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- PREFACE

This report was prepared by JAYCOR of Del Maf, Céli—
fornia in partial fulfillment 6f General Atomic Company Purchase
Ofder No. 614990. It completely describes the model develop-
ment and digital computer code for a dynamic'simulation of a
‘gas—cooled fast bréeder reactor (GCfR) emergency core coélinq

system. ' This report is in two volumes:

Volume I - Technical Discussion

Volume II - Example Computer Run -

The simulation described in this report represents
the initial version of the development of an overall core
auxiiiary cooling system (CACS) dynamic simulation cépability.
The basic objective of this simulation development is to pro-
vide accurate predictions of overall system dynamic responses
under anticipated operating conditions. Although this capa-
bility is primarily being developed to use in the design and
analysis of CACS control systems, it will also be suitahle
for use in other system development areas (i.e., operating
procedure definitién, failure analysis, operating evaluation,

system design studies, etc.).

The system's three independent cooling loops are modeled
as a single equivalent loop on both the primary coolant'(helium)
side and the secondary coolant (water) side using lumped param-

eter modeling techniques. Since the purpose of this system



is residual heat removal from the shutdown reactor, the core
model does not include reactor kinetics. The emphasis in this
modeling development was on the accurate prediction of com-
ponent input/output relationships over a wide range of operating
characteristics. This is an open loop plant simulation in the
sense that the plant control systems, or oontrol loops, are
not incorporated. -If these control systems are required,
specific configurations. must be snpplied by the nser.

The digi£a1 comonter code for fhe‘CACS simulation is
contained in the cétaio‘gv-file CACSSM*SEP77. The table of

contents of this file is listed below.

Program Element Name

PROG
RUN

MAP

The program element name PﬁOG contains the éYSL* code .
~of the corresponding simulation. The program element names
RUN and MAP contain the computer system. control statements
needed to'execute the simulation on the UNIVAC 1110 digital

computer. The RUN and MAP statements are listed below.

*Estrine, E. A., "System Simulation Language (SYSL)
User's Guide," General Atomic Report GA-D14439, May 1978.



CACSSﬁ*SEP??.RUN

1:0PKT,CS CACSSH+SEP?? .PROG
2:8A56,A EIG#FOR.
3:0A5G,A SYSLSIN.
4:BASG,A SYSL*TRAN.
5:@ASG,T 3,F

6:BASG,T 4,F2

710A86,T 7,F2

8:@AS6,T B,F2

9:@XQT SYSL+TRAN.SYSLTRAN
10:BADD,P CACSSM#SEP?7.PROG
11:@ADD, P 7.

CACSSN+SEP77 .MAP

1:0AS6,X IC*CASY.
2:@AS6,A CALCOMP*BASIC.
3:RUSE 12.,1C+CASY.
4:@MAF  ,SYSLSIN
5: IN TFFs$.
6: 1IN SYSL#SIN.MAIN
7:  IN GCFR*SYSL.STEADY
B8: LIB SYSL#SIM
9: LIB CALCONP+BASIC.
10 IN 5SCOM
11:@XQT SYSLSIN

There are some differenceé between these RUN énd MAP
statements and those referenced.in'this report. These dif-
ferences were éroduced by the different file identification
used in CACSSM*SEP77 and by the elimination of unnecessary
control statements in the report listings.- The CACSSM*SEP77
file listings are correct and consistent with each other.
The report listings of MAP and RUN statements should only be
used for reference and for example when incorporating the

features discussed in the User's Guide section (Appendix B).



K

The CACSSM*SEP77 file and the SYSL program have‘been
entered into the General Atomic Company digital'gomputer code

archive library. The catalog numbers assigned to them are

CACS_SM*SEP77 — S8SYSD 2923
SYSL TRANSLATOR - SYSD 2569
SYSL SIMULATOR - SYSD 2570
Herbert G. Greiner

General Atomic Company
August 1979
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ABSTRACT

This report documents the development of the digital
computer simulation code CASY. CASY is designed to evaluate
alternative systems to perform emergency core cooling. It is
modular in form such that modifications can be made easily.
CASY was independently validated by comparing similar analysis
results with existing core and core auxiliary cooling System
transient codes. CASY is written in the preprocessor language
available at General Atomic entitled SYSL.
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1. INTRODUCTION

This report documents the development of a simulation
code, CASY, of the Core Auxiliary Cooling System (CACS) for the
Gas Cooled Fast Breeder Reactor (GCFR). It is based upon an

existing simulation and analysis (Ref. 1,2).

The main_text outlines equation_development and for
completeness includes appropriately-referenced developments of
models which were obtained from Ref. 1. Appendicés provide
data processing procedures and user instructions. The user
instructions include use of SYSL, remote terminals, and the code

itself.

The component models are developed in a modular form
wherein versions of varying complexity may be interchanged
freely. 1In addition, many of the individual models are comrpised
of modules allpwing the number of spatial divisions to be

increased or decreased with a minimum of difficulty.



2. SYSTEM DESCRIPTION

The GCFR is equipped with three independent auxiliary
core cooling loops, with each loop designed for 50% design
residual heat removal capability. These three l6ops and their’
controls cohprise the CACS system. Only two loops are required
at any given time; hence, thé third loop provides redundancy
and allows the system to withstand a single active or passive
failure. .

'The CACS cooling water circuit outside the PCRV is
shown in Figure. 2-1. The representation is schematical only and
the pressurizer location may be design dependent, e.g., it could
be in the hot line rather than in the cold 1line.

In the core cooling mode, each CACS loop circulates hot
helium from the core lower plenum into the lower end of the core
auxiliary heat exchanger cavity through a cross-duct. The hot
helium flows upward through the counterflow auxiliary heat
exchanger where it gives up its heat to the cooling water. Cold
helium leaving the core auxiliary heat exchanger flows through
the auxiliary shutoff valve into the auxiliary circulator, which
pumps the cold helium through the upper cross-duct into the core
top plenum for circulation through the core before beginning

another auxiliary cooling loop cycle.

Each core auxiliary heat exchanger is supplied cooling
water by an independent closed loop system. Cold water is
pumped to the core auxiliary heat exchanger where it absorbs heat
from the primary coolant and then returns to the air'biast heat
exchanger where the heat is rejected to the atmosphere. Flow is
supplied by one of two pumps shown in parallel configuration,
depending on the operating mode, e.g., the smaller operates in
standby.
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3. NOMENCLATURE :

3.1 NOMENCLATURE GUIDELINES

Nomenclature guidelines are a virfual requirement ih
large-scale simulation where more than one individual'may con-
tribute'component models that must ulfimately be intégrated
together into the system simulation. The minimum requirements

are:

1) The same letter designation should be used for a
‘process or control variable, e.g., pressure, 1in .
all parts of the simulation.

2) The same variable name cannot be assigned in dif-
ferent sections of the simulation unless they

represent the same quantity.

The first requirement does not preclude the possibility of two
process variables, e.g., pressure and power: being designated
by the same letter since frequently there are more unique vari-
ables than unique characters to represent them. As noted in
Table 3.1-1, the first character is reserved for the purpose of
indicating the type of variable represented. The letter K, as

a first letter designator, is reserved for constants. The
magnitude of each constant is assigned as input data in the pro-
gram. The letters J and O, as.fiysf letter designators, are
used as intermediate variables defined within the program. The
remaining*23 letters are available to represent types of process
and control variables. The second requirement is satisfied by
reserving the second and third characters (alpha—numefical) for

component designation,



Table 3.1-1. Character Definitions

X X x X % X Xx x ¥ X X.x%x x % X X X x %X X X
NOMENCLATURE GUIDELINES FOR CASY-SEE SECTION 3 OF REFORT X
X X X X% %X %X Xx ¥ X %X X X %x X %X x X x Xk X X

2 3% 9%
% I W

*
]

FIRST LETTER DESIGNATION - TYPE OF VARIAELE

NORMALIZED VALVE AREA (ND)

RATE OF THERMAL EXFANSION OR CONTRACTION (FTXx%3/SEC)
RATE OF CHANGE WRT TIME (FER SEC)
EFFICIENCY (ND) )

GAS FLOW RATE . (LBS/SEC)
INITIAL VALUE OF STATE

INTERMEDIATE VARIABRLE

RESERVED FOR CONSTANTS

VALVE LIFT (ND) OR TANK LEVEL (FT)

ROTATIONAL SFEED (RPM) OR NUMBER (NID

INTERMEDIATE VARIABLE

PRESSURE (PSIA) OR FRESSURE DIFFERENTIAL (PSIDD

RATE OF HEAT TRANSFER (BTU/SEC)

DENSITY (LE/FTX%X3)

TEMFERATURE (DEG F)

WATER FLOW RATE (LES/SEC)

TORQUE (FT-LES)

I 3 I I I I I A I N I I, WX I K X
XE-DAQVOZZIrZL-aoMmMmowd -

XX SECOND AND THIRD LETTER DESIGNATIONS - COMPONENT ID

X A~ AIR BLAST HEAT EXCHANGER

X AA AIR SIDE

X AM TUBE AND FINS

X Al WATER SIDE

* BF CORE RYFASS

X CA CIRCULATOR AUXILIARY

X cc CIRCULATOR

* CM CIRCULATOR MOTOR

x CG CONTROL GUILDE

X cs CORE SUPFORT

x H- CAHE HEAT EXCHANGER

¥ HH HELTUM SIDE

X HM TUBE METAL

X HUY WATER SIIE

X LP LOWER FLENUM

X LK LOWER" REFLECTOR

X FC FIFE FROM AIR ELAST HX AND CAHE HX (COLD LEG)
X FH . PIFE FROM CAHE HX TO AIR BLAST HX (HOT LEG)
X FL PUMF (LARGE)

X FR PRESSURIZER

X PS PUMF (SMALL)

% - RE CORE (NUCLEAR REACTOR)

x RF REACTOR FUEL

b 4 RM REACTOR MODERATOR

X SR SIDE REFLECTOR )

x SP SUFFORT FOSTS

X UN UNIVERSAL (CONVERSION FACTOR OR CONSTANT)

X UF UFPER. FLENUM

X UR UPFER REFLECTOR

KN KKK KKK 3K KK KK KK KK KKK K OK JK KKK KKK KKK KK KR ORI OK 3K KK Kk K



3.2 LIST OF NOMENCLATURE

. Tables 3.2-1 to 3.@-4 present a summary of_the constants,
parameters, and variables as they appéar in_the digital program.
Parameters and constants are distinct from variables in the sense
that they afe program inputs to be specified prior to a run, while .
variables are potential program outputs to be determined as a
function of time. The‘program treats parameters and constants
in the same manner, and the distinction between them is made by
the programmer or user. The distinction ‘as they appear in Tables
3.2-1 and 3.2—2 is drawn accordihg,to whether they ‘

2’

°® are.readily adjustable even after the plant is build,
e.g., controller gains,

e might be determined as program variables rather than
inputs in an expanded simulation, e.g., makeup flow
into pressurizer,

in which;case they are listed as parameters rather than constants.



'CONSTANT

KAAA
KAAG

KAAR

KAAW1,?2

- KAMC
KAMCI
KAMCO
KAMCT
KAMR
KAWA
KAWISQ
KAWN
KAWSQ
KAWV

KAWVI

Table 3.2-1.

DEFINITION

Effective heat transfer area of tubes to
air in air blast heat exchanger

Reference air flow in the air blast heat
exchanger . -

Thermal resistance between metal and air
in air blast heat exchanger

Air side weighting factor nodes 1,2 in
the air blast heat exchanger

Thermal capacitance of metal in the air
blast heat exchanger node

Thermal capabitance of metal -in the air
blast heat exchanger inlet node

Thermal capacitance of metal in the air
blast heat exchanger outlet node

Total thermal capacitance of metal in the
air blast heat exchanger

Thermal resistance betweeh metal and water

on air blast heat exchanger (reference)

Water side heat transfer surface area in
air blast heat exchanger

Pressure loss coefficient squared for
air blast heat exchanger inlet header

Number of nodes in the air blast heat
exchanger

Pressure. loss coefficient 'squared for
air blast heat exchanger

Volume of water per node in the air blast
heat exchanger

Volume of water in inlet node of air
blast heat exchanger

DEFINITION OF CONSTANTS USED IN CASY

UNITS
ft2

lb/sec.
o)
sec-ft-"R/BTU

ND
BTU/°R

BTU/°R

" BTU/°R

BTU/°R

sec-ft-°R;/BTU

ft3

psid—(lbs/ft2)

(lbs/sec)z
ND

psid-(1bs/ft3)

(1bs/sec)?
£t

ft3



CONSTANT

KAWVO

KAWVT

KAWWI,Z
KCAN
KCAPBN
KCAR
KCARG
KCART
KCATAU
KCCN

KGPC

KHHA
KHHRX
KHHVI6
KHHW1, 2

KHMC

Table 3.2-1 (Continued)

DEFINITION

Volume of water -in outlet.noée of air
blast heat exchanger

Total volume of water in the air blast

heat exchanger

Water side weighting factor, nodes 1,2
in the air blast heat exchanger

Number of aux111ary 01rcu1ators assumed
in operatlon

Proportional band in auxiliary circulator
speed controller

Auxiliary circulator speed to helium flow
coefficient (assumed constant)

Helium flow through auxiliary circulator
at design conditions.

Reset time galn setting in aux111ary
circulator speed controller

Time constant of auxiliary circulator to
change speed

Number of main coolant circulators assumed
in operation

Thermal capacitance in core grid plate

Effective heat transfer area mefal to
helium in CAHE

Thermal resistance between hellum and
metal in CAHE ~

Volume of helium between lower plenum
and upper plenum

Weighting factor for average temperature
of CAHE helium node 1,2

Metal thermal capa01tance for CAHE per
node heated zone

UNITS

ft

ft

ND

ND
Fts/?pm/sec
1b/sec

sec

sec

BTU/°R

£12

sec-ft-°R/BTU
£t3

ND

BTU/°R



Table 3.2-1 (Continued)

CONSTANT ' DEFINITION ‘ UNITS
KHMCI Metal thermal .capacitance for CAHE BTU/OR
inlet node
KHMCO Metal thermal capacitance for CAHE outlet BTU/OR
node
KHMCT Total metal thermal capacitance for CAHE BTU/OR
KHMRX CAHFE metal heat transfer film resistance (BTU/sec ftzoR)
KHWA Effective heat transfer area metal to ft2
water in CAHE
. : 3
KHWISQ Pressure loss coefficient squared for psid-(1lbs/ft")
CAHE inlet header (1bs/sec)?
KHWMI ‘ Coupling coefficient (thermal conductance) BTU/OR/sec
between metal and water in inlet node of
CAHE
KHWMO Coupling coefficient (thermal conductance) BTU/OR/sec
between metal and water in outlet node of
CAHE
KHWN Number of nodes in CAHE ND
_ ‘ . 3
KHWSQ Pressure loss coefficient squared for psid-(lbs/ft")
CAHE (1bs/sec)
KHWV Volume of water in CAHE per node in ft3
‘ heated zone
KHWVI Volume of water invinlet node of CAHE ft3
KHWVO Volume of water in outlet node of CAHE ft3
KHWVT Total volume in heated zone of CAHE £t3
KHWW1, 2 Weighting factor for average water : ND

temperature in CAHE node 1,2



CONSTANT

KPCC
KPCCT
KPCN
KPCSQ
KPCV
KPCVT
KPHC
KPHCT

KPHN

KPHSQ

KPHV
KPHVT

KPL /KPS
KPLCR/KPSCR
KPLN/KPSN
KPLPB/KPSPB
KPLRT /KPSRT
KPRV

- KRCV1 thru
KRCV6

Table 3.2-1 (Continued)

" DEFINITION

Heat capac1tance of cold plpe per node
Heat capac1tance of cold pipe, total

Number of nodes in cold p1pe

Pressure loss coefflclent Squared for
cold pipe .

Volume of water in cold pipe per node
Volume of water in cold pipe total
Heat capacitance of hot pipe per node
Heat capacitadce of hot pipe, total
Number of nodes in hot pipe

Pressure loss coefficient squared for
hot -pipe

Volume of water in hot pipe per node
Volume of water in hot pipe total

Throttle valve coefficient (related to
CV max) of large pump/small pump

Range of measurement of speed for large

pump/small pump

Large pump reference speed/small pump
reference speed

Proportional band setting in throttle

valve controller of large pump/small pump

Reset time setting on throttle valve of

large pump/small pump

Volume of pressurizer

Volume of cladding in reactor clad nodes

1 thru 6

10

UNITS

v

BTU/°R
BTU/°R .

ND N

psid-(1bs/ft3)
(lbs/sec)e

£t

£t3
BTU/°R
BTU/°R
ND .

psid-(1bs/ft3)
(1bs/sec)?2 R
3

ft

ft3

(lbs/sec)/g(lb/
ft3)-psid)z -
rpm

rpm

ND

sec

£t° .

w

ft



CONSTANT
KREA1l thru
KREAG6
KREGF

KREL1 thru
KRELG6

KRENN
KREPF
KREPF1 thru
KREPF6

KREQT

KRFV1 thru
KRFV6
KTAU

KUNACP

KUNGR
KUNHCP
KUNHCV

KUNWCP

Table 3.2-1 (Continued)

DEFINITION -
Heat. transfer surface area:in reactor.
nodes. 1 thru 6
Reference helium flow thru reactor
Length of reactor nodes 1 thru 6
Number of fuel pins represented by.
equivalent fuel channel model

Fraction of total power generated in
active .core (normally .95)

Fraction of power generated in active
core in fuel nodes 1 thru 6

Total heat generated in reactor core

Volume of fuel in reactor fuel nodes 1
thru 6

Time constant of CAHE temperature
measurement '

Heat capacity of air at constant pressure

Universal gas'constant for helium
Heat capacity of helium at constant
pressure '

Heat capacity of helium at constant
volume

Heat capacityv of water at reference
conditions ‘

11

UNITS
£t
1b/sec

ft

secC

BTU/1b°R

psia/ 3

((1b/st°)-°R)

BTU/1b°R
BTU/1b°R

BTU/1b°R



i

Table 3.2-2. DEFINITION OF PARAMETERS USED IN CASY

PARAMETER

GAA
GPRI
GPRO

SPL/SPS
TAAI1O

WPLR/WPSR
WPRI

WPRO

" DEFINITION
2N

Air flow in air blast heat exchanger
Inlet gas flow to pressurizer

Outlet gas flow from pressurizer

Switch to bypass large/small pump throttle

UNITS

1b/sec

1b/sec

l1b/sec
ND

valve; 0 for bypassing valve, 1 for using valve

Input air temperature to air blast heat
exchanger

Large pump/small pump recirculation flow
Inlet makeup water flow to pressurizer

Water drain flow from pressurizer

12

Or

1b/sec
1b/sec

1b/sec

H



Table 3.2-3. DEFINITION OF VARIABLES USED IN CASY

VARIABLE

APL/APS
"ICAN

IPLIT/IPSIT

NCAA
NPL /NPS
PPRG

TAM1 to 10
"TAW1 to 10

TCAHOA
TGPM

THHI6

THM1 to 6

THW1 to 6

THWI
THWO

TLPH

" DEFINITION

Area of throttle valve on large pump/
small pump normalized to 1.0 at fully open

Output of integrater in Circulatof-speed
controller

Output of integrator in large pump/small
pump speed controller

Speed of auxiliary circulator
Speed of large pump/small pump
Pressure of gas in pressurizer

Nodal metal temperatures in air blast heat
exchanger node 1 to 10 '

Nodal water temperatures in air blast heat
exchanger node 1 to 10

Outlet temperature of auxiliary circulator
Temperature of grid plates

Temperature of helium in volume node
belween auxiliary circulator and CAHE

Nodal metal temperatures in CAHE
node 1 to 6

Nodal water temperatures in CAHE
node 1 to 6

Inlet water temperature to CAHE
Outlet water temperature from CAHE

Temperature of helium in lower blenum of
core :

13

UNITS

——

ND

RPM

RPM

RPM

RPM



VARIABLE
TPC1 to 10

TPCOM

TPH1 to 10

TPHM

TPRW

TRC1, 6
TRF1,6
TUPH

VPRW

Table 3.2-3 (Continued)

DEFINITION
Nodal temperatures in cold leg p1pe
node 1 to 10. _ ‘

Outlet temperature of cold leg as measured
with thermowell

Nodal temperatures of hot leg pipe
node 1 to 10

Measured femperatﬁre of hot.leg including
thermowell

Temperature of water in pressurizer

Temperature of cladding in reactor
node 1 thru 6 ‘

Temperature of fuel in reactor node 1
thru 6 '

Temperature of helium in upper plehum of
reactor

Volume of water in pressurizer

14

UNITS

ft



Table 3.2-4.

VARIABLE
APLD/APSD
BAWI

BAWO

BAW1 to 10
BAWT

BHW1 to 6
BHWI

BHWO

BHWT

BPC1 to 10
BPCT

BPH1 to 10
BPHT

CREFO

CREP1

" DEFINITION

Demand throttle valve area from large
pump/small pump flow control

Thermal expansion/compression of water
in CAHE inlet node

Thermal expan51on/compre551on of water
in CAHE outlet node

Thermal expansion/compression of water
air blast heat exchanger nodes 1 to 6

Total thermal expansion/compressibn-of
water in air blast heat exchanger

Thermal expan51on/compre351on of water
in CAHE nodes 1 to 6

Thermal expan51on/compres51on of water
in CAHE inlet header

Thermal expansion/compression of water
in CAHE outlet header

Total thermal expansion/compression of
water in CAHE

Thermal expansion/compression of water
cold leg pipe nodes 1 to 10

Total thermal expansion/compression of
water in cold leg pipe

Thermal expansion/compression of water
in hot leg pipe nodes 1 to 10

Total thermal expansion/compression of
water in hot leg pipe

Initial fractional power level

Fractional power.level

in

in

DEFINITION OF INTERMEDIATE VARIABLES

UNITS
(ND)

1b/sec
1b/sec
1b/sec
lb/seé
1b/sec
lb/sec
1lb/sec .
1b/sec
1b/sec
1b/sec
lb/seé.
1b/sec

ND



VARIABLE

CREPOO
GBPH
GCAA
GCCA
GREH
GRETOT
JLPV
JUPV

MARGIN

MLPH
MNSS
MUPH
PNSS

POWER

QAAM1 to 10

QAAMT
QAAWM1 to
10

QAWMT

QBPH

Table 3.2-4 (Continued)

DEF INITION

Power level at beginning of reactor trip
Helium. flow through core bypass paths

Helium flow at auxiliary circulator

"Helium flow at main loop circulator

Helium flow through reactor core fuel pin
Total helium flow in reactor

Volume of loWer'pléhﬁm

Volume of upper plenum

Euthalpy margin in CAHE between water and
generation of steam

Mass of helium in lower plenum
Total mass of heliﬁm |

Mass of heliuﬁ in uppervplenum
Helium pressure

Total power in the reactor

Heat flow from air to metal in air blast
heat exchanger node 1 to 10

Total heat flow from air to metal in air
blast heat exchanger '

Heat flow from water to metal in air
blast heat exchanger node 1 to 10

Total heat flow from water to metal in
air blast heat exchanger ’

Heat flow from heat source in the core
bypass channel to helium

16

UNITS

1b/sec
lb/sec
lb/sec
1b/sec
1b/sec
£t3
£e3

BTU/1b

1b
1b
1b
psi
ND

BTU/sec
BTU/sec

BTU/sec

BIU/sec

BTU/sec

'l



VARIABLE
QHHM1 to 6
QHHMT
QHWM1 to 6
QHWMT

QPR
QRF1 to 6

RAW1 to 10
RAwAV

RAWI

RAWO

RHW1 to 6

RHWAV
RHWI
RHWO

RPC1 to 10

RPCAV

RPH1 to 10

RPHAV

Table 3.2-4 (Continued)

DEFINITION

Heat flow from helium to metal in CAHE
node 1 to 6

Total heat flow. from helium to metal in
CAHE ‘ :

Heat flow from water to metal in CAHE
node 1 to 6 Co

Total heat flow from water to metal in
CAHE

Heat lost in pressurizer to water
Heat generated in fuel nodes 1 thru 6

Density of water in air blast heat
exchanger nodes 1 to 10

Average density of water in air blast
heat exchanger

Density of water in inlet node of air
blast heat exchanger

Density of water in outlet node of air
blast heat exchanger

Density of water in CAHE heated zone
nodes 1 to 6

Average density of water in CAHE
Density of water in CAHE inlet node
Density of water in CAHE outlet node

Density of water in cold leg pipe
nodes 1 to 10

Average density of water in cold leg pipe

Density of water in hot leg pipe
nodes 1 to 10

Average density of water in hot leg pipe

17

UNITS
BTU/sec
BTU/sec
BTU/sec
BTU/sec

BTU/sec
BTU/sec

1b/ £t
1b/ft3
1b/ft?
1b/£t3
3

1b/ft

1b/ft

1b/ft

w W w

1b/ft

1b/£t3

1b/£t3
1b/ft3

1b/2t>



VARTIABLE

RPRW
RPUMP

TAA1 to 10
TAAOL to 10
TAWI

TAWO

TAWOl to 10
TBPH

THH1 to 6
THHO1 to 6
THWO

THWO1 to 6
THWOS
THWOSS
TPCO

. TPHO

TPRG

Table 3.2-4 (Continued)

DEFINITION

Density of water in pressurizer
Density of water at the pumps

Average temperature of air in air blast
heat exchanger nodes "

Outlet air .temperature from air blast heat

exchanger nodes 1 to 10

Inlet water temperature to air blast heat
exchanger

Outlet water temperature from air blast
heat exchanger

Temperature of water at node interfaces in
air blast heat exchanger nodes 1 to 10

Temperature of helium at outlet of bypass
paths in reactor core

Average temperature of helium in each CAHE
node ,

Temperature of helium at node inferfaces
in CAHE node 1,2

Temperature of water at outlet of
CAHE

Temperature of water at node interfaces .
in CAHE nodes 1 to 6

Temperature setpoint of outlet water from
CAHE

Temperature setpoint of outlet water from
CAHE when controller is off

Temperature of water at outlet of cold
leg pipe

Temperature of water at outlet of hot
leg pipe

Temperature of gas in pressurizer

18




Table 3.2-4 (Continued)

VARIABLE DEFINITION ' UNITS

(o}

TPRI Temperature of makeup water flowing into R

the pressurizer

TREH1,6 Temperéture of helium in reactor nodes 1 R
' thru 6

TREHOl, 6 Temperature of helium at outlet boundary °r

of reactor nodes 1 thru 6 '
TSEC Simulation time when reactor trip is sec

initiated
WFLQPD ‘Partial of flow through CAWS less pumps 1b/sec

: with respect to pressure drop across pumps
WFLOW Water flow in CAWS 1b/sec
_WFLOWS Water flow setpoint in flow controller - 1b/sec’
WPL /WPS Water flow through large pump/small pump 1lb/sec
WPLPD Partial of large pump flow with respect 1b/sec
' to pressure drop across the pump

WPR ~Water flow into pressurizer from CAWS 1b/sec
WPSPD Partial of small pump flow water pressure lb/sec

drop across the pump

19



4., CAWS PROCESS-FLOW MODEL DEVELOPMENT

The CAWS process-flow modeling schematic is shown in -
Figure 4-1, a listing is given in Figure 4-2, The CAWS process-flow
model consists of two feedpumps, in parallel configuration,lserv— v
ing a line characterized by six lumped flow resistances in series.
These two pumps consist of a large pump.(PL) for pumping approx-
imately 42 lbs/sec during cooldown operation, and a small pump .
(PS) for pumping approximately 5 lbs/sec.during standby operation.
The densities chéracterizing each of the resistances are provided
by thermal models of the represented components, since density is
dependent only upon the water temperature. The flow rates from ”
each pump and through the line are determined as a function of ' '{'
the densities and the pressure differential PLOAD. Since water
is assumed incompressible, the flow ratés WPL, WPS, and WFLOW are .

related at all times by
WPL + WPS - WFLOW = O.

This constraint provides the defining expression for PLOAD which,
due to the nonlinearities, cannot be solved for explicity and
must be determined iteratively. Sections 4.1 and 4.2 develop
model equations to determine the mass flow rates WPL, WPS, and
WFLOW as functions of PLOAD. Section 4.3 develops the equations
for the pressurizér model. The iterative scheme for determining
PLOAD at each time step will be recognized below as a simple
gradient approach utiiizing the value at the last time step as an

initial guess.

20



RPHAV

! Hot ]

L : Pipe .
Air Blast > , %;
HX Inlet <& RAWI - ' CAHE .~ RHWAV
Nozzles = < : s

=
Air ; .
Blast SPS=1

RAWAV _ WPSR
HX é -~ SPS=0 CAHE 2
/ Y/ @ Inl Et .
. / pS—+ ——\', Nozzles = RHWE
NPS - , I I RC
(jbressurizej} ! WPLR SPS'I Ly
, i i < SPS=0, WFLOW !
. r\ ?—\ | RPCAV —_—— :
(PL D NN
i WL | Cold
! /Y . | Pipe
i /
' NPL 2 throttle |
; Valve '
j———  PLOAD —————>
1
! .

Figure 4-1. Process Flow Schematic - CAWS
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X % % k% % % CACWS FROCESS-FILOW MODEL X% % % % % X
- SR S S S T SECTION 4. X % %X % x X

K JPLO=KPLJOXRPFCLIX (NFL/RKFLN) XX2
ES JPLL=REFL LR ONPL/KFLN)

k SPL2s=-KELJ2/RFCL :

* :
13

ik JPSOHKPSJO*RPCI*(NPS/KFSN)**2
K JES1=KPSJLXKI(NFS/KFGN)
X JEG2=-KFSJ2/RFCL

E JAWFL=1 . /SART (RFHSQA/RFHAVHRFCSQ/RFPCAVHRARSA/RAWAVERHWS A/ RHWAV . o o
KHWISQ/RHWI+KAWISQ/RAWLE) :

RFEUMP=RFC1

XFROCED WFLOWyWRPLy WSy FLOAD=FRFLOCJAWFL y RFUMPyAPL y SFLyWFLRy JFLOy JFLLLy o v s

JFL2yNFLy AFSySFSy WRERy JFS0y JFS Ly JFS2yNFS) -

4 TFPLOATD Lyl sy 2 - o ' BT

1 WFLOW=0.

WFL.OFD=0,

GO TO 3

2 WFLOW=JAWFLXSART (FLOALD

WFL.OFD=0 . SXWFLOW/FI.OAD

CONTINMNUE '

JPLERFLASAQRT CRFUMF)

JFS=RKPSXSART (RFUMF)

WEL s WRLFO=MOFTVCIFL »AFL s SPLy JPLO JPLL s JPLZ2»WFLKRy FLLOALDD

WES s WESFI=MOFTV(JFSyAFS» SFPSy JFS0y JFS1y JFS2y WFSRy FLOALY

ERR=WFL+WFPS-WFL.0W

FLOAD=FLOAD-ERR/ (WFLFDHWRSFO-WFLOFD)

IF(ERRXERR.GT.0.,01)G0 TO 4

HENMDFRO

¥ x #K

& 3 W M W K I R R R IE €3¢
o

Note: The * in column 1 of the model indicates that the
process-flow model is 'commented out'" of the current
program,

Figure 4-2, Listing of Process Flow Model
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4.1  FEEDPUMP MODEL

The feedpump;model shown schematically in Figure 4.1-1

= 1 (open)
=0 (closed)

W+ WR ‘ ‘ W

Figure 4.1-1.  Feedpump Mbdel Schematic.

is suitable for modeling
; a fréé;ruhhing édnstant speed puhp ‘(no flow contrdl)v
e a constént speed pump with throttle contrél
e a pump with variable speed control

and is quite flexible in this respect. The major assumptions

are

e the pump characteristics (head and efficiency) can be
expressed in terms of second order polynomials in the

ratio of flow to speed.

e the isolation valve offers no resistance to flow when
closed.
e the density of the water passing thrbugh the pump is

well characterized by the density at the inlet.

Recirculation flow WR (usually zero, except during startup and

shutdown) must be specified by the user.

The flow through the pump (W + WR) and the pressure rise
across the pump (P - PI) can be related in terms of ’

. _ 2 _
P - PI = JO + Jl(W +AWR) + JB(W + WR) (4.1-1)

23



The pressure drop across the parallel isolation and throttle
valves is given as a function of flow by .
s W
P - P0 = — (4.1-2)
(K,A.) ‘
where S -= O for an open isolation valve results in P - P, =0
~as desired, and Sv =1 for a closed isolation valve results in
the standard flow squared law involving the throttle valve.
Subtracting (4.1-2) from (4.1-1) yields -

Po - PI = (JQ + leR + J2WR ) (Jl + ZWRJZ)W

2, 2

Sv - J2Kv Av
- 53 A
K "A
v “v

2

(4.1-3)

which is a standard second order algebraic equation of the form

alWZ + bW + C = 0 » (4.1-4)

with solution

: s :
b ., /[b c
= — +\ /(== - = .
w 2a — (2&) a

For computation convenience, this is written as

2 .
W=—%—a lb +\/(%a"1b) - ca_l : (4.1-5)

where the negative root is discarded on physical grounds. Compar-
ing (4.1-3) and (4.1-4) yields

-1 —sz sz
a = 55 (4.1-6)
S, - JoK, AL
b= J, + 2J,Wp 4  (4.1-7)
_ 2 -
c =J + leR + JZWR - (PQ - PI) (4.1-8)
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Under normal operéting cbnditions, Equations (4.1—5) -
(4.1-8) uniquely and explicitly define flow W as a function of
Po - PI, the valve positions and the recirculation flow. As a
final consideration, it is conceivable that heads (Po - PI) ip
exceéss of the maximum allowable could be encountered, particularly
while removing the motor pump from the line by closing the throttle’
valve. Prediction of pump behavior under these conditions is
beyond the scope of this model, but it is possible to avoid abort-
ing the run on a Fortran error (square root of a negative number)
in such ah event. This is accomplished by comparing Po - PI to

the maximum allowable héad as determined from

2,1

2
2 + JZWR) ) (4.1-9)

(P - PI)max = + (Jo +J W

o) 1R

and setting W = 0 when Pd - PI > (Po —PI) max.

This equation is derived from taking the partial of
Equation (4.1-3) with respect to W, setting it equal to zero, and
solving for the flow corresponding to the maximum head. Subsequent
substitution into (4.1-3) yields Equation (4.1-9).

The above development forms the basis for MOPTV listed
in Figure 4.1-2.

¢

MACRO WsDWDPO=MOPTV(KV,AV»SV, JOrJ1sJ2+WR»DELP)
SEE SECTION 4.1 OF REFORT
BENERAL PURMOSC PUMP MAGRO FOR REFRRGENTING LONSTANT AR VARTARILE
SFEED FUMF WITH THROTTLE OR ISOLATION VALVE OFTIONAL. REQUIRES
THAT USER SFPECIFY RECIRCULATION FLOW AS INFUT. USER MUST SFECIFY
FUMF CHARACTERISTIC AS SECOND ORDER FOLYNOMIAL.
JU=KVXKVXAVXAY
IF(SV.EQ.0.) JV=1
IF ISOLATION VALVE 1S OFENs THROTTLE VALVE SETTING IS IMMATERIAL
AS IT DROFS OUT. SETTING JV=1. RESULTS IN AINV=-1/.2 AS AFFPROP.
AINV==-JVU/ (SVU-U2%JIV) K
B=(J1+2,%WRXJ2)
BAINV=EXAINV
CFART=WR*(J1+J2%XWR)+J0O
DELFMX=-BXBAINV/4. +CFART
IFCODELFMX-DELF) 1+1,2
1 W=0.
DWDF0O=0.
GO 70 3
C=CFPART-DELP .
W=-BAINV/2, +SART (BATNUXEATNVU/4 ., -CXAINV)
DWDOFO=AINV/ (2 . XW+EXAINV)
3 CONTINUE
ENDMAC

R X X X ]

*

]

Figure 4.1-3. MOPTV MACRO
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4.2 FLOW VERSUS PRESSURE DROP»EXPRESSIGNS
‘ The pressure losses around the CAWS system are repre-
sented by six lumped resistances (Figure 4-2).
‘e The hot 1line |
e The air blast heat exchanger heated zone
@ -The air blast heat exchanger inlef losses
e The cold line
e The core auxiliary heat ex#haﬁger heated zone
e The core auxiliary heat exchanger inlet losses

These losses are denSity dependent. The cold line losses and hot
line losses are characterized by average fluid densities. The
air blast exchanger and core auxiliary heat exchanger inlet losses
are characterized by inlet densities, and the distributed losses
through these components are characterized by the average fluid

densities in the heated zone.

Differential pressure, mass flow rate and density Peoi

are related by

2

W, :

= L i = —_

AP, = K; i i=1,..., 6 . (4.2-1)
Cc1l

Since water is assumed incompressible, p is a function of tem-

ci
perature (or temperatures) only. Summing the individual losses

to obtain the total loss around the loop, APL yields

6

6
_ _ K; [y 2 )
APy = E AP, = Z Ri (wi ) , (4.2-2)
=1 el

i=1

but
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hence,

4 _ K
ap, = W > %
 i=1 Pe

which can be rearranged as

i

(4.2-3)

where

(4.2-4)

Equation (4.2-4) is programmed as:
JAWPL = 1./SQRT(KPHSQ/RPHAV+KPCSQ/RPCAV+KAWSQ/RAWAV+

KHWSQ/RAWAV+KHWISQ/RHWI+KAWISQ/RAWI). (4.2-5)

4.3 PRESSURIZER MODEL

The pressurizer, Figure 4.3-1, serves as a pressure
regulator. It is partially filled with water and partially
filled with gas. Expansion or cbntraction of the water due to
addilion or removal of thermal energy is accommodated by compres-
sion or expansion of the gas. Attendant pressure fluctuations
due to addition or removal of thermal energy can be further

reduced by adding or removing gas if necessary.
The assumptions employed in the model developed below are

® The gas obeys the general gas law, e.g.,
P = pRT

e Water is incompressible, e.g.,

Q|
Sl
=3
1l
o

27



P2
Ta

Figure 4.3-1. Pressurizer Schematic
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The pressurizer is always ‘partially filled with water

and partially filled with gas.

The energy required for thermal expansion of the water
is insignificant in comparision to that required to

raise its temperature, e.g.

d(pT) daT

~

dat - P at.
The thermal capacity of the gas in the pressurizer is
negligible in comparison to that of the water. The
gas is assumed to be in thermal equilibrium with the

water in fhe tank at all times.

The temperature of the water in the pressurizer is

uniform at all points anq, thus{

To = Tup

Mass Balance ~ Water

d(p,. V. )

Win T flow rate of makeup water into pressurizer
(normally =zero)

W, flow rate out through relief or drain value

w = water flow into pressurizer to accommodate thermal

The

expansion or contraction in other components.

water added or removed due to thermal expansion or

contraction in other components is calculated from

dT,

2 : apl i
w = - V. == —— (4.3-2)
i3 T = Ti dt
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expanding Equation (4.3-1)

dp dT dv : ' -
wp 93T T=T dt wp dt in o
wp :

and finally

3p

de _ wp dTw
_EFR = (win -w, v w - pr 5T :'T—T at )//;wp_ . (4.3-3) .
wp ‘
Energy Balance - Water , : .
d(p, V. T ) :
WD WD Wp~ _ _
cp dt Cp Yin Tin Cp Yo Twp pr

+'Cp(U(w)wTI - U(—w)wTwp)
where U(x) is the unit step function equal to +1 if X is positive
and -1 if X is negative.

Rearranging yields

dt
pwp pr dt ¥in Tin Yo Twp pr/Cp + U(W)WTI
d(r,,, V..)
e _ wWp WD _
U(w)wTwp Twp a9t . (4.3-4)
Multiplying Equation (4.3-1) by Twp and inserting into (4.3—4)‘
yields .
dTwp . :
Pwp pr at ~ Yin Tin " Yo Twp - pr/cp *+ U(w)wTy
- U(-w)wTwp - iwp(win - W, + w)
Since
-wT = -U(w)wT + U(-w)wT ;
wp wp wp
this reduces to
dTw o .
dt {win (Tin - Twp) - pr/cp + U(W)WTI - U(W)WTwp}/
pwp pr '
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and finally

WD _
—E¥E - {Win(Tin - Twp) + U(Ww(Ty - T,

p) = Qup/Cpl/

( ) . (4.3-5)

Pwp Vwp

Note that when w < 0, water at temperature Twp is leaving the

T
pressurizer; hence, d wp is not affected.

dt
Mass Balance - Gas
vV -V
d{pg( p Wp)} C6 -G
dt . I o)
dp av
- — £ - __%p
Vo = Vap) @& = %1 - G * Pg 5%
P
p_ = _ g
g R T
g g

Assuming Tg varies much more slowly than Pg yields

V. -V dp
( P - wp) g _ 6 - G + . dep
R .
g g dt o g dt
dPg : Pg dep Rg Tg
—2 = (G, - G_ + ) (4.3-6)
dt I R T -V
o) glg dt (v wp)

Energy Balancc - Gas

The encrgy content of the gas is assumed negligible in
comparison to that of the water and gas temperature~ié assumed

eQual to the water temperature; hence,

= : 4.3-7
Tg 'rwp . ( )
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Equations (4.3-2), (4-3f3),.(4ﬂ3f5), (4.3-6) and (4.3-7) along
with table lookups for p(T) and %% form the basis for the pres-.

surizer model shown in Figure 4.3-2.

it
¥

¥

~

5 %

&

W W OFE W b

T=T,

FRESSURIZER MODEL

 TRRG=TFRY

JPRRF=ITFRUXAFGEN CFARTRT » TRFRW) XVFRW
REFRW=AFGEN(RFTSL y TFRW) -
WER=BFHT+EAWTHBFCTHEHWT

THWX=TFC?

DTFRW= (WPFRIZ(TFRI-TFRW) -QFR/ZKUNWCF+ CTHWX-TRFRW XL IMIT0.09 4
e LESy ~WFR) ) /RFRUW/VFRW ' -
THFRW=TNTORL(ITFRW» DTFRW)

OVFRW= (WPRI-WRFRO-WER-JFRRF) /RFRW

VFRW=TNTORL CIVFRW y DVFRW

DFFPRG= C(OFRI-GFRO) XKUNGR/1 44, *Tfhb+FFRb*UVFRw)/(thU -UFRW)
FPRO=INTGRL(IFFRG s DFFRG)

Figure 4.3-2. Listing of Pressurizer Model.

where BPHT, BAWT, BPCT and BHWT are the thermal compression/

expansion terms associated with the various components in the

CAWS.

Note:

The * in column 1 of the model indicates that the‘preséur—

izer is '"commented out'" of the current program. The pressure
PPRG is specified by the value IPPRG and is held constant. This
was done since there was insufficient design data on the pres-
"surizer volume and mode of control on gas pressure.
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5. PRIMARY LOOP PROCESS FLOW MODEL DEVELOPMENT

’

A block diagram showing the GCFR reactor core model is-
given in Figure 5-1. Depending upon mode of operation, helium
from the main or auxiliary cooling loops mixes in the upper ple-
num, flows down thrbugh the core channels absorbing energy and
again mixes in the lower plenum. Again, depending upon mode of
operation, it is drawn to the main or auxiliary cooling loops..
The description of the reactor core model considers the plenum
energy balances (uppef plenum and 10Wer plenum from Figure 5-1)
in which the helium dyﬁémics are lumped along with the method for

calculating reactor pressure.

5.1 PLENUMS

Several assumptions are made in the plenum energy balances.
It is convenient to first 1list the assumptions and then examine
their effects on a generalized energy balance. The resulting
modified form can then be applied to all of the volumes con-

sidered. The assumptions are that:
1. Helium obeys the ideal.gas equations-of-state.

2, Heat transfer coefficients vary with helium flow
raised to the 0.8 power but are not dependent on

temperature.

3. Flows are in instantaneous equilibrium with the

circulator flows.
4, Perfect mixing occurs within each volume.

The thermal equations are derived from an energy balance
applied to a fixed volume V (fts) (Figure 5.1-1) containing helium
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of mass m (1b) and internal energy U (Btu/lb).

a

Gin'Bin m,U,T o ok’ Hok

Y

Helium Volume Node V

Figure 5.1-1. Energy Balance

Helium enters the volume thru N inlet. flow paths with flow rates Gi

(1b/sec) n = 1,...N and enthalpies H; (Btu/lb) n = 1,...N leaves ’
through K exit paths with flow rates Gok (lb/sec) k = 1,...K and
enthalpies Hok (Btu/1lb) k = 1,...K. Heat is transfered to the
helium from L surrounding structural elements at rates d 2 =1,...L.

The energy balance is given by

. Rate of addition
Rate of increase _ |Rate of addition | , [ of energy due to

in internal energy due to convection heat transfer from
structural elements

and its mathematical equivalent

N o K L
d(mU) _ ‘
dt :E: Ginflin ~ Zi: Gokfox | :E: eY
n—1 k=1 2=1

Assumption 1 implies U = CVT and H = CpT and hence, the energy

balance is written as

d(mT) _

inTin ok 6k

O
<
o
o
|
Q
o)
: —
||EV12: :
pa
{
M=
o
-3
o
EM
-y
e
o

o
i
[y
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Assumption 4 implies that To =T, k = 1,...K and hence, the

k
energy balance becomes

' N K L
a(mT) _ \ ' _ '\
Cv ~dt o Z GinTin = 7T Sox ) ¥ qu
' . n=1 k=1 L=1 .
Assumption 3 implies that
K N
— _ G ’
> Gok - Z i
k=1 n=1
and
dm
at - ©
The energy balance reduces to
N ' L
: .gl = ‘ ' - qa
mCV dt Cp 4 E Gin (Tin T) + E L
n=1 : =1

Finally, Assumption 2 suggests,thaf'
a, = J, (T, = T) | £=1,...L

h structural

where TQ is the volume-averaged temperature of the Zt
element and Jl is the product of the heat transfer coefficient

and heat transfer surface area expressed in the form

3, = K, 6768 g =1,...L (5.1-1)

2
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where G is the total helium flow rate through the volume
N

(i.e., G = I 'Gin) and Kz is the heat transfer coefficient at
n=1

the reference helium flow rate Gf (generally 100% rated condi-

tions). The energy balance is now written in final form as

N L
ar _ |¢ E G. (T, =T) + E J, (T, - T C
dt P in ‘Yin © g (Ty =T [(mCy).
n=1 : - 2=1 :

(5.1-2)
The temperature associated with each structural component is '

determined from another energy balance Which upon dividing by

the thermal inertia of the component CZ is given by

dTR '
+F = J2 (T - Tl)/cl 2=1,...L . | (5.1-3)

Equations (5.1-1), (5.1-2), and (5.1-3) as developed from the
generalized energy balance are next applied to each plenum volume.
The equations are written in a form suitable for programming.

They utilize the variable names in which they are presently pro-

grammed.

5.1.1 Upper Plenum

The main cooling loops are normally maodeled with a
single equivalent loop which is considered representative of
KCCN (normally 3) loops in the actual plant. The helium flow
rate per loop GCCA and exit temperature TCCHOA are input from
~ the other models. In auxiliary cooling mode of operation, a
single equivalent 1oop is coneidered representative of KCAN
loops, each with a flow rate GCAA, and exit temperature
TCAHOA to be input from other models.
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One structural element is considered in the upper pienum, the
grid plate. Equations (5.1-1), (5.1-2), and (5.1-3) applied
to the upper plenum in simulation notation are

DTUPH=(KUNHCP* (KCCNA*GCCA* (TCCHOA+460. -TUPH) +KCANA*GCAA*. ..
(TCAHOA+460 . -TUPH )+JGPK* (TGPM-TUPH) ) / (KUNHCV*MUPH)

<JGPK=KGPK*(GREH/KREGR)**O.8/3600.
DTGPM=JGPK* (TUPH-TGPM) /KGPC

d

where DV = It (when used as the first letter in a variable name)
TUPH = upper plenum helium temperature (°R)
GCCA/GCAA = helium flow rate per loop for main/auxiliary cool-
ing loop (1lbs/sec) -
TCCHOA/TCAHOA.= exit helium temperature ffom main/auxiliary loop (°F)
KCCN/KCAN = number of equivalent main/auxiliary loops in
simulation
KUNHCP/KUNHCV = specific heat of heliuh‘at*constant pressuré/voiume
(Btu/1b) '
KGPK = heat transfer coefficient (assumed at 1000 Btu/ft2/°F/hr)
KGPC = thermal capacity per unit area for plate thickness

of .42 in and stainless steel at 1000°F (Btu/ft2/°F)

and MUPH is the helium mass (lbs) in the upper plenum, as defined

in Section 5.2.

5.1.2 Lower Plenum

The core model considers KRENN (number fuel pins in
reactor) equivalent fuél channels each accorded a flow rate GREH
(1lbs/sec). The exit temperature is TREHO6 (OR), and a single bypass
channel accorded a flow rate GBPH (lbs/sec) with exit temperature
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TBPH (OR). No structural elements are currently considered;
hence, only Equation 5.1-2 applies with the latter term.on. tne

righthand side dropped to obtain

DTLPH = (KUNHCP * (KRENN * GREH * (TREHO6 - TLPH) + GBPH
* (TBPH - TLPH)))/(KUNHCV * MLPH)

where TLPH is the lower plenum helium temperature (°R), and MLPH
is the lower plenum mass (lbs).

5.2 REACTOR PRESSURE

The primary loop pressure PNSS is based upon an overall
mass balance applied to the primary loop inventory. It is conven-
ient to first derive the expression in general terms for a con-
stant mass system containing N volumes (Vi i=1,...N) and then to
apply it to the present case. The.total system mass MT is given
by

where Py is the helium density in the ith volume. The individual
densities p; can vary with time, -but the total system mass is
constant. The density in the ith volume is determined from the
ideal gas law written as

py = Pi/(RTi)

where P, and Tl are the absolute pressure and temperature of the

i
helium in the ith volume and R is the gas constant for helium.
The assumption is now made that the pressure variation around the
primary loop is small in comparison to the absolute'pressure at

any point. Thus, all Pi are well approximated by a characteristic
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pressure P, and the expression for total system mass can be

approximated by

and subsequently resolved in terms of the characteristic pres-

sure to obtain

RM
T

P=— ">

N V.
_1
T.

1
- i=1

In simulation notation, this becomes

PNSS = KUNGR*MNSS/(144.*(KUPV/TUPH+KLPV/TLPH
+ KCCNA*KODVA/TODHA))
where
'KUNGR = helium gas constant (ft/°R)
MNSS = total helium mass. in reéctor (1lbs)
KUPV/KLPV = upper, lower plenum Volumes (ft3)

and where KODVA and TODHA refer to the main cooling loop volume

per loop and the temperature at the inlet to the main circulator.

The term KCCNA*KODVA/TODHA has meaning only when the reactor

core model is part of the system model simulating normal opera-
tion. When operating as a stand-alone model or as part of the
auxiliary cooling simulation, the term is suppressed by sétting
KODVA to zero. Total system mass MNSS is adjusted acqordingly.

The mass of helium in the upper and lower plenums (MUPH

- and MLPH) is then determined from
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MUPH

144 . *PNSS*KUPV / (KUNGR*TUPH )
and

MLPH

144 . *PNSS*KLPV/ (KUNGR*TLPH)

5.3 AUXILIARY CIRCULATOR

The auxiliary circulator is a motor-driven variable-
speed compressor. The dynamics of the mechanism, represented
by its inertia, was assumed to be represented by a first order
differential equatioh with a time coﬁstént of 1 sec. The
circulator speed is then found by integrating the equation.
With the speed determined the heliuﬁ flow raté can be estab-
lished according to the circulator performance curve. The
circulator performance was represented by the Fan law over the
-entire range from the depressurized design conditions to
pressurized operation.  The circulator model was then repre-
sented by the following equations

DNCAA = (NCAD - NCAA)/1.

NCAA

INTGRL (INCAA, DNCAA)

GCAA KCAR * 144, * PNSS/TCAHOA/KUNGR * NCAA

Where the circulator performance coefficient KCAR is evaluated

at the depressurized design condition. (see Appendix A).
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6. THERMAL MODEL DEVELOPMENT

This section presents thermal models of the various
system components which, when combined with the primary and
secondary process-flow models, form the éACS simulation code
CASY. Except as noted in each section, the mathematical repre-
sentations are the sameé as those in Ref.' 1. Several parts of
the equation develdpmeht are identical to Ref. 1, but are pre-
sented in the interest of making this document as self-explan-
atory as practicable.

6.1 PIPE THERMAL MODELS

The pipe line model was developed with the following

assumptions:
) End point weighting.
® The metal thermal capacity.has been lumped with
the water thermal capacity. |
e - The variation in water thermal capacity with tem-

perature due to density changes ‘is reflected.

End-point weighting simplifies the mathematical representation and
precludes seesaw which can be troublesome with step or rapid ramp
changes in inlet temperature. Lumping the metal and water thermal
capacities to obtain effective water thermal capacity represents
considerable mathematical simplification. Justification of th;s
simplification was presented in Appendix A, Section A.3.1. The
pipe line model calculates density and the rate of thermai expan-
sion or contraction of water for use in the process-flow and
pressurizer models. Since density as a function of nodal temper-
ature is available, it is a simple matter to represent changes in
water thermal capacity due to density changes, and it is incor-
porated.
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The schematic representation of the cold line pipe
model is shown in Figure 6.1-1. Each node is represented by
the four equations coded in MACRO PIPEl, which is shown in
Figure 6.1-2.

The first equation calculates the nodal density as a
function of nodal temperature by means of table lookup and
linear extrapolation utilizing AFGEN RFTSL. The second equa-
tion calculates the rate of change of temperature and is
developed from a thermal energy balance

dTi _
V. = 5 -
CpPiViar T Sp'Tir - SYTo
where '
T T. T = nodal average, inlet, and exit fluid

i’ il io
' temperatures (°R),

W = mass flow rate of water (1lb/sec),
C_. = heat capacity of water (Btu/lb/°R),
p. = density of water at temperature Ti (1b/ft3).

Assuming the exit temperature is equal to the average temperature

Tio = Ti and dividing by the thermal capacity of water yields

dT.

i _ .
—CF = pr(TiI Ti)/(CpoiVi).

Next, the thermal capacity of water Cpini is replaced by the

effective thermal capacity

Ceff - Cpoivi * Cmi’
where C_. represents the thermal capacity of the metal in the

mi
ith node to yield

dT.

-t = 0 - ~
gt - CpW(Typ = T/(CheyVy + Chyd e
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Adiabatic Conditions -

TPCI

- e . ...... ‘ ‘_—_.b
Water j ? ‘ A TPCO = TPC10
Flow TPC1l o TPC1i TPC10 ’
Figure 6.141. Pipe Model
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MACRO DTFyRF s JPRT=FIFEL(FLO»TFIyVOLyMCAFs TFy ITF)

¥ SEE SECTION &.1 OF REFORT

X FIFE THERMAL NODE WITH COMBIMNED METAL AND FLUID THERMAL CAFACITANCE
RF=AFGEN(RFTSLyTF)
DTF=FLOX(TFI-TF)/ (MCAF/KUNWCF+VOLMXRF)
JPRT=VOLRKDTFXAFGEN(FARTRT » TF)
TF=INTORLCITFLTF)

ENUMAC '

Figure 6.1-2., Listing of PIPE1l MACRO
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and finally

Cp + ini)

a - W(Tip - T/ (Cpy/

which by comparison to the MACRO shows

dTi

DTF = J¢
FLO = W
TF = T.
1

TFI = TiI

MCAP = C;/C,

RF = Py
VOL = Vi

The rate of expansion or contraction of water in the ith node
is determined from the third equation for input to the pressur-
izer model. The %%.lT=Ti is found by table lookup and linear
extrapolation using AFGEN PARTRT with average nodal temperature
as the independent variable. The fourth equation is the standard .
integrator. ‘ '

The pipe models are now formed by a MACRO call for each
node as shown in Figure 6.1-3 for 10 node pipe models.

The hot leg model is identical except that component
designator PC is replaced by PH and the inlet temperature is the
output of the core auxiliary heat exchanger THWO rather than the
output of the air blast heat exchanger TAWO. Note that the
average density and the thermal expansion or contraction for
the line as a whole are calculated as part of the thermal models
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K %X K X K% % % PIPE THERMAL MODELS % % % % % % X
X X% kX ok X%k SECTION 6.1 X X % X X % X

HOT LINE MODEL

UTFHLy RFHLy BRFHL=FIFEL (WFLOWy THWO s KFHY y KFHC s TFHL » LTFHL)
OTFH2y RFH2 y BFH2=FIFEL (WFLOW TEHL y KFHV s RFHC » TFH2 » LTFHZ)
UTFHE s RFHZ y BFH3=FIFEL (WFLOWy TFH2 s KFHVy KFHC y TFH3 9y ITFH3)
OTFHA s RFHA y BPFHA=FIFEL (WFLOWy TRFH3 s KFHV y KFHC » TEHA» ITFH4)
OTFHS s RFHE » BFHS=FTFELCWFLOW TFH4 s KFHYy KFHC y TRHS y TTRHS)
DTFHS s RFHG y EFHSE=FTFEL (WFLOWy TFHG s KFHVy RFHCy TEHO6 » TTFHG)
UTFH7 s RFH7 y BFH7 =FIFEL (WFLOWy TRHO y KFHVU s KFHC s TPH7 » ITFH7)
LTERHE y RFH » BFH3: FELONFLOWY TRH? » KFHY y KFHC » TFHB8y TTFHB)
OUTEHD s RFHY » BFH=FLFEL (WFLOWs TRFH8y KFHUyKFHC y TEH? » TTHFH®)
ODTFHLOy RFHLOy BFH1O=FIFEL (WFL.OWs TRFH? » KFHV s KFHC » TFH10 9 ITFH10)

TFHO=TFH10

KRFHAY= (RFHLAREH2AREH3AREHARFPHS4RFHOHRFH7 +RFU8HRFHO+RFH10) /KFHN
BFHT=RBEHL+RFH24BFH3+BFHA+EFHSHEFH6HBFH7 BFH84+BFHO+RFHLO0

COLI LINE MODEL

OTRCLy RFCLyBFCL=PIFEL(WFLOWs TAWOD s KFCVyRKFCCy TRCLy ITFCL)
DTPC2yRFC2yBPO2=FIPEL(WFLOWy TRCLyKFCVRKFCCy TRC2, ITRCZ)
DTFC3sREC3y BFC3=FIFEL(WFLOWs TRFC2yKPCVyRPCCy TRC3y ITFCI)
OTFCAyRFCASBFCA=PIFEL (WFLOWs TRC3KFCVsKFCCy TRCA4y ITFCA)
DTRCSyRFCSy BFCS=PIFEL(WFLOWy TFCAKFCVsKFCC» TRFCSy ITRCS)
DTFCOy RFCEHy BFCOH=FIFPEL (WFILLOWy TPCSy KFCVyRFCCy TRFCH» TTFCS)
DTEC7yRFC7y BPC7=FIPEL(WFLOWs TRC6 s KPCVyRKFCCy TRC7 5y ITFC7)
UTEC3s RFCSy BRFCB=FIFEL (WFLOWy TRC7 s KFCVyKFCC» TRCBy ITHCB)
OTEC? yRFCP vy RFCO=FIFEL(WFLOWs TRCByKFCVyKFCCy THC? 9 ITFCY)
DTFCLOVRIFCLO s BFCLO=FIFEL (WFLOWy TRC? y KFCVyRFCCy TFCLO» ITFC10)

TFCO=TFCL10

RFCAV= (RFCLHARFC2ERFC3HRFCAHRFCSHRFCOHHRFC7ZHRFPCBHRFCP24+RFCLO) /KFCN
BFCT=BFCLIRFC2HBFUIHBFCA+RPFCYH+BFCSHRPC7HBFCBHRFCI+BFCLO

Figure 6.1-3. Listing of 10 Node Pipe Models
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for use in the process—flow;and pressurizer models. This
serves as a reminder that these equations must be modified
if the number of~nodes,aré changed by the user.

s

6.2 HEAT EXCHANGER MODELS

The schemétic representation of the model is shown in
Figure 6.2-1. Each node is represented by‘the equations coded
in MACRO SPCFHX as shown in Figure 6.2-2, Development of the
MACRO équations is facilitated by the sketch shown below for
a single node.

|
} Gas o ?GI
|
TGO .
' .| |«—CELO
! o |QGM. b
" Metal ¥ i
: oM f
l !
: : |
! IQWM I
{
| ° !
WrLO | W |
-~ TWI Water TWO

Figure 6.2-1. Sample Heat Exchdnger Node Model Schematic

MACRO TGODTUO;DTH’DTU!QGHIGUHIRU!BU=SPCFHX&TGI'TUIvITHrTH'ITUrTU'o..
MCAF»VOL »WTGL>WTG2)WTW1 sWTW2» JGCP s WFLOW» JC» JHTW)

x SEE SECTION 6.2 OF REPORT
* SINGLE FHASE COUNTER FLOW HEAT EXCHANGER WITH INCOMPRESSABLE
¥ FLUID ON W SIDE AND NEGLIGIEBLE FLUID THERMAL CAPACITY ON G SIDE
¥ TGO=GAS EXIT TEMPr» QGM=ENERGY TRANSFER GAS TO METAL
¥ RW=AVERAGE NODAL DENSITY, TW=AVERAGE NODAL TEMP, )
¥ QWM=HEAT TRANSFER WATER TO METAL'". TWO=WATER EXIT TEMP
RW=AFGEN(RFTSL»TW)
TGO=(TGIX(1.~-WTG1%XJC)+JCXTM)/(1,.,+WTG2%XJIC)
QGM=JGCF*(TGI-TGO)
TWO=(TW-WTWLIXTWI) /WTW2
QUM=JHTUWX(TW-TM)
DTM=(QWM+QGM) /MCAP
THM=INTGRL (ITMyDTM)
DTW=(WFLOWX(TWI-TWO)-QWM/KUNWCF) /VOL/RW
BU=DTWXVOLKXAFGEN(FARTRT »TW)
TW=INTGRL(ITW,»DTW)
ENDMAC

Figure 6.2-2, Listing of MACRO SPCFHX
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The gas side energy balance is algebraic. The exit
temperature TGO is determined by simultaneous solution of

QGM = JHT*(TG-TM)

QGM = KCPG*GFLO*(TGI-TGO)
and

TG = WITGI*TGI+WTG2*TGO

where

JHT = lumped overall coefficient of heat transfer from

gas to metal (6%$g33)

KCPG = specific heat of gas (BTU/1lb)

WIGl, WTG2 = gas side weighting, generally 0.5, but always-
constrained to -WTGl + WTG2 = 1.

The unknowns QGM and TG are eliminated by substituting
the third equation into the first (to eliminate TG) and subse-
quently subtracting the result from the second equation to obtain

KCPG*GFLO*(TGI-TGO) = JHT*(WI'GL*TGI+WTG2*TGO-TM)
Defining |

JC = JHT/(KCPG*GFLOW) , (6.2-1)
and rearranging yields

TGO*(1+WTG2*JC) = TGI*(1-WTG1l*JC)+JC*TM

and, finally,

TGO = (TGI*(1-WTGI*JC)+JC*TM)/(1+WTG2*JC) (6.2-2)
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The energy transferred from gas to metal is subsequently calcu-
lated from the second of the three original equations written as

QGM = JG*(TGI-TGO) (6.2-3)
. d

where ‘
JG = KPPG*GFLO v ‘ (6.2-4)

Equations (6.2-1) and (6.2-4) are not 1nc1uded in MACRO
SPCFHX The def1ned parameters are 1nstead prov1ded as inputs.
The reason is that they are the same for a11 nodes when the heated

zone is broken into equally spaced d1v1s1ons.

The: fourth equation-in MACRO SPCFHX is a simple rearrange-
ment of '

TW = WTW1*TWI+WTW2*TWO
which relates average, inlet, éndAexit temperatureé.

The fifth equation ealculates the flow of heat from the
water to the metal, e.g., |

QWM = JHTR*(TW- TM) ,

where JHTR (BTU/ F/sec) is. the overall. coefficient of heat trans-
fer from water to metal, wh1ch is a MACRO input.

The metal and water temperatures are obtained from
differential energy balances given by

MCAP*DTM = (QWM+QGM)

and
KUNWCP*VOL*RW*DTW = (KUNWCP*WFLOW*(TWI-TWO)-QWM)

where

KUNWCP specific heat of water (BTU/lb/oF)'

RW = nodal density (lbs/FtS)

MCAP

"nodal thermal capacity of metal (BTU/OF)

VOL = nodal volume of water (Fts).
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6.2.1 Core Auxiliary Heat Exchanger -

The core auxiliary heat exchanger model is represented
schematically in Figure.6.2.1-1. The heated zone employs Six.
equally spaced divisions, each represented as described in
Section 6.2 of this report. The inlet and outlet headers
are represented by a single node. The thermal cépacity of
containment surfaces peculiar to each is lumped with the

water thermal capacity.

The program listing for the CAHE model is given in
Figure 6.2.1-2. '

The last two equations calculate average density RHWAV
of the water in the heated zone and the total rate of expansion
or contraction BHWT for use in the process-flow and pressurizer
models. The calculations are included here as a reminder that.
they must be modified if the number of nodes in the heated zone

is changed.

The heat trahsfer coefficients for the CAHE are calculated
in the MACRO HTKOE. The gas side thermal resistance can be
expressed as

_ 3600

RHe h

where the heat transfer coefficient is defined as

K
h = 59 (.023) N 0-% * y 1/3
H e Py '

also the Reynolds number can be expressed as
erH
N = o m——
Re uGAF
and the Prandtl number as

,CpGuG
N =
Pr kG
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CAHE INLET AND EXIT WATER HEADER MODELS

ODTHWT y RHWI s BHWI=FIFEL(WFLOWy TRPCOy KHWV I s KHMCT » THWI » ITHWI)
OTHWD s RHWO » BHWO=FIFEL(WFLOW s THWOS y KHWVO y KHMCO » THWO » TTHWO)

CAHE HEATED ZONE MODEL

MHH163144.*PNSS*KHHUIé/(NUNGR*THHI&) .
DTHHIG=GCAAXKUNHCFYX (TLFH-THHIO) / (KUNHCVYXMHHY &)
THHI&=INTOGRL (ETHHI &y DTHHI )

THHS v JHHMG ¢ JHWMO=HTROE (WFLOW s GECAA » JHHCF » THHI S » THHOS6 » THMS » THWS)
THHS 5y JHHMES » JHUMS=HTRKOE (WFLOWy GCAA » JHHCF s THHOG » THHOS » THMG » THWS)
THHA » JHHMA 2 JHWMA=HTROE (WFLOW» GCAA s JHHEFP y THHOS » THHO 4 » THM4 » THWA)
THH3 » JHHM3 y JHUMI=HTROE (WFLOWs GCAA » JHHCF s THHO4 » THHOZy THM3 » THW3)
THH2 s JHHM2 ¢ JHWM2=HTKOE (WFI.0Wy GEAAy JHHCF » THHOZ » THHO2 » THM2 » THW2)
THHL » JHHML y JHUM L =HTRKOE (WFLOWs GCAAy JHHCF y THHO 2 » THHOL » THM1 » THW1)

JHHCF =GO AAXKUNHCF

THHOG y THWOG y DTHMA » DTHWG » QHHMS » QHWMS » RHWA s BHWO=SFCFHX (THHT &y o o
THWOS s ITHMG » THMG » TTHWS » THWG vy KHME y KHWV y KHHW L s KHHWZ 5 o 4 o
KHWWL » KHWW2 7 JHHCF » WFLLOW ¢ JHHMSG v JHWMS)

THHOS » THWOS »y DTHMS » BTHWS » QHHME » QHWME » RHWS ¢ BHWS=SFCFHX (THHOO 0y « o
THWOA y TTHMS y THMS y TTHWS » THWS » KHMC » KHWV s KHHWL s KHHWZ 9 4 o &
KHWWL p KHWW2 y JHHCF » WFLOWy JHHMS » JHWMS)

THHOA THWOA s DTHMA4y DTHWA » GHHM4 » QHWMA s RHWA y BHWA=SFCFHX (THHOSG 5 4 4
THWO3y TTHMA» THMA» TTHWA » THW A s KHMC » KHWY y KHHW1 y KHHW2 v 4 &«
FKHAWL » KHWW2 s JHHCF y WFL.OW » JHHMA4 » JHWMA4 )

THHO3y THWOZ s DTHM3 » DTHW3 » QHHM3 » QHWM3 » RHW3 » BHW3=SFCFHX (THHO% 9 4 o
THWOZ2y ITHM3y THM3 s TTHW3 y THW3 » KHMC s KHWY 5 KHHWL y KHHW2 5 4 4 «
KHWWL y KHWW2 y JHHCF s WFLOWy JHHM3 » JHWM3)

THHO2y THWOZ2 y DTHM2 s DTHW2 » QHHM2 »y QHWM2 y RHW2 » RHW2=SFCFHX (THHO3y o 4
THWUL s LTHM2 y THM2» TTHW2 ¢ THW2 5 IKHMC s KHWV » KHHWL » KHHW2 7y 4 & &
KHWWL s KHWW2 y JHHCF ¢ WFLOW y JHHMZ2 » JHWM2)

THHOLy THWOL y DTHM L 9 DTHWL » QHHML » QHWML s RHW L s BHW 1 =SFCFHX (THHOZ2 9 4 4 &
THWIT ¢y TTHME » THML o TTHWL » THWL » KHMC » KHWV s KHHWL y KHHWZ2 9 o o »
KHWW1 y KHWW2 y JHHCF » WEFLLOWy JHHML » JHWM1)

BRWT=RHW I +BHWLFRBHW2FBHWS 4+ EHWA 4 BHWS A BHWA +RHWO

RHNQU*(Rle+RHW2+RHW3+RHW4+RHN5+RHNé)/KHUN

Figure 6.2.1-2., Listing of CAHE Inlet and
Exit Water Header Models
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where (see Reference 8 for numerical values)

Mg = viscosity of the gas = f(T;) = HVIS
4- bu - - ,‘ 4
= * = . -=. = . 7
au TG e ,_au 6.388 x‘10 ; bu 68
“kG = thermal conductivity of the gas = f(TG) = HCON
by -3 4
= a, * TG a, = 1.062x 10 ;-bk = .701
z’nH = gas flow rate = HFLOW
P, = wetted pefimetef = 7 * number of tubes * outside
diameter of the tubes
AFY= flow area
AF
DH1= hydraulic diameter = 4_5—
\"w
TG = temperature of gas
Cp = gpecific heat of the gas = HSPH
G .
Now writing RHe as
. . - \-.8 - =8 fC_ * u_.\-1/3
R = (QQQQ)*D *(Eﬂ)’ *(l;)*(?g) * _EQ___E
He .023 H \Ag kG He kG _
defining
KH =
HVK au
KHHVKE = bu
. KHHCK = a,
KHHCKE = bk
- . D —o8
= (3600} * [ _H
KHHRX (.oza) Dy (AF)
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results in the equation
RHé==KHHRX/(HCON*(HFLOW*36OO./HVIS)**.8*(HSPH*HVIS/HCON)**.333)

The tube wall thermal resistance is given by

() =)

Bypr = " ]
where
do = tube outside diameter
i di = tube inside diameter
k = thermal conductivity = £(T,,)

From Referenée 8
k =6.25 + .0055 (T -.460) .

Now let
d d
KHMRX = —°) (ln —2)
4 2 d.
A “i
KHMAK = 6.25
" KHMBK = .0055
B © KHMRX

MET - KHAMAK + KHMBK*(TM — 460)

The expression for the water side thermal resistance is

given by the same expression as Lhe gas side; namely,
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where

Let

hydrhulic diameter = inside diameter of the tubes
flow area

viscosity of the water = f(Tw) =.VIS
thermalnconduc£ivity of the water = f(TQj = CON
specific‘heat of the water =_f(Tw) = SPH
temperature of the water

water flow rate ='WFLOW

' :\-.8
_ (3600 '
KHWRX = (7553) * DH * ( F)

Resulting in

.3>|U
=

the expression

= KHWRX ‘(WFLOW*3600. /V . 8% (SPL **, )
AT : (CON*( OW*3 IS)**.8*(SPH*VIS/CON) 333)

It is convenient to define two intermediate variables

JWAT and JHEL, which represenf area correction factors used to

calculate the equivalent overall thermal resistance. These terms

are evaluated by the expressions

JWAT

JHEL

where
JG

(KHWA/KHWN ) / (.5*RMET*KHWA /KHHA+RWAT)

(KHHA/KHWN/JG) / (.5*RMET+RHEL)

(Gas flow rate) *.(specific heat)

These relationships are programmed in the MACRO HTKOE shown in

Figure 6.2.1-

30
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MACKD TGy JALIRy JWAT=HTCOE(WFI.OWsGFLRAT s JCGF 2y TG1 s TOH2s TMET s TWAT)
X SEE AFFEMDIX C OF REFORT
TG=(TE1+TG2) /72
FROCED RATR=RESX(GFL.RAT)
RATR=RKAARXGFLRATX (KAAAUHKAARUX (TG/RKAATRI IXX 681/ 4 4 o
(KAAAK+KAABRKXTG/KAATR)
ENDFRO
RMET=RKAMR/ (KAMAK-KAMEBRXTMET /KAMTR)
CON=AFGEN(FCON» TWAT)
VIS=AFGEN(FUISyTWAT)
SFH=AFGEN(FSFHs»TWAT)
RWAT=RAWRX/ (CONX (WFLOWX3600,./VIS)XK.8%X,,
(SFHXVIS/CON)I %% . 333)
JAIR=RKAAA/KAWN/ (0. SXRMETH+RAIR) /JCGF
JWAT=KAWA/KAWN/ (0. SXRMETXKAWA/KAAATRWAT)
ENIMAC

Figure 6.2.1-3. CAHE Heat Transfer MACRO
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6.2.2 Air Blast Heat Exchanger

The air blast heat exchanger model  is showﬁ schematically
in Figure 6.2.2-1. It is similar in form to the CAHE model except

the heated zone has ten equal segments rather than six.

The program listing for this model is shown in Figure
6.2.2-2,

The heat transfer coefficients for the CAAB are calculated
in the MACRO, HTCOE. The equations presented in this section and
the values for the Various parameters. are found in Reference 8.
The thermal resistance between the tube and the air can be ex-
pressed as

o , 6 \":68L o 4y T .681
R_ - (3600) - GE‘ EE__H__

r +b T
R = . r U ou rl
AIR - ak+kaa 4
ak+kar
where :
Rr = reference air resisfance
Ga = average air flow
G, = reference air flow
Ta = average air temperature
Tr = reference air temperature

a = 1.501x10"2

b = 5.420%1072

a, = 3.22x1073

b, = 2.195x107°
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DTAWI»RAWI » BAWI=FIFE1 (WFLOWs TFHOyKAWVIKAMCI,TAWI»ITAWI)
DTAWO» RAWO » BAWO=FIPE1 (WFLOWs TAWO10 s KAWVO » KAMCO» TAWO» ITAWD)

TAAIOlJQAM109JAUM10=HTCOE(UFLDU;JQRGR!JAACP!TAAIIOvTAAOiOro‘o
TAM10,TAW10) .

TAAD » JAAMP » JAUMS = HTCOF(UFLOU:JAAGRvJAACF1TAA0101TAAO97TAN97TAU9)
TAAB» JAAMSE » JAUMS = HTCUE(NFLOUIJAAGR9JAALP7TAAO?vTAAOBrTANBvTRUB)
TAA7 1 JAAMT y JAWM7 = HTCOE (WFLOW» JAAGR » JAACF » TAADSB » TAAQ7» TAM7 » TAW?)
TAQ6!JAQ“6!JRUH6 HTCOE(WFLOWs JAAGR » JAACF» TAADZ7» TAAUS » TAMO s TAWS)
TAAS » JAAMS » JAUMS=HTCOE (WFLOW» JAAGR » JAACF » TAADS» TAARDS » TAMS » TAWS)
TAAA» JAAMA » JAWNHA=HTCOE (WFLOW,» JAAGR y JAACF » TAADS » TAADA TAMA » TAW4S)
"TAA3 » JAAM3 s JAWM3=HTCOE (WFLOW,» JAAGR» JAACP » TAADAy TAAD3» TAM3» TAW3)
TAA2» JAAM2» JAWNMN2=HTCOE(MFLOW» JAAGR » JARACF » TAARODZ » TAAD2» TAM2y TRW2)
TAAf;Jﬁﬁﬂl1JQUN1=HTCOE(UFLDUvJAﬁGRrJRACFvTQAOZyTAAUlrTAleTAUl)

JAACF=GAAXKUNACF
. JAAGR=(GAA/KAAG) xx-, 481 )

TAAD10» TAWO10sDTAMI10,DTAWL10yRAAM10 s QAWM10»RAWLO» BAW1O=SPCFHX (...
TAAIIOvTAUO?vITAHlOrTAHlOyITANIOrTAUlkaAMCthUUyhAAUl:hAAU-r...
KAWWL » KAWW2 » JAACF » WFLOW» JAAM10» JAWMLO)

TAAQY » TAWOT » ITAMS » DTAWS » QAAMP » QAWMY » RAWP » BAWF=SPCFHX (TAAD107r ¢ v o
TAWD8» ITAMF » TAMP? » ITAWT? » TAWS » KAMC » KAWV Y KAAWL1 Y KAAW2 s o 4 &

KAWW1 y KAWW2 » JAACF r WFLOW» JAAM? » JAWM?)

TAAOBy TAWOS » ITAMS s DTAWS » RAAMS » QAWMB y RAWS y KAWB= SPCFHX(TAAO?;...
TAUO?vITAHB,TAHBvITAUB:TAUB:RAHCyhAUUrhAAUlyhAAU~r...

KAWW1 » KAWW2» JAACP y WFLOW» JAAMB r JAWMSB)

TAAO7;TAUO?:DTAH?-DTAU?;GAAH?;GANM?;RAU?yBAU? SPCFHX(TAAGS-...
TAUOévITAH?;TAM?vITAU7vTAU7vaHthAUUrhAAUlrNAAU-;...
KAWWL r KAWW2 y JAACF s WFLOW» JAAMT y JAWM7)

TAADLy TAWOSL Y DTAMG Yy DTAUWS » RAAMS r QAWMS » RAWS » BAWS=SPCFHX(TAAD7 v+ e
TAWODS» ITAMO » TAMS » ITAWSy TAWS y KAMC » KAWV s KAAWL Y KAAW2 9 4 4 o
KAWWL y KAWW2 » JAACF s WFLOW» JAAMS » JAWMG)

TAAGS Yy TAWOS y DTANS » DTAWS » QRAAMS r RAWMS » RAWS » BAWS=SPCFHX(TAADS s+« »
TAWOA» ITAMS y TAMS » ITAWS y TAWS y KAMC s KAWV s KAAWL 1 KAAW2 Yy 4 4 o
KAWWL » KAWW2 » JAACF » WFLUWy JAAMT » JAWNS)

TAAD4yTAWDASLTAMAy OTAWA » RAAMA 1 QAUMA yRAWA » BAWA=SFCFHX(TAADS s o
TAWO3» ITAMA» TAMA» ITAWA» TAWA»KAMC s KAWV s KAAWL y KAAW2 . o &

KAWWL s KAWW2 » JAACP » WFLOWs JAAMA » JAWMAE)

TAAO3» TAWO3 ITANI Y DTAUI »QAAM3» QAWMI yRAW3 » BAW3=SFCFHX(TAAD4r. 4o
TAWO2s ITAM3y TAM3» ITAWI» TAWI s KAMC y KAWV » KAAWL y KAAW2 y v o &

KAWWL » KAWW2y» JAACF »WFLOW» JAAM3 y JAWMS)

TAAO2y TAWO2 y ITAM2»y ITAUW2 » QAAM2 » QAUM2 y RAW2 » BAWR2=SPCFHX(TAAD3r .+ s »
TAWOLyITAM2 s TAM2 s ITAW2» TAW2 » KAMC s KAWV s KAAWL P KAAW2y 4 4
KAWW1 » KAWW2 » JAACP » WFLOWr JAAM2 » JAWM2)

TAAOL»TAWOL1 »ITAML»DTAWL »QAAML » QAWML sRAWL » BAWLI=SPCFHX(TAAQ2r. .
TAWIYITAM1» TAML s ITAWLy TAWL y KAMC y KAWV s KAAWL yKAAWZ )y . 4
KAWWL y KAWW2 » JAACF s WFLOW» JAAML » JAWML)

RAUAU=(RAU1+RAU2+RAU3+RAU4+RAUS+RAU6+RAU7+RAU8+RAU9+RAU10)/KAUN

BAWT=RAWI+BAW1+BAW2 + BAW3+BAWA+BAUWS+BAWG +BAW7+BAWBE. . .
BAW?+BAW10+RAWO

Figure 6.2.2-2. Listing for Air Blast Heat Exchanger Model
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Now define

KAAR

Rr*3600

KAAAK = a, /(a, +b, T )

KAABK = b, T /(a2 +b, T )

KAAAU

+b T
TSRS

KAABU

T +
b, Tp/ (2, b, T,)

GFRAT

il
(9]
=
~
(]

TG = T
KAATR =T
then

R

ATR = KAAR* (GFRAT ) **(-.681)*(KAAAU+KAABU* (TG/KAATR) )**,681/

(KAAAK+KAABK*TG/KAATR)
Thermal resistance of the tube wall can be expressed as

() bz

RByer = K

whére
tubé outside diameter

(o}
Il

tube inside diameter

[}
!

and

w
i

thermal conductivity = f(TM)

29.1 + ,0059 -« (T - 460)‘/3600

MET
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in terms of the reference metal temperature (Ty, = 722)

T ' -2 -2
k = .8837 g 10 © - .1183 x 10 (TMET/722)
\2. “\d.
R = — : 1
MET — [ 8837x1072 - .1183%10"2(Tym/722)
_ MET
now let
]
Rygr = B./K
where
Rr = reference metal resistance
= Bypr (722)
= 1.08
also

K =k g R,/ (329) '[1n(§‘il)]}

= k + (130.65)

now

.

MET = K = (130.65)

define

KAMR = R_

KAMAK = (130.65)(.8837x10™2)

KAMBK = (130.65)(.1183x10"2)

KAMTR = reference metal temperature
Then Ry = KAMR/(KAMAK-KAMBK*TMET/KAMTR)
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The thermal resistance of the water side is defined as
follows: ' '

Let
3600

Byar = T

where the heat transfer coefficient is defined as

K | m D\ fcu \/3
h = =% . (.023) - (Zlﬁ—) . (_p_w_

=)

H Frw kw

rearranging yields

~ f\-.8 |
RWAT= 3600'(.——1;1—)'(2—}1)- . ( - kw,

Qo
[\
w

now defining

KAWRX = 3600 -.—0—2-? b 'A—'
F

wheré

DH = hydraulic diameter

= tube inside diameter

and

AF = water flow area

Aﬁ = viscosity of water = f(Tw) = VIS

k= thermal conductivity of water = f(TW) = CON

w
C = specific heat of water = f(T ) = SPH
Pw . w

Tw = temperature of water

ﬁw = water flow rate = WFLOW

Then Ry,n = KAWRX*CON/((WFLOW*3600:/VIS)**18*(SPH*VIS/CON)**.333)_
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It is convenient to define two intermediate variables,
JAIR and JWAT, which represent area correction factors used to
calculate the equivalent overall thermal resistance. These
terms are evaluated by the expressions_'

JAIR = KAAA/KAWN/(O.5*RMET+RAIR)/JCGP

JWAT = KAWA/KAWN/(O.5*RMET*KAWA /KAAA+RWAT)
where

JCGP = (air flow rate) * (specific heat)

These expressions are programmed in the MACRO HTCOE . as shown on
Figure 6.2.2-3. '

MACRO TGy JHEL y JWAT=HTRKOE(WFLOWsHFLOW»JG»T1» T2y TM»TW)
¥ SEE.  AFFENDIX C OF REFORT
T OTG=(TL4+T2)/2
FROCED RHE=RESY(HFILOW)
HSFH=1.242
HVIS=KHHVRXTGXXKHHVKE
HCON=KHHCRKXTGXXKHHCKE
RHE=KHHRX/ (HCONX (HFLOWX3600 . /HVIS) XX . 8X4 0
(HSFPHXHVIS/ZHCON) X% . 333)
ENDFRO
RMET= hHMRX/(hHMAh+hHMHh*(TM"460 F N
CON=AFGEN(FCONsTW) '
UI»fAFGEN(FUI&vTU)
SFPH=AFGEN(FSFHsTW)
RWAT=KHWRX/ (CONX (WFL.OWX3600. /U[S)** (23 SN
(SFHXVIS/CON) X%, 333)
JWAT=CKHWA/KHWN) / € o SXRMETXKHWA/ZKHHA+RWAT)
JHEL=(KHHA/KHWN/JG) /7 ( e SXKRMET+RHE)
ENDMAC

Figure 6.2.2-3. Air Blast Headt Exchanger
Heat Transfer Coefficient MACRO



6.3 REACTOR MODEL

The active core model consists of a single equivalent
fuel channel and a bypass channel. The fuel pin at the. center
of the equivalent fuel channel is based upon actual fuel pin
geometry. - Its properties, the rate of energy produced within
it, and the fraction of total reactor flow which cools it
represent the average for the 30,834 fuelAbins in‘the reactor. -
Since some of the energy from the fission'process dppears in
reactor elements other than the fuel pins (e.g., the control
"rods) and, since these elements are cooled by helium flowing
through the'core, fractions of total reactor power and helium
flow are accorded to a bypass channel. -

6.3.1 Equivalent Channel Model

The equivalent channel model is based upon a representa-
tive fuel pin. The fuel pins are cylindrical in appearance,
with an annular cylinder of stainless steel cladding serVing
as the fuel container. The fuel is in the form of donut-shaped
pellets stacked vertically within the cladding. The composition
of the fuel pellets is varied to affect thée power distribution
within the reactor as a whole. It will be assumed that these
variations do not affect the thermal properties of the fuel.

The effect on axial power distribution will, however, be

approximated.

As shown in Figure 6.3.1-1, a portion of the cladding
surface has been artifically roughened to improve heat transfer
from cladding to coolant. It also shows upper and lower axial
regions in which the fuel composition contains a high concen-
tration of isotopes which produce fuel through parasitic capture
of neutrons. The power produced in these axial regions will
thus be considerably lower than that produced in the ééntral
region, especially during early portions of the fuel cycle..

The implication is that there should be a minimum of four axial
regions included in the equivalent channel modcl. In current
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Figure 6.3.1-1. Representative Fuel Pin
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configurations, the region with roughened_surfacé is divided
into three axial subdivisions. The resulting model, shown
schematically in Figure 6.3.1-2, contains six axial regions.
Each axial region contains three radial regions corresponding

to fuel, cladding and coolant.

Several assumptions are made in the development of this.
model. It is convenient to summarize the major assumptions

before proceeding.

1. Axial heat transfer between ddjacent solid nodes
is negligible in comparison to radial heat transfer.
2. Helium obeys the ‘ideal gas law.
3. Helium mass flow is instantaneously in equilibrium
with circulator flows and is uniform along the

channel length.

The equivalent fuel channel model development can be
accomplished on a modular basis wherein each module corresponds

to one fﬁel region, as shown in Figure 6.3.1-3..

: *Tar
T . T 1
| F JFC c JCG lG
Q - T AN _L—W.—'TGA
c, c 16

F c
_l— —l— _ oTGO
Figure 6.3.1-3. Single Equivalent Fuel Channel
Module (MACRO CRNODE)
'Inputs to this module are inlet helium temperature TGI(OR) and
flow rate G (lbs/sec), heat generation rate within the fuel
QF(Btu/sec), thermal conductances between fgel and cladding
JFC (Btu/sec/OR) and c¢ladding and coolant JCG (Btu/sechR), and
the fuel and cladding volumes needed to calculate the thermal
capacitances.CF (Btu/oR) and Cc (Btu/oR). Outputs are fuel
temperatures TF (OR), cladding temperatures Tc (OR), average
helium temperature TGA (OR),'and helium exit temperature TGo (OR).
The describing equations are based upon energy balances written
for the fuel, the cladding, and the coolant.
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Figure 6.3.1-2. Modeling Schematic for the Equivalent
Fuel Channel Model
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The energy balance applied to the fuel can be expressed as

Rate of heat

Rate of change Rate of heat .
of stored enmergy | = |generation with-| - iii?ifﬁr to
in the volume in the volume y

the cladding| .

which is. equivalent mathematically to '

Cp(PTp) = Qp - Qpc

where D = g% and QFC is the rate of energy transfer from fuel
to cladding, which from Figure 6.3.1-3 can be written as

Qpc = Jpc(Tp. - Tg)

Dividing both sides of the enefgy balance by CF yields

DTy = (Qp - Qpc)/Cy

The thermal capacity can be written as
Cp = (PC)pVp

where (pC)F = f(TF) ' !

The energy bélance for the'cladding can be expressed as

Rate of charge ~ Rate of addition Rate” of loss by
of stored energy = | by heat transfer - heat transfer
in the cladding | from the fuel : to coolant

3
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or in equation form
where from Figure 6.3.1-3

- T

g = Jco{Te - Tga)

The energy balance is converted tovfinal form by dividing both
sides to:Cé'to obtain

DT¢ = (Qpc - Q¢g)/C

The thermal capacity is defided by
Ce= POV, \

where
(pC), = T(T,)

The energy balance for the coolant (helium) node can be

expressed as

A ‘| Rate of gain of Rate of loss of
g%t:tgfeghzggsgy = |thermal energy by| _ |thermal energy
in fluid volume | convection at the by convection

: inlet . ' lat the outlet

FRate of heat
transfer from:
the cladding
Lsurface

which, neglecting energy storage in the helium,vis mathematicélly
equivalent to ’

- T

PFTGI - CPGTGO + JCG(Tc GA) (6.3.1-1)

0=2¢C
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where TGo and TGA are both unknown, and a second expression is
required relating the average temperature. to the inlet and exit
temperatures. It is customary to relate these according to

-TGA = JWTGI + (1. - JW)TGO . (6.3.1-2)
where Jw is a linear weighting coefficient whidh can be related

to the temperature distribution along the coolant channel.
Alternatively, it can be determined from the expression

Iw

1. - 1./(1. - EXP(-J;)) + 1./J, (6.3.1-3)

where

= * ' -
.JL JCG/(G< Cp) : (6.3.1-4)
Since the means of arriving at equation 6,3.1-3 requires
discussion, the derivation will be postponed until equations 6.3.1-1
and 6.3.1-2 have been combined to eliminate TGA and thus obtain TGO‘
' First, equation 6.3.1-1 is rewritten in light of equation 6.3.1-4

to read

= - -T 6.3.1-5
O =T = Tgo + I (T, = Tga) ( )
Substituting from Equation 6.3.1-2

0 = TGI - TGO + JLTC -'JLJWTGi- JL(l.— JW)TGO (6.3.1-6)

and solving for TGO yields

Tgo = (T - 33+ 3T /(L. * I(L. - 3)) (6.3.1-7)

GO cr{l-

which, along with Equations 6.3.1-2 through 6.3.1-4, determines

TGA and TGO’
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GA .c L

and

Tso

These equations are valid under steady-state conditions with a .
constant surface temperature. Defining x é 1 - EXP(-JL) and
resolving Equation 6.3.1-9 in favor of T, yields

1
X

Substituting into Equation 6.3.1-8 yields

=1 1 x 1 1 :
Tea =x Teo * (1 = %) Tor = 5 G Teo * I+ = %) Tor)
X
+ =— T
‘JL GI
Simplifying,
1 x 1 X S B |
T., = (1. - = - +—+ —+ =) T + (-+)T
GA _ x ~J, I, I ‘el X~ J’ 6o
- 1,1 1_1,,
==zt T G- 70) Teo
. _ 1,1
Defining JW =1. - X + I
L
yields
Tea = JyTer * (1. - I.) Teo

‘which is identical to Equation 6.3.1-2. Further, replacing x A
with (1. EXP(-J;)) in the definition of Jw yields Equation
6.3.1-3. : '
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o1, '
T = T - F (Tc - TGI) (1. - EXP(—JL)) (6.3.;78)

Tep + (T, - Tgp) (1. - EXP(-JL)) (6.3.1-9)

=1 4L -
T, = ¥ Tgo + (1. ) Tor (6.3.1-10)

(6.3.1-11)

(6.3.1-12)

(6.3.1-13)



The equivalent fuel channel model axial module is pro-
grammed in MACRO CRNODE, which is listed in Figure 6.3.1-4.

MACRO DTCyDTF» TGOy TGA=CRNODECJGCy JCF s VF s ULy TEIvGyARFy ITFy TF ITC» TC)
X SINGLE NOUE FOR REACTOR EQUIVALENT FUEL CHANNEL MODEL
JL=JOC/ (GRRUNHCE)Y ’
JW=le-1 o/ CLe—EXF 0L+, /3L
TEO=CTHEIX (Lo ~JLXJWIFILXTC) /(L o+ LKL o -JW))
TOA=JWKTGEIH (L ~JWI X TGO
QAGC=NUNHCFXGX(TGO~-TGI) B
CF=0,5559% (52, 49240, 03953KTF -1, S12E-5KTFXK242 . 203E~9KTFKX3)
CC=0,1196%(218.3784+0.6541%TC~4.504E~ 4*ru**“+1 1A3E~-7%TCX%3)
CAFF=UFXCF
CAFC=VCXCC .
AFC=JCFXCTF-TEC)
OTF=(QRF-QFC) /CAFF
TF=INTGRIL(ITF»DTF)
DTC=(QFC~-QGC) /CAFC
TC=INTGRLCITCDTE)
ENDMAC

Figure 6.3.1-4. Equivalent Fuel Channel MACRO CRNODE

It is accessed in the SYSL code for the six axial node equivalent

channel model with the statements

ODTRCLyOTRF1s TREHOL y TREH1=CRNODE (JRECKL s JRCFK1 s KRFUL s KRCVL s TUFHs + o o
GREHYyQRF1yITRFLy TRFLy ITRCLy TRCL)

DTRC2yDTRF2y TREHO2 s TREH2=CRNODNE CJRECK2 9y JRCFRK2 y KRFVU2yKRCV2 v 4 0 W
TREHOLyGREHyQRF2yITRF2y TRF2y ITRC2y TRC2)

DTRC3yDTRF3y TREHOZ y TREH3=CRNOTE ( JRECK3 s JRCFK3 vy KRFU3 s KRCV3 v ¢ 4 »
TREHO2yGREMyQRF3s ITRFI» TRF3 s ITRC3» TRC3)

OTRCAy DTRFAy TREHO4 y TREHA=CRNONE ( JRECRK4 » JROCFKAy KRFV4yKRCVA» 4 o
TREHO3 s GREHyQRF 4y ITRFA»TRFA4yITRCA4» TRC4) :

HTRCJvﬂTRFUvTRrHﬂdyTRFH"“fRNUnE(JRFCKJVJRCFKSvKRFUSvKRCVSvooo
TREHO4 s GREMyQRF Gy ITRFSy TRFSy ITRES y TRCS)

UTRCSHyUTRFS s TREHO6 s TREHG6= FRNOHL(]REFK67IRCFhévhRFvévhﬁCvéio..
TREHOGDyGREMHyQRFOy ITRFOyTRF Ay ITRCOHy TRECS)
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It will be noted that nodes are coupled through"coolant
temperatures. The output helium temperatures from node 1 becomes
the input to node 2, and so on.

6.3.2 Thermal‘Conductances‘

The thermal condudtances for the equivalent fuel channel_
model node can also be treated in modular fashion. The thermal
reSistancéé l/JFC and 1/JCG are first broken into component parts
for developmental purposes, as shown in Figure 6.3.2-1.

Fuel Gap Cladding Film
Resis- 'Resis- Resistance - Coeffi-
tance tance  Ammm——N— cient
TF TFG Tci : ,Tc Tco 'TGA
Pt AA AMMN—— NN ~ANN AN———e
d Rp Rep  Reyz | Repe  1-/(HA)
RFC = 1/JFC "RCG = 1/JCG .

Figure 6.3.2-1. Schematic Representation of Thermal
Conductance Module (MACRO CORHT)

The individual resistances are based upon the  cross-section of
a fuel pin shown in Figure 6.3.2-2.

The expression for fuel temperatures is developed by
solution of '

- - | (6.3.2-1)

e
~
]
|
|

d
a (T

Y [

which,'with negligibie axial heat tranSfer, is valid at any
axial position with boundary conditions A
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Cladding

Figure 6.3.2-2, Cross-section of a Fuel Pin
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dT
dr

it
(@)

r=a s

e.g., adiabafic boundary at r=a and

where TFG.i§ the outer fuel surface temperature and Q is the

volumetric rate of heating in the fuel region (assumed ﬁniform

a<rc< rF) multiplying Equation 6.3.2-1 by r and integrating

~

. 2 : .
dT _ _ Qr o
rar <. 2kF + C (6.3.2-2)
Applying fhe-adiabatic boundary condition
C=.QL2
ZkF
Equation 6.3.2-2 becomes
ar _ g a® _
dr 2kF T
Integrating
2 2
T(r) = L& an(r) - Qr c (6.3.2-3)
2 4k
F F : »
Applying the remaining boundary condition
2 . '
Qr 2
= F Qa~
€= T Y IES T 2K tn(rg)
and substituting into Equation 6.3.2-3
2 _
.2 . ' Q L
T(r) = TF + EEQ zn(%;) + F 1 - (%L)z] (6.3.2-4)
g . F F 4k F

76



To determine the resistance between the average fuel tempera-
ture and the temperature of the fuel surface at the gap, it is

necessary to evaluate

Ty
‘L pT(r)dr

Tp
rdr

a

TF =

with T(r) defined by Equation 6.3.2-4. The denominator is
simply (er - az)/z; hence,

r
2
. a®Qry r r
T. = 2 . TFG rdr + ) ( rFln rF)drF
F 2 2 F
(rg” -2a%) a a.
T
T '
Q 2 3 : :
+ ZE;_/. (rF - r7)dr . (6.3.2-5)
. )

Equation 6.3.2-5 is valid at any axiul position. Assuming it is
also valid over the average, with T T Q, and kC referenced

¥ "FG’
to the average over an axial length, L,allows R, to be defined

F
as

Te - Teg ~ Ty - Tpg )

2
F

n(r.? - a2)LQ

which upon substitution of TF from Equation 6.3.2-5 yields

a(2)%an(2)

R = 1 1 - B(iL)z _ F F

F ~ BukgL T [ N 2]
: | 1 - (;;)
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For a = .0329/2 and ryp = .1219/2, this becomes

RF = .03229/(kFL)

The regional axial length L is an input'and fuel conductivity
kg (BTU/hr/ft/°F) is determined as a function of Tp (Ref. 4)

according to

kp' = 57.78(.886) [1/(18.2-+ 0.0271 TF/1.8)-

+ 5.5 x lo_lB(T?/l.S)B.]/SGOQ .

for fuel regions containing fuel material (20% enriched mixed
oxide) and '

kp = 57.78(.896) [1/(4.0 + 0.0257 Tp/1.8)

+ 7.3 x'lofls(TF/l.S)B ]/3600.

for fuel regions containing blanket material.

The cladding resistance Rc is determined from solution
to ' '

q = —kc(2an)%% where k_ is the thermal conductivity (6.3.2-6)

subject to the boundary condition

T(r) = T

I'=I'F

ci

where the temperatures represent axial‘averages over length L,
and g is the rate of heat transfer through the annular‘cladding
region at steady state, thus

q=QF
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Subétituting for q in Equation 6.3.2-6 and integrating

Q
T(r) = -

“F '
BrLk_ tn r + C

Applying the boundary condition to determine C

QFW
C=Ty, * 2Lk, in rp

and substituting yields

. T "
o - (6.3.2-7)

T(r) =T,y *'éthc n 4 ,

which defines the aXially—average temperature at radius r.

The cladding resistance Rc is defined by

Since Tco = T(rc), as evaluated by Equation 6.3.2-7, the expression

for Rc becomes

|
o |o

(¢}
[\
=
I
w
0O

For r, = .1219 and r, .1409, this becomes

F

- .02305

Ro = Tk (6.3.2-8)

" The thermal conductivity of the cladding (Ref; 4) is determined

from

k, = (8.093782 + 4.348934x 10"13,(TF-460.))/3600.
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The gap resistance is dominated by the thermal con-
ductivity of helium. Heat transfer by radiation is - assumed
negligible. The éap resistance may thus bé calculated from
an expression identical to EquétiopA6.3.2—8 with r, replaced

by rF-Frg.and kc replaced by kGP:‘
r. +r
gn L g
TF .
RGp s _ wherg rg = gap thickness
' GP <
For re ='21219 and rg = Q.

ch = 0./(Lkgp)

The thermal conductivity of the gap fluid, assumed to be
helium, is
_ 1.062 x 10713 | 0.701

kgp = 3600.  .GP

assuming that TGP ~ (TF + Tc)/z yields

_ : .701
kgp = 2.95E-7 * ((Tp + T, )/2)

(6.3.2-9)
The heat transfer coefficient is evaluated from the
Dittus-Boelter equation

0.8 . 0.4 © (6.3.2-10)

for R, > 2300. For Re < 2300, Equation 6.3.2-10 is evaluated at
R, = 2300. TFor roughened surfaces, a multiplier is used in

Equation 6.3.2-10, as will be described later. Utilizing the

. : . : U
functional form of Equation 6.3.2-9 to define kH with DH = ;3%%§_

and Pr = ,664 reduces Equation 6.3.2-10 to

H=28.28 x 107 7_,-7%L r_%-8/3600

‘GA.
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The multiplier for roughened surfaces is given by

F=1 Re < 9930

- 0.3
F = (Re/9930) 9930 < Re < 100,000
F = 2,155 Re > 100,000

This expression was obtained directly from a MINGAF'listing,
and the origin is not known.* The surface area A is an input.

The thermal conductances can now be calculated from

Cy
I

= 1/(Rp + Ryp + R_/2)

FC GP
and

J

cG “1/(Rc/z + 1/HA)

These equations are implemented in MACRO CORHT, listed in
Figure 6.3.2-3.

MACRO JCG» JCF=CORHT(GyTCyTF»TGyA,L)

FROCED JCGy JCF=CORHT1(G)
REY=3,035E8XGXTEXX~, 687
IF(REY.LT.2300.)REY=2300.
H=8,28E=4KkTOkk, 70 L kREY K, 8/3600.,
KC=1.693E-3+1.208E-6%TC
RC=,0230%/ (KC*1.)
RCG=1./(HXAY+RC/2.
JCG=1 . /RCG :
KF=57,78%.8846K(1./0(18.2+,0271%TF/1.8)+35.SE-13%(TF/1.8)%%X3) /34600,
KH=2, PGE-7X ((TF+TC) /2, ) %%0,701
RCF=,03229/(KFXL)+,00367 (KHXL)+RC/2.
JCF=1./RCF :

ENLFRO

ENIMAC

Figure 6.3.2-3. Core Heat Transfer MACRO CORHT
*Note: The roughness function Was not included in the current

version of CASY.
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and are accessed by, the statements in the simulation

JRECKL » JRCFK1=CORHTCOGREHs TRCLy TRF1» TREH1 s KREAL y KREL 1)
JRECK2 s IRCFR2=CORHT (GREH» TRC2y TRF 2y TREH2 y KREA2 y KREILL2)
JRECKE » JRCFR3=CORHT (GREHy TRC3» TRF 3¢ TREH3 s KREAZ » KREL3)
JRECKAy JRCFRA=CORMT(GREH» TRCA» TRF 4o TREHA s KREAA y KREL4) -
SRECKRG » JROFRG=CORHT (GREHy TROCS » TRF Dy TREHS » KREAD » KRELE)
SRECKG y JRCFRS=CORHT (GREHs TRCSHy TRF 65y TREHS s KREAS s KREL &)

6.3.3 Reactor Model Validation

The core model was evaluated (including a model of the
reactor neutron kinetics) by initiating a scram at ten seconds
and comparing the results to MINAUX (core only) scram. The
comparisons are shown on Figures(6.3.3—l and 6.3.3-2. The

results show excellent agreement.
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7. INTEGRATED SYSTEM MODELS

There were two integratéd system models~developed. The
. first was named CAWS and consists of the secondary coolant system
with core interface variables as parameters. The other was the

total system simulation and is the CASY code.

7.1 CORE AUXILIARY WATER SYSTEM, CAWS

A schematic of the CAWS subsystem simulation is shown in
Figure 7.1-1. A previously developed subsystem code AUXTRAN,
reference 4, was modified to be similar to CAWS. Comparisons
were made between these two independently developed codes to
validate CAWS. The comparison of the CAWS model with the AUXTRAN
code is shown by Figures 7.1-2 to 7.1-27. As can be observed,
the validation is excellent. These validations were made for
a 5% step change in inlet helium temperature (TLPH), helium flow
rate (GCAA), water flow rate (WFLOW), air'inlet temperature
(TAAIl), and air flow rate (GAA). The largest difference is
the outlet helium temperature. This difference is about 2°,
When compared to the 1200° difference across the CAHE this
represents about a 0.2% ditfference (this could probably be
decreased by adjusting the helium to water heat transfer

coefficient or effective heat transfer surface area).

7.2 CORE AUXILIARY SYSTEM SIMULATION, CASY

A core model including a circulator model but without
reactor kinetics was added to CAWS. This integrated model is
the cémplete CASY code. The schematic for the CASY code is
shown on Figure 7.2-1 (page 113). The CASY code was checked by
comparing the results of a modified reactor scram with a similar
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Figure 7.1-1. CAWS Steady-State Data
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Change at Time = 0.0 in Helium Flow Rate GCAA.



66

894 T T ! | T T T
892}

890 /

888 + + + + + + +

+

E + ° o o ° ° °
5’886 . . °
~ * + +

Q )

Hegal- ° ° o °
2

“ (-]

§882 o 12 Node

- + 6 Node
[":8801 — AUXTRAN

?

878}

'876-J

874 | L I L 1 ] |

"0 100 200 300 400 500 600 700

Figure 7.1-10.

Time (seconds)

Outlet Helium Temperature from the CAHE Comparison with- AUXTRAN after a 5% Step

Change at Time = 0.0 in Helium Flow Rate GCAA.




96

1012 1 | | T T - I

4+ <O

|
° o ° ° ° °
1010 o o : + + + +
[ +
o +
1008 .o —
o +
’ +

— +
= 1006 ° —
2 : +
" o 12 Node -
%1004 |- -
3 + 6 Node
o — AUXTRAN
31002— -
E
[V]
& .

1000 -
998 -
996 -
4 o, m

+ + _
992 L 1] ] 1 1 _ 1 I
0 - 100 200 300 400 500 600 700

Time (seconds)

Figure 7.1-11. Outlet Water Temperature from the Hot Leg Comparison with AUXTRAN after a 5% Step
Change at Time = 0.0 in Helium Flow Rate GCAA.



L6

* O
B

| I | b
994‘— -
+
o 12 Node
992 —
s + 6 Node
— AUXTRAN
990 - —
& 088 |-
u
= 986 |~
FE)
«
%
8984 —
£
o
&=
932 |- o ° o o;o+°+°+° ° L, °
98B0 |- : +. -
° 0
+ ° 3
" 978 |- +
976 1 1 - l ' | _ | |
0 100 200 300 400 500 600 700
Time (seconds)
‘'Figure 7.1-12. Outlet Water Temperature from the Hot Leg Comparison with AUXTRAN after a 5% Step

Change at Time = 0.0 in Water Flow.Rate.



86
Temperature (OR

879 ' T

878}

877k

e

)

o0}
-3
22}

o o]
-~
w

e o]
-3
o

(o0}
9
w

872

871}

870 '
0 .

o 12 Node
+ 6 Node
~— AUXTRAN

1 1 - L | l ]

Figure 7.1-13.

100 200 ’ 300 400 E 500 : 600 700

Time (seconds)

Outlet Helium Temperature from the CAHE Comparison with AUXTRAN after a 5% Step
Change at Time = 0.0 in Water Flow Rate.




66

658 T | T T

| | {
657+ -
++$+°
° -]
656— + + . -—
-]
655 . © o+ ° g -
(-} + ° + 3 +° +© -‘dl
- +
& 654 g ° _
o
~
5653 -
=)
o
~
Qv
2352 o 12 Node -
g + 6 Node
651 - AUXTRAN -
650p- m
649 . . i
648 | ] | | | | < ]
0 100 200 300 400 500 600 700

Time (seconds)

Figure 7.1-14. Outlet Water T=mperature from the Cold Leg Comparison with AUXTRAN after a 5%

Step Change at Time = 0.0 in Water Flow Rate.



00T
Temperature (OR)

994
I

992

|

990

988 v

986 1

O
o]
[YLN

O
(o]
[\

980

978

o 12 Node
+ 6 Node
- AUXTRAN

| | 1 1 |

{

976
0

Figure 7.1-15. Outlet Water Temperature from the CAHE Comparison with AUXTRAN after a

100 200 300 400 . ' 500
Time (seconds)

at Time = 0.0 in Water Flow Rate.

600

700

5% Step Change




101
Temperature (OR)

658 T 1 T T T l T
657 |- 2 ¥ 2
656
655+ + © 4 © o
+ + °© 4 © 4 o . ° 2 3 °

654
653
652+ % ' : o 12 Node

/ . + 6 Node
651 ¢ . — AUXTRAN
650
649 |

0 1GO 200 300 400 500 600 700

Time (seconds)

Figure 7.1-16. Outlet Water Temperature from the Air Blast Heat Exchanger
after a 5% Step Change at Time = 0.0 in Water Flow Rate.

Comparison with AUXTRAN




cotl
Temperature (OR)

680

676 -

672 |-

668 I~

o
o

=
I

o)
5
»

!

652 -

648

644 I~

640

(o))
N
[\=N
1
+
+

]

+

+ 6 Node
= AUXTRAN

| ] ] |

|

Figure 7.1-17.

100

Outlet Air Temperature from the Air Blast Heat Exchanger Comparison with AUXTRAN
after a 5% Step Change at Time = 0.0 in Inlet Air Temperature.

200 ‘ 300 400 500
Time (seconds)

600

700



€01

682 T T “ T l T | T
€781 -
674 . o + ° + ° + o + ° 4 g +o0 + o + o4
° +
° +
670~ s9¥ore 4 0o 4 0 % o ¥ ~
~ +
@
o 666 ° —
o $
3 662 o 12 Node ~
g . + 6 Node
0
g* 5581~ — AUXTRAN —
7]
B
654 -
65 —
646 -
642 ] ] ] | ] ] v |
0 120 200 300 400 500 600 . 700

Time (seconds)

Figure 7.1-18. Outlet Water Temperature from the Air Blast Heat Exchanger Comparison with- AUXTRAN
after a 5% Ste> Change at Time = 0.0 in Inlet Air Temperature.



01
Temperature (°R)

1014 T T T I T ‘ T T

1012 |~

+0
4o
40

1010}

1008 |~

o 12 Node
+ 6 Node
-— AUXTRAN

1006 |~

996 -

994{—-

+0

0 100 200 300 400 500 . 600 700
Time (seconds)

Figure 7.1-19. Outlet Water Temperature from the CAHE Comparison with AUXTRAN' after a 5% Step
Change at Time = 0.0 in Inlet Air Temperature.




14100
Temperature (°R)

680 T I T : T T T I
676
+0 + 0 + ©o <+ o + o+
672+
668 |-
654 - o 12 Node
+ 6 Node
660}—' — AUXTRAN
656 —
652
+
" ©
} e
648t
644 ] l ] | | | |
0 1CO 200 300 400 500 600 700

Time (seconds)

Figure 7;1-20. Outlet Water Tenmperature from the Cold Leg Comparison with AUXTRAN after a 5%
Step Change at Time = 0.0 in Inlet Air Temperature. .



90T
Temperature (°R)

898

896

894~

892}~

890}

® o
0o 0
o o
| |

o

0

>
|

880~
878~

876}

874

o 12 Node
+ 6 Node
— AUXTRAN

| . ] ] | ] ]

Figure 7.1-21.

100 200 300 400 ‘ 500 - 600 " 700

Time (seconds)

Outlet Helium Temperature from the CAHE Comparison with AUXTRAN after a 5% Step
Change at Time = 0.0 in Inlet Air Temperature. .




LO1 :
Temperature (°R)

1026

1922

1018

994

990

Figure 7.1-22.

Time (seconds)

Change at Time = 0.0 in Inlet Air Temperature.

I | | I I | 1
g °¢ °
P . ' .
) o l2 Node
B '+ 6 Node
+
;y — AUXTRAN
+
;._4,__.0; o J/*';
+ +
+ +
Al 1 [ | _ 1 | |
0 00 200 300 400 500 600 700

Outlet Water Temperature from the Hot Leg Comparison with AUXTRAN after a 5% Step




80T

880 r — T . —

879~

878 -

Temperature (OR)
o0 00 )
< ] ]
N e o

oo
K
w

872

871

] ] : |

° 12 Node
+ 6 Node
— AUXTRAN

! 1

870
0

100 200 300 200 500

Time (seconds)

600

‘Figure 7.1-23. Outlet Helium Temperature from the CAHE Comparison.with AUXTRAN after a 5% Step

Change at Time = 0.0 in Air Flow Rate.




601

Temperature (°R)

650 I | [ I T | |
658 I —
6361~ e 12 Node ]
+ 6 Node

6534 |- —

: — AUXTRAN
652 - —
650e— °o4+0 -
648 |- —
646 |- —

et [ o -
+ o v - O S -

644 |- v g
642 l_ | 1 | | | |

0 1GO 200 300 400 500 600 . 700

Figure 7.1-24.

Time (seconds)

Outlet Water Temperature from the Cold Leg Comparison with AUXTRAN after a 5% Step
Change at Time = 0.0 in Air Flow Rate.



011

997

| | | I | | I
996 — _
o 12 Node
995 "
+ 6 Node
— AUXTRAN '
994 B —
ot o
o
~ + +
o7
&
=
b
0
2,
5
=~ 991 7
990 |- b
. S i
. N ° [+] -]
989 + + . —i
988 1 | — l ! _ ! B
0 100 200 300 400 500 . 600 700
Time (seconds)
Figure 7.1-25. Outlet Water Temperature from the Cold Leg Comparison with AUXTRAN after a 5% Step

Change at Time = 0.0 in Air Flow Rate.



TITT
Temperature (°R)

652 T T 1 T ] I I
651 |- _
o 6 Node
650 ¢ + 12 Node —
— AUXTRAN
649 -
648 -
647 _
646 -
645 o **M -
_ A — T
644 |- . i~
643 |- _
ca2 L | | ! | ' ] L 1
0 1C0 200 300 400 500 600 700

Time (seconds)

Figure 7.1-26. Cutlet Water Temperature from Air Blast Heat Exchanger Comparlson with AUXTRAN
5% Step Change at Time = 0.0 in Air Flow Rate.



(AN

1004

1002~ -
1000}~ ° 12 Node -
~ + 6 Node
a4
Q/998F' = AUXTRAN ]
o
5
0996- -
«
-
8904} |
E Pﬁo
g 4 + > °
992 - & =
+
990 ‘o o —— : - . i —
+ + +° + 4:1~—:1~—;° : o ° ° o o - ) 3
. ) + + + + ‘j
| | | | ] 1 : |
9880 00 ) 700

Figure 7.1-27.

100 200 N 300 400 . 500 6
' Time (seconds) o :

Outlet Water Temperature from the CAHE Comparison with- AUXTRAN after a 5% Step
Change at Time = 0.0 in Air Flow Rate.



761 ib/sec ’
AIR FLOW

AIR BLAST HEAT EXCHANGER

COOLING LOOPS

HEAT EXCHANGER

Figure 7.2-1. CASY Schematic

113

GAA 1 T } 176°F
: Tanig QTAA| -
99°F TAAI || < *on{xm aaami| & TAAQ
TAMllb I..........- ) ' JTAMI RIZE
L |aawmi [P PRESSURIZER
<
——-D____ 1{ I Qawmi | i BOO°F
of |TAWi TAW|
TAWg 180 l TPHO
TPCI TPHI
coLD - *—1 HoT
LINE : WFLOW = 42,78 1b/sec. : JLINE
- TPHI
TPCI" o
: INLET ‘OUTLET
TPCO HEATER ‘'HEATER THWS
180°F S00°F
i ® THW|1L aesecsssecne [
THWI 2 | anwmi QHWM i | 2 THWg
Tnmltv ' i
<} ‘
1
Tnnli’ J°"".M.'........?.""M" i THH
TCAHA 1414°F
400° F . --— GCAA
CORE AUXILIARY HEAT EXCHANGER
GCAA = 13.33 Ib/sec TPLH
-—
TCAHDA
GCAA
4
TUPH TGPM
OTHER GREH cBPH | T®—BCCA % KECN
AUXILIARY : * FROM MAIN
Loor . COOLING LOOPS
TRFI i TRCI TREM |
ST V WINSEPASEES VY V. S
TRF2 ' TRC2 TREH2
—e
TRF3 i TRCs TREH3
PRCD == —
TRF4 !  TRCa TREH4
TRES ! TRcs TREHS
TRFE ! TRcs TREHG
* TBPH
) °
AN 3 GCAA —Be—
s~ GCCA % KCCN o TLPH KC o T‘{SJ;‘“
TO MAIN TO CORE AUXILIARY »



scram using MINGAF, reference 3. The reactor séram was modified
in the sense that the reactor power and helium flow rates were |
preprogrammed to be a specified value dependent upon the time
after scram. The water side temperatures were fixed during
standby at 1060 OR with ; small water and air flow. When scram
" occurs, the water flow was stepped up to the-design value of
42,78 1lb/sec and the air flow stepped up to 760.5 1b/sec.

Thirty seconds after scram, the auxiliary circulator flow was
programmed to increase rapidly. The comparisons are éhown in
Figures 7.2-2 to 7.2-8. Note, during these comparisons the '
upper plenum volume was removed to agree with the MINGAF code.
The results of a scram transient with this volume node back in

CASY are also shown in the figures.

7.3 CONTROL

There are currently 3 controllers prbgrammed in the CASY
simulation. Each of the controllers is a two mode controller

which can be represented schematically by Figure 7.3-1.

Prop
Setpoint Err 1 100 o Demand
. —=- (&
- Range Proportional +\\{
Band (PB)
Measurement
1
Reset f INT
Time :

Figure 7.3-1. Typical Two Mode Control Diagram
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- The three controllers in CASY are to establish the speed demand

for the auxiliary circulator, the large pump, and the small pump
valve position.

These are shown schematically on.
7.3.3 and 7.3-4.

Figures 7.3-2,

THWQS, 1 100

| kcara KCADBN

THWQ - KCART | J[ ICAN

Figure 7.3-2. Circulator Speed Control Schematic

WPLS 1 100

- KPLCR KPLPB

o 1 f
WFLOW - KPLRT INT

Figure 7.3-3. Lafge Pump Speed Control Schematic
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1 100 "~

KPSCR| | KPSPB +

1 J[
WFLOW _ - .. | XpsRT | IPSIT

Figure 7.3-4. Small Pump Valve Control Schematic

These are programmed in CASY as 'shown on Figures 7.3-5, 7.3-6
and 7.3-7.

¥ % % TEMFORARY CIRC SFEED CONTROL ON TEMPFERATUREW ERROR

OCAERR=THWOS-THWO

X  IF ERROR IS FOSITIVE NCAD IS FOSITIVE

¥  THAT RESULTS IN. IF WATER TEMFP IS LOWER THAN

¥ DESIREDYy THEN TURN UF CIRC SFEED

X ALLSO THERE IS NO LIMIT ON CIRC SPEED

FROFN=100., /KCAFBNXOCAERR/RCARG

ODICAN=FROFN/KCART

TCAN=INTGRI.(IICANyDICAN)

MCAD=FROFN+ICAN

ONCAA=(NCAD-NCAA) /1.,

NCAA=TINTEGRL(INCAAY INCAR)

X TCCHOA=THHO1

X TCCHOA= (1 ~SCAVIXITUFH + SCAVXTHHOL
TCCHOA=AFGENC(TINLET » TIME)
DTCAHA=(THHOL1-TCAHOA) /KCATAU
TCAHOA=INTORL. CITCAHAs DTCAHA)

*
¥ XX XK

X GCAA=RKCARX 144 . XFNSS/TCAHOA/RKUNGRXNCAA
GCaA=GCAAS

GRETOT=KCCN XGCCA+KCAN XGCAA

Figure 7.3-5. Circulator Speed Controller Listing
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*

3€ 2% & 3 ¥ WK SF

TEMFORARY CACWS FLON'CONTROL AND ACTUATOR MODRELS .

FROF=1004 /KFLPEX (WFLS- wFLON)/hPLCR
OINT=FROF/KFLRT
INT=INTORL CIINTyDINT)
NFLD=FROP+INT

CDNPL=C(NFLD-NFL) /20,
NFL=INTGRL CINFL s DNFL)'

Figure 7.3-6. Large Pump Speed Controller Listing

X FROFS=100. /KFSFRX(WFSS- NFLON)/RFJCR
X DIFSIT=FROFS/KFSKRT :

X IFSIT INTGRLCIIFSITyDIFSIT)
% S=FROFS+IFSIT

3 DAFQ—(AF%U AFSIZ A4, _

X AFS=L IMINT(IAFG,0.0s1.0sDAFS)

Figure 7.3-7. Small Pump Controller Listing
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8. PROGRAM LISTINGS

8.1 CASY SIMULATION CODE

This section contains a listing of the CASY simulation
code as it existed on September 30, 1977.
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LNF !

1:TITLE GCFR CASY
tADDMAF HAFXCASY.

3

4 - 3 . .

Stk X ok Xk X X X X X x X X k% %X X x % X X Xx x X x
63% X MNOMENCLATURE GUIDELINES FOR CASY-SEE SECTION 3 OF REFORT X
7:% %k kK X ok Kk Xk X X % X X X K ¥k X ¥x Kk X X %X X
8:

9 . -

10:x % FIRST LETTER DESIGNATION - TYFE OF VARIAELE

1i: : : ' .

12:% A NORMALIZED VALVE AREA o (NI
130 % B RATE OF THERMAL EXFANSION OR. CONTRACTION (FTXx3/SEC)
14:x 1 RATE OF CHANGE WRT TIME (FER SEC)
15:% E EFFICIENCY (ND)

16:% & GAS FLOW. RATE (LES/SEC)
17 8% I INITIAL VALUE OF STATE

18 x J INTERMEDIATE VARIAELE

19 % KN RESERVED FOR CONSTANTS
20 % L VALVE LIFT (ND) OR TANK LEVEL (FT)
21% N ROTATIONAL SFEED (RFM) OR NUMEER (NI)
225K o INTERMEDIATE VARIAELE
23 % F FRESSURE .{FSIA) OR FRESSURE DIFFERENTIAL (FSII)
24x% Q RATE OF HEAT TRANSFER (BTU/SEC)
258K R LENSTITY, (LE/FT%%3)
288X T TEMFERATURE «(DEG F)
27% W WATER FLOW RATE (LES/SEC)
28:x X TORQUE (FT~LES)
292 - ’
30tk % SECOND AND THIRD LETTER DESIGNATIONS - COMFONENT ID
31 e
328 A- AIR BLAST HEAT EXCHANGER
33k AA AIR SIDE
34:x AM  TUBE AND. FINS
35i% AW . WATER SIDE
36 % EF 'CORE BYFASS .
37:% €A  CIRCULATOR AUXILIARY
38:x CC  CIRCULATOR
39:% o) CIRCULATOR MOTOR
403 % . (ofc] CONTROL GUIDE
41% CS  CORE SUFFORT

42 H- CAHE HEAT EXCHANGER
43:% HH HELIUM SIDE
443 % HM  TUERE. METAL
458K HW  WATER SIDE
461 % LF  LOWER FLENUM
47:% LR  LOWER REFLECTOR

48 % FC FIFE FROM AIR ELAST HX AND CAHE HX (COLD LEG)
495X FH  FIFE FROM CAHE HX TO AIR BLAST HX (HOT LEG)
50X FL PUMF (LARGE)

518k FR FRESSURIZER
520 FS-  FUMF (SMALL)
TILK RE  CORE (NUCLEAR REACTOR)

SALK . RF REACTOR FUEL
550k RM  REACTOR MOLERATOR

S4X SK SINE REFLECTOR

S7:% SF SUFFORT POSTS
58:x UN UNIVERSAL (CONVERSION FACTOR OR CONSTANT)

S9x uF UFFER FLENUM

60tk UR UFFER REFLECTOR
612 *#**l***t***t***li***t***#l#*t#******X****#ttt**##***tltlttttt*!!t*#**
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622
633

643% X X X X %X X X X %X x X X %X %x X % x X X X X X
65:% X CONSTANTSs TABLESs AND MACROS USELDR' BY MORE THAN ONE X X
b6tk X COMPONENT MODEL HENCE CONTAINED IN MISCELLANEOUS b T
67:% % SECTION OF ALL X X
48k %X Kk K Kk ok Xk X X x X X kX %X ¥ X X X X X x X x
693

702

713

72:CONST KUNACF=0,2407 » KUNGR =386. » KUNHCV=.,7446

73:CONST KUNWCF=1.,0227 r KUNHCF=1.242

74:

73 ¢AFGEN RFTSL=U10.262.455804962.05610.961.21660.960.12710,938.8+v74604rv4.
762 570335810, 935,698680,953.799210,991.,59960.949,0+1010.,745.951050.
77: 42.451110.537.3 )

78I{AFGEN FARTRT=3510.9-.0122,610,+~,01877660,9=.0238,710,+—,0282+760414+.+.
793 =.0323,810.+-.03661860,9-.,0412y910.9~-.0463+950.7—-,0%560+1010.».
80: —.086551110.,-.,0856

81IAFGEN FSFH=5460.9».998+660.71.00+710,91.019760.91.03+810.91.05¢r.+.,.
823 860.91.08+910,91.12+960.91,195,1010.51.31+1060.+1.51
83!AFGEN FVUIS=560.91:46495610.51.051+650.90.738+710.+0.5695780.50.454y .
84 810.70.37858480.90.+3289910.90.288¢9250.90.25651010.+0.230s ...
851 1060.90.20951110.9.1%97

86 {AFGEN FCON=560.70.,364v610.,90,384+660.90.3%45710.+0,3259760.50.39514¢..
87: 810.+0.391+,860.50.381+910.90,38679250,70.349,1010.,+0.325y.,
88: | 1040.90.292+1110.,0,280

89:

P0:AFGEN HSATF=58.,¢25%2.9118.2311,9220.¢364.+382.741%:+...

91 621.94764+962+9537.91431.9603.920604967P 09000

23 2895.+784.,

93:AFGEN HSATT=350.558.7600.9108,94650,+158.9700.5208.5 ..
943 750.9239.9800,9311.,850.9364.9900.941%2.9950.94764r.4.
322 1000+9537.+1050.9603,91100.,+,67?2.21150.:784., p

973:HACRO TGO TWO»DTHyOTW»QAGM s QWM y RW s BU=SFCFHX(TGI» TUI»ITMs TM

98: MCAF Y VOLyWTGL »WTG2yWTW1 »WTW2, JGCF » WFLOWy JC» JHTW)

9% SEE SECTION 6.2 OF REFORT
1002 %

101:%x FLUID ON W SIDE AND NEGLIGIELE FLUID
102!k TCO=CAG EXIT TEMFr UGM=EMNERRY TRANSFFR GAS TO METAL
103!k RW=AVERAGE NODAL DENSITY, TW=AVERAGE NOLAL TEMFs
104:% QUWM=HEAT TRANSFER WATER TO METALs TWO=WATER EXIT TEMF
1053 RW=AFGEN(RFTSLsTW)

.106% TGO=(TGIX(1,-WTG1KJICI+JCKTM) /(1 .+WTG2XJC)

107 AGM=JGCFX(TGI-TGO)

108: TWO=(TW~-WTWIXTWI) /WTW2

1092 QWM=JHTWX (TW-TM)

110 DTHM=(QWM+AGM) /MCAF

1113 TH=INTGRL(ITM,OTM)

112 DTW=(WFLOWX¢(TWI-TWO) ~QUM/KUNWCF)Y ZVUL/RW

113 BW=DTWKVOLKAFGEN(FARTRT» TW)

114 TW=INTGRL(ITW,ITW) N

1135:ENDMAC

127

SINGLE FHASE COUNTER FLOW HEAT EXCHANGER WITH INCOMFRESSARLE
THERMAL CAFACITY ON G SIDE

vITN!Tuvoo'
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1168

1173

118 :MACRO" DTFvRFvJFRT FIFEL1(FLO»TFI»VOLsMCAFTF»ITF)
119% SEE SECTION 6.1 OF REFORT

1203 % FIFE THERMAL NODE WITH COMBINED METAL: AND FLUIU THERMAL CAPACITANCE

1213 RF=AFGEN(RFTSLyTF)

1228 LTF=FLOX(TFI-TF)/ (MCAP/KUNWCF+UOLXRF)

1233 JFRT=VOLXIITFXAFGEN(PARTRT» TF)

1243 TF=INTGRL(ITF,DTF)

135 ENDMAC

1A”60

1273

128 , . DU

1295% % X X X X X X X K X X X X X X X X X X X
1303% % HOT LEG COMFONENT CONSTANTSs, TAELES, AND MACROS

1313% % X X K X X K K K K Kk X X X ¥ K X X K XK
1323

133:CONST KFHUT =40.7 y KFHCT =1466.0 r KPHN =10,
134 )

1353

1363

1373k % kX X X K Kk X X ¥ X X X x X ¥ X K K X
138%% % COLD LEG COMFONENT CONSTANTS, TAELESs, AND MACROS

1393% X x X X K K Kk K X X XK X X"k X X x ¥ x *
1403

141:CONST KFCUT =40.,7 » KFECT =1466.0 » KFCN =10,
142 :

143

1442

1455k % %X X X KX Kk kK X X K ¥ X X K k k X X X X
146¢% * AIR ELAST HX COMFOMENT CONSTANTSs TAELESs AND MACROS

1470% % % X X X kX k Kk k¥ X Kk k Kk Kk X X X X X X
148 )
149 :CONST KAWRX =5316, - + KAMR =1.08 » KAAR =29.52

150 :CONST KAWWR =42.78 » KAAG =761.1 » KAWA =1975.
151 :CONST KAAA =2438, r KAATR =598. r KAMTR =479.
1S2:CONST KAWTR =760, » KAAAU =.2831 . r KARARU =.7169
153:CONST KAAAR =.1777 » KAAEK =,8223 » KAMAK =1.1546
1541CONST KAMEBK =.13546 v KAMCT = 1039.6 v KAWVT =33.33
1S5 CONST KaWN =10, » KAWW1 =0.95 v KAAWL=0.5
156 :CONST KAWVI =3. r KAWVO =3, » KAMCI =100.
137 :CONST KAMCO =100.

1583

1592

160:

161 MACRO TG»JAIR, JWAT=HTCOE (WFLOW,»GFLRAT» JCGFrTGL» TG2,TMET» TWAT)
1623k SEE APFENDIX. C OF REFORT

163 TG=(TG1+TG2)/2

164 FROCED RAIR=RESX(GFLRAT)

165¢ RAIR=KAARKGFLRATX (KAAAU+KARRUX (TG/KAATR) I KX . 681/ 4.0
166 (KAAAK+KAABKXTG/KAATR)

167 ENOFRO

168 RMET=KAMR/ (KAMAK-KAMEBKATMET/KAMTR)

1693 CON=AFGEN(FCON+TWAT)

170: VIS=AFGEN(FV1S,TWAT)

171: SPH=AFGEN(FSFHsy TWAT) -

1728 RWAT=KAWRX/ (CONK(WFLOWKIE00, /VIS)I XX . 8K, oo
1732, (SFH¥VIS/CON) %X ,333)

174: JATR=KAAA/KAUN/ (0. SXRMET+RATR) 7/ UCGF

175: JUAT=KAWA/KAWN/ (O . SXRMETXKAWA/KAAAH+RWAT)
176 ENDMAC .

128
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1773 .
1782

1792 :
180: X
181x X
182:x X
1833

1842
185:I1CONST
184 :CONST
187 :CONST
188 :CONST
189 :CONST
190 CONST
191 ICONST
192 CONST
193:

1963

198%
199
200:
201

2022

203 1ENDFRO

204:

205

2062

2073

208 -

209

2108

21138
212:ENDMAC
2133
2143
2152%
2163%
2170%
218x%
2193
220:CONST

M I W

X %X ok ok x ok ok "x Kk X Xk X X %X X X X X X ¥ x
CAHE COMFOUNENT CONSTANTS, TAELES» AND MACROS ¥ X
¥ % X X X x X %X x X X X X X kX X X X X X X
KHHRX -=1.614E5 » KHWRX =1.48&E4 r KHMRX =28.14
KHMCT =418, s+ KHMCI =58.35 » KHMCO =58.35
KHWVT =10.8 r KHWVI =3,91 s RHWVO =3.21
KHMCI0=208. » KHWMI =.8267 s KHWMO =.8267
KHWN =6.0 r KHHWL =0.3 » KHWWL =0.3
. KHHYK =6.388E-4 » KHHUKRE=0.687 y KHHCK =1.,062E-3
KHHCKE=0.,701 y KHMARK =6.25 » KHMEBK =0.005S5
KHHA =1141. y KHWA =888.5"
194 MACRO TGOy JHEL » JUAT=HTKOE(WFLOWsHFLOWr JGsy T1» T2+ TH» TW)
195t%  SEE AFFENDIX C OF REFORT -
TG=(T1+T2) /2 '
197 :FROCED RHE=RESY (HFLOW)
HSFH=1.242
HYIS=KHHUKXTGXXKHHVUKE
HCON=KHHCKXTG¥*KHHCKE
RHE=KHHRX/ (HCONX (HFLOW435600 . /HVIS) Xk 88X, . .
(HSFHYHVIS/HCON) %% .333)
RHET=KHMRX/ (KHMAK+KHMEKX ( TM-460,))
CON=AFGEN(FCON,TW)
VIS=AFGEN(FVIS,TW)
SFH=AFGEN(FSFH,TW)
RWAT=KHWRX/ (CONX(WFLOWX3500./VIS)IXX 8%,
(SFHXVIS/CON) X% .333)
JUAT=(KHWA/KHUN) / (. SKRMETAKHWA/KHHA+RWAT)
JHEL=(KHHA/KHUWN/JG) / ( . SXRMET+RHE)
* Ok ok ok ok ok ok ok Xk X ok ok ok X X x X x %X X x
FUMF AND FROCESS-FLOW COMFONENT CONSTANTSs TAELESs AND x X
MACROS L S
¥ x X kK X x k x X % % X X x X X X % % X x
KAWSQR =.9031 r KHWSQ =.9016 » KAWISQA=.6803
KFHSU =.2268 » KFCSQ =.,3300 r KHWISO=.6800

221 :CONST
2233

J 1

OV RN G W

(RSN ORI CO T 6 B SR I % I 8 }

3 PIE B BT

SFEED FUMF WITH
THAT USER SFECIF
FUMF CHARACTERISTIC AS SECUND ORDER FOLYNOMIAL.

JU=KVXKUKAVXAY
IF(SV.EQ.0.) J

!MACRO Ws DWDFPO=MOFTV(KVsAV»SVUsJ0» J1» J2yWRYDELFP)

1R SEE SECTION 4.1 '
X GENERAL FURFOSE PUMF MACRO FOR REFRESENTING CONSTANT OR VARIABLE
vk

°X

1

OF REFORT

THROTTLE OR ISOLATION VALVE OFTIONAL. REQUIRES
Y RECIRCULATION FLOW AS INFUT, USER MUST SFECIFY

V=1

2321% [F ISOLATION VAILLVE IS OFPEN» THROTTLE VALVE SETTING IS IMMATERIAL

233:%x  AS

IT DROFS OUT.

AINVY==-JU/ (SVU-]
R=(J1+2. KWRx%J2
EAINV=RXATINV

CPRART=WRX(J1+J
DELFMX=—-BXEAIN
IF(DELFHX-DELF

SETTING Jv=1. RESULTS IN AINV=-1/J2 AS APFROF,
2%J4V)
)

2XUR) +30

V/4.,+CFART
) 19142

129



2402 1 W=0. .

241 DWOFO=0,

242 GO T0O 3 .

243: 2 C=CFART-DELF . i

244 W=-FAINV/2.+SORT (BAINVKBAINV/ 4. -CKAINV)
245: DWDFO=AINV/ (2. XW+EXAINV)

2463 3 CONTINUE

247 tENDMAC

248

249

Woix X Xk kx x X Xx X X X X
2511% % CORE COMFONENT CONSTANTS»
2323k %X X X cx ok ok X kK X X

L .

x. X X

X X Xx x X x

TABLES, ANDI MACROS X% ¥

L S

X X X

2358 U .

256:%  CONSTANTS --- CORE

257 o

2582 CONST "KRENN, =30834.

259 ICONST KRFU1 =5.54054€-4 » KRFU2 =2.45447E-4
260:CONST KRFU4 =2.45467E-4 » KRFUS =2,45447E-4
261:CONST KRCV1 =2.00803E-4 + KRCVU =8,89634E-5
262:CONST KRCVA =B.89634E-5 » KRCVUS =B8.89634E-5
243:COGNST KREA1 =0.13599 + KREA2 =0.06025
2643CONST KREA4 =0.04025 r KREAS =0,05025
245:CONST KRELL =1.475 » KREL2 =0.817
266:CONST KREL4 =0.817 » KRELS =0.817
2673CONST KREFF1=0.0271 » KREFF2=0.2021
268:CONST KREFO =829.5 » KREFF =0.95

269 :CONST KREFF4=0,2710 » KREFFS=0.2021
2703CONST KCCN =3, v KCAN =2,

271:CONST

272

wl e

KHHVI&6=344,

273:% % ¥ % TEMFERARY LAG ON CIRC TEMFERATURE

274:CONST

27358

KCATAU=1.

276 tMACRO JCGy JCF=CORHT(G»TCsTF»TGsArL.)

277 ¢FROCED JCGys JCF=CORHT1(G)

278: REY=3.0SSEBXGATGXX—.687

2792 IF(REY LT.2300.)REY=2300,

280 H=8.28E-4XTGXX,701XREYXX.8/34600.
2813 KC=1,693E-3+1.20BE~6%TC

2823 RC=,02305/(KC%¥L)

283 RCG=1./(H¥A)+RC/2,

2841 JCG=1./RCG

2858 KF=57.78%.886%(1./(18.2+.,0271%TF/1.8)+5
286 KH=2,95E-7X((TF+TC)/2.)%%0.701

287: RCF=.03229/(KFXL)+.00386/ (KHXL)+RC/2.
2882 JCF=1./RCF

289 {ENDFRO .

290 ENDMAC

2713

130
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x X X X X X

KRFV3 =2.45467E-4
KRFV6 =4.513595-4
KRCV3 =8.89634E-5
KRCV6 =1.,463589E-4
KREA3 =0.06025
KREA6 =0.11079
KREL3 =0.817
KRELS =1.475
KREFF3=0,2710
KREGF =0.95
KREFF6=0.,0271
KCAR =0.2471

+SE-13X(TF/1.8)%%x3) /3600,

&



292:MACRO ﬂTCrﬂTF!TGO'TGA=CRNOnE(JGC!JCF!UF!UCvTGIerQRFrITFDTFrITCrTC)'

293:x SINGLE NODE FOR REACTOR EQUIVALENT FUEL CHANNEL MODEL
2942 JL=JGE/ (GXKUNHCF)

2952 JU=1,-1./7(1.-EXP(-JL))+1./0L

2962 TGO=(TGIX(1.,~JLXJWI+JILXTC) /(1. +JL k(1. -JUW))
297 TGA=JWXTGI+(1.-JW)XTGO

298: QGC=KUNHCFPXGX (TGO-TGI)>

2992 CF=0.53599%(52.49240.,03953%TF~1.S12E-SXTF4%2+2,.203E~-9%TFx*3)
3003 CC=0.,1196%(218,.3784+0.,6541%TC-4,.504E-4XTCXX2+1,143E-7%TC%xXx3)
301 CAFPF=VFXCF

302 CAFC=VC*CC

3032 QFC=JCFX(TF-TC)

304 DTF=(QRF-QFC) /CAFF

3058 TF=INTGRL(ITF,DLTF)

3068 OTC=(AFC~-QGC) /CAFC

307 TC=INTGRLCITC,DTC)

308 ENDMAC

309

3102

3112

3122

J13LINITIAL

3142

3158

3143k X X X Kk ok X Xk X X Xx x %X %X X % x x %X %X X X x
317:% x HOT LEG COMFONENT INCON AND FARAM SECTION - R 3
318:% %k x X Xk X X k% X %X k¥ x X X X *x %X %X %X X X ¥ X
3198

320:

321 INCON ITFH1 =1040. vy ITFH2 =1060. vy ITFH3 =1040.

322 INCON ITFH4 =1040, v ITPHS =1060. vy ITFH6 =1060.

3233 INCON ITFH7 =1060. vy ITFHB8 =1060. vy ITFH? =1040.

324 INCON ITFH10=1060,

325:INCON ITFHM =1060.

3268

3278 KFHC=KFPHCT/KFHN

328: KFHVU=KFHUT/KFHN

3293

3308 TFH1=TTFH1

3318 TEFH2=ITFH2

3328 TFH3=ITFH3

333 TFHA=ITFHA

334 TPHS=ITFHS

3358 TFH&=ITFHSG

3368 TFH7=1TFH7

337 . TFH8=ITFH8

338: TEHY=ITFH9

339 TPH10=ITFH10

340! TPIM=I TFHM

341

342:

3443

131



3443%
345K
3465%
347
3483
349 INCON
3503 INCON
35173 INCON
3523
3531 INCON
3548 -
3558

3568

3578

358¢

359

360:

3613

3623

3633

364

3653

3661

3673

x
b 3
X

377t INCON
3782 INCON
379 : INCON
380 INCON
381 INCON
382 INCON
383 INCON
3843 INCON
385 !FARAM
386 :FARAN
387 {FARAN
388 :FARAM

INCON,

X X ok X x X X X
COLD 'LEG COMFONENT INC
X X X X X X Xx x
ITFC1 =1060. ’
ITFC4 =1060. y
ITFC7? =1060. ’

ITFC10=1040,
ITFCOM=1040,

KFCC=KPCCT/KFCN
KFCV=KFCVUT/KECN

TFC1=ITPC1
TFC2=1TFC2
TPC3=ITFC3
TPCA=ITFC4
TPCS=1TFCS
TPC6=ITFL6
TPC7=ITFC?
TPC8=ITPCB
TPCO=ITPC?
TFC10=1TFC10
TFCOM=ITFCOM

X K X X X X X X

AIR BLAST HX COMFONENT

X X X X X X X X
ITAWO =1040. ’
1TAW2 =1060. ’
ITAWS =1040. '
ITAWS =1060. '
ITAM1 =1060.
ITAM2 =1060. ’
ITAMS =1060. '
ITANS =1060. ’
TAAL =1040. '
TAA4 =1060. ’
TAA7 =1060. '
TAAL10=1040,

X X X X x X X *x x X X % X
ON AND FARAM SECTION x X
X X kX X X X Xx X X X %X x X
ITPC2 =1060, v ITFC3 =1040.
ITFCS =1060. y ITFC6 =1040.,
ITFC8 =1060., ITPC? =1060.
X X X X x Xx X Kk X X %X X X
INCON AND FARAM SECTION X X
X X X X x x x X %X %X %X X X
ITAWL =1040. ¢+ ITAWI=1040.
ITAW3 =1060. vy ITAWA=10640.,
ITAWS =1060. v ITAW7=1040.
ITAW? =1060. v ITAW10=1060.
ITAM3 =1040. Ty 1TAM4=1060.
ITAMS =1060. ¢y ITAM7=10640.
- ITAMY =1060. vy ITAM10=1040.
TAA2 =1040. v+ TAA3 =10640,
TAAS =1060. v+ TAAS =10640,
TAAB =1060. »y TAA? =1060,

132



3892

390 TAWI=ITAWI
391 TAWO=1TAWO
392: TaWl=ITAWL
393: TAW2=ITAW2
394 TAU3=ITAW3
3958 TAWA=ITAUA4
3968 TAWS=ITAUS
397: TAWSG=ITAWS
3982 TAW7=ITAW?
399 TAWB=1TAUSB
400 TAWS=ITAWY
401 TAW10=ITAW10
402 TAM1=1TAM1
403: TAM2=ITAM2
404 TAM3=ITAM3
4058 TAN4A=ITANA
406 TAMS=ITAMS
407 TAMA=ITAMS
408 TAMZ=ITAM?
409 TAMS=ITAMS
410! TAMP=ITAM?
411 TAM10=ITAM10
412

413 KAAW2=1,-KAAW1
414: KAWW2=1 , ~KAWW1
415 KAMC= KAMCT/KAUN
416 KAWV= KAWUT/KAWN
417

418:

419:%x x kX kX %X X x *x k% X %X X x X X x %X X xXx X
420:%x % CAHE COMFONENT INCON AND PARAM SECTION '
421:x % X ok Xk X X %k %X Xx % %X X *x % %X X %X X X X

4223

4233 : ’ ,

424 INCON ITHWO =1060, s ITHWL =1060. v ITHWI=1040,
4253 INCON ITHU2 =1060. v ITHY3 =1060. » ITHWA=1040.
4263 INCON ITHWS =10640, » ITHWS =1040.

427 INCON ITHM1 =1060.

4282 INCON ITHM2 =1060. » ITHM3 =1060. » ITHMA4=1040.
429 L INCON TTHMS =1040, » ITHH6 =1050. » ITHHI6=1040.
430 :FARAM THHL =1060, v THH2 =1060. » THH3 =10640,
431 IPARAM THH4 =1060. v THHS =1060. v THHé =1060.
4328 .

4333

434 THWO=ITHWO

4353 THWI=ITHWI

4363 THW1=ITHW1

4373 THW2=ITHW2

438! THW3=ITHW3

4392 THW4=1THW4

4403 THWS= [ THWS

4412 THW6=ITHWS

442 THHM1=ITHM1

443 THM2=ITHM2

444: THM3=ITHM3

445 THM4=1THMA4

4446 THMS=1 LHMS

447 THM6=TTHMé

448 THMIO=ITHMIO

4491 THHIS6=ITHHI6

450 .
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4512

5033

KHHW2=1 , ~-KHHW1

452: KHWW2=1, -KHWW1
T 4538 KHMC= KHMCT/KHWN

454 v KHWV=  KHWVT/KHWN

455 .

4562

457 .

4583% %X X X Kk X X X X % X * %X X % %X X X X X X %X x
459:% % FUMF AND FROCESS~FLOW COMFONENT INCON AND FARAM SECTION % x
460%% X Kk ok Xk Kk Kk Kk X kX X K Kk X- %X X X X X X X X
461: ’

4628

4433 INCON IVFRW = .2016574+03y ITPRW = .538657+03» IPFRG = .209573+04
464 INCON IFLOAD= ,126990403, INFL = .455178+04, IINT = .455553+04
465 INCON IAFS =0.6731 y IIFSIT=0.6731

4466 FARAM WFLOW = 0.0001 .

4867%

4468

469 VPRW=IVFRY

470! TPRW=ITFRW

471 FFRG=IFPRG

472 PLOAD=IFLOAD

473 NFL=INPL

474 INT=IINT

4753 APS=1AFPS

476 IFSIT=TIPSIT

4773 .

478

479

480tk X X X X X % %X X %X X x X X x %X X X X X % X X
481:% % CORE COMPONENT INCON AND PARAM SECTION X X
482 X X X x X X X X x X X %X %X X %X X X X X ¥ X x
483 . . ,

484

4853 % INITIAL CONDITIONS --- CORE

4864 : INCON ITRF1 = ,115745404, ITRF2 = ,245830404, ITRF3 = ,300611+04
487 : INCON ITRF4 = ,310270404» ITRFS = ,274210404y ITRFé = ,156610+04
4883 INCON ITRCL = .109587+4+04s ITRC2 = .137460+04y ITRC3 = .154961+04
4893 INCON ITRC4 = .165473+04,» ITRCS = ,.1446634404r ITRCS = ,149256+04
490 INCON ITUFH = ,107490+04y ITLFH = [148027+04

491 ) ' .
492:PARAM © TREH1 = ,108106404, TREH2 = ,112910404» TREH3 = .122578+04
493 FARAM TREH4 = ,133564404y TREHS = .143072+404y TREH& = .147537404
494: .

495 INCON ITCAHA=1074.9

496 :

497 INCON 1ICAN=0.01 » INCAA=0,01

498

499:x  FARAMETERS --- CORE

500¢

S01:PARAM TSTART = 120.0

SO2:FARAM TFLAG = 1,0

134



S04 %
505¢
5064¢
507
5083
509
510¢
S11:
5123
5132
5143
515
S516¢

537 {FARAM
5S40 FARAM
S411FPARAM
342 PARAM
S43I1CONST
5442

545 :PARAM
S46PARAM
547 PARAM
548 FARAM
949 CONST
550

G951 :PARAM
SS2IFARAM
S93FARAM
8543
S99k
S96IFARAM
E67:
558k

559 {FARAM
5601¢
S61:ix%x
S62:FARAM
S63:FARAM
S64 PARAM
5652

TLFH=ITLFH
TUFH=ITUFH
TRF1=ITRF1
TRF2=ITRF2.
TRF3=ITRF3
TRFA=ITRFA4
TRFS=ITRF5
TRF&=1TRF&
TRC1=ITRC1
TRC2=ITRC2
TRC3=ITRC3
TRC4=1TRC4
TRCS=ITRES
TRC6=ITRCS

JUPV=700,04+562.0%KCAN
JLFVU=5201.0+344,0%XKCAN

JUFV=12400.
JLFV=6031.

INITIAL CALCULATIONS --- CORE

KREQT=3412800.%KREP0/3600.

TGFM=TUFH

TCAHOA=ITCAHA

ICAN=IICAN
NCAA=INCAA -

MNSS=FNSS%144.,/KUNGRX { JUFV/TUFPR+JLFV/TLFH)

X x X x

x

b

X

b S

x X X

X

USER CONTROL SECTION-- TIME INDEFPENDENT FART x-

X x X X

X

X

GLCCA

"

X X

KPLRT
KPLJ1

SFL
KFLN

KPSPB
KPSJ1

SPS
KFSN

WFRO
QFR

TAAIL

=5

FNSS

KFLPR = 1.

KPLJO =3.28

KPLCR =50.

WFLR =0.0

KPL =2.9

NPS  =5500.

KPSJO =,2481

KPSCR =10.

WFSR  =0,0

KFS  =.40

WFRI =0,

GFRO =0,

KPRV =400, '
ATR BLAST HX FARAMETERS

GAA  =0,001
TEMFERATURE SENSOR LAGS

KTAU =10,
‘CORE FPARAMETERS

GCAAS =0.001

KGFC =1.

PRED=1,00

x X ﬁ

~ CACUWS PUMP CONTROL PARAMETERS (TEMPORARY)

1,
+ 0985

=1,0
=5000.

=10,
=7.622E-4

=3000.

=0,
=0.

0=559.,

18.8
=1280.

DUMMY =1.00

135

X

KPLJ2

WFLS

‘WPLSO

KPSRT
KpP8J2

WFSS

GPRI
TPRI

* I ¥

=1,344

=5.,17
=5.17

=10,
=1,128E~3

=5.17

=0,
=330.
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1YY
547 $AFGEN
548
569
570%
S571:AFGEN
5722
573:
5743 AFGEN

FOWER=0.0+1200+30.071.00s30.5+0.152,33.6+0.107»
364690.092,45.8+0.070561.+0.,0557100.8,0,042y
296.+0.029y500.0:,0.010

s e

“ o0

HEFLOW=0.0+518.8+30.0+518.8+37.8+171.0r45.6¢25.33» ..
53.4914.0961.2+54,339500.0,22,0

60.0,0.0001,

S75%
S76:
S77¢

AHEFLO=0.0»0.0001»

68.8915.70y

76:6921.,35,

84.1925.40,92

.

6102'6060!62-6!8000! v e

c1927,700.,.

100.,1929.1»,108.1+929.19115.6930.307117.3+30.365...

125.3+30.63»131.1,30.707148.3+30:95s156:3+31.049...

5783
S79:
5803
S81AFGEN
5828
5833

187.3,31.353+,210.3,31.60,241.3s31.98+272.3,32
500.0,33.0

TINLET=0.0,1074.0730,0¢1074.0¢37.8v1064:07 +..
45.6+1055,0+53.4791048, 0!610~JB32007J0°0!1074 0

36’0.0_

S84:%x % x CIRC SPEED CONTROL TEMFP FARAHETERS
585 :FARAM KCARG . =500. v KCAFEN= 10, + KCART =1,

584 .

587:% % X SCAV. IS5 SWITCH TO OFEN AUXILIARY HELIUM VALVE.

588:% %X X SCAVU=0.0 IMFLIES THAT THE VALVE IS CLOSED AND

S89:% X X HELIUM TEMPERATURE TQ CAHE IS FIXEL AT

590:% X X TLFHO.

S91:%x % X SCAV=1.0 IMPLIES THAT THE VALVE IS OFEN AND HELIUM
S92k X X TEMPERATURE TO CAHE IS SET TO TLFH WHICH
S93k X X IS. A VARIAEBLE.,

594:%x % % SCAV NOT USED AT FRESENT

5958

594 :FARAM sCAv  =0.0 » TLFHO =1060.

597¢ : .

598 :PARAM TSCRAM=30, » THWOSS=108%5, v THWOS =1060.
599

600 DYNAMIC

6013

6023

503 INOSORT

404

4058 ) . _
406tk X X X X Kk Kk X % X X x %X %X %X %X X X X X X X x
607:%x x TIME DEFENDENT INFUT SECTION X X
408k X %X X X %X ‘X X X %X X %X X X X X X X ¥ ¥ X X X
6098 : .
610

611 GCCA=AFGEN(HEFLOW, TIME) ’
6128 IF(TIME.GT.60.0)GCCA=.00001

6133 PRCD=AFGEN(FOWER » TIME)

614 DUMMY=FRCD

615 GCAAS=AFGEN(AHEFLO, TIME)

616% . IF (TIME.GE.TSCRAM)WFL.OW=42,78

617 IF(TIME.GE.TSCRAM)GAA=760.5

6188 IF (TIME.GT.TSCRAM+30.0) THWOS=THWOSS

6198 ) '

6203SORT

6213

622

623

624

425

6268
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649
6502
6513
652:
653
46542
535
656K
657
6583
4593
6603
661
6628
6632
664
6653
666
667
6683
6898
6702
671
6722
673
674
6758
676
677%%
6781 %
679
680
681
682:
6832
484
&68%:

.

E 3
¥* 3

X % PIFE THERMAL MODELS *x X &« *x & X X%
¥ X% SECTION 6.1 X X k X X % X

*
*

I I

"HOT LINE MODEL

DTPH1yRFH1, BFH1=FPTIFPE1(WFLOW» THWO» KPHVKFHC» TFH1, ITFH1)
DTFH2 yRFH2 y BFH2=FPIPEL(WFLOWs TFH1 » KPHV»KFHC» TFH2 ITFH2)
DTPH3 yRFH3» BPH3=FIFE1 (WFLOW» TRPH2yKFHYUyKFHC» TFH3» ITFH3)
OTFHA4sRFHAy BPHA=FIFPEL1 (WFLOW» TPH3 s KFHV s KFHC s TFH4s ITFH4)
ODTFHS y RFHS » BPHS=FIPEL1 (WFLOW» TFHA s KFHU s KFHCy TFHS» ITFHS)
DTFHS yRFHS s BFHO=FIPEL (WFLOW» TFHS s KFHV s KFHC » TFHA » ITFHG)
DTPH7 » RFH7 y BFH7=FIFEL (WFLOW s TFH& s KPHY yKFHC» TFH7 y ITFH7)
DTFHB s RFHA » GFHB=FIFEL(UFLOWs» TPH7 » KFHUyKFHC» TFHBy ITFHS)
DTPH? s RFHY s BFHO=FIPEL1 (UWFLOWy TPHS »y KFHVU y KFHC » TRFHO » ITFH?)
DTFH10sRFH10,BFHLIO0=FPIFEL1 (WFLOWs TFH? yKFHV s KFHC» TFH10, ITFH10)

TFHO=TFH10

RFHAV=(RFH1+RFH2+RFH3+RFHA+RFHS+RFHOtRPH7 +RFHB+RFHP+RFH10) /KFHN
EFHT=EBFH1+BFH2HBEFH3+EBFHA+BPHS+BFHO+BFH7+BFHB+EFH? +BFH10

COLD LINE MODEL

DTPC1yRPC1yBFCL1=FIFE1 (WFLOW,» TAWOKPCVsKFCCyTFC1,ITFC1)
DTPC2yRPC2yEFPC2=PIFE1(WFLOW,TPC1,KPCV/KFCC»TPC2,yITFC2)
DTFC3I»RFC3I»BFC3=PIFEL1(WFLOWY TFC2/KPCVsKFCCyTPCI,ITFC3)
DTFC4yRFCAy BFCA=FIFPEL(UFLOW, TFC3/KPCVKFCC»TFCA» ITFCA)
DITPCS»RFCS,BFCS=PIPEL1(WFLOW, TFC4+KFCVYKFCCy TPCS»ITFCS)
DTFC6/RFCE&y BFCH=FIPEL (UFLOW» TFCS»KPCVUIKFCC»TPCH» ITFCS)
DTFC7yRPC7 s BFC7=FIFEL(WFLOWy TFCHKPCVKFCC»TPC7,ITFC?)
DTPCByRFLBy BFCB=FIFEL(WFLOWy TRC7 »KPCVyKFCCH» TFCB» ITPCB)
DTPC?»RFC?yBFCO=FIPE1 (WFLOW,» TPCByKFCVrRKPCC» TFCP?» ITFC?)
BTFCLO+RFCL1OsBFC10=PIFEL(WFL.OW, TFC?yKFCVY»KFCC,TFC10,ITFC10)

TFCO-TPEC10Q

RPCAV=(RPC1+RFC2+RFC3+RFCA+RFCS+RPCALHRPC7+RFCB+RFCI+RPCL10) /KPCN
EFCT=BFC1+BFC2+EFC3+BPCA+BFCS+BFCA+BPC7+BFCB+EFC?24+BPC10

X Xx X % AIR BLAST HEAT EXCHANGER MODEL % x X X
x X X X SECTION 6.4 X X X X X X
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686
687
688:
6893
690
6913
6921
693
694:
6952
6963
697
6983
699
700
701
7023
703
7043
7053
7053
707
7082
709:
710:
711
7128
7133
714
7153
7163
717:
718
7193
7203
7’,1 *
7223
723
724:
7252
7263
7278
728
729

730:

731
7323
7332
734
7353
736
7373
7383
7392
7403
7413
7423
7432
744
7452

DTAUI yRAWT » BAWI=FIPEL1 (WFLOW» TPHO» KAWVI yKAMCI»TAWI » ITAUWI)
DTAWO » RAWD » BAWO=FIFEL(WFLOW» TAWO10» KAWVO s KAMCO» TAWO» ITAWD)

TAAL10 s JAAM10 s JAWM1O=HTCOE(WFLOWs JAAGR» JAACF» TAAI10,TAAD10s ...
TAM10»TAW10)

TAA? » JAAMYS » JAWMP?=HTCOE(WFLOW» JAAGRy JAACF » TAAOLO0» TAADY? » TAMP » TAWD)
TAAB» JAAMB » JAWMB=HTCOE(WFLOW» JAAGRr JAACF» TAAD? » TAADS» TAMS» TAWS)
TAAZ » JAAM7 » JAUM7=HTCOE (WFLOWr JAAGR » JAACF » TAADY Yy TAAD7: TAMZ7 » TAWZ)
TAASL » JAAMS » JAWMS=HTCOE(WFLOW» JAAGR » JAACP » TRAD7» TAADS » TAMS » TAWS)
TAAT » JAAMS » JAUMS=HTCOE (WFLOW, JAAGR» JAACF » TAADS» TAADS» TAMS» TAWS)
TAA4» JAAMA » JAWMA=HTCOE (WFLOW» JAAGR » JAACF» TAADS » TARDA» TAMA» TAWA)
TAA3 » JAAM3 » JAWMI=HTCOE(WFLOW+» JAAGR » JAACF» TAAD4» TAAD3» TAM3» TAW3)
TAAZ» JAAM2y JAWM2=HTCOE (WFLOW» JAAGRy JAACF » TAADS, TAAD2, TAHZ» TAW2)
TAALl» JAAML » JAWMLI=HTCOE(WFLOW» JAAGR » JAACF» TAADZ2» TARADL »TAML » TAWL)

JAACF=GAAXKUNACF

JAAGR=(GAA/KAAG) XX~. 581

TAADL1O» TAWOL1O0»DTAMLI0 s IITAWLO»HAAMIO»QAWMI0YRAWLO0 s EAWLI0=SFCFHX (4o
TAAILOy TAWO?y ITAMIO» TAMLIOY ITAWLIO» TAWL10y KAMC » KAWV s KAAWL yKAAW2 s 4 o o
KAWW1 s KAWW2 » JAACF s WFLOW» JAAM10 s JAWML1O)

TAAO? » TAKWO? s ITAM? » DTAW? » QAAMP » BAWMP s RAW? y BAWF=SFCFHX(TAAD10s ...
TAWOB» ITAMI » TAM? » ITAWD » TAWP? » KAMC » KAWV y KAAWL Y KARW2r . 4 s

KAWWL s KAWW2 y JAACF + WFLOW» JAAMP » JAWMD)

TAAOB» TAWOB » ITAMS8» ITAWB» RAAMB » QAUMB y RAUWS » RAWB=SPCFHX(TAAOP s .+«
TAWO7 s ITAMB8yTAMBs ITAWBY TAUWB Yy KAMLC ' KAWV s KAARWL »KAAW2 4 4 s

KAWWL y KAWW2 » JAACF s WFLOWy JAAMB » JAWME)

TAAD7 » TAUWO7 s DTAM7 » DTAWZ » QAAM7 »y QAWM7 » RAWT » RAW7=SPCFHX(TAAOBr .+ »
TAUObrITAH?vTAN?vITAU?!TQU?rkAMCrkAUkaAAUIvkﬂﬁ“-v--o

KAWWL s KAWW2 » JAACF rWFLOW?r JAAM7 » JAWM?)

TAAQL s TAWDSG v DTAMSE » DTAWS » RAAMS » QAUMS » RAWS » BAWS=SPCFHX(TAAD7 . s o
TAWODS » ITAMSE » TAMS » ITAWS» TAWS » KAMC s KAWV 2 KAAWL y KAAW2 sy o 4 o

KAWW1 s KAWW2» JAACF o WFLOWs JAAMS » JAWMG)

TAAOS» TAWOS » HTAMS » DTAWS » QAAMS s QAWMS y RAWS s RAWS=SPCFHX(TAAQSGs v v o
TAU04IITAHJ1TAMJIITﬁUJrTAUJ!NQHL!RQWkaAAUlrkAﬁukr...

KAWW1  KAWW2 » JAACF » WFLOW s JAAMS » JAWMS)

TAADA» TAWOA4DTAMA»DTAWAYQAAMA y RAWMA r RAWA y RAWA= SPCFHX(TAAOJI.Q-
TAWO3»ITAMA» TAMA» ITAWA» TAWA s KAMC y KAWV s KAAWL s KAAWZ2r 4 4 o
KAWWL » KAWW2 » JAACP s WFLOWy JAAMA s JAWMA)

TAARO3 s TAWO3 » LITAM3 » ITAW3 » QAAM3 » QAWM y RAWI » RAW3=SPCFHX(TAAO4r .. .
TAWO2 s ITAMIZ» TAMIy ITAWI» TAWI P KAMCr KAWV s KAAWL s KAAW2 )y 4 o s
KAWWL y KAWW2 y JAACF s WFLOW s JAAM3 s JAWM3)

TAAO2» TAWOD2yITAM2y ITAW2 7GAAH2rGAUHQ}RQUQ:EAU"—SPCFHX(TQQO3!-.o
TAWOL1 s ITAM2, TAM2» ITAW2, TAW2y KAMC s KAWV s KAAWL r KAAW2 2 4 4 o
KAWWL » KAWW2 » JAACF » WFLOW Y JAAM2 » JAWM2)

TAAOL» TAWOL1 s DTAML DTAWL » GAAML » QAWML y RAWL » BAW1=SFCFHX(TAARO2r. 4 s
TAWI»ITAM1»TAM1 s ITAWL» TAWL yKAMC /KAWV I KAAWL P KARW2 Y . 4 s

KAWW1 r KAWW2 » JAACF » WFLOW Y JAAML » JAWML)

RAWAV=(RAW1+RAWA+RAWI+RAWAI+RAWS tRAWSL+RAWZ7+RAUWB +RAWI +tRAW10) /KAWN

BAWT=FAWI+BAW1+BAW2+IAWI+BAWA+BAWSHRAWS+BAWZ+BAWBE ., . &
BAW?+BAW10+EAWD
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7461% X
747:%x X
7482
749:
7503
7513
7323
733
754:

7583

756
757
7584
7593
760K
7618
7623
7633
7643
765%
7564
767
7683
769%
7708
7713
7728
773
774
7754
7762
7774
778:
779
780
781
782
783
7843
7852
786
7071
788:
7893
790
791
792
793
794
7958
796
7974
7983
799
800:
801:

X CORE AUXILIARY HEAT EXCHANGER MODEL X X

X X
x X X SECTION 6.3 x X

CAHE INLET AND EXIT WATER HEADER MODELS

DTHNIrRHUIrBHUI=FIPE1(UFLON:TPCO;NHUUI;KHHCIrTHuIrITHUI)
DTHWO y RHWO » BHWO=FIFE1 (WFLOW» THWOG » KHWVO» KHMCO » THWO » ITHWO)

CAHE HEATED ZONE MODREL

MHH16=144.*PNSS*KHHUIé/(KUNGR*THHIbi
OTHHI&=GCAAXKUNHCF X (TLFH-THHI&) / (KUNHCVXMHHIS)
THHIS6=INTCRLCITHHIG&y ITHHIS)

THHG » JHHMSE » JHUMO=HTKOE (WFLOW»GCAA Y JHHCF s THHI S » THHOG s THMS » THWS)
THHS » JHHMS » JHWMS=HTKOE (WFLOW» GCAAy JHHCF » THHO G » THHOS » THMS » THWS)
THHA » JHHM4 » JHUMA=HTKOE (WFLOW s GCAA» JHHCF » THHOS » THHO4 » THM4» THWA)
THH3 » JHHM3 » JHUM3=HTKOE(WFLOWy GCAA» JHHCF » THHO 4 » THHOJ » THM3 » THW3)
THH2 y JHHM2 » JHWM2=HTKOE (WFLOW» GCAA Y JHHCF » THHO3 » THHO2 » THM2» THW2)
THH1 » JHHM1 » JHWUH1=HTKOE(WFLOW s GCAA» JHHCF » THHO2» THHO1 » THM1 y THW1)

JHHCF=GCAAXKUNHCF

THHOG » THWOS y DTHM6 » DTHWS » QHHMS » QHWMS » RHWG » BHWG=SFCFHX (THHIGr o o »
THWOS» ITHMG » THMO » ITHWS » THWS » KHMC s KHWV y KHHW1 » KHHW2 9 4 &
KHWKWL s KHWW2 » JHHCFP » WELOW » JHHMS » JHUMS) '

THHOS » THWOS » DTHMS » DTHWS » QHHMS » QHWMS » RHUWS » BHWS=SFCFHX (THHOG s 4+ 4 &
THWO4 s ITHMS » THMS » ITHWS » THWS » KHMC » KHWV » KHHW1 » KHHW2y 4 4
KHWW1 » KHWW2 s JHHCF s WFLOW y JHHMS » JHWHS)

THHO4 » THWO4» DTHMA4 » DTHWA » GHHM4 » QHWMA ¢+ RHWA » BHWA=SFCFHX (THHOS s o & &
THWO3» ITHMA» THMA» ITHWA » THWA s KHMC » KHWV s KHHW 1 y KHHW2 » o o »
KNHUWW1 s KHUW2 » JHHCP s WFLOW s JHHMA » JHWMA)

THHO3» THWO3, DTHM3 » BTHW3 » QHHM3 » QHWM3 » RHW3 » BHW3=SFCFHX (THHO4» 4+ »
THWOQ, ITHMI r THM3 » ITHW3 s THWS r KHMC ¢ KEWY p KHHU L » KHHW20 0 o .
KHWW1 » KHWW2 » JHHCF » WFLOW » JHHM3 » JHWM3) .

THHO2 » THWO2 s ITHM2 y DTHW2 » QHHM2 » GHWM2 » RHW2 » BHW2=SFCFHX (THHO3y + 4 »
THWO1 » ITHM2 » THM2» ITHW2 y THW2 s KHMC » KHWY s KHHW1 s KHHW2y o o &
KHWW1 y KHWW2 y JHHCP y UFLOW ¢ JHHM2 » JHWM2) )

THHO1» THWO1 sy UTHM1 » DTHW1 » QHHM1 » GHWML ¢ RHWL » BHW1=GPCFHX (THHO2y . & .
THWEp ITHM1 » THM1 s ITHWI » THWL y KHMC » KHWW s KHHW1 y KHHWZ2 9 ¢ o o
KHWW1 » KHWW2 y JHHCP » WFLOW» JHHM1 » JHWM1)

BHWT=BHWI+BHW1+BHW2+EHW3+BHWA + BHW S+ BEHWS +RHWO

RHWAV=(RHW1+RHW2+RHW3I+RHWA+RHWS+RHWS ) /KHUN
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802:% %X * X x X %X CACWS FROCESS-FLOW MODEL % x % % % X
X x

8033 X XX X SECTION 4. X X X X X X
804:
805 o : ‘
806X JFLO=KFL JOXRFC1X (NPL/KPLN)¥X2
807 :% JFL1=KPLJ1X(NFL/KFLN)
808! ¥ JPL2=-KPLJ2/RFC1
809 : X
810:% ‘ :
811:x% JPSO=KPSJOXRFC1X(NPS/KPSN) XX2
812: JFS1=KFSJ1X (NFS/KFSN)
813:x JFS2=-KFSJ2/RPC1
B14:%
815X JAWFL=1, /SQRT(hPHsn/RFHav+hPcsu/RPcav+hau=o/RAuAU+kHusa/RHunu+...
8161 " KHWISQ/RHWI+KAWISQ/RAWI)
817:% RFUMP=RFC1 . o
8181 ¥FRUCED WFLOWsWPL yWFS,FLOAD=PRFL.O(JAWFL s RFUMP»APLSPLyWPLRy JFLOYJPLLY W,
819:x JFL2/NFLyAFSy SPSyWFSRY JFSO» JFSL s JFS29NFS) :

820:% 4 IF(FLOADN1sL,2
8213k 1 WFLOW=0.

822 % WFLOFDO=0.

8231 % GO TO 3 _

824 % 2 WFLOW=JAWFLXSQRT{(FLOAD)

825ix WFLOFD=0.,5%kWFLOW/FLOAL

826X 3 CONTINUE

827x% JFL=KFLXSURT (RFUMF)

8l811x JF8=KFSXSQRT{(RFUMP)

8291 % WRL s WFLFD=MOFTV(JFLyAFLySPLy JFLO» JFL1 s JPL2WFLR»FLOADD
830 % WPSYWFSFD= NOFTU(JPS;APS!SPQ!JPQO!JP 1y JPS2 e WFSRyFLOAD)
8313 % ERR=WFL+WFS-WFLOW

832¢x%k PLOAD=FLOAD-ERR/ (WPLFD+UPSFD- WFLOPD)

833:1x IF(ERRXERR.GT.0,01)G0 TO 4

834 1 XENDPRO

835

8346:% X FPRESSURIZER MODEL

a37:

- 838:x TPRG=TFKUW

839X JFRRP=DTFRUXAFGEN(PARTRTy TFRW) XVPRW

840 % RFRW=AFGEN(RFTSL» TFRW)

841 % WFR=BPHT+BAWT+EBFCT+BHWT

842 % THWUX=TFC?

843 % DTFRW=(WPRIX(TPRI-TFRW)-~AFR/KUNWCF+ ( THWX~-TFRW)IXKLIMIT(0.0r 4.
8441% +1E69-WFR) ) /RPRUW/VFRUW

845X TPRW=INTGRL(ITFRWs DTPRW)

846 % DVFRW=(WFPRI-WFRO-WPR-JFRRF ) /RPRYW

847:x VFRW=INTGRL ( IVFRWs UVFRW)

848 X DFFRG=((GPRI-GFRO)XKUNGR/ 144 . XxTFRG+FFRGXDVFRW) / (KFRV-UFRW)
849X FFRG=INTGRL(IFFRG»DFFRG)

850

851

852
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853tk % %X X % X x CORE MODEL % X X % % % % % % X
BSAX X X X X X X X X X X X X X X X %X %X X
855 :

856 :

857:% * x TEMPORARY CIRC SPEED CONTROL ON TEMPERATUREW ERROR
858 .

859 OCAERR=THWOS-THWO

840tk % * IF ERKOR IS FOSITIVE NCAD IS POSITIVE

861:% % % THAT RESULTS IN IF WATER TEMF IS LOWER THAN

862:% X % DESIRED, THEN TURN UP CIRC SFEED

B63:X X % ALSO THERE IS NO LIMIT ON CIRC SPEED

864 FROFN=100,/KCAPEBNXOCAERR/KCARG

845 DICAN=FROFN/KCART

866 ICAN=INTGRL (IICAN»DICAN)

867 NCAD=FROFN+ICAN

868 DNCAA=(NCADI-NCAA) /1,

869: NCAA=INTGRL ( INCAAs DNCAA)

-870%% TCCHOA=THHO1

871t% TCCHOA=(1.~SCAV)XITUPH + SCAVXTHHO1

872: - TCCHOA=AFGEN(TINLET,TIME)

873 DTCAHA= (THHO1-TCAHOA) /KCATAU

8743 TCAHOA=INTGRL (ITCAHA» ITCAHA)

875:¢ ‘ ‘

8751 % GCAA=KCARX144 ., XPNSS/TCAHOA/KUNGRXNCAA '
878! GCAA=GCAAS

879 o

880: . GRETOT=KCCN XGCCA+KCAN XGCAA

8s1:

882:% UFPER AND LOWER FPLENUM TIME CONSTANTS

883: PNSS=KUNGRXMNSS/ (144 . X (JUFV/TUPH+JLFU/TLPH))

884! MUFH=FNSSXJUPVX144 ./ (KUNGRXTUFH)

885 ¢ DTUFH= (KUNHCPX(KCCN XGCCAX(TCCHOA-TUPH)4+KCAN XGCAAX(TCAHOA-. ..
886X TUPH) ) +JGPK* (TGFM=TUFH) ) / (KUNHCUXMUFH) ‘
887X TUPH=INTGRL ( ITUFHs DTUFPH)

888: TUFH=TCCHOAX (1 . ~SCAV) + TCAHOAXSCAV

889: - DTGFM=JGFK*(TUFH-TGPM) /KGFC .

890 TGFM=INTGRL ( ITGFM» DTGFM)

891: MLFH=FNSSXJLFUX144./ (KUNGRXTLFH)

892 DTLFH= (KUNHCFX (tKRENNKGREHX ( TREHO6~-TLPH) +GEPHX (TEPH-TLFH) ) /...
893: (KUNHCUXMLFH)

0941  TLPH=INTGRLCITLFH,DTLFH)

895¢

896¢ GREH=GRETOTXKREGF /KRENN

897 GEFH=GRETOT*(1.-KREGF)

898: TRFH=TUPH+QEFH/KUNHCP /GEFH

899

900 :
9013 JRECK1» JRCFK1=CORHT (GREHy TRC1y TRF1+ TREH1»KREA1,KREL1)
902 JRECK2y JRCFK2=CORHT (GREH» TRC2y TRF2» TREH2/KREA2 yKREL2)
903: JRECK3» JRCFK3=CORHT (GREH»TRC3» TRF3» TREH3KREA3sKREL3)
904 JRECK4 s JRCFK4=CORHT (GREHy TRC4» TRF4» TREH4» KREA4 yKREL Q)
9052 JRECKS » JRCFKS=CORHT (GREHy TRCS» TRFS » TREHS » KREAS s KRELS)
90A: JRECKA + JRCFKA=CORHT (GREH TRCA » TRF 65 TREHS P KREAG 1 KRELS)
907:
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?08: DTRCIvDTR#lvTREHOlrTREH1=CRNODE(JRECK1;JRCFNI:KRFUI:KRCUIrTUFH;...

909 GREH,QRF1,ITRF1,TRF1,ITRC1sTRC1) .
910 DTRC2sDTRF2y TREHO2» TREH2=CRNODE ( JRECK2y JRCFK2 s KRFVU2sKRCV27r o o o
211 TREHO1sGREH»QRF2»ITRF2,TRF2, [ITRC2» TRC2)

912 DTRC3yDTRF3» TREHO3» TREH3=CRNODE( JRECK3» JRCFK3yRKRFVU3sKRCYU3 540 s
?13: TREHO2»GREH»QRF3»ITRF3sTRF3»ITRC3»TRC3) .

- 914 DNTRCA» DTRFA» TREHO4».TREH4=CRNODE ( JRECK4» JRCFK4»KKFV4»KRCV4y», ..
?152 TREHO3,»GREH,»QRF4» ITRF4» TRF4» ITRC4»TRCA)

P16 DTRCS»DTRFS» TREHOS » TREHSG=CRNODE( JRECKS » JRCFRKS ¢ KRFVUS»KRCVSr .
?17: TREHO4»GREH,QRFS» ITRFS»TRFS, ITRCS» TRCS)

?18: UTRC&6»DTRF&» TREHOS» TREH6=CRNODE ( JRECNS ¢ JRCFRK& s KRFVSy KRCVS v o0
P19 TREHOSyGRER»QRF&» ITRFOr TRFS6 ITRCOH» TRCS)

9201 .

?210% CORE DECAY HEAT GENERATION

9222

?23:FROCED TSEC = DUMT(TSTART,TIME,TFLAG)

924 TSEC = .TSTART + TIME .

9253 IF(TFLAG .GT. 0.0) TSEC = TSTART

P26 IENDFRO : -

9272

928:% % % FOUWER DECAY. WAS ESTABLISHED FROM A MINAUX RUN ON

P9k X Xk  AUGUST 12y 1977.

930:%FROCEDN DECAY =.FUFQW(TSEC)

931 3%k TEMFORARILY USE SHURES DATA FOR THERMAL REACTOR FISSION FRODIUCT DECAY
PI2IASTORAG T(3)»C(A)sDI(A)

P33IXTAELE T(1-3) = 0,0,0.1+10.0,150.0,4.0E+S» C(1-4) = 0.07+0,0603y...
9341k 0.0765,0.1301, D(1-4) = 0.0+0.0463990.1807,0.2834

9ISININTGER INDEX : )

?361% IF(TSEC.LT.1.E-10) GO TO 30
P37k DO 10 INDEX=1,4 :
P38 % IF(TSEC.LT.TC(INDEX+1)) GO TO 20

939:% 10 CONTINUE :
240:% 20 FFOK = C(INDEX) % TSECk%(-DC(INDEX))

9241 8% UDK=0.,00129XEXP (=TSEC/2034.)

9423 NIIK=0.00112¥EXP (-TSEC/292900,)
P43k GO TO 40

?443:% 30 FFDK = C(1)

945:¢ UDK=0,00129

94465 % NDK=0.00112

947:% 40 DECAY=FFIK+UDK+NDK

948 : XENDFRO

9493

9508 QRF1=KREFF 1 XKREQTXKREFFXFRCD/KRENN
951 QRF2=KREFF 2¥KREQTXKREFFXFPRCD/KRENN
9528 QRF3=KREFF3¥KREQTXKREFFXFRCO/KRENN
9532 ORF 4=KREFF 4XKKREQTXKREFFXFRCL/KRENN
954 QRFS=KREFFSXKREQTXKREPFXFRCD/KRENN
955¢ QRF6=KREFF&6XKREQTXKREFFXFPRCO/KRENN
95464 QBFH=KREQTX (1. ~-KREFF) XFRCD

9573 -

958¢

9593

260: -

P61k X X KXk X x MISCELLANEDUS * % % %X X X x x x
9623

9638

9464

965

966

967
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481X TEMPORARY CACWS FLOW CONTROL ANL ACTUATOR MOUELS
?69:

970 % FROF=100./KFLFEX (WFLS-WFLOW) /KFLCR

9713x% ODINT=FROF/KFPLRT

9725 INT=INTGRLCIINT,UINT)

973:x% NFLD=FROF+INT

974t % DNFL=(NFLD-NFL)/20.

9758 NFL=INTGRL ( INFLsINFL)

9763 %

977:%

978 % FROFS=100./KPSFEX(WFSS-WFLOW) /KFSCR

979 ¢ % DIPSIT=FROFS/KPSRT

980 % IFSIT=INTGRL(IIFSIT»DIPSIT)

981 % AFSH=FROFS+IFSIT

982 % DAFS=(AFSI-AFS) /4.

983 % AFS=LIMINT(IAFSs0.0s1.0,DAFS)

984:

985 X COLD TEMFERATURE MEASUREMENT (KTAU SEC LAG)

2863

987: LTFCOM=(TPC10~TPCOM) /KTAU

988 . TPCOM=INTGRL (ITFCOM» DTFCOM)

9893

990X CAHE EXIT TEMPERATURE MEASUREMENT (KTAlU SEC LaG)

991

992 DTPHM=(TFH1-TFHM) /KTAU

9933 TPHM=INTGRL (ITFHMy OTFHM)

994

995 X VARIABLES CACULATED FOR OUTFUT PURFOSES ONLY

99673

997: QHWMT=QHWM1 +QHWM2+QHWM3+QHWM 4 +QHUMS +QHWMS

9981 QHHMT=0HHM1 +QHHM2+QHHM3+QHHM 4 +QHHMS +QHHM6G

9993 QAWMT=QAWML+0AWMZ+0AWMI+AAWMA+0AWMS+QAWMS+RAUMZ7 +HQAUMEBE . o o
1000 QAUMP+0AWM10 :

10013 QAAMT=0AAM1+QAAM2+RAAN3+OAAMA+RAAMS+OAAMS+AAAMT7+RAAMBY . « «
10022 . QAAMP+0AAML0

1003 MARGIN=AFGEN (HSATP» PFRG) -AFGEN (HSATT THW0S)

1004: - . . . . . P .- . .

10053 FOWFLO=PRCD/GRETOT

1006¢

10073 EAE=DEBUG(1,0.0)

1008: Di=DEBUG(1+30.0)

1009 02=DEHUG(1,60.0)

1010 TERMINAL

1011 EAEL=DERUG (1, TIME)

10123 TIMER DELT=,01sFINTIM=500.sDELPR=5,»DELGR=5.s TWARN=25,

1013/ WRITE(12y73 ) TFHL»TFH2,TFH3» TPHA» TPHS» TPHO» TFH7 » TFHB» TRHP»
1014/ 1TFH10y ° '

101537/ 1 TFHM

10163773 FORMAT(’% X X HOT LINE INITIAL CONDITIONS’»/»

10173/ 1/ INCON ITFH1 =‘sEALl.6r’ s ITFH2 =‘yE11.6+’y ITFH3 =‘9»E11.6+/»
10183/ 1’ INCON ITFH4 =‘9E11l.6¢“r ITFPHS =/9E11.69’9 ITFHE =‘+E11.40/»
10193/ 1/ INCON ITFH7 =‘+E11.69°9 ITFHB =’+E11.69's ITFHP =‘sE11.6+/»
10203/ 1/ INCON ITFH10="'»E11.6v/

10213/ 1/ INCON ITFHM =‘,E11.6+/7) .
1022

10232

10242

10252

10248

143



10273/
10283/
10293/
1030: /72
10313/
10324/
1033%/
1034:/
10352/
10363
10378
1038:/
10393/,
10403/
1041:/70
1042:/
10433/
10445/
10453/
10463/
10473/
10483/
10495/
1050:/
1051/
10521/
1053t/
1054
10558
10563/
1057%/
1058:/71
105957
10605/
106137
10623
10635/
10643/
10658
10663
10671
10683/
10693/ 74
107037
10713/
10723/
10733/
1074
1075% 4
10742/93
107727
10792/
10794/
1080t/
10813/
10828/
10832/

WRITE(12,72 )TPC1,TPC2+sTPC3sTPCA»TFCS»TFCS»TPC7»TFC8, TFC?

1TFC10»

1TFCOM

FORMAT(’% % % COLD LINE INITIAL CONDITIONS’»/»

1/ INCON ITFC1 =’,E11.869’» ITPC2 ='+E11.6¢’y ITFC3 ="+E11.6+/>
1/ INCON ITPCA =‘sEll.é69’s ITFCS ='»Ell1.49’r ITFCS ='»Eil.&0/>
1/ INCON ITFC?7 =’yE11.6s’y ITFC8 ="+E11.6y s ITFCY ='»Ell.4s/>
1/ INCON ITFC10="9E11.6+/>»

1/INCON | ITPCOM='+E11.6+//)

WRITE(12,70 HTAWO»TAWILI»TAWL TAW2y TAW3» TAWA» TAWS » TAWS» TAWT »
1TAWB » TAW? » TAWLO0» TAML » TAM2» TAM3» TAMA» TAMS » TAMG» TANTZ s TAMB

1TAM?» TAM10» TAAL1» TAA2,TAA3» TAR4, TAAS» TAAS» TAA7» TAABY TAA? » TAALO
FORMAT( % X% % AIR EBLAST HX INITIAL CONDITIONS s/

vE11.697 ITAWI =‘9E11.69'y ITAUWL ='2E11.69/>

1/ INCON ITAWOQ =" ’

1/ INCON ITAW2 =’,E11.6r 'y ITAW3 ="+E11.6y’ sy ITAWS ='9E11.56+/>»
1/INEON  ~ ITAWS ="»E11.69r ITAWS ="9E11.46r7y ITAW7 ='yE11.4+/y
17 INCON ITAWB ='»E11.67v"y ITAW? ="yE11l.6¢'y ITAWL0='H»E11.6+/»
17 INCON ITAHL =’vE11.6r ‘s ITAM2 ='9E11.69'y ITAM3 ='sE11.4y/>
1/ INCON ITAHA =‘»E11.s69’y ITAMS ='sEl11.69’s ITAMS ="sEll. b9/
1/INCON - ITAM7? =‘sE11.697y ITAMB ='HE11.6¢'y ITAM? ="9E11.89/»
1/INCON ITAM10=",E11.69/

1’FARAM TAAl =‘9E11.65 'y TAA2 ='yE11.6»’s TAA3 ='9E1ll.69/>
1/'FARAM TAA4 ='1E11.6»’r TAAS ='»E11.6¢"» TAAS ='sE11.469/>
1/FARAM TAA7 ='3E11.69's TAAB ='9»El11.6¢’y TAA? ='yE11.6+/»
1/FPARAM TAALOQ =’sE11.6+/7)

NRITE(IQ:?i_ JTHWI » THUL » THW2 s THW3 » THWA » THWS » THWS » THM1 » THM2»
1THM3 » THMA» THMS » THMS » THWO » THMIO» THH1 » THH2» THH3 » THH4 » THHS » THHS
FORMATC( % % % CAHE INITIAL CONDITIONS’y/»

1/INCON ITHWI =‘sE11.69y ITHWL =/yE11.69°» ITHW2 =’,E11.6+/>
1/ INCON ITHU3 =‘sE11.69 ‘s ITHWA =’»EL1.67'ry ITHWS =’sE11.6¢/>
1/ INCON ITHWS =’+El1.69’y ITHM1 =‘5E11.69’y ITHM2 =‘9E1l1.69/»
1/INCON ITHM3 =‘+E11.69‘y ITHMA =’»E11.6+’» ITHMS =’,E11.6+/»
1/INCON ITHMS =‘»E11.69’y ITHWO =‘sE11.69 " ITHMIO='sEL1L.6¢/
1/FARAM THH1 =‘sE11.6+’y THH2 =',E11.6¢°y THH3 ='»El11l.6+¢/>
1/FARAM THH4 =‘yE11.6s’y THHS =’+E11.69’» THH6 =73E11.69//)

WRITE(12574)VFRW» TFRW,FFRG,FLOATIy NFLy INT»AFSy IFSIT »WFLOW
FORMAT(’% X% X PUMF AND FROCESS-FLOW INITIAL CONDITIONS’»/»

1/INCON IVFRW =‘»E11.67’y ITFRW =sE11.67’+» IFFRG ="9E11.6¢/
1 7INCON IFLOAD=",E11.6y 'y INFL =’sE11.6+’» TINT ='9ELlLl.6+/>
1/ INCON IAFS =’/»E11.6+’» TIFSIT='»E1l1.6+/

1 'FARAM WFLOW =‘yE11.6r,//)

FORMAT(’%x % % CORE INITIAL CONDITIONS’»s/»

17 INCON ITRF1 =’ yE1l.69’y ITRF2 ='9E11.69°s ITRF3 ="9E11.6v/»
1/INCON ITRF4 =’+E11.65'» ITRFS =’sE11.69’r ITRF6 ='9E11.6+v/»
1/INCON ITRC1 =’/+E11.65°s ITRC2 =’sE11.69'y [TRC3 ='9E1Ll.60/
1/ INCON ITRCA =’+E11.69’y ITRCS =‘9E11.69'+» ITRCS ='»E11.6v/>
1/INCON ITUPH =’yE11.6»’y ITLFH =’sE11.64/>

1/INCON ITCAHA='sE11.469 'y IICAN ='»E11.6+'y INCAA ='+E11.49//»
1 'FARANM TREH1 =’+E11.6+ '+ TREH2 =’9E11.6+°¢ TREH3 ='+E11.69/
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10843/ 1‘FARAM TREH4 =’»E11.6+‘» TREHS =’+E11.65°» TREHS ='sE11.49//)

10852/ WRITE(12+,93) TRF1sTRF2sTRF3»TRF4»TRFS»TRFS6»TRC1,TRC2, TRC3
10862/ 1TRC4> TRCSs TRCSs TUFHy TLFHy TCAHOA» ICAN»NCAA» TREHL » TREH2» TREH3»
10871/ 1TREHA4» TREHS s TREHS

10881/ WRITE(12y95) TIME» DUMMY

1089:/ 95 FORMAT(‘% x x TIME AT END OF RUN=',E11.6+’ » DUMMY VARIARLE=
1090:/ 1sE11.6/77)

1091

1092:FRINT TFCOy» THWO» TFHO» TAWO» THHO1» WFLOW» MARGIN,FPPRGy .+

1093 FNSSyGCAAYGRETOT»GCCA»FRCOFOWFLOY o4

10942 OCAERR»FROFN» TCANs INCAAPNCAAY o0

10952 TRC1s TRF1»TREHLy TREHOL» THHOLY ...

1096 TRC2»TRF2y TREHZ» TREHO2Z » THHUO2Y 44

1097 TRC3y TRF3» TREH3» TREHO3» THHD3» <.

10782 TRCAyTRF4y TREHA4» TREHO4» THHO4Y .0

1099 TRCS Yy TRFS» TREHS» TREHOS s THHOS Y o6

11002 TRC6sTRF&» TREHS » TREHOO6» THHOGY 40 s

11012 THHI&» THMG, .0

11023 TLFH» TUFH

1103 3% QAAM1 s QAAM2 » QRAMI » QAAMA » QAAMS » RAAMGE » QARAMZ » QAAMB y RAAMN? » BAAM 1O, 4 o
11043 % QAAMT, ...

11052 QAWML yTAWM2y QAWMI » QAWMA y RAWMS » QAWMS » QAUMT7 » GAWME » QAWM » QAWMLO» o .
11060 % QAWMT > ...

1107 1% QHHM1 » QHHM2 »y QHHM3 » GHHM 4 » QHHMS » QHHMO » QAHHMT Y . &

11083k QHUML » QHWM2 » QHWM 3 y QHWM 4 » QHWME » QHWMS » QHWMT

1109 :FREFPAR TFCO» THWO» TFHO» TAWO» THHOlvUFLUUrMARFINvPFRG. ‘e

11102 TRC1+,TRF1,TREH1» TREHOD1» THHO1l, .«

11118 FNSSyGCAAYGCCAYFRCDsFOWFLOY o4

11123 OCAERRyFROFNs ICANs DNCAA»MNCAAY o4

11133% TRC2yTRF2yTREH2» TREHO2 » THHO2, 44 o

11140% TRCI» TRF3» TREH3 s TREHO3» THHO3y ...

11153 % TRCA» TRFAy TREHAy TREHO4» THHOA4r ..

1116%% t TRCS» TRFS» TREHS» TREHOS » THHOS Y o0

1117 0% TRC6» TRF&6» TREHS» TREHOS » THHOGY 4 W

11182 THHO2 s THHO3» THHOA4 » THHOS » THHOG Y « v W

11192 TLFH» TUPH

1120:x% QAAML » QAAM2 s QAAM3 » QAAMA Y QNAMS » RAAMS +» QAAMT7 » BAAMEB » RAAM? » QRAMLOYr . 4
11213% QAAMT Y 0

11220 % GAUMIvGAUMZ;GANM3;GANH4vGAUHJ'GAUHerAUH7vQAUMB QAUM? » QAWMLOY . ¥ &
1123 1x% QAWMT Y o4

11243% QHHML » QHHM2 y QHHM3 » QHHM 4 » QHHMS » QHHM& » QHHMT» . o

1125%0% QUUML s QHWM2 r OHWM 3 » QHWMA « RHWMS y QHWM O » QHWMT

1126:GRAFH TIME»TPCOr»THWO s TFHO? 4 4

11273 TAWO» THHO1

1128:GRAFH TIME»WFLOW,FFRG
1129 :GRAFH TIME,MARGIN
1130GRAFH TIME» TLFH,TUFH
1131 1 kGRAFH TIME, THHOL1» THHO2 » THHO3» THHO4» THHOS » THHOG
1132 %GRAFH TIME» TREHO1, TREHO2y TREHO3, TREHO4, TREHOS » TREHOG
1133 ¥GRAFH TIME»TRC1yTRC2»TRC3»TRCA4,TRCS» TRCS
1134 %GRAFH TIME»TRF1sTRF2yTRF3»TRF4»TRFS» TRF4
1135 %XGRAFH TIMEy TREHL1» TREH2» TREH3» TREHA4 » TREHYS » IREHS
11346 :GRAFPH TIME»OCAERRFROFPNy LICANsNCAA
1137 I1GRAFH TIME»GCAAYGRLAFNSSyFRCDFOWFLO
1138:
1139 INTEG WSEIG
1140 XSTEADY EIGEN»[DEI.535=,001
114 LLEND
42:STOP
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8.2 CAWS SIMULATION CODE

This section contains a listing of the CAWS simulation
- code as it existed on September 30, 1977. ' ‘

146



2285 ITITLE
- 2786 ADDNAF

22872

2288

2289921 %
2290 %
22913 %
22928

22933

22940xX
229358

2296 %
22971%
22981 %
2299:%
2300 %
2301 %
2302:%
2303 0%
23041 x%
230350 %
23068 X
23073%
2308 %
2309:%

23108 %

23113X
23L12x
23132

2314:x%
23158

2316:%
2317:%
2318x
23171 %
23202 %
2321%
2322:%
2323 %

23240% -

2325:%
23261 %
232731x
2328 %
23271 %
2I30 K
23310%
2332 %
23333 %
23345 %
23358%
23365 %
23374 %
23381%
2339k
23405 %
23413X
234230 %
23431 n
23445 x%

X
X
X

%

*

GCFR

CAWS

MAFXCAWS .

X Xk X

X X X X X

X X K X ¥ %X X X X X

* X X

NOMENCLATURE GUIDELINES FOR ECSTRA-SEE SECTION 3 OF REPORT X

x X X

x X kx X X

X X ¥ k %X X x Xx X X

FIRST LETTER DESIGNATION - TYFE OF VARIABLE

RATE OF THERMAL EXFANSION OR CONTRACTION

ROTATIONAL SFEED (RPM) OR' NUMERER (ND)

x X X

(ND)
(FT#x3/SEC)
(FER SEC)

(LBS/SEC)

FRESSURE (FSIA) OR FRESSURE DIFFERENTIAL (FSID)

THIRD LETTER LESIGNATIONS ~ COMFONENT ID

BLAST HX AND CAHE HX (COLD LEG)

FIFE FROM CAHE HX TO AIR EBLAST HX (HOT LEG)

UNIVERSAL (CONVERSION FACTOR OR CONSTANT)

" A NORMALIZED VALVE AREA
B
o RATE OF CHANGE WRT TIME
E  EFFICIENCY (NID

G GAS FLOW RATE
1 INITIAL VALUE OF STATE
N INTERMEDIATE VARIAELE

K RESERVEDl FOR CONSTANTS

L VALVE LIFT (NI OR TANK LEVEL (FT)
N

0 INTERMEDIATE VARIABLE

F-
a RATE OF HEAT TRANSF@R (ETU/SEC)
R DENSITY (LEB/FTX%3)
T TEMFERATURE (DNEG F)
W WATER FLOW RATE (LBES/SEC)
X TORQUE (FT-LBS)

SECOND AND

A- AIR BLAST HEAT EXCHANGER
AA AIR SILE

AM TUBE AND FINS

AW WATER SILE
EF CORE EYFASS
cA CIRCULATOR AUXILIARY
cc CIRCULATOR
CH CIRCULATOR MOTOR

(ofc] CONTROL GUIDE
cs CORE SUFFORT

H- CAHE HEAT EXCHANGER

HH HELIUM SIDE
HM TURE METAL
HUY WATER SIDE
LF LOWER FLENUM
LK LUWER REFLELCIUK
FC FIFE FROM AIR
FH
FL FUMF (LARGE)
FR FRESSURIZER
FS FUMF (SHALL)
RE CORE (NUCLEAR REACTOR)
RF REACTOR FUEL
RM REACTOR MODERATOR
SR SINE REFLECTOR'

P SUFFORT FOSTS
UN
uf UPFER FLENUM
UR UPPER REFLECTOR

2343 ****t*t**t***llxxttt**Xﬂ#tl#***t*#**t**Kt*!****!t*tt*!tk*##tttt#!tt!**
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23462

2247 :

2348:% X X Kk K X Xk Xk Xk X X x X X % %X kX X X X %X X X
2349tk X  CONSTANTS, TABLES» AND MACROS "USED BY MORE THAN ONE X X
2350:% . X COMFONENT MODEL HENCE CONTAIMNED IN MISCELLANEQOUS X X
2351tk % SECTION OF ALL X X
252k 0k X XK X K X XK X X X X * X % Xk X X X X x X X
2333:

2354

23338

2354 CONST KUNACF=0.,2407 r KUNGR —‘0678u o v KUNHCV=,746

2357 LCONST KUNWCF=1.0227 y KUNHCF=1.

23582 . )

2399 AFGEN RFTSL=510.962.,4+560+762,0+610.961.22660,760.17710,+58.8¢760.74..
" 23508 G7+398B10.955.69860.993.79210,93531,5979460.949.091010.945,991060.7.+4
2I51 8 42,491110.»37.3
236_2AFGENAPﬁhTRT"qu.7—.01229610.1-.0187;660.v-.0”387710.r~00“8“1760.7'oo
23532 =+03237810.9v~403661860.9-:0412791049-.04635960,9~-4056021010494.,0

23643 -, 068321110, -.,08%6 Co ‘

2IE5IAFGEN FSFH=540.+.92989680.71.009710491:019760.51.037810451.0%5744.,

~.6o. 860+91.085710491.12y960.91.19510104,1:31,1060.+1.51

267 AFGEN FVIS=5960.91.6491610.91.0515660490.738»710.90.36992760:20.454s 40

huoa. 810, 90.3789860.90.328+9210,90.288,960.70.256+1010:90.230r 0w
23698 1060,,0,209

23701 AFGEN FCON=560+90,35649610.+0. 3341660»10 3941710420.398692760:490.392554 4
23718 810.»0. 3917960.70 3817910.90:3679960.90.34991010490.3259440
2372 1060.50.2

2373 -

2374 AFGEN HSATF= uB.vQS?.1118.9311.!220.7364.7382.1419.1... R

2375 621 ,947641962.9337.91431.9603.72060¢967P09440

237488 2895.,784.,

2377 1AFGEN HSATT= 50.;u8.r600.leSovéuO-'luBo1700.1208.7 s

2378: A 750.9259.9800.9311.+850,r364.7900.1317.9950.947b0r44.

2379 1000.9v537.91050,9603,491100.+679.,1150,,784,

2330

23281 :MACRO TGO>TWO»LUTM>DTWY QGM» QUM RWy BW=SFCFHX(TGI» TWI»ITMsy TMy ITW» TWs . s
23823 MCAF sVOLyWTG1 WTG2,WTWL  WTW2» JGCF s WFLOW» JC» JHTW)

2383 % SEE" SECTION 6.2 OF REFORT

2384:% SINGLE FHASE COUNTER FLOW HEAT EXCHANGER WITH INCOMFRESSAELE
2385133 FLUID ON W SIDE AND NEGLIGIELE FLUID THERMAL CAFACITY ON G SIDE
2386:x TGO0=GAS EXIT TEMP, QGM=ENERGY TRANSFER GAS TO METAL

23873k  RW=AYERAGE NODALL DENSITY, TW=AVERAGE NODAL TEMF.«

2388:% QWM=HEAT TRANSFER WATER TO METALs TWO=WATER EXIT TEMF

23392 RW=AFGEN(RFTSL,TW)

23902 TGO=(TGIX(L. -WTGIRJICI+ICKTM) /(1. +UTG2%IC)
23718 QAGM=JGCFX(TGI~-TGO)

23928 TUWO=(TW-WTWIXTUWT) /WTW2 .

23932 QUM=JHTWK (TW-TH)

2374 DTM= (QUM+AGHM) /MCAP

23958 . THM=INTGRL(ITM, 0TH)

23968 DTW=(WFLOWX(TUWI-TWO)-QUM/KUNWCF) /VOL/RY
23972 . BUsDTWRVOLXAFGENC(FARTRT» TW)

23782 TW=INTGRL(ITW,DITW)

2399 ENDMAC

24002

2401:
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2402 1MACRO [lTFvR'FrJF‘RT=F‘IF’E1(FLOrTFIvUDL;MCAF‘vTF; ITF)
2403 % SEE SECTION.6.1 OF REFORT
24043 FIFPE THERMAL NODE WITH COMBINED METAL AND FLUID THERMAL CAFACITANCE

2405 RF=AFGEN(RFTSLyTF)

2406 DTF=FLOX(TFI~-TF)/ (MCAF/KUNWCF+VOLXRF)

2407 JERT=VOLXDTFXAFGEN(FARTRT,TF)

24083 TF=INTGRL(ITFyDTF)

2409 sENDMAC

24104 -

2411

24123 .

ZA130k % X X X X K Kk Xk % X Xk %X X% "X "k X X X X X Xx X
24143% ¥ HOT LEG COMPONENT CONSTANTS, TAELESs AND MACROS ] X X
23154% %X % %X X kK kx Xx k k x X %X X x % X x X %X X X X
24143 .

2417 $CONST KFHVT =40.7 » KFHCT =1464.0 y KFHN =10.

24183

24198

2420:

24210k X kK 0k ok %k %k X K X X X X %X X %X X X X %X ¥ X ¥
2422¢% x COLD LEG COMFONENT CONSTANTS» TAELESs AND MACROS X X
24233k % X % k- Xk % Kk X x K X X X X ¥ X X X X ¥ X X
24242 : . .

2425 CONST KFCVT =40.7 v KFCCT =1466.0 v KFCN =10,

24248

24272

24282 : .

2429:% 0k k. X X X Xk % Xx *x x x x %X X k %X X Xx X% X X X
2430:% * AIR BLAST HX COMPONENT CONSTANTS: TABLES» AND MACROS X X
24313% % %X k x X X X X X X X X %X X ¥ ¥ %X X X X X X
24328 i

2433:CONST KAWRX =5316. y KAMR =1,08 v KAAR =29.52

2434 CONST KAWWR =42.78 v KAAG =761.1 r KAWA =197S,
2435CONST KAAA =2438, » KAATR =598. + KAMTR =679.

2436 3CONST KAWTR =760, r KAAAU =,2831 » KAARU =.7169

2437 :CONST KAAAK =,1777 v+ KAAEK =,8223 y KAMAK =1.1546 .
2438ICONST KAMEK =,1546 + KAMCT = 331.7 » KAWVT =33.33

2439 CONST KAWN =10, r KAWW1 =0,5 y KAAW1=0.5
2440:CONST KAWVI =3, y KAWVO =3, r KAMCI =100,

2441 :CONST KAMCO =100.

2442

2443

2444 : v
2445 MACRO TGsJAIRs JWAT=HTCOE (WFLOWsGFLRAT s JCGF+TG1,TG2» TMET» TWAT)
2446:%  SEE AFFENDIX C OF REPORT

2447 TG=(TGL14TG2)/2

2448 FROCED RAIR=RESX(GFLRAT)

2449 RAIR=KAARKGFLRATX (KAAAU+KAABUX(TG/KAATR) XX, 4681/,
24502 - (KAAAK+KAABKXTG/KAATR)

2451 tENDFRO

,2452° RMET=KAMR/ (KAMAK-KAMEKXTMET/KAMTR) -

24538 CON=AFGEN(FCON,»TWAT) .
2454 YIS=AFGEN(FVIS,TWAT)

24552 SFH=AFGEN(FSFHyTWAT)

2456 - RWAT=KAWRX/ (CONX(WFLOWXISE00,/VIS)I XK. BX4 0
24572 (SFHXVIS/CON) %% ,.333)

24583 JAIR=KAAA/NAUN/ (0. SXRMET+RAIR) / JCGP

2459 JUAT=KAWA/KAWN/ (0 . SKRMETXKAWA/KAAA+RWAT)
24460 ENDMAC
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24513
2442

24633

24543 K X X X X X X X X K- X

246351k X

24660k ¥ X X X X %X Xk X X X X

2467
24683

24493

24703CONST KHHRX =1.614ES
2471 :CONST KHMCT, =418,
2472$CONST KHWUT =10.8

2473 3CONST KHMCIO=208.
2474 :CONST KHUN =6.0
23473 1CONST KHHUR =6,.388E-4

« e . v e w ww

2476 1CONST KHHCKE=0.,701
2477 :CONST KHHA =1141.
24782 .

24792

2480 MACRO TGvJHEL;JUAT=HTKUE(NFLDW;HFLOU-JG;IIvT2
SEE AFPENDIX C OF REFORT '

24313% I
24823 TG=(T1+4T2>/2
2483 :PROCED RHE=RESY (HFLOW)

_KHWRX

KHMCI
KHWVI
KHWMI
KHHW1
KHHUKE
KHMAR
KHWA

150

X

b

X

CAHE COMFONENT CONSTANTS, TAELES» AND MACROS

X x kX %X Xk X
X X X Ok kX
=1.48E4 » KHMRX
=58.35 » KHMCO
=3,91 » KHWVO
=.8267 r KHWMO
=05 » KHWW1
=0,687 » KHHCK
=6.25 » KHMEK

=888.5

rTMPTW)

X

X

X

X

%"

X

=28.14
=58.35

=3.?1

-=.8267

X

* -

=0.5

=1.,062E-

=0.,00S5

x X

x X%

KAWISA=,4803
KHWISQ=,6800

2484: HSFH=1,242
24858 HUTS=KHHUK X TGXKKHHVKE
2486 HCON=KHHCK X TGAXKHHCKE
2487¢ RHE=KHHRX/ ( HCONX (HFLOWX3400, /HVIS) KX 8K, o o
2488 (HSFHXHVIS/HCON) %X ,333)
2489 :ENDFRO ‘ :
2490 RMET=KHMRX/ (KHMAK +KHMBKX ( TM=440.))
2491 CON=AFGEN(FCON»TW)
24923 VIS=AFGEN(FVIS, TW)
2493; SFH=AFGEN (FSFH» TW)
2494 RWAT=KHWRX/ (CONX (WFLOWX3600./VIS)kK. 8K, ..
2495 (SFHXVIS/CON) X% .333)
24963 JUAT=(KHWA/KHWN) / ¢ , SKRME TXKHWA/KHHA+RWAT)
24973 JHEL= (KHHA/KHWN/ JG) 7 ¢  SKRMET+RHE)
2498 :ENDMAC
2499
2500
2501k Xk Kk %k K X %k X K K X K X
2502:% % FUMP AND FROCESS-FLOW COMPONENT CONSTANTS, TABLESs AND
25033% X MACROS
25043k % 0k Kk K KXk X %k X X K X X
2505 .
2506 :CONST KaWwsQ =.9031 y KHWSQ =.9014
2507 :CONST KFHSQ =,2268 ‘» KPCSQ =.3300
2508
2509

I I

3

* I K I

¥ W

* M I} I



2510 ! MACRO Wy DWOFPO=MOFPTU(KVsAVySV,»JO»yJ1»J2yWRIDELF)

25118x% SEE SECTION 4.1 OF -REFORT

25128x% GENERAL FURFOSE FUMF MACRO FOR REPRESENTING CONSTANT OR VARIARLE
2513 0% SPEED FUMF WITH THROTTLE OR ISOLATION VALVE OFTIONAL. REQUIRES
2514:x  THAT USER SFECIFY RECIRCULATION FLOW AS INPUT. USER MUST SFECIFY
2515x% FUMP CHARACTERISTIC AS SECOND ORDER POLYNOMIAL.

23168 JU=KUXKUVXAVXKAY

2517. IF(SV.EQ.0.,) JV=1

25181x% IF ISOLATION VALVE IS OFEN (SVU=0.0) FULL FUMF FLOW I5 THROUGH
2519::x% THE ISOLATION VALVE» AND THROTTLE VALVE SETTING IS IMMATERIAL
25203% AS IT GROFS OUT SETTING JV=1 WHICH RESULTS IN AINV=-1/J2 AS AFFROF.

25218 AINV==JV/ (SY-J2%JV)
2522 B= (142, KURXJ2) :
25238 BAINV=EXAINY

25241 CPART=WRX ( J1+J2%WR) +J0
25258 DELFMX=—BXEAINV/4 . +CFART
25241 IF (HELFMX-DELF) 1y1s2
25273 1 W=0,

2528 DWOED=0,

25298 G0 TO 3

23530 2 C=CPART-DELF

2531 W=-BAINV/2 ., +SART (EAINUXEAINV/ 4. ~CKAINV)
25325 % IF(AINV.LT.0.0001)G0 TO 3
2533 DWOFO=ATNY/ (2, KW+BXAINY)
2534 3 CONTINUE

2535 ENDMAC

25363

2537

25381

2539

2540 INITIAL

25413

2542

25431k k X X X 0k X X kK K Kk X Kk & X X k * X ¥ k % X
2544:% % HOT LEG COMFONENT INCON AND FARAM SECTION X X
2545t% % X X ¥ K X ¥ Kk Kk X X X X X X * * X kX Kk X X
2546

2547 , ‘

2548 INCON ITFHL = .166079404, ITPH2 = ,166079+04» ITFH3 = ,166079+04
2549 ¢ INCON ITFHA = 1646079404, ITFHS = .166079+04, ITFH& = .166079+04
25503 INCON ITPH? = .166079+04, ITFHB8 = ,1646079+04s ITPH? = ,166079+04
2551 INCON ITFH10= .164079+04

2552 INCON ITPHM = 1646079404

2553

25541 KFHC=KFHET /KEHN

2555: KEHY=KFHYUT /KFHN

2554 ‘

25573 TPH1=ITFH1

25533 TRFH2=ITFH2

25591 TFH3=ITFH3

2560 TFH4=ITFHA

25614 TPHS=ITFHS

25623 TFH&=ITFH&

25634 TRH7=ITEH?

25641 TFHB=ITFHS8

25653 TFHY=ITFHY

25663 ~IEHL1O=ITFH10

2567 TEHM=TITFHN

2548

25491

25708
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25713% X
T 2572k X
2573k X
25743
2575
25743 INCON
2577 INCON
2578 INCON
2579 INCON
2580t INCON
2581
2582
2533
2584
25353
2586
2537
2588
2589
2590
2591
2592
25933
2594
25958
25961
2597

x X X

X X X

ITPC1L
ITFCA
ITFC?
ITFC10=
ITFCOM=

nonon

* X X X X
COLD LEG COMFONENT INCON AND
% X X X X

4113749404,
+113749404,
+113749404,
«113749404
.113749+04

KFCC=KFCCT/KFCN

KFCVU=KFCVUT/KFCN

TFC1=ITFC1
TFC2=I1TFC2
TPC3I=ITFC3
TFCA=ITFC4
TPCS=ITPCS
TFC6=ITFC6
TPC7=1TFC7
TEC8=ITFCH
TFCO=ITFCY

TFC10=ITFC10
TPCOM=ITFCOM

X X

X X

ITPC2 -

ITFCS
ITFCS

152

X

X X X X X

FARAM SECTION

*

x X X x x

+1137494045 ITPC3
.113749+04, ITPC
+113749404, ITECY

X X X X
' x X
X X X X

113749404
+ 113749404
+113749+04



2598tx X
2599::x X%

2W60023% %
26012
26023
2603 INCON

2504 INCON
2605 INCON
2606 1 INCON
2607 I INCON
2508 INCON
2609 L INCON
2610 IMNCON
2811 FARAM
QW12 IFARAM
25612 1FARAM
2614 FARAM
26152
26163
26172
26189
26172
262018
26212
26223
26238
26243
26252
26262
227
26288
26293
26302
26312
2632
26338
26342
26358
26368
2637
26383
2639
2640
2641
26423
26433
26442

X ok X% X

X ¥ X X

AIR BLAST HX COMPONENT

L S S S

ITAWO
ITAW2
ITAWS
ITAWS
ITAM1
ITAMA
ITAM7
ITAN10
TAAL
TAA4
TAA7
TAALO

ouon o

TAWI=ITAWI
TAWO=ITAWD
TAWL=ITAWL
TAW2=ITAWR
TAW3=ITAW3
TAWA=TTAWA
TAWS=1TAWS
TAWSs=ITAWS
TAW7=ITAW?
TAWS=1TAWS
TAWP=ITAWT

x Xk X %

.113749404,
159815404,
L 145495404,
.128857+04,
. 163354+04,
. 149728404,
. 133499404,
.115819+04
L135261404,
1113965404
.888535+03)
.607424403

TAW10=ITAWL10

TAMI=ITAM1
TAM2=TTAM2
TAM3=1TAM3
TAM4=1TAM4
TARG=TTAMG
TAM6=ITAMS
TAM7=ITAM7
TAMB=TTAM8
TAM9?=1TAM?

TAM10=ITAM10

KAAW2=1,-KAAW1
KAWW2=1.-KAWW1

KAMC=

KAMCT/KAWN

KAWVU= KAWVT/KAWN

L S
INCON
L S

ITAWI -

ITAUS
ITAUWA
ITAW?
ITAM2
I1TAMS
ITAMS

TAAZ

TAAS
TAAB

153

g onu

nouu

iau

X X
AND

L I

166079404,
155317404,
+140185+04»
. 122903404
+159088+04»
-+144638+04,
2127895404,

1283599404,
+105999+04
e 797429403y

x X

FARAM SECTION
X X X X

X X

ITAWL
ITAWA:
ITAW?
ITAW10
ITAM3
ITAMS
ITAM9

TAA3
TAAS
TAAY

[L I TR (I

X X X X

X X
X %X X X
+1640374+04

150542404
+134631+04
+116817+04
+ 154546404
.139289+04
.1219184+04

+121500+04
2976195403
+703461+03



C 26453k X
26460k X
26470x %
24648
26493

24650 INCON
26513 INCON
2652 INCON
24531 INCON
25541 INCON

2555 1FARAM

2655 :FARAM
26572
26581
263578
2640
26613
25628
25638
26648
26653
26661
2867
26583
26698
2670
26712
26723
2673%"
2674
26752
26763
26773
26782
246794
2680
26812
26821k
26831 %
26841 %
26851
2636
2687 TNCON
2688 INCON
2689 INCON
2690:FARAM
26912

- 26928
26932
26942
26952
2696
26972
26982
2699
27002
2701
27028 .

- 27032

X
X
X

% I 3¢

X ok X Xk ok X X Xk X X ¥ X X %x X X X % X X

CAHE COMFONENT INCON AND FARAM SECTION X

X X X X X X ¥ x &k ok Xk x %k k %X x X X X X
ITHWI = ,113749+04, ITHW1 = ,116689+04» ITHW2 = ,123020+404
ITHUZ = .130329+04, ITHW4 = .138783+04» ITHUS = .1483581+04
ITHWS6 = +159960+04y ITHM1 = .119535+04» ITHM2 = .126298+04
ITHM3 = ,134112+04, ITHMA = ,.143156+04y ITHMS = .153647+04
ITHMG = .165842+04, ITHWO = .166078+04y ITHMIO= .000000
THH1 = .135508+04y THH2 = 144544404y THH3 = ,154974404
THH4 = 167042404, THHS = .181026+04» THH6 = .197268+04

THWO=ITHWO

THWI=ITHWI

THW1=ITHW1

THW2=ITHW2

THW3I=TTHW3

THW4=1ITHWA

THWSG=ITHWS

THW&=ITHWS

THM1=]ITHM1

THHM2=ITHM2

THM3=1THM3

THM4=1THMA

THMS=LTHMS

THM6=TTHMS -

THMIO=ITHMIO

KHHW2=1,-KHHW1

KHWW2=1, ~KHWW1

KHMC= KHMCT/KHUWN

KHWY= KHWVUT/KHUWN

X &k X kx x % X % %X Xx %X X X x X X X X X X X

FUMP AND FROCESS-FLOW COMFONENT INCON AND FARAM SECTION X X

x %k ok X X x X X X X x X X %X X x %X %X X X x
IVFRW = ,201652+03y ITFRW = .5384646+03» IFFRG = ,2095468+04
IFLOAD= .269699+01, INFL = ,455178+404» IINT = ,453553+04
IAFS = ,729776+00y TIFSIT= .729851+00
WFLOW = .,5198927+01

VFRW=TYFRY
TPRW=ITFRW
FFRRG=IFFRG

FLOAD=IFLOARD

NFL=INFL
INT=IINT
AFS=IAFS

IFSIT=IIFSIT

154



27043% X
27051k X
27063% X
27073
2708
27091 %
2710 :FARAN
2711 FARAN
2712 3FARAN
2713 FARAN

2711:CONST
27153

Q714 FARAM
2717 FARAM
27138 FaRAM
2719 (FARAM
27201CONST
27213

2732 IFARAM
2723 "ARAM
2724 FARAM
27258

27264%

2727 iFARAM

27233
2729tx%
2730 FARAM
373818
2732%
2733 IFARAM
27343
27338

X
USER CONTROL SECTION-—- TIME INDEFENDENT FART x X % X
x

X X X X x Xx Xx X X x %X X %X %X X % X X

X ox X X x X X X X Xx %X x x X x %X X X

CACUWS FUMF CONTROL FARAMETERS (TEMPORARY)

(
XKFLFB = 1. y RKFLRT = 1.
KFLJO =3.2 s KFLJ1 =.,098S » KPLJ2 =1.344
KFLCR =50. a
WELR  =0.0 y SPL =1.0 y WFLS =0.0
KFL =2.5 r KFLN =%000. y WHLSO0 =0.0
NFS =3500. + KFSFB =10, v KFSRT =10,
KFSJO =.2481 r KPSJ1 =7.622E-4 y KFSJ2 =1,126E-3
KFSCR =10,
WFSR  =0.0 v SFS =1, y WFSS =5.2
‘KFS =.40 vy KFSN =5000.
WFRI =0, » WFRQ =0. vy GFRI =0,
GFRO =0, » QFR =0. v TFRI =530.
KPRV  =400.

AIR EBLAST HX FARAMETERS

GAA =14.0 r TAAI10=5359,
TEMFERATURE SENSOR LAGS

KTAU =10,
CORE FARAMETERS

GCAA = 3.0 » TLFH =2060.

2736 :DYNAMIC

2737
27393

2739 ¢NOSORT

2740
27412
2742k Kk
27431x %k
2744:% X
27458
27463
27472
27481SORT
27492
27503
27318
2752
27333
27348

x kK kK X X X X X X % %X ¥ X X ¥x %X X x X
TIME DEFENDENT INPUT SECTION
X Kk %k Kk X Kk X X X x x x x %X Xx Xx X kx X

% ¥ ¥

155

3 ¥



2755tk % x X % X % % x FIFE THERMAL MODELS % % % X X X. X
2756:% X X X %X X % X ¥ SECTION 6.1 X X X X X % X
2757

27589

2759

27403

2761

27428

27633

27640 % . HOT 'LINE MOLEL

27658

2746 DTFHlyRPHIvBPHl PIFE1(wFLoerHUOykPHUthHC;TFHivITFHl)
2787 OTEH2 yKFH2 y BFH2=F IPEL (WFLOWs TFHL s KFHU KPHC s TRH2 y ITFH2)
2748 OTFH3»RFH3, BFH3=FIFEL (WELOWs TRH2yKFHU s KFHC » TRH3 » ITTFH3)
2769 DTFHA  RFHA s BFHA=F IFE1 (WFLOWs TFH3 »KPHY s KEHC » TFHA » ITFHA)
2770 DTFHS y RFHS y BEHS=FIFEL CWFLOW» TEHA s KFHU» KFHC » TRHS » ITRHS)
27718 DTFHG s RFHG » BFH6=FIFPEL (WFLOW» TFHS s KPHU» KFHC » TFHS » ITFHS)
27728 OTFH7 »RFH7 » BFH7=FIFEL (WFLOW» TEHA r KPHU » KPHC » TPH7 » TTFH7)
27738 DTPHBsRFHB» BFH8=FIFEL (WFLOWs TFH7 s KFHVU» KEHC » TRHE» ITFHB)
27741 DTFHS yRFHY y BFHP=FIFPE1 (WFLOW» TFHE» KFHY » KPHC » TFHS » ITPHS)
27758 OTFH10»RPH10 s EFH10=FIFEL (WFLOWs TFHY s KFHU»KFHC s TFH10» ITFH10)
2776

27774 TFHO=TFH10

2778: .

2779 REHAV= (RFH1+RPH2 tRPH3+RFHA+REHS +RFHE+RFPH7 +RFHB+RFHP+RFH10) /KPHN
27303 EFHT=EFH1 +EPH2+BPH3+EFHA+BFHS + BPHO+BPH7+BFHE +EFHO +BFH10
2701 ‘

2782

2783 . :

2784 % COLD LINE MODEL

27858

37848 DTFC1,RPC1»BFC1=PIFEL(WFLOWs TAWD s KFCYsKPCC» TPCL» ITFC1)
2787 DTFC2yRFC2, BPC2=PIPEL (WFLOWy TPC1»KFCVsKPCC» TRC2, ITFC2)
27381¢ DTFC3,RFC3»BPC3=PIFEL (WFLOWs TFC2yKPCV»KFCCy TFC3, ITPC3)
27893 OTFCA,RFC4 s BFC4=FIFEL (WFLOWs TFC3,KFCV»KFCC» TFCAs ITFC4)
2790 DTFCSyRPCS» BFCS=FIFE1 (WFLOWs TRC4,KFPCVYsKFCC»TRCS, ITFCS)
2791 DTFC6sRFC6sBFCA=FIFEL (WFLOWy TFCS KFCVsKFCC» TFC&s ITFCS)
27728 OTFC7,RPC7 s RFC7=FIFEL (WFLOWs TFCA v KPCY s KPCCTPC7 s ITFC?)
27931 UTFCB8,RPCSy BPC8=FIFEL(WFLOW, TFC7 s KFCUyKFCC» TFC8s ITFCE)
2794 ITFCY yRFCY s BECP=FIFEL (WFLOW» TFCS s KFCV»KFCCy TRCY» ITFCO)
27952 OTFC10,RFC10,EFC10=FIFEL (UFLOW, TFC? »KFCV»KFCC,» TFC10s ITPC10)
27941

279712 - TPCO=TFC10

2798

27993 RFCAV= (RFC14+RPC24+RFCI+RECA+RFCS+RFCA+RFC7+RFCB+RPCI+RFC10) /KFCN
2800¢ EFCT=EPC1+BPC2+BPC3+EPCA+BPCS+EFCE+BPC7+EFCB+EPCP+BPC10
2301: :

2802

2803:

2804:
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2805:x &k x k¥ %X X % AIR BLAST HEAT EXCHANGER MODEL x X X% X X X
280A1% % ¥ X X X% X SECTION 6.4 X X X X X X
28073

2808:

2809
28102
2811:
812
28133
2814: OTAWIyRAWI »RAWI=FIFE1 (WFLOWs TFHO» KAWVI s KAMCI « TAWT  ITAWL)

2815 DTAWOyRAWO » BAWO=FIFEL (WFLOW, TAWO10»KAWVD»y KAMCOy TAWO» ITAWD)
"816'

28173

181812 : o

2819 TAAL1Q» JAAM10y JAWM1O=HTCOE (WFLOW» JAAGR » JAACF » TAAI10,TAADL1Or 4o s |
2820 TAM10»TAWL10)

2821 TAAY » JAANY s JAWMP=HTCOE (WFLOW, JAAGR s JAACF » TAAD10+ TAAUY » TAM? » TAWP)
23228 TAAS» JNAMB » JAWNB=HTCOE(WFLOW» JAAGR» JAACF » TAAD? » TARDS» TAMB» TAWSB
2823: TAA7 s JAAMT » JAWM7=HTCOZ (WFLOWs JAAGR » JAACF » TAADS » TAAD7 » TAM7 » TAWZ)
28243 TAA6r JAAME y JAWMSO=HTCOE (WFLOW» JAAGR » JAACF » TAADY s TAADL» TAMS» TAWS)
2823: TAAS ; JAAMS » JAWMS=HTCOE (WFLOW s JAAGR » JAARCF » TAADA » TAADS» TAMS y TAWS)
28268 TARAy JAAMA» JAWMA=HTCOE (WFLOW» JAAGR » JAACF » TAADS » TRADA» TAMA» TAWA)
2827, TAA3» JAAM3y JAWMI=HTCOE (WFLOW> JAAGR » JAACF » TAADA » TAADI s TAM3» TAW3)
28283 TAAZ JAAM2» JAUM2=HTCOE (WFLOW» JAAGR » JAACF » TAAD3 Yy TAADZ2» TAM2» TAWZ)
3829 TAALy JAAML » JAWMLI=HTCOE (WFLOMWy JAAGR » JAACF » TAAD2y TAADLy TAML1 » TAWL)
2830
28313
28322 JAACF=GAAXKUNACF
2333 JAAGR=(GAA/KAAG) XXx-, 681

28341 TAACLO»TAWO10,DTAM10sDTAWL0  QNNML10,QAUMLI0,RAULOy BAWLO=SFLFHX (...
283358 TAATLO» TAWD?y ITAMLOYy TAMIO,ITAWL0» TAW10y KAMC y NKAWY s KAAWL yKAAWZ Y + 4
28361 KAWWL » KAWW2 » JAACF » WFLOW» JAAMLO » JAWM10) .

2837: TARU? s TAWO? y DTAMY » DTAW? » QAANMT » QAWM? y RAWS » BAWP=SFCFHX(TAAO10r. . &
2838: TAWOS s ITAMP? » TAMP» ITAW? » TAWF s KAMC s KAWV s KAAWL s KAAW2y o 4 &

2839 KAWWL y KAWW2 y JAACF » WFLOW» JAAMP » JAWNS) '
2840: TAAOB TAWOSTAMB, ITAWS » QAAMB y RAWMB y RAWB y BAWB=SFCFHX(TAARGP» .+«
28412 TAWO7» [ITAMB Yy TAMB, ITAWS» TAWS » KAMC y KAWV y KAAWL y KAAW2 s + 4 o

28423 KAWWL » KAWW2 y JAACF yWFLOW» JAAMB» JAWMS)

28431 TAA07» TAWOZ » DTAMZ , DTAWZ » QAAMT7 » QAWM » RAW?Z » BAWZ7=SFCFHX(TAAOBy. ..
28443 TAWOL» ITAM7 » TAM7» ITAW7 » TAWZ 1 KAMC » KAWV r KAAWL s KAAWZ 9 4 o &

28451 KAWW 1 y KAWWZ2 » JAACP » WFLOW» JAAM7 » JAWM7)
28441 TAAQL TAWNS Yy ITAMS » ITAWA » QAAMS » QAWMS » RAWS » BAWS=SFPCFHX(TAAQ7 7+ ¢ »
2847 TAWOSYy ITAMO» TAMS» ITAWS » TAWS Y KAMC » KAWV » KAAWL s KAAW2 9 ¢ 4 o
2818: KAWWL r AWM e JAACF » LIFL N« . JAAMA v JALIMA )

28492 TAAROS» TAWOS Yy DTAMSy DITAWS » QAAMS » QAUMS » RAWS y BRAWS=SFCFHX(TAAGSL s + & »
2835902 TAWOA4» ITAMS » TAMSy ITAWS » TAWS » KAMC y KAWV  KAAWL y KAAW2 1 0 0 o

28513 KAWW1 y KAWWZ » JAACFP y WFLOW» JAAMS » JAWMS)

28528 TAAQA, TAWCAYy DTAMA, ITAWA » QAAMA » GAWMA » RAWA y BAW4=SPCFHX(TAADT 4 &+ &
28538 TAWO3, ITAMA Yy TAMA, ITAWA» TAWA» KAMC » KAWV KAAWL y KAAWRr 4 » o

83542 KAWWL s KAWWZ r JAACF s WFLOW s JAAMA » JAWMA)
2855 TAAO3 s TAWOZ,DTAMI»DTAWI » QAAM3 » QAWMI y RAWZ » RAW3=SFCFHX(TAADOS . . »
28562 TAWU2y ITAMIy TAMI» ITAW3 » TAWS » KAMC Yy KAWV y KAAWL y KAAW2s 4 & o

2857¢ KAWW1 y KAWW2 » JAACF » WFLOW» JAAM3 » JAWNMI)

23583 TAAO2y TAWO2, DTAM2»DTAW2 y QAAMD »y QAWM2y RAW2 » BAWR=SFCFHX(TAAD3y + « »
28592 TAWOLrITAM2» TAM2, ITAUW2» TAW2 y KAMC» KAWV y KAAWL y KAAWZ 9 4 o

28603 NAWWL y KAWW2 » JAACF » WFILLOWs JAAMZY y JAWMD)

2861 THAOL» TAWODL »DTAML,DTAWL » QAAML » QAWML yRAWL y KAWL =SFCFHX(TAAROZ2y s &
28623 TAUTy ITAML, TAML Y ITAWL y TAWL s KAMC s KAWV » KAAWL s KARW2 9 » o »

28632 KAWWL s KAWW2 » JAACF » WFLOW JAAML » JAWML)

2864

28635°

2B46:
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2867
28469
2869
2870
28713

2872

28732
2874
2875

28761
28773
2878:
28793
2880:
2881:
28823
2883
28842
2885
28862
2887:¢
2388¢
28898
28903
28913
2892:
2893
2894:¢
2895

28963

2897°¢

28982
28992
29002
2901
2902

29033
2904
2905
2906
29072
2908:
29092
2910
29112
29128
29132
2914
29158

29162

29172
29188
29198
29208

2921¢

2922
29233
29243
29238
29268
2927°¢

RAWAV=(RAW1 +tRAUZ+RAWI+RAWA+RAUSHRAWSHRAWZ7HRAWB+RAWP+RAWL0) / NAWN

BAUWT= BAUI+BAU1+BAU2+BAU3+BAU4+BAUS+BAU6+BAN7fBAu8+...
BAW?+BAW10+BAWO

* % % CORE AUXILIARY HEAT EXCHANGER MODEL X X X x X
x X X - X X X

X
SECTION 6.3 x

CAHE INLET AND EXIT WATER HEADER. MODELS

DTHWI»RHWI» BHWI=PIPE1 (WFLOW, TPCOsyKHWVI »KHMCI» THWI»ITHWI)
DTHWO » RHWO » BHWO=PIPE1 (WFLOW» THWOS » KHWVO » KHMCO» THWO » ITHWO)

CAHE HEATED ZQNE MODEL
THHI&=TLPH

THHS » JHHM S » JHUMS6=HTKOE (WFLOWs» GCAA» JHHCP» THHIS& » THHOG » THMG6 » THUWS)
THHS » JHHMS » JHUMS=HTKOE(WFLOW» GCAA» JHHCP » THHOG y THHOS » THMS » THUWS)
THH4 » JHHM4 » JHWMA=HTKOE (WFLOW» GCAA» JHHCP » THHOS » THHO 4 » THM4 » THW4)
THH3 » JHHM3 » JHUMI=HTKOE (WFLOW» GCAA s JHHCF » THHO4 » THHO3 » THM3 » THW3)
THH2 y JHHM2 » JHWM2=HTKOE(WUFLOWyGCAA» JHHCF » THHO3» THHO2» THM2» THW2)
THH1 r JHHM1 y JHWM1=HTKOE (WFLOW» GCAA » JHHCF » THHO2 rTHHOlvTHHlvTHUl)

JHHCP=GCAAXKUNHCP

THHOG6 y THWOS y DTHME » DTHWS y QHHMS » QHWMS » RHWS » BHWA=SPCFHX (THHI& s 4 o ¢
THUOSvITHH6:THH69ITHUévTHNérKHHC'hHUV'KHHUIrKHHuﬁv.o.

KHWW1 » KHWW2 » JHHCP » WFLOW » JHHMS » JHWMS)

THHOS » THWOS y DTHNS » D THWS » QHHMS » QHWMS » RHWS » BHWS=SPCFHX (THHO& 5 ¢ 4 »
THWO4» ITHMS » THMS » ITHWS y THWS » KHMC » KHWV y KHHW1 s KHHUW2 7 o o
KHWW1 » KHWW2 »y JHHCP » WFLOW » JHHMS » JHWMS)

THHO4 » THWO4» DTHMA» BDTHWA » QHHM4 » QHWMA » RHWA » BHW4=SPCFHX(THHOS 7 ¢ 4 »
THU03vITHH4vTHM49ITHU4vTHW4yKHMCrKHNV:kHHU1'KHHNZv...
KHWW1 y KHYW2 y JHHCP s WFLOW » JHHM4 » JHWMA)

THHO3 » THWO3» DTHM3 » DTHW3 » GHHM3 » GHWH3 » RHW3 » BHW3=SPCFHX (THHOA s « . &
THWO2» ITHM3» THM3» ITHW3 » THW3 » KHMC » KHWV s KHHW1 s KHHW2y 4 o »

- KHUWL s KHWW2 » JHHCP y WFLOW » JHHM3 » JHUM3)

THHOZy THWO2 y BTHM2 y DTHW2» QGHHM2 » QHWM2 » RHW2 » BHW2=SPCFHX (THHO3» . 's »
THWOL1» ITHM2y THM2y ITHUW2 9THw2thMC'hHuVrkHHU1-hHHugv...

" KHWW1 s KHWW2 » JHHCP y WFL.OW» JHHM2 » JHWM2

THHOlvfHuUl'DTHMlvDTlerQHHNl;GH&Hl;RHUlvBHNI SPCFHX(THHO2, ..
THWI yITHM1 » THHL » ITHW1 » THW1 » KHMC » KHWY » KHHW1 s KHHW2» o o &
KHWWL » KHWW2 » JHHCP » WFLOW y JHHM1 » JHWM1)

BHWUT=BHWI +EHW1+BHW2+EHW3+BEHWA+BHWS +BHW6 +BHWO
RHWAV=(RHW1 +RHW2 +RHW3+RHWA+RHWS+RHWS) /KHWN

GHUMT=GHUH1+GHUH2+GHUM3+GHHM4+GHUM5+OHUN6
QHHMT=QHHM1 +QHHM2+QHHM3+QHHM4+QHHMS +QHHMG
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29281 %

X X %X % % x CACWS PROCESS-FLOW MODEL * X X X % X

2929:% %X x X K X X SECTION 4. X X X % X X
2930

2931

2932

2933

2934

2935;

2934 : )

2937:% JPLO=KPLJOXRPC1X (NFL/KPLN) %2
2938:% JPL1=KPLJ1k(NFL/KFLN)

2939 % JPL2a-KFLJ2/RPC1

2940 1%

2941
2942 JFSO0=KFSJOKRPC1X (NFS/KPSN) k%2

2943: JPS1=KFSJ1K(NPS/KPSN)

2934 JFS2=-~KFSJ2/RPC1

2945:

29464 JAWFL=1,/SART (KPHSQ/RPHAV+KPCSQ/RPCAVHKAUSA/RAWAV+HKHWSR/RHWAV+. o .
2947 KHWISQ/RHWI+KAWISA/RAWID)

2948: RPUMF=RFC1

2949 :FROCED WFLOWsWFLsWPSsPLOAR=FRFLO(JAWPL » RPUMP s AFL » SFL s WFLRy JFLOs JFL1r 4o
2950 JFL2sNPL s AFS»SPS s WFSR» JPSOs JPS1 s JFS2,NF'S)

29513 4 IF(PLOAD) 19142

2952 1 WFLOW=0,

29533 WFLOFD=0.

2954t . GO TO 3

29553 2 WFLOW=JAUPLXSORT (PLOAD)

29544 WFLOFD=0.5%WFLOW/FPLOAD

2957 3 CONTINUE

29583 JPL=KFLXSQRT (RFUMP)

29593 JFS=KPSXSQRT (RPUMP)

29402 % WPL » WFLPD=MOPTV(JFL s APL s SPL » JPLO» JPL 1y JPL2 s WFLRyPLOAD)
2961 WFS» UFSPD=MOPTV(JPSsAPS» SFS» JPS0» JPS1y JPS2sWFSRyFLOAD)
2962 ERR=WFL+WPS-WFLOW

2963 PLOAD=FLOAD-ERR/ (WPLFD+WFSFD-WFLOPD)
2964 IF (ERR¥ERK.GT,0.,01)G0 TO 4

2965 :ENDFRO
2944

2947:% % PRESSURIZER MODEL

29482

2949 TPRG=TFRW

2970 JPRRE=DOTFRUKAFGEN(PARTRT » TPRUW) XVPRW

2971 RFRW=AFGEN (RFTSLy TPRW)

2972 WER=EFHT +BAWT+HBFCT HEHWT

29738 THUX=TFCY -

29748 DTPRU= (WFRIK(TPRI-TPRW) -QPR/KUNWCP+( THUX-TPRW) XLIMITCO.O0r .4,
29758 «1E69-WFR) ) /RFRW/VPRU

2976 TPRU=INTGRL(ITFRUW» DTPRW)

2977 DVFRUW= (WFRI-WPRO-WFR-JPRRP) /RFRWY.
2978 VPRUW=INTGRL ( IVPRW BVFRW)

2979 DPPRG=( (GPRI-GFRO) KKUNGRXTFRG+PPRGRIVPRW) 7 (KFRV~UPRW)
2980 FPRG=INTGRL ( IFFRG» DPFRG)

2981

2982
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‘yE11.60/
‘9EL1Ll4b0/y
‘vEll.b0/

2983:% X k ¥ x MISCELLANEOUS % % X X % % X X X
2984 :

2985 B

298565 % TEMFORARY CACWS FLOW CONTROL AND ACTUATOR MODELS
29873 :

29881 % FROF=100 . /KPLPEX (WPLS-WFLOW) /KPLCR

2989:1% DINT=PROF/KFLRT

2990:% INT=INTGRL(IINT,DINT)

2991 1% NPLO=PROF+INT

2992:% DNFL=(NFLD-NPL) /20,

29931% NFL=INTGRL ¢ INPL s DNFL)

2994

29958

2994 FROFS=100./KPSFEX (WPSS—WFLOW) /KPSCR-

29978 DIFSIT=FROFS/KFSRT

29983 IFSIT=(NTGRL(IIPSIT,DIFSIT)

2999 _ AFSI=FROPS+IFSIT

3000 DAFS=(AFSD-APS) /4,

30013 AFS=LIMINT (IAFSs0.0r1.0s DAFS)

3002:

30035 COLD TEMFERATURE MEASUREMENT (KTAU SEC LAG)

3004

3005 DTFCOM=(TPC10-TFCOM) /KTAU

3006, *TFCOM=INTGRL ¢ ITFCOM»DTPCOM)

30078

3008:x CAHE EXIT TEMFERATURE MEASUREMENT (KTAU SEC LAG)
3009

3010 DTEHM= (TPH1-TFHM) /KTAU

30113 TPHM=INTGRL ( ITPHM s OTPHM)

3012:

3013:x VARIABLES CACULATED FOR OUTFUT FURPOSES ONLY

3014

30158 QHWMT=QHWM 1 +QHWM2+ QHUMI +QHUMA +RHWMS + QHWMG

30163 QHHMT=QHHM 1 +QHHN2+QHHM3 +QHHM 4+ QHHMS +QHHMS .
30173 QAUMT=QAWM 1 +OAUM2+QAUNS +QAUNA +QAWMS +RAUHSG+QAWM7 +RAWUMB+. .+ .
3018 QAUMS+OAWML0

3019 QAAMT=QAAM1+QAAM2+AAANSHAAAN A+ QAANS +RAANSG+RAAMZ+H0AAMBE. . .
3020¢ : QAAM9+QAAMLO

3021 MARGIN=AFGEN(HSATF s PPRG)~AFGEN (HSATT » THWOS)

3022

3023

3024 EAE=DEBUG(1+0.0)

3025¢ EA1=DEBUG(150.1)

30263 % EAR=DERUG(1,0,2)

30274% EA3=DEBUG(170.3)

30281% EA4=DEBUG(150.,4)

3029 1% EAS=DERUG(1s0.5)

3030 % " EA4=DEBUG(150.4)

3031:% EA7=DEBUG(1,0.7)

3032:% EAS=DEBUG(1+0.8)

30331 % EAY=DEEUG(1+0.9)

303451% EA99=IERUG(1,0.99)

30353 TERMINAL

30362 EAE1=DEBUG (1, TIME) : :
3037:TIMER DELT=,1sFINTIM=6000.DELFR=100, s DELGR=25,» TWARN=20,
30383/ WRITEC(12573 ) TPH1 s TEH2y TFH3, TPHA» TRHSy TFHG y TFH7» TPHB» TFHO»
30395/ 1TFH10» TPHM A ‘

3040:/73 FORMAT(’X % % HOT LINE INITIAL CONUITIONS’ s/,
30415/ 1/ INCON ITPH1 =/+E11.6v°s ITPH2 ='+E11.65’y ITFH3 =
30425/ 1’ INCON ITFHA = +E1Ll.6+"s ITPHS ='+E11.6s’y ITFH4 =
30433/ 1’ INCON ITFH? =/+E11.6+°s ITFHB =’+E11.6+° ITFH9 =
30443/ 1.6)

1/ INCON ITFH10='»E11.69/y* INCON ITPHM ='»E1L
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30488
304648
3047
3048
3049
30508/
3051/
30S52:/72
30538/
30543/
3085/
305648/
3057/
30982
3059
30608/
30613/
30624/
3063:/70
30643/
30658/
306637/
3067%/
304688/
304693/
3070:/
30713/
3072%/ .
30733/
30741/
307537/
30763
3077:
3078:/
30793/
3080:/71
30813/
3082:/
30838/
3084/
3085
3084:/
3087/
3088
3089
3090t/
30915/ 74
30728/
30938/
30745/
30955/
3096

WRITE(12,72 )HTPCL»TPC2yTFC3»TPC4»TPCS,TFCE&»TPC7»TPC8»TFCP»
LTFC10,TFCOM

FORMAT(’X % % COLD LINE INITIAL CONDITIONS’s/>»
17 INCON ITFCL ='yEll.69’y ITFC2 ='»E11.6+’» ITFC3

= ‘sE11.60¢/
1/ INCON ITPC4 =‘ysE11.49°» ITFCS =’»El1l1.69°y [TFC6

‘9E11.69/

wonu

17 INCON ITPC7 ='9E11.6+’» ITFC8 ="»E11.4+y ITFC? ="»E11.49/
17 INCON ITFC10="+yE11.6+/> o ‘
14 INCON ITFCOM="vE11.6)

WRITE(12,70 )HTAWO,TAWI»TAWLly TAW2» TAW3» TAWA» TAWS s TAWL» TAW? »
1TAWB, TAWY » TAWL10s TAM1 » TAM2» TAM3» TAMA» TAMS » TAMS » TANT » TAMB»
1TAM?» TAM10,TAAL TAR2» TAAZ» TAAA s TAAS» TAAS» TAA7 » TAAB» TAA? » TAAL0

FORMATC( X X % AIR ELAST HX INITIAL CONDITIONS »/»

1/ INCON ITAWO =’sE11.46s’» ITAWI =’9E11.62 'y ITAWL ='9E11.84/
17 INCON ITAW2 ='9E11.49'> ITAWS =’yE11.69 > ITAW4 ='+E11.6s/>
1/ INCON ITAWS ='9E11.8r’r ITAWS =79E11.67'y ITAW?7 ="9E11.4+/
1/ INCON ITAWB =’y»E11.4r’ s ITAWY =‘9E11.69 s ITAWL0='9ELL .89/
17 INCON ITAML =‘3E11.49 s ITAM2 =79E11.69’» ITAM3 ='1E11.69/
1/ INCCN ITAMA =’'yEl11.4s’y ITAMS ='sE11.69'y ITAME ='9Ell .4/
1/ INCON ITAM7 ='»El1.4y’y ITAMB ='sE11.69’y ITAM? ='9sE11.4s/»
17 INCON ITAM10='9E11.6+/>

1/FARAM TAAL ='»E11.6¢’y TAA2 =',E11.469’s TAA3S ="sE11.69/>
1‘FARAM TAAG ='3E11.6»'y TAAS =’9E11.6yv's TAARS ="9E11.69/
1/PARAM- TAA7 ='»E11.69’» TAARB =‘9E11.69’y TAA? ='9EL11.69/>

1’'FARAM TAA10 »E11.6)

WRITE(12,71 )THWI,»THW1, THW2» THW3» THWA» THWS » THWS » THM1 » THM2
1THM3» THMA» THMS » THMS » THWO » THMIO » THH1 » THH2 » THH3» THH4 » THHS » THHS
FORMAT(’Xx X % CAHE INITIAL CONDITIONS v/»

1/ INCON ITHUI =’sE11.6979 'ITHWL =’»E11.6»’» ITHW2 ='+E11.6+/>
17 INCON ITHW3 =‘sE11.69’y ITHWA =’»E11.69’y ITHWS ='»E11.8+/
17 INCON ITHWS =‘»E11.89 sy ITHM1 =/9E11.69’ s ITHM2 ='yE11.69/7
17INCON ITHM3 =’9E11.69’» ITHMA =’sE11.69°r ITHMS =‘9E11.49/>
1/ INCON ITHMS6 =’sE11.69'» ITHWO =’sE11.87 s ITHMIO="»E11.4+/>»
1 ‘FARAM THHT =‘9E11.48y‘y THH2 =‘pE11.4y‘y THH3 = yE11402/
1’/ FARAM THH4 =‘»E11.69’9 THHS =‘»E1l1.69’» THH6 ="»E11.6)

URITE(12774)VFRuvTFRU:PPRGvFLDADvNPLvINT;APSvIéSIT;UFLOUvTIHE
FORMAT(’% % % FUMF AND FROCESS-FLOW INITIAL CONDITIONS »s/»

1/ INCON IVPRW =’+sE11.6»’» ITFRW =’9sE11.6+'+» IFFRG =‘vE11.60/
17IMCON IPLOAD="/,E11.6¢’» INFL =’yE11.6¢’y IINT ='9E11.4+/>»
1 INCON IAPS ='sE11.69'y IIFSIT='ysE11.6+/»

1’'FARAM WFLOW ='+E11.6+/9’% % TIME AT END OF RUN=‘'»E11.5y//)
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3097 :FRINT TPCO;THUOévTHUOrTPHOrTAUOIOrTAUOrTHHOlvUFLOUvMARGINvPPRGr e

3098 QAAM1 » QAAM2 » QAAN3 » DAANA » QAANMS s IAAMS » QAANT7 » QAANMB » BAAMT » RAAM10y 4 o o
3099 GAAMT» ... .
3100 QAWML » QAWM » GAWM3I » QAWMA » QAWMS » QAUMS » RAWM7 5 QAWMB y QAWM » QAWM 1O0r . o &
31012 QAUMT, oo |

31028 QHHM1 » GHHM2'» QHHM3 s GHHM4 » QHHMS s QHHM6S » QHHMT» .

3103: QHUM1 » QHWM2 » GHWM3 y GHWMA y QHWMS » QHWMS 5 QHWHT

3104:FREFAR TFCO» THUOS» THWO» TFHO» TAWD10» TAWO » THHO1 » WFLOW s MARGINIFPRGs o4
31053 QAAML »QAAN2, QAAN3» QAAMA » GAAMS » QGAAMS » QAAM7 » RAAMB » QAAMT » RAAM10s ¢ 4 o
31058 QAAMT» ...

3107 QAWML » QAWM2 » QAWM » QAWMA » QAWMS » QAWMS » GAWM 7 » GAWMS » QAWMS » QAWM1O0y o o »
31083 QAWMT. .. " S

3109 GHHM1 s QHHM2 » QHHM3 » QHHMA » GHHMS» QHHMG »y QHHMT» .+, o

"3110¢ QHWML » QHWM2 y QHWM3 » QHWMA » QHWMS » QHWMS » QHWMT 7 o 4 &

3111 NFLyAFS

3112:GRAFH TIMZ,»TFCO»THUOYTFHO, ...

31133 TAWO» THHO1

3114:GRAFH TIME,TAWOL10
3115:GRAFH TIME,WFLOW,FFRG
3116:GRAFH TIME»THWOS
3117:GRAFH TIME,MARGIN
J118IGRAFH TIME»APSNFL

Ii19: :

31202INTEG WSEIG

3121 :%5TEADY EIGEN»DELSS=.001
J1221END

S123:18TOP
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APPENDIX A

BASIC DATA

This appendix documents the basic data used in CASY
during its development. This data is preliminary since no
information on detail design of the CAHE or CAAB was supplied.
The data will be presented for each component following the
order of the model development writeup in the main body of
this report. Section A.1 documents the CACS process flow
data, Section A.2 documents the primarj loop process flow
data, and Section A.3 documents the thermal model data.

A.l CORE AUXILIARY SECONDARY COOLANT LOOP

There are five basic components in the secondary
coolant loop. These include a large pump, & small pump, and
water flow controller (including a throttle valve), water line

losses, and a pressurizer.

A.1.1 Secondary Loop Process Flow

The line losses are associated with the various compo-

nents in the system as shown in Figure A.1.1-1.

]
| Throttle Lo - _ 4 o
CAPC 5 Valve CADPH

Figure A.1.1-1. Core Auxiliary Secondary Line Losses
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At a flow of 42.78 1lb/sec, the CAHX and CAAB modules are assumed
to have a pressure drop of 30 psi plus a 30 psi pressure drop in
the inlet headers. The CAPH and CAPC modules are assumed to have
a 20 psi pressure drop. PLOAD then is about 160 psi. The control
valve is assumed to have a pressure drop of 20 psi. These line
losses are converted to effective losses by the expreséion

K2 = oAP/W2

Assuming a density of 60 1b/ft3 on the cold side and 51 1b/ft3
on the hot side, then o

.6803
.6800 |

.9031 KHWSQ
.2268 KPCSQ

| xawsq
KPHSQ

i
]

.9016 KAWISQ
. 3300 KHWISQ

Assuming a normalized valve area of %, the valve area coefficient is

KPL = 42.78/(0.5)//p ¥ 20 = 2.5

This was found from the general expreséion

VAP

K = Werow/AvaLve/"P8PyaLvE

A.1.2 Large Pump

The large pump is used during core‘cooling operation with
the auxiliary circulator. The large pump curve coefficients were
established from the total pressure drop of 160 psi or 384 feet
with the design flow of 42.78‘1b/sec or 320 gal/min. For a cen-
trifugal pump, the pump curve general expression is (see for
example curve 4 in Figure 643, Chapter 6 of Ref. 7):

h/384 = 1.23 + 0.0256 * Q/320 - 0.256 * Q2/(320)2

or

h = 472.3 + 0.03072Q - 9.6 * 10 @2



resulting in the pump coefficients

J, = 472.3/144 = 3.28
J, = 3.12 * 0.03072 = 0.0958
J, = 1.4 * 103 * (9.6 * 107%) = -1.344

The reference speed of the pump is assumed to be 5000 RPM;
therefore, KPLN = 5000. The control parameters were selected
as a proportional band of 1 and a reset time of 1.

Summarizing
KPLPB = 1., KPLRT = 1.,
KPLJO = 3.28, KPLJ1l = 0.0985, KPLJ2 = 1.344
KPLCR = 50., KPLN = 5000.

A.1.3 Small Pump

The small pump is used during standby opération. For

this operation, the flow is 5.2 1lb/sec resulting in PLOAD * 2.7.
The valve area coefficient is

KPS = W/A/VpAp
KPS = 5.2/(0.67)/vp*10 = 0.40
KPS = 0.40

The small pump curve coefficients were established from the total
pressure drop on standby of 12.7 or 29 feet with the design flow
at 5.2 1lb/sec or 38.9 gpm. The pump curve general expression

is: ‘



h/29 = 1.23 + 0.0256 * Q/ 320 - 0.256 * Q273202

35.72 + 2.443E-4 * Q - 8,024E-7 * Q2

h =

J0 = 35.72/144 = .2481

~J1 = 2.,443E-4 * 3,12 = 2.622E-4

J2 = 1400 * 8;024E—7 = 1.126E-3

. Summarizing .
NPS = 5500, KPSPB = 10, KPSRT = 10

_ KPSJO = 0.2481, KPSJ1l = 7.622E-4, KPSJ2 = 1.126E-3
KPSCR = 10, KPSN = 5000, KPS = 0.40
A.l.4 Pressurizer

~ "The pressurizer was assumeéd to have a volume Qf'400 cu.
ft. The initial pressure under hot conditions was set at 2100
psi. The model was developed to accommodate a gas_pressurizér.
Currently, the inlet and outlet gas flow is set at zero and not

allowed to change.

Summarizing

WPRI = 0.0, WPRO = 0.0, GPRI = 0.0

QPR = 0.0, TPRI = 530, KPRV = 400

“A.2 CIRCULATOR

» Table A.2-1 is a duplication of Table 4.5-1 from
Reference 5. It is consideredApreliminary, but was used to
establish circulato; coefficients from the expression

K = G/p/N



Table A.2-1

AUXILIARY-HELIUM-CIRCULATOR DESIGN DATA

(Depressurized Condition)

TYPE . v« v ¢« o ¢« « o« o o« o « o « « « o Centrifugal
Drive. . . . . . . . .4+ ¢4+ o+ . . . Electric motor
Fluid. . . . . .. . . ...+ .+« . . . . Helium
Speed, rpm . . ; C e e e e .« . . . 4900
Inlet temperaturé, °F. . . . . . . . . 400
Inlet pressure, psia . . . . . . . . . 25.3
‘Outlet pressufe; psia. + . . . . . . . 26.7
Mass flow, lb/éec. « + +« ¢ o s+ +« « « +-13.3 per circulator
Efficiency, %. . . . . . « « « . . . . 80.7

Tip diameter, in.. . . . . . . . . . . 45

Tip width, in. . .‘. v e e 4 e« +« + . . 3.4

lEye diameter, in.. .. . . . . . . . . 25.2

Hub diameter, in.. . . . ; e e e e o« . 12

Power, hp . . . . . . . . . « « « . . 690



where G is the helium flow, p is the helium density (p = P/T/R),

and N is circulator speed.

25.3/(400 + 460)/2.678

p =
= 0.01098

Then.K = 13.3/.01098/4900 = 0.2471
KCAR = 0.2471, KCCN = 3, KCAN = 2

A.3 THERMAL MODELS
A.3.1 Pipe Data

The pipe requires three data values:
the water volume (KPHVT); and the

nodes in the pipe (KPHN);

metal thermél capacitance (KPHCT).

the number of

The hot-and cold pipes are

assumed to be 277 ft. long with an outside diameter of 6.625

inches and an inside diameter of 5.189. Then,
K. = (OD2- ID2)/4 * T * HEAT CAP *
c LENGTH STEEL PSTEEL
KPHCT = mw * ((6.625/12)2— (5.189/12)2)/4* 277%* .117 * 489= 1466
K =1r*1b2/4 * T | |
VOL : LENGTH
KPHVT = = * (5.189/12)2/4 * 277 = 40.7
KPHN = 10
The hot and cold pipes were assumed identical in size.
Summarizing
KPHCT = 1466, KPHVT = 40.7, KPHN = 10
KPCCT = 1466, KPCVT = 40.7, KPCN = 10
A list of eigenvalues for this data is given in Table A.3.1-1.:

A-6



Table A.3.1-1

List of Eigenvalues

Hot Pipe Cold Pipe*

Real , Imaginary ' Real Imaginary
~.124 , 0.0 -.131 + .00675
-.112 0.0 -.123 +..0175
-.120 , + .00875 , -.110 + .0214
-.112 + .0122 -.0987 + .0177
-.103 ) + .00841 -.0917 + .00911
-.112 0.0 -.090 0.0
-.100 0.0

*(Includes Temperature Measurement)

A series of test cases were made to justify lumping the water
and metal capacitances. The results are shown on Figure A.2-1.
The '"best'" model that could be developed using SYSL and a
series of first order lumped parameter control volumes is the
145 node, separate water and metal thermal capacitances. As
can be observed, the combined thermal capacitance approximation

is very adequate,
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5~

would result in

Pure time delay'

a step change in
output temperature

4=
3—: //'/ y /

: ] - ST

10, 20, 30, 50. ¢ 145 nodes metal and
2 water thermal
\ ///‘4£J capacitance separate

2_

i

;

!
AL%

) ;

|

| |
0~ e T T . T T 1 L T T

20 60 100 140 180 220 260 300

Time in Seconds ——=

Figure A.2-1. Cold Line Model Outlet Water
: Temperature Response to Step
Input in Inlet Water Temperature
at Time Equal Zero (Metal and
Water Thermal Capacitance
Combined)

Note: .Theitlme scale is dependent upon thé length of plpe.

This data was generated for an 8.625" OD by 8" ID pipe
625 ft. long.
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A.3.2 Core Auxiliary Heat Exchanger, CAHE

The design data given in“Table A.3.2-1 was duplicated
4.6-2 in Reference 5. This design data was used

from Table
in the CAHE

input data calculations. See also Reference 8.

The heat transfer from the helium to the tube metal is

calculated based upon a Colburn type expression for resistance
to heat flow:

Ry

where
hy

NRe

- Npg

Dyn

Apy

then

N

* N

1/3
PR

viscosity of helium)

conductivity of helium)

= 3600/hy

(1) = gy/Dyy * (0.023) * NO-°

=m * Dyu/vu/AFy

= Cpy * uy/Ky

= 4 * Apy/Py

=7 * ((H /12)2 - N o (T /12)2)/4
DIA TUBES oDIA

= ™ * Npyges * Topra/12

= 6.388. % 107% * 10-687 (.

= 1.062 * 1073 * 19- 701 (x,

= 1.242 ;

= 3600/.023 * Dy, * (Dy/Ap)

* (ug/Kp) 10

-0,

8

* (CP

1/3
H

[Kg* (/)0

(l)Note that both the constant 0.023 and exponents 0.8 and 1/3
arc engineering estimates based upon detail heat exchanger

design;

these values could be questioned.

A-9
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Table A.3.2-1

DESIGN DATA FOR AN AUXILIARY HEAT-EXCHANGER

General
Helium frontal flow area, ft2 e e e e e
Heat duty, Btu/hr . . . . . . . . . . . .

Logarithmic mean temperature difference, °F .

Overall heat transfer coefficient, Btu/(hr)(ft

' Heat transfer surface area, ftz_. « o e e

Helium Side

Flow rate, 1b/hr. . . . . . . . . . . . .
Inlet temperature, °F e s e e e e e e e e
Outlet temperature, R
Average pressure, psia. . . . . . . . . .

Pressure drop, psi. . . . . ... . . . . .

Water Side
Flow rate, 1lb/hr. . . . . . . . « .« « .
Inlet temperature, °F . . . ... ...
Outlet temperature, OF. . . ..o
Average pressure, psia. . . . . .« . ¢ < .
Pressure drop, pPsi. . . .« ¢« « ¢ ¢« « « .
Tubes
Number of tubes . . . . . . . . . . . . }
Tube size, in.. . . . . « . ¢« ¢« ¢ « « < .
Tube length, ft.. . . . . . . . . . . . .
Longitudinal tube pitch, in.. . . . . . .
Transverse tube pitch, in.. . . . . . . .

Tube bundle height, ft. . . . . . . . . .

A-10

24.7
50.4x10
487

90
1,140

6

48,000
1,414
400
25
0.25

154,000
180

500
2,100
30

60
0.75x0.083
97

1.0

1.13

1.9



Define KHHRX = 3600/.023 * Dy *.(DH/AFH)_O's

KHHVK = 6.388 * 10~ %

KHHVKE = 0.687 ' ‘

KHHCK = 1.062 * 107> - ‘
KHHCKE = 0,701
NTUBES = 60 (number of tubes)

Topra = 0-75 .(tube outside diameter)

HDIA = 24 (helium flow diameter;-estimated)

then Pw =T * 60 * 0.75/12 = 11,781

Apy = w((24/12)2 - 60 * (0.75/12)2)/4 = 2.957
Dy = 4 * 2.957/11.781 = 1.004
KHHRX = 3600/0.023 * 1.004 * (1.004/2.957) 08
KHHRX = 3.73 * 10°

The metal resistance is calculated from the gxpression
R = Topra/12/2/Kp * An(Top1a/Trprs) * 3600

where KT = 6.25 * 00,0055 (TM4460).

Define KHMRX = /12/2 * n(T ) * 3600 = 28,14

Top1a opia/TIDIA

KHMRX = 28.14 KHMAK = 6.25 KHMBK = 0.0055




The heat transfer from the tubebmetal to the water is calcﬁlated
based upon a similar expression for resistance to heat flow:

R, ='3600/hw.
where
h, = K /Dy, * 0.023 * NO-8 + n1/3
- Npe = ﬁ‘*'DHﬁ/pw/AFW
Npr = Cpy * uy/Ky
Dpy = Tip1a/l2 |
Ay = T(Trpra/12)%/4 % NruBES
g = £(T,)
K, = f(Tw)
pr = f(Tw)
Define A
KHWEX = 3600/0.023 * Dy * (Dgy/Apy) 0%
-thén
Dy = (.75 - 2 * .083)/12 = .0487 .
Apy = n((.%s - 2.*'.083)/12>2/4 * 60 = ,1116
KHWRX = 3600/.023 * ,0487 * (;0487/.1116)'-8

KHWRX =.1.48. * 10%
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The ef?ective surface area in the heated zone was calculated

using the expression

= | : R
KHHA = m * (Top1p/12) * Loggg * Npypges
= 1 * (0.75/12) * 97 * 60
KHHA = 1142.
KHWA = 888.

Topra — 2 *‘TTHICKNESS)

Where KHWA = KHHA * ( T
. ' ODIA

In addition, a heat balance was provided by an AUXTRAN run. The
heat balance is shown in Figure A.3.2-1. Thé abbve set of calcu-
lations did not result in the same heat balance. Assuming the
difference lay in the method of calculating the heat transfer
resistance KHHRX, it was modified until the heat balance agreed.

The final selection was

KHHRX .= 1,614 * 10°

The water volume (KHWVT) and metal thermal capacitance
(KHMCT) were evaluated using the expressions

KHWVT N

T(Typ/12)%/4 * L

TuBE © NTUBES

_ 2 2
KHMCT = “((Ton/lz) - (Typ/12) )/4 * Lryge * Nruses

* 496 * 117



WFLOW = 42.78

————————

TH20 = THWI = 655.3. —| WATER - TH20 = THWQ = 1022.4
METAL

THe¢ = THHPL = 902.2 «— HELIUM |e— THeI ='TLPH = 2060
S—

GCAA = 11.11

Figure A.3.2-1. CAHE Temperature Balance

KHWVT = n((0.75 -2 % 0.083)/12)2/4-* 97 * 60

KHWVT = 10.8

KHMCT =:n((o.175/12)2 - (¢0.75 - 2.*40.083)/12)2)/4

* 60 * O7 * 496 * .12

KHMCT = .418.

The CAHE lead-in and lead-out eduivalent pipe node data
was'calculated assuming that there are 20 lead-in and 20 lead-out
pipes with a total cross section area equal to the total tube
bundle cross section area and 35 feet in length. The tube bundle

cross section area is



>
i

2
60 * n((.75 -2 * .083)/12) /4 = .1116 sq. ft.

KHMVI = .1116 * 35 = 3.91

KHMVI = 3.91

The thermal capacitance is calculated assuming this area is
divided into 20 pipes to yield an inner diameter of 1.01 and
assume a thickness of 0.12.

KHMCI n((1.13/12)2< (1.01/1252)/4* 20%* 35* 496 * ,12= 58.35

KHMCI 58.35

The helium volume between the circulator and the CAHE (represen-

tativerf the'cold helium) was assumed to be 344 £t3.
Summarizing
KHHRX = 1.614E5 KHWRX = 1.48E4 KHMRX = 28.14
KHMCT = 418 KHMCI = 58.35 KHMCO = 58.35
KHWYT = 10.8 KHWVI = 3,91 KHWVO = 3,91
KHMCIO = 208. KHWMI = .8267 KHWMO = .8267
KHWN = 6. KHHWI = 0.5 KHWWI = 0.5
KHHVK = 6.388E-4 KHHVKE = 0.687 KHHCK = 1.062E-3
KHHCKE = 0.701 KHMAK = 6.25 KHMBK = 0.0055
KHHA = 1142. _ KHWA = 888. KHHVI6 = 344.

Eigenvalues of this component with this data are given in
Table A.3.2-2,

A.3.3 Core Auxiliary Air Blast Heat Exchanger, CAAB"

The design data given in Table A.3.3-1 was duplicated
from Table B.2, Reference 5. This design data was used in
the CAAB input data calculations. '
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Table A.3.2-2

List of Eigenvalues

CAHE
Real Imaginary
-1.976 . 0.0
-1.695 + .303
-1.249 * .286

- .981 | 0.0

- .552 0.0

- .521 j-_...116.
- .343 + .163

- .131 _ 0.0

- .0660 0.0

- .0535 0.0
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Table A.3.3-1

DESIGN DATA FOR THE AUXILIARY LOOP COOLER (ALC) AND THE

INTERCONNECTING PIPES (PER LOOP)

Type

Thermal duty, BTU/hr

Tube outer diameter and wall
thickness, in

Tube length, ft

Number of tubes
Heat exchange a.rea,.ft2
Design air flow rate, 1lb/hr

Design water-flow rate, lb/hr

Of

o

Design inlet air temperature,
Design outlet air temperaturé, F
Design air pressure, psia

Water pressure, psia

Material

Design water-inlet temperature,oF
Design water-outlet temperature,oF

Interconnecting pipe outer
diameter and wall thickness, in.

Hot leg
Cold 1leg

Interconnecting pipe length, ft.
Hot leg
Culd leg

Interconnecting pipe material
Hot leg
Cold leg

Finned tube bank counter-
cross flow

50.4 x 10°
1. x 0.095

194. (6 passes of 32 ft)
48

22000, finned tubeside
2740000

154000

99

176

14.7

2100

Stainless Steel .

500 |

180

6.625 x 0.718
6.625 x 0.718

277
277

Carbon steel
Carbon steel



The'thermal resistance between the ;ubes and air‘is
calculated from the expression

_ -0.681
Rya = Bpep * 3600 * (G,/Gypp.e)

* ((a; + b ¥ (TA/TARef)) / (a; + b ¥ (TA/TARef))) ,

From reference data (see Reference 8)

a/ = KAAAK = 0.1777
by = KAABK = 0.8223
as = KAAAU = 0.2831
b - KAABU = 0.7169
KAAR = Ry_. * 3600 = 0.00304 * 3600 = 10.9
KAAR =.10.9

The metal resistance is calculated from the expression

R = Topra/12/2/Kp * 2n(Topra/Trpra)

with

Kp

(29.1 - 0.0059 * (TM - 460))/3600

0.8837 * 1072 - 0.1183 * 1072 (T,/722)

defining R = RRef/KT

Rpes = R(722) = (Tgpy,/12/2) * en(Top1a/Tipra)

2

/(0.8837 * 1072 _ ,1183 * 1072)
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KT

Rret/F = Rpes * Kp/ ('TODIA/IZ/2 * ln(TODIA/TIDIA))

It

KT * 130.6

Then R = 1.08/ (1.1542 - 0.1542 * (TM/722))

Define
KAMR = 1.08

KAMAK 1.1546

KAMBK 0.1546

The heat transfer from the water to the tube metal is calculated

. based upon the Coburn type expression

R = 3600/h
where
hy, = K,/Dyy * 0.023 * NO-8 x np/3
NRe =m * DHW/AFW/ﬁw
Npp = Cpy * Hu/Ky -
Duw = Tipra/12
Apy = T(Tipra/12)%/4 * Nypppo/Norsops
Then
R, = 3600 * Dyy/0.023 * (DHW/AFW)_O'S.*»Kw/(ﬁ/ﬁw)o's

/(Cpy * uy /K3

; = R ,-0.8
Define KAWRX = 3600 * Dy, /0.023 * (Dyy/Apy)

Dy = (1.0 - 2 * 0.095)/12 = 0675



Apy = m(.81/12)%/4 * 48/6.= 0286

KAWRX = 5316

The effective heat transfer surface area KAAA and KAWA
was calculated on the total pipe surface area..

KAAA = L

™ * Topra/12 * Npypgs *

TUBES
= ;% 1/12 * 48 * 194 = 2438
- T1p1a 1/12 - 2 * ,095/12
KAWA = KAAA. * ~ = 2438 * e = 1975.
| ODIA /
KAAA = 2438.
KAWA = 1975.

The heat balance shown in Figure A.3.3-1 was obtained from
an AUXTRAN run. A heat balance for CAAB using the above calcula-
tions did not agree. Assuming the disagreement lay in the calcu-
lation of the heat transfer resistahqe coefficient KAAR, it was
varied to yield the same heat balance. A vaiﬁe of 29.52 was
established. :

The water volume, KAWVT, was evaluated from the expression

KAWVT = g * ((1'- 2. * .095)/12)2/4.* 194 * 48

KAWVT =.33.33
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The metal thermal capacitance, KAMCT, was evaluated
from the expression (which does not account for any fin

capacitance)

_ 2 2
= m(0D* - ID)/4 * Loype

* HEAT CAPACITY

K * N

THERMAL CAP TUBE

* 0
STEEL STEEL

KAMCT = m* ((1/12)2-((1- 2 * .095)/12)2)/4*-194* 48 * 496 *

KAMCT = 1039.6

GAA = 760.5
:

TAAI

559, ——= . AIR ——— TAAO1 = 646.4

METAL

TAWO

655.6 +——— WATER le———— TPHO = 1021.1

A
WFLOW = 42,78

Figure A.3.3-1., CAAB Temperature Balance

. Since no specific data is given for the CAAB configuration: it
was assumed that the inlet and outlet pipe nodes had the following

characteristics
KAWVT = 33.33
KAMCI = 100.
KAMCO = 100.
KAWVI = 3,
KAWVO = 3,

A-21
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Summarizing

KAWRX = 5316 KAMR = 1.08 KAAR = 29.52

KAWWR = 42.78 KAAG = 761.1 KAWA = 1975.
KAAA = 2438 KAATR = 598. KAMTR = 679.
KAWTR = 760, KAAAU = ,2831 . KAABU = .7169
KAAAK = .1777  KAABK = .8223 KAMAK = 1.1546

KAMBK = 1546 KAMCT = 1039.6 KAWVT = 33.33
KAWN = 10. KAWWI = .5 = KAAWI = .5
KAWVI = 3, KAWVO = 3. - KAMCI = 100.
KAMCO = 100. |

The eigenvalues of this componenf fOr this data were given in
Table A.3.3-2.

A.3.4. Reactor

The reactor data was taken from Reference A-2. The data
follows from the definitions given in the body of the report and
are summarized here for completeness.

X CONSTANTS --- CORE

CONST KRENN =30834.

CONST KRFV1 =5.854054E-4 » KRFVU2 =2,45447E-4 » KRFV3 =2,45467E-4
CONST KRFV4 =2,45467E-4 » KRFVUS =2,45447E-4 ¢+ KRFV6 =4,5130%E~4
CONST KRCV1 =2,00803E-4 » KRCVU2 =8.89634E-5 » KRCVU3 =8,.8%9634E-S
CONST KRCV4 =8.89634E+~5 » KRCVS =8.89634E-3 » KRCVS =1,63584E-4
CONST KREA1 =0.13599 » KREA2 =0.06025 v KREA3 =0,06025
CONST KREA4 =0.06025 » KREAS =0.06025 v KREA4 =0.11079
CONST KREL1 =1.475 » KREL2 =0,.817 » KREL3 =0.817
CONST KREL4 =0.817 s KRELS =0.817 v KRELS =1.475
CONST KREFPF1=0.0271 » KREPF2=0,2021 v KREFF3=0.2710
CONST KREFO =829.5 » KREFF =0.95 » KREGF =0.95

CONST KREFF4=0.,2710 » KREFFS$=0.2021 v KREPF6=0,0271
CONST KCCN =3, o 71

KCAN =2.bZ@ =0.24
CONST KHHVI&=344., :

The eigenvalues of this component for this data are given in
Table A.3,.4-1.
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o

. Real

-1.49
-1.37

-1,097

- .895

- .802

- .754

¢ = .231

- 0218
- 0175
- .115

.0398

.0289

- .0314

Table A.3.3-2

List of Eigenvalues

CAAB

- .0712

Imaginary

0.0

I+

.258

|+

. 341
.251

|+

|+

.131
0.0

I+ I+ 1+
o O o
o 9))
0o (<]

|+
o
o
Y



Table A.3.4-1"

List of Eigenvalues

Core
Real " Imaginary
-6.04 .+ 1.20
_5.75" . | - . 0.0
_5.38 o+ .01l
-4.31 . . 0.0
~1.33 0.0
-0.54 0.0
-0.47 . 0.0
-0.51 +0.14
-0.42 0.0
_0.39 ) 0.0
-0.38 0.0
-0.33 0.0
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APPENDIX B

USER'S GUIDE TO CASY

CASY was programmed using the SYSL (SYstem Simulation
Language) programming language. SYSL is a problem-oriented pro-
gramming language designed to facilitate the digital simulation
of continuous processes. SYSL has a basic set of functional
blocks which together with FORTRAN statements allows fhe user
to handle problems of considerable complexity.

Input and output is simplified by means' of user-oriented
control statements. These features enable the user to concentrate
on the problem at hand rather than on the programming of the

simulation.

SYSL has been documented in GA Report GA-D14438, and may

'

be referred to if more detailed information is needed.

The purpose of this User Guide is not to teach SYSL pro-
gramming; rather, it is to provide the basic information needed
to use the program in a productive manner.

Evaluation of values for the constants necessary to run
CASY are discussed in Appendix A. These values are entered into
the program by defining the constants in the form (beginning in
Column 1): o

CONST KAWRX = 7.2 E4, KAMR =.1.08, KAAR = 10.4
These constants are defined in the program in lines about 130 to
250 (see listing in Volume II for example run).

The initial conditions of variables are selected by the
user and defined in the form (beginning in Column 1):

INCON ITPH1 = 700., ITPH2 = 700., ITPH3 = 700.

These initial conditions are defined in the program in lines about
275 to 500.
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Certain PARAMs are generally more user-dependent. These
pafameters are collected into a user's control section of the
program. These statements are defined in the program in lines
about 532 to 600. An example of this section is given in Figure
B-1. The various constants are defined in Tables 3.2-1 and 3.2-2
in the body of this report. |

A unique feature developed for CASY was the capability
of '"stacking'" runs. Each time CASY is run, the values of the
state varjables and certain parameters -are written into File 12.
By properly assigning a catalog file to be File 12, these final
values are saved. These final values are read into the next run
as the initial conditiomns, thus the runs are "stacked." This
feature was accomplished using the SYSL statements shown in

Figure B-2.

Various SYSL control parameters included on the TIMER

" card had the values given in Table B-1,

In genéral, Gear's widely spaced integration'technique
is used and is specified by the SYSL structure statement INTEG
WSEIG.

Output from SYSL is in several forms. For CASY the
print was controlled by the SYSL structure statement:

FRINT TECOy THWO s TFHO» TAWO s THHO1 s WFLOW s MARGINSFFRGy o+ o

R K o 3¢ %

PNSSyGCAAYCGRETOTyGCCAyFRECDyFOWFLOY 4 o
OCAERRy FROFNy ICANs INCAAYNCAAY. o4
TRC1sTRFLy TREHLy TREHO1 s THHOLls ...
TRU2y TRF2y TREH2 y TREHO2y THHO2s 44
TRCEy TRF3y TREH3 y TREHOZ s THHO3y o4
TRC4y TRFA4y TREH4y TREHOA4 » THHDA4Y 4
TRCES s TRFS 9y TREHS y TREHOS » THHOS Y w0 s
TRC&s TRF&y TREHO6y TREHO&6 y THHO G o 4 s
THHIOy THMOY o '
TLFH» TUFH
- QAAML Yy QAAM2 » QAAM3 y QAAMA » RAAMS y QAAMS y QAAMT7 y RAAMB Yy RAAM? » RGAAM1Oy 4 4 &
RAAMTy w4
QAWML » QAWM2 » QAWM3 » DAWMA » QAWMS » QAWMS » RAWM7 » QAWMB y QAWM? » RAWMLO y o 4
QAWMT Y &4 ’
QHHM Ly QHHM2 y QHHM3 » QHHM 4 » QHHMS » QHHMS » QHHMT Yy 4 4
QHWM1 » QHWM2 » GHWM3 y QHWMA » QHWMS » QHWMS » QHUWMT
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?

~

1574
5

16750 * X x X X X E X ) ¥ X x x % x x X b x x X x
1676:% % USER CONTROL SECTIOM-- TIME IMDEFENDENT PART & X & X & &
16773k % %X A X X X %k X X K %k Kk K kx Kk X K& Xk X X « ¢
1679

16792 ,

16801% CACWS FUMP CONTROL FARANETERS (TEMFORARY)

1531 1 FARAN KFLFE = 1. v KPLRT = 1,

1592:FARAM KPLJO =3.28 » KFLJ1 =.098S y KPLJ2 =1.344
1683 FARAM KFLCR =S0.

1684 FARAM WFLR  =0.0 y SFL. =1,0 y WPLS =5,17
1885:CONST KPL  =2.5 » KFLN =5000. » WFLSO =5.17
16863

1687 :FARAM . NPS  =5500. y KFSFE =10, y KFSRT =10.
1688 FARAN KPSJO =,2481 y KPSJ1 =7.622E-4 » KFSJ2 =1.126E-3
1697 1FARAR KPSCK =10.

1690 tFARAM WPSR  =0.0 y SPS =1, y WPSS =5.17
1691 CONST KFS  =,40 » KPSN =5000.

16928 )
1693 FARAM WPRI =0. y WEROD =0, » GFRI =0,

1694 FARAM GFRO =0. » QPR =0. + TPRI =530,
1595 FARAM KPRV =400, -

16963

14771% AIR BLAST HX PARAMETERS

1698:FARAM GAA  =0.001 v TAAI10=559,

1699

1700:% TEMFERATURE SENSOR LAGS

1701 PARAM KTAU =10.

1702:

1703 1% CORE FARAMETERS

1704 FARAM GCAAS =0.001 v GCCA =518.8

1705 FARAM KGFC =1. + PNSS =1280.

1706 :FARAM PECL=1.00 » DUNMMY =1.00

17072

1708

1729:AFGEN FOWER=0.0+1,00+30.0s1,00+30.5,0.152+33.6+0.107» +..

1710 36.690.092+45.8:0,070¢61,90.0550100.8s0.0427 ...

17113 296.10.029+500.0+0,010

17128

1713:AFGEN HEFLOW=0.0+518.8,30.0,518.8,37.8,71.0,45.6+25.335 ...
1714: 53.4,14.0,61,2,4.33,500.0,2,0

17158

1716 :AFGEN AHEFLD=0.0,0.0001r 40.0s0,0001s 61.254.60+62.6s8.00r...
17178 68.8115.70y 76,6921.35, 84.1+25,40592.1,27.70r400
1718 100.1929.1,108.1929,15115.6930.309117.3530.367...
17173 125.3+30.63,131,1,30,70,148.3,30,955156.3s31.040.4.,
17202 187 .3+31.35s210.3s31.60s241.3,31.98,272.3,32.36r.4.
1721 500.0533.0

17228

17232AFGEN TINLET=0.051074.0s30.0,1074.0537,851064.00- 4.+

17242 45.611055.0+53.4,1048.0,61.2,832,.0+500.+1074.,0
17253

1726:% % % CIRC SFEED CONTROL TEMP PARAMETERS

1727 :FARAM KCARG =500, v KCAFEN= 10. » KCART =1.
1728 .

1729:% % & SCAV IS SUITCH TO OPEN AUXILIARY HELIUM VALVE.

1730:% % % SCAV=0.0 IMFLIES THAT THE VALVE IS CLOSED AND

17311% % % HELIUM TEMFERAIURE TO CAHE IS FIXED AT

1732:% % X% TLFHO.

1733:% % % SCAV=1.0 IMFLIES THAT THE VALVE IS OPEN AND HELIUM
1734:% X X TEMPERATURE TO CAME IS SET TO TLFH WHICH
1735:% % X IS A VAKIAELE.

1734%% % % SCAV NOT USED AT FRESENT

1737 )

1738 FARAM SCAV  =0.0 » TLPHO =1040,

17398

1740 :FARAN TSCRAN=30. + THWOSS=1085, + THWOS =1060.
17413 :

1742:UYNAMIC

1743:

17443

1745 NOSODRT

1744:

1747

1748:% % % X *x X % ¥ x *x %X x %x x x %X kx A ¥ % ¥ x,; %
1749:% % TIME DEFENDENT INPUT SECTION x X
1750:% kX X X X X kX X X X X X X X X X X X X % X X
1751 .

17522 .

17532 GCCA=AFGEM (HEFLOW, TIME)

1754 IF(TIME.GT.60.0)GLCA=. 00001

17552 FRCO=AFGEN(FOWER » TIME)

17382 DUMMY=FRCD

17573 GCAAS=AFGEN(AHEFLO» TINE)

17358 IF(TIME .GE. TSCRAMIWFLOW=42.,78

1759 IF(TIME.GE.TSCRAM)GAA=740.5

1760° IF (TTHF.GT.TGNRAM$30,0) THWOS=THWOSS

17611

Figure B-1. User Control Section of CASY
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WRITE(12473 D TFHLs TPH2»TPH3» TEHA s TFHS» TFHO ¢ TFH7 » TFHB TFH? »

D

/
’ 1TFH10

7 1TPHM

/73 FORMAT(’¥X X % HOT LINE INITIAL CONDITIONS’,/»

’ 1/ INCON ITFHL =’ +ELl.6s%s ITFH2 =’,E11.6+°s LITFH3 =',EL11.64/»
/ 1/ INCON ITFHE =’ ELLl.bs’ s ITPHS =‘sE11.69°s ITPHS =‘9E11.61/s
/ 1/ INCON ITFH7 =“sE11.69"r ITEHB ='yE11.6+°s ITPHY =‘1E11.44/s
/ 1’ INCON ITPH10="+E11.6¢/r

/ 17 INCON ITPHM =‘»E11.60/7) '
/ WRITE(12:72 )TFC1,TFC2sTPC3yTRCA+TRCS» TRCEsTFC7» TPCB» TRCY s

’ 1TFC10s : . .

/ 1TFCON

/72 FORMAT(‘X X % COLD LINE ‘INITIAL CONDITIONS’s/»

’ 1 INCON ITPCL ='9E1l.6s’r ITFC2 =’sE11:ibs’s ITFC3 ='1E11.41/»
/ 1/ INCON ITPCA =’,E11.69’s LTPCS ='9E11.69’y ITFCA =‘+E11.6+/s
/ 1/ INCON ITPC7 =’+E11.69’s ITFCB =’sEl1.6v’y ITFCY? =‘1E11.6+/»
/- 1/ INCON ITPC10="+E11.6¢/+

/ 1/ INCON ITFCOM='+E11.45//)

/ WRITEC12,70 )TAWO,TAWI s TAWL1, TAW2, TAU3 s TAWA» TAWS s TAWG» TAWZ »

/ 1TAUB, TAWD » TAW10» TAML » TAM2, TANZ» TANA» TAMS s TAMG » TANZ » TANS »

/ 1TAND, TAML10» TAAL s TAAZ, TAAZ» TAAG » TAAS » TAAL» TAA7 s TAAH » TAAD » TAALO
/70  FORMATC’Xx % % AIR BLAST HX INITIAL CONDITIONS’+/,

’ 1/ INCCN ITAWO =’+sE11.60°s ITAWI ='sE11.6v’s ITAWL =‘,EL11.6+/y
/ £ INCON ITAW2 =“sEL1Ll.6s"s ITAW3 =’yE11.697s ITAWA =’,E11.49s/s
/ 1/ INCON ITAWS =’sEL1Ll.bs’r ITAWS =‘+E11.5¢"s ITAWZ =‘1E11.69/s
’ 1/ INCON ITAWS =’,E11.4+’r [TAWD =’+E11.4s’r ITAWL0='(EL1.b+/s
’ 1/ INCON ITAML =’sELll.4v’» ITAM2 =’,E11.4+’s ITAM3 ='/+Ei11.6+/
/ 1 INCON ITAMA =/ ,E11.42’r ITAMS =/3E11.6+’s ITAMS =‘sE11.645/
/ 1/ INCON ITAM? =’+E11.6s"9 ITAMS ='3E11.4s's ITAMD =‘,E11.6+/
/ 1/ INCON ITAM10="+E11.62/

/ 1/PARAM TAAL =/,E11.67’s TAR2 =‘,E11.49°y TAA3 =‘,E11.6+/s
/ 1’PARAM TAAA ='yE11.4s"r TAAS =‘1E11.69’s TAAS =/9E11.4+/y
/ 1°PARAM TAA? =‘sE11.6+'s TAAB =’+E11.67v's TAAD ='sE11.64/s
/ 1/FARAM TAALO =’ +E11.6+/7)

’ WRITEC12,71 DTHWI» THWA » THW2» THW3 » THWA » THWS » THWG » THM1 » THH2

/ 1THM3» THMA » THMS » THMS » THWO » THMIO» THH1 » THH2 » THH3 » THHA » THHS » THHS
/71  FORMAT(’% % % CAHE INITIAL COMNDITIONS’:/»

/ 1°INCON ITHWE =’+E11.6s%s ITHW1 =‘,E11.69%r ITHW2 =‘,E11.64/»
/ 1/ INCON ITHW3 =’/sE11.45’s ITHWA =/3E11.4s"s LTHWS =’,E11.6+/»
/  1/INCON.  ITHWG =’sE11.6+’y ITHML =‘sE11.,6¢’y ITHM2 =‘3E11.6+/y
/ 1/ INCON ITHM3 =/4E11.69°s ITHMA =’+EL1.69’y ITHMS =‘sE11.4¢/s
/ 1 INCON ITHMS =/ ¢E11.45°s ITHWO =‘+sE11.69°s ITHMIOS'sE11.64/s
/ 1‘FPARAM THH1 =‘9E11.4r’y THH2 =/yE11.65‘y THH3 ='»E11.69/»
/ 1/PARAM THHA =‘sE11.69°» THHS =/+E11.67°s THH6 =‘4E11.6+//)
/ WRITE(12,74)VPRW, TFRWs PFRGPLOALYNPL» INT»APSs IPSIT,WFLOW

/ 74 FORMAT(’%X % & FUMP AND PROCESS-FLOW INITIAL CONDITIONS® s/,

/7 1 INCON IVPRUW =/+E11.65's ITPRW =/sE11.6¢°y IFPRG =',EL11.64/y
/ 1/INCON - IPLOAD=',E11.69’y INFL =/»E11.6¢°s LINT ='4E11.6+/s
7 1 INCON 1APS =‘sE1l.69's IIFSIT=',E11.49/s

/ 1‘FARAM WFLOW = ,E11.69/7)

/93  FORMAT(’X % % CORE INITIAL CONDITIONS’s/, .

/ 1 INCON ITRF1 =’yE11.65°s ITRF2 =‘,E11.4s’s ITRF3 ='3E11.6s/y
/ 1/ INCON ITRF4 =‘sE11.69’s ITRFS =/+E11.69’9 ITRF6 =’ 4sE11.6¢/s
/ 1 INCON ITRCL =’+E11.6+°s ITRC2 =‘+E11.69°y ITRC3 ='1E1l.bv/,
/ 1/ INGON ITRCA ='+E11.65'y ITRCS =’+E11.60"y ITRCS ='9E11.b1/s
/ 1/ INCON ITUPH ='+E1Ll.é9’s ITLPH =‘3E11.6¢/s

/ 1 INCON ITCAHA=' +E11.6+°y LICAN =’,E11.,6s°» INCAA ='1E11.69//s
/ 1‘FPARAM TREH1 =’ ,E1L.éy’s TREH2 =/3E11.69’s TREH3 =’+E11.6¢7/,
/ 1/FPARANH TREHA =’sE1l.69’s TREHS =/+EL1.49"s TREHG =’ +E11.6+/7)
’ WRITE(12,93) TRFL,TRF2,TRF3)TRFA+TRFS ) TRF&» TRC1y TRC2,» TRC3»

/ 1TRC4s TRCS» TRCA» TUPH» TLFHs TCAHOA » LCAN» HCAA» TREHL » TREH2 TREH3

/ LTREHA» TREHS » TREH6 :

/ WRITEC(12+95) TIMEs DUMMY : '

/ 95 FORMAT(’X % x TIME AT END OF RUN=‘,E11.6s’ + DUMMY VARIABLE="
/ 19E11.6/7)

Figure B-2. Listing of States Saved on File 12
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PARAMETER

DELT

FINTIM

DELPR

DELGR

TWARN

Table B-1.

VALUE

1000.

20.

25.

SYSL Control Parameters

DEFINITION

Integration step size

Final Time (when simulation
is halted)

Time between print intervals
Time between plot values

Actual CPU time left before
maximum run time is exceeded

B-5



Plots can be obtained from SYSL and can be either line

printer plots, 4020‘piots or CALCOMP plots. Variables to be
plotted by either means must be defined in the PREPAR SYSL
structure statement. .An example calling for printer plots is .

shown:

FREFAR

3¢ 3% 3¢

SRAFH
GRAFH
LIRAFH
HGRAMH
KGRAFH
HORAFH
¥GRAFH
FLGRAFH
GRAFH
GRAFH

TFCOy THWO Y TFHO» TAWO y THHOL y WFLOW s MARGINYFFRGy o4
TRC1y TRF1y TREHLy TREHOLy THHO1» o
FNSS,GCAAYGCCAYPRCO FOWFLOY + 00
OCAERR s FROFNy ICANyIINCAAY NCAAY o+ o
TRC2y TRF2y TREH2» TREHO2y THHO2y 4.,

TRC3y TRFZy TREH3y TREHO3»y THHO3s 4 4
TRCAy TRFF 45y TREH4y TREHOA» THHOAY 4.
TRCSy TRESy TREHG s TREHOS »y THHOS Y

CTRCHy TRF S TREHSO Y TREHO Gy THHOG6y 4 4o

THHOQ;THHO?yTHHO4:THH05;THH069 coe

TLFHy TUFH

QAAML s RAAM2 » RAAMI » AAAMA » QAAMS » QAAMSG » QAAM7 y RAAMB y RAAMY y QAAM1 0y 4 o »
GAAMTP ¢ o
aawn1yaawneyaawnz.uawna9aawmd»annévnawm7yunwmayaawn9yaAwnlo,...
GA“MT’ * e

QHHML » QHHMZ » QHHM3 » QHHM4 » QGHHMS » AHHMG y QHHMT ». 4 o

QHWML » QHWM2 » QHWM3 » QHWMA » QGHWMS y QHWMSE » QHWMT
TIMEs TFCOy THWO » TFHO » o 4 o
TAWOy THHOL
TIMEyWFLOWy FPRG
TIME s MARGIN
TIME» TLFMy TUFH
TIMEy THHOLly THHO2» THHO3» THHOA4 s THHOS » THHO G
TIME » TREHOLy TREHO2 TREHO3 » TREHOA4 y TREHOS s TREHO6
TIME»TRCLyTRC2yTRC3yTRCA» TRCSy TRCS
TIMEs TRFLyTRF2y TRF3s TRFAy TRF Iy TRF 6.
TIMEy TREHLy TREH2 TREH3y TREHA» TREHS y TREHS
TIME s OCAERRy FROFNy ICAN»NCAA
TIME s GCAAYGLCAyFPNSSyFRCIy FOWFLLO



CASY was developed using the UNIVAC 1110 time share
editor code as available at GA. Some features utilized to run
CASY will be discussed. CASY is run in the batch mode and is
initiated from the demand terminal using the @STRUN processor.
'The form of this job control instruction is (beginning in
Column 1) @STRUN,RM RUN*CASY. ,XX,6,200 where M is the priority
of the run; XX is the user's box number; 6 is the maximum number
of SUP minutes that the run will be allowed to execute; and 200
is the maximum number of pages that the run will be allowed to
print. RUN*CASY. is a catalog file that contains the job con-
trol instructions for the batch run.

The data file GCFR*CASY. contains CASY coded in SYSL,.
It is the input data to SYSLTRAN. A listing of GCFR*CASY is
given in Section 8.1 of the report. The data file MAP*CASY.
listed as the second record in GCFR*CASY. contains additional
job control instructions. ’

'“The file IC*CASY will contain the final values of
variable written on File 12 in CASY if the job instruction
@USE 12.,IC*CASY. is given. The file SIMOUT*CASY will contain
the output of SYSL if the job instruction @QUSE 6., SIMOUT*CASY.
is included before the @XQT instruction. If the output from SYSL -
is written on SIMOUT*CASY, it can be interrogated from the demand
terminal by using the EDITOR feature. If the output is desired,
it can be directed to a line printer using the demand terminal
instruction @SYM,U SIMOUT*CASY.

Ih summary, a run is initiated when the user is satisfied
that input data to the code is correct for the case being run and
that the job control instruction files are correct for what the
user wants to do with the output. The run is then initiated with
the instruction from the demand terminal @STRUN,M RUN*CASY. ,hb21,6,200.
If the user wants to initiate job using cards, he simply duplicates
the job control instructions in RUN*CASY, adds the job card to the
front and submits the deck at the submittal window.
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