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Abstract

The Compact Nuclear Simulator (CNS) was installed at the nuclear training center of the
Korea Atomic Energy Research Institute (KAERI) in 1988. The CNS has been used for training non-
operator personnel, such as NSSS design engineers, maintenance personnel, and inspectors of
regulatory body, and for testing fuzzy control algorithm. The CNS mathematical modeling modeled a
three loop Westinghouse Pressurizer Water Reactor (PWR), 993 MWe, mostly referred to as the Kori
Unit 3&4 in Korea. However, the main computer (MicroVAX II), an interface card between a main
computer and operator panel, and a graphic display system are faced with frequent troubles due to
obsolescence and a lack of spare parts. Accordingly, CNS hardware should be replaced by state of the
art equipment. There are plans to replace the main computer with an HP workstation, the dedicated
interface card with a PLC-based interface system, and the graphic interface system with an X-
terminal based full graphics system. The full graphics user interface system supports an easy and
friendly interface between the CNS and users. The software for the instructor console also will be
modified from a text-based to a Motif-based user interface. The Motif-based user interface provides a
more efficient and easy operation in an instructor console. The real-time executive software
programmed under a Micro VMS operating system should also be replaced by software programmed
under a HPUX operating system.

I. INTRODUCTION

Everyone knows that the TMI-2 accident resulted from a defect in the man-machine
interface of the main control room and because of the quality of the operators. No proper
action on the malfunction of small part in the plant can cause a severe accident like the TMI-2
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accident. It is therefore very important and urgent to upgrade operators' capability and to train

them to understand the dynamic transient phenomena in nuclear power plants. The TMI

action plan, which is prepared by the US Nuclear Regulatory Commission (USNRC)

suggested the need to improve the capability of operators and inspectors of regulation bodies.

Because it is economically difficult to perform training in real power plants targeting normal

operations, it is more efficient to utilize simulators[1,2].

Normally, training simulators are classified into three categories : compact or basic-

principle, full-scope and part-task. Compact or basic-principle simulator is intended for the

illustration of general concepts and the demonstration and display of the fundamental

physical processes of a plant. Its models are simple, and physically may consist in either a

simplified replica of the plant control console and panels or in desk-top consoles or CRT

displays. This category may include simulators, described as educational, used either in the

first phase of operator training or for the general education of engineering students and non-

operating plant personnel. The model can be implemented in a workstation or a mini-

computer with graphic display. The full-scope simulator is based on a more complete and

accurate model. The whole plant should be represented but generally, it is not with the same

degree of accuracy for all systems. The first full-scope simulators concentrated on the

reproduction of the NSSS and the BOP was much simplified. Progressively, the new

simulators tend to duplicate more completely all the plant systems. The part-task simulator is

that which reproduces only one of the systems into which a plant may be functionally

subdivided : the chemical and volume control system, the reactor control and dump system, or

the turbine and generator set, etc[3].

The Compact nuclear simulator (CNS) is designed to carry out the various operational

modes of a real nuclear power plant, such as start-up, preoperational tests, preheating, hot

start-up, cold shutdown, power control and the operational conditions in steady and accident

states. It can be used for the fundamental training of operators, maintenance personnel,

inspectors of regulatory body, system or component designers, NSSS designers, and research

fellows, safety analysis by transient analysis, making questions for operator qualifying

examinations, and testing fuzzy control algorithms in the Nuclear Training Center of Korea

Atomic Energy Research Institute.

II. COMPACT NUCLEAR SIMULATOR

The CNS consists of mainly two parts : the hardware facility and software module. The

hardware facility consists of an operator panel which is reduced control panel, computer

complex which simulates the similar situation as real nuclear power plant, interface card that
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transfer information between computer complex and operator panel, graphic display system,

and instructor console that execute instructor's command. The software module mainly

consists of process mathematical modeling and a supervisory module. These are described in

more detail in the next section. The overall configuration of the CNS is shown in Figure 1.

1. Hardware Facility

The CNS is a device which simulates many of the fundamental features of a NPP using a

computer as the simulation tool and a special desk with an operator's panel. This panel can be

regarded as a condensed control room. The user controls the simulated process by means of

controllers and observes the response on instruments, digital displays, alarm annunciators and

on color CRTs located on the top of the control desk. One computer terminal is supplied as a

instructor console to initiate the simulation and to activate simulated process malfunctions.

The operator's panel is connected to the simulator via a Micro VAX II computer, which has a

0.9 MIPS CPU, 5MB memory and a 80MB hard disk. The interface between the computer

and the operator's panel in the console desk consists mainly of custom fabrication. Its purpose

is to transfer digital information in the computer to the analog and digital

Computer Complex

DMA

I/O Module

Simulation Modeling

i

L

r

^Global DB__

j i
i 1

5"
i.
r

Supervisory Module

I/O Interface Card j
•
• r

Operator's
Console

i

Instructor's
Console

Grap
r

hie Display

Graphic Controller

V

j i Graphic Color CRT

Figure 1. CNS Overall Configuration



- 68 -

components on the operator's panel, such as the lamp, LED, annunciator, instrument, 4 digit

display and to the CRT displays. Further, it should forward the digital input to the computer

from the position of all panel switches. ..••.•

The other hardware facility is the CRT display system. The information from the computer

is then used by the display system, which consists of several 1 Mbyte, Zilog 80 micro-

computer units. Their function is to continuously store selected data obtained from the

computer via the communication RAM into their internal RAM-memories. This database is

then used to update three independent CRT monitors which have geometrical as well as time

dependent variable distributions as determined by switches on the operator panel of the CNS.

2. Software Module

The NPP modeled in the CNS is a three loop Westinghouse PWR, 993 MWe, mostly

referred to as the Kori Unit 3&4 in Korea. : :

The nuclear behavior of the core is calculated by considering 25 axial nodes for the

neutron flux calculation and one neutron group. Three delayed neutron groups are used. The

decay heat is modeled with three space independent sources. The rod control system has 4

control banks and 4 shutdown banks. The control can be automatic or manual.

The primary circuit and steam generators are modeled with a two phase capability. This

means that small loss of coolant accident situations can also be calculated. The primary loop

pressure is controlled using the pressurizer. Pressure is increased with heaters, which increase

the steam bubble temperature. Pressure is decreased using sprays, which cool the steam.

The primary loop volume is controlled by the chemical and volume control system. This

system is also used for reactivity control by boron concentration changes.

On the secondary side there is the steam system, the condenser, the feedwater system and

the auxiliary feedwater system. The steam system consists of one high pressure (HP) turbine,

one low pressure (LP) turbine and a reheater. Outlet steam from the HP turbine goes through

the reheater to the LP turbine. Steam from the LP turbine goes to the condenser. From the

condenser, water is pumped by three condensate pumps to the LP heaters. Three feedwater

pumps increase the pressure above the steam generator pressure. The water then goes through

the HP heaters and the feedwater (FW) control valves to the three steam generators. The

steam generator level is controlled by the FW control valve.



- 69 -

Extra water supplies are provided by the residual heat removal system for the primary side

and the auxiliary FW system for the secondary side. These are used in low power operation

and during shutdown. They can also be used in emergency situations. In accident situations,

water can also be supplied to the primary side when the pressure is high using an accumulator

injection and high pressure injection. A containment model calculates temperature, pressure-

and radioactivity in the containment after a primary coolant leakage[4].

The mathematical modeling programs consist of static and dynamic parts. The initial state,

a 100% full power condition, is set up in the static calculation, which is performed once

before the start of the dynamic calculation. The dynamic calculation is performed every 0.2

second to represent a real-time mathematical modeling simulation.

The CNS provides the function of activating 19 predefined types of malfunctions. This

function realizes the transient or accident condition to test the developed target systems. The

trend curve of the major variables during the 120 seconds after activating the typical four

types of malfunctions from a full power, normal operation are depicted in Figure 2. The four

typical malfunctions are as follows:

1) Anticipated Transient Without Scram (ATWS),

2) Small Loss Of Coolant Accident (LOCA) : 100 cm2 break,

3) Main Steam Line Break (MSLB) : 500 cm2 break inside containment,

4) Steam Generator Tube Rupture (SGTR) : 5 cm2 leak.

The Supervisory module comprises all instructions that should be necessary for running

the CNS. This program provides several types of instructions such as run/freeze, snapshot,

backtrack, replay, insert malfunction and change time scale.

The run command will start the dynamic simulation and the freeze command will stop the

dynamic simulation. The snapshot command is used both for storing a special situation for

later studies and for fetching such a situation and using it as a new start position. The

backtrack function enables the operator go back in time during a simulation. In order to make

this possible, a copy of the simulation data fields is stored on the disc regularly. The replay

command closely related to the backtrack provides the possibility of replaying a simulation

sequence. The operator interventions will then be repeated on the panel. The data regarding

these operations are stored in the backtrack file. The malfunctions give an instructor the

possibility of simulating errors in the technical system by inserting the time, malfunction



- 70 -

(a) ATWS (b) LOCA

0 9

0 3

07

3
ii o«
o 05

^ 0 4

3 0 3
Z

0 1

00

:—-"I
:—-—•..

f \

40 60

Time (sec.)

(c) MSLB

0.8

0.7

3.6

(15

0.4,

0.3

0.2

0.1

; \

Time (sec.)

(d) SGTR

Figure 2. The Results of Typical Malfunctions

number and option. The change time scale command can change the CNS time scale from

ten times slower than real time to five times faster than real time.

III. CNS UPGRADE PLAN

The CNS was installed at the nuclear training center of KAERI in 1988. The CNS has

been utilized to train of non-operator personnel and to test the advanced control algorithms.

However the main computer (Micro VAX II), an interface card between the main computer

and operator panel, and a graphic display system are faced with frequent troubles due to

obsolescence and a lack of spare parts.

According to the above reasons, the CNS hardware facility should be replaced by state of

the art equipment. The main computer, Micro VAX II will be changed to an HP workstation
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and a custom made dedicated input/output(I/O) interface card will be modified to a PLC-

based I/O interface system. The PLC module is connected to the HP workstation by Ethernet,

and the I/O modules in the"PLC process analog output, digital output and digital input. The

analog output signals cover the analog instruments, the digital outputs cover lamps, LEDs,

annunciator windows, audio alarm, and synchroscope, and the digital inputs cover all the

switches in the panel. The PLC contains its own CPU and executes interface program in the

PLC. This means a reduction in CPU execution time in the main computer.

The full graphics user interface system supports an easy and friendly interface between

the CNS and users. It will be developed using a Picasso-3 graphic tool developed by the

Halden Reactor Project to provide mimic diagrams, trend curves, axial curves, etc. Picasso-3

is a user interface management system supporting the object oriented definition of graphical

user interfaces in a distributed computing environment[5]. The overall upgraded hardware

facility is shown in Figure 3.
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The CNS mathematical modeling software is programmed by FORTRAN77, so it can be

used by simply re-compiling under the HPUX operating system. The supervisory software

for an instructor console will be modified from a text-based to a Motif-based user interface.

The Motif-based user interface provides for more efficient and easy operations in an

instructor console. The real-time executive software programmed under a Micro VMS

operating system also should be replaced by an executive software programmed under the

HPUX operating system.

V. CONCLUSION

The CNS, which is installed in KAERI, has been used for training non-operator personnel

and for testing advanced control algorithms. But the main computer, an interface card

between the main computer and operator panel, and the graphic display system are faced with

frequent troubles due to obsolescence and a lack of spare parts. Accordingly, the CNS

hardware facility should be replaced by state of the art equipment. The mathematical

modeling program will be modified under an HPUX operating system. The supervisory

program will also be replaced by a Motif-based program. Recently, advanced I&C and human

factor research has become very important issues in nuclear industry. So, if possible, CNS

will be modified as a test simulator of advanced I&C and human factor research.
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