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ABSTRACT

= The INEL Engineering Simulation Center was established

= in 1988 to provide a modern, flexible,

state-of-the-art simulation facility. This facility

and two of the major projects which are part of the

simulation center, the Advance Test Reactor (ATR)

engineering simulator project and the Experimental

Breeder Reactor 11 {EBR-11) advanced reactor control

system, have been the subject of several papers in the —

‘past few years. Two components of the ATR engireering

simulator project, RELAPS and the Nuclear Plant

Analyzer (NPA), have recently been improved SR I

significantly. This paper will present an overview of O

R the IMEL Engineering Simulation Center, and discuss NOV 0 5

: the RELAPS/MOD3 and NPA/MOD1 codes, specifically how 1990
they are being used at the INEL Engineering Simulation

. Center.

Codl o

It will provide an update on the modifications to N
these two codes and their application to the ATR
engineering simulator project, as well as, a
discussion on the reactor system representation,
; control system modeling, two phase flow and heat
transfer modeling. It will also discuss how these two
codes are providing desktop, stand-alone reactor
simulaticn,

- INTRODUCTION

. The INEL Engineering Simulation Center was established
in early 1988. The goal is to provide a modern,
flexible, state-of-the-art simulation facility by
unifying the computaetional simulation hardware and :

software, the experimental hardware, and the many

years of related staff expertise at the Idaho Natiomal MﬁSTER
Engineering Laboratory (INEL). These capabilities ’
have been developed over the past 35 years while
t designing, building and testing some 52 nuclear
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reactors at the INEL for the U.S. Government.

This facility and two of the major project which are
part of the simulation center, the Advance Test
Reactor (ATR) engineering simulator project and the
Experimental Breeder Reactor Il (EBR-11) advanced
reactor control system, have been described in some
detail in several conferences and papers in the past
few years (References 1-5).

One of the initial applications of these
capabilities has been focused on an engineering
simulation capability for the Advanced Test Reactor
(ATR}. Recent events in the nuclear industry are
demending that the technical community pursue a higher
degree of realism from nuclear power plant training
simulators within their current limits of
applicability, and also that their limits of
applicability be extended to simulate severe accident
scenarios. This improved simulation capability will
greatly augment the training of plant operators in the
recognition and mitigatior of accidents.

RELAPS, in conjunction with the Nuclear Plant
Analyzer (NPA) (Snider, 1989), is the primary
simulztion code used within the INEL Engineering
Simulation Center. The RELAP5 Computer Code (Ransom,
1985) has been used for the past ten years by the
international nuclear reactor community to analyze
many type of transients in nuclear reactors. This
code provides the light water reactor and recently the
heavy water reactor simulation capability that is part
of the INEL Engineering Simulation Center. The NPA
provides the interactive and qraphical output
interface between the user and the RELAPS code.

Both the RELAPS node and the NPA have recently
been changed significantly to provide improved
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simulation capabilities and also to provide and a
stand-alone simulation capability. The NPA/RELAPS
codes can now reside on an engineers desk, to be used
as a training tool in the classroom or to develop
training scenarios for conducting emergency action
drills for the NRC operation center and the NRC
Regional Operations Centers. While the NPA/RELAPS has
existed for seven years, the desktop stand-alone
capability has only been available since the release
of RELAP5/MOD3 and NPA/MODL in 1989.

This paper will present an overview of the INEL
Engineering Simulation Center and discuss the
RELAP5/MOD3 and NPA/MOD) codes, specifically how they
are being used at the INEL Engineering Simulation
Center.

ENGINEERING SIMULATION CENTER COMPONENTS_AND STATUS

The INEL Engineering Simulation Center consists of
numerous components, {llustrated in Figure 1. The
Center consolidates these components that are located
at the INEL and other facilities nationwide.

The basic hardware components located at the INEL
include:

) the CRAY X-HP/24 supercomputer with its
associated software and hardware systems,

0 the Reactor Control Room Simulator at the
Advanced Test Reactor (ATR),

0 the Experimental Breeder Reactor-11 (EBR-11)
with its associated control and monitoring
systems, and

0 the INEL site-wide data communications
network that ties the INEL components
together and provides the high speed links to
the offsite components,

The offsite components identified as workstations
and plant-specific simulators are located at NRC
facilities throughout the U.S.

The basic scitware components of the INEL
Engineering Simulation Center include:

0 the RELAPS reactor analysis code which is
used to provide real time simuiation of both
light water and heavy water reactor
transients,

0 the Nuclear Plant Analyzer code which
provides the graphics and interactive
interface with the simulation codes,



o the ATHENA code (Chow,1985) is used to model
thermal hydraulic systems other than water
systems,

0 the TRAC codes (and Liles, et al., 1984) are
used to provide 3-D simulations of water
reactors,

0 the DSNP code (Saphier, 1983) is used to
provide simulation of liquid metal reactors.

The Center's supporting staff expertise includes
the following areas:

thermal hydraulic systems,

control and instrumentation systems,
operator training and examinations,
human factors, -

probabilistic risk assessment,

data. communications,

-3imulation hardware,

artificial intelligence, and
nuclear plant operations.
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Taken collectively, these components provide a
true engineering simulation testhed.

The hardware components within the INEL components
is now operational. The data communications networks
between the CRAY X-MP/24 and the ATR Reactor Control
Room Simulator, and the CRAY X-MP/24 and the EBR-1I
data acquisition and display system are also
operational, A1) of the simulation and development
software :iystems have progressed at least to the beta
testing phase and many are production systems that
have been operational for about six years.

TWO KEY SOFTWARE COMPONENTS OF THE INEL ENGINEERING
SIMULATION CENTER

The RELAPS and NPA codes are two of the key
software components of the INEL Engineering Simulation
Center. These codes have both recently undergone
significant changes to improve their capabilities.

' These changes are identified in the following

discussion.

The RELAPS is a large thermal hydraulic systems
analysis computer code developed at the INEL. It has
been used by the international nuclear reactor
community for about ten years to simulate transients
in all types of commercial reactors and some
product fon reactors. These transients include
operational transients, anticipated transients and
design basis accidents with the exception of large



break Loss-of-Coolant-Accident (LOCA). The current
version of the code, RELAP5/MOD3 was released in
January, 1990. It is the result of the efforts of
several members of the International Code Assessment
Program as well as the INEL and the NRC. The
improvements to the code for this version provides
large break LOCA capability as well as improving some
of the deficiencies in the previous code, RELAPS/MOD2.

The major improvements to the code are listed in
Table 1.

Table I  RELAP5/MOD3 MOOEL DEVELOPMENT TASKS

Counter-Current Flow Limiting
Interfacial Shear Modeling (UK)

Critical Heat Flux

Reflood Heat Transfer (PSI)

Critical Flow Modeling

Inception of Vertical Stratification
Inception of Horizontal Stratification (JAERI)
Pipe Offtake Model (UK)

Metal-Water Reaction (Sweden)

Fuel Mechanical Model (Sweden)

Radiation Heat Transfer Model (Sweden)
Improvements to Non-condensible Gas Mode)
Condensation in Horizontal Pipes
Downcomer Penetration and tLCC5 Bypass
Upper Plenum Deentrainment

These models are discussed in detail in (Weaver,
et al., 1990). The interface shear modeling, critical
heat flux, reflood heat transfer, vertical
stratification, downcomer penetration and ECCS bypass,
and upper plenum deentrainment are intended to improve
the large break LOCA transient capability of the
code. The other changes are to improve existing
transient simulation capabilities or improve boiling
water reactor simulation.

[n addition to the model improvements, the code
has been modified to improve its performance. The
major effort in this area has been in the area of code
portability. RELAPS5/MOD3 will compile on a CRAY,
CYBER, IBM, VAXes, Ccncurrent minicomputers and
several workstations. The code computational speed
has aiso been improved through vectorization and
parallel processing.

The NPA has also been improved this past year with
the release of tne NPA/MOD! code in October of 1989.
The code was completely rewritten and many of the
existing functions 1hp1emented through X-windows and



the UNIX operating system rather than through separate
software as was the case previously. This has
<‘mplified the code considerably, making it more
reliable and less expensive to maintain. A1) of the
functionality of the previous version has been

ma intained. Machine specific coding (for the
Tektroni~ 4125) has been eliminated, allowing the code
to be installed on many different computer systems
with a minimal amount of machine specific software
modifications.

There are several ways to use the NPA/RELAPS code
combination depending on the types of computers and
workstat fons available at a particular installation,
The first and newast capability is to use a
stand-alone workstation such as a DECstation 3100.
With both RELAPS and the NPA installed on this
machine, a typical Westinghouse Pressurized Water
Reactor (PWR) transient simulation would run at
one-tenth the speed of a transient simulation on a
CRAY X-MP/24. However, this represents the most
economical installation since it resides on the
engineer's desk and, as the work station technology
improves, the engineer can trade up in computer
power,

A second way of using the NPA/RELAPS code
combinat fon is to run the transient simulation on a
mainframe computer (e.g. CRAY X-MP/24) and displaying
the output on a workstation such as the DECstation
3100. This provides the speed of the CRAY to run
RELAP5 and the interactive and graphics capability of
the NPA on the workstation to control the simulation
on the CRAY. It also facilitates having a stand-alone
playback capability on the desktop since the
workstat fon can playback the transients at real time.

Finally, the NPA/RELAP5 code combination can be
run on a mainframe and the transient simulation
displayed on a graphics terminal. A}l computations
displays and interactive commands would be carried out
on -the mainframe. The obvious flexibility of the
NPA/RELAPS code combination makes it ideal for the
INEL Engineering Simulation Center. ‘

With the portability improvements to both codes
and the improvement of engineering workstations such
as the DECstation VAX or DEC 3100, the desktop NPA is
now available to the engineer. This system was
demonstrated at the International Code Assessment and
‘Applicat fons Program meeting in Bethesda, Maryland, in
October 1989, and at the November 1989 American
Nuc lear Society Winter Meeting in San Francisco as
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part of the Nuclear Power and Technology Exhibits.

TWO KEY APPLICATIONS OF THE INEL ENGINEERING
SIMULATION CENTER

Two key applications of the INEL Engineering
Simulation Center are being developéd for the Advanced
Test Reactor (ATR). The first is the ATR Reactor
Control Room Simulator Upgrade. The second is the use
of NPA/RELAPS for classroom instruction for ATR
operations. The following provides a discussion of
these two applications.

ATR Reactor Control Room Simulator Upqrade

The ATR, located at the ldaho Mational Engineering
Laborstory (INEL), has been in operation for over 20
years. Since construction in the mid 1960s, this test
reactor has been used continually for materials
irradiation research with major shutdowns only for
scheduled maintenance. Its unique design makes it
possible for up to nine experiments at one time to be
subjected to very intense radiation for days to months
at a time. The ATR is a low temperature (<240%),

Tow pressure (<390 psig) light water cooled nuclear
reactor with a maximum thermal power of 250 MW. 'This
unique facility has three control rooms to handle the
reactivity changes, the flow in the primary and
secondary coolant loops, and the nine experiment
loops, respectively.

The important role that the ATR fulfills for the
U.S. Department of Energy is projected to be required
for-at least another 20 years. Modernization of
various components of the plant {s required to provide
higher reliability systems for the additional years of
operation. The reactor operater's control console and
annunc iator system are the first components to be
redesigned and replaced supporting the updated
requirements. A sequence-of-events recorder is also
being added to monitor the status of the plant
protection system.

The control room upgrade project created the
requirement for a new control room simulator. Since
1966, the ATR reactor operators have had a training
simulator available for practicing normal operations
such as start-up, shutdown and routine power
maneuvers, This simulator, using an analog computer
system, was operational until early 1988. A totally
new simulator facility was recently completed that is
a "face front" duplicate of the updated reactor
control room. The new simulator facility was designed




to provide the same functionality as the actual
control room,

The mathematical models being used for the ATR
control room simulator are basically the same
simp1ified models used in the previous simulator,

{.e., the basic hydraulic requirement is that the
coolant remain ligquid (no twe phase flow phenomena),
and the core inlet conditions are input functions (no
feedback from core outlet to core inlet through the
plant heat exchangers). Single point reactor kinetﬁcs
with six delay groups are used to ralculate the
reactor power. An average temperature ts computed for
each of five lobes (lumped coolant channels) in the
core, and combined appropriately for the total reactor
out let temperature. Core pressure drops and quadrant
water powers are computed for display purposes only.
Rod withdrawal permissive logic and plant protective
system logic are simulated on the interface computer.
The automatic power control system and sequence of
events recorder uses actual hardware for their
functions. These models are adequate for normal
operational transient training (start-up, shutdown,
and power maneuvers)

‘ Events in the nuclear industry {e.g., Three Mile
Island, Chernobyl) indicate the importance of training
operators with a high degree of realism for severe
accident scenarios. To provide the range of fidelity
required for this training, the ATR simulator software
for the core thermal hydraulics and nuclear power
calculation was replaced by the RELAPS simulation
code. The RELAPS code resides on the CRAY X-MP/24
super-computer located some 50 miles fiom the
simulator. The data link is via a fiber optic cable
which was installed in the summer of 1989,

The RELAPS model of the Advanced Test Reactor
(ATR) used for the simulator, shown in Figure 2,
iilustrates the complexity of the model. The model
has 192 volumes, 210 junctions and 46 heat slabs
mostly in the vessel portion of the model. The vessel
mode] was simplified from the original ATR model and
has four single volumes representing the four
quadrants of t-.e ATR core. The Primary Coolant loop
{s modeled in detail with each size pipe from the four
18 inch outlet lines to the two 24 inch inlet pipes.
A1l four primary coolant pumps are modeled, while the
five heat exchangers are lumped into a single heat.
exchanger. Associated systems modeled include the
pressurizing loop, with flow taken from the primary
hot leg to the degassing tank, and a separate fill
system to model the actual pressurizing pumps. The
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two emergency pumps are modeled, along with their
associated recirculatian piping, Safety systems like
the utility cooling water and the firewater injection
systems are modeled. In addition the PCR simulation
model includes interaction controls for the secondary -
pumps, cooling tower fan speed, control values, and 18
separate break locations, which could be opened on
user command,

The ATR control monitoring system in the
simulation model utilizes 94 parameter trips, 79
logical trips, and 174 control vartiables. These
controls.provide the automatic plant functions and
trips (1.e., reactor trip on low reactor inlet
pressure) as well as drive the Reactor Simulator
displays.

The real genius in this hardware strategy comes
from using the ATR reactor control room simulator to
handle all of the operator input, output and display
(graphics) tasks, and using the RELAPS code on the
CRAY supercomputer only for the thermal-hydraulic
model solutions. This technique presently requires
the amount of data exchanged between the CRAY
supercomputer and the simulator to be only a few
variables, {.e., the RELAP5 code gets the net
reactivity due to control rod motion from the
simulator and outputs the power and core
thermal-hydraulic conditions to the simulator. These
data are exchanged ten times per second. This
configuration was demonstrated in September 1988. The
goal for the final operational system is to provide
full operator controls and greatly enhanced ATR
Simulator/RELAPS data exchanges.‘ Only then will the
system have reached its full potential.

The fidelity of the ATR model and RELAP5 has been
evaluated, on a limited bases, by comparing normal
operational transients on the older simulator to the
RELAPS simulation. With no "fine tuning" of the
RELAPS mode), the timing and magnitude of the older
simulator's predictions have been overlaid by RELAPS.
This result adds considerable confidence to the RELAPS
predictions since the older simulator has been
cont inuously benchmarked over the past 20 years for
these operational transients.

NPA/RELAP5 in the Classroom

The ATR RELAP5 model will also be utilized in a
class room environment to agument the training of ATR
Process Control Room (PCR) operators. Using the NPA
displays on a workstation, the plant response and
control room panels can be graphically simulated. The



RELAPS model will sti11 be running on the CRAY but the
pane} and plant response will be displayed on a
DECstation 3100 in the class room. The six planned
NPA display masks for the Simulator will include a
plant overview, four control panels with dials, strip
charts and colored 1ights, and an annunicator panel to
display specific alarms.  The control panels will
provide the same iInformation to the simulator user as
is available to the ATR Process Control operator in
the PCR. The students and instructor will be able to
simulate any transient that the simulator can run and
the panels in all three control rooms can be displayed
on the workstation, When the students or instructors
want to review a previously simulated transient they
will be able to do it on the workstation without using
the CRAY. This capability will greatly enhance the
training capability at ATR.

SUMMARY -

The need to increase the realism of nuclear power
plant simulators and to reduce reactor operator burden
has led to the establishment of the INEL Engineering
Simulation Center in April 1988. Two major activities
reported in this article are well underway that
include the ATR simulator upgrade project and a
project wnich will utilize the NPA/RELAPS in the
classroom.' Both projects demonstra e prototype
"first-of-{ts-kind" simulation tools being utiized to
train reactor operators for accident conditions as
well as normal operation of the plant. These
capabilities are being made possible because of the
fidelity of the RELAPS code and the versitility of the
NPA.

NOTICE

This paper was prepared as an account of work
sponsored by an agency of the United States
Government. Neither the United States Government nor
any agency thereof, or any of their employees, makes
any warranty, expressed or implied, or assumes any
legal liability or responsibility for any third
party's use, or the rasults of such use, of any
informat fon, apparatus, product, or process disclosed
in this report, or represents that its use by such
third party would not infringe privately owned
rights. The views expressed in this paper are not
necessarily those of the U.S. Department of Fnergy.
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