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Abstract

In order to provide a highly qualified training for the future operation teams of the Angra 2 and 3
Nuclear Power Plants, ELETRONUCLEAR has built a training center, at the Plant site, including a full-scope
Simulator based on the Siemens/KWU design, PWR, 1300 MW Angra 2 Nuclear Power Plant. The Simulator is
a full-scope replica of that of the Angra 2 Plant. The CTAS has implemented, since the beginning of its operation
in Brazil, an extensive training program for operators, technical managers and commissioning and licensing
personnel from foreign nuclear power plants, as well as specialists for national and foreign organizations
involved with several activities related to nuclear installations and also with the operation of conventional electric
power plants. After the installation of the Simulator in Brazil, the Simulator software has been continuously
modified and updated.

INTRODUCTION

The adequate training of the operation personnel in a nuclear power plant is an essential condition to
assure the safety, the reliability and a high level of availability in its operation. Simulator training is
considered as the most efficient and economic way for initial qualification and maintenance of the
operation teams' skills.

In order to provide a highly qualified training for the future operation teams of the Angra 2 and 3
Nuclear Power Plants, ELETRONUCLEAR has built a training center, at the Plant site, including a
full-scope Simulator based on the Siemens/KWU design, PWR, 1300 MW Angra 2 Nuclear Power
Plant. The operation of the center, named CTAS, began in May 1985, after the installation of the
Simulator.

HISTORY

ELETRONUCLEAR negotiated two separate contracts for the acquisition of the Simulator: one with
the Reference Plant Manufacturer (Siemens/KWU), for the supply of the Simulator control room
hardware, development and supply of the plant specifications, training and qualification of the
Simulator instructors, technical assistance for the development of the training material and
performance of commissioning tests of the Simulator; and another one with a simulator manufacturer,
for the supply of the remaining Simulator hardware (computer system, interface, instructor system),
integration of all hardware components and development of the Simulation software.

The Simulator manufacturer (Thomson-CSF) was selected on the basis of three proposals presented
in reply to a document containing basic technical specifications for the simulator hardware and
software.

The Simulator was built by Thomson-CSF (France) and Siemens/KWU (Germany) between May
1978 and September 1982, at the Thomson-CSF facilities, in Cergy, France.

Due to the delays occurred in the construction of the Angra 2 NPP and, consequently, the
postponement of the operators' training for that plant, ELETRONUCLEAR decided to make an
agreement with Siemens/KWU, aiming to temporarily use the Simulator in Germany. The Simulator
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was then installed in Karlstein, Germany, and part of the revenues obtained with the training of the
personnel of German NPPs was transferred to ELETRONUCLEAR by Siemens/KWU. The operation
of the Simulator in Germany, including the periods of installation, tests, effective use for training and
disassembling of the equipment, took place between October 1982 and February 1985. In March 1985
the Simulator was transported to Brazil and installed at the ELETRONUCLEAR Training Center.

SIMULATOR SPECIFICATIONS

The Simulator control room instrumentation (supplied by the Reference Plant Manufacturer,
Siemens/KWU) is a full-scope replica of that of the Angra 2 Plant, according to the specifications of
that plant which were available before the "data-freeze-date" of the simulator project.

For those Angra 2 systems whose specifications were not completely available before that date,
corresponding technical data from the German Grafenrheinfeld NPP (the design-reference plant for
Angra 2) have been used.

The dynamical behaviour of the Simulator under normal and malfunction conditions were specified
on the basis of data also supplied by the Plant Manufacturer.

The accuracy of the Simulator behaviour was continously tested by Siemens/KWU personnel
experienced in the design, commissioning and operation of similar plants, during the construction,
commissioning and operational demonstration period of the Simulator. Extensive software
adjustments have been implemented during those phases.

THE SIMULATOR

The Simulator has the following equipment:

- Control room equipment, which is a functional replica of the Angra 2 control room;
- Computer system, which processes, in real-time, the programs corresponding to the mathematical

models of the simulated plant systems;
- Instructor system, which allows the programming, control and monitoring of the training

exercices;
- Interface system, which transfers the signals between the control room equipment, the computer

system and the instructor system.

The original computer system was composed of 3 GOULD/SEL 32/75 computers, 1 GOULD/SEL
32/77 computer and associated peripherals. These 4 computers ran in a quadri-processor parallel
system, with a shared memory system for common data interchange. External interruption lines were
used for real-time synchronization of the processors.

This hardware configuration was later changed to a 2 GOULD/SEL 32/75 and 2 GOULD/SEL 32/77,
and, subsequently, to a 3 GOULD/SEL 32/77 and 1 GOULD/SEL 32/75 configuration.

Due to increasing hardware maintenance problems, mainly caused by the lack of replacement parts for
those computers in Brazil, and the need for more computational power and larger main memory,
ELETRONUCLEAR decided to acquire a new computer system. In early 1993, an ENCORE RSX-
684ID computer system was acquired to the ENCORE Computer Corporation, USA, and integrated
into the Simulator in July 1993. The selection of this computer system was backed by the
requirements for software/hardware compatibility with the previous system, aiming to significantly
reduce the overall migration time. The selection proved to be the correct one, and the new system was
successfully put in operation in early 1995, less than two years after its installation in CTAS.

INSTRUCTOR'S STATION
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The Instructor's Station consists of a movable console - which can be used either at the Instructor's
booth or at the Simulator control room, and allows the insertion of the exercice-controlling and
parameter-monitoring commands -, a fixed console - which allows the insertion of typically infrequent
Instructor's functions as ,for example, the storing and cancelling of initial conditions and
programmable exercises, activation of exercice-related logs, etc. - and a hand-held remote control
device which allows a subset of the Instructor's functions to be activated from anywhere in the control
room.

Through the Instructor's movable console ,the following functions are available:

- Activation of pre-programmed exercises;
- Snapshot;
- Backtrack;
- Replay;
- Mode selection : Start, Freeze, Stop;
- Speed selection : real-time, slow-mode (factor 1/10), fast-mode (factors 10 or 60);
- Selection and activation of malfunctions;
- Control of external parameters/remote operations;
- Selection of on-screen monitored parameters.

The activation of these Instructor's functions is effected through command-dedicated keys. Many
functions are only released when the correponding page is selected and displayed on the movable
console monitor screen.

The Instructor's Station allows monitoring and recording of the dynamical behaviour of the simulated
parameters and the operator's actions, so that a subsequent evaluation of the training exercise and the
trainees' performance can be effected. In addition, the following logs which may be used to assist the
instructor in assessing the trainees' performances are available in the Simulator:

- Alarm and switching log;
- Specification of standard initial conditions;
- Specification of standard exercises;
- Numerical values of monitored parameters;
- Exercise summary log.

MAINTENANCE OF THE SIMULATOR

The Simulator operation team, presently composed of 5 engineers and 4 technicians, is responsible for
the operation and maintenance (software/hardware) of the Simulator.

Several members of this team actively participated in the works performed during the period of
construction and tests of the Simulator in France and in Germany and also during its temporary
installation in Germany (on-the-job training).

As for the software maintenance the following procedure is applied. The Simulator instructors fill in
•'Software Discrepancy Report" forms describing the observed discrepancy, the plant operational state
and the initial condition number. After the discrepancy is worked on by the software specialists, the
instructors team is responsible for the operational tests and final approval of the software
modifications.

The major hardware maintenance problems were associated to the cards, cables and, mainly,
connectors of the previous computer system. The system configuration with 4 GOULD/SEL 32/75 &
32/77 computers sharing data through a common memory required many controller cards, memory
cards and connecting cables. The resulting amount of cables and connectors became a continuous
source of problems.
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After the installation of the RSX computer system in CTAS this kind of problems practically
disappeared. Presently, the main source of problems is the interface system, more precisely, the PCB
cards and the video character generators cards for the control room CRTs. ;

In order to increase the Simulator availability time, ELETRONUCLEAR managed to duplicate many
interface PCB cards in Brazil. On the other hand, ELETRONUCLEAR is negotiating with Thomson-
CSF the purchase of new interface control cards that could not be duplicated. These cards incorporate
the newest technology but are still compatible with the present system. These cards are PC-based,
which greatly simplifies the process of hardware tests and will allow, in a near future, the use of PC-
compatible computers to run the simulation programs.

SIMULATOR SOFTWARE

The Simulator software features a modular structure, in which each simulated plant system
corresponds to one program, and each program is divided into modules.

The programs are called by the simulation monitor (the main program) in a pre-defined sequence as a
function of the current simulation time. Each module performs specific time-dependent calculations,
as follows:

- Computation of physical parameters (flows, pressures, temperatures, etc.);
- Computation of logic signals (interlock signals, plant computer signals, etc.);
- Computation of analog and digital signals to the control room;

Initialization to a given operational status.

The simulation software has the following basic characteristics:

Programming languages: FORTRAN and Assembler;
Time step (interval for updating the values of the simulated parameters and I/O tables) : 125
msec;
Cycle time (interval in which every software module is processed at least once) : 2 sec.

UPGRADE OF THE SIMULATOR SOFTWARE/HARDWARE

After the installation of the Simulator in Brazil, the Simulator software has been continuously
modified and updated, on the basis of the availability of:

Additional data on the Angra 2 systems which were not completely defined before the "data-
freeze date" of the Simulator;

- Design changes on the Angra 2 systems;
Design and operational data on technologically similar German plants whose personnel have
performed retraining programs at the ELETRONUCLEAR Training Center.

The major software/hardware improvements implemented during this period could be briefly
described as follows:

Implementation of the new logic of the "Primary Coolant Pressure and Mass Limitation"
subsystem (MADTEB), based on the German Philippsburg-2 NPP.

- Updating of the "Reactor Power Control", "Reactor Power Limitations" and "Rodrop" systems,
based on the same NPP.
Updating of the logic for disconnecting and reconnecting the Plant electrical loads in case of loss
of external electrical supply.

- Implementation of steam formation under the reactor pressure vessel (RPV) closure head.
Implementation of a new two-phase model for the steam generators.
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In addition, separate "software packages" have been generated in order to allow the Simulator to be
efficiently used for the training of personnel from plants with distinct design and operational
characteristics, as, for example, for the Argentinian Atucha 1 NPP (a natural-uranium-fueled NPP)
and for the Swiss Goesgen-Daeniken NPP.

DISMO

To fulfil the requirements of the Spanish Nuclear Authority (CSN) regarding the operating personnel
training carried out on the Angra 2 Simulator, Trillo NPP and ELETRONUCLEAR developed a long-
term project whose main goal was to reduce the discrepancies between the Simulator control room
instrumentation and that of the Spanish plant.

This task, named DISMO, which means "Operation Handbook Discrepancies", had as basic
guidelines the observed discrepancies between the Trillo NPP Operation Handbook and the
Simulator control room.

A total of 62 discrepancies have been identified and described. From this amount 40 discrepancies
were selected according to their relevance for the Trillo operation procedures and taking into account
the cost/benefit of the required software/hardware adjustments.

A three-phase plan for solving that set of discrepancies was implemented. The work started in
November 1993 and the final tests will be carried out in November 1997. The major
software/hardware modifications can be briefly described as follows:

- Translation of the text of the plant computer digital and analog variables to Spanish;
- Modification of the Reactor Protection logic, including addition of new signals;
- Rearrangement of the Reactor Protection Panel instrumentation;

Rearrangement of the Reactor Control/Turbine Control instrumentation.

MIGRATION

The software migration consists in the process of conversion of the simulation software from the
GOULD/SEL 32/75 & 32/77 computers, running under the old RTM 7.1 operating system, to the
ENCORE RSX-6841D computer, which runs under the MPX-32 Release 3.5 operating system.

A new software organization regarding the storing of the source/object codes and the procedures for
modifying, compiling and cataloging (linking) such codes was developed. This new structure should
be able to support different versions of the simulation programs for different users of the Simulator.

The next phase covered the adaptation of the simulation handlers (real-time, I/O), written in
Assembler language, to the new hardware/software architecture. The simulation monitor (the main
program) had to be rewritten to become compatible with the MPX-32 Release 3.5 operating system
and take advantage of its new features.

The last phase was the time-consuming process of compiling/cataloging the simulation programs, in a
system-by-system basis, integration and operational tests.

The major steps of the migration process could be described as follows:

- Conversion of the I/O structures to the new operating system
- Translation of the real-time and I/O handlers to the new architecture
- Compilation of the simulated modules and auxiliary routines (about 630 FORTRAN/Assember

subroutines)

UPDATE OF THE SIMULATOR TO ANGRA-2 NPP



- 110 -

Since its installation in CTAS, the Simulator has been undergoing a continuous process of
software/hardware modifications. Such modifications were mainly implemented in consequence of
the Simulator users' requests for which the system logic diagrams or control room layout were
supplied along, although the control room modifications have been restricted to the available spare
equipment.

Consequently an increasing deviation of the Simulator control room layout and operational behaviour
from those of the Angra 2 NPP design have resulted.

As the Angra 2 design reached its final status and the schedule of the operation personnel training was
defined, the update of the Simulator to the present plant design was started.

The preliminary analysis of the already available data, mainly the control room final layout, has
indicated the extension and complexity of the task. A three-phase plan has been set up to reach this
goal.

The first phase covers the updating of the design specifications of the simulated systems and
components. It is, basically, a revision of the system logic signals, as interlocks, plant computer
signals, etc., functional characteristics of the main components, as pumps, valves, fans, etc., and
parameters of the open-loop and closed-loop controls.

The second phase consists in the adaptation of the Simulator control room to that of the reference
plant. Since the amount of the Simulator control room spare equipment is not enough to complement
the required additional instrumentation, ELETRONUCLEAR has already ordered 3 new complete
panels. This order includes only the instrumentation,, since the supporting structure of the Simulator is
fully compatible. Prior to the start of this phase, the number of spare interface signals and the location
of the available control room connectors have been identified in detail. This information is important
since several interface-control room signals will be cabled or relocated. A particular case is the
reactor protection panels, whose present design incorporates a new control room display concept. A
complete relocation of the existing instrumentation of this panel will be necessary.

The last phase corresponds to the implementation of new components and/or systems which were not
included in the original Simulator specifications.The discrepancies between the simulated systems
and the Angra 2 systems should be analysed with respect to the cost/benefit of their implementation
taking into account their relevance to the Angra NPP operation procedures.

USE OF THE SIMULATOR

The CTAS has implemented, since the beginning of its operation in Brazil, an extensive training
program for operators, technical managers and commissioning and licensing personnel from foreign
nuclear power plants, as well as specialists for national and foreign organizations involved with
several activities related to nuclear installations and also with the operation of conventional electric
power plants.

Through this program, the CTAS has been offering since September 1985, when it started its
activities, theoretical and practical training for personnel from German (Siemens/KWU, Grohnde,
Philippsburg, Brokdorf, Isar, Emsland, and NeckarWestheim NPPs), Spanish (Consejo de Seguridad
Nuclear and Trillo NPP), Argentinian (Nucleoelectrica Argentina S.A. and Atucha 1 and Embalse
NPPs), Swiss (Goesgen-Daeniken NPP), American (Institute of Nuclear Power Operations - INPO)
and Brazilian (CNEN, IPEN and ELETROPAULO) organizations.

For the retraining programs already performed in CTAS for operating personnel of NPPs from other
countries, the typical course is 2 weeks long (five days a week), and two different loads have been
applied : 4 h/4 h and 6 h/2 h of Simulator/classroom training time.
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APPENDIX 1: SIMULATOR TECHNICAL DATA

Control Room:
Indicators:
Alarm-windows:
2-lines recorders:
6-points recorders:
12-points recorders:

Interface :
Interface cabinets:
PCB cards:
Analog Outputs:
Digital Outputs:
Digital Inputs:

1280
380

80
31

5

11
425
1568
13280
4976

words (32 bits)
bits

bits

Computer system :
Processor: 1 x ENCORE RSX-684ID (32 bits)
Direct Memory Cache (DMC): 16 Mbytes
Main Memory: 16 Mbytes
Disk Capacity: 2 x 1.2 Gbytes



- 112 -

APPENDIX 2

Countries Organizations Course-weeks Trainees
Germany

Sub-total:
Argentina

Sub-total:
Spain

Sub-total:
Switzerland

Sub-total:
USA

Sub-total:
TOTAL:

Gemainschaftkernkraftwerk Neckar 1
Gemainschaftkernkraftwerk Neckar 2
Kernkraftwerk Brokdorf
Kernkraftwerk Emsland
Kernkraftwerk Grohnde
Kernkraftwerk Isar
Kernkraftwerk Philippsburg
Siemens/KWU

CALIN
Central Nuclear de Atucha 1
Central Nuclear de Embalse

Central Nuclear de Trillo
Consejo de Seguridad Nuclear
TECNATOM

Kernkraftwerk Geosgen-Daeniken

Institute of Nuclear Power Operations - INPO

8
12
8
75
40
17
26
43
229

2
73
4
79

128
15
14
157

22
22

3
3

25
24
31
196
105
46
107
67
601

5
177
10
192

327
29
8
364

93
93

12
12

490 1262
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APPENDIX 3

SIMULATOR CONTROL ROOM
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