBROUTINES

MAX]

MUM NUMBER GF UNITS PiLUS ONE

GKEATEK THAN OR EQUAL TO TH: GREATEST NUMBER DF

INTEGRATORS USED IN ANY SUBROUTINE

Stt FURTHER COMMENTS IN FUNCTION DELAY

4 4 g 4k 3

IF(IsSuB .
IFC€ISUB.G

O - - AP T S M AR W R R R L A S TR W LGP SR R T R R SR S W e R TS R Y e O G G R

IF TH1S IS AN INTEGRATOR FROM THE BUILER SUBROUTINE, CHANGE
THE INTEGRATION INTERVAL TO 0.5 SECONDS €FUOR NUMERICAL
STABILITY)

EG. 5) DELT=0.5

T.8 .

UKe KUNIT<GT <21 «0ORe KINGRL.GT.B) GO TO 30

INTGOOiO
INTGOO20
INTG0030
INTGO040
INTGOO50
INTG0060
INTIGO070
INTGOO80O
INTGOO90
INTGO100
INTGO110
INFGO120
INTGO130
INTGO1%0
INTGO150
INTGO160
INTGOL70
INTGO180
INTGO0190
INTG0200
INTG0210
INTGO220
INTG0230
INTGOZ240
INTGO250
INTGO0260
INTGO270
INTGD 280
INTGO290
INT1GO0300
INTGO310
INTGO320
INTGD 330
INTGO0340
INTGO350
INTGO360
INIGO370
INTGO380
INTGO390
INTG0400
INTGO410
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IFCISUB NE. 5 AND. KEEP JEQ. 1 AND. TIME NE. O.) GO TI0 10
IFEISUB .EQ. 5 .AND. AEEP .EQ. 1 .AND. TIME .NE. O.) GO TO 10
PDCISUB yKUNIT+1,K INGRL } =C

SOCISUB yKUNIT+1,K INGRL) =Y

IFCTIME .EQ. G.} GO TO 20
INTGRL=SDC(ISUB«KUNIT*+I,KINGRL J+DELT3C

G0 10 70

INTGO420
INTGO«30
INTGO440
INTGO450
INTGO460
INTGO470
INTGO4BO

10 INTOGRL=SD(ISUBKUNIT#]1,KINGRL }*SF¥DELT*(PDCISUB JKUNIT*]KINGRL }+C}INTG0490

60 T0 70
20 SDCISUBSKUNIT+1,K INGRL)=B
INTGRL=SDE¢1SUB,KUNIT+1,KINGKRL)
60 T0O 70
30 WR1TE(O»40)
WRITE€6,50) ISUBsKUNIT, KINGRL
40 FORMATL(®*0 AN INTEGRATOR INDEX HAS EXCEEDED A MAXIMUM. USER
IMUST INCREASE THE DIMENSION OF PD(B,21,10} AND SD(8,21,10)")
50 FORMATt® THE ATTEMPIED INDICES WERE: ISUB="»15,° KUNIT=¢,
115,°* KINGRL="y15/)
60 10 60
60 lERR=1
70 CONTINUE

%
¥ Bt SURE DELT IS AT ITS ORIGINAL VALUE BEFORE RE TURNING

ODELT=1.0
RETURN
END

INTGO500
INTGO510
INTGO520
INEGO530
INTEGO540
INTGO550
INEGO560
INTGD570
INTGO580
INEGO590
INTGO600
INTGO610
INTG0620
INTG0630
INTGO640
INTG0650
INTGOO660
INTGO670
INTGD6B0
INTGO690
INTGO700
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CIMIT === LIMITER FUNCTION

¥
%
¥

LT3RPS AILLIILFSE LI IFLL BT S FF VT FFFREXFSE X EIPE RS IR EP A0S K s 6

REAL FUNCTION LIMITL P11, P&y

LIMIT = X

IFt X «6GTs P2 ) LIMIT =
RE TURN

END

X )

L IMI0O0I10
L IM10020
LIMIO0030
L IM10040
L IMI0050
LIMI0060
LIM10070
L IMIOO0BO
LIMI0090
L IMI0100
LIMIO110
L IMIOL20
L IMIO130
LIMIO140
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NOISE --- NOISE GENCZRATOR ¥

¥

45
L3
L33
L33
14
14
L1
L34
(33
%
£33
L:d
13
4
Ll
L)
L+
3%
[

2% 3R XTI IFFFF RFRFEFEFEF X J XTI F IR RN
REAL FUNCTION NGISE( P1,y, PZy P3 )
INTEGER*4 P1

A NORMAL GAUSSIAN ODISTRIBUTION AROUND THE MEAN *PZz*® WITH STANDARD
DEVIATICN 'P3%. °*P1* IS ANY 0ODD INTEGER (SEEU)

1Y=P1%65539

IFCLY LT. O) IY=1Y+2147483647+1

Pi=1Y

UNZRP1=1Y%0.9656613E-09

NUISE=P3%SQRT(-2.0%AL0G (UNZRP1))*COSCUNZRP1%6.28316865)+P2
RE TURN

END

NOI S0010
NOIS0020
NOI S0030
NOI S0040
NOI S0050
NOIS0060
NOIS0070
NOI S0080
NOI S0090
NOIS0100
NOIS0110
NOIS0120
NOISO0130
NOIS0140
NOIS0150
NOESO0160
NOISO0170
NOIS0180
NOIS0190
NOIS0200
NOIS0210
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%
L3
1%
<
L
4
3t
L1
%%
i
L)
&
4
<
L]
4
113
14
L34
<
L+
L+3
;3
4t
L1
L3
L3

Lt
L1
L3
<
i
4
3
14
%
<
L
<
k1

10

FUNCTION SINEEP1,P2,P3)

SINE

=== SINUSOIDAL GENERATOR

EFRHFFRFF R F IXXTHE [ F IBINAF BT WEEHE

&
¥
»

LIS LLEF AT S EESEFISEE AT ILE SE S IFVREEXIP IS FHF

COMMON 7/ CURVAL 7/ TIME

P1  INITIATION TIME OF WAVE IN SECONDS
P2 FREQUENCY OF WAVE IN RADIANS PER SECOND
P3  PHASE SHIFT OF WAVE IN RADIANS

IF P1CT
IF P1DT

X=TIME-P1

s Y=0

y Y=SINPZF(T-P1)+P3)

IFECX+0.5%0ELT «GE .

SINE=0.0
KETUKRN

SINE=SIN(P2%*X+P3)

RETURN
ENL

0.0}

GO

LELT

T0 10

SINEOOIO
SINE0020
SINE0O30
SINE0040O
SINEOO50
SINE0060O
SINEOOTO
SINE00BO
S INEOOS0
SINEO100O
SINEO110
SINEO120
SINEO130
SINEO140
SINEO150
SINEO160
SINEO170
SINEO180O
SINEOI90
SINEO200
SINEO210
SINED220
SINE0230
SINE0240
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SUBROUTINE PLOT

- - A - T R T e G R e T G R h GRS T R RS W R IR D G AR GE A e GG GE O A O e TR T

SUBROUTINE PLGT

COMMON 7 PLOTT « X0UTE15)
PUINT ¢15)
up s BLANK
0(1,60)

AMAX €15) » AMIN(15)
INT s ITIC 5 NPLVAR, ACR
PLUS s BPP(60) »
APPE5), NKWRITE

THE MAXIMUM NUMBER OF VARIABLES THAT CAN BE PLOTTED IS ls.
INT IS THE PLUT INTERVAL DESIRED IN SzCONDS
iT1C IS THE TIME T1C MARK IN SECONDS

NPLVAR 1S THE TOTAL NUMBER OF VARIABLES T0O BE PLOTIED.

REWIND 11
NCUUNT =NPLVAK+1
READ(11 )} CXCUTEID »1=1,NCOUNTY)

NREAD=NWRITE-1
TIME=X0UT (1)

DO 20 1T=1,22
WRITE(6+10) BLANK
FOKMAT (23A1)
CONTINUE
LINCHK=NCOUNT+1
1CALC=0

JAN=1

D0 60 L=2,NCOUNT
DO 490 K=10450,10
1=k/10

PP =K

IF(K EGeK/1C310)APP(1)=AMINCL)+PP/(60./(ABS(AMAX (L)-AMINEL))))

PLOTOO10
PLOTO0020
PLOTO030
PLOTO040
PL0OT0050
PLOTO060
PLOTOO70
PLOTO080

s PLOTO0090

PLOTO100
PLOTO110
PLOTO120
PLOTO130
PLOTO140
PLOTOL150
PLOTO0160
PLOTOLITO
PLOTO180
PLOTOX90
PLOTO0200
PLOT0210
PLOT0220
PLOTO0230
PLOY0240
PLOTO250
PLOTO0260
PLOTO270
PLOTOZ280
PLOTO290
PLOTO0300
PLOTO310
PLOTO0320
PLOTO330
PLOTO340
PLOTO350
PLOTO0360
PLOTO370
PLOYO380
PLOTO390
PLOT0400
PLOTO410



40

50
60

10

80
90

160
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i10
120

130

140
15C
160

CONTINUE

WRITEC(6,50) PUINT(LI,CAPPC(I)sI=1,502])
FOKMATU2IX3A9,1X,3(F10.3,10X))
CONTINUE

00 70 K=1,60

BPFEK)=ACR

IF(K Q. K/10%10) BPP{(K)=UP

CONTINUE

START=UP

WRITE(6,B0)START, (BPP{1),1=1,060)
FORMAT(Z2X,61A1)

CONTINUE

IFCLINCHK <EG. ¢4) GO TO 30

DO 100 Jy=1,60

D¢l sJ)=BLANK

D(i,60)=UP

ITIME=TIME

ATIME=1ITIME

IFCATIME-TIME NE. Oo) ICALC=1
IFCITIME oNE. ITIME/ZITIC*ITIC) GO TG 120
DO 110 J=10,5C,10

D¢1,4)=PLUS

CONTINUE

STAKT=UP

D0 130 u=2sNCLUNT

A= (XOUTCJ)-AMIN(U ) P60 ./ ABS CAMAXCJ)-AMINEL D) )
L=A

DIF=A-FLUAT{L)

IFCDIF «GEe +51) L=L*1

IFCL «tTe 1) STAKT=POINT(V)

IFL «LTa 1) 60U T0 130

IF(L «GT. 6C) L=60

D(1,L)=PUINT ()

CONTINUE

IFCICALC «EG. 1) GO T0 140

IFCITIME JEC. ITIMEZITIC*1ITIC) GO TU 170
6L TO 150

IFCUAN.EQ. GAN/ITIC*ITIC) GO TO 170
WKITEC69160) START L (DC1s4) sJ=1460)
FOKMATLZX,6141)

PLOTO%20
PLOTO0%30
PLOTO%40
PLOTO450
PLOTO460
PLOTO0470
PLOTO48B0
PLOT0490
PLOTO500
PLOTOS510
PLOTO520
PLOTO530
PLOTO540
PLOTO550
PLDTO560
PLOTOS570
PL0T0580
PLOTO0590
PLOTO0600
PLOTO610
PLOTO0620
PLOTO630
PLOTO640
PLOT0650
PLOTO660
PLOTO670
PLOTO68B0O
PLOTO0690
PLOTO700
PLOTO710
PLOT0720
PLOTO730
PLOTO740
PLOTO750
PLOTO760
PLOTO77O
PLOTO780
PLOTO790
PLOTOB0O0
PLOTOB10
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170
180

190

2C0

210

60 TO 196

WRITE(6,180) START, (D€l ,J)sJ=1,60),TIME
FORMAT(2X,61412X,F8.2)
JAN=JAN+]

CONTINUE

LINCHK=LINCHK*]1

DO 200 J=1,1IN1

IF (NREAD .tG. C) GO 10 210
READC11) (XOUT€i),1=1,NCOUNT)
NREAD=NREAD-1

TIME=x0U1(1)

60 70 90

RETURN

END

PLOTO0B20
PLOTOB830
PLOTOB40
PLOTOB50
PLOTOB6O
PLOTOB70
PLOTOB8B0
PLOTOB90
PLOTO900
PLOTO910
PLOTO0920
PLOTO0930
PLOTO940
PLOTO950
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db 46 2

1

PKINT- A SUBROUT INE THAT SPzCIFIES QUTPUT

SUBROUTINE FKINTC SYM1, VALL, SYM2,
SYM4, VALY, SYM5,

REAL*%
KEAL*8

BLANKS/®

SYMBOL(q99)

SYMS

SYME

I/'

EQUIVALENCE (FIRST4,S5YM)

COMMON 7 CURVAL / TIME
COMMUN / PRTUNL / 1COUNT,

KESET THE CUOUNTEK IF TIME

IF¢ TIME
ICOUNT =

TLAST = TIME

CONTINUE

SYM = SYM1
VAL =
00 10 1

VAL

VALUE (44}

VaL2,
VALS,

SYM s SYMI

DELT

TLAST » SYM3IOL,

«EU. TLAST ) GU TOU 10

- - P S o S R e GNYR R Eha WS 4 A

HAS CHANGED

- A, W G R G TR W e S E

NOWw STAKT SAVING THE SYMBULS AND VALUZS

SYM3,
SYMb,

SYM2

VALUE

VAL3,
VALG )

s SYM3

s LINES ,

s SYM4

- — . - O WA T A W o A e S e A e R e e N T R R D WP T VR AT G A G SR S W SRR W TS B W AR WPeR W e

PRINOO10O
PRINOQO20
PRINOO30
PRINOO4O
PRINOO50
PRINOOSO
PRINOOT70
PRINOOBO
PRINQOSO
PRINO100O
PRINO110O
PRINO120
PRINO130O
PRINOC140
PRINO150
PRINO160
PRINO170
PRINO18O
PRINO190
PRINOZ200
PRINOZ210O
PRINOZ20O
PRIND230
PRINOZ240
PRINOZ250
PRINO260
PRINO270
PRINDOZ2BO
PRINO0290
PRINO300
PRINO310
PRINO320
PRINO330
PRINO340
PRINO350
PRINO360
PRINO370
PRINO38BO

GO AWAY IF THEKE IS A BLANK SYMBOL PASSED OR IF THE ARRAY 1S FULL.PRINO350

PRINO40OO
PRIND410
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IFC FIRSTY EG. BLAMNKS JOK. ICOUNT .GIe. 44 ) GO TO 80 PRINO420

C PRINOC430
C F=cemrmcccccr e ccrerc e r s rr s s e re s e — - ——— - - e it - PRINO440
C %= DUMP THE SYMBOLS AND VALUES INTO THE APPROPRIATE SPOTS IN THE PRINO450
C * TABLES PRINO&60
c =% PRINO470
C PRINO4BO
ICOUNT = ICGUNT + 1 PRIN0490
SYMBOLCICOUNT) = SYM PRINO500
VALUECICOUNT) = VAL PRINOS510

GO 10 ¢ 20, 30, 40, 50, 604 70 )y I PRINOS520

20 SYM = SYMg PRINO530
VAL = VALZ PRINO540

GO 10 70 PRINOS50

30 SYM = SYM3 PRINO560
VAL = VAL3 PRINO570

GG T0 70 PRINOS5B0

@0 SYM = SYMg PRINOS590
VAL = VALS PRINO60O

GG 10 70 PRINOG61O

50 SYM = SYMS PRINOG620
VAL = VALS PRINO630

60 10 70 PRIND640

60 SYM = SYM6 PRINOG650
VAL = VALG PRINO660O

70 CONTINUE PRINOG670

80 RETUKRN PRINOG6BO

END PRINO690




_€8_

aKaK ol

- L er W . G G dE D YR YR GNGE G LN G W W AP W Sk G W W W

10

20

L 1Y)

50

60

10

90

1¢0

PLOTMD~

A SUBROUTINE THAT MODIFIES PLOT SCALES

SUBROUTINE PLUTMD

COMMON #

P

PLOTT

4 xOUTL15)
PUOINT t15)

up

DIMENSIUN PID(14)

WRITEt6,10) BLANK
FURMAT (2A1)
WR1TEL6,20)

FORMAT(®* CLEAK SCREEN AND HIT ENTER T3 STAKT PLOF CHANGES®)
KEADt5,30) DUMM3S

FOKMAT (1A5)
wkITE(6,490)

FORMAT ¢® THE PLOT SCALES USED ARE SHOAN BELOW®)

WRITEL6,50)
FOKMAT ¢® VAKIABLE
L=NPLVAR*]

DO 70 N=2,L
WKITEL6,60) FUINT (N)sAMINEN), AMAXIN)

FORMAT(S5X oAl »5X,F 10.3,3X,F10.3)

CONTINUE

WK1TEL6,80)
80 FORMAT(® AFTER EACH PKOMPT ENTER A PLIT SYMBOL WHOSE SCALE YOU WISPLOTO0330

1H T0 CHANGE.

LINCHK=5+NPL VAR
UG 150 N=1,NFLVAK
WRITE(65950)

FOKMAT (*

20}

ENTER

REAG(5 100} PIDN)
FUKMAT (A1)
LINCHK=LINCHK *2

AMAKX €15 )

INT s ITIC

s BLANK o PLUS

MINI MUM

A BLANK WHEN DONE.')

MAXIMUM®)

AMINE15)

NPLVAR, ACR

PLOTOO10
PLOT0020
PLOTO030
PLOT0040
PLOTO050
PLOT0060
PLOTOO070
PLOTOO0BO
PLOTO090

s+ PLOTOL100

PLOTO110
PLOTO120
PLOTO130
PLOTO140
PLOTO150
PLOTO160
PLOTOLl70
PLOTO0180
PLOTO190
PLOTO200
PLOTOZ210
PLOTO220
PLOTO0230
PLOTO240
PLOT0250
PLOT0260
PLOTO270
PLOTOZ80
PLOTO0290
PLOTO300
PLOTO310
PLOT0320

PLOTO0340
PLDT0350
PLOTO0360
PLOTO370
PLOTO380
PLOTO0390
PLOTO400
PLOTO410
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IFCLINCHK «LE. 21) GO TO 140 PLOTO0420
IFCLLINCHK JEQ. 22) WRITE(6,100) BLANX PLOTO430
WkITE{(6,100) BLANK PLOTO%40
CONTINUE PLOTO0450
IFCPIDIN) EC. BLANKY GO Y0 160 PLOTO460
WRKITEL6,+50) PLOTO470
LINCHK =2 +NPL VAR PLOTO480
L=NPLVAR*]1 PLOTO490
DO 130 1=2,t PLOT0500
DO 110 J=1,NPLVAR PLOTO510
IFCPIDCJ) EQ. POINTEI)}) GO TO 120 PLOTO520
110 CUNTINUE PLOTO530
WRITE(6,60} PCINTAEI)sAMINCI),AMAXCI) PLOTO0540
60 T0 130 PLDTO550
120 LINCHK=LINCHK-1 PLOTO560
130 COGNTINUE PLOTO570
140 IF(PIDIN) .EQ. BLANK) GO TO 160 PLOTO580
150 CONTINUE PLOTO590
160 IF(PIDC1) .EQ. BLANK) GC TU 320 PLOTO600
IF (LINCHK .GE. 23) GO TO 180 PLOTO610
M=c4-LINCHK PLOTO620
D0 170 1=1,M PLOT0630
WRITE(6,100) BLANK PLOTO640
170 CONTINUE PLOTO650
180 WK1TEL6,190) PLOTO660
150 FORMAT(' ALONG wlTH THE PLOT VARIABLES WHOSE SCALES YOU WANTED CHAPLOTO0670
INGED, YOU wite Bt SHOWN THE PRESENT SCALE VALUES.®) PLOTO680
WRITE(6,200) PLOT0690
2C0 FORMAT(® *,* ENTER THE NEw MINIMUM AND MAXIMWM SCALE VALUES DESIREPLOTO700
10 AFTER EACH DISPLAY."') PLOTO?710
LINCHK =49 PLOTOT20
D0 310 J=1sNPLVAK PLOT0730
IF(PID(J) .EQG. BLANK)} GO TG 320 PLOTO740
L=NPLVAR+] PLOTO?750
DO 210 N=Z,L PLOTO760
IFEPIDCJY) EQC. PGINTEN)) GO TO 220 PLOTO770
210 CONTINUE PLOTO780
220 WRITEL6,100) BLANK PLOTO790
WRITEC63230) FUINTEN)SAMIN EINY sAMAX(N) PLOTOBOO
230 FORMATESXsAl 56X " MIN=*,F10 .3,2X,"MAX=",F10.3/) PLOTOB10
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240

250

260

210
280
290
300

310
320

WRITE(6,240) FOINTIN)

FORMAT(®* ENTEK NEWw MINIMUM FOR

READ(5,260} AFMIN(IN)
WRITEC6+250) FOINTEN)

FORMAT(® ENTEK NEW MAXIMUM FOR *yAl1/)

READE5,260) AMAXEN)
FORMAT(F10.3)
LINCHK =L INCHK +9

IFCLINCHK JEQ. 221 60 TG ¢ 70
IF(LINCHK <EQG. 23) GO TD 280
IF(LINCHK «EQ. 24) GO TO <90
60 10 310

WRITEL6,100}) bBLANK
WRITEC6,100) ELANK

LINCHK=¢

WRITE(64300) BLANK

FORMAT (4A1)

CONTINUE
RETUKN
ENU

PLOTOB20
PLOTOB30
PLOTOB40
PLOTOB50
PLOTOB6O
PLOTO8B70
pLOTOB80
PLOTOB90
PLOTOS00
PLOTO910
PLOTO0920
PLOTO930
PLOTO940
PLOTO950
PLOTO960
PLOTO970
PL.0T0980

PLOTO990
PLOT1000
PLOTIOLO
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OUTFUT- A SUBROUTINE THAT PRINTS THE OUTPUT

2
%
%
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30

40
50
60

1

SUBROUTINE OUTPUT

REAL=*q
REAL®8

COMMON 7/ CURVAL / TIME

VALUE(44)

SYMBUL {44 )

COMMON 7/ PRTCNL / 1COUNT,

LINCHK =L INES
«EQ. 1) LINCHK=L INES*1
IPAGES=IPAGE S+1
10 LINES=LINCHK+ (ICOUNT+1)/2+1

IF C1PAGES

IFGLINES

WRITE(6,20) TIME,
20 FOKMAT(® TIME =

22(25X, Ab,

RETURN
IFLLINCHK

«GE. 23) GO

M=23~L INCHK
00 50 1=1.M
WRITE(6,40)

FORMAT(®
CONTINUE
LINES=0

LINCHK=0
G0 T0 10
END

')

«GE. 24) GO TO 30
(SYMBOL (1), VALUECI}, 1
s E12.952049Xs A8,

DELT

TLAST , SYMBOL, VALUE , LINES ,» IPAGES

= 1 ¢ ICOUNT )
'=0,E12.4)y /s

=0 sEl12.6 ,QX,AB."= CsE12e%9/)s4/7)

10 60

ouTPOO10
ouTP0020
outTPO030
guTPO040
DuUTPOO50
DUTPO060
gutPo070
guiP0080
DuUTPO090
JuTPO100
DuU¥PO110
autPoi20
outPO130
OuUTPO140
gutTPO150
JutPO160
DUTPO1XT70
ouTPO180
BuUTPOLI 90
guTP0200
QuUTPO210
DuTPO0220
DuUTPOZ230
ouTP0240
ouTP0250
guTP0260
ouTPO270
gutPO2380
DutTP0290
guTP0300
QuTPO310
DUTPO320
DUTP0330
DUTPO340
BuTP0O350
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TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

TIME

0.1000E

0.2000E

0.3000E

0.4000E

0.5000E

0.6000E

0.7000E

0.8000E

02

02

02

02

02

02

02

02

LOAD
PACCEL
SKDTI
PH(1)
PM(5)

LOAD
PACCEL
SKDTI
PHM(L)
PM(5)

LOAD
PACCEL
SKDTI
PM(1)
FM(5)

LOAD
PACCEL
SKDTI
PM(1)
PM(5)

LOAD
PACCEL
SKDTI
PM(1)
PH(5)

LOAD
PACCEL
SKDTI
PM(1)
PH(5)

LOAD
PACCEL
SKDTI
PH(1)
PHM(5)

LOAD
PACCEL
SKDTI
PM(L)
PM(5)

LOAD
PACCEL
SKDTI
PH(1)
PH(5)

o oo nwnan o nu waunaa woae wouoa ooonu OO ([ [ I 14 oo in

0.5324E
-0.6965E
0.0
0.1550E
0.1750E

0.5329E
0.1712E
0.0

0.1550E
0.1753E

0.5335E
-0.3438E
0.0
0.1550E
0.1754E

0.5329E
0.2375E
6.0

0.1550E
0.1757E

0.5326E
0.1926E
0.0

0.1550E
0.1759E

0.5326E
0.1980E
0.0

0.1550E
0.1760E

0.5324E
0.4422E
0.0

0.1550E
0.1760E

0.5324E
0.4219E
0.0

0.1550E
0.1760E

0.5329E
-0.1785E
0.0
0.1549E
0.1759E

04

04

03

04
02

04
03

04
00

04
03

04
01

04
03

04
01

04
03

04
0l

0%
03

04
0l

04
03

04
01

04
03

04
0l

04
03

PMSYS
FREQHZ
ACE
PM(2)
PH(6)

PMSYS
FREQHZ
ACE
PME2)
PH(6)

PHSYS
FREQHZ
ACE
PM(2)
PM(6)

PHSYS
FREQHZ
ACE
PH(2)
PH(6)

FMSYS
FREQHZ
ACE
FH(2)
PH(6)

PMSYS
FREQHZ
ACE
FM(2)
PM(6)

PMSYS
FREQHZ
ACE
PM(2)
PM(6)

PMSYS
FREGHZ
ACE
PHM(2)
PM(6)

PHSYS
FREQHZ
ACE
PM(2)
PH(6)

[ L L I [ 1) (LN I LI T[] muanaun LU LI € I O mwounoe o #wouonn wuunun o e n

0.5324E
0.6000E
0.7180E
0.1620E
0.5380E

0.5340E
0.6000E
0.5219E
0.1620E
0.5381E

0.5352E
0.6001E
0.2300€
0.1620E
0.5375E

0.5368E
0.6001€E
0.4100E
0.1619E
0.5364E

0.5383E
0.6001E
0.6014E
0.1619E
0.5348E

0.5397E
0.6001E
0.7612E
0.1618E
0.5329E

0.5411E
0.6001E
0.5280E
0.1618E
0.5311E

0.5425E
0.6001E
0.1080E
0.1616E
0.5299E

0.5438E
0.6001E
0.1202E
0.1615E
0.5289E

04
02
01

03

04

0l
04
03

04
02
02
04
03

04
02

04
03

04
02
02

03

04
02
02
04
03

04
02
02
04
03

04
02
03
04
03

04
02
03
04
03

LODEXT
PTINET
AR
PM(3)
PM(7)

LODEXT
PTINET
AR
PH(3)
PM(7)

LODEXT
PTINET
AR
PM(3}
PM(7)

LODEXT
PTINET
AR
PH(3)
PM(7)

LODEXT
PTINET
AR
PM(3)
PM(7)

LODEXT
PTINET
AR
PH(3)
PM(7)

LODEXT
PTINET
AR
PM(3)
PM(7)

LODEXT
PTINET
AR
PH(3)
PM(7)

LODEXT
PTINET
AR
PH(3)
PML7)

uotowoun wuwnau woae Hounun wou oo oouwonun now o aoun W oo

0.5007E
0.7180E
0.1077E
0.3300E
0.3100E

0.5007E
0.9336E
0.9283E
0.3301E
0.3170E

0.5007E
0.1743E
0.1543E
0.3294E
0.3229E

0.5007E
0.3851E
0.2995E
0.3285E
0.3313€

0.5007E
0.5629E
0.4900E
0.3275E
0.3395E

0.5007E
0.7069E
0.6730E
0.3264E
0.3477E

0.5007E
0.8701E
0.7500E
0.3253E
0.3557E

0.5007E
0.1006E
0.7500E
0.3241E
0.3638E

0.5007E
0.1090E
0.7500E
0.3229E
0.3717E

PMEXT
ACEEXT
LAM
PH(4)
PM(8)

PHEXT
ACEEXT
LAM
PM(4)
PM(8)

PMEXT
ACEEXT
LAM
PHM(G)
PM(8)

PHMEXT
ACEEXT
LAM
PH(4)
PM(8)

PMEXT
ACEEXT
LAM
PM(4)
PM(8)

PMEXT
ACEEXT
LAM
PM(4)
PM(8)

PMEXT
ACEEXT
LAM
PM(4)
PM(8)

PMEXT
ACEEXT
LAM
PM(4)
PM(8)

PMEXT
ACEEXT
LAM
PM(4)
PM(8)

LI L { B [ 1)

0.5005E
-0.7180E
0.2500E
0.5C000E
0.3010E

0.5008E
-0.2621E
0.2500E
0.5000E
0.3054E

0.5005E
0.5406E
0.2497E
0.5000E
0.3168E

0.5003E
0.3293E
0.2493E
0.4998E
0.3269E

0.5001E
0.2023E
0.2488E
0.4996E
0.3367E

0.5000E
0.1087E
0.2481E
0.4994E
0.3466E

0.4999E
0.1112E
0.26475E
0.4991E
0.3563E

0.4997E
0.9767E
0.2469E
0.4986E
0.3660E

0.4996E
0.7496E
0.2664E
0.4980E
0.3756E
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A -400.000 -300.000 -200.000 -100.000 0.0 100.000 200.000 300.000 400.000

M 4200.000 4400.000 6600.000 4800.000 5000.000 5200.000 5400.000 5600.000 5800.000

X 49600.000 49700.000 45800.000 49500.000 50000.000 50100.000 50200.000 50300.000 50400.000

F 59.920 59.540 59.960 59.980 60.000 60.020 60.040 60.060 60.080

T -40.000 20.000 80.000 140.000 200.000 260.000 320.000 380.000  440.000

L 5230.000 5260.000 5250.000 5320.000 5350.000 5380.000 5410.000 5440.000 5470.000

R -80.000 -60.000 -40.000 -20.000 0.0 20.000 40.000 60,000 80.000
b ] L it I -1 I I I I I I
I + T + + +L FR X + M+ + + I 0.0
I T L FAR X M I
I T L FR X M I
I T L FR X M I
I T L FR X ] I
I T L FR X M I
I T L FR X M I
I T t F R X M I
I T L FR X M 1
I T L FR X M I
I T L FRA X M I
I T L FR X M I
I T L FR X M I
I T L FR X M I
1 T L AFR X ™M I
I T L AFR X M I
1 T L AF RX M I
I T L A FRX M I
I T L A FXR M I
I T L AFXR M I
I T L AFX R M I
I T L AFX R M I
I T L AFX R M I
I T L AFX R M I
I T L F X R M I
I T L FX R M 1
I T L FX R M I
I T L FX R M I
I T Lt F R M I
1 T L XF R M I
I T L XF R M I
I T L XF R M I
1 T L XF R M I
I T L XFA RM I
I T Lt X FA R I
1 T L X FA MR I
I T L X FA MR I
1 T L X FA M R I
I T L X F A M R I
I T L XF A M R I
I T L X FA M R I
I T L X F A M R I
I T L X F A L ] I
I T L X F A M R I
I T L X F A M R I
I T L X F A M R I
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