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Abstract

The first step towards the introduction of simulator culture in Pakistan Atomic Energy
Commission (PAEC) was taken in 1976 when the work on the development of analog
computer based Basic Principles Simulator of KANUPP was initiated to test the Modified
Real Time Control software. The project was revitalized in 1988 to develop a digital
computer model of major KANUPP systems along with real-time simulation executive
software and man-machine interface software in FORTRAN-77 on VAX-11/780. This
simulator was later ported on microcomputers using C-language with four display units,
entitled as KANUPP Test Simulator (KTS), and is presently being employed for training and
teaching at KANUPP Inplant Plant Training Center(INPTC) and Institute of Nuclear Power
Engineering (KINPOE) respectively. The acquisition of Advanced Process Simulator
Software (APROS) in 1991 laid the foundation for establishing an enhanced simulator
environment to meet the present day requirements and scope of simulators. The development
of APROS based Engineering Analyzer for KANUPP was initiated in 1992. With the contract
for 300 MWe two loop PWR nuclear power plant from China the development of Full Scope
Training Simulator for CHASNUPP-1 was initiated in 1993, which is scheduled to be
completed in end 1997. The process of development of simulators for SMRs provided the
opportunities to achieve indigenous capabilities for the design and development of control
room with real time I/O interface, real time data communication using RTPs and a general
purpose security guarded real-time graphics display system, as well as considerable
experience on the design and development of SMRs simulators. This paper presents
information on the present state of SMRs simulator development and the achievements made
in PAEC.

1.0 Introduction

Simulators by definition are the presentation of physical or technological systems without
their being actually present. These representations depict the dynamic behavior of actual
systems. Simulators are widely being used for design, development, modifications, analysis,
design of control strategies and safety aspects, and to impart training for maintaining
competence to ensure safe and reliable operation of nuclear power plants. The present trends
are to set up training of plant personnel in the utilities planning for their first nuclear power
plants or upgrading training facilities for existing plants by introducing the use of simulators.

The identification of operator errors in the Three Mile Island and Chernobyl accidents have
demonstrated that human error has been a large contributing factor and that inadequate
training or knowledge of the plant personnel has contributed to this aspect. This realization
has promoted the evolution of safety culture resulting in the development of simulators which
could be capable of providing an in-depth knowledge of normal and abnormal plant
operations, as well as the consequences of ensuing events related to abnormal behavior. This
requires the need for the adoption of a systematic approach to simulator training to establish
and maintain the qualification and competence of nuclear power plant operations personnel
for all operating organizations. Furthermore, the revolution in the field of computer
technology has led to a major breakthrough and it has now become possible to develop plant
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analyzers on desktop computers under real time operation. Simulators are now being used
advantageously in strengthening operator skills and proficiency under a variety of simulated
plant conditions in probabilistic risk assessment, confirmation and modification oT operating
procedures, development of accident management strategies and severe accident studies.

For a country like Pakistan, which is in the process of implementing nuclear power program,
operation and maintenance is a major challenge which could only be met by establishment of
simulator facilities. In realization of the above, PAEC decided to initiate a programme for the
development of SMRs simulators. This program gradually evolved and ultimately prompted
the development of engineering analyzers and Full scope training simulators for PHWRs and
PWRs.

The IAEA's proposal for the development of desktop simulators reinforces the PC based
simulator programme launched at PAEC. Such simulators can effectively be used to facilitate
understanding of dynamical behavior of systems and sub-systems of SMRs. The desktop
multifunctional simulators are cost economic and can effectively be utilized for post graduate
students, engineers and technical personnel for safe and efficient operation of nuclear power
plants.

The indigenous efforts made towards the development of simulators for SMRs in Pakistan are
presented in the proceeding sections.

2.0 Development of Basic Principles Simulator of KANUPP

The initial work on a simulator for KANUPP was initiated in 1976. This was done by
developing an Analog-Hybrid computer based Basic Principles Simulator of KANUPP for
testing the Modified Real Time Control Software of KANUPP before implementing on plant
control computers.

The Computer Control System at KANUPP originally developed by GEC, Canada was
reliability oriented rather than being availability oriented. Therefore, the control algorithms
were modified to make the operation of the plant more efficient and safe. The changes in the
control software were quite substantial and the possibility of wrong coding and bugs could
not be ruled out. In case, the new software package was loaded and employed for plant
control without prior testing, it could result in certain incident. Therefore, the new software
package had to be tested under simulated plant conditions.

In order to carry out the testing of the modified software package, the following equipment
was used: a digital computer similar to the computer used for plant control, a medium sized
analog-hybrid computer to simulate plant systems, analog and digital check out panels,
control room mock up and reactor regulation console, peripheral devices like teleprinter,
teletypes, recorders, etc.

The following systems were simulated on the analog computer: Reactor kinetics model,
Primary heat transport system, Turbine steam and boiler feedwater system, Moderator and
Helium gas system, Blow-off and turbine unloader. In addition to the above systems, the
digitally simulated Rod control system and Plant load control system were integrated with the
analog model.

The reactor kinetics was represented by assuming a point reactor with six delayed neutron
groups. The process system behavior was presented by linear and non-linear differential
equations, look up tables and algebraic relations. This simplified simulated system was
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interfaced with simplified console and the control computers. The control software was
loaded on the digital computers (GEPAC 4020) and the usual dynamic tests on the plant
model were carried out [1], The project was completed in 1979. The organization of the
simulator is shown in Fig. 1

DIGITAL COMPUTER

MODERATOR
LEVEL

' t_

PRIMARY
HEAT

TRANSPORT

PREHEATER

BOILER OUTLET
TEMP.

STEAM
TEMP.

STEAM
TEMP

LOAD
DEMAND

REACTIVITY |~~]

POISON I *\\ I
REACTIVITY |—-W ) '

MODERATOR I \
REACTIVITY

^

Fig. 1 Organization of Basic Principles Simulator of KANUPP

This project was revitalized again in 1988 with the objective to develop the digital computer
model. An enhanced version with additional systems was developed in FORTRAN-77 on
VAX 11/780 along with indigenously developed real time management software and man-
machine interface software for concurrent processing and interactive graphic display system
for presentation of mimics, alarms and critical parameters. This Basic Principles, Reduced
Scope Simulator model of KANUPP entitled "KANUPP Test Simulator" (KTS) was
validated against the recorded KANUPP transients and visual experience of senior KANUPP
operators and managers.

However, in view of the non-existence of a VAX 11/780 computer at KANUPP/INPTC, the
above simulator was ported on microcomputers using C language with four display units. It is
being employed at KANUPP Institute of Nuclear Power Engineering (KINPOE) for teaching
and at In-Plant Training Center for training of engineers and study of plant dynamics under
normal and abnormal conditions.

The simulator software is integrated in form of four software modules:

• plant model software

• control programs software

• display management software

• simulation executive software
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KTS comprises of the following hardware:

• Simulation Computer (IBM PC or Compatible)

• Pentium 90 MHz, 16 MB RAM, 2 GB Hard Disk

• SVGA display card 1 MB display RAM and 17" color monitor

• 2 serial 1 parallel port, keyboard and mouse

• Display computer (IBM PC or Compatible)

• Intel 486 DX4, 16 MB RAM, 2 GB Hard Disk

• 4 port MVP card with 1 MB Display RAM for each port and 4 monitors

• 2 serial 1 parallel port, keyboard and mouse)

• Text printer

• HP InkJet Color Printer.

3.0 Establishment Of Simulation Environment

Advance Process Simulator Software (APROS) [2] was acquired from VTT, Technical
Research Center of Finland in 1991 for VAX/VMS computer system. A six months joint
engineering of ICCC and VTT for developing simulator using APROS was carried out at
VTT. As a result, a basic Design and Development simulator of CHASNUPP-1 NPP covering
all the major systems was developed.

In 1992, two VAX 3600 computers each with 16 MB RAM, two 550 MB hard disks and
VMS operating system, interconnected on DECNET LAN were installed. On the network, six
PCs were connected with X-terminal emulation. In order to accommodate more users, four
text terminals were interfaced with the computers on RS232 serial link. One heavy duty
printer was also made available. APROS was loaded on the aforementioned computers and
simulation environment was made available to the application developers.

In parallel to the APROS environment on VAX/VMS, a graphics display system of APROS
was installed on PCs. This system communicates with APROS application on VAX/VMS
over network for the collection of simulated data on regular intervals, presents the dynamic
data in plant mimic diagrams, generates off-line/on-line trends of preselected variables and
creates history, etc.

Considering the emerging technical needs of displays versus constraints of the available
graphics display system and plant process computer requirements for Full Scope Training
Simulator (FSTS), indigenous development of a graphics display system package commenced
in 1992. The indigenously developed package has now all the necessary features of
commercially available packages [3]. The package is being continuously upgraded to
accommodate all the emerging requirements and being used for the plant process computer of
FSTS for CHASNUPP-1 (Cl).

In 1993, it was decided to switch over to RSIC from CISC for more and economical
computation power. Two SPARC computers, TATUNG Super COMPStation 7/30 computers
with SOLARIS operating system were acquired. The two computers were installed in a
network environment with two X-terminals and more than sixteen PCs as X-terminals. The
printer and text terminals were also added to environment. Once the environment was
established, APROS was made available on these computers.
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For the real time I/O interface of control room and simulation computer, an indigenous effort
of using micro controller 8031 has been made. As a result, a complete real time I/O interface
based on 8031 micro controller and mini control room for the KANUPP Analyzer is
developed [4]. The interface is capable of handling 444 digital inputs, 963 digital outputs and
9 analog outputs.

For the real time I/O interface of FSTS for Cl, Real Time Products (RTPs) were chosen. In
order to have a complete command to use RTPs, a representative panel of Cl control room
has been designed and developed [5]. The representative panel is interfaced using RTPs with
simulation computer and it can handle a maximum of 112 digital inputs, 1836 digital outputs,
32 analog inputs and 32 analog outputs. The existing simulation environment is shown in
Fig.2.
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Fig. 2 Simulation Environment at PAEC

4.0 Engineering Analyzer of KANUPP

In 1992, PAEC decided to develop an Engineering Analyzer for KANUPP using Advanced
Process Simulator Software (APROS). This engineering analyzer is to be used for training,
understanding the dynamic behavior of the plant including normal and abnormal transients,
study of plant modifications, procedure development, alarm setpoint studies and for testing
the control loops after backfitting of C&I systems.

Keeping in view the plant personnel's requirements, the depth of simulation for each of the
systems considered was discussed in detail and the scope of the Analyzer was defined. Work
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on plant data collection started in Dec. 1992 and was completed by the end of 1993.
Thereafter, the development of individual models of systems was initiated and. all systems
contributing to the plant dynamics were included. The standalone models were prepared and
tested in steady state. The individual models were finally integrated in Dec. 1994. This
completed the first phase of development and the Analyzer operated at 100% steady state
power.

The second phase shall cover the inclusion of moderator level control and properties of heavy
water in APROS software. This shall be completed under Technical Co-operation Program of
IAEA, Project PAK/4/039 "Development of a Simulator for Nuclear Power Plants".
Thereafter, PAEC engineers shall implement the interlocks and operating sequence logic and
validate the simulator against operational transients of KANUPP.

The summary for the present status of KANUPP Analyzer is as follows:
• The dual core concept represented by utilizing the 1-dim dynamic reactor core modules of

APROS.
• A total of 33 systems have been simulated, including the complete PHT system with six

boilers, three per loop.
• A total of 498 nodes with 280 nodes for two-phase flow and 218 nodes for homogeneous

flow
• A total of 570 branches with 314 branches for two-phase flow and 256 for homogeneous

flow
• A total of 364 heat nodes and 270 heat branches
• 6 turbine sections, 19 pumps and 158 valves
• The system meets ANSI-ANS/3.5 requirements at 100% steady state power
• The Analyzer is interfaced with an indigenously developed mini control room, Fig.3, and

real time I/O interface using 8031 micro-controllers with dual port RAM concept [4].
• An indigenously developed security guarded real-time Graphics Display System (GDS)

provides an on-line facility for plant diagnostics and analyses by presenting process
system displays, flexible trend diagrams, alarm surveillance and log-books [3].

Fig. 3 Mini Control Room of KANUPP Analyzer
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KANUPP Analyzer comprises of the following hardware:

• simulation computer

• TATUNG Super COMPStation 7/30 with
• 128 MB memory and 4 GB Hard Disk
• CD ROM and 525 MB Wangteck Tape
• GX Graphics Card and 17" color monitor
• 2 serial 1 parallel port, keyboard and mouse
• Ethernet card

• Display computer

• IBM PC or Compatible
• Intel 486 DX4, 16 MB RAM, 2 GB Hard Disk
• 4 port MVP card with 1 MB Display RAM for each port
• 4 SVGA color monitors
• 2 serial 1 parallel port, keyboard and mouse
• Ethernet Card)

• Text printer

• HP InkJet Color Printer

The hardware organization is shown in Fig.4.

-6D

Fig. 4 Hardware Organization of KANUPP Analyzer

5.0 The Full Scope Training Simulator of CHASNUPP-1

5.1 Background

The 300 MWe two loop PWR nuclear power plant contracted from China is expected to
come in operation by the end of 1998. Training of plant operators through simulators is now
accepted as standard practice. It was, therefore, decided in 1994 that PAEC should develop a
Full Scope Training Simulator for CHASNUPP-1 based on APROS simulation environment.
The replica control room of CHASNUPP-1 FSTS is being acquired from Shanghai Nuclear
Engineering Research and Design Institute (SNERDI). The elements of Full Scope Training
Simulator for CHASNUPP-1 are shown in Fig.5.
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Fig. 5 Elements of Full Scope Training Simulator for CHASNUPP-l

5.2 Salient Features and Scope of Simulation

The Full Scope Training Simulator is to be used for initial and continued training of
CHASNUPP-1 plant personnel to enable them to perform their tasks and functions safely and
efficiently. It shall provide a valuable opportunity to develop and assess operating team skills,
demonstrate and practice operator response, achieve high fidelity in training and permit
observations of trainee's performance. The simulator is also intended to be used for the
confirmation of plant control strategies and operating procedures and study of plant
modifications.

The simulator and the training programme shall meet the ANSI/ANS-3.5 and 3.1
requirements in terms of physical, dynamic and operational fidelities. The scope of process
simulation covers the main energy generation and conversion cycle with associated auxiliary
systems, instrumentation and control systems, protection systems, engineered safety features
and electrical power distribution systems.

The modelled reactor core is 1-dim dynamic (axial neutron flux distribution) and 3-dim static
(radial neutron flux distribution). For 1-dim dynamic representation, the core has been axially
divided into 20 sections and for 3d static flux into 37 representative channels each centered
around a rod cluster assembly. The neutronic computations are based on 2-energy group
neutron diffusion with six groups of delayed neutron precursors.
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Physical models adapted to represent plant dynamics are based on 2-phase flow (5-equation
drift flux model) for the Reactor Coolant system including the pressurizer and its relief
system as well as the Main Steam and Feedwater sub-systems of the Nuclear Island: Whereas,
homogeneous flow (3-equation model) has been adopted for the nuclear auxiliary systems and
the systems of the conventional island. Systems that are not important for the dynamics of the
total plant are either represented in a simplified form or presented by logical simulation.

Simulation models are currently based on the available design data supplemented by
accumulated experience of PAEC engineers involved in design of the reference plant. The
simulation models will ultimately be tuned by use of data obtained in pre-operational tests
and the initial start-up tests of CHASNUPP-1.

5.3 Simulator Development Strategy

A proposal for the design, development and building of the Full Scope Training Simulator
for CHASNUPP-1 NPP was prepared in 1993 [6]. The proposal contained the details for the
training objectives, functional requirements and performance criteria for the development of
FSTS. It also contained details of the software being employed for the development of FSTS
and the proposed scope of simulator. The proposal was discussed and mutually agreed
between the supplier and the end user which are basically sister organizations of PAEC. As a
follow up the scope and extent of simulation was prepared and mutually agreed upon [7].
Keeping in view the local training needs, a systematic methodology for the development and
implementation of initial and continued training programme in a cost effective manner was
prepared [8].

The plant data was extracted from design documents and other relevant resource documents
related to the CHASNUPP-1, and a database in Micro Soft Excel is being generated.
Thereafter, the development of individual models for the systems and sub-systems was
initiated. The standalone models were prepared and tested for steady state performance.

The individual models have been integrated and are being tested in integrated state. This will
result in an Engineering Analyzer, which will be validated and verified for normal operations,
operational transients and abnormal transients against the benchmarks generated by reference
codes. The analyzer shall then be integrated with the replicated control room of FSTS.

The validation and verification is planned to be carried out jointly by PAEC, SNERDI,
Operations experts from QINSHAN NPP and APROS designers from VTT, Finland. A
systematic methodology to perform and document the simulator verification and validation
has been prepared [9].

5.4 Present Status

• A total of 87 systems have been simulated
• This includes 34 systems for the process and 53 systems for the EI&C
• Seven of the process systems have been logically simulated

• Process simulation is currently based on
• a total of 650 nodes with 150 nodes for two phase flow and 500 nodes for

homogeneous flow
• a total of 750 branches with 180 branches for two phase flow and 570 for

homogeneous flow
• A total of 264 heat nodes and 172 heat branches
• 8 turbine sections, 24 pumps and 297 valves
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• Nodes and branches may be modified during the final integration phase, if required

• For the replicated control room a total of 3970 digital inputs, 4318 digital outputs, and
1219 analog outputs are to be generated

• Plant Process Computer and Instructor Station are being developed indigenously

5.5 Hardware Organization

The hardware organization of FSTS for CHASNUPP-1 comprises of:
• Simulation Computer

• TATUNG Super COMPStation 20
• Super SPARC CPU 80 Mhz
• 128 MB memory and 8 GB Hard Disk
• CD ROM and 8 GB DAT Tape
• TGX Graphics Card and 17" color monitor,
• 2 serial, 1 parallel port, keyboard and mouse
• Ethernet card

• Plant Computer, Instructor Station And RMS

• DEC Venturis 575 (7Pc's)
• Intel Pentium CPU 75 MHz, 16 MB RAM, 540 MB Hard Disk
• SVGA Display card with 1 MB Display RAM and 19" color monitor
• 2 serial 1 parallel port, keyboard and mouse
• Ethernet Card

• Interface PC's with RTPs for I/O with Control Room

• Replica of Plant Control Room

The hardware organization is shown in Fig.6.
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Fig. 6. Hardware organization of full scope training simulator for CHANUPP-1
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6.0 Technical Fallouts of the Simulator Development Programme

The capabilities achieved/expected to be achieved by PAEC during the indigenous efforts in
developing SMRs simulators are the following:

• Design, develop and build training simulators including development of microcomputer
based Compact Simulators for nuclear power plants for real time decision making,
development of engineering analyzers using soft panel approach and development of full
scope training simulators based on APROS simulation environment.

• Development of MMI software as an aid to NPP operators

• Control, Instrumentation and protection system studies to modify, design and develop
Protection and Regulation systems for NPP

• Development of software for Instructor Stations

• Design and development of Control Rooms and Real Time I/O Interface

• Development of general purpose security guarded real-time Graphics Display Systems
(GDS), for providing on-line facility for plant diagnostics and analysis by presenting
process system displays, flexible trend diagrams, alarm surveillance and log-books, etc.

7.0 Conclusion

The PAEC has achieved a vast experience in the field of training simulators, operator aids,
real time data communication and high speed graphical display systems. It is engaged in the
development of engineering analyzers, soft panel based training simulators and SCAD A
systems. It has the capability to modify C&I systems and Control room design for SMRs.
PAEC can take up similar projects for other countries in collaboration with IAEA.
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