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Abstract — The RELAP5-3D computer program has been recently improved. Changes were made
as follows: (1) heat structures are allowed to be decoupled from hydrodynamic components, (2)
built-in material properties for heat structures have been made consistent with those in MATPRO
and the Nuclear Systems Materials Handbook (they are now documented in the RELAPS5-3D
manual), (3) Schrock'’s flow quality correlation is now used for a downward oriented junction from
a horizontal volume for the stratification entrainment/pullthrough model.

[. INTRODUCTION

The RELAPS series of codes has been developed at
the Idaho National Laboratory for over 25 years under
sponsorship of the U. S. Department of Energy, the U. S.
Nuclear Regulatory Commission, members of the
International Code Assessment and Applications Program,
members of the Code Applications and Maintenance
Program, and members of the International RELAPS Users
Group. Specific world-wide applications of the code have
included simulations of transients of light water reactor
systems such as loss of coolant, anticipated transients
without scram, and operational transients such as loss of
feedwater, loss of offsite power, station blackout, and
turbine trip. RELAP5-3D', the latest in the series of
RELAPS codes, extends the applicability of earlier
versions to include an integrated multidimensional thermal-
hydraulic/neutronic capability. In addition to calculating the
behavior of a reactor coolant system during a transient, it
can be used for simulation of a wide variety of hydraulic
and thermal transients in both nuclear and nonnuclear
systems  involving  mixtures of vapor, liquid,
noncondensable gases, and nonvolatile solute. The 3D
capability in RELAP5-3D includes 3D hydrodynamics and
3D neutron kinetics (the 3D neutronics is based on the
NESTLE’ code). RELAP5-3D has recently been modified
to include all the ATHENA? features and models that were
previously only available in the ATHENA configuration.
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The ATHENA features and models are currently used
primarily in Generation IV reactor applications, space
reactor applications, and nuclear fusion applications.

RELAP5-3D is also used in a SCDAP/RELAP5-3D*
configuration that is designed to calculate for severe
accident situations the overall reactor coolant system
thermal-hydraulic response, core damage progression, and
reactor vessel heatup and damage. RELAPS5-3D (also true
of SCDAP/RELAPS-3D) is also used in an integrated code
system configuration consisting of RELAP5-3D and other
codes such as FLUENT, CFX, and CONTAIN. The
coupling of the codes in this configuration is coordinated
using an executive program’ in concert with the Parallel
Virtual Machine (PVM) message passing software. The
coupling can be done explicitly or semi-implicitly. For
example, the = FLUENT/RELAP5-3D°  coupling
configuration is designed to perform detailed 3D analyses
using FLUENT s capability while the boundary conditions
required by the FLUENT calculation are provided by the
balance-of-system model created using RELAP5-3D. The
FLUENT/RELAPS5-3D coupling configuration is currently
used primarily in Generation IV reactor applications.
RELAPS-3D is also used for the thermal-hydraulic module
in the real-time nuclear plant simulation code RELAPS5-
R/T”*°, which is used in training simulators at nuclear
power plants around the world.  There is also a
visualization system for the various RELAP5-3D



configurations, which is called the RELAP5-3D Graphical
User Interface (RGUI)".

This paper discusses Version 2.3 of the RELAP5-3D
computer program. The version includes the optional
decoupling of heat structures from hydrodynamic
components; built-in heat structure material properties
consistent with MATPRO and the Nuclear Systems
Materials Handbook; and Schrock’s flow quality
correlation for a downward oriented junction.

II. HEAT STRUCTURE DECOUPLING

An input option has been added to RELAPS5-3D. It
allows the user to decouple a heat structure from the
hydrodynamic components. Decoupling a heat structure
means that the heat structure responds to the hydraulic
conditions in the hydrodynamic volumes to which it is
connected, but the energy removed from (or added to) the
surface of the heat structure by
convection/boiling/condensation is not added to (or
removed from) the hydrodynamic volumes. This option is
allowed for all three heat structure geometry types:
rectangular, cylindrical, and spherical. The hydrodynamic
quantities affected are the heat transfer from the wall to the
liquid and vapor/gas as well as mass transfer at the
vapor/liquid interface in the boundary layer near the wall
for vapor generation (boiling) and liquid condensation.

This decoupling option is useful for the Code Scaling,
Applicability, and Uncertainty (CSAU) methodology'' and
for debugging.

III. BUILT-IN MATERIAL PROPERTIES

Thermal properties of five materials are stored
internally (built-in) in RELAP5-3D: fuel rod gap gas,
carbon steel, stainless steel, uranium dioxide, and zircaloy.
Previously, the built-in material properties were present
only to demonstrate capability, and they were not
documented in the RELAPS5-3D manual. The built-in data
in the RELAP5-3D code are now from referenceable
sources. The sources are MATPRO and the Nuclear
Systems Materials Handbook'>. MATPRO is documented
in Volume IV of the SCDAP/RELAP5-3D code manual®.
The user is also allowed to input one’s own data.

Constant room-temperature densities are multiplied by
temperature-dependent specific heat capacities to generate
volumetric capacities used by the code. Arbitrary low and
high temperature values of 5 K and 5,000 K are included to
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prevent code failures with out-of-range material property
data. Constant room-temperature densities are used to
develop the volumetric heat capacity input because the
RELAPS5-3D heat conduction solution does not include the
effects of geometric changes to the structures. Specifically,
the cladding deformation model will calculate the change in
the radii of the fuel rod cladding. This change is accounted
for in the adjacent fluid volume (its volume and flow area
change), but this information is not accounted for in the
conduction calculation; the geometry is the same as was
input.  Since the geometry does not change, using a
constant density will maintain a constant structural mass,
which is correct. It is generally appropriate, therefore, to
use a room temperature reference density in calculating the
volumetric heat capacity, since the dimensions of the
structure being modeled are normally known (and taken) at
room temperature.

For fuel rod gap gas, representative gap gas properties
were developed for a combination of fill and fission
product gases. A 0.1066/0.1340/0.7594 mole fraction
He/Kr/Xe mixture is modeled. The gas mixture thermal
conductivity is taken from standard textbook formulas and
is documented in both the RELAP5-3D manual and the
MATPRO manual. A perfect gas relation is used to
determine the specific heat capacity. A representative fuel
rod internal pressure of 4.1 MPa at room temperature of
300 K is assumed to determine the gap gas density using
the perfect gas relation.

For carbon steel, the Nuclear Systems Materials
Handbook'® was used since it contains data for three
medium carbon steels. Data for C-Mn steel (>1.0% Mn,
<0.10% Si) was used as its thermal conductivity was in
between the values for the two other alloys presented in the
handbook. The equations used for the thermal
conductivity, specific heat capacity, and density are
documented in the RELAPS5-3D manual.

For stainless steel, type 304 stainless steel is used as a
representative stainless steel. The thermal conductivity and
specific heat capacity equations are documented in the
MATPRO and RELAP5-3D manuals. The density used is
also documented in the RELAPS5-3D manual.

For uranium dioxide, the thermal conductivity is taken
from MATPRO. Both the equation for the thermal
conductivity of solid uranium dioxide fuel and liquid
uranium dioxide are documented in the MATPRO and
RELAPS5-3D manuals. The transition from solid to liquid
uranium dioxide is modeled to occur between 3,113.15 K
and 3,114 K. Both the equation for the specific heat
capacity of solid uranium dioxide fuel and liquid uranium
dioxide are documented in the MATPRO and RELAP5-3D



manuals. The reference density used is also documented in
the RELAP5-3D manual.

For zircaloy, the thermal conductivity is taken from
MATPRO. Both the equation for the thermal conductivity
of solid zircaloy and liquid zircaloy are documented in the
MATPRO and RELAPS-3D manuals. The transition from
solid zircaloy to liquid zircaloy is modeled to occur at
2,098 K. The specific heat capacity for zircaloy is
calculated using a table lookup from MATPRO and is
documented in the MATPRO manual. The reference
density used is documented in the RELAP5-3D manual.

IV. SCHROCK’S FLOW QUALITY CORRELATION

Recently, a RELAPS5-3D calculation of a VVER
440/213 plant calculation was carried out for a small break
loss-off-coolant accident (SBLOCA). The break was
assumed to be at the bottom of the cold leg pipe. The
calculation ~was run  with the  stratification
entrainment/pullthrough input option invoked for a
downward-oriented junction. The calculation showed that
the break junction void fraction was at times greater than
that the cold leg void fraction. This is an incorrect result
for downward vapor/gas pullthrough; the break junction
void fraction should be less than or equal to the cold leg
void fraction. Analysis of the correlations being used
showed that Schrock et al.’s correlation'> was used for the
inception height for a downward-oriented junction, and that
Smoglie et al.’s correlation'* was used for the offtake flow

quality for a downward-oriented junction. This is the
methodology used by Ardron and Bryce'>'®, and this
methodology was the basis for the stratification

entrainment/pullthrough model put into RELAPS. When it
was put in the code, Schrock'” questioned the methodology
because it mixed correlations from different research
groups.

The RELAP5-3D code was changed to use Schrock et
al.’s correlation® for the offtake flow quality for a
downward-oriented junction. With this change, the VVER
plant calculation break junction void fraction is now always
less than or equal to the cold leg void fraction (correct
result).

V. CONCLUSIONS

This paper has discussed recent improvements to the
RELAPS5-3D code. The improvements are in Version 2.3.
The improvements are an optional decoupling of heat
structures from hydrodynamic components; built-in heat
structure material properties consistent with MATPRO and
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the Nuclear Systems Materials Handbook; and Schrock’s
flow quality correlation for a downward oriented junction.
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