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Abstract

In July 1996 a full-scope simulator developed by the joint efforts of
ATOMTECHENERGO, VNII AES (Russia) and Mitsubishi Heavy Industries (Japan) was
put into service in Novovoronezh Training Centre (NV TC). This paper describes the
Instructor Station equipment and its capabilities for training process monitoring and
simulation.

1. INTRODUCTION

The simulator quality is basically identified by the service provided for the instructor
i.e. the possibility of training process monitoring and the scope and technique of inserting
various malfunctions.

The simulator developed within our organisation ensures the instructor's user-friendly
communication with software systems and introduction of various malfunctions. In total, the
instructor can insert around 10 000 malfunctions. Considering various combinations, we have
an unlimited number of options.

The Instructor's Workstation is one of the basic simulator components considerably
affecting the simulator quality as a whole.
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2. INSTRUCTOR WORKSTATION CONFIGURATION

The Instructor Workstation configuration is presented in Fig. 1
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Fig. 1. Instructor Workstation configuration

The functions of each element of the Instructor Workstation equipment are presented in the
table below.

Instructor console
Local operations

Unit monitor

Buttons

Video system

Facility
terminal, mouse, keyboard
terminal, keyboard

terminal, alpha-numeric and
functional keyboard
buttons-copies from the
screens
warning signalization buttons

videotape, monitor, control

Functions
simulator control
local operations and
observation, Unit monitor
Unit monitor

coloured copies from the
screens
sound off/on, blinking
acknowledgement
to record the training process
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3. FUNCTIONAL CAPABILITIES OF THE INSTRUCTOR'S CONSOLE

The instructor's interface was developed by means of the menu and window control-
based technology. It comprises pop-up windows, complementary windows and inputs with
the keyboard or a mouse. This provides the instructor's access to the Instructor's Station
functions.

The Instructor's Station display is divided into several zones: the status zone, control
zone, menu zone, graphic zone and monitoring zone. The status zone located in the upper
section presents the general information about the simulator condition, the current time and
the time passed since the beginning of the exercises.

The control zone includes the basic simulator functions implemented by the specific
functional keys such as: start-up, shut-down, snapshot, malfunction timer etc.

The menu zone provides for the access to particular simulator functions grouped
according to the functional features. These functions involve creation and installation of the
initial condition, introduction of malfunctions, setting up the scenarios and their selection,
adjustment of control parameters etc.

The graphic zone ensures control of selected parameters trends, adjustment and
control of the graphic information window.

The monitoring zone provides for the indication of the current trainee's performance,
actuation of alarms, monitoring of the currently actuated malfunctions. Normally, for a
standard Instructor Station session a graphic menu comprising the buttons for specific
instructions (e.g. start-up/shut-down) and a pop-up menu when selecting the menu group
buttons are used. The instructor's task is to select the required function with a mouse and to
further specify the required performance. All the graphic windows of the Instructor's Station
are arranged in a hierarchic order: from the general to more detailed windows. Normally, a
detailed window allows to perform detailed tuning and implementation of the selected action.
A constituent part of the Instructor' s Station is a set of flow diagrams (images) which allow
the instructor to monitor the process system parameters. It is through these diagrams that the
instructor introduces the design-basis malfunctions and failures. The flow diagrams include
the mimic identification of all the components (pumps, controllers, valves etc.) with
indication of their current status. These images also include the components without any
controls in the MCR (controlled in situ) and the current values of the flow parameters ( flow
rates, pressures etc.). Besides, they contain additional dynamically evolving parameters
required for the training purposes (e.g. the current leak sizes in t/h). The malfunctions are
introduced directly from the images by selection of a component with subsequent
specification of an accident.

The fact that all these actions are performed with a mouse considerably facilitates the
instructor's performance. A more detailed description of the functions implemented via the
Instructor's Station is presented below.
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3.1. SYSTEM STATUS

In case of problems that occur due to computer or software faults, an appropriate
message is displayed in the instructor's screen. The instructor can identify the fault by calling
a specific window presenting a more detailed information about the fault.

3.2. SIMULATOR CONTROL

3.2.1. Initialisation

The instructor can start the simulator at the Instructor's Station from any of the
desirable initial conditions. The initial conditions can be:

• initial conditions created by the instructor;
• snapshots
• intermediate conditions

-•*• each initial condition is characterised by six identified unit parameters, or the instructor's
comments if created by him.

3.2.2. Storing the initial conditions

The instructor can create (or record ) in the freeze mode his personal initial condition
and can protect it by a password. The total number of these is 99.

3.2.3. Snapshots

These are created by the instructor both in the simulation mode and in the freeze mode
and are not protected. Their total number is 10.

3.2.4. Start-up/shut-down

In case of shut-down the discrete input and output to CRT continue operating.

3.2.5. Slow-down/speed-up

Slow-down/speed-up by 2 or 4 times in relation to the real time.

3.2.6. Checking the switehes

Control of the switch position ensures that the switches and instrumentation setpoints
for the simulated panels including the non-operational MCR panels, that were not set
correctly during the simulator restart from the selected initial condition, are identified.

In case of the wrong position of the MCR switches after selection of the initial
condition, the switch control indicator will inform the instructor about it (a button on the
instructor's display). The switch position control indication has the following features:

a) In case of a wrong position of one of the digital inputs (01) corresponding to the initial
condition, there will be a lamp blinking (normally red colour) close to the input
concerned.

b) In case of a wrong position of any of the analogue input (2%) an alarm will actuate close
to the inputs concerned.



- 147 -

c) The group alarms of the switches mismatch for the groups of panels and consoles and
also for each panel specifically.

d) The Instructor's Station monitor will display the numbers of tags, panels and description
of devices with the wrong position of their switches (up to 100 control switches).

e) The data display is carried out automatically by means of the switch position control
programme and is modified as each of the elements on the list is set to the appropriate
position.

In case of proper position of all simulator switches, the light annunciators are
disconnected and the simulator is automatically switched over from the switch position
control mode to the freeze mode; the initial condition parameters will be displayed and the
simulator will be available for start-up.

The possibility of overriding the specified conditions allows the instructor to start the
dynamic simulation bypassing the switch position control function. If the simulator starts
from the frozen condition with an erroneous position of control switches, the simulated plant
will respond to the mismatched control switches.

3.2.7. Playback

The simulator is designed so that intermediate conditions can be automatically
created in simulation mode every 5 minutes. The total number of conditions is 12.

These intermediate conditions are used for the playback mode. In this mode all the
external events initiated by the instructor or the trainees are simulated. The playback may be
interrupted and operation in the normal mode can be resumed.
3.3. MALFUNCTIONS AND LOCAL OPERATIONS<

3.3.1. Malfunctions

The malfunctions are grouped into three types:

• standard;
• leakages;
• non-standard.

The standard malfunctions are those introduced for the standard components:

• valves
• controllers;
• pumps;
• clusters;
• electrical components circuit breakers.
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Each component has its own list of malfunctions:

No.

1.

2.

3.

4.

5.

Component

Valves

Pumps

Control valves

Clusters

Circuit
breakers

Malfunction

1. Spurious opening
2. Spurious closing
3. Inhibition of interlocks

actuating the valves
4. Electrical circuit disassembly
5. Inhibition of valves control
6. Setting the percentage of

opening
1. Start-up
2. Isolation
3. Inhibition of emergency

connection of a redundant
pump

4. Inhibition of pump start-up
5. Torsion break
6. Electrical circuit disassembly
1. Spurious opening
2. Spurious closing
3. Failure to operate in automatic

mode
4. Electrical circuit disassembly
5. Jamming of a controller

actuator
6. Setting the percentage of

opening
1, Cluster j amming
2. Spurious cluster drop
3. Uncontrolled cluster movement
4. Cluster ejection from the core
5. S etting the cluster p o sition
1. Forced connection

2. Emergency connection
3. Inhibition of emergency of

redundancy connection
4. Inhibition of connection
5. Inhibition of disconnection
6. Electrical circuit disassembly
7. Incomplete -phase mode

min.

0

0

0

max.

100

100

350

Unit of
measurement

%

%

cm

The leak group are basically malfunctions related to the leaks, filter saturation etc.

The rest of the malfunctions are referred to the non-standard malfunctions. These can
have two levels (an element group and list).
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3.3.2. Local operations

The local operations are control operations on the components that can not be
controlled from the MCR. The instructor is provided with an opportunity to treat them as
malfunctions.

3.3.3. Operating inputs

Execution of malfunctions , as additional parameters, starts at certain time after their
queuing. For this purpose the instructor has a timer at his disposal to control the malfunctions
queue by putting the timer in on/off position.

The standard malfunctions, leaks and local operations are selected by the instructor
with a mouse directly in the image of the required component or leak. In this case for the
standard malfunctions the sublist of malfunctions and the dialogue window with control
elements (buttons, equipment status, execution time etc.) are provided.

The non-standard malfunctions are allocated within the departments (Reactor, Turbine
and Electrical Departments). The instructor has an option to insert malfunctions ( they are
promptly queued) or initially to identify the list of required malfunctions and send them for
execution. The instructor has an option of scanning and modifying the specified list of
malfunctions. All the malfunctions in the image and the image buttons are highlighted with
particular colour depending on the malfunction status. The following categories have been
recognized:

• malfunctions have not been executed
• malfunctions are being executed
• malfunctions have been executed.

3.3.4. Operation with the scenario

In addition to the operating insertion of malfunctions, the instructor can prepare all the
malfunctions needed for the training session beforehand and store them under a certain
name. Actually, preparation of malfunctions in the scenario does not differ from the
operating insertion of malfunctions, but for the loading dialogues and scenario storage being
added in case of a scenario. When loading a scenario, the instructor can also introduce
additional malfunctions and modify those already existing.

3.4. LOGGING OF EVENTS

1) All the actions performed by the instructor or an operator , such as malfunction insertion,
changing the position of the MCR control switches, alarm actuation etc., are logged.
Each of the logged instructions is designated by the execution time. If required, all the
records can be displayed in a pop-up window and a hard copy of the operator's or
instructor's performance can be obtained for the subsequent critique.

2) The standard data on the unit status and parameter trends are printed -out.
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3.5. DISPLAY OF FUNCTIONS

The following set of functions operates with the parameter names. The parameter
names are codified in the same way as at a real plant. Any parameter listed in the controlled
parameters index can be selected.

3.5.1. The unit parameters, internal parameters and their modification

This pop-up window can locate 256 unit parameters or simulator constant values. •
Besides observing the parameter values, the instructor can also modify the values and
simulate the failure of instrumentation, control switches and alarms, deviation of parameters.
The data are displayed in a table format.

3.5.2. Recorder

8 parameters are printed-out by a colour printer.

3.5.3. Graphs

The menu provides for selection of controlled parameters list in any of the graphic
windows. The graphs display the data selected from the simulator in real time with
discretization from one second to one minute. The controlled parameter values are stored
within the last 6 hours.

The instructor has at his disposal 10 windows with 5 graphs in each (in total
simultaneous monitoring of 50 parameters is provided). The instructor has an option of
simultaneous monitoring of several windows and a simple technique of changing-over the
graphic windows.

Each window contains: X- axis (time) and Y-axis (parameter value). The time axis
floats in time and the recent time interval is displayed. The time axis discreteness can be
adjusted by the instructor for the graph display within the range from 3 minutes to 6 hours.
Each graph has its own colour and its own Y-axis . The scale for Y-axis can be adjusted by
the instructor within the range permissible for the parameter. A specific window displays the
plant codes of the displayed parameters, their brief description and current values. Each of the
ten windows can be adjusted for any parameter by means of a dedicated adjustment window.

The graphs can be displayed in a special location of the instructor's screen and can
be scanned-out for full screen or part of it. The graphs can be printed-out to have a hard copy
for the subsequent review.

3.5.4. Digital graphs

In addition-to the normal graphs the instructor can identify 16 parameters to build-up
digital parameter trends in time, the discreteness is set by the instructor. The trends are
displayed in a list format and can be printed-out.

3.5.5. Storing the adjustments

All the above functions require the parameter adjustment, and the instructor has an
opportunity of storing these adjustments and loading of some other adjustments.
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4. LOCAL OPERATIONS

To observe and control the trainee's performance, the instructor has .the local
operations console and a terminal which can be switched-over to the local operation mode.
The local operation is pertinent to the control of objects, such as pumps, valves etc. in situ.

The terminal has a list of images and control buttons. An image or a control element
are selected by a hand touching the screen in a place where the required object is located, and
control is carried out from a dedicated console with a number of buttons, lamps and an
analogue instrument.

5. EVOLUTION

Presently, within the frame of the bilateral agreement between Russia and Japan the
Novovoronezh Training Centre is completing works on implementation of the Training
Support System (TSS) for V-320 simulator. The TSS configuration is presented in the Fig.2.
The TSS comprises the following two subsystems:

1) Audio-visual subsystem of training process monitoring

The audio-visual subsystem provides for video recording of the operators' simulator
training sessions to be carried out from the Instructor's Workstation and allows to replay the
course of the exercises in the classroom in the broadcasting mode as well as in the replay
mode on a big size projector (70").

Besides, there is an option of replaying the V-320 simulator CRT images and
animated images for RCS and SG systems via the projector in the classroom. The images are
detailed to the extent that the trainees can observe the evolutions and parameters of the main
Reactor Coolant System components in four phases:

- liquid;
- steam;
- boron dilution;
- incondensable concentration.

There is an option of an off-line and integrated operation of the TSS.

In the integrated mode the projector can demonstrate the current technological
process (the phase and images are selected by the classroom instructor).

In the off-line mode the modes (sessions) recorded by the simulator instructor can be
replayed (the time and duration of the records are identified by the instructor).

2) CBT Classroom

The CBT classroom is designed with 6 PC and has all the above mentioned features
(except for video support) and is basically used for the students self-study.

Implementation of the Training Support System in the training process will allow to
considerably improve the NPP operator training and retraining efficiency.
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