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ABSTRACT

RELAP5 is a light water reactor system transient simulation code for
use in nuclear plant safety analysis. Development of a new version,
RELAP5/M0D2, has been completed and it will be released to the United States
Nuclear Regulatory Commission during September of 1983. The new and
improved modeling capability of RELAP5/M0D2 is described and some develop-
mental assessment results are presented. The future plans for extension to
severe accident modeling are briefly discussed.

1. INTRODUCTION

The mission of the RELAP5 project is to provide the United States
Nuclear Regulatory Commission (USNRC) with a fast running and user conveni-
ent light water reactor (LWR) system transient analysis code for use in
rulemaking, licensing audit calculations, evaluating operator guidelines,
and as a basis for a nuclear plant analyzer. The code is used extensively
at the Idaho National Engineering Laboratory in support of the LWR research
projects such as Semiscale and LOFT where it is used for experiment plan-
ning, pretest prediction, and post test analysis. Nuclear power organi-
zations other than the USNRC (vendors, utilities, and engineering support
firms) may use the code for design, safety analysis, and licensing
application work.

The RELAP5 project began as an effort to upgrade the RELAP4 code to
include a nonhomogeneous and nonequilibrium hydrodynamic model. However,
it soon became apparent that a complete code rewrite was required to most
efficiently accomplish this goal. With the RELAP4 development experience
as a guide, many of the RELAP4 component models and library routines were
combined with a nonhomogeneous and nonequilibrium hydrodynamic mocel to
form the basis for RELAP5.

The first RELAP5 version was MOD"On1 which was released to the
National Energy Software Center (NESC) during May of ly79. This version of
the code was intended for analysis of blowdown transients only and was a
relatively incomplete version. RELAP5/MOD1^ was released to the NESC
during December of 1980. This version of the code was much more complete
and is used for small break loss of coolant accident (LOCA) analysis, large
break blowdowns, and operational transients. The current version,
RELAP5/M0D2 is a generic pressurized water reactor (PWR) transient analysis
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code and is applicable to: large and small break loss-of-coolant accidents,
operational transients, transients in which the entire secondary system
must be modeled, and system behavior simulation up to the point of core
damage. The controls, turbine, generator, condenser, and feedwater system
can be included. The code includes an interactive execution feature and
the code output can be coupled with a color graphics terminal to present a
color graphic display of computed results. This feature has been used for
evaluation of operator guidelines for the USNRC. The color graphic display
feature can also be used in a play-back mode using the restart record from
a previously run simulation in order to enhance understanding of the result.

The objective in this paper is to describe the new and improved
features that have been added to the RELAP5/MOD2 version. Primary emphasis
will be on new features and improvements to the hydrodynamics model, which
represented the greatest development challenge. Future development efforts
will concern extension of the modeling capability to include core damage up
to the point of vessel melt through.

2. RELAP5/MOD2 OVERVIEW

RELAP5/MOD2 is based on a nonhomogeneous and nonequi1ibrium transient
two-phase flow model for the flow of steam-water-noncondensible mixtures in
LWR cooling systems. A generic modeling approach is used in which thermal-
hydraulic system components are "built" by means of code input, from basic
code components, such as fluid control volumes, junctions, pipes, heat
structures, reactor kinetics, and control components. A few specialized
hydrodynamic models are provided for components such as separators and jet
pumps, but specialization has been avoided as much as possible in order to
produce a code having few inherent limitations. This approach has proved
to be highly successful in meeting the ever changing needs of the nuclear
safety analyst.

The two-phase fluid model consists of two phasic mass, two momentum,
and two energy equations. In RELAP5/MOD1, only one energy equation (the
mixture energy equation) was used along with the specification that one
phase exist at the local saturation temperature. Current interests in
safety analysis have made it desirable to use a second energy equation in
order to model more general nonequilibrium states such as those associated
with repressurization of stratified systems. In this case, nonequilibrium
bulk states result in which subcooled liquid and superheated steam are
separated by only a thin layer of saturated fluid. Modeling of such
phenomena are important in plant over-cooling transients with
repressurization in which thermal shock can result.

The basic two-phase model is supported by constitutive models for
interphase drag, interphase mass transfer, wall heat transfer, and wall
friction. All of these constitutive models are closely related through the
geometry of the two-phase mixture or the flow regime. The interphase drag
and wall friction models dominate the nonhomogeneous character of the
mixture while the interphase mass transfer and wall heat transfer models
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dominate the nonequi1ibrium character of the flow. Nonequiliurium effects
are significant in four LWR processes: film boiling heat transfer, sub-
cooled boiling, repressurization, and injection of subcooled water. The
RELAP5/MOD2 models encompass each of these processes.

Special process models are incorporated into the basic hydrodynamic
model for phenomena that are either too complex for mechanistic modeling or
involve large spatial gradients and would require fine nodalization to
accurately resolve. Examples of these processes are form losses, abrupt
ares change, choked flow, and reflood.

The hydrodynamic model is integrated in time using a semi-implicit
finite difference scheme which is stable for time steps less than the
material Courant limit. The implicitness is chosen such that a system of
linear equations result which can be reduced to a single pressure equation.
The system of pressure equations form a sparse matrix (a tridiagonal matrix
for serially connected systems) of order equal to the number of hydrodynamic
volumes and is solved directly using a sparse matrix routine. The remaining
dependent variables are calculated by back substitution. This solution
scheme is very efficient and is accomplished in 0.0013 s for each hydro-
dynamic volume per time step on a CDC Cyber 176.

Heat transfer processes are modeled by means of "heat structures" in
which a transient heat conduction solution is used with a variety of
boundary conditions including convective heat transfer to fluid control
volumes. The heat structures can be used to model nuclear fuel pins, steam
generator tube walls, and piping system boundaries with environmental heat
loss. The convective boundary condition uses a boiling heat transfer
surface consisting of correlations for the nonequilibrium heat transfer to
the steam-water-noncondensible system. The transient heat conduction
solution is obtained using an implicit centered difference scheme which
also results in a tridiagonal matrix for each heat structure. These
equations are explicitly coupled to the hydrodynamics and are advanced at a
time step equal to or greater than the hydrodynamic time step.

The reactor kinetics model is a point formulation and includes
moderator, doppler, and boron concentration feedback. The reactor kinetics
model is advanced in time using a Runge-Kutta integration scheme with a
truncation error time-step control. The integration interval may be
smaller than the thermal hydraulic time step; however, the feedback
functions are updated only at each thermal-hydraulic time step.

The reactor controls are simulated by means of control components such
as summers, function generators, integrators, differentiators, delay lines,
lead/lags, and a rotating shaft for coupling of turbines, pumps, generators,
and motors. The control system integration is performed by a serially impli-
cit Euler scheme using the same time step as the thermal-hydraulic system.
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3. SYSTEM MODELS

RELAP5/MOD2 contains generic models for simulation of the transient
operation of LWR systems. These models include the four basic plant pro-
cesses: hydrodynamics, heat transfer, controls, and neutronics. Each of
these processes require unique modeling approaches and the code organization
and numerical techniques reflect this fact. The hydrodynamic models nave
required the greatest development effort, primarily as a result of the need
to model nonequilibrium and nonhomogeneous two-phase system behavior. The
RELAP5/MOD2 modeling approach for each of the four processes will be des-
cribed with greatest emphasis on the hydrodynamic model. In particular,
those modeling features which are new or have been significantly improved
compared to RELAP5/MOD12 will be described.

3.1 Hydrodynamic Model

A full two-fluid model is used in RELAP5/MOD2 to simulate the transient
one-dimensional flow of a two-phase fluid. The two-phase system consists
of steam and water with the possibility of the vapor phase containing a non-
condensible component and the liquid phase containing a nonvolatile solute.
The major difference between the MODI and the MOD2 model is the inclusion
of two independent energy equations in M0D2, which eliminates the need to
constrain one phase temperature to the saturation temperature. This
improvement permits modeling of a wider variety of nonequilibrium states.

3.1.1 Field Equations

The phasic continuity, momentum, and energy equations are the basic
field equations for the two-fluid model. The mass and momentum equations
are used as sum and difference equations in the numerical scheme and are
recorded here in that form.

The mass conservation relations are:

a mixture mass equation,

3(agPg + a fp f ) /3 t + (l/A)[3(agPgVgA + a fPfV fA)/3x] = 0 (1)

a difference of the phasic mass equations,

3 ( a g P g - a f P f ) / 3 t + ( 1 / A ) [ 3 ( « g P g V g A ) / 3 X ] - ( I / A ) [ 3 ( O f P f V f A ) / 3 X ) = 2 r g (Z)

a noncondensible component mass fraction equation,

3(XnPg)/3t + (l/A)[3(<ynvgA)/3x] = 0 (3)



and a nonvolatile solute mass equation,

3ps/3t + (l/A}[3(CsofPfVfA)/3x] = 0 . (4)

The noncondensible component of the vapor phase is assumed to form a
Gibbs-Dalton mixture with the steam so that the partial pressures sum to
the mixture pressure. On the other hand, the nonvolatile component of the
liquid phase is assumed to have no effect on the water properties. The
noncondensible model is included to enable modeling the effect of nitrogen
release from the accumulator, the presence of air in safety relief valve
discharge piping, or air in containment components. The nonvolatile
component is included to enable modeling and transport of dissolved boron
salts and the associated reactivity effects in the core.

The momentum equations are used in the so called "nonconservative"
form and two convenient independent momentum equations are obtained by a
sum and a difference of the phasic momentum equations (the difference is
taken after division through by the product of the respective volume
fraction and phasic density). The sum equation is

2 2
a P (3V /3t) + afpf(3Vf/3t) + V2a p (3V /3x) + l/2afpf(3Vf/3X)

- "8P/3X + pBx - <\,>g "
 {\]f ' rg(V9 - V (5)

and the difference equation:

8V /9t - 3Vf/3t + 1/2(3V
2/3X) - l/2(3V^/3x)

- -O/Pg- l/pf)(3P/ax) - (\,)g
/(Yg+ ( T w V V f + rg[pVI

"(afpfVg + agpgVf)]/(agpgafpf) " PV(agpgttfpf}

-C[p2/(PgPf)] 3(vg - vf)/3t . (6)

The sum equation contains one interphase interaction term, the momentum
transfer associated with mass transfer, which results from the "noncon-
servative" momentum equation form. The difference equation contains inter-
phase momentum exchange terms due to mass exchange, interphase friction and
virtual mass effects. The form of the virtual mass term has been modified,
compared to that proposed by Drew, by deleting the spatial acceleration
term, which proved difficult to model accurately. The particular forms for
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Equations (5) and (6) were chosen to provide smooth degeneration to the
single phase case. Under single phase conditions both equations remain
determinant and the constitutive model for interphase drag is formulated such
that interphase friction remains finite. Thus, in the single phase limit,
Equation (6) reduces to a statement that the phasic velocities are equal.

The two phasic thermal energy equations are:

3(o p U ) /3 t + ( V A ) a ( a p U V A)/3X = -P3a / dt
g 9 g g g g g g

(7)

and

3 ( o f P f U f ) / 3 t + ( l / A ) a ( a f P f U f V f A ) / 3 X = - P 3 a f / 9 t

- (P/A)3(afVfA)/ax + Q w f + Q.f - rgh* + DISSf . (8)

The QWq and Qwf are the wall heat transfer rates to the vapor and
liquid phases respectively. The Q-jg and Q ^ are the interfacial heat
transfer rates from the interface to the vapor and liquid phases respec-
tively. The terms DISSq and DISSf are the dissipation terms due to
irreversible degradation of kinetic energy to internal energy. Only the
dissipation effects due to wall friction, dynamic losses, and pump
inefficiencies are included while minor effects due to interphase drag and
mass transfer are neglected. The vapor generation rate, Tg, is defined
in terms of the interphase energy transfer rates as

The interphase energy transfer rates, Q-jq and Qjf, are formulated
to account for flow regime and wall heat transfer effects on the interphase
mass transfer rate. In all cases, the sum of Equations (7) and (8), with
the definition of rq from Equation (9), yields the correct mixture
thermal energy equation.

The system of field equations is closed, in so far as relating
differential quantities is concerned, by inclusion of the equations of
state for the fluids. The constitutive models necessary for evaluation of
the nondifferential terms, will be discussed following a description of the
numerical solution method. The fluid state properties are obtained ubing a
table lookup with interpolation method. The formulation is the same,
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except for minor improvements, as the model used in RELAP4/M0D5. The
liquid phase density is a function of the system total pressure and the
1iquid phase energy

(10)

The vapor phase density is a function of the system pressure, vapor phase
energy, and the mass fraction of noncondensible component

(11)

3.1.2 Numerical Solution

The numerical solution method for the hydrodynamic model uses a finite
difference scheme having fixed, but staggered spatial moding. Partial
implicitness is used for stability and avoidance of the acoustic Courant
limit on the time step. The major advantage of the scheme over higher
order or characteristic type schemes is its simplicity in application and
programming. The method is similar to the RELAP5/M0D1 scheme, but with
modifications to incorporate a second energy equation and to make the
scheme mass and energy conservative.

The spatial nodalization is illustrated in Figure 1 for flow in a
variable cross sectional area duct. Computational spatial increments or
control volumes are denoted by an integer index, j. Tne scalar variables
P, pg, P f, ag, Uq, Uf, Xn, and P $ are evaluated at
the centers of these control volumes. The edges or junctions between
adjoining control volumes are denoted by an index which is an integer
multiple of 1/2, i.e., the nodalization is staggered by a half volume. The
vector quantities Vg and v-p are evaluated at these points.

j-1/2

Scalar Node

f Q ' Ug' Uf

Mass and Energy
Control Volume

3+1/2
Momentum

Control Volume 3+3/2

Figure 1. Difference equation nodalization schematic.
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The basic semi-implicit solution scheme will be discussed first
followed by discussion of a modification to make the scheme mass ana energy
conservative. In order to maintain lineararity in the dependent variables,
and thus enable a direct solution, it is necessary to linearize the state
relationship and any product terms appearing in the time derivatives (the
space derivatives are made linear by the choice of difference operator).
Mass and energy truncation errors are inherent in the linearization and in
RELAP5/MOD1 these errors are controlled by the time-step algorithm to avoid
excessive accumulation. This scheme has the disadvantage that excessively
small time steps can be required in some problems and lead to excessive
computational time. The linearization process can be modified to remove
the accumulated errors and such a scheme is employed in RELAP5/MOD2.

The difference equations corresponding to the field equations, but
before linearization are:

mixture mass,

r - n - n , . n+1 , T I * n , .n+1 -,. I , .... ,
" [ag pg { vg } j - i /2 + a f p f l v f> j - i / 2 J A j - i / 2 } U t / V j )

difference of phasic mass equations,

( a f P f - a f P f ) . - ( a g p g - a f P f ) . + | [ a g P g ( v g ) j + 1 / 2 - o f P f ( V f

r*n *n, l
" [ag "g^g^-i/z • af

qj ^ (13)

noncondensible mass,

- Vn
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nonvolatile solute mass,

mixture momentum,

r n
F W Gj+i/2

( v g - v f ) j + l / 2 ] A x j + l / 2 6 t

difference of phasic momentums,

r •> r2,i xnii r , n+1 i , , n+1 n,
[1 + C p / ( P g P f ) ] j + 1 / 2 [ ( v g - vg) - ( v f - v f )

2,n
)

- 1/2CVISG - V I S F ] ; + 1 / 2 L t = [ ( p f - P g ) / ( p g P f ) ] J - + 1 / 2 ( P j + 1



- j F W G j + l / 2 < v g > j t ! / 2

nn , n T N n , ,n+1 I
- (pFD.^^Vg " v f ) j + i / 2 K + l / 2 A t

the vapor energy,

wg + D I S S g | j

and the liquid energy,

D I S S ? { J
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The terms VISF and VISG appearing in the momentum equations are
"viscous like" numerical terms which are necessary to obtain a well posed
numerical problem. These terms are formulated so that they contribute no
unphysical force for steady flow in a variable area duct. The derivation
of these terms is discussed in Reference 2.

The differences of product terms dre linearized by ignoring second
order terms, e.g., for the (an p g) product

/ sfH-1 , ,n n, n+1 ru n, n+1 ru ,„„*
(« qP g) - (« gP g) = a y ( p g " P q) + P g U g - a g) (20)

and thp ( a g p g l l g ) p roduc t

/ , ( n+ l , ,n i s n, , ,n+ l ..ru , , .. >n, n+1 n,
( a o l j j - (a p U ) = a p ) (U - U ) + (a U ) (p -p)
v g • g g K n g g g g g g g g g

+ (P u ) n ( a n f ] - </') . (zo)
g g g g

The phasic densities are expressed in terms of the state variables by
a two term series approximation for the equation of state, i.e., for the
vapor phase,

n , . n.n , nn+1 nn.
,' (»° 9

/ 8 P»ij g >x n
( p " p

" Xn»

and for the liquid phase

n+1 n , . r.,n /^n+l nn> , . ., Nn,,,n+1 ..TK /O-,\
p f = p f + {ipf/iP)u (P - P ) + (3pf/3Uf)p(Uf - Uf) . (23)

The system of difference equations consisting of Equations (12) through
(19) along with the linear equations of state, Equations (22) and (23), are
solved simultaneously by a forward elimination scheme and subsequent direct
solution for the pressure field. This process is illustrated in matrix
form on Figure 2 (the noncondensible fluid and solute field equations are
omitted for purposes of illustration). The momentum equations couple the
velocities to the pressure field and are applied at the junctions j+1/2 and
j-1/2 for the control volume j. The mass and energy conservation equations
apply to the volume j and express the volume pressure in terms of the
volume mass and energy variables. The linear structure of the system of
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Fiaure 2. RELAP5/M002 Semi-implicit Solution Strategy
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equations and the fact that the junction velocities are only functic s of
the pressures at the n+1 time step permits the volume equation to be
reduced to a single equation in terms of pressure and velocities at the n+1
time level. This is illustrated as the first reduction step in Figure 2.
The momentum equations can also be solved for the liquid and vapor
velocities in terms of the adjoining volume pressures. In the second
reduction step the junction velocities are eliminated from the j volume
pressure equation to yield a single equation for each control volume in
terms of the pressures in the jth volume and the adjoining (j+l)th arid
(j-l)th volumes. For a sequentially coupled system this results in a
tridiagonal matrix of equations for the system pressures. For branched
systems the matrix is no longer tridiagonal, but remains sparse and a
sparse matrix solution algorithm is used to obtain a direct solution for
all the new time system pressures.

A back substitution procedure is used to evaluate all system masses,
energies, and velocities. Evaluation of the state parameters from the full
nonlinear equation of state completes the basic time advancement algorithm.

When a linearized equation of state is used the solution for the
density from the conservation equations will conserve mass and energy, but
the solution will not agree with the evaluation of density from the
nonlinear equation of state. The numerical scheme can be modified to
conserve mass up to the current time step by a simple modification in which
the mass truncation error from the previous time step appears as a source
term on the current time step solution. Thus, a truncation error feed back
is developed which preserves mass and energy. This process will be
illustrated for the mixture density. The difference of density over a time
stpp can be written as

n+1 n , n+1, . n. , n. , ru ,9/M
o - o = (P ) s m - (P ) s + IP ) s - (P ) m (24)

where the subscript sm denotes the solution corresponding to the linearized
equation of state and the conservation equations, s denotes the value from
the nonlinear equation of state, and m denotes the value which preserves
mass. Equations (2?) and (23), are used to express the first two terms in
Equation (24) in terms of the state variables and the last two terms will
appear in the difference equations for system mass as source terms. When
this process is carried out for the energy equations additional source
terms will appear on the right hand side of the energy equations.

For the mixture mass, Equation (12), the source term is - (ps- p m )
n ,

for Equation (13), the source term is - (2Xn-l)(ps - p m )
n , and for the

energy equations the source terms are

n n, ,n
- UgX (ps - p j
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and

n, n> , n n,
- Uf(l - X )(ps - pm)

for Equations (18) and (19) respectively. The source terms provide feedback
to the pressure field solution so that at steady state not only are mass
and energy preserved, but also the pressure field and thermodynamic state
are in agreement with the mass and energy of the system.

In RELAP5/MOD2 the mass difference between the conservative density and
the state density is evaluated at each time step for each node and the maxi-
mum difference is used to regulate the time step. The maximum difference
is maintained between the limits of 2.0 x 10"^ and 2.0 x 10"^ by
halving and doubling the time step. The mass difference is taken to be a
measure of truncation error in the integration process even though it does
not result in a residual mass or energy error with the modified scheme.

3.1.3 Constitutive Models

The basic hydrodynamic model is supported by empirical constitutive
models for the wall friction, wall heat transfer, interphase friction, and
interphase mass transfer. These models are formulated in terms of friction,
heat transfer, or mass transfer coefficients which multiply appropriate
potentials such as velocity or temperature differences. The RELAP5/M0D2
constitutive models have been extensively improved and extended compared to
the models contained in RELAP5/M0D1. The new models are documented in
Reference 5 and a summary of the changes will be given here.

The wall friction model is still based on the Chisholm model for the
Lockhart-Martinel1i correlation, but has been extended to include partition-
ing of the wall friction force between the phases based on the same flow
regime maps as used for interphase drag and wall heat transfer.

The wall heat transfer model for M0D2 is a two-fluid none;quil ibrium
model in which the overall heat transfer from the wall to the fluid is
calculated as the source of the heat transfer to the liquid and to the
vapor. Separate heat transfer coefficients and heat transfer areas are
calculated for each phase based on the flow geometry and heat transfer
regime. The Biasi critical heat flux (CHF) correlation is employed in
RELAP5/M0D2 rather than the W-3 correlation used in MODI. These modeling
improvements are particularly significant in the subcooled boiling, post
CHF, and condensation regimes.

The interphase mass transfer model for RELAP5/M0D2 is a mechanistic
model based on energy transfer models between each phase bulk condition and
a saturated interface. The interphase heat transfer coefficients are
coupled to the same flow regime map that is used for the wall heat transfer
and interphase drag models. This model, used with the two energy-equation
formulation, makes possible the modeling of nonequi1ibrium states that
could not be modeled with MODI. In particular, it is now possible to model



states that result when stratified systems are repressurized and subcooled
liquid can coexist with superheated steam.

The RELAP5/M0D2 interphase drag model has been modified both in terms
of the basic formulation and the numerical formulation in order to eliminate
the occasional spurious nonphysical conditions calculated to exist with MODI
and to give better agreement with the experimental data base, particularly
for high void fraction flow. The new model is based primarily on the work
of Taitel and Dukler6'' and Ishii. ~'° The flow regime maps and transi-
tion criteria are based on a simplification of the Taitel and Dukler work.
The interfacial area and interphase drag formulations are based on the work
of Ishii. The greatest single improvement has been the incorporation of a
dynamic annular-mist flow regime transition criterion rather than the fixed
annular regime employed in MODI. Care has been taken to provide smooth
transitions between flow regimes in order to eliminate nonphysical void
oscillations.

3.1.4 Special Process Models

Special models are included in the RELAP5 hydrodynamic model to
simulate processes whicn are either so complex that only an empirical model
is possible or are characterized by such high spatial gradients that fine
nodalization would be required. In RELAP5/MOD2 new models have been added
and improvements have been made to the existing RELAP5/MOD1 models.

The RELAP5/MOD1 models include: choked flow, abrupt area change,
pumps, valves, accumulators, and a steam separator. Minor improvements
have been made in each of these models in order to better correspond to the
existing data base. In the case of the steam separator, carryover and
carryunder functions have been added at the steam and liquid outlets
respectively.

The new process models developed for M0D2 include a jet mixer for
simulation of momentum mixing such as at a jet pump, a turbine model, a
cross-flow junction for representing cross-flow in a rod bundle and for
modeling a tee, and a model for stratification effects at area changes and
tees. The stratification model accounts for vapor pull through and/or
liquid entrainment which can occur under stratified flow conditions at
junctions between pipes of different cross-sectional areas such as at
branches. The model includes the effect of nonconcentric connection so
that the smaller pipe can be connected at the top, middle, or bottom of the
larger pipe.

3.2 Heat Transfer

In RELAP5 heat structures are used to model thermal conductors such as
fuel pins, pipe walls, steam generator tubes, and electrical heaters. The
temperature distribution through the conductors is calculated by a finite
difference solution for the heat equation in one-dimensional rectangular,
cylindrical, or spherical geometries. The temperature dependence of the
material properties is evaluated using tabular functions. The boundary
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conditions at junctions to hydrodynamic components are supplied by the wall
convective heat transfer models previously discussed. Additional boundary
conditions for adiabatic, specified temperature, or specified heat flux are
provided.

In RELAP5/MOD2 a reflood modeling capability and a dynamic gap conduc-
tance model have been added. The reflood model uses a fine mesh rezoning
technique and two-dimensional conduction solution to follow the propagation
of quench fronts such as occur for slow reflood of a nuclear core. This
model can be used for any continuous heat structure geometry. The dynamic
gap conductance model is based on a simplification of the FRAP-T6 model.'3

3.3 Control Systems

Reactor control systems are modeled in RELAP5 by using generic control
components such as summers, function generators, integrators, differentia-
tors, trips, etc., in RELAP5/MOD2 this capability has been expanded by
providing the following additional components: pure time delay, lead/lag,
proportional-integral module, a shaft, generator, and motor. In addition,
the number of permitted control components and trips have been increased
from 100 to 1000 of each type.

The control system capability can also be used to model any lumped
parameter process which can be represented by algebraic and differential
expressions. The calculated parameters can be coupled to hydrodynamic,
thermal, or neutronic components.

3.4 Reactor Kinetics

The reactor kinetics model is based on a generalized space independent
(point) kinetic model. The model has been improved in RELAP5/M0D2 by the
addition of feedback t esultirg from moderator density, fuel density, fuel
temperature, and boron concentration in the moderator. In addition the ANS
1979 standard decay heat model, which has 23 decay groups for each isotope
and three isotopes, has been added.

The reactor kinetics model is integrated in time using a fifth-order
Runge-Kutta like scheme modified to account for the reactor kinetics
exponential reactor behavior with widely varying time constants. The
reactor kinetics model has an automatic time step control and the attempted
time step is taken equal to the hydrodynamic time step, but it may be
reduced to maintain accuracy. After a reactor kinetics time advancement,
an empirical error criterion is used to estimate the error.'^ If the
error is excessive, the time step is halved and the advancement calculation
is repeated. This process is continued as needed until the error criterion
is satisfied. The resulting reactor kinetics time step is an integral
power of one-half times the hydrodynamic time step, which assures that a
reactor kinetics calculation will be made at the same time level as the
hydrodynamic time level.
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4. USER CONVENIENCE

RELAP5/MOD1^ contained extensive input diagnostics to aid the analyst
in correcting input data. In addition, the features of restart, partial
renodalization, and an internal plot pcakage were included. Several new or
improved user convenience features have been added to RELAP5/MOD2 to enable
steady state initialization, improve plotting capability, allow renodali-
zation of any component upon restart, and to enable interactive execution
of the code. The steady-state feature allows an accelerated transient to
be run to with automated checking to see if steady state is achieved. Once
steady conditions are detected the run is automatically terminated. The
code can be subsequently restarted in the transient mode and the steady
state solution is used as the initial condition. The complete renodaliza-
tion capability permits any component to be changed at a restart. This
feature can be used to initiate an accident sequence or for correction of
erroneous component data without rerunning the previous transient. The
interactive execution feature permits the user to actuate valves, turn
pumps on or off, or control active components. This capability can be used
to provide a simulation capability for operator guidelines evaluation or
for controlling the calculation to achieve a desired state.

5. DEVELOPMENTAL ASSESSMENT

The developmental assessment efforts has been initiated and several
separate effects experiments have been modeled. The planned assessment
matrix consists of 17 hypothetical test problems, 26 separate effects
experiment simultaions, and 5 LOFT and Semiscale integral experiment simula-
tions. The results obtained to date indicate that RELAP5/M0D2 is faster
running than RELAP5/MOD1 while maintaing lower truncation error. A sample
result for a separate effects experiment is shown in Figure 3. The experi-
ment is a vessel depressurization, which results in level swell, and was
conducted by the General Electric Corporation using a one foot diameter
vessel. Calculated results from both RELAP5/MOD2 and MODI are shown for
comparison. The M0D2 results are much smoother and in better agreement
with data.

After completion of the developmental assessment, the code will replace
the earlier versions being used for USNRC applications and for support of
the Semiscale and LOFT expermental programs.

6. FUTURE PLANS

The completion of RELAP5/MOD2 represents a significant milepost in the
evolution of reactor system transient analysis codes. The future develop-
ment efforts will be mainly concerned with error correction maintenance,
and some continued effort to embellish the modeling capability. These
embellishments will be installed in the code through updates or new cycles
of RELAP5/MOD2 rather than through release of new versions. The envisioned
embellishments include a more implicit numerical scheme^.16 using a
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Figure 3. Comparison of measured and calculated void fraction for the
General Electric Small Vessel Blowdown Test 1004-3 (time = 10 s)

two-pass solution algorithm to eliminate the material courant stability
restriction on the time step, addition of a counter current flow limiting
model, the possible addition of a pressurizer component, and the continued
development of the interactive execution capability in support of the
nuclear plant analyzer (NPA) program.

A severe core damage analysis program (SCDAP) is being developed at
the Idaho National Engineering Laboratory for prediction of nuclear core
behavior for severe accidents in which the core would be heavily damaged.
It is planned to integrate SCDAP and RELAP5 to provide an accident
simulation capability from the initiating event to the point of vessel melt
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through. RELAP5 will provide the system thermal hydraulic response and
SCDAP will provide the fuel response.

The NPA effort will enhance the ease with which the user can interface
with the code both with respect to input model preparation and the ease with
which the results can be understood. Color graphic displays of the computed
results are presented on color CRT monitors. Color and shading are used to
denote fluid state and void fraction and thus convey increased understanding
of the reactor system behavior under abnormal operating conditions.
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NOMENCLATURE

Latin

A,V
C
P
Q
q

u
V

X
x ,t
FWF,FWG,FI

Greek

a

P
r
T

Subscripts

f,g
n
s
I,i
j
j+1/2
w

Flow area and volume
Coefficient
Pressure
Heat addition to fluid
Heat flux
Mixture internal energy
Velocity
Quality
Spatial and temporal independent variables
Wall and interphase drag functions

Volume fraction
Density
Vapor generation rate
Shear stress

Liquid and vapor phase
Noncondensible component
Solute
Interface
Volume index
Junction index
Wall
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