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TRAC-PF1:
AN ADVANCED BEST-ESTIMATE COMPUTER PROGRAM
FOR PRESSURIZED WATER REACTOR ANALYSIS

by

Safety Code Development Group
Energy Division

ABSTRACT

The Transient Reactor Analysis Code (TRAC) is
being developed at the Los Alamos National
Laboratory to  provide advanced best-estimate
predictions of pestulated accidents in light water
reactors. The TRAC-PFl program provides this
capability for pressurized water reactors and for
many thermal-hydraulic experimental facilities.
The code features either a one-dimensional or a
three-dimensional treatment of the pressure vessel
and its associated internals; a two-phase,
two-fluid nonequilibrium hydrodynamics model with a
noncondensable gas field; flow-regime-dependent
constitutive equation treatment; optional reflood
tracking capability for both bottom flood and
falling-film quench fronts; and consistent
treatment of entire accident sequences including
the generation of consistent initial conditions. A
new numerical algorithm is used in the
one-dimensional hydrodynamics that permits this
portion of the fluid dynamics to violate the
material Courant condition. This technique permits
large time steps and, hence, reduced running time
for slow transients.

This report describes the thermal-hydraulic
models and the numerical solution methods used in

the code. Detailed programming and user
information also are provided. A second Los Alamos
report, "TRAC-PF1  Developmental Assessment,”

presents the results of the developmental
assessment calculations.




I. COMPUTER PROGRAM OUTLINE
A. __Program Name

The program name is TRAC-PFl.
B. __ Computer

The computer for which the code is designed is the CDC 7600. Efforts
have been made to make the programming as machine independent as possible.
C. __ Problem or Function Description

TRAC-PFl performs best-estimate analyses of loss-of-coolant accidents
(LOCAs) and other transients in pressurized light water reactors (LWRs) and of
thermal-hydraulic experiments in reduced-scale facilities. Models used include
reflood, multidimensional two-phase flow, nonequilibrium thermodynamics,
generalized heat transfer, and reactor kinetics. Automatic steady-state and
dump/restart capabilities also are provided. 3
D. __Solution Method

The partial differential equations that describe the two-phase flow and
the heat transfer are solved by finite differences. The heat-transfer
equations are treated using a semi-implicit differencing technique. The
fluid-dynamics equations in the one-dimensional components use a multistep
procedure that allows the material Courant condition to be viclated. The
three-dimensional vessel option uses semi-implicit differencing. The
finite-difference equations for hydrodynamic phenomena form a system of
coupled, nonlinear equations that are solved by a Newton-Raphson iteration

procedure.

E.  Problem Complexity Restrictions

All storage arrays in the code are allocated dynamically so the only
limit on the problem size is the amount of core memory. The number of reactor
components in the problem and the manner in which they are coupled are
arbitrary. Reactor components in TRAC-PFl include accumulators, pipes,
pressurizers, pumps, steam generators, tees, valves, and vessels with
associated internals.

F. __Typical Running Time

Running time {is highly problem dependent and is a function of the total
number of mesh cells, the maximum allowable time-step size, and whether a
three-dimensional vessel model 1is used. For a purely one-dimensional model,

very large time steps can be used for slow transients. If a three-dimensionu.



vessel 1is eanployed, a material Courant 1limit in the vessel may reduce the
maximum time-step size allowed and increase the running time. Typical computer
times for a CDC 7600 average 2-3 ms per time step per mesh cell.

G. Unusual Program Features

The highly versatile TRAC-PFl program describes most thermal-hydraulic
experiments in addition to the wide variety of LWR system designs. The code’s
modularity allows better geometric problem descriptions, more detailed models
of physical processes, and reduced maintenance costs.

H. Related and Auxiliary Programs

One of the output files written by TRAC contains graphics information
that can be used to produce plots and movies. Two auxiliary programs, TRAP and
EXCON, are available for this purpose and are documented separately. These
programs may require changes to account for differences in graphics software
and hardware at various installations.

i Status

The program is in use at the Los Alamos National Laboratory and at many
other instailations.

: [ References

References are provided in the manual.

K. Machine Requirements

A CDC 7600 computer with 60000 words of small-core memory and 220000

words of large-core memory is required.

L. Programming Languages

The programming language 1is FORTRAN-1V. (Although COMPASS matrix
inversion subroutines are available, they are not mandatory.)

M. Operating System or Monitor

The operating system or monitor that executes the program is a standard
CDC 7600 operating system with FTN FORTRAN compiler and loader.

N. Other Programming or Operating Information or Restrictions

None.

0. Avgllpble Materials

A source listing, a TRAC-PFl manual, and sample problems are available.



II. INTRODUCTION

The Transient Reactor Analysis Code (TRAC) is an advanced best-estimate
systems code for analyzing LWR accidents. It is being developed at the Los
Alamos National Laboratory under the sponsorship of the Reactor Safety Research
Division of the US Nuclear Regulatory Commission. A preliminary TRAC version
consisting of only one-dimensional components was completed in December 1976.
This version was not released publicly nor formally documented. However, it
was wused in the TRAC-Pl development and formed the basis for the
one-dimensional loop-component modules. The first publicly released version
was TRAC-Pl, completed in December 1977. It is described in the Los Alamos
report LA-7279-MS (June 1978).

The TRAC-Pl program was designed primarily for the analysis of large-
break LOCAs in pressurized water reactors (PWRs). Because of its versatility,
however, it can be applied directly to many analyses ranging from blowdowns in
simple pipes to (integral LOCA tests in multiloop facilities. A refined
version, called TRAC-PlA, was released to the National Energy Software Center
(NESC) in March 1979. It is described in the Los Alamos report LA-7777-MS
(May 1979). Although it still treats the same class of problems, TRAC-PlA is
more efficient than TRAC-P1 and incorporates improved hydrodynamic and
heat-transfer models. It also 1is easier to implement on various computers.
TRAC-PDZ contains improvements in reflood, heat-transfer models, and numerical
solution methods. Although a large LOCA code, it has been applied successfully
to small-break problems and to the Three Mile Island incident.

TRAC-PFl was designed to improve the ability of TRAC-PD2 to handle
small-break LOCAs and other transients. TRAC-PFl has all of the major
improvements of TRAC~PD2; in addition, it uses a full two-fluid model with
two-step numerics in the one-dimensional components. The two-fluid model, in
conjunction with a stratified-flow regime, handles countercurrent flow better
than the drift-flux model previously used. The two-step numerics allow large
time steps for slow transients. A one-dimensional core component permits
calculations with reduced dimensionality although the three-dimensional vessel
option has been retained. A noncondensable gas field has been added to both
the one-dimensional and three-dimensional hydrodynamics. Significant
improvements also have been made to the trip logic and the input. TRAC-PFl was
publicly released in July 1981.



A. __TRAC Characteristics

Some distinguishing characteristics of TRAC-PFl are summarized below.
Within restrictions imposed by computer running times, attempts are being made
to incorporate state-of-the-art technology in two-phase thermal hydraulics.

L. __ Variable-Dimensional Fluid Dynamics. A full three-aimensional
(r,6,z) flow calculation can be used within the reactor vessel; the flow within
the loop components 1is treated one dimensionally. This allows an accurate
calculation of the complex multidimensional flow patterns inside the reactor
vessel that are important in determining accident behavior. For example,
phenomena such as emergency core coolant (ECC) downcomer penetration during
blowdown, multidimensional plenum and core flow effects, and upper plenum pool
formation and core penetration during reflood can be treated directly.
However, a one-dimensional vessel model may be constructed that allows
transients to be calculated very quickly because the usual time-step
restrictions are removed by the special stabilizing numerical treatment.

2.

(six-equation) hydrodynamics model describes the steam-water flow, thereby

__Nonhomogeneous, Nonequilibrium Modeling. A full two-fluid

allowing important phenomena such as countercurrent flow to be treated
explicitly. A stratified-flow regime has been added to the one-dimensional
hydrodynamics and a seventh field equation (mass balance) describes a
noncondensable gas field.

3. ___Flow-Regime-Dependent Constitutive Equation Package. The

thermal-hydraulic equations describe the transfer of mass, energy, and momentum

between the steam-water phases and the interaction of these phases with the
system structure. Because these interactions are dependent on the flow
topology, a flow-regime-dependent constitutive equation package has been
incorporated into the code. Although this package undoubtedly willd be improved
in future code versions, assessment calculations performed to date indicate
that many flow conditions can be handled adequately with the current package.
4. Comprehensive Heat-Transfer Capability. The TRAC-PFl program

incorporates detailed heat-transfer analyses of both the vessel and the loop
components. Included is a two-dimensional (r,z) treatment of fuel-rod heat
conduction with dynamic fine-mesh rezoning to resolve bottom flood and
falling-film quench fronts. The heat transfer from the fuel rods and other

system structures is calculated wusing flow-regime-dependent heat-transfer



coefficients obtained from a generalized boiling curve based on local
conditions.

3. ___ Consistent Analysis of Entire Accident Sequences. An  f{mportant

TRAC feature {is 1its ability to address entire accident sequences, including
computation of initiai conditions, with a consistent and continuous
calculation. For example, the code models the blowdown, refill, and reflood
phases of a LOCA. This modeling eliminates the need to perform calculations
using different codes to analyze a given accident. In addition, a steady-state
solution capability provides self-consistent initial conditions for subsequent
transient calculations. Both a steady-state and a transient calculation can be
performed in the same run, if desired.

6. Component and Functional Modularity. The TRAC program is

completely modular by component. The components in a calculation are specified
through input data; available components allow the user to model virtually any
PWR design or experimental configuration. This gives TRAC great versatility in
the possible range of applications. It also allows component modules to be
improved, modified, or added without disturbing the remainder of the code.
TRAC component modules currently include accumulators, pipes, pressurizers,
pumps, steam generators, tees, valves, and vessels with associated internals
(downcomer, lower plenum, core, upper plenum).

The TRAC program alfo is modular by function; that is, the majcr aspects
of the calculations are performed in separate modules. For example, the basic
one-dimensional hydrodynamics solution algorithm, the wall-temperature field
solution algorithm, heat-transfer coefficient selection, and other functions
are performed in separate sets of routines that are accessed by all component
modules. This modularity allows the code to be upgraded readily as improved
correlations and experimental infornation become available.

B. Physical Phenomena Treated

Because of the detailed modeling in TRAC, most of the physical phenomena
important in large- and small-break LOCA analysis can be treated. Included

are:

1. ECC downcomer penetration and bypass, including the effects
of countercurrent flow and hot walls;

2. lower plenum refill with entrainment and phase separation
effects;



3. bottom flood and falling-film reflood quench fronts;
4. multidimensional flow patterns in the core and plenum
regions;
5. pool formation and countercurrent flow at the upper core
support plate (UCSP) region;
6. pool formation in the upper plenum;
7. steam binding;
8. average-rod and hot-rod cladding temperature histories;
9. alternate ECC injection systems, including hot-leg and
upper-head injection;
10. direct 1injection of subcooled ECC water, without the
requirement for artificial mixing zones;
11. critical flow (choking);
12. 1liquid carryover during reflood;
13. metal-water reaction;
l4. water hammer effects; and
15. wall friction losses.

C. Planned Improvements

Although advanced modeling capabilities are provided in TRAC-PFl, there
are additions and improvements planned for future Los Alamos versions of the

code. Some of the more important are summarized below.

l. Work is in progress on a new version of TRAC, TRAC-PFl/Modl,
which will handle all operational transients. The principal
improvements involve adding a proportional-integral-
differential controller, turbine and condenser models, and
an extra field to track boron.

2. Some development work 1is proceeding on a final, detailed
version, TRAC-PD3. In addition to the options available in
TRAC-PF1/Modl, this version will have another liquid field
in the vessel, a detailed gap model for the fuel rods, and a
multidimensional neutronics capability.

A boiling water reactor (BWR) version is under development at the Idaho
National Engineering Laboratory (INEL). The necessary additional component
models ( jet pumps, steam separators) are being developed at INEL; the basis for
this version is the PWR version and a one-dimensional, two-~fluid hydrodynamic
package developed at Los Alamos.

One important constraint that must be considered in TRAC applications is
the computer running-time requirements. With the release of TRAC-PFl, the user
has a great deal of control over the running time of the code. 1If less
detailed, rapid calculations are desired, a full one-dimensional model often

will reduce the running time by an order of magnitude over the previous



version, TRAC-PD2. If detail in the vessel is desired, the running time often
will be comparable to TRAC-PD2.
D. __Scope of TRAC Manual

This manual describes TRAC basic methods and models and provides user
information and programming details. Section IIl  describes the basic
hydrodynamics and heat-transfer methods and discusses the overall strategies
for transient and steady-state solutions. Section III is supplemented by
Appendixes A and B that supply, respectively, the fluid and material properties
for the thermal-hydraulic analyses.

A standard nomenclature guide is included. Quantities that are not
included 1in the standard nomenclature list are defined in the text. All units
are metric as given in National Bureau of Standards Special Publication 330,
“The International System of Units (S1),"” unless otherwise specified.

Section IV describes the component models. The user should study these
descriptions if questions arise when preparing detailed input specifications
for a TRAC problem.

Section V provides input specifications and other user information. To
provide additional guidance to the user in the area of input preparation, input
decks for a PWR sample problem are provided in Appendix C. Error messages that
might occur during a calculation are explained in Appendix D.

Section VI discusses the overall code organization, {input and output
processing, storage require .ents, and other programming details associated with
both transient and steady-state solutions. Appendix E provides a list of TRAC
subprograms; Appendix F, a compilation of COMMON arrays; and Appendix G,
component data tables.

An important aspect of the TRAC program involves the developmental
assessment of the code through comparisons with measurements obtained frum test
facilities. Developmental assessment calculations already have been performed
with TRAC-PFl. A Los Alamos report entitled "TRAC-PFl Developmental
Assessment,” which summarizes the key developmental assessment results, has
been published (NUREG/CR-3280, LA-9404-M).



III. BASIC METHODS
A. Hydrodynamics

1. Field Equations. Unlike previous TRAC versions, TRAC-PFl uses the
same two-phase two-fluid model for fluid flow in both one- and
three-dimensional components. In addition, a noncondensable gas component has
been included in the vapor field, requiring one extra mass continuity equation.
Homogeneity and thermal equilibrium are assumed for the combined gas field.
Seven differential equations describe the three-component, two-fluid

model.l'2

Liquid Mass Equation
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Total Energy Equation
31 = a)ogey + ap e | » ’
8 8 81 2 f - :
.......... B + v (1 u)plllvl + apscqu)

» »
- - - [ -
p v {1 a)Vl + aV‘] + Qut * <:|",s .
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In these equations the vapor densities and energies are sums of the steam

and noncondensable components,

Pg * Pg >0, (8)
and

Pges = Pgly toe, - (9)
We assume Dalton”s law applies; therefore,

A subscript, a, is used for the noncondensable gas because the internal
thermodynamic properties model air. It would be easy to replace these
properties with others describing different noncondensable gases.

In addition to the thermolynamic relaf™ ~: %2t are required for closure,
specifications for the interfacial drag coefficients (ci), the interfacial heat
transfer (q1‘), the phase-change rate (I'), the wall shear coefficients (c__ and

wR

c'l). and the wall heat transfers and qvl) are required. Gamma is

(qyg
evaluated from a simple therual energy jump relation,

-q - q
= -.!.‘_.--.1.5. ’ (11)
heg = Mar
where
(Tyq = Tg)
...... L 12
g = Mght vol e
and
(T, = Ty)
= h, .A .......---... . 13
O * MMy —02f (33)
11




Here, A and the h1 terms are the interfacial area and heat-transfer

coefficients and Tss is the saturation temperature corresponding to the partial .

steam pressure.

Wall heat-transfer terms assume the form

Ty~ Tg) 14
g * Mgt T v
and

(TU - Tl)
Y N e (13

where Avg and Aw! are the actual heated surface areas of the cell, except
during reflood, when the average heat-transfer coefficients (HTCs) reflect the

fraction of the heated surface area that is quenched.

2. Three-Dimensional Finite-Difference Equations. The  momentum
equations are separated into the three coordinate components. Only the vapor .
equation is discussed with the understanding that the liquid-momentum equation
{s treated in an analogous manner. There are three components of the

vapor-momentum differeatial equation.

Axial (z) Component

av av v av av
82 .. (v .82, 80 gt ., 83 _ 1 3p
at BT jr r a8 BZ 32 g dz

c > > c .
iz r wgz
- - V =Vl o -y - 5 VIi+g.

ap (vl! vl'Jl 8 l' ap (vlt 1sz) g vzz' s' 8 - (16)

12



Radial (r) Component

2
av v av A av
avsr._(v gr , 89 _8r _ 88 .y gry . 1 3p
at BT 3r r 38 r 8Z 32 g ar
c * . C >
ir r wgT
- — - v - — (Vv v - 2"V v % 17
5 (Vgr V“)IV8 i' v ( gr 18f) w0 gr' gl (17)

Azimuthal (8) Component

at 8T 3r r a8 r 82 32 P gt a8
Cyp > > r cwge g .; | i
- (;D—g' (Vge - Vle)‘vg e Vl' - Q—p; (Vge . Vige) - a;; 89 g . ( )

In the TRAC staggered schene3'“ the velocities are defined on the

mesh-cell surfaces at the locations shown in Fig. 1, where the subscript a
stands for either & or g. However, the volume properties p, a, T, e, and p are
located at the mesh-cell centers. The scalar field equations are written over
a given mesh cell, whereas the momentum equations are staggered between mesh
cells in the three component directions.

The written difference scheme for each of the momentum equations is
lengthy because of the cross-derivative terms. Therefore, only the vapor
z-direction finite~difference equations for a typical mesh cell are given to
fllustrate the procedure used. The time levels are indicated by the
superscript n (old time) or n+l (new time). The subscript g (for vapor) is
dropped except where it is needed for clarity.

13
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Fig. 1.

Three-dimensional mesh-cell velocities.
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Using these conventions, the finite-difference vapor-momentum equation iw
the z-direction is

vi*(e,0,241/2) = Vi(r,8,2+1/2)
Vr(r,e,z+l/2)
- At (V,(r+1/2,0,2+#1/2) - V_(r-1/2,6,z+41/2)]"
Ar A z

ve(r.e,z+1/2)
+
rAf

[Vo(r,641/2,241/2) = V (r,0-1/2,2+1/2)]"

Vz(r,e,z+l/2)

+ = [V (r,8,241/2) = V (r,8,2-1/2)]"

(p(r,8,2+1) - p(r,8,2) ™"
p™(r,8,2+41/2)A2

4 »> ﬂ+1
cf (r,e,z+1/2)[giér,e,z+1/z) - Vy(r,8,2z+1/2)]™"
a™(r,0.241 /" +1/2)

x

IVg,(r,8,241/2) =V, (r,8,2+1/2)

r%(r,8,2+1/2) [V, (r,0,241/2) - V;, (r,8,z . 2)]™}

a™r,8,z+1/2)o™(r,8,241/2)

*n
e® (r,8,2+#1/2)0V™ L (r 6,241/2) |1V (r,8,2+41/2)]
wWZ - } ; (19)

a™(r,8,241/2)p™(r,0,2+1/2)

where At is the time-step size.

In any finite-difference scheme, certain quantities are required ot
locations where they are not defined formally; therefore, additional relations
are needed. The volume properties I', a, and p
the directisn of Vz(r,e,z+1/2).

g are donor celled depending on

15



For example,

a(r,8,z+1/2) = a(r,9,2), if Vz(r,8,2+1/2) >0 ;

s glr,0,a¥l), if Vz(r,9,2+1/2) <0 . (20)

The radial component of the velocity at the axial location (2+l1/2) is obtained

from

V(r,8,2+#1/2) = — [V (r+1/2,8,2) + V_(r-1/2,8,2) + V_(r+l/2,8,2+1)

&)

- Vr(r—l/2,6,2+l)] : (21)

a similar expression applies to Ve(r,e,z+l/2). The spatial differences for Vz

are, in the r-direction,

V,(r+1/2,8,241/2) = V,(r-1/2,8,241/2) = V,(r,8,241/2) = V,(r-1,8,2+1/2) ‘
if Vr(r,e,z+l/2) >0 , or

vz(r+1/2,e,z+l/2) - Vz(r—l/2.6,2+1/2) =V, (r+l,6,2+1/2) - Vz(r,e.z+1/2)
if Vr(r,e,z+1/2) <0 . (22)

In the 8-direction,

Vz(r,6+1/2,z+1/2) - Vz(r,6-1/2,2+1/2) = Vz(r,e,z+1/2) - Vz(r,a-l,z*lIZ)
if Ve(r,e,z*IIZ) >0 , or

vz(r.6+1/2,z+1/2) - Vz(r,8-1/2,1+l/2) = Vz(r.e+l,z+1/2) - Vz(r.e,z+1/2)

if ve(r,e,z+1/2) <0 . (23)
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In the z-direction,

Vz(r,e,z+l) - Vz(r,e,z) = Vz(r,e,z+l/2) - Vz(t,e,z-1/2)
if v, (r,6,241/2) > 0 , or

v,(r,8,z+41) - V (r,0,2) =V (r,8,2+3/2) - V, (r,8,2+1/2)

if Vz(t,e,z+l/2) 0 s (24)

The convective terms in the finite~difference relations for the scalar
field equations are written in conservative form. The finite-difference form

of the overall mixture mass equation is

oat = 08+ [2E)(PAy/2([Q1 - deg VP + o ™}y
- Phgyy ol [0 = oy JVEY + (a0 WEH) o
+ FAy ([0 = oo, |V + (“ps)nv;+1}r‘1/2
- FAgy pila - adoy |V + (“°s)nvg+l}f+1/2
+ FAe_l/z{[(l - 0)01}"V2+1 + (ﬂog)“vg+1}e-1/2
- FAgay/2{[(1 = adpy VG - (“°s)nvg+l}9+1/2) : o

where vol is the hydrodynamic cell volure and FA is the flow area at the mesh-
cell edge. The other scalar equations are differenced similarly.

All of the field equations [Eqs. (1)=(7)] have additional source terms to
allow piping to be connected anywhere in the mesh. The source terms appearing
in the mass and energy equations are given below. The subscripts p and v refer

to pipe and vessel quantities, respectively.
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Overall Mass Continuity Source Term ‘

+
{qp:V:+l FA + [(1 - a)py )™ v FA},

Vapor Mass Continuity Source Term

N e o+l
[(apg) FA V8 lp

Overall Energy Source Term

+1 n n+l
[(L = a)oge,™ FA VIT" ] + [(aogeg) FA V3 lp
+pla® PAVIT s -t vl

Vapor Energy Source Term
( o opa Vo] 4 By ot
[(angeg)™ FA Vg "Jp * (e g 'p

The momentum source terms are complicated because of the staggered differencing
and the fact that pipes may enter at arbitrary angles. For TRAC-PFl, we have ‘
assumed that the pipes enter normal to the vessel mesh-cell face. The basic

forms for the liquid- and vapor-momentum source terms are:

Liquid-Momentum Source Term

vl vl n

T

o,

Vapor-Momentum Source Term

18



The existence of the momentum source terms is dependent on the sign of
the velocities in the vessel to keep the vessel donor-cell momentum equations
consistent. For example, if the nearest vessel iiquid velocity indicates that
the flow is into the pipe from the vessel, then the source term is set equal to
Zero.

If structure exists in the mesh cell, the hydrodynamic flow areas (FA)
and volumes (vol) are reduced from their geometric mesh-cell values. Thus, FA
may be less than or e  ual to the geometric mesh-cell area and vol may be less
than or equal to the geometric mesh-cell volume. Flow areas also may be set
equal to zero. If this 1is the case, all fluxes across that plane are
suppressed, as are the individual velocities of each phase. This procedure
allows large obstacles such as the downcomer walls to be modeled properly. The
user specifies the flow and volume restrictions.

The finite-difference equations thus formed are semi-implicit, because
the pressure gradient terms in the vapor- and liquid-momentum equations are

treated at the new time. A Courant stability criterion,

(vl gz g0 'gr 'Rz 486 ‘'Rr

e B R ey s ol sy s - S 26
L (Az' ra8’ Ar’ Az’ rAd’ Ar) . (26)
is necessary, where

[ylAt i1 . (27)

To solve the system of finite-difference equations, a linearization
procedure 1is necessary. All of the scalar equations are reduced to a linear

system in Vl’ v Tl' Tg. a, and p. This is accomplished by using the thermal

g!
equations of state,

Ol - pl(P’Tl)
and

Pg * o‘(p.T.) ;
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the caloric equations of state,
ey - ef.(p'Tl)
and

- N :
eg eg(P 8)

and the definitions for Pa and e,
A further system reduction ‘s accomplished by observing that the
finite~difference vapor- and liquid—- 'mentum equations yield equations of the

form,

v 2 P 4 (conv® + L vpt*l & FRIC)AE (28)
Py

where conv designates the explicit convection terms and FRIC includes both the
wall and the interfacial shears. Equation (28) indicates that changes in V are
linearly dependent (after an explicit pass on the explicit parts of the
momentum equations) on changes in pressure. Therefore, the system of variables
may be reduced further to Tl' Tg. p, and a and can be solved by a Block
Gauss-Seidel method. Reference 5 provides a much more detailed description of
the basic Newton Block Gauss-Seidel numerical technique.

An improvement to the method proposed in Ref. 5 has been implemented to
reduce the computing cost. The linear system that results from this method is
a block seven-stripe matrix. In performing the Gauss-Seidel operation, if the
nonlinear terms are not updated, the matrix coefficients remain constant for
the time step. In this case a Gauss elimination technique can be applied once
at each time step to the seven-stripe block array that allows its reduction to
a seven—-stripe single-element array. This results in a much faster iteration
(after the first {teration) for the pressure. The actual {teration is
performed in subroutine ITRl. When the vessel pressures are obtained for a
specified convergence criterion, a back-substitution in subroutine FF3D is

performed to wunfold Tys TS' a, and the velocities for each phase. A call to

20



THERMO in FF3D then updates all of the thermodynamic properties and their
derivatives in preparation for the next time step.

Two features have been added since version TRAC-PIA to improve mass
conservation and to reduce running time. The first is a direct inversion of
the pressure solution matrix when the number of vessel cells is sufficiently
small (<80). The second feature is a coarse-mesh rebalance method for other
cases where Gauss-Seidel {iteration is required. During the iteration the
pressure solution is scaled nonuniformly to reduce the overall iteration error.

Such scaling can be represented by

p-(1) o g(1)p(1)

p(1)

where is the pressure solution vector after { iterations and S(i) is its

scaling matrix that is diagonal with scalar elements sy We define a
coarse-mesh region as those vessel regions having the same scale factor. The

scaled pressure solution vector is then

P’-81P1+8292+..- ’

where P is a vector of pressures belonging to coarse~mesh region i. Using this

equation in the vessel pressure equation

A+*P=38

and requiring that the least-squares error in P” be a minimum yield an equation

for the scale factors,

UesSe=V ,

where Uij = (Pi'APj)' V1 - (Pi’s)’ and the notation (X,Y) means the {inner

product of the vectors X and Y. The matrix size of U is equal to the nuaber of
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coarse-mesh regions and normally is small enough to be solved by direct
{nversion.

The choice of coarse-mesh regions 1s extremely {important. We have
selected a scheme that follows the flow path in the vessel so that coarse-mesh
regions are coupled 1in the flow direction. We use the facts that the vessel
matrix . is a seven-stripe matrix for a three-dimensional vessel and that
coupling occurs only between nearest neighbors (there 1is no coupling if
neighbors are separated by a wall such as a downcomer boundary). Based on
these facts we select coarse-mesh regions as follows. All mesh cells on a
level in the downcomer foram a single coarse-mesh region and all other mesh
cells on a level form another coarse-mesh region. Hence, the total number of
coarse-mesh regions is equal to the number of downcomer levels plus the total
number of vessel levels. Although this choice of coarse-mesh regions is not
unique, we have found it to be very effective in reducing the number of vessel
fterations (typically a factor of 10).

The three-dimensional hydrodynamics package has a water-packing algorithm
that is similar in function to the one-dimensional algorithm but somewhat
different in construction. In subroutine TF3IDI, after the initial block matrix
inversion, the center diagonal 6P is calculated. If the resulting predicted
pressure is either very low or very high and the mesh cell has a large liquid
fraction, then the surrounding region is scanned for additioual ({(nformation.
If an adjoining cell has a 1liquid fraction less than 0.9, the momentum
derivative 6V!/6P1 (derived from the momentum equation) {s multiplied by a
large constant wherever it appears in terms within the offending mesh cell.
This reduces the liquid inertia arnd consequently allows the resultant velocity
to ad just during the time step to ameliorate the effects of the sudden pressure
change. The matrix is then re-evaluated and the calculation continues.

3. One-Dimensional Finite-Difference Methods. Spatial differencing

is the same in one-dimensional and three-dimensional components. However, a
new approach to time integration has heen applied. This stabiiity-enhancing
two-step (SETS) -cthod6’7 eliminates the material Courant stability limit frow
all one-dimensional components. This limit applies only in vessels and at

junetions between vessels and one-dimensional components.
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The stabllity~enhancing two-step method consists of a basic step (that (s
almost identical to the standard semi~{mplicit method used in the vessel) and a
stabilizing step. For homogeneous flow, the order of these steps does not
matter. However, for two-fluid flow with noticeable relative velocity, (it 1is
necessary to do the stabilizing step for the equations of motion before the
basic step. When this stabilizing step precedes the baslic step, an inftial
explicit prediction of velocities giveo strong coupling through the interfaclal
drag terms without requiring direct communicat'on between the stabilizing
equations for liquid and vapor motion. To proviec Iimproved conservation and to
minimize machine storage required by TRAC, the st.oilizing steps for mass and
energy equations are done as the final portion of “e calculation.

The spatial mesh used for the finite~dif rence equations (s staggered
with thermodynamic properties evaluated at the cell centers and velocities
evaluated at the cell edges. For stability, flux terms at cell edges require

donor-cell averages of the form,

V2 * Yy Ve V20 5

-y if V3+1/2 <0 . (29)

1 Vg2

Here, Y can be any cell-center state variable or a combination of such
variables and V may be either liquid or vapor velocity. With this notation the
finite~difference divergence operator for one~dimensional calculations is

¢ (YV) = E:ltlii,iriitﬁlil;::tl:iﬁl.f!itt:iill

'S vol . (30)
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where A 1s the local cross~sectional area and v«al1 is the volume of the jth

cell. For the equations of motion, the donor=-cell form of any V « VV tern Is '

v (v s =V )
. Jri/2 *l /2 ~1/2 _
v)“l/z v,}*l/2 v LA Rl e oL , It \f’ﬂ/2 20 3

....................... , A <0 ()

Ver2

where AX 2 Is half the sum of AX, and AX

i/ ) e’

The following finite~difference equations (roughly 1in order of ,.elr

calculation) currently are used.

Predic L14 ) for Equations of Motion
Vapor
Skl n
(v - T - . -
. i n n n*l _ gn n
At Vs T Vg T 00V V2! Y Yy
ey 1 \
fasut®l _ ool un _ uft 4]yt o ¢t
. --:.n..-« ~2(v. Ve omvg - v ‘)}lv. vl
(M.)j"l/z
n
VO L e,
— aX 1/2
(Dl)j¢l/2 *
¢ .
v (2v:" - v:)w:u tgconh =0 , (32)
“
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Stabilizer Equations of Motion

. <ttt .

Vaggr
(";nﬂ. - n)
4 Vs Jorkl Sokl _ “n
£ E 4Vl yo Vse172 Vgt BOVG ve 2 "p1/2 Vg
cf sotl _ Sntl
$ el et [2(\18 - vy )-(v“ ve) ‘Iv“ -V
n
(Gﬂg)ﬁ.l/z
1 (Pl = PP
e Sy
n +1/b
Pl
C -
PRI, (zv:ﬂ -VIVEl + gcos 8 =0 . (34)
(“"-)j+1/2
Liquid
oot n
(Vg " = vy)
i ontl gtttk _ o8
""B-t“—“+ VS Va2 Vi *8(Y) Vo) '71+1/2
Cn
AEER S T B vty - (vp - V] IVE - VRl
[ = kg, as2
n L.,
S 1 (Pj+1-PJ)
AX
n +1/2
(Pg) §41/2 ?
C ~
+ = - (2‘!;‘+1 - v;‘)lv‘l‘l + gcos 8 =0 . (35)

[ = adwy /0
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—— . et e i

Vapor
+1 n
(Vn - ¥ -
» ; n+ ol _ 0 n
"“ZE"—_ + \,g w2 Vgt s(v8 V) Y y41/2 Ve
+ 1 [2(v0*h - yP*th)o(vR - ] |vD - vDy
----- —— g 8 L 8 L
- n
(30g) 3+1/2
o+l _ Totl
A . e
AX
p— +1/2
(Dg)j+1/2 J
Cug n+l 0y [yn
| s . (2'\1g - vg)lvsl +gcos =0 . (36)
ey T
(Qog)j+l/2
Liquid
1 n
(v;‘+ - v and 5
n ntl _ yn n
gt VI V2 VB 4 8O - V) v V]
cf
n+l +1
+ . [2¢vE™" - vfg‘ )=(v§ - vg)] Iv§ - vgl

[21 . °i;;J?+1/2

+1
ORI b (pj+ - p‘J‘ )
X172
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C
$ommeee VL - V)IVD] + g cos @ =0 . (37)

[(L - Q)QQ]?+1/2

a ( | ~
ol A R e T vj e (ap v“‘”) - p0tl (38)

Noncondensable Gas

vl . R LU yotly = o, (39)

L - +
.......................... — By 1(1 = a)pyg VE l]

. (40)

Basic Energy Equations

Vapor
[(ap e.)™! - (ap e )®
i R B8 "4y (ap e V“+1)
At b g8 8
“nt+l n
~atl r(a® ‘11_1 + 7 n yn+l ]
+ B j (o 8 )|
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-~ 1 L bd + o~
-t *ilg * AR, (41)
Liquid
{{apgeg + (1 - a) Digi]rﬁl - [apgeg + (1 - a) pleg}"}
At

+
+ 95 [Cangep) VR + (1 - a) ogey V]
—ntl +1 +1 “n+l . Tnt+l
+ o™ vy e [ -0 VT + vt e gl 4 gl (42)

Vapor

{(omg)“+1 = (a0 g)"]

e RN B g " ntl vf\+11t - ~n+l . 4
T v, L(aog) & 1 %5 (43)
Noncondensable Gas
[ nt+l n
(ap )™ " = (ap )]
. a a f o+l n+l
il = v . ' = =
At t 0y [(ap )™ Ve =0 (44)
Liquid
[ - )™ oM - (1 - a)® 0]
- . L o+l o+l oo+l
A RIRRTESL L
S L (45)
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Stabilizing Energy Equations
Vapor

[(ap e )™ - (ap e )?]

g8 gg e n+l n+l
..... g + Vj L(apgeg) V8 ]
“ntl n
“n+l 1 ( ol % n ynt+l
- - s, 8 LS S A v
P L At J (G g )]
= qtl + ot + T RTEl . (46)
Liquid

{1 = adogeg]™ = [0 - adoge, ]
- it et Ty {[(1 - adey )™ VT

4 5t {(_a_“z_t____)_., vye [ -a0)" VEHH

o T+l _ Totl _ Fotl Totl
o ~uy - . (47)

A caret above velocities denotes explicit predictor values. A tilde above a
variable indicates that it 1is the result of an intermediate step and not a
final value for the end of the time step. A horizontal line above a quantity
indicates that it 1is obtained with a 50% average between values at adjacent
cells. If there are no subscripts denoting cell location, we assume subscript
4 for mass and energy equations and subscript j+1/2 for equations of motion.
Finally, theta is the angle between a vector from the center of cell j to the

center of cell j+l and a vector directed against gravity.
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Time levels were omitted from some flux terms in Eqs. (38)-(42) because
these terms contain both old and new time quantities. If X is a combination of
state variables without a time superscript, then the correct definition for the

divergence term in which it appears is

V) = (Ag 0 ViR /2 (Eery2 X5+ (1= £40072) K]

where
X} =g X" + (1 - g") xj*l . (49)

The weighting function used to obtain donor-cell averaging [Eq. (29)] is f, and
g° 1is a weighting factor that depends on the rate of phase change, which goes
to unity as the phase change disappears and to zero as the phase change
approaches the total outflow of the phase created in the cell. For nonzero g°,
this form of the divergence operator is nonconservative but total conservation
is maintained by th: stabilizer step.

Equations (32) and (33) do not {involve any implicit coupling between
cells and can be solved rapidly for each cell. Because Eqs. (34) and (35) do
not couple, each one requires only the solution of a tridiagonal linear system.
Equations (36)-(42), combined with the necessary thermodynamic and constitutive
equations, form a coupled system of nonlinear equations. Equations (36) and
(37) are solved directly to obtain yori and Vg+1 as dependent variables. After

2
substituting these equations for velocity into Eqs. (38)-(42), the resulting

system is solved for the iudependent variables ;"+1, ;:+1, f:+1, §:+l, and ;"+1
with a standard Newton {iteration, including all coupling '. seen cells. In
practice, the linearized equations solved during this iteration can be reduced
easily to a tridiagonal system involving only total pressures. The final five

stabilizing equations [Eqs. (43)-(47)] also are simple tridiagonal linear
n+l

systems because V8

and V2+1 are known after solving Eqs. (36)-(42).
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4, Constitutive Equations. The field equations [Eqs. (1)=(7)]

e o ot .t

require certain auxiliary or constitutive equations to effect closure. Thermal

and caloric egquations of state for each phase are required and these are
discussed in Appendix A. In addition, the 1liquid and vapor wall shear,
interfacial drag, wall heat transfer, interfacial heat transfer, and the ret
vaporization rate are necessary.

In TRAC-PFl, the vaporization thrust terms in the momentum equations are

neglected. The wall heat transfers, and Qg+ are accounted for in the

Uy
standard way [see Eqe. (14)-(15)]. The cota% wall surface area wette! by each
phase is represented, whereas hwl and hwg are based on heat-transfer
correlations from the literature. In many tw«o-phase flow situations the walls
are totally wetted by the liquid phase, in which case wall heat transfer to the
vapor is zero.

a. One-Dimensional Wall Shear and Form Losses. The total pressure

gradient calculated in the momentum equations is expressed as the sum of the
frictional dissipation, acceleration head, and potential head terms.
Subroutine FWALL calculates coefficients both for the frictional dissipation
terms and for losses associated with abrupt area changes. Under single-phase
flow conditions, pressure drops associated with frictional losses are
correlated as functions of fluid wvelocity, fluid density, fluid viscosity,
channel hydraulic diameter, and surface roughness of the channel wall. When a
two-phase mixture is flowing in a channel, a correction to the single-phase
frictional 1loss 1is necessary to account for added dissipation between phases
and interactions with the channel walls. This correction factor is the
two-phase flow multiplier.

The wall shear coefficients, Cy and Cuy» are defined as

c - ap (i_f_g-
wg g ZDh
and
c
f2
Cul - (1 - 0)0& Z.D—; »



where Cfg and cg, are the vapor and liquid friction factors. The options
available to calculate the wall friction are:

NFF = O, constant value (user input);

NFF = 1, homogeneous model; and

NFF = 2, annular model;
where NFF is the user-supplied index. Use of a negative index value results in
an automatic calculation of an appropriate form-loss coefficient in addition to
the selected two-phase flow friction factor if there are abrupt area changes.
This option 1is not available for the accumulator component, where a constant
value for the friction factor is used.

(1) __Homogeneous Model. The homogeneous friction-factor model alters

the single-phase value by using a two-phase viscosity (i) defined in terms of

the flow quality (x),8

- X 0 -x (50)

Ug He

el

9

The homogeneous friction factor” then is given by

£ = 0.046 (Re)™ 02 | i1f Re > 5000 ; (51a)
£ =0.032 , Lf Re < 500 ; (51b)
£ = 0.032 - 5.25 x 10™%(Re -~ 500) , 1f 500 < Re < 5000 ; (5lc)

where Re = GDh/E and G = pmVu .

Equations (5la)~(5lc) represent a constant friction factor fo: Re < 500
and a linear interpolation between 500 < Re < 5000, where the friction factor
is given by Eq. (5la).
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The two-phase friction multiplier is

u
8% = [1.0 + x (Ji - 1.0)]7%-2 (52)
v

The coefficient of friction for the liquid is

= 2.0 £ 9% (53)

Cc
£y

and, if the void fraction is greater than 0.90, the vapor coefficient of
friction is

¢g = (10.0a - 9.0)% (21.0 - 20.0a)c; - (54)
g L

The purpose of this function is to ensure a smooth transition from .~ro vapor
wall friction at a = 0.9 to the single-phase vapor value at a = 1.0,

(2) Annular Flow Model. The annular-flow friction-factor methed from

Ref. 10 is adopted with a modification at high vapor fractions. The
single-phase friction factor (fsp) from Ref. 1l is

-

= -c .
fnp a + bRe . (55)
where
a= 0,026 (=) + 0.133 (=) , (56)
D D
k 0-‘.“
b=22.0 (6) ’ (57)
c = 1.62 (6) s (58)
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and k/D is the relative pipe wall roughness. A value of k = 5.0 x 10-6 m,
corresponding to drawn tubing, currently is wused for the absolute pipe

roughness. The annular flow friction factor is then

f = fsp0 . (59)
where
2
v
2,00t 60
° ..67 - ( )
"n'm

At vapor fractions above 0.90, the annular-flow friction factor is merged
linearly 1into the homogeneous model with full transition occurring at
a = 0.9995. As discussed in Sec. III.A.l1, the wall friction is partitioned
between the liquid and vapor phases for a void fraction greater than 0.90.

3) Form Losses. The finite-difference equations yield the correct

pressure loss for an abrupt expansion. However, this is not true for an abrupt
contraction or for an orifice. Form-loss corrections can be included in a TRAC
calculation in two ways. The simplest method is to specify a negative value
for the 1input friction option variable NFF (see Sec. V.F) at the location of
any abrupt area change. This triggers logic in the code that examines the
local pipe geometry, the flow direction, and the implicitness level of the
difference equations to determine an appropriate loss correction. An extra

term in the Bernoulli equation of the form,

Ap = - g (61)
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. where k is a form-loss coefficient, accounts for these corrections. The values
used for k are ‘

A2
k=(l~- K;) (62)

for an abrupt expansion or zero-length orifice, and

Al Al 2
k= 0.5 - 0.7(—=) + 0.2(—) (63)
Ay Ay

for an abrupt contraction, where A, and A, are the smaller and larger flow
areas, respectively. Equation (62) 1is a curve that was fitted to the values
reported in Ref. 12,

The other way to account for form losses is through the use of the FRIC
input array. Losses computed using this array are added to those specified ‘
with the NFF option. The pressure loss that results from FRIC is

d ) (ij + ij_l) -
P3 20, 3

mevulvnl ’ (64)

where j is the mesh-cell index.
An input option allows standard k (Refs. 13,14) factors to be input.

b. Three-Dimensional Wall Shear Coefficients. The wall shear

coefficients, and C g+ are defined similarly to the one-dimensional wall

Cu
friction. The stindard homogeneous correlation is used to provide the wall
friction factors for two-phase flow. These factors approach the appropriate
single-phase values for a = 0 and a = 1.

The velocity used by the correlations 1is determined from the average
mesh-cell porosity; therefore, at locations where orifice plates exist and

avg determined by .

velocities are high, the wall friction is calculated using V
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continuity considerations. This prevents excessive losses at major flow
restrictions. A total friction factor is calculated from the information above
and is ascribed completely to the liquid-momentum equation until a vapor
fraction of 0.75 is reached. If 0.75 < a € 0.95, the shear is assigned with
linear weighting (in a) to both the liquid and vapor. 1If a > 0.95, the entire
skin friction is assigned to the vapor.

A single friction coefficient is generated from this procedure for both
the outer radial and upper axial cell face. However, the hydraulic diameter
used in the radial and axial directions, in general, will vary depending on the
geometry. 1f nonzero hydraulic diameters are specified in the problem input,
these are used. If the hydraulic diameters are zero in the input, then TF3DE
calculates, where { = (9,2,r) and the wetted perimeter (Pi) normal to direction
i includes the surface area of any rods, wal. heat slabs, or flow boundaries.
If there is no solid material in a mesh cell, the wall shear is zero. A
similar procedure is used to calculate a wall shear in the theta direction. In
this case, however, vector velocities and properties on the appropriate theta
face (rather than the cell-centered averages) are used to achieve theta
symmetry where such symmetry should exist.

The basic finite-difference scheme properly calculates classical Bourda
form losses at an expansion but overpredicts the losses at a contraction [see
discussion in Sec. 1IL.A.4.a.(3)]. The user can specify an additional constant
hydraulic loss factor in any of the coordinate directions to account for
geometric details whose scale is smaller than the mesh-cell size.

Ce Interfacial Heat Transfer and Shear. The interfacial constitutive

equations basically are identical for the one-dimensional and three-~dimensional
portions of TRAC-PFl. A generic description of these relations will be given
and any differeunces between the one~dimensional and three-dimensiona! sections
will be noted. The interfacial heat transfer during boiling and the
interfacial shear are calculated 1in conjunction with a simple flow-regime
nap.ls This flow-regime map, although originally developed for vertical ploe
flow, is the simplest prescription that provides a rational means for defining
the constitutive equations. Figure 2 {llustrates how the flow map s

implemented in the code.
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Fig. 2.

Flow-regime map for three-dimensional hydrodynamics.
(Cross~hatched reglons are transition zones.)

If the vold fraction is less than or equal to 0.3 (or a € 0.5 (f
G > 2700 kg/-zo). a bubbly flow is assumed. The interfaclial surface area in
this regime is calculated in conjunction with a critical bubble Weber number,
Wey A value of We, = 7.5 is used in TRAC~PFl. This value was chosen based on
comparisons between the TRAC predictions and the experimental results for low
subcooling (that s, shear-dominated) downcomer tests performed by Creare,

Inc.16 The expression relating interfaclal surface area to Wey, is

2
p.'iv.& = We

a b
or
Uaba

D - ’ (.’)
PLe
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where Db is the bubble diameter. The bubble diameter must lie between the
mesh-cell hydraulic diameter and 10'3 m. For this diameter and assuming a
uniform bubble distribution within the mesh~cell vol, the number of bubbles is

ba vol

CNB = =% (66)
oy

and the interfacial area is

ve

F 7
“ - 60 vol Dl “-‘.;3 ' (. )

If the relative velocity is vary small, this area can become small enough
to allow significant nonequilibrium. Another surface area,

A 6.0302/3(ll)l/,vol : (68)

based on & minimus number density (Ng = 1040 iobblou/n’). is computed and the
actual surface area used is the larger of the two.

The liquid=side interfacial heat-transfer coefficient is the larger of un
approximate formulation of the Plesset-Zwick bubble growth nodol."

‘.‘
i,
12 L}
Bee = (Tg = T)0y ememncccccnanes : (69)
" [°|(h|| =My
and a sphere convectlion ceol!letaﬂt.‘.
Nu ® 2.0 + 0.7 nel'? (10)
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where

. ®

The (nterfaclial shear coefficlent Ls provided by a standard set of formulas for

" lphcto.ll

e, ap
bR
& cahaer 4 71
€y ‘ob (1)

where

g, * 20 Lf Re, € 0.1 3

b

o« 2, 1101 < Re

€2 3
Iob

b =

or

- 'l‘g'.‘] ’ it ..b > 2 ’
I.b.

If the cell-average mans flux is less than 2000 h.lnzo and the vapor
fraction s between 0.3 and 0.5, the flow enters the slug regime. At the
maxinum alpha of 0.5, 40X of the vapor s assumed to exisc In the form of
tralling bubbles, with the remainder contained (n the slug: These bubbles
probably contribute to the majority of the (nterfacial heat transfer and the
liquid=side coefficlent in caleulated from the heat-transfer relations for the
entrained bubbles. If the mass flus (s greater than 2700 k.ll’o. all of the
vapor Is assumed to exist In bubbly form. Linear interpolation in mans flux s
used (0 the range of 2000 to 2700 kg/u’s. 1In the slug regise the bubble
disameter 1s determined by a llnear welghting in a between the Weber number
eriterion and the channal hydraulie dlameter such that the value I8 the
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hydraulic diameter at a vold fraction of 0.5 and the Weber number size at an a
of 0.3.

In the vapor-fraction range of 0.75 to 1.0, an annular or annular-mist
regime 1s assumed. A simple s-shaped entrainment correlation based on the
critical Weber number is used. Thus,

=l = exp [(-v! - V) 0.23] (72)

where

This method appears to provide reasonable results for the FLECHT reflood tests.
The remainder of the liquid 18 in a film or sheet. The interfacial shear and
heat transfer are volume averages of the film and droplet relations 1in the
annular-mist regime. The wetted surface area of the mesh cell is determined
from the rod or slab heat-transfer area in the cell and the portion of the
geometric flow area that Is blocked off. [f the cell {s in a regilon devolid of
any structure, the geometric surface area is used as a scaling factor. This,
of course, 1Is artificlal; but in a realistic PWR simulation very few, Lif any,
of the mesh cells are completely free of metal structure. The total
interfaclal surface area i{s determined by the sum of the areas contained {n the
wetted film cnd the droplets. A critical Weber number equal to four for the
drops Is wused with a calculation procedure similar to that for bubbly flow.
This value of the Weber number is appropriate for accelerating drops. For
those cases where sensitivity to w.d was tested, the results were not
influenced strongly by We, in the range of 2 < We, < 12, The liquid-side
heat~transfer coefficlient (s simply

h“ - , (73)
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where ¢, a constant, has been adjusted to drive the drops to equilibrium under
a variety of flow conditions. In TRAC-PFl, ¢ = 11300, which implies a thermal
boundary layer 1in the drops that is about a thousandth of the drop diameter.

In the film, a correlation,

Nu = 0.02 Re , (74)

is employed to predict h;,+ The Dukler annular-flow model'? determines the
shear for a wavy film, whereas the same drag correlations used for a bubble are
employed if droplets exist. The Dukler model has a gas Reynolds number

dependence and is of the form

1 D
s O o + ’ 75
£, C, log (s Ro‘) C, (75)

From the graphical data reported in Ref. 18, we obtain

Cl = 3,04 and C2 = «16.16 {in countercurreant flow and

¢, * 6.73 and C2 = =40.61 in cocurrent flow.

To avold the discontinuity that occurs as Re' becomes small (the correlation is
for turbulent flow anyway), smoothing is employed in a trans.tion region. The

droplet Reynolds number is defined as

. grd’s
Vg

Rcd . (76)

Because the actual relative velocity calculated is based on a shear that has
been averaged between the film and drop correlations, a separate functionzo is

used for Vr‘.
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(g = pg)awe, 1/4
Veq = 2.3 8 B . (17)

For the regime between droplet and bubbly slug flow, a cubic spline
interpolation in the vapor fraction is made between the conditions that would
exist {f the vapor fraction were at 0.75 in the annular or annular-mist
topology and the conditions that would exist if the flow were in the bubbly
slug regime at a void fraction of 0.5. This interpolation assures that the
correlation for the interfacial shear, interfacial heat transfer, and surface
area is a continuous function of the vapor fraction, the relative velocity, the
mass flux, and the various fluid thermodynamic and transport properties.

We now discuss the vapor-side heat-transfer coefficient and the 1liquid
heat-transfer coefficient during condensation. The vapor heat~transfer
coefficient is a constant, h18 = ] x 10“. This {implies that the rate for
boiling or condensation is determined mainly by the liquid-side coefficient
with a vapor coefficient designed to drive the vapor toward the saturation
temperature. The formulation for the total liquid heat-transfer coefficient
during condensation is based on the following model. If a pipe enters a given
three-dimensional mesh cell and .e liquid flows into that cell, then a jet is
assumed with an a-weighted diameter, a surface area for condensation based on a
right circular cylinder is providei, and hil is given by Eq. (74) uultiplied by
(AX/D
times the mesh-cell volume. The hig again is given by Eq. (74).

jct)z’ If the jet model is not activated, the surface area is a constant

[f the noncondensable gas is present, the condensation rate is reduced

according to the prescription,

h ap Cc.1
22 » 0,160 [—ppee D]

p— , (78)
hyg p.(l a)py

where h . is the liquid interfacial  heat-transfer coefficient with
noncondensable gas present. Small cutoffs on (1 - a) and Pa prevent the

denominator from ever becoming so close to zero as to cause difficulties. This
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model 1is based on Russian jet data21 and can dramatically reduce condensation

when a vapor other than steam is in a region.

d. _ Interface Sharpener. An interface sharpener is used in the lower
plenum and core of the three-dimensiona vessel to improve the liquid
distribution during reflood. Simple void fraction tests are employed to sense
the presence of a sharp mixture density discontinuity. The entrainment model
then is used to predict the void fraction to be used for convection out of the
mesh cell”s positive face. This void fraction will always be greater than or
equal to the actval void fraction in the cell. The interfacial shear
constitutive relations are calculated based on this void fraction, and the
scalar field equations use this new value in the z-direction convective terms.
A cubic spline is used to merge the sharpened alpha as the mesh cell fills.

e. _Horizontal Stratified Flow. In TRAC-PF1l the one-dimensional

components have an additional flow regime if the angle from the horizontal is

less than 30°. A stratificacion criterion based on a modified Froude number

22

analysis developed by Y. Taitel and A. E. Dukler® is used to determine if the

flow is stratified.

The critical velocity U is calculated as

crit

= "_.._____& ....... -_&]
o - —
8 dh,
h
=
o et B
dA
2 2 2
- = |D* = (2h, - D)*] "
dh, [ ¥y .

where hy is the collapsed liquid height (determined by a standard mensuration
formula) and D is the pipe inside diameter. 1If the absolute value of the vapor

velocity 1s above U, 4. the standard flow map is used. As the vapor velocity
goes to zero, the interfacial and wall shear coefficients are calculated by the

Blasius relation (but based on a minimum turbulent Reynolds number). A cubic
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spline employing the independent variable abs (Vs) connects the two end points.
This form of interpolation is necessary to prevent oscillations in the flow
pattern with the large time steps often used by the code.

In addition, the hydraulic approximation for the difference 1in
gravitational head caused by collapsed 1liquid beight variations is added
explicitly into the liquid equation of motion. Because this calculation {is
explicit, horizontal manometer oscillations can occur at larger time-step
sizes. To prevent this difficulty, the magnitu.c of this added term is reduced
as the time-step size 1is increased beyond the basic stability limit. This
reduction eliminates the undesired oscillations.

£f. Subcooled Boiling Model. If hot metal surfaces are present in a

region, then the flashing rate I is modified to 1{include the effects of
subcooled boiling. If rods or slabs exist and Ty > T., the hwl is compared to
the Dittus-Boelter 1liquid convective coefficient. ILf hwl is larger, the
difference in wall flux (q.b) is attributed to subcooled boiling and

+q +
re M8 Mg "%
h’_s

In both the vapor continuity equation and the vapor thermal-energy equation,
the potentials (T. - TB) and (T‘ - Tl) are evaluated at the new time level,
whereas higAi and huA1 are evaluated at the old time.

B. Structural Heat Transfer

Three fundamental heat-transfer mechanisms are modeled by the TRAC code.
They include the interfacial heat transfer between the vapor and liquid phases,
conduction within the reactor”s structural components, and the heat transfer
between the structures and the fluid. Interfacial heat transfer has been
addressed in Sec. [II.A.l.c. The remaining two mechanisms are discussed here.

The thermal history of the structural reactor materials is obtained from
a solution of the heat-conduction equation. The energy exchange between the
structures and the fluld is modeled using Newton’s law. The coupling algorithm
(Fig. 3) 1is semi-implicit. For each new time step, the fluid-dynamics
equations are solved based on previous values for the wall heat-transfer
coefficients (h) and surface wall temperatures (T,): that is,
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Fig. 3.
Semi-implicit coupling between hydrodynamics and structural heat transfer.
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Once the fluld-dynamics equations are solved, the wall temperature

distributions are deduced from the conduction equation.




L;---.Jﬁ%@ﬁ????@ﬁiigylJ@?@%k{' For simplicity as well as compiting
efficiency, the conduction models are separated according to their geometric
function. They include conduction within cylindrical walls, slabs, and core
rods. The first model analyzes heat conduction within the walls of the one-
dimensional loop components, such as the pipe walls. The latter two are
associated with heat transfer within structural components of the vessel. Each
of these models will be discussed in detail.

a. __Cylindrical Wall Heat Conduction. The temperature distribution
within the walls of the one-dimensional components is determined by subroutine
CYLHT. A solution is obtained from a finite-difference approximation to the

one-dimensional conduction equation,

i ) Ty
g g (e Q. 81
(T r‘ar( 2 (81)

©
0
W

The finite-difference equations are derived by applying an integral noth0623 to

th

the elemental volumes shown in Fig. 4. The general form for the 1 volume
(1L €1 <N) 1s
/2 Mel/2 gt L (Te1/2 Mo T M2
Aryq Aryy Ary
2
Ar A
+ - [(ridrl-l --—«—)(Dc )1_1/2 + (rbe, + -z—)(bcp)‘+‘/z]}71
Ti41/2 *141/2 ael 1 -1 °‘i’1 “L/2 00,
M T U S (rgaey = - (-2 A2 10 4 oo
Ar2 (ac)
1’1 2 ."'
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where

n - n
f( : f(¢c ,ri).

The boundary conditions applied to the inner (i=1) and outer (i=N)

surfaces are:

aT f

... | =& [hy(T, = T)) + h(T —ri)? . (83)
9T | el N -
e = = R
| « l__‘_
I |
oSNNS ar;
| . I
——— - K Ari.
"N I |
.
- o ¥
I |
A —- : 1=
-
"
¢ - - - - e

e CONDUCTION NOOE
~== CONDUCTION VOLUME

Fig. 4.
Cylindrical wall geometry.
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Application of this boundary condition to the inner surface (i=1) yields, for

example,
T32 %372 1 “% peo)y 2 | ot *3/2 %3/2 o+l
ettaiaupans P we W ] sl + h, + h L S -
™ g (non + ] -5 faaT1ly + M1 Ty e

2

= - 1 n cer)
5 (rdn + T)[“‘A: ™ +q°°°]

n . pntl n . potly) 4

+ oy (g (£, T = 1970 + n(£, T - T3] . (84)

Because of the semi-implicit coupling with the fluid equations, f.. and ft take
on the values of 0 and 1, respectively, for transient calculations. This
ensures that both sets of equations use {identical surface heat fluxes as
boundary conditions for each time step. When a steady-state solution 1s
required, however, large time steps are desirable. For this case, the
conduction equation is written in a fully {mplicit form, and fos * 1 and
£, = 0.

Note that the above formulation conveniently positions nodal points on
material interfaces. Material properties are evaluated between nodes.

The resulting linear equations are solved sequentially in the axial (z)
direction. For each axial position a solution is achieved using Gaussian

elimination.
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A lumped~parameter solution is available to the user {f the number of
nodes equals 1. For this option the wall temperature is obtained from the

equation,

n+l ar? n .., n+l n
- (287 + —u __E T + (T - £T
T { (2ar 1)( ) h!1 L 1)

nt+l n Ar n n*l n n+l
+ T - £f£T") - * = )Ih £T + h £ET" - T )
h‘i ( 81 I = (1 R )| t {2 ) 8 (f, 8 1}

/1 % (2ar + ot )(__E) *i Iy # h tQle %5)(hl +h )l . (85)

ty { { Yo 0

The subscripts { and o refer Lo the inner and outer radil, respectively.

b. _Slab Heat Conduction. Heat conduction within vessel structures
(such as downcomer walls and support plates) is modeled in subroutine SLABHT.
Only one slab is allowed in each fluid-dynamic cell. The number of nodes used

to determine the temperature distributions is identical for all slabs within

the vessel. The model includes the ability to account for the temperature

effects 1in the slab properties (p, ¢, k, etc.). The temperature distribution

PD
i obtained from the one-dimensional conduction equation,

T _ 3
- k ... + s
oe, a: 5 ( ) q (86)

The appropriate finite-difference equaticas are derived by applying an integral
method to the elemental volumes in a manner similar to that used for the
cylindrical wall heat-conduction solution technique (Sec. 171.B.l.a).

At the first surface (1=1), a symmetry boundary condition (3T/dx|,., = 0)
is applied. The boundary condition applied to the remaining surface (i=N) is

b - [“1‘71 -T,) ¢ h.(T' - rt)] . (87)
{=N
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Within the vessel slabs, ; is assumed to be zero.

An arblitrary number of interfaces between dissimilar materials also cun
be considered in the slab conduction model. The technique used {s ldentical vo
the method used in the rod conduction solution [Sec. LIL.B.l.c.(1)].

Heat slabs of arbitrary thickness and surface areas can be defined in any
mesh cell (including core reglons) to model the heat capacity of structures
within the vessel. One HTC is computed for each slab using the local fluid
conditions. For vessel cells without structural material, input the slab area
as 0.0; the remaining input arrays describing the slab should have values that
the code can recognize (filling the arrays with zeros {s an error).

c. Rod Heat Conduction. Subroutine RODHT analyzes the conduction of

the reactor rods on a rod=by-rod basis. The formulation can model diverse rod
geometries. Both nuclear and electrically heated rods can be analyzed. The
effects of internal heat generation, gap conduction, metal-water reaction, and
variable rod properties are included.

The numerical procedures can model the entire LOCA scenarfo in a
consistent and mechanistic fashion. The model also can resolve large axial (2)
gradiente characteristic of the reflood phase.

One computational rod i{s associated with each segment (that is, for each
r,8 reglon) within the core. This "average” rod {s coupled to the fluld by
Newton”s law of cooling. Any number of additional user-specified rods may be
included in each segment. The rod power factors (that is, relative to the
average rod located within each segment) uJre also user specified. The
supplemental rods allow the user to include hot rods in the reactor vessel.
Such rods do not influence the fluld-dynamics calculations.

(1) Numerical Model. The thermal response of the vessel rods Is
modeled wusing the two-dimensional (r,z) cylindrical conduction equation., Azi-
muthal symmetry has been assumed.

aT o 1 3 aT 3 aT
— P ’ - — “ .- + —
pe q 5 ( 5T ) (k

P it 4oy - LA (8

The effects of internal heat generation resulting from nuclear flesion,
electrical current, or the metal-water reaction may be included.
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Appropriate finlte~difference equations are obtained by applylng an

integral nothodz,

to appropriace differential volumes. The noding within the
rods s staggered with respect to the nodes used In the fluld~dynamics
caleculattions (Fig. %), This noding scheme (s necessary to simplify the
algorithm that generates the fine mesh required by the reflood calculatlions.
"he siLaggered mesh glves the further advantage of providing axial numerical
smoothing.

Differencing , in the radial (r) direction s Llaplicit. Therefore, large
radial power varlatlions do not create any numerical difflculties. Differencing

in the axial (2) direction 1is explicit to stnplify the computations and to
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|
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L
. (0
R — -
|
X
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««« CONDUCTION VOLUMES
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Rod geometry.
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reduce compucar ronte. The explicit diffurencing does Limit the mintmun  axial
spacing between nodes for 4 glven time (ncrement. MHowever, this spacing I»
orders of magnitude less than that used by the fluld-dynamics caleulations.
The resulting flalte~difference equations form a tridlagonal sateix for sach
row (2 fixed) within the rod. The teaperature distribution (s obtalned by
using Gaussian elimination on each row in a sequential manner.,

Cons'ler & goneral differential volume (that (s, the volume labeled | (n
Fig: %)« The finite~difference aquation for this volume is

- Atz Arz.l RITR RIS
|'ue’l” -‘-,--A-tc- '-1" q;;" r ,["A" + -r} * L"Af‘ --:--—) " | --’--7..’-—]
W 1y iy
* P2 Mierza,y "1""“"‘ Y T2 Mty o "}"‘l' Ay
Gr, * Ae 1 -1 L
- L A i v i
" (..1..‘... -) * l.h’ﬂ“ ( ...I’Ais...i ) » "t.j-l/! ..'.ﬁ..;.;. .1
‘ ' Afz Afz

whare

n n
' 4 i '(' ."..)).

It should be obaserved chat the locations of nodes within the volumes located at
the boundaries differ (Fig. %)« This difference should be connldered when
assigning values for the relative power densitias at sach node.
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The boundary conditions appliid to the vessel rods are:
® the top (z = zu) and bottom (z = zl) of the rods are assumed to

be insulated,

aT

bk =0
dz

= Zl,zu

® the rod center line (r = 0) is a line of symmetry,

=0 ; and

gap’ gap
and at the clad surface (r = ro) is specified using Newton”s law,

)

® heat transier at the inner and outer gap surfaces (r = r

k %1 g SCM (T, T, )
r = o~
f " Tgap ‘gap  Tgap
3T
ax -3 M Perutd (Te, ™ Teruta) o
o
where h'._ = h___ (r_ /rt ) to conserve energy.
gap gap ' gap gap
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All properties (that is, p, ¢ and k) required by the difference

»
equations are stored at the node lzcations. Linear interpolation is used to
obtain properties between nodes (that is, at cell surfaces). A node located at
the interface between two dissimilar materials requires two sets of properties.
Consider the differential volume provided in Fig. 6. Application of an
integral technique to this volume results in the differential equition (after

dividing through by the volume),

- Ty T,y " T
i ."’ = »
(peplyy (—==5r=—) = ai§" = [ry41/2 *y41/2, 3 (‘““A‘;i“ )
» " ar? ar?
n - T BTy ¥ wis ) » A S
+ k (Ti'l|j Tij )][(ri ti 4 ) (ri ri‘-l 4 )]-1
f1-1/2 *1-1/2,} B en e e e
- «* - - ' v - T Az, + Az -1
1,341 ~ 14 % . S § | i i-1
+ A s + k, Y i I S -
(ky, 4172 ¢ i )+ kg 51y (€ e )1 5 ], (90)
where
e [(pcp)i+ 3 R™+ (pey) - R ]
(DCp)ij - ““—.‘-‘~¢T-—-—:-—-——L~-
R +R
and
+ -
k RY + k _
¢ _ Uit i",4#1/2 |
i,3+1/2 ~ B B R e
P @kt +r)
In the above equations,
Ar Ar Ar Ar
+ i i - i n i-1
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The supervscript + (=) refers to the material to the right (left) of the
interface.

2) | Reflood Algorithm. The reflood phase of a postulated LOCA is
characterized by a sequence of heat-transfer and two-phase flow regimes
advancing rapidly through the vessel core. A correct prediction of the thermal
response of the rods during reflood requires a numerical technique that can
model the rewetting phenomena associated with the quench-front motion.

The leading edge of the rewetting region is characterized by large
variations of temperatures and heat fluxes within small axial distances
(az ~ 1 mm).za The front advancement is controlled by two heat removal
mechanisms, the first being axial conduction from the ury region ahead of the
quenched region to the wetted region behind the advancing film. The second is
the precursory rod cooling associated with heat transfer to ‘he droplets
entrained in the advancing vapor field. The rod conduction model contains the
necessary physics to analyze such phenomena. The need remains to define an
algorithm capable of resolving the large gradients.

when reflood begins, supplemental rows of conduction nodes (Fig. 7) are

inserted in the rod. The number of rows inserted within each fluid level ({is

user specified. The rows are uniformly spaced (that is, z is constant) within

—»

ISt
L 0,Cp7)0 (K p2Co* —*—

NN
— ar /2 | Ary/2 }o—

Fig. 6.

MATERIAL
' INTERFACE
L

Node located at the interface between two dissimilar materials.
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Fig. 7.
Fine-mesh rezoning.

each fluid level. The temperature values at the supplemental nodes are
determined from a three-point Lagrangian interpolation technique. The
interpolation is normalized to conserve the total energy of the rod. The nodes
added in this fashion remain during the entire reflood phase.

To model the inherently nonstationary, Lagrangian quench-front motion and
to resolve the related thermal gradients, a fine-mesh rezoning technique25 is
used during the reflood conduction calculations. The axial gradients
encountered within ‘he rewetting region are resolved by the insertion of rows
of stationary nodes (Fig. 7). These additional transitory nodes are added
whenever the temperature difference between adjacent rod surface nodes exceeds

a user-specified value (T The temperatures assigned to the nodes are

max)'
required to conserve energy (Fig. 8),

ig*2 It
L Pigty TifMigt L MM BTEP 3 T Ll Selem. o
=3, b o
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Fig. 8.
Irsercion of conduction nodes during reflood.

The primed quantities denote rod properties after the nodes have been added.
The values of o”, cp” aud T” at the original node locations are set equal to
their original values. After the quench front has progressed beyond the
location of the 1inserted rows and the surface temperature difference falls

below a prescribed value (AT ), the transitory nodes are eliminated.

min
Temperatures at nodes axially adjacent to those deleted retain their original
values. For small ATnin‘ this results in a negligible effect on the total
energy of the rod.

Two values for A'l".a are specified by the user. The first and smaller

X
value is applied to the part of the rewvetting region that is in a nucleate or
transitional boiling regime. The largest wall heat fluxes occur in these
heat-transfer regimes. The second AT, .. value is applied to all other heat-
transfer regimes. The ATmln values are computed internally based on the

specified values for ATnax’

58



The above algorithm can analyze multiple quench froats simultaneously.
Both quenching and dryout are modeled automatically.

During the reflood phase, a number of surface conduction nodes are
located within each fluid-dynamics cell. Therefore, it 1s necessary to
calculate an effective wall-temperature and heat-transfer coefficient for use
in the fluid-dynamics computations. These values are obtained by ensuring the
conservation of the total energy transferred to the fluid within each cell.

Values applied to the liquid phase that satisfy this criteria are

. : g Mgty
B B Ssse ——
[ .
LAj
b
and
] h, AT
SRR EE
We ¢ h, A, °
L ljj
b

where the sum is taken over all surface nodes in each fluid cell. Similar
values are used in the vapor phase.

It already has been pointed out that for a given time step (At) a minimum
spacing (Az) between rows of conduction nodes exists because of the explicit
axial differencing. For reflood calculations this axial spacing can be
violated, resulting in stability problems. To avoid such problems, the time
step 1is limited internally by a diffusion number. The user also can specify
minimum spacing (Aznln) beyond which supplemental rows of conduction nodes will
not be added. This additional advantage can prevent excessively large computer
costs.

Computing costs are reduced further by calculating material properties
only at those nodes located at the edges of the fluid cells. Linear
interpolation is used to obtain the properties at any additional locations
required by the reflood calculations. Heat-transfer coefficients, however, are

obtained directly from the boiling curve for all rod surface nodes.

59



Lll.----.ﬁ!ﬁl:glﬂénﬁéﬂ.ESEQEEEﬁQEE' Two options are available in
TRAC-PFl1 for the fuel-clad gap conductance. 1f the input variable NFCI = 0, a
constant input value for the gap conductance is wused throaghout the entire
calculation. 1f the {input variable NFCI =1, the input value for the gap
conductance becomes the initial value and a thermal-expansion model is used to
calculate the transient gap conductance.

Subroutine GAPHT calculates the gap heat-transfer coefficient (hgap) as a
function of three components: gap gas conductance, fuel-clad interfacial

contact, and fuel-clad thermal radiation;

hgap . hgas * hcontact * hradiation s ()

where

, (94)

gas + &
Argap

b _ <4
oF(Tg = T.)

h . e, (95)
diati -

radiation (T = T,)

and

" AT IENY (96)
1 . Re 1
—_t — {omer ™ 1)
“f Rc €e

Subscripts f and ¢ refer to fuel and clad, respectively, and o is the

Stefan-Boltzmann constant. A value of 4.4 x 10-6 m 1is used for &, which

includes the mean fuel surface roughness of the fuel and clad and the

26,27

temperature jump distances. The contact conductance, h is zero in

contact’
the present code.

The fuel-clad radial gas gap, Ar
28

gap’ is found by using the uncoupled,

quasi-static approximation. In this approximation the mechanical coupling
term in the energy equation and the inertial term in the mechanical force

balance are omitted. Neglect of these terms assumes that the influence of the
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Fuel-rod geometry.

strains in the fuel and clad on the temperature distribution is small and that
displacements are inetaantaneous. Figure 9 shows the fuel-clad gap system
modeled in three regions: solid fuel, cracked fuel, and clad. Gap changes are
found by calcvlating the radial displacement of each region caused by thermal
expansion.

The calculations for the deformation of a hollow or solid ci ¢« lav
cylindrical body of outer radius b and of height h are given in Ref. 28 for tte
case of plane strain where the ratio h/b is large compared to unity. Other
assumptions are made that the cylindrical surfaces are free of forces and that
axial displacement is allowed. Because the uncoupled, quasi-z:ieric
approximation is used, the temperature distributions are assumed to be known

from the energy balance. The radial displacement u is given by

r i < Suiet 2 b
u(r) & --g. [(1 + \)) f Tr dr + (__---.v.)_r,...t.a..(‘l. + \)) f T r dr ] » (97)
r(l - v) s b2 - az a

where = is the inner radius of a cylindrical shell, v is Poisson”s ratio, and a

is the linear thermal-expansion coefficient. Equation (97) 1is wused to
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calculate the radial displacement of the c¢lad inner radius and solid fuel

radius, r = a and r = r”, respectively. The results are ‘
Zaca rb
W o e Trd 98
u(a) b: _?; Cr T (98)
and
20f e
oo :

The clad inner radius and solid fuel radius after thermal expansion will be

R u(a) (100)

and

r;‘“ - +u(r”) . (101) ‘

A parabolic radial temperature distributicn is assumed across the fuel

pellect,

(T -3
& surf -
T¢ Tcl + ------Rz — (102)

where T, is the fuel center-line temperature and T is the fuel surface

surf
temperature. A linear temperature profile is assumed across the clad,

T, -1 -
.(co c1‘.)(1' a)*

Te_co__el Loy (103)
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where T, and '1‘ci are the clad outside and inside temperatures, respectively,
and a and b are the clad inside and outside radii.

The following equation is used for the cracked fuel thickness;

t =ty (1+ T f’ Te dr ) , (104)

where ty is the initial undeformed radial thickness of the cracked fuel,

to - R - r’ . (105)

The radial gap width after thermal expansion will be

gap width = o * (rnew 2 R (106)
or
ZQC('A ’b :af r’
gap width = (a2 - r7) o & Tt ¢ = —= [ Ter dr
™5 8 : O
.’lf R
-ty [l - —— [ T, 4dr] . (107)
R~=r" p°

The fuel-clad radial spacing is evaluated in subroutine DELTAR.
(4) Metal-Water Reaction. When sufficiently high temperatures are

reached by Zircaloy in a steam environment, an exothermic reaction may occur
that will influence the peak cladding temperatures. The zirconium~ steam

reaction equation is

Zr + ZHZO * ZrO2 + 2H2 + heat . (108)
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29,30

Given sufficient steam, the reaction rate equation is assumed valid:

dt
— = A ex - I 109
T = exp ( ) ( )

|

where T = total oxygen consumed (kg/mz), A =16.8 kgzlmas, and
B = 2.007 x 10% K.
The kinetic parameter Tt 1is converted to an effective zirconium-oxide

layer thickness according to

LS(R, = £) ® —eeee — 110
Ro =8 =35 Posen ' )

where

r = rea:cing surface radius (m),

Ro = clad outer radius (m), and

°Zr02 = densfty of zirconium oxide (kg/m3).

Equation (:10) is based on a reacted material volume expansion of 50%1 in

the radfal direction. This assumption leads to p. = 0v90p2r.

189
i
Equation (110) allows Eq. (109) to be rewritten as

dr dr
€ e CIR = 2) e
dt ( o dt

where C = (O.JSIpZt)2 "

The method outlined in Ref. 29 is wused to calculate the zirconium-oxide
penetration depth and associated heat source. The mass per unit length of

zirconium (“ik) consumed by the reaction in one time step is
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wze = wg [(eM? - (e™H?] . (111)

n+l

Equation (109) is used to calculate r , yielding

1/2

2 )] : (112)

n+l - o2 A L]
r R, = (R, = r)" +2 = At exp (

|

Assuming a one-region clad, the heat source (q;;’) added to the conduction

equations is

o |

.l’I 6 L4 2 2
qgy” = 6.45 x 10° m; . [at (RG - R{)7] . (113)

where R; is the inner clad radius and 6.45 x 106 J/kg corresponds tc the energy
released per kilogram of oxidized zirconium.
2.

from a gereralized boiling curve constructed within subroutine HTCOR. The HTC

Wall-to-Fluid Heat Transfer. The wall-to-fluid HTCs are obtained

correlations in HICOR are used by all TRAC components under all conditions.
Figure 10 shows a pcrtiou »f the bouiling curve, which is not dependent on the
fiow regire. The single-phase vapor and condensation regimes are not shown in
this figure.

The 1individual correlations wused for each heat-transfer regime and the
nethod of partitioning the energy between the two phases are discussed in this
section. We have tried to make the boiling curve continuous between regimes;

thus, we also discuss our methods to smooth the boiling curve.
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TRAC-PFl boiling curve.

a. __ Wwall-to-Fiuid HTC Selecticn Logic. The HTC selection logic 1is
outlined in the flow chart showa in Fig. li. [he following sequence,
corresponding to the numbers on the left side of Fig. 11, is used. If one step
is not satisfied, then the next step is examined.

Step 1. initialize subroutine HTCOR by calculating absclute values, the
slip, and the flow and equilibrium qualities. 1f the slip 1is less than or
equal to zero in HTCOR, it is set equal to 1.0.

Step 2. If T, < Tl' Tw < T' and the void fraction is greater than 0.C5,
the heat transfer is in the condensation regime. The Chen correlation.31
discussed in Sec. IIL1.B.2.b.(2), 1s used in this regime with the suppression
factor S set equal to zero. If the equilibrium quality, x = L is greater
than 0.71, the 1limit of Chen"s data base, then the Chen correlation is
evaluated at x = 0.71. This gives h,, with hg = 0. Linear interpolation is
used between these values and the single-phase vapor HTCs (hl =0).

Step 3. 1f Xg 2> 1, a single-phase vapor HTC is calculated.
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Step 4. When the vold fraction, «, 1is greater than 0.98, linear
interpolation 1is used between the HTCs from the appropriate heat-transfer
reglme and the single-phase vapor values. The hy is interpolated between
0.98 < a € 0.999; the h8 is interpolated between 0.98 < a < 1.0.

Step 5. When the input variable ICHF = O, the boiling curve is not used
to determine the liquid and vapor HTCs. These values are obtained from the
two-phase mixture equations only (heat-transfer regime 7), as described in
Sec. LIL.B.2.b.(7).

Step 6. The forced convection and nucleate boiling HTCs are calculated
by using the Chen correlation. At this point the heat-transfer regime has not
been determined.

Step 7. If T, < Tl or Tw < T'. the heat-transfer regime is single~phase
liquid.

Step 8. The {nput variable ISTDY determines whether a steady-state or a
transient calculation {s being made. For steady-state conditions, ISTDY = 1;
otherwise, ISTDY = 0. When a steady-state calculation is being made, the only
heat-transfer regimes available are single-phase 1liquid, nucleate boiling,
single-phase vapor, or condensation. Critical heat flux i{s not allowed during
steady state.

Sten 9. The critical heat flux (CHF) and the corresponding temperature,
Toyps are calculated next.

Step 10. If T, < rCHF’ nucleate boiling exists.

Step 11, The minimum srable film boiling temperature, Tain® is
calenlated by using the homogeneous nucleation model (ITMIN = 0) or by wusing
the maximum of the homogeneous nucleation and the Iloeje Tlln values
(ITMIN = 1). These correlations are discussed in Sec. IIl.B.2.d.

Step 12. 1f T, < Tnln' transition bolling exists. It previously has
been determined that T' is greater than the temperature at CHF conditions (Step
10).

Step 13. 1f T, > T , ., film bolling is occurring.

Step 14. The HICs are restricted to zero or to positive values.
(For a > 0.999, extrapolation occurs and a negative hl could result. See Step
4.) For a € 0.15, the vapor heat flux is Interpolated linearly from its value
at a = 0,15 to a value of 0.0 at a = 0.01. The liquid heat flux is adjusted so

that the total heat flux remains unchanged. Then h, and h. are recalculated
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from the adjusted heat fluxes and the known temperature differences. This

prevents an extremely small mass of vapor from becoming superheated to an
unrealistic value.

Step 15, The HTCs are averaged between the current time step and the

previous time step.
b. HTC Correlations. In this section we discuss the HTC correlations

used in the construction of the boiling curve. In addition, the correlation
used for ICHF = 0 {s discussed. Because TRAC is a nonequilibrium code, HTCs

are needed for the liquid and the vapor phases; this partitioning of energy

between the phases is discussed also. The heat-transfer regimes available in

TRAC are shown in Fig. 12.
(1) ___Single-Phase Liquid (Heat-Transfer Regimes 1 and 12). Either

B

forced convection (regime 1) or natural convection (regime 12) can occur when
single-phase 1liquid 1is present. Forced convection correlations are used when

the ratio of the Grashof number to the Reynolds number squared is less than or

:?:TES WALL-TO-FLUID HEAT-TRANSFER REGIME

| FORCED CONVECTION TO SINGLE-PHASE LIQUID
2 NUCLEATE BOILING

3 TRANSITION BOILING

4 FILM BOILING

6 CONVECTION TO SINGLE-PHASE VAPOR
7 CONVECTION TO TWO-PHASE MIXTURE

n CONDENSATION
12 LIQUID NATURAL CONVECTION
F‘.o 12.

TRAC=PFl heat-transfer regimes.
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equal to 1.0. Laminar or turbulent forced convection correlations are
available. These equations are contained in subroutine CHEN because they

constitute one part of the Chen correlation. The laminar equation9 is

o N0 = (114)

The turbulent HTC is found from the Dittus-Boelter equatlon.z6
Ky . 0.8 5.0.4
h, = 0.023 .- Re;'” Pr;° . (115)
D L L
h
where the liquid Reynolds number is
p.V. D
s SR (116)
ol
and the liquid Prandcl number is
ue
Pe, * (£ . 117

Note that all the properties are evaluated at Tl- The maximum of Eqs. (114)
and (115) is set equal to the single-phase-liquid forced convection
heat~transfer coefficlent, HFORC. In heat-transfer regime 1, the Chen F factor
is set equal to 1.0.

In heat-transfer regime 12, natural convection to single-phase 1liquid,
the muximum of the laminar and turbulent correlations for vertical flat plates

32

and cylinders is used. For laminar flow, the equation {is
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Nu = 0.59 (Gr Pr)U-ZS : (118a)

for turbulent flow,

Nu = 0.10 (Gr pr)0+3333 (118b)

where the Grashof number is

2
2

: 2
88IT, = Tylog DY

Gr» —-2 L 2 B (119)
4]

the Prandtl number is
pce

Pr = ' -_E} 3 (120)
‘X

and the Nusselt number is
h,D

N =2, (121)
kg

The maximum of the laminar and turbulent Nusselt numbers 1s used. To avoid
extra calls to the thermodynamic property subroutine, THERMO, all the
properties are evaluated at T, except the density, P and the volume
coefficient of expansion, £; these are evaluated by using a Taylor series

expansion about Tg»
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ap
et (123)
aT Pg
and
1l
L i.(Tw+TQ) . (124)

Two points should be noted about heat-transfer regimes 1 and 12. First,
because only single-phase liquid is assumed present, the vapor heat-transfer
coefficient, hg’ is set equal to zero. Second, in Eq. (118a) the hydraulic
diameter, Dy, is used for the characteristic length even though the axial
distance would be more appropriate. This was done because the axial length
would approach zero near the bottom of a channel. The characteristic length
drops out of Eq. (118b) and appears onlv to the =0.25 power in Eq. (118a).

Thus, the choice ot the characteristic iength has a smail effect cn the HTC.

(2) ___Nucleate Boiling KTUs (Heat-Transfer Regime 2). The Chen
ccrrelation31 is wused In heat-transfer regime 2, nucleate boiling. In

addition, the nucleate-boiling HTC correlation affects the transition boiling
regime through the interpolation between the CHF and the aminimum stable film
boiling prints.

The Chen correlation is composed of two parts, a forced convection term
multiplied by the Reynolds F factor and a nucleate boiling term that contains

the suppression factor, S; here,

Tw i T!
+ain (1, 22 )h

w Tl

hl B hforc nuch °? (125)

where hforc (HFORC in the code), with the F factor equal to 1.0, was discussed

in the previous section, and the nucleate boiling term is given by
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hnucb =
k0.79 cO.AS o0.69
L pt L “ 0.24 - 075 ¢ 126
0 . 001 22 ‘O—.—S— —-0‘;‘:',:9- "-0—':2-[.-- —O-.'ﬁ ( Tw Ts ) ( Pw p ) ’ ( )
RT LA hig Pg

where py is the saturation pressure corresponding to the wall temperature and F
and S are functions that are given in graphical form by Chen. The Reynolds

number factor, F, can be expressed33 as

F=1.0 , for x}% <0.10 ; (127)
and

0.736 -1

F=2.35 (x;% +0.213) , for x3p » 0.10 ; (128)

where x;%. the Lockhart-Martinelli factor, is
ar ® () (=2 B (129)

The value of ;;} is restricted to 2 value less than 100.0,

The suppression factor, S,33 can be expressed as
oo |
- f 1-14] ’ X
S 1 +0.12 (Recp) | for Retp € 32.3 3}
or
y0.78,71
p )

S = [1+0.42 (Re, ' for 32.5 { Re,, < 70.0 ; (130)

where
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-4
1077V, lp, (1 = @)
Re, = = as._irvon Y (131) ‘
p Mg

The value of Retp i{s restricted to a value less than 70.0.

The above correlations for the suppression factor do not approach the
correct limit (zero) as the void fraction approaches one. In the above
equations, S + 1.0 as a *+ 1.0. The following procedure i{s used to ensure that
S approaches the correct limit. For a > 0.70, S is calculated at . " 0.70 and

at the current value of a and the minimum value of the two suppression factors,

Sain’ is saved. Linear interpolation is then used between smin and S = 0 at
a = A
S %Eiﬁ.gti;:;il .
. T %
In TRAC-PF1, a_ = 0.98 and a_ = 0.70. For a > a,, § = 0.0. .
The properties are evaluated at the liquid and vapor temperatures; x 1is

the equilibrium quality and Ve is the liquid velocity parallel to the surface.

Because Lhe nucleate boiling contribution to the Chea correlation was developed

31

for saturated conditions, h is wmultiplied by a temperature ratio to

auch
ad just the HTC to the actual Tl' Eq. (125). Bacause TRAC can calculate

superheated liquids, the adjustment factor is restricted to a maximum of 1.0 so
that the ad justment is made for subcooled liquid only.

The vapor HTC goes from zero at T, * T. to the transition boiling value
at T, = TCHF [Sec. T11.B.2.b.(3)]; thus,

(e s )’ ( N )
h ® (ccccccan max (h s ’ »
g Teur ~ T. fbb® "ne’ Tdr

where hfbb’ h and hdr are the Bromley, natural convection, and

ne’
Dougall-Rohsenow HTCs, respectively. The vapor HTC is calculated in subroutine




HVFILM. For a void fraction greater than a cutoff value, Qs linear
interpolation is used between the current values of hl and h8 and the values

that are calculated for single-phase vapor; that is, h, = 0 and hg' calculated
as discussed in Sec. IIL.B.2.b.(5). This linear interpolation ensures that the
oiling curve is smooth between heat-transfer regimes.

(3) ____Trar .tion Boiling HTCs. (Heat-Transfer Regime 3). Transition

-

boiling may be considered as a combination of nucleate and film boiling. A
given spot on the wall surface 1s wet part of the time and dry during the
remainder of the time. Therefore, contributions to the liquid and vapor HTCs
exist for all conditions.

The total wall-to-fluid heat flux {is obtained from a quadratic

interpolation between the CHF and the minimum stable film boiling pointo,33

-

+ (1.0 - 8) q (132)

9 rans -8 cHF min °*

where q°° 1s the heat flux at CHF conditions, found from the Biasi correlation
(Sec. 1II.B.2.,¢), and q;in is the heat flux ac the minimum stable film boiling
point; that is, the intersectiou of che transition and the film hoiling points.
This point 1is found from the homogeneous nucleation correlation, as discussed
in Sec. [Il.B.2.d. Delta is a function of the wall temperature and the

temperatures corresponding to qcgp and Qi ,

. (133)

The vapor HTC 1s

hg < - (hfbb’hnc'hbl) ’

These correlations are discussed in the next section.
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As in the nucleate boiling heat-transfer regime, linear interpolation is
used for a > a,. The liquid HTC is

h Qtrans hg (Tw -Tg)
B T AR AN iy
Tw Tl
L S Filg Boiling HTCs (Heat-Transfer Regime 4). In the film boiling

heat-transfer regime, radiative heat transfer and dispersed-flow heat transfer
occur between the surface and the 1liquid; convective heat transfer occurs

between the wall and the adjacent vapor. The liquid KTC is given by

he = B (oo df

where hdf is the dispersed fiow HTC.

The radiative contribution is

he = (1 = adoe (HeenB) (134)

where o 1is the Stefan-Boltzmann constant and € is the wall emissivity. 1In
Eq. (134) the liquid absorptivity is 1.0.

The dispersed flow HTC, h,., uses the Forslund and Rohsenow equatlon,aa

modified by multiplying (1 = a) by the fraction of liquid entrained, E; thus,

Mg = 0:2 ¢, [(1 = a)B]0r0667 gppc0:23 (.. 8y | (135)
Tw - Tl

where ¢, is a constant equal to 1.2760 and
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The dispersed flow HTC is set equal to zero if (1 - a)E > 0.05.
Equation (135) 1is multiplied by the temperature ratio to change the base

of the HTC from Ty to Tz. The droplet diameter, is found from a Weber

ddrop’
number criterion of 4.0.

The droplet diameter is restricted to the range,

< 3.0 x 1073

4
L ddl:‘op -

1.0 x 107

The fraction of liquid entrained is found in the following manner;

E=0 , Lf 0V8l Vg s

or

F o o
E=1.0 - exp 0.23 | (|v8| vE)] « B Ivgl > Vg

where the entrainment velocity is

(py = 0,)..1/4
Vg = 3.65 [-.‘.-.2..3__‘1]

°g

and E is restricted to values between 0.07 and 1.0.
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The vapor HTC 1is the maximum of the Bromley, natural convection, and

Doughall-Rohsenow values,

Y | e

= (h.
hg max *Lrbb’ ne*'DR

The Hromley37 film boiling HTC is hgy, -

where the characteristic length,

latent heat of vaporization is modified as suggested in Ref.

37 i
turbulent natural convection equation used in this heat-transfer regime
re

0.333 0.333
4

The forced convection equation is based on Dougall and Rohsenow’s

modtficatlon58 to the Dittus—Boelter equation:




k, pglalv | + (1 =a)lv,I]D,. 0.8 u_(c)), 0.4
R B T e it s e o 4 ,

where the Reynolds number is modified to reflect the volumetric flow rate of
the two-phase mixture. As in the previous heat-transfer regimes, linear
interpolation is used for a > a.*

(5) __Single-Phase Vapor HTCs (Heat-Transfer Regim. 6). For the single-

phase vapor heat-transfer regime, h, = 0 and h8 is the maximum of Eq. (138), of
turbulent natural convection, and of the Dittus-Boelter Eq. (115) evaluated by

using vapor properties and flow conditions.

(6) Condensation HTCs (Heat-Transfer Regime 11). The Chen correla-
tion"“1 is used to calculate the wall-to-liquid HTC when condensation occurs.
The suppression factor, S, is set equal to zero. The Chen correlation is based
upon data taken up to an equilibrium quality, x = 0.71. For x > 0.71, the Chen
correlation 1is evaluated at x = 0.71; then hl is found by linear interpolation
between the value of h, found from the correlation and the singla-phase vapor
value, h, = 0.0. Similarly, hg is found by interpolation between zero and the
single-phase vapor value.

il) Two-Phase Mixture HTCs (Heat-Transfer Regime 7). This heat~

-t -

transfer regime is unique because it is not part of the boiling curve discussed
above. Regime 7 is used only when the input flag ICH” = 0. When ICEF = 0, hy
and h_, are calculated from regime 7 only. Critical heat flux cannot occur in

g
this case.

If the void fraction is less than or equal to the cutoff void fraction,

h8 = 0 and hl is the maximum of the laminar and turbulent values,

hy = max (hg) nobpeyen) (139)
where

kkl
Rytem ® il (140)
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0.023k, ReZ*8 pe¥-4
h skt A S (141)
Lturb D ;

and

Re_ = . (142)

37

B e (143)

where x¢ is the flow quality.
If the void fraction is greater than the cutoff void fraction, h8 is the
maximum of the Dittus-Boelter value for vapor and the turbulent natural

convection value,

h8 - (hvnc’hvturb) ! (148
where the natural convection value37 is
o8I, - T, 0,333 0.333
hvnc - 0013k8 (\ ----- 2. 1?-‘_] Prg ’ (l“s)
“g'g

and the forced convection HTC is given by the Dittus-Boelter equation,
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0.8 ,.0.333
0.023k_ Re Pr
sy e TN SRS (146)

Dy,

hvturb -

The Reynolds and Prandtl numbers in Eq. (146) are calculated by using vapor
properties evaluated at the vapor temperature.

For a 2> ags linear interpolation is used between the current values of ht
and h8 and the single-phase values.

. ___Critical Heat Flux (CHF). The CHF point has two purposes in
relation to the TRAC boiling curve. First, the CHF point indicates the change
from nucleate boiling (heat-transfer regime 2) to transition boiling
(regime 3). Second, the CHF point is used in the quadratic interpolation that
gives the transition boiling liquid HTC. If the input variable ICHF = 1, the
Biasi forced flow CHF corralatton39 is used. For ICHF = O and for steady-state
calculations (ISTDY = 1), no CHF calculation 1is performed. In the vessel
ICHF = | {s always used and it also is recommended for other components.

The Biasi correlation has a data base that covers the mass flux range, G,
between 100 kg/nzg and 6000 kg/uzn. For mass flux values between 0 and
200 kg/nzl. the Biasi correlation is evaluated at 200 kg/lzo. For negative
values of G, the absolute value of G is used.

The Blasi CHF correlation consists of two equations for q;;r and the

max imum CHF value calculated by the two equations is used,

. 1.883 x 107 fp
- { ;

acir © 7 - x| (147)
Da 61/6 G /6
and
vr o 378 x 107 501 » 148
- B i L (148)
h
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n =0.4, forD 21 cm
a = 0.6, for Dh <1 cmy

£ =0.724 9 + 0.099 p exp (-0.032 p);

= -1.159 + 0.149 -0.0 8 el )
h 5 p exp ( 19 p) - 4

Dy, = hydraulic diameter (cm);
G = mass flux (g/CGZS);
p = pressure (bar); and

x = equilibrium quality.

Note that the Biasi correiation uses cgs units, but the constants in Eqs. (147)
and (148) have been changed so that qcy. is in W/m?.

Predictions made with earlier versions of TRAC show that the Biasi
correlation sometimes fails to predict CHF at high void fraction, even though
the data indicate that CHF has occurred. To correct this problem, the Biasi
correlation is used for a void fraction less than 0.97 and linear interpolation
is used between the HTC at this void fraction and the one at 0.%8 a2ssuming that
the Toup is one-half degree ahcve,Ts. For a void fraction greater chan 0.98,
the TCHF is fixed 2* one~half degree above Ts'

Once qéﬁF is obtalned, the temperature correspondiny to the CHF point,

40 Lo determine the

TCHF’ is calculated by using a Newton-Raphson iteration
intersection of the heat flux found by using the nucleate boiling HTC and the
CHF. An iteration is required because L TCHF must be known to evaluate the
Chen correlation; and, 1in turn, the Chen HTC must be known to cxlculate the

wall temperature,

- h(T' *E) (149)

9CHF s
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The equation for Toyue is

q”
(TSHF -T - fﬁﬂi)
- Ty - et 150
n ( CHF dh)]
| 5, e M
hz dTw

th

where TEHF is the CHF temperature for the n iteration, h is the HTC evaluated

by wusing the Chen correlation, and dh/dTw is the derivative of the HTC with

respect to the wall temperature.

Convergence occurs if ngﬁé ChF| < 1.0. A maximum of ten iterationms

is allowed; 1if convergence does not occur, a message is printed and a fatal
error occurs.

The CHF temperature is restricted to the range,
Ts +0.5¢< Tour < T, * 100. The CHF calculations are done in subroutines CHF
and CHF1l.

d. Minimum Stable Film Boiling Temperature, T The minimum stable

min®
film boiling point 1is the {ntersection point between the transition and film

boiling heat-transfer regimes (Fig. 10). 1In addition, this point is one of the
points wused 1in the interpolation scheme for the calculation of the transition
boiling heat flux.

The homogeneous nucleation minimum stable film boiling temperature

c:orrelatton"1 is

Tain * Tan ¥ (T - A (151)
where

(ROC)Q

o, s

and T, is the homogeneous nucleation temperature. 1In Eq. (152) the subscript
£ indicates liquid properties and the subscript w indicates wall properties.
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The homogeneous nucleation temperature is given by Fauske and a curve fit to
these results, from the COBRA-TF code,* is used in TRAC-PFl. .

T, = 705.44 = (4.722 x 1072)pp

5 2

+ (2.3907 x 10°°) pp

- (5.8193 x 1077y pp3

where DP = 3203.6 - P. The pressure P is in psia units and Tan 18 in degrees

Fahrenheit. In TRAC-PFl, P 1is converted to a temporary variable in British

units and Tnh is converted to degrees Kelvin after the equation is evaluated.
Once Tmln is evaluated, the corresponding heat flux, q;in. which is used

in the transition boiling HTC interpolation, can be calculated,

T = h (T il

9ain fmin " ‘min i) ’ hgmin (t

min Tg) -

where hlmin and hgmin are the liquid and vapor HTCs, respectively, evaluated at ‘
the minimum stable film boiling temperature. Thus,

Beatn = By (g * bye

and

h = max (hgpps hoos hpg)

guin

If a > ags linear interpolation again is used between the values of the HTICs at
alpha and the single-phase vapor values.

e. Steady-State Calculations. The steady-state (ISTDY = 1) and
transient (ISTDY = 0) wall-to-fluid HTC code logics differ. The entire boiling
curve is not available during steady state; only that part of the heat transfer
before CHF is calculated (Sec. I1l.B.2.a).
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9;--- Reactor Kinetics

Subroutine RKIN evaluates power generation in the reactor core by one of
two methods. In the first method the user specifies power to be a constant or
defined by a signal-variable-dependent power table supplied as input. Values
between entries in the table are determined by linear interpolation. Power can
be trip-controlled by evaluating the power table when the power trip is ON and
by holding the power constant when the power trip is OFF. In the second method
the user determines power from the solution of the point-reactor-kinetics
equations. These equations specify the time behavior of the core power level
with total reactivity (R), the sum of programmed (Rprog) and feedback (Rg,. )
reactivities, the controlling parameter. The user defines programmed
reactivity with the same forms that define power 1in the first method.
Subroutine RFDBK evaluates feedback reactivity based on changes in the
core-averaged fuel temperature, coolant temperature, and coolant vapor
fraction.

The point-reactor kinetics equations define the combined power from

prompt fission and decay of fission products. These equations are

L

dP _ (R - B) v

s Pl e T a8

dt A i b
i=1

1 c+ iy 1, 2

e B - X + [ 1 = 'Y » LI Y I B

- ©+ ( ) (154)

and

dH

—i » - AH H * B P - l. e

P
M. J. Thurgood and J. M. Kelley, Battelle Pacific Northwest Laboratories
(December 1979).
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where

P = instantaneous total power (W),

t = problem time (s),

R = total reactivity = Rprog + Rfdbk -yl

= programmed reactivity,

= feedback reactivity,

k = reactor multiplication constant, 1

B = total effective delayed neutron fraction (] 8,) ,

I = number of delayed neutron groups, i=1

By = effective delayed neutron fraction of delayed neutron group 1,
A = prompt neutron generation time (s),
xi = decay constant of delayed neutron group i (s-l),
c1 = decay power of delayed neutron group i (W),
H, = decay energy of decay heat group j (We g),
§ = decay constant of decay heat group j (s-l),
Ej = effective energy fraction of decay heat group j, and
J

= number of decay heat groups.

The solution of these three coupled first-order differential equations is
used to evaluate the effective energy generation rate (Peff) in the reactor

core; that is, the power being deposited in the core at the current time,

J J
= .\ ) 1 H
Poge® (1~} Ey) B+ ) LI (156)
j-l i=]

The right-hand expression sums the power released from the fuel by prompt
fission and fission product decay.

The user inputs the number of delayed neutron groups, I; the delayed
neutron parameters, A and Bi; the delayed neutron group initial decay powers,
CI(O); the number of decay heat groups, J; the decay heat parameters, x? and
Ej; and the decay heat group initial decay energies, Hj(O). If T <0 is input,
TRAC sets I to 6 and defines Ay and B4 with the values in Table 1. 1f J <0 is
input, TRAC sets J to ll and defines Ag and Ej with the values in Table II.
The RELA942 and RE’.’l‘lmN"3 computer programs set these default values internally.

The power decay that these parameters evaluate closely approximates the
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TABLE I

DELAYED NEUTRON CONSTANTS

A
Sty Cogf;ant . Neutron Fraction 81

(s . o g et |
0.012 7 0.000 247
0.031 7 0.001 38
0.115 0.001 22
0.311 0.002 64
1.40 0.000 832
3.87 0.000 169

TABLE 11

DECAY HEAT CONSTANTS

Decay ngrgy xg

(s ) SN S—"
1.772 0.002 99
0.577 4 0.008 25
0.067 43 0.015 50
0.006 214 0.019 35
4.739 x 1074 0.011 65
4.810 x 107 0.006 45
5.344 x 1070 0.002 31
5.726 x 10~/ 0.001 64
1.036 x 10~/ 0.000 85
2.959 x 1078 0.000 43
7.585 x 10710 0.0M 57
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standard American Nuclear Society (ANS) decay heat curvc:."3 If T<0 or
Cl(O) €0 is input and/or if J <0 or Hj(O) <0 is input, an initial
steady-state condition is assumed to exist in order to initialize Ll(O) and/or
Hj(O) in TRAC. This requires the init.al power P(0) that is specified as
input. Setting dC;/dt and de/dt to zero :: the initial time in Eqs. (154) and
(L55) gives

8
€ (0) = -1 p(0) (821, 2 ooy D) (157)
KA
and
E
Hy(0) = -319(0) (321, 2, eaey J) . (158)
3
b

Subroutine RFDBK evaluates feedback reactivity. The reactivity feedback
model is based on the assumption that only changes in the core-averaged fuel
temperature (Tf)' coolant temperature (Tc). and coolant vapor fraction (a)
affect the neutron multiplication reactivity of the reactor. TRAC determines
core-averaged values by applying mass and power weighting factors to the
temperatures and a power weighting factor to the vapor fraction. These factors
approximate the product of the adjoint flux, neutron flux, and volume.
Perturbation theory uses this product to weight spatially the change in
reaction-rate cross sections for estimating reactivity-change.

The user defines a reactivity coefficient for each of the independent
variables, x = Tf, Tc‘ or a, by choosing one of the forms from Table III. We
assume that the reactivity-coefficient form for each independent variable has
second-order polynomial dependence in x without dependence on the other two
independent variables. The wuser specifies through input the form number and
the polynomial coefficients, Ax' Bx‘ and Cx’ for each independent variable «x.
The polynomial coefficients can be obtained by performing a
second-order-polynomial least-squares fit to the reactivity coefficient vs
temperature or vapor fraction data in a reactor-safety analysis report or from

a detalled neutronics calculation. The coolant-temperature reactivity



TABLE TLIL

REACTIVITY-COEFFICLENT FORMS

Form Number Reactivity Coefficient Form Assumed Dependence

® | ®

ak

ax 2
= A + B x+ C.x
X X X

x|

ak
ax
ik
ax

x| x

coefficient needs to include the reactivity effect from temperature changes in
soluble boron and burnable poison because the coolant temperature closely
approximates their temperatures. Based on these assumptions, feedback

reactivity during the time step from time t, to time t, is defined by

AR = R - R = k(T T a ) = k(T T a ) (159)
fdbkn fdbkn fdbk0 fn' cn' n fo’ co' 0
2 2
r X “X ~(x =% )
= exp (] [A { " 0lepfz " 0
Li x -
. In Xa/%0 n o
1, 3
~x =
v e 1N # (e 1, ap
- 0 0
i(xn xo)
1, 2 2
W X =X
v lagl M0 | e a3 N
+ In xn/xo X0 =%,
1, 3
el=n.]).
* Cx{? ;\ g })J - k(Tf orc 900) ’
~x -x_) ¢ 0
2" n0
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where ® = summation over x variables with reactivity coefficient forms {l};

¥ = gummation over x variables with reactivity coefficient forms {2};

X = Tf, Tc' or a; and

O.n-lo

cn. and a, to

evaluate ARfdbk using Eq. (159). To evaluate that reactor state, one needs to
n

One needs to know the end-of-time-step values for Te »
n

know the average effective energy generation rate,

l
b s _ (P + P 2. & (160)
eft 3> ' effo eff

during time step Atn Ll to. The value of P,gf is known only after solving
n
the point-reactor-kinetics equations knowing the average reactivity during the

time step,

R =

L R

1 1
(Ro - Rn) u 7 (nprogo . Rprogn) v Rfdbko . f‘Athbkn . (161)

Before performing the time-step solution to evaluate ARfdbk by Eq. (159), TRAC
n
estimates Akfdbk for Eq. (16l) by assuming the feedback feactivity rate is the
n

same as in the previous time step, Ato-

Atn

ARedbi fdbk (AtoJ (162)
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After evaluating the time-step solution, TRAC compares the feedback reactivity
(Akfdbkn) from Eq. (159) and the estimated feedback reactivity (Akﬁggkn) from

Eq. (162). Any discrepancy is corrected by applying the difference,

At

cor - ag@st » “'n
N, My ) T (e (163)

during the next time step, At 41° To prevent a significant reactivity
correction from being applied when At >» At 41 the reactivity correction in
Eq. (163) is limited to twice its amount during time step At . A similar
estimate and correction procedure is applied to power in the first method and
programmed reactivity in the second methcd because the signal variable for
interpolating the power table is defined by the end-of-time-step state.

The point-reactor-kinetics equations [Eqs. (153)-(155)] are solved by
numerical integration using a fourth~order accurate Runge-Kutta technique““
including Gill's lodiftcatlonn.as

excellent round-off, error-limiting characteristics. However, because this

This technique is fast, accurate, and has

technique is explicit, the stability condition

0.8A

Ol & e ’ (164)

where f = 1 - R/8, limits the maximum numerical integration time-step size,
At_.x. To ensure that At'“x does not limit the problem time-step size, Atn.
when Atnax < Atn, the kinetics equations are integrated over £ equal time-step

subintervals Aty during each problem time step, where
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At

L= INT (--n) + 1 (165)
Atmax
and
At
bt, = .2_“. - (166)

D.___Overall Solution Strategy

Overall solution strategies for both transient and steady-state
calculations are described in this section. Each time step in the transient
calculation consists of several sweeps through all the components in the
system. The purpose of these sweeps is to converge to the solution of the
nonlinear finite-difference equations. Two types of steady-state calculations
are available in TRAC. The first type has general applicability, whereas the
second type is used to obtain initial steady-state conditions for a PWR. Both
steady-state calculations wutilize the transient fluid-dynamics and
heat-transfer routines.

1. ___Transient Solutions.

a. ___Outer Iteration Strategy. The solution of the thermal-hydraulic
flow equations for all components is controlled by subroutines TRANS, PREP,
OUTER, and POST. Subroutine TRANS controls the overall strategy, whereas the
others call each component in turn.

At least six passes are made through each component. Subroutine PREP
makes two passes through all components. During the first pass, HTCs are
evaluated by calls to subroutine HTCOR and the matrices for the stabilizer
motion equations are obtained and reduced by subroutine FEMOM. The second pass
in overlay PREP is for a back-substitution on the motion equation done in
routine BKSMOM. The next two or more passes call the basic hydrodynamic
routines wuntil a solution 1is found within the convergence criterion or the
maximum number of {terations is exceeded. This stage of the calculation 1is

done by a call to subroutine OUTER, which performs both a forward elimination
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and a backward substitution pass. The recommended convergence criterion (EPSO)
is 1074
between 6 and 10. The order in which subroutine OUTER calls the given

and the maximum outer iteration count (OUTMAX) generally should range

components 1is determined by the IORDER array that 1is set after input by
subroutine SRTLP.

If the OUTER iteration process converges, a final pair of passes is made
by subroutine POST. The first of these sets up and reduces the stabilizer
equations for mass and energy using subroutine STBME. The second calls BKSSTB
to compile the solution of these equations, updates the wall, slab, or rod heat
conduction, and generates the information required to begin the next time step.
If the OUTER iteration fails to converge, the time-step size is halved (subject
to the constraint that At must be greater than or equal to the minimum
time-step size indicated in the input); then, another attempt to converge the
OUTER iteration cycle begins. After six unsuccessful attempts, the code
produces a dump, an edit, and then shuts down.

Programming details of the iteration procedure for transient solutions
are given in Sec. VI.D. A flow schematic for the TRANS routine is given in
that section.

b. Details of the Solution Method. Solution of the fluid flow

difference equations is broken into phases. First the stabilizing motion
equations are solved, then the basic equation set i{s solved, and finally the
stabilizing mass and energy equations are solved.

Solution of the stabilizing motion equations 1is a relatively simple
process beceuse t?ey are linear equations in Og and 02, with no coupling
between the Vs and Vl terms. First, the motion equations interior to all
components are solved to obtain the interior velocities as linear functions of

the junction velocities (done in subroutine FEMOM) in the form,

V,=a

g ag+h V., +C GR +d, V. , (167)

J &) 3T

where the subscripts L, R, and T indicate the cell faces at the left, right,
and tee (where applicable) component junctions. Next, the motion equations at
component junctions are applied and Eq. (167) is substituted into them where

necessary to obtain a closed set of equations in the velocities at component
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junctions. This linear system 1{s solved directly, using lower-upper (LU)
decomposition. Finally, a back-substitution through all components is done
using the known junction velocities and Eq. (167) to obtain values for the
interior velocities (subroutine BKSMOM).

To solve the basic equation set (Secs. III.A.3 and III.A.4), a special

junction variable and equation are defined,

AP = Sp, = 8p_ , (168)

where &p, is the linearized variation in pressure on one side of the junction
and &p_. the variation on the other. When the basic equation set is linearized
within each one-dimensional component, Eq. (168) {is substituted into the
pressure gradient term of the motion equations at the component junctions.
This linearized set of equations is solved in subroutine TFIDS to obtain the
variations of {ndependent variables (Sp, &p,, 68T, 6T , and Sa) as linear

=
functions of the AP junction terms. For example,

5py = .3 + 53 ap, + c; s, + d, AP

et B (169)

After this has been done, Eq. (169) is substituted whenever applicable into the
defining Eq. (168) at all junctions and the solution proceeds with the
stabilizing velocities.

When one or more three~dimensional components are present, the situation
is slightly more complicated. For the network illustrated in Fig. 13, a linear
set of equations in AP, results after all possible substitutions are made. The

equations have the form,

[x x 0 0 0 o] fer,] [x Ly 0

X X X 0 x 0 4P, X 0 0

0 X X X X 0 aPy| LX) 4 |© T H 0 g (170)
0 0 X X 00 aP, X 0 X

0 X X 0 X X AP X 0

0 0 0 0 x xJ |[apg)] LX) 0 | [ 0]

94



where X 1indicates nonzero matrix and vector elements, and Pyl and Py are the
linear pressure variations In the vessel cells adjacent to junctions 1 and 4,

respectively. This system (s solved directly to obtain,

AP, = A, + B bSp, +Cobp, (171)

The combination of these equations with the remaining linearized ones in the
three~dimensional vessel region provides a closed set of linear equations that
is solved In one of two ways. If the lnput variable LITMAX {3 set to zero,
then the system is solved directly using calls to subroutines STDIR, SOLVE, and
BACIT. If this varlable is greater than zero, an {terative solution procedure
Is used. This (teration is a combination of a Gauss~Seldel and a coarse~mesh
vebalance as described In Sec. [LI.,A.2., The recommended convergence criterion
for ttis fteration (EPSL) is 107
(LITMAX) 1s 30-50, Back=substitutlion through the one-dimensional components

, and the maximum allowed number of Lterations

again completss the solution of the full linear system.
A single, complete pass through this solution procedure provides the
solution for the linearized finite~difference equations. Subsequent passes

\ PIPE l

VESSEL TEE | ACCUM.

/ PIPE j

4 3

"‘t 13.
Component network with one three-dimensional vessel.
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through the procedure for the same time step produce a Newton iteration on the
nonlinear difference equations, with quadratic convergence.

Solution of the stabilizing mass and energy equations is quite similar to
that for the stablilizing motlon equations. Because the unknown quantities are
all cell centered, it (s necessary to define the junctlon variables as those in
a cell adjacent to the Junction that occurs first in the calculational
sequence. Speclal logic is provided to avold conflicts when this criterion is
applied to one cell components.

2. ___Steady-State Solutions. The TRAC steady-state capability provides
time~independent solutlons cthat may be of Interest In thelr own right or as
initial conditions for transient calculations. Two distinet calculations are
avallable within the steady-state capabllity: the generalized steady-state
calculation and the PWR-initialization calculation. The first finds the
time-independent conditions of a system for arbitrary, but fixed, geometry and
parameters. The second adjusts certain loop parameters to match a set of
user-specified flow conditions, but oanly for the fixed geometry typlcal of
current PWR systems.

Both calculations use the transient fluid-dynamics and heat-transfer
routlnes to search for time-independent conditions. The search is terminated
when the normalized rates of change for the fluld and thermal variables are
reduced below a user-specified criterion throughout the system.

Although the same subroutines are used in the transient and the
steady-state calculations, there are lmportant ways In which thelr behaviors
differ between the two calculations. The most cruclal differences are:

® The tlme-step size used by the heat-transfer and fluld=flow
calculations are not required to be equal during a
steady-state calculation. The ratio of these time-step
sizes Lo fixed through user-specified input. This permits
compensation for the difference between the natural time
scales of the two processes. (Cautlon should be taken not
to exceed the diffusion limit (n axial rod conduction by
using too large a time~step ratlo.)

® The occurrence of critical heat flux (CHF) (s inhibited
during the steady-state calculation. This results in an HTC
that cannot undergo a rapld reduction caused by burnout.

® Pressurizers are modeled as pressure boundary conditions
during steady-state calculations. Therefore, each
pressurizer’s energy and mass (nventory, as well as



pressure, remain constant regardless of the flow rate
between it and the remainder of the system.

® Trips are inhibitea during steady-state calculations. Thus,
even though conditions may exist that would cause a trip
during a transient, the trip will not be activated during
the steady-state calculation.

® The reactor power {s set to zero for a period at the
beginning of the steady-state calculation. It {8 Increased
to its nominal value once the fluid velocity has approached
its equilibrium value.

® During the steady-state calculation, the pump momentum
source is averaged to prevent oscillations.

@ The reactor-kinetics calculation is not performed.

A Generalized Steady-State Calculation. The generalized steady-
state calculation consists of a simple normalized rate of change based on the
numerical first derivative of the vold fraction, pressure, liquid and vapor
temperatures, and velocities. The rate of change of variable x for time step

(o+l) at cell { is given by

1 g - o
n+
s“ B s e e — . (172)
!
I:?’r|(t“"t")
Thus, 6;2“ {s the fractional rate of change for the variable :?’l in

1 8. This rate of change 1is checked every 50 time steps during the
steady-state run. When the maximum absolute value of 6:? for all cells in the
system {8 less than a user-specified convergence criterion for all variables,
the steady-state calculation (s ended. An edit, including the maximum rates of
change and the component and cell number where Lt occurs for each variable, 1s
printed every 50 time steps and at every long edit, dump, or time domain
change. Logle is included to limit change rate checking only to those cells
where the variable being checked (s important. For example, liquid temperature
change rates are not calculated in cells where the vold fraction 1is above
0.9999 because the Liquid temperature in this cell s not a meaningful value.
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The variables that are considered in evaluating the approach to steady state
are listed in Table 1IV.

T — PWR-Initializatton Calculation. The PWR-initialization
calculation provides a convenlent way for the user to match {important PWR
operating conditions by adjusting certalin operating parameters. The conditions
that this calculation attempts to match are reactor power, pressurizer
pressure, primary loop flow rates, and vessel 1{nlet temperatures. This
matching is accomplished by adjusting the pump speed and steam generator
fouling factor in each loop of the reactor system. This idea was first
developed by Shnrp.46 although the i{mplementation method in TRAC 1is somewhat
different.

As implied by its name, the PWR-initialization calculation is limited to
systems whose geometry is characteristic of a PWR. The system must have one
and only one VESSEL component. Although the number of primary coolant flow

loops is arbitrary, each loop must satisfy the following criteria.

® There must be a single STGEN component in each loop. This
component muet be located between the VESSEL hot-leg
Junction for that loop and the loop pump or pumps.

® There must be either one or two pumps in each loop. These
must be located between the STGEN and the VESSEL cold-leg
junctions. If there are two pumps, they must operate in
parallel and both must be connected to the VESSEL through a
distinct junction.

® The secondary side of the steam generator must be connected
to a BREAK on one side and to a FILL on the other. Only
pipes may be located between the STGEN and the FILL or
BREAK.

® The primary coolant flow loops must not connect directly to

one another, but they are connected to the VESSEL.

The values of the operating parameters are determined by an {iterative
process that begins with the executicn of a sequence of transient time steps.
These should bring the system close to a steady state for the current value of
the operating parameters. The VESSEL inlet temperatures and loop flow rates
are compared to thelr desired values for each primary loop. Once these agree
within a user-specified criterion, the calculation 1is complete. If the
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VARIABLES CONSIDERED IN EVALUATING TdE APPROACH TO STEADY STATE

One-DincngﬁonaI Fluid-Flow Variables

Dependent Variable

Mixture velocity

Mixture mass
Mixture energy

Vapor mass

Vapor energy

Genggg}ized Forces

Wall friction
Pressure gradients
Gravity
Momentum fluxes
Sources

Mass fluxes
Sources

Energy fluxes
Sources

Phase exchange
Mass fluxes
Sources

Phase exchange
Energy fluxes

Three-Dimensional Fluid-Flow Variables

Dependent Variable

Vapor velocity

Liquid velocity

Mixture mass
Mixture energy

Vapor mass

Vapor energy

Dependent Variable

Temperature

Generalized Forces

Wall friction
Interphase friction
Pressure gradients
Gravity

Momentum fluxes
Wall friction
Interphase friction
Pressure gradients
Gravity

Momentum fluxes
Sources

Mass fluxes

Sources

Energy fluxes
Sources

Phase exchange

Mass fluxes

Sources

Phase exchange

Mass fluxes

Heat-Transfer Variables

Generalized Forces

Energy sources
Heat fluxes
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calculation is incomplete, the state of the system at the conclusion of this
sequence is used to evaluate new values of the operating parameters.

In the evaluation of operating parameters, each primary coolant flow loop
is treated independently. The coupling between loops is treated implicitly by
the method used to evaluate VESSEL characteristics for each loop. Because the
transient routines force the PRIZER pressure and the VESSEL power to their
prescribed values, only variations in the loop flow rates and VESSEL inlet
temperatures must be considered. The TRAC program uses only information from
the current state of the system (as derived from the transient calculation) in
evaluating a new set of operating parameters; no information is stored from
previous {iterations. The new loop parameters are relaxed by the input
relaxation factor (RELX) before the calculation is resumed.

Neglecting components not in the primary coolant flow path (such as
pressurizers and accumulators), each loop can be depicted schematically as
shown in Fig. l4. Loops with only one pump are treated similarly. The
evaluation of new operating parameters for this primary coolant flow loop is

based on the solution of the pressure and energy balance equations written

T
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Fig. l4.
Primary loop schematic for a PWR-initialization calculation.
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around this loop. Mass balance is satisfied automatically as a result of the
transient calculation.

The steady-state pressure and energy balance equations may be wricten

bp,y *+ Aps = Appl 5 (173)
8pyp * 40 = BPyp (L74)
and

AHs + Ale + AHPZ = AHvl + “vz R (175)

where the subscripts s, p, and v refer to the steam generator, pumps, and
vessel, respectively; Ap stands for a pressur: difference; and AH stands for a
change in the flow rate of enthalpy. Referring to Fig. 14, the pressure and

enthalpy flow-rate differences may be written

bpyy = P(C) = p(A) ,

Aps » P(A) - P(B) ’
ap., = p(C) - p(B) ,

bpgy = P(D) = p(B) ,

"
AH ® (\‘J—)H(A) -~ H(C) '

¥y
By = (COM(A) = WD)

AH, = H(A) = H(B) ,

¥
A“P = (\T)H(l) - H(C) ,
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and

2
e (.= - 7
Asz ( <=)H(B) H(D) , (176)

where the W terms are mass flows, as indicated in Fig. 14,

To solve these equations for new pump speeds and steam generator fouling
factors, these variables must be related to the pressure and enthalpy flow-rate
differences and to the desired flow rates and the vessel inlet temperatures.
This {s accomplished by assuming specific forms for the pressure rise across
each pump, the enthalpy difference across each pump, and the enthalpy loss
across the steam generator. The pressure rise across each pump ls composed of
two components: a pump head (PH), which depends on the pump speed, fluld
density, and mass flow; and a flow resistance (R) pressure loss, which 1i»
proportional to the square of the mass flow. This results in the expressions

& - e
Appl "‘l Wi R

pl

and

Bpgy = PHy = W R, (177)

Similarly, the enthalpy difference across the pump s composed of two
components; the first, caused by the pump head, and the wsecond, which 1»s
proportional to the mass flow, result in the expressions

Pﬂl
Ale b 'l 5"91 » "y

pl
and

PH
w (178)

M., = W, §h , =
2 2 2
p p 9’2
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The enthalpy change across the steam generator is expressed {n terms of the
overall heat-transfer coefficlent, U; the mean temperature difference, AT; the
heat-transfer area, A; plus a residual loss term caused by the flow rate,

zm.-ubn#u:xuﬁ . (179)

Using the definitions of Eq. (176) and the state of the system at the
conclusion of the translent calculation, Eqs. (177)=(179) are solved for the
flow resistances, 'pl and l,z; the specific enthalpy differentials, dhpl' °“p2'
and en.; and the overall heat-transfer coefficlent, U. These characteristics
are assumed to be independent of the loop operating parameters, which will be
ad justed.

To characterize fully the response of the loop to changes !n the
operating parameters, we must be able to evaluate the remaining terms in
Eqe. (173)=(175). These may be written in terms of the steam generator flow

resistance,

o9, * W (180)

and the vessel flow reslstances and specific enthalpy differentials,

- 4t
My * ¥ Ra o
:
Aoy * ¥ R o
T LTI

and

Wy Ghgy (181)

Ay

The steam generator flow resistance may be evaluated by using Bq. (180)
directly; however, the vessel characteristics are defined somewhat differently
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to account for the effects of other loops and for the possibllity of
nonequilibrium thermal conditions in that component. Therefore, we use the
definitions

« wr2 P(C) = p(A)
R, = wR® RLEL g, (182)
"
o wal P(D) = p(A
Ryy * WR l..-.iJ!-.l ) (183)
V2
. . (AR, H(A) _ H(C)
6hv‘ (w-i-) { N °u°1°- ’ (184)
and
Sy = (3 (AL - “-‘(‘-':ll . ' (185)

where WR is the ratio of the desired total mass flow through the vessel to the
current total mass flow, and QR s the ratio of the desired total energy
transfer rate In the vessel to the current total energy transfer rate in the
vessel. Note that as the problem converges to the desired solution,
Eqe. (182)=(185) reduce to the solutlons of Eq. (181) because both QR and WR
approach unity,

Given the flow resistance values as calculated above, we luw dlately
solve FEqs. (173) and (174) for the new pump heads In t(he (¢ r under
conslderation. Using the pump curves, the fluld densities In the pumps, and
the desired flow rates, we can determine (teiatively new pump speeds that
should produce the desired pump heads. Once the pump heads have been
deternined, we can use Eq. (175) to estimate a new value of the steam generator
area. ALl terms of Eq. (175) are known except the steam generator area and the
mean teiperature difference between the steam generator primary and secondary
sides, K?. We attempt to match the desired vessel (Inlet teuperature by
modifying E; by the difference between the desired and current values of the
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vessel inlet temperature. Solution of the resulting equation for the steam
generator area drives the ensuing steady state to the desired condition.

The pump speeds and steam generator areas calculated in this manner may
be relaxed by supplying RELX on the time-step input cards. The values actually

used for the next iteration are then

w *wae * RELX (w =

new Wo1d’

and

A - A + RELX (A - A

new old )

old

105



power,

ynponent

TRAC noding di 3ho 2 onventions

Mathematical mode ne iing § 1ce
r chose iS pe

and heat-transfter

1se of the ymponent, ne

formation also are iy ! ‘ ¢ input

are given

yblem i | \ ‘ onne ¢ between
system. it pri y model area
neat ! s "TOSS inne ind outer wall
pe materials ab represent the
ulati
wding diagranm ) { aining a venturi
the numbers iithis indicate cell
ite Youn p 1€ geometr 18
Low irea
boundary. The 1 v ables,

nnecting a plp ymponents. The

e thermal hydraulics PE are described

and to select
wall he ransfer an be

heat~transfer nodes (NODES) zZero. The CHF

by setting the input parameter ¢ Wall

abrup irea changes are chosen y setting values
and | A interface The cholces for
the input
nonzero number NOI zero, heat an he
by table of power vs time. The table provides total

iistributed among all of the cells.




2 v
B, RN SR T |
| iz 314151 6 | 7

8

UN | JUN 2

-
-

Fig. 13,
Pipe noding diagram.

By setting parameter IACC to 1 or 2 (see PIPE {input, Sec. V.F.5.e), a
PIPE can be used to model an accumulator (ACCUM) component, discussed in
Sec. IV.B. Although a PIPE can be connected to any other component, {including
another PIPE, the user should keep the number of components to a minimum.

Detalled {input Ffor a PIPE module is processed by subroutines RPIPE and
REPILPE. Subroutine RPIPE 1cads Input data from the card input file.
Subroutine REPIPE reads the corresponding data from the restart file.
Initialization of the remaining variables is performed with subroutine IPIPE.
This subroutine establishes the noding for wall heat transfer, sets the
remaining fluld properties by calls to THERMO and FPROP, and initializes the
boundary data by a call to JiD.

During problem execution, the solution procedure 1s controlled by
routines PIPEL, PIPE2, and PIPE3. At the beginning of each time step, PIPEL
calls PREPER that 1{n turn calls FWALL for wall friction and orifice loss
coefficients, MPROP for wall metal properties, HTPIPE for wall HTCs, and FEMOM
to set up the stabilizer motion equations. Routine PIPEl also calls BKMOM for
a final back-substitution on the motion equations. During the {iterations for a
time step, PIPEZ calls TFID for the numerical hydrodynamics solution (see
Sec. I11.A.3) and JID to wupdate boundary arrays. After a time step 1is
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completed successfully, PIPE3 calls CONSTB to set up the stabllizer mass and
energy equations. Routine PIPE3 also calls POSTER that updates the wall
temperatures with a call to CYLHT, computes new fluid properties (viscosity,
heat capacity, and surface tension) with a call to  FPROP, performs
back-substitution on the stabilizer mass and energy equations, and resets the
boundary arrays with a call to J1D. 1If the time step fails to converge, THERMO
is called to restore variables to thelr old values.

Output for a PIPE is managed by subroutine WFIPE. This subroutine prints
the component number, junction numbers, I{teration count, pressures, vapor
fractions, saturation temperatures, liyuld and vapor temperatures, liquid and
vapor densities, liquid and vapor velucities, and wall frictlon factors. Lf
wall heat transfer is {ncluded (NODES # 0), then information on the
heat-transfer regime, liquid and wvapor wall HTCa, interfacial HTC,
heat-transfer rate from the wall, wal temperature for critical heat flux, and
wall temperature profiles also are provided.

8. ...Accumulator

An accumulator is a pressurec vessel filied with ECC water and pressurized
with nitrogen gas. During normal operation each accumulator is isolated from
the reactor primary coolant system by a check valve. 1f the
reactor-coolant-system pressure falls below the accumulator pressure, the check
valves open and ECC water is forced into the reactor coolant system.

An accumulator component may be simulated by an ACCUM module {in TRAC.
This module can be connected only at one junction to other TRAC components.
This connection is at the highest numbered cell. It is assumed that cell 1 {s
closed, as shown {in the typical noding diagram in Fig. 16, and that the
accumulator is not connected to a nitrogen pressure source. Therefore, the
nitrogen pressure results from the expansion of the initial gas volume.

The procedures for data (nput, for Initfalization of arrays, for
advancement of time-dependent variables, and for editing are similar to those
given for a PIPE component (see Sec. IV.A). A sharp liquid-vapor interface is
maintained by neglecting interfacial shear. In an accumulator, the vapor-phase
properties are those for nltrogen gas; so interphase mass transfer cannot
occur. The vapor-phase temparature wminimun Is not limited. Additionally,
there 1s a phase separator at the accumulator discharge to ensure that pure
liquid is discharged. The accumulator walls are assumed to be adiabatlic.
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® . JuNCTION
Fig. 16.
Accumulator noding diagram.

The output edit is similar to that for a PIPE one-dimensional component
with the addition of three variables specific to an accumulator. These are:
(1) the discharge volumetric flow rate, (2) the total liquid volume discharge,
and (3) the collapsed liquid level.

An  accumulator also may be modeled with a PIPE component by setting the
alr partial pressures to the desired values. Thus, wall heat transfer can be
Included by setting NODES to a nonzero value. The alr-steam vapor-phase
temperature minimum (s limited to 280 K by routine THERMO. An f(nput switch
activates thn interface sharpener, phasc separator (optional) at the discharge
and the additional edit as described above for the ACCUM component. The edit
loglc assumes that the component (s vertical with the lowest numbered cell at
the top.
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C. __Break and Fill

The BREAK and FILL wmodules ares used to impose boundary conditiors at the
terminal junc.ion of any one-dimensioral component. Consequently, these
modules di. fer from the others in that they do not model any system component
per se and they do not perform any hydrodynamic or heat-transfer calculations.
However, they ar: treated the sazme as any other cowponent for input,
initialization, and identlif{cation procedures:.

The BREAK module imposes a pressure boundary condition one cell away from
its adjacent component, as shown in Fig. 17. The pressure boundary condition,
as well as the fluid properties associated with the BREAK, may be specified ~s
functions of time by wusing the optional BREAK table cards. This moduie
commonly is used to model the containment system in LOCA calzulations.

A FILL module imposes a velocity “oundary conditica at the junction with
its adjacent component, as shown in Fig. 18. For eiamp’«, the ECC 1injection
may be modeled wirth a FILL.

The velocity boundary condition and the fluid properties associated with
a FILL are specified %n one of three basic ways 2ccording to 'he coatrel option

selected. For the first type of FILL, only *t4e homogeneous fluid velocity and

BREAK COMPONENT
ADJACENT COMPONENT / -l

I

JUNCTION J PRESSURE SPECIFIED
AT THIS POINT

cig. 17.
Break noding diagram.
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FILL COMPONENT

ADJACENT COMPONENT -.'-_ r '.i

VELOCITY SPECIFIED
AT THE JUNCTION

Fig. 18.
FILL noding diagram.

fluid properties are specified; for the second type, the mass flow and
homogeneous fluid properties are specified; and for the third type,
nonhomogeneous fluid velocities and fluid properties are specified. For each
type of FILL, the relevant parameters may be constant, interpolated from a
t2ble, or constant until a trip and then interpolated from a table. The
independent variable for the tables may depend on almost any system parameter
(signal variable) as discussed in Sec. V.B. If use of the table 1is not trip
initiated, the independent variable is always the absolute value of the signal
variable. 1If use of the table is trip initiated, the independent variable may
be either the absolute value of the signal variable or the difference between
the signal-variable value and its value at trip initiation. This latter option
requires a rate-factor table as discussed in Sec. V.C. When the signal
variable varies rapidly or is strongly coupled to the FILL velocity, direct use
of the tabulated values for the velocities or mass flow may lead to
hydrodynamic instabilities. This situation may be avoided by using a weighted

average of the previous and current tabular values (see Sec. V.F.5.b).
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The parameters needed to specify a FILL or a BREAK are described in
Secs. V.F.5.b and V.F.5.d. 1t is suggested that the cell volume and length in
a BREAK be 1identical to those for the neighbering cell of the adjacent
component. The pressure, void fraction, fluid temperatures, and air partial
pressure specified in FILL and BREAK determine the properties of fluid
convected into the adjacent component {f an inflow condition should occur. (By
convention, inflow corresponds to a positive FILL velocity and a negative BREAK
velocity.) These components may not be connected directly to the VESSEL
component .

D. __Core

A CORE component {s available in TRAC to analyze the reactor core in
situations that do not demand a three-dimensional fluid-dynamics
characterization. It has several advantages. First, this one-dimensional
treatment can significantly reduce computer running time for a wide range of
problems. Second, the CORE component is a hybrid that incorporates the coding
characteristic to the PIPE and VESSEL components.

The fluid-dynamics and exterior-wall conduction mndels are identical <to
those used by a PIPE componeat. Both are one dimen. ional. In addition, any
number of fuel rods may be introduced into the CORE component. The rod
heat-transfer model is identical to that used by the VESSEL component.

A typical noding diagram for a CORE component is shown in Fig. 19.
Presently, connections can be made only at the first and last cells.
Therefore, it has been necessary to model the upper and lower plenums using a
TEE component. The vessel downcomer has been modeled by attaching a PIPE to
the CORE component. Therefore, bypass effects are difficult to model with this
component. Detailed input specifications for a CORE component are provided in
Sec. V.F.5.c. 1Input and output information is similar to that for the PIPE and
VESSEL components.

E. __Pressurizer

A PWR pressurizer is a large fluid reservoir that maintains the pressure
within the reactor primary-coolant system and compensates for changes in the
coolant volume caused by system transients. During normal operation this
reservoir contains the hottest fluid in the primary system. It i{s usually
maintained ~50-60% full of saturated liquid that 1is pressurized by the

saturated steam above it. The pressurizer pressure is thte controlling source
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Fig. 19.
CORE noding diagram.

of the primary-coolant-loop pressure and is transmitted by a long surge line
connected to one of the hot legs. (For steady-state calculations, the PRIZER
module is replaced by a break equivalent.)

The PRIZER module simulates the pressurizer component. This module
normally models the pressurizer 1{itself with the surge line represented by a
PIPE component. Figure 20, a typical noding diagram, shows that a PRIZER
component may be connected at both junctions to other components. To calculate
the collapsed liquid level, we assume that cell 1 is at the upper end, which

may be closed by connecting it to a zero-velocity FILL.
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Fig. 20.
Pressurizer noding diagram.




The procedures for data input, initialization of arrays, advancement of
time-dependent variables, and for editing are similar to those given for a PIPE
component (see Sec. IV.A).

In the PRIZER component the walls are assumed to be adiabatic, but energy
transfer from a heater/sprayer can be simulated. The primary purpose of this
heater/sprayer logic is to serve as a system pressure controller, not to
account for the added energy. The user specifies a desired pressure set point,
PSET, and the pressure deviation, DPMAX, at which the heater sprayers add or
remove a maximum power of QHEAT. The power that is input to the pressurizer
fluid is directly proportional to the difference between PSET and P(l), the

pressure in cell 1; that is,

Qpue = WEAT [—pge—)

with the maximum value limited to *QHEAT. This power is distributed over all
fluid cells in the pressurizer and the fraction of power input to each cell is
equal to the fraction of total liquid mass in that cell. Power is not added if
the collapsed liquid level is less than the input parameter ZHTR. (The
collapsed liquid level is calculated assuming a cylindrical geometry with a
cross-sectional area equal to the minimum of the flow areas input for the two
faces of cell 1.) If pressure control is not desired, then QHEAT {is set to
zero.

Wall friction coefficients are calculated in routine FWALL by specifying
a friction correlation option, NFF, along with the additive friction factors,
FRIC, for each cell edge. The homogeneous flow friction correlation option
(NFF = 1) is suggested for a pressurizer.

The output edit for a PRIZER component is similar to a PIPE component
with the addition of four variables specific to the pressurizer. They are:
(1) the discharge volumetric flow rate, (2) total 1liquid volume discharged,
(3) collapsed 1liquid level, and (4) heater/sprayer power input to the
pressurizer fluid.

115



F. __Pump
The PUMP module describes the interaction of the system fluid with a

centrifugal pump. The model calculates the pressure differential across the
pump and its angular velocity as a function of the fluid flow rate and
properties. The model can treat any centrifugal pump and allows for the
inclusion of two-phase effects.

The pump model is represented by a one-dimensional component with N cells
(N > 1). Figure 21 shows a typical noding diagram for the pump component. The
pump momentum is modeled as a source between cells 1 and 2. The source is
positive for normal operation so that a pressure rise occurs from cell 1 to
cell 2. Therefore, it is necessary to construct the cell noding such that the
cell number increases in the normal flow direction.

The following considerations were important in creating the PUMP module:

l. compatibility with adjacent components should be maximized,
2. choking at the pump inlet or outlet should be predicted
automatically, and

3. the calculated pressure rise across the pump should agree
with that measured at steady-state conditions.

The first two criteria precluded the use of a lumped-parameter model. The PUMP

module, therefore, combines the PIPE module with pump correlations.

NORMAL FLOW DIRECTION

—

SMOM

Fig. 21.
Pump noding diagram.
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The pump model is identical to the one-dimensional pipe model except that

the momentum equations between cells 1 and 2 are rewritten as:

n+l n+l n 3AP.\n ,.,n+l n
y ol Vzn (p - P + 8P + ()7 (vp - Vz)}

1 2
o TRl --.4-----__-....----_-g!_---..--‘---.__- - g cos 6 (186)
- (<pg> BX)
and
Ve "% (187)

where AP 1is the pressure rise through the pump evaluated from the pump

correlation. The steady-state solution of Eq. (186) is

AP = P2 - P1 + gcos 6 ,

which is the desired result. Friction does not enter explicitly into the pump
motion equation. Therefore, additive friction is not allowed between cells 1
and 2 (FRIC (2) = 0.0].

It is necessary to evaluate AP and its derivative with respect to
velocity for a pump cell only once each time step. The source is needed only
in routines FEMOM and TFLDSl. This evaluation is performed by subroutine
PUMPSR.

The pump correlation curves describe the pump head and torque response as
a function of fluid volumetric flow rate and pump speed. Homologous curves
(one curve segment represents a family of curves) are used for this description
because of their simplicity. These curves describe, in a compact manner, all
operating states of the pump obtained by combining positive or negative
impeller velocities with positive or negative flow rates.
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The following definitions are used in the subsequent development:

AP
H = the pump head = — ,
p
Q = the pump volumetric flow rate, and

i = the pump impeller angular velocity,

where AP is the pump differential pressure and p is the pump upstream mixture
density. To allow one set of curves to be used for a variety of pumps, the

following normalized: quantities are used:

H
h =z — ,
Hy
Q
: — , and
q Qg a
: 8
W = QR >

where Hp is the rated head (RHEAD) for the pump, QR is the rated volumetric
flow (RFLOW), and ™ is the rated pump speed (ROMEGA). The pump similarity

relatlonsa7 show that

% -t (%) : (188)

W

For lower case w this correlation 1is not satisfactory and the following

combination of variables i{s used;

h W
= f -..) . (189)
» Al -

q
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Correlaticn (183) is used in the range 0 ¢ lq/wl £ 1 and results in two
separate curves, one for w > 0 and one for w < 0. Correlation (184) is used in
the range 0 ¢ lw/ql < 1 and yields two separate curves, one for q > 0 and one
for q < 0. The four resulting curve segments, as well as the curve selection
logic used in TRAC, are shown in Table V.

To account for two-phase effects on pump performance, the pump curves are
divided into two separate regimes. Data 1indicate that two-phase pump
performance {in the vapor-fraction range of 20-80% is degraded significantly in
comparison to its performance at vapor fractions outside this range. One set
of curves describes the pump performance for single-phase fluid (0 or 100%
vapor fraction) and another set describes the two-phase, fully degraded
performance at some void fraction between 0O and 100%. For single-phase
conditions the curve segments for correlation (183) are input as HSPl for w > O
and HSP4 for w < 0, and correlation (184) curve segments are input as HSP2 for
q > 0 and HSP3 for q < 0. The fully degraded version of correlation (183) is
input as curve HTPl for w > O and HTP4 for w < 0. The fully degraded version
of correlation (184) is input as HTP2 for q > 0 and HTP3 for q < O.

TABLE V

DEFINITIONS OF THE FOUR CURVE SEGMENTS THAT DESCRIBE THE
HOMOLOGOUS PUMP HEAD CURVES

Curve Segment o ® q Correlation®
1 <1 >0 [2{ = £ (Y]
4 <1 <0 “ w
2 >1 >0 . "
3 >1 <0 [5=¢ (;)]

—— e ——

#For the special case of both w = 0.0 and q = 0.0, the code sets h = 0.0.
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The pump head at any vapor fraction is calculated from the relationship,

H= H - M(a) (Hl - H2) . (190)

where

H = the total pump head,
H, = hl“R = the single-phase pump head (h1 is the nondimensional

head from the single-phase homologous head curves),
H2 = hZHR = the fully degraded pump head (h2 is the nondimensional

head from the fully degraded homologous head curves),

M = the pump degradation multiplier (input as HDM), and

1]
L]

the vapor fraction.

To this point, no knowledge of density is required to calculate H from the
homologous head curves. The upstream mixture density is always used to convert
the total pump head H to AP, the pressure rise through the pump.

The development of homologous torque curves parallels the previous
development for homologous head curves. The dimensionless hydraulic torque is
defined by

T
gz ¥
Tg

where Thy is the hydraulic torque and TR is the rated torque (RTORK). The
convention used 1is that a positive Thy works to retard positive pump angular
velocity. The dimensionless torque 2 is correlated as either 8/w or 8/q, just
as the dimensionless head was correlated. For single-phase conditions the
correlations yield the corresponding four curve segments TSPl, TSP2, TSP3, and
TSP4., The fully degraded correlations produce four corresponding curves TTPl,
TTP2, TTP3, and TTP4. The homologous torque curve segments are correlated in
the same manner as the head curve segments shown in Table V (replace h with 8).

For the special case of w = q = 0.0, the code sets 3, = 8, = 0.0.
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The single-phase torque T, is dependent upon the fluid density and is

calculated from

- P
T, = BT (5;) ' (191)

where 8, is the dimensionless hydraulic torque from the single-phase homologous
torque curves, p is the pump upstream mixture density, and pp 1is the rated
density (RRHO). The density ratio is needed to correct for the density
difference between the pumped fluid and the rated condition. Similarly, the
fully degraded torque T, is obtained from

& P
R

where 8y is the dimensionless hydraulic torque from the fully degraded
homologous torque curves. For two-phase conditions the impeller torque is

calculated from

TeY- N(a) (T1 - Tz) > (192)

where T 1is the total impeller torque and N(a) is the torque degradation
multiplier (input as TDM).

In addition to the homologous head and torque curves, the head and torque
degradation multipliers defined in Eqs. (190) and (192) are required. These
functions of void fraction are nonzero only in the vapor-fraction range where

the pump head and torque are either partially or fully degraded.
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The pump module treats the pump angular velocity as a constant (input)
while the motor is energized. After a drive motor trip, the time rate of
change for the pump angular velocity & 1is proportional to the sum of the

moments acting on it and is calculated from the equation,

';Tl == (T + 'l‘f + Tb) " (193)

where I is the combined impeller, shaft, and motor assembly moment of inertia

(EFFMI); ’rf is the torque caused by friction; and Tb is the bearing and windage

torque. We assume that Tf and Tb are

Te = € "-"iﬁ (194)
R

and

2, = ¢, ’2.'.‘21'. : (195)
iR

where C, and C2 are 1input constants (TFRl and TFR2, respectively). The
hydraulic torque T {is evaluated using the homologous torque curves and
Eq. (192); it i{s a function of the volumetric flow, the upstream void fraction,
the upstream density, and the pump angular velocity. For time step (n+l),
Eq. (193) is evaluated explicitly,

n.n
gitl o0 Qi!' (T(Q,a,0,8) + (C, +C,) Q.-'le--' . (196)

g
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The wall heat transfer, wall friction, and CHF calculation options are
the same for the PUMP module as for the PIPE module. In addition, the
following options are specififed: pump type (IPMPTY), motor action (IPMPTR),
reverse speed option (IRP), degradation option (IPM), and pump curve option
(OPTION). The input variables IPMPTR and NPMPTX specify, respectively, the
trip {dentifier for the pump trip inittation and the number of pairs of points
in the pump-speed table (array SPTBL). If IPMPTR = 0, no pump trip action
occurs and the pump runs for the entire calculation at the constant speed
(OMEGAN) specified in the input.

1f the pump motor 1is energized (trip IPMPTR set OFF), the angular
velocity 1is assumed to be the constant value (OMEGAN). Otherwise (trip IPMPTR
set ON), the pump speed is allowed to vary.

Two types of pumps are available. For pump type 1 (IPMPTY = 1), the
pump-speed variation 1is specified by the input table. The pump is energized
initially at a constant speed specified by input (OMEGAN). Trip IPMPTR may
initiate a pump trip, after which the pump speed is taken from a pump-speed
table (array SPTBL). The independent variable for the pump-speed table may be
the time elapsed after trip {initiation or any other signal variable, as
discussed in Sec. V.8. For pump type 1 the torque calculation 1is not wused.
Pump type 2 (IPMPTY = 2) {is similar to option 1 except that a speed table is
not inserted. Instead, the pump speed is calculated from Eq. (196) after a
trip has occurred.

If the reverse speed option is specified [(IRP) = 1], the pump is allowed
to rotate both forward and in reverse. Otherwise (IRP = 0), the pump will
rotate in the forward direction only. For this case, if negative rotation is
calculated (after trip with pump type 2), the speed will be set to =zero. The
variable IRP is checked only for IPMPTY = 2,

If the degradation option is turned on (IPM = 1), the degraded pump head
and torque are calculated from Eqs. (190) and (192). Otherwise (IPM = 0), only
the single-phase head and torque homologous curves are used [equivalent to
setting M(a) and N(a) to zero in Eqs. (190) and (192)].

The user may specify pump homologous curves in the input (OPTION = 0) or
alternatively may use the built=in pump curves (OPTION = 1 or 2). The first
set (OPTION = 1) of built-in pump curves is based on the Semiscale Mod-l system

42,48-50

pump The Semiscale pump curves for single-phase homologous head

123



(HSP), fully degraded two-phase homologous head (HTP), head degradation
multiplier (HDM), single-phase homologous torque (TSP), and torque degradation
multiplier (TDM) are provided in Figs. 22-26, respectively. The second set
(OPTION = 2) of built=in pump curves is based on the Loss-of-Fluid Test (LOFT)
system pump.Sl The LOFT pump curves for HSP, HTP, HDM, TSP, and TDM are shown
in Figs. 27-31, respectively. For lack of data, the fully degraded two-phase
homologous torque curves (TTP) for both Semiscale and LOFT are zero. Where
applicable, the curve numbers correspond to the conditions provided in Table V.

Because these homologous curves are dimensionless, they can describe a
variety of pumps by specifying the desired rated density, head, torque,
volumetric flow, and angular velocity as {input. We recommend that for
full-scale PWR analyses, plant-specific pump curves be inserted; however, if
such data are unavailable, the LOFT pump curves (OPTION = 2) generally should
be used.

There are several restrictions and limitations in the current version of
the PUMP module. Because there is no model portraying pump motor torque vs
speed, the pump speed is the assumed input if the motor 1is energized. Pump
noding 1is restricted such that the cell numbers increase in the direction of
norwal flow (NCELLS 2 2), the pump momentum source is located between cells 1
and 2 of the pump model, and the additive friction (loss coefficient) between
cells 1 and 2 is 0.0 [FRIC(2) = 0.0]. A flow area change should not be modeled
between cells 1 and 2. Finally, the head degradation multiplier M(a) and the
torque degradation multiplier N(a) are assumed to apply to all operating states
of the pump.
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The PUMP module 1{input consists of the same geometric and hydrodynamic
data and initial conditions that are required for the PIPE module. In
addition, information specific to the PUMP is required, as described in the
input specifications (Sec. V.F.5). The speed table (SPTBL) and the homologous

pump curve arrays must be inserted in the following order:

X(l).y(l).x(z).y(z).---;!(l\).y(ﬂ) .

Here, x 1s the 1independent variable and y is the dependent variable.
Furthermore, the independent variables must increase monotonically on input;

that is,

2(1) € %(2) € +0¢ € x(n~1) € x(n) .

Linear interpolation is used within the arrays.
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G. __Steam Generator

In a PWR the steam generators transfer energy from the primary to the
secondary coolant loop to produce steam. The STGEN module can model either
“U-tube” or “once-through" steam generators. The user specifies the type of
generator through the input variable KIND (1 = U-tube and 2 = once-through).
Although there are two different steam generator types, the basic operation is
similar. That is, primary coolant enters an inlet plenum, flows through a tube
bank in which the primary coolant exchanges heat with a secondary coolant that
flows over the exterior of the tube bank, and finally discharges into an outlet
plenum. Figure 32 provides typical noding diagrams for the STGEN components
and illustrates that there is an inlet plenum (cell 1) and an outlet plenum
(last cell) on the primary side; these two cells are assumed adiabatic. The
tube bank, however, is represented by a single "effective” tube that has
heat-transfer characteristics such that it is representative of the entire tube

bank.

ONCE- THROUGH TYPE U-TUBE TYPE
PRIMARY
INLET |
9
' /(—ﬁ -
T 6 7
I ¢
TEE-MODELING OPTION * [ s 4 -]
5
1 B C .‘ s e
2 sl 3 |4
21 | 2 3|
FEEDWATER —
INLET ' " I FEEDWATER
.___I___J 3% INET
PRIMARY
Gt 12 | G INLET
Fig. 32.

Steam generator noding diagram.
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In the STGEN module the primary- and the secondary-side hydrodynamics are
treated separately. Coupling between the two sides is achieved through wall
heat transfer, which is modeled semi-implicitly. The hydrodynamics are solved
by calling the one-dimensional, two-fluid routine TRI1DS.

The procedures for reading input, for initialization of arrays, for
advancement of the time step, and for ediiting are similar to those described
for the PIPE module (see Sec. IV.A). The calculational sequence for the STGEN
module is identical to that for PIPE (or TEE) except that the sequence of calls
is performed twice, once for the primary side and once for the secondary side.

Although the procedure for reading input data is similar to that for a
PIPE module, there are some differences. The most obvious difference 1is the
specification of four junction numbers (Fig. 32), two for the primary-side and
two for the secondary-side connections. Although it is possible to connect the
secondary-side junctions to any TRAC component, the most common arrangement is
to connect the inlet to a FILL, specifying the secondary-side fluid inlet
conditions and the flow rate, and to a BREAK at the discharge, specifying the
steam-generator-secondary discharge pressure. Because there is no provision
for modeling the downcomer on the steam generator secondary, the fluid
conditions for this FILL should be those for the water entering the tube bank
and not those for the feedwater.

The number of fluid mesh cells on the primary side is specified by NCELLIL
and that on the secondary side by NCELL2. There are some constraints {imposed
on the possible values for (NCELLL, NCELL2) combinations. For a once-through
type (XIND = 2), it is required that NCELL2 = NCELL1-2. For a U-tube type
(KIND = 1), it is assumed that there is a one-to-one correspondence between two
active primary cells and one active secondary cell (see Fig. 32). Thus, for
the flvid cells on the secondary side to reach the U-tube bundle top, it is
required that NCELL2 > (NCELL1-2)/2. The secondary-side cells that are greater
than (NCELL1-2)/2 are treated adiabatically and are usad to model possible area
changes and volumes above the tube bank. In Fig. 32, these are cells 6-8 on
the secondary side.

The STGEN module also includes a TEE-modeling option where side tubing
can be added to a main pipe, as in the TEE module. This feature 1is available
on both the secondary and primary pipes. It may be used to model either a

separate feedwater inlet or a tube-rupture break, or it may be used for other
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purposes. When this option is exercised, the steam generator input,
calculational sequences, and thermal-hydraulic modeling are similar to that for
the TEE module except that the side tubing can only be adiabatic with no
heat-transfer capability. The input parameters that invoke the TEE-modeling
option are JCELL) and JCELL4, the TEE junction cell (see the TEE module
description, Sec. IV.H) for the secondary side and primary sides, respectively.
The TEE junction cell may be any of the primary and secondary cells. To model
a separate feedwater. inlet, use only the TEE option on the secondary side. To
model a tube-rupture break, use the TEE option on both the secondary and
primary sides. The end junctions of both tees may be connected directly to
each other to model the break flow between the primary and secondary sides. If
only the primary TEE option is used, the secondary TEE still must be specified.
It may be connected to a zero mass flow or a zero-velocity FILL.

At least one wall temperature nodes (NODES) must be specified. Three
nodes are suggested, one at each tube surface and one at the tube wall center.
The tube material i{s specified by the variable MAT. Available material options
are given in the Ilnput specifications (Sec. V.F.5). Two flags, ICHF1l and
ICHF2, determine {f a CHF calculation is to be performed on the primary and
secondary sides, respectively. If CHF calculations are desired, these flags
are set equal to one; otherwise, they are set equal to zero. It should be
noted that, {f a CHF calculation 1is not performed, boiling heat-transfer
calculations are precluded. Thus, stagnant fluid on the secondary side would
have a low HTC, which is typical of natural convection. Therefore, we suggest
that the combination ICHFl = 0 and ICHF2 = 1 be used.

Geometrical {input data for the tubes must be determined cautiously. As
stated earlier, it is necessary to model the heat-transfer characteristics of
the entire tube bundle with a single effective tube. This can best be achieved
as follows: the inner tube radius, RADIN, and tube wall thickness, TH, should
be those of a single tube in the bundle. The user specifies the heat-transfer
surface area in each cell for both the primary and secondary sides. These two
sets of areas are checked against RADIN and TH for consistency. If these
numbers are Inconsistent, the secondary areas are adjusted. The steam
generator can be made adiabatic by specifying zero heat-transfer areas.
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Specification of the heat-transfer area for the once-through type is
straightforward; it is the total heat-transfer area for the steam generator
multiplied by the fraction of the total tube length in each mesh cell. For the
U~tube type, however, caution must be used. On the primary side, the
heat-transfer area 1s the interior area for all the tubes in each mesh cell.
The total heat transfer to a secondary-side fluid cell is the sum of the heat
transfer from the up and the down tubes in the cell. In the TRAC calculation,
the heat-transfer areas for the up and the down tubes are assumed equal.
Therefore, the user should insert an area that is equal to one~half the surface
area on the tube exteriors of both the up and the down tubes in that fluid
cell.

The volumes and the flow areas on the primary side are determined by
considering all the tubes in the bank. However, the hydraulic diameter is that
of a single tube. The volumes and the flow areas on the secondary side are the
actual geometric values for each mesh cell. The secondary hydraulic diameter
{s determined by standard methods used in heat transfer over tube bundles.

Tube wall initial temperatures also must be specified; the required
aumber is the product of NCELLlL and NODES. Thus, even though cell 1 and
cell NCELL]l are adiabatlic, tube wall temperatures must be given for both cells
to simplify indexing. The numbering convention is that temperatures begin with
cell 1 and are specified from interior (primary side) to exterior (secondary
side) for each mesh cell.

Friction-factor correlation options (NFF) and additive friction losses
(FRIC) are Input separately for the two sides. The possible options for NFF
are described in Sec. II1.A.4.1. The homogeneous option (NFF = 1) is suggested
for both the primary and the secondary sides.

The output edit for a steam generator component is similar to that given
for a PIPE component, with the primary-side variables input first and then the
secondary-side variables. Heat-transfer variables always are provided. Tube
wall temperatures are printed for each active mesh cell on a nodal basis.

H. __Tee

The TEE module models the thermal hydraulics of three piping branches,
two of which lie along a common line and the third enters at some angle 8 from
the main axis of the other two (Fig. 33). In TRAC-PFl, the tee is treated as
two PIPEs, as indicated in Fig. 33. Beta is defined as the angle from the
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Fig. 33.
TEE noding diagram.

low-numbered end of PIPE 1 to PIPE 2. The low-numbered end of PIPE 2 always
connects to PIPE 1. The first PIPE extends from cell 1 to cell NCELLl and
connects to PIPE 2 at cell JCELL. The second PIPE begins at cell | and ends at
cell NCELL2.

The connection 1is effected through mass, momentum, and energy source
terms in PIPE 1. PIPE 2 sees the connection as boundary conditions from cell
JCELL in PIPE 1. Liquid may be prevented from entering the TEE secondary by
setting the value of FRIC at that junction to 1.E30. However, no generalized
separation model has been implemented.

Because the TEE is modeled essentially as two interconnected PIPEs, the
PIPE model description in Sec. IV.A should be referenced for additional
information on the calculational sequence. Naturally, the sequence for a TEE
includes separate calculations of the primary and secondary sides.

Detailed input specifications for a TEE component are given in
fec. V.F.5.4., Input and output information is very similar to that for a PIPE
component except that two PIPEs are involved in a TEE component.
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The VALVE module is used to model various types of valves associated with
light water reactors. The valve action is modeled by controlling the flow area
and the hydraulic diameter at one cell face of a one-dimensional component as
shown in Fig. 34. The valve action may not be located at a valve component
junction unless that junction is connected to a BREAK.

Two methods are provided for specifying the valve flow area. The flow

area can be computed directly from a flow area fraction (FAVLVE) according to

flow area = FAVLVE x AVLVE ,

where AVLVE 1{is the input value for the fully open valve flow area.
Alternatively, the flow area may be computed from the relative position (XPOS)
of the valve stem assuming a guillotine-type cut of circular cross section.
The relative position of the valve stem, XPOS = 1, corresponds to a fully open
valve with flow area AVLVE. In either case, the corresponding hydraulic

diameter HD is computed from

4 AVLVE
hydraulic diameter = -fa;-—.HVLVE .

JUNI JUN2

o c:uz?% cELL

A

FLOW AREA CONTROLLED
BY VALVE ACTION

Fig. 34.
Valve noding diagram.
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where P is the flow perimeter and HVLVE is the input value for the fully open
valve hydraulic diameter.

The flow area fractions or valve stem positions are inserted as tables.
Use of a table may be trip initiated according to the control option selected.
To 1increase the flexibility to model various types of valves, two valve tables
may be inserted for trip-controlled valves. The second table is used when the
trip set status is in the ﬁNrevvrse position (see Sec. V.C). The independent
variable for the tables may be a signal variable that is dependent upon almost
any system parameter, as discussed in Sec. V.B.

Many different types of valves can be modeled because of the flexibility
to choose both the independent variable for the valve action tables and the
signal variable and associated set points that initiate trips and the possible
use of a rate factor table, as discussed in Sec. V.C.

Simple valves that either open or close on a trip may be modeled using an
OFF-ON or ON-OFT type trip and a table that has elapsed time as the independent
variable to obtain the desired rate of opening or closing. (See Sec. V.C for a
discussion of the rate-factor table input needed to flag the use of elapsed
time rather than problem time for the independent variable.) Valve leakage can
be simulated by restricting the minimum table value for flow area fraction or
valve stem position to a value greater than zero. Simple valves can be used to
model pipe breaks or the opening of rupture disks.

A simple check valve can be modeled by using a valve table with the
appropriate pressure gradient as the independent variable. Alternatively, a
check valve can be modeled as a trip-controlled valve with pressure gradients
used as the trip set points and the valve table used to control the rate of
action, as described previously in this section.

A steam flow control valve (or power-operated relief valve) can be
modeled using an ””rwvcrse—UFF-UNforward trip (see Sec. V.C) with the beginning
closing pressure, ending closing pressure, ending opening pressure, and
beginning opening pressure as the respective trip set points. The rate of

ypening

q state) can be determined by the first table and the rate of

«)nforwar
clmnaiy (ON state sec é .
clrsing UNroverse state) by the second table

A relief valve can be modeled by using a table with pressure as the
independent variab’e and a step-like function for the flow area fraction or

valve stem position. 1In this case, it is important that the step function not




be too steep or the valve flow area may oscillate because of the coupling
between the flow through the valve and the pressure variable. A bank of relief
valves can be modeled with a single valve component in a similar manner by
using a multistep function to simulate the multiple set points corresponding to
the various valves. The input parameters for the VALVE module are defined in
Sec. V.F.5.j3.

J. ___ Vessel

The VESSEL module models a PWR vessel and its associated internals. The
component 1{is three dimensional and uses a six~-equation, two-fluid model to
evaluate the flow through and around all internals of a PWR vessel including
the downcomer, core, and upper and lower plenums. Models incorporated into the
VESSEL module are designed mainly for LOCA analysis, but the VESSEL module can
be applied to other transient analyses as well. A mechanistic reflood model
that can model quenching or dryout for an arbitcrary number of quench fronts 1is
included. The reactor power 1is modeled using point-reactor kinetics or by
providing a power table in the problem input. HMost of the detailed discussion
of the fluid-dynamics, heat-transfer, and poini-reactor kinetics equations and
solution methods for the three-dimensional VESSEL module can be found in
Sec. III. In this section, we discuss the VESSEL geometry and other important
considerations.

A three-dimensional, two-fluid, thermal-hydraulic model in cylindrical
coordinates describes the VESSEL flow. A regular cylindrical mesh, with
variable mesh spacings in all three directions, encompasses the downcomer,
core, and upper and lower plenums of the VESSEL, as shown in Fig. 35. The user
describes the mesh by specifying the radial, angular, and axial coordinates of

the mesh~cell boundaries:

£y 1= 1, oo, NRSX 3

ej j-l. “eey NTSX ;

Z, k=1, ..., NASX ;
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Fig. 35.
Cell noding diagram for a typical PWR vessel.

where NRSX is the number of rings, NTSX is the number of angular segments, and

NASX is the number of axial levels. The point tri’gj'zk) is a vertex in the
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Fig. 36.
Vessel geometry, three-dimensional mesh construction with three rings,
six angular segments, and seven axial intervals.

coordinate mesh. Figure 36 illustrates the mesh construction. Mesh cells are
formed as shown in Fig. 37 and identified by an axial level number and a cell
number. For each axial level, the cell number is determined by counting the
cells radially ~utward starting with the first angular segment and the
innermost ring of cells, as shown in Fig. 36, Figure 37 also shows the
relative face-numbering coavention that (s used in connecting other components
to the vessel. Note that only three faces per mesh cell must be {identified

because the other faces will be defined by neighboring cells.
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Boundaries of a three-dimensional mesh cell. The-face numbering ccavention
also is shown. Faces 1, 2, and 3 are in the 68, 2z, and r directions,
respectively.

All fluid flow areas (on cell i 38) and all fluid volumes are
dimensioned so tha: the internal structure within the vessel can be modeled.
Flow areas and fluid volumes are computed hased on the geometric mesh spacings
and are scaled according to factors suppliec as input. The scaled volumes and
flow areas then are used in the fluid-dynamic: and heat-trarsfer calcula’ions.

Flow restrictions and the volume occupied by the structure within each
mesh cell are modeled through the use of these scale factogs. For example, the
downcomer walls are modeled by setting the appropriate flow area scale factors
to zero. A feature is prcovided to do this automatically in the code if the
upper, lower, and radial downcomer position parameters (IDCU, IDCL, 2ad IDCR)

are specified as deccribed in input section (Sec. V.D.3.k). Flow
restrictions such as the *=. = {ottom cor. support plates require scale
factois between zero and or ». \ 18 shows the cell faces that are scaled

to model the downcomer and ci ~"e suppui plate flow restrictions.

Plumbing connections from other components to the VESSEL are made on the
faces of the mesh cells. Only one connection per VESSEL ce'l is allowed, and
all mesh cells in the VESSEL :an have a component connect a to it. Four input

parametzra are used to describe a conunection: ISRL, 15", ISRF, and JUNS. The

parameter ISRL defines the 'xial level in which the connection is made; ISRC is
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Flow restrictions and downcomer modeling. Pipe connections to the vessel.

the mesh-cell number, as defined above; and ISRF is the face number, as defined
in Fig. 37. If ISRF is positive, the connection is made on the face shown in
the figure with the direction of positive flow inward into the cell. If ISRF
is negative, the connection is made on the opposite face shown in the figure
with the direction of positive flow also inward into the cell. (Face 1 is the
aximuthal face at 6, and face -1 is the azimuthal face at ej_l. Face 2 is the
axial face at Zys and face -2 is the axial face at 2 -1* Face 3 is the radial
face at ris and face -3 is the radial face at rl—l’) The parameter JUNS is the
system junction number used to identify this junction. Figure 39 shows two

VESSEL pipe connections. Note that internal as well as external connections
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are allowed. The user is cautioned against connecting to the VESSEL any
component with a flow area that differs greatly from the flow area of the
mesh-cell face to which it 1is connected because this can cause anomalous
pressure gradients. Such a situation can be avoided by proper adjustment of
the VESSEL geometry coordinate spacings.

A VESSEL option models the Babcock & Wilcox vent valves that are located
in the wall between the upper plenum and downcomer. These vent valves permit
flow directly from the upper plenum to the downcomer and out the cold leg for a
cold-leg break. They are modeled as fixed areas in the outer radial surface of
a vessel cell with a variable FRIC term to model opening and closing.

The user specifies the cells that have vent valves by giving the axial
level, cell number, and total area of vent valves for each cell with vent
valves in the outer radial surface. The user also specifies for each cell with
vent valves: (1) the pressure drop for the valves to be closed, DPCVN; (2) the
pressure drop for the valves to be open, DPOVN; (3) the FRIC value when the
valves are closed to model leakage, FRCVN; and (4) the FRIC value when the
valves are open, FROVN. The pressure drop is defined as the pressure of the
inner radial cell minus the pressure of the outer radial cell. The code uses
FRCVN when the pressure drop is less than DPCVN, uses FROVN when the pressure
drop 1s greater than DPOVN, and interpolates for pressure drops between DPCVN
and DPOVN.

The reactor core region in the VESSEL is specified by the upper, lower,
and radial core positional parameters (ICRU, ICRL, and ICRR). These parameters
define, respectively, the upper, lower, and radial boundaries of the
cylindrical core region. The example provided in Fig. 40 shows a possible
configuration in which ICRU = 4, ICRL = 2, and ICRR = 2. Each mesh cell in the
core region can contain an arbitrary number of fuel rods. One average rod
represents the average of the ensemble of rods in each mesh cell, and 1its
thermal calculation couples directly to the fluid dynamics. The thermal
analysis of any supplemental rods does not feed back or couple directly to the
fluid-dynamics analysis. However, the local fluid conditions in the mesh cell
are used to obtain rod temperature history for the additional rods. A
fuel-clad interaction treatment and a reflood treatment are available for these

calculations and are described in Sec. III.B.
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Fig. 40.
Core region inside the vessel.

Heat slabs of arbitrary thicknesses and surface areas can be defined 1in
any mesh cell (including core regions) to model the heat capacity of structures
within the vessel. An HTC is computed for each slab using the 1local fluid
conditions. The temperature distribution 1{s calculated based on a
one~dimensional conduction model (refer to Sec. IIL. B.l.b). The thermal
response of the slab properties is included. Furthermore, the code can account
for an arbitrary number of interfaces between dissimilar materials.

The total power level in the core may be specified in terms of either
power or reactivity with optional reactivity feedback. The solution of the
point-reactor kinetics equations used in the latter case 1is described in
Sec. 1II.C. The power or reactivity can be constant, determined from a table,
or constant until a ¢trip and then determined from a table. The table

independent variable may be any signal-variable form as described in Sec. V.B.
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For trip-initiated table use, the table independent variable can be
modified by a rate factor that is a tabular function of the departure of the
trip signal from the set point that turns off the trip. Consequently, override
control of the core power level can be simulated. The flexibility that {is
available for the selection of the trip signal, trip set points, and delay
times, as well as for the choice of the power or reactivity table independent
variable and associated rate factor, permits accurate modeling of a large class
of transient conditions.

The spatial power distribution in the core is specified by separate
axial- and horizontal-plane power shapes, plus a radial power distribution
across the fuel rods. These spatial distributions are specified in relative
units when 1inserted and are held constant throughout a problem except for the
axial power shape. Through input, one or more axial power shapes may be
employed with any signal variable used to interpolate among them.

The power density in fuel rod node 1 in cell j on core level k is given

by the expression,

P(1,i,k) = S + [ . RDPWR(1) « CPOWR(]j) +« ZPOWR(k)

where S is the scale factor that normalizes the three 1input relative power

distributions, is the total core power level, RDPWR(i) is the relative

D

“tot
power in fuel node i, CPOWR(j) is the relative power in cell j, and ZPOWR(k) is
the relative power at core elevation k. The scale factor S is given by the

expression,

[AREAC1) + RDPWR(i) + NRDX(j) « CPOWR(J) » Az(k) + ZPOWR(k)]}™} ,(198)
i,4,k

.

where AREA(1i) is the cross-sectional area of fuel rod node i, NRDX(j) 1is the
number of fuel rods in cell j, and z(k) is the height of core axial level k.
For the analyses of user-specified supplemental rods, the power density in
Eq. (198) 1is multiplied by an input power factor RPKF( j) to obtain the power
density for each additional fuel rod.




V. USER INFORMATION

This chapter describes how to set up a problem input data deck, how to
obtain restart dumps, how to restart problems from those dumps, and how to
produce printer and graphics output files. Detailed descriptions of the
signal-variable, trip, and controller features are presented.

The input deck 1is divided into seven major sections: control,
signal-variable, trip, controller, component, PWR-initialization, and time-step
data. These data blocks are rontained in a file named TRACIN and are read in
the order shown in Fig. 41 the control data block contains general control
parameters Including title cards for problem identification, restart and dump
control information, transient and steady-state control Information, problem
size information, and problem convergence criteria. This data block must be

present in TRACIN.

TIME-STEP
CARDS

i PWR- i
INITIALIZATION Mi",

I CARDS

1

SIGNAL-VAR|ABLE (I
CARDS

Fig. 4l.
TRAC input deck organization.
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Signal-variable data define signal parameters for trips and controllers
and the independent variable for tables defining component actions. This data
block is specified only if the control block parameter NTSV > 0. Part or all
of the signal-variable data can come from the restart dump file TRCRST.

Trip control information is provided in the third data block. This data
block is present only if NTRP > O in the control data block. Part or all of
these trip input data also can come from the restart dump file.

Controller data are provided 1in the fourth data block. Controllers
differ from the ON-OFF switch control of trips in that they directly convert a
signal-variable {input signal to an output signal for controlling a defined
action. This data block 1is present only {f the control block parameter
NTCN > O. Part or all of these input data can come from the restart dump file.
This feature is not operational at present.

The main body of the input deck is contained in the component data block.
This block contains a detailed description of every component i{n the problem
unless the problem is reinitiated from a restart dump. For restart problems,
only those components that are added or modified are included in the component
block. The rest of the component data 1{s obtained from the restart file.
There 1s a component data block in the TRACIN file unless all the component
data are obtained from the restart file.

A PWR-initialization data block is required only if STDYST = 2 or 3 has
been specified in the control block data. This block contains several
user-specified steady-state operating conditions that the code tries to match
by ad justing certain operating parameters.

The time-step data block must be present in TRACIN. It specifies maximum
and minimum time-step sizes, edit frequencies, and the end of the problem. All
numeric 1Input data are read into the code with either an El4.6 or 114 format
statement, by the LOAD subroutine, or as NAMELIST data. Standard FORTRAN
statements are used for formatted and NAMELIST reads. The LOAD subroutine
provides additional flexibility to input array data.

The user is given the choice either to prepare his TRACIN input deck in
strict accordance with the 1input specifications described in Sec. V.F
(formatted input) or to prepare the deck in free format. 1If the user chooses
formatted 1{input, care must be taken to enter all data and array loading

operations in the card columns specified in Sec. V.F. If free format {s
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chosen, the input cards and the data on each card must adhere to the order
specified in Sec. V.F, but the data need not be entered in the specified
columns. Besides the obvious convenience of not counting columns, free format
gives the user greater flexibility in using comments to document his input deck
and provides better diagnostics for input errors. The free format option is
described in detail in Sec. V.H.

The following sections describe the signal-variable, trip, and controller
capabilities; the dump/restart feature; the input data in detail; the LOAD
subroutine read formats; the free-format option; the NAMELIST format; and the
TRAC output files. A sample input deck is provided in Appendix C. Part of
this deck, modified to illustrate various free-format possibilities, also is
shown in Appendix C.

B. __Signal Variables

Signal variables are parameters in the simulation model whose values
provide input signals that control various actions within the system. Their
values determine trip status, controller output signals, and component actions
defined by tabular input. Signal variables are evaluated at the beginnlng of
each time step where they undergo a step change in value. Their new value is
assumed constant over the time step and defines the action during the time
step.

Table VI lists 40 system parameters that define signal variables. The
signal-variable parameter number ISVN defines the signal-variable parameter.
Parameters with 1  ISVN < 15 come from the control panel vector, CPV(J), which
the code evaluates and edits to simulate signals that are instrumented in the
operator control room. Control actions initiated automatically or by the
operator often are based on these signals. Their evaluation is not operational
at present. Parameters with ISVN = 16 or 17 are specially defined parameters
that the user may program into the PREP evaluation stage of TRAC. They are
stored in and obtained from array DSV(I), 1 £ I = ISVN - 15 < 2, in common
block SIGNAL where CPV(J) also is stored. Parameters with 20 < ISVN < 39 are
location-dependent; that 1is, both the component number and the mesh cell
number(s) where the parameter is defined must be input for the component.
Whereas all of the control-panel-vector parameters are location-dependent as
well, their locations will be defined elsewhere in {input when this feature
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TABLE VI

SIGNAL-VARIABLE PARAMETERS

Signal-
Variable
Parameter Additional
Number _ Parameter Description —-Location Data __
0 Problem time (s)

1 Primary pressure (Pa)
2 Pressurizer-re'ief-tank
pressure (Pa)

3 Containment pressure (Pa)

4 Contalnment temperature (K)

5 Pressurizer water level (m)

6 Refueling-storage-tank
water level (m)

7 Hot-leg temperature (K) Coolant loop numher

8 Cold~leg temperature (K) Coolant loop number

9 Primary-coolant Coolant loop number
mass flow (kg/s)

10 Emergency-core~coolant (ECC) Coolant loop number
mass flow (kg/s)

11 Letdown-coolant Coolant loop number
mass flow (kg/s)

12 Steam-generator pressure (Pa) Coolant loop number

13 Steam-generator-primary Coolant loop number
coolant flow (kg/s)

14 Steam-generator-secondary Coolant loop number
coolant flow (kg/s)

15 Steam-generator-secondary Coolant loop number
liquid level (m)

16 Dummy storage variable
number 1

17 Dummy storage variable
number 2

18 Reactor power (W) Component number

19 Reactor period (s) Component number
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Signal~-
Variable
Parameter

-

26

27
28

29
30
3l
32

33

35
36
37
38

39

TABLE VI

- -

Liquid water level {(m)

Cell pressure (Pa)

Cell vapor temperature (K)
Cell liquid temperature (K)
Cell slab outer-surface

temperature (K)

Cell fuel-rod outer-surface

temperature (K)

Cell fuel-rod centerline

temperature (K)

Cell vapor volume fraction

f8-interface vapor
mass flow (kg/s)
z-interface vapor
mass flow (kg/s)
r-interface vapor
mass flow (kg/s)
f-interface liquid
mass flow (kg/s)
z-interface liquid
mass flow (kg/s)
r~interface liquid
mass flow (kg/s)
f6-interface vapor
velocity (m/s)
z-interface vapor
velocity (m/8)
r-interface vapor
velocity (m/s)
O-interface liquid
velocity (m/s)
z-interface liquid
velocity (m/s)
r-interface liquid
velocity (m/s)

(cont.)

Additional Location

Component,
Component,
Component,
Component,
Component,
Component ,
Component,

Component,
Component,

Component,
Component,
Component,
Component,
Component,
Component,
Component ,
Component ,
Component,
Component,

Component ,

celll.
celll,

colll.
cclll.

cell;,
cell,,
cell,,
cell,,
cclll.
ccllx,
cell,,
cell,,
cell,,
cell,,

cclll.

and

and
and

and
and
and
and

and

and
and
and

and

numbers
numbers
numbers
numbers
numbers
numbers
numbers

numbers
numbers

numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers

numbers

147



becomes operational. These parameters are included in Table VI for the user’s
convenience. Their wuse 1s more efficient because they are evaluated at each
time step. Parameters with ISVN = 18, 19, 25, or 26 apply only to the CORE and
VESSEL components when fuel rods are present.

The 1liquid water level, ISVN = 20, is the height of the liquid above the
bottom interface of mesh cell, |ce111|. and is defined by

Izl

Ax1 + foI ’

{-Icellll
where Axt is the height of mesh cell { and the liquid-vapor interface is at a
distance fo1 above the lower interface of mesh cell 1. The values of f and 1

are defined by requiring that the volume of liquid between mesh cells |cell|
and Ice112| fill the fluid volume of mesh cells Icellll to I £+ 1 below mesh

cell I and the fraction f of the volume of mesh cell I,

lcell, | 11
) (L =a)v, =) Vet vy, o,
i=|cell | t=|cell, |

where ay is the volume fraction of the vapor fluid in mesh cell { and V1 is the

volume of fluid in mesh cell . 1If either cell, or cell, is zero, TRAC
internally redefines cell\ equal to 1 and ce112 equal to the total number of

mesh cells in the component.
The signal variables for the location~dependent parameters,
21 ¢ |1VSN| £ 39, take one of five different forms. The signal-variable value

is:

L. the parameter value in mesh cell |cell| or |cell,| of the component
number when cell, = 0 or celll = 0, respectively;

2. the maximum value of the parameter between mesh cells |cell,| and
Icellzl in the component when cell, and cellz are both positive;

3. the minimum value of the parameter between mesh cells |cell, | and
lcell,| in the component when cell, and cell, are both negative;

4. the volume-averaged value of the parameter between mesh cells |cell, |
and |cell,| in the component number when celll and ccllz are of
opposite signs; and

5. the difference between the parameter values in mesh cells |cell, | and
lccllzl when ISVN is negative (the signal-variable value lQﬂlil the
parameter value in |cell, | minus the parameter value in lccllzl when
-39 ¢ ISVN £ =21).
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For the three-dimensional VESSEL component, cell, and cellz are defined
as composites of the relative cell number in the horizontal plane and the axial

level number.

cell
( ‘) = (horizontal plane relative cell number) * 1000 + (axial level number).

ce112

When 20 £ ISVN € 39, the summation over vessel mesh cells includes all cells
between the minimum and maxzimum relative cell numbers (defined by cell, and
cellz) for all axial levels between the minimum and maximum axial level numbers
(also defined by cell, and cell,).

The cell, and cell, numbers for the 28 < |ISVN| £ 39 mass flow and
velocity signal-variable parameters are associated with the mesh-cell
interface(s). In the three~-dimension VESSEL, the second aximuthal interface,
the outer radial interface, and the upper axial interface of a mesh cell are
associated with the mesh-cell number. In one~dimensional components, the Ith
mesh-cell 1interface lies between mesh cells I-1 and I. Specification of the
r-interface or 9-interface for one-dimensional components prompts a default to
the z-interface definition.

For mesh cells on the secondary side of TEE and STGEN components, cell;
and cell, are defined as composites of the total number of mesh cells on the

primary side, NCELLL, and the secondary mesh-cell number, N2.

celll
) = NCELLL + 1 + N2 ,

Cellz

Similar considerations apply when STGEN components have TEEs on the primary or
secondary sides. When celll or cell2 is in the secondary-side TEE then

celll
) = NCELL1 + NCELL2 + 2 + N2T ,

cellz

where NCELL2 is the number of cells in the steam-generator secondary and N2T is
the cell number in the secondary TEE-side leg.
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If one of the cells is in a primary TEE-side leg, then

celll
( ) = NCELL1l + NCELL2 + NCELL3 + 3 + NI1T |
cel 12

where NCELL3 {is the number of cells in the steam-generator secondary TEE-side
leg and NIT is the cell number in the primary TEE-side leg. Signal-variable
value forms 2, 3, or 4, spanning cell, to cell,, should not be used when cell,
and cell, are located on the primary and secondary sides. In spanning across
cell number NCELLL + 1, which is a dummy buffer cell between the primary and
secondary mesh cells in storage, a nonphysical parameter cell would be
incorporated in determining the maximum, minimum, or volume-averaged parameter
value.
. Trips

Trips are used to simulate operator and plant protective system response
to transient or abnormal conditions. An ON-OFF switch type of control
initiates and terminates action. Trip control can be applied to the following
actions: the fluid condition in a FILL component; the pump rotational speed in
a PUMP component; the opening and closing of the flow area in a VALVE
component; and the variation of the reactor power or reactivity, the axial
power shape, and the reflood fine axial mesh in the fuel rods of CORE and
VESSEL components. Trips also can be used to lmplement special time-step data,
to generate restart dumps, and to terminate problem execution.

The decision to switch the set status of a trip to ON or OFF and, thus,
to initiate or terminate trip-controlled action, respectively, is based on a
signal value defined to the trip. Trip-signal set points are defined over the
trip-signal value range to delimit subranges with an ON or OFF set status for
the trip. Thus, the set status of the subrange wherein the trip signal value
lies defines the set status for the trip. Table VII shows the five
trip-signal-range types defined by the trip~signal-range type number. For
IPOS = 1 or 2, there are two subranges delimited by set points 5 and sz. In
going from the left to the right subrange, the trip-signal value increases and
must equal or exceed set point §) to change the trip-set-status condition.
However, in going from the right to the left subrange, the trip-signal value
must equal or be less than set point 8§, to change the trip-set-status
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Trip~Signal-Range
Type Number

Trip-Signal-Range

-

TABLE VII

TRIP-SIGNAL-RANGE TYPES

Trip~Signal~Range Diagram

With Subrange Trip Set Status

ON OFF Trip
- _L,-_,L _____________________ » JSignal
Sl S2
OFF ON Trip
NIRRT . i L LR Signal
LY
o"rovcroo ore o"!oruntd Trip
PR i SN GORNREENT TR T e ", Signal
1 5 Sy 8,
ON OFF ON Teip
RN i ackii] T VORES L L. Ve signal
OFF ON OFF Trip
R — T R IS A . Signal

Description of Hou the Trip-Set Status Is Changed

Trip to be set to ON when the trip signal € §

Trip to be set to OFF when the trip signal 2 &

Trip to be set to ON when the trip signal 2 §

Trip to be set to OFF when the trip signal ¢ g

Trip to be set to ON " when the trip signal € §
Trip to be set to 0?‘ wgcn the trip signal 2 §, or 4 83
Trip to be set to ONg,puard when the trip signal 2 8,
Trip to be set to ON orw vhcn the trip signal € §
Trip to be set to 0?‘ whon the trip signal 2 S or s&
Trip to be set to Our.v.r.‘ when the trip nlgn.l 2 s‘
Trip to be set te ON when the trip signal 2 S, or ¢ 84
Trip to be set to OFF when the trip signal £ i or 2 s‘
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condition. To ensure that the criterion for changing subranges is unique, 51
must be less than 82. For IPOS = 3, 4, or 5, there are three subranges with
four set points. Again, the trip-signal value increases to the right and
5, < S, < 8y < 84 In cases where IPOS =3 or &, set status ON {s either

In ON the action occurs (in the opposite

ON¢orward °F PMreverse® reverse’
direction from ONforvnrd when the trip-controlled component action table has as
its {ndependent variable the signal-variable value difference form. For the
signal-variable value form, however, the same action will be interpolated from
the table for both o"forvard and ONrcvoroc'

subranges with an OFF set status. Action occurs only in the ON set-status

For IPOS = 5, there are two

subrange.

Each trip~signal set polnt can be specified as a constant or as a tabular
function of a signal variable. In the latter situation, the tabular fora is
interpolated each time step (based on the value of 1its signal variable) and
applied as a factor to the set-point value. The criteria that 51 < S for
IPOS = 1 or 2 and 8, < 82 < Sy < §, for IPOS = 3, 4, or 5 must be satisfied
after the factors are applied.

Each trip-signal set point has a defined delay time. After a set-point
criterion is satisfied by the trip-signal value, 1{its delay time must pass
before the set status of the trip Is changed. The delay time simulates the
time necessary to process the signal and (nitiate trip action in the actual
system hardware or by the control room operator. Delay times are nonnegative.
A negative delay time is replaced by zero.

There are three forms for defining the trip signal: a signal variable, a
signal expression that combines signal-variable values with arithmetic
operations, or a trip-controlled trip signal that sums the set status value of
other trips. A signal expression consists of | to 10 subexpressions, each
having an arithmetic operator and 2 argument values. The arithmetic operators
are addition, subtraction, multiplication, division, exponentiation, the
maximum value, the ainimum value, and the absolute value. Argument values are
defined by signal-variable values, by {nput constants, or by an earlier
evaluated subexpression In the list of subexpressions. The value of the last
subexpression in the 1llst defines the signal-expression value. Any signal
variable that defines a subexpre .slon argument can be flagged for evaluation
either finitially or at the end of each time step when the trip using this

152




signal expression is set to ON. This allows the argument values {in a signal
expression to b2 defined at different times. Also, signal parameters located
in different components of the modeled system define the trip signal because
the signal variables are combined through arithmetic operations in a signal
expression.

The signal value for a trip-controlled trip is the sum of the set status
values of two or more trips. The values for the different trip set status are:
-1 for ONyoverse’ 0 for OFF, and 1 for ON and ONforward' All the trips
defining the signal must occur earlier in the list of trips {f their set-status
value is to be for the curreant rather than previous time step. Note that Lrips
obtained from the restart file will follow the 1list the trips that are
specified. The logic operators AND or OR are implemented through the set-point
values of trip-controlled trips and through the use of multiple trip-controlled
trips. Set-point values specify how many trips assigned to the trip-controlled
trip signal need to be set ON before the trip-controlled set-point criterion is
met and i{ts set status is changed. Multiple trip-controlled trips are used to
evaluate an expression signal having logical subexpressions.

Component actions that vary and are trip controlled are specified through
tabular finput. A signal wvariable defines the component-action-table
independent variable. It can have efither of two forms: the absolute
signal-variable value or the difference between the current signal-variable
value and its value when the controlling trip was set ON. The signal-variable
difference form 1{s wused when a separate rate-factor table 1is required;
otherwise, the absolute signal-variable value form is used.

The rate-factor table for a trip-controlled component-action table is
defined as a function of the difference between the current trip-signal value
and the set-point value that turns the trip off. As stated above, when a
rate-factor table is defined, the component-action-table independent variable
defaults to the signal-variable difference form. The rate factor is applied as
a factor to that difference. By including unit rate factors, the table only
serves to flag the signal-variable difference form for the
component-action-table {independent variable. By {including nonunit rate
factors, the component action table is made dependent not only on the change in
its signal variable but also on the departure of the current trip-signal value
from the set-point value that turns the trip off. This allows modeling with
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rate factors the override control on component actions by the control room
hardware or operator. A rate factor can be used to supplement component action
control with direct feedback from the controlling trip. Component action can
be accelerated when the departure of the trip signal becomes too large or it
can be decelerated to approach a preset limit more closely.

Rate factors are applied at the beginning of each time step to the

incremental change in the signal variable of the component action table. The

sum of these weighted incremental changes from trip initiation determines the

integral value of the signal-variable difference used to interpolate in the
component action table. For programming convenience, the values of the
component-action-table independent variable are shifted each time step after
interpolation so that the interpolation point has a zero abscissa coordinate.
Consequently, the abscissa value for interpolation is the product of the rate
factor and the change in the signal-variable value during each time step.

Controllers

TRAC automatically generates a dump/restart data file named TRCDMP, which
contains snapshots of the state of the system at various times during problem
execution. Any one of these snapshots, called dumps, may be used to initlalize
all or part of the system for subsequent calculations. The times when dumps
are generated are determined by several criteria. The user may specify a dump
interval on the time-step cards, and a dump will be created after this
interval. These dumps are added sequentially to the end of the TRCDMP file. A
dump with one or more trips also may be initiated by the user. When the set
status of any of those trips is set ON, a dump i{s added to the end of the
TRCDMP file. This permits the restart of a problem when particular events of
interest occur.

In addition to these user-specified dumps, TRAC automatically will
generate dumps at various times. A dump s generated at the end of the
initialization stage. Another dump is generated at the end of the steady-state
or transient calculation and at intermediate points in the calculation based
upon the central processor unit (CPU) time utilized by the job.




To use a dump file to initialize a subsequent calculation, the name of
the file must be changed from TRCDMP to TRCRST. The time~step number of the
particular dump desired must he specified >n Main Control Card 1. (A message
containing this dump time-step number is sent to the print file TRCOUT whenever
a dump {s written.) If the time-step number has been specified as a negative
value, TRAC will use the dump with the largest time-step number and overwrite
the initial time (specified on Main Control Card 1) with the time taken froam
that dump.

Data retrieved from the selected dump depend on the information that
already has been found in the TRACIN file. Any component not defined by the
input deck (as determined from the component numbers listed in the IORDER
array), is initialized from the restart dump. Also, any signal variable, trip,
and controller found 1in the dump that has not been defined by input will be
initialized at the state found on the dump.

F. .. TRAC-PFl Input Specifications

The TRAC input data may be classified into seven general data types:

l. main control,

2. signal variable,

3. trip,

4. controller,

5. component,

6. PWR initialization, and

7. time step.

l. _ Main Control Data. The main control parameters are listed below

in the order of entry. This data block must be supplied at the start of the
input deck.

Card Number 1. (Free Format) The first card of a TRACIN deck serves as the
free format ON-OFF switch, indicating whether the following cards are in free
format or TRAC format. It must be present, contalning either the string FREE
(free format), TRAC (TRAC format), or both strings (FREE overrides TRAC). This
card is in free format. Up to B0 columns may be used. The control string(s)

and any other documentation may appear anywhere on the card.
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Card Number 2. (Format 3114) NUMTCR, TEOS, INOPT

Columns Variable Description
1-14 NUMTCR Number of title cards to be read. Note: At
least one title card must be supplied.

15-28 IEOS Air-water option.
0 = gas phase treated as steam-air mixture
throughout system;
1 = gas phase treated as air throughout system.
Evaporation and condensation are inhibited.

29-42 INOPT Specification for including or excluding
NAMELIST group INOPTS data after the title cards.
0 = NAMELIST group INOPTS data omitted after the
tictle cards or
1 = NAMELIST group INOPTS data inserted after the
title cards.

Title Card(s). (Format 20A4) NUMTCR Cards

—— . ——

Columns Variable Description
1-80 Problem title information.

NAMELIST Data Cards for Group INOPTS. (NAMELIST format)

— -

This section 1is Included only i{f the variable INOPT = 1. In this case
one or more of the special input options described below may be specified. The
format of this data is not checked during preprocessing und, therefore, should
be entered carefully to avold fatal input errors. The data are entered 1in
columns 2-80 on one or more cards, beginning with "S$INOPTS" in column 2 and are
terminated with "$." A more detailed discussion of the format for NAMELIST
input data 1is 1included in Sec. V.I (also see local FORTRAN manual). The
following variables are included in the NAMELIST group INOPTS, and one or more
of them can be included in the NAMELIST data to select desired options.
Variables omitted from the data retain their default status.

Variable Description
IELV Switch that determines whether gravity (GRAV) terms or

cell-centered elevations (ELEV), in meters, are to be

input in the component data. When this option is selected,
ELEV (dimensioned NCELLS) or cell-centered elevations

should be input for GRAV array data cards in all components.
In addition, a break elevation BELV (see BREAK component data,
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Vartable

IKFAC

ICFLOW

NOAIR

ISTOPT

ALP

Description

card 4) and a VESSEL elevation shift SHELV (see VESSEL
component data, card 6) are required.

0 = gravity terms must be input (default condition) or
1 = cell-centere’ elevations must be input.

Switch that determines whether additive loss coefficients

(FRIC) or K factors are to be input in the component data.

When this option is selected, K factors (dimensioned NCELLS + 1)
must replace the FRIC array input cards in all components.

0 = additive loss coefficlents will be input or

1 = K factors will be finput.

Choked flow model controller.
0 = model turned off or
l = model turned on (default condition).

Controls calculation of air partial pressure in one-dimensional
components.
O = alr partial pressures solved for (less efficlent when no
air {n system) or
1l = alr partial pressures set automatically to zero
(default condition).

Steady-state option that allows the user to specify only once
certain parameters or default values that are used to (nitiallze
data arrays for other components. The default parameters also
are inserted through the NAMELIST group INOPTS and are described
below. The variables that can be assigned default values are
ALP, VL, VV, TL, TV, TW, P, PA, QPPP, and HSTN. When ISTOPT is
nonzero, the values of these variables are used to fill the
corresponding arrays in all components except accumulators,
pressurizers, valves, and steam-generator secondary sides.
This option also can be used for transient calculations.
O = option off (default condition).
1L = option on.
Those component arrays (excluding accumulators,
pressurizers, valves, and steam-generator secondary sides),
for which default values are included in the NAMELIST data,
are fllled with the default value. All cards that would
contain data for defaulted arrays must be omitted from
the input deck.
2 = option on.
Those component arrays (excluding accumulators,
pressurizers, valves, and steam-generator secondary sides),
for which default values are Included in the NAMELIST data,
are filled with the default value. Cards containing data
for defaulted arrays must remain in the input deck but are
overridden by the default value.

Default value for initial vold fractions. Used when ISTOPT {s
nonzero. (Real format.)
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Variable Description

VL Default value for initial liquid velocitles. Used when ISTOPT .
is nonzero. (Real format.)

vV Default value for initial vapor velocities. Used when ISTOPT
is nonzero. (Real format.)

TL Default value for initial liquid temperatures. Used when ISTOPT
is nonzero. (Real format.)

™ Default value for initial vapor temperatures. Used when ISTOPT
is nonzero. (Real format.)

™ Default value for initial wall temperatures. Used when ISTOPT
is nonzero. (Real format.)

P Default value for initial pressures. Used when ISTOPT {s
nonzero. (Real format.)

PA Default value for initial air partial pressures. Used when
ISTOPT {s nonzero. (Real format.)

QPPP Default value for volumetric heat sources in pipe wall in
one~dimensional components. Uged when ISTOPT {s nonzero.
(Real format.)

HSTN Default value for heat-slab temperatures in three-dimensional .
components. Used when ISTOPT {s nonzero.
(Real format.)

Main Control Card 1. (Format I[14,E14.6) DSTEP, TIMET

Columns Variable Description

1-14 DSTEP Time=step number of dump to be used for
restart. If DSTEP is less than zero, the last
dump found will be used for restart.

15-28 TIMET Problem start time. If DSTEP or TIMET is less
than zero, the Initfal time will be overridden
by the time specified for the retrieved dump.

Main Control Card 2. (Format 5114) STDYST, TRANSI, NCOMP, NJUN, IPAK

- -] -

Columns Variable Description
1-14 STDYST Steady-state calculation indicator.

0 = no steady-state calculation;

Il = generalized steady-state calculation;

2 = PWR-inittalization calculation;

3 = PWR-fnitialization calevlation with initial
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Columns Variable Description
evaluation of operating parameters; or
5 = gratic balance calculation; checks to see if
zero flow can be achieved with pumps off and
no heat traansfer.

15-28 TRANSI Transient calculation indicator.
0 = no transient calculation;
1 = transient to be calculated.

29-42 NCOMP Number of components.
43-56 NJUN Number of junctions.
57-70 LPAK Water packing option.
0 = offf;
l = on.

Main Control Card 3. (Format 4EL4.6) EPSO, EPSI, EPSS, EPSP
Columns Variable Description

1-14 EPSO Convergence criterion for outer iteration
(suggested value = 1.0 x 103y,

15-28 EPSI Convergence criterfon for vc-ccl fteration
(suggested value = 1.0 x 1079),

29-42 EPSS Convergence criterion for ltlldy'ltltC
caleulation (suggested value = 1.0 x 10~4),

43-56 EPSP PWR=initialization convorgcncc eriterion
(suggested value = 1.0 x 10-3),

Maln Control Card 4., (Format 3114) OITMAX, TITMAX, SITMAX

Columns Variable Description
1-14 OLTMAX Maximum number of outer {terations

(suggested value = 10).

15-28 I ITMAX Maximum number of vessel {terations
(suggested value = 50). Set to zero for
direct inversion of the vessel matrix.

29-42 STTMAX Maximum number of outer {terations for

steady-state calculation
(suggested value = 10).
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Main Control Card 5. (Format 3114) NTSV, NTRP, NTCN
Variable Description

NTSV The number of signal variables from input
and the restart file (0 < NTSV).

The number of trips from input and the
restart file (0 < NTRP).

The number of controllers from input and
the restart file. (The controller is not
operational at this time; fnput NTCN = 0,)

Component List Card(s). (Format 5(3X,I11)) IORDER(1), 1 = (1,NCOMP),

read by routine LOAD.
Description
TORDER(1) First component number.
IORDER(2) Second component number.

TORDER(3) Ete.

2. ___Signal-Variable Data. Signal-variable data are defined when
NTSV > 0 (word 1 on Main Control Card 5). Signal variables define the signal
parameters for trips and controllers and the independent variable for tabular
input that define component action. Either NTSV or fewer signal variables are
{oput. When fewer than NTSV are input, conclude the data with a card having a
negative Integer in columns 1-14, The remaining signal variables (for a total
of NTSV) are obtailned from the restart file. They are the signal variables on
the restart file whose IDSV identification numbers differ from those defined

when inserted. Each signal variable is defined by the following card:

Columns Variable Description
1-14 1DSV The signal-variable ID number (1 < IDSV < 399).
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Columns Variable
15-28 ISVN The signal-variable parameter number
(=39 < ISVN £ =21 or O < ISVN £ 39). See
Table VI for a list of the signal-variable
parameter numbers vs their parameter descrip-
tions. The sign of ISVN (for |ISVN| > 20)
specifies how the parameter (s defined. When
0 € ISVN € 39, the signal variable is the
parameter value; when -39 < ISVN { -21, the
signal variable {s the difference between the
parameter values at two locatlons. The control-
panel vector parameters (1 < ISVN  15) are not
to be used at this time because their evaluation
is not operational.

29-42 ILCN The coolant loop number (7 £ ISVN € 15) or the
component number (18 < |ISVN| < 39) where the
signal variable parameter {is defined. The
variable ILCN is not used when |ISVN| < 7 or
ISVN = 16 or 17.

43-56 ICN1 The cell number of the first location in
component ILCN where the signal-variable
parameter is defined. Input ICNl when
lTsvNl > 19.

57-70 ICN2 The cell number of the second location in
component ILCN where the signal-variable
parameter is defined. Input ICN2 when
ltsvN| > 19.

For the VESSEL component, |ICNL| and |ICN2| are defined as composites of the

relative cell number in the horizontal plane and the axial level number.

ltent |
(IICNZIJ = (horizontal plane relative cell number) * 1000 + (axial level number).

Further {information is provided by the signs of ICNL and ICN2 for defining the
signal-variable value. For 21 £ ISVN < 39, the signal variable is:

1. the parameter value in cell |ICNL| when ICN2 = 0 or 1in cell |ICN2]|
when ICNl = 0;

2. the maximum parameter value between cells |ICNl| and |ICN2| when
ICN1 > O and 1ICN2 > 0;

3. the minimum parameter value between cells |ICNl| and |ICN2| when
ICN1 € O and ICN2 < 0; and
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4. the volume-averaged parameter value between cells |ICNl| and |ICN2]|
when ICNl and ICN2 are of opposite sign.
For =39 { ISVN § -21, the signal variable 1is the difference between the
parameter values in cells |ICNl| and |ICN2].

3.  Trip Data. Trip data are defined when NTRP > 0 (word 2 on Main
Control Card 5). There are seven categories of trip input data. The first
category, Trip-Dimension Variables Card, is always Input when NTRP > 0. The
five variables on this card and NTRP define the variable storage required for
the remaining six data categories. In each of these categories, none, part, or
all of the data can be {nput. Any data that are not input are obtained from

the restart file.

Columns Variable Description
1-14 NTSE The number of signal-expression iLrips from input
and the restart file (0 < NTSE).

15-28 NTCT The number of trip-controlled trips from input
and the restart file (0 < NTCT).

29-42 NTSF The number of set-point factor tables referenced
by trips from input and the restart file
(0 < NTSF).

43-56 NTDP The number of trips from input and the restart
file where the trips generate a restart dump
and possible problem termination when they are
set ON (O € NTDP).

57-70 NTSD The number of trip time-step data sets that are
to be used when their defined trips are set ON
(0 < NTSD).

Trip-Defining Variables Cards. Input from O to NTRP (word 2 on Main Control

Card 5) of the following card set. 1If fewer than NTRP card sets are {input,
conclude these data with a card having a =1 1in columns 13 and 14. The
remaining trips, having trip IDTP identification numbers different from those
input will be obtained from the restart file.
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Card Number 1.
Columns

1-14

15-28

29-42

43-56

57-70

Card Number 2.
Columns
1-14

through
43-56

(Format 5114) IDTP, IPOS, ISET, ITYP, IDSG

Variable

IDTP

1POS

ISET

ITYP

1DSG

Description

The trip ID number (-~9999 < 1DTP < -2
or 1 < IDTP £ 9999).

The trip-signal-range type number. Over

the trip-signal value range, the trip-signal-
range type number IPOS defines either two
(1POS = 1 or 2) or three (IPOS = 3, 4, or 5)
subranges with different set status (ON___ . . .,
OFF, ON, or ON. .. .43). See Table VII for

a description o? tgese subranges and their
delimiting set-point values for the five

values of IPOS (1 £ 1IPOS £ 5).

The initial trip set-status number (only used for
steady state).

-1 = ON
0 = OF
1 = ON or ON

Feverse'
, Or
forward*

The trip-signal type number.

1 = signal-variable trip,

2 = gignal~-expression trip, or
3 = trip~controlled trip.

The ID number for the trip signal variable

(for ITYP = 1, IDSG corresponds to IDSV in the
signal-variable data), the trip signal expres-
gion (for ITYP = 2, IDSG corresponds to IDSE

in the trip-signal-expression data), or the
trip-controlled trip signal (for ITYP = 3, IDSG
corresponds to IDTN in the trip-controlled-trip
data).

(Format 4E14.6) SETE(I), I = (1,NSP)

Variable

SETP(I)

Description

The Ith trip-signal set-point value shown as

S# (where # = 1) in the Table VII definition of
1P0OS (word 2 on Trip-Defining Variables Card 1).
For IPOS = 1 or 2, NSP = 2; for IPOS = 3, 4,

or 5, NSP = 4, The set-point values must
satisfy SETP(l) < SETP(2) when IPOS = 1 or 2

or SETP(1) < SETP(2) < SETP(3) < SETP(4)

when IPOS = 3, 4, or 5.
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Card Number 3. (Format 4E14.6) DTSP(L), I = (1,NSP)

Columns Variable Description .
1-14 DTSP(I) The 1th get-potnt delay time (s) after the trip

through signal crosses the set-point value to when the

43-56 trip set status is changed. For IPOS = 1 or 2,

P =2, for IPOS = 3, 4, or 5, NSP = 4,

Card Number 4. (Format 4I14) TFSP(I), I = (1,NSP)

B S

Columns Vaclable Description

1-14 IFSP(1) The 1th set-point factor-table ID number.
through The variable IFSP(I) corresponds to IDFT

43-56 defined on the Trip Set-Point Factor-Table Card

Number 1 that follows. Input ILFSP(I) = 0

when no factor table is to be applied to
SETP(L); that {s, the set point value remains
constant during the problem. For IPOS = 1 or 2,
NSP = 2; for IPOS = 3, 4, or 5, NSP = 4,

If none of the above trips have ITYP = 2 (Trip-Defining Variables Card 1), skip
the Trip Signal-Expression Cards.
Trip Signal-Expression Cards. Input the following card data for each of the

above trips having ITYP = 2, '

Card Number 1. (Format 3114) IDSE, INSE, INCN

Columns Variable Description

1-14 IDSE The trip signal-expression ID number. This
number corresponds to IDSG (word 5 on Trip
Defining Variables Card 1) for one of the above
trips haviag ITYP = 2,

15-28 INSE The number of subexpressions defining the
signal-expression (1 £ INSE < 10).

29-42 INCN The number of different .onstants referenced
in the subexpressions ¢efining the signal
expression (0 S INCN ¢ 5).

Input INSE cards of the following card to define the J = (1,INSE)
arithmetic subexpressions.
Card Number 2. (Format 3114) ISE(L,J), T = (1,3)
1-14 ISECL,J) The arithmetic-operatoc 1D number of the
JEN artthaet te subexpression. (See Table VIIL.) .
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Columns Variable Description

15-28 1SE(2,J) The first argument ID number of the Jth
arithmetic subexpression.
29-42 ISE(3,J) The second argument 1D number of the Jth

arithmetic subexpression.

The first and second argument ID numbers define values that, when operated on
by the arithmetic operator, give a value to thelr JEN arithmetic subexpression.

There are four forms for the value of the first and second argument ID numbers.

Their value is:

l. a signal-variable value evaluated each time step when their ID number
is a signal-variable ID number IDSV (word 1 of Signal-Variable Data)

[0 < IDSV < 400];

TABLE VIII

ARITHMETIC~OPERATOR ID NUMBERS

Arithmetic= Arithmetic Arithmetic
Operator 1D Number Operator Subexpression
1 Addition (First argument ID number value)

4+ (Second argument ID number value)

2 Subtraction (First argument ID number value)
- (Second argument 1D number value)

3 Multipiication (First argument ID number value)
* (Second argument ID number value)

4 Division (First argument ID rumber value)
/ (Second argument 1D number value)

5 Exponentiation (First argument 1D number value)
#* (Second argument 1D number value)

6 Maximum value MAX[(First argument 1D number value)
(Second argument 1D number value)]

7 Minimum value MIN[(First argument 1D number value)
(Second argument ID number value))

8 Absolute value ABS(First argument 1D number value)

165



the trip controlled by this signal expre<sion is set to ONtever e
ON, or ONf " when their ID number is a signal-variable ID number
108V plus 2082800 < 1psv + 400 < 800);

3. a constant {input on Card Number 3 that follows when their ID number
ts the I'N gubscript of SCN(I) plus 800 (806 < I + 800 < 806); or

4. the value of an earlier subexpression j (0 < j < J < INSE) when their
ID number is j plus 900 (900 < j + 900 < 910).

2. a signal-variable valus evaluated initially 2nd at time steps when ‘

For example, the signal expression,

max [/(IDSV = 5) + (IDSV = 33), 1.0 x 10710} |

would be input as

1 2 3 - 5
1234567890123456789012345678901234567890123456789012. ..

1 5 33
5 901 801
5 902 802
where SCN(1) = 0.5, SCN(2) = 1.0 x 10710 INCN = 2, and INSE = 3. ‘

Skip Card Wumber 3 {f INCN = 0.

Card Number 3. (Format 5E14.6) SCN(I), T = (1,INCN)

Columns Variable Description

1-14 SCN(1) The Ith constant with argument 1D number
through 800 + I in a subexpression used to evaluate
57-10 the signal expression.

If noane of the above trips have ITYP = 3 (word 4 on Trip-Defining Variables
Card 1), skip the Trip-Controlled Trip Cards.

Trip-Controlled Trip Cards. Input the following card data for each of the
above trips having ITYP = 3.

Card Number 1. (Format 2Il4) IDTN, INTN
Columns Variable Description

1-14 IDTN The trip-ccatrolled trip ID number. This
number cotcesponds to IDSG (word 5 on Trip-
Defining Variables Card 1) for one of the above
trips having ITYP = 3. '
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Co lumns

15-28

1-14

through
57-70

Variable

INTN

Descripiion

The nuaber of trip ID numbers whose set-status
values defined by variable ISET (word 3 on Trip-
Defining Variables Card 1) are summed to evaluate
the signal value of this trip-controlled trip

(2 < INTN £ 10).

Format 5I14) ITN(I), T = (1,INTN)

Variable

ITN(L)

Description

The Ith trip ID number whose set-status value
defined by variable ISET {s summed to the
I[SET values of the other trips to determine
the signal value for this trip-controlled
trip. When INTN > 5, a second card is
needed.

If all the above trips have constant trip-signal set points because IFSP(I) = 0

(Trip-Defining Variables Card 4), skip the Trip Set-Point Factor-Table Cards.

Trip Set-Point Factor-Table Cards. Input the following card data for each

different set-point factor-table ID number, IFSP(I), in the above trips.

Card Number 1.

1-14

15-28

29-42

Card Number 2.

15-28

(Format 3I14) IDFT, IDSG, INFT

1DSG

INFT

Description

The set-point factor-table ID number.

This number corresponds to IFSP(I) (Trip-Defining
Variables Card 4) with the same value for one

or more trip set points.

The signal-variable ID number defining the
set-point factor-table independent variable.
This number corresponds to one of the

ID numbers in the list of signal variables.

The number of set-point factor-table pair
entries (1 < INFT ¢ 10).

(Format 5E14.6) FTX(I), FTY(I), I = (1,INFT)

Variable

FTX(1)

FTY(1l)

Description

The signal-variable ID number IDSG value
for the first pair entry in the set-point
factor table.

The value of the set-point factor for the first
pair entry in the set-point factor table.
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Columns Variable Description

29-42 FTX(2) The signal-variable ID number 1DSG .
value for the second pair entry in
the set-point factor table.

43-56 FTY(2) Etec.

Card Number 2 requires one to four cards to input the set-point factor table.

If NTDP = O (word 4 on the Trip-Dimension Variables Card), skip the

Trip~Initiated Restart Dump and Problem Termination card set.

1-14 NDMP The number of trip ID numbers that generate a
restart dump and possible problem termination
when they are set to ONreverse- ON, or

ON¢  rward (NDMP < NTDP).

If NDMP < 1, skip card 2; all NTDP trip ID numbers will be obtained

from the restart file. .

Card Number 2. (Format 5114) IDMP(I), I = (1,NDMP)

Columns Variable Description
1-14 IDMP(T) The ItM trip ID number that generates a rescart
through dump when the trip is set to ON
reverse’
57-70 ON, or ONg . rq+ If IDMP(I) is given
a negative san, problem termination will

occur after the restart dump is generated.

Card Number 2 requires (NDMP - 1)/5 + 1 input cards.

If NTSD = 0 (word 5 on the Trip-Dimension Variables Card), skip the
Trip-Initiated Time-Step Data card set.
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Trip-Initiated Time-Step Data Cards. Input from O to NTSD of the following

card set. If fewer than NTSD sets are input, conclude these data with a card

having a negative integer in columns 1-14.

Card Number 1.

Card Number 2.
Columns

1-14
through
57-70

Columns
1-14
15-28

29-42

43-56

(Format 2114) NDID, NTID

Variable

NDID

NTID

Description

The ID number for the following set of trip-
initiated time-step data.

The number of trip ID numbers that initiates
the use of these time-step data when any one
of the trips is set to ON ON, or

reverse’
4 (1 < NTID < 5).

CNforwat

(Format 5I14) ITID(I), I = (1,NTID)

Variable

ITID(1)

Description

The Ith trip ID number that initiates the
use of these time-step data on Cards 3 and 4
that follow when the trip is set to

ONreversev ON, or ONgsryard-

(Format 4E14.6) DTMIN, DTMAX, DTEND, DTSOF

Variable
DTMIN
DTMAX

DTEND

DTSOF

Description
The minimum time-step size (s).
The maximum time-step size (s).

The problem time interval (s) during which
these time-step data are used.

The new time step (s) (DTSOF > 0) or the factor

IDTSOF| to be applied to the existing time
step (DTSOF < 0).
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Card Number 4. (Format 4E14.6) EDINT, GFINT, DMPIT, SEDINT

Columns Variable Description .

1-14 EDINT Priat edit interval (s).

15-28 GFINT Graphics edit interval (s).
29-42 DMPIT Restart dump edit interval (s).
43-56 SEDINT Short print edit {nterval (s).

Time-step data on cards 3 and 4 replace the time-step data defined later in
Sec. V.F.7 for a time interval DTEND (word 3 on Card Number 3) after any one of
its trips 1s set to ON.,yarger ON, Or ONg oard®

4.  Controller Data. The controller feature 1Is not operational in

TRAC at this time. By setting NTCN = 0 (word 3 on Main Control Card 5), no

controller data are read.

- T, Component Data. Either NCOMP or fewer sets of component cards are
input. The sets may be input in any order. If less than NCOMP sets are input,
the ead of the component data 1{s marked by a single card containing the
characters END in columns 1-3. In this case the remaining components are
initialized from the TRCRST file. The format of each set depends on the ‘
component type. The following is the {nput format for the components. All
velocities are positive In the direction of ascending cell number. Most of the
subscripted component data variables are processed by the LOAD subroutine
described in Sec. V.G. Additional {nformation on preparing component input
data can be found in Sec. IV, where the component models are described. All
tables that are entered as pairs of numbers (x,y) must be supplied in ascending
order of the independent variable x.

Each component requires a junction number, JUN, for each of ({its
connecting points. A junction is the connection point between two components.
A pipe requires two junction numbers, one for each end. A unique junction
number must be assigned to each connecting point and referenced by both
components to be connected. For example, if two pipes are joined, then the
junction numbers of the connecting end of each pipe must be the same. No
component may "wrap around” and connect to itself and no junction may have only
one component connected to it. Any of the single-ended components (BREAK,

FILL, or ACCUM) may be used to complete a junction.
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In the following input descriptions, the asterisk (*) indicates units

the signal variable and the hyphen (-) indicates dimensionlees quantities.

a. __Accumulator Component (ACCUM).

Card Number 1.
Columns
1-5

15-28

29-42
43-72

Card Number 2.
+0lumns

1-14

15-28

(Format Al0,4X,2114,A30) TYPE, NUM, 1D, CTITLE

Variable Description
TYPE Component type (ACCUM left justified).
NUM (omponent ID number (must be unique for each

component, 1 { NUM £ 99).
1D User ID number (arbitrary).
CTITLE Hollerith component description.

(Format 2I14) NCELLS, JUN2

Variable Description

NCELLS Number of fluid cells.

JUN2 Junction number for junction adjacent to cell
NCELLS. This must be the accumulator
discharge.

ACCUM Array Cards. Fourteen sets of cards, one set for each of the

Variable
DX

VOL

FA

FRIC
GRAV

HD

following variables. Use LOAD format.

Dimensfon  Description

NCELLS Cell lengtus (m).

NCELLS Cell volumes (m3).

NCELLS+1 Cell-edge flow areas (m2).

NCELLS+1 Additive loss coefficients.

NCELLS+1 Gravity terms. (See PIPE, Sec. V.F.5.e.)
NCELLS+1 Hydraulic diameters (m).

of
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Friction-factor correlation options:

constant friction factor, user input;
homogeneous flow friction factor;
homogeneous flow friction factor plus
automatic form-loss computation (see
Sec. 11I.A.l1.d);

annular flow friction factor;

annular flow friction factor plus
automatic form—-loss computation; or
form-loss computation only.

void fractions (-).
liquid velocities (m/s).
vapor velocities (m/s).
liquid temperatures (K).
vapor temperatures (K).
pressures (Pa).

air partial pressures (Pa).

Variable Dimension Description
NFF NCELLS+1
0=
l =
—1’
2 =
-2’
=100 =
ALP NCELLS Initial
VL NCELLS+1 Initial
vV NCELLS+1 Initial
TL NCELLS Initial
v NCELLS Initial
4 NCELLS Initial
PA NCELLS Initial
b. ___ Break Component (BREAK).

Card Number 1.
1-5

15-28

29-42
43-72

Card Number 2.
Columns

1-14
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(Format A10,4X,2T14,A30) TYPE, NUM, 1D, CTITLE

Variable
TYPE

NUM

ID

CTITLE

Description

Component type (BREAK left justified).

Component ID number (must be unique for each
component, 1 < NUM € 99).

User ID number (arbitrary).

Holleri

th component description.

(Format 4I14) JUNL, IBROP, NBTB, ISAT

Description

Junction number where break is located.




Columns

15-28

29-42

43-56

57-70

Card Number 3.
Columns

1-14

15-28

29-42
43-56

57-70

Variable Description

IBROP Break table read options:
0 = no tables read;
l = read pressure table;
2 = read pressure and temperature tables;
3 = read pressure, temperature, and

void-fraction tables; or

4 = read pressure, temperature, void-fraction,
and alir-partial-pressure tables.
NBTB Number of pairs for each break table.
[SAT Break temperature table use options (make

consistent with IBROP):

0 = use TIN or single table for liquid and
vapor temperatures (K),

1 = use TIN or table for liquid and set vapor
to T J

2 = use f?ﬁ or table for vapor and set liquid
to Tooes

3 = get quuid and vapor to T sty OF

4 = yse separate tables for liquld and vapor.

VDV Momentum transport during flow in from the

break (VVV term).

0 = the velocity outside the break must be set to
the velocity at the break junction
(Vov = 0).

1 = the velocity outside the break must be set
to zero when computing VVV. This is
recommended for brezks that model
connect ione to pressure suppression tanks
or the atmosphere.

(Format S5E14.6) DXIN, VOLIN, ALPIN, TIN, PIN

Variable Description

DXIN Break-cell length (m), generally the same as its
neighboring cell in the adjacent component. Us2d
only when the flow is from the break into the
the system and for stratified~flow calculations.

VOLIN Break-cell volume (n3), generally the same as its
neighboring cell in the adjacent component.
Used only for stratified-flow calculations.

ALPIN Mixture void fraction (=) at break.
TIN Mixture temperature (K) at break.
PIN Pressure (Pa) at break.
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Card Number 4. (Format 1E14.6) PAIN, BELV

Columns Variable Description ‘
1-14 PAIN Air partial pressure (Pa) at break.

15-28 BELV Break elevation (m). Used to compute GRAV
array only when IELV = 1.

BREAK-Table Scale Factors and BREAK-Table Input. Input the table scale factor
only if associated BREAK table is required based on input values for IBROP and
I SAT.

Pressure Scale Factor. (Format E14.6) PSCL

Columns Variable Description

1-14 PSCL Pressure scale factor. The dependent variable
in the pressure table PTB is multiplied by this
factor to obtain absolute pressure. Input PSCL
only if table PTB is input.

Pressure Table. LOAD format (input only if NBTB > O and IBROP 2 1).

Table Dimension Description
PTB 2*NBTB Pressure vs time table; input ‘
[time (s8), pressure (Pa)] pairs.

Liquid-Temperature Scale Factor. (Format E14.6) TLSCL

Columns Variable Description

1-14 TLSCL Liquid-temperature scale factor. The dependent
variable in the liquid-temperature table TLTB
is multiplied by this factor to obtai: cne
absolute liquid temperature (K). Input TLSCL
only if table TLTB is input.

Liquid-Temperature Table. LOAD format (input only if NBTB > O and IBROP 2 2),

Table Dimension Description
TLTB 2*NBTB Liquid-temperature vs time table; input

[time (s), temperature (K)] pairs. For
ISAT = 2, this table is used for vapor
temperature.
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Vapor-Temperature Scale Factor. (Format E14.6) TVSCL
Columns Variable Description

1-4 TVS . Vapor-temperature scale factor. The dependent
variable in the vapor-temperature table
TVTB is multiplied by this scale factor to
obtain the absolute vapor temperature (K).
Input TVSCL only if table TVTB is input.

Vapor-Temperature Table. LOAD format (input only if NBTB > O, IBRO¥ 2 -
and ISAT = 4).

Table Dimension Description
TVTB 2*NBTB Vapor-temperature vs time table; input

[time (s), temperature (K)] pairs.

Void-Fraction Table. LOAD format (input only {f NBTB > 0 and IBROP 2 3),

Table Dimension Description
ALPTB 2*NBTB Veid-fraction vs time table; input

[time (s), vold fraction (-)] pairs.
Air-Partial-Pressure Scale Factor. (Format El4.6) PASCL
Columns Variable Description

1-14 PASCL Air-partial-pressure scale factor. The
dependent variable in the air-partial-pressure
table PATB is multiplied by this scale factor
to obtain the absolute air partial
pressure (Pa).

Air-Partial-Pressure Table. LOAD format (input only if NBTB > 0 and IBROP = 4),

Table Dimension Description

PATB 2*NBTB Air-partial-pressure vs time table; input
[time (s), pressure (Pa)] pairs.




c. ____One-Dimensional Corc Compcnent (CORE).

Card Number 1. (Format Al0,4X,2114,A30) TYPE, NUM, 1D, CTITLE

Columns Variable Description

1-14 TYPE Component type (CORE, left justified).

15-28 NUM Component ID number (must be unique for each
component, 1 < NUM £ 99).

29-42 1D User ID number (arbitrary).

43-72 CTITLE Hollerith component description.

Card Number 2. (Format 5I14) NCELLS, JUNL, JUN2, MAT, ICHF

Columns Variable Description

1-14 NCELLS Number of fluid cells.

15-28 JUN1 Junction number for junction adjacent to cell 1
(assumed to be at the bottom of the component).

29-42 JUN2 Junction number for junction adjacent to cell
NCELLS (assumed to be at the top of the
component) .

43-56 MAT Material ID of core wall. (See PIPE input
description, Sec. V.F.5.e.)

57-70 ICHF CHF calculation flag.
0 = noj;
1 = yes.

Card Number 3. (Format 5I14) IHYDRO, NDGX, NDHX, NRTS, IRPSV

Columns Variable Description
1-14 IHYDRO Variable not used.
15-28 NDGX The number of delayed-neutron groups

(NDGX < 0 defaults to six delayed-neutron
groups with the delayed-neutron constants

defined internally in TRAC).

29-42 NDHX The number of decay heat groups
(NDHX € O defaults to 11 decay heat
groups with the decay heat constants
defined internally in TRAC).
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Card Number 4.

Columns

43-56

57-70

Variable

NRTS

IRPSV

Description

The number of time steps the reactivity feedback
changes are summed over for printout.

The signal-variable ID number that defines
the independent variable in the reactor power-
reactivity table.

(Format 5114) ICRU, ICRL, NPWX, IRPOP, IRPTR

Variable

ICRU

ICRL

NPWX

IRPOP

IRPOP

~

IRPTR

Description

Power-region upper-boundary fluid cell number
(NCELLS if boundary is at JUN2).

Power-region lower-boundary flvid cell number
(zero if boundary is at JUNl).

Number of signal-variable form, power, or
reactivity pairs in reactor power-reactivity
table.

Reactor-kinetics option (input parameters
required for each option are shown in
parentheses). Add 10 to the option value of
IRPOP if a reactivity feedback evaluation is
to be performed.

Option

Constant power (RPOWRI).

Reactor kinetics with constant programmed
reactivity (RPOWRI, REACT).

Reactor kinetics with table lookup of programmed
reactivity (RPOWRI, NPWX, PWTB).

Reactor kinetics with trip-initiated constant
programmed reactivity insertion
(RPOWRI, IRPTR, REACT).

Reactor kinetics with trip-initiated table
lookup of programmed reactivity
(RPOWRI, IRPTR, NPWX, PWTB).

Table lookup of power (NPWX, PWTB).

Constant initial power with trip-initiated
table lookup of power (RPOWRI, IRPTR,
NPWX, PWTB.

Power or reactor-kinetics trip ID number.
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Card Number 5. (Format 5I14) NPSZ, IPSTR, IPSSV, NPSRF, NRPRF I

Columns Variable Description

1-14 NPSZ The number of axial power shapes defined
in the axial-power-shape table (NPSZ 2 1).

15-28 IPSTR The axial-power-shape trip ID number.
(Currently not used.)

29-42 IPSSV The signal-variable ID number that defines the
independent variable in the axial-power-shape
table.

43-56 NPSRF The number of rate-factor table pairs where the

rate factor is dependent on the axial-power-
shape trip signal difference from its trip OFF
set point. The rate factor is to be applied to
changes in the axial-power-shape-table indepen-
dent variable defined by IPSSY. (Currently not
used.)

57-70 NRPRF The number of rate-factor table pairs where the
rate factor is dependent on the power-reactivity
trip signal difference from its trip OFF set
point. The rate factor is to be applied to
changes in the reactor power-reactivity table
independent variable defined by IRPSV.

Card Number 6. (Format 5I14) NRFDT, NMWRX, NFCI, NFCIL, NZMAX

Columns Variable Description
1-14 NRFDT Reflood rod fine-mesh calculation trip ID

number (no fine-mesh calculation is performed
i1f NRFDT = 0).

15-28 NMWRX Metal-water reaction option.

0 = off;
1 = on.

29-42 NFCI Fuel-clad interaction (FCI) option. Option 1
performs the dynamic gap conductance
calculation.

0 = of f;
1 = on.

43-56 NFCIL Limit on FCI calculations per time step (set
NFCIL = 1).

57-70 NZMAX Maximum number of rows of nodes used in the

fuel-rod conduction calculation.
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Card Number 7.
Columns

1-14

15-28

29-42

43-56

57-70

Card Number 8.
Columns

1-14

15-28

29-42

43-56

57-70

Card Number 9.
Columns

1-14

15-28

29-42

43-56

57-70

(Format 5114) NRODS, NSLBS, NODES, NDRDS, NDSLB

NRODS
NSLBS
NODES
NDRDS
NDSLB
(Format 5E14.6)
Variable
RPOWRI

REACT

PLDR

PDRAT

FUCRAC

(Format 5E14.6)
Variable
RADIN
TH

HOUTL

HOUTV

TOUTL

Description

Number of calculational fuel rods.

Variable not used.

Number of nodes in the core walls.

Number of nodes in the fuel rods.

Variable not used.

RPOWRI, REACT, PLDR, PDRAT, FUCRAC

Description

Initial reactor power (W).

Initial programmed reactivity
(IRPOP options 2 and 4 only).

Pellet dish radius (m).

(No calculation

of pellet dishing is performed if PLDR = 0.0).

Fuel-rod pitch-to-diameter ratio.

Fraction of fuel not cracked.

Use

only 1f NFCI = 1 on Card Number 6.

RADIN, TH, HOUTL, HOUTV, TOUTL

Description

Inner radius (m) of ccre wall.

Core wall thickness (m).

HTC (H/nzlk) between outer boundary of core
wall and liquid outside pipe.

HTC (W/m?/K) between outer boundary of core
wall and vapor outside pipe.

Liquid temperature (K) outside core wall.
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Card Number 10. (Format 2E14.6) TOUTV, POWSCL

Columns Variable Description .

1-14 TOUTV Vapor temperature (K) outside core wall.

15-28 POWSCL Power-reactivity-table (variable PWTB) scale
factor. The dependent variable in PWTB is
multiplied by POWSCL to obtain its absolute
value.

Card Number 11. (FORMAT 5E14.6) DTXHT(l), DTXHT(2), DZNHT, HGAPO, TNEUT

Columns Variable Description

1-14 DTXHT(1) Maximum AT (K) above which rows of nodes are
inserted in the fuel-rod conduction calcuiation
during reflood for the nucleate and transition
boiling regimes (suggested value = 3.0).

15-28 DTXHT(2) Maximum AT (K) above which rows of nodes are
inserted in the fuel-rod conduction calculation
during reflood for all boiling regimes except
nucleate and transition (suggested value = 10.0).

29-42 DZNHT Minimum AZ (m) below which no additional rows
are inserted in the fuel-rod conduction
calculation during the reflood calculation (this .
value comes from the diffusfon number).

43-56 HGAPO Fuel-rod gap conductance coefficient (constant
for NFCI = O on_Card Number 6; initial value
otherwise) (U/nz/K).

57-70 TNEUT The prompt neutron lifetime (s) (ENEUT < 0.0
defaults t» the value 1.€25 x 1072 g get
internally in TRAC).

(If IRPOP < 11 on Card Number 4, skip Card Number 112.)

Card Number 12. (Format 4E14.6) RCFORM(I), RCA(I), RCB(I), RCC(I), I = (1,3)

Columns Variable Description
1-14 RCFORM(I) The form number for the reactivity coeffi-

clent type [0.0 = §k/6x, 1.0 = (1/k)(6k/éx),
2.0 = x(8k/6x), 3.0 = (x/k)(§k/6x) for indepen-
?e:tzvatl;blea X = Tsuel for I = 1, | FOrp—
v and a, 1.qe fOr I = 3],
15-28 RCA(I) The coefficient for the zeroth power polynomial
term defining the Ith independent-variable

reactivity coefficient. .
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Columns Variable Description

29-42 RCB(I) The coefficient for the first power polynomial
term defining the ith independent-variable
reactivity coefficient.

43-56 RCC(I) The coefficient for the second power polynomial
term deffning the Ith independent-variable
reactivity coefficient.

(The above card consists of three records, one for each of the independent
variables x = T¢ o), Teoolane» and %coolant*)

CORE Array Cards. Sixteen sets of cards, one set for each of the following

variables. Use LOAD format.

Variable Dimension Description

DX NCELLS Ceil lengths (m).

VOL NCELLS Cell volumes (m3).

FA NCELLS+1 Cell-edge flow areas (m?).

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 The ratio of the elevation difference

to the flow length between the centers of
cell 1 and cell i-1 (positive GRAV indicates
increasing elevation with increasing cell
number). Gravity terms must be greater than
zero for the required orientation of a CORE

component.
HD NCELLS+1 Hydraulic diameters (m).
NFF NCELLS+1 Friction-factor correlation options. (See
ACCUM input description, Sec. V.F.5.a.)
ALP NCELLS Initial void fractioms (-).
VL NCELLS+1 Initial liquid velocities (m/s).
LA NCELLS+1 Initial vapor velocities (m/s).
TL NCELLS Initial liquid temperatures (K).
™ NCELLS Initial vapor temperatures (K).
P NCELLS Initial pressures (Pa).
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Variable
PA

QPPP

CORE _COMMON Rod Array Cards.

Variable

Z

RDPWR

CPOWR

RPKF

ZPOWR

PSRF

NRDX

RADRD
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Dimension
NCELLS

NCELLS

NODES*NCELLS

Description
Initial air partial pressures (Pa).

Volumetric heat sources (wlm3) in pipe wall.
(Eliminate this card set if NODES = 0.)

Initial wall temperatures (K). (Eliminate
this card set {f NODES = 0.)

One set of cards for each of the following

variables. Use LOAD format.

Dimension

NCELLS

NDRDS

1

NRODS~1

(ICRU-ICRL+2)*NPSZ

NPSRF*2

NDRDS

Description

Cumulative flow length (m) to the end of the
cell.

Relative radial power density at the node
positions.

Relative power density for the average rod.

Rod power peaking factors (relative to the
cell average rod) for the additional rods.

Axial-power-shape table; input [signal
variable form defined by IPSSV and NPSRF

on Card Number 5, axial-power-shape densities
(ICRU-ICRL+1 values)] pairs. The relative
axial power densities defining the axial

power shape are specified at the axial segment

level interfaces from one end of the fuel rod
to the other. There are NPSZ axial power
shapes, each having (ICRU-ICRL+1) values.

Rate factor table for the trip-controlled
axial-power-shape table independent variable
defined by IPSSV on Card Number 5; input
(trip signal minus the set point that turns
the trip OFF, rate factor to be applied to
the axial-power-gshape table independent
variable) pairs.

Number of fuel rods in the core.

Rod node radii (m) (cold).



Variable

Dimension

MATRD NDRDS~1

Only one MATRD may have the value

cannot be 3.

PWTB NPWX*2
RPRF NRPRF*2
(Omit the next three variables

Description

Rod material ID numbers.
ggggrlal Type

Mixed oxide fuel

Zircaloy

Fuel-clad gap gases

Boron nitride insulation
Constantan/Nichrome heater wire
Stainless steel, type 304
Stainless steel, type 316
Stainless steel, type 347
Carbon steel, type A508
10 Inconel, type 718

11 Zircaloy dioxide

12 Inconel, type 600

—
WO NOV»ES W - lc

3 and MATRD(1) and MATRD(NDRDS = 1)

Power or reactivity table; input (signal-
variable form defined by IRPSV on Card
Number 3 and NRPRF on Card Number 5,
power or reactivity) pairs.

Rate factor table for the trip-controlled
power or reactivity table independent variable
defined by IRPRF on Card Number 3; input (trip
signal minus the set point that turns the

trip OFF, rate factor to be applied to the
power or reactivity table independent
variable) pairs.

if NDGX € 0 {s input; the default 6 group

delayed-neutron constants are defined internally in TRAC.)

Variable Dimension
BETA NDGX
LAMDA NDGX
CDGN NDGX

Description

The effective delayed-neutron fraction.

The delayed-neutron decay constant (1/s).

The delayed-neutron concentrations. If 0.0 is
input, steady-state values are evaluated

internally based on BETA, LAMDA, RPOWRI, and
TNEUT.
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(Omit the next three variables {f NDHX < ¢ is {nput; the default 11 group decay

heat constants are defined internally in TRAC.) .
Variable Dimension Description

LAMDH NDHX The decay-heat decay constant (1/s).

EDH NDHX The effective decay-heat energy fraction.

CDHN NDHX The decay-heat concentrations. If 0.0 is

f{nput, steady-state values are evaluated
internally based on LAMDH, EDG, and
RPOWRI.

NFAX ICRU-ICRL Number of permanent fine-mesh intervals per
coarse-mesh Interval added at the start of the
reflood calculation. (The total number of
heat-transfer rows per fuel rod must be
less than NZMAX.)

FPUO2 1 Fraction of plutonium dioxide (Pu02) in mixed
oxide fuel.

FTD 1l Fraction of theoretical fuel density.

GMIX 7 Mole fraction of gap gas constituents. Array
is not used if NFCI = O but still must be .
inserted. FEnter data for each gas in the
order indicated.

Index Cas
1 Hel{ium
< Argon
3 Xenon
“ Krypton
5 Hydrogen
6 Air/nitrogen
7 Water vapor

GMLFES 1 Moles of gap gas per fuel rod (not used).

PGAPT 1l Average gap gas pressure (Pa) (not used {if
NFCI = 0).

PLVOL 1 Plenum volume (m>) {n each fuel rod above
the pellet stack (not used).

PSLEN 1 Pellet-stack length (m) (not used).

CLENN 1 Total cladding length (m) (not used).
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‘ variables for each rod including the average rod and each additional rod.
Variable Dimension Description
BURN ICRU-ICRL+1 Fuel burnup, MWD/MTU.
RFTN NDRDS*(ICRU=ICRL#1) Initial rod node temperatures (K).
d. ~_Fill Component (FILL).

Card Number 1. (Format ALO,4X,2114,A30) TYPE, NUM, ID, CTITLE

Columns Variable Description
1-4 TYPE Component type (FILL left justified).
15-28 NUM Component ID number (must be unique for each
component, 1 < NUM £ 99).
29-42 1D User 1D number (arbitrary).
43-72 CTITLE Hollerith component description.
’ Card Number 2. (Format 5I14) JUNl, TFTY, IFSV, IFTR, NFTX
Columns Variable Description
1-14 JUN1 Junction number where fill is located.
15-28 IFTY FILL-type options:

1 = constant velocity,

= constant mass flow,

= constant generalized state,

velocity vs signal-variable form,

mass flow vs signal-variable form,

generalized state vs signal-variable form,

constant velocity until trip then velocity

vs signal-variable form,

constant mass flow until trip then mass

flow vs signal-variable form, or

9 = constant generalized state until trip
then generalized state vs signal-
variable form.

NOwvwewN
LI I I )

o
L]

29-42 IFSV The signal-variable ID number that defines

the Independent variable in the IFTY = 4 to 9
tables.
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Columns Variable Description

43-56 IFTR Trip ID number for FILL-type options
IFTY = 7, 8, or 9.

57-70 NFTX Number of FILL table pairs for FILL-type
options IFTY = 4 to 9.

Card Number 3. (Format I14,E14.6) NFRF, TWTOLD
Columns Variable Description

1-14 NFRF The number of rate-factor-table pairs where
the rate factor is dependent on the trip
signal difference from its trip OFF set point.
The rate factor is to be applied to changes in
the FILL-table independent variable defined by
IFSV for FILL-type options IFTY = 7, 8, or 9.

15-28 TWTOLD The fraction of the previous FILL fluid-
dynamic state that is averaged with the FILL-
table-defined state to define the FILL fluid-
dynamic state for this time step
(0.0 < TWTOLD < 1.0). (A value of 0.9 is
recommended to avoid hydrodynamic
instabilities when the FILL-table signal
variable depends on a parameter, such as
ad jacent component pressure, that may couple
strongly to the FILL velocity or a parameter '
that varies rapidly with time.)

Card Number 4. (Format SE14.6) DXIN, VOLIN, ALPIN, VLIN, TLIN

Columns Variable Description
1-14 DXIN Cell length (m), generally the same as {its

neighboring cell in the adjacent component.
Currently not used.

15-28 VOLIN Cell volume (m7) (generally the same as that
of its neighboring cell in the adjacent
component). Curreatly not used.

29-42 ALPIN Fluid void fraction (-) for positive flow
(out of the FILL).

43-56 VLIN Liquid velocity (m/s); a positive value
indicates flow into the adjacent component;
a negative value indicates flow from the
ad jacent component.

57-70 TLIN Liquid temperatures (K) for positive flow.
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Card Number 5. (Format 5E14.6) PIN, PAIN, FLOWIN, VVIN, TVIN

Columns Variable Description

1-14 PIN Fill pressure (Pa).

15-28 PAIN Fill air partlal pressure (Pa).

29-42 FLOWIN Initial mass flow (kg/s); a positive value

{ndicates flow into the adjacent component; a
negative value indicates flow from the

ad jacent component (only used for FILL-type
options IFTY = 2 or 8).

43-56 VVIN Vapor velocity (m/s); a positive value
indicates flow into the adjacent component;
a negative value indicates flow from the
ad jacent component (only used for FILL-type
options IFTY = 3 or 9).

57-70 TVIN Vapor temperature (K) for positive flow (only
used for FILL-type options IFTY = 3 or 9).

FILL Liquid-Velocity or Mass-Flow Table Scale Factor. (Format El14.6) VMSCL

Columns Variable Description
1-14 VMSCL The dependent variable in table VMTB is

multiplied by this variable to obtain the
absolute liquid velocity or absolute mass
flow. Input only if table VMTB is input.

FILL-Table Cards. LOAD format (omit if IFTY < 4).

Variable Dimension Description
VMTB NFTX*2 FILL liquid velocity or mass flow table;
input (signal-variable form defined
by IFSV on Card Number 2, velocity or mass
flow) pairs (*,m/s) or (*,kg/s). Velocity
is input for generalized state options,
IFTY = 6 or 9.




Include

the following scale factors and six tables only 1f IFTY = 6 or 9. The

five scale factors should appear on a single card before table VVTB.

Remaining FILL-Table Scale Factors. (Format 5E14.6) VVSCL, TLSCL, TVSCL, PSCL,

PASCL

Columns

1-14

15-28

29-42

43-56

57-70

TLSCL

TVSCL

PSCL

PASCL

FILL-Table Cards. LOAD format.

Variable

VVTB

TLTB

TVTB

ALPTB

PTB

PATB
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Dimension

NFTX*2

NFTX*2

NFTX*2

NFTX*2

NFTX*2

NFTX*2

Description

Vapor velocity scale factor. The dependent
variable in table VVTB is multiplied by this
factor to obtain absolute vapor velocity.

Liquid-temperature scale factor. The depen~
dent variable in table TLTB is multiplied by
this factor to obtain absolute liquid
temperature.

Vapor-temperature scale factor. The dependent
variable in table TVTB is multiplied by this
factor tc obtain absolute vapor temperature.

Pressure scale factor. The dependent variable
ir table PTB is multiplied by this
factor to obtain absolute pressure.

Air-partial-pressure scale factor. The depen-
dent variable in table PATB is multiplied

by this factor to obtain absolute air partial
pressure.

Description

Vapor-velocity vs signal-variable-form
table (*,m/s).

Liquid-temperature vs signal-variable-form
table (*,K).

Vapor-temperature vs signal-variable-form
table (*,K).

Void-fraction vs signal-variable-form
table (*,-).

Pressure vs signal-variable~form table (*,Pa).

Air-partial-pressure vs signal-variable-form
table (*,Pa).



‘ Variable

RFTB

29-42

43-72

<‘II' Columns

1-14

15-28
29-42
43-56

57-70

Dimension

NFRF*2

LOAD format (omit if NFRF = O on Card Number 3).

Description

Rate-factor table for the trip-controlled
FILL-table independent variable defined by
IFSV on Card Number 2; input (trip signal
minus the set point that turns the trip OFF,
rate factor to be applied to the FILL-table
independent variable) pairs.

Pipe Component (PIPE).

CTITLE

Variable

NCELLS

NODES

JUNL

JUN2

MAT

(Format Al0,4X,2114,A30) TYPE, NUM, ID, CTITLE

Description
Component type (PIPE left justified).

Component ID number (must be unique for each
component, 1 < NUM < 99).

User ID number (arbitrary).

Hollerith component description.

(Format 5I14) NCELLS, NODES, JUNL, JUN2, MAT

Description

Number of fluid cells in the pipe.

Number of radial heat-transfer nodes in the
pipe wall. (Zero implies no wall heat

transfer.)

Junction number for junction adjacent to
cell 1.

Junction number for junction adjacent to cell
NCELLS.

Material ID number of the pipe wall:
6 = stainless steel, type 304;

7 = gtainless steel, type 316;
8 = gstainless steel, type 347,
9 = carbon steel, type A508;
10 = Inconel, type 718; or
12 = Inconel, type 600.
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Card Number 3.

Columns

1-14

15-28

29-42

43-56

57-70

15-28

29-42

43-56

57-70

Card Number 5.

Columns
1-14

15-28

190

IHYDRO

NPOWTSB

LIACC-

POWSCL

Variabie
RADIN
TH

HOUTL

HOUTV

TOUTL

Variable

TOUTV

TDPOW

(Format 4114, E14.6) ICHF, IHYDRO, NPOWTB, IACC, POWSCL

Descript o

CHF calculation flag.
0 = no;
l = yes.

Variable not used.
Number of power table pairs.

Accumulator model flag. (See ACCUMULATOR,

Sec. IV.B.)

0 = no accumulator logic;

1 = calculation of water level, volumetric
flow, liquid volume discharge, and
addition of interface sharpener; or

2 = game as (1) plus the phase separator
at JUN2.

Power-table (variable POW) scale factor. The
dependent variable in POW is multiplied by
POWSCL to obtain absolute power.

(Format 5E14.6) RADIN, TH, HOUTL, HOUTV, TOUTL

Inner radius (m) of the pipe wall
Pipe wall thickness (m).

HTC (W/m? + K) between outer boundary of pipe
wall and liquid outside pipe.

HTC (W/m? . K) between outer boundary of pipe
wall and vapor outside pipe.

Liquid temperature (K) outside pipe.

(Format E14.6) TOUTV, TDPOW

Description
Vapor temperature (K) outside pipe.
Time delay (s) for pipe power table.

(The time abscissa coordinate in the table
is the transient time minus TDPOW.)



Note: The four parameters, HOUTL, HOUTV, TOUTL, and TOUTV, allow flexibility in
calculating possible heat losses from the outside of pipes. Typically,
such heat losses are not important for fast transients or large breaks
and HOUTL and HOUTV are set equal to zero. When heat losses are
significant, they often can be described by a single HTC and a single

external temperature (K).

PIPE Array Cards. Seventeen sets of cards, one set for each of the following

variables. Use LOAD format.

Variable Dimension Description

DX NCELLS Cell lengths (m).

VOL NCELLS Cell volumes (m3).

FA NCELLS+1 Cell-edge flow areas (02).

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 The ratio of the elevation difference to the

distance between the center of cell 1 and the
center of cell i-1. Positive GRAV indicates
increasing elevation with increasing cell

number.

HD NCELLS+1 Hydraulic diameters (m).

NFF NCELLS+1 Friction-factor correlation options. (See
ACCUM {nput description, Sec. V.F.5.a.)

ALP NCELLS Initial void fractions (-).

VL NCELLS+1 Initial liquid velocities (m/s).

v NCELLS+1 Initial vapor velocities (m/s).

TL NCELLS Initial liquid temperatures (K).

v NCELLS Iritial vapor tewperatures (K).

P NCELLS Initial pressures (Pa).

PA NCELLS Initial air partial pressures (Pa).

QPPP NCELLS Volumetric heat sources (W/m3) in pipe wall.

(Eliminate this card set if NODES = 0.)

™ NODES*NCELLS Initial wall temperatures (K). (Eliminate
this card set if NODES = 0.)
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Variable Dimens {on Description
POW NFOWTB*2 Power vs time table; input [time (s), .
power (W)] pairs. Power {s input directly to
the fluid in the pipe and distributed evenly
among the cells. The variable NODES must be
zero.
f. ___Pressurizer Component (PRIZER).

Card Number 1. (Format Al0,4X,2114,A30) TYPE, NUM, ID, CTITLE

Columns Variable
1-6 TYPE
15-28 NUM
29-42 1)

43-72 CTITLE

Component type (PRIZER left justified).

Component ID number (must be unique for each
component, 1 < NUM < 99).

User ID number (arbitrary).

Hollerith component description.

Card Number 2. (Format 2I14) NCELLS, JUN1, JUN2

Columns  Variable
1-14 NCELLS
15-28 JUNI
29-42 JUN2

Number of fluid cells in pressurizer .
component .

Junction number for junction adjacent to
cell 1.

Number of the junction adjacent to cell
NCELL. This must be the pressurizer
discharge.

Card Number 3. (Format 4E14.6) QHEAT, PSET, DPMAX, ZHTR

Columns  Variable
1-14 QHEAT
15-28 PSET
29-42 DPMAX
43-56 ZHTR
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Description

Total heater power (W).

Pressure set point (Pa) for heater/sprayer
controller.

Pressure differential (Pa) at which heater/
sprayer has maximum power.

Water level (m) for heater cutoff.



PRIZER Array Cards. Fourteen sets of cards, one set for each of the following

variables. Use LOAD format.

Variable Dimension Description

DX NCELLS Cell lengths (m).

VOL NCELLS Cell volumes (m?).

FA NCELLS+1 Cell-edge flow areas (uz).

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 Gravity terms. (See PIPE, Sec. V.F.5.e.)
HD NCELLS+1 Hydraulic diameters (m).

NFF NCELLS+1 Friction-factor correlation options. See

ACCUM input description, Sec. V.F.5.a. The
value NFF = 1 is suggested for this

component .
ALP NCELLS Initial voild fractions (=).
VL FOELLS+ Initial liquid velocities (m/s).
A NCELLS+1 Initial vapor velocities (m/s).
TL NCELLS Initial liquid temperatures (K).
v NCELLS Initial vapor temperatures (K).
p NCELLS Initial pressures (Pa).
PA NCELLS Initial air partial pressures (Pa).
g ____ Pump Component (PUMP).

Card Number 1. (Format ALO,4X,2114,A30) TYPE, NUM, 1D, CTITLE

Columns Variable Description

1-4 TYPE Component type (PUMP left justified).

15-28 NUM Component ID number (must be unique for each
component, 1 £ NUM £ 99).

29-42 1D User ID number (arbitrary).

43-72 CTITLE Hollerith component description.
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Card Number 2.

Columns

1-14

15-28

29-42

43-56

57-70

Card Number 3.

Variable

NCELLS

NODES

JUNL

JUN2

MAT

Columns

1-14

15-28

29-42

43-56

57-70

Card Number +.

Columns

1-14

194

Variable

ICHF

THYDRO

IPMPTY

IRP

IPM

Variablie

IPMPSV

(Format 5114) NCELLS, NODES, JUNi, JUN2, MAT

Descciption

Number of fluid cells in pump component
(must be at least two).

Number of radial heat-transfer nodes in wall.
(Zero implies no wall heat transfer.)

Junctioa number for junction adjacent to
cell 1.

Junction numbher ror junction adjacent to cell
NCELLS.

Material 1D of wall. See PIPE input
descriptior, Sec. V.r.5.e.

(Format 5I14) ICHF, IHYD:O, IPMPTY, IRP, IPM

Description

CHF calculation flag.
0 = no;
1 = yes.

Variable not used.

Pump tvpe.

1 = pump totationai speed when trip set
ON specified by table SPTB.;

2 = pwip rotatirral speed when trip set
0¥ csleulated from g. (196).

Revitre spees option.

0 = reverse rotation not alloweu:
l = reverse rotation allowed.
(Checked only for IPMPTY = 2.)

Degradation optiun.

0 = use single-phase homologous curves or

1 = use combined single-phase and fully
degraded two-phase homologous curves.

(Format 4114) IPMFSV, IPMPTR, NPMPTX, NPMPRF

Description

The signal-variable ID u:umber tha: defines
the independent variable in the IPMPTY = 1
pump-speed table.




Columns Variable Description

15-28 IPMPTR Pump trip ID number (zero implies a
constant speed pump).

29-42 NPMPTX Number of pairs of points in the pump-speed
table.

43-56 NPMPRF Number of pairs of points in the rate-factor

table to be applied to the trip-controlled
pump-speed-table independent variable
defined by IPMPSV on Card Number 4.

Card Number 5. (Format 5E14.6) RADIN, TH, HOUTL, HOUTV, TOUTL

Columns Variable Description

1-14 RADIN Inner radius (m) of pump wall.

15-28 TH Pump wall thickness (m).

29-42 HOUTL HTC (W/m?2 + K) between outer boundary of pump

wall and liquid outside pump.

43-56 HOUTV HTC (W/m? « K) between outer boundary of pump
wall and vapor outside pump.

57-70 TOUTL Liqu’d temperature (K) outside pump wall.

Card Number 6. (Format E14.6) TOUTV

Columns Variable Description
1-14 TOUTV Vapor temperature (K) outside pump wall.

(See PIPE module description, Sec. IV.A, for further comments on these

heat-transfer parameters.)

Card Number 7. (Format 5E14.6) RHEAD, RTORK, RFLOW, RRHO, ROMEGA

Columns Variable Description

1-14 RHEAD Rated head (Pa » m3/kg or m?/s2).
15-28 RTORK Rated torque (N « m).

29-42 RFLOW Rated volumetric flow (m3/s).
43-56 RRHO Rated density (kg/m’).

57-70 ROMEGA Rated pump speed (rad/s).
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Columns Variable Description

1-14 EFFMI Ef fective moment of inertia (kg ° mz).

15-28 TFRI Frictional torque coefficient [Eq. (194)]
(N « m).

29-42 TFR2 Bearing and windage torque coefficient
[(Eqs 195)] (N » m).

43-56 OMEGAN Initial pump speed (rad/s).

57-70 OMGSCL Pump-speed-table (variable SPTBL)

scale factor (=). The dependent variable in
table SPTBL is multiplied by OMGSCL to
obtain absolute rotational speed.

Card Number 9. (Format I14) OPTION

Columns Variable Description
1-14 OPTION Pump curve option number.
0 = user-specified pump, input following;
l = use built-in Semiscale pump; or
2 = use built-in LOFT pump.

Card Set 10 and pump curve cards are needed only if OPTION = 0. If OPTION = 1 .

or 2, skip to the pump array cards. The user is referred to the pump model
description in Sec. IV.F for definitions of the terms used below. Each
homologous curve 1is divided into four curve segments. Each curve segment 1is
denoted by the number appended to the curve name. The segments are defined by
Table V in Sec. IV.F.

Under certain conditions for OPTION = 0, some curves do not need to be
entered. However, to avold confusion, we recommend that all curves be entered
when OPTION = 0. For IPMPTY = 1 and IPM = 0, curves HSPl through HSP4 are
required, and the remaining curves can be dummies. For IPMPTY = 1 and IPM = 1,
curves HSPL through HSP4, HTPl through HTP4, and HDM are required, and the
remaining curves can be dummies. For IPMPTY = 2 and IPM = 0, curves HSPl
through HSP4 and TSPl through TSP4 are required, and the remaining curves can
be dummies. For IPMPTY = 2 and IPM = 1, all curves are required. The
foregoing {ndication of potential dummy curves does not imply that curve I may
be left out by specifying NDATA(I) = O in Card Set 10. Future code changes may
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restrict those curves that can be represented by dummy curves under various

conditions.

Columns Variable Description

1-14 NDATA(L) Number of pairs of points on the HSPl curve.
15-28 NDATA(2) Number of pairs of points on the HSPZ curve.
29-42 NDATA(3) Number of pairs of points on the HSP3 curve.
43-56 NDATA(4) Number of pairs of points on the HSP4 curve.
57-70 NDATA(S) Number of pairs of points on the HTPl curve.

Columns Variable Description

1-14 NDATA(6) Number of pairs of points on the HTP2 curve.
15-28 NDATA(7) Number of pairs of points on the HTP3 curve.
29-42 NDATA(8) Number of pairs of points on the HTP4 curve.
43-56 NDATA(9) Number of pairs of points on the TSPl curve.
57-70 NDATA(10) Number of pairs of points on the TSPZ curve.

Columns Variable Description

1-14 NDATA(11) Number of pairs of points on the TSP3 curve.
15-28 NDATA(12) Number of pairs of points on the TSP4 curve.
29-42 NDATA(13) Number of pairs of poinis on the TTPL curve.
43-56 NDATA(14) Number of pairs of points on the TTPZ curve.
57=70 NDATA(15) Number of pairs of points on the TTP3 curve.

Fourth Card.
Columns Variable Description

1-14 NDATA(16) Number of pairs of points on the TTP4 curve.
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Columns Variable Description .
15-28 NHDM Number of pairs of points on the HDM curve.

29-42 NTDM Number of pairs of points on the TDM curve.

PUMP Curve Cards. Up to 18 sets of cards. One set for each curve 1listed in
card set 10 that has nonzero data points. Use LOAD format.
Data are entered in palrs (x,y)i, i = (1,NDATA) where x |is
the {Independent variable and y is the dependent variable.
The x; values must Increase monotonically from -1.0 to 1.0
for the homologous curves and from 0.0 to 1.0 for the
multiplier curves. 1If {nformation for a particular curve
does not exist or {f you desire to input a simple dummy
curve, we suggest that the four points (-1.0, 0.0, 1.0, 0.0)
be used. [The suggested dummy for HDM and TDM is

(0.0, 0.0, 1.0, 0.0).]

Variable Dimension Description

HSP1 2*NDATA(1) HSPl curve .

HSP2 2*NDATA(2) HSP2 curve
single-phase homologous
head curves.

HSP3 2*NDATA(3) HSP3 curve

HSP4 2*NDATA(4) HSP4 curve

HTPL 2*NDATA(S) HTPl curve

HTP2 2*NDATA(6) HTP2 curve
fully degraded homologous
head curves.

HTP3 2*NDATA(7) HTP3 curve

HTP4 2*NDATA(8) HTP4 curve

TSP1 2*NDATA(9) TSPl curve

TSP2 2*NDATA(10) TSP2 curve
single-phase homologous
torque curves.

TSP3 2*NDATA(11) TSP3 curve

TSP4 2*NDATA(12) TSP4 curve
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TDM

PUMP Array Cards.

Variable

SPTBL

RFTBL

DX
VOL
FA

FRIC

GRAV
HD

NFF

ALP

VL

Dimension
2*NDATA(13)

2XNDATAC(14)

2ENLATA(LS)
2*NDATA(16)
2*NHDM

2*NTDM

variables.

Dimension

2*NPMPTX

2*NPMPRF

NCELLS
NCELLS
NCELLS+1

NCELLS+1

NCELLS+1
NCELLS+1

NCELLS+1

NCELLS

NCELLS+1

Description

TTPl curve

TTP2 curve
fully degraded homologous
torque curves

TTP3 curve

TTP4 curve

Head degradation multiplier.

Torque degracdation multiplier.

Eighteen sets of cards. One set for each of the following

Use LOAD format.

Description
Pump-speed vs signal-variable-form table.
Input as signal-variable form defined by

IPMPSV and NPMPRF on Card Number 4, pump
speed pairs [*,rad/s].

Rate-factor table for the trip-controlled
pump-speed-table independent variable defined
by IPMPSV on Card Number 4; insert pairs (trip
signal minus the set point that turns the

trip OFF, rate factor to be applied to the
pump-speed-table independent variable).

Cell lengths (m).

Cell volumes (03).

Cell-edge flow areas (uz).

Additive loss coefficients [FRIC(2) must
be 0.0].

Gravity terms. (See PIPE, Sec. V.F.5.e.)
Hydraulic diameters (m).

Friction=factor correlation options. (See ACCUM
input description, Sec. V.F.5.a.)

Initial void fractions (-).

Inftial liquid velocities (m/s).
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Variable Dimension Description

A"} NCELLS+1 Inftial vapor velocities (m/s).

TL NCELLS Initial liquid temperatures (K).

v NCELLS Initial vapor temperatures (K).

P NCELLS Initial pressures (Pa).

PA NCELLS Initial air pressures (Pa).

qQepep NCELLS Volumetric heat sources (H/m3) in pump wall.
(Eliminate this card set {f NODES = 0.)

W NODES*NCELLS Initial wall temperatures (K). (Eliminate this
card set if NODES = 0.)

h. ___Steam-Generator Component (STGEN).

29-42

43-72

Columns

1-14

15-28

29-42

43-56

57-70
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(Format A10,4X,2114,A30) TYPE, NUM, ID, CTITLE

ID

CTITLE

Component type (STGEN left justified).

Component ID number (must be unique for each
component, 1 < NUM < 99).

User ID number (arbitrary).

Hollerith component description.

(Format 5114) NCELLL, NODES, JUNLl, JUN12, MAT

NCELL1

NODES

JUNL1

JUN12

MAT

Number of fluid cells on primary side.

Number of radial heat-transfer nodes in wall
(must be greater than or equal to 1).

Junction number for junction adjacent to
cell 1 on primary side.

Junction number adjacent to cell NCELLL on
primary side.

Materfal ID number of tube.
description, Sec. V.F.5.e.)

(See PIPE input



Card Number 3.

1-14

15-28

29-42

43-56

1-14

15-28

Card Number 5.
Columns

1-14

15-28

29-42

43-56

57-70

Card Number 6.
(Card 6 is read
Columns

1-14

15-28

(Format 4114) KIND, THYDRO, ICHFl, 1CHF2

Variable Description
KIND Steam—generator type.
1l = U-tube;

2 = gnce-through.
[HYDRO Variable not used.

ICHF1 Indicator for CHF calculation on primary side.
0 = no;
l = yes.

LCHF2 Indicator for CHF calculation on secondary
side.
0 = no;
l = yes.

(Format 2E14.6) RADIN, TH

Variable Description
RADIN Inner radius of tube wall.
TH Tube wall thickness (m).

(Format 5I14) NCELL2, JUN21, JUN22, JCELLS, JCELLP

Variable Description
NCELL2 Number of fluid cells on secondary side.
JUN21 Junction number for junction adjacent to cell 1

on secondary side.

JUN22 Junction number for junction adjacent to cell
NCELL2 on secondary side.

JCELLS Junction cell for secondary tee (optional).

JCELLP Junction cell for primary tee (optional,
if JCELLP > O, then JCELLS > 0).

(Format 3114, E14.6) IHYD3, NCELL3, JUN3, COSTS

only if JCELLS > O on Card Number 5.)

Variable Description
IHYD3 Variabl: not used.
NCELL3 Number of cells in secondary tee.
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Columns Variable Description

29-42 JUN3 Junction number for the free end of the ‘
secondary tee.

43-56 COSTS Cosine of the angle from the low-numbered
side of the secondary tube to the secondary tee
tube.

Card Number 7. (Format 3114, El14.6) IHYD4, NCELL4, JUN4, COSTP

(Card 7 1s read ¢nly 1f JCELLP > O on Card Number 5.)

Columns Variable Description

1-14 IHYD4 Variable not used.

15-28 NCELL4 Number of cells in primary tee.

29-42 JUN4 Junction number for the free end of the

primary tee.

43-56 COSTP Cosine of the angle from the low-numbered
side of che primary tube to the primary tee
tube.
STGEN Array Cards. Thircy-one sets of cards, one set for each of the
following variables. Use LOAD format. ‘
Variable Dimension Description
DX NCELL1 Cell lengths (m) on primary side.
VoL NCELL1 Cell volumes (m3) on primary side for all tubes.
FA NCELL1+1 Cell-edge flow areas (mz) on primary side for
all cubes.
FRIC NCELL1+1 Additive loss coefficients on primary side.
GRAV NCELL1+1 Gravity terms. (See PIPE, Sec. V.F.5.e.)
HD NCELL1+l1 Primary-side hydraulic diameters (m) for a

single tube.

NFF NCELL1+1 Primary side friction-factor correlation
options. (See ACCUM input description,
seCo V.D.3.a.)

ALP NCELL1 Primary-side initial void fractions (-).
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Variable Dimension Description

VL NCET L1+1 Primary-side initial liquid velocities (m/s).
vV NCELL1+1 Primary-side initial vapor velocities (m/s).
TL NCELL! Primary-side initial liquid temperatures (K).
v NCELLL Primary-side initial vapor temperatures (K).
P NCELLI Primary-side initial pressures (Pa).

PA NCELLL Primary-side initial air partial pressures (Pa).
™ NODES*NCELL1 Initial tube-wall temperatures (K).

DX NCELL2 Cell lengths (m) on secondary side.

VoL NCELL2 Cell volumes (u3) on secondary side.

FA NCELL2+1 Cell-edge flow areas (m?) on secondary side.
FRIC NCELL2+1 Additive loss coefficients on secondary side.
GRAV NCELL2+1 Gravity terms. (See PIPE, Sec. V.F.5.e.)

HD NCELL2+1 Secondary-slde hydraulic diameters (m).

NFF NCELL2+1 Friction-factor correlation option for

secondary side. (See ACCUM input description,
sec. v'F’Sla.)

ALP NCELL2 Secondary-side initial void fractions (-).
VL NCELL2+1 Secondary-side initial liquid velocities (m/s).
Vv NCELL2+1 Secondary-side {nitial vapor velocities (m/s).
TL NCELL2 Secondary~side initial 1iquid temperatures (K).
v NCELL2 Secondary-side initial vapor temperatures (K).
P NCELL2 Secondary-side initial pressures (Pa).
PA NCELL2 Secondary-side initial air partial

pressures (Pa).
WA NCELL1 Primary side wall areas for all tubes.
WA NCELL2 Secondary side wall areas for all tubes

{WA(SECONDARY) = WA(PRIMARY) * [1. + (TH/RADIN)]}.
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Secondary Tee Array. Fourteen sets of cards, one set for each of the

following variables. Use LOAD format.

(These cards are read only 1{f JCELLS > 0 on Card Number 5.)

Variable Description
DX NCELL3 Tee-tube cell lengths (m).
NCELL3 Tee~tube cell volumes (m3).
NCELL3+1 Tee-tube cell-edge flow areas (mz).
NCELL3+1 Tee-tube additive loss coerficients.
NCELL3+1 Tee~tube gravity terms. (See PIPE,
Sec. V.F.5.e.)
HD NCELL3+1 Tee-tube hydraulic diameters (m).
NFF NCELL3+1 Friction-factoi correlation options

for secondary tee tube. (See ACCUM imput
description (Sec. V.D.a).

ALP NCELL3 Tee-tube Initial void fractions (-).

VL NCELL3+1 Tee-tube initial liquid velocities (m/s).

Vv NCELL3+1 Tee~tube initial vapor velocities (m/s). ‘
TL NCELL3+1 Tee~tube initial liquid temperatures (K).

™ NCELL3 Tee-~tube initial vapor temperatures (K).

P NCELL3 Tee-tube initial pressures (Pa).

PA NCELL3 Tee~tube initial air partial pressures (Pa).

Primary Tee Array. Fourteen sets of cards, one set for each of the

following variables. Use LOAD format.

(These cards are read only {f JCELLP > 0 on Card 5.)

Variable Dimension Description

DX NCELL4 Tee-~tube cell lengths (m).

VOL NCELL4 Tee-tube cell volumes (m3),

FA NCELL4+1 Tee~tube cell-edge flow areas (nz).
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Variable Dimension Description
FRIC NCELLA+1 Tee-tube additive loss coefficients.
GRAV NCELL4+1 Tee~tube gravity terms.
(See PIPE, Sec. V.F.5.e.)
HD NCELL4+1 Tee-tube hydraulic diameters (m).
NFF NCELLA+1 Friction-factor correlation options
for primary tee tube. (See ACCUM imput
description (Sec. V.D.a.)
ALP NCELL4 Tee-tube initial void fractions (=).
VL NCELL4+1 Tee-tube initial liquid velocities (m/s).
vV NCELL4+1 Tee-tube initial vapor velocities (m/s).
TL NCELL4+1 Tee~tube initial liguid temperatures (K).
v NCELL4 Tee-tube initial vapor temperatures (K).
P NCELL4 Tee~tube initial pressures (Pa).
PA NCELL4 Tee-tube initial air partial pressures (Pa).
i. Tee Component (TEE).

Card Number 1.

Columns
1-14

15-28

29-42
43-72

Card Number 2.

1-14

15-28

29-42

(Format A10,4X,2114,A30) TYPE, NUM, ID, CTITLE

Variable
TYPE

NUM

1D

CTITLE

Description
Component type (TEE left justified).

Component ID number (must be unique for each
component, 1 { NUM ¢ 99).

User ID number (arbitrary).

Hollerith component description.

(Format 3114, E14.6, Il4) JCELL, NODES, MATID, COST, ICHF

JCELL

NODES

MATID

Junction cell number.

Number of radial heat-transfer nodes in the
tee wall. (Zero implies no wall heat transfer.)

Material ID number of tee wall. (See PIPE
input description, Sec. V.F.5.e.)




Columns

43-56
57-70

Card Number 3.
Columns

1-14

15-28

29-42

43-56

43-56

57-70

Card Number 5.

=14

Variable

COST

LCHF

Description |
Cosine of the angle from the low-numbered side ‘
of the primary tube to the secondary tube. ‘ |

CHF calculation flag.
0 = no;
1= yes.

(Format 5114) IHYDl, NCELL1, JUNl, JUN2

Variable
IHYD1
NCELL1

JUN1

JUN2

(Format 5E14.6)
Variable
RADINI

THI

HOUTL1

HOUTV1

TOUTLL

Variable not used.
Number of fluid cells in the primary tee tube.

Junction number for the junction adjacent to
cell 1.

Junction number for the junction adjacent to
cell NCELLL.

RADINL, THl, HOUTLl, HOUTV1, TOUTLI
Descriptton

Inner radius (m) of the primary tube wall.
Wall thickness (m) of the primary tube.

HTC (W/m? » K) between outer boundary of the
primary tube wall and liquid outside the
primary tube wall.

HTC (H/n2 * K) between outer boundary of the
primary tube wall and vapor outside the

primary tube wall.

Liquid temperature (K) outside the
primary tube wall.

(Format E14.6) TOUTV1

TOUTV1

Vapor temperature (K) outside the primary
tube wall.

(See PIPE module description, Sec. IV.A, for further comments on these

heat-transfer parameters.)
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Card Number 6.

Columns
1-14

15-28

29-42

Card Number 7.

Columns
=14
15-28

29-42

43-56

57-70

Card Number 8.

Columns

1-14

(Format 3114) IHYD2, NCELL2, JUN3

Variable
1HYD2

NCFLL2

JUN3

(Format SE14.6)

Variable
RADIN2
TH2

HOUTL2

HOUTV2

TOUTL2

Description
Variable not used.

Number of fluid cells in the secondary tee
tube.

Junction number at the free end of the
secondary tube adjacent to cell NCELL2.

RADIN2, TH2, HOUTL2, HOUTV2, TOUTL2
Description

Inner rad‘us (m) of the secondary tube wall.
Wall thickness (m) of the secondary tube.
HTC (W/m? +« K) between outer boundary of the
secondary tube wall and liquid outside the
secondary tube wall.

HTC (W/m? + K) between boundary of the
secondary tube wall and vapor outside

the secondary tube wall.

Liquid temperature (K) outside the secondary
tube wall.

(Format E14.6) TOUTV2

Variable

TOUTV2

(See comment on Card 5.)

TEE Array Cards.

Variable
DX

VOL

FA

FRIC

Description

Vapor temperature (K) outside the secondary
tube wall.

Thirty-two sets of cards, one for each of the following

variables.

Dimension
NCELLL
NCELLL
NCELL1+1

NCELL1+1

Use LOAD format.

Description
Primary-tube cell lengths (m).

Primary~tube cell volumes (IJ).
Primary~tube cell-edge flow areas (-2).

Primary-tube additive loss coefficlents.

207




Variable

GRAV

HD

NFF

ALP
VL
v
TL

™

PA

QPEP

™

DX
VOL
FA
FRIC

GRAV

HD

NFF

ALP

VL
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Dimension

NCELL1+1

NCELL1+1

NCELL1+1

NCELL1
NCELL1+1
NCELL1+1
NCELL1
NCELL1
NCELL1
NCELL1

NCELLL

NODES*NCELL1

NCELL2
NCELL2
NCELL2+1
NCELL2+1

NCELL2+1
NCELL2+1

NCELL2+1

NCELL2

NCELL2+1

Description

Primary~tube gravity terms (see PIPE
finput description, Sec. V.F.5.e.)

Primary-tube hydraulic diameters (m).
Friction-factor correlation options for
primary tube. (See ACCUM input description,
Sec. V.F.5.a.)

Primary-tube initial vold fractions (=).
Primary-tube initial liquid velocities (m/s).
Primary-tube initial vapor velocities (m/s).
Primary=tube initial liquid temperatures (K).
Primary-tube {nitfal vapor temperatures (K).
Primary-tvbe initial pressures (Pa).
Primary-tube initial air partial pressures (Pa).
Volumetric heat sources (W/m>) in tee wall for
primary tube. (Eliminate this card set {f

NODES = 0.)

Primary~tube {nitial wall temperatures (K).
(Eliminate this card set {f NODES = 0.)

Secondary-tube cell lengths (m).
Secondary=tube cell volumes (-3).
Secondary-tube cell-edge flow areas (m?).
Secondary-tube additive loss coefficlents.

Secondary-~tube gravity terms (see PIPE
input description, Sec. V.F.5.e.)

Secondary-tube hydraulic diameters (m).
Friction-factor correlation options for
secondary tube. (See ACCUM i{nput description,
Sec. V.F.S-Q.)

Secondary~tube i{nitial vold fractions (=).

Secondary=tube initial liquid velocities (m/s).



Variable ' on Description
ondary-tube ini ] vapor velocities (m/s).
ndary=tube initi: liquid temperatures (K).
ondary=tube it vapor temperatures (K).
ondary-side initial pressures (Pa).

Secondary-tube initial air partial pressures

(Pa).

JPPP NCEL Volumetric heat sources ‘m"n}) {in tee wall
(secondary tube). (Eliminate this card set {f

NODES = 0.,)

NODES*NCELL2 Secondary-tube initial wall temperatures (K).
(Eliminate this card set {f NODES = 0,)

Valve Component (VALVE).

Card Number 1. (Format A10,4X,2114,A30) TYPE, NUM, ID, CTITLE

Columns Variable Description
"Y Pt Component type (VALVE left justified).

Component ID number (must be unique for each
component, 1 £ NUM £ 99).

User ID number (arbitrary).
CTITLE Hollerith component description.

Card Number 2. (Format 5114) NCELLS, NODES JUNI JUN2., MAT
] L

o |

Columns Variable Description

1-14 NCELLS Number of fluid cells (must be at least two
unless a BREAK {s attached to JUN2).

Number of radial heat-transfer nodes in valve
wall. (Zero implies no wall heat transfer.)

Junction number for junction adjacent to
cell 1.

Junction number for junction adjacent to cell
NCELLS.

Material ID of wall. (See PIPE input
description, Sec. V.F.5.e.)




Card Number 3. (Format 5114) ICHF, IHYDRO, IVTY, IVSV, IVIR

Columns Variable Description .
1-14 ICHF CHF calculation flag.
0 = no;
1 = yes.
15-28 IHYDRO Variable not used.
Columns Variable Description
29-42 IvVTY Valve-type option.

0 = constant flow area;

l = flow area fraction vs the signal-
variable form;

2 = relative position of the valve stem
(0.0 = fully closed, 1.0 = fully opened)
vs the signal-variable form;

3 = constant flow area until trip then flow
area fraction vs the signal-variable
form; or

4 = constant flow area until trip then relative
position of the valve stem vs the signal-
variable form.

independent variable {n the valve-type option

43-56 VSV The signal-variable ID number that defines the .
IVTY = 1 to 4 tables.

57=70 IVIR The trip ID number for valve-type option
IVTY = 3 or 4.

Card Number 4. (Format 4I14) IVPS, NVOTB, NVCTB, NVRF .

Columns Variable Description
1-14 IVPS The mesh-cell interface number where the valve

flow area is adjusted (1 < IVPS < NCELLS+l
unless a BDREAK component is at the VALVE
component junction JUN2; then IVPS can equal
NCELLS+1).

15-28 NVOTB The number of pairs of points in the first
valve table. (When IVTY = O, NVOTB = 0;
when IVTY = 1 to 4, NVOTB 2 1,)

29-42 NVCTB The number of pairs of points in the second
valve table. (When IVTY = 0 to 2, NVCTB = 0.
if NVCTB = O when IVTY = 3 or 4, the first
v.lve table i{s used when the trip is set to

ON, or ON If NVCTB 2 1

whc:vﬁf, = 3 or 4, fﬁi"ﬂ?;: valve table is .
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Columns

43-56

Card Number 5.

Columns
1-14
15-28

29-42

43-56

57-70

Card Number 6.
Columns

1-14

15-28

29-42

43-56

57-70

If 0.0 { FAVLVE
based on the

Variable

NVRF

(Format 5E14.6)
Vartable
RADIN

TH

HOUTL

HOUTV

TOUTL

(Format 5E14.6)
Variable
TOUTV

AVLVE

HVLVE

FAVLVE

XPOS

Description

used when the trip is set to ON or ONforw rd
and the second valve table {s used when the

trip is set to ONreverse‘)

The number of the rate-factor-table pairs where
the rate factor is dependent on the trip-signal
difference from its trip OFF set point. The
rate factor is to be applied to changes in

the valve-table independent variable defined

by IVSV for valve-type options IVTY = 3 or 4.

RADIN, TH, HOUTL, HOUTV, TOUTL
Description

Inner radius (m) of valve wall.
Valve wall thickness (m).

HTC (W/m? « K) between outer boundary of valve
wall and liquid outside valve.

HTC (W/m? « K) between outer boundary of valve
wall and vapor outside valve.

Liquid temperature (K) outside valve.

TOUTV, AVLVE, HVLVE, FAVLVE, XPOS

Description

Vapor temperature (K) outside pipe.

Valve adjustable interface flow area when
the valve is fully open.

Valve adjustable interface hydraulic diameter
when the valve is fully open.

Initial flow area fraction at mesh-cell
{nterface IVPS (word 1 on Card Number 4).

Initial fraction of valve stem withdrawal at
mesh-cell interface IVPS (0.0 = no flow area,
valve closed; 1.0 = AVLVE flow area, valve
fully opened.

£1.0 i{s input, a consistent value for XPOS is evaluated in TRAC

valve

stem controlling a guillotine closure of a circular
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flow-area cross section. Otherwise, a consistent value of FAVLVE is evaluated

in TRAC based on 0.0 £ XPOS { 1.0 that is input.

(See PIPE module description, Sec. IV.A, for further comments on the

heat-transfer parameters, HOUTL, HOUTV, TOUTL, and TOUTV.)

VALVE Array Cards. Nineteen sets of cards, one set for each of the following

variables. Use LOAD format.

Variable Dimension Description

DX NCELLS Cell lengths (m).

VoL NCELLS Cell volumes (m3).

FA NCELLS+1 Cell-edge flow areas (m?).

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 Gravity terms. (See PIPE, Sec. V.F.5.e.)

HD NCELLS+1 Hydraulic diameters (m).

NFF NCELLS+1 Friction-factor correlation options. (See ACCUM
input description, Sec. V.F.5.a.)

ALP NCELLS Initial void fractions (-).

VL NCELLS+1 Initial liquid velocities (m/s).

VL NCELLS+1 Initial vapor velocities (m/s).

TL NCELLS Initial liquid temperatures (K).

™v NCELLS Initial vapor temperatures (K).

P NCELLS Initial pressures (Pa).

PA NCELLS Initial air partial pressures (Pa).

QPPP NCELLS Volumetric heat sources (H/n3) in valve wall.

(Eliminate this card set {f NODES = 0.)

™ NODES*NCELLS Initial wall temperatures (K). (Eliminate this
card set {f NODES = 0.)

VLOTB NVOTB*2 First valve table; input pairs (signal-variable
form defined by IVSV on Card Number 3 and NVRF
on Card Number 4, flow-area fraction or valve-
stem fraction). When IVTY = 1 to 4, VLOTB
is defined. .
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Variable

VLCTB

VRFTB

Dimension

NVCTB*2

NVRF*2

Description

Second valve table; input pairs (signal-variable
defined by IVSV on Card Number 3 and NVRF

on Card Number 4, flow-area fraction or valve-
stem fraction). Eliminate this card set if
NVCTB = O. 1If NVCTB 2 1 when IVTY = 3 or 4,
define the flow—area fraction or valve-stem
fraction values in the second valve table

to vary in the same direction as they do

in the first valve table; that is, if the
flow—area fraction or valve-stem fraction
increases in going from left to right in the
first valve table, define them to increase in
going from left to right in the second valve
table as well.

Rate-factor table for the trip-controlled first
and second valve-tables independent variable
defined by IVSV on Card Number 3; input pairs
(trip-signal minus the set point that turns the
trip OFF, rate factor to be applied to the
valve-table independent variable). (Eliminate
this card set {f NVRF = 0.)

k. Vessel Component (VESSEL).

Card Number 1.
Columns
1-14

15-28

2942
43-72

Card Number 2.

Columns
1-14
15-28
29-42

43-56

(Format Al10,4X,114 A30) TYPE, NUM, ID, CTITLE

Variable
TYPE

NUM

1D

CTITLE

Description
Component type (VESSEL left justified).

Component ID number (must be unique for each
component, 1 < NUM < 99).

User 1D number (arbitrary).

Hollerith component description.

(Format 4114) NASX, NRSX, NTSX, NCSR

Variable
NASX
NRSX
NTSX

NCSR

Description

Number of axial (z) segments (levels).
Number of radial (r) segments (rings).
Number of azimuthal (8) segments (sectors).

Number of cell sources (component connections).
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Card Number 3. (Format 5114) IDCU, IDCL, IDCR, ICRU, ICRL

Columns Variable Description ‘

1-14 1DCU Axial segment level at which the upper elevation
{s the downcomer upper boundary elevation.

15-28 1DCL Axial segment level at which the upper elevation
is the downcomer lower boundary elevation.

29-42 IDCR Radlal segment ring at which the outer radius
forms the downccmer inner radial boundary.

43-56 ICRU Axial segment level at which the upper elevation
is the core upper boundary elevation.

57-70 ICRL Axial segment level at which the upper elevation
is the core lower boundary elevation.

Card Number 4. (Format 4I14) ICRR, ILCSP, IUCSP, IUHP

1-14 ICRR Radial segment ring at which the outer radius
forms the core outer radial boundary.

is the lower core-support-plate elevation as
used for graphics output. (Defaults to
ICRL on Card Number 3) if ILCSP = 0.)

15-28 LLCSP Axial segment level at which the upper elevation .

29-42 1ucsp Ax{al segment level at which the upper elevation
is the upper core-support-plate elevation as
used for graphics output. (Defaults to
ICRU on Card Number 3 {f IUCSP = 0.)

43-56 IUHP Axial segment level at which the upper elevation
is the upper head-support-plate elevation as
used for graphics output. (Defaulcs to
IDCU on Card Number 3 1f IUHP = 0.)

Card Number 5. (Format 5I14) NFFA, NFFR, NFFT, NRODS, NVENT

Columns Variable Description
1-14 NFFA Axial frictlon-factor correlation option.

(Set NFFA = 0.)

15-28 NFFR Radial friction-factor correlation option.
(Set NFFR = 0.)

29-42 NFFT Azimuthal friction-factor correlation option.
(Set NFFT = 0.)
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Columns

43-56

57-70

Card Number 6.
Columns

1-14

15-28

29-42

Card Number 7.

Columns

1-14

15-28

29-42

43-56

NVENT

(Format 3E14.6)

Variable

DTXHT(1)

DTXHT(2)

DZNHT

(Format 3El4.6)
Variable

HGAPO

PDRAT

FUCRAC

SHELV

Total number of computational rods within the
vessel (greater than or equal to the number
of core mesh cells in the horizontal plane,
ICRR*NTSX) .

Number of vent valves in the VESSEL component.
There {s one vent valve per connection between
cells, so lump actual ones for each cell.

DTXHT(1), DTXHT(2), DZNHT
Description

Maximum AT (K) above which rows of nodes are
inserted in the fuel-rod conduction calculation
during reflood for the nucleate and
transitional boiling regimes (suggested

value = 3.0).

Maximum AT (K) above which rows of nodes are
inserted in the fuel-rod conduction calculation
during reflood for all boiling regimes except
nucleate and transitional (suggested

value = 10,0).

Minimum AZ (m) below which no additional rows
are inserted in the fuel-rod conduction
calculation during the reflood calculation
(this value comes from the diffusion number).

HGAPO, PDRAT, FUCRAC, SHELV

Descripton

Fuel-rod gap conductance coefficient (W/m2/K)
(constant for NFCI = O on Card Number 10;
otherwise, initial value).

Fuel-rod pitch-to-diameter ratio.

Fraction of fuel not cracked. Use only {f
NFCI = 1 on Card Number 10.

The shift added to the cell-centered axial
elevations (m) based on the vessel z~input (see
VESSEL Geometry Cards) when computing GRAV for
one~d imensional components (used when IELV = 1),
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Card Number 8.

Columns

1-14

15-28

29-42

43-56

57-70

216

(Format 5114) NODES, NPWX, IRPOP, IRPTR, NODHS

NPWX

IRPOP

LRPOP

~

IRPTR

NODHS

Description

Number of fuel-rod radial heat-transfer nodes
must be greater than or equal to four if a
core region is specified).

Number of pairs in reactor power-reactivity
table (signal-variable form, power, or
reactivity).

Reactor kinetics option (input parameters
required for each option are shown in
parentheses). Add 10 to the option value of
IRPOP if a reactivity feedback evaluation is
to be performed.

Option

Constant power (RPOWRI)

Reactor kinetics with constant programmed
reactivity (RPOWRI, REACT)

Reactor kinetics with table lookup of
programmed reactivity (RPOWRI, NPWX, PWTB)

Reactor kinetics with trip-initiated constant
programmed reactivity insertion (RPOWRI,
IRPTR, REACT)

Reactor kinetics with trip-initiated table
lookup of programmed reactivity (RPOWRI,
IRPTR, NPWX, PWTB)

Table lookup of power (NPWX, PWTB)

Constant initial power with trip-initiated
table lookup of power (RPOWRI, IRPTR, NPWX,
PWTB)

Power or reactor-kinetics trip ID number.
The number of heat-transfer nodes used

in all of the vessel slabs. A value of 1
defaults to the lumped-parameter model.



Card Number 9. (Format SI14) INHSMX, NPSZ, IPSTR, IPSSV, NPSRF

Columns Variable Description

1-14 INHSMX The maximum number of i{nterfuces between
dissimilar materials. An internal check is made
and an error message results for inconsistent
values (INHSMX 2 1).

15-28 NPSZ The number of axial power shapes in the axial-

power-shape table (NPSZ 2 1 when NRODS 2 1;
otherwise, NPSZ = 0).

29~42 IPSTR The axial-power-shape trip ID number.
(Currently not used.)

43-56 IPSSV The signal-variable ID number that defines the
independent variable in the axial-power-shape
table.

57-70 NPSRF The number of the rate-factor table pairs where

the rate factor is dependent on the axial-power-
shape trip signal difference from its trip OFF
set point. The rate factor is to be applied

to changes i{n the axial-power-shape-table
independent variable defined by IPSSV.
(Currently not used.)

Card Number 10. (Format 5114) NRFDT, NMWRX, NFCI, NFCIL, NZMAX

Columns Variable Description
1-14 NRFDT Reflood rod fine-mesh calculation trip ID number

(if zero, no fine-mesh calculation is performed
if NRFDT = 0).

15-28 NMWRX Metal-water reaction option.
0 = offf;
1 = on.

29-42 NFCI FCI option.
Option 1 performs the dynamic gap conductance
calculation.
0 = of f;
1 = on.

43-56 NFCIL Linit on FCI calculations per time step (set
NFCIL = 1).

57=70 NZMAX Maximum number of rows of nodes used in the
fuel-rod conduction calculation.
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Card Number 11. (Format 5114) NDGX, NDHX, NRTS, IRPSV, NRPRF

Columns Variable Description '

1-14 NDGX The number of delayed-neutron groups
(NDGX € 0 defaults to six delayed-neutcon
groups with the delayed-neutron constants
defined internally in TRAC).

15-28 NDHX The number of decay heat groups
(NDHX £ O defaults to 11 decay heat
groups with the decay heat constants
defined internally in TRAC).

29-42 NRTS The number of time steps the reactivity feedback
changes are summed over for printout (NRTS £ 0
defaults to 10).

43-56 IRPSV The signal-variable ID number that defines
the independent variable in the reactor power-
reactivity cable.

57-70 NRPRF The number of rate-factor table pairs where
the rate factor is dependent on the power-
reactivity trip-signal difference from its
trip OFF terminating set point. The rate factor
is to be applied to changes in the reactor

power-reactivity table independent variable
defined by IRPSV.

Card Number 12. (Format 5E14.6) RPOWRI, REACT, PLDR, TNEUT, POWSCL

Colunns Variable Description
1-14 RPOWRI Initial reactor power (W).
15-28 REACT Initial programmed reactivity (IRPOP options 2

and 4 only).

29-42 PLCR Pellet dish radius (m). (No calculation of
pellet dishing is performed {f PLDR = 0.0,)

43-56 TNEUT The prompt neutron lifetime (s) [TNEUT £ 0.0
defaults to the value 1.625 x 1079 5 get
internally in TRAC].

57=70 POWSCL Powar-reactivity-table (variable PWTB) scale
factor. The dependent variable in PWTB 1s
multiplied by POWSCL to obtain its absolute
value.

(If IRPOP < 11 on Card Number 8, skip Card Number 13.)
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Card Number 13. (Format 4E14.6) RCFORM(I), RCA(I), RCB(I), RCC(I), I = (1,3)

Colunmns Variable Description
1-14 RCFORM(I) The form number for the reactivity coefficient

type (0.0 = §k/éx, 1.0 = (1/k)(Sk/6x),
2.0 = x(8k/6x), 3.0 = (x/k)(6k/6x) for
independent variables x = Tfuel for I = 1,
T

coolant for I = 2, and acgo1ane for I = 3].

15-28 RCA(I) The coefficient for the zeroth power polynomial
term defining the ItN {ndependent-variable
reactivity coefficient.

29-42 RCB(I) The coefficient for the first power polynomial
term defining the ith independent-variable
reactivity coefficient.

43-56 RCC(I) The coefficient for the second power polynomial
term defining the 1th {ndependent-variable
reactivity coefficlient.

(The above card consists of three records, one for each of the {independent

variables x = Tg 01, Teoolents @nd acoolant)*

VESSEL Geometry Cards. Three sets of cards, one set for each of the following

variables. Use LOAD format.

Variable Dimension Description
A NASX Upper elevations (m) of axial segment levels.

(Referenced to zero elevation at the bottom
interface of the first axial segment level
in the vessel.)

RAD NRSX Outer radii (m) of radial segment rings.

TH NTSX Theta angles (rad) at azimuthal segment ends.
For NTSX = 1, the VESSEL component {s two~
dimensional and x~y slab geometry applies.

If NVENT = 0 on Card Number 5, skip the next two card types.

VESSEL Vent-Valve Location and Area Cards. (Format 2114,E14.6) 1ZV, KV, AVENT

One card per cell with the vent valves on the outer radial surface.

Columns Vartable  Description
1-14 1zv Axial segment level in the vessel.
15-28 KV Horizontal plane relative cell number.
29-42 AVENT Total area (.2) of vent valves in outer

radial wall of cell.
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VESSEL Vent-Valve Pressure Drop and Frictlon-Loss Cards. (Format 4E14.6))

DPCVN, DPOVN, FRCVN, FROVN .

One card per cell with the veut valves on the outer radial surface.

Coliumns Variable Description

1-14 DPCVN Maximum pressure drop (Pa) between the inner and
outer radial cells for vent valve to be closed.

15-28 DPOVN Minimum pressure drop (Pa) between the
inner and outer radial cells for vent valve
to be opened.

29-42 FRCVN Addityve friction loss coefficlent for vent
valve in closed position.

43-55 FROVN Additive friction loss coefficient for vent
valve in open position.

VESSEL Source Cards. (Format 4114) LISRL, LISRC, LISRF, LJUNS

One card per component connection source. See vessel description,

Sec. IV.I.

Columns Variable Description .

1-14 LISRL Axial segment level number associated with the
source.

15-28 LISRC Horizontal plane relative cell number assoclated
with the source. (See Sec. IV.I.)

29-42 LISRF Face number associated with the source.
1 = azimuthal direction;
2 = axial direction;
3 = radlal direction.
A positive number indicates a connection into
the top, outer radius, or second azimuthal face
of the cell whereas a negative number indicates
a connection futo the bottom, inner radius, or
first azimuthal face of the cell.

43-56 LJUNS Junction number assoclated with the comporent

source.
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VESSEL Core Cards. Twenty-six sets of cards, one for each of the following
’ variables. Omit these cards Lf there is no core.
Use LOAD format.

Note: See Sec. IV.I for precise definitions of the following parameters and
the ordering conventions used for reading in the data. Many parareters
are read In with dimenstion (ICRR*NTSX). These parameters are supplied
for each (r,6) mesh cell in the horizontal plane core reglon. Each such
cell constitutes one of the axial channels in the core formed by a stack
of mesh cells with the same (r,9) mesh boundaries. Each (r,0) mesh cell

encloses a number of fuel rods and their assoclated coolant channels.

Varlable  Dimension Description

RDPWR NODES Relative radial power density at the node
positions.

CPOWR ICRRANTSX Average fuel-rod relative power density in each

(r,0) mesh cell.

1DROD NRODS~ICRR*NTSX Definition of the cells in which the additional
fuel rods are placed.

. RPKF NRODS=ICRR*NTSX Fuel=rod power peaking factors (relative to
the average fuel rod) in the additional rods.

ZPOWR (ICRU=ICRL#2)*NPSZ Axial-power-shape table; input [signal-
variable form defined by IPSSV and NPSRF on
Card Number 9, relative axial-power-shape
densities (ICRU-~ICRL#l values)] pairs.
The relative axial-power-shape densities
defining the axial power shape are specified
at the axial segment level interfaces
from one end of the fuel rod to the other.
There are NPSZ axial power shapes, each
having (ICRU-ICRL+1) values.

PSRF NPSRF*2 Rate factor table for the trip~controlled
axfal-power-shape-table independent variable
defined by IPSSV on Card Number 9; Lnput pairs
(trip signal minus the set point that
turns the trip OFF, rate factor to be
applied to the axlfal=power-shape table
independent variable).
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Variable Dimensiin
RDX ICTR*\TSX
RADRD NPRDS
MATRD NODES~1
PWTB NPWX*2
KPRF NRFRF*2

(Omit the next tb

Description

Number of rods in 2a2ch (r,9) mesh cell of the ‘

core.
Fuel-rod node radii (m) (cold).

Fuel-rod material ID numbers.

I=

Material Type

Mixed oxide fuel
Zircaloy

Fuel-clad gap gases
Boron nitride insulation
Constantan/Nichrome heater chroue
Stainless steel, type 304
Stainless steel, type 316
Stainless steel, type 347
Carbon e¢teel, type A5S08
10 Inconel, type 718

11 Zircalov dioxide

12 Inconel, type 600

WOSNOULEWN -

Power or veactivity table; input (signal-
variable form defined by TRPSV and NRPRF on
Card Number 11, power or reactivity pairs.

Rate~fs(Lor table for the trip-controlled power ‘
or reactivity table independent variable defined

by IRPSV on Card Number l1; input pairs (trip

¥ignal minus rhe set point that turns the trip

OF?, rate facrgor to be applied to the power

or reactivitv rable independent variable).

variables 1f NDGX § U is input; the default 6 group

delayed neutron constants are defined internally in TRAC.)

Variable Dimension
BETA NDGX
LAMDA NDGX
CDGN Nt

222

Desc<iption
The effective delayed-neutron fraction.
The delayed-neutron decay constant (1/s).

The delayed-neutron concentrations. If 0.0 is
input, steady-state values are evaluated
faternally based on BETA, I \MDA, RPOWRI, and
TNEUT.



(Omit the nex. three variables {f NDHX £ O i{s input; the default 11 group decay

heat constants are defined internally in TRAC.)

Variable Dimension Description

LAMDH NDHX The decay-heat decay constant (s™1).

EDH NDHX The effective decay-heat energy fraction.

CDHN NDHX The decay-heat concentrations. If 0.0 is input,

steady-state values are evaluated internally
based on LAMDH, EDG, and RPOWRI.

NFAX ICRU~ICRL Number of permanent fine-mesh intervals per
coarse-mesh interval added at the start of ine
reflood calculation. (The total number cf heat-
transfer rows per fuel rod must be less than

NZMAX) .

FPUO2 ICRR*NTSX Fraction of plutonium dioxide (Puoz) in mixed
oxide fuel.

FTD ICRR*NTSX Fraction of theoretical fuel density.

GMIX ICRR*HTSX*7 Mole fraction of gap gas constituents. Array

is not used if NFCI = O but still must be
input. Enter data for each gas in the order

indicated.
Index Gas
1 Hel{ium
2 Argon
3 Xenon
4 Krypton
5 Hydrogen
6 Air/nitrogen
7 Water vapor
GMLES ICRR*NTSX Moles of gap gas per fuel rod (not v
PGAPT ICRR*NTSX Average gap gas pressure (Pa) (not used
NFCI = 0).
PLVOL ICRR*NTSX Plenum volume (m>) in each fuel rod above the

pellet stack (not used).
PSLEN ICRR*NTSX Pellet stack length (m) (not used).

CLENN ICRR*NTSX Total cladding length (m) (not used).




VESSEL Level Cards. Twenty-eight sets of cards, one for each of the following

variables for each axial segment level. Use LOAD format.
1f desired, an entire level can be repeated by a single
REPEAT LEVEL card. (See description after the level data
description.)

Note: The following parameters (dimensioned NRSX*NTSX) are read in for each
(r,0) mesh cell at each axial segment level. Here they extend over the
entire vessel horizontal plane for each axial segment level. Because a
separate data set is read for each axial segment level, these parameters
are supplied for all mesh cells in the vessel.
Variable Dimension Description
HSA NRSX*NTSX Heat-slab area (mz). If no slab is
desired in a cell, input 0.0 for the area.
HSX NODHS*NRSX*NTSX Heat-slab node position (m). For
each cell, HSX should increase mono-
tonically; the first node sees the adia-
batic boundary; and node NODHS sees the
fluid-heat-transfer boundary.
CFZL-T NRSX*NTSX Liquid additive friction loss coefficients
(6=direction).
CFZL~-Z NRSX*NTSX Liquid additive friction loss coefficients
(z=direction).
CFZL-R NRSX*NTSX Liquid additive friction loss coefficients
(r-direction).
CFZV-T NRSX*NTSX Vapor additive friction loss coefficients
(6=direction).
CFZV-Z NRSX*NTSX Vapor additive friction loss coefficients
(z-direction).
CFZV-R NRSX*NTSX Vapor additive friction loss coefficients
(r-direction).
VOL NRSX*NTSX Cell fluid volume fractions.
FA-T NRSX*NTSX Cell fluid-edge average area fractions
(6-direction).
FA-Z NRSX*NTSX Cell fluid-edge average area fractions
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Variable

FA-R

HD-T
HD-Z
HD-R

HSTN

MATHS

ALPN
VVUN-T
VVN-Z
VVN-R
VLN-T
VLN-Z
VLN-R
TUN
TLN
PN

PAN

REPEAT LEVEL Card.

Dimension

NRSX*NTSX

NRSX*NTSX
NRSX*NTSX

NRSX*NTSX

NODHS*NRSX*NTSX

(NODHS~1) *NRSX*NTSX

NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX

NRSX*NTSX

Columns

1-14

data from one level to another.
Each REPEAT LEVEL card should be placed
after the data for the preceding level and before the data

he used as needed.

for the next level.

Variable

AREP

Description

Cell fluid edge average area fractions
(r-direction).

Hydraulic diameters (m) (8-direction).
Hydraulic diameters (m) (z-direction).
Hydraulic diameters (m) (r-direction).

Heat-slab temperatures (K). Do not
input 0.0 temperatures.

Heat-slab material ID numbers. All
material ID numbers must be defined (see
Sec. V.F.5.e--card 2).

Vapor fraction (=).

Vapor velocity (m/s) (8-direction).
Vapor velocity (m/s) (z-direction).
Vapor velocity (m/s) (r-direction).
Liquid velocity (6-direction).
Liquid velocity (z-direction).
Liquid velocity (r-direction).
Vapor temperature (K).

Liquid temperature (K).

Pressure (Pa).

Air partial pressure (Pa).

(Format Al2,2x,114) This card can be used to repeat the

Description

The character string: "REPEAT.LEVEL."
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Columns Variable Description

15-18 NLEV The number of the level to be repeated.
The value of NLEV must be greater than one
but less than the number of the level that
results from the repeat.

VESSEL Fuel-Rod Cards. Two sets of cards, one for each of the following

variables for each fuel rod. Omit these cards if there

is no core. Use LOAD format.

Variable Dimension Description
BURN (ICRU-ICRL+1) Fuel burnup (MWD/MTU).
RDTN NODES*(ICRU-ICRL+1) Fuel-rod temperatures (K).
6. PWR-Initialization Data. The following cards are required only {if

a PWR-initialization calculation is to be performed. (This 1s 1indicated by
setting STDYST = 2 or 3 on Main Control Card 1.)

Card Number 1. (Format 114) NLOOP

Columns Variable Description
1-14 NLOOP Number of primary coolant loops.

Cavds 2-4 are repeated for each primary coolant loop.

Card Number 2. (Format Il4, El14.6) NLPMP, TILPCl

Columns Variable Description
1-14 NLPMP Number of pumps in this loop (must be 1 or 2).
15-28 TILPC1 Desired coolant temperature (K) at the vessel

junction connected to the outlet side of the
first primary-loop coolant pump.

Card Number 3. (Format Il4, E14.6) JNLPCl, WLPCl

Columns Variable Description
1-14 JNLPC1 Identification number of the vessel junction

connected to the outlet side of the first
primary-loop coolaat pump.

15-28 WLPC1 Desired mass flow (kg/s) through the first
primary-loop coolant pump.
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Card Number 4. (Format Il4, El14.6) JNLPCZ, WLPC2
(Omit this card if NLPMP = 1.)

Columns Variable Description

1-14 JNLPC2 Identification number of the vessel junction
connected to the outlet side of the second
primary-loop coolant pump.

15-28 WLPC2 Desired mass flow (kg/s) through the second
primary-loop coolant pump.

7.  Time-Step Data. The last data block of input information is the
time-step cards for directing the calculation and output edit. The problem
time span is separated into domains. Each domain (specified by two cards) may
have differeat minimum and maximum time-step sizes and edit {intervals. Any
number of time domains may be input. The end of the calculation is specified
by making the minimum time-step size a negative number. An exception to this
rule occurs if a PWR-initialization calculation is done. See Sec. IIL.D.2 for

a detailed description of the steady-state calculations. The format of each

set of two time-step cards is as follows.

Card Number 1. (Format 5E14.6) DTMIN, DTMAX, TEND, RTWFP, RELX

Columns Variable Description

1-14 DTMIN Minimum allowable time-step size (s) for this
time domain.

15-28 DTMAX Maximum allowable time-step size (s) for this
time domain.

29-42 TEND End time (s) of this time domain.

43-56 RTWFP Ratio between heat-transfer and fluid-dynamics

time-step sizes. (Used only for steady-state
calculations, suggested value = 1000.0.)

57-70 RELY PWR-initialization relaxation factor
(suggested value = 1.0).
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Card Number 2. (Format 4E14.6) EDINT, GFINT, DMPINT, SEDINT

Columns Variable Description ‘

1-14 EDINT Print edit interval (s) for this time
domain.

15-28 GFINT Graphics edit interval (s) for this time
domain.

29-42 DMPINT Restart dump interval (s) for this time
domain.

43-56 SEDINT Short print edit interval (s) for this time
domain.

G. LOAD Subroutine

The TRAC program uses the LOAD subroutine to read most subscripted array
variables. The arrays may be read in floating point or integer format. The
input card images for subscripted variables consist of up to six fields. The
first five fields consist of an (Al), a repeat count (I2) (for operations R, M,
and I), and a floating point or integer data constant (E1l.2 or Il11) (except
for operatives E and S). The sixth field can be used for operation E only {f
the array data end in the fifth field. In formatted input decks, cards with an ‘
asterisk in column 1 are ignored and may be used as spacers or for comments.
Seven operations are defined. These operations and an explanation of

each are listed below.

Operation Description

F Fill array starting at current data index with data constant

BLANK No action

R Repeat data constant 12 times

M Multiple repeat. Repeat data constant 10*I2 times

¢ Interpolate between data constant and succeeding data
constant with I2 points

E End of data array (must be followed by at least one blank)

S Skip to next card

Some restrictions in the use of the LOAD format are:

l. end of data for an array must be signaled by E,

2. overstore or partial fill of an array is not allowed,
3. 1integer interpolation is not allowed, and

4. data for different arrays must be on different records.
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Following are examples of the use of the options listed above to fill an
array of dimension 11 with data.
EXAMPLE 1. Fill an integer array with a value of 61.
FannannnaaaablE
EXAMPLE 2. Use of the repeat option to fill an array with a value of 1.2,
Rllasaaal.2444E
EXAMPLE 3. Use of the skip option.

BalanannannanlSannnansannanlbs
RASAA&AAAAAA17AAAAAAAAAAAAla!hAﬂAAAAAAAA19AQA‘AAAAAAAA20E

EXAMPLE 4. Use of the multiple repeat option to fill an array
with 101 values.

MLOannnl,S6E=2~rnnannann,0156E

EXAMPLE 5. Use of the interpolation option to get points
1.0, 2.0, 3.0, +++, 11,0,

IngAAAAA»\AA:\l.A.;AAAAAAAAAII.E

H. Free Format

Appendix C shows part of a TRACIN deck in free format that {illustrates
the points discussed here. Section V.F gives the TRAC-PFl input specifications
for formatted input. When the free-format option is chosen, TRAC-PF1
internally converts a free- format TRACIN deck to a new deck in TRAC iformat
that is written to a file called TRCINP. File TRCINP is subsequently and
automaticelly read by the standard {input rtoutines. Therefore, to use the
free-format option, all cards must be kept 1in the same order as shown in
Sec. V.F and all variables wmust stay in the same order on those cards. Input
records may be up to 80 columns long. All data not to be read by the LOAD
routine must be delimited by at least one blank column. (However, data may
start in column 1 or end in column 80.) Array data to be read by the LOAD
routine may be blank delimited: delimited by any of the LOAD control
characters, F, R, S, {, M, or E; or delimited by a control-character repeat

count.
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Note the following examples, all of which will run in free-format mode.

Fananaal OE+07E
also TRAC format

¥-1.0E+07E

Far1.0E+07E

F1.0E+0E

Fanannnannanl ,0E+07nnnasE
etc.

free format

R1OAaaal,0E4+07R2244n~1.1E4+07

also TRAC format; both modes read 10 repeats, 2 repeats

Rlanana 1.0E+C?

free-format reads ! repeat; TRAC format (I2) reads 10 repeats

R-1041.0E+07~~R~2.1,1E+07
RananlOanal.OE+07R244A1.1E+07
Raxa101.0E+07~+aR~241.1E+07
etc.

free format; all three read 10 repeats, 2 repeats

Note the R~+.101.0E+07 example. The free-format parser scans to the first
character after the R; it includes the next character in the repeat count {f
that character 1{s a nonblank numeric. There is one exception to this rule: a
situation such as R-112,.3456E+07, where the control character is followed by
one space, a two-digit repeat count, and a nonblank column. To facilitate
conversion of existing TRAC-format decks, this field is assumed to 1indicate 1
repeat of 12.3456E+07, not 11 of 2.3456E+07. The following examples will give

11 repeats:

R11.2,3456E+07
R.11.2.3456E+07
Ras112.3456E+07
R112,3456E+07
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The E character of the LOAD subroutine is recognized as part of the string
“E~~~” s0 the three columns after the E should be blank. The E can appear in
column 78, 79, or 80 with any remaining columns blank.

The LOAD data must be 11 characters or less; non-LOAD data, 14 or less.

The requirement to blank-delimit data carries with it the requirements
that embedded and significant trailing blanks be punched explicitly as zero.
The user of the free-format option also should note that to run previously
formatted decks that have all-blank l4-column fields meant to represent zero,
the zero must be entered explicitly. Of course, this 1is not necessary for
trailing fields. In this regard, note, for example, the cne-dimensional
component variable IHYDRO that presently is not used by TRAC-PFl. A dummy
value must be input for this variable. The NAMELIST input is presently
implemented using CDC-FTN-FORTRAN. The format is essentially free but there
are a few restrictions that are discussed in Sec. V.I.

l. Free-Format Comments, Problem Title Cards, and Hollerith

Component Descriptions. Free-format TRACIN decks may be annotated with user

comments. These comments must be delimited by asterisks (*) in unbroken
strings of any lensth. The first card of the deck 1is an exception to this
requirement. Comments and their delimiters are equivalent to blank columns.
Should an input record have an odd number of comment delimiters (where *, %%
kkk  kkk%  orc. are all considered to be a single delimiter), everything on
the record to the right of the last delimiter is considered a comment. Entire
records may be comments, for example, by making the first nonblank character an
asterisk. Comments and comment cards may appear anywhere in the deck except

1. {in and immediately before the problem title cards,

2. before Main Control Card Number 1,

3. within NAMELIST group records (see additional comments on NAMELIST in

Sec. V.I).

The NUMTCR title cards immediately following Main Control Card Number 2 (from
which NUMTCR is read) are written to TRCINP exactly as they are read:
asterisks, blank cards, and all. Blank and comment cards may appear between
the first two main control cards and immediately after the NUMTCR title cards.
Hollerith descriptions of individual components (the CTITLE information) are
written to TRCINP, left justified, starting in column 43. Asterisk strings in

component descriptions are treated as comment delimiters.
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2.  Free-Format Input-Error Handling. The free-format option prévides
advantages over formatted runs in handling of many types of 1input errors.
Free-format {nput-error handling occurs during two stages, first as TRACIN is
being converted to TRCINP, and later as TRCINP is being read. In the first
stage, when an error is detected (such as detectable errors that might arise
from faflure to blank~delimit data properly, for example, using 1.0E.07 instead
of 1.0E07 or 1.0E+407) processing of the record in question is immediately
halted, subroutine CRROR is called to send warning messages, and the record is
flagged before it 1is written to TRCINP. In the second stage, under most
circumstances a fatal FORTRAN input error will not force an immediate program
abort; the entire deck will be processed and appropriate error messages issued
before program termination. An exception to this situation occurs in the case
of fatal NAMELIST errors. In situations where there are no errors detected but
input problems are suspected, the user should inspect the file TRCINP, where
faulty records may be readily apparent.

The NAMELIST statement is an extremely useful--but nonstandard--FORTRAN
statement that can be used to input selectively values to subsets of groups of
variables named in a program. The user-convenience features in TRAC available
through NAMELIST {nput options are described in Sec. V.F, "TRAC-PFl Input
Specifications.” The TRAC NAMELIST options are implemented using NAMELIST as
described in the CDC-FTN-FORTRAN manual. (A somewhat more flexible NAMELIST is
avallable at Los Alamos.) The reader 1{s referred to the FTN manual for
details. Here we point out that, although NAMELIST {s essentially in free
format, there are certain restrictions. At present these restrictions apply to
all TRAC input decks, whether the TRAC free-format option 1s selected. The
restrictions include the following (Los Alamos-available extensions are
indicated in parentheses):

1. Hollerith constants are not allowed (allowed).

2. The first column of all physical records 1{s ignored [terminating
dollar sign ($) can appear in any column].

3. There must be no embedded blanks in the string SNAME; where NAME is a
NAMELIST group name, there must be at least one trailing blank. The
initial $§ must appear in column 2.
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4, Free-format *-delimited user comments are not allowed on NAMELIST
cards. Also, free-format comment cards are not allowed among the
physical records of a NAMELIST group record, although all-blank cards
are allowed.

As an example, the following five cards might be used to input data for

the NAMELIST group INOPTS (described in Sec. V.F).

123456789...

~SINOPTS~IELV=1, ~~IKFACA=x1,

~~~ISTOPT=2,

~ALP=0, ,VL=0.,VV=0. ,TL=550. ,TV=550. ,
~aP=1,55E+07,PA=0. ,QPPP=0, ,~TW=5.SE+02 , HSTN=550. ,
~SEND

Figure 42 shows the files read and written by TRAC during a problem. We
discussed the two input files, TRACIN and TRCRST, in Sec. V.A, the free-format
option output-input file TRCINP in Sec. V.H, and the dump output file, TRCDMP,
in Sec. V.E. This section describes the remaining three output files, TRCOUT,
TRCGRF, and TRCMSG.

The TRCOUT file contains printer output. This file is produced with
standard FORTRAN write statements contained in the various component module
output subroutines. Included are complete descriptions of the problem input
file that was read by the code and the time edits that are produced with a
frequency specified on the time-step cards. Each time edit includes a printout
of results from each compcnent in a problem. The component output 1includes
pressures, temperatures, and other important results. The TRAC error messages,
if any, also are written in the TRCOUT file. Appendix D describes these
messages. Section IV gives a more complete description of individual component
output.

The TRCGRF file contains graphics output and is a structured binary file
produced with wunformatted write statements. This file structure is discussed
in Sec. VI.F. A Livermore Time Sharing System (LTSS) library computer code,
GRIT, generates plots of the problem calculation from the TRCGRF file. A
versatile graphics package TRAP/EXCON also has been developed to produce
high-quality plots and movies from the TRCGRF file. This package is designed
for the Los Alamos National Laboratory CDC 7600 computer and is documented
separately (to be published).

233



The TRCMSG file contains warning messages that are sometimes produced by

various computational modules within TRAC. These warnings, written with

formatted input/output (I/0), 1indicate difficulty with the progress of the

problem.

I
'TRCOUT

| PRINTER
| FILE

‘)

' TRACIN |
INPUT |
DECK

TRCRST

RESTART
FILE

f )|

v Y :
TRCINP | TRCGRF|
‘ TRANS- | TG!AP"“CS’
| FORMED | » FILE l
INPUT | ‘ j
FILE )

-

Fig. 42.
TRAC input and output files.




VI. PROGRAMMING DETAILS
A.  Overall Code Organization

Durirg TRAC development, much attention was paid to the programming
techniques. The decision was made to strive for a code structure that
minimizes the problems of maintaining and extending the code. In addition, we
attempted to program in a manner that {is understandable to knowledgeable
persons in the LWR safety field and that reduces the difficulties of
implementing TRAC at other sites and/or computers. We also recognized that we
should take advantage of the Laboratory”s efficient computing facility. In
this case, the system 1is a CDC 7600 computer running on LTSS. In conflict
situations, we ranked the importance of these goals in the order presented.
Whenever possible, we segregated specialized codiag to subprograms that perform
specific, low-level service functions.

To attain these goals, modularity is the best approach. The TRAC program
is modular in two {Important ways. Because it analyzes reactor systems that
consist of specific types of components, the program contains subroutines that
treat each component type. The TRAC components are described in Sec. IV. This
modularity simplifies both the subroutine programming and the data associated
with particular components. For example, because fuel rods are associated only
with the VESSEL component, no fuel-rod data are referenced, nor are fuel-rod
calculations performed by the subroutines that treat any other component.

Second, the TRAC program is functionally modular; that is, each TRAC
subprogram performs a specific function. If the performance of a function
requires modification, only those routines that perform that function must be
altered. For example, if the dump/restart capability needs modification, only
those routines that perform the dump/restart for the affected components
require changes. Some low~!evel subprograms are used by all components,
thereby strengthening this modvlarity. The most important low-level routines
and a brief description of their functions are listed in Table IX. All TRAC
subroutines are described in Appendix E.

Functional modularity within TRAC is taken a step further by its division
into overlays. The use of an overlay structure originally was mandated by
computer size limitations because the small CDC 7600 core memory, where all
executable instructions must reside, is limited to 65 536 60~bit words. This

division isolates functional subunits within TRAC. Figure 43 displays a




Subprogram
BKMOM

BKSSTB

CHEN

CHF

CLEAR
CYLHT
ERROR
FEMOM

FF3D

FLUX

FPROP

FWALL
HTCOR

HTPIPE

HTVSSL
TNNER
J1D

JUNSOL
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TABLE IX

IMPORTANT LOW-LEVEL SUBPROGRAMS ’

Function

Initiates back-substitution for stabilizing momentum equations.

Initiates back-substitution for stabilizing mass and energy
equat lons.

Uses Chen correlation to evaluate the forced-convection nucleate-
boiling HTC.

Evaluates the critical heat flux based on a local-conditions
formulation.

Sets an array to a constant value.
Calculates temperature fields in a cylinder.
Processes error conditions.

Sets up stabilizing momentum equations.

Makes final pass update fcr all variables in three-dimensional

vessel. ‘

Calculates mass flow at bourdary of one-dimensional components
for use in mass inventory.

Calculates values for fluid enthalpy, transport properties, and
surface tension.

Computes a two-phase friction factor.
Computes HTCs from material surfaces to vapor and liquid.

Averages velocities and generates HTCs for one-dimensional
components.

Averages velocities and generates HTCs for the vessel.
Performs an inner {teration for a one-dimensional component.
Fills boundary array at component junctions.

Determines junction parameters for connecting and sequencing
components.



Subprogram
MFROD

MPROP

POSTER
PREPER
RDLCM
RKIN
RODHT
SAVBD

SCMLCM

SETBD
SLABHT
STBME

TF1D

TF3DE

TF3DI

THERMO
TRIP
TRPSET

VOLV

TABLE IX (cont.)

Function

Orders fuel-rod property selection and evaluates an average
temperature for property evaluation.

Orders structure property selection and evaluates an average
temperature for property evaluation.

Performs postpass calculation for a one-dimensional component.
Performs prepass calculation for a one-dimensional component.
Transfers data from LCM into SCM.

Integrates the neutron point-kinetics equations.

Calculates the fuel-rod temperature field.

Moves boundary information into component arrays.

Transfers the fixed-length, variable-length, and pointer tables
to LCM.

Stores component information into boundary arrays.
Calculates the slab temperatures.
Sets up stabilizing mass and energy equations.

Controls solution of the hydrodynamic equations for
one~dimensional components.

Evaluates constitutive relations for interfacial heat transfer
and shear; makes an initial evaluation of new time velocities.

Sets up the linearized three-dimensional finite-difference
equations.

Calculates thermodynamic properties of water.
Returns status of a TRIP.
Sets up trip status flags.

Calculates cell average phase velocities for
one-dimensional components.
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TABLE IX (cont.)

WARRAY Writes a real array to TRCOUT.
WIARR Wrictes an integer array to TRCOUT.
WRLCM Transfers a given number of words from SCM to LCM.

calling tree of the TRAC overlays. Table X briefly describes the function of
each overlay.

The TRAC component modularity can be seea in the data structure as well
as in the program structure. We used the data modularity 1in a manner that
efficiently utilizes the CDC 7600 computer. The CDC 7600 central memory is
divided into two segments: small-core memory (SCM) and large-core memory (LCM).
The CPU must retrieve the 1instruction stream from SCM, which is limited in
eiz2, but may retrieve data from either segment. Single-word accesses to SCM
require between 27.5 and 275 ns to complete. Single-word accesses to the
512 000-word LCM require 1 760 ns to complete. For transfers of large data
blocks between SCM and LCM, the transfer time per word is as low as 27.5 ns.

To take advantage of this feature, TRAC divides the data for each
component {into four blocks. These are the fixed-length table, the
variable-length table, the pointer table, and the array data. The first three
of these blocks are stored in SCM in the COMMON blocks, FLTAB, VLTAB, and PTAB,
respectively. The structure of the FLTAB COMMON area is the same for all
components. The variables in the VLTAB and PTAB COMMON areas differ from one
component to another. Appendix F describes the fixed-length, variable-length,
and pointer tables for each component.

The array data are stcred in SCM within the dynamic storage array. The
location of individual arrays is determined by the value of variables in the
pointer table. Dynamic storage of data arrays permits effective use of space
for many different problems. The array data for all components are contained
in the SCM blank COMMON dynamic area. The pointer tables for all
one-dimensional components have a common structure. The first 11l pointers
locate the basic hydrodynamic, thermodynamic, and heat-transfer information and
have the same interpretation for all one-dimensional components. The next

12 pointers locate data for wall heat transfer in those components that support
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MAIN

(0, 0)
INPUT DUMP GRAF OUTER PWF?‘;S
(1,0 (3,0 (5. 0) (6. 0! s
INIT EDIT PREP POST CLEAN
(2.0) (4,0) (11,0 (12,0) (13,0)
Fig. 43.
TRAC overlay structure.
TABLE X
TRAC OVERLAYS
Overlay Function
MAIN Controls overall flow of calculation. (The MAIN overlay also
contains many service routines used throughout the code.)
INPUT Reads input and restart files, assigns LCM storage space and
saves input data there, and analyzes PWR loops for
PWR-initialization calculations.
INIT Initializes component data and graphics tables.
OUTER Performs one complete outer iteration for all components.
PREP Performs prepass for all components.
POST Performs postpass for all components.
PWRSS Evaluates new parameter values for the PWR-initialization option.
DUMP Adds a dump at the current time to the TRCDMP file.
EDIT Adds an edit at the current time to the TRCOUT file.
GRAF Adds a graphics edit at the current time to the TRCGRF file.
CLEAN Closes all output files.
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the calculation. This common structure permits construction of low-level
subroutines that can manipulate data for any one-dimensional component, for
example, subroutine INNER in overlay OUTER.

Data for a particular component are stored in the dynamic SCM areas only
while TRAC processes that component. At other times the data are retained 1in
LCM. Two service subroutines, RDLCM and WRLCM, use the efficient block-
transfer capability to transfer data to and from SCM as required. Processing
of a component by TRAC begins with the transfer of its component data from LCM
to SCM and the computation of the pointer variables based on the available
space in the dynamic storage array. The processing of this component ends with
the reverse data transfer from SCM to LCM. Figure 44 shows the relationship
between SCM and LCM storage areas.

In addition to the data that refer to a particular component, TRAC uses
many variables to describe the overall state of the calculation. These
variables are grouped according to their use into several other COMMON areas.
Appendix G describes the structure of these COMMON areas, which are I{dentical
throughout TRAC.

The overall sequence of calculations is directed by the main progranm.
Overlay INPUT always is invoked at the start of each TRAC execution to read
component and control input data. The component data are initialized by
overlay INIT. The reactor power level ies set to zero at this point. The
steady-state calculation (if requested) is performed by subroutine STEADY.
Output operations are performed using the EDIT, GRAF, and DUMP overlays as
required. During the steady-state calculation, the reactor nower is turned on
after the fluid flow rates have been established. This is to prevent high rod
temperatures early in the steady-state calculation when the flow rates are
small. If no steady-state calculation 1s performed, the reactor power is
turned on by subroutine STEADY in preparation for the transient calculation,
which is performed by subroutine TRANS. Overlays EDIT, GRAF, and DUMP are
invoked by TRANS to generate output as required. Overlay CLEAN is invoked to
close all output files at the end of the problem or when a fatal error occurs.
B. Input Processing

The processing of all TRAC input information is performed by the INPUT

overlay. This information is of two types: input data cards retrieved from the

input file, TRACIN, and restart information from the problem restart file,
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RELATIONSHIPS BETWEEN SCM AND LCM
STORAGE AREAS

SC™ LM
FIXED LENGTH TABLE )
VARIABLE LENGTH TABLE T
OMMON AREA [7777 DATA ¢#OR
FLTARC POINTER TABLE b COMPONENT 1
ARRAY DATA
FIXED LENGTH TABLE <
/ VARIABLE-LENGTH TABLE B
VLTAB COMMON AREA [/ POINTER TABLE ’ -
ARRAY DATA
FIXED-LENGTH TABLE <
/ VARIABLE LENGTH TABLE
PTAB COMMON AREA /
% POINTER TABLE DATA FOR
} COMPONENT 3
4?’ ARRAY DATA
BLANK
COMMON AREA
FIXED-LENGTH TABLE ﬁ
VARIABLE-LENGTH TABLE
POINTER TABLE
DATA FOR
b COMPONENT &
[ARRAY DATA
7
{etc)
(ARROWS DESCRIBE DATA
FLOW WHEN PROCESSING
BEGINS FOR COMPONENT 2)
Fig. 44.

Relationships between SCM and LCM storage areas.

TRCRST. In addition to obtaining the input data from the appropriate location,
overlay INPUT also organizes the component data 1in LCM, assigns the array
pointer variables for every component, allocates one fixed segment of the blank
COMMON area, and analyzes the problem loop structure.

Subroutine INPUT is the entry point for this overlay and controls the
input process. The main control parameters (see Sec. V.F.l) are read from the

TRACIN file by subroutine INPUT. Using this information, INPUT allocates one
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Pointer

LTITLE

LORDER

LILCMP

LNBR

LCOMPT

LIITNO

LLCON

LJUN

LJSEQ

LVSI

LBD

LCNTL

LMSCT

LMCMSH
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TABLE XI

FIXED~-SEGMENT ALLOCATIONS FOR THE BLANK COMMON AREA

Dimension

20* (NUMTCR+2)

NCOMP

NCOMP

NCOMP

NCOMP

NCOMP

NCOMP

8*NJUN

NJUN

NJUN

38*NJUN

KPTT2

NVCON

NVCON

Array Description

Problem title and version information (stored
using only the first four bytes of each word).

Component numbers stored in the order used for
iteration.

Component LCM pointers stored in the order in
which components were read.

Component numbers stored in the order in which
components were read.

Component LCM pointers stored in the order used
for iteration.

Number of inner iterations during the last outer
iteration for each component (in the order sed
for iteration).

Number of times each component was the last to
converge since last edit.

Junction-component pair array.

Junction numbers in the order in which junctions
occur in the junction-component array.

Junction flow reversal indicators in the order in
which junctions occur in the junction-component
array.

Boundary data array.

Signal-variable, trip, and controller
data array described in Fig. 45.

Temporary storage for vessel pressure changes
ad jacent to sources.

Storage for coarse-mesh number of vessel source
cells or absolute cell index i{f direct vessel
solution is used.



Pointer

LIVCON

LJOUT

LNVCNL

LLOOPN

LNSIGP

LNSIC

LNJN

LIVLIN

LIOU

LLOOP

LVJN

LVRH

LDVB

LDREV

Dimension

NVCON+1

IT+1b

IT+1

IT+1

IT

IT

IT

NVCON+1

IT2€

LENPCLY

4*NCSR

NJNT

NJNT

NINT

TABLE XI (cont.)

Array Description

Pointer to network junction numbers that connect
to a vessel.

Storage area for pointers that locate the
beginning of each system loop within data for 10U.

IA(LNVCNL+IL-1) points to the elements of IVCON
and IVLIN that begin the ILP 100p.

IA(LLOOPN+IL-1) gives the element of the IORDER
array that begins the ILtM 1q0p.

NSIGP(IL) is NSIG(IL) plus the number of steam
generators in loop IL.

NSIG(IL) is the total number of components
excluding breaks and fills in a loop.

NIJN(IL) is the number of network junctions in
loop IL.

IVLIN(I) is the vessel junction number
corresponding to the network junction number
given by IVCON(I).

Network junction numbers for the junctions of all
components excluding breaks and fills.

Loop data for PWR-initialization
calculations.

Vessel junction data area within
loop data area for PWR-initialization
calculation.

Storage for explicit information to evaluate
equations of motion at network junctions.

Storage for the right-hand side of the network
junction equations or the changes in junction
velocities.

Storage for right-hand side
of the vapor stabilizer equation.
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TABLE XI (cont.)

Pointer Dimension Array Description
LDREL NJNT Stcrage for right side
of the liquid stabilizer equation.
LDRA NJNT Storage for right side
of the air stabilizer equation.
LIDPCV NVCON Pointers to coefficients stored in DPCV.
LDPVC Je Locator that shows the beginning of coefficients

to evaluate the derivatives of junction
velocities with respect to vessel pressures.

LAOU Jcf Network junction coefficient matrix.

LOD 4*NJNMX Temporary storage for intercomponent
coupling information.

8KPTT = 7*NTSV+80*NTRP+38*NTSE+12*NTCT+2I*NTSF+NTDP+1 5*NTSD+10.
bt = (NVCON + the number of BREAKS + the number of FILLS)/2 + 2.

€IT2 = MAX0{3,3* [IA(LJOUT + NLOOPS) - 1]}.

dLENPCL = the amount of storage needed for all the primary
coolant loops + 2.

€ = Product of the number of junctions in each loop and the number of
vessel connections in each loop summed over all loops.

fic = MAXO [NVCON*2#*(JNVSSL+1), NJNMX*(NJNMX+2)].

fixed segment of the SCM blank COMMON area, as described in Table XI. The
remainder of the fixed seqment of SCM is allocated by subroutine INIT. At the
end of each of the overlays, INPUT and INIT, these fixed segments are moved to
the end of the dynamic SCM area. (This is done to facilitate special handling
of this area on the Laboratory computer.) The signal-variable and trip data
from the TRACIN file are read and processed by subroutine RCNTL, which creates
the CNTL array described in Fig. 45. Subroutine RDCOMP reads the component
data from the TRACIN file, assigns pointer values to the data, and then stores
the data in LCM. Signal-variable, trip, and component data are retrieved from
the restart file TRCRST by subroutine RDREST. This subroutine is analogous to
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RDCOMP, as described below. Finally, INPUT utilizes the subroutines, ASIGN,
SRTLP, and RDLOCP, to fill the component LCM pointer array; to sort system
components; and to process the PWR-initialization input, respectively.

Subroutine RDCOMP invokes a component 1{input routine to process each
component. Table XII lists these routines. Input routines for one-dimensional
components utilize subroutine RCOMP to read data that are common to all
one-dimensional components. Subroutine RDCOMP determines each component type
by reading the first input card. When a ~~mponent type “"END" is encountered,
RDCOMP knows that all component input has been read. The component input
routines perform the following functions: read input cards for a component,
store data in the component data tables and write them to LCM, assign relative
pointers for the component array data, and fill in the JUN array, as described
in Table XIII.

If not all components have been read from the TRACIN file, subroutine
RDREST reads the remaining components from the restart file, TRCRST. This file
is opened and the dump corresponding to the requested time-step number (input
on Main Control Card 1) is located. (if the requested time step is negative,
RDREST uses the last dump.) This dump then {is used to initialize the
componants and trips that were not found in the TRACIN file, using the
component restart subroutines listed in Table XII. Restart subroutines for
one-dimensional components utilize subroutine RECOMP tc read data that are
common to all one-dimensional components. The detailed structure of the
restart file is described in Sec. VI.F in conjunction with the dump capability.

The subroutine SRTLP sorts through the components of the system and
groups them by loops that are isolated from one another by a vessel component.
The IORDER array 1is rearranged to reflect this grouping and to provide a
convenient order within each group for the flow network solution procedure.

The PWR-initialization input data are read and the reactor structure
analyzed by subroutine RDLOOP, {if a PWR-initialization calculation was
requested on Main Control Card 2. The analysis of the reactor loop geometry
results in the creation of a PWR-initialization data area, which also resides
in the fixed segment of the blank COMMON area. Figure 46 shows this data
structure. The overall prologue, loop prologues, and VESSEL junction data area
are created by subroutine RDLOOP. The data structure for cach loop 1is

generated by subroutine FNDLP.
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KPTT Length of trip data array
NTSV Number of signal variables
NTRP Number of trips
NTCN Number of controllers (currently not used)
NTSE Number of signal-express.on trips
NTCT Number of trip-controlled trips
NTSF Number of set-point factor tables
NTDP Number of trips that generates restart
dumps and possible problem termination
NTSD Number of trip time-step data sets
Signal- 7*NTSV entries
Variable
Data
General 80*NTRP entries
Trip
Data
Signal- 38*NTSE entries
Expression
Trip
Data
Trip~- 12*NTCT entries
Controlled
Trip
Data
Trip 23*NTSF entries
Set-Point
Factor
Tables
Trip, NTDP+1 entries
Dump ,
and
Terminaticn
Data
Trip 15*NTSD entries
Time-Step
Data Fig. 45.
-

Signal-variable and trip data.
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Component
. Type

ACCUM
BREAK
CORE
FILL
PIPE
PRIZER
PUMP
STGEN
TEE
VALVE
VESSEL

The JUN array

is

TABLE XII

Card Input

RACCUM
RBREAK
RCORE
RFILL
RPIPE
RPRIZR
RPUMP
RSTGEN
RTEE
RVLVE
RVSSL

TABLE XIII

COMPONENT INPUT SUBROUTINES

REACCM
REBRK

RECORE
REFILL
REPIPE
REPRZR
REPUMP
RESTGN
RETEE

REVLVE
REVSSL

JUNCTION-COMPONENT PAIR ARRAY

doubly subscripted, JUN(4,2*NJUN).

The second index

indicates the order in which the junction-component pair was encountered during

input.

Index
1

2

Description

Junction number.

Component number.

Component type.

Junction direction flag.
= 0, if positive flow in this
component at this junction,

The four values of the first index correspond to:

component is into the

or

= 1, if positive flow in this component is out of the

component at this junction.

a specific point of view.

Of principal

interest

ihe data area shown in Fig. 46 describes the geometry of PWR systems from

in the PWR-initialization

calculations are the components through which the primary coolant flows during

steady-state conditions.

To isolate cthese components, the compuuents

in each

primary-coclant flow loop are grouped into subloops of three kinds {.dicated by
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Overall

Structure

KVSSL

NVSSL

Loop |
Prologue

Subloop !
Prolog e |

P———— e

Subloop I

Component
Data

1
=

Loop 2
Prologue

Subloop
Prologue

Subloop
Component
Data

VESSEL
Junction
Data

Loop Prololue Structure

TLOOP

KNLOOP

JNLPCI

JNLPC2

JNLPCH

TILPCI

WLPCI J
—

p——

WLPC2

NSLP

KTEE

Pointer to ICM space for the VESSEL component.

VESSEL component number.
.

Repeats for each !
subleop in Loop 1.

Repeats for each
subloop in Loop 2.

Ceccurs once for
the entire system.

Loop index.

Pointer to next loop.

Repeats for easch
primary coolant loop.

First vessel cold-leg junction.

Second vessel cold-leg junction.

Vessel hot-leg junction.

Desired temperature at JNLPC|.

Desired flow rate through JNLPCI.

Desired flow rate through JNLPC2.

Number of subloops in this loop.

Pointer to tee that joins loop pumps.

Fig. 46.

PWR-initialization data structure.



Subloop Prologue Structure

ISL Subloop index.

KNSL Pointer to next subloop.

ISLTP Subloop type index.

NSLCMP Number of subleop components.

KSLP Pointer to subloop pump.

KSLS Pointer to subloop steam generator.
SGAREA Steam-generator area.

PMSPD Pump speed.

Subloop Component Data Structure (Repeats for each component in the subloop.)

KCOMP Pointer to LCM data.
NUM Component number.
TYPE Component type.

VESSEL Junction Data Structure

NCSR Number of vessel junctions.
JN Junction number.
:::.:::h P Pressure inside vessel.
x:::ton. H Enthalpy flow rate at junction.
w Mass flow rate at junction..

Fig. 46. (cont.)

the associated value of ISLTP. The components through which the primary
coolant normally flows are identified by ISLTP = 1 and constitute one or two
principal subloops (depending on the number of pumps). Subloops with ISLTP = 0
are called passive; they are connected to the principal flow loop by a TEE and
have zero flow at steady-state conditions (for example, a pressurizer).
Secondary-loop components (identified by ISLTP = 2) are connected to the
tteln-generatbr-‘econdcry side. For the system to be processed by the
PWR-initialization calculation, the secondary loops must be quite simple. One
side of the steam generator must be connected by a sequence of pipes to a FILL
component and the other side to a BREAK. (The first sequence is identified by
ISLTP = 2 ard the second by ISLTP = -2,)
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The transient or steady-state calculation cannot be {initiated directly
from the input data. Many arrays and variables for each component are required
that are not read by overlay INPUT. Overlay INIT initializes these data based
on the values of the [nput infurmation. It also creates a table that supplies
information to the graphics ~outines. The entry point subroutine, INIT,
controls the {nitialization 2¢ocess by calling ICOMP and IGRAF. Subroutine
ICOMP completes the component data tabies and IGRAF initializes the graphics
capability.

Subroutine ICOMP checks the junction input data (stored in the junction
component pair array, JUN, to ensure that the system 1is configured properly,
then fills in the JSEQ and VST arrays in the fixed segment of the blank COMMON
area (Table XI). Then, ICOMP initfalizes the data for each one-dimensional
component by transferring the component data from LCM to SCM, adjusting the
array pointers to reflect the origin of the array data, 1invoking the
appropriat2 component initialization subroutine (listed in Table XIV), and then
returning the initialized data to LCM. For each three-dimensional component,
ICOMP invokes subroutine CIVSSL. Subroutine CIVSSL transfers the component
data from LCM to SCM; adjusts the array pointers; calls the initialization
routine, IVSSL; and then returas the initialized data to LCM.

TABLE XIV

COMPONENT INITIALIZATION SUBROUTINES

Graphics
Cemponent Inirialization Initialization
__Type Routine Routine
ACCUM IACCUM IGACUM
BREAK IBRK IGBRAK
CORE TCORE IGCORE
FILL IFILL IGFILL
PIPE IPIPE IGPIPE
PRIZER IPRIZR IGPRZR
PUMS IPUMP IGPUMP
STGEN ISTCGEN IGSTGN
TEE ITEE IGTEE
VALVE IVLVE IGVLVE
VESSEL IVSSL LGVSSL
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Using Jcubroutine J1D, the component initialization routines originate

geometric and heat- transfer arrays; fluid properties (by calling subroutines
THERMO and FPROP); and the junction data array, as described in Table XV.
Other individual and array variables are initiated for specific components.
Most of these one-dimensional routines use COMPI and IPROP to initialize the
data that are common among one-dimensional components.

The subroutine SETNET provides information to the individual components
through the I0U array that is passed on to the network junction matrix
described in Sec. IIIL.D. The graphics initialization subroutine, IGRAF,
creates the TRCGRF file; writes the header, catalog, and geometric data onto
the file; and places the catalog in a LCM storage area. The catalog, which
contains information about the data to be written on the TRCGRF file during the
course of a problem, is constructed by the component graphics initialization
routines. The data to be edited for each component are specified in these
routines. Each data type adds one entry to the catalog. This entry describes
the data location and identifies it with the variable name containing the data
and a three-word Hollerith field. The catalog stored in LCM 1is interrogated
later by subroutine GRAF to create each graphics edit.

D. Transient Calculation

l.  General. The transient calculation 1is directed by subroutine
TRANS. The system state is advanced through time by a sequence of prepass,
outer {teration, and postpass calculations that TRANS requests by invoking
overlay PREP, subroutine HOUT, and overlay POST, respectively. In these
calculations one .: more sweeps are made through all the components in the
system. To provide the output requested by the user, TRANS invokes the EDIT,
DUMP, and GRAF overlays by calling subroutine PSTEPQ.

Subroutine TRANS 1is structured as shown in Fig. 47. The major control
variables within the time-step loop are: NSTEP, the current time-step number;
TIMET, the time since the transient began; DELT, the size of the current time
step; and OITNO, the current outer iteration number. The time-step loop begins
with the selection of the time-step size, DELT, by subroutine TIMSTP. A
prepass is performed for each component by overlay PREP. At this point, if the
current time step is zero, TRANS calls in the EDIT overlay to print the system
state at the beginning of the transient. Subroutine TRANS then calls

subroutine HOUT that performs one or more outer iterations to solve the basic



TABLE XV

BOUNDARY ARRAY DATA*

The specific elements of the array are:

Index Description
1 Width of the ad jacent mesh cell.
2 Volume of the ad jacent mesh cell.
3 0ld mixture density at space point 2.
4

Product of new vapor density and void fraction (apg)
at space point 2.

5 Product of liquid density and liquid fraction

[(1 = a)py] at space point 2.

6 Sign multiplier us2d on velocities in the adjacent
component for consistency.

0ld void fraction at space point 2.

0ld vapor density at space point 2.

0ld liquid density at space point 2.

10 New liquid velocity at space point 3.
11 New vapor velocity at space point 3.
12 Contribution to liquid momentum at space point 1

if there is a tee junction av. point 2.
13 Contribution to vapor momentum at space point 1

if there is a tee junction at point 2.

*The boundary array data are stored in a doubly dimensioned array,
BD(54,NJUN), whose second index indicates the order in which the junctions
occur in the input data. The data in this array indicate the current
condition of the adjacent component. Because both components connected to the
junction use the same storage space, the JUN array reflects the stat~ of the
last of these components processed. The {luid properties are evaluated at one
of three space points:

1. at the edge of the mesh cell closest to the junction,
2. at the mid-point of that mesh cell, or
3. at the other edge of that mesh cell.
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Index

14
15
16
17
18
19
20

21

22
23
24
25
26

27

28

29
30
31
32
33
34
35
36
37
38

39

TABLE XV (cont.)

Description

0ld pressure at space point 2.
New void fraction at space point 2.
New vapor density at space point 2.
New liquid density at space point 2.
New stabilizer liquid velocity at space point 3.
New stabilizer vapor velocity at space point 3.
Further contribution to liquid momentum at
point 1 if there is a tee junction at space point 2.
Further contribution to vapor momentum at point 1
if there is a tee junction at space point 2.
New pressure at space point 2.
New liquid velocity at space point 1.
New vapor velocity at space point 1.
Surface tension at space point 2.
Derivative of liquid velocity at point 1
with respect to pressure at space point 2.
Derivative of vapor velocity at point 1
with respect to pressure at space point 2.
New macroscopic liquid energy density [(l - alpgegl
at space point 2.
New macroscopic vapor energy density (apgeg) at space point 2.
Vapor viscosity at space point 2.
Liquid viscosity at space point 2.
Flow area at space point 1.
Hydraulic diameter at space point 1.
0ld stabilizer liquid velocity at space point 3.
0ld stabilizer vapor velocity at space point 3.
Component type of last component to enter data into this array.
Component number of last component to enter data into this array.
0ld bit flags for donor-cell logic and detecting crosslags
of the saturation line.

01d air density (p,) at space point 2.
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TABLE XV (cont.)

Index Description
40 New macroscopic air density (apa) at space point 2.
41 0ld macroscopic vapor density (apg) at space point 2.
42 0ld macroscopic liquid density [(1 - a)pzl at space point 2.
43 0ld macroscopic vapor energy density (apgeg) at space point 2.
44 01d macroscopic liquid energy density [(1 - “)9292]
at space point 2.
45 Void fraction at the beginning of the previous t'me step
at space point 2.
46 01d macroscopic air density (ap,) at space point 2.
47 01d partial pressure of air at space point 2.
48 0ld vapor temperature at space point 2.
49 01d liquid temperature at space point 2.
50 Vapor velocity averaged for space point 2.
51 Liquid velocity averaged for space point 2.
52 Droplet interfacial drag coefficient for space point 3.
53 New bit flag information for space point 2.

hydrodynamic equations. Each outer iteration is performed by overlay OUTER and
corresponds to one {teration in a Newton solution procedure for the fully
coupled difference equations for the flow network (see Sec. III.D.). The outer
iteration loop normally completes when the outer iteration convergence
criterion (EPSO on Main Control Card 3) is met. This criterion is applied to
the maximum fractional change in the pressures thrcughout the system during the
last {teration.

The outer iteration loop alternatively may terminate when the number of
outer {terations reaches a user-specified limit (OITMAX on Main Control Card
4). 1In this case, TRAC restores the state of all components to that at the
beginning of the time step, halves the time-step size (with the constraint that
DELT be greater than or equal to DTMIN), and continues the calculation with the

new time-step size.
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Fig. 47.
Flow diagram for transient calculations.
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When the outer 1{iteration converges, TRANS calls in the POST overlay to
perform a postpass. The time-step number then 1is 1incremented and TIMET {is
increased by DELT. A calculation is complete when TIMET reaches the last time

specified on the time-step input cards.
2. Time-Step Selection and Output Control. The transient calculation

interval 1s a sequence of time domains specified by the user on the time-step
input cards. During each of these domains, the minimum and maximum time-step
sizes and the edit, dump, and graphics intervals are fixed. When the EDIT,
DUMP, and GRAF overlays are invoked, they calculate the time when the next
output of the associated type is to occur. When TRANS finds that TIMET has
reached or exceeded the indicated time, the corresponding output overlay 1is
invoked again. When a new time domain is reached, the output indicators are
set to the requested time plus the new value of the appropriate interval.

Subroutine TIMSTP reads the time-step control cards and evaluates the
size of the next time step. At the beginning of the transient, DELT is set to
the minimum size specified for the first time domain. At other times, TIMSTP
applies several algorithms, implemented in subroutine NEWDLT, to evaluate the
size of the next time step. Subroutine TIMSTP then 1limits DELT to values
between the minimum and maximum specified for this time step, unless the
minimum time-step size 1s greater than the computed Courant limit in
three~dimensional regions. In this case, DELT is set equal to the Courant
limic.

Two types of algorithms, inhibitive and promotional, are {implemented in
subroutine NEWDLT to evaluate the next time step. The inhibitive algorithms
limit the new time-step size to ensure stability and to reduce errors. The
promotional algoricthm increases the time-step size to improve computational
efficiency.

Iteration counts are used by both the inhibitive and promotional
algorithms. Both the numver of outer iterations (MAXIT) and the number of
vessel iterations (IIBIG) required for the previous time step are utilized. If
MAXIT i{s less than four and IIBIG is below 70% of the maximum allowed number of
vessel {terations (input as IITMAX), the promotional algorithm increases the
time-step size (DELT) by 5%. If MAXIT exceeds five, DELT is reduced by the
factor 5/MAXIT; {f IIBIG exceeds O.7*IITMAX+l, DELT 1is reduced by
(7*IITMAX+10)/(10*11BIG).
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If a new time-step size was estimated in this manner, NEWDLT then invokes
the remaining inhibitive algorithms to reduce DELT, if needed for stability or
accuracy. The Courant condition in three forms is applied to ensure stability.
The three forms use the new, old, and extrapolated fluid velocities to evaluate
the limit. The accuracy limits are based on the fractional changes in pressure
and void fraction and the calculated error in the new total vessel mass.

During the last outer iteration calculation of the previous time step,
the maximum changes in the pressure and void fraction over all fluid cells are
evaluated. (Cells in which the void fraction is below 1% are not considered in
evaluating the maximum fractional change of the void fraction.) The fractional
pressure change ordinarily is limited by the outer convergence criterion, EPSO.
If the maximum number of outer iterations is input as one, however, this is not
the case. In this Iinstance NEWDLT compares the maximum fractional pressure
change (VARERM) to 0.l. 1If the change exceeds 10%, a maximum time-step size of
0.1*DELT/VARERM is imposed. Similarly, if the maximum void-fraction change
(DAMX) exceeds 0.5, a maximum time-step size of 0.5*DELT/DAMX is used.

The error in the vessel mass inventory caused by the previous time step
is evaluated by subtracting the mass at the previous time step and the net mass
flow into the vessel from the new mass inventory. If the fractiona! mass error
exceeds 0.01%, another maximum time-step size is evaluated as IO-Q*LELT divided
by the mass error.

Another maximum time-step size calculation 1is based on the maximum
liquid, vapor, slab, and rod *“emperature changes during the 1last time step.
For temperature changes that exceed 20 K, the smallest value of DELT*20./AT is
used.

The diffusion number for the rod conduction calculation, DIFMIN, also 1is
used to evaluate a maximum time-step size. It is evaluated as DIFMIN if DIFMIN
{s nonzero or 1 x 10® 1f DIFMIN is zero.

3. Prepass Calculations. The prepass calculation uses the system

state at the completion of the previous time step to evaluate numerous
quantities to be used during the outer {iteration. The prepass begins by
evaluating trip signal variables and by determining the set position of all
trips. The prepass then loops over all components in the system and performs
an extra loop over all one-dimensional components. Each component begins the

prepass by moving the values calculated during the last time step 1into the
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storage area for old time values. (See Appendix G for a variables list.)
Next, wall and interfacial friction coefficients are calculated and an 1initial
forward elimination on the stabilizer equations is performed. For components
that require heat-transfer calculations, the prepass also evaluates material
properties and HTCs. A second pass through all one-dimensional components is
required to 7 the back-substitution on the stabilizer equations of motion.

The prepass for vessel components can be more complex. Besides
calculating material properties and HTCs for both average and hot rods, the
prepass evaluates quench-front positions and fine-mesh properties {f the
reflood segment is under way, as indicated by the reflood flag NRFD.

The prepass calculation is controlled by overlay PREP, whose entry point
routine has the same name. Subroutine PREP first processes all one-dimensional
components by calling PREPLD, which loads data for each component into SCM,
invoking the appropriate component prepass subroutine (see Table XVI), then
transfers the component data back to LCM. The prepass for all
three~dimensional components i{s performed by PREP3D, which is called once by
PREP after all one-dimensional components have been processed.

The one-dimensional component prepass routines utilize the common
low-level routines SAVBD, PREPER, SVSET, TRPSEFT, and SETBD co avoid redundant
coding. Subroutine SAVBD retrieves boundary data from adjacent components,
stores it in the appropriate arrav locations, and moves data for the last
completed time step into the old time arrays. Subroutine PREPER evaluates wall
friction by calling FWALL, evaluates interfacial friction coefficients and
begins solution of the stabilizer equations of motions by calling FEMOM, and
uses subroutines MPROP and HTPIPE to evaluate material properties and HTCs.
For a specific component, any or all of these steps may occur under the control
of the PREPER argument list.

Subroutine SVSET uses current values of system state variables to
evaluate trip signal variables. Subroutine TRPSET uses the current
signal-variable values to set the status of trips. (This 1is 1in contrast to
subroutine TRIP that interrogates the trip status in preparation for specific
consequences of trips.) Subroutine SETBD uses the information in the component

data arrays to reset the boundary data at both ends of a component.
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TABLE XVI

. ITERATION SUBROUTINES

Component
Type Prepass Quter Postpass

ACCUM ACCUM1 ACCUM2 ACCUM3
BREAK BREAK1 BREAK2 BREAK3
CORE COREC1 COREC2 COREC3
FILL FILL1 FILL2 FILL3
PIPE PIPEL PIPE2 PIPE3
PRIZER PRIZR1 PRIZR2 PRIZR3
PUMP PUMP1 PUMP2 PUMP3
STGEN STGEN1 STGEN2 STGEN3
TEE TEEL TEE2 TEE3
VALVE VLVE1 VLVE2 VLVE3
VESSEL VSSL1 VSSL2 VSSL3

Each three-dimensional component is processed by subroutine VSSL1l, which
PREP3D calls between loading and unloading the appropriate data areas.
Subroutine VSSL1 uses subroutine RKIN to solve the reactor-kinetics problem;
subroutine HTVSSL to evaluate fluid cell HTCs; and COREl to evaluate rod HTCs,

f ine-mesh properties, and quench-front positions.
. 4, Outer Iterations. The hydrodynamic state of the system {is

analyzed in TRAC by a sequence of Newton iterations that use full inversion of
the linearized equations for each external loop and vessel at each iteration
(see Sec. II1.D). Throughout the sequence of iterations that constitute a time
step (each called an outer iteration within TRAC), the properties evaluated
during the prepass and the previous postpass remain fixed. These include wall
and rod temperatures, HTCs, wall friction factors, relative velocities, and
quench=front positions. The remaining fluid properties are varied to obtain
hydrodynamic medel solutions.

Each call to overlay OUTER completes a single outer (Newton) iteration.
Subroutine OUTER, which {s the entry point routine of this overlay, controls
the overall structure of an outer iteration, as presented in Fig. 48. Both the
forward-elimination and back-substitution sweepe through the external loops are
performed by subroutine OUTID and the associated outer iteration routines. The
calculations that these routines perform are controlled by the common variable
IBKS, which 1is set by subroutine OUTER. Subroutine OUT3D solves the
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hydrod: naaic equations for all vessel components (IBKS = 0) or updates boundary
data ( BKS = 1).

All one-dimensional componente in a particular external loop are handled
by a single call to subroutine OUTID. This routine loads the data blocks for a
component 1into SCM, then invokes the appropriate component outer iteration
subroutine (as listed in Table XVI), and returns the data to LCM. Subroutine
OUT3D works in a similar manner, except that all three-dimensional components
use the single subroutine VSSLZ.

The outer iteration subroutines for one-dimensional components utilize
subroutine INNER to perform common functions. Subroutine INNER retrieves
boundary information from the boundary arrays, tests other boundary information
for consistency, calls subroutine TFLD to perform the appropriate hydrodynamic
calculation, and resets the boundary data arrays by calling subroutine J1D.
Subroutine TF1D invokes subroutines TF1DSl, TF1DS, and TF1DS3 to solve the
basic semi-implicit equation.

Subroutine VSSL2 solves the appropriate problem (depending on the value
of IBKS) for a single vessel component. Subroutines TF3DE and TF3DI are
{nvoked to linearize the hydrodynamic equations. The 1linear system then 1is
solved by one of two methods depending on the value of the input variable
IITMAX. A value of IITMAX = O causes direct inversion of the vessel matrix.
If LITMAX > O, the system is solved by Gauss-Seidel iteration with coarse-mesh
acceleration. Subroutine VELCK then is utilized to check for velocity sign
changes. If any are found, TF3DI i{s called for the appropriate cells.

Subroutine STDIR sets up the vessel matrix for direct inversion when
IITMAX = 0. Subroutine SOLVE is called to solve the linear system and then
subroutine BACIT stores the new time pressures that were calculated.
Subroutine ITRL is utilized to solve the system by Gauss-Seidel iteration when
IIT™MAX > 0. Subroutines SREBAL and SOLVE are called to set up and solve the
coarse-mesh equations for coarse-mesh rebalance. Next, subroutine BREBAL 1is
{nvoked to apply the coarse-mesh scaling factor to the new time pressures.

3. Postpass Calculations and Backup. After the system hydrodynamic

state has been evaluated by a sequence of outer {terations, TRAC performs a
postpass to solve the stabilizer mass and energy equations and to determine
both mixture properties and wall and rod temperatures. These are based on the

new fluid conditions. Overlay POST performs this postpass. The same overlay
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also implements the time-step backup procedure. Time-step backup is caused by
fallure of the outer {teration process or extreme changes in void fraction.
When failure occurs, the outer iteration counter, OITNO, is set equal to =100
and overlay POST 1is 1invoked. Under these conditions, POST returns the
component data arrays to their state at the beginning of the time step.

Subroutine POST {s the entry point for this overlay. Subroutine POST
first processes all one-dimensional components by loading the proper data into
SCM, calling the appropriate component postpass subroutine (see Table XVI), and
then returning the data to LCM. Then POST invokes subroutine POST3D to handle
1ll three-dimensional components. Subroutine POST3D loads the vessel data
areas, alls VSSL3, and returns the vessel data to LCM for each vessel in the
prw’)l»'m.

The one-dimensional component postpass subroutines use the low-level
routines SAVBD, POSTER, and SETBD to retrieve boundary conditions; to evaluate
the stabilizer equations, wall temperatures, mixture properties, and transport
properties; and t reset the boundary arrays, respectively. The vessel
processor, SSL3, irst must 1invoke subroutine FF3D to complete the
hydrodynamic calc._lation, then call subroutine CORE3 to evaluate rod
temperatures. When in the backup mode, the postpass subroutine for each

component moves data as necessary within the time-dependent array area, then

uses subroutine THERMO to reinitialize the thermodynamic property arrays.

6. Vessel Data Structure. All array data for any one-dimensional
component are loaded into the core when that component is processed. Because
the amount of array data {is much larger for the three-dimensional VESSEL
component, th Is not possible for components of this type. Therefore, the
array data for the VESSEL component are subdivided. There are three categories
of VESSEL array data: component, level, and rod.

The component data arrays describe the overall VESSEL state. These
arrays are loaded into SCM before VESSEL processing begins and remain there
throughout the VESSEL calculation.

The level data arrays contain fluid~dynamics and wall-temperature data
organized by axial level within the VESSEL. A data management subroutine,
MANAGE, 1s used by all VESSEL subroutines to load single levels into SCM and to

replace them {n LCM. There are never more than three levels of data in SCM at




one time. These arrays are rotated through the SCM area during the
fluid-dynamics calculation by the VESSEL iteration subroutines.

The rod data arrays contain detailed information about the heat-transfer
calculation in the fuel rods. These data are organized by fuel rod so that
only data pertaining to the rod under study are in SCM at once. These data
arrays are loaded 1into (and unloaded from) the blank COMMON area by calls to
the MANAGE subroutine. Subroutines CORElL and CORE3 coordinate the rod
heat-transfer calculations including the management of rod data.

In addition to solving the data space problem, the organization of the
VESSEL array data ilmproves the calculation efficiency by grouping data by their
use. However, it introduces a communication problem between the fluid-dynamics
and heat-transfer calculations because some data must be in both the rod and
the level arrays. This problem is resolved by a data transfer between the rod
and the level data arrays. This transfer is performed by direct LCM to LCM
copies using subroutine LCMOVE during the prepass calculation.

E.  Steady-State Calculations

Subroutine STEADY directs steady-state calculations. The calculation
sequence of this subroutine 1is similar to that of the tvansient driver
subroutine TRANS. Both STEADY and TRANS use subroutine HOUT to perform a group
of outer iterations. The same sequence of {terations used for transient
calculations also 1is wused to advance the steady-state calculation. The main
difference {8 the addition of steady-state convergence tests and
PWR-initialization calculations to STEADY. To provide output requested by the
user, STEADY invokes the EDIT, DUMP, and GRAF overlays by calling subroutine
PSTEPQ. These overlays are described in Sec. VI.F. If the calculation
includes PWR initfalization, overlay PWRSS {s called by STEADY to evaluate new
PWR operating parametcrs. Subroutine STEADY is called by the main program even
{f a steady-state calculation has not been requested. If no calculation 1{is
required, STEADY simply initializes the VESSEL power and returns control to the
main program.

The steady-state calculation is determined by the value of the {input
variable STDYST on Main Control Card 1, as described in the {input
specifications in Sec. V.F.l. The code sets the steady-state indication flag,
ISTDY, to 1 and the transient calculation time, TIMET, to -1 to begin the

steady-state calculations. (In steady-state calculations the time variable 1is
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TABLE XVII

STEADY-STATE CALCULATION EFFECTS

Subrout ine Effects

CYLHT Causes implicit treatment of the convective boundary
conditions.

HTCOR Eliminates CHF calculation.

RODHT Causes implicit treatment of the convective boundary
conditions.

PRIZER Bypasses calculation of fluid and thermal conditions.
Causes cataloging of mass flow through the system
junctions.

PUMP2 Causes momentum source to be time averaged.
TIMSTP Multiplies time-step size for heat transfer by RTWFP.
TRPSET Causes trips not to be activated.

STIME instead of TIMET.) These values of ISTDY and TIMET have the effects
indicated in Table XVII.

The time-step control in STEADY {is {identical to that {mplemented in
TRANS. This 1includes the selection of the time-step size, the output timing,
and the restarting of time steps {f the outer {teration.limit is exceeded. (In
STEADY the {input variable SITMAX, from Main Control Card 4, is used as a
delimiter in place of OITMAX.) The maximum normalized rates of change are
calculated by subroutines TFIDS3 and FF3D. These rates and their locations in
the system are transmitted to STEADY through the variables FMX and LOK in
COMMON block SSCON. Tests for steady-state convergence are performed every 50
time steps and before every edit. The maximum normalized rates of change and
thelr locations are (ncluded in the printed output, as shown in Table XVIII.
The maximum normalized rate of change for the axial velocity in the vessel
(FMXLVZ) determines when the reactor power should be turned cn. Once this
value falls below 0.5, the reactor power is set to che {input value, RPUWRI
(specified on card 12 of the vessel input data or card 8 of the core input
data). The generalized steady state completes when all normalized rates of

change are below the user-specified convergence criterion, EPSS (on Main
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TABLE XVIII
EXAMPLE OF A STEADY-STATE CONVERGENCE EDIT

Steady-State Time-Step Number 114, Converged in 2 Iterations.

TIME = 5.187 x 1072 DELT = 2.480 x 1073

Variable Maximum Change Ratio Component Cell
Pressure -5.228985 x 1071 1 43
Liquid velocity 3.85848 x 10! 14 1
Vapor velocity 0 0 0
Voild fraction 0 0 0
Liquid temperature -2.00387 x 1072 6 2
Vapor temperature 2.12964 x 1072 0 0
Air pressure 0 0 0

Control Card 3) or when STIME reaches the end of the last time domain specified
in the steady-state time-step input cards.

Both steady-state and transient calculations may be performed in one
computer run. The end of the generalized steady-state time-step cards 1is
signified by a single card containing a -1.0 in columns 11-14. The transient
time-step input cards should follow immediately. If the generalized steady
state converges before reaching the end of the last time domain, the remaining
steady-state time-step input cards are read so that the transient calculation
proceeds correctly.

Control of the PWR-initialization calculation necessarily 1is more
complex. The time domains are divided inco groups delimited by negative DTMIN
values. The completion of each group of time-step cards or convergence to a
steady state causes a re-evaluation of the loop parameters. The last group of
time domains is marked by a card containing negative values for both DTMIN and
DTMAX. As in the generalized calculation, a transient calculation may follow
the PWR initialization. The time-step cards for the transient calculation
follow those for the PWR initialization.
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The PWR-initialization calculation completes when the relative errors in
the flow rates and inlet temperatures fall below a user—-specified criterion,
EPSP (on Main Control Card 3) for all loops. Figure 49 is a flow diagram for
the steady-state calculation.

Overlay PWRSS uses the system state, as represented in the LCM component
data rables, to evaluate new pump speeds and steam-generator fouling factors
for , PWR-initialization calculation. The reactor loop data area (Fig. 46)
is used by tlis overlay for data storage and calculation control.

Subroutine LPSET is the entry point and controlling subroutine for the
PWRSS overlay. [t calls subroutine VSCON to evaluate the VESSEL pressures as
well as mass and energy flow rates at all VESSEL junctions. These data are
retrieved from the boundary data arrays. Each primary coolant loop is
considered in turn by LPSET. The loop flow resistances, specific enthalpy
differentials, and the steam—-generator overall HTC are evaluated by subroutine
LPCON. The PMPP, TEEP, and STGNP subroutines provide LPCON with data derived
from the PUMP, TEE, and STGEN component data tables, respectively. The
equations presented in Sec. 111.D.2 are solved for the pump heads and
steam-generator area by subroutine SLVLP. Finally, LPSET calls subroutine
LPRPL to convert these parameters to pump speeds and fouling factors, to relax
them as required, and to store them into the appropriate component data tables.
F. Out put }'r\)i_‘a'\"ii'\&

lhe TRAC program produces five output files: TRCOUT, TRCMSG, TRCGRF,
TRCOMP, and TRCINP. The first of these files is in printer format and contains
a user-oriented analysis of the calculation. During the input process, an
{nput data description is placed in this file. At selected times during the
calculation, ywverlay EDIT is invoked to add to this file a description of the

current system state. The TRCGRF and TRCDMP files are binary files designed to

allow analysis by graphics postprocessing programs and problem restart by TRAC,

respect ively. The TRCGRF file 1s created and the header, catalog, and
geometric data are written into it during the initialization phase. File
TRCDMP is created immediately thereafter by overlay DUMP. The TRCMSG file 1is
{n printer format and contains diagnostic messages concerning the progress of
the calculation. File TRCINP is created only when the TRACIN input file is in

free format. The data from TRACIN {s written into file TRCINP in a form that
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can be read by the TRAC input routines. TRCINP then i{s used as the input file
to TRAC.

Subroutine WCOMP, which 1is called by the entry-point routine EDIT,
directs the addition of a time-step edit to the TRCOUT file. Subroutine WCOMP
writes general overall data first, then 1invokes lower level routines to
describe the state of each component. For one-dimensional components, WCOMP
directly calls the appropriate component edit subroutine. Table XIX lists the
component edit subroutines. These routines invoke subroutine ECOMP to write
the data common between one-dimensional components. For three-dimensional
components, WCOMP calls subroutine CWVSSL, which 1loads the component data
tables {nto SCM and then {invokes the component-edit-subroutine WVSSL. The
component edit routines add the data that are important for that component to
the TRCOUT file in an appropriate format.

After initialization by IGRAF, the time-edit data are added to the TRCGRF
file by overlay GRAF. This overlay contains the single subroutine, GRAF, which
uses the LCM graph data area. The TRCGRF file is a structured binary file
written with unformatted write statements and containing information for

graphics processing.

TABLE XIX

COMPONENT EDIT SUBROUTINES

Component First-Level Lower-Level
_Type Subrout ine _ Subroutine

ACCUM - WACCUM
BREAK - WBREAK
CORE - WCORE
FILL -n WFILL
PIPE - WPIPE
PRIZER - WPRIZR
PUMP - WP UMP
STGEN - WSTGEN
TEE - WTEE
VALVE e WYLVE
VESSEL CWVSSL WVSSL
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Data contained on the TRCGRF file may be divided into four sections:

l. general information,

2. catalog information,

3. geometric information, and

4. time-edit data.

These data appear on the file in the above order, as shown in Fig. 50. The
structure of the general information section of the file is given in Fig. 51.
This section contains title cards for problem {dentification and size
information needed to describe the problem and the remainder of the file. The
catalog section (Fig. 52) contains information that is used to describe the
data stored in the time-edit section. The geometric section contains
information relating to the cell structure of components. The time-edit
section is made up of blocks of data as shown in Fig. 53. Individual arrays
within each block are packed to save space. A block is written at each
graphics edit taken during the course of a problem. The number of time-edit
blocks written on the file 1s determined by the graphics edit frequency
specified on the time-step cards. The last block is followed by the acronym
"EOF" to signify the "end of file."

The structure and lengths of the time-edit blocks are 1identical,
minimizing the required catalog information. The catalog is made up of NCTX
data entries with one catalog entry for each data type in a block. This
relationship is displayed in Fig. 54. Each catalog entry contains six words
that provide a data description and a pointer, relative to the beginning of the
block, to a specific section in each block. A catalog entry may describe a
single variable or a data array. The word count also is included in the
catalog. The data types stored are pressures, temperatures, void fractions,
and other important system parameters.

The TRCDMP file 1is a structured binary file written with unformatted
write statements. It contains suffici2nt data to restart the calculation from
the current state, as described in Sec. VI.B. This file is created by a
sequence of calls to overlay DUMP. The entry point subroutine, DMPIT, writes
the dump header data and calls the component dump subroutines, which are listed
in Table XX.
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