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The Transient Reactor Analysis Code (TRAC) is being
developed at the Los Alamos Scientific Laboratory (LASL)
to provide an advanced "best estimate" predictive
capability for the analysis of postulated accidents in
light water reactors (IWRs). TRAC-Pl provides this
analysis capability for pressurized water reactors (PWRs)
and for a wide variety of thermal-hydraulic experimental
facilities. It features a three-dimensional treatment of
the pressure vessel and associated internals; two-phase
nonequilibrium hydrodynamics models; flow-regime-dependent
constitutive equation treatment; reflood tracking capabil-
ity for both bottom flood and falling film quench fronts;
and consistent treatment of entire accident sequences in-
cluding the generation of consistent initial conditions.

The TRAC-P1 User's Manual is composed of two separate
volumes. Volume I gives a description of the thermal-~
hydraulic models and numerical solution methods used in
the code. Detailed programming and user information is
also provided. Volume II presents the results of the de-
velopmental verification calculations.



OOMPUTER PROGRAM OUTLINE
Name of Program: TRAC-PI]
Computer for Which Code is Designed: CDC 7600.

Description of Problem or Function: TRAC-Pl performs "hest estimate" an-
alyses of loss-of-coolant accidents and other transients in pressurized
light water reactors. The code can also be used to model a wide range of
thermal-hydraulic experiments in reduced-scale facilities. Models em-
ployed include reflood, multidimensional two-phase flow, nonequilibrium
thermodynamics, generalized heat transfer, and reactor kinetics. Auto—

matic steady-state and dump/restart capahilities are also provided.

Method of Solution: The system of partial differential equations de-
scribing the two-phase flow and heat transfer are written in finite dif-
ference form. 1In one-dimensional components the nonlinear difference
equations are solved by Newton-Raphson iteration. 1In the three-di-
mensional vessel the linearized difference equations are solved hy Gauss-
Seidel iteration. A Gauss-Seidel iteration procedure is also used to
handle coupling between components. The level of implicitness varies from
fully implicit to semi-implicit in the fluid dynamics and is semi-implicit
in the heat transfer.

Restrictions on the Complexity of the Problem: All storage arrays in the
code are dynamically allocated so the only limit on the size of a proklem
is the amount of core memory available. The number of reactor components
in the problem and the manner in which they are coupled together are

arbitrary. Reactor companents available in TRAC-P1 include accumulators,

pipes, pressurizers, pumps, steam generators, tees, valves, and vessels
with associated internals.

Typical Ruming Time: Running time is highly problem dependent and is a
function of the number of total mesh cells and the maximum allowable time
step size. Total run time can be estimated from a unit run time of 2-3 ms

per mesh cell per time step and an average time step size of 5 ms.
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11.

12.

13.

14.

15.

Unusual Features of the Program: TRAC-Pl is a highly versatile program

which can describe most thermal-hydraulic experiments in addition to the
wide variety of reactor system Adesigns. The architecture of the code is
completely modular permitting bettei geometric description »f a problem,
more detailed models of physical processes, and reduced maintenance cost.

Related and Auxiliary Programs: One of the output files written by TRAC
contains graphics information which —an be used to produce plots and
movies. An auxiliary program which 1eads the file is not provided because
of Adifferences in system-dependent fentures likely to be encountered. The

user stnuld develop his own program for this purpnse.

Status: 1In use.
References: References are pr vired in the manual.

Machine Requirements: CDC 7600 computer with 60 K words of small core
memory and 220 K words of large core memory.

Programming Languages Used: FORTRAN-IV.

Operating System or Monitor Under Which Program is Executed: Standard CDC
7600 operating system with FIN FORTRAN compiler and loader.

Other Programming or Operatina Information or Restrictions: None.

Material Available:

1. Source listing.
2. TRAC-Pl manual.
3. Sample prcoblems.



I1. TNTRODUCTION

The Transient Reactor Analysis Code (TRAC) is an advanced best-estimate
systems code for analyzing accidents in IWRs. It was developed at the Los
Alamos Scientific Laboratory under the sponsorship of the Reactor Safety
Research Division of the U.S. Nuclear Regulatory Commission. The initial re-
lease version, designated as TRAC-Pl, is described in this document. A pre-
liminary version consisting of only one-dimensional ~omponents was completed
in December 1976. This version was not released publically nor formally doc-
umented. It was absorbed into the development of TRAC~P1 and formed the basis
for the one-dimensional loop component nodules.

TRAC-P1 is designed primarily for the analysis of large break loss-of-
coolant accidents (IOCAs) in pressurized water reactors (PWRs). Because of
its versatility, however, it can he applied directly to a wide variety of an-
alyses ranging from blowdowns in simple pipes to int>gral TOCA tests in mul-
tiloop facilities. Models specifically required to treat boiling water
reactors (BWRs) and other accident types, such as anticipated transients
without scram (ATWS) and reactivity insertion accidents (RIAs), will be
incorporated into future versions of the code.

A. TRAC Characteristics

Same of the distinguishing characteristics of TRAC-Pl are summarized
below. All of these characteristics reflect the state of the art in the

various areas.

l. Multidimensional Fluid Dynamics

Although the flow within the ex-vessel components is treated in
one~-dimension, a full three-dimensional (r,0,z) flow calculation is used
within the reactor vessel. This was done to allow an accurate calculation of
the complex multidimensional flow patterns inside the reactor vessel that play
an important role in determining accident behavior. For example, phenamena
such as emergency core cooling (BQC) downcomer penetration during blowdown,
muitidimensional plenum and core flow effects, and upper plenum de-entrainment
and fallback during reflood can be treated directly.



2. Nonhomogeneous, Nonequilibrium Modeling

A full two-fluid (six-equation) hydrorlynamics approach is used to describe
the steam-water flow within the reactor vessel, thereby allawing such im-
portant phenomena as countercurrent flow to he treated explicitly. The flow
in the one-dimensional loop components is described using a five-equation
drift~flux model, which differs fram the standard four-equation drift-flux
approach due to the addition of a separate vapor energy equation. This pro-
vides a consistent nonequilibrium thermodynamic treatment in both the vessel
and loop components, and permits more accurate modeling of the fluid dynamics
through a direct treatment of flashing and condensation effects.

3. Flow-Regime-Dependent Constitutive Equation Package

The thermal-hydraulic equations in TRAC describe the transfer of mass,

enerqgy, and momentum between the steam-water phases, and the interaction of
these phares with the system structure. Since the nature of these in-
teractions is dependent on the flow topology, a sophisticated flow-
regime-dependent constitutive equation package has heen incorporaterd into the
corde. Although this package will undoubtedly be improved in the future, veri-
fication calculzations performed to date indicate that a broad range of flow
conditions can be adequately handled with the current package.

4, Comprehensive Heat Transfer Capability

TRAC-P1 incorporates a detailed heat transfer analysis capability for both
the vessel and loop components. Included is a reflood tracking capability for
both bottom flood and falling film quench fronts. The heat transfer from the
fuel rods anG other system structures is calculated using flow-
regime-dependent heat transfer coefficients obtained from a generalized
boiling curve based on local conditions.

5. Consistent Analysis of Entire Accident Sequences

An important feature of TRAC is the ability to address entire accident
sequences, including computation of initial conditions, with a consistent and
continuous calculation. For example, the code models the blowdown, refill,
and reflood phases of a IOCA. This eliminates the necessity of synthesizing
several calculations performed with differant codes to complete the analysis
of a given accident. In addition, a steady-state s»olution capability is




provided that can be used to obtain self-consistent initial conditions for
subsequent transient calculations. Both a steadv-state and a transient cal-
culation can be performed in the same run if desired.

6. Camponent and Functional Modularity

TRAC is completely modular by component. The component modules are
assembled through input data to form virtually any PWR design or experimental

configuration. This gives TRAC great versatility in the possible range of
applications. It also allaws camponent modules to be improved, modified, or
added without disturbing the remainder of the code. Modules are available to
model accumulators, pipes, pressurizers, pumps, steam generators, tees,
valves, and vessels with associated internals.

TRAC is also modular by function. This means that the major aspects of
the calculations are performed in separate modules. For example, the basic
one~dimensional hydrodynamics solution algorithm, pipe 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 type of molularity allows the code to be readily upgraded as
improved correlations and experimental information become available.

B. Physical Phenomena Treated

Because of the detailed modeling in TRAC, most of the physical phenomena
important in LOCA analysis can be treated. Included are the following:

1. ECC downcomer penetration and bypass, including the effects of coun-
tercurrent flow and hot walls.

2. Lower plenum refill with entrainment and phase separation effects.

3. Bottom flood and fallirg film reflood quench fronts.

<. Multidimensional flow patterns in the core and plenum regions.

5. Pool formation and fallback at the upper core support plate (UCSP)
region.

6. De-entraimment and pool formation in the upper plenum.

7. Steam binding.

8. Average-rod and het-rod cladding temperature histories.

9. Alternate BQXC injection systems, including hot-leg and upper-head in-
jection.,

10. Direct injection of subcooled ECC water, without the requirement for
artificial mixing zones.



11. Critical flaw (choking).

12, Liquid carryover during reflood.
13. Metal-water reaction.

14. Water hammer effects.

15, Wall friction losses.

C. Planned Improvements

Despite the advanced mordeling capabilities provided in TRAC-P1, there are
a number of additions and improvements being planned for future versions of
the code, Same of the more important of these are summarized below.

1. Work is under way to provide the capability to explicitly treat coun-
tercurrent flow between entrained droplets and falling films. The
vessel hydrodynamics treatment has been augmented through the
addition of a separate droplet mass equation and the required en-
trainment models. This will be made available in the next version of
the code.

2. The basic flaw equations are also heing modified to include a non-
condensible gas field. This will allow the code to account for the
presence of accumulator nitrogen or air ingression from the con-
tainment during a LOCA. .

3. The necessary components to model BWRs (e.g., jet pumps and steam
separators) will be made available in a future version.

4. A fuel-cladding structural dynamics model will be added to provide
more accurate gap conductances and cladding deformation effects.

5. TImproved models for upper plenum entrainment/de-entrainment and upper
core support plate (UCSF) fallback will be developad ag hetter ex-
perimental information beccmes available.

6. The capability to treat other accident types such as RIAs and ATWS
will be added.

One of the important constraints that will be considered in the
applications of TRAC will be the computer running time requirements. Although
car2 has been taken to provide efficient computational techniques, the de-
velopmental effort to date has emphasized accurate modeling more than short

running times. A major effort will be undertaken stortly to develop a faster
runiing version of the code.




Exper ience to date has shown that significant gains in running time are
possible without sacrificing computational accuracy. For example, an optional
Fully implicit solution strategy was developed for use in pipe components near
breaks. This substantially increased the time step sizes during blowdown cal-
culations and consequently reduced the running times.  Several other im-
provements in the solution strategy are currently under development and will
be incorporated in future onde versions. The fact remains, however, that the
calculation of large problems (with several hundred mesh cr1ls) will continuc
to require the equivalent of at least several hours of (MC 7600 computation
time.

D. Scope of TRAC Manual

An important aspect of the TRAC program involves the developmental veri-
fication of the code through comparisons with measurcments obtained with test
facilities. A number of developmental verification calculations have already
been performed with TRAC-Pl. To present these verification results, the
TRAC-P1 manual is organized into two volumes. Volume IT summarizes the key
developmental verification results.,

The present voluane (Vol, T) descrihes the TRAC hasic methods and models,
and provides user information and programming details. Chapter 11T describes
the basic hydrodynamics and heat transfer methods, and discusses the overall
strategies for transient and steady-state solutions. Chapter TII is supple-
mented hbv Appendices A and B which supply, respectively, the fluid and
material properties for the thermal-hydraulic analyses.

A quide to the standard nomenclature used in this report is given at the
beginning of this volume. Quantities that are not included in the standard
nomenclature list are defined where they are used. All units are SI unless
otherwise specified. Component model descriptions are given in Chap. IV.
These descriptions should be referenced if questions arise during the pre-
paration of detailed input specifications fcr a TRAC problem.

Input specifications are provided in Chap. V along with other user in-
formation. To provide additional guidance to the user in the area of input
preparation, input decks for a four-loop PWR sample problem are provided in
Appendix C. Error messages that might cccur during the course of a cal-
culation are explained in Appendix D.

The overall code organization, input and output processing, storage re-



quirements, and othes programming details associated with both transient and
steady-state solutions are discussed in Chap. VI. Other programming details
are given in Appendices E, F, and G. These provide a list of TRAC sub-
prograns, a compilation of COMMON arrays, and component data tables, res-
pectively.
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III. BASIC METHODS

A. Hydrodynamics
1. One-Dimensicnal Camponents
The two-phase, one-dimensional, hydrodynamics formulation used by all of

the components except the reactor vessel is a five-equation drift-flux model.
We believe that this is the simplest model that adequately describes both the
thermal and velocity nonequilibrium which may. occur in the reactor loop
components for a wide variety of transients. The principal subroutines in
TRAC that actually define and solve the field equations are DFIDS for the
semi-implicit solution and DFIDI for the fully implicit solution,

a. Field Fguations

The differential field equationsl'2 for the two-phase,
five—equation drift-flux meclel are given below.

Mixture Mass Bguation

3 3 _ ‘
3% Pt Ox (pmvm) =0 (13

Vapor Mass Bguation

v

ap_(1-a) p
g 2 r] =T (2)

°m

d
5 (apg) o (cxpg Vid * a—x-[

Mixture Bguation of Motion

9 9 1l 3
ﬁ_vm+vm37Vm+Tr[

ao (1-2) o V2
% ] —-]-'— —KV|V|+g (3)
P m' m

Vapor Thermal Energy Equation

3 3 3 [“pg(l"“) Py Ve & ] 5
a_ + 9 a_ g 9_
5 (apg eg) = (otpg v eg) + o o + P (o vm)
1-a) p
3 [”“ 2 ] 3o
+ -2V = . =P =
P 3 Pn r qwg + qJ.g P 3t + I'hsg )
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Mixture Thermal Energy Fquation

N (l-u) ¢, up_(e_ - e,) | IV
9 . T 3. 2 99 & _.m
e (pm em) 4 G ‘Dmemvm) + [ o vr | +p =
3 o (1) (o‘.-oa)
tp x pm Vr = qwg * qu. ! (5)
where
P = ong + (l-ct)pp- (6)
ap V. _+ (l-u) p, V
v =9y 22 (7)
m P
and
-V -V . (8)
v, vg v,

The expression for n is the same as Eq. (7) with V replaced by e.

In addition to the thermodynamic relations that are reguired for closure,
specifications for the relative velocity (Vr)’ the interfacial heat transfer
(qig), the phase change rate ('), the wall shear coefficient (K), and the
wall heat transfers (qwg and qwﬁ) are required. The relative velocity
v, is calculated in subroutine SLIP while the wall shear coefficient K is
calculated in FWALL. The correlations used for these quantities are discussed

in subsequent sections. Gamma is evaluated from a simple thermal energy jump
relation

r= g~ %ie (9)
" h_-nhn ’
sg sl
where
= ) - 10
G = Ay (T - T )/l (10)
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and

qi'f. = hii‘,Ai (TS - TE)/VDl. ‘. (11)

The gquantities hig' hiﬂ' and A are evaluated in DF1DS and DF1DI
under a section delineated as a constitutive package. The evaluation of these
three terms is performed in a manner analogous to the three-dimensional
interfacial heat transfers (see Sec. III.A.2).

Wall heat transfer terms assume the form:

= - 1
~:1wg h A (T Tg)/VO

wg Wy w (12)

and

il

Yoz = DpPas (Tw - Ty /vol. (13)

The wall heat transfer coefficients are evaluated in subroutine HTOOR, which
is discussed in Sec. I1I.B. The areas are the actual heated surface areas of
the cell, except during reflood when the average heat transfer coefficients
reflect the fraction of the heated surface area which is quenched.

b. Finite Difference Eguations

The one—dimensional flow equations have been written in two separate
sets of finite difference equations for TRAC. The first form of the

difference equations is semi-implicit and has a time step size stability limit
of the form

ae < |,

where Ax is the mesh spacing and V the fluid velocity. 1In blowdown problems
this time step is usually prchibitively small due to the high velocities near
the break. To alleviate this problem a set of unconditionally stable, fully
implicit difference equations was written for use in pipes where the fluid
velocities are expected to be high.

The equations are solved for one-dimensional pipes using a staggered
difference schemz on the Eulerian mesh. State variables such as pressure,
internal energy, and void fraction are obtained at the center of the mesh
cells which have length ij, and the mean and relative velocities are
obtained at the cell boundaries. Because of this staggered difference scheme,
it is necessary to form spatial averages of various quantities to obtain the

13



finite difference form of the Aivergence operators. To produce stability in

the partially implicit method, a donor-cell average is used of the form,

<W>j W = Yjvj ¥ for Vj Ity >0
= ‘.{jJrlvj.#/2 for VjJﬁli <0, {14)

where Y is any state variable or combination of state variables. An integer
subscript indicates that a quantity is evaluated at a mesh cell center and a
half integer denotes that it is obtained at a cell houndary. With this
notation the finite difference divergence operator is

V YV> - A, <YV>, vol. 15

where A is the cross-sectional area, and volj is the volume of the jth
cell. Slight variations of these donor cell terms apoear in the velocity
equation of motion. Donor-cell averages are of the form

<w;12'>j =Y V2'3_> for vr,j—% >0
= Yj Y, i+ for Vr,j+15 <0 (16)
and the donor-cell form of the term v v v
Vi i+ Y54 Y = Vi34 Vi T Vi, 53 /0%; for V) s 20
= m,]+‘/( 4372 " m 3+1/)/ for v m, 5+ <0 . (17

Given the preceding notation, the finite difference equations for the
partially implicit method are:
Mixture Mass Equation

n+l

(o

I +1
m " P 5/A + T V) =0, (18)

Vapor Mass Fguation

(an+1 n+l

nn. ,, - .n +1 ' _ n+l
g o)/ D;V::l ) + vjm?vi‘_,) =, (19)
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Mixture Energy Fguation

n+l n+l 7 1+l , | n,n_ n
(op ep o) 570k + 74 opel vy v LR el - eV
n+l | +1 ‘n 1 1, ,
=Py A ey n)v?” T Y T Y (20)
p.p
g 2
Vapor Energy Bguation
+1
[(Ocpe)n+ "(Olpe)]/[\t+\7(0tpen\ln )+V(pfenvn)+p \/ (anvn
g9
n n, - _ . ntl, ntl _ n /it 4 +a +I‘hn+l -, (21)
+ Y, (0 an/pg) By (g o) SIS sg 3

Mixture Equation of Motion

+1
)
(Vfln Vn }/At + \ln j4g ]+1/2 v;“
n+l n+l, — 41,
o (CHERER i V=L R o by AR R S N e
where
By = (g + B, 1)/2 3
o’ (1-0") o, o)
Pg = n ’ (24)
Pm
and
-n _n 5 0
P, 34 = Pm,3 for VJ Wy
=pt . forv.,, <0 . (25)
mlJ+l J+}2'

The suwperscript n indicates that the quantity is evaluated at the "current"
time and thus is known, while the superscript n+l indicates that the variable
is evaluated at the new time and hence is an unknown for which the equations
must be solved. These equations are equivalent to those given in Ref. 3 in

15
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the full Aonor cell limit.

Time levels were not assigned to the heat transfer and phase-change terms
because they involve a mixture of 0ld and new time quantities. For the
interfacial heat transfer, only the potential (Ts - Tg) is calculated at
the new time level. For the phase-change rate, the quantities (’I‘S - Tg) '

(TS - TR.) . and (hSg - hsl) are all evaluated at the new time level.

The remaining interfacial terms are explicit. In the case of the wall heat
transfers, only the fluid temperatures Tg and ’PQ are evaluated at the new
time.

Equations (18-22) produce excellent results over a wide range of physical
conditions. However, when highly subcooled water flows through a
one-dimensional component which was initially filled with steam, pressure
spikes can be produced when a computational cell first conpletely £ills with

water. When this occurs, Eq. (22) is replaced with the equation

o+l n
. = p. (26
Py Py )

and the downstream (with respect to the liquid flow) velocity normally
computed from the equation of motion is replaced with a velocity determined
from continuity considerations. This logic is incorporated only in the
semi-implicit hydrodynamics package.

The fully implicit finite difference equations also use a donor-cell
averaging. Therefore, they are very similar in form to the partially implicit
equations. Using previous notatinon, these difference equations are,

Mixture Mass Equation

ntl _ n n+l n+l,
(pm pm)j/At + Vj(pm ) =0 (27)
Vapor Mass Fquation
+1 n+l nn 1 1
o _ IAE 4 ntl n+l ndl R 3 5 . phtl
Dg o Dg)J/A Vj (o pg vrrr: ) + Vj(pf l\frl) =T , (28)



Mixture Energy Hguation

ntl ntl _ nn ntl n+lontl, o [ n+l ontl n+ly on
b, &n Pl 370 + V3P e Vi ) (&g~ &y IV,

Ty il m £ ;?ﬁ-—l' n+l Py (29)
g L
Vapor Energy Equation
n+l _ l + V n+l n+l n+]_vn+1 + Y. n+1 n+]_vn)
(cxpgeg) (ap e ) /Bt G) Py € ) ]
pn+l
ntl n+l ntl f
AR A pvj( =) "2)
P
g
N N DS it W (30)
I 3 %g © g T sg '3
Mixture Eguation of Motion
+l +1 vl D,
Vot = /e VS O Sy Va3 %5 )
nt+l n+l, - n+l l n _ Knvn+1 Vn+1 . (31)
= - 60 - BT By + e VT | /ey ¢ il il

The major difference between these equations and those for the partially
implicit scheme is in the differencing for the V V V term in the momentum
equation. The central difference form was found to be superior for
calculations of choking but is not stable with the partially implicit
method. Presently, the relative velocity is evaluated as an old time
quantity, because it does not appear to affect the stability but does save
computation time.

In a one-cell transition zone between a region which is solved partially
implicitly and another region solved fully implicitly, the finite difference
equations must be altered to maintain conservation of mass and energy. 1In

such a zone the fully implicit formulation is used, except that the divergence
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terms are altered tu the form,

) = A N - A NTS [ G2
where it has been assumed that the fully implicit region is at the higher
value of j. The velocity at the junction between the two difference schemes
is calculated with the semi-implicit difference equation.

The fully implicit package is currently written only to connect with
semi-implicit compments, breaks, and fills. At a junction with a break, the

fully implicit velocity equation is maintained, but the VV V term is
donor—celled.

¢. Slip Correlations

For a one-dimensional component using the drift-flux model, it is
necessary to specify the relative velocity between the vapor and liquid
phases, Vr = Vg - VJL' Relative velocities are calculated in an explicit
manner, i.e., they are updated only once at the bheginning of each time step.
Since the relative velocities are defined at each mesh cell edge, a component
having NCELL number of cells requires NCELL+1 values for Vr.

Subroutine SLIP calculates the relative velocities for the
one-dimensional components. The procedure for determining the relative
velocities is formulated on the basis of a flow regime map. This map is

two—-dimensional in that the flow regime is a function of both vapor fraction
and mass flux, G = pmvm' as shown in Fig. 1. It is very similar to the
map used in the three-dimensional vessel hydrodynamics (see Sec. A.2.c below).
Subroutine SLIP is divided into two parts. The first part determines
which flow regime exists at each cell edge; the second part performs the
actual calculation of the relative velocity based on averaged local properties
and/or the mixture velocity. This approach makes it straightforward to change
either the flow regiue map or the particular correlation in a regime, or
both. In addition, & more accurate determination of the relative velocity can
be obtained by using a correlation developed for a particular flow regime than
by applying a single correlation in all flow topologies.
Because the values of vapor fraction, liquid/vapor densities, and
surface tension are defined at mesh cell centers, it is necessary to compute
the cell edge values by some averaging procedure. The procedure is to
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donor-cell upstream values of these cell-centered variables. ‘this value is
then used in both the determination of flow regime and the relative velocity
correlation.

For the flow regime map shown in Fig. 1, the follaowing relative
velocity correl~tions are used for nonhorizontal flow. These correlations
have been shown to be in satisfactory agreement with experimentally measured
relative velocities in stecam/water flows for each particular flow regime.q'5
Bubbly Regime

oglp, - P}
v = 141 [ 1~ g ] ,

o

r (1-o) 2 (33
Py,
Slug Regime
1
gb {p, - =) |°
v =0;345 [ h'"L g , (34)
r (1-a) Py
Churn-Turbulent Regime
Vm
Ve = ap_ (35)
l-ca , "9
c-1 o)
m

where ¢ = 1.1 and ¢ is restricted to a maximum value of 0.8, and

Annular Regime

_ Vin . (36)
r = p_(76-75a) T,
g .9
[ Vo ] “m

Py
The dashed lines in Fig. 1 are transition regions between flow regimes. 1In
these transition regions, the relative velocity is linearly interpolated
between values Eor the two adjacent flow regimes. The linear coefficient is
determined by the vapor fraction if G < 2000 kg/m2 s and also by the mass
flux if 2000 < G < 3000 kg/m2 s. For example, if G < 2000 and o = 0.18,
then Vr = 0,2 times Bg. (33) avaluated at @ = 0.10 plus 0.8 times Eq. (34)
evaluated at o = 0.20. In the transition region hetween the annular flow
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Annular Flow Model
The annular flow friction factor method of Ref., 10 is adopted in the NFF=4
option, with a modification at high vapor fractions. The single-phase

friction factor (fsp) is taken from Ref. 1l:

_ -C
fp=atbk®, (46)
where 0.9
.225 .
~ X k
a = 0.026 ( £-) +0133 (&), (47)
0.44
_ X
b=22.0 (§) , (48)
_ K
¢ =1.62 (B) ‘ (49)

and k/D is the relative pipe wall roughness. A value of k = 5,0 x 10-'6 m,
corresponding to drawn tubing, is currently used for the absolute pipe

roughness., Tha annular flow friction factor is then
2

f=f -, (50)
. sp
wriere
2
(DZ - pm vy (51)
) szn

At vapor fractions above 0.90, the homogenecus friction factor is Faired into
the annular flow model.
Chisholm Model

The Chisholm correlation™ is based on a transformation of the graphical
procedure of Baroczy for predicting pressure gradients for turbulent flow of

12

two-phase mixtures in smooth pipes. The single-phase friction factor
component is evaluated by the method of the preceding section. The Chisholm

two-phase multiplier is:

=1+ ®R-1Bx(1-x +x, (52)

where

_ 0.5
R = (pl/pg) . (53)
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The value of B depends on both R and G. For R < 9.5,
4= 4.8 for G < 500,

B = 2400/G for 500 < G < 1900, (54)

55/G0*> for G > 1900.

I

B
For 9.5 < R < 28,

B = 520/(R G°) for G < 600,
(55)
B = 21/R for G > 600.
Finally for R > 28,
_ o2 0.5
B = 15000/(R” G 7). (56)

Form Losses

The semi-implicit finite difference equations yield the correct pressure
loss for an abrupt expangion. However, this is not true for an abrupt
contraction or for an orifice. The fully implicit difference equations
provide a good representation of Bernoulli flow but require pressure-loss
corrections for all abrupt area changes.

Form loss corrections can be included in a calculation in two ways. The
simplest method is to use a negative value for the input friction option
variable NFF (see Sec. V.D) at the location of any «abrupt area change. This
triggers logic in the code which examines the local pipe geometrv, flow
direction, and level of implicitness of the difference equations to destermine
an appropriate loss correction. These corrections are accounted for by an
extra term in the Bernoulli equation of the form:

dp = k§V2 , (57)
where k is a form ldss coefficient. The values available for k are
2

k=(l—;2]-'——) (58)

for an abrupt expansion or zero length orifice, and

A A ’
k=0.5-0.7 £+ o.2( -1 59
) (Az) (>9)
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for an abrupt oontraction where Al ana A2 are, respectively, too Smaller
and larger flow areas. Equation (59) is a curve fit to the values reporred in
Ref. 13,

Another way to account far form loases is through use nf the FRIC input
array. Lnsses computed using this array are in addition to those specified

with the NFF optirmn. The pressure loss which results from the use of FRIC is

Ap o= - L e, ooV v
= 7 Tmom

nr

where j is the mesh cell index.

2. Three-Dimensional Vessel Hydrodynamics

The field equations, finite Aifference scheme, snlution procedure, and
constitutive relations for the three-dimensional, two-fluid, hydrodynamics
package are discussed in this section. Subroutines TF32 (Two-Fluid
3-Dimensional), ITRl (an iteration subroutine), and FF3D (a subroutine that
provides a final back-substitution) are the main subrovtines »f this package.

TF3ID includes a constitutive package to provide wall and interfacial
shears and the interfacial heat transfer. The wall heat transfer coefficients
and temperatures are provided by HIOOR which is discussed in Sec. II1.B. TF3D
also sets up the basic staggered finite difference scheme for the
three-dimen~ional representation of the core, linearizes the algebraic
eguations, ard provides a forward elimination. This information is then used
in the jteration routine ITR1 and finally new pressures, void fractions,
velocities (both vapor and liquid), and fluid temperatures (liquid and vapor)
are computed in FF3D.

a. Differential Equations

The field equationsl'2 describing the two-phase, two-fluid flow are
given below.

Mixture Mass BEjquation

apm -> -»>
—— . v \"2 = ,
5 +V - [a Py Vg + (l—u)pl 2] 0 (e0)
Vapor Mass Equation
d(ap ) >
-tV @o V) =T, (61)
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Vapor BEguation of Motion

»
Ny 7 ' VAT S
+V - VV_ = - A I -V
ot s ] g oY :g rr' pg a Yy g iy
C 'S - -»
- w4y lv ‘ Foae
18 8 'p-'g
Liquid Equation of Motion
-w
2V > > . > r -» >
- ERY) = —-_l—...——- - _l_...— >" B V — V
FTau Vg o Y vy, (1-a)e, errl Py P (1=, ( L
S Y
I
Cwl V;.VQI L2
T Taswe, 0
L
Mixture Thermal Energy Fruation
o[(l-w)p, e, +tap e ]
LR g g
+ Y . Y "
3T J [(l-u)pL e, V, +u pg Cg Vg]

Vapor Thermal Enerqgy Fquation

d{ap_e )
g q + - ~ = e ..a.E. — -
ot Vo °g vg eg) Pe ™ P v

where p n and Vr are identical to the definitions used in the drift-flux

model [see Ejs. (6) and (8)].

It is well known that the set of field equations described above have
complex characteristics which represent a partially elliptic system.

=-p¥ - [(l—'_L)Vl + @ Vg] + q\-.’g + qw, ’

A

(62)

(63)

(64)

&t . 6'-)
( vg) + qwg + qlg + Ihsg,( 5

This

system can be solved numerically with the present interfacial shear relations
as long as the mesh size is ric:k too small.

It is recommended that nothing

smaller than one centimeter (preferably larger) be used as a length scale for

the mesh. This will normally be sufficient to keep the solution from
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Aevelaping instabilities., Mesh sizes smaller than one centimeter may he used
singly (for example, to represent radial downcomer gaps) as long as adjacent
mesh cells are larger. The larger mesh cells will damp out any exponential
growth in the adjeining smaller cells. Semiscale, IOFT, and full-size PWRs
have heen modeled and run for thousands of cycles with no apparent
difficulties which could be traced to unbounded growth of any of the
variables, The mesh spacings used in these calculations are described in
Vol. IT of this manual.

h. _Finite Difference Fguations

The mamentum equations are separated into the three coordinate
compenents.  Only the vapor equation will be discussed with the understanding
that the liquid momentum equation is treated in an analogous manner. The
three components of the vapor-momentum differential equation are:

Axial (z) Camponent

\) aVv oV n
Ve Yoz, Jag ez, lez L
ot gr or r 2% gz 0z o_ 32
iz - - T Cuwaz i
- == - - -—_— -V, ) - 232 v |+
op (ng Vﬁz) lVg VQ I ap Wgz Vng) up ngl I d
9 9 g
(66)
Radial (r) Compcnent
ov ov oV V2 eV "
oC__w 9, Wa ‘g8,, ‘g 1%
ot gr Oor r 099 r gz 3z pq ar
- i —V)lz V |——F—( -V )-C_W_CEV |:, |
op gr &x’ g L op gr igr apg grl'y
(67)
Azimuthal (8) Camponent
oV oV vV oV v V Y
_g_9.=_(v .__g.e_+ e_g_e_+_9r_ie_+v __9_5"_)__1__99_
at gr Oor r 238 r gz 32 ogr a8
c
_ i - > oo _ T . Wy v |
cx.pg (Vge Vle)lvg VR. | ap (vg3 ]195) o.pg gi‘l g’
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Velocities are defined on the mesh-cell surfaces as shown in Fig. 2 where
subscript "a" stands for either U or g.

In the staggered schemelll'l'5 used in TRAC, the velocities are located on
the mesh cell surfaces at the locations shown in Fig. 2 while the volume
properties, p, o, T, e, p, otc., are located at the mesh-cell centers. The
scalar field equations are written over a given mesh cell while the momentum
equations are staggered between mesh cells in the three component directions.

To write out the difference scheme for each of the momentum equations is a
rather lengthy process due to the cross-derivative terms. Therefore, only the
vapor z-direction finite difference equations for a typical mesh cell are
given to illustrate the procedure used. The time levels are indicated by the
superscript n (old time) or n+l (new time). The subscript g (for vapor) will
be dropped except where it is needed for clarity of the presentation. Using

these conventions, the finite difference vapor momentum equation in the
z-direction is:

V_(r,0,z+%) n
+l r [ Al
V‘g (r0012+lﬁ) = \f;(r,0.2+lz') - At ———-—~A-—r——-.——— [str+1/2,6,2+1/2) _ Vz(r_1/2,0,2+%)l
Vs (r,0,2+%) In
L Y- R LVZ (r,045,2z45) -V, (r,o—g,z+1/2)1
v, (r,0,z+5) n
+ R I Vz(r,9,2+l) - Vz(r,e’z)

_ lp(r,e,z-i-l) - p(r,e,z)l i

0™ (r,0,z+k) Az

n n+l
iz (r,e,z+%_;)[vgz (r,6,z+%) - sz {r,0,2+%)

an(r,9,2+‘fz) pn(r,e,z+14)

n

|ng(rlel2+%) - sz (rlelz+}i)l
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Fn(r,9.2+1’z) l VZ (x,6,2+5) - ViZ (r,0,2+%) ln+1

an(r1012+1/2) Dn(rne rZ+1/2)

+
¢, (£,0,240) V, l(r,G.Z*%)]Vg(r,e,z+g)[

= ' (69)
o (r,0,2+%) o (r,0,2+%)

where At is the time-step size.
As with anv finite difference scheme, certain quantities are required at
locations where they are not formally defined so that additional relations are

required. The volume properties I', a, and pg are donor-celled depending on
the direction of Vz(r, 9,z+%) . For example,

olr,8,z+) = alr,9,z) ‘ if Vz(r,O,z+1/2) 20
= a(r,9,z+1) if Vz(r,e,z+1/2) <Q. (70)

The radial component of velocity at axial location z+% is obtained from
Vr(r,e,z+3.,_—) = },;[Vr(r+%,6,z) + Vr(r—‘/z,e,z) + Vr(r+15,8,z+l)

with a similar expression applying to Vq(r,e,z+3z') . The spatial differences
for Vz are, in the r-direction,

v, (x+5,0,24%) - v, (r-%,0,2+%)

VZ (r' 8,z+5) - VZ {(r-1,6 24%)

if Vr(r,e,z+%) >0, o0r

= VZ (r+11612+%) - VZ (r,6,7.+1/2)

if Vr(r,e,z+}2') < 0. (72)
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In the 8 direction,
V, (r,8+%,z+%5) -V, (r,0-%,2+%)

v, (r,8,2z+5) -V, (r,0-1,z+%)

if V’e (r,0,2+%) 2 0, or

v, (r,0+1,2+5) - v, (r,08,z+;)

if Vg (r,8,2+5) < 0. (73)
In the z-direction,

Vz(r,€,2:+1)— Vz (r,6,2) = Vz {r,9,2z+%) - Vz (r,9,2-%)

if Vz(r,G,z-l-l;) >0, or

Vz {(x,6,z+3/2) - v, (r,9,z+%)

(74)
if Vz(r,e,z+1/2) < 0.

The convective terms in the finite difference relations for the scalar
field equations are written in conservation form. The finite difference form
of the overall mixture mass equation is

T on+l n ntl
p;"'l = p::l'l- (At/vol) FAZ__%_ [((1«1)%) V‘; + (Ct.og) V‘g l

1
z—%

a4l n n+l (_r )n +1
_FAZ+1/2[((1"CL)§1> V;f + (a.og) Vg z-'_1/2+}?'Ar_1/2 (1-a)p, V;j

n
+1 +1 n +1
+ (ot.pg)lrl \Ilgl ] - FAr 13 [((l—a)pl) v (apg) V; ‘

L

r-% T
o on n +1]'
cmfoers g 2]
- FA ((1—a)p )n VL (ap )" v“"l] ' (75)
0+% - B ) 9 9 Jgu '
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where vol ‘s the hydrodynamic cell volume and FA is the flow area at the mesh
cell edge, The other scalar equations are differenced similarly.

All of the field equations (60-65) have additional source terms to allaw
piping to be connected anywhere in the mesh. These sources in the scalar
equations contain hoth an explicit and an implicit term. The implicit term is
iterated with the rest of the new time variables in order to provide a
consistent (in terms of time differencing) pracedurea for providing
one-dimensional connections to the vessel. The source terms appearing in the
mass and energy equations are given helaw. Subscripts p and v refer to pipe
and vessel quantities, respectively.

Overall Mass Continuity Source Term

n +],
(o FA VO )

Vapor Mass Continuity Source Term

o FA V" + g% n
[( pg) I ]p [o(1-a) o FA Vr]p

Qverall Energy Source Term

n YL png _ n
[(pm em) FA - ]p-i- (o (1—0) o (eg eg) FA Vr]p

(p,-p)
+ pv[a(l—a) ——?’;—9- FA Vr]g
‘m

+p, 0 By

Vapor Energy Source Term

Lan, en)™ Fa VP

P,P
°g n
+ —-) —= F
g g o (1-o) o %y AVr]p

P m

n +1 pﬂ, n
+P (" FA v:‘n )p + p,lo(1-0) o FA Vr]p

The momentum source terms are complicated due to the staggered differencing
and the fact that pipes may enter at an arbitrary angle. For the present
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version, we have assumed that the pipe enters normal to the vessel mesh cell
face. The basic forms for the liguid and vapor momentum source terms are:

Liquid Momentum Source Term

(v2 2 /FA i

Vapor Momentum Source Term

V2 FA) /FA ’
where
ap
Vy =V~ Uy (76)
and
Py
Vg =V, (1-o) o Vr (77)

m

If structure exists in the mesh cell, the hydrodynamic flow areas (FA} and
volumes (vol) are reduced fram their geometric mesh cell values. Thus, FA may
be less than or equal to the geometric mesh cell area and vol may be less than
or equal to the geametric mesh cell volume. Flow areas may also be set
identically equal to zero. If this is the case, all fluxes across that plane
are suppressed along with the individual velocities of each phase. This
procedure allows large obstables such as the downcomer walls to be properly
modeled. The user is allowed complete freedom to specify the flow and volume
restrictions except that a zero hydrodynamic volume is not allowed.

The finite difference equations thus formed are semi-implicit, since the
pressure gradient terms in the vapor and liquid momentum equations are treated
at the new time. A Courant stability criterion of the form

J_I__max( Voo Var Vaz Voo Vi,

Az'Ae’A:'Az'AB’Ar’
is necessary where

|v|LA toq

31



In order to solve the system of finite difference equations, a
linearization procedure is carried out. All of the scalar equations are
reduced to a linear system in Vg, Vg, T Tq, o, and p. This is
accomplished by using the thermal equations of state:

Py = pz(p.'l'g)
= T
pg pg(p. g) '

the caloric equations of state:

e, =e (p,Tl)
= T ) '
eg = g Py

and the definitions for P and en®
2 further reduction in the system is accomplished by observing that the

finite difference vapor and liquid momentum equations vield equations of the
form

Vn+1 = Vn + [convn + ‘];—2,- Vpn+1 + FRIC] At ,
where conv designates the explicit convection terms and FRIC includes both the
wall and interfacial shears. Bguation (78) indicates that changes in V are
linearlv dependent (after an explicit pass on the explicit parts of the
mamentum equations) on changes in pressure. The system of variables may
therefore be further reduced to Tge Tg, p, and o and solved by a Block
Gauss-Seidel method. Reference 3 provides a much more detailed description of
the basic Newton Block Gauss-Seidel numerical technique.

One improvement to the method proposed in Ref. 3 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. 1In this case a Gauss elimination technique can be applied once
at each time step to the seven-stripe block array which allows its reduction
to a seven-stripe single-element array. This results in a much faster

(78)
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iteration (after the first iteration) Ffor the pressure. The actual iteration
is performed in subroutine ITRl. When the vessel pressures are obtained to a
specified convergence criterion, a back-substitution in subroutine FF3D is
performed to untnld T, Tg’ and o and the velocities for each phase. A call
to THERMD in FF3D then updates all of the thermodynamic properties and their
derivatives in preparation for the next time step.

c. Constitutive Equations

The field equations (60-65) require certain auxiliary or constitutive
equations to effect closure. It has already been mentioned that thermal and
calaoric equations of state for each phase are required. These are discussed
in Sec. ITI.A.3. In addition, the liquid and vapor wall shear, interfacial
drag, wall heat transfer, interfacial heat transfer, the net vaporization
rate, and a specification for the interiacial velocities are necessary.

In the present version of the code, the vaporization thrust terms in the
momentum equations are neglected. Future versions of the vessel module will
specify an interfacial velocity in the three coordinate directions and these
terms, which are not always second order (in the core region for example),
will then be taken into account. The wall heat transfers qwg and qyy 2re
accounted for in the standard way [see Egs. (12) - (13)]. The surface areas
represent an actual estimate of the total wall surface area wetted by each
phase, while h 9, and h - are based on heat transfer correlations from the
literature. In many two~phase flow situations the walls are totally wetted by
the liquid phase, in which case wall heat transfer to the vapor is zero.

The wall shear coefficients cwg and Cq are defined as

2

wg g 2D, (79)
S = (2)ey i%h ’ (80)
where cfg and Cgy arey respectively, the vapor and liquid wall friction
factors and Dh is the hydraulic diameter. The standard Harwell

ccnrrelation6 is employed to provide the wall friction factors for two-phase
flow. These factors go to the appropriate single-phase values for o = 0 and
a= 1. The average cell vector velocity is used to define the mesh cell

Reynolds number, and the two-phase multiplier is calculated using cell-centered
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quantities. A total friction factor is calculated from the information above
and is ascribed completely to the liguid momentum equation until a vapor
fraction of 0.9 is reached. From o of 0.9 to 0,9999, the shear is assigned
with linear weighting to both the liquid and vapor. Bevond a vapor fraction
of 0,9999, a pure vapor drag coefficient is calculated (laminar or Blausius)
and assigned totally to the vapor momentum equation. If the vapor fraction is
less than 0.0001, a single-phase liquid correlation (laminar or Blal._ls'il‘lﬂ.‘-:.) is
used,

A sirngle friction coefficient is generated for both the outer radial and
upper axial cell face from this procedure. However, the hydraulic diameter
used in the radial and axial directions will, in general, vary depending on
the geomatry. These hydraulic diameters are calculated from

Dh = 4‘["‘1\‘1/?1' where 1 = 0,z,r

and where the wetted per imeter (Pi) normal to direction i includes the
surface area of any rods, wall heat slabs, or flow boundaries. If there is no
s0lid material in a mesh cell, the wall shear is zero. A similar procedure is
used to arrive at a wall shear in the theta direction. In this case, however,
vector velocities and prcperties on the appropriate theta face (rather than
the cell-centered averages) are used in order to achieve theta symmetry where
such symmetry should exist.

The basic finite difference scheme will properly calculate classical
Borda losses at an expansion but overpredicts the losses at a contraction
(see discussion in Sec. A.l.d above). Provisions have been made for the user
to specitfy an additional constant hydraulic loss factor in any of the
coordinate directions and at any mesh face, but this feature has not yet been
implemented.

The flashing rate TI' is determined from a simplified thermal energy jump
condition identical to that used in the one-dimensional drift-flux
hydrodynamics [see Bys. (9-11)]1. 1In both the vapor continuity equation and
the vapor thermal energy equation, the potentials Tg ~ Tg and Tg = Ty,

are evaluated at the new time level while higAi and hiz Ai are
evaluated at the old time.

34



The interfacial heat transfers during hoiling and the interfacial shear
are calculated in conjunction with a simple flow regime map.16 This flow
regime map, while originally developed for vertical pipe flow, is the simplest
prescription that provides a rational means for defining the constitutive
equatirnns.I34 Figure 3 illustrates the manner in which the flow map is
implemented in the corde,

If the void fraction is less than or equal tn 0.25, a hubbly flow is
assumed. The interfacial surface area in this regime is calculated in
conjunction with a critical hubble Weber numher Web. A value of Web = 25
is used in the present code version., This value was chosen on the basis of
compar isons between TRAC predictions and experimental results for low
suhcooling (i.e., shear dominated) Creare Aowrcomer tests. TRAC results for
these tests are not verv sensitive to the Weber number in the range 25 <

We, £ 100. The expression relating interfacial surface area with Wey, is:

Py Ve Dy _

o "

or

We o
D=eh

b ™ o2

D!Lr

’ (81)

where D, is the bubble diameter. For this diameter, and assuming a uniform
bubble distribution within the mesh cell volume (vol), the number of bubbles is

CNB = 6 o \;Ol (82)

TrDb

and the interfacial area is
A; =6 o vol Py \lzr/Web o . (83)

The liquid side interfacial heat transfer coefficient is taken as the larger
of an approximate formulation of the Plesset-Zwick bubble growth mode16'17

Nu = 0.95493(T, - TS0, ﬁ/[pg(hs g~ hs )] (84)

35




and a sphere oconvection coefficient18

Nu = 2.0 + 0.74 Reg's, (85)

where
= p,Q, r Db/U

The interfacial shear coefficient is provided by a rather standard set of for-

mulas for a sphere:ll
c, ap
N < 86
G T T2 B g (86)
where
¢ = 240 for Reb < 0.1,

24/Reb for 0.1 < Reb <
9.35/Reg'68 for Reb > 2.

If the cell-average mass flux is less than 2 000 kg/mz- s and the vapor
fraction is between 0.25 and 0.5, the flow enters the slug regime. At the

i

maximum ¢ of 0.5, 40% of the vapor is assumed to exist in the form of trailing
bubbles with the remainder contained in the slug. These bubbles probably con-
tribute the majority of the interfacial heat transfer and the liquid side co~
efficient is calculated fram the relations for the entrained bubbles. If the
mass flux is greater than 2 700, all of the vapor is assumed to exist in hub~—
bly form. Linear interpolation in mass flux is used in the range 2 000 to
2 700. In the slug regime the interfacial drag is volume averaged between the
slug and the trailing bubbles with a constant drag coefficient of 0.44 used
for the slug.

In the vapor fraction range of 0.75 to 1.0, an annular or anhnular mist re-
gime is employed. An approximation to the Wallis entrainmment correlationl?

is used to estimate the fraction of liquid that is in droplet form:

=1 - exp[- 0.125(J3' - 2.1)1, (87)
g
where
Vu p %
J' = ]_04 o 39 (_9_)2
g (4] p

The remainder of the liquid is in a film or sheet. The interfacial shear and
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heat transfer are volume averages of the film and droplet relations in the an-
nular mist regime. The wetted surface area of the mesh cell is determined
from the rod or slah heat transfer area in the cell and that portion of the
geametric flaw area which is blocked off. 1If the cell is in a region devoid
of any structure, the geometric surface area is employeld as a scaling factor.
This is, of course, artificial but in a realistic PWR simulation very few, if
any, of the mesh cells are completely free of metal structure. The total in-
terfacial surface area is determined by the sum of the areas contained in the
wetted film and the droplets. A critical Weber number equal to 5 for the
drops is used with a calculation procedure that is similar to that for bubbly
flow. This value of the Weber number is appropriate for accelerating drops.
For those cases where sensitivity to We q was tested, the results were not
steongly influenced by We, in the range 2 < Weq 212, The liquid side

heat transfer coefficient is simply

hi)=ck/D; » (88)

where ¢, a constant, has heen adjusted to drive the drops to equilibrium under
a variety of flow conditions. In the present code, ¢ = 15 000,which implies a
thermal boundary layer in the drops that is about a thousandth of the drop di-
ameter. In the film a correlation

Nu = 0.0073 Re (89)

is employed to predict hi PR The Wallis annular flow model19 determines

the shear for a wavy film while the same drag correlations used for a bubble
are employed if droplets exist. The droplet Reynolds nunber is defined as

Red=p V.4 Dy
u

(920)
g

Since the actual relative velocity calculated is based on a shear that has
been averaged between the film and drop correlations, a separate function20

is used for Vrd:

2%

Vrd = 1.4 a[9.8 o(_oz - pg)/pg (91)
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In the interpolated regime defined in Fig. 3, a linear interpolation in
vapor fraction is made between the conditions that would exist if the vapor
fraction were at 0.75 in the annular or annular-mist topology, and the con-
ditions that would exist if the flow were in the bubbly or bubbly-slug regime
at a void fraction of 0.5. This makas the correlation for the interfacial
shear, interfacial heat transfer, and surface area a continuous function of
vapor fraction, relative velocity, mass flux, and the various fluid ther-
modynamic and transport properties.

We now discuss the vapor side heat transfer coefficient and the liquid
heat transfer coefficient during condensation. The vapor heat transfer coef-
ficient is the simple function hig =¢c, wherec =1 x 104. This implies
that the rate for boiling or condensation is determined mainly bv the liquid
side coefficient with a vapor coefficient designed to drive the vapor toward
the saturation temperature. The formulation Egs. (10 and 11) for the total
liquiqd heat transfer coefficient hiIL Ai used for boiling seems to provide
too high a coefficient during condensation. It is anticipated that a con-
densation rate based on a film model might be more appropriate. Therefore,
for condensation the interfacial area is calculated from

Ai = (vol/Az)c,
where the coefficient ¢ accounts for a rough interface and is equal to 10.
The specific heat transfer coefficient is the same as the film coefficient
used in the annular boiling regime. This model has performed well for the
subcooled Creare downcomer tests; it is admittedly simple and may be improved
in future versions of the code if additional testing indicates that this is
desirable.

B. Heat Transfer

Heat transfer analysis in the TRAC code consists of two essentially sep-
arate sections: conduction methods asscciated with calculation of the tem-
perature fields in structural materials and fuel rods and convection methods
which provide the interfacial boundary condition for heat transfer between
structure and coolants. For simplicity and code efficiency, the conduction
methods are separated by function: cvlindrical geometries, slab geometries,
and core fuel'::od geometries. This is particularly useful for the fuel rod
analysis, which is considerably more complex due to possible fuel-clad gap
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changes, metal-water reaction, and quenching phencmena. The convective meth-
ods are contained in a single heat transfer correlation parkage which is a-
vailable to all conduction modulas.
1. Wall Heat Transfer
a. Cylindrical Geometry Heat Conduction
Subroutine CYIHT solves for the temperature field in ex-vessel com-

ponents based on a one-dimensional radial finite difference approximatiocn to
the general conduction equation:

119 oT b oam - o
rlic\* ka5r " =P, - (92)

The finite difference equations are solved in a conservative manner, se-
quencing fram left to right, where the left boundary corresponds to the smal-
lest radius. Nodal points are positioned on material interfaces and material
properties are evaluated between nodes. The finite difference equations are
given below.

For the left or innermost (i=1) norle,

_ 2
r k Ar (pc)
3/271 , 1 1 pl +1
- =+ = . S Sp—— €Y
L Arg Z {\rJ. ArJ. 4 ) e fss rl(h!?. ' hg)] T?
T32%1 o _ 2 or] (ocy)y ]
+—A—rl_ 5 =—7(rl Ar1+ a ) AL Tr]:‘+q"'
+1 +1
+ - + -
r {h2 (£, T’l‘ Tg )+ h(F T;] T; )] , (93)
where
fss = steady-state flag (1 for steady-state calculation,
0 otherwise),
ft = transient flag (1 for transient calculation, 0 otherwise),
Ary = Ti4 T Ty
At = time step size, and
n = time step level.

The boundary condition at the leftmost surface is:
-

i=1

ar = hR,(TR. - Tl) + hg(Tg - Tl) . (94)

39



Note that for a steady-state calculation ('c'sS = 1 and ft = 0) a fully im-
plicit form is used. Under transient conditions (fss =0 and ft =1) a
semi-implicit form is obtained. The semi-implicit scheme ensures conservation
of energy between conduction and fluid dynamics solutions by forcing both
methods to use identical surface heat fluxes as boundary conditions.

The finite difference equations for all interior nodes (1 < i < N) are:

2

. . .y K,
Ty ki i+l Ti-y kl“l + Tivg M1 + L [(r. A . - Arl ) (pc )
Ar, 1~1 ory 4 Ar, 25t i il
2 2
Ar, Ar. ., ory, .
_ i, ,n-}-l J_+ 1 +1 1 _ -l
* ey bxy + g “"Cp)i‘ T r; Tod = T30 A -
[(pc ) A [loc) )
N R S S B My [ j
At Tri“q] (ry by + ) BT v (95)
For the right or outermost node (1 = N, )
Iy Ky L [rN-% 1 N D o N U\
ArN -1 Ay 2N TN-1 4 X3
’&1‘2 (ce ) ;
+1 _ 1L _ N1 pP'N-1 D
*ige Iy + hg)] e L L TRE l Ty }
+1 +1
g [hg(ft'rg -TE ) +hg(ftT§—T; )] , (96)
where the boundary condition at the outermost surface is:
dr _ _ .
-k & =hy (T, - T,) + hg(TN Tg) . (97)
i=N

The equations above result in a three-stripe diagonal matrix,which is solved
by using a Gaussian elimination method.

The user may choose a lumped parameter solution in place of the multinode
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method outlined above by setting input parameter NODES=1. The finite dif-
ference equation for this option is:

2

" +1 ¢ n+l _
Pl 2(2Ar+Ar)(——--Tn+q )+ hgy (10 = £ T by (1 £, T
X

Ar +1 PR s B o 2§
- a+i [hm(ft T - Ty )+ h (F - T )]

Ry

2 £C
/%—(2Ar+-———)(—-2)+f [hli+hgi+ (1+‘—“—5)(h +h )

1.

(98)
where the subscripts i and o refer to inner and outer radius quantities, res-
pectively, and Ar = RO - Ri'

b. Slab Geometry Heat Conduction

Subroutine SLABHT solves for the lumped parameter temperature of a
slab of arbitrary configuration. For a given user-supplied mass (m) and sur-

face area (d), an effective thickness (i) is calculated for use in the con-
duction solution:

!B

X = A (99)

The temperature solution is:

+l _ pcp~ +1 . 4-1]
P[RR e, P - -, P -

pC
_Px
[At X + fss(hﬂ, + hg)] . (100)

The slab heat transfer solution is available to the vessel component only.
2. Core Heat Transfer

The core heat transfer packzge analyzes, on a rod by rod basis, four im-
portant processes which contribute to the resultant predictions of cladding
temperature versus time: 1) thermal conduction (including axial conduction,
decay energy, and metal-water reaction heat sources), 2) dynamic fl;el—clad gap
conductance, 3) metal-water reaétitm rates, and 4) reflood heat transfer ef-
fects. Figure 4 illustrates schematically the calculational strategy used in
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the code for the core heat transfer analvsis. For each core fluid computa-
tional cell there is an associated average fuel rod, a hot rod (which does not
feed back to the fluid solution), and provision for a user-defined heat slah,
a. Fuel Rod Model
The fuel rod conduction solution method is similar to that described

in the cylindrical geametry section. The major differences pertain to treat-
ment of boundary conditions, user selection of composite material structure,
and provision for spatial and time-dependent internal heat generation. Finite
difference fuel rod conduction equations are given below.

For the innermost fuel pellet node (i=1), the finite difference equation is

2\ /pC

{5322 k;+L r A +_A_'r_1_( 9)1 o, D372 Ky AL

Ar; 2\"1 T T 1 hry 2

2\ rfcc
Ar

__1 1 ( p)1 watl] (101)

=3 <f1 fr) + 'Z"){ TRt J
with the boundary condition

ar
- 9T = 102
rk 3= 0 (102)
i=1

at the inner surface. For interior nodes (1 < i < NF) in the fuel pellet,

2
R R R T R e e W (x by, - Pia
Ar,_, i-l Ar | Ar; 2eef \ T i 4 pli-l
, .
Ar N
iy, +1 itz i ontl
+<ri br; + 3 ) '”Cp)i]‘TIil P T
2 pC
- _1 (r Ar. - Arl—l)[( p)n.-lTn+ ...n+l]
2 1 i~ 4 At i .
i-1
2 ()
A, P
1 1 w N1
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where NF is the number of nodes in the fuel.

The gap that exists between the fuel and the cladding in fuel rods is
treated by explicit noding on fuel and clad surfaces and a dynamic heat
transfer coefficient between these nodes. Stored energy and internal heat
generation in the gap region is neglected. The finite difference equation for
the outermost fuel pellet node (i=NF) is:

}

Inp-y -1 ol ; .

bx NF-1 NP lqap

NF-1 “FNp-1
2 (;\c,
i o .
NF-1 )1 nel ntl
+ 50w Moy ) e SFT T Ngap T
2, [ (%) |
1 T T NE=1 .0 w1 ' (104)
=~ 7% YNpr T T [ X e

and the boundary condition at the outer pellet surface is

ar ~ _
- kg h hgap T ~ Ten

i=NF'

) . (105)

In the cladding region, the internal heat generation rate is redefined to
include metal-water reaction and axial conduction heat sources when ap-
propriate. These additional heat source terms are computed by assuming that
the cladding is one region. A more detailed discussion of these heat source
terms is given in subsequent sections.

For the innermost cladding node (i=NF+l), the finite difference equation is

. n +1 [r n 4 NP¥3/2 KEs1
N+l “gap NF NF+l gap ArNF 4
2 (pcp) r
+ }{r Ar 4+ _NEHL, NP+l | bl | NF+3/2 kNﬂ?+1 L
2 NP+l T NF+L 4 At NF+1 Ar NF+2
ENFHL
pPC
-1y Ar N MEa, ( p>NF+l 4 gmPH
2 INEHL CTNF4L VR At NF+L T ONE+l (106)
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The boundary condition at the cladding imner surface is identical to Egq. (105)
and the finite difference equation for interior cladding nodes [(NF+1l)< i < NJ
is identical to Fg. (103). For the outermost cladding node (i=N), the finite
difference equation is

ArN-l . N-1 AI'N 1

R ] P _ [ Tk Kyea

1 +1
ey brgy T ) TR Yl iy Y hg)] Ty
2 pc
T i = (°<) N-L oh e
2N T N-1 4 7 At N N-1
_ +1 _ il
+ry [hl(ft Ty Ty )t hy (£, ™ T )K (107)
with the boundary condition at the outer surface given by
. dT _ _ o ]
-k CTEL = hﬂ(TN TR) + hg(TN l‘g) . (108)
-

b. Dynamic Gap Conductance
This model is currently under development and exists in this initial

version of the code in a very rudimentary form. Subroutine GAPHT calculates
the gap heat transfer coefficient (hga p) as a function of three ocomponents

including gap gas conductance, fuel-clad interfacial contact, and fuel-clad
thermal radiation:

h = +
gap hgas hcontact * hradiatiorl ’ (109)
where
k
h ~__ g3 (110)
Ar + 8§ 7 -
gas gap
h = 0 F(T: - TH /(1. - T.) (111)
radiation f c f c!r
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and

F = = 1 . (112)
L
£ c ‘o

In the present context, subscripts f and c refer to fuel and clad, res-

pectively, and 0 is the Stefan-Boltzman constant. A value of 4.4 x 10—6m

is used for 6, the mean fuel surface roughness.21

The gap gas conductivity evaluation methods are outlined in the material
properties section. Presently, the interfacial contact component is set to
zero. Th2 developmental effort in this area will draw upon the modeling ex-
perience of the MATPRD, ¥RAP-S, FRAP-T, and GAPCON codes. 21724

c. Metal-Water Reaction

When sufficiently high temperatures are reached by Zircaloy in a
steam enviromment, an exothermic reaction may occur which will influence the
peak cladding temperatures attained. The zirconium-steam reaction equation is:

7, + 2H,0 > 210, + 2H, + Heat. (113)

In the presence of sufficient steam, the reaction rate equation of Ref. 25 is
assumed to be valid:

dr _ 1.126 x 10°° ( - 18 062,
T

- = X o ) (114)
dt (RO x)

where
r = reacting surface radius (m) and
Ro = ¢lad outer radius (m).

The method outlined in Ref. 26 is used to calculate the zirconium—oxide pen~
etration depth and associated heat source. The mass of zirconium (er) con~
sumed by the reaction in one time step is:

2
M, =T by I(rn)Z _ (rn+l) l .

Equation (114) is used to calculate il

(115)

1. yielding:

1
+ 2 - z
A R, - [(rn) +2.252 x 1079 At exp({- 1.8062 x 104/'1‘) ] . (116)

The heat source (qmw) added to the conduction equations, assuming a one-
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region clad, is:

gh = 6.513 x 10° n, At(Ré - Ri) , (117)

where Ri is the inner clad radius, and 6.513 x 106 J/kg corresponds to the
energy release per kilogram of zirconium oxidized.

d. Reflood Heat Transfer

Exper imental studies simulating the reflond stage of a postulated
loss-of-coolant accident in an IWR indicate that detailed modeling methods are

necessary to successfully predict cladding temperature-time histories. To
achieve that objective, a synthesized reflood heat transfer methodology is
available as a user option in the code. The methodology treats quench front
initialization, quench front propagation, and heat transfer by conduction and
convection in a consistent, integral package.

Limitations on computer running times require TRAC fluid cells in the core
region to be on the order of a half meter in length in the axial direction.
However, under reflood conditions, signficiant variations in transport pro~
cesses may take place in a much shorter axial length. To allow improved mod-
eling of these processes, without incurring prohibitive computer costs, a re-
nodalization of the fuel rod conduction calculation is available. Based on
user-supplied input, the coarse axial mesh corresponding to the fluid cell is
subdivided into an arbitrary number of fine-mesh intervals. The radial con-
duction solution is then applied in each fine-mesh interval.

Material properties and gap heat transfer coefficient continue to be based
on coarse-mesh values, but heat transfer coefficients are now evaluated for
each fine mesh. To better approximate actual temperature profiles, a tem—
perature interpolation scheme is used to initially fill the fine-mesh tem-
perature fields. A [agrangian interpolation scheme27 is used:

n
T(z) =Z I (118)
i=0
where
. - (z-zo) (z—zi_l) (z—zi+l) (z—zn) (119)
i (zi—zo) (zi-zi_l) (zi—zi+l) eve (zi-zn)
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and Ti are the coarse-mesh temperatures. The quadratic equation obtained by
fitting three coarse-mesh temperatures at a time yields the fine-mesh profile.
To ensure conservation of energy, and taking advantage of constant pro-

perties within a coarse mesh, the fine-mesh temperatures (Tj) are normalized
as follows:

f
- — 120)
. =N_T. T, E T, o, (
T:| Nf i T]/ 3
J=1
where
Nf = number of axial fine meshes in onarse mesh i,
T, =az‘?'+bz.+c,
] ] ]

and a, b, and ¢ are obtained from By. (119).

The second procedure used in the reflood initialization is a search to
locate quench fronts. Rather than assume the core is Ary at the beginning of
reflood, which may not be the case, a pattern search of each average rod is
made for the combined condition of clad surface temperature less than the lei-
denfrost temperature and sufficient liquid available to form a film on the
rod, Only two quench fronts per rod are accounted for: a falling film from
the top and a bottom quench front.

The motion of a quench front on a hot surface is a complex function of
axial conduction, radial convection both ahead and behind the front, internal
heat generation, and heat transfer to the material. Since axial conduction of
heat fram ahead of the front to the quenched side occurs on a length scale of
a centimeter or less. and typical fuel rods are several meters long, an-
alytical methods hz =~ .een developed to approximate quench front motion with-
out resorting to costly two~dimensional conduction s,olut:ions.za'29 A cor-
relation which approximates the one- and two-dimensional solutions of Refs. 28

and 29 is used for the quench front velocity qu:30
1/2
-k I8 B (121)
qu = pcpé [B(l + 0.40 B)] ’
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B = B/T
B = hé/k
1
— _ /2 _
T = 60 /(1 60)
9 = ‘Tw“To)/ (T, T
and
h = film heat transfer coefficient,

T . = Leidenfrost temperature,
Tw = wall temperature an infinite distance ahead of the uench {ront, and

§ = mean fuel surface roughness.

There is considerable ambiguityv as to the proper definition of the Iei-
denfrost terrtpc-zr:ature.28 The value currently used in TRAC is:

T, = T, + 100 (R),
which is in general agreement with values used in most quench front pro-
pagation models. For most cases the fine-mesh axial spacing will be much
greater than the few millimeters over which axial conduction is important.
Therefore, the T W used in calculating the quench velocity is that »f the
fine-mesh interval ahead of the quench front. Since a detailed radial con-
duction solution, including convective heat transfer at the clad surface, is
calculated for all fine mesh intervals, precursory cooling is reflected in the
lower wall temperature ahead of the quench front, resulting in a higher value
of the quench velocity. When the temperature ahead of the quench front is
less than the Leidenfrost temperature, and liquid is present, the front pos-
ition is autamatically advanced. This ensures compatibility with the radial
conduction calculation, which for this case would indicate a strong convective
precooling process characteristic of high flooding rates and subcooling. The
method outlined above is used for bottom flooding and falling f£ilm, which is
in agreement with the observation that the physics of both quenching processes
are identical, differing only with respect to boundary c:onditions.29

The reflood stage of an accident sequence may not be a steady fill pro-
cess. Experiments indicate that bottom flooding by gravity £ill of the
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dovmcomer region is accompanied by flow oscillations similar to those in a
mancmeter. Under these conditions, liquid may withdraw fram the core region,
resulting in quench fronts also retreating from previous positions. The case
wherein the quench front retreats probably corresponds to high local void
fraction, independent of average liquid velocity direction. At low void frac-
tions, corresponding to an inverted annular flow pattern, sufficient liquiqd is
availablu to allow continued quench front motion upward into the core, even if
the liquid velccity is down out of the core.

If the liquid velocity is fdown in the core region and the void fraction is
greater than 0.95, the following analysis is used to diminish the quench front
position. The flow regime is considered to be annular and deposition and en-
trainment are neglected. Applying a heat and mass balance to the £ilm, as-
suming constant film thickness, vields:

F = 5%;3%; ' (122)
where
F = fractional decrease in quench front position per fine-mesh cell,
q" = heat flux behind quench front, and
S = film thickness = D(1-a)/4.

The rationale for using a cutoff value of 0.95 in the vapcr fraction is that
if a greater quantity of liquid is present, then the quench front may progress
independent of the liquid flow direction. For a falling film quench front,
progress is assumed to always be downward into the core, unless the void frac-
tion equals unity, whereupon it is stopped. An explicit momentum and mass
balance is not included in the falling f£ilm analysis. -

To ensure consistency beween the normal conduction and convection methods
and the imposed quench front position, the axial conduction associated with
propagating a quench front a ceirtain distance per time step is treated as a
source term in the fine-mesh radial conduction solution. Figure 5 illustrates
the method used. The clad is assumed to be insulated from the fuel only in
coamputing the axial heat transfer. Fuel-to-clad heat transfer ahead of the

quench front affects the clad temperature, which determines the quench front
velocity.
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The volumetric heat source terms for the node ahead (i+l) and behind (i)
the quench front are:

"=
dily = S, AT Vyp (123)
and
wo— .
qj pcp AT qu £, (124)
where
hz (R R )
F = A:l l+l , and
1 (Ro"Rl)l
AT = Ti +1 - TS .

The correction factor, f, is unity except when variable axial mech spacing is
chosen or cladding radial deformation is calculated.

The liquid heat transfer coefficient (hﬁ) is modified to reflect the
partial quenching of a cell:

= i1 s h.. + (1-F) —— h, 4
% q film q , i 7
('1‘ S) (Ti 1‘5)
where
Fq = fraction of cell quenched and
hfi].m = maximum (h;_,, 10,000) .
The value of the heat transfer coefficient behind the quench front, h £i1m"

is the maximum of either the radial heat transfer coefficient h -1 (one cell
behind the quench front) or 10, OOO W/m K. The latter value is based on an
order of magnitude analysis of the FLECHT res;ults;.?'l

3. Heat Transfer Correlations

Subroutine HTQOR containg a library of heat transfer correlations that are
accessible by all code component modules which perform heat transfer arn-
alyses. Based on local surface temperature, surface properties, and fluid
conditions, a generalized boiling curve is constructed from the correlation
library. The curve is then referenced to obtain values for liquid and vapor
heat transfer coefficients, wall temperature at the critical heat flux point,
and heat transfer regime identification flag. Fiqure 6 illustrates sche-

- matically the boiling curve that is obtained. As local conditions change
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the shape and slopes of the segments comprising the curve may change, but
continuity of the curve is always maintained. This procedure ensures
numer ical stability as transitions in heat transfer regimes occur. Fiqure 7
illustrates, by use of a flow chart, the manner in which the heat transfer
regimes are identified. The heat transfer regimes and correlations nsed are
summar ized in Table I.

a. Critical Heat Flux

The Key points which anchor the hoiling curve are the critical heat
flux (CHF) and the minimum stable film boiling temperature. For ex-vessel
components the user may select from three correlation options for the critical
heat flux:

ICHF Correlation

1 Zuber pool boiling/Biasi dryout correlations
2 Biasi dryout correlation only

3 Bowring correlation

Option ICHF=1l is recommended and is used in all vessel calculations.

During postulated loss-of-coolant accidents, an extremely wide range of
flow conditions is encountered. At ].cm‘ flow rates, CHF is probably a pool
boiling~type phencmenon, whereas at high flow rates, a dryout of the liquid
film on the wall is probably the CHF mechanism. Since no single CHF model has
besn shown to accurately predict this range of conditions, a combination of
models is necessary. At low flow rates (e.qg., flow stagnation and reflood)
the Zuber pool boiling correlat:ion32 is used:

o gleg—p,) |1/4
Qe = (o) 0.131 ° hy T , (126)

g

where the factor (1-o) was recommended Ly Griffith33 for iow flcw and coun-

tercurrent flow conditions. For high flow rates, the Biasi corralation34
is used:

1.e83x10 [ £
anF = —Bﬁ—-‘GTG-— [ﬁg - X] (127)

51




for low quality and
7
w2 3.78x10 gy (128)
s S N S

for high quality, where
n= 0.4 for D 2 1 am,
n= 0.6 for D <1 cm
and

fp = 0.724 9 + 0.099 p exp(-0.032p),

h = - 1.159 + 0.149 p exp(~ 0.019p) + 2229,
P 1Hp

D = rod diameter (cm),

G = mass flux (g/cmz-s), and

p = pressure (bars).

As recommencied by Co]J.i.er:,6 By. (128) is used for mass fluxes less than 3060

kg/mz-s; otherwise the maximum of EBgs. (127) and (128) is used.

A criterion is necessary to distinguish between high and low flow con-
ditions for both up and down flow. Following the recommendations of Bijornard
and Griffith,35 the Biasi correlation is used for mass fluxes greater than
100 kg/mz's in up flow and greater than 600 kg/mzos in down flow. The
difference in mass flux values reflects the observed reduction in CHF in down

flow, attributed to higher local void fraction for a given set of flow con-

ditions.

36

The Bowring correlation,” available to ex-vessel compcnents, is a

dryout correlation similar to the Biasi correlation:

Agp = B - Bhy X/, (129)
where
1
A= 2,317(0.25 hlg DG)F,/(1 + 0.0143 F, D? @)
B=0.25D G
C = 0.077 Fy D G/[1 + 0.347 F, (6/1356)™]
n = 2.0 - 0.5 pg
Pg = 0.145 p/10°
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and for

pR < l ?
Py = lppo 002 208900 4 g 9171/1.017
1.316 _2.444(1-
£/, = Ipg o0 244 4 g 3001/1.300
Fy = [pg 02 &16-8BUTY 4 0.6671/1.667
_ 1.649
F4/F3 = By
while for
PR>1,
E, = pr0-368 D-648005)
~0.448 _0.245(1-
F /e, = p0-H48 0-2050p
0.219
Fy=p -
_ 1.649

For most cases of interest, the Biasi and Bowring correlations give coiparable
results. The Biasi correlation is normally chosen as it is computationally
more efficient.

The heat transfer selection logic is based on local wall surface tem-
perature, hence the critical heat flux is converted to a CHF wall temperature:

= " (130
Tor = % + YoM - )
where

hNB= mucleate boiling heat transfer coefficient.



The value used far the nucleate boiling heat transfer coefficient is outlined
in a following section.
b. Minimum Film Boiling Temperature

The minimum stable film boiling temperaturz is that value at which
contact between liquid and a hot surface is prevented by vapor generation pro-
cesses. For low pressures, the classic film boiling instability analysis has
heen successfully used by Ber:ca.ns;on:*r7 to predict this temperature. Henry38
modified that analysis to account for surface effects:

i % %p2
MINHB MINP + 0. 42(‘MINB T ) { (k oG > ] 4 {131)

CPWMINB W'w pPW

where Berenson's formula is:

p, h glp,=p_) 2/3 /2 u /3
T =7 +0.127 + 4 2 g - 9 . (132)
MINB s kg o, + og g(pz-pg) g(oy;o N} )

At higher pressures, the homogeneous nucleation mechanism39 appears to dom—
inate. Bjornard and Gr:iffith35 recommend Henry's modification to the Ber-

enson formula be adopted also for the homogenecus nucleation phenomena:

'|1/2
Tomem = Ten * T)[k 0. C ! (133)

waw

where THN is the homogenous nucleation temperature. THN is a weak func-
tion of pressure and varies from 580 K at atmospheric pressure to the critical
temperature at the critical pressure. The minimum of Egs. (131) and (133) is

chosen as the minimum stable film boiling temperature. The corresponding min-
imum film boiling heat flux is:

M = Ppp Ty ~ T - (134)

where the film boiling heat transfer coefficient hen is defined in a later
section.

c. Heat Transfer Coefficients

Heat transfer coefficients are given below for the regimes identified
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in Fig. 7. In the regime identified as forced or natural convection to single-

phase liquid (i=1l), the maximum of either a laminar c:orre].ation,7
h9, = 4.0 kD {135)
or a turbulent (Dittus—Boelter) cm're].ation,40
kK, fo, V. D\0.8 /u, c 0.4
h, = 002370 (22— 2 _plk (136)
A D ™ kg

is used.

For nucleate boiling or forced convection vaporization (i=2), the Chen
correlation41 is used:

p V p\0.8fu,c 0.4
h = 0.023 %(..LL) <_E._E&> F

“9, kz
k011.79 o0+45 0.49
p & Py o .0.24 . .0.75
+0.00122 =539 0.24 028 w = Tg) ®, ~ P s, (137)

h,
Yo is | pg

where Pw is the saturation pressure corresponding to the wall temperature,
and F and S are functions which are given in graphical form by Chen. The Rey-
nolds number factor, ¥, and the suppression factor, S, can he expressed ass:35

F=1.0 for x.;.:i. < 0.10 ,

F 0.736

i

2.350@,}, +0.213) for x,;,i > 0.10 ,

-1
where Xppe the Lockhart-Martinelli factor, is

-1 e u
Xep = (_X_)O-Q (_2.)0.5 (ig_)o.l

1-x
‘g 2
and
1.14.-1
= + .
S 1+ 0.12 (Retp) ] for Retp < 32.5 ,
0.78_-1
= <+ .
S L+0 42(Retp) ] for 32.5 < Re.tp < 70.0 ,
S =10.1 for Re, > 70,

tp
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where
e =107 c-wp 1.25 _
tp Uy
The correlation may be extended to subconled liquid cases. Colli.r-:-r6 rec-
omernds that F be set to unity and the single-phase Reynolds number he used in
place of the two-phase value for those cases.

The main component of the transition boiling regime (i=3 in Fig. 7) heat
transfer coefficient is determined by constructing a log-log interpolation of
the boiling curve between the critical heat flux and minimum film boiling
points:42

" o\ XENT
= Jow W ’ (138)
where )
log n - 1%‘ "
YONT = Yur QN

" 1og T = 109 Tyny -

To maintain continuity, the film boiling and radiation components are included
in the final form used by the code:

- 139
h, = (1-0) (hyy + by (139)

and
(T, = Tegp
Bg= &~ T g [‘1'“’ fes * °‘“EC} ' aan

where hRAD' hFB' and hFC are rlafined below.
For €ilm boiling (i=4), the liquid and vapor heat transfer coefficients
are given by,

h, = (1-0) (A + o) (141)

and

hg = (1-u) hFB + O"hEC . (142)
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The radiation heat transfer coefficient is based on Bromley's43 analysis:

- 4 _ 4 -
hRI-\D =g F(Tw - T.Q.)/(TW TQ‘) ’ (142)
where
1
F =
.].:+ !‘..- 1 '
€ o

e = emissivity of the wall, and

absorptivity of the fluid.

[

For cases where liquid is present, raliation-to-liquid is the dominant mode
and radiation-to-vapor is neglected.

Based on experiments investigating film boiling on vertical cylinders,

44 43

Bailey = recommended Bromley's ™~ film boiling analysis, which was ori-

ginally obtained fram horizontal cylinders:

3 _ . |
- 0. kg (pg og)g h&g_ , w4a)
heg = 0. W@ =T X
g w s

where
1/2

ag
A = 2‘" ——
[g(pl-pg) ]

and the latent heat of vaporization is modified as suggested by
Kutateladze: 45

hi =h, + 0.5 -
g g cpg(Tw Ts) .

The forced convection component is based on Dougall and Rohsenow'sd6

modification to the Dittus-Boelter equation:

0.8 0.4
k o laV + (1-2)V,ID U c

hpe=0.023 219 9 % [—91—2'9] ,
D ug kg

(145)

where the Reynolds number is modified to reflect the volumetric flow rate of
the two-phase mixture.
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For the regime identified as forced or free convection to single-phase

vapor (i=6 in Fig. 7), the maximum of either the McAdams free convection cor-
relati.cn‘,l

3 2 1/3 1/3
k. |P” f, g B(T-T.) u, G
B, = 0.13 5> [ pgg W g ] [.LE:S] ’ (146)

k

g g

where, assuming a perfect gas,
B = 1/3;’
40

(4

0.8 0.4
o. V.D B C
= 0.023 ]:9.. 9.9 w) , (147)
kb D pg kg

or a turbulent flow (Dittus-Boelter) correlation

is used.

For forced convection to two-phase mixtures (regime i=<7), the maximum of a
laminar flow correlation and a turbulent flow correlation is used. The lam-
inar flow c:orrelation7 is

k, -
h, = 4.0 'T:E ’ (148)

and the turbulent flow corr:elation40 is

0.4
k KL C
B, =0.023 LB Rel-8 (’—E—”'> . (149)
D tp

The two-phase mixture properties are defined by

=1

tp X, 1=x
Y g Y,

and the two-phase Reynolds number is

r

7]

D
Re = =
o M

For low flow rates a stratified flow regime exists, which is identified as
the horizontal film condensation regime (i=11) in Fig. 7. The Chato48
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modification of the Nusselt theory of £ilm condensation, as reported by

Collier,3®

h, = 0.296

(150)
2

1/4
[p o0y — 09 hlgkgl ,

D “E(Ts - w)

L J
or Fg. (152) is used in this regime. The correlation chosen is that which
yields the larger value for hl’_

For the vertical film condensation regime (i=12), the modification to the
Nusselt theory of film condensation suggested by Collmr is used:

pelog - pq)g cosb hﬂg k2]1/4' s

wheré 8 is the angle of inclination fram the vertical direction. If BEg. (152)
vields a larger value, it is used instead of Eq. (151).
The correlation of Carpenter and Coltn.n:n,49 which accounts for in-

terfacial shear effects of the vapor stream, is used in the turbulent film
condensation regime (i=13):

1/2
hy = 0.065 — ky. o2 _

L

where the interfacial shear, t i is

. = 0.046 (:g_vzg)

i fp V. D 2
9.9
Hg

C. Reactor Kinetics

Poawer generation in the reactor core during the course of a problem is
calculated by the RKIN subroutine. Two opticns are provided by specifying the
method of calculation. The first method is simply a table lookup of power
using the power versus time table supplied as input. Linear interpolation is
usea to extract values lying between entries in the table. In the second meth-
od, the power is determined from the solution of the point-reactor kinetics
equations. These equations describe the time behavior of the core power level
with the total reactivity acting as the controlling parameter.

The point-reactor kinetics equations include effects arising from the
direct fission power and the decay of fission products. These equations are:
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g{_ = 'l@\" (R- 1P+ Z XG4 (153)
i=l
?d_(:t:_i,=-lici+;.j;p (i=1, 2, «.c, D) (154)
d—Hi=~AHH + E. P (I=1, 2 m) (155)
3 5 H 5 ) 25 eeey ’
where ]
P = jinstantaneous total fission power,
) = total effective delayed neutron fraction,
A = prompt neutron generation timé,
n = number of delayed neutron groups,
m = number of decay heat groups,
R = total reactivity in dollars,
A i = decay constant of delayed neutron group i,
Bi = effective delayed neutron fraction of delayed growp i,
Ci = fission pawer of delayed neutron group i,
H. = decay power of decay heat group j,

)\i.’l = decay constant of decay heat group j, and

E. = effective energy fraction of decay heat qroup j.

Of interest is effective power generation rate or the heat actually deposited
in the core. This is given by the expression,

m ul
B o= P(l - Z Ej) + xgl B, . (156)
J=1 j=1

Currently, the number of delayed neutron groups (n) and the number of decay
heat groups (m) are fixed at 6 and 11, respectively. The constants appearing
in the above equations are built into the code and are given in Tables II and
III. These constants are identical to those used in the RELAP and RETRAN com-
puter oode526'50 and have been shown to produce results which closely follow
the standard ANS decay heat cur:ve.50

The point-reactor kinetics equations (153-155) are solved by numerical
integration using a fourth-order accurate Runge-Kutta technique as modified by
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Gi1l.>1e%?

round-off error-limiting characteristics. However, hecause this is an ex-

This technique is fast, highly accurate, and has excellent

plicit technique, the maximum time step size is governed by a stability con-
dition,

At < 0.8 %/([R[ +1), (157)

which could limit the problem time step size, At ~ To prevent this from

occurring in cases where Atmax < At:p, the kinetics equations are in-

tegrated over kK equal subintervals Atrk' where

k= M[Atp/Atmax] + 1 (158)
and
Aty = /K - - (159)

In cases where Atma
Atp-
A steady-state oondition is assumed to exist at the begimning of a prob-

" axceeds Atp, only one integration is performed using

lem. Initial values for the delayed neutron and decay group contributions are
given by

_B; PWO (160)
€0 =573
and
E. P(0)
3

where P(0) is the initial specified power.

Parameters needed for the reactor kinetics option are P(0) and a table of
reactivity versus time, A complete discussion of the input is given in the
VESSEL module input specifications.

D. Overall Solution Strateqy

Overall solution strategies for both transient and steady-state cal-

culations are described in this section. Each time step in the transient cal-

culation consists of several sweeps through all the components in the system.
These sweeps, whose purpose is to converge the boundary data between com-
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ponents, are called outer iterations. For each outer iteration, the ther-
mal-hydraulic dynamic equations for the mesh cells within each component are
solved by a sequence of imner iterations. Two tvpes of steady-state cal-
culations are available in TRAC. The first type has general applicability
while the second type is used to obtain initial steady-state conditions for a
PWR. Both steady-state calculations utilize the transient fluid dynamics and
heat transfer routines,
1. Trancient Solutions

a. Outer Iteration Strategy

Solution of the thermal-hydraulic flow equations for all components
is controlled by subroutines TRANS and OUTER. TRANS controls the owverall
strategy while QUTER calls each component in turn.

At least three passes are made through each component. A prepass is made
to update certain explicit information which must be available before any
calls to DF1DS, DF1DI, or TF3D. The heat transfer coefficients and relative
velocities are examples of information calculated on the prepass. The next
pass or series of passes calls the basic hvdrodynamic routines until the con-
vergence criterion is met or the maximum number of iterations is exceeded.
The recommended convergence criterion (EPSQ) is between ].0_3 and 10'4, and
the maximum outer iteration count (OUTMAX) should generally range between 10
and 20. The order in which OUTER calls the given components is determined by
the TORDER input array. The only constraint on the order of iteration is that
all of the one~dimensional components in the problem must be called before the
three-dimensional vessel.

If the OUTER iteration process converges, a final pass is made to update
the wall, slab, or rod heat conduction and to generate information required to
begin the next time step. If the OUTER iteration fails to converge, the time
step size is reduced by an order of magnitude (subject to the constraint that
t must be greater than or equal to the minimum time step size indicated in the
input) and another attempt to converge the OUTER iteration cycle is begun.
After three unsuccessful attempts, the code shuts down after producing a dump
ard edit.

Programming details of the iteration procedure for transient solutions are

given in Chap. VI, Sec. D. A flow schematic for the TRANS routine is given in
Fig. 5 of that chapter.
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b, One-Dimensional Inner Tteration Strategy

Fér a given call to a one—dimensional numerical hydrodynamics sub-
routine (DFIDS or DF1DI), the boundary conditions are treated as fixed and
solutions for the new time flow variables within the component are updated by
a standard Newton-Raphson procedure.

For the semi--implicit finite difference equations, the unknown variables
are the new time values of pressure, woid fraction, liquid temperature, and
vapor temperature. Velocities are eliminated as unknowns by using the momen-
tum equation to relate them to pressures, After substituting in these equa-
tions for velcrities, along with the necessary thermodynamic relations, the
remaining four equations per cell for mass and enerqgy have the functional form:

(162)

ntl n+tl n+l  ntl +1 +1
. . . . . ) =0
fj (pj‘l' p] ' p]+l' QJ Pl Tg;]' 'Ipﬂ,,]) ’

where n is the time step index and j is the mesh cell index., The functions
represented by £ always have a nonlinear dependence on the variables pg'ﬂ

T;"'%', T‘E‘%, and a'jﬂ'l; and a linear dependencz on p;‘_'f]l and P?H' If
r (4 -

14

successive approximations to the independent variables are generated by equa-
tions such as ‘

(p1j1+l)k+l - (p1j1+1)k + e;p]]?ﬂ . ' (163)

where k is the inner iteration index, then the linearized approximation to Eq.
(162) is

T SES K 3

3 £
G S O T S O
a

- . p.., + :
3" 31 n+l %3 n+l 5+l n+l
agk a£k
+1 j okt
+ —d = -
L 51';,3 + ) °*2.3 £ . (164)
glj 2"]

The oollection of all such equations for all the mesh cells in the component
forms a block tridiagonal linear system, which is inverted directly to obtain
the corrections (6p, 6o, GTg and §Tp) for the new time variables.

The inner iteration procedure for the fully implicit method is similar to
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the cne just descrihed, However, it is necessary to also treat the new time
velocities as unknown variables.
c. __Three-Dimensional Inner Iteration Strategy

Subroutine TF3D sets up the algebraic field equations and inverts
each center matrix block in preparation for the iteration. In subroutine
ITR1l, the iteration for the pressure proceeds using a Gauss-Seidel iteration
if the total number of mesh cells per level (r—6 plane) is greater than 8, If
the number is less than 8, then a direct inversion for that level is performed
with the z-direction elements handled in a Gauss-Seidel fashion. Any pipe
source terms are treated using Gauss-Seidel for a given mesh cell,

The iteration in ITRl is inexpensive and additional inner iteratimns (up
to 10) are performed for each outer iteration until a tighter convergence
tolerance than EPSO is reached (usually 107%). on the final pass, FF3D is
called bv VSSL3 to unfold the separate phase temperatures, the void fraction,
and the velocities. THERMD is called by ¥T3D to update the densities,
energies, and the various thermodynamic derivatives.

2, Steady-State Solutions

The TRAC steady-state capabilityv is designed to provide time-independent
solutions which may be of interest in their own right or as initial con-

ditions for transient calculations. Two distinct calculations are available
within the steady-state capability: the Generalized Steady-State calculation
and the PWR Initialization calculation. The Ffirst is utilized to find the
time-independent conditions of a svstem for arbitrary but fixed geometry and
parameters. The second is utilized to adjust certain loop parameters to match
a set of user-specified flow conditions but only for the fixed geometry typi-
cal of current PWR systems.

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

Although the same subroutines are used in the transient and steady-state
calculations, there are important ways in which their behavior diff{ers between
the two calculations. The most crucial differences are:
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1. The time step size used by the heat transfer and fluid flow cal-
culations may not be equal during a steady-state calculation. The
ratio of these time step sizes is fixed through user-specified in-
put. This permits compensation for the differe.ice in natural time
scales of the two processes.

2. The occurrence of CHF is inhibited during the steady-state cal-
culation. This results in a heat transfer coefficient which cannot
undergo a rapid reduction due to burnout.

3. Pressurizers are moxdeled as pressure boundary conditions during
steady-state calculations. Therefore, each pressurizer's energy and
mass inventory, as well as pressure, will remain constant regardless
of the flow rate between it and the remainder of the system.

4., Trips are inhibited during steady-gtate calculations. Thus, even
though conditions may exist which would cause a trip during a tran-

sient, the trip will not he activated during the steady-state cal-
rulation.

5. The reactor power is set to zero for a period at the beginning of the
steady-state calculation. It is increased to its nominal value once
the fluid velocity has approached its equilibrium value.

a. Generalized Steady-State Calculations

This calculation is ntilized to find the time-independent tem-
peratures and fluid flow conditions for a system of arbitrary geometry. The
major advantage gained over the direct use of the transient capability is au-
tomatic evaluation of the approach to time-independent conditions.

Reduced to their simplest form, the equations solved by the TRAC
transient routines are a set of coupled, ordinary differential equations in
time. (The dependence upon spatial variables is eliminated by the intro-
duction of fluid flow cells and heat transfer nodes as described above.)
These equations may be written as:

Ny

=5

dt '—'Z Fiy v
j=1

where the X; are the dependent variables (fluid velocities, temperatures,

etc.) and the Fi; are generalized "forces" acting on these variables. A
steady-state situation generally represents a balancing of the various forces

on each variable, rather than the simultaneous reduction of all the individual
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forcas, so that

E F..>0
1]

-

without the Fij themselves vanishing. This suggests that the proper measure
of time independence is the degree to which the Fij terms balance one an-
other, rather than an ahsolute measure of the rates of change of the depen-
dent variables.

TRAC therefore utilizes the normalized rates of change of the dependent
variables, defined as

to measure the approach of the transient to a time-independent condition.

The dependent variables examined by the current version of TRAC in eval-
uating the approach to steady state are listed in Table IV, together with the
physical interpretation of the generalized forces acting on them. A separate
value of 4 is evaluated for each of the appropriate variables at each mesh
cell of the system. (In the case of wall and rod temperatures c; is eval-
uated for every node.) TRAC catalogs the maximum value of the normalized rate
of change for each variable as well as the point at which the maximum was
found, and compares that maximum to a user-specified convergence criterion.
Some mesh cells are excluded from this comparison for certain variables
because the maximum of the generalized forces acting on that variable at that
mesh cell is below a threshold value.

b. PWR Initialization Calculation

The PWR Initialization calculation provides a convenient way for the
user to match important operating conditions of a PWR system by adjusting cer-
tain operating parameters. The conditions which this calculation attempts to
match are reactor power, pressurizer pressure, primary loop flow rates, and
vessel inlet temperatvres. This is accomplished by adjusting the pump speed
and steam generator fouling factor in each loop of the reactor system. This
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idea was first developed v Sharp,53 although the method of implementation
in TRAC is 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:

1. There must be a single STGEN component in each loop. This component
must be locatad hetween the VESSEL hot-leg junction for that loap and

the 1lcop pump or puspPS.

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

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

4. The primary coolant flow loops must not connect directly to one an-
other, except in that they are all connected to the VESSEL.

The values of operating parameters are determined by an iterative pro-
cess. Each iteration begins with the execution of ~ sequence of transient
time steps. These should bring the system state close to a steady state for
the current value of the operating parameters. The VESSEL inlet temperatures
and loop flow rates are compared to their desired values for each primary
loop. Once these agree within a user-specified criterion the calculation is
complete. Utilizing the state of the system at the conclusion of this se-
quence, new values of operating parameters are then evaluated.

In the evaluation of operating parameters, each primary coolant flow loop
is treated independently. The coupling between 1:0ps is treated implicitly by
the method used to evaluate VESSEL characteristics for each loop. Because the
transient routines force the pressurizer pressure and the vessel power to
their prescribed values, only variations in the loop flow rates and VESSEL
inlet temperatures need to be considered. TRAC uses only information from the
current state of the system (as derived fram the transient calculation) in

evaluating a new set of orerating parameters; no information is stored from
previous iterations.
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Neglecting components not in the primarily coolant flow path (such as
pressurizers and accumulators), each loop can be depicted schematically as
shown in Fig. 8. Loops with only one pump are treated in a similar manner,
The evaluation of new operating parameters for this primary coolant flow loop
is based on the solucion of the pressure and energy bhalance equations written
around this loop. Mass balance is autamatically satisfied as a result of the
transient calculation. The steadv-state pressure and energy balance equations
may be written:

APvl + APS = APpl, (16?)
APVZ + AP = APp ’ (166)
AHS + AH b + Asz = AHvl + AHV2 ’ (167)

where the subscripts s, p, and v refer to the steam generator, pumps, and ves-
sel, respectively, AP stands for a pressure difference, and AH stands for a
change in the flow rate of enthalpy. Referring to Fig. 8, the pressure and
enthalpy flow rate differences may be written:

APvl = P(C) - P(A) A

AP = P(D) ~ P(A)

AP, = P(A) ~ P(B)

iPpl = P(C) - P(B)

sz = P(D) - P(B) > (168)
AHrl = (Wl/W)H(A) - H(C)

AHVQ = (W,ADH(R) - H(D)

AHS = H(A) - H(B)

Ale = (Wl/W)H(B) - H(C)

AHp2 = (W2/W)H(B) - H(D)

o
where the W's are mass flow rates as indicated in Fig. 8.

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 mass flow rates and vessel inlet tem-
peratures. Th, is accomplished by assuming specific forms for the pressure
rise across each pump, the enthalpy difference across each pump, and the en-
tha’py loss across the steam generator. The pressure rise across each pump is
cGiposed of two componente: a pump head (PH), which depends on the pump speed,
fluid density, and mass flow rate; and a flow resistance (R)
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pressure loss which is proportional to the square of the mass flow rate. This
results in the expressions,

AP . = PH, - W R
pl 1 pl (169)

The enthalpy difference across the pump is similarly composed of two com-

ponents: one due to the pump head and a second, which is proportional to the
mass flow rate, resulting in the expressions:

I’H1

AH . =W, &h, - — )
& (170)
M_ ~-W, 5h ., - 2 .

The enthalpy change across the steam generator is expressed in terms of the
overall heat transfer coefficient, U, the mean-temperature difference, A&‘—, and
the heat transfer area, A; plus a residual loss term due to the mass flow rate:

AH = Weh, + WAU AT

S . (171)

Using the definitions of Bg. (168) and the state ¢% the system at the con-
clusion of the transient calculation, Eqs. (169) through (171) are solved for
the flow resistances, Rpl and sz; the specific enthalpy differentials,
rShpl, thz, and Ghs; and the overall heat transfer coefficient U. These
characteristics are assumed to be independent of the loop operating para-
meters, which are to be adjusted.

To fully characterize the response of the loop to changes in the oparating

parameters, we must be able to evaluate the remaining terms in Egs.
(165-167).

tance,

These may be written in terms of the steam generator flow resis-

- 172
APS—WZRS (172}
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and the vessel Flow resistances and specific enthalpy differentials:

be, = "‘(12 Rn b
Apv2 = Wz RV?-
> (173)
AHvl = Wl dh\.rl
-— o
AHvz = W2 6hv2 .

The steam generator flow resistance may be evaluated by using Fg. (172) direc~
tly; however, the vessel characteristics are defined somewhat differently to
account for the effects of other loops and the possibility of nonequilibrium
of the thermal oonditions in that component. Therefore, we use the
definitions:

R. = 2 p(C) - P@) | (1.74)

vl
1

R . =g’ BD) - P@)

2 e (175)
h
o,y = QRAR (vaA) } va:) ), w76
_ H(@) _ HD)
éh,, = QR/VR (—ﬁ-— o >, (177)

where WR is the ratio of the desired total mass flow rate through the vessel
to the current total mass flow rate through the vessel, and QR is the ratio of
the desired total energy transfer rate in the vessel to the current total en-
ergy transer rate in the vessel. Notice that as the problem converges to the
desired solution, Egs. (174-177) reduce to the solutions of Eq. (173), since
both QR and WR approach unity in that situation.

Given the values of flow resistances as calculated above, we can immed-
iately solve Eqs. (165) and (166) for the new pump heads in the loop under
consideration. Using the pump curves, the fluid densities in the pumps, and
the desired mass flow rates, we can iteratively determine new pump speeds
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which should produce the desired pump heads., Once the pump heads have been
determined, we can use . (167) to estimate a new value of the steam gener-
ator area. All terms of Eq. (167) are known except the steam generator area
and the mean-temperature Adifference hetween the steam generator primary and
secondarv sides, AT. We attempt to match the desired vessel inlet temperature

by modifying AT by the difference between the desired and current values of

the vessel inlet temperature. Solving the resulting equation for the steam

generator area drives the ensuing steady state to the desired condition.
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TABLE 1
HEAT TRANSFER CORRELATIONS

Regime Flag Correlation BEgs. Ref.
Forced convection to 1 laminar flow : constant Nusselt number 135 7
single-phase liquid turbulent flow *: Dittus-Boelter 136 40
Nucleate boiling and P Chen 137 6,35,41
forced convection
vaporization
Critical heat flux - low flow : Zuber pool boiling i26 32
high flow : Biasi 127,128 33,34,6
Transition boilijig 3 log-log interpolation 138,139,140 42
Minimm stable film - low pressure : Henry-Berenson 131,132 37,38
boiling high pressure : hamogeneous nucleation 133 35,39
Film boiling 4 modified Bromley 141,142,143 43,44,45
Dougall-Rohsenow 144,145 46
Forced convection to 6 free convection : McAdams 146 47
single~phase vapor turbulent flow : Dittus-Boelter 147 40
Forced convection to 7 laminar flow : constant Nusselt number 148 7
two-phase mixture turbulent flow : Dittus-Boelter 149 40
Horizontal film 11 Chato 150 6,48
condensation
Vertical film 12 Nusselt theory 151 6
condensation
Turbuwlent film 13 Carpenter and Colburn 152 49

condensation




Group i

A U1 bW N

Group j

O 0 3 O o W N
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~- o

Bi/B

0.038
0.213
0.188
0.407
0.128
0.026

DECAY HEAT CONSTANTS

TABIE II

DELAYED NEUTRC'! CONSTANTS

TABLE ITI

0.002
0.008
0.015
0.019
0.011

0.006
0.002
0.001
0.000
0.000
0.000

99
25
50
35
65

45
31
64
85
43
57

0.012 7
0.031 7

0.115
0.311
1.40
3.87

1.772
5.774
6.743
6.214
4.739

4.610
5.344
5.726
1.036
2.959
7.585

E - - -

¥ OoX X XK X X
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TABLE IV

VARIABLES CONSIDERED IN EVALUATING THE APPROACH TO STEADY STATE

One-Dimensional Fluid Flow Variables

Dependent Variable

Mixtuce Velocity

Mixture Mass

Mixture Energy

Vapor Mass

Vapor Energy

Three-Dimensional Fluid Flow Variables

78

Dependent Variable

Vapor Velocity

Liquid Velocity

Mixture Mass

Mixture Energy

Generalized Forces

Wall Friction
Pressure Gradients
Gravity

Momentum Fluxes

Sources
Mass Fluxes

Sources
Energy Fluxes

Sourcaes
Phase Excharnge
Mass Fluxes

Sources

Phase Exchange
Energy Fluxes

Generalized Forces

Wall Friction
Interphase Friction
Pressure Gradients
Gravity

Momentum Fluxes

Wall Friction
Interphase Friction
DPragsure Gradients
Gravity

Momentum Fluxes

Sources
Mass Fluxes

Sources ¢
Energy Fluxes




Vapor Mass

Vapor Energy

Heat Transfer Variables

Temperature

TABLE TV (cont)

Sources
Phase Exchange
Mass Fluxes

Sources
Phase Exchange
Mass Fluxges

Enerqy Sources
Heat Fluxes




Vapor Mass

Vapor Enerqgy

Heat Transfer Variables

Temperature

TABLE IV (cont)

Sources
Phase Exchange
Mass Fluxes

Sources
Phase Exchange
Mass Fluxes

Energy Sources
Heat Fluxes
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Three-dimensional mesh cell velocities.
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Flow regime map for three-dimensional hydrodynamics.
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V. COMPCONENT MODELS

Descriptions of the various component models that are included in the
present version of the TRAC code are given in this chapter. A physical
description of each component is presented along with a typical TRAC noding
diagram showing the conventions that are used to model the component.
Mathematical models including finite difference approximations are given only
for those aspects of the component that are not already covered in the basic
hydrodynamics and heat transfer descriptions (Chap. III). Options available
to the user, restrictions on the use of the component, subroutines used by the
component, and input/output information are also given.

A. Accumulator

An accumulator is a pressure vessel filled with Emergency Core Cooling
(BCC) water and pressurized with nitrogen gas. During normal operation each
accumulator is isolated from the reactor primary coolant system by check
valves. Should the reactor coolant system pressure fall below the accumulator
pressure, the check valves open and ECC water is forced into the reactor
coolant system.

An accumulator companent is simulated by the ACCUM module in TRAC. This
module can only be connected at one junction to other TRAC components. This
oconnection is at the highest numbered cell, with Cell 1 assumed to he clcsed
off as shown in the typical noding diagram in Fig. 1. It is assumed that the
accumulator is not connected to a nitrogen pressure source. Therefore, the
nitrogen pressure is that resulting fram the expansion of the initial gas
volume.

A flow diagram for the subroutines called by ACCUM is given in Fig. 2.
Brief descriptions of all the subroutines in the TRAC code are given in
Appendix E. The procedures for data input, initialization of arrays,
advancement of time-dependent variables, and editing are similar to that given
for a PIPE component (see Sec. C below). However, in an accumulator the
vapor-phase properties are those for nitrogen gas. The hydrodynamics are
treated using the one-dimensional, drift-flux routine DF1D. However, drift :
velocities are not obtained fram the SLIP routine as is the case in PIPE, but
are specified in subroutine AQCUM to produce a sharp liquid/vapor interface .
during accumulator discharge. Additionally, the properties at the accumulator
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discharge are controlled such that pure liquid is discharged until the
calculated collapsed water level reaches 90% of the height of the last mesh
cell. When this occurs, that accumulator is modified such that the last cell
has a zero flow area at its upper surface and the void fraction in the cell is
set to 0.1. After this time the discharge 'properties are not controlled and
vapor-phase properties are those for steam.

The wall friction coefficients in an accumulator component are set equal
to 0.005; however, the additive friction factor, FRIC, at each cell edge can
be specified by the user. The walls of an accumulator are assumed to he
adiabatic.

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

B. BREAK and FILL Modules

These modules differ from the other component modules in that they do not
model any system component per se and no calculations are performed by them.
Otherwise, they are treated as any other component with respect to input, ini-
tialization, and identification procedures. The BREAK and FILL modules are

used to impose certain boundary conditions at the ends of pipes or at any one-
dirmensional component terminal junction.

The BREAK module imposes a fixed pressure boundary condition one cell away
fram its adjacent component, as shown in Fig. 3. This module is commonly used
to model the contaimment system in LOCA calculations. 1In later versions of
the code, this approach will be replaced with a more sophisticated containment
module.

The FILL module imposes a fixed or variable velocity bowdary condition at
the junction between the £ill and its adjacent component, as shown in Fig. 4.
Fills may be used to fix the mass flow of either vapor or liquid at a junc-
tion. BCCS injection may be modeled with a £ill. The fill velocity may be a
function of time or pressure with or without trip control. Five control op-
tions are provided for specifying the type of fill.

The parameters needed for specifying a FILL or a BREAK are described in
the input section of this manual. It is suggested that the cell volume and
length in FILL and BREAK be the same as those for the neighboring cell in the
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adjacent component. The temperature and vapor fraction specified in FILL and
BREAK are used to determine the properties of fluid convected into the adja-
cent component if an inflow condition should occur.
C. PIPE Module

The PIPE module is used to model thermal-hydraulic flow in a one-dimen—
sional duct or pipe. A pipe can ke used alone in a problem or can be usad to
connect other components together to model a reactor system. The capability
is provided to model area changes, wall heat sources, and heat transfer across

the inner and outer wall surfaces. A wide selection of pipe materials is
available for representing the wall material in the wall conduction cal-
culation.

Figure 5 shows a typical noding diagram for a pipe containing a venturi
and an abrupt area change. The numbers within the pipe indicate cell numbers
and those above it are cell boundary numbers. The geometry is specified by
providing a volume and length for each cell and a flow area and hydraulic diam-
eter at each cell boundary. The junction variables JUN1 and JUN2 provide
refarence numbers for connecting this pipe to other components. The numerical
methods used to treat the thermal-hydraulics in PIPE are described in Chap.
III. _

Input options are available for selecting the degree of implicitness in
the numerical hydrodynamics solution method, allowing for wall heat transfer,
and selecting correlations to be used for CHF and wall friction factors. Most
pipes should be treated with the faster partially implicit mumerical hydro-
dynamics option (IHYDRO=0). However, when very high flow velccities are ex-
pected, as in a pipe adjacent to a break, the fully implicit hydrodynamics
option (THYDRO=1) should be used. Wall heat transfer can be omitted by set-
ting the number of heat transfer nodes (NODES) to zero. The user can choose
one of three methods of calculating CHF, or this calculation can be bypassed
by setting the input parameter ICHF to zero. Wall friction and losses due to
abrupt area changes are chosen by setting values of the input arrays NFF and
FRIC at each cell interface. The choices for these arrays are described in
the input specifications in Chap. V.

PIPE can be connected to any other component but no two components con-
nected together can both use the fully implicit option. The user is cautioned
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that TRAC functions hest with a minimmm number ~f components., Therefore,
joining two pipes, when a single pipe could have been created with the input
deck, is not recommended.

Detailed input for the PIPE module, rdescribed in Chap. V, is processed by
subroutines RPIPE and REPIPE. RPIPE reads input data from the card input file
and REPIPE reads the corresponding data from the restart file. 1Initialization
of the remaining necessary variables is per forméd with subroutines CIPIPE and
IPIPE. CIPIPE handles the data transfer betwean large core memory (IM) and
small core memory (SCM) for this process and calls IPIPE. IPIPE establishes
the noding for wall heat transfer, sets the remaining f£luid properties with
calls to THERMO and FPROP, and initializes boundary data with a call to J1D.

During the execution of a oroblem, the solution procedure is controlled hw
routines CPIPE and PIPE. CPIPE handles data transfer and calls PIPE. A flow
diagram for the suwbroutines called by PIPE is given in Fig., 6. The user is
referred to Appendix E for a brief description of all subroutines in TRAC. At
the beginning of each time step, PIFE calls SLIP to obtain relative veloci-
ties, FWALL for wall friction and orifice loss coefficients, MPROP for wall
metal properties, and HTPIPE to obtain wall heat transfer coefficients. Dur-—
ing the iterations for a time step, PIFPE calls DFID for the numerical hydro-
dynamics solution (see Chap. III) and JID to update boundary arrays. After a
time step is successfully completed, PIPE updates the wall temperatures with a
call to CYIHT, computes new fluid properties (viscosity, heat capacity, and
surface tension) with a call to FPROP, and resets the boundary arrays with
JID. If the time step fails to converge, THERMD is called to restore vari-
ables to their o0ld values.

Output for a pipe is managed by subroutines CWPIPE and WPIPE. CWPIPE
transfers data from LM to SCM and calls WPIPE. WPIPE prints out the com-
ponent number, junction numbers, iteration count, pressures, vapor fractions,
saturation temperatures, 1iquid and varor temperatures, liquid and vapor den-
sities, mixture velocity, slip ratio, and wall friction factor. If wall heat
transfer is included (NODES=(0), then information on the heat transfer regime,
liquid and vapor wall heat transfer coefficients, interfacial heat transfer
coefficient, heat transfer rate fram the wall, wall temperature for critical
heat flux, and wall temperature profiles are also printed.
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D. Pressurizer

The pressurizer in a PWR is a large fluid rescrvoir that maintains the
pressure within the reactor primary conlant svstem bv compensating for changes
in the conlant volume due to svstem transients. During normal operation this
reservoir contains the highest energy fluid in the primary system. It is usu-
ally maintained about 50 - 60% full of saturated liquid pressurized by the
saturated steam above it. The pressurizer pressure is the controlling source
of the primary coolant 1oop pressure and is transmitted by a long "surge line"
connected to one of the hot legs.

A pressurizer component is simulated by the PRIZER module, This module is
normally used to model the pressurizer itself with the surge line being repre-
sented by a PIPE component. As shown in a typical noding diagram in Fig. 7, a
PRIZER component can be connected only at one junction to other TRAC com—
ponents. The convention used is that the connection is at the highest rnum-
bered cell, with Cell 1 assumed to be the closed-off end.

A flow diagram for the subroutines calied by PRIZER is given in Fig. 8. A
brief description of TRAC subroutines is given in Appendix E. The procedures
for data input, initialization of arrays, advancement of time-dependent vari-
ables, and editing are similar to those given for a PIPE component (see Sec.
C). The hydrodynamics are treated using the one-dimensional, drift-flux rou—
tine DF1D. However, drift velocities are not obtained from the SLIP routine
as is the case in PIPE but are specified in subroutine PRIZER to produce a
sharp liquid/vapor interface during pressurizer discharge.

In a PRIZER component the walls are adiabatic but energy transfer from a
heater/sprayer can be simulated. The primary purpose of this heater/sprayer
logic is not to account for the added energy, hut rather to serve as a system
pressure controller. The user specifies a desired pressure setpoint, PSET,
and the pressure deviation, DPMAX, at which the heaters input their maximum
pawer of CHEAT. The power that is input to the pressurizer fluid is directly
proportional to the difference between PSET and P(1), the pressure in Cell 1.
That is,

Qinput = (HEAT %ﬂ;—)
with the maximum value limited tc * QHEAT. This power is distributed over all
fluid cells in the pressurizer with the fraction of power input to each cell
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heing 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. 1If
pressure control is not desired, it is only necessary to equate OHFAT to zero.

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

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

E. PUMP Module

The pump module employed in TRAC 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 the fluid properites. The model is designed to treat any centrifugall pump
and allows for the inclusion of two-phase effects.

The pump model is represented by a one-dimensional component with N cells
where N > 1. A typical noding diagram for the pump component is shown in Fig.
9. The pump momentum is modeled Aas a source (SMOM), which is included bhetween
Cells 1 and 2. The source is positive for normal operation so that a pressure
rise occurs in going 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 felt to he important in creating the
purnp module: '

l. compatibility with adjacent components should be maximized,

2. choking at the pump inlet or outlet should be automatically pre-

dicted, and

3. the calculated pressure rise across the pump should agree

with that measured at steady-state conditions.

The first two criteria eliminated the use of a lumped-parameter model. Since
the adjacent components are usually described by pipe modules, which are based
on a one~dimensional drift-flux approximation, the pump is treated likewise.
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The resulting PUMP module therefore combines the PTPE module with punp oor-
relations.

The pump model is identical to the one—dimensional pipe model exrept that
a momentum source is included in the mixture momentum equation written between
Cells 1 and 2:

+1 ntl = ntl
V‘{}é - vl'l‘l% _ (Pl p2 ) _ Cn - g
At n 2
£, R :
Dy,

where C" represents the convective terms evaluated at time n. The source
term, SMOM, is taken to be

SMOM = A S + Cn - g +

g B
15

where AP is the pressure rise through the pump evaluated from the pump cor-
relation at the flow velocity V‘;s and density p?,ﬁ_. With this definition

of the momentum source, the steady-state solution of By. (1) is

Pz - Pl = AP,
which is the desired result.

It is mly necessary to evaluate the momentum source for one pump cell
once each time step, and the source is only needed during the explicit pass in
DF1D,which calculates the temporary velocity QJI Numerical results indicate
that evaluating the pump source at the old time (n) is adequate and that it is
not necessary to re-evaluate the source during the implicit iteration phase of
DFID. A simolified flow diagram for the PUMP module is shown in Fig. 10 (a
brief déscriptim of the subroutines in TRAC is given in Appendix E).

The pump characteristic 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 des-—
cription due to their simplicity. These curves describe, in a compact manner,
all operating states of the pump obtained by combining positive or negative
impeller velecities with positive or negative flow rates.
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In order to take into account two-phase effects on pump per formance, the
pup curves are divided into two separate regimes. Data indicate that two-
phase pump per formance in the vapor fraction range of 20-80% is significantly
degraded in comparison to its performance at vapor fractions outside of this
range. One set of curves describes the pump per formance for single-phase
fluid (0 or 100% vapor fraction) and another set describes it for two-phase
fluid. The pump head at any vapor fraction is calculated from the relationship

H = H - M) () - H,), (3)

whero
H

1]

total pump head,
H1 = pump head from single-phase homologous curves,
H2 = pump head from the fully degraded homologous curves,
M = pump degradation multiplier, and
vapor fraction.
The two-phase hydraulic torque is treated similarly. The following defini-
tions are employed in the subsequent development:
H = pump head = ;ﬁ

R
]

Q = pump volumetric flow rate, and

8 = pump impeller angular velocity,
where

Ap = pump differential pressure and

e = pump inlet density.
In order to allaw one set of curves to be used for a variety of pumps, the
following normalized quantities are used:

, and

fie]
]
,dbl 0 wlolxo H"r-:' m
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where the subscript R denotes the rated condition. Use of the pump similarity

relaticns1 shows that
h _ a) -
m2 =f ( w )

For small w, this correlation is not satisfactory and the following combina-
tion of variables is used:

h .

z " H5)
The first correlation is used in the range 0 < I%l < 1 and the second is used
in the range 0 < I%I < 1. The four resulting curve segments, as well as the
curve selection logic used in TRAC, are shown in Table I.

The dimensionless hvdraulic torque is defined by

~ Thy
B = T_ ’
R
where Thy = hydraulic torque and
TR = rated torque.

The single-phase torque, T, is dependent upon the fluid density and is cal-
culated from

where o is the pump inlet density and O’R is its rated density. The density
ratio multiplier is needed to correct for the density difference between the
pumped fluid and the rated condition. For two-phase conditions the impeller
torque is calculated from

T =T - N@)(T, - T,),

1
where
T = total impeller torque,
T1 = impeller torque from single-phase homologous curves,
T2 = impeller torque from fully degraded homologous curves, and
N(x) = torque degradation multiplier.

The homologous, normalized, torque curve segments are correlated in the same
manner as the head curve segments shown in Table I.

97



In addition to the homologous head and torque curves, the head degradation
multiplier and torque degradation multiplier defined in Egs. (3) and (5) are
needed. These functions are usually nonzero only in the vapor-fraction range,
where the pump head and torque are either partially or fully degraded.

The pump module treats the pump anqular velocity as a constant (input)
while its motor is energized. After a drive motor trip, the time rate of
change of the pump motor assembly is proportional to the sum of the moments
acting on it and is calculated from the equation

I gg-t—=‘i£: T, = (T+ T +T), (6)
where

I = pump motor assembly moment of inertia,

T = impeller torque,

Tf = torque due to friction (constant), and

Tb = bearing and windage torque.
T, iz assumed to be of the form

_ SZ]SZ]
Tb - c S-% r
where C is an input constant and QR is the related impeller angular velo-
city. The impeller torque is evaluated from the homologous torque curves and

Eg. (5); it is a function of the fluid density and flow rate as well as pump
angular velocity. PFor time step ntl, Eg. (6) is evaluated explicitly

(7

AR 'Z; T, @ o, 0" A" (8)

Pump Option

The wall heat transfer, wall friction, CHF calculation, and implicit hydro~
dynamics options are the same for the pump module as for the pipe module. In
addition the following options are specified: pump type, motor action, re-
verse speed option, two-phase option, and pump curve option.

If the pump motor is energized, its angular velocity is assumed to be the
constant value specified. If the motor is not energized, a pump coastdown
calculation is performed using the specified initial pump speed.
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There are two pump options available (IPMPTY = 1 or 2). For pump option 1
(IPMPTY = 1) the pump speed variation is specified by input. The pump is ini-
tially energized at a constant speed specified by input (OMBGA). The pump
motor may be tripped hy a TRIP signal. If a pump trip has occurred, the pump
speed is taken from a pump speed versus time table (array SPTBL).

Pump option 2 (IPMPTY = 2) is similar to option 1 except that a speed
table is not input. Tnstead, the pump speed is calculated from Eq. (8) after
a trip has occurred. The relationship between the various pump input param-
eters and the algorithm for the pump speed calculation are shown in Table II.
Note that IPMPTR is the TRIP ID for pump trip initiation ard NPMPTX is the
number of pairs of points in the pump speed table (SPTBL). If IPMPTR = 0, no
pap trip action will occur (constant speed purp).

If the reverse speed option is specified (IRP = 1), the pump can rotate in
both the forward and reverse directions. If reverse speed is not allowed
(IRP = 0), the pump will rotate in the forward direction only.- For this case,
if negative rotation is calculated (after trip with option 2 pump) its speed
will be set to zero.

If the two-phase option is turned on (IPM = 1), the degraded pump head and
torque will be calculated from Bg. (3) and (5). If the two-phase option is
turned off (IPM = 0), only the single-phase head and torque homologous curves
will be used.

The user may specify pump homologous curves in the input, or may alterna-
tively use the built-in pump curves. The built-in pump curves are for the
MOD-1 semiscale system pump and are based on the data in Refs. 2-4., These
curves, as well as the head and'torque degradation multipliers, are shown in
Figs. 11-16. Since these homologous curves are dimensionless, they can be
used to describe a variety of pumps by specifving as input the desired rated
density, head, torque, flow, and angular velccity.

There are several restrictions and limitations in the current version of
the pump module. Since there is no pump motor torque versus speed model, the
pump speed is assumed to be input if the motor is energized. Pump noding is
restricted such that the pump momentum source is located between cells 1 and 2
of the pump model. Finally, the head degradation multiplier, M(a), and the
torque degradation multiplier, N{(o), are assumed to apply to all operating
states of the pump.
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The pump module input oonsists of the same geometric and hydrodynamic data
ard initial conditions that are reguired for the pipe module. In addition,
information specific to the pump is required as described in the input speci-
fications. The speed table (SPIBL) as well as the homologous punp curve
arrays must be input in the following order:

x(1),y(1),x(2),Y(2), ... x(n),v(n).

Here, x is the independent variable and y is the dependent variable.
Furthermore, the independent variables must be input in a monotone increasing
order, i.e.,

x(n) > x(n-1) > ... %x(2) > x(D).

Linear interpolation is used within the arrays.
F. Steam Generator

In a pressurized water reactor the steam generators serve to transfer en-
erqgy from the primary conlant loop to the secondary coolant to produce steam.
The SIGEN module can be used to model bnoth a "U-tube" or a "once-through” type
steam generator. The user specifies th: type of generator through input vari-
able KIND: 1 = U~tube, 2 = once-through. Although there are two different
steam generator designs, the basic operation is similar for both types. That
is, primary coolant enters an inlet plenum, flows through a tube bank Aduring
which the primary coolant exchanges heat with a secondary coolant which f£lows
over the exterior of the tube bank, and finally is discharged into an outlet
plenum. A typical noding diagram for a STGEN camponent is given in Fig. 17.
This figure illustrates that there is an inlet plenum (Cell 1) and an outlet
plenum (last cell) on the primary side; these two cells are adiabatic. The
tube bank, however, is represented by a single "effective" tube that has heat
transfer characteristics such that it is representatise of the entire tube
bank. This is explained in detail belcow.

In the STGEN module the primary side and the socondary side hydrodynamics
are treated separately, with the only coupling of the two sides being through
wall heat transfer. The hydrotmamics of the primary side are solved by cal-
ling the one-dimensimal, drift-flux routine DFID. The tube wall temperature
for each mesh cell is held constant over the time step, but the vapor and lig-
uid temperatures are treated implicitly. This partially implicit heat trans-
fer is discussed further in Chap. TII. Next, the hydrodynamics for the
secondary side are solved in the same manner. Once convergence has been
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reached for all system compments, a final pass is made and tube wall temper-
atures are updated for the current time step.

The procedures for reading input, initialization of arrays, advancement of
the time step, and editing are similar to those described for the PIPE module
(see Sec. D). The [low diagram for the subroutines called by the STGEN module
is identical to that for PIPE 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 similav to a PIPE module,
there are some differences. The most olwious difference is the necessity to
specify four junction numbers (see Fig. 17): two for the primary side connec-
tions and two for the secondary side. Although it is possible to connect the
secondary side junctions to any TRAC component, the most common arrangement is
to oconnect the inlet to a FILL specifying the secondary side fluid inlet con-
ditions and flow rate, and a BREAK at the discharge specifving the steam gen-
erator secondary discharge pressure. Since there is currently no provision
for modeling the downcomer on the steam generator secondavy, the fluid con-
ditions for this FILL should be those for the water entering the tube bank and
not those of the feedwater itself.

The number of fluid mesh cells on the primary side is specifie? as NCELLL
and that on the secondary side is NCELL2. There are some constraints imposerd
on the possible values for NCEII1, NCELL2 combinations. For a "once-through"
type (KIND=2), it is required that NCELL2=NCFLL1-2. TFor 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. 17). Thus, for
the fluid cells on the secondary side to reach the U-tube hundle top, it is
required that NCELL2 > (NCELLI-2)/2. The secondary side cells that are great-
er than (NCELL1-2)/2 are treated as adiabatic and are used to model possible
area changes and volumes ahbove the tube bank. 1In Fig. 17 these are Cells 6-8
on the secondary side.

The number of wall temperature nodes (NODES) must be specified equal to or
greater than one. Three are suggested because this places one node at each
tube surface and one at the tube wall center. The tube material is specified
with the variable MAT; available material options are given in the input spec-
ifications (Chap. V). There are twon flags, TCHFl and ICHF2, that are used to
determine if a CHF calculation is to be performed on the primary and
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secondary sides, respectively. Tf CHF calcilations are desired, these flags
are set equal to 1; otherwise they are set aqual to 0. Tt should he notod
that if A CHF calculation is not done, hoiling heat transfer calculations are
not performed either. Thus, stagnant fluid on the secondary side would have a
low heat transfer coefficient typical of natural convection. Tt is therefore
suggested that the combination

ICHFL = 0 and TCHF2 = 1 he used.

Geometrical input data for the tubes must he determined with caution. As
stated earlier, it is necessary to model the heat transfer characteristics of
the entire tube bhundle with a single “effective” tube. This can best he a-
chieved as fnllows. The inner tube rarlius, KADIN, and tube wall thickness,
TH, should be those of an actual single tube in the bundle. The user speci-

fies the heat transfer surface area in each cell for both the primary and sec

ondary sides. 1In most cases, this will he the effective heat transfer surface
area for all the tuhes in each mesh cell and can be userd to account for tube
fouling factors or enhanced heat transfer from fins. The steam gencrator can
be made adiabatic hv specifying zero heat transfer areas.

Specifying the heat transfer area for a "once-through” generator is
straightforward; it is the total effective heat transfer area for the steam
generator multiplied by the fraction of total tube length in each mesh cell,
For a "U-tuhe" generator, howover, caution must be used. On the primary side
the heat transfer arca (WAl) is the effective interior area for all the tubeg
in each mesh cell. The tntal heat transfer to a secondary side fluid cell is
the sum of that transfer from the up tubes and the down tuhes in the cell. In
the TRAC calc.ation, the effective heat transfer areas for the up tubes and
down tubes are assumed to he equal. Therefore, the user should input an ef-
fective area (WAZ) that is equal tn one-half the effective surface area on the
tube exteriors of hoth the up and the down tubes in that fluid cell.

The volumes and flow areas on the primary side (VOL1, FAl) are those deter-
mined by considering all the tubes in the bank. However, the hydraulic diam-
eter (HD1l) is that for a single tube. 'I'he volumes and flow areas on the sec-
ondary side (VOL2, FAZ) are the actual qgeometric values for each mesh cell.

The hydraulic diameter (HD2) is determined by standard methoads used in heat
tr.nsfer over tube hundles.
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Tube wall initial temperatures must Also be specified; the required number
is NCRLLI*NODFS., Thus, oven though Cell 1 and Cell NCELLI are adiabatic, tube
wall temperatures must be given for both of these cells, They are only de-
fined to simplify indexing. ‘The numbering convention used is that tem-
peratures begin with Cell 1 and are specilied from interior (primary side) to
exterior (secondary side) for cach mesh cell,

Frictim factor correlation optiong (NFF) and additive friction losses
(FRIC) are given separately for the two sides. 7The possible options for NFF
arc described in Chap. TTI. The homogeneous option (NFF=1) is suggested For
hoth the primary and iecondary sides,

The output edit for a steam generator compoent is similar to that qgiven
for a one-dimensional pipe component, with primary side variables given first
and then secondary side variahles. Also, heat transfer variables are always
given, Tube wall temperatures are printed For each aetive mesh cell on a nod-
al hasis,

G. TEE Module

The TER module s Aesigned to model the thormal-hydranlics of three piping

hbranches; two of which lie along a oommon line with the third entering at some
angle ¢ from the main axis of the other two (see Fig. 18). PFrom the stand-
point of the code, the tee is treated as two pipes, a5 indicated in Fig. 18,
Beta is defined as the angle from the low-numbered end of Pipe 1 to Pipe 2,
The law-numberad end of Pipe 2 always connects to Pipe 1, 'The first pipe in-
crements from Cell 1 to NCELL) with the connection to Pipe 2 ar Cell MSC.

Pipe 2 beging at Cell 1 and ends at Cel) NCELIZ.

The connection to Pipe 1 from Pipe 2 15 handled as mass, momentum, and
enerqgy source terms while Pipe 2 sees bouwnvdary conditions frem Cell MSC in
Pipe 1. The time Aifferencing and iteration procedure are such that oon-
servatiom of the scalar quantities is preserved (within a converqgence toler-
ance) and the ilevel of implicitness at the connection ensures that no addi-
tional stability limitations apply at a tee. At present, only the semi-impli-
cit solutien option is available for use at tees and the model does not treat
phase gseparation at the junction.

Since the tee i3 modeled as essentially two interconnected pipes, the PIPE
model description in Sec. C should be referenced for additional information on

the calculaticnal sequence. The subroutines called hy the TERE module are
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identical to those in PIPE. In TEE, however, the sequence of subroutine calls
is performed for each of the two pipe branches.

Detailed input specifications for a tee component are given in Chap. V.
Input and output information is very similar to that for a pipe component ex-
cept that two pipes are involved in a tee component.

H. VAINVE Module’

The VALVE module is used to model the thermal-hydraulic flow in a valve.

A valve is modeled as a one—dimensional component with two fluid cells as

shown in Fig. 19. The treatment of heat transfer and fluid dynamics in a
valve is identical with that of a pipe. The reader should acquaint himself
with the description of a pipe (see Sec. C) in this chapter before proceeding.

Modeling the valve action is done by controlling the flow area and hydrau-
lic diameter between the two fluid cells. The following expressions are used
for this purpose:

Flow Rrea = AVIVE*FRACT (9)
Hydraulic Diameter = HVLVE*FRACT , (10)

where AVIVE and HVLVE are the fully open valve flow area and hydraulic diam-
eter, respectively, and FRACT is the fraction of the valve that is open.

Five user options are provided for controlling the valve action. Options
1 through 4 allow trip control, with the valve opening or closing instantly or
as a function of time. Option 5 models a check valve; an open or closed con-
dition is determined by a pressure differential between the cells and a set-
point. The valve option is specified by the value of the input parameter
IVTY. The possible value of IVTY and corresponding options are:

IVTY Option
1 Valve is normally open and is closed instantly on a

trip signal
Valve is normally closed and is opened instantly on a

to

trip signal
3 Valve is normally open and is closed on a trip signal
according to a time-dependent valve table
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IvTY Option

4 Valve is normally closed and is opened on a trip sig-
nal according to a time-dependent valve tahle

5 Check valve is controlled by a static pressure grad-
ient., If IVPG=l, then DP=P(1)-P(2); if IVPG=2, then
DP=P(2)-P(1).

IF DP+PVC > 0, valve opens instantly.
If DP+RVC < 0, valve closes instantly.

Table IIT summarizes the input parameters needed for the five valve options.
I. VESSEL Module

The VESSEL module models a PWR vessel and associated internals. This is a
three-dimensional component employing a six-equation, two-fluid model to eval-
uate the transient thermal-hydraulic flow through and around all internals of
a PWR vessel including the downcamer, core, and upper and lower plenums. Mod-
els incorporated into the VESSEL module are designed mainly for IOCA analysis,
hut the VESSEL module can be applied to other types of transient analyses as
well. A reflood model with a treatment of bottom flooding and a falling film
is included for LOCA transients. Included also is a point reactor kinetics
model. Most of the detailed discussion of the fluid dynamics, heat transfer,
and reactor kinetics equations and sclution methnads for the three-dimensional
VESSEL module can be found in Chap. TII of this manual. In this section, we
will discuss the vessel geametry and other important considerations.

A three-dimensional, two-fluid, thermal-hydraulics model in cylindrical
coordinates is used to describe the vessel flow. A regular cylindrical mesh,
with variable mesh spacings in all three directions, encompasses the down-—
comer, core, and upper and lower plenums of the vessel as illustrated in Fiq,
20. The code user describes the mesh by specifying the radial, angular, and
axial coordinates of mesh cell boundaries:

Ri i =1, NRSX
ej j = 1, NISX
2, k =1, NASX ,
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where NRSX is the number nf rings, NTSX is the numher of anqular segments, and
NASX is the number of axial levels. The point (ri'eﬁ'zk) is a vertex in

the coordinate mesh. Figure 21 illustrates the mesh construction. Mesh cells
are formed as shovm in Fig. 22 and identified by an axial level number and a
cell number. For each axial level, the cell numhber is determined by counting
the cells radially outward starting with the first angular segment and the
innermost ring of cells as shown in Fig. 21. Figure 22 also shows the rela-
tive face numbering convention which will be used later in connecting other
components to the vessel. Note that only three faces need to be identified
per anesh cell since the other faces will he defined by neighboring cells.

All fluid flow areas (on cell faces) and all fluid volumes are dimensiocned
so that internal structure within the vessel can be modeled. Flow areas and
fluid volumes are computed based on the geometric mesh spacings and scaled
according to Factors supplied as input. The scaled volumes and ficw areas are
then used in the fluid dynamics and heat transfer calculations. Flow restric~
tions and volume occupied by structure within each mesh cell are modeled
through the use of these scale factors. For example, the downcomer walls are
rodeled by setting the appropriate flow area scale factors to zero. A feature
is provided to do this automatically in the code if the downcomer position
parameters IDCU, IDCL, and IDCR are specified as described in the input sec-
tion (Chap. V, Sec. D). Flow restrictions such as the top and bottom core
support plates require scale factors between zero and one. Figure 23 illus-
trates which cell faces are scaled to model the downcomer and core suppert
plate flow restrictions.

Plumbing connections by other components to the vessel are made on faces
of mesh cells. Any number of connections may be made to the vessel. In fact,
any mesh cell in the vessel can have a component connected to it. Four input
parameters are used to describe a connection: ISRL, ISRC, ISRF, and JUNS. The
parameter ISRL defines the axial level in which the connection is made. ISRC
is the mesh cell number, as defined above. ISRF' is the face number, as de—
fined in Fig. 22. '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 dirrction of positive flow also inward into the cell. JUNS is
the system junction number used to identify this junction. Figure 24 shows
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two pipe connectimns to the vessel. te that internal as well as external
ceanections are allowed. In making che connections to the vessel, the user is
cautioned against connecting any component to the vessel which has a flow area
that differs greatly from the flow area of the mash cell face it is connected
to, as this can cause anomalous pressure spikes. Such a situation can be
avoided by proper adjustment of the vessel geometry coordinate spacings.

The reactor core region in the vessel is specified hy the core positional
parameters ICRU, ICRL, and ICRR. These parameters define, respectively, the
upper, lower, and radial boundaries of the cylindrical cnre region. Figure 25
shows a possible configuration in which ICRU=4, ICRL~2, and ICRR=2. FEach mesh
cell in the core region can contain an arbitrary number of fuel rods. How-
ever, heat transfer calculations are only performed on one average fuel rod
and one hot fuel rod in each core mesh cell. The average rod represents the
average of the ensemble of rods in the mesh cell and its thermal calculation
couples directly to the fluid dynamics. The hot Fuel rod calculation does not
feed back or couple directly to the fluid dynamics analyses. However, the
local £luid conditions in the mesh cell are used to calculate a hot fuel rod
temperature history. A fuel-clad interaction treatment and a reflood treat-
ment are available for these calculations and are described in Chap. III.

Heat slabs of arbitrary masses and volumes can be defined in any mesh cell
(including core regions) to model the heat capacity of structure within the
vessel. A heat transfer coefficient is computed for each slab using the local
fluid conditions, and the temperature calculation is based on a lumped param-
eter model (see Chap. III, Sec. B.l.b).

The total power level in the core is determined from either a table lookup
or fram the solution of the point-reactor kinetics equations, as described in
Chap. III. The spatial power distribution in the core is specified by separ-
ate axial and radial power shapes, plus a power distribution across the fuel
rods. These spatial distributions are specified in relative units at input
and are held constant throughout a problem. The power density in fuel rod
node i in cell j on core level k is given by the expression:

P(i,j,k) =8 - Ptot - ROPWR(i) * CPOWR(j) - ZPOWR(K) , (11)
where Ptot is the total core power level, RDPWR(i) is the relative power in

fuel node i, CPOWR(J) is the relative power in cell j, ZPOWR(k) is the
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relative power at core elevation k, and S is the scale factor used to norma-
lize the three input relative power distributions. The scale factor S is
given by the expression:

-1
S = [ Z (AREA(i)'RDPWR(i)-NRDX(j)'CPGVR(J')'AZ (k)-mmn(k)>] ’
i,j.k J

(12)
where ARFA(i) is the cross-sectional area of fuel rod node i, NRDX(j) is the
number of fuel rods in cell j, and Az(k) is the height of core axial level k.
For the hot fuel rod analyses, the power density in BEg. (20) is multiplied by
an input peaking factor RPKF(j) to obtain the power density for the hot fuel

rod. If a peaking factor is set equal to one, a hot fuel rod analysis is not
per formed.

108’



REFERENCES

1. V. L. Streeter and E, B, Wylie, Hvdraulic Transients (McGraw-Hill, New
York, 1967), pp. 151-160.

2. D. J. Olsen, "Experiment Data Report for Single- and Two-Phase Steady-
State Tests of the 1 -Loop MOD-1 Semiscale System Pump," Aerojet Nuclear
Campany report ANCR-1150 (May 1974).

3. G. G. Loomis, "Intact Loop Pump Performance During the Semiscale MOD-1

Isothermal Test Series," Aerojet Nuclear Company report ANCR-1240 (October
1975) .

4. D. J. Olson, "Single- and Two-Phase Performance Characteristics of the
MOD-1 Semiscale Pump Under Steady-State and Transient Fluid Conditions,"
Berojet Nuclear Company report ANCR-1165 (October 1974).

109



TABLE I
DEFINITION OF THE FOUR CURVE SEGMENTS USED
TO DESCRIBE HOMOLOGOUS PUMP CURVES

9
Curve Segment ‘w' w gq Correlation
1 <1 >0 [b_ y (
2
w
4 <1 <0
3 >1 <0 [E_ . (
2 >1 >0 o
d = normalized flow
w = normalized angular velocity
h = normalized head
TABLE II
PUMP CONTROL INPUT PARAMETERS
IPMPTY IPMPTR NPMPTX SPTBL
Pump Option Pump trip I.D. Pairs of Points Speed Table
1 X = Pump trip X X
desired
0 = No pump trip 0
2 X = Pump trip X
desired
0 = No pump trip 0
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Pump Speed
Algorithm

OMHEGA before
trip

SPTBL after
trip

OMEGA before
trip

Code
calculated
after trip



Tt

TABLE III

VALVE CONTROL INPUT PARAMETERS

HVLVE:
Valve
IVIY: IVTR: NVTX: No. of| IVPG: PVC: VLIB: AVIVE: Open
Valve Option| Valve TRIP| Valve Table | Pressure Grad~ | Check Valve Valve Table Valve Open | Hydraulic
Nurdber ID Number Entries ient Option Setpoint (fraction open) Area Diameter
1 X X X
2 X X X
3 X X X X X
4 X X X X X
5 X X X X
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Fig. 4.
Fill noding diagram.
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Pressurizer module calling tree.
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Single-phase homologous head curves.
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Valve noding diagram.
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Fig. 20.
Cell noding diagram for a typical PWR vessel.
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3-D mesh construction with 3 rings,
6 angular segments, and 7 axial intervals.
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Fig. 22.
Boundaries of a 3-D mesh cell, The face mumbering convention is also shown,
Faces 1, 2, and 3 are in the 9, z, and r directions, respectively.
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Fig. 23.
Flow restrictions and downcomer modeling.

126



OUTLET INLET
NOZZLE NOZZLE

L

VESSEL GEOMETRY

Fig. 24,
Illustration of pipe connections to the vessel.
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Fig. 25. Illustration of a core region inside the vessel.
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V. USER INFORMATION
This chapter describes the details of setting up a problem input data
deck, obtaining restart dumps and restarting problems fram these dumps, and

producing printer and graphics output files.

A. Input Organization and Format

The input deck is divided into five major sections including control,
trip, component, PWR initialization, and time step data blocks. These data
blocks are contained in a file named TRACIN and are read in the order shown in
Fig. 1. The control block contains general control parameters including title
cards for problem identification, restart and dump control information, tran-
sient and steady-state control information, problem size information, and prob-
lem convergence criteria. This data block must always be present in the
TRACIN file. Trip control information and detailed specifications for each
trip that is included in the problem are provided in the second data block.
The trip data block is present only if control parameter NTRX > 0 in the first
data block. Trip input data can also be fully or partially provided from a
restart dump file.

The main body of the inpat deck is contained in the component data block.
This block contains a detailed description of every component in the problem
unless the case is to be reinitiated from a restart dump. For restart prob-
lems, only those components that are added to the problem or modified are in-
cluded in the component block. The rest of the component data is obtained
fram the restart file. Thus, the component data block is always present 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 data. This block contains several user-specified
steady-state operating conditions which the code attempts to match by adjust-
ing certain operating parameters. The time step data block must always be
present in the TRACIN file. It is used to specify maximum and minimum time
step sizes, edit frequencies, and the end of the problem.

All input data contained on the TRACIN file are read into the code with
either a 5E14.6 or 5114 format statement or by the IOAD subroutine. Standard
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FORTRAN statements are used on the formatted reads. The LOAD subroutine pro-
vides the user with additional flexibility in specifyving data arrays.

The following sections of this chapter cover the trip capability and its
input, the dump/restart feature, a detailed description of the input deck, the
description of the LOAD subroutine read formats, and a description of the TRAC
output files. A sample input deck for a full-scale, four-loop PWR calculation
is provided in Appendix C.

B. Trips

Trips provide the means of simulating the actions of a power plant protec-
tive system to transient or abnormal conditions. Trips control such actions
as reactor scrams, valve openings,and pump startups. In TRAC, the actions are
performed by the component modules. The VALVE module, for example, has been
coded to open {or close) a valve once an appropriate trip occurs. Other mod-
ules have been coded similarly. A trip condition is indicated by a status
flag,which is set after a trip has occurred. A problem description can have
any number of trips specified with one or more components referencing the same
trip.

The criteria for deciding when a trip has occurred are based upon three
parameters supplied as input: a signal index (ISID), a signal setpoint (TSP),
and a signal delay time (TDT). The signal index defines the type of variable
to be observed (i.e., the variable used to activate the trip) and can corre-
spond to a pressure, temperature, water level,or any number of other component
parameters. Parameter differentials and multiple parameters may also be
chosén. The signal‘ setpoint defines the setting at which the trip will
occur. This setting may be an upper limit of the observed variable if ISID >
0, or a lower limit if ISID < 0. The signal delay time serves to simulate the
time necessary to process the signal and to initiate the action. A trip
status flag is set when the signal delay time has lapsed after the observed
variable has reached the signal setpoint.

The component modules determine the status of a trip by the subroutine
.call statement:

CALL TRIP(ITID,ICOND,TLAPS)
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where ITID is passed and is the trip ID number, ICOND is returned and is equal
to zero if a trip has not occurred and is equal to 1 if it has, and TIAPS is
returned and is the time since the trip has occurred.

The trips needed in a problem are declared when specifving the component

module input. Eight parameters are used to define each trip: ITID, ISID, TSP,
™T, ID1, ID2, ID3, and ID4. ITID is the trip identification number. This
number is arbitrarily chosen to distinguish one trip from another. ISID, TSP,
and TDT are defined above. Table I provides the correspondence between the
signal index and the variable types. The parameters ID1-ID4 are qualifiers
that specify the location of the observed variable(s) in the component data
base. ID1 identifies the component by the component ID number. ID2 is a
second component qualifier and is zero unless the component is a steam gener-—
ator or vessel. For a steam generatcr, a value of 1 means that the variable
is on the primary side; 2 means that the variable is on the secondary side.
If the component is a vessel, then the value of ID2 corresponds to the vessel
axial level. Parameters ID3 and ID4 specify the element(s) if the variable is
an array. The possible choices of ID3 and ID4 and their meanings are given in
Fig. 2.

For illustrative purposes, consider the example:

ITID = 16 1 = 6
ISID =1 m2 =0
TSP = 1.7 x 10 ™3 = 3
TOT = 0.1 ™4 = 0

The trip ID number 16 is arbitrary; however, it is this number that must be
used in the component input to identify this trip. The positive signal index
of 1 means that an upper pressure limit is defined. TSP defines the pressure
limit to be 170 bars. TDT defines the trip delay time of 0.1 s after the
pressure limit is reached. ID1 = 6 means that the pressure is to be found in
the data base for component 6. ID2 = 0 means that this component is something
other than a steam generator or vessel. ID3 = 3 and ID4 = 0 means that the

third pressure in the array of pressures (pressure of the third cell) is the
tested variable.
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C. Dump/Restart Feature
TRA" automatically generates a dump/restart data file named TRCDMP, which

contains snapshots of the state of the system at various times during problem
execution. 2Any one of these snapshots, called dumps, may be used to initia-
lize all or part of the system for subsequent calculations. The times at
which dumps are generated are determined by several criteria. The user may
specify, on the time step cards, a dump interval. A dump will be created
whenever this interval of time has elapsed since the last dump. These dumps
are added sequentially to the end of the TRCDMP file. A dump may also be ini-
tiated by the user with one or more of the TRIPS. When the conditions of this
TRIP occur, a dump is added to the end of the TRCDMP file. This permits the
restart of a problem from the occurrence of particular events of interest.

In addition to these user-specified dumps, TRAC will automatically gener-
ate dumps at various times. A dump is generated at the end of the initial-
ization stage. Another dump is generated at the end of the steady-state or
transient calculation, and at intermediate points in the calculation based
upon CPU time utilized and remaining for the job.

To use a dump file in initializing 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 be specified on Main Control Card 1. (A message
containing this dump time step number is sent to the print file TRCOUT when-
ever a dump is written.,) If the time step number specified is negative, 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 from that dump.

Data retrieved from the selected dump depends on what has already been
found in the TRACIN file. Any component not processed by RDCOMP (as deter—
mined from the component numbers listed in the IORDER array), is initialized
from the dump. Also, any trip found in the dump which has not been initial-
ized by RDTRIP will be initialized in the state found on the dump.

D. TRAC Input Specifications

The TRAC input data may be classified into five general types of data:
1. Main Control,

2. Trip,

3. Component,
4, PWR Initialization, and
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5. Time Step.
These classes of data are entered in the above order. All quantities should
be entered in standard SI units. Quantities entered in I or E formats should
be right justified in their fields and Hollerith information read in 2 format
should be left justified except where noted.

1. Main Control Data

The main control parameters are listed below in the order in which they

are entered. This data block must always be supplied in the input.
Card No. 1. (Format I14) NUMICR

Columns Variable Description

1-14 NUMTCR Number of title cards to be read in.
Note: At least one title card must be
supplied.

Title Card(s). (Format 20A4) NUMICR Cards

1-80 Problem title information.

Main Control Card 1. (Format I14,FE14.6) DSTEP, TIMET

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 is less than
zero this will be overridden by the time
gpecified for the retrieved dump.

Main Control Card 2. (FORMAT 5114) STDYST, TRANSI, NCOMP, NJUN, IPAK

1-14 STDYST Steady-~state calculation indicator:
=0, no steady-state calculation,
=1, generalized steady-state calculation,
=2, PWR initialization calculation, and
=3, PWR initialization calcilation
with initial evaluation of operating
parameters.

15-28 TRANST Transient calculation indicator
(0 = no transient calculation, 1 =
transient to be calculated).

29-42 NOOMP Number of components.

43-56 NJUN Number of junctions.
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57-70 IPAK Water packing option (0=Off, 1=On).

Main Control Card 3. (Format 5E14.6) EPSO, FPSI, EPSS

1-14 EPSO Convergence criterion for outer iteration
(suggested value = 1.0 E-03).

15-28 EPST Convergence criterion for inner iteration
(suggested value = 1.0 E-03).

29-42 EPSS Convergence criterion for steady-state
calculation (suggested value = 1.0 E-02).

43-56 EPSP PWR initialization convergence criterion
{suggested value = 1.0 E-01).

Main Control Card 4. (Format 5I14) IITMAX, OITMAX, SITMAX, NTRX, NDMPTR

1-14 IITMAX Maximum number of inner iterations
{suwggested value = 1).

15-28 OITMAX Maximum number of outer iterations
(suggested value = 20)21

29-42 SITMAX Maximum number of outer iterations for
steady-state calculation (suggested value
= 20).

43-56 NTRX Number of trips specified.

57-70 NDMPTR Number of trips on which a dump is to be
taken.

Iteration Order Card(s). (Format (5(3x,I11)) IORDER(i), i=1, NOOMP

4-14 IORDER (1) Component number which is first in the
iteration sequence.

18-28 TORDER(2) Component number which is second in the
iteration sequence.

29-42 IORDER (3) etc.

Trip Dump Card(s). (Format 5114) IDMPTR(i), i=1, NDMPTR

1-14 IDMPTR (1) First trip ID number which causes dump.
15-28 ' IDMPTR (2) Second trip ID number which causes dump.
29-42 IDMPTR(3) etc.
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2, Trip Data

NTRX or fewer sets of trip cards are input. The sets may be input in any
order. If less than NTRX sets are input, the end of the trip data is sig-
nified by specifying the trip ID to be a negative number. 1In this case, the
secord trip card is omitted and the remaining trips are initialized from the
TRCRST file. (It should be noted that the state as well as the definition of
the trip is cbtained fram the restart file.) Trips with IDs equal to or
greater than 1000 will cause the time step size to be reduced to the minimum
allowable size (i.e., DIMIN). See Sec. B above for detailed description of
TRIP variables.

TRIP Card 1. (Format 2I14,2E14.6) ITID, ISID, TSP, TDT

Columns Variable Description

1-14 ITID Trip ID number.
15~-28 ISID Trip signal index.
29-42 P Trip setpoint.
43-56 TDT Trip delay time.

TRIP Card 2. (Format 5I14) 1ID1, ID2, ID3, ID4

1-14 D1 First trip qualifier.
15-28 2 Second trip qualifier.
29-42 in3 Third trip qualifier.
43-5% D4 Fourth trip qualifier.

3. Component Data

NCOMP or fewer sets of component cards are input. The sets may be input
in any order. If less than NOOMP sets are input, the end of component data is
demarked by a single card containing the characters END in colums 1-3. In
this case the remaining components are initialized from the TRCRST file. The
format of each set is dependent upon the component type. The input format for
the components as presently implemented is as follows. Most of the sub-
scripted component data variables are processed by the LOAD subroutine des-
cribed in Sec. E below. Additional information on preparing component input
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data can be faund in Chapter IV where component models are described. All
tables which are entered pairs of numbers (x,v) should be supplied in
ascending crder of the independent variable x.

Each component requires the user to supply a junction number JUN for each
of its oonnecting points. A pipe will require two junction numbers, one for
each end. A junction is the point at which two components are connected. A
unique junction number must be assigned to each connecting point and
referenced by hoth of the components that are to be connected. For example,
if two pipes are to be joined, then the junction numbers of the connecting end
of each pipe need to be the same. No component may connect to itself and no
function may have only one component connected to it. Any of several single-
ended components (BREAK, FILL, etc.) may be used to complete a junction.

136



a. Accumuitator Component (ACCUM)

Card 1. (Format A6,8X,2I14) TYPE, NUM, ID

Columns
1-6

15-28

29-42

Variable
TYPE

NUM

ID

Description
Type of component (ACCUM left justified).

Component ID number (must be unique for
each component) .

User ID number (arbitrary).

Card 2. (Format 5I14) NCELLS, .JUN2

1-14

15-28

Accum Array Cards.,

NCELLS

JUNZ

Variable
DX

VOL

FA

FRIC

GRAV

variables.

Dimension

NCELLS
NCELLS
NCELLS+1
NCELLS+1

NCELLS+1

NCELLS+1

NCELLS+1

NCELLS

Number of fluid cells.

Junction number for “unction adjacent to
cell NCELLS. This must be the accumulator
discharge.

12 sets of cards. One set for each of the following
Use LOAD format.

Descr iEtion
Cell lengths.

Cell volumes.
Cell edge flow areas.
Additive loss coefficients.

Cosine of the angle between a vertical
vector pointing up and a vector from
cell N to cell N+1.

Hydraulic diameters.

Friction factor correlation options.

0 = Constant Friction Factor, User Input,
Homogeneous Flow Friction Factor,
Armand Friction Factor,

CISE Friction Factor,

Annular Flow Friction Factor, and

5 = Chisholm Friction Factor.

Use negative values for automatic form loss
computation (cee Sec. III.A.1.d).

> W o

Initial void fractions.
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w NCELLS+1 Initial mixture velccities.
TL, NCELLS Initial liquid temperatures.
™ NCELLS Initial vapor temperatures.
P NCELLS Initial pressures.

138




b. Break Component (BREAK)

Card 1. (Format A6,8X,2I14) TYPE, NUM, ID

Columns Variable Description
1-6 TYPE Type of component (BREAK left justified).
15-28 NUM Component TD number (must be unique for

each component).
29--42 D User ID number (arbitrary).

Card 2. (Format 5I14) JUNL

1-14 JUNL Juncticn number at which break is located.

Card 3. (Format 5E14.6) DXIN, VOLIN, ALPIN, TIN, PIN

1-14 DXIN Length of break cell. (Generally taken
to be the same as its neighboring cell in
the adjacent pipe.)

15-28 VOLIN Volume of break cell. (Generally taken
to be the same as its neighboring cell in
the adjacent pipe.)

29-42 ALPIN Void fraction of mixture at break.
(Usually 1.0.)

43-56 TIN Temperature of mixture at break. (Usually
taken to be the saturation temperature
corresponding to the break pressure.)

57-70 PIN Pressure at break.
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C.

Fill Component (FILL)

Card 1. (Format A6,8X,2I14) TYPE, NUM, ID

Columns
1-6
15-28

29-42

Card 2. (Format 5I14) JUNl, IFTY,

1-14

15-28

20-42

43-56

1-14

15-28

29-42

43-56

57-70

1-14

FILI, Table Cards.
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Variable

TYPE
NUM

ID

JUN1

IFTY

IFTR

NFTX

DXIN

VOLIN

ALPIN

VIN

TIN

Card 4. (Format 5E14.6) PIN

PIN

Description
Type of component (FILL left justified).

Component ID number (must be unique for
each ~omponent) .

User ID number (arbitrary).
IFTR, NFTX
Junction number at which fill is located.

FILL type option

1 - constant velocity

2 - velocity vs time

3 - velocity vs pressure

4 - constant velocity until trip
then velccity vs time

5 - constant velocity until trip
then velocity vs pressure

Trip ID number

Number of FILL table pairs

Card 3. (Format 5E14.6) DXIN, VOLIN, ALPIN, VIN, TIN

Length of cell. (Generally taken to be
the same as its neighboring cell in the
adjacent component.)

Volume of cell. (Generally taken to be
the same as that of its neighboring cell
in the adjacent component.)

Void fraction for entrant material.
Entrant mixture velocity.

Entrant mixture temperature.

Fill pressure.

IOAD format (omit if NFTX = 0).



Variable Dimension Description

FIAB NFTX*2 FILL table (time or pressure,
velocity)i i =1, NFTX.
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d. Pipe Component (PIPE)

Card 1. (Fomat A6,8X,2I14) TYPE, NUM, ID

1-6 TYPE Type of component (PIPE left justified).

15-28 NUM Conponent ID number (must be unique for
each component).

39-42 ID User ID number (arbitrary).
Card 2. (Format 5I14) NCELLS, NODES, JUN1, JUN2, MAT
1-14 NCELLS Number of fluid cells in this pipe.

15-28 NODES Number of radial heat transfer

nodes in pipe wall. (0 implies no
wall heat transfer.)

29-42 JUN1 Junction number for junction adjacent to
cell 1.

43-56 JUN2 Junction numbe: for junction adjacent
to cell NCELILS.

57-70 MAT Material ID of pipe wall.
6 = SS 304,

858 316,

SS 347,

Carbon Steel A508, and

Inconel 718.

~J
ou

[
[
i n

Card 3. (Format 2I14) ICHF, IHYDRO

1-14 ICHF

4

calculation flag.

no CHF calculation,

Zuber /Biasi for rod CHF,

Biasi CHF correlation only, and
Bowring CHF correlation only.

15-28 THYDRO 1-D hydrodynamics option (0 = partially
implicit; 1 = fully implicit).

W= O

Card 4. (Format 5E14.6) RADIN, TH, HOUTL, HOUTV, TOUTL

1-14 RADIN Immer radius of pipe wall.
15-28 TH Pipe wall thickness.
29-42 HOUTL, Heat transfer coefficient between outer

boundary of pipe wall and liquid.
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43-56

57-10

HOUTV

TOUTL

Card 5. (Format 5El4.6) TOUTV

1-14

Note:

TOUT™V

Heat transfer coefficient between outer
boundary of pipe wall and vapor.

Liquid temperature outside pipe.

Vapor temperature outside pipe.

The four parameters HOUTL, HOUTV, TOUTL, and TOUTV are provided to
allow flexibility in calculating possible heat losses from the
outside of pipes. Typically, such heat losses are not important,
and HOUTL and HOUTV are set equal to zero. Further, when heat
losses are significant, they can often be described by a single heat
transfer coefficient (e.g., characteristic of air) and a single

external temperature.

Pipe Array Cards. 13 sets of cards. One set for each of the following

variables.
Variable Dimension
DX NCELIS
VOL NCELLS
FA NCELLS+1
FRIC NCELLS+1
GRAV NCEITLS+1
HD NCELLS+1
NFF NCELIS+1
QPPP HLIIS
ALP NCELLS
™ NCELLS+1
TL NCELLS
P NCELLS
™ NCELLS*NODES

10AD format.

Description

Cell lengths.

Cell volumes.

Cell edge flow areas.

Additive loss coefficients.

Cosine of the angle between a vertical
vector pointing wp and a vector from cell
N to cell N+1.

Hydraulic diameters.

Friction factor correlation options.
(See ACCIM input description.)

Volumetric heat sources in pipe wall.
Initial void fractions.

Initial mixture velocities.

Initial liquid temperatures.

Initial pressures.

Initial wall temperatures. (Eliminate
this card set if NODES=0.)
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e. Pressurizer Component (PRIZER)

Card 1. (Format 26,8X,2114) TYPE, NUM, ID

Type of component (PRIZER left justified).

Component ID number (must be unique for

Cclums Variable Description
1-6 TYPE
15-28 NUM
each component) .
29--42 ID

User ID number (arbitrary).

Card 2. (Format 5I14) NCELLS, JUN2

1-14

15-28

NCELLS

JUN2

Number of fluid cells.

Junction number for junction adjacent to
cell NCELL. This must be the pressurizer
discharge.

Card 3. (Format 5E14.6) OHEAT, PSET, DPMAX, ZHTR

Total heater power (Watts).

Pressure set point for heater/sprayer

Pressure differential at which heater/
sprayer has maximum power.

1-14 QHEAT
15-28 PSET
controller.
29-42 DPMAX
43-56 ZHTR

Water level for heater cutoff.

PRIZER Array Cards. 12 sets of cards. One set for each of the following

variables. IOAD format.

Variable Dimension Description

DX NCELLS Cell lengths.

VOL NCELLS Cell volumes.

FA NCELLS+1 Cell edge flow areas.

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 Cosine of the angle between a vertical
vector pointing up and a vector from cell
N to cell N+l.

HD NCELLS+1 Hydraulic diameters.
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NCELLS+1

NCELLS
NCELLS+1
NCELLS
NCELLS

NCELLS

Friction factor correlation options (see
ACCIM input description, NFF=1 is suggested
for this component).

Initial void fractions.

Initial mixture velocities.,

Initial liquid temperatures.

Initial vapor temperatures.

Initial pressures.
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f. Pump Component (PUMP)

Card 1. (Format A6,8X,2114) TYPE, NUM, ID

Coluns Variable Description
1-6 TYPE Type of component (PUMP left justified).
15-28 NUM Component ID number (must be unique for

each component) .
29-42 D User ID number (arbitrary).

Card 2. (Format 5I14) NCELLS, NODES, JUN1, JUN2, MAT

1-14 NCELLS Number of fluid cells in pump (must be at
least two).

15-28 NODES Number of radial heat transfer nodes in
wall. (0 implies no wall heat transfer.)

29-42 JuN1 Junction number for junction adjacent
to cell 1.

43-56 JUN2 Junction number for junction adjacent to
cell NCELLS.

57-70 MAT Material ID of wall (see PIPE input

description).
card 3. (Format 5I14) ICHF, IHYDRO, IPMPTY, IRP, IPM

1-14 ICHF CHF calculation flag.
0 = no calculation
1 = Zuber/Biasi for rod CHF
2 = Biasi CHF correlation only
3 = Bowring CHF correlation only

15-28 THYDRO 1-D hydrodynamics option (0 = partially
implicit; 1 = fully implicit).

29-42 IPMPTY Pump type (1 or 2).
(See PUMP component description).

43-56 IRP Reverse speed option (0 = reverse rotation
not allowed; 1 = allowed).

57-70 ™ Two-phase option (0 = use single-phase
curves; 1 = use two-phase curves).
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Card 4. (Format 5I14) IPMPTR, NPMPTX

1-14 IPMPTR Pump speed table trip I.D.
14--28 NPMPTX Number of pairs of points in the pump
speed table.

Card 5. (Format 5E14.6) RADIN, TH, HOUTL, HOUTV, TOUTL

1-14 RADIN Inner radius of pump wall.
15-28 TH Pump wall thickness.
29-42 HOUTL Heat transfer coefficient between outer

boundary of pump wall and liquid.

43-56 HOUTV Heat transfer coefficient between buter
boundary of pump wall and vapor.

57-70 TOUTL Liquid temperature cutside pump wall.
Card 6. (Format 5E14.6) TOUTV
1-14 TOUTV Vapor temperature outside pump wall.

(See PIPE module description for further comments on these heat transfer
parameters.)

Card 7. (Format 5E14.6) RHFAD, RTORK, RFLOW, RRHO, ROMEGA

1-14 RHEAD Rated head.

15-28 RTORK Rated torque.
29-42 RFLOW Rated flow.

43-56 RRHO Rated density.
57-70 ROMEGA Rated pump speed.

Card 8. (Format 5E14.6) EFFMI, TFR1l, TFR2, OMEGA

1-14 EFFMI Effective moment of inertia.

15-28 TFR1 Constant torque due to friction.
29-42 TFR2 Bearing and windage torque constant.
43-56 OMEGA Initial pump speed.
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Card 9. (Format 5I14) OPTION PUMP SPEED TABLE CARDS

1-14 OPTION Pump curve option number. O = User

specified pump, input following.
1 = Use built in PUMP 1 (Pump 1 = Semi-
scale pump) .

Card set 10 and pump curve cards are needed only if OPTION = 0.

If OPTION = 1 skip to pump array cards. The user is referred to the pump
model description in Chapter IV for a definition of the terminology used
below.,

(Format 5I14) (NDATA(I),I=1,

Card Set 10.

First Card.

16) NHDM, NTDM

1-14 NDATA (1) Number of pairs of points on the HSP1
curve,

15-28 NDATA (2) Number of pairs of points on the HSP2
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 (5) Number of pairs of points on the HTP1
curve.

Second Card.

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 TSP2
curve,

Third Card.

1-14 NDBATA (11) Number of pairs of points on the TSP3
curve.
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15-23

29-42

43-56

57-70

Fourth Card.

1-14

15-28

29-42

Pump Curve Cards.

Variable

HSP1
HSP2
HSP3
HSP4
HTP1
HTP2
HTP3
HTr4
TSP1
TSP2

TSP3

NDATA {12)

NDATA (13)

NDATA (14)

NDATA (15)

NDATA (16)

NHDM

NTDM

Up to 18 sets of cards.
card set 9 which has nonzero data points.
Data is entered in pairs (x,y).

Number
curve.

Number
curve.

Number
curve.

Nummber
curve.

Number
curve.

Number
Number

of pairs

of pairs

of pairs

of pairs

of pairs

of pairs

of pairs

of points

of points

of points

of points

of points

of points

of points

on

on

IOAD format.
i = 1,NDATA where

the TSP4

the TIP1

the TTP2

the TIP3

the TTP4

the HDM curve.

the TDM curve.

One set for each curve listed in

%X is the independent variable and y is the dependent

variable.
Dimension
2*NDATA(1)
2*NDATA (2)
2*NDATA(3)
2*NDATA (4)
2*NDATA(5)
2*NDATA (6)
2*NDATA(7)
2*NDATA (8)

2*NDATA (9)

2*NDATA (10)
2*NDATA (10)

Descrigtion
HSP1 curve.

HSP2 curve.

HSP3 curve.

HSP4 curve.

HTP1 curve. )
HTP2 curve.
HTP3 curve.

HTP4 curve.

TSPl curve.

TSP2 curve.

TSP3 curve.

single—-phase head curves

single-phase torque curves

$ fully degraded head curves
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TSP4
TTP1
TTP2
TTP3
TTP4
HDM

TDM

Pump Array Cards.

Variable
SPTBL

DX

VOL

FA

FRIC

QpPpPP

> d 5 B

2
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2*NDATA (12)
2*NDATA(13)
2*NDATA (14)
2*NDATA (15)
2*NDATA (16)
2*NHDM

2*NTDM

TSP4 curve.

TTP1 curve.

TTP2 curve. fully degraded torque curves
TTP3 curve.

TTP4 curve.

HM curve (head degradation multiplier).

TDM curve (torque degradation multiplier).

13 sets of cards. One set for each of the following

variables.
Dimension
2*NPMPTX
NCELLS
NCELLS
NCELLSH
NCELIS+1

NCELLS+]1

NCELLS+1

NCELLS+1

NCELLS
NCELLS
NCELLS+1
NCELLS

NCELLS

NCELLS*NODES

10AD format.

Time since trip vs pump speed table.
Cell lengths.

Cell volumes.

Cell edge flow areas.

Additive loss coefficients.

Cosine of the angle between a vertical
vector pointing up and a vector from
cell N to cell N+l.

Hydraulic diameters.

Friction factor correlation options.
(see ACCUM input description)

Volumetric heat sources in pipe wall.
Initial void fractions.

Initial mixture velocities.

Initial liquid temperatures.

Initial pressures.
this card set if NODES = (.)

Initial wall temperatures (eliminate this
card set if NODES=0).



g. Steam Generator Component (STGEN)

Card 1. (Format 26,8X,2I114) TYPE, NUM, ID

Columns Variable Description
1-6 TYPE Type of component (STGEN left justified).
15-28 NUM Component ID number (must be unique for

each component) .
29-42 1)) User ID number (arbitrary).

Card 2. (Format 5I14) NCELL1, NODES, JUN11l, JUN12, MAT

1-14 NCELL1 Number of fluid cells on primary side.

15-28 NODES Number of radial heat transfer nodes in
wall. (MUST be greater than or equal to
1-)

29-42 JUN11 Junction number for junction adjacent

to cell 1 on primary side.

43-56 JUN12 Junction number adjacent to cell NCELL1 on
primary side.

57-70 MAT Material ID of tube (see PIPE input
description).

Card 3. (Format 5I14) KIND, IHYDRO

1-14 KIND Kind of steam generator (1 = U-tube;
2 = Once-through).

15-28 THYDRO Type of hydrodynamics on primary side
(0 = partially implicit; 1 = fully
implicit).

29-42 ICHF1 Indicator for CHF calculation on primary

side (0 = no calculation, 1 = CHF
calculation).

43-56 ICHF2 Indicator for CHF calculation on secondary

side {0 = no calculation, 1 = CHF
calculation) .

Card 4. (Format 5E14.6) RADIN, TH

1-14 RADIN Imner radius of a tube wall.
15-28 TH Tube wall thickness.
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Card 5. (Format 5F14) NCELL2, JUN21, JUN22

1-14
15-28

29-42

NCELL2
JUN21

JUN22

Number of fluid cells on secondary side.

Junction number for junction adjacent to
cell 1 on secondary side.

Junction number for junction adjacent to
cell NCELL2 on secondary side.

STGEN Array Cards. 27 sets of cards. One set for each of the following

Variable

DX1
VOL1

FAl

FRIC1

GRAV1

HD1

NFF1

WAL

ALP]1

TL1

Pl

DX2
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variables. IOAD format.

Dimension Description

NCELL1 Cell lengths on primary side.

NCELL1 Cell volumes on primary side for all tubes.

NCELL1+1 Cell edge flow areas on primary side for
all tubes.

NCELL1+1 Additive loss coefficients on primary side.

NCETL1+1 Cosine of the angle between a vertical
vector pointing up and a vector fram cell
N to cell N+1.

NCELL1+1 Hydraulic‘ diameters for primary side for a
single tube.

NCELL1+1 Friction factor correlation options for
primary side (see ACCUM input
description).

NCELL1 Wall areas for primary side for all tubes.

NCELLL Initial void fractions for primary side.

NCELL1+1 Initial mixture velocities for primary
side.

NCELL1 Initial liquid temperatures for primary
side.

NCELL1 Initial vapor temperatures for primary
side.

NCELLL Initial pressures for primary side.

NCELL?2

Cell lengths on secondary side.



voL2
FA2

FRIC2

GRAV2

HD2

NFF2

ALP2

TL2

P2

NCELL?2
NCELL2+1

NCELL2+1

NCELL2+1

NCELL2+1

NCELL2+1

NCELL2

NCELL2

NCELL2+1

NCELL2

NCELL2

NCEILL2

NCELL1*NODES

Cell volumes on secondary side.
Cell edge flow areas on secondary side.

Additive loss coefficients on secondary
side.

Cosine of the angle between a vertical
vector pointing up and a vector from cell
N to cell N+1 on the secondary side.
Hydraulic diameters on secondary side.
Friction factor correlation option for
secondary side (see ACCUM input
description).

Wall areas for secondary side for all
tubes.

Initial void fractions for secondary
side.

Initial mixture velocities for secondary
side.

Initial liquid temperatures for secondary
side.

Initial vapor temperatures for secondary
side.

Initial pressures for secondary side.

Initial tube wall temperatures.
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h. Tee Component (TEE)

Card 1. (Format RA6,8X,2I14) TYPE, NUM, ID
1-6 TYPE Type of component (TEE left justified).

15-28 NUM Component ID number (must be unique for
each component) .

29-42 D User ID number (arbitrary).

Card 2. (Format 3114, E14.6, I14) JCELL, NODES, MATID, QOST, ICHF

1-14 JCELL Junction cell number.

15-28 NODES Number of radial heat-transfer
nodes in the tee wall. (0 implies no

wall heat transfer.)

29-42 MATID Material ID of tee wall (see PIPE input
description).

43-56 QOST Cosine of the angle from the low-num-
bered side of the primary tube to the
secondary tube.

57--70 ICHF CHF calculation flag.
0 = no calculation,
1 = Zuber/Biasi for rod CHF,
2 = Biasi CHF correlation only,
3 = Bowring CHF correlation only.

Card 3. (Format 2114) IHYDRO, NCELI1, JUN1, JUN2

1-14 THYDRO 1-D hydrodynamics option (must be set = 0).

15-28 NCELL1 Numbei of fluid cells in the primary tee
tube.

29-42 JUN1 Junction number for the junction

adijacent to cell 1.

43-56 JUN2 Junction number for the junction
adjacent to cell NCELLI.

Card 4. (Format 5E14.6) RADIN], TH1, HOUTL1, HOUTV1, TCUTLl
1-14 RADIN1 Inner radius of the primary tube wall.

15-28 TH1 Wall thickness of the primary tube.
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29-42 HOUTL1 Heat transfer coefficient to liquid at
the outer boundary of the primary tube

wall.
43-56 HOUTV1 Heat transfer coefficient to vapor at the
outer boundary of the primary tube wall.
57-70 TOUTL1 Temperature of liquid outside primary
tube wall.

Card 5. (Format El4.6) TOUTV1

1-14 TOUTV1 Temperature of vapor outside primary tube
wall.

(See PIPE module description for further comments on these heat transfer pa-
rameters.)

Card 6. (Format 5I14) NCELL2, JUN3

1-14 NCELL2 Number of fluid cells in the secondary
tee tube.
15-28 JUN3 Junction number of the free end of the

secondary tube (cell NCELL2).
Card 7. (Format 5E14.6) RADIN2, TH2, HOUTL2, HOUTV2, TOUTL2

1-14 RADINZ2 Inner radius of the secondary tube wall.

15-28 TH2 Wall thickness of the secondary tube.

29-42 HOUTL.2 Heat transfer coefficient to liquid at
the outer boundary of the secondary tube
wall.

43-56 HOUTV2 Heat transfer coefficient to vapor at the
outer boundary of the secondary tube wall.

57-70 TOUTL2 Temperature of liquid outside secondary
tube wall.

Card 8. (Format 5E14.6) TOUTV2

1-14 TOUTV2 Temperature of vapor outside secondary tube

wall.

(See comment on Card 5.)
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Tee Array Cards. 24 sets of cards — Two sets (one for the primary tube and
one for the secondary tube) for each of the following
variables. ILOAD format.

Variable Dimension Description

DX NCELL1 Cell lengths (primary).

DX NCELI.2 Cell lengths (secondary).

VOL NCELL1 Cell volumes (primary).

WL NCELI.2 Cell volumes (secondary).

FA ' NCELL1+1 Cell edge flow areas (primary).

FA NCELL2+1 Cell edge flow areas (secondary).

FRIC NCELL1+1 Additive loss coefficients (primary).
FRIC NCELL2+1 ddditive loss coefficients (secondarv).
GRAV NCELL3+1 Cosine of the angle between a vertical

vector pointing up and a vector from
cell N to cell N+1 (primary).

GRAV NCELL2+1 Cosine of the angle between a vertical
vector pointing up and the vector from
cell N to cell N+1 (secondary).

HD NCELL1+1 Bydraulic diameters (primary).

HD NCELL2+1 Bydraulic diameters (secondary).

NFF NCELL1+1 Friction factor correlation options for
primary tube (see ACCUM input description).

NFF NCELL2+1 Friction factor correlation options for
secondary tube (see ACCUM input
description).

QPPP NCELL1 Volumetric heat sources in pipe wall
(primary).

QPPP NCELL2 Volumetric heat sources in pipe wall
(secondary) .

ALpP NCELL1 Initial void fractions (primary).

ALP NCELL?2 Initial void fractions (secondary).

w NCELL1+1 Initial mixture velocities (primary).




g © 9 g8 8 g

NCELL2+1
NCELL1
NCELL?2
NCELL1
NCELL2

NCELL1*NODES

NCELL2*NODES

Initial mixture velocities (secondary).
Initial liquid temperatures (primary).
Initial liquid temperatures (secondary).
Initial pressures (primary).

Initial pressures (secondary).

Initial wall temperatures for primary tube.
(Eliminate this card set if NODES = 0.)

Initial wall temperatures for secondary
tube. (Eliminate this card set if
NODES = 0.)
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i. Valve Component (VAIVE)

Card 1. (Format A6,8X,2I14) TYPRE, NUM, ID

Columns Variable Description
1-6 TYPE Type of component (VALVE left justified).
15-28 NUM Component ID number (must be unique for

each component) .
29-42 D User ID number (arbitrary).

Card 2. (Format 5I14) NCELLS, NODES, JUN1, JUNZ2, MAT

1-14 NCELLS Number of fluid cells (restricted to two).

15-28 NODES Number of radial heat transfer nodes in
valve wall. (0 implies no wall heat
transfer.)

29-42 JUN1 Junction number for junction adjacent
to cell 1.

43-56 JUN2 Junction number for junction adjacent to
cell NCELLS.

57-70 MAT Material ID of wall (see PIPE input

description).

Card 3. (Format 5I14) ICHF, IHYDRO

1-14 ICHF CHF calculation flag.
0 = no calculiation,
1 = Zuber/Biasi for rod CHF,
2 = Biasi CHF correlation only, and
3 = Bowring CHF correlation only.
15-28 THYDRO 1-D hydrodynamics option (0 = partially

implicit; 1 = fully implicit).
Card 4. (Format 5E14.6) RADIN, TH, HOUTL, HOUTV, TOUTL

1-14 RADIN Inner radius of valve wall.
i5-28 TH Valve wall thickness.
29-42 HOUTL Heat transfer coefficient between outer

boundary of valve wall and liquid.
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43-56 HOUTV

57-70 TOUTL
Card 5. (Format 5E14.6) TOUTV

1-14 TOU™V

(See PIPE module description for further comments on these heat transfer pa-

rameters.)

Heat transfer coefficient betwzen outer
boundary of valve wall and vapor.

Liquid temperature outside valve.

Vapor temperature outside pipe.

Card 6. (Format 5I14) IVTY, IVIR, NVTX, IVPG

1-14 IVTY
15-28 IVIR
29-42 NVTX
43-56 IVEG

Valve type option.

IVTY OPTION

1 Valve normally open -~
trip closes it
instantaneously.

2 Valve normally closed -
trip opens it
instantaneously.

3 Valve normally open -

trip initiated closing
specified by time-dependent
table.

4 Valve normally closed-
trip initiated opening
specified by time-dependent
table.

5 Check valve controlled by
static pressure gradient.
IVPG = 1, DP = P{1)-P(2)

= 2, DP = P(2)-P(1)

DP + PVC > 0, valve open
PP + PVC < 0, valve closed
{(Note: PW is defined on
Card 7).

Valve trip ID.
Number of valve table entries.

Valve pressure gradient option (used only
if TVTY = 5).

Card 7. (Format 3E14.6) AVLVE, HVLVE, PVC

1-14 AVLVE

Valve open area.
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15-28 HVLVE Valve open hydraulic diameter.
29-42 ENC Check valve set point {use only if IVTY=5).

Valve Array Cards. 14 sets of cards. One set for each of the following
variables. IOAD format.

Variable Dimension Description

DX NCELLS Cell lengths.

VOL NCELLS Cell volumes.

FA NCELLS+1 Cell edge flow areas.

FRIC NCELLS+1 Additive loss coefficients.

GRAV NCELLS+1 Cosine of the angle between a vertical

vector pointing up and a vector from
cell N to cell N+1.

j3ib) NCELLS+1 Hydraulic diameters.

NFF NCELLS+1 Friction factor correlation options (see
ACCUM input description).

QPPP NCELLS Volumetric heat sources in pipe wall.

VLIB NVTX*2 Valve table data pairs: (Time, Fraction

Open) i i=l,NVI'X.

ALP NCELIS Initial void fractiens.

mw™ NCELLS+] Initial mixture velocities.

TL NCELLS Initial liquid temperatures.

P NCELLS Initial pressures,

™ NCELLS*NODES Initial wall temperatures. (Eliminate

this card set if NODES = 0.)
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j. Vessel Component (VESSEL)

Card 1. (Format 25,8X2114) TYPE, NUM, ID

1-6 TYPE Type of component (VESSEL).
15-28 NUM Component. ID number.
29-42 m User ID number.

Card 2. (Format 5I14) NASX, NRSX, NTS¥X, NCSR

1-14 NASX Number of axial (z) segments (levels).
15-28 NRSX Number of radial (r) segments (rings).
29-42 NTSX Number of azimuthal (8) segments (sectors).
43-56 NCSR Number of cell sources (connections

to pipes).

Card 3. (Format 5I14) IDCU, IDCL, IDCR, ICRU, ICRI-

1-14 IDCU Downcomer upper boundary axial segment
number , Z(IDCU) .

15-28 IDCL Downcomer lower boundary axial segment
number, Z(IDCL).

29-42 IDCR Downcomer inner radial boundary segment
number, RAD(IDCR).

43-56 ICRU Core upper boundary axial segment number,
Z(ICRU) .

57-70 ICRL Core lower boundary axial segment number,
Z(ICRL) .

Card 4. (FTormat 5I14) ICRR

1-14 ICRR Core outer radial boundary segment number,
RAD(ICRR) .

Card 5. (Format 5I14) NFFA, NFFR, NFFT

(Presently all of these must be set to 0).

1-14 NFFA Axial friction factor correlation option.
15-23 NFFR Radial friction factor correlation
option.
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29-42 NFFT Azimuthal friction factor correlation
option,

Card 6. (Format 5E14.6) ROHS, CPHS, CHS, EMHS, HGAP

1-14 ROHS Density of heat slab material.

15-28 CPHS Specific heat of heat slab material.
29-42 ' CHS Conductivity of heat slab material.
43-56 EMHS Fmissivity of heat slab wall.

57-70 HGAP Fuel rod gap conductance coefficient.

(Constant for NFCI=0, initial value
otherwise). NCFI is input on Card 9.

Card 7. (Format 5E14.6) PDRAT

1-14 PDRAT Fuel rod pitch to diameter ratio.

Card 8. (Format 5I14) NODES, NPWX, IRPOP, IRPTR

1-14 NODES Number of rod radial heat transfer nodes

(must be greater than or equal to four
if a core region is specified).

15-28 NPWX Number of (time,power) pairs in absolute
power table.
29-42 IRPOP Reactor kinetics option (input parameters

required for each option are shown in
parentheses) .

TRPOP OPTION
1 Constant power (RPOWRL),
2 Reactor kinetics with constant
reactivity (RPOWRI, REACT),
3 Reactor kinetics with table lookup
of reactivity (RPOWRI, NPWX, PWIB),
4 Reactor kinetics with trip

initiated constant reactivity
insertion (RPOWRI, IRPTR, REACT),

5 Reactor kinetics with trip-
initiated table lookup of
reactivity (RFOWRI, IRPTR, NPWX,
PWIB) ,

6 Table lookup of power (NPWX, PWIB),
and
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7 Constant initial power with trip-
initiated table lookup of power
(RPOWRI, NPWX, PWIB, IRPTR).
43-56 IRPTR Reactor kinetics trip ID.

Card 9. (Format 5I14) NRFDT, NMWRX, NFCI, NFCIL, NCRAZ

1-14 -NRFDT Rod fine mesh trip ID (if zero, no fine
mesh calculation is performed).

15-28 NMWRX Metal-water reaction option (0 = Off, 1 =
On) -

29-42 NFCI Fuel-clad interaction (FCI) option (0 =
Off, 1 = On).

43-56 NFCIL Limit on FCI calculations per time step.

57-70 NCRAZ Total number of axial fine mesh nodes per

rod (if NRFDT = 0, set NCRAZ = 0).

Card 10. (Format 5E14.6) RPOWRI, REACT, PLDR

1-14 RPOWRT Initial reactor power.
15-28 REACT Total reactivity. (Options 2 and 4 only.)
29-42 PIDR Pellet dish radius (if zero, no calcula-

tion of pellet dishing).

VESSEIL Geometry Cards. 3 sets of cards. One set for each of the following
variables. IOAD format.

Variable Dimension Description

7z NASX Upper elevations of axial segments. (Ref-
erenced to zero =levation at bottom of
vessel.)

RAD NRSX Outer radii of rac.al segments.

TH NTSX Theta angleés at azimuthal segment ends
(radians) .

VESSEL Source Cards. One card per pipe connection source. (Format 5I14)
LISRL, LISRC, LISRF, LJUNS

Columns Variable Description
1-14 LISRI, Axial level number associated with source.
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15-28 LISRC Relative cell number associated with
snurce. (See Sec. I in Chap. IV.)

29-42 LISRF Face number associated with source. (1 =
azimuthal direction, 2 = axial direction,
and 3 = radial direction.)

4,-56 LIUNS Junction number associated with source.
VESSEL Core Cards. 15 sets of cards. One set for each of the following

variables. Omit these cards if there is no core.
IOAD format.

Note: See Chap. IV, Sec. I for a precise definition of the following
parameters and the ordering conventions used for reading in the data.
A large number of parameters are read in with dimension (ICRR*NTSX).
These parameters are supplied for each (r,0) mesh zone in the core
region. Each such zone constitutes one of the axial channels in the
core formed by a stack of mesh cells with the same (r,3) mesh
boundaries. Thus, each (r,9) mesh zone encloses a number of fuel
rods and their asscciated coolant channels.

Variable Dimension Descr iEtion

RDPWR NODES-1 Relative radial power density within
the rods.

CPOWR ICRR*NTSX Relative power density per rod.
RPKF ICRR*NTSX Hot rod power peaking factors.

ZPOWR ICRU-ICRL Relative axial power densities at the
center of each axial mesh interval.

NRDX ICRR*NTSX Number of rods in each (r,0) mesh zone.
RADRD NODES Rod node radii (cold).

MATRD NODES-1 Rod material ID numbers (rod must include
a gap) .

MATERTAL: TYPE

Mixed oxide fuel

Zircaloy

Fuel-clad gap

Boron nitride insulation
Constantan/nichrome heater chrome
Stainless steel type 304
Stainless steel type 316
Stainless steel type 347

oMW IE
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PLVOL

PSLEN

CLENN

9 Medium carbon steel AS08
10 Inconel 718.

NPWX*2 Power or reactivity table. Data pairs
(time, power or reactivity)i i=1,NPWX.

ICRU-ICRL Number of fine-mesh intervals per coarse—
mesh interval (not used if NRFDT = 0,
total per rod must equal NCRAZ).

ICRR*NTSX Fraction of PLD2 in mixed oxide fuel.
ICRR*NTSX Fuel density (fraction of theoretical).
ICRR*NTSX*7 Mole fraction of gap gas constituents.

Array not used if NFCI=0. Enter data for
each gas in the order indicated.

Index Gas Type

1 Helium
2 Argon
3 Xenon
4 Krypton
5 Hydrogen
6 Air/nitrogen
7 Water vapor.
ICRR*NTSX Moles of gap gas per rod (not used if
NFCI=0).
ICRR*NTSX Average gap gas pressure (not used if
NFCI=0).
ICRR*NTSX Plenum volume in each fuel rod above pellet
stack (not used if NFCI=0).
ICRR*NTSX Pelliet stack length (not used if NFCI=0).
ICRR*NTSX Total cladding length (not used if
NFCI=0).

VESSEL Ievel Cards. 26 Sets of cards. One set for each of the following

Sex

Note:

variables for each level. LOAD format.

The following parameters (dimensioned NRSX*NTSX) are read in
for each (r,9) mesh position at each axial level. In this case they
extend over the entire vessel cross section. Since a separate data

set is read for each level, these parameters are supplied for every
mesh cell in the vessel.
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Variable

HSA
HSM

CFZL-T
CFZ1~2
CFZL-R
CFZV-T
CFzv-2
CFZV-R

IVOL

FA-T

FA-Z

HSTN
ALPN
VVN-T
VVN-2Z
WN-R

VLN-T
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Dimension
NRSX*NTSX
NRSX*NTSX

NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX

NRSX*NTSX

NRSX*NTSX
NRSX*NTSX
NRSX*NTSX

NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX
NRSX*NTSX

NRSX*NTSX

Description

Heat slab area.
Mass of heat slab.

Liquid additive friction loss coefficients
(Theta direction).

Ligquid additive friction loss coefficients
(Z-direction).

Ligquid additive friction loss coefficients
(R-direction).

Vapor additive friction loss coefficients
(Theta direction).

Vapor additive friction loss coefficients
(z-direction).

Vapor additive friction loss coefficients
(R~direction).

Cell fluid volume fractions.

Cell fluid odge average area fractions in
theta direction.

Cell fluid edge average area fractions in
z-direction.

Cell fluid edge average area fractions in
r-direction.

Hydraulic diameters in theta direction.
Hydraulic diameters in z—direction.
Hydraulic diameters in r-direction.
Heat slab temperatures.

Vapor fraction.

Vapor velocity in theta direction.
Vapor velocity in z-direction.

Vapor velocity in r-direction.

Liquid velocity in theta direction.



VLN-Z
VIN-R
TVN
TIN
PN

VESSEL ROD Cards,

Var iabE
BURN

RDTN

NRSX*NT'SX Liquid velocity in z-~direction.

NRSX*NTSX Liquid velocity in r—direction.
NRSX*NTSX Vapor temperature.

NRSX*NTSX Liquid temperature.

NRSX*NTSX Pressure.

2 sets of cards One set for each of the following
variables. Omit these cards if there is no core.
10AD format.

Dimension Description
(ICRU-ICRL) Fuel burnup, MWD/MTU.
NODES* Rod temperatures.
(ICRU-1ICRL)

Use
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4. PWR Initialization Data

The following cards are required only if a PWR initialization calculation
is to be performed. (This is indicated by setting STDYST=2 or =3 on Main Con-
trol Card 1.)

Card 1. (Format I14) NLOOP

Columns Variable Description
1-14 NLCOP Number of primary coolant loops.

Cards 2 through 4 are repeated for each primary coolant loop.

Card 2. (Format Il14, El4.6) NLPMP, TILPCl

1-14 NLEMP Number of pumps in this loop (must be 1 or
) 2).
15-28 TILPCl Desired conlant temperature at the

vessel junction leading to the outlet
side of the first primary locp coolant
punp.

Card 3. (Format I14, El4.6) JNLPCl, WLPCl

1-14 JNLPC1 Identification number of the vessel
junction which leads to the outlet side
of the first primary loop coolant pump.

15-28 WLPC1 Desired mass flow rate through the first
primary loop coolant pump.

Card 4. (Format I14, El4.6) JINLPC2, WLPC2
(Omit this card if NILPMP = 1)

1-14 JNLPC2 Identification number of the vessel
junction which leads to the outlet side
of the second primary loop coolant pump.

15-28 WLPCZ Desired mass flow rate through the second
primary loop coolant punp.

5. Time Step Data

The last set of input information is the time step cards for controlling
the calculation. The time damain is separated into intervals. Each interval
(specified by two cards) may have different minimum and maximum time step
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sizes and edit intervals. Any number of time step intervals may be input.
The end of the calculation is signified by specifying the minimum time step
size to be a negative number. The format of each set of two time step cards
is as follows.

Card'l. Format (5E14.6) DIMIN, DIMAX, TEND

Columns Variable Description
1-14 DIMIN Minimum allowable time step size for this

time interval.

15-28 DTMAX Maximum allowable time step size for this
time interval.

29-42 TEND End of this time interval.

Card 2. Format (5E14.6) EDINT, GFINT, DMPINT, RTWFP

1-14 EDINT Print edit interval for this time interval.

15-28 GFINT Graphics edit interval for this time
interval.

29-42 DMPINT Restart dump interval for this time
interval.

43-56 RTWFP Ratio between heat transfer and fluid

dynamics time step sizes. (Used only
for steady-state calculations, suggested
value = 1.9.)

E. Load Subroutine
TRAC uses the IOAD subroutine to read most subscripted variables. The

arrays may be read in flcuting point or integer format. If an array is di-
mensioned zero, then that card should be omitted. The input card images for
subscripted variables consist of 5 fields for integer or real format. Each
field consists of an operation (Al), a repeat count (I2), and a data constant
(E11.2 or I11).

Seven operations are defined. These operations and an explanation of each
are listed below.

Operation Description
E End of data array.
] Skip to next card.

BLANK No action.
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R Repeat data constant I2 times.

M Multiple repeat. Repeat data constant 10*I2 times.

F Fill array starting at current data index with data
constant.

I Interpolate between data constant and succeeding data

constant with I2 points.

Same restrictions in the use of the I0AD format are;
1. End of data for an array must be signaled by E,
2. Overstore or partial fill of an array are not allowed, and
3. Integer interpolation is not allowed.
Following are examples of the use of the options listed above to fill an
array of dimension 11 with data.
EXAMPIE ONE. Fill an integer array with a value of 61.
F 61E
EXAMPIE TWO. Use of the repeat option to fill an array with a value of 1.2.
R11l 1.2 E
EXAMPIE THREE. Use of the skip option.

R 2 15 165
R 5 ' 17 18 19 20E

EXAMPIE FOUR. Use of the multiple repeat option.

M1 1.56E-2 .0156E

EXAMPIE FIVE. Use of the interpolation option to get points 1.0, 2.0, 3.0,
ees ¢ 11.0.

I9 1. 11.E

F. Output Files

Figure 3 shows the files read and written by TRAC during the course of a
problem. The o input files, TRACIN and TRCRST, and the dump output file,
TRCDMP, have already been discussed. We will now discuss the remaining two
output files, TRCOUT and TROGRF.

The file TROOUT contains printer output. This file was produced with
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standard FORTRAN write statements contained in the various component module
output subroutines. Included in this file is a complete description of the
problem input file which was read by the code, and time edits which are prod-
uced with a frequency specified on the time step cards. Each time edit in-
cludes a printout of results from each component in a problem. The component
output includes pressures, temperatures, and other important results.

TRAC error messages, if any, are also written on the TROOUT file. These mes-
sages are described in Appendix D. A more complete description of individual
component output is given in Chap. IV.

The TROGRF file contains graphics output and is a structured binary file
produced with unformatted write statements. The structure of this file is
discussed in Chap. VI. A Livermore Time Sharing System (LTSS) library com-
puter code, called GRIT, is used to generate plots of the problem calculation
from the TROGRF file.
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TABLE I

TRIP SIGNAL INDEX VALUES AND VARIABLE TYPES

Trip

Signal

Index

(ISID) Common Usage (all components)

0 Reactor time (values of ID1-ID4 are
ignored)

Pressure

Liquid temperature

Vapor temperature

Vapor fraction

Wall temperature

O U s W N

(not used in 1-D components)

7 (not used in 1-D components)

Mixture velocity
9 Relative velocity
10 (not used in 1-D components)

Exceptions

Vessel:slab temperatures
Vessel:fuel rod surface
temperature to liquid
Vessel:fuel rod surface
temperature to vapor
Accumulator swater level?

. a
Pressurizer:water level

a
Vessel:reactor power

8Note: This is not an array, set ID3 =1 and ID4 = 0
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ARRAY ELEMENTS TESTED

TIME STEP DIFFERENCE
BETWEEN
ELEMENTS
* NA 103 D4
MR AND
INITIALIZATION 103
103 0 NA NA D4
EACH ELEMENT]
FRAOM
- -iD3 NA NA
T0
- -iD4
CONTROL - 0 +
CARDS \Da
Fig. 1. Fig. 2. ) )
TRAC input deck organization. Trip array element selection logic

(MA means not available).

TRCOUT
PRINTER

|

TRACIN
INPUT
DECK

TRAC

) L

TRCRST

RESTART
FILE

|

Fig. 3.
TRAC input and output files.
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Vi. PROGRAMMING DETAILS

A. Overall Code Organization

During the development of TRAC, considerable attention was paid to pro-
gramming techniques. At the outset, the decision was made to strive for a
code structure which minimizes the problems of maintaining and extending the
code. In addition, we have attempted to program in a manner which can be un-
derstood bv others who are knowledgeable in the IWR safety field, and in a
fashion which reduces the difficulties of implementing TRAC at other sites
and/or computers. At the same time, we recognize the need to take advantage
of the efficiency characteristics of the LASL computing environment. 1In this
case, the environment consists of a CDC 7600 computer running the Livermore
Time Sharing System (LTSS). In situations of conflict, we have ranked the
importance of these goals in the order in which they have been presented.
Whenever possible, we have segregated specialized coding to subpro&rams which
perform specific, low-level service functions.

The philosophy which has evolved in response to these goals has been one
of modularity. TRAC is modular in two important senses. Because it is de-
signed to analyze reactor systems which consist of specific types of compon—
ents, the program contains subroutines that treat each component type. The
components included in TRAC are described in Chap. IV. This form of modular—~
ity simplifies both the programming of subroutines and the data associated
with particular components. For example, since tuel rods are only associated
with the component type VESSEL, ~o data concerning fuel rods are referenced
nor are any calculations about f izl rods performed by the subroutines which
treat any other component type.

The second sense in which Tw'C is modular is functionality. Each sub~
program in TRAC performs a specific functicn. If the manner in which a func-
tion is to be performed requires imodification, only those routines which per-
form that function need to be altered. For example, if the dump/restart cap-
ability is to be modified, only those routines which perform the dump and re-
start for the affected components will require changes. A number of low-level
subprograms are used by all component types, thereby strenghtening this form
of modularity. The most important of these routines are listed in Table I
with a brief description of their function. A complete listing of all the
subroutines in TRAC is given in Appendix E.



Functional modularity within TRAC is taken a step further by its division
into overlays. Although the use of an overlay structure was originally man-
dated by computer size limitations (the small core memory of a 7600, where all
executable instructions must reside, is limited to 65 536 60-bit words), this
division has been made in a manner which isolates functional subunits within
TRAC. Figure 1 displays a calling tree of the overlays in TRAC. Table II
describes briefly the function of each overlay.

As mentioned above, the component modularity of TRAC manifests itself in
the data structure as well as in the program structure. We have used the mod-
ularity of the data in a manner which utilizes the architecture of the CDC
7600 computer in an efficient way. The relevant architectural aspect is the
division of the 7600 central memory into two segments: small core memory
(SCM) and large core memory(ICM). The Central Processor Unit (CPU) must re—
trieve the instruction stream from SCM (which is limited in size) but may re—
trieve data from either segment. Single-word accesses to SCM require 275
nanoseconds to complete. Single-word accesses to the 512 000-word IMM reguire
1 760 nanoseconds to complete. For transfers of large data blocks between SCM
and IM, the transfer time per word is as low as 27.5 nanoseconds.

To take advantage of this architecture, TRAC divides the data for each
component into four blocks. These are: the fixed length table, the variazble
length table, the pointer table, and the array data. The first three of these
blocks are stored in S(M in the COMMON blocks FLTAB, VLTAB, and PTAB, respec-—
tively. The structure of the FLTAB COMMON area is the same for all types of
components, The identification of words in the VIIAB and PTAB COMMON areas
with variable names differs from one component type to another. Descriptions
of the fixed length, variable length, and pointer tables for each component
are given in Appendix G.

The array data are stored in SCM within the dynamic storage arrays. 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 types of problems. The array data for one-dimensional com—
ponents are contained in the SCM blank COMMON dynamic area. The SCM data for
the three-dimensional vessel component are contained in both the blank COMMON
and SCM3D COMMON dynamic areas, as will be described below.
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Data for a particular component are only stored in the dynamic SCM areas
while that component is being processed by TRAC. At other times the data are
retained in M. Two service subroutines, RDLCM and WRLCM, use the efficient
block transfer capability described above to transfer data to and from SCM as
required. Processing of a component by TRAC begins with the transfer of its
component data from LM to SOM, and the computation of the pointer variables
based on the available space in the dynamic storage array. The processing of
that component ends with the reverse transfer from SCM to LCM. Figure 2 de-
picts the relationship between storage areas in SCM and LCM.

In addition to the data which refer to a particular component, TRAC uses
many variables to describe the overall state of the calculation. These vari-
ables are grouped according to their use into several other COMMON areas. The
structure of these COMMON areas, which are identical throughout TRAC, are des-
cribed in Appendix F.

The overall sequence of calculations is directed by the main program.
Overlay INPUT is always invoked at the start of each TRAC execution to read
component and control input. The component data is initialized by overlay
INIT. The reactor power level is set to zero at this point. The steady-state
calculatiaon (if requested) is performed by subroutine STEADY, which performs
output operations using the EDIT, GRAF, and DUMP overlays as required. During
the steady-state calculation, the reactor power is turned on once 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 is performed, the reactor power is turned on by sub-
routine STEADY in preparation for the transient calculation. This calculation
is performed (if requested) by subroutine TRANS. Overlays EDIT, GRAF, and
DUMP are invoked by TRANS to generate output as required.

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,
TRCRST. In addition to obtaining the input data fram the appropriate loca-
tion, overlay INPUT also organizes the component data in ICM, assigns the ar-
ray pointer variables for every component, allocates the fixed segment of the
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blank COMMON area, and analyzes the reactor loop structure for problems which
include a FWR initialization calculation.

Subroutine INPUT is the entry point for this overlay and controls the in-
put process. The Main Control parameters (see Chap. V) are read fram the
TRACIN file by subroutine INPUT. Using this information, INPUT allocates the
fixed segment of the SCM blank COMMON areas, as described in Table III. The
trip and component data from the TRACIN file are read and processed by sub-
routines RDTRIP and RDOOMP, respectively. RDTRIP creates the TRIP array des-~
cribed in Table VI. RDOOMP also assigns pointer values and stores the com-
ponent data in M. Component and trip data are retrieved fram the restart
file TRCRST by subroutine RDREST. This subroutine is analogous to RDCOMP as
will be described below. Finally, INPUT utilizes the subroutines ASIGN and
RDIAOP to fill the component ICM pointer array and process the PWR initial-
ization input, respectively.

Subroutine RDOOMP invokes a component input routine (a list of these rou-
tines is given in Table VII) to process each component. RDOOMP determines the
type of each component by reading the first input card. When a component type
“"END" is encountered, RDOOMP 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
LM, assign relative pointers for the component array data, and fill in the
JUN array.

If it is determined that not all components have been read from the TRACIN
file, subroutine RDREST will read the remaining components fram 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 utilizes the last dump.) This dump is then used
to initialize the components and trips which were not found in the TRACIN

" file, using the component restart subroutines listed in Table VII. The de-
) 3'§:§iled structure of the restart file is described in Sec. F below in conjunc-
tion with the dump capability.

~The PMR initialization input data are read and the loop structure analyzed
by subroutine RDIOOP, if a PWR initialization calculation was requested on
Main Control Card 2. The analysis of the reactor 1oop geometry results in the
creation of a PWR Initialization Data area, which also resides in the fixed
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segment of the blank COMMON area. This data area is described in Fig. 3. The
overall prologue, loop prologues, and VESSEL junction data area are created by
subroutine RDIOOP. The data structure for each loop is generated by sub-
routine FNDLP,

. The data area depicted in Fig. 3 describes the geometry of PWR systems
from a specific point of view. Of principle interest in the PWR initial-
ization calculaticns are the components through which the primary coolant
flows during steady-state conditions. To isolate these components, the com-
ponents in each primary coolant flow loop are grouped into subloops of three
kinds indicated bv the associated value of ISLTP. The components through
which the primary coolant normally flows are identified by ISLTP=1 and con-
stitute cne or two principle subloops (depending on the number of pumps).
Subloops with ISLTP=0 are called passive; they are connected to the principle
flow loop by a TEE, and have a zero flow at steady-state conditions (e.g., a
pressurizer). Components in secondary loops (identified by |ISLTP| =2) are
connected to the secondary side of the steam generator. 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 series
of pipes to a FILL component, and the other side to a BREAK. (The first of
these is identified by ISLTP=2 and the second by ISLTP=-2.)

C. Component Initialization

The transient or steady-state calculation cannot be initiated directly
from the input data. Many arrays and variables for each component are re-
quired which are not read by overlay INPUT. Overlay INIT initializes these
data based on the values of the input information. It also creates a table
that supplies information to the graphics rcutines. The entry point sub-
routine, INIT, controls the initialization process by calling ICOMP and
IGRAF. Subroutine ICOMP completes the component data tables and IGRAF ini-
tializes the graphics capabilitv.,

Subroutine ICOMP checks the junction input data (stored in the junction-
component pair array, JUN) to ensure that the system is properly configured.

then fills in the JSEQ and VSI arrays in the fixed segment of the blank COMMON
area (Table IIT). ICOMP then initializes the data for each component by in-
voking the appropriate component initialization subroutines, listed in Table
VIII. For most types of components there are two levels of initialization
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subroutines. The routines of the first level, whose names begin with the let-
ter "C," transfer the component's data from LM to SCM, adjust the array
pointers to reflect the origin of the array data, call the lower level sub-
routine, and return the initialized data to LCM. These routines exist chiefly
to pass the array data through to the lower level subroutines as arguments.
This permits referring to elements of these arrays by variable names with mne-
monic value in the lower level routine. For example, the volume of mesh cell
J in the comonent is referred to as VOL(J) rather than A(LVOL+J-1), which
both shortens and clarifies the programming at this level.

The iower-level component initialization routines initialize geametric and
heat transfer arrays, initialize fluid properties by calling subroutines
THERMO and FPROP, and initialize the junction data array by using subroutine
J1D. Other individual and array variables are initialized for specific com-
porent types.

The graphics initialization subroutine, IGRAF, creates the TROGRF file,
writes the header and catalog onto the file, and places the catalog in a ICM
storage area. The catalog contains information about the data to be written
on the TROGRF file during the course of a problem and is constructed by the
graphics initialization routines associated with the components. The data to
be edited for each component are specified in these routines. Each type of
data adds one entry to the catalog. This entry describes the location of the
data and identifies it with a two—word Hollerith field. The catalog stored in
IM is later interrogated by subroutine GRAF to create each graphics edit.

D. Transient Calculation

1. General

The transient calculation is directed by overlay TRANS. Iteration rou-
tines in overlays OUTID and OUT3D are used by TRANS to advance the calculation
through time. Output overlays EDIT, DUMP and GRAF, which are described in
Sec. F below, are invoked by TRANS to perform their functions as required.

Subroutine TRANS, which is the entry point for overlay TRANS, is struc-
tured as shown in Fig. 4. Each time step in the transient calculation con-
sists of several sweeps through all of the components in the system. These
sweeps are called outer iterations. Within each outer iteration, each
component solves the thermal-hydraulic equations (see Chap. III) for the cells
within its boundaries using a sequence of inner iterations. The purpose of
outer iterations is to converge the boundary data passed between components.
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Before entering the time step loop, TRANS calls subroutine EDIT to print
the state of the system at the beginning of the transient. The major control
variables within the time step loop are: NSTEP (the current time step num-
ber), TIMET (the time since the transient began), DELT (the size of the cur-
rent 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 OUTER. A sum—
mary of the calculations performed during the prepass is given in Table IX.
TRANS then enters an outer iteration loop. Each outer iteration is performed
by overlay OUTER. The outer iteration loop normally completes when all com-
ponents require only one inner iteration during the last outer iteration, and
the outer iteration criterion (EPSO on Main Control Card 3) is met. This cri-
terion is applied to the maximum fractional change in the pressures throughout
the system durirg the last iteration.

The outer iteration loop may alternatively terminate when the number of
outer iterations reaches a uscr-specified limit (OITMAX on Main Control Card
4) . In this case, TRAC restores the state of all components to that at the
beginning of the time step, reduces the time step size by an order of magni-
tude (with the constraint that DELT be greater than or equal to DMMIN), and
contiinues the calculation with the new time step size.

When the outer iteration converges, a postpass is performed by OUTER. A
summary of the calculations performed during the postpass is given in Table
X. The time step number is then incremented and TIMET is increased by DELT.

A calculation is completed when TIMET reaches the last time specified on the
time step input cards.

2. Time Step Selection and Output Control

The transient calculation interval is described as a sequence of time do-
mains by the user using the time step input cards. During each of these do-
mains the minimum and maximum time step sizes and the edit, dump, and graphics
intervals are fixed. When overlays EDIT, DUMP, and GRAF are invoked, they
calculate the time at which the next output of the associated type is to oc-
cur. When TRANS finds that TIMET has reached or exceeded the indicated time,
the corresponding output overlay is invoked again. Whenever a new time domain
is reached, the output indicators are set to the current time plus the new
value of the appropriate interval.
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Subroutine TIMSTP reads the time step control cards and evaluates the next
time step size. At the beginning of the transient, DELT is set to the minimum
size specified for the first time domain. At other times TIMSTP applies two
algorithms, implemented in subroutine NEWDLT, to @valuate the next time step
size. TIMSTP then limits this value of DELT to values between the minimum and
maximum for this time damain.

NEWDLT determines the largest total number of inner iterations taken for
any component. If this maximum is less than four the time step size is in-
creased by 23. The time step size is left unchanged if this maximum is be-
tween 4 and 10, and reduced if it exceeds 10. The second algorithm in NEWDLT
places an upper bound on the time step size. This bound is four-tenths of the
Courant stability limit for the differencing scheme used in the TRAC hydrody-
namics routines.

3. Component Calculations

Overlay QUTER perfcorms sweeps through all the components of the system.
The components are processed in the order specified in the iteration order
input cards. The function performed for all components during the outer iter—
ation is signaled by the value of OITND (set in the calling overlay) as shown
in Table XI. Subroutine OUTER is the entry point routine of this overlay.

The fixed length table for each component is brought into SCM by OUTER, then
either overlay OUTLD or OUT3D is invoked as appropriate. Figure 5 displays
the logic for a complete outer iteration.

Over lay OUTID performs the required calculations for one-dimensional com-
ponents. The entry point subroutine of this overlay, also called OUT1D, sim-
ply calls the subroutine which processes the current component type. These
iteration subroutines are listed in Table XII. As with the component initial-
ization routines, the iteration subroutines are divided into two levels. The
first-level routines prepare the SCM data areas before calling the lower-level
routines, and return data to LM when the calculation is complete. The as-
pects of the calculation which are peculiar to each component type are per-
formed by the lower level iteration subroutines. The generic subroutines
SLIP, FVWALL, MPROP, HIPIPE, TRPSET, DF1D, THERMO, CYIHT, and JID are used by

all of the component iteration subroutines to perform the associated calcu-
lations.
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The iower-level iteration subroutines solve the hydrodynamics equations
for a component. The boundary conditions for the component are transmitted
from the adjacent components through the boundary data arrays. The boundary
conditions d& not change during the inner iterations performed to solve the
fluid flow equations. These iterations are performed for one-dimensional com-
ponents by subroutine DFIDI or DFIDS. The inner iterations for a single com-
ponent cease when the inner iteration limit (IITAX from Main Control Card 4)
is reached or when the inner convergence criterion (EPSI from Main Control
Card 3) is met. This convergence criterion is applied to the fractional
change in the fluid pressures throughout the component during the last inner
iteration. Upm completion of the immer iterations for a component, the boun-
dary data arrays are updated to reflect the current state of the component.

The three-dimensional VESSEL component is processed by overlay OUT3D. In
this overlay the prepass, postpass, and inner iterations are performed by
three separate subroutines; VSSL1l, VSSL3, and VSSL2, respectively. (Restora-
tion of VESSEL data to the beginning of the time step is also performed by
VSSL3.) One of these routines is called by the first-level iteration sub—
routine CVSSL, as determined from the value of OITNO. The calculational se-
quence parallels that of the one-dimensional components but the inner itera-

tions are performed by the three-dimensional hydrodynamics routines TF3D,
ITR1, and FF3D.

4. Vessel Data Structure

The array data for one-dimensional components are all loaded into core
whenever a particular component is processed. Because the amount of array
data is much larger for the three-dimensional VESSEL component, this was not
possible for components of this type. Therefore,the array data for the VESSEL
component is subdivided. There are three categories of VESSEL array data:
component data, level data, and rod data. The component data arrays describe
the overall state of the VESSEL. These arrays are loaded into the blank COM-~
MON area in S(M before processing of the VESSEL begins and remain there during
the VESSEL calculation. The level data arrays contain fluid dynamics and wall
temperature data organized by axial level within the VESSEL. A data manage-
ment subroutine, MANAGE, is used by all VESSEL subroutines to load single
levels into SCM and replace them in IM. There are never more than three
levels of data in SCM at one time. The level data reside in the SCM3D
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QOMMN area when they are in SCM. 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 those data pertaining to the rod under study are in SCM at once. These
data arrays are loaded into (and unloaded from) the SCM3D COMMON area by calls
to the MANAGE subroutine. Subroutine QORE coordinates 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 improves the efficiency of the calculation by grouping data
by their use. However, it introduces a communication problem between the fluid
dynamics and heat-transfer calculations since some data need to be in both
the rod and level arrays. This problem is resolved by a transfer of data be-
tween the rod and level data arrays. This transfer is performed by direct ICM
to ICM copies using subroutine LCMOVE during the prepass calculation.

E. Steady-State Calculations

Steady-state calculations are directed by subroutine STEADY. The calcula-
tional sequence of this subroutine is similar to that of the transient driver
subroutine TRANS. ‘fhe same sequence of outer and inner iterations used for
transient calculations is also used to advance the steady-state calculation.

The main difference is the addition of steady-state convergence tests and PWR
initialization calculations to STEADY. STEADY also invokes the EDIT, DUMP,
and GRAF overlays to provide ocutput as requested by the user. These overlays
are described in Sec. F. Overlays TWOTIM and PWRSS, which are described in
this section, are called by STEADY to evaluate normalized rates of change and
new PWR operating parameters, respectively. STEADY is called by the main pro-
gram whether or not a steady-state calculation has been requested. If no cal-
culation is required, STEADY simply initializes the VESSEL power and returns
control to the main program.

The type of steady-state calculation to be perfr.med is determined by the
value of the input variable STDYST on Main Control Card 1 as described in the
input specifications in Chap. V. Steady-state calculations begin with the
code setting the steady-state indication flag, ISTDY, to one and the transient
calculation time, TIMET, to minus 1. (In the steady-state calculation the
time variable is STIME instead of TIMET.) These values of ISTDY and TIMET
have the effects indicated in Table XIII.
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The control of time steps by STEADY is identical to that implemented in
TRANS. This includes the selection of the time step size, cutput timing, and
the restarting of time steps if the outer iteration limit is exceeded. (In
STEADY the input variable SITMAX, from Main Control Card 4, is used as a delim-

iter in place of OITMAX.) Within the time step loop, STEADY also calculates
normalized rates of change and tests for steady-state convergence. This eval-
vation is performed every 50 time steps and prior to every edit. The maximum
normalized rates of change and their location are included in the printed out-
put, as shown in Table XIV. The maximum normalized rate of change of the
fluid velocities is used to determine when the reactor power should be turned
on. Once this value falls below one, the reactor power is set to the input
value, RPOWRI (specified on card il of the VESSEL input data). The general-
ized steady state completes when all normalized rates of change are below the
user-specified convergence criterion, EPSS (from Main Control Card 3), or when
STIME reaches the end of the last time domain specified in the time step input
cards for the steady state.

Both steady-state and transient calculations may be performed in one com—
puter run. The end of the generalized steady-state time step cards is signi-
fied by a single card containing a - 1.0 in columns 12 through 14. The tran-
sient time step input cards should immediately follow. 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 the transient calcu-
lation will proceed correctly.

Control of the PWR initialization calculation is necessarily more com-
plex. The time domains are divided into groups delimited by negative values
of DIMIN. 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 of both DIMIN and
DIMAX. As with the generalized calculation, a transient calculation may fol-
low the PWR initialization. The time step cards for the transient calculation
simply follow those for the PWR initialization.

The PWR initialization calculation completes when the relative errors in
the flow rates and inlet temperatures fall below a user-specified criterion

(EPSP or Main Control Card 3) for all loops. Figure 6 is a flow diagram for
the PWR initialization calculation.
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The normalized rates of change for all components are evaluated in overlay
TWOTIM. These rates and their locations in the system are transmitted through
the variables FMX and IOK in COMMON block SSCON. Overlay TWOTIM is divided
into three levels of subroutines. The top level contains only the driver subr
routine TWOTIM. TWOTIM calls subroutines in the second level to evaluate the
maximum normalized rates of change for each component. These convergence e-
valuation subroutines are listed in Table XV.

The subroutines in the third level of overlay TWOTIM are called by the
convergence evaluation subroutines to analyze specific variables. The sub-
routines in this level are: FDMXFP, FDMX3D, FDMXTR, FDMXTS, and FDMXTW. The
first two of these evaluate in one and three dimensions, respectively, the
maximum normalized rates of change for the fluid velocities, masses, and en-
ergies . FDMXTR and FDMXTS process the VESSEL rod and SLAB temperatures,
while FIMXTW analyzes the temperatures in one~dimensional component walls.

Overlay PWRSS uses the system state, as represented in the ICM component
data tables, to evaluate new pump speeds and steam generator fouling factors.
The reactor loop data area, depicted in Fig. 3, is used by this overlay for
data storage and calculation control.

Subroutine IPSET is the entry point and controlling subroutine for the
PWRSS overlay. It calls subroutine VSCON to evaluate the VESSEL pressures and
mass and enerqy flow rates at all VESSEL junctions. These data are retrievad
from the boundary data arrays. Each primary coolant loop is then considered
in turn by LPSET. The loop flow resistances, specific enthalpy differentials,
and the steam generator overall heat transFar coefficient are evaluated by
subroutine LPOON. Subroutines PMPP, TEEP, and STGNP provide LPOON with data
derived fram the PUMP, TEE, and STGEN component data tables, respectively.

The equations presented in Sec. III.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, and
store these intc the appropriate component data tables.

F. Output Processing

TRAC produces three output files: TROOUT, TROGRF, and TRCDMP. The first
of these files is in printer format and contains a user-oriented analysis of
the course of the calculation. During the input process, a description of the
input data is placed into this file. At selected times during the calcula-
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tion, overlay EDIT is invoked to add to this file a description of the current
state of the system. The TRCGRF and TRCDMP files are binary files designed
for analysis by graphics postprocessing programs and restart of problems by
TRAC, respectively. The TROGRF file is created and its header and catalog
written during the initialization phase. TRCDMP is created immediately
thereafter by overlay DUMP.

Subroutine WOCOMP, which is called by the entry point routine EDIT, directs
the addition of a time step edit to the TRCOUT file. WCOMP writes certain
overall data directly, then uses the component edit subroutines to describe
the state of each component in turn. The component edit subroutines, which
are listed in Table XVI, are divided into two levels in a manner analogous to
the initialization and iteration subroutines. The first level edit sub-
routines merely load the component data tables into SCM and call the lower
level subroutines. These latter routines then add the data which are important
for that component type to the TROOUT 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 IM graph data area which is described in Sec. C. The TROGRF
file is a structured binary file written with unformatted write statements and
containing information for graphics processing.

Data contained on the TROGRF file may be divided into three sections:

1. general information,

2. catalog information, and

3. time edit data.

These data appear on the file in the above order, as illustrated in Fig. 7.
The structure of the general information section of the file is given in Fig.
8. This section contains title cards for problem identification and size
information needed to describe the problem and the remainder of the file. The
catalog section (Fig. 9) contains information which is used to describe the
data stored in the time edit section. The time edit section is made up of
blocks of data as shown in Fig. 10. Individual arrays within each block are
packed to save space. A block is written at each edit taken during the course
of a problem. The number of klocks written on the file is determined by the
graphics edit frequency specified on the time step cards. The last block is
follewed by a word "EQF" to sigrify the "end of file."
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The structure and lengths of the blocks are identical to one another to
mininize the required catalog information. The catalog is made up of NCTX
data entries onrresponding to the number of items in each black. This
relationship is displayed in Fig. 11. Each data entry contains six words of
information which provides a data description and a pointer to the data in the
blocks. A data entry may describe a single variable or an array of data. The
word count is also included in the catalog. The types of data stored are
pressures, temperatures, void fractions, and other important system
parameters. The choice of data in the file is made dynamically in the TRAC
graphics routines at initialization.

The TRCOMP file is a structured binary file written with unformatted write
statements. It contains sufficient data to restart the calculation fram the
current state as described in Scc. B above. This file is created by a
sequence of calls to overlay DUMP. The entry point subroutine, DMPIT, locates
the next dump in TRCDMP, writes the dump header data and calls the component
dump subroutines which are listed in Table XVIT.

The resulting file is structured as shown in Figs. 12 and 13. This-
structure is designed to permit easy location of particular dumps and

particular components within each dump. This reduces the effort required in
restarting the problem.

G. Storage Requirements

Although maximum use is made of dynamic storade allocation within TRAC,
there are limitations on the complexity of problems that may be simulated.
These limitations arise from the finite extent of the component data storage
areas, as listed in Table XVIIE. These limitations are imposed on the com-
plexity of singie components as well as on the systein as a whole.

Figure 14 displays the organization of the blank COMMON dynamic storage
area in SCM. The fixed segment, which is described in detaii in Table ITI,
contains information which is used by all system component subroutines and

~ therefore must remain in SCM throughout the calculation. The PWR initiali-
zation data area, shown in detail in Fig. 3, is only required during PWR ini-
tialization calculations. Thus, this area does not affect storage require-
ments when no PWR initialization is performed.

The area which remains, marked as component data area ir. Fig. 14, is a~
vailable to each component when its data is in SOM. Each component type
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requires varying amounts of array space. For the types of components which
are modeled with one-dimensional fluid dynamics, the required spac. is linear
in the number of fluid cells, the number of heat transfer nodes, and the pro-
duct of these numbers, Table XIX lists the coefficients of these three quan-
tities for each component type (BREAKS require no array space) along with the
constant requirement.

The finite size of the component data area aliso limits certain aspects of
the VESSEL description. The arrays stored in this area for VESSEL components
require

3*NASX+2*NRSX+2*NTSX+34 *NCSR+3*NODES+26 * ICRR*NT'SX+2* (ICRU-ICRL) +2*NPWR+66

words of space. The definitions of the individual variables used in this ex-
pression are given in the VESSEL input data description in Chap. V.

The compiexity of VESSEL components is also limited by the finite extent
of the SCM3D OOMMON area. This area is used for the storage of level or rod
data at different points in the calculation. The hydrodynamic variables for
each axial level in the VESSEIL are transferred between SCM and IM as a unit.
At certain points in the calculation, three distinct levels of data must be in
SMM simultaneously. Therefore, the maximum size of the data associated with a

single level is one~third the length of the SCM3D area. Each level of data
requires

120 *NRSX*NTSX+NCSR+7* (ICRU~-ICRL)

words of space.

In a similar manner, the heat transfer data for each fuel rod are trans-
ferred between SOM and LM as a unit. Because the data for only one rod need
be in SCM at any point in the calculation, the rod data may extend over the
entire length of the SCM3D COMMON area. Each rod requires

(40+15*NODES) * (ICRU-ICRL) + (13+4*NODES) *NCRAZ

words of space.
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The finite extent of the LM component storage area (QOMMON block LCMSP)
limits the total amount of component data which can be handled in a calcula-
tion. This amount is found by suming the S(M array requirements as described
above, including all VESSEL levels and rods, and adding the space required for
the fixed length, variable length, and pointer tables for each component, as
listed in Table ¥X. The graphice catalog, discussed in Sec. F above, is also
stored in this LM block. This area requires one word for each component plus

six words for every catalog entry. Figure 15 shows the organization of ICMSP.
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Subprogram

TABLE I
IMPORTANT LOW-LEVEL SUBPROGRAMS

Description

CLEAR

DF1D

ERROR
FF3D

FPROP

FWALL
HTCOR
HTPIPE

HTVSSL

JiD

MPROP

RDICM

RKIN

RODHT

Uses Chen correlation to evaluate the forced convection nucleate
boiling heat transfer coefficient.

Fvaluates the critical heat flux based on a local conditions
formulation.

Sets an array to a constant value.
Calculates -emperature fields in the radial direction.

Controls solution of finite difference equations for the 1-D
drift-flux model.

Processes different kinds of error conditions.
Makes final pase update for all variables in 3-D vessel.

Calculates values for fluid enthalpy, transport properties, and
surface tension.

Computes a two-phase friction factor.
Computes heat transfer coefficients.
Averages velocities and generates heat transfer coefficients.

Averages velocities and generates heat transfer coefficients for
the vessel.

Fills boundary array at component junctions.

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.

Transfers data from LM into SCM.
Integrates the neutron point kinetics equations.

Calculates the fuel rod temperature field.
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SLABHT
SLIP

TF3D

WRLCM
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TABIE T (Cont.)

Calculates the slab temperatures.

Calculates drift velocities between phases.

Sets up the linearized 3-D finite difference equations.
Calculates thermodynamic properties of water.

Returns status of a TRIP.

Sets up trip status Elags.

Writes a real array to the printer.

Writes an integer array to the printer.

Transfers a given number of words from SCM to LOM.



Over 1az

MAIN

INPUT

INIT

OUT1D

OUT3D

TWOTIM

TABIE II
TRAC OVERLAYS

Description

Controls overall flow of calculation. (The MAIN overlay

also contains many service routines used throughout the
code.)

Reads input and restart files, assigns LM storage space
and saves input data there, and analyzes PWR loops for PWR
initialization calculations.

Initializes component data and graphics tables.

Per forms one complete outer iteration.

Performs all the inner iterations for a single
one-dimensional component during one outer iteration.

Performs all the inner iterations for a VESSEL during one
outer iterationm.

Evaluates maximum normalized rates of change throughout the
system.

Evaluates new parameter values for the PWR initialization
option.

Adds a dump at the current time to the TRCDMP file.
Adds an edit at the current time to the TROOUT file.

Adds a graphics edit at the current time to the TROGRF file.
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Pointer

LTITLE
LORDER

LILCMP

LIITNO

LITTOT

LISEQ

LVSI

LTRIP
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TABLE TII

FIXED SEGMENT ALIOCATIONS FOR THE BLANK COMMON AREA

Dimension

20*NUMTCR

NCOMP

8*NJUM

35*NJUN

12*NTRX

Array Description

Problem title (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 rearl.

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 used
for iteration).

Number of inner iterations during this time step

for each component (in the order used for
iteration).

Junction-component pair array, described in Table
Iv.

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, described in Table V.
Trip data array, described in Table VI.

Trip ID numbers of those trips which cause a dump
when they are activated.



TABLE IV
JUNCTION-COMPONENT PATR ARRAY

The JUN array is double subscripted, JUN(4,2*NJUN). The second index
indicates the order in which the junction-component pair was encountered
during input. The four values of the first index correspond to:

Index Description
1 Junction number.
2 Component number.
3 Component  type.
4

Junction direction flag.

=0 if positive flow in this component is into the component
at this junction, or

=1 if positive flow in this component is cut of the component
at this junction.
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TABLE V
BOUNDARY ARRAY DATA

The boundary array data are stored in a doubly dimensioned array,
BD(35,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 component connected to each junction which was last
processed. The fluid properties are evaluated at one of three space points:

1. at the edge of the mesh cell closéét to the junction,

2. at the mid-point of that mesh cell, or

3. at the other edge of that mesh cell.

The specific elements of the array are:

Index Description
1 Width of the adjacent mesh cell.
2 Volume of the adjacent mesh cell.
3 01d mixture density at 2.
4 Product of old vapor density and void fraction at 2.
5 01d energy density at 2.
6 01d mixture mass flow rate at 1.
7 01d void fraction at 2.
8 0l1d vapor density at 2.
9 01d liquid density at 2.

10 01d mixture velocity at 3.

11 014 relative velocity at 3.

12

0l1d specific vapor energy at 2.



Index
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

TABIE V (cont)

Description

014 specific liquid energy at 2.
01d pressure at 2. '
New void fraction at 2.

New vapor density at 2.

New liquid density at 2.

New mixture velocity at 3.
Flow area at 3.

New vapor energy density at 2.
New liquid energy density at 2.
New pressure at 2.

New mixture velocity at 1.

New relative velocity at 1.
Surface tension at 2.

New vapor velocity at 1.

New liquid velocity at 1.

New vapor velocity at 2.

New liquid velocity at 2.
Vapor viscosity at 2.

Liquid viscosity at 2.

Flow area at 1.

Hydrauiic diameter at 1.
Friction factor at 2.

01d mixture velocity at 1.
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TARLE VI
IMIP DATA ARRAY

Prip data arce atored in oa doubly MHuenaloned array, 'IRIPL2,NIRX) , whesre
the aecand subscr ipt 18 the trip Index.  The elamenta correpponding to the

flrat nubacript areg

I il ement. Doacr Iptlon
1 rem THRIP 1D nuinber,
2 1110 MIP glgnal numbor,
1 ml Flrat TRIP qualifier,
1 12 Hewomed PRIP quallfler,
5 m? fhird PRIP qualilfler.,
i ma Pemrthy TP cpialtifler,
1 1Y D TP mtatap £ lang,
) = Off
I = 0On
i ‘P TiID petpoint,
9 1w TP delay e,
10 PIATI Plane: ‘PRI tarnerd on,
I I fetpoint reachedd Fiag,
0 = Ho
I = Yep
12 PIMAP ‘Mine Herpolnt wadg reacherd,
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TABLE XIIX

STEADY--STATE CALCULATION EFFECTS

Subroutine 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.
TRPSET Trips are not activated.
TABIE XIV
EXAMPLE OF A STEADY-STATE CONVERGENCE EDIT
S‘I'EADY—STATEVTIME STEP # 8326 CQONVERGED IN 3 ITERATIONS.
TIME = 8.001E+01 DELT = 1.023E-02
VARIABIE MAXIMIM CHANGE RATIO COMPONENT CELL
VELOCITY 1.17924E+00 12 1
MIXTURE MASS 9.11400E-03 42 112
VAPOR MASS 0. 0 0
MIXTURE ENERGY 6.42201E-03 42 71
VAPOR ENERGY 4,55970E-01 32 3
TEMPERATURES 6.14202E-04 42 110
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TABLE XV

CONVERGENCE EVALUATION SUBROUTINES

Component Type

ACCUM
BREAK
FILL
PIPE

PRIZER

VALVE

Camponent

FILL
PIPE
PRIZER

VALVE
VESSEL

TABLE XVI

COMPONENT EDIT SUBROUTINES

First-Level
Subroutine

none

CWPIPE
CWPRIZR

CWVLVE
CWESSL

Subroutine
SACCUM
none

none

SPIPE
SPRIZR
SPUMP

SSTGEN

SVALVE

SVSSL

Lowex-Level

Subroutine

WFILL
WPIPE
WPRIZR

WVINVE
WVSSL
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TABLE XVIT
COMPONENT DUMP SUBRCUTINES

Conponent Subroutine
Type Name:
ACCUM DACCUM
BREAK DBRK
FILL DFILL
PIPE DPIPE
PRIZER DPRTIZR
PUMP DPUMP
STGEN DSTGEN
TEE DTEE
VALVE DVLVE
VESSEL DVSSL

TABLE XVIIT

TRAC STORAGE ALILOCATIONS

Storage Area ‘ Size (words)
COMMON/LCMSP/ 130 000
COMMON/SCM3D/ 15 000
BIANK COMMON 7 000
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TABLE XIX
ONE-DIMENSIONAL COMPONENT ARRAY STORAGE REQUIREMENTS

Coefficients for Total Array Requirements

Component
Type Fixed NCELLS NODES NCELLS* NODES

KOCUM 52 : 61 0 0
PIPE 24 70 4 5
PRIZER 62 61 0 0
PUMPA 24 70 4 5
STGENP® 51 73 69 4 5 4
TEEC 58 70 8 5
VALVED 24 70 4 5
FILL®

3Each PUMP also requires room in blank COMON for the pump curves. The stan-

dard TRAC pump curves require 215 words. Pumps controlled by time or pressure
tables require an additional 2*NPMPTX words.

bS’I’(‘:‘F&\Is have two sets of cells, primary and secondary. The numbers of cells are

denoted by NCELLl and NCELL2.
c:TE:Es have two sets of cells plus one phantom cell. Thus, NCELLS=NCELLI1-+NCELL2+1.
dVALVES also require 2*NVTX words for the valve table.

©FILL requires 2*NFTX words of array space.

TABLE XX

COMPONENT TABLE LENGTHS

Camponent Fixed Length Variable Iength Pointer
Type Table Tabla Table
ACCUM 20 20 100
BREAK 20 50 0
FILL 20 50 0
PIPE 20 100 100
PRIZER 20 20 100
M 20 50 120
STGEN 20 50 175
TEE 20 50 100
VLAVE 20 100 100
VESSEL 20 100 228
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MAIN

{0,0)
INPUT INIT DUmMP EDIT GRAF OUTER | |TWOTIM| | PWRSS
(1,0) (2,0) (3,0) (4,0) (5,0) (6,0) (7,0) (8,0)
ouT1D ouT3D
(6,1) (6,2)
Fig. 1.
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RELATIONSHIPS BETWEEN SCM AND LCM
STORAGE AREAS

SCM LCM

FIXED LENGTH TABLE h
VARIABLE LENGTH TABLE

4 DATA FOR
FLTAB COMMON AREA [//// /A POINTER TABLE . COMPONENT
ARRAY DATA #1

FIXED LENGTH TABLE <
VARIABLE LENGTH TABLE

s
VLTAB COMMON AREA [/ // POINTER TABLE DATA FOR
> COMPONENT
ARRAY DATA #2

FIXED LENGTH TABLE <
VARIABLE LENGTH TABLE

PTAB COMMON AREA

POINTER TABLE DATA FOR
r COMPONENT

#3

BLANK OR SCM3D
COMMON AREA

FIXED LENGTH TABLE <
VARIABLE LENGTH TABLE

POINTER TABLE

V

.

/// ARRAY DATA
Y

DATA FOR
L COMPONENT
ARRAY DATA #4

{etc.) { (ARROWS DESCRIBE DATA
FLOW WHEN PROCESSING

/ BEGINS FOR COMPONENT #2})

Fig. 2.
Storage areas in LCM and SCM.
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Overall Structure

KVSSL Pointer to LCM space for the VESSEL component.

NVSSL VESSEL component nunmber,
\

Ioop 1
Prologue

Subloop
Prologue

Repeats for each
Subloop subloop in ILoop 1.

Component
Data

Repeats for each
primary coolant loop.

1€
¥

{¢
1

Ioop 2
Prologue

Subloop
Prologue Repeats for each
Subloop subloop in Loop 2.
Component
Data -

¥

VESSEL
Junction
Data

Occurs once for
the entire system.

Fig., 3.
PWR initialization data structure.
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Loop Prologue Structure

WLPCL

WLPC2

NSLP

XIEE

Loop index.

Pointer to next loop.

First vessel cold-leg junction.

Second vessel cold-leg junction.

Vessel hot-leg junction.

Desired temperature at JNLPCl.

Desired mass flow rate through JNLPCL.

Desired mass flow rate through JNLPC2.

Nunber of subloops in this

Pointer to tee which joins

Sub-ILoop Prologue Structure

IsSL

KNSL

Sub~Loop Camponent Data Structure

Subleccp index.
Pointer to next subloop.

Subloop type index.

loop.

loocp pumps.

Number of sublcop camponents.

Pointer to subloop pup.

Pouinter to subloop steam generator.

Steam generator area.

Pump speed.

rooue

NUM

TYPE

loop.)
Pointer to ICM data.

Camponent nurber.
Camponent  type.

VESSEL Junction Data Structure

NCSR
JN
Repeats
vor each P
vessel
junction, H
w

(Repeats for each camponent in the

Number of vessel junctions.

Junction mmber,

Pressure inside vessel.

Enthalpy flow rate at junction.

Mass flow rate at junction.

Fig. 3.
(Cont.,)
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!

OITNO =0

NSTEP = 0

:

$

TIMET =0

PREPASS

]

EDIT

L

OITNO =
OITNO + 1

|

SELECT
DELT

OUTER
ITERATION

YES

CONVERGED
?

YES

OITNO = —1

'

POSTPASS

|

NSTEP =
‘NSTEP +1

¥

TIMET =
TIMET + DELT

¢

EDIT
DUMP
GRAPH

Fig. 4.

OITNO = —100

H

RESTORE TO
BEGINNING OF
TIME STEP

:

DELT =
0.1* DELT

Flow diagram for transient calculations.



PREPASS

ICOMP = 1

(ITNO = IITNO + 1]

]

k INNER \
ITERATION

CONVERGED
?

HTNO =0

UPDATE
BOUNDARY
DATA
ARRAYS

'

ICOMP =
ICOMP + 1

ALL

COMPONENTS
CONVERGED

POSTPASS

Fig. 5.
Outer iteration flow diagram.
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NSTEP « 0
STIME =0
DELT = DTMIN ca:k%m:f ‘
NORMALIZED
RATES OF
CHANGE
CONVERGED
ADVANCE ?
ONE e
{ TIME STEP
NSTEP =
NSTEP + 1
N l ‘
STIME - ] CALCULATL
STIME + DELT oo~
OPERATING
PARAMETERS
MOD YES
(NSTEP, 50) E 1
=0
U EDIT
\ AND
DuUMP
] NO
CONVERGED
?

Fig. 6.
PWR initialization flow chart.
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—-*BFIO%*—

Word indicating "beginning of file."

General
Information
Section

LContains problem description and size information.

Catalog

L Catalog describing data in following section.

—*m‘ IO*_

Word indicating logical "end of file" and beginning of next time

Time
Edit
Data

~ edit set.

> TRAC data saved for graphics editing at first time.

~*BFIO*~

Word indicating logical "end of file" and beginning of next time

-W edit set.

" TRAC data saved for graphics editing at second time.

~*BFTO*-

Word indicating logical "end of file" and beginning of next time

3

edit set.

EOF

Physical "End of File" mark.

Fig. 7.
Overall graphics file structure.
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=*HFIO*—~ Word indicating "beginning of file."

NUMTCR Number of title cards (first word on file).
NCOMP Number of components.
TITLE (1) W

[
Y

Title cards, 20*NUMICR entries.

coMP (1)

[ N ]
Y

Conponent types, NCOMP entries.,

v,
NCTX Number of catalog entries.
NWTX Length of each edit block.
IPKG Array packing density.

Fig, 8.
Structure of graphics file general information section.
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First

Entry

Second °
Entry

HOLL (1)

HOLL (2}

HOLL (1)

HOLL (2)

First packed word of description.
Second packed word of description,
First word of Hollerith description.

Second word of Hollerith description.

FIRST PACKED WORD OF DESCRIPTION

Icavp NUM

ITYPE

TL.RN

SEQOND PACKED WORD OF DESCRTPTTON

0 NWRD IPOS KPT
ICOMP - Component index
NUM ~  Component number
ITYPE - Data Typée
IIRN - Ievel/rod index
NWRD - Number of data words
IPOS - Iocation of data in memory
KPT - Location of data on disk
Fig. 9.

Structure of graphics file catalog.
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Block 2

—*BPTO*—

t3

Block 3

=*RFPTO*-

Word indicating "beginning of file."

NWTX words containing first edit block,

written at time tl'

word indicating logical "end of file" and
beginning of next time edit set.

NWTX words containing second edit block,

written at time t2.

Word indicating logical "end of file" and
beginning of next time edit step.

etc.

Physical "End of File" mark.

Fig. 10.

Structure of graphics file time-edit data section.



Graphics Catalog Edit Block (n)

WORD 1 tn

[\¢]

ICOMP
NUM
TPOS ITYPE
ILRN
J

KPT+1
En k o
Ty K9 % 3 KPT+2
HOLL (1) .
. NWRDS of
HOLL({2) . [ Data
"

KPT+HNWRDS-1

_\ NWIX | last Word

Fig. 11.
Graphics file catalog and time—edit data correspondeince.
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_*BFIO*_

DATE

TIME

LENFLT

LENID

ID

-*BFIO*—

DTIMEL

NSTEP1

DELT1

TD1

—*BFIO*-

DTIME2

NSTEP2

DELT2

NTRX

TD2

Word indicating "beginning of file"
Date of file creation.

Time of file creation.
Number of components .

Length of fixed length table.
Length of problem ID.

} Problem ID.

Word indicating logical "end of file"
Calculation time at first dump.

Time step number at first dump,

Time step size at first dump.

Mumber of trips

Trip data array at first dump,

Component dunp,

Word indicating logical "end of file"
Calculation time at second dump
Time step:number at second dump,

Time step size at second dump,

Number of trips

} Trip data at second dup,

etc.

Physical "End of File" mark.

Fig, 12.
Dump file owverall structure.



LOOMPL

ICoMpP2

LCOMP3

Reserved
Length of first component dump
Fixed length table for first componerit

Variable length table for first component

Array data for first component
(only required arrays are dumped)

Reserved
Length of second commonent dump

Fixed length table for second component

Variable length table for second component

Array data for second component
(only required arrays are dumped)

Reserved
Length of third component dump

Fig. 13.

Component dunp structure.
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TITLE T

IORDER

COMPTR

ITTNO Fixed Segment (see Table III)

IITOT Length = 20*NUMICR+6*NCOMP+45*NJUN+12*NTRX
+NDMPTR

PWR Initialization Data Area (see Fig. 3)

} Length = 3+10*NLOOP

+8*TOTAL NUMBER OF SUB-LOOPS

+3*TOTAL NUMRER OF SUB-LOOP
COMPONENTS

+4*NUMBER OF VESSEL JUNCTIONS

S Component Data Area
(Length for this area is discussed in the text.)

Fig. 14.
Blank common dynamic storage area organization.
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FLTAB

VLTAB

PTAB

ARRAYS

FLTAB

VLTAB

ARRAYS

1 Graphics Data Table.

<

- First Component Datas

4 Second Component Data,

} I1/0 buffers.

Fig. 15.
ICM data organization.
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APPENDIX A
THERMODYNAMIC AND TRANSPORT FLUID PROPERTIES

The thermodynamic and transport properties subroutines used in TRAC are
based on polynomial fits to steam table data. Transport property fits were
obtained from Ref. 1 and the thermodynamic property fits were obtained from
Ref. 2. Both the thermodynamic and transport property routines are used by
all of the component modules in TRAC.

I. THERMODYNAMIC PROPERTIES

Figure A-l shows a generalized flow chart for the THERMO subroutine which
supplies thermodynamic water properties for TRAC. The input variables are the
pressure and the liquid and vapor temperatures. The output variables include
the saturation temperature; derivatives of Ts' T,, and Tg with respect to
pressure; internal energy; density; enthalpy of each phase; the derivatives of
internal energy, density, and enthalpy with respect to pressure for each
phase; and finally the derivatives of internal energy and density with respect
to temperature for each phase. THERMD also includes an ideal gas option for
calculating the density and internal enerqgy and their associated derivatives
with respect to pressure and temperature.

The range of validity for the thermodynamic properties supplied by THERMO
is currently as follows:

TR. > 273.0 K,

Ty > 273.0 K, and

p < 190.0 x 10° Pa.

Polynomial equations for the various properties used in THERMD are given
below. Values of the polynomial constants are given irn Table A-I.
A. Saturation Properties

1. Temperature
€
Tg = °1(a14 p) “ + cy for T < 647.3 K
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and
aT a
s _ 2
B ay (a14 p)
2. Internal Energy

=c. +cC 1.0
s 6 7 cgtp

& = C12 * (e P ¥ 3P

% _ . [ Lo}
7 c8+p
and
3 13 t2cy P
3. Heat Capacity

[ h

and
Bcps
op
4. Enthalpy

!

and
Mys _ e
op P 9s

where
gg = Cg * (e P+ cyp)p
and

9g = €15 + (c)7 P + Cy¢lp

B. Liquid Properties
1. Internal Energy

e2,=52,0+s£1T2,+522T§,+s
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aT
ap

23

for Tg < 647.3.K

6

for p < 2.0 x 10" Pa,

6

for p > 2.0 x 10" Ppa,

6

for p < 2.0 x 10™ Pa,

6

for o > 2.0 x 10 Ppa,

forp<2x106Pa

6

for r > 2 x 10 Pa.

b

. for T, < 573.15 K ,



2 3

de 2
L. for T, < 573.15 K
8_'17;-52,1+252.2T2.+352.3T2, 1y '
e 42 T+3sh3T2 for T, > 573.15 K,
3T,  onl '~ h2 "2 ) %
and
de
o = 0.0 (el is not a function of pressure;j.
2. Density
Py = Cg7 + (S45 &) legglcys o) +cpgl + o) p
Bpl
Ss51
and
ap de
L _ 2
aT, ~ 135 * (G5 8p) agl 9T,
3. Enthalpy
h,=e, + E-
A Py
and
sh, =[aesl a-rs]+ 1 p gy AT . gy
~9p 9T. op Pay 2 aT_ 9p 3p )
S s (pgg) s

oh
L.
Note that at saturation Tl is replaced by Ts in the above equations ( a; is
an example) .

C. Vapor Properties

1. Superheated Vapor: (T g ;I‘S) >0
a. Internal Energy

e =e_+a [(T—T)-!.(TZ_B)%_ AII_:§ .
g s 12 g s g C s - 1.0)
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where

where
1-0
k=a (e.-e)) + T [1.0 + — ] ’
13 g s s (al:Ll cps 1.0)
oe de
g - -1 (2)(ro-5) & .2 28],
P 2 a'rg Kk P P
where
de 1.0
kK _ _ S+ |10+ :
p 13 3p [ (all cps - 1.0)
ac,
1.0 2]
-T a r
s 11 _ 2 ] ap
[( 1 cps 1.0)
and

3
8 _ 2.0 | o), Ts 21 %Cps
rI"s (a

op p _ 3 p
cps 1.0)
b. Density
9 = T =1.0) 5 (e - '
[(gg = 1.0) &g + Cyg (g5 = &7)]
apg _ _(aeg Cog pg
3Tg aTg (gg = 1.0) e + Cog (eg - es)
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and

ap °g de
9 = 1.0 _ s - - _S
w®  fg)p [%( 3p> *(9g = 1.0 - cye) 55 ]

9 Je
g (=9 (=)-
(gs -1.0) e, + o6 (eg - es) l aeg ap
where
ags 6
W=c10+a16p for p < 2.0 x 10” Pa ,
ags 6
B 6 + a9 P forp > 2.0 x 10" Pa ,
and
g _ ~ %26 Pq
389 [(gS - 1.0) e_ + Cye (eg - es)]
c._ Enthalpy
h = e_+ ___P_
g g Og
and
dh de 2p
= 92 + —l- - P -9 .
ap ap pg op

2. Subcooled Vapor (T -T) 2o

o

=g
a. Internal Enerqgy

c
= - _Ps_
eg es+ (Tg Ts) c '
24
de c
= =
ag Cyy
and
%e _ (3eg> il _ Co4 [aes . g~ ©s) (acps>] )
ap aTg ap cps ap Cps ap
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g T [lg, - 1.0) e
9
T
g ‘g \%g

and

(=]

w2 - el - e (EHE)E

3. Ideal Gas (Air)
These properties are presently used only for the vapor phase in an

accumulator component.
a. Internal Energy

= T
s g g *
= C ’
aT
g vg
and
oe
ap = 0-0 -
b. Densitx
= _p
P = )
RT
J g
%g _ 1.0
p RT '
and
a 7
Dg - -z 2p
oT pg ap ’
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where R is the universal gas constant divided by the molecular weight for air.
This completes the equation set description for the thermodynamics
properties. Next, we proceed to a description of the transport properties.

TI1. TRANSPORT PROPERTTES

Figure A-2 shows a generalized flow chart for the FPROP subroutine which
is used to obtain transport water properties for TRAC. The input variables
for this routine are the saturation temperature, pressure, enthalpies of each
phase, vapor density, and the vapor temperature. The output transport
variables include the latent heat of vaporization, surface tension, constant
pressure specific heat, viscosity, and thermal conductivity of each phase.
The transport property calls are function calls within the FPROP subroutine.

The polynomial equation fits for the transport properties used in FPROP are
now described.

A. Latent Heat of Vaporization

h = -
g th hsl
where
. 2 3 4
hog =hg+hy p+hy, P +hgy B 4hy o
_ 2 3 4
hgg =hyy +h. p+hy, B +hy B othy, pl4h, S,
and
50 = 2.739623397 x 10 hy, = 5.747471844 x 10
_ -2 _ ) 1
hy = 3.758844554 x 10 hy, = 2.052062386 x 10
_ -9 _ -8
hy, = -7.163990945 x 10 hy, = -2.805106994 x 10
h. = 4.200231947 x 10 1° h,. = 2.380982843 x 10 1°
g3 23
_ -24 -22
h, = =9.850752122 x 10 h, . = -1.004266028 x 10
g4 14
h,_ = 1.65869 -30
g5 = 1.658695956 x 1070 .
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B. Constant Pressure Specific Heats

1.0
ho.[ho. @y, + &1y P+ (Cgy + Gy P)]" by, ¥ Py Pl

Cos
and
1.0
C LB je——————
Pg (z, + 2, hg)
where
z, = p (czg p+clg) +c0g ’
and
b. = 2.394907 x 10 b. = -5.196250 x 10 13
0% . 12
_ 11 _ -18
Gpy = 1.193203 x 10 ¢, = 2.412704 x 10
-17 —-24
dy, = -3-944067 x 10 a,, = -1.680771 x 10
- -4 _ ~10
b, = -5.2568962 x 10 c. = 3.2441688 x 10
0g 0g
-11 -18
~ —3.440577 -
by, 3.4405779 x 10 Gy = 3-7348130 x 10
b, = 7.0081327 x 10712 c. = =2.9133521 x 10 2°
29 29

C. Fluid Viscosities
1. Lig_]_id
Polynomial coefficients for the data in this section are given in Table

A-TI. The polynomial data for liquid viscosity is divided into three

different enthalpy ranges. For hp“ < 2.76 % 105 J/kg,

2 A
[‘aon'auxi*azz xi'”‘3szx *ay ]

2 3 4
_ [b0£+bu n+by n°+by n” +by M ] (- p;) v
where
X; = (hy - 42658.84) h
and
n = (h, - 55358.8)

®ho °
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In the range 2.76 x 10° < h < 3.94 x 10° J/kg,

2 3
My = [eoz tepg by teyy hy tey

2 3
gt i, b +f3zh2] (P - p;)

+[foz+f g T i My

1

For hg > 3.94 x 105 J/kg,

_ 2 3 4
) ‘[doxz.*duzi"dzzzi *d3p 2y vy 2|y

where

z, = (hR. - 401467.6) hOO .

2. Vapor
Polynomial coefficients for the vapor viscosity data are given in Table

A-III. The data are divided into three vapor temperature ranges. For Tg <
300°C,

= (b, T + -
u (lggclg)p(d

g T),

g ‘g~ €19 g
where T_ is in %. For 300 < T, < 375%,

2 3
= (b, T + + £ +f T +f T 4f T]
Mg Byg Tg * €19 pg[ 0g " "1g ‘g ‘29 g “39 g

3
+ + T + 72 4 T [ +a +a, p2] .
pg[gog F1g g T F2g g T I3g g] %g * %19 P9 ngg]
For the range Tg > 3750C,

. 2

v = (b, T +¢ + + +

g brg Tg * G1g pg[aog 8g Pg T Fzg pg] :
D. Fluid Thermal Conduc ivities

The liquid thermal conductivity is given by

_ 2 3
Ko = o tag xta, x tasx ,
where
% = h,/5.815 x 10°
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and

o = 0.573738622
a9, = 0.2536103551
9 = -0.145468269

Q3 = -0.01387472485 .
For the vapor, the thermal conductivity is given by

p, 2.1482 x 10°
kg =Xty Rt 732 ’
g
. .. 0O
where Tg is in C,
- 2 3
x = k _ . +k T +k T +
1 g0 gl g g2 g k93Tg ’

X, = By thy T tR, T

and
kgo = 1-76 x 1072 by = 1.0351 x 1074
ky =5.87x 107 b, = 0.4198 x 107
kgp = 1.04 x 107 b, = -2.771 x 1071
kg = -4.51x 10711

E. Surface Tension

o ql-2

- - S
o = 0.0755 [1.0 - m] for TS 1374.15 °Cc and

o =0 for Tg > 374,15 °C .

This completes the description of the functional fits to the water transport
properties.

III. VERIFICATION

The thermodynamic and transport property fits used in TRAC have been
compared (see Ref. 2) with steam table data over a wide range of parameters.
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The agreement is satisfactory in the saturation region and in the superheated
steam region for 1.0 x 105 Pa < p < 100 x 105 Pa and 423.0 K < Tg <

823.0 K. The agreement is also good in the subcooled water region for 373.0 K
<7, < 523.0 K and 0.4178 x 106 J/kg < e, < 1.0808 x 106 J/kg.

Further verification was performed by comparing the TRAC polynomial fits
with the WATER package (Ref. 1) over a wider range of nonequilibrium (99 K of
both superheat and subcooling) for a pressure variation of 1.0 x 105 Pa to
2.0 x 107 Pa. The comparisons showed good agreement for both the thermody-—
namic and transport properties throughout the saturation and nonequilibrium
regions except for verv extreme cases. For instance, the vapor specific heat
equation fit used in TRAC diverges to infinity at saturation conditions above
1.8 x 107 Pa pressure. Also, at high degrees of subcooling or superheat,
some inconsistencies are noticed. However, it should be pointed out that
since there are no data to compare with in these extreme cases, it is impos-
sible to make an adequate comparison between TRAC and the WATER package.

In conclusion, for most of the applications that TRAC wili be used for,
the thermodynamic and transport property routines provide realistic values
over a wide range of interest. Also, the simplified polynomial fits provide

an efficient and low—cost method compared to other approaches such as steam
table interpolation.
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'_‘O '_,O LDQ mQ \'Q mQ u10 pQ wO NQ '__O
o

'—l

0
N

0
(V¥ ]

1=

o} '_,O '_,O
(S,

e
g o

R N T

mm

v N

= - 2.548 x 10

!

il

117.8

0.223

255.2

958.75

- 0.8566
2619410.618

- 2.995 x 1010
3.403 x 10°
1.0665545

1.02 x 1078

15

2589600. 0
6.350 x 1073
- 1.0582 x 10
1.0764
3.625 x 10
- 9,063 x 10

9

10
17

= C-C,/Cog

= 2-C

C2 -1.0

= C4+Cs/Cys

C5 -1.0

Ca5°Cyo

2:C45°Cyg

4-Cy4°Cys

3:C43°Cys
42 €45

- 1.4655677 x 10°

6.926955 x 10°

= - 7.7423067

7.2803006 x 10>

TABLE A-I1
POLYNOMIAT, CONSTANTS

MO
o

MO
=

MO
w

NQ
>

I\JO
[=))]

I\JO
=]

.bO
o

.bo
—

.bO
)

.bﬂ
w

.bO
s

.bO
(%]

.bO
~J

-]

Obﬂ .bO
O

g

L
w

*h3

FOR THERMO

= 461.7

= 2.0 x 10°
= 647.3

= 1.3

= 0.3
=1.0 x 10
= 273.0

= 239.36
= 2.7867
= - 5.77626

= 3,938

=1.0 x 107°
= 1000.0

= - 0.15 x 10°
= - 20.0

= 0.657 x 10°°©

5

C417C45
= 2:Co/ (Cyy1Cy0)
= A - (L.01C,)

= l.O/A13
= l.O/C28
= l.O/C23
=2:Cpy

=2°Cy

= 2°Cyg

= - 8.9

= 2.3639439 x 10%
= - 77.434017

= 7.0215574 x 102
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TABLE A-II

LIQUID VISCOSITY POLYNOMIAL COEFFICIENTS

1.299470229 x 1073

0%
_ . -4
aj, 9.264032108 x 10
_ -4
a,, = 3.81047061 x 10
ay, = -8.219444458 x 1072
-6
a,, = 7.022437984 x 10
-4
dyg = 3-026032306 x 10
d), = -1.83660689 x 1074
dy, = 7.567075775 x 107
dy, = -1.647878879 x 107
dyg = 1.416457633 x 107°
-11
£y, = —3-8063507533 x 10
16

£15 = 3.9285207677 x 10

£,, = —1.2585799292 x 10721

£, = 1.2860180788 x 1027

hgy = 3.892077365 x 107
e = 5.53588 x 10%
cOn ¢ X
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0L

o

12

o

24

o

32

-6.5959 x 10 12

6.763 x 10 12

-2.88825 x 10 12

4.4525 x 10713

1.4526052612 x 10>

-6.9880084985 x 10>

1.5210230334 x 10 14

-1.2303194946 x 10 2

8.581289699 x 10 °

4.265884 x 104

6.894575293 x 10°

6.484503981 x 10 °

4.014676 x 10°

0



TABLE A-ITT
VAPOR VISCOSITY POLYNOMIAIL COEFFICIENTS

3y = 353X 1078 byg = 0.407 x 1077
a)y = 6765 x 107 Crg = 8:04 X 107°
8y = 1.021 X 10714 d) = 1.858 x 1077
e]_g = 5.9 x% 10-]'O
£ = =0.2885 x 107> g. = 176.0
0g Og
£1q= 0-2427 X 1077 9y = 1.6
fhg = ~0-678933 x 10710 9y, = 0-0048
faq = 0.6317037 x 10713 93 = -0.474074074 x 107

5

237



INPUT p, T,. T,

!

INITIALIZE POLYNOMINAL
CONSTANTS

!

CALCULATE SATURATION
PROPERTIES
aTs Bes

Ts Tp % B

1

CALCULATE LIQUID

IDEAL GAS TEST

PROPERTIES
de, Qe CALCULATE
6 —m — ‘ IEOS £ 0 VES IDEAL GAS
AT, op TV PROPERTIES
dh, dp, Op, NO e .ae_g ie_g.
ap an- ap ’ aTQ 9 aTg’ ap upg,
y
CALCULATE VAPOR ap * oT,
PROPERTIES
e de oh
e R | To e
o 9T * op * "9’ ap * {
%g D0y
Py ép ’ aTg

Fig. A-1l.
Flow chart for thermodynamic water properties routine THERMO,
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INPUT VARIABLES:
TePhehep, T

CALCULATE LATENT HEAT

OF VAPORIZATION
h, = hsg" h,,

g
CALCULATE CONSTANT PRESSURE

SPECIFIC HEATS:

Can” flh, p)

Cog = f(hg, p)

1

CALCULATE FLUID VISCOSITIES:
u, = flh,, p)
Mg = flh, P, oy, Tg)

l

CALCULATE FLUID THERMAL
CONDUCTIVITIES:
.= fih)
kg = f(hg, P, Pg, Tg)

l

CALCULATE SURFACE TENSION:
o = Hp, Ts)

Fig- A-2-
Flow chart for transport water properties routine FPROP.
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APPENDIX B
MATERTAL PROPERTIES

I. INTRODUCTION

An extensive library of temperature-dependent material properties is in-
corperated in the TRAC code. The entire library is accessible by the vessel
component, while ex-vessel components have access to structural materials pro-
perty sets only. There are 10 sets of materials properties which comprise the
library, each set suplying values for thermal conductivity, specific heat,
density, and spectral emissivity for use in heat transfer calculations. The
first five sets contain properties for nuclear heated or electrically heated
fuel rod simulation. Included are: nuclear fuels Zircaloy cladding, fuel-
cladding gap gases, electrical heater rod filaments, and electrical heater rod
insulating material. The last five sets-are for structural materials in-
cluding stainless steels, carbon steel, and Inconel.

Figure B~1 illustrates the calling tree for obtaining the property val-
uves. The subroutines MFROD and MPROP are simple processors for calculating
the average temperaturc and calling the appropriate subroutine based on the
user-supplied material index. Subroutine FROD controls the fuel-ciad gap con-
ductance and fuel rod thermal conduction calculations. The material indexes
used in the library are:

- mixed oxide fuel

- Zircaloy

- gap gases

- boron nitride insulation
Oonstantan/Nichrome heater
- stainless steel type 304
- stainless steel type 316
- stainless steel type 347
- carbon steel type AS508

10 - Inconel type 718.

Gap gas properties are calculated only when the dynamic fuel-clad gap heat
transfer coefficient option is used.

W O O B b W N -~
|
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II. NUCLEAR FUEL ([.DZ-Puoz) PROPERTIES

Subroutine MFUEL calculates the properties for mixed oxide nuclear fuels.
Values obtained are influenced by three user-supplied input variables: frac-—
tion of theoretical density, fraction of plutonium oxide in the fuel, znd fuel
burnup. Pfoperty changes upon melting are not included in this code version.

A. Density

The mixed oxide fuel density is calculated with a correction factor to
account for thermal expansion, which is assumed to be axisymmetric:

o = &/(1+3 ML),

= density (kg/m),

a = £_[Q-f,  )p. +F¢£ 1
™ Puo,’ o0, © “Puo, Pruo,
fTD = fraction of theoretical fuel density,

fPuO = weight fraction of PuO2 in fuel,
= 1.097 x 10%,
= 1.146 x 10%, ana

AL/L = linear thermal expansion.

The value calculated for the linear thermal expansion is based on the MATPRO
formulation: L

AL/L ac)+ach+a2Tc+.313Tc ’
where

Tc = fuel temperature (OC)
and
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UO2 U02 - P1102

a, = -4.972 x 1074 -3.935 x 1074

a, = 7.107 x 107° 8.495 5 x 19'6
a, = 2.581x 1072 2.151 3 x 1077
a; = 1.140 x 10713 3.714 3 x 10716 |

B. Specific Heat
The mixed oxide fuel. specific heat correlations are taken from the MATPRO
1
report:

by bi exp (by/T)
c, = 15.496 | =5 5 + 20,7
T (exp (b4/‘1‘) - 1) ’
by bg
b, T
6
where
c = specific heat capacity (J/kg K},
T = fuel temperature (K),
and
& | o, -~ Puo,
b, = 19.145 19.53
b, = 7.847 3 x 1074 9.25 x 102
b, = 5.6437x 108 6.02 x 10°
b, = 535.285 “539.0
by = 37 694.6 40 100.0
b = 1.987 1.987 .

C. Thermal Conductivity

The mixed oxide fuel thermal conductivity correlations are taken from the
MATPRO reportl

<
For Tc < Tl'

and include porosity and density correction factors.
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[ o]
1
k=c [cz"+' T +cyexp (c, Tc)] '

and for Tc > Tl'

k=c[c5+c3exp(c4Tc)] '
where
Tc = temperature (OC) ’
1-8(Q4Q-f£f.)
- 1D '
¢ = 100.0 [ 1T-0.05F ]

B=cG+c7Tc,

fTD = fraction of theoretical density,

and
vo, vo,, - Puo,
o, = 10.4 33.0
c, = 464.0 375.0
c; = 1.216 x 1074 1.54 x 1074
c, = 1.867 x 107> 1.71 x 1073
g = 0.019 1 0.017 1
cg = 2.58 1.43
c; = -5.8 x 167 0.0
T, = 1650.0 1 550.0 .

D. Spectral Emissivity

The mixed oxide spectral emissivity is calculated as a function of temper-.
ature based on the MATPRO correlations. The values for U0, fuel and 00,5~
PuO, fuel are assumed to be equivalent:
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€ = 0.870 7 for T < 1 000 °C

€ = 1.311 - 4.404 x 1070 T for 1 000 < T < 2 050 °C,
and

e = 0.408 3 for T > 2 050 °C.

ITT. ZIRCALOY CLADDING PROPERTIES

Subroutine MZIRC calculates the properties for Zircaloy and oxidized zirc-—
aloy cladding. The values obtained are for Zircaloy-4. Zircaloy-2 properties
are assumed to be identical. The equations used are based on the correlations
in the MATPRO report.l

A. Density

Zircaloy cladding exhibits an asymmetric thermal expansion behavior.
Thermal expansion is calculated in the radial and axial directions and these
effects are included in the density calculation:

_ 6 551.4
P=1TF15 (AL/D)_+ (AL )
where
(AL/D) | = - 2.373 x 107 + 6.721 x 107 T_
_ -4 -6
(AL/L)z =-2.506 x 10 ~ + 4.44]1 x 10 Tc

for T £ 1073.15,

(AL/L) | = 5.1395 x 1073 - 1,12 x 107 (T_ - 1073.15)

(BL/L) , = 3.5277 x 10~ - 1.06385 x 107 (T_ - 1073.15)

for 1073.15 < T < 1273.15,

(OL/L) 3

- 6.8%x102 +9.7x10° T,

3

(AL/1)_ = - 8.3 x 1073 + 9.7 x 1076 T_
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for tc 1273.15 and
TE = tenperature (Ob).

B. Specific Heat

Since zircaloy undergoes a phase change (alpha to beta) from 1 090 to
1 248 K, with a resultant sharp spike in the specific heat value during the
transition, the specific heat is calculated by linear interpolation. The fol-
lowing table of specific heat vs temperature is used for T < 1 248 K:

T () c_ (J/kg K)
300 281
400 302
640 381

1 090 375

1 093 502

1113 590

1 133 615

1153 719

1173 816

1193 770

1213 619

1 233 469

1 248 356

and for T > 1 248 K,
% = 356 J/kg K.

C. Thermal Conductivity

Four-term polynomials are used to calculate the Zircaloy and oxidized Zir-
caloy thermal conductivities. Temperature in kelvins is the independent vari-
able and the polynomial constants are given below:

Z
Zr 7r0,
a, 7.5 1.96
a,  2.09 x 1072 —4
. 2.09 x 10 -2.41 x 10
a, -1.45x 107 6.43 x 107/
a;  7.67 x 107 1.95 x 10710
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The form of the polynomial used in this section and the subsequent materials
properties sections is:

2 m
= + + + ... + .
Yy = a, alx a, X a x

D. Spectral Emissivity

The emissivity of Zircaloy is temperature dependent and the emissivity of
Zircaloy oxide is temperature and time dependent. For simplicity, a constant
value of € = 0.75 is currentiy used.

IV. FUEL-CIADDING GAP GAS PROPERTIES

Subroutine MGAP calculates values for the gap gas mixture thermal conduc-~
tivity which are used in predicting gap heat transfer coefficients.
The method is taken from the MATPRO report1 and is based on calculating mix-
ture values for a possible seven constituent gases:

k. x.
Kgap = Z ; - ’
i=1 s + Z wij xj
j=1
A
where
kgap = gap mixture thermal conductivity (W/m K},
M. ~ M. M. - 0. .
by = by [1+2.41 01 ~ M) (120142MJ) ,
M, + Mj)
2

T00)
=)
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k. = constituent gas thermal conductivity (W/m K),

M. = constituent gas molecular weight, and

X. = constitvent gas mole fraction.
The seven constituent gases considered are helium, argon, xenon, krypton, hy-
drogen, air/nitrogen, and water vapor. Except for water vapor, their thermal
conductivities are defined as follows:

k = aTb,

where
T = temperature (K),
and
a b

helium 3.36 x 1073 0.668
argon 3.421 x 1074 0.701
xenon 4.028 8 x 10™° 0.872
krypton 4.726 x 107> 0.923
hydrogen 1.635 5 x 104 0.821 3
air/nitrogen 2.001 x 1073 0.846 .

For water vapor the following correlation is used:

k = (2.2428 ¥ 107 + 5.0534 x 10 10 7 - 1.853 x 10714 72 ;‘1

2
1.0085 p
+ g

5+ 176 x 1074 + 3.261 x 100 7
2 (1-273)%

+3.209 x 10 8 1% - 7.733 x 10722 73,
where

P = gap gas pressure (N/mz) .
When the gap dimension shrinks to the order of the gas mean free path, a cor-
rection factor is applied to the light gas thermal conductivities to account
for the change in energy exchange between gas and surface. Once again utili-
zing the MATPRO recamnendatims,l the correction factor for hydrogen and
helium is:

k.

k = ———i——r
1+fki
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0.2103 VT
£ = =R ’
g
Tg = average gap gas temperature (K), and »
A" = characteristic fuel RMS roughness = 4.389 x 10 = m.

V. ELBECTRICAL FUEL ROD INSULATOR (BN) PROPERTIES

Subroutine MBN calculates values for boron nitride insulators which are
used in electrically heated nuclear fuel rod simulators. Magnesium oxide in-
sulators are assumed to have roughly equivalent values.

A. Density
A constant value of 2002 kg/m3 from Ref. 2 is used.

B. Specific Heat

A four-term polynomial is used to calculate the specific heat. The inde-
pendent variable is temperature in degrees Fahrenheit and the constants are
modifications of those reported in an EPRI report:3

ao al az 53

760.59 1.7955 8.6704 x 102 7

1.5896 x 10

C. Thermal Conductivity

The boron nitride thermal conductivity is calculated based on a conversion
to SI units of a curve fit reported in Ref. 4:

k = 25.27 - 1.365 x 1073 T, .

where

k = thermal conductivity (W/m K), and
Tf = temperature (°F) .

D. Spectral HBmissivity

A constant value of unity is used for the boron nitride spectral
emissivity.
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VI. ELECTRICAL FUEL ROD HEATER QOIL (CONSTANTAN) PROPERTIES

Subroutine MHTR calculates property values for constantan heater coils as
used in electrically heated nuclear fuel rod simulators. Nichrome ocoils, used
in same installations in place of Constantan, are assumed to have similar pro-
perties. The correlations used are from Ref. 4.

A. Density
A constant value of 8393.4 kg/m3 is used.

B. Specific Heat

cp = 110 T0'2075,
where

cp = gpecific heat (J/kg K) and
Tf = temperature (OF) .

C. Thermal Conductivity

k=29.18 +2.683 x 107> (T, - 100),
where

k = thermal conductivity (W/m K) and

Tf = temperature (°F) .

D. Spectral Emissivity
A constant value of unity is used.

VII. STRUCTURAL MATERTAL PROPERTIES

Subroutine MSTRCT supplies property values for five types of structural
materials normally used in light water power reactor plants: stainless steel
type 304, stainless steel type 316, stainless steel type 347, carbon steel
type AS08, and Inconel type 718. A tabulation of the correlations used and a
list of associated references are given in Table B-I.
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TABLE B-I. STRUCTURAL MATERIALS PROPERTIES

Indep. Polyaomial Conectanta
Materisl Property Variable a, a, 8, ay a, ' a a, Ref .
[ T 7985.0 —2.65110 % | -1.158x20™
“p T 426,17 0,43816 -6.3759x107% | 4.4803x10"7 | -1.0729x10729
85 304 x T 8.116 1.618x1072 5
€ - 0.84
P T 8084.0 -4.200x107t | -3.854x107°
55 316 ¢ T 426.17 0.43816 -6.3759x107% | 4.4803x1077 | -~1.0729x10°30 5
X T 9.248 1.571x10
€ - 0.84
p - 79130
55 347 < (Tg-240) 502.416 0.0984 4
k T 14.1926 | 7.269x1073
€ - 0.84
P T, 7859.82 -2.6428x1072 | -4.5471x107% | 3.3102077
A 508 < T, 400.48 o.use2 s.ss:zx1o': 5.3607x10': , &
k T 66.1558 | -1.4386x107% | -2.6987x107% | 1.8306x107% | -6.0673x107% |[1.0524x1071% | -9.2603x1071%{ 3.1597x120718
€ - 0.84
p T 8233.4 -1,8351x107F | -9.8415x20™% |-6.5343x107
1n-718 < T, 418.18 01204 s
x 1, 10.8046 | 8.829x10
€ - 0.84
p = density (ksln3) T = cemperature (K}
cp = specific heat (J/kg K) 'l.'! = temperature (°F)
k = thermal conductivitiy (W/w K) ¥ =8, tax+ qzxz + .. nnx'
€ = spectral emissivity



EX-VESSEL

COMPONENTS VESSEL
MPROP CORE
MFROD FROD
GAPHT
MGAP
MSTRCT
| |
MZIRC MBN
MFUEL MHTR
POLY LININT
Fig. B-l.

Material properties code organization.
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APPENDIX C
PWR SAMPLE PROBLEM

The purpese of the PWR sample problem presented in this appendix is to
give the user an idea of how a large, complicated TRAC problem is set up. A
typical U.S. four-loop PWR design, which combines features of a variety of
different Westinghouse PWR designs,l'4 has been chosen for the sample prob-
lem. The first part of this appendix discusses, in some detail, the TRAC geom—
etry and noding for the four lcops, the vessel, and the emergency core cool-
ing (BC) systems. The second part discusses the results of a steady-state
calculation performed for this PWR. Also included in this appendix is a list-
ing of the steady-state input deck and a listing of a restart input deck used

to begin the transient calculation (a double-ended quillotine cold-leq break).

I. GHOMETRY AND NODING

Figure C-1 shows a schematic of the loop and vessel arrangement used to
model the PWR. Shown in this fiqure is the loop which contains the pres-
surizer, another loop which represents two of the other typical PWR loops
(these two loops are modeled separately in the actual TRAC calculation), and a
third loop which represents the broken loop. Also shown in the fiqure are
junction numbers (circled numbers) and component numbers (numbers in
squares). These junction and component numbers can be used as a quide when
referring to the input listing shown at the end of this appendix. There are a
total of 42 components and 45 junctions. As can be seen from Figure C-1, each
of the three intact cold legs includes a TEE connected to a FILL,which models
both the high- (HPIS) and low-pressure (LPIS) injection systems, and also a TEE
connected to a VALVE and an ACCUM component. There are no BCC systems in-
cluded in the broken cold leg because it was assumed this system was not oper-
ational and would not significantly affect the transient. It should be men-
tioned that this PWR settp includes at least one of every type of TRAC com—
ponent module. :

Almost all of the dimensions for the pipes and tees in each of the loops
were obtained from the RELAP input5 for the BE/EM stuﬁy.3 Figure C-2
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shows the noding for the three unbroken cold legs from the vessel to the steam
generators including the BCC systems. Most of the cells in the pipes and tees
are on the order of 1 - 2 m long, except where geometry considerations forced
the use of smaller cells. As a rule of thumb, 1 - 2 m cells are optimal for
most ane-dimensimal components. The HPIS and LPIS are combined into one in-
jection tee connected to a FILL module on each of the three unbroken cold
legs. The actual HPIS and LPIS flow rates, which also were obtained from the
BE/EM study, are combined through this tee when these two systems are actuated
by trips Auring the transient. The accumulator size and initial conditions
(shown on the input listing) were obtained fram the BE/EM study. As can be
seen from Fiqure C-2, the accumulators are connected to a valve which is trip-
ped open when the valve pressure on the loop side decreases below 4.08 x 106
Pa. The pump characteristics such as speed, head, torque, and dimensions,
were alsc obtained from Ref. 3. These details for the pump components can be
found in the input listing.

Figure C-3 shows the Adimensions and noding for the hot leg which contains
the pressurizer. A tee connects the vessel to the steam generator and the
secondary side «;f the tee is used to model the long surge line connecting the
pressurizer to the hot leg. Data for the tee dimensions and the pressurizer
ccnditions were again obtained from Ref. 3. Geometrical data for the steam
generators were obtained from a steam generator sample pr:oblem.6 The only
difference between the hot leg containing the pressurizer, shown in the fig-
ure, and the other three hot legs is that the tee is replaced with a pipe con~
necting the vessel to the steam generators. The mesh cell sizes in the pres-
surizer are quite large away from the water exit (2.0 m) and are 1 m long near
the exit.

Figure C-4 shows the noding for the broken cold~leqg pipe ard gives the
noding used for the pipe during steady state and the noding chosen for the
break. During the steady-state calculation all the pipes are calculated using
the semi-implicit option in TRAC. At the beginning of the transient (as shown
in the transient restart listing), the pipe is divided into two fully implicit
pipes connected to two breaks (at atmospheric pressure) to model a double—
ended pipe break.

The three~-dimensicnal vessel is the most complicated and time-consuming
TRAC module to set up because the user must accurately calculate the three-
dimensional flow areas, volumes, and other parameters to ensurz a proper
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geometrical representation of the vessel. Figqure C-5 shows the noding scheme
used for the PWR pressure vessel and its associated internals. As can be
seen, there are 8 angular, 5 radial, and 10 avial nodes totaling 400 TRAC
cells. This noding distribution was chosen to define the following regions in
the vessel: core, upper and lower plenums, upper head, barrel-baffle section,
and the downcamer. The positions of the axial nodes correspond to major flow
restriction locations such as the flow distributor plate, lower core support
plate, and upper core support plate. The location of the azimuthal nodes ac-
conts for the eight vessel penetrations (four hot legs and four cold leqs),
while the radial noding accounts for the three major radial power regions (or-
ifice zones). The radial noding also defines the barrel-baffle region and the
dowmecaner. ‘

The lower plenum consists of two axial levels, one of which extends from
the vessel bottom to the flow distributor (mixer) plate. The other level ex-
tends from the flow distributor plate to the lower c-re support plate. There
is a large amount of structure in the first level such as instrumentation
tubes and quides, the core support dome, outer support ring, and the flow dis-
tributor plate. The instrumeritation assemblies are nonuniformly distributed
throughout the first, second, and third radial zones,and they extend from the
bottam of the vessel to the core. The flow distributor plate is located at
the top of the first axial level above the core support dome. It has various
penetrations in it to allow for core orificing and instrumentation tubes. All
of these structures and penetrations are accounted for in the TRAC input by
calculating the aporopriate flow areas in the r,0,z directions, the liquid
volume fractions, and the heat slab areas and masses.

The second axial level in the lower plenum consists of the flow distrib-
utor plate, core bharrel, lower part of the thermal shield in the fifth radial
region, lower covre support plate, and the upper portion of the instrumentation
assemblies and supports. The lower core support plate, as well as the flow
distributor plate, extend radially into the fourth region where the core bhar-
rel is located. The thermal shield extends about half the axial distance into

the second level and is located in the fifth radial region between the core
barrel and the vessel wall.
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The core region consists of five axial levels. The axial boundaries of
the core are located at the umper and lower core support plates while the rad-
ial core boundary is located at the core shroud. Five axial levels in the
core were used to give a goxd representation of the axial power distribution.
The flow areas in all directions in the core are symmetrical hecause the con-
trol assembly arrangement is symmetrical. A small amount of flow is allowed
to pass radially through the core shroud into the barrel-baffle region to al-
low for cooling and depressurization in this area.

The upper plenum extends from the upper core support plate to the upper
support assembly structure and consists of two axial levels. The top of the
first level is just below the hot~leqg ocutlet nozzle. The flow and heat slab
areas calculated for the upper plenum account for the asymmetric distribution
of the upper plenum internals.

The downcomer extends from the ninth axial level to the first level. The
upper boundary for the downcomer is the lower part of the upper support as-
semhbly. The only major structure in the downcomer regimn is the thermal
shield which surrounds the core region in axial levels two through eight.

The upper head is modeled by the tenth axial level. The upper head volume
is essentially void with the exception of the control rod shroud tubes, ther-
mocouple sleeves, ard the upper parts of the control rod quide tube.

IT. STEADY-STATE CALCULATION

Based on the geometry and noding described in the previous section, a
steady-state calculation was performed using the generalized steady-state op-
tion. The calculation was run to 140 s of reactor steady-state time in 3 h on
the CDC 7600, The average time step size during the calculation was approxi-
mately 0.01 s. As can be seen from the input in the next section, all the
initial velocities were zero. Until the pumps reach full speed, the reactor
power is also internally zeroed to prevent boiling in the core. At approxi-
mately 17 s, the velocities in the system have almost reached a zero power
steady state and the power is turned on. It thus takes approximately another

120 s before all the temperatures, velocities, and pressures converge to a
steady state.
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Figures C-6 to C-11 show some representative steady-state results for vel-
ocities, pressures, and temperatures. Figures C~6 and C-7 show the mixture
velocity time histories for the four cold legs at the cell connecting to the
vessel. Figure C-7 shows the velocities for the four hot legs at the vessel
connection and the pressurizer which is connected to hot leg #4 (HL #4). It
should be pointed ocut that the pressurizer is treated simply as a constant
pressure break Aduring the steady-state calculation to prevent it from emptving.

As can be seen from these figures, the cold-leg velocities essentiallv
converge within 60 s. It takes longer for HL #4 since the pressurizer is con-
nected to it. Since the initial condition guesses for the system (shown in
the input listing) were only rough estimates, it takes the pressurizer about
100 s to converge to a zero discharge velocity. Steady-state pressure time
histories for the hot- and cold-leg <ells at the vessel junctions, and for two
axial locations in the vessel (at the same r and 6 locations), are shoem in
Figures C~8 and C-9, respectively. As with the velocities, these pressures
take 60-80 s to converge. The parameters which limited convergence are the
temperatures since the reactor power is not tucned on until 17 s into the cal-
culation. Fiqures C-10 and C-11 show average hot- and cold-leg temperatures
at the vessel junctions and two vessel locations, respectively. Initially,
these temperatures decrease but after the power is turned on they increase and
eventually converge to the expected AT of about 33 K. Finally, Table C-I

sumarizes the steady-state initial conditions that are used for the tran-
sient calculation.,

ITI. INPUT LISTINGS

This section contains two separate input listings. The first is the com-
plete system input listing used for the steady-state calculation. The next
listing is a sample input which would be used to begin the transient by re-
placing pipe component #1 with two implicit pipes and two breaks as shown in
Figure C-4. This second listing is a restart .input deck which requires the
last steady-state dump file (PWRD3SS) to begin the transient.
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A, Steady-State Input Deck
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0.0E
0.0E
550.00E
550.00E
1.55EQ7E
0.C756R 8 0.1414R 8 1.3746R 8 3.1690R 8 6. 4TES5F LEVEL 3
15.2901 & 28.600R 8 156.31R 8 577.25R 8 4513.32E
0.0E
0.0E
0.0E
OQOE
0.0E
0.0E
.5607R 8 0.5229R 8 0.4353R 8 0.7296R 8 0.6925E
2191 0.4422 0.2191 0.4422 0.2191
4y22 0.2191 0.1n422s
1633 0.i1422 0.1633 0.u4822 0.1633
yu22 0.1633 0.4422s8
0.3647R 0.7357R 0.6900LC
0.5607R 0.5229R 0.4353P 8 0.7296R 8 0.6925%E
0.4723R 0.li9h5R 0.0080R16 0.0E
1.0E
1.0E
1.0E
555.00R16 467.00E
0.0E
0.0E
0.0E
0.CE
0.0E
0.0F
0.0E
555.00E
555.00E
1.55E07E

:2 0.0R 8 1.0137R 8 2.2149r 8 5.179¢E LEVEL &

0.0R 8 117.38R B 397.01R & 3610.066E
0.0E

0.0E
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0.0E
0.0E
0.0E
0.0E
0.5607R B8
0.2191
0.4422
0.1633
Q.un22
C.3647R
0.5607R
G.U722R
1.0E
1.0E
1.0E
562.00R16
0.0E
0.0E
0.0E
0.CE
0.0E
0.CE
0.0E
562.00L
562,.00E
1.55E07E
0.0R 8
0.0R 8
C.OE
0.0E
0.0E
0.0E
0.0E
0.0E
0.5607R 8
0.2191
o.uy22
0.1633
0.4422
0.3647R
0.5607R
0.4723R
1.0E
1,0E
1.CE
569.00R16
0.0E
O.oE
0.0E
0.0E
0.0E
0.0E
0.0E
569.00E
569.00E

o Yo: o]

[o-Re o)

0.5229R
0.4422
0.2191
0.4422
0.1633
0.7357R
0.5229R
0.U9USK

465,.C0E

0.6044R
69.99R

0.5229R
0.41422
0.2191
0.h422
0.1633
0.7357R
0.5229R
0.U945R

455,00E

o0

oo 00 0

0.43538 8
0.2191
0.h8228
0.1633
0.44228
0.6900E
0.4353R 8

0.004GR16

1.3206R 8
19.53R 8

0.1353R 8
0.2191
0.44225
0.1633
0.u4223
0.6900E
0.4353R 8
0.00U40R16

0.7296R 8
0.4n22

0.4422

0.7296R 8
0.0E

3.0883E
2152.86F

0.7296R 8
0.4422

0.4422

0.7296R 8
OOOE

0.6925E
0.2191

0.1633

0.6925E

0.6925E
0.2191

0.1633

0.6925E
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0.0E
0.0E
C.0E
0.0E
0.0F
0.0E
583.00R
583.00R
.530E07R
2.6885R
7.2051
7.4282
b.1796
h.5352
601,15k
2068.14
2107.23
1595.71
1658.47
0.0E
0.0E
0.0E
0.0E
0.0E
0.0E
0.7992R
0.6617
0.6858
0.6160
0.6009
0.4508
0.6968
0.39140
0.7419
.T938R
0.0E
0.6561
0.6559
0.6375
0.8050R
0.94UUR
1.0E
1.0E
1.0E
511.00R
0.0E
0.0E
0.0E
0.0E
0.0E
0.0E
0.0E
569.00E
569.00F
1.53E07E

550.00R
550.00R
1.55EQ7R
2.,4550R
6.7589
7.2051
4.3574
4.1796
559.9R
1988.68
2068.14
1627.17
1595.71

0.8130R
0.7035
0.6917
0.6084
0.6160
0.6968
0.4508
0.7419
0.3940
0.9610R

0.5366
0.6561
0.5546
0.7864
0.0E

489.00R

563.00R 2
583,008 2
1.53E07R 2
2.92208
7.6513
6.75895
4.1796
h.3574R 8
oh2.u40s
2146.63
1988.68S
1595.71
1627.17R 8

0.78565
0.6800
0.70358
0.6160
0.6084R 8
0.4508
0.57958
0.3940
0.7419S
1.0E

0.6561
0.53665
0.6375
0.8050R 2

482,00R16

550.00
550.00
1.55E07
6.7589

4,8352
1.9187R 8

1988.68

1658. 47
2023.35R 8

0.7035
0.6009
0.9660R 8
0.5795

0.7419

0.6859

C.5546R 3
0.7864

436.00E

583.00E

583.00E
1.530F07E

8.3206

b.1796
0.6982E

2264 .86

1595.71
1916.35E

0.6623

0.6160
1.0E

0.4508

0.3940

0.6561

6375
0.8050
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12158.0
560,0R
12158.0
560,0R
12158.0
560.0R
12158.0
560,.0R
12158.0
560.0R
12158.0
560.0R
12158.0
560,0R
12158.0
560,08
14000.0
560,0R
14000.0
560.0R
14000.0
560.0R
14000.0
560.0R
14000.0
560.0R
14000.0
560.0R
14000.,0
560.0R
14000,0
550,0R
10788.0
560,0R
10788.0
560.0R
10788.0
560,.0R
10788.0
560,0R
10788.0
560.0R
10788.0
560.0R
10788.0
560.CR
10788.0
560.0R
1.000E=-5
10.0000

18237.0
567.0R
16237.0
567.0R
18237.0
567.0R
18237.0
567.0R
18237.0
567.0R
18237.0
S67.0R
18237.0
567.0R
18237.0
567.0R
21000.0
567.0R
21000.0
567.0R
21000.0
. 567.CR
21000.0
567.0R
21000.0
567.0R
21000.0
567.0R
21000.0
567.CR
21000.C
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
16182.0
567.0R
0.100
0.100

19210,0
574 .0R
19210.,0
574 .0R
19210.0
574.0R
19210.0
574 .0R
19210.0
574,0R%
1921C.0
574 .0R
19210.0
S74.0R
19210.0
574.0R
22120.0
574 ,0R
22120.0
574.0R
22120.0
57T4.0R
22120.0
574.CR
22120.0
574.0R
22120.0
5T4.0R
22120,0
574,08
c2120.¢0
574,0R
17045.0
574 .CR
17045.,0
5T7u4.0R
17045.0
574,.0R
17045.0
S7T4.0R
17C045.0
5T74.0R
17045.0
574 .0R
17045.0
574.0R
17045.0
57L.0R
200.0
10.

oocooooooomocoooooooooooooooooooooooooooomcoco

178632.0
581.07
17832.0
581.0R
17832.0
581.0R
17832.0
581.0R
17832.0
581.0R
17832.0
581.0R
17832.0
581.0R
17832.0
581.0R
20534.0
581.0R
20534.0
581.0R
20534.0
581.0R
20534.0
581,0R
20534.0
581.0R
20534.0
581.0R
20534.0
£81.CR
20534.0
581.0R
15822.0
581.0R
15822.0
581.0R
15822.0
581.0R
15822.0
581.0R
15822.0
581.0R
15822.0
c81,.0R
15822.0
581.0R
15822.0
581,0R

1.00

® o e o o o ™ o 0 o o

m o

[o - BN o ]

10375.0F
585.00E
10375.0E
585.00F
10375.0F
585.00F
10375.0E
585.00E
10375.0F
585.00F
10375.0E
€85.00E
10275.0F
585.00E
10375.0E
£585.00E
11947 ,.0F
585.00E
11947 .0F
£85.00F
11947.0E
585.00E
11947.0E
585.00E
11947.0F
585.00E
11947 .0F
585.00FE
11647.0E
585,00
11947 .,0F
585.00E
g206,0E
585.00E
9206.0F
585.00E
9206.0E
585.00E
9206, 0E
585,00
9206.0E
585.00F
9206.0E
585.C0E
9206.0F
585.00E
9206.0E
585.00E

ROD CRDS

TIME STP
END DATA
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B. Restart Input Deck for Transient Calculation

3
PRESSURIZEDR WATER REACTOR (PWR) SAMPLE PRGBLFM.
TYPICAL U.S. PWR WITH FOUR LOOPS---NEGINHING OF TRANSIENT CALCULATION--
READ RESTART FILE PWRD3SS STARTING AT STEP 6904 WITH MEW TIME=0.0,

PWRD3SS 6904 0. RESTART
0 1 u5 47 CLC TYPE
0.00100 0.0010 0.010 conv
1 20 20 7 3 ITER
1 43 uy u5 2 MNIORDER
3 y S 6 7
8 ] 10 1 12
13 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 40 41 42
6 7 8 DMP TRPS
2 -1 4 ,080E06 0. TRIPS
24 0 2 ¢
3 -1 4.080E06 0.
25 0 2 0
y -1 4,.080E06 0.
26 0 2 0
6 -1 1.02E07 0.
2 0 7 0
7 -1 1.02€07 0.
3 0 7 0
8 -1 1.02E07 0.
y 0 7 0
13 -1 1.00E06 0.
y2 3 1 0
PIPE 1 1 BKN-PIP
13 1 100 1 6
0 1
0.3492500 0.058400
325.
R 2 0.1R 2 0.2k 2 0.3R 2 0.5R 2 .75
0.8 0.813 0.932E
R 2 0.0383R 2 0.0766R 2 0.11490R 2 0.1915S
R& 0.287250 0.3064 0.3113800 0.50N)E
R13 0.3830 0.5520E
F 0.0E
F 0.0E
R13 0.6985 0.8382E
F 4E
F 0.E
F 0.0E
R13 16.89 11.720E
F 559.600E
F 1.567E OTE
F 559.55CE
PIPE us 45 BKH-PIP
g : 5 101 6
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0.349250
325.0
0.76420
0.29270
F 0.38300E
F 0.0E
F 0.0E
F 0.6985E
F 4E
F 0.00E
F 0.0E
F 16.890E
F 559,.60E
F 1.567EOQ7F
g 559.55E

100
0.1

REAK

BREAK
101
0.1
END
1.000e-5
0.10000
-1.

0.058400

0.6300R 2
0.2413R 2

43
0.038300
4y

0.038300

0.100
0.100

0.3CR 2 0,20R 2
0.11U490R 2 0.07660R 2
43
1. 373.0
uy
1. 373.0
0.100
0.1 0.10

0.10E
0.03830F

1.0E 05

1.0E 05

CONT-BK
CONT-RBK
END CDAT

time stp

end
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INITIAL STEADY-STATE CONDITIONS

Parameter

Core Powera
E‘uela

Core-Average Bmmupa
at mid-plane

Relative Axial Power Shape

TABLE C-1

(5 axial levels ~ bottanr to top)a

Relative Radial Power Shape

(Average for each of three radial regions -

center-to-core shroivd)@

Cold-leg Vessel Entrance Temperature

Lower Plenum Average Temperature
Hot-leg Vessel Outlet Temperature
Cold-leg Vessel Entrance Pressure
Hot-leg Vessel Outlet Pressure
Punp Suction Side Pressure

Pump Discharge Pressure

HPIS Setpoint?

LPIS Setpoint®

Accumulator Valve Setpointa

%alues not calculated during steady state.

Value

3.238 x 109 W

Equilibrium cycle

16 386 MWD/MTU

0.75, 1.125, 1.185,

1.10, 0.64

0.99, 1.14, 0.88

559.6 K
559.5 K
593.0 K
1.567 x 10’ Pa
1.535 x 10’ Pa
1.50 x 10’ Pa
1.55 x 107 Pa
1.02 x 10’ Pa
1.27 x 10°
6

4,08 x 10” Pa
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BREAK [9.40fe-BREAK

BREAK
& @2 ®
) [] components )
O JuncTioNs
ST. ST. ST.
GEN. GEN. GEN.
(3133 PRESSURIZER B
FILL
06 Au

FILL @@

| :{@

r{@%

N
1

] =
[3.4]
G530 } |
H;H Q__g% ['7'3
i FILL(HRS- LPIS)
@L 'Irls—} —

Lo @L‘—‘-EJ:':@

@EF @
VESSEL & I@?
BROKEN LEG
ACCUM. FILL(HPIS-LPIS)f ACCUM.
24.2 @A 'E"
VALVE VALVE:
Fig., C-1.

PWR sample problem TRAC schematic.
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STEAM GENERATOR
[

1 |coLo-LEG Piee
{id. = 0.7874 m)

2, 3

e

446 m

CLT £2

TRAC noding for umbroken cold

{i.d. = 0.6985 m)
PUMP 336 m 198 m COLD-LEG TEE #1 (id. = 0.6385 m)
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APPENDIX D
TRAC ERROR MESSAGES

Errors diagnosed hy TRAC are handled by subroutine ERROR. This subroutine
writes error messages to hoth the teletvpe and the TROCOUT file. The level

number associated with each error bhelow is used by FRROR to Aetermine its

course of action:

Level Actions

1,3 Fatal error, stop problem.

2 Nonfatal error, continue problem.

4 Fatal error, add dump to the TRCDMP file, then stop problem.

OVERLAY MATIN

I3 * -

Subroutine Level  Message Explanation

BFIN 3 READ ERROR Error reading data in
binary format.

BFOUT 3 WRITE ERROR Frror writing data in
binary format.

CHBD 2 DOUNDARY FRROR DETECTED Mismatched geometry for
adijacent compmnents.

ENDDMP 2 DUMP FITE NOT CLOSED I1/0 error while
attempting to close file
TRCDMP.

ENDGRF 2 GRAPHICS FILE NOT CLOSED ‘ I/0 error while
attempting to clnse file
TROGRF .

-
Each message also identifies the subroutine detecting the error.



Subroutine level Message

MANAGE 1 LEVEL PROBLEM

PUMPD 1 CANNOT LOCATE HEAD CURVE

PUMPD 1 CANNOT LOCATE TORQUE CURVE

STEADY 1 INVALID TIME STEP RATIO

STEADY 1 EXCESSTVE OUTER ITERATION
FATLURES

STEADY 1 STEADY-STATE NOT REACHED

STEADY 1 OUT OF TIME FOR STEADY-STATE

THERMO 2 PRESSURE LIMIT EXCEEDED

THERMO 2 VAPOR TEMPERATURE LIMIT
EXCEEDED .

THERMO 2 LIQUID TEMPERATURE LIMIT
EXCEEDED

TIMSTP 1 CANNOT REDUCE TIME STEP
FURTHER

TRANS 1 OUTER ITERATION DID NOT
CONVERGE

TRIP 1 TRIP NUMBER NOT DEFINED

298

Fxplanation

T™e core level or rod
numher requested does
not exist.

Pump regime outside of
data hase.

Pump regime outside of
Aata base.

Ratio between heat trans-
fer and fluid flow time
steps is £ 0.

More than three outer
iteration failures
encointered.

Stearly-state conditions
mot reached during speci-
fied time interval.

Allocated CPU time ex-
huasted before steady-
state was reached.

Pressure in same cell
has fallen below 1.0E+03
or risen above 1.9E+07.

Vapor temperature in
some cell has fallen
below 280 K.

Liquid temperature in
some cell has fallen

below 280 K or risen

above 647 K.

Time step has been
reduced to the minimum
allowable and the outer
iteration failed to
converge.

The outer iteration
procedure failed three
consecutive times.

A request was made for
the status of a trip
that was never defined.



Subroutine

Level

Maessage

TRPSET

OVERLAY INPUT

mpPuT

FNDLP

FNDLP

FNDLP

FNDLP

FNDLP

FNDLP

PATH

TRIP DATA ERROR

FATAL INPUT ERROR

INVALID VESSEL JUNCTION

TEE MISSING FROM JUN ARRAY

STGEN MISSING FROM JUN ARRAY

COMPLEX SECONDARY IOOP

LAST COMMON COMPONENT NOT

LAST COMMON COMPONENT NOT
A TEE

ADJACENT TOMPONENT MISSING

Exnlanation

TI1legal values for trip
qualifiers ID3 and ID4.

A fatal input error
occurred while reading
an input and/or restart
file.

PWR Initialization input
error. A junction was
specified which is not
connected to the vessel.

PWR Initialization input
error. A loop tee was
not found in the JUN
array.

P#R Initialization input
error. A loop steam
generator was not found
in the JUN array.

PWR Initialization input
error. The secondary
side of the steam
generator must be
comnected to only pipe,
fill, and break.

PWR Initialization input
error, In a two-pump
loop, the connecting tee
was not located.

PWR Initialization input
error, In a two-pump
loop, the connecting
component is not a tee.

PWR Initialization input
error. A junction was
encountered which is
connected to only one
component.
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Subroutine Level Message

PATH 1 QOMPONENT NOT FOURD IN
TORDER ARRAY

PATH 1 PIPE JUNCTION NOT ADJACENT

RACCUM 2 ICM OVERFLOW

RACCUM 2 SCM OVERFLOW

RBREAK 2 ILCM (WERFLOW

RDOOMP 1 COMPONENT TYPE NOT
RECOGNIZED

RDOOMP l DUPLICATE OOMPONENT NUMBERS

RDLOOCP 1l VESSEL NOT FOUND IN JUN
ARRAY

RDLOQP 1l VESSEL, NOT FOUND IN IORDER
ARRAY

RDLOOP 1 TNSUFFICIENT SCM ARRAY SPACE

RDREST 1 BUFFERS EXCEED ICM SPACE
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Explanation

PWR Initialization input
error. A component was
encountered which is not
listed in the TORDER
array.

PWR Initialization input
error. The two entries
in JUN for a pipe are
not consecutive.

I area owver flowed
Aduring input of Adata for
Aan accumulator.

SCM area over flowed
Auring input of data
from an accumulator.

ICM area over flowed
during input of data for
a break.

An invalid component
tvpe was encountered.

At least 2 components
were assigned the same
NUM during input.

PWR Initialization input
error. The vessel is
not listed in the JUN
array.

PWR Initialization input
error. The vessel is
not listed in the IORDER

arrav.

PWR Initialization input
error. 'The PWR
Initialization Data Area
is larger than the
available space.

Insufficient ICM space
remains for allocation
of restart file buffers.



Subrnutine Level Message

RDREST 1 RESTART FILE OPEN ERROR

RDREST 1 RESTART FILE TNCOMPATIBLE
WITH THIS PROBLEM

RDREST 1 DUMP TIME NOT FOUND ON
RESTART FILE

RDREST 1 RESTART FILE NOT CLOSED
PROPERLY

RDREST 1 COMPONENT DATA NOT FOUND

RDREST 1 TYPE NOT REOGNIZED IN
RESTART

RDREST 1 ERROR RETRIEVING DUMP DATA

REACCM 2 SCM ONERFLOW

REACCM 2 M OVERFLOW

REBRK 2 LM OVERFLOW

REFTLL 2 M OVERFLOW

%] anation

I/0 error while
attempting to open the
restart file.

The restart file cannot
he used with this
version of TRAC.

Restart dump at time
indicated on input file
is not on the restart
file.

The file TRCRST was not
closed properly when
created.

Nata for a particular
component was not found
in either input or
restart file.

An invalid component
type was encountered,

I/0 error occurred while
attempting to read
restart file.

SCM area over flowed
while reading
accumulator data from
restart file.

ICM area over flowed
while reading
accumulator data from
restart file.

ICM area over flowed
while reading break data
fram restart file.

ICM area over flowed

while reading fill data
from restart file.
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Subroutine level Message
REPIPE 2 SOM OVERFLOW
REPIPE 2 ICM QVERFLOW
REPRZR 2 SCM OVERFLOW
REPRZR 2 ICM OVERFLOW
REPUMP 2 SCM OVERFLOW
REPUMP 2 ICM OVNERFLOW
RESTGN 2 SCM QVERFLOW
RESTGN 2 ILCM OVERFLOW
'RETEE 2 SCM OVERFLOW
RETEE 2 ICM OVERFLOW
RETRIP 1 TRIP BLOCK TOO SMALL
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Explanation

SCM area overflowed
while reading pipe data
from a restact file.

ICM area over flowed
while reading pipe data
from a restart file,.

SCM area over flowed
while reading
pressurizer data from
restart file.

ICM area over flowed
while reading
pressurizer data from
restart file.

SCM area over flowed
while reading pump data
fram restart file,

ICM area overflowed
while reading pump data
from restart file.

SCM area over flowed
while reading steam
generator data from
restart file.

ItM over flowed while .
reading steam generator
data from restart file.

SCM area overflowed
while reading tee Aata
from restart file.

ICM area over flowed
while reading tee data
from restart file.

Too many trips found in
the restart file.



Subroutine Level Message

REVLVE 2 SM OVERFLOW
REVINE 2 ICM OVERFLOW
REVSSL 2 SCM3D OVERFLOW
REVSSL 2 ICM ONVERFLOAN
REVSSL 2 SCM OVERFLOW
RFILL 2 I OVERFLOW
RFILL 1 FILL INPUT ERROR
RPIPE 2 LM OVERFIOW
RPIPE 2 SCM OVERFLOW
RPRIZR 2 ™M OVERFLOW
RPRIZR 2 SCM OVERFLOW
RPUMP 2 WARNING-IPMPTY SET EQUAL TO

] Fkdkkkk

g)gplanation

SCM area over flowed
while reading valve data
from restart file.

ICM area over flowed
while reading valve data
from restart file.

SCM3D area over flowed
while reading rod and
level data from restart
file.

ICM area over flowed
while reading vessel
data from restart file.

SCM area over flowed
while reading vessel
data from restart file.

ICM area overflowed while
reading £ill data from
input file.

An error in £ill input
parameters has been made.

ITM area overflowed while
reading pipe data from
input file.

SCM area overflowed while
reading pipe data from
input file.

ICM area overflowed while
reading pressurizer data
from input file.

SCM area overflowed while
reading pressurizer data
from input file.

IMPPTY is only allowed tc
be 1 or 2. Anything
other than 2 will default
to 1.
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Subroutine Level Message

RPUMP 2 WARNING PUMP TYPE 1 BUT NO
POINTS IN THE SPEED TABIE

RPUMP 2 IM OVERFLOW

RPUMP 2 SCM OVERFLOW

RVILVE 2 SCM QVERFLON

RSTGEN 2 LM OVERFLOW

RSTGEN 2 SCM OVERFLOW

RTEE 2 WRONG HYDRO OPTION

RTEE 2 IM OVERFLOW

RTEE 2 SCM OVERFLOW

RVIVE 1 NUMBER OF CELLS MUST BE TWO

RVLVE 1 NO VALVE TABLE SYECIFIED
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Explanation

Punp trip was specified
but no speed table
provided.

IM area overflowed while
reading pump data from
input file.

SCM area overflowed while
reading pump data from
input file.

SCM area over flowed
while reading valve data
fram an input file.

I area overflowed while
reading steam generator
data from innut file.

SCM area overflowed while
reading steam generator
data from input file.

AN IMPLICIT TEE CANNOT BE
SPECIFIED IN THIS VERSTON
OF THE CODE.

IfM area overflowed while
reading tee data from
input file.

SCM area overflowed while
reading tee data from
input file.

The number of fluid cells
for a valve must be input
as 2.

Input indicated that
ocpening or closing of a
valve would be specified
in a valve table, but
length of table was input
as zero.

Input indicated a value
to be controlled hy
static pressure gradient,



Subroutine Tevel Message

RVLVE 1 NO TRIP NUMBER SPECIFIED FOR
VLVE

RVLVE 2 SCM OVERFLOW

RVLVE 2 ICM OVERFLOW

RVSSL 1l INOONSISTENT CORE TNPUT

RVSSL 1 INCONSISTENT DOWNCOMER INPUT

RVSSL 2 SCM3D OVERFLOW

RVSSL 2 ICM OVERFLOWN

RUSSL 2 SCM OVERFLOW

TRCE 1l TOO MANY NESTED TEES

TRCE 1l OOMPONENT TYPE NOT LOCATED

Explanat ion

hut a nonexistent
pressure gradient option
was input.

Input specified a value
to be controlled by a
trip, but no ID number
was assigned to it.

SCM area over flowed
while reading valve data
frc. . an input file.

ICM area overflowed
while reading valve data
from an input file.

Error in specifying the
core positional
parameters TCRV, ICRL,
ICRR, or the number of
heat transfer nodes.

Error in specifying the
downcomer positional
parameters IDCU, IDCL,
and IDCR.

SCM3D area over flowed
while reading rod and
level data from an input
file,

ICM area over flowed
while reading vessel
data from an input file.

SCM area over flowed
while reading vessel
data from an input file.

PWR Initialization input
error. More than 5 tees
are comnected together.

PWR Initialization input

error. A steam
generator, pump, or
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TEE JUNCTIONS NOT ADJACENT

COMPONENT JUNCTIONS NOT

JUNCTION PROBLEM

IORDER PROBLEM

CONNECTIONS COMPUTED AFTER

VESSEL CONNECTED TO BREAK

JUNCTION CQOUNT ERROR

INCONSISTENT JUNCTION NUMBERS

Subroutine Level Message
TRCE 1
TRCE 1
ADJACENT
OVERLAY INIT
CIVSSL 1
CIVSSL 1l
CIVSSL 1l
VESSEL
CIVSSL 1l
I00MP 1
I00MP 1
ICoMP 1
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'JUNCTION NUMBERS WRONG

Eglanation

vessel hot leg not
connected to the vessel
cold leq.

PWR Initialization input
error. The entries in
the JUN array for a tee
are not consecutive.

PWR Initialization input
error, The entries in
the JUN array for a
component are not
adjacent.

Cannot find component
adjacent to the vessel.

The calculational
sequence must be such
that the vessel is
calculated after the
component it is
connected to.

The component
calculational sequence
must be such that the
connections are computed
before the vessel.

A vessel cannot be
connected to a break.

The number of junctions
specified is
inconsistent with the
number found.

Inconsistent
specification of
junction numbers.

The junctions are
assigned incorrectly.



GRAPHICS FILE ALIOCATION

BUFFERS EXCEED ICM SPACE

ERROR WRITING GRAPHICS FILE

KINETICS CQONSTANTS PROBLEM

ROD POWER PROBLEM

ROD HAS NO GAP

GAP POSITION ERROR

JUNCTION PROBLEM

INSUFFICIENT SPACE IEFT FOR

TYPE NOT REDOGNIZED IN DUMP

ERROR EMPTYING DUMP BUFFERS

Subroutine Tevel Message
IGRAF 1l

FAILURE
IGRAF 1
IGRAF 1l

HEADER
IVSSL 1
IVSSL 1
IVSSL 1l
IVSSL 1l
JFIND 1
OVERLAY DUMP
DMPIT 1

DUMP
DMPIT 3
DMPIT 1l

FILE
DMPIT 3

OVERIAY TWOTIM

TWOTIM 1

ERROR INITIALIZING DUMP FILE

COMPONENT TYPE NOT LOCATED

Explanation

I/0 error occurred while
attempting to allocate
space for graphics file.

Insufficient 1M space
remains for allocation
of graphics file huffers.

I/0 error while writing
the header of the TROGRF

‘file.

Number of delayed
neutron groups does not
agree with built-in data.

Reactor power option
specified is not within
allawable limits.

Fuel rod must contain a
Jgap.

Gap must lie between the
fuel and clad.

A junction number could
not be located in
junction sequence array.

File TRCDMP has
insufficient space for
the next dump.

An invalid component
type has been
encountered.

I/0 error at completion
of a dump.

Could not create file
TRCDMP.

An invalid component
type was encountered
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Subroutine Level Message

OVERLAY PWRSS

ILDSET 1 7ERO FLOW OR POWER FOUND AT
PWR INITIALIZATION

LeooN 1 NO PUMP IN PRINCIPAL T0OP

LPOON ] NO STGEN IN PRINCIPAL LOOP

LPCON 1 MISSING VESSEL JUNCTION

ORIENT 1 NO JUNCTION MATCH

RPPH 1 CONVERGENCE FAILURE
EVALUATING PUMP SPEED

TEMPL 1 TOO MANY ITERATIONS

OVERTAY OUT1D

QuT1D 1l COMPONENT TYPE NOT RECOGNIZED

CFILL 1 ERROR IN TABLE LOOKUP

PUMP 4 ERROR IN PUMP SPEED TABLE
LOOKUP

PUMP 1 TERMINATING DUE TO ERROR IN
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PUMPX

Explanation

The PR Initialization
calculation began with
a zero value of reactor
power or flow rate.

No pump was found in the
loop description.

No steam generator was
found in the loop
descr iption.

An invalid vessel

junction number was
found in the vessel
junction data area.

Unable to locate a
junction connected to a
tee or steam generator
in the JUN array.

Unable to calculate the

pump speed to achieve
the needed head.

Unable to evaluate the
temperature from values
of enthalpy and pressure.

Invalid component type
encountered.

Fill table was specified
incorrectly.

Pump speed table was
specified incorrectly.

An error has been
encountered while
evaluating a pump head
or torque.



Subroutine Level Message Explanation

YVLVE 1 ERROR IN TABLE LOOKUP Error retrieving Adata
from a valve table.

OVERLAY OUT3D

OUT3D 1 QOMPONENT TYPE NOT RROOGNIZED An invalid component
type was encountered.

RKIN 1 TABLE LOOKUP PROBLFM Error retrieving data
from a reactivity or
power table.
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APPENDIX E

LIST OF TRAC SUBPROGRAMS

Models accumulators and calculates discharge when check
Assigns the component UCM pointers according to the
iteration number.

Allocates files and huffers for huffered I/0.

Wait if huffered 1/0 is busv and return completion

Empties buffers and closes files.

Buffered input without error status.

Skip to last logical restart Adump file.
Flush output huffers.

Rewind I/0 file.

Buffered input with error status.

Buffered output with error status.

Skip to beginning of next logical input file.
Buffered output without error status.

Set compile time data via data statements.

Force lpads certain subprograms into MAIN codeblock.

Sets up flux terms and derivatives for fully implicit
hydrodynamics.

Transfers accumilator data to be used in a calculation
from IM to SCM.

Transfers break data from LM to SCM.

Name Code Block Function
AYCUM ouT1D
valves open.
ASIGN INPUT
BFALOC MAIN
BFBUSY MAIN
status.
BFCIOS  MAIN
BFIN MAIN
BFLAST MAIN
BFLUSH MAIN
BFREW MAIN
BFRIN MAIN
BFROUT MAIN
BFSKIP MAIN
BFOUT MAIN
BLOCK- MAIN
DATA
BLSHT MAIN
C3CELL OUTID
CACCUM  QUT1D
CBREAK QUTID
CFILL OuUT1D

Transfers fill data from IM to SOM.
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Name

CHAIN
CHBD

CHEN

CHF

CHF1
CHF2

CIACUM

CIPIPE

CIPRZR

CIPOMP

CISTGN

CITEE

CIVLVE

CIVSSL

CLEAR
CORE

CPIPE

CPLL

CPRIZR
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Code Block

Function

OQUTER

INIT

INIT

INIT

INIT

INIT

INIT

INIT

MAIN

OUT3D

OUT1D

QUT1D

Codeblock overlay controller.
Checks houndary data.

Uses Chencorrelation to evaluate the foreced convection
nucleate boiling heat transfer coefficient,

Evaluates the critical heat flux hased on a local
conditions formulation.

Biasi CHF correlation.
Rowr ing CHF correlation.

Transfers accumulator data from M to SOM so that
remaining data can be initialized.

Transfers pipe data from I™M to SCM sc that remaining
data can be initialized.

Transfers pressurizer data from I™™ to SOM so that
remaining data can be initialized.

Transfers pump data from I'M to SM so that remaining
data can be initialized,

Transfers steam generator data £rom ™M to SCM so that
remaining data can he initialized.

Transfers tee data from M to S so that remaining
data can be initialized.

Tranfers valve data from IM to SM so that remaining
data can be initialized.

Transfers vessel data from I™M to SCM so that remaining
data can be initializerd.

Sets an array to a constant value.

Controls fuel rod thermal analysis calculations and
generates heat transfer coefficients.

Transfers pipe data to be used in a calculation from
™ to SCM.

Calculates specific heat of liquid water as a function
of enthalpy and pressure.

Transfers pressurizer data to be used in a calculation
from M to SOM.



Transfers pump ~data to be used in a calculation from

Calculates specific heat of water vapor as a function
of enthalpy and pressure.

Transfers steam generator data to be used in a
caleulation from LM to SCM,

Transfers tee data to be used in a calculation from LM

Transfers valve data to be used in a calculation from

Transfers vessel data to be used in a calculation from

Transfers accumulator data from IM to SCM so tnat it
can be printed.

Transfers pressurizer data from ICM to SCM so that it
can be printed.

Transfers pressurizer data from ICM to SCM so that it
can be printed.

Transfers pump data from ICM to SCM so that it can he

Transfers steam generator data from ICM to 8CM so that
it can be printed.

Transfers tee data from ICM to SCM so that it can bhe
Transfers valve data from ILCM to SCM so that it can be
Transfers vessel data from IM to SCM so that it can he

Calculates temperature fields in a cylinder.

Generates accumulator data dump.

Name Code Block Function
CPUMP QUT1D

I™ to SM.,
cCPwW MAIN
CSTGEN  OUTID
CTEE QUT1D

to M.
CVLVE OUT1D

I™ to SM.
CVSSL OoUT3D

I™ to SM,
CWwACUM EDIT
CWPIPE EDIT
CWPRZR EDIT
CWPUMP  EDIT

printed.
CWSTGN  EDIT
CWTEE EDIT

printed.
CWLVE EDIT

printed.
CWVSSL  EDIT

printed.
CYLHT OUT1D
DACCUM DUMP
DBRK DUMP

Generates break data dump.
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Controls solution of finite difference equations for
the 1-D drift-flux model of a pipe.

Solves the fully implicit finite difference equations
for the 1-D drift-flux model of a pipe.

Solves the semi-implicit finite difference equations
for the 1-D drift-flux model of a pipe.

Generates fFill data Aump.

Dump code block entry routine which controls generation

Generates pipe data Aump.

Generates pressurizer data dump.

Generates pump data dump.

Generates steam generator data ~ump.

Generates tee data Aump.

Generates valve data dump.

Generates vessel data dump.

Entry routine for code block edit.

Empty output huffer.

Calls routine to empty dump buffers and close dump file.

Calls routine to empty graphics buffers and close
graphics file.

Trap interrupts for subsequent handling by TRAC.
Processes Adifferent kinds of error conditions.

Handles trapped errors.

Calculates normalized rates of change for 3-D component

Name Code Block Function
DF1D QUT1D
DF1DI OoUT1D
DF1DS QUT1D
DFILL DUMP
DMPIT DUMP
of dumps.
DPIPE DUMP
DPRIZR DUMP
DPUMP DUMP
DSTGEN DUMP
DTEE DUMP
DVLVE DUMP
DVSSL DUMP
EDIT EDIT
EMPBUF MAIN
ENDDMP  MAIN
ENDGRF MAIN
ERRGET MAIN
ERROR MATN
ERRTRP MAIN
FDMX3D TWOTIM
variables.
FDMXFP  TWOTIM
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Name Code Block Function

FDMXTR TWOTIM Calculates normalized rates of change for rod
temperatures.

FDMXTS  TWOTIM Calculates normalized rates of change for vessel heat
slabs.

FDMXTW  TWOTIM Calculates normalized rates of change for wall
temperatures.

Fr3D OUT3D Makes final pass update for all variables in 3-D vessel.

FIIM ouT3D Calculates quench front propagation and axial
conduction for a falling film.

FLOOD OUT3D Calculates quench front propagation and axial
conduction for hottom flooding.

FNDLP INPUT Catalogs one primary loop confiquration.

FPROP MAIN Calculates values for fluid enthalpy, transport
properties, and surface tension.

FROD OUT3D Calculates temperature profiles in nuclear or
electrically heated fuel rods.

FWALL OUT1D Computes a two-phase friction factor.

GAPHT OUT3D Calculates fuel-clad gap heat transfer coefficient.

GETCRV MAIN Gets appropriate pump curves from data base.

GRAF GRAF Edits graphics data during transient.

GRFGET MAIN Returns entries in graphics catalog block.

GRFPUT INIT Places entries in graphics catalog block.

HLS MATN Calculates enthalpy of saturated water as function of
pressure.

HTCOOR OUTER Computes heat transfer coefficients.

HTPIPE OUTID Averages velocities and generates heat transfer
coefficients for pipe.

HTVSSL  OUT3D Averages velocities and generates heat transfer
coefficients for vessel.

HVS MATN Calculates enthalpy of saturated steam as a function of
pressure.
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Name Code Block Function

IACCUM INIT Initializes the accumulator data arrays which are not
read in from cards.

IBRK INIT Initializes the break data arrays which are not read in
from cards.

ICOMP INIT Controls the routines which initialize component data.

IFTILL INIT Initializes the fill data arravs which are not read in
from cards.

IGACUM INIT Supplies accumulator data for graphics.

IGBRAK  INIT Initializes the data which are mot read in from cards.

IGFILL INIT Supplies fill data for graphics.

IGPIPE INIT Supplies pipe data for graphics.

IGPRZR  INIT Supplies pressurizer data for graphics.

IGPUMP INIT Supplies pump data for graphics.

IGRAF INIT Initializes graphics variables and writes header to
graphics file.

IGSTAN  INIT Supplies steam generator data for graphics.

IGTEE INIT Supplies tee data for graphics.

IGVLVE INIT Supplies valve data for graphics.

IGVSSL: INIT Supplies vessel data for graphics.

INIT INIT Entry routine for code block INIT.

INPUT INPUT Entry routine for code block INPUT.

IPIPE INIT Iritializes the pipe data arrays which are not read in
from cards.

IPRIZR INIT Initializes the pressurizer data arrays which are not

read in from cards.

IPUMP INIT Initializes the pump data arrays which are not read in
fram cards.

ISIGEN INIT Initializes the steam generator data arrays which are
not read in from cards.
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Initializes the tee data arrays which are not read in
Gives iterative sqlutim of reduced, linearized 3-D
finite difference equations.

Initializes thé valve data arrays which are not read in
Initializes the vessel data arrays which are not read
in from cards.

Fills boundary array at component junctions.

Iocates junctions in junction sequence arrav.

Copies data from one part of ICM to another.

Computes packed data array lengths.

Performs linear interpolation on arrays.

Reads in specially formatted input data.

Evaluates loop properties.

Replaces pump heads and steam generator areas and
checks for convergence of steady-state calculation.

PWRSS code block entry point; resets PWR loop
parameters for steady state.

Performs all level data file operations for the vessel.

Calculates values for electrically heated nuclear fuel
rod insulator properties.

Orders fuel rod property selection and evaluates an
average temperature for property evaluation.

Calculates values for m2 and mZ-PIDZ properties.

Calculates values for the thermal conductivity of the
gap gas mixture.

Calculates values for electrically heated fuel rod
heater coil properties.

Name Code Block Function
ITEE INIT
from cards.

ITR1 OUT3D

IVIVE INIT

fram cards.

IVSSL INIT

J1lp MATN

JFIND INIT

LCMOVE  MAIN

IENPCK MAIN

LININT MAIN

10AD INPUT

LPOON PWRSS

LPRPL, PWRSS

LPSET PWRSS

MANAGE MAIN

MBN oUT3D

MFROD oUT3D

MFUEL OoUT3D

MGAP OUT3D

MHTR OoUT3D

MPROP OUTER

Orders structure property selection and evaluates an
average temperature for property evaluation.
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Name Code Block Function

MSTRCT OUTER Calculates properties for certain types of steel.

MWRX OuT3D Calculates the zivcaloy steam reaction in the cladding
at high temperatures.

MZIRC OUT3D Calculates properties for zircaloy-4.

NEWDLT MAIN Evaluates prospective new time increment.

ORIENT PWRSS Determines adjacent junction index given component
number .

OUT1D OUT1D Controls calculation for 1-D components.

ouT3D OUT3D Controls calculation for the vessel.

QUTER OUTER Controls calculation for orne time step.

PACKIT MAIN Packs data from one arrav into another.

PATH INPUT Catalogs a path begimning at a given junction of a
given component.

PIPE OUT1D Models the fluid and heat flow in a pipe.

PMPP PWRSS Calculates pump enthalpy, pressure, and density.

POLY MATIN Evaluates a polynomial through successive
multiplications.

PRIZER OUTID Models pressurizers.

puMP OUT1D Models pumps.

PUMP1 INPUT Supplies built-in pump characteristics.

PUMPD MATN Calculates head and torque from pump curves.

PUMPX OUT1D Calculates pump head and torque.

RACCUM  INPUT Reads accumulator data from cards and sets up pointer
table for that data.

RBRFAK  INPUT Reads break data from cards and sets up a pointer table
for that data.

RDCOMP  INPUT Controls reading of component data from cards.

RDCRVS  INPUT Reads pump curves fram card data.
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Name Code Block Function

RDDIM INPUT Reads number of points on pump curves from card Adata.

RDLCM MAIN Reads data from I/M into SCM.

RDIOOP  INPUT Reads 1oop Aata and sets up geometry data for steady
state.

RDREST INPUT Controls reading of component data from a restart Aump
file.

RDTRIP INPUT Reads trip data from cards.

REACCM  INPUT Reads accumulator data from a restart dump and sets up
a pointer table for that data.

REBRK INPUT Reads break data from a restart dump and sets up a
pointer table for that data.

REFIIL INPUT Reads fill Aata from a restart dump and sets up a
pointer table for that data.

REPIPE INPUT Reads pipe data from a restart Adump and sets up a
pointer table for that data.

REPRZR  INPUT Reads pressurizer data from a restart dump and sets up
a pointer table for that data.

REPUMP  INPUT Reads pump data from a restart dump and sets up a
pointer table for that data.

RESTGN  INPUT Reads steam generator data from a restart dunp and sets
up a pointer table for that Aata.

RETEE INPUT Reads tee data from a restart dump and sets up a
pointer table for that data.

RETRIP INPUT Reads trip data fraom a restart dump file.

REVIVE INPUT Reads valve data from a restart dump and sets up a
pointer table for that data.

REVSSL  INPUT Reads vessel data from a restart dump and sets up a
pointer table for that data.

RFILL INPUT Reads fill data from cards and sets up a pointer table
for that data.

RKIN OUT3D Integrates the neutron point-kinetics equations.

RODHT OoUT3D Calculates the fuel rod temperature field.
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Reads pipe data from cards and sets up a pointer table
for that data.

Tests and replaces pump speed,

Reads pressurizer data fram cards and sets up a pointer
tahle for that data.

Tests and replaces steam generator heat transfer area.

Reads oump data from cards and sets up a pointer table
for that data.

Reads steam generator data from cards and sets wp
pointer tables for that data.

Reads tee data from cards and sets up a pointer table
for that data.

Reads valve data from cards and sets up pointer
tables for that data.

Reads vessel data from cards and sets up  pointer
tables for that data.

Compares two time steps for an accumulator.

Copies a given number of words from one SCM array into

Return problem CPU elapsed time.
Initialize reactor power.

Determines pump speed and steam generator heat transfer
Returns surfzce tension of water as a function of

Calculates the slab temperatures.
Calculates drift velocities between phases.
Solves one primary loop in steady state.
Solves linear system of the form: A*X =B.

Compares two time steps for a pipe.

Name Code Block Function
RPIPE INPUT
RPPH PHWRSS
RPRIZR INPUT
RPSCA PWRSS
RPUMP INPUT
RSTGEN INPUT
RTEE INPUT
RVLVE INPUT
RVSSL INPUT
SACCUM TWOTIM
STMOVE MAIN
another.
SEOOND MAIN
SETPOW MAIN
SETPRP MAIN
area.
SIGA MATN
pressure.
SLABHT OUT3D
SLIP OUTID
SIVLP PWRSS
SOLVE OUTER
SPTPE TWOTIM
SPLIT MAIN
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Compares two time steps for a pump.

Compares two time steps for a steam generator.
Gerierates a steady-state solution.

Compares two time steps for a tee.

Models steam generators.

Calculates thermal properties for steam generator for

Compares two time steps for a valve.

Compares two time steps for a vessel.

Calculates central cell pressure and enthalpy flow rate.

Evaluates temperature based on liquid enthalpy and

Sets wp the linearized 3-D finite difference equations.

Returns thermal conductivity of water as function of
pressure and enthalpy.

Returns thermal conductivity of steam as function of
pressure and enthalpy.

Calculates thermodynamic properties of water.

Checks elapsed time to see whether certain functions
should be performed.

Sets up time step size and edit interval time.

Controls overall calculation for each time step.
Traces paths to locate a given component.
Returns status of a trip.

Sets up trip status flags.

Name Code Block Function
SPUMP TAOTIM
SSTGEN TWOTIM
STEADY MAIN
STEE TWOTIM
STGEN OUT1D
STGNP  PWRSS

steady state.
SVALVE TWOTIM
SVSSL TWOTTM
TEE ouTlD Models a tee.
TEEP PWRSS
TEMPL PWRSS

pressure.
TF3D ouUT3D
THCL MAIN
THCV MAIN
THERMO MAIN
TIMCHK MAIN
TIMSTP MAIN
TRAC MATN Main program.
TRANS MAIN
TRCE INPUT
TRIP MAIN
TRPSET MAIN
TWOTIM TWOTIM

Controls time step comparison for steady state.
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Name

VISCL

VISCV

VLVE

VSSL1

VSSL2

VSSL3

WARRAY

WBREAK

WFILL

WPIPE

WPRIZR

WVLVE

WVSSL
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Code Block

Function

MATN

MAIN

oUTiD

ouT3D
OUT3D
oUT3D
EDIT
MAIN
EDIT

BEDIT

EDTT

EDIT
BEDIT
EDIT

MAIN

EDIT
EDIT
EDIT

EDIT

Returns viscosity of water as a function of pressure
and enthalpy.

Returns viscosity of steam as a function of pressure
and enthalpy.

Models valves.

Evaluates vessel constants and junction properties.
Performs prepass calculations for vessel dynamics.
Per forms imner iterations for vessel dynamics.
Performs postpass calculations for vessel dynamics.
Writes selected accumulator data to the printer.
Writes a real array to the printer.

Writes selected hreak data to the printer.

Controls the writing of selected component data to the
printer.

Writes selected fill data to the printer.

Writes an integer arrav to the printer.

Writes selected pipe data to the printer.

Writes selected pressurizer data to the printer.
Writes selected pump data to the printer.

Writes a given number of words from SCM to ICM.
Prints out subloop description.

Writes selected steam generator data to the printer.
Writes selected tee data to the printer.

Writes selected valve data to the printer.

Writes selected vessel data to the printer.




APPENDIX F
DESCRIPTION OF COMMON BLOCK VARIARBLES

COMMON A (6500)

A(6500) Dynamic storage area for component Adata.

COMMON /CONST/PT,GC, AERO,ONE

PI Constant ™ .,

oC Gravitational constant.
2ERD Real constant zero.
ONE Real constant one.

QOMMON /CONTRL,/STDYST , TRANST , DSTEP, ICP, LCMPTR, TIMEL, DELT, TIMET, EPSC, EPSI, EPSS,
OITVAX, IITMAX,SITMRX, IEOS, VMAXT,DAMX , VARER, ICMP, DTMIN , DTMAX,

ISTDY, TEND, IPAK ,EPSP

STDYST Steady-~-state calculation indicator.

TRANSI Transient calculation indicator.

DSTEP Time step number of dump to he used for restart.

ICp Temporary pointer to next free location in the dynamic storage
area for component data.

ICMPTR Pointer to end of component data for last component read in.

TIMEL Variable used to increase length of code by one word.

DELT Current time increment for advancement of finite difference
equations.

TIMET Current calculation time.

EPSC Convergence criterion for outer iteration.

EPSI Convergence criterion for imer iteration.

EPSS Convergence criterion for steady-state calculation.
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OITMAX Maximum number of outer iterations.

TLT™MPXK Maximum number of inner iterations.

SITMAX Maximum number of outer iterations for steady-state calculation.

IF0S Flag to indicate either steam (0) or air (1).

VMAXT Maximum Courant number.

DAMX Error due to relative change in void fraction.

VARER Variahle error.

IoMP Component indicator.

DIMIN Minimum allowable time step size for time interval.

DIMAX Maximum allowable time step size for time interval.

ISTDY Flag to indicate type of calculation (0 = transient; 1 = steady
state).

TEND End of time domain.

TIPAK Flag to imdicate water packer option (0 = off, 1 = On).

EPSP Convergence criteria for PWR initialization calculation.

YOMMON/CTRLDP/ ICTRLD (13) , DMPFLG, TDUMP, DMPINT , LTDUMP , LDMPTR, NDMPTR

ICTRID(13) Array which contains huffering information about the dump output

file.

DMPFIG Flag which signals whether the dump output file has been
initialized (0 = not, 1 = initialized).

TOUMP Calculation time at which next dump is to be taken.

DMPINT Dump interval for time domain.

LrDUMP CPU time when last dump was taken.

ILDMPTR Pointer to dump trip data.

NDMPTR Number of trips on which a dump is to be taken.

COMMON/DF1DC/IDF1D, ISRB, ISLB,JSTART, SSMC2, SSMC, SSVE, SSVC, SSMOM, SSE, VIS, DVJP,
SSAC,SRHE, SRHVC, SRHEV , SRHAC,MSC

IDF1D Hydrodynamics trigger.
ISRB Right-hand boundary switch.
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ISIB
JSTART
SSMC2
SMC

Ssve
SSsMoM

vJs

e
SSAC
SRHE

SRHAC

Left-hand boundary switch.

Cell number at left end of one-dimensional segment.
Momentum source to right-hand boundarv of cell.
Mass source.

Vapor enerqgy source.

Vapor mass source.

Momentum source to left cell boundary.

Enerqy source.

Source wvelccity.

Pressure derivative of source velocitv.

Air source.

Energy source due to drift terms.

Vapor mass due to drift terms.

Vapor energy due to drift terms,

Air mass due to drift terms.

Cell number for source terms.

COMMON/DIMEN/NUMCTR, NCOMP, NJUN, LENTBL,, IFREE, IAST, LFREE, LLAST, LENRD, NTRX,

NJUN
LENTBL

L3DLT,NTHM

Number of title cards.

Number of components.

Number of junctions.

Length of fixed length table,

First free word in the dynamic storage area.
Last word in the dynamic storage area.

First free location in ICM.

Last location in ICM.

Length of boundary data array for each junction.
Number of trips specified.

Last location of dynamic storage area for vessel, rod, and level

data (A3D array).
Number of elements per cell in"the DRIV array.
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COMMON/GRAPH/ IBUFF , LCMGCT , NCTX, NWTX , KLENTH, KP, LLCAT , TEDIT, EDINT, TGRAF ,GFINT,

IPKG,ICTRIG(13)
IBUFF Iength of graphics huffer.
ILMGCT Address of graphics catalog in LOM.
NCTX Number of graphics catalog entries.
NWTX Number of words written to disk per graphics edit.
KLENTH Length of the graphics disk file.
KP Pointer in graphics catalog block.
LCAT Address of graphics catalog in SCM.
TEDIT Time of next print edit.
EDINT Print edit interval for time domain.
TGRAF Time of next graphics =2dit.
GFINT Graphics edit interval for time domain.
IPKG Graphics file packing density.

ICTRIG(13) Array which contains buffering information about the graphics
output file,

COMMON/HOLL,/PIPEH, PUMPH, TEEH, VALVEH , BREAKH,, FILLH,CTAINH, PRIZRH, STGENH , ACCUMH,

VSSLH
PIPEH Holler ith representation of word "PIPE."
PUMPH Hollerith representation of word "PUMP."
TEEH Holler ith representation of word "TEE."
VALVEH Hollerith representaticn of word "VAIVE."
BREAKH Holler ith representation of word "BREAK."
FILIH Hollerith reprasentation of word "FILL."
CTATNH Hollerith representation of word "CTAIN."
PRIZRH Hollerith representation of word "PRIZER."
STGENH Hollerith representation of word "STGEN."
ACCUMH Hollerith representation of word "ACCUM."
VSSIH Hollerith representation of word "VESSEL,"
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COMMON/ISTAT/NSTEP, CITNO, IITNO, VERR, VARERM, TIBIG, ITFAIL

NSTEP Number of time steps taken,

OITNO Outer iteration number.

IITNO Inner iteration number.

VERR Velocitv error at component junction.

VARERM Maximum variable error.

TIIBIG Maximum number of imner iterations per outer iteration.
ITFAIL Flag to indicate failure of hydrodynamics to converge.
QOMMON/ JUNCT /JPTR

JPTR Number of junction-component pairs.

QOMVON/ LCMSP/ATCM (1.50000)

AICM(150000) Dynamic ICM storage area.

COMMON/PTRS/LTITLE , LORDER, LILCMP, LNBR, LOOMPT, LIITNO, LI ITOT, LJUN, LIJSEQ, LVSI,

ITITLE
LORDER
LITCMP

LITTNO

LIITOT

LBD,LTRIP

Tocation of title information in A array.

Iocation of iteration order array in A array.

Location (in A array) of component ICM pointer array according
to order components were read in.

Location of component number array in A array.

Iocation (in A array) of component ILM pointer array according
to order of iteration.

Iocation (in A array) of array containing the inner iteration
number by component at a given outer iteration.

Location (in A array) of array containing the total number of
inner iterations by component at a given time step.

327



LISED
LVSI
LBD
LTRIP

Iocation in A array of junction array.

Iocation in A array of junction sequence array.

Location in A array of velocity sign indicators bv junction.
Iocation in A array of boundary data arrav.

Iocation in A array of trip data array.

COMMON /PWRS/NLOOP , LENLDP,, LENLPP, LENSLP, LLOOF, LVIN, NITPWR, OV, QVS , FLOW, FTLOWS W,

NLOOP
LENLDP
LENLPP
LENSLP
LLOOP
LVIN
NITPWR

VIS

PH1
PH2

RHOP1
RHOP2
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W1 ,W2,TVIS,AREA,PH1 ,PH2,PVO, TVI ,MID, RHOP1,RHOP2, RS, RP1 ,RP2,RV1,
RV2,DHS, USG, ISGK, DHP1 ,DHP2,DHV1, DHV2

Number of primary coolant loops.

Length of overall loop data area prologue.

Length of loop prologue.

Length of subloop prologue.

Pointer to hegiming of loop data area.

Pointer to vessel junction Azta area within loop Aata area.
Parameter iteration counter for PWR initialization.
Total energy entering fluid through the vessel.
Desired total energy entering fluid through the vessel.
Total. mass flow rate through vessel.

Desired total mass flow rate through vessel.

Mass flow rate through 1loop hot leq.

Mass flow rate through first loop pump.

Mass flow rate through second loop pump.

Desired temperature at vessel inlet.

Steam generator heat transfer area.

Head for first loop pump.

Head for second loop punp.

Pressure at vessel hot-leg junction.

Current temperature at VESSEL inlet.,

Steam generator mean temperature difference.

Fluid density at first loop pump source cell.
Fluid density at second loop pump source cell.
Flow resistance of steam generator.



RP1
RP2

DHS

ISGK

DHP1
DHP2

Flow resistance of first locop pump.

Flow resistance of second loop pum..

Flow resistance of vessel as seen hy first loop pump.

Flow resistance of vessel as seen hy second loop pump.

Specific enthalpy differential for steam generator.

Overall heat transfer coefficient for steam generator.

Steam generator kind flag.

Specific enthalpy differential for first loop pump.

Specific enthalpy differential for second loop punp.

Specific enthalpy differential for vessel as seen hy first loop
pump.

Specific enthalpy Aifferential for vessel as seen by second ‘oop
purp.

COMMON/RESTART/ICTRLR(13) , DDATE, DDTIME , DNCOMP, DINFLT',

ICTRLR(13) Array which contains buffering information about the restart
file.

DDATE Date restart file was creatad.

DDTIME Time restart file was created.

DNOOMP Number of compments in the restart file.

DINFLT Length of fixed length tables read from restart file.

QOMMON/SCM3D/A3D(15000) *

A3D(1500C) Dynamic storage area for vessel, rod, and level data.

*In some overlays this COMMON block has only 10 000 words.
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COMMON /SSCON/FMAX (7) , LOK (7,2) ,RTWFP

FPMRX(T7) Maximum normalized errors.

TOK(7,2) Iocation of maximum normalized errors,

RTWFP Ratio of heat transfer to fluid dvnamics time step sizes.
QOMMON/TF3DC/KU, KL,0RG, 12

KU Displacement of level IZ+1 from level 1IZ in A3D array.
KL Displacement of level IZ2-1 from level IZ in A3D arrav.
ORG Origin of level IZ data A3D array.

12 Vessel level number currently being used.

COMMON/TIMER/CPUO, ADATE, ATIME, CPTIME

CPUO CPU time used at time zero.
ADATE Problem start date.

ATIME Problem start time.

CPTIME CPU time used by calculation.

COMMON/UNITS/IN, IOUT, ITTY, IGOUT, IDOUT, IRSTRT

N I/0 unit number for input data file.
I0UT I/0 unit number for output data file.
ITTY I/0 unit number for terminal output.
IGOUT I/0 unit number for graphics output file.
IDOUT I/0 unit number for dump output file.
IRSTRT I/0 unit number for restart input file.
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APPENDIX G

QOMPONENT DATA TABLES

I. FIXED LENGIH TABLES

The structure of the fixed length data tables is shown helow and is iden-
tical for all the components in TRAC. Refer to Chap. VI for a detailed dis-
cussion of the TRAC data base.

Position Parameter Description

1 NUM Component number.

2 TYPE Component  type.

3 D Compcnent  ID.

4 NCELLT Total number of cells.

5 ILENVLT Length of variable length table.

6 LENPTR Length of pointer table.

7 LENARR Length of array block.

8 LFV Relative position of old fundamental variables.
9 IFVN Relative position of new fundamental variables.
10 LENFV Length of fundamental variables.

11 LTDVO Relative position of time-dependent variables in

variable length table (old time).

12 LTDVN Relative position of time-dependent variables in
variable length table (new time).

13 LENTIV Number of time-dependent variables in the vari-
able length table.

14 IREST Component restart indicator.
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II. ACCUMULATOR MODULE

A. ACCUM Variable Iength Table

Position Parameter
1 NCELLS
2 Jun2

3 QINT

4 oouT

5 TYPE2
6 ICGT

7 IVl

8 w2

9 Js2

10 z

11 FLOW
12 ISTOP

B. ACCUM Pointer Table

Descr igt ion

Number of fluid cells.

Junction number at accumulator discharge
(high-numbered end).

Initial water volume in accumulator.

Volume of liquid that has discharged fram the

accumulator.

Adjacent component type (PIPE or TEE).

Adjacent component COMPTR number.

Indicator for velocity update at Junction 1 (=0).

Indicator for velocity update at Junction 2.

Junction sequence number at accumulator Aischarge.

Water height above discharge.

Volume flow rate at discharge.

Indicator that accumulator has emptied (=1).

Word Name Array Dimension
1l LDX DX NCELLS

2 LVOL VOL NCELLS

3 LFA FA NCELLS+1
4 LFRIC FRIC NCELLS+1
5 IGRAV GRAV NCELL5+1
6 IHD HD NCELLS+1
7 INFF NFF NCELLS+1
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Description

Delta x.

Cell volumes.,

Cell edge flow areas.

Additive friction factors.
Gravitation terms (cosine theta).
Hydraulic diameters.

Friction correlation options.



Word Name Array Dimension
8 WA WA NCELLS

9 LRD1 BD1 40

10 LRHS RHS 3*NCELLS
11 LVISL VISL NCELLS
12 VISV VISV NCELLS
13 IHIL HIL NCELLS
14 LHIV HIV NCELLS
15 LHLV HLV NCELLS
16 LALV ALV NCELLS
17 ILSIG SIG NCELLS
18 LOPPL OPPL NCELLS
19 LROM ROM NCELLS
20 LARV ARV NCELLS
21 LRMFM RMEM NCELLS
22 LRMVM RMVM NCELLS+1
23 ICFZ CF2Z NCELLS+1
24 LRIV DRIV NCELLS*15
25 LTSAT TSAT NCELLS
26 LVR VR NCELLS+1
27 IVL VL NCELLS+1
28 Lw w NCELLS+1
29 IALP ALP NCELLS

Descr iEt ion

Wall areas.

Dummy BD1 arrav.

Right-hand side for vapor continuity

and energy equations.
Viscosity of ligquid.
Viscosity of vapor.

Heat transfer coefficient between
inside wall and liquid (not used).

Heat transfer coefficient between
inside wall and vapor (not used).

Interfacial heat transfer coeffi-
cient.

Interfacial surface area.
Surface tension.

Heat flux from wall to liquid
(not used).

Mixture density.
ALP*ROV.

Mixture internal energy.
ROM*VM.

Friction coefficients.

Storage array for thermodynamic
derivatives and enthalpies.

Saturation temperatures.,
014 relative velocities.
014 liquid velocities.
0ld vapor velocities.

014 vapor fractions.
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word
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Name Array Dimension
LROV ROV NCELLS
LROL ROL NCELLS
LM W NCELLS+1
LEV & NCELLS
LEL EL NCELLS
v ™ NCELLS
LTL ™ NCELLS
p p NCELLS
LALPN ALPN NCELLS
LROVN ROVN NCELLS
LROIN ROIN NCELLS
LUMN VMN NCELILS+1
LEVN EVN NCELIS
LEIN EIN NCELLS
LTVN TVN NCELLS
LTIN TIN NCELLS
LPN PN NCELIS
IALPD ALPD 0

LROVA ROVA 0

LEVA EVA 0

LVRD VRD 0

LALPND ALPND 0

LROVAN ROVAN 0

3Not presently implemented.
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Description

01d
014
014
014
014
014
0ld
014
New
New
New
New
New
New
New
New

New

vapor densities.

liquid densities.
mixture velocities.
vapor internal energy.
liquid internal energv.
vapor temperatures.
liquid temperatures.
pressures.

vapor fractions.

vapor -Aensities.

liquid Adensities.
mixture velocities.
vapor internal energies.
liquid internal energies.
vapor temperatures.
liquid temperatures.

pressures.

Droplet volume fraction.?

0l1d

o1d

air density.a

_— a
air internal energy.

Droplet drift velocitv.a

New

New

droplet volume fraction.?

air density.a



Word Name Arrav Dimension Description

53 LEVAN EVAN New air internal enerc,;y.al
54 LTSSN TSSN New vapor saturation temperature.?
55 iB B NCELILS*30 Temporary storage for 1-D implicit
block tridiagonal matrix
solution.

ITI. BREAK MODULE VARIABLE LENGTH TABLE

Position Parameter Description

1 JUNY Junction at which break is located.
DXIN Delta x outside break.

3 VOLIN Volume outside break.

4 ALPIN Void fraction outside break.

5 TIN Temperature outside break.

6 PIN Pressure outside break.

7 Dx Delta x outside break.

8 VoL Yolume outside break.

9 ROM Mixture density.

10 ARV ALP*ROV,

11 RMEM Mixture internal energy.

12 RMM ROM*M/M,

13 ALP Void fraction outside break.

14 0,4 01d vapor density.

ot presently implemented.
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Position Parameter
15 ROL
16 w2
17 VR2
18 o0
19 EL
20 P

21 ALPN
22 ROVN
23 ROLN
24 VMN2
25 VRNZ2
26 EVN
27 FIN
28 PN
29 VMN1
30 VRN1
31 SIG
32 VUN1
33 VIN1
34 VN2
35 VIN2
36 VISV
37 VISL
38 ICJ
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Description

01d
014
01d
014
ol4d
014
New
New
New
New
New
New
New
New
New

New

liquid density.

mixture velocity.

relative velocity.

vapor internal energy.

liguid internal energy.

pressure.

vapor fraction.

vapor density.

1liquid density.

mixture velocitv one cell from boundary,
relative velocity one cell from boundary.
vapor internal energv.

liquid internal energy.

pressure.

mixture velocity at the boundary.

relative velocity at the boundary.

Sur face tension.

Vapor velcocity at the boundary.

Liquid velocity at the boundary.

Vapor welocity one cell from the boundary.

Liquid velocity one cell fram the boundary.

Visoosity of vapor.

Viscosity of liquid.

Adjacent component COMPTR number .



Position Parameter
39 TYPE1

a0 JS1

41. BXMASS

42 BSMASS

IV. FILL MODULE

Description
Type of component adjacent to break.

Junction sequence number.
Current mass flow rate out of break.

Time-integrated mass flow rate out of break.

A. FILL Variable Length Table

Position Parameter
1 JUN1
2 DXIN
3 VOLIN
4 ALPIN
5 VIN
6 TIN
7 PIN
8 DX
9 VoL

10 ROM

11 ARV

12 RMEM

13 RMVM

14 ALP

15 ROV

16 ROL

Descr iEt ion

Junction at which fill is located.
Delta x outside fill.

Volume outside £ill.

Void fraction of entrant material.
Velocity of entrant material.
Temperature outside fill.

Pressure outside fill.

Delta x outside fill.

Volume ocutside fill.

Mixture density.

ALP*ROV.

Mixture internal energy.

ROM*VM.

Void fraction outside fill.

014 vapor density.

01d liquid density.
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Position Parameter Descr igtion

17 w2 014 mixture velocity.

18 VR2 014 relative welocity.

19 w 014 vapor internal energy.

20 FL 014 liquid internal energy.

21 p 014 pressure.

22 ALPN New vapor fraction.

23 ROVN New vapor density.

24 ROIN New liquid density.

25 VMN2 New mixture velocity one cell from boundary.
26 VRN2 New relative velocity one cell from houndary.
27 EVN New vapor internal energy.

28 ELN New liquid internal energy.

29 PN New pressure.

30 VMN1 New mixture velocity at the boundary.

31 VRN1 New relative velocity at the boundary.

32 SIG Sur face tension.

33 VUN1 Vapor velocity at the boundary.

34 VIN1 Liquid velocity at the boundary.

35 VN2 Vapor velocity one cell from the boundary.
36 VIN2 Liquid velocity one cell from the boundary.
37 VISV Viscosity of vapor.

38 VISL Visoosity of liguid.

39 IcJ Adjacent component COMPTR number.

40 TYPEL Type of companent adjacent to fill.

41 Js1 Junction sequence number at junction 1.
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Position Parameter
42 FXMASS

43 FSMASS

44 IFTY

45 IFTR

46 NFTX

B. FILIL Pointer Table

Word Name

Array

Description

Current mass flow rate out of fill.

Time-integrated mass flow rate out of fill.

FILL tvpe.
FILL trip mumber.

Number of FILL table pairs.

Dimension Description

1 LFTAB FTAB NFTX*2

V. PIPE MODULE

FILL velocity table

A. PIPE Variable Length Table

Position Parameter

1 NCELLS

2 NODES

3 JUN1

4 JUN2
MAT

6 RADIN

7 H

8 HOUTL

9 HOUTV

10 TOUTL

n TOUTV

12 I1CJ1

Description
Number of fluid cells.

Number of heat transfer nodes.

Junction number of low-numbered pipe end.

Junction number of high-nimbered pipe end.

Material ID.
Inner radius of pipe wall.

Thickness of pipe wall.

Heat transfer coefficient between outer boundary

of pipe wall and liquid.

Heat transfer coefficient between outer

of pipe wall and vapor.
Liquid temperature outside pipe.
Vapor temperature outside pipe.

Adjacent component at junction 1.

boundary
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Position Parameter

13
14
15
16

17

18
19
20

21

ICI2
TYPEL
TYPE2

Jsl

Js2

ISOLLB
ISOLRB
ICHF

THYDRO

B. PIPE Pointer Table

Worq

1

2
3
4

11
12
13

340

Descr iption

Adjacent component at junction 2.

Type of adjacent component at junction 1.

Type of adjacent component at junction 2.

Junction sequence number at low-numbered pipe

end.

Junction sequence number at high-numbered pipe

end.

Indication for velccitvy update at junction .

Indication for velocity update at junction 2.

CHF calculation.

1-D hydrodvnamics option.

Name Array Dimension
LDX DX NCELLS
LVOL VoL NCELLS
LFA FA NCELLS+1
LFRIC FRIC NCELLS+1
IGRAV GRAV NCEILIS+1
IHD D NCELLS+1
INFF NFF NC=T IS+l
WA A NCELLS
IMATID MATID NODES-1
LRHS RHS 3* (NCELLS)
ICPL CPL NCELLS
ICBeV Ce NCELLS
LCL CL NCELLS

Description

Delta x.

Cell volumes,

Cell edge areas.

Additive friction factors.
Gravitation terms (cosine theta).
Hydraulic diameters.

Friction correlation options.
Wall areas.

Material IDs.

Right-hand side for vapor continuity
and energy equations.

C sub P liquid.
C sub P vapor.

Conductivity of 1liquid.



Word Name Array Dimension Description

14 v N NCELLS Conductivity of wvapor.

15 LVISL VISL NCELLS Viscosity of liquid.

16 LVISV VISV NCELLS Viscosity of vapor.

17 LHFG HFG NCELLS Latent heat of vaporization.

18 LEMIS IS NCELLS Emissivity of pipe wall.

19 ILRN RN NODES Radii at nodes.

20 LRN2 RN2 NODES-1 Radii at cell centers.

21 IDR DR NODES-1 Delta r.

22 LIDR IDR NCELLS Heat transfer regime.

23 IHIL HIL NCELLS Heat transfer coefficient between
inside wall and liquid.

24 IHIV HIV NCELIS Heat transfer coefficient between
inside wall and vapor.

25 IHLV HLV NCELLS Interfacial heat transfer
coefficient.

26 IALV ALV NCEILS Interfacial surface area.

27 IHOL HOL NCELLS Heat transfer coefficient between
outside wall and liquid.

28 LHOV HOV NCELLS Heat transfer coefiicient between
outside wall and vapor.

29 LTOL TOL NCELLS Liquid temperature outside pipe.

30 LTV TV NCELLS Vapor temperature outside pipe.

3 ISIG SIG NCELLS Surface tension.

32 LROW RON  (NODES-1) *NCELLS Density of wall.

33 1CPw CPW  (NODES-1)*NCELLS Specific heat of wall.

34 Icw oW (NODES-1) *NCELLS Conductivity of wall.

35 LOPPC QPPC NCELLS Critical heat flux.

36 1OPPP QPPP NCELLS Wall heat source.
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Word

37
38
39
40
41
42

43
44
45
46
47
48
- 49
50
51
52
53
54
55
56
57
58
59
60

342

Name

LROM

LDRIV

LTSAT
LVR
VL
Lw
L™

IALP

LROL

LWM

'

LTL

LTWN

LROIN

Array Dimension
ROM NCELLS
ARV NCELLS
RMEM NCELLS
RMVM NCELLS+1
CFZ NCELLS+1
DRIV NCELLS*15
TSAT NCELLS

VR NCELLS+1
VL NCELLS+1
w NCELLS+1
™ NCELLS*NODES
ALp NCELLS
ROV NCELLS
ROL NCELLS

W NCELLS+1
EV NCELLS

EL NCELLS

™ NCELLS

TTL NCELLS

P NCELLS
TWN NCELLS*NODES
‘BLPN NCELLS
ROVN NCELLS
ROIN NCELLS

Descr iption

Mixture densitv.
ALP*ROV.

Mixture internal energv.
ROM*VM.

Total friction factor.

Storage array for thermodynamic

derivatives and enthalpies.
Saturation temperatures.
Relative velocities.,

Liquid velocities.

Vapor velocities.

01d wall temperatures.

014 vapor fractions.

014 vapor densities.

014 ligquid densities.

01d mixture velocities.

014 vapor internal energy.
014 liquid internal energy.
014 vapor temperature.

014 liquid temperature.

014 pressure.

New wall temperatures.

New vapor fraction.

New vapor density.

New liquid density.



word
61
62
63
64
65
66
67
68
69
70
7
72
73
74

75

Name

LVMN

LTVN

LTIN

TALPD

LVRD

IALPND

LTSSN

Array Dimension
VMN NCELLS+1
EVN NCELLS
EIN NCELLS
TVN NCELLS
TIN NCELLS

PN NCELZS
ALPD 0

ROVA 0

EVA 0

VRD 0

ALPND 0

ROVAN 0

EVAN 0

TSSN 0

B NCEIIS*30

VI. PRESSURIZER MODULE

A. PRIZER Variable Length Table

Position

Parameter

1

NCELLS

Description

New mixture velocity.

New vapor internal energy.
New liquid internal enerqy.
New vapor temperature.

New liquid temperature.
New vressure.

Droplet volume fraction.?
014 air density.a

0ld air internal enerqy.a

Droplet drift velocityoa

New droplet volume fraction.?

New air density.a

N a
New air internal energqy.

New vapor saturation temperature.a

Temporary storage of 1-D implicit

block tr igiagonal matrix
solution.

Number of fluid cells.

ot presently implemented.
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Position Parameter

2 JUN2

3 CHEAT

4 PSET

5 DPMAX

6 QINT

7 ZHTR

8 QOUT

9 TYPE2

10 j(eY)

11 V1

12 uv2

13 Js2

14 2

15 QIN

16 FLOW

17 BXMASS

18 BSMASS

B. PRIZER Pointer Table
Word Name Array
1l LDX DX

344

Descr igt ion

Junction number at pressurizer discharge
{high-numbered end).

Total heater power.

Pressurizer pressure set point for heater-spray
control.

Differential pressure at which heaters have
maximum power.

Initial water volume in accumulator.

Water height for heater cut off.

Voiume of liquid that has discharged from the
pressurizer.

Adjacent component type.

Adjacent component COMPTR number .

Indicator for velocity update at Junction 1 (=0).
Indicator for velocity update at Junction 2.

Junction sequence number at pressurizer
discharge.

Water height above discharge.

Heater power being input to water.

Volume flow rate at discharge.

Current mass flow rate during steady state.

Time-integrated mass flow rate out of
pressurizer.

Dimension Description
NCELLS Delta x.



Word

11
12
13

14

15

16
17
18
19
20
21
22
23
24

Name
LVOL
IFA
LFRIC

IGRAV

IBD1

LVISL
LVISV

IHIL

ISIG

LOFPL

LDRIV

Arrav Dimension
VOL NCELLS
FA NCELLS+1
FRIC NCELLS+].
GRAV NCELLS+1
HD NCELLS+1
NFF NCELLS+1
WA NCELLS
BD1 40

RHS 3*NCELLS
VISL NCELLS
VISV NCELLS
HIL NCELLS
HIV NCELLS
HLV NCELLS
ALV NCELLS
SIG NCELLS
QPPL NCELLS
ROM NCELLS
ARV NCELLS
RMEM NCELLS
RMUM NCELLS+1
CFZ NCELLS+1
DRIV NCELLS*15

Description

Cell volumes.

Cell edge flow areas.

Additive friction factors.
Gravitation terms (cosine theta).
Hydraulic diameters.

Friction correlation options.
Wall areas.

Dunmy BD1 array.

Right-hand side for vapor continuity
and energy equations.

Viscosity of liquid.
Viscosity of vapor.

Heat transfer coefficient between
inside wall and liqguid.

Heat transfer coefficient between
inside wall and vapor.

Interfacial heat transfer
ococefficient.

Interfacial surface area.
Surface tension.

Heat flux from wall to liquid.
Mixture densitv.

ALP*ROV.

Mixture internal energy.
ROM*VM.

Total friction factors.

Storage array for thermcdynamic

derivatives and enthalpies.
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Word Name Array Dimension Description

25 LTSAT TSAT NCELLS Saturation temperatures.

26 LVR VR NCELLS+1 Relative velocities.

27 VL VL NCELLS+1 Liquid velocities.

28 1w W NCELLS+1 Vapor velocities.

29 LALP ALP NCELLS Vapor fractions.

30 LROV ROV NCELLS 014 vapor densities.

1 LROL ROL NCELLS 014 liquid densities.

32 L W NCELLS+1 0149 mixture velccities.

33 LEV w NCELLS 014 vapor internal energy.
34 LEL EL NCELLS 014 liquid internal enerqy.
35 [Ha' ™ NCELLS 014 vapor temperatures.

36 LTL T, NCELLS 01d liquid temperatures.

37 P P NCELLS 014 pressures.

38 LALPN ALPN NCELLS New vapor fractions.

39 LROVN ROVN NCELLS New vapor densities.

40 LROIN ROIN NCELLS New liquid densities.

41 LVMN N ACELLS+H1 New mixture velocities.

42 LEVN EVN NCELLS New vapor internal energies.
43 LEIN EIN NCELLS New liquid internal energies.
44 LTVN TVN NCELLS New vapor temperatures.

45 LTIN TIN NCELLS New liquid temperatures.

46 LPN PN NCELLS New pressures.

47 IALPD ALPD 0 Droplet volume fraction.®
48 LROVA ROVA 0 014 air density.?

49 LEVA EVA 0 014 air internal energy.a
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Word Name Array Dimension Description

50 LVRD VRD 0 Droplet drift velocity.‘-’I

51 LALPND ALPND 0 New droplet volume fraction.?

52 LROVAN ROVAN 0 New air densitv.?

53 TEVAN EVAN Q New air internal energy.a

54 LTSSN TSSN 0 New vapor saturation temperature.a

55 1B B NCELLS*30 Temporary storage for 1-D implicit
block tridiagonal matrix
solution.

VII. PUMP MODULE

A. PUMP Variable Length Table

Position Parameter Description

1 NCELLS Number of fluid cells.

2 JUNL Junction number of low-numbered end of pump.

3 JUNZ2 Junction number of high—-numbered end of pump.

4 IPMPTY Pump type (1 or 2).

5 IRP Reverse speed indicator (l=Reverse allowed;

O=Reverse not allowed).
6 M Two-phase indicator (1=Use two-phase curves;
0=Use single-phase curves).

7 RHEAD Rated head.

8 RTORK Rated torgue.

9 RFLOW Rated flow.

10 RRHO Rated density.

11 EFFMI Moment of inertia.

ANot presently implemented.
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Position Parameter Descr igtion

12 TFRL Frictional torque constant 1.

13 TFR2 Frictional torgue constant 2.

14 ROMEGA Rated angular velocity.

15 INDXHM Index on head degradation multiplier curve.

16 INDXT™M Index on torgue degradation multiplier curve.

17 NHDM Number of points on the head degradation
multiplier curve.

18 NTDM Numher of points on the torque degradation
multiplier curve.

19. & ICT1 Adjacent component at junction 1.

20 ICJ2 Adjacent component at junction 2.

21 TYPE1 Type of adjacent component at junction 1.

22 TYPE 2 Type of ajacent component at junction 2.

23 IS0l Indication for velocity update at junction 1.

24 ISOL2 Indication for velocity update at junction 2.

25 CMEGA Angular velocity at old time.

26 OMBEGAN Angular velocity at new time.

27 RHO Pump mixture density.

28 FLOW Punmp volumetric flow rate.

29 ALPHA Pump void fraction.

3C HEAD Pump head.

31 TORQUE Pump torque.

32 SMOM Momentum source.

33 DELP Delta - P across pump.

34 NODES No. of radial heat transfer nodes.

35 MAT Material I.D. of wall.
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Descr igt ion

Inner radius >f wall.

Wall thickness.

Heat transfer coefficient between outer boundary
of pipe wall and liquid.

Heat transfer coefficient between outer boundary
of pipe wall and vapor.

Liquid temperature outside wall.

Vapor temperature outside wall.

Junction seguence number at low-numbered pipe

Junction sequence number at high-numbered pipe

CHF calculation indicator.

1-D hydrodynami«:s option.

Size of scratch storage arrav.

Pump mass flow rate.

Pump trip I.D.

Number of pump speed table entries.

Index in pump speed table.

Trip condition.

Position Parameter
36 RADIN
37 TH
38 HOUTL
39 HOUTV
40 TOUTL
41 TOUTV
42 Jsl
end.
43 Js2
end.
44 ICHF
45 THYDRO
46 NDMAX
47 MFLOW
48 IPMPTR
49 NPMPTX
50 ISAVE
51 ICOND
B. PUMP Pointer Table
Word Name Array Dimension
1 LDX DX NCELLS
2 LVOL VOL NCELLS
3 LFA FA NCELLS+1
4 LFRIC FRIC NCELIS+1
5 IGRAV GRAV NCELLS+1

Delta x.

Cell volumes.

Cell edge flow areas.
Additive friction factors.

Gravitation terms (cosine theta).
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Word Name Arrav Dimension Descr igt ion

6 LHD HD NCELLS+1 Hvdraulic diameters.

7 ILNFF NFF NCELLS+1 Friction correlation options.

8 WA WA NCELLS Wall areas.

9 IMATID MATID NODES-1 Material IDs.

10 LRHS RHS 3 (NCELLS) Right-hand side for vapor continuity
and energy equations.

11 LCPL CPL NCELLS C sub P liquid.

12 ICev cev NCELLS C sub P vapor.

13 ICL CL NCELLS Conductivity of liguid.

14 v v MCELLS Conductivitv of vapor.

15 LVISL VISL NCELLS Viscosity of liquid.

16 LVISV Visv NCELLS Viscosity of vapor.

17 LHFG HFG NCELLS Latent heat of vaporization.

18 1EMIS EMIS NCELLS Emissivity of wall,

19 LRN RN NODES Radii at nodes.

20 LRN2 RN2 NODES-1 Radii at cell centers.

21 LDR DR NODES-1 Delta r.

22 LIDR IDR NCELLS Heat transfer regime.

23 IHIL HIL NCELLS Heat transfer coefficient between
inside wall and liquid.

24 LHIV HIV NCELIS Heat transfer coefficient between
inside wall and vapor.

25 LHLV HLV NCELLS Interfacial heat transfer
coefficient.

26 ALV ALY NCELLS Interfacial surface area.

27 IHOL HOL NCELLS Heat transfer coefficient between

outside wall and liquid.
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Word  Name Arrav Dimension

28 THOV HOV NCELLS

29 I:TOL TOL NCELLS

30 LTV oV NCELLS

31 ISIG SIG NCELLS

32 LROW ROW (NODES-1) *NCELLS
33 LCPW cPw (NODES-1) *NCELLS
34 W W (NODES-1) *NCELLS
35 LOPPC QPEC NCELLS

36 LOPPP OPPP NCELLS

37 LROM ROM NCELLS

38 LARV ARV NCELLS

39 LRMEM RMEM NCELLS

40 LRMUM RMVM NCELLS+1

41 ICFz CFZ NCELLS+1

42 LDRIV DRIV NCELLS*15

43 LTSAT TSAT NCELLS

44 LVR VR NCELLS+1

45 LVL VL NCELLS+1

46 Lw w NCELLS+1

47 LTW ™ NCELLS*NODES
48 IALP ALP NCELLS

49 LROV ROV NCELLS

590 LROL ROL NCELLS

51 LW W NCELLS+1

Descr igtion

Heat transfer coefficient hetween
outside wall and vapor.

Liquid temperature outside pump.
Vapor temperature outside pump.
Surface tension.

Density of wall.

Specific heat of wall.
Conductivity of wall.

Critical heat flux.

Wall heat source.

Mixture density.

ALP*ROV.

Mixture internal energv.
ROM*VM,

Total friction factor.

Storage array for thermoidynamic
derivatives and enthalpies.

Saturation temperature.
Relative velocity.
Liquid velocity.

Vapor velocity.

0l1d wall temperatures.
014 vapor fraction.
014 vapor density.

01d liquid rensity.

01d mixture velocity.
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Word

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Name

LHLY

LTL

LTWN

LROIN
LVMN
LEVN
LELM
LTUN

LTIN

TALPD

LVRD

LALPND

LROVAN

LTSSN

Arrav Dimension
v NCELLS
EL NCELLS
™ NCELLS
TL NCELLS

P NCELLS
TWN NCELLS*NODES
ALPN NCELLS
ROVN NCELLS
ROIN NCELLS
VMN NCELLS+1
EVN NCELLS
FIN NCELLS
TVN NCELLS
TLN NCELLS
PN NCELLS
ALPD 0

ROVA 0

EVA 0

VRD 0

ALPND 0

ROVAN 0

EVAN 0

TSSN 0

ENot presently implemented.
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Description

01d vapor internal enerav.
0ld liquid internal energv.
014 vapor temperature.

014 liquid temnperature.
01d pressure.

New wall temperatures.

New vapor fraction.

New vapor density.

New liquid density.

New mixture velocity.

New vapor internal energy.
New liquid internal energy.
New vapor temperature.

New liquid temperature.

New pressure.

Droplet volume fraction.?
014 air density.a

0ld air internal energy.?
Droplet drift velocitv.a
New droplet volume fraction.?
New air density.'-’l

New air interial ena:-:rt;;y.a

New vapor saturation temperature.?



Word Name Array Dimension
75 1B B NCELLS*30
76 ISPTBL.  SPTBIL NPMTX*2

77 LNDATA NDATA 16

78 IHSP1 HSP1 2*NDATA(1)
79 LHSP2 HSP2 2*NDATA (2)
80 LHSP3 HSP3 2*NDATA(3)
81 LHSP4 4sp4 2*NDATA (4)
82 LHTP1 HTP1 2*NDATA(5)
83 LHTP2 HTP2 2*NDATA (6)
84 LHTP3 HTP3 2*NDATA(7)
85 LHTP4 HTP4 2*NDATA (8)
86 LTSP1 TSP1 2*NDATA (9)
87 LTSP2 TSP2 2*NDATA (10)
88 LTSP3 TSP3 2*NDATA(11)
89 LTSP4 TSP4 2*NDATA (12)
£ LTTPl TTP1 2*NDATA (13)
91 LTTP2 TTP2 2*NDATA (14)
92 LTTP3 TTP3 2*NDATA (15)
93 LTTP4 TTP4 2*NDATA (16)
94 LHDM HDM NHDM

95 LTTM ™M NIDM

96 LIDXCS IDXCS 16

Temporary storage for 1-D implicit
block tridiagonal matrix solution.

Pump speed table.

Number of sets of points head
and torque curves.

Single-phase head curve 1.
Single-phase head curve 2.
Single-phase head curve 3.
Single-phase head curve 4.
Two-phase head curve 1.
Two-phase head curve 2.
Two-phase head curve 3.
Two-vhase head curve 4.
Single-phase torque curve 1.
Single-phase torque curve 2.
Single-phase torque curve 3.
Single-phase torque curve 4.
Two-phase torque curve 1.
Two-phase torque curve 2.
Two-phase torque curve 3.
Two-phase torque curve 4.

Head degradation multiplier curve.

Torque degradation multiplier curve.

Curve set index arrav.
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VIII. STEAM GENERATOR MODULE

A. STGEN Variable ILength Table

Position Parameter Description

1 NCELL1 No. of fluid cells on tube side (PS).

2 NCELL2 No. of fluiAd cells on shell side (SS).

3 NODES No. of wall temperature nodes.

4 JUN1L Junction no. adjacent ~t:o cell 1 on tube side.

5 JUN12 Junction no. adjacent to cell NCELL1 on tube
side.

6 JUN21 Junction no. adjacent to cell 1 on shell side,

7 JUN22 Junction no. adjacent to cell NCEILL2 on shell
side.

8 MAT Material ID for tubes.

9 RADIN Inner radius of a tube wall.

10 TH Tube wall thickness.

11 NFF1 Friction factor correlation option for tube
side.

12 NFF2 Friction factor correlation option for shell
side.

13 ICJ11 Adjacent component at JUN11.

14 ICJ12 Adjacent component at JUN12.

15 ICI21 Adjacent component at JUN21.

16 1CJ322 Adjacent compcnent at JUN22.

17 TYPE11 Type of adjacent component at JUN11.

18 TYPE12 Type of adjacent component at JUN12.

19 TYPE21 Type of adjacent component at JUN21.

20 TYPE22 Type of adjacent component at JUN22.

21 ISVIB1 Indicator for velocity update at JUNI1.




Position Parameter

22
23
24
25
6

27

28

29

30

(98
(%)

B. STGEN Pointer Table

ISVRR1
ISVLR2
ISVRR2
KIND

ITTOT1

IITOT2

JS11

Js12

Js21

Js22

THYDRO

Description

Indicator for velocitv undate at JUN12.
Indicator for velocitv uprdate at JUN21.
Indicator for velocitv update at JUN22.
STGEN type: l1=u-tube; 2=once through.

Total no. of inner iterations during this
time step for tube side.

Total no. of inner iterations during this
time step for shell side.

Junction sequence number at primary side
inlet.

Junction sequence number at primary side
discharge.

Junction sequence number at secondary side
inlet.

Junction sequence mumber at secondary side
discharge.

Word

1

o N N

Tvpe of hvdrodynamics on primary side
(O=partition implicit; 1=full imnlicit).

Name Array Dimension Description

LDX1 DX1 NCELL1 Delta x primary side (PS).

oLl VOL1 NCELL1 Cell volumes PS.

LFAl FAl NCELL1+1 Cell edge areas PS.

LFRIC1 FRIC1 NCELL1+1 Additive friction factors PS.
IGRAV1 GRAV1 NCELL1+1 Gravitation terms (cosine theta).
IHD1 HD1 NCELL1+1 Hydraulic diameters PS.

INFF1 NFF1 NCELL1+1 Friction correlation options PS.
WAL WAL NCELL1 Wall areas PS.
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wWordl

10

11
12

13

14
15
16
17
18
19
20
21
22
23
24

25

26

27

28
29
30

356

Name
IMATID

LRHS1

ICPL]
Cpvl

IDRIV]

LTSAT1

ICL1

LVISL]
Lvisvi
IHFG1

LEMIS

LRN2
LDR
LIDR1

IHIL1

LHIVL

LHIV]

IQPPC1

ISIG1

Arrav NDimension
MATTD NODES-1
RHS] 3* (NCELL1)
CPL1 NCELL1
CPV1 NCELL1
DRIV1 NCELLS*15
TSATI NCET.L1
CL1 NCELL1
cv1 NCELLI1
VISL] NCELLY
VISVl NCELL1
HFG1 NCELL1
EMIS NCELL1
RN NODES

RN2 NODES-1.
DR NODES-1
IDR) NCFLL1
HILl NCELL1
HIV1 NCELL1
HILV1 NCELL1
ALVl NCELL1
QPPC1 NCELL1
S1G1 NCELL1

Description
Material IDs.

Right-hand side for vapor continuitv
and energy equations PS.

C sub P liquid PS.
C sub P vapor PS

Storage array for thermodvnamic
derivatives and enthalpies.

Saturation temperature PS,
Conductivity of liquid PS.
Conductivity of vapor PS.
Viscosity of liquid PS.
Viscosity of vapor PS.

Latent heat of vaporization PS.
Fmissivity of wall PS.

Radii at nodes.

Radii at cell centers of tube wall,
Delta r of tube.

Heat transfer regime.

Heat transfer coefficient between
inside wall and liquid PS.

Heat transfer coefficient between
inside wall and vapor PS.

Interfacial heat transfer
coefficient PS.

Interfacial surface area PS.
Critical heat flux PS.

Surface tension PS.



word
31
2
33
34
35
36

37

39
40

41

42

43

44

45

46
47
48
49
50
51
52
53

Name

LOPPLL
LOPRV1

LOPPP1

LTWEFF

LTLO
LTVO
LCFZ)
LVR1
IVL1
LWl
LDX2

LVoL2

Arrav Dimension

ROW  (NODES-1) *NCETLL1
CPW  (NODES-1) *NCELL1
oW (NODES-1) *NCFLL1
QPPL1 NCELL1

QPPV1 NCELL1

QPPP1 NCELL1

ROM1 NCELL1

ARV] NCELL1

RMEM1 NCELL1

RMVML NCELL1+1
HLEFF NCFLL2

HVEFF NCELL2

TWEFF  NODES* (NCELL2)
HLO NCELL1

HVO NCFLL1

TLO NCELLL

™O NCELL1

CFZl1 NCELL1+1

VR1 NCELL1+1

VL1 NCELL1+1

W1 NCELL1+1

DX2 NCELL2

vor2 NCELL2

Description

Density of wall.

Specific heat of wall.
Conductivity of wall.

Wall to liquid heat flux PS.
Wall to vapor heat f£lux PS,
Wall heat source PS.
Mixture density PS.
ALP*ROV PS,

Mixture internal energy PS.
ROM*WM PS.

Effective wall to liquid heat
transfer coefficient.

Effective wall to vapor heat
transfer coefficient.

Effective wall temperatures.

Wall to liquid heat transfer
coefficient secondary side (SS).

Wall to liquid heat transfer
coefficient SS.

Liquid temperature SS.
Vapor temperature SS.
Total friction factor PS.
Relative velocitv PS.
Liquid vapor velocity PS.
Vapor welocity PS,

Delta x SS.

Cell volumes SS.
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Word Name Array Dimension Description

54 LFA2 FA2 NCELL2+1 Cell edge areas SS.

55 LFRIC2 FRIC2 NCELL2+1 Additive friction factors SS.

56 IGRAV2 GRAV2 NCETL2+1 Gravitation terms (cosine theta) SS.

57 1HD2 HDZ NCELL2+1 Hydraulic diameters SS.

58 INFF2 NFF2 NCEI12+1 Friction correlation options SS.

59 LWA2 WA2 NCELL?2 Wall areas SS.

60 LRHS2 RHS2 3% (NCELL2) Right-hand side for vapor continuitv
and energy eguations SS.

61 ICPL2 CPL2 NCELL2 C sub P liquid SS.

62 ICPV2 Ccpv2 NCELL2 C sub P vapor SS.

63 IDRIV2 DRIVZ2 NCETL2*15 Storage arrav for thermodvnamic
derivatives and enthalpies SS.

64 UTSAT2 TSAT2 NCELL2 Saturation temperature SS.

65 ICL2 CL2 NCELL?2 Conductivity of liquid SS.

66 IcV2 o2 NCELL2 Conductivity of vapor SS.

67 LVISL2 VISL2 NCELL?2 Visocosity of 1liquid SS.

68 LVISV2 VISV2 NCELL2 Viscosity of vapor SS.

69 THFG2 HFG2 NCELL2 Latent heat of vaporization SS.

70 LIDR2 IDR2 NCELL2 Heat transfer regime.

71 IHIL2 HIL2 NCELL?2 Heat transfer coefficient between
inside wall and 1liquid SS.

72 LHIV2 HIV2 NCELL2 Heat transfer coefficient between
inside wall and vapor SS.

73 THLV2 HIV2 NCELL2 Interfacial heat transfer
coefficient SS.

74 IALV2 ALV2 NCELL2 Interfacial surface area SS.

75 LOPPC2 QFPC2 NCELL?2 Critical heat flux SS.

76 1SIG2 SI1G2 NCELL2 Surface tension SS.
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Word  Name Array Dimension Description

77 LOPPL2 QPPL2 NCELL2 wWall to liquid heat flux SS.
78 1OPPV2 QPPV2 NCELL2 Wall to vapor heat flux SS.
79 LOPPP2 QPPP2 NCELL?2 Wall heat source SS.

80 LROM2 ROM2 NCELL?2 Mixture density SS.

81 LARV2 ARV2 NCELL2 ALP*ROV SS.

82 LRMEM2 RMEM2 NCELL?2 Mixture internal enerqgy SS.
83 LRMVM?2 RMUM2 NCELL2+1 ROM*VM SS.

84 LCFZ2 CF22 NCELL2+1 Total friction factor SS.

85 LVR2 VR2 NCELL2+1 Relative velocity SS.

86 LVL2 VL2 NCELL2+1 Liquid vapor velocity SS.

87 L2 w2 NCELL2+1 Vapor velocitv SS.

88 LTMASS TMASS NCELL1 Tube wall mass (not used).
89 LTW ™ NCELLI*NODES 014 wall temperatures.

90 LALP1 APL1 NCELL1 01d vapor fraction PS,

91 LROV1 ROV1 NCELL1 014d vapor density PS.

92 LROLY ROL1 NCELL1 014 liquid Adensity PS.

93 LMl M1 NCELL1+1 01d mixture velocity PS.

94 1IEV1 EV1 NCELL1 014 vapor internal energy PS.
95 LEL1 ELl NCELL1 014 liquid internal energy PS.
960 LTVl ™1 NCELL1 014 vapor temperature PS,

97 LTL1 TL1 NCELL1 014 liquid tempsarature PS.
98 Pl Pl NCELL1 014 pressure PS.

99 TALP2 ALP2 NCELL2 014 vapor fracticn SS.

100 LROV2 ROV2 NCELL?2 01d vapor density SS.

101 LROL2 ROL2 NCELL2 01d liquid density SS.
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Word

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

126

360

Name
M2

LEV2

LTV2
LTL.2
LP2
LTWN
LALPN1
LROVN1
LROIN1
LVMN1
TEVN1
LETN1
LTVN1
LTIN1
LPN1
LALPN2
LROVNZ2
LROIN2

LVMN2

IFIN2
LTVN2
LTIN2

LPN2

Array Dimension
2 NCELL2+1
EV2 NCELL2
EL2 NCELL2
T™V2 NCELL2
TL2 NCELL2
P2 NCEL).2
TN NCELL1*NCDES
ALPN1 NCELL).
ROVN1 NCELL1
ROIN1 NCELL1
VMN1 NCELL1+1
EVN1 NCELL1
ELN1 NCELL1
TUN1 NCELL).
TILN1 NCELL1
PN1 NCELL1
ALPN2 NCELL2
ROVN2 NCELL2
ROIN2 NCELL2
VMN2 NCELL2+1
EVN2 NCELL2
EIN2 NCELL2
TUN2 NCELL2
TIN2 NCELL2
PN2 NCELL2

Descr igt ion

014
014
o1d
014
01d
014
New
New
New

New

New
New
New
New
New
New
New
New
New
New
New
New
New

New

mixture velocity SS.
vapor internal energy SS.
liquid internal energy SS.
vapor temperature SS.
liquid temperature SS.
pressure SS.

wall temperatures.

vapor fraction PS.

vapor density PS.

1iquid densitv PS.
mixture velocity PS.

vapor internal energv PS.
liquid internal energy PS.
vapor temperature PS.
liquid temperature PS.
pressure PS,

vapor fraction SS.

vapor density SS.

liquid density SS.
mixture velocitv SS.
vapor internal energy SS.
liquid internal enerqgy SS.
vapor temperature S5S.
liquid temperature SS.

pressure SS.



138
139
140

141

142

143

Name
LALPD1

LALPD2

LAIND]
LAIND2
LRVAN1
LRVAN2
LEVAN1
LEVAN2

LTSSN1

LTSSN2

Array Dimension
ALPD] 0

ALPD2 0

ROVAL 0

ROVA2 0

EVAl 0

EVA2 0

VRD1 0

VRD2 0

AILND1 0

AIND2 0

RVAN1

RVAN2 0

EVAN1 0

EVAN2 0

TSSN1 0

TSSN2 0

B NCELLS*30

“Not presently implemented.

Droplet volume fraction ps.?
Droplet volume fraction ss.2
0ld air density ps.?

014 air Aensity 55,2

0l4d air internal energy ps.?
014 air internal enerqgv ss.2
Droplet Arift velocity ps.?
Droplet Arift velocity ps.2

New droplet volume fraction ps.?
New droplet volume fraction ss.2
New air densitv ps.?

New air density ss.2

New air internal enerqgy ps.2

New air internal energy ps.2

Newavapor saturation temperature
m'

Newava.por saturation temperature
SS.

Temporary storage for 1-D implicit
block tridiagonal matrix solution.
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IX. TEE MODULE

A. TEE Variahle length Table

Position Parameter

1 NCELLS

2 NCELL]}

3 NCELL?2

4 NODES

5 JCELL

6 JUN1

7 JUN2

8 JUN3

9 MATID

10 QST

11 RADIN1

12 RADINZ2

13 TH1

14 TH2

15 HOUTL1

16 HOUTVL

17 HOUTT.2
HOUTV2

Description
NCELL1l + NCELL2 + 1.

Number of fluid cells in the primary tube of
the tee.

Number of fluid cells in the side tube of the
tee.

Number of heat transfer nordes.
Index of the junction cell within primary tube.

Junction number of the low-numbered end of the
primary tube.

Junction number of the high-numbered end of the
primary cube.

Junction number of the high-numbered end of the
secondary tube.

Material ID for tee.

Cosine of the angle from the low-numbered
segment.

Imer radius of the primarv tube.
Inner radius of the secondary tube.
Wall thickness of the primary tube.
Wall thickness of the secondary tube.

Heat transfer coefficient to liquid at the
outer boundary of the primary tube wall.

Heat transfer cozfficient to vapor at the
outer boundary of the primary tube wall.

Heat transfer coefficient to liquid at the
outer boundary of the secondary tube wall.

Heat transfer coefficient to vapor at the
outer boundary of the secondary tube wall.



Position  Parameter

19

20

21

22

23
24
25
26
27
28
29
30
31
32
33
34
35
36

TOUTL1

TOUTV1

TOUTL2

ICT1
I1CI2

ICI3

TYPE2
TYPE3
Jsi
JS2
Js3
ISOL1
1S0L2
ISOL3
ICHF

THYDRO

B. TEE Pointer Table

Word

1
2

Description

Temperature of liquid outside the primarv tube
wall.

Temperature of vapor outside the secondary tube
wall.

Temperature of ligquid outside the secondary tube
wall,

Temperature of vapor outside the secondary tube
wall.

Adjacent component to tee at junction 1.
Adjacent component to tee at junction 2.
Adjacent component to tee at junction 3.

Type of adjacent component at junction 1.
Type of adjacent component at junction 2,
T™me of adjacent component at junction 3.
Junction sequence number at junction 1.
Junction sequence number at junction 2.
Junction sequence number at junction 3.
Indication for velocity update at junction 1.
Indication for velocity update at junction 2.
Indication for velocity update at junction 3.

CHF calculation (0=no; l=yes).

Name Array
LDX DX
VoL VOL,

Not used.
Dimension Description
NCELLS Delta x.
NCELLS Cell volumes.
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Word  Name Arrav Dimension
3 ILFA FA NCELLS+1
4 LFRIC FRIC NCELLS+1
5 IGRAV GRAV NCELLS+1
6 IHD HD NCELLS+1
7 INFF NFF NCELLS+1
8 LINA WA NCELLS

S TMATID MATID 2*NODFS
10 LRHS RHS 3*NCTLLS
11 ICPL CPL NCELLS

12 ICPV Cev NCELLS

13 LCL L NCELLS

14 v v NCFLLS

15 LVISL VISL NCFLLS

16 IvVisv VISV NCELLS

17 LHFG HIG NCELLS

18 LEMIS EMIS NCELLS

19 LRN RN 2* (NODES)
20 LRN2 RN2 2* (NODES-1)
21 LDR DR 2* (NODES-1)
22 LIDR IDR NCELLS

23 LHIL HIL NCFLLS

24 LHIV HIV NCELLS
*NCELLS=NCELL]+NCELL2+1.

364

Descrigtion
Cell edge flow areas.

Aiditive friction factors.
Gravitation terms (cosine theta).
Hydraulic Aiameters.

Friction correlation options.
Wall areas.

Material IDs.

Right-hand side for continuity
and energy equations.

C sub P liquiA,

C sub P vapor,
Conductivity of liquid.
Conductivity of vapor,
Viscosity of 1liquid.
Viscosity of vapor.
Latent heat of vaporization.
Emissivity of wall.
Radii at nodes.

Radii at cell centers.
Delta r.

Heat transfer regime.

Heat transfer coefficient between
inside wall and liquid.

Heat transfer coefficient between
inside wall and vapor.



Word

25

29
30
31
32
33
34
35
36
37
38
39
40
41

42

43
a4
45
46
47

Name

[HLV

LHOL

LHOV

LTOL
LTOV

ILSIG

LOPPC

LQPPP

LDRIV

LTSAT
LVR
LVL

LW

Arrav Nime~3ion

1AV NCFL'S

ALV NCELLS

HOL NCELLS

HOV NCFLLS

TOL NCELLS

TV NCELLS

S1G NCELLS

ROW (NODES-1) *NCELLS
CPW (NODES-1) *NCELLS
oW (NODES-1) *NCELLS
QPEC NCELTS

QPPP NCELLS

ROM NCFLLS

ARV NCELLS

RMEM NCELLS

RMVM NCELLS+1

CFz NCELLS+1

DRIV NCELLS*15
TSAT NCELLS

VR NCELLS+1

VL NCEILLS+1

wW NCELLS+1

BD4 50

Descrigtion

Interfacial heat transfer
coefficient.

Interfacial surface area.

Heat transfer coefficient between
nutside wall and liquid.,

Heat transfer coefficient between
putside wall and vapor.

Liguid temperature outside pump.
Vapor temperature outside pump.
Surface tension.

Density of vall.

Specific heat of wall.
Conductivity of wall.

Critical heat flux.

Wall heat source.

Mixture densitv.

ALP*ROV.

Mixture internal eneryy.
ROM*VM,

Total friction factor.

Storage array for thermodynamic
derivatives and enthalpies.

Saturation temperature.
Relative velocity.
Liquid vapor velocity.
Vapor velocity.

Dummy BD4 array.
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Word

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69

Name

LTW

LROV
LROL

LVM

LTV

LTL

Lp

LW

LROVN
LROIN

LVMN

LEIN
LTVN

LTIN

Array Dimension
™ NCELLS*NODES
ALP NCELLS
ROV NCFTELS
ROL NCELLS

W™ NCELLS+1
BV NCELLS

EL NCELLS

™v NCELLS

™ NCELLS

P NCELLS
TWN NCELLS*NODES
ALPN NCELLS
ROVN NCELLS
ROT:1 NCELLS
VMM NCE.J.S+1
EVN NCELLS
EIN NCELLS
TVN NCELLS
TLN NCELLS

PN NCELLS
ALPD 0

ROVA 0

ot presently implemented.

366

014
014
014
014
014
014
01d
014
014
01d
New
New
Yiew

New

New
New
New
New

New

wall temperatures.
vapor fraction.

vapor Aensity.

liquid density.
mixture velocity.

vapor internal energy.
liquid internal energv.
vapor temperature.
liquid temperature.
pressure.

wall temperatures.
vapor fraction.

vapor densitv.

liquid Aensity.
mixture velocitv.

vapor internal energy.
liquid internal energv.
vapor tempzrature.
liquid temperature.,

pressure.

Droplet volume fraction. a

014

air ﬁlensity.éI



Word  Name Arrav Dimension Description

70 IEVA EVA 0 014 air internal enerqy.a

7 TVRD VRD 0 Droplet Arift velocitv.?

712 LALPND ALPND 0 New Aroplet volume fraction.®

73 LROVAN ROVAN 0 New air ﬁensity.a

74 LEVAN EYVAN 0 New air internal enerqy.a

75 LTSSN TSSN 0 New vapor saturation tempet:ature.a
76 B B NCEIIS*30 Temporary storage for 1-D implicit

block tridiagonal matrix solution.

X. VALVE MODULE

A. VAIVE Variable Length Table

Position Parameter Description

1 NCELLS Number of fluid cells.

2 NODES Number of heat transfer nodes.

3 JUN1 Junction numher of low-numbered valve end.
4 JUN2 Junction number of high-numbered valve end.
5 MAT Material ID.

6 RADIN Inner radius of pipe wall.

7 TH Thickness of pipe wall.

8

HOUTL Heat transfer cpefficient between outer bounndary
of valve wall and liquid.

9 HOUTV Heat transfer coefficient batween outer boundary
of valve wall and vapor.

ot presently implemented.
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Position Parameter
10 TOUTL
11 TOUTV
12 ICJ1
13 1CJ2

14 TYPEL
15 TYPE2
16 Jsl

17 Js2

18 IS0LLB
19 TSOLRB
20 ICHF
21 THYDRO
22 VTY
23 IVTR
24 NUTX
25 VPG
26 wC

27 AVLVE
28 HVLVE

B. VALVE Pointer Table

Descr iEt ion

Liquid temperature nutside valve.
Vapor temperature outside valve,
Adjacent component at junction 1.
Adjacent component at junction 2,
Type of adjacent component at junction 1.
Type of adjacent component at junction 2.

Junction sequence number at low-numbered valve
end.

Junction sequence number at high-numbered valve
end,

Indication for velocitv update at junction ).
Indication for velocity update at junction 2.
CHF calculation.

1-D hvArodvinamics option.

Valve type index.

Valve trip ID.

Number of valve table entries.

Valve pressure gradient option ( =5).
Pressure gradient setpoint.

Valve open flow area.

Valve open hydraulic diameter.

Word  Name Array Dimension Description
1 DX DX NCELLS Delta x.
2 ILVOL OrI, NCELLS Cell volumes.
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Word  Name Arrav Dimension
3 LFA FA NCFELLS+1
4 IFRIC FRIC NCELLS+1
5 IGRAV GRAV NCELLS+1
6 ILHD HD NCELLS+]
7 INFT NFF NCELLS+1
8 TINA WA NCELLS

9 IMATID MATID NODES-1.
10 LRHS RHS 3I*NCFLLS
11 LCPL CPL NCELLS
12 LCPV CpPv NCELLS
13 LCL CL NCELLS
14 v cv NCELLS
15 LVISL VISL NCELLS
16 VISV VISV NCELLS
17 LHFG HFG NCELLS
18 LEMIS EMTS NCELLS
19 LRN RN NODES

20 LRN2 RN2 NODES-1
21 IDR DR MODES-1
2z LIDR IDR NCELLS
23 THIL HIL NCELLS
24 LHIV HIV NCELLS
25 LHLV HLV NCELLS

Description

Cell edge areas.

Additive friction factors.
Gravitation terms (cosine theta).
Hvdraulic diameters.

Friction correlation options.
Wall areas.

Material IDs.

Right-hand side for vapor continuity
and energv equations.

C sub P liquid.

C sub P vapor.
Conductivity of liquid.
Conductivity of vapor.
Viscosity of liquid.
Viscosity of vapor.
Iatent heat of vaporization.
Emissivity of pipe wall.
Radii at nodes.

Radii at cell centers.
Delta r.

Heat transfer regime.

Heat transfer coefficient between
inside wall and liquid.

Heat transfer coefficient between
inside wall and vapor.

Interfacial heat transfer
coefficient.
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Word Name Array Dimension

26 TALV ALV NCELLS

27 THOL HOL NCELLS

28 THOV HOV NCELIS

29 LTOL TOL NCELLS

30 LoV ™ NCELLS

31 ISIG SI1G NCELLS

32 LROW ROW (NODES-1) *NCELLS
33 LCow cew (NODES-1) *NCELLS
34 oW o (NODES-1) *NCELLS
35 LOPPC QPPC NCELLS

36 LQPPP QPPP NCELLS

37 LROM ROM NCELLS

38 LARV ARV NCELLS

39 LRMEM RMEM NCELLS

40 LRMVM RMVM NCELLS+1

4] ICFZ CF2Z NCELLS+1

42 IDRIV DRIV NCELLS*15

43 LTSAT TSAT NCELLS

44 LVR VR NCELLS+1

45 VL VL NCELLS+1

46 Lw w NCELLS+1

47 LVLTB VLTB NUTX*2

48 LW ™ NCELLS*NODES
49 LALP ALP NCELLS

370

Description
Interfacial surface area.

Heat transfer coeffcient hetween
outside wall and liquid.

Heat transfer coefficient between
outside wall and vapor.

Liquid temperature outside valve.
Vapor temperature outside valve.
Surface tension.

Density of vall.

Specific heat of wall.
Conductivity of wall.

Critical heat flux.

Wall heat source.

Mixture densitv.

ALP*ROV,

Mixture internal energy.

ROM*VM,

Total friction factor,

Storage array for thermodynamic
derivatives and enthalpies.

Saturation temperature.
Relative velocity.
Liquid velocity.

Vapor velocity.

Valwe table.

014 wall temperatures.

01d vapor fraction.



Worn

S0

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Name

LROL

LVM

LTV

LTL

LTWN

LALPN
LROVN
LROIN

LUMN

LTVN
LTIN
LPN

LALPD

LEVA

LVRD

Array Dimension
ROV NCELLS
L NCELLS
W™ NCELLS+1
04 NCELLS
EL NCELIS
™ NCELLS
TL NCELLS
P NCELLS
TWN NCELLS*NODES
ALPN NCELLS
ROVN NCELLS
ROIN NCELLS
v™N NCELLS+1
EVN NCELLS
EIN NCELLS
TVN NCELLS
TIN NCELLS
PN NCELLS
ALPD 0
ROVA 0
EVA 0

'VRD 0

Aot presently implemented.

014 vapor densitv.

O1d liquid densitv.

014 mixture velocitv.

014 vapor internal enerqy.
014 liquid internal energv.
0149 vapor temperature.

014 liquid temperature.
014 pressure.

New wall temperatures.

New vapor fraction.

New vapor density.

New liquid densitv.

New mixture velocitv.

New vapor internal enerqy.
New 1liquid internal energv.
New vapor temperature.

New liquid temperature.
New pressure.

Droplet volume fractior.?
014 air density.a

014 air internal energy.a

Droplet drift velocity.a
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Word

72
73
74
75

76

Name
TALPND
LROVAN
LEVAN

LTSSN

Array Dimension
ALPND 0
ROVAN 0
EVAN 0
TSSN 0
B NCELLS*30

ot presently implemented.

372

Description

New droplet volume fraction.?

New air density.a

New air internal energy.a

New vapor saturation tempetature.a

Temporary storage for 1-D implicit
block tridiagonal matrix solution.



XI. VESSEL MODULE

A. VSSL Variable Iength Table

Position Parameter Descriotion

1 NCELLS Total number of fluid cells.

2 NCIX Number of fluid cells per level.

3 NASX Number of axial segments (levels).

4 NRSX Number of radial segments.

5 NTSX Number of theta segments.

6 IDCU Downcomer upper houndary segment number, 7(IDCU).

7 InCL Downcomer lower boundary segment number, Z(IDCL).

8 IDCR Dovmcomer radial boundary segment number, RAD(IDCR).

9 ICRU Core upper boundary segment number, Z(ICRI).

10 ICRL Core lower houndarv segment number, Z(ICRL).

11 ICER Core outer radial boundary segment number,
RAD (ICRR) .

12 INPTRL Number of pointers of level data.

13 TENLD Length of level data.

14 LFVL Relative position of old fundamental variables of
level Aata.

15 LFVNL Relative position of new fundamental variables of
level data.

16 INFVL, ILength of fundamental variables of level data.

17 INPTRR Number of pointers of rod data.

18 TENRD Length of rod data.

19 IFVR Relative position of old fundamental variables
of rod Aata.
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Position Parameter
20 LFUNR
21 INFVR
22 NCSR
23 RCHS
24 CPHS
25 CHS

26 FMHS
27 NCRXX
28 NCRX
29 NCRZ
30 NCRAZ
k11 NODES
32 NDM1L
33 HGAPO
34 NFUEL
35 NMIWRX
36 NFCI
37 NFCIL
38 PLDR
39 PDRAT
40 NRFDS
41 NRFD

374

Description

Relative position of new fimdamental variables
of rod data.

Iength of fundamental variables of rod length,
Numher of cell sources (connections).
Density of heat slab material.

Specific heat of heat slab material.
Conductivity of heat slab material.
Fmissivity of heat slab wall,

Total number of core volumes.

Maximum number of core volumes per level.
Number of core levels.

Axial fine-mesh nodes per rod.

Number of rod heat tkansfer nodes.

Nodes - 1.

Rod fuel gap conductance coefficient (MATRD=3).

‘Number of nodes in fuel pellet.

Metal-water reaction flag (0 = no calculation,
1 = vyes). '

Fuel-clad interaction flag (0 = no calculation,
1 = calculation).

Limit on FCI calculations per time stop.

Pellet dish radius (=0.0, no calculation of
pellet dishing).

Rod pitch diameter ratio,

Rod fine-mesh status flag (0 = coarse mesh on,
1 = fine mesh on).

Reflood flag (0 = no action, 1 = turn fine mesh
on if off).



Position Parameter Description

42 NRFDT Rod fine-mesh flag trip 1ID.

43 NFFA Axial friction factor correlation option.

44 NFFR Radial friction factor correlation option.

45 NFFT Theta friction factor correlation option.

46 NDGX Number of Aelaved neutron groups.

47 NDHX Number of decay heat groups.

48 TNEUT Nentron generation time.

49 BEFF Total delayed neutron fraction,

50 ENEFF Total decay heat fraction.

51 REACT Total reactivity.

52 NPWX Number of ahsolute power entries.

53 TRPOP Reactor kinetics option flaq.

54 IRPTR Reactor kinetics trip ID.

55 RPOWR 014 reactor power.

56 RPOWRN New reactor power.

57 RPOWRI Initial reactor power.

58 NRMAX Rod lccation for peak clad temperature search.

59 NLMAX Core level location for peak clad temperature
search.

60 TIMAX Time for peak clad temperature search.

61 TCMAX Temperature for peak clad temperature search.

B. VSSL Pointer Table

Word Name Arrav Dimension Description
1 LZ y/ NASY Axial segment upper elevation.
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Word Name Array . Dimension Description

2 IDZ D7 NASX Axial segments lengths (delta-Z).

3 LRAD RAD NRSX Radial segments outer radius.

4 LDR DR NRSX Radial segment lengths (delta-R).

5 LTH TH NTSX Theta segment angle.

6 IDTH DTH NTSX Theta segment length (delta-theta).

7 LISRL ISRL NCSR Level number associated with
source.

8 LISRC ISRC NCSR Relative cell number associated
with source.

9 LISRF ISRF NCSR Face number associated with
source.

10 LIUNS JUNS NCSR Junction number associated with
source.

11 LISN JSN NCSR Junction sequence number
associated with source.

12 LICT Iy NCSR Adjacent component associatecd
with source.

13 IMSC MSC NCSR Absolute cell number of source.

14 INSRL NSRIL, NASX Number of sources on level.

15 LISOLB ISOLRB NCSR Indicate for velocity update.

16 LSVC svC NCSR*2 Vapor continuity source.

17 LSIC SIC NCSR*2 Liquid continuity source.

18 1ISVE SVE NCSR*2 Vapor energy source.

19 ISIE SIE NCSR*2 Liquid enerqgy source.

20 LDV P DVWDP NCSR Derivative of vapor source

velocity WRT pressure.

21 LOVLDP DVLDP NCSR Derivative of liquid source
velocity WRT pressure.

22 LSMOMV SOMV NCSR*6 Vapor momentum source.
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Word

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39

40
41
42

43

44
45

Name

LVELSV
LVELSL
LPSOLD
LPSNEW

LRDPWR

LZPOWR
INRDX
LRPKF
LRADRD
IMATRD
INFAX
LBETA
LLAMDA

LLAMDH

LEDH

LFPUO2

Arrav Dimension
SMOML NZSR*6
VELSV NCSR
VELSL NCSR
PSOLD NCSR
PSNEW NCSR
RDPWR NODES-1
CPOWR NCRX
7ZPONR NCRZ
NRDX NCRX
RPKF NCRX
RADRD NODES
MATRD NODES-1
NFAX NCRZ
BETA NDGX
LAMDA NDGX
LAMDH NDHX
EDH NDHX
PWTB NPWX*2
FPUO2 NCRX
FTD NCRX
MIX NCRX*?7
GMLES NCRX
PGAPT NCRX

Liguid momentum source.

Vapor source velocitv.

Liquid source velocitv.

014 source pressure.

New source pressure,

Relative rod radial powe: densitv.
Relative power per unit rod.
Relative axial power density.
Number of rods in volume.

Rod pawer peaking factor.

Rod node radius (cold).

Rod material ID.

Rod fine mesh noding factor.
Delayed neutron fraction of groups.
Decay constant on delaved groups.

Decay constant of decay heat
groups.

Energy vield fraction of
Aecay heat groups.

Power table.
Fraction of PUO2 in II)2 fuel.

Fuel fraction of theoretical
density.

Mole fraction of gap gas
constituents.

Moles of gap gas.

Total gap gas pressure.
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Word WName

46
47
48
49
50
51
- 52
53
54
55

56

57

58
59

60

61
62

63
64
65

378

LPLVOL
LPSLEN
LVBF
LVBFH
LVFF
LVFFH
LZBF
LZBFH
LZFF

LZFFH

WCLEN

LCDHN

LCTENN

DRIV

LISRN
1c4p

IC3p

Array Dimension
PLVOL NCRX
PSLEN NCRX
VBF NCRX
VBFH NCRX
VFF NCRX
VFFH NCRX
ZBF NCRX
7BFH NCRX
2FF NCRX
ZFFH NCRX
DG NDGX
COH NDHX
CLEN NCRX
CDGN NDGX
CDHN NDHX
CIENN  NCRX
DRIV NCELLS*22

Description

Rod plenum volume.

Pellet stack length,

Bottom flood velocity.

Bottom flood velocity (HR).
Falling film velocity.

Falling film velocitv (HR).
Bottom flood quench position.
Bottom flood quench position (HR).
Falling film quench position.
Falling film quench position (HR).

0ld concentration of delaved
neutron groups.

014 concentration of decav heat
groups.

014 total cladding length.

New concentration of delayed
neuittron groups.

New concentration of decay heat
groups.

New total cladding length.

Storage array for thermodynamic
derivatives, enthalpies, and
temporary storage for matrix
inversions.

-——Ttems below are repeated for each level-——

ISRN
c4p

Cc3p

NCSR
NCLX*7

NCIX*2

Source numbers on level.
Solution matrix storage area.

Solution matrix storage area.



Word Name Arrav Dimension Description

66 LDROP DROP NCLX*4 Droplet field storage area.

67 LGCOND GCOND NCLX Vapor condensation rate.

68 LGEVAP GEVAP NCLX Liquid evaporation rate.

69 151G SIG NCLX Surface tension.

70 LICRN ICRN NCLX Core volume number.

71 LTCHF TCHF NCRX Critical temperature-rod.

72 LIDRG IDRG NCRX Flow regime flag.

73 LRDHL RDHL NCRX Average rod heat transfer
coefficient (liquid).

74 LRDHV RDAV NCRX Average vod heat transfer
coefficient (vapor).

75 LRDA RDA NCRX Total rod area.

76 LIHSN THSN NCLX Heat slab number.

77 THSA HSA NCLX Heat slab area.

78 LHSM HsM NCLX Mass of heat slab.

i LTICHFS TCHFS NCIX Slab critical temperature.

80 LIDRGS IDRGS NCLX Slab heat transfer regime flag.

81 1HSHL HSHL NCLX Slab heat transfer coefficient
(liquid).

82 IHSHY HSHV NCLX Slab heat transfer coefficient
(vapor).

83 LHLV HLY NCILX Interfacial heat transfer
coefficient,

84 TALV ALV NCLX Interfacial area.

85 LARV ARV NCLX ALPHA*ROV,

86 LRMEM RMEM NCLX Mixture internal energy.

87 LROM ROM NCLX Mixture density.

88 LM W™ NCLX*3 Mixture velocity.
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Word
89
90
91
92
93
94
95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
1iz

380

Name
LVIC
LWC

ICFZL

LFRICL

LFRICV

LFRICI

IDLL

LVOL

LVOLG

LFAG

IGRAV

ICPL

LTSAT

LVISL

LVISV

Array Dimension
vIC | NCLX
WC NCLX
CFZL NCLX*3
Ccrzv NCLX*3
FRICL NCLX*3
FRICV NCLX*3
FRICI NCLX*3
oW NCLX*3
DLL NCLX*3
VOL NCLX
WIG NCLX
FA NCLX*3
FAG NCLX*3
GRAV NCIX
HD NCLX*3
CPL NCLX
CPv NCLX
TSAT NCIX
CL NCLX
cv NCLX
VISL NCLX
visv NCLX
HFG NCLX
RDTL NCRX

LiquiAd cross-flow velocity.

Vapor cross-flow velocity.

Total friction factors (liquid).
Total friction factors (vapor).
Friction multipliers (liquid).
Friction multipliers (vapor).
Interfacial friction factors.

Derivative used in momentum
update (liguid).

Derivative used in mamentum update
(vapor) .

Cell fluid volumes.

Cell gemmetric vplumes.
Cell fluid erdge areas.
Cell geometric edge areas.
Gravitation terms.
Hydraulic Aiameters.

C sub P liquid.

C sub P vapor.

Saturation temperature.
Conductivity of liquid.
Conductivity of vapor.
Viscosity of liquid.
Viscosity of vapor.
Latent heat of vaporization.

Average rod temperature to liquid.



word

113
114
115
116
117
118

1109

122
123
i24
125
126
127
128
129
130
131
132
133
134
135
136
137

Name

LRDOTV

LROV
LROL
LW

LVL

jHYY

LTL

THSTN

LROVN
LROIN
LWN

LVIN

IEIN

LTVN

LTIN

Arrav Dimension
RDTV NTRX
ALD NCLX
HST NCLX
ALP NCIX
ROV NCLX
ROL NCLX
w NCLX*3
VL NCLX*3
EvV NCLX
EL NCLX
™ NCLX
TL NCLX

P NCEX
ALDN NCLX
HSTN NCLX
ALPN NCLX
ROVN NCLX
ROIN NCLX
VVN NCLX*3
VIN NCLX*3
EVN NCLX
EIN NCLX
TVN NCLX
TLN NCLX
PN NCLX

Dascr iEtinn

Average rod temoerature o vapor.

014
C1d
014
014
014
014
014
014
o1d
014
01d
014
New
New
New
New
New
New
New
New
New
New
New

New

droplet fraction.

heat slab temperatures.
vapor fraction.

vapyr Adensity.

liquid densitv.

vapor velocitv,

liquiAd velocity.

vapor internal energy.
liquid internal energv.
vapor temperature.
liquid temperature.
pressure.

droplet fraction.

heat slab temperatures.
vapor fraction.

vapor density.

liquid density.

vapor velocity.

liquid velocity.

vapor internal energy.
liquid internal energy.
vapor temperature.
liquid temperature.

pressure.
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Word

382

LDZF
LEMIS
LEMISH
LHDR
LHFGR

LHGAP

LRDHLR

LRDHLH

Array

Dimension

——-Ttems Below are Roneated for Fach Rord--—-

ALPR

ALVR

BURN

CLR

CNDH

CPLR

CVR

DZF

EMIS

EMISH

RDHVR

RDHVH

NCRZ
NCR?Z
NCRZ
NCR?
NDM1*NCRZ

NDM1*NCRZ

NDML*NCRZ
NDM1 *NCR?Z

NCR?,

NCRAZ
NDML*NCRZ

NDM1*NCR?Z

NCRAZ

NCRAZ

Vapor fraction.
Interfacial area.

Fuel hurnmip.

Liquid conductivitv.
Rod conductivitv.

Roxd conductivity (HR),
LiguiAd specific heat.
Rl specific heat.

Rod specific heat (HR).
Vapor specific heat,
Vapor conductivity.
Axial fine-mesh length.
Rod emissivity.,

Rod emissivity (HR).
Rod hundle hydraulic Adiameter.
Latent heat of vaporization.
Gap conductance,
Interfacial HIC.
Liquid HTC.

Liquid HTC (HR).

Vapor HIC.

Vapor HIC (HR).

Liquid HTC fine mesh.

Liquid HTC fine mesh (HR).



ord

162
163
154
165
166

167

148

169
170
171
172
173
174
175
176
177

178

179

189

181
182
183

Name

LIDRGR
LIHTC
LIHTCH

LIHTF

LIHTFH

LPGAP
LPINT
LPILDV

LOAX

LRDTIL.R

LROTVR

LROLR

Arrav Dimension
HRFV NCRA?.
HRFVH NCRA?,
IDRGR NCRZ

THTC NCRZ
THTCH NCRZ

THTF NCRAZ
IHNTFH NCRAZ
NFIM NCRAZ
NFLMH NCRAZ

PR NCRZ

PGAP NCRZ

DINT NCRZ

PLDV NCRZ

NAX NCRAZ
OAXH NCRAZ
OWRX NCRZ
CIWRXH NCRZ
RDTLR NCRZ
ROTVR NCRZ

RND NDM1*NCRZ
RNDH NDM1 *NCR?Z
ROLR NCRZ

Descrintion

Vanor HTC fine mesh.

Vapor HTC fine mesh (HRY.,

Flow regime flaqg.

Heat transfer regime flag.
Heat transfer reqime flag (HR).

Heat transfer regime flag fine
mesh,

Heat transfer regime flag fine
mesh (HR).

Film location flaq.

Film location flag (HR).

Conlant pressure.

Tocal gap gas pressure.

DPellet clad contact pressure.
Pellet dish volume.

Axial conduction heat source.
Axial conduction heat source (HR).
Metal water reaction heat source.

Meta). water reaction heat source
(HR) .

Average rod wall temperature to
liquid.

Average rod wall temperature to
vapor.

Rod density.
Rod density (HR).

Liquid density.
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Word

184
185
186
187

188

190

191

192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

207

384

LRPOWF

ISIGR

LTCHFR

LTCHFF

LTCFH

LTCFFH

LTLEID

LTLR

LTSATR

LTVR

LVISIR

LVISVR

LVICR

LVLZR

LWCR

LWZR

LVM7R

IDRZ

IPRZH

LRADR

Arrav Dimension
ROVR NCR?,

ROMR NCRZ

RPCRE NDM1*NCRZ
SIGR NCR7Z

TCHFR NCRZ

TCHFF NCRA7Z

TCFH MCRZ

TCFFH NCRAZ
TLEID NCRAZ

TLR NCPRZ

TSATR NCRZ

TVR NCRZ

VISLR NCRZ

VISVR NCRZ

VICR NCRZ

VLZR NCRZ

VVCR NCRZ

WZR NCRZ

UMZR NCRZ

DRZ NCRZ

DRZH NCRZ

RADR NODES*NCRZ
RDT NODES*NCRZ
RDTH NODES*NCRZ

Description

Vapor Aensitvy.

Mixture densitv.

RoAd power densitv.

Surface tension.

Wall temperature at CHF moint.

Wall temperature at CHF point
fine mesh.

Wall temperature at CHF point

Wall temperature at CHF point
mesh (HR).

Leidenfrost temperature.
Liquid temperature.
Saturation temperature.
Vapor temperature.

Liquid viscosity.

Vapor viscosity.

Liquid cross-flow velocity,
Axial liquid velocity.
Vapor crogs-flow velocitv,
Axial vapor velecity.

Axial mixture velocity.

0143 ZrO2 reaction depth.
014 ‘7.r02 reaction depth (HR).
0l1d radial node positions.
0149 rod temperature.

014 rod temperature (HR).



WorA

208

Name

LRFT

LRFTH

LDRZN

LDRZNH

LRADRN

LRDTNH

Arrav Dimerision
RFT NODES*NT”RA?Z
RETH NODES*NCRAZ
DRZN NCR?

TRZNH NCRZ

RADRN NODES*NCR?Z
RDTN NODES*NCR?Z
RDTNH NODES*NCR?
RETN NODES*NCRA?.
RFTNH NODES*NCRAZ

Description

011 fine~mesh rod temperatnres,
013 fine-mesh rod temperatures.
New Zr02 reaction Adepth.

New ZrO2 reaction Aepth (HR).
llew radial node positions.

New rod temperature.

New rod temperature (HR).

New fine-mesh rod temperatures.

New fine-mesh rod temperatures
(HR) .
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