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FOREWORD

As part of the Agency's programme on nuclear safety, periodic meetings
are convened on different current safety issues relating to the operation of
nuclear power plants. These meetings provide a forum for the exchange of
technical information amongst the international community. This form of
international cooperation can make an important contribution towards
assuring nuclear safety, since work in one country may be relevant to other
countries as well.

In October 1986, the Agency convened a one-week Technical Committee
meeting on Improving Nuclear Power Plant Safety Through Operator Aids. The
Technical Committee consisted of 17 experts from the following 10 Member
States : Brazil, Finland, France, Germany (F.R.), Hungary, Italy, Korea
(Rep. of), Netherlands, Spain, and the United States of America. The
Committee discussed experiences, studies and actions taken in relation to
the safety issue of operator aids. On the basis of these discussions,
guidance was developed by the Committee on factors that should be considered
in the decision regarding the types of operator aids to develop or acquire,
taking into account the need for optimal utilization of limited resources in
developing countries. These recommendations and the results of the meeting
discussions are presented in this technical document.

The Agency greatfully acknowledges the contribution of the experts
which were provided by the Member States for the meeting. It also
appreciates the work of the Consultants Groups which assisted the
Secretariat in developing the working document for the Committee and in
subsequently finalizing this technical document.
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1. INTRODUCTION

The term "operator aid" or more formally "operator support system"

refers to a class of devices designed to be added to a nuclear power plant

control station to assist an operator in performing his job and thereby

decrease the probability of operator error. The addition of a carefully

planned and designed operator aid should result in an increase in nuclear

power plant safety and reliability. Operator aids encompass a wide range of
devices from the very simple, such as color coding a display to distinguish

it out of a group of similar displays, to the very complex, such as a

computer-generated video display which concentrates a number of scattered

indicator readings located around a control room into a concise display in
front of the operator.

In preparing this report it became apparent that it would be necessary

to define who would be using the operator aid. Personnel with the following

functions or titles were considered as candidates :

Reactor Operator (RO)
Senior Reactor Operator (SRO)

Shift Supervisor

Shift Technical Advisor (STA)/Safety Engineer

Radiation Protection Personnel

Technical support (plant and vendor)

Plant management

Regulatory officials
Utility management (off-site)
State and local authorities.

There is generally an overlap in function and responsibility among
most of the classes of personnel listed ,* however, the focus of this report
is on the first four classes : RO, SRÙ, Shift Supervisor, and STA. A
methodology is provided which could be used to select operator aids for both
routine and abnormal situations for these classes. The main thrusts of the
recommendations are basic ." (1) be systematic using a defined choice and
design process and (2) include the user in all phases of this process.



This process can probably be extended to other classes on the above list if
their function has been defined to the extent that it is known ; (1) what
specific function is to be performed, (2) who will perform this function,
(3) where this function will be performed, and (,4; when this function will
be performed. This definition of what, who, where and when has been
generally standardized and accepted for the combined class of KO, SRO, siiift
supervisor, and STA and these groups are addressed as one. The further
breakdown into more specific functions or responsibilities will depend on
individual plant operating philosophies.

This report will provide guidelines and information to help make a
decision as to whether an operator aid is needed, what kinds of operator
aids are available and whether it should be purchased or developed by the
utility. In addition, a discussion is presented on advanced operator aids to
provide information on what may become available in the future. The broad
scope of these guidelines makes it most suitable for use by a
multi-disciplinary team.

Fig. 1 shows an example of the sequences that might be followed in the
process of selecting and then implementing an operator aid. The key steps in
the process ; namely identification of need for operator aids, development
of specifications and implementation are discussed in subsequent sections of
this report.

Identify Need

Develop
Specifications

Purchase Vendor
__ Design

FIG. 1.

T Provide 1
| Maintenance |

SEQUENCES FOR SELECTING AND IMPLEMENTING
AN OPERATOR AID



If, as a result of the needs analysis, a computer-based operator aid
is desired, information on experience with computer based operator aids can
be obtained froia another IAEA report (Ref.l). This report will be issued
following completion of gathering of information from a questionnaire to
IAEA Member States on details regarding specific installations. However,
since it is anticipated that there will be a great interest in computer
based operator aids, fundamental information and guidance is presented in
this report on computer systems.



2. IDENTIFICATION OF NEED FOR OPERATOR AIDS

The need for and choice of an OA should follow a systematic process to
ensure that resources for acquiring the OA are utilized efficiently and that
the OA represents a positive addition to plant safety or reliability. An OA
should be developed or purchased only after an analysis has been performed
to support this decision. This section proposes guidelines which can be used
in identifying the need for an OA. These include reviews of national and
international operating experience, requests from operators, regulatory
requirements, problems identified during a human factors review of the
control room, OA necessitated by the plant operating philosophy, OA
identified as part of a long term upgrade of the control room, and a
knowledge of current and future development activities on potential QA.

2.1 OPERATING EXPERIENCE REVIEW

A possible first step in identifying the need for an OA is the
performance of an operating experience review. The reason for this step is
to make sure that problems previously encountered during or in preparation
for plant operation are identified. This is generally performed by an
examination of the documentation of operating events, to identify conditions
that may cause human performance problems and could be alleviated by
improved human factors engineering ; in this case an OA.

The material that should be reviewed can be classified into four
separate categories :

- Plant-specific events documentation
- Reactor design and vendor-specific events documentation
- Documentation on events that occurred in other plants in the
country, if any

- Technical society, owners groups and industry meeting papers.

The topics to be reviewed should cover operating difficulties and
incidents, and should be limited to problems that could affect control room*
operations or that reflect control room design deficiencies.

* "control room" as used in this report includes remote shutdown
facilities and local control stations.
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To identify potential OA, specific pertinent items that should be noted in
the review include the following :

- Operating status (e.g., start-up, power increase)
- Maintenance conditions, as pertinent
- Transients/anomalies that occurred
- Sequence of events
- Control room instrumentation, controls or other equipment involved
- Consequences of events
- Corrective measures undertaken, if any.

It is recommended that a systematic way of keeping track of the
information obtained is set up to allow identification of recurrent problems
from this or subsequent steps in the analysis.

2.2 OPERATOR EXPERIENCE

In addition to an operating experience review, the operators
themselves provide an excellent resource in identifying needed OA. Two
approaches may be used to draw out the special knowledge of the operators on
problems noted during operation : (1) a structured interview survey may be
conducted, or (2) a questionnaire may be self-administered. Generally, a
structured interview survey is recommended since it allows the interviewer
to quickly follow-up promising leads in an initial interview.

Typical topic areas that may be addressed in either an interview
survey or a questionnaire are the following :

- Workspace layout and environment
- Instrument response
- Ease of using controls
- Panel design
- Annunciator warning system
- Communications
- Process computers
- Corrective and preventive maintenance
- Drawings
- Procedures
- Non-routine assignments.

11



Operators should be asked to describe specific problems in each of the
topic areas. Pertinent items that are discussed in Section 2.1 should be
noted for each of the problems the operator identifies.

Another technique for determining operator needs is to observe the
operator's work space looking for "home-made" OA. Has he added labels and
set points or perhaps marked operating ranges on the control panel ? Look
for things he has done to make his job easier and to prevent making a
mistake. Each of these improvements represents a clue for a needed OA.

2.3 REGULATORY REQUIREMENTS

A fairly obvious way to identify an OA is by an existing regulatory
requirement of the particular country. The requirement for plants in the
United States to install a Safety Parameter Display System (SPDS) is an
example. Subsequent to the TMI-2 accident it was recognized that most
control rooms were not designed taking into account management of emergency
situations and did not provide a concise overview of the safety status of
the plant. The SPDS would display a small, concise subset of parameters
already available but scattered in the control room, thus reducing the
problems associated with information overload and facilitating comprehension
of prevailing plant conditions.

2.4 HUMAN FACTORS REVIEW OF CONTROL ROOM DESIGN

The investigation following the accident at TMI-2 showed that many
deficiencies in the control room design are caused by the lack of
consideration of human factors engineering in the design process.
Deficiencies that are identified during the performance of a control room
design review (CRDR) may in some instances be resolved by the incorporation
of an OA in the control room.

The purposes of a CRDR are : (1) to review and evaluate the control
room workspace, environmental conditions, instrumentation, controls and
other equipment from a human factors point of view ; and (2) to identify,
assess, and implement control room design modifications that correct
inadequate or unsuitable items.
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The scope of a CRDR covers the human factors engineering review of
control rooms including remote shutdown facilities and local control
stations.

The CRDR should accomplish the following specific objectives :

- To determine whether the control room provides the system status
information, control capabilities, feedback, and analytic aids
necessary for control room operators to effectively perform their
functions.

- To identify characteristics of the existing control room
instrumentation, controls, other equipment, and physical
arrangements that may detract from operator performance.

- To analyze and evaluate the problems that could arise from
deficiencies of the above kinds, and to analyze means of correcting
those deficiencies which could lead to substantial problems.

- To define and put into effect an action plan that applies human
factors principles to improve control room design and enhance
operator effectiveness. Areas that should be addressed include
system separation, unified terminology, standardized labels,
placement and grouping of alarms, functional mimics, operational
ranges shown on indicators and control placement and shape.
Particular emphasis should be given to improvements affecting
control room design and operator performance under abnormal or
emergency conditions.

Reference 2 is an example of a document giving guidelines for
performing a CRDR. In the first stage of the CRDR, primary consideration
should be given to implementing simple enhancements such as painting,
labeling and delinearization prior to modifying the control room general
layout or panel arrangement.

2.5 OPERATING PHILOSOPHY OF THE PLANT

The need for an OA is also governed by the plant operating philosophy.
For example, if manpower resources are available it may be decided that just
adding additional operators could resolve a particular problem. This is
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acceptable, however, provision must be made for future resource availability
if this is to be a permanent solution.

The need for an OA is also a function of the operator education and
training. In general, an operating crew will be composed of four groups with
different skills, training, and education such as : supervisors, licensed
operators, non-licensed operators and technical advisors. The need for an OA
will be determined on a plant-specific basis by the education and training
that the plant, as part of their operating philosophy, has assigned to each
operating crew group.

2.6 CONTROL ROOM UPGRADE

As nuclear power plants are going through the aging process three
things are taking place which result in the need of control room upgrading ;

- Control rooms without computers are supplemented with computers.

- Old computers in control rooms are being replaced by new and more
sophisticated computers.

Upgrading control rooms to include computers is a process that should
be monitored carefully to ensure that optimal working conditions are
obtained for future users. For example, it may be necessary to make a
provision for reducing glare on a visual display unit (VDU) and this should
be done when the VDU is installed.

Generally, commitment to an appropriate design process for a control
room computer system should adequately address potential problems. Reference
3 is an example of a document giving guidelines on computer generated
displays.

2.7 ADVANCED OPERATOR AIDS - FUTURE PROSPECTS

An awareness of current research and new technologies is useful in
identifying potential needs.
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Future OA will be developed from the following basic principles .*

- Digital programmable devices will be used at all levels of the
control and instrumentation system.

- OA will consist of a network of interconnected computers which
communicate by the means of data highways.

- Visual display units will be used as the major information
presentation media with advanced software for color graphics,
windowing, etc.

- Computers will be used as a tool for the design and construction of
the control and instrumentation system.

- Different calculational models presently used, (e.g. in training
simulators and for analysis purposes) will be integrated into the OA.

- Artificial intelligence methods and expert systems will be used for
operator support systems.

- Quality assurance for software will be a major undertaking in future
systems.

- The question of licensing of computerized systems will need to be
resolved in order to provide the opportunity to use the new systems.

The OA should always be integrated into the information collection and
presentation system used at the plant. Consistent use of concepts,
abbreviations, color coding, etc. is necessary. The system should provide
all users such as operators, management, maintainers, instrumentation and
control engineers, etc., with an access to a common data base of plant
information.

The use of computerized design data bases provides new opportunities
for presenting plant information to the operators. By using an intelligent
user interface the operator would be able to call up any relevant
information from the design data base. By including in the data base a
complete file of associations between different data items the operator can
track different connections between components and systems.

15



Currrently, different support systems have been proposed such as :

- Safety parameter display systems
- Critical function monitoring systems
- Disturbance analysis and surveillance systems
- Technical specifications monitoring systems
- Maintenance status review systems
- Computerized procedures
- Early warning systems
- Emergency management systems
- Plant performance overview systems
- Operations planning and monitoring systems

These support systems can be functionally integrated into one
information collection and presentation system with the capacity to display
not only the current status of the plant but also past developments and
future trends.

The information collection and presentation system will be built to
include also tutorial features. Training simulator functions may also be
included as a part of the overall information system.

16



3. DEVELOPMENT OF SPECIFICATIONS FOR OPERATOR AIDS

Having identified through one of the steps in Section 2 the need for
an OA, the next step is to initiate the design process and develop
specifications. As stressed earlier in this report operator participation is
very important in integrating the OA into existing control rooms. This
section proposes guidelines which can be used in the design process for
initial design, cost estimating, isolation of non-safety OA from safety
systems, and task analysis. The use of simulator and mock-ups as design
tools are discussed, as well as computerized operator aids and alarm
handling. Appendix 1 presents as an example functional criteria and design
principles that have been developed for annunciators.

3.1 INITIAL DESIGN

The factors that should be taken into consideration during the initial
design phase depend on whether the objective is to design a new control room
(CR) or to modify an old CR by implementing an OA. Guidelines contained in
this section assume a new CR design, but are valid for both cases. Some
additional considerations for the case of existing CR modifications are
given at the end of the section.

3.1.1 General Considerations

The initial design phase should be performed by an organization
composed of two branches with different tasks :

1. Management function branch - will be responsible for developing
the basic design criteria, separating the work into different
technical tasks, controlling implementation and testing the final
result.

2. Technical function branch - responsible for the realization of the
technical tasks.

This organization has to decide whether to perform the work with
in-house resources or to purchase a vendor design. Initially, neither of
these options has an advantage over the other. Therefore, to assist in
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making a decision, the organization should conduct a survey of the following
areas :

1. Devices already existing on the market which can fulfill the
objectives and design criteria.

2. Technical potential of in-house resources and overall capability
for conducting the project.

3. Accumulated experience on the use of similar devices in different
countries, so that a good knowledge of the problems and advantages
can be achieved.

4. Scheduled time of implementation.

5. Cost estimates of each of the possible solutions. It is stressed
that cost considerations should not impair the quality of the CR
or OA design.

Another factor that should be taken into consideration is the adequacy
of the design to be purchased relative to the characteristics of the user
organization. Every user has a different historical background, operational
experience, technical capacity and internal structure. The new design must
comply with these circumstances ; otherwise, changes will be necessary later.

If in-house operational experience is not available, the organization
should look for external experienced groups which could assist in the design
process.

A major item should be the participation of the operator in the design
process from the start. The operator's opinion represents experienced advice
and will help avoid mistakes in the final result.

3.1.2 Guidelines for the Engineering Sequence of Initial Design

The general guidelines for the engineering of the inital design listed
here are very broad and can be applied to most cases. However, for some
particular cases it may be necessary to use a more detailed analysis.

18



1. Define basic requirements. - The degree of automatization and the
reliability of the CR or OA should be defined. Both requirements should be
addressed for each operational mode of the plant, i.e.:

- Start-up
- Normal operation
- Shut down
- Transient operation
- Accidents

They should also be addressed for the case of maintenance and for the
performance of tests.

2. Identify human factors engineering criteria to be used in design
process.

3. Define verification and validation programme.

4. Identify the need for additional rooms. - The implementation of the
new design may need additional space, e.g. emergency control stations,
technical support centers, expert rooms, computer rooms, etc.

5. Identify an access concept. - A clear division should be made between
the people who may have access to the CR or OA and those who may not. This
definition should also be made for the different plant conditions :

- Normal operation (including maintenance)
- Transient operation
- Accidents

6. Identify hardware needs - A choice should be made between the
different hardware options available, e.g. :

- Conventional desks and boards
- Miniaturized components
- Additional CRT's
- CRT's with "touch panels".

19



7. Identify amount of additional space. - Once a hardware solution has
been adopted, the space needed can be estimated. The documentation needed by
the operator should be taken into account: so that ample space is provided.

8. Identify environmental conditions. - Criteria for illumination, air
conditioning and acoustic level should be provided. Particularly, the noise
level of printers should be considered when implemented in the CR.

9. Identify the process image. - The representation of the system should
be divided between the different desks, boards or CRT's.

10. Define standard elements for process representation. - Standards
should be defined for the following items :

a. Operating elements and verifying signals for ;
- Motors
- Actuators
- Solenoid valves
- Automatic devices

b. Symbols on mimic diagrams for :
- Motors, valves, etc.
- Tanks and vessels
- Heat exchangers
- Transformers, rectifiers, breakers

c. Indicators and recorders

d. Labels should be in the workirg language of the operators or in
universally accepted terms.

3.1.3 Additional Considerations for Modification of Existing CR

Besides the guidelines given in 3.1.2 there are additional
considerations which should be addressed when modifying an existing CR.

1. Extent of the modification, - Wher considering possible solutions, the
changes to the control room should be carefully analyzed. Major
modifications should only be made for very special cases, usually
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safety-related. Major CR changes may affect the operator's skill in a time
of stress.

2. Modifications to procedures. - For the above reasons and with the same
exceptions the new design should avoid major procedure modifications to the
extent possible.

3. CR integration of modifications. - The plant CR was originally
designed following some basic criteria and all modifications or new OA
should follow those criteria. If it is necessary to define additional
criteria, due to the characteristics of the modification, consistency with
the existing criteria should be verified.

4. Operator participation. - As stated earlier, major emphasis should be
put on the operator's opinion x^hen developing a CR modification or an OA.

It is reasonable to assume that what is acceptable to one user will
not be acceptable to all users. The information presented by the OA should
to the extent possible, be fitted to each user. An important consideration
is whether the user is involved in controlling the plant or in managing or
supervising active plant controllers. In situations with multiple users, a
system of priorities should be established with respect to the information
displayed.

The operator should feel that his function will not be made less
important due to the installation of an OA. The objective is to give him
tools to improve performance. He will also be better motivated if he has
participated in the design process since its inception, and will feel
responsible for the final product. This can be accomplished in several
different ways and some examples are as follows :

- Encourage operators to make their own aids, in order to improve the
quality and effectiveness of their job. Items such as color coding,
mimic and labels and written information on the panels are examples.
These are inexpensive and effective aids prepared by a user.
However, there should also be a system to properly control these
aids for accuracy, consistency, etc.
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- Prepare questionnaires or perform interviews asking the operators
what they expect from an OA. As a preliminary step, this will
provide guidance for the designers.

- Subsequent interviews with the operators can provide the feedback
necessary for the designer to produce a successful product. It will
also allow the operators to know how the project is evolving and to
implement changes, if necessary, before it is finished.

3.2 COST ESTIMATING

A comprehensive and systematic review of all existing OA provides the
information necessary to first determine and then to minimize costs. For new
plants, the project or design phase is considered to be the proper and most
efficient time for analyzing both costs and feasibility. For operating
plants it is necessary to consider the compatibility and the
interrelationship between the OA and existing plant equipment in order to
reach a decision. Actions should be planned with priorities established on
the basis of available resources and potential benefit.

The specific costs of implementing an OA may appear very high,
depending on the degree of sophistication, however they are justified if the
expected results are achieved. It should be noted that sophisticated
information aids may not compensate for a poor CR design, and plans and
budget for CR improvement should not be restricted to OA.

In obtaining an OA, two options are possible ." buying a product from
an outside vendor or developing it within the country.

a. Vendors Outside the Country

Generally these vendors have long experience in the field and
present designs which have probably been tested with success in
their country. Care should be taken so that the utility buys only
what it wants and not what the vendors want to sell.

The review and evaluation of many vendors and designs leads to a
more informed solution. In order to address maintenance, it is
necessary to consider the accessibility of a vendor's
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representative, the availability of spare parts, and the
availability of documentation and manuals in a familiar language.
Also the displays (colors, symbols, etc.) should be consistent
with the existing control room.

b. Sources within the Country

If local manpower is available to assist in developing the
project, the final cost will most likely be less than in the
previous case. Nevertheless, the quality of the final product
should not be compromised. The local supplier or the utility
itself should be structured to provide maintenance for the
equipment, as necessary. Involving or increasing the participation
of the country's industries and research institutions in the
nuclear industry is an important consideration in making a choice.

3.3 ISOLATION OF NON-SAFETY OA FROM SAFETY SYSTEMS

If an OA is a non-electrical improvement to an already installed
system , such as adding information to an indicator on the panel, there is
no reason to be concerned with electrical isolation. However, if an OA means
implementation of a new system, such as SPDS, provisions should be made to
isolate this system electrically from safety systems. Plants that already
have a process computer can duplicate its inputs by using an interface panel
and in this case the isolation should be assured by the criteria and devices
used in the original design. However, the designer must consider the impact
on existing isolation devices when new equipment is added.

For supplementary process parameters as inputs to be added or for
those plants that do not have a process computer, a full data acquisition
system will be necessary, including isolation amplifiers to prevent any
interference to the safety systems.

Although systems like SPDS are not considered safety systems, their
use will be mainly in an emergency situation and so safety related rules
should be observed which include :

- Independence of trains
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- Alternate power supply

- Signal validation

- Redundancy of signals

3.4 TASK ANALYSIS

The action to be taken by an operator is defined as a task and it has
a well-defined beginning and end. Task analysis focuses on the
identification of the information requirements which the operator needs
when performing the actions of a task. Appendix 2 presents a discussion on
task analysis taken from Ref.3. Although it focuses on computer-generated
displays the technique presented could be used for any operator aid. The
product of the task analysis is a document that contains information that
the operator needs in order to complete his task.

3.5 MOCK-UPS AND SIMULATORS

Simulators and mock-ups are powerful tools to design and assure the
quality of control rooms and OA. They are used when major design or
procedure changes are to be performed both on new and old CR. When both are
employed, mock-ups are used during the design phase and simulators in the
final phase (validation). Goals, criteria, requirements and organization
should be defined for their usage.

3.5.1 Mock-ups

Mock-ups are most useful in the design phase when the CR designs are
tested against human factors engineering criteria. In this way a good
balance can be reached between conflicting requirements and recommendations
of operating personnel can be incorporated.

A mock-up is a very flexible tool which can easily be changed by a
trial and error process with relatively low cost. The main advantage is
avoiding major and expensive changes after the solution is implemented in
the CR or the simulator.
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In order to keep costs low, inexpensive materials may be used in the
first phases, essentially related to the general layout. Later on, when
going to more detail, increasingly realistic materials similar to those used
in actual CR construction can be applied. At the end, a control room mock-up
should be obtained that looks like the real one. On the completed mock-up, a
final evaluation can be performed including environmental factors such as
lighting, etc. It is not always necessary that all the parts or panels have
to be represented. Some can be tested by providing only one module
representative of a certain category. However, the panels for the nuclear
steam supply system (NSSS), balance of plant system (BOP), and
emergency-related equipment should always be fully represented.

It is generally accepted that in order to be a useful tool the mock-up
should be to full scale to allow an adequate evaluation against accepted
human factors engineering principles.

Once completed, mock-ups can be used for other purposes such as
initial training of new operators and initial familiarization with the CR
and for evaluating future CR changes.

3.5.2 Simulators

Simulators are the most powerful means for validating the operation of
an OA in an environment which is as realistic as possible (i.e. in terms of
layout, procedures, training, operator aids, etc.). For evaluating overall
design of a new plant and major changes in a control room design or
operating procedures a simulator provides a dynamic and realistic substitute
for a CR.

Evaluations based on the results of a simulator test should be
considered equivalent to an evaluation based on operating experience and the
causes of malfunctions or unsatisfactory performance can be determined and
possible corrective actions developed.

Prior use of a mock-up to test layout changes will eliminate the need
for major and more expensive changes on the simulator. The simulator should
be to the extent possible an exact replica of the process and the control
room. However, such simulator may not be available due, for example to the
high costs involved or because of utility policy decisions. In this case, a
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strong effort should be made to define the partial goals which have to be
attained in the tests and to select an available simulator most suitable for
this purpose. Using this procedure, the results must be carefully checked
when transferred to the real plant. Nevertheless, meaningful results can be
obtained even with this approach in the validation of OA.

3.6 COMPUTERIZED OPERATOR AIDS

3.6.1 Introduction

Computers can be used in many areas to provide operator support. Since
computers are programmable devices they can be easily changed and adopted to
new needs. The ease with which computers can be reprogrammed is a problem in
the nuclear industry because changes can affect plant safety and have to be
formally controlled.

Using a computer it is feasible to create complex control structures
and the presentation of signals can be more meaningful because of the
capability of the system for noise filtering and signal validation.

The presentation of process information by means of a computer allows
flexibility because all information can be presented in any context when it
is needed and, if desired, right in front of the operator. The disadvantages
of a computer presentation are that there are only limited possibilities for
parallel presentation of process information. Therefore conventional panels
where all the information is presented in parallel continue to be of
interest.

In the case of annunciator systems, computers can assist in
discriminating between various alarms. Computers can be helpful in analyzing
plant status or plant history. They are well suited to do quick searches in
large amounts of data and present summaries.

Although computers have many advantages, there are potential problems
when operators rely too much on them. The operator in his own mind has to be
able to perform a plausibility check of the results. In addition, he should
be aware that the digital presentation will not have a higher accuracy than
an analog display.
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3.6.2 Areas for Operator Aids

A. Control Tasks

In other industries, process control computers are highly utilized.
Until recently, computer usage for safety related control tasks in most WPPs
was restricted. New concepts of control room design are considered where the
computerized system operates in an interactive way thus enabling the
operator to execute any control command through the system. As an example,
this type of control room design is under development for the French 1400 MW
plant s.

B. Process Presentation

Computers are already widely used for presenting process data and
information. Using a computer, process data can be gathered, processed and
presented to the operator in condensed form. Examples of these are mimic
diagrams where information on system status can be brought together, and bar
charts where information can be shown relative to other information, e.g.
the normal value and any setpoints. Operating diagrams can be developed
where the process status can be displayed in relation to the operating
margin and also on trend diagrams.

C. Alarm Handling

Much effort has already gone into developing OA in the area of alarm
handling. There are systems which evaluate alarm sequences after a trip and
display the previously suppressed ones. The main effort in this area has
been to develop the tools to help the operator select the most important
ones out of a group of alarms. This can be done by installing alarm-reducing
mechanisms or by systems which take the most important alarms and highlight
them. It is also possible to integrate the alarms and present process states
(SPDS).

D. Monitoring

Computers offer accuracy, speed, and will function on a defined
schedule. An important area for their utilization as an OA is for monitoring
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tasks of the following :

- Reactor protection system
- Control rod positions
- Automatic controls
- Behaviour of measuring instrument (early warning)
- Balance of plant equipment
- Technical specifications
- Operational redundancy of systems

E. Documentation

Computer programs for document retrieval are already in operation and
more sophisticated ones are being developed. Examples are systems for the
retrieval of engineering diagrams and documents related to the design of the
installation. Although these programs were initially developed to help
improve maintenance they are available also for the operator. Computer
storage of procedures is also a possibility for an OA. In addition, the
format for presenting the procedures to the operator can be optimized on the
display.

3.6.3 Development of Computerized OA

Section 3.4 and Appendix 2 present a discussion on task analysis, the
first step in the development of a computerized OA. A task analysis will
bridge the gap between the design objective of the computer program and the
details of the information display to the operator. In order to design an
effective display it is necessary to :

- Identify the necessary functions which fulfill the design objectives.

- Identify the tasks that make-up these functions.

- Identify the information required by the operator to perform these
tasks.

- Identify the details of the information display to the operator.
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A similar process can be used to identify the controls needed by an
operator.

The following recommendations can be given for the selection of
hardware and software for computerized OA :

A. Hardware Selection

- A requirement analysis should precede hardware selection.

- Review should be made of the hardware used on similar systems, if
available.

- For sizing the system, spare capacity must be considered along with
an expansion capability for future development.

- Considering the rapid development of the computer technology, try to
use the newest equipment where possible.

- Maintenance should be carefully evaluated before selecting hardware,
especially if the hardware is foreign made.

- Try to use proven hardware and minimize the number of equipment from
different hardware vendors.

- For major system components, there should be redundancy to avoid
single failure problems.

- For graphic generators or terminals, greater resolution is not
necessarily better since display response time could get longer as
the resolution is increased.

B. Software Selection

- Write the functional requirements of the software.

- Survey commercially available software and check if they meet your
requirements.
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- Consider purchasing an existing software package license and
implementing it to fit plant-specific need. The maintenance cost of
the software throughout the life cycle should however, be carefully
evaluated.

- When the software is to be developed, there is still the option of
procuring some parts.

- During the software design phase, reactor operators and nuclear
power plant design experts should participate with the software
designer. It is also advantageous if the software designer spends
time with the operator "on the job" to better address his needs.

- Limit values and input parameters should be included in a separate
block of global data apart from the programmes. This will alleviate
updating and future adaptation.

- Data updates on a display should be as often as the scan frequency.

- The response time after calling up a display until the completion of
the drawing should be as short as possible.

- If different operator aids are available to the operator the
man-machine interface design should be based on a common standard.
The use of basic picture elements such as squares, circles,
triangles, and the color convention should be consistent.

- During the development and implementation phases, the structured
approach must be followed and design changes not made during this
period.

- Adaptability of the software to a new computer system is an
important factor to be considered for the future.

3.7 ALARMS

Alarms are automatic devices for informing the operators when
predetermined limit values of plant parameters are reached. One approach to
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handling a large group of alarms is to consider systematic grouping. They
may be classified according to :

- Importance (required safety system functions, disturbances in safety
systems or in operational systems).

- Plant sections (NSSS, nuclear auxiliaries, BOP, etc.)

For the annunciation of alarms different equipment is available in the
following categories :

- Conventional alarm annunciator system, and

- Computerized system.

3.7.1 Conventional Alarm Annunciator System

This system presents alarms by means of alarm windows. The basic
features are :

- Optical and acoustic annunciation.

- Different annunciations of :
. incoming
. acknowledged and
. outgoing signals

Alarm classification can be made by color coding according to the
importance and by grouping in close correlation with command devices and
instruments of the same plant section.

The conventional alarm annunciation system should enable the operators
to at least :

- Guide the plant during normal power operation

- Shut it down

- Monitor it during subcritical condition.
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Because of the distribution of the alarm windows in the CR the system
allows the operators to perform a fast survey of the extent of the
disturbance.

Alarms can be grouped in order to reduce the amount of unimportant
information. For example, the single signals "Temperature too high" from
each of the bearings of a pump can be grouped into one alarm "PUMP 1 BEARING
TEMPERATURE TOO HIGH". The detailed information as to which bearing failed
is not important to the plant operator. Maintenance personnel can obtain
details on the disturbance using additional instrumentation.

Grouping signals with opposite meaning (high-low) must be avoided.
Logic gating of alarms can be used to avoid signals that alone do not convey
sufficient information. For example, only the logic gating of the signals
"pump 1 in operation" & "lube oil pressure too low" gives the desired
information to the operator.

3.7.2 Computerized Alarm Annunciator System

The computerized alarm annunciator system acts in conjunction with the
conventional alarm annunciator system. The main tasks are :

- Registration of all incoming alarms in the correct chronological
sequence, and

- Representation of alarms in a more understandable form than can be
performed by the conventional alarm annunciator system.

The data acquisition capability of the computer system must be
specified according to the maximum input data rate expected in the case of a
large plant disturbance. Group alarms of the conventional alarm annunciator
system should be differentiated from the computerized alarm annunciation
system.

The presentation of alarms can be done on :

- CRT displays at operators request, and

- Printers (continuously).
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Additional features, such as post trip review logs can be added to
support a later incident analysis.

In order to obtain a clear and concise understanding of an event, all
alarms which are direct consequences of former alarms can be suppressed. The
alarms can be represented on CRT's with the relevant plant parameters.

33



4. IMPLEMENTATION

Implementation of an OA is the step that follows specifications
development and includes the verification and validation program, the actual
installation, operator training, operating procedures development, provision
for software maintenance, transfer of design documentation to the utility
and validation testing. It is at the completion of this step that the OA
becomes part of the control room.

4.1 VERIFICATION AND VALIDATION PROGRAM

One of the requirements for the implementation of an OA is an
independent verification and validation (V & V) of the OA itself and the
associated documentation.

Verification, in this case, is the review of the requirements to see
that the right problem is being solved ; the design review serves to
determine if the requirements are being met. This is done by tracing the
development of the OA and comparing it with the applicable documentation.

For computerized operator aids, this activity should include the
following steps :

- Check of compliance with human factors engineering and man-machine
interface requirements ;

- Definition of the extent to which the system is safety grade, and
the expected level of reliability and maintainability ;

- Definition of inputs, outputs and historical data base requirements
for completeness and timely display ;

- Check of consistency of the use of this aid with the emergency
operating policy, alarm strategy, instructions and guideline usage
at the plant ;

- Check of testability, error detection and correction of the
software ;
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- Outline of the possibility of misleading information or guidance
being given by the system.

Validation refers to the test and evaluation of the integrated system
to determine compliance with the functional, performance and interface
requirements.

For computerized operator aids this activity should include :

- Development of a test plan, defining the purpose, scope and
requirements of the test, outlining the environment, assumptions,
approach, procedures and tools by which the test is to be carried
out ;

- Performance of the tests and recording of the test results ;

- Analysis of test results for acceptability and documentation of the
conclusions ;

- Pointing out the limitations of the system and directing attention
to cases when the system should be used with caution.

For validation of computerized operator aids and emergency operating
procedures the use of a simulator, if available, is recommended.

In the case of validating changes in control room design, partial or
full scale mock-ups can be a useful tool.

It is important that the V & V should be performed by individuals not
directly involved with the operator aid development. One acceptable approach
is for the utility to perform independent V & V activities for a system
implemented by a vendor (internal or external to the country). This has the
advantage of being an excellent way for the utility to familiarize itself
with the OA before implementing it. However, there is also the option to
contract an external organization to perform this job.

It is desirable that the V & V process is conducted not only after,
but also in parallel with the design and development process. The risks from
delaying V & V can be significant, both financial and schedular, due to
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potential major redesign efforts required to correct deficiencies.On the
other hand, verification and validation should not be finished when the
system is installed. It is worthwhile to periodically review the operational
experience gained with the use of the system to update the validation
process and conclusions.

4.2 TRAINING

Training has been mentioned frequently when an improvement in plant
operation is required. Training should focus on two approaches. One is
related to plant operation and has already been covered by the licensing
process and the training and requalification of operators according to the
regulations. The other is governed by the use of resources available in a
control room to the operator to allow him to effectively perform his job.
For the latter, the introduction of an OA should be accompanied by a
corresponding program for training the operators in the use of these
devices. The implementation of a computerized system, like SPDS, together
with the new "Emergency Response Guides" (ERG) should be made in a
systematic manner, allowing the operators to become familiar with them.

Simulators should be utilized as much as possible for training before
implementation of the OA. If a simulator is not available , it is desirable
to have a specialist on shift until the operators are completely familiar
with the new system.

4.3 PROCEDURES

A number of different procedures can be defined :

- Normal operating procedures ("Operation Manual")
- Equipment test procedures
- Emergency procedures
- Alarm diagnostic procedures

There should exist a system which defines which procedure to use
during a certain event or a collection of events. This event must be clearly
identified with relatively simple information (i.e. alarms, reactor trip,
safety injection, parameter limits) so that the operators will not be
confused in selecting the procedure. This task can either be computerized or
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an application of an expert system. The procedures which are currently used,
are based on an event-oriented approach. These procedures may not be
effective in case of multiple failures. Another approach is to write
procedures based on the plant state or symptoms. The utility should be aware
that such an approach may require new information to be given to the
operators.

The use of the procedures by the operators must be well defined :

- The procedures can be a description of the thinking process and
what the operators have to take into consideration.

- Or they consist of a "check list" of actions. In this case the
operators follow step-by-step the instructions and are not allowed
to deviate. A deviation from a procedure would then be the shift
supervisor's or safety engineer's responsibility.

All the procedures should be up-dated according to formal guidelines.
A separate organization should ensure that each modification is made
correctly and the operators trained. Test procedures must contain a check
list of actions and improvisation should not be allowed. In this way it is
possible to reduce the risks of human error during tests.

Alarm diagnostic procedures should indicate the different failures
which activate the alarm, what the consequences of the failure can be and
the different actions the operator must take.

As far as possible these procedures should be tested and verified on
simulators together with operators, before being applied to the plant.

4.4 SOFTWARE MAINTENANCE

Maintenance of OA using computers requires consideration of the
following separate areas : hardware, software and (on-line) system testing.

4.4.1 Hardware

Maintenance, fault-diagnosis and repair of computers needs specialists
who are normally not present at NPP's. If it is necessary to ensure
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continuous operation, the system must be built up with self-diagnostic
features and contain redundant parts. Having in stock a duplicate of
different hardware components (even if normally used for other tasks) helps
considerably in reduction of repair times.

4.4.2 Software

The validation of the software having remained unchanged can be done
during normal maintenance periods. Error correction or adding new functions
may only be done by means of a whole new release. That means that "normal"
maintenance of the on-line (licensed) software package is forbidden since
this software had been extensively tested previously. In some cases where it
was possible to determine certain input combinations (or special dynamic
behaviour of inputs) which lead to erroneous results special rules or
additional information should be given to the operator for these situations.

A change of the software for either failure correction or for
introduction of additional features requires a formal process and should be
tested as rigidly as the original one. If it can be demonstrated that part
of the old software system is really unaffected, the tests need only be done
again for the new software. The statement "software systems can be changed
easier than hardwired systems" is only true during the development phase of
the operator aid but not after implementation.

4.4.3 System Testing

Testing should be done using formal documented procedures. The test
results should be available for comparison at a later time.
The test material should be selected in three different ways :

- Test material should be selected in a random way to demonstrate the
reaction of the program to possible and impossible input.

- Test material should be selected based on detailed knowledge of the
software structure, to be sure that all software elements are used
in a test case.
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- Test material should be selected based on detailed knowledge of the
process to be sure that the software reacts well to every possible
process situation.

Only the last two tests can and should be carried out with the help of
a simulator.

Before conducting a test the expected results should be determined for
comparison with the actual output.

4.5 INTEGRATION OF OA INTO CONTROL ROOM AND OPERATION MANUALS

There are two possibilities to be addressed :

- New Designs
- Operating plants

For new designs, this area is not a major concern. A new design,
resulting from operational experience and new technologies, should reflect
integration among the elements available to the operator. The operating
procedures that will be written should show the proper utilization of these
elements.

This matter is of major concern for operating plants. Here, it will be
easier to integrate a non-computerized OA because it usually does not
represent a large change in control room layout or operating philosophy. In
implementing a computerized OA, it is essential to ensure that the
information provided by the OA complements sources already available to the
operator and does not represent an increase either in processing load or in
operator duties.

In addition, the installation and testing of a computerized OA should
be conducted in a manner that does not interfere with plant operation. The
factors to be considered are :

- Schedule the control room hardware installation and testing during
periods when activities are at a minimum.

- Keep the number of installations and test personnel to a minimum.
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- Minimize noise and traffic inside control room.

An additional point to be considered is the use of an OA for both
normal and emergency situations. Generally in abnormal conditions, operators
tend to rely on information sources they use during normal plant operations.
Thus, if an OA is incorporated into the daily routine, it will have greater
acceptance by the operators.

For a computerized system (like the SPDS) to be useful as an OA, the
operating crew must have a high degree of confidence in it. This confidence
can be maintained only if the system has a high availability and functions
in a reliable manner. Typically, state-of-the-art computer systems are
expected to have an availability of greater than 99%. However, it is also
important that the operators do not become too reliant on them in case these
systems fail. The utility should ensure that its training programs and
procedures consider how the operating crew will monitor plant status, both
with or without the OA.

The introduction of an OA should be accompanied by a procedure
revision covering the new information available. Effective lines of
communication should be established among all groups involved to minimize
delays in this process.
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Appendix 1
FUNCTIONAL CRITERIA AND DESIGN PRINCIPLES FOR ANNUNCIATORS*

Near-term improvements in existing hard-wired annunciator systems for
nuclear power plant control rooms have been proposed. The basic philosophy
of annunciator systems and the related functional criteria and design
principles are summarized.

The basic philosophy - MINIMIZE THE POTENTIAL FOR SYSTEM AND PROCESS
DEVIATIONS TO DEVELOP INTO SIGNIFICANT HAZARDS - is composed of four
functional criteria.

- The annunciator system should alert the operators to the fact that a
system or process deviation exists

- The system should inform the operators about the priority and the
nature of the deviation

- The system should guide the operator's initial response to the
deviation

- The system should confirm, in a timely manner, whether the
operator's response corrected the deviation.

These functional criteria are necessary, but not sufficient, to attain
an optimal annunciator system design. Experience has shown that certain
design principles are necessary to ensure that the functional criteria are
achieved without unexpected disturbances to the operation of a nuclear
plant. Accordingly, the following six design principles are
proposed ;

- Annunciators should alert, but not startle, the operators

- Annunciators should intervene in, but not disrupt, control room
activities

* From Reference 4
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- Annunciators should assist monitoring by operators, but should not
encourage undue reliance

- Nuisance alarms should be minimized without endangering the
generation of valid alarms

- Annunciators should guide appropriately timed action

- Annunciators should provide information, but should not increase the
workload of the operators.

A variety of design features that are capable of being implemented in
hard-wired annunciator systems can be used to satisfy the functional
criteria. These features include auditory devices, first out, grouping,
inhibit, lock in, operator control over the system, re-alarm, reflash,
ring back, signal conditioning, and tile design.
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Appendix 2
TASK ANALYSIS GUIDELINES

FOR COMPUTER-GENERATED DISPLAY SYSTEM*

A.2.1 TASK ANALYSIS

A task is a specific action to be taken by the operator that
contributes to carrying out a function. These actions may be physical,
mental, or a combination of both. Tasks differ from functions in that they
have distinct beginning and end points and take a finite amount of time to
accomplish. Each task will have associated with it specific initiation and
termination cues. In general, the purpose of task analysis is to ascertain
what skills, knowledge, and information will be required of the operator in
order to perform each task. The purpose of task analysis here is focused on
the identification of information requirements. It is assumed that knowledge
and skills levels are fixed by determination of the intended user. One may
choose not to make this assumption and define knowledge and skill
requirements based on the task analysis.

Formal task analysis is often heavily involved at the motor skill
level. However, the operator's tasks tend to be mostly cognitive, requiring
little strength, agility, or speed. For the purpose of establishing
information requirements, it is possible that a somewhat different approach
than that most often found in the literature may be appropriate. New
cognitive task analysis techniques are just emerging and will become more
widely applied as human operators do more monitoring and less active
controlling.

The product of this step in the design will be a list of tasks
associated with each function identified in the function analysis. This list
should include all tasks required of the human to support each function. It
is important that the design team include all tasks and not, for example,
exclude any because the information needed to perform them is not currently
available in the control room.

* From Reference 3
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The goal of this task analysis is to generate the list of tasks to be
performed by the display system user, making it possible to identify the
information requirements for each task and hence each function. In the same
manner that procedures correspond roughly to functions, individual steps in
procedures correspond roughly to tasks. However, some steps in procedures,
such as "verify reactor scram," may involve several tasks. The design team
may find it necessary to breakdown tasks into subtasks in order to arrive at
the information requirements. Identifying the tasks involved will be greatly
facilitated by operational experience.

It is important while producing the list of tasks for each function,
to make note of the relationship among tasks. Task priorities and the need
to perform certain tasks concurrently and others sequentially will have a
direct impact on how information should be arranged on displays. An operator
seldom takes an action or makes a decision based on only one piece of
information. A plant consists of many highly integrated systems, and
therefore, prior to operator actions, large quantities of information must
be integrated. Possibly the greatest potential benefit of a
computer-generated display system lies in its capability to integrate
information. The design team must partition a function into tasks and then
recombine them as the operator will perform them, because the presentation
of information must support not only each individual task but also each
function as a whole.

A.2.2 INFORMATION REQUIREMENTS

The display design process supported by this guide is characterized by
the top-down process, which means that the displays are designed according
to some explicitly defined need for information. The information may be
solicited or unsolicited by the user, but in either case the information
requirements must be well defined. Failure to do so will result in displays
with insufficient, inappropriate, or extraneous information, all of which
are undesirable.

The process of identifying information requirements from tasks is
fairly straightforward. For each task the design team should answer the
question, "What does the operator need to know to do this task ?" This may
require knowledge of facts about the system gained through training and
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experience or knowledge of the current state of the plant. The information
requirements include anything that the operator needs to know about the
current state of the plant and any factual knowledge that he might forget or
be unsure of. Any required information not available from the display system
must come from some other source such as training, experience, procedures,
or existing display devices.

Consider one step of a procedure for recovering from a reactor cooling
system (RCS) inventory control problem :

"If pressurizer pressure decreases to 1600 psig, or if containment
pressure increases to 5 psig, verify that safety injection actuation
signal has been initiated. If not, manually initiate safety injection
system operation."

Three information requirements are defined in this one step. The
operator needs to know the pressurizer pressure, the containment pressure,
and the status of the safety injection system. At this point the job
specialist on the design team should point out that verifying the status of
safety injection may be a task in itself, requiring information about
initiation signals and/or actual flow readings. This is how information
requirements are identified. Next they must be described.

Additional understanding of the information requirements is necessary
to turn information requirements into pictures. For example, what level of
accuracy is required for portraying these two pressures ? Since containment
pressure is a small number, it may be necessary to display tenths of psig in
order to make the decision at the appropriate time. Alternatively, if this
is the only time in the entire set of procedures in which reference is made
to containment pressure, it might be appropriate to have a simple binary
indicator showing either above 5 psig or below 5 psig. This process of
describing the data is crucial in order that the proper format for
representing information can be provided.

Information requirements may be complex. Consider the following
task : "Check condensate system availability." Depending on available
instrumentation, this task may require the operator to check the status of
many individual valves and pumps. Alternatively there may exist a single
aggregate signal to indicate condensate system availability. As information
requirements are identified, it is up to the job and technical specialists
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to consider whether the information is available or if new instrumentation
is required. Even though installation of new instrumentation is expensive,
the design team should at least consider the benefits before assuming the
costs are too great.

The adoption of procedures as a design guidelines works well when
considering information that will be solicited or requested by the operator.
However, procedures tend not to mention explicitly the many possible sources
of unsolicited information that must be included in the design. For example,
if a tube ruptures in the steam generator, it might be necessary to give the
operator information about the radiation level on the secondary side of the
steam generator. A proper design will integrate the presentation of
user-solicited and unsolicited information. The unsolicited information
should not be forced on the operator to the exclusion of the solicited
information.

The following set of questions, which is based loosely on work by
Danchak (Ref.5) provides a structure for defining key properties of
information requirements. The answers to these questions will provide the
basis for design decisions, and this list should be used to analyze each
task to be supported by the display system. The form in Figure A.2.1 can be
used to record the answers to these questions. This form can then be used to
select appropriate picture elements for displaying the required information.
The order and timing of tasks will also be needed for the construction of
pictures and to ensure the usefulness of the system in dynamic situations.

1. How many dimensions of plant state does this task depend on ?
Examples of dimensions are temperature, pressure, flow, speed, neight,

time, and switch position. For example, if a task depends only on
temperature, it would be unidimensional ; if it depends on temperature and
pressure, it is two-dimensional ; if it depends on more than two dimensions,
say temperature, pressure, level, and concentration, it is considered
multidimensional.

2. How many variables does this task depend on ?

44 single variable might be a single temperature value (single variable,
unidimensional) or a particular combination of temperature and pressure
(single variable, two dimensional). If several variables are involved (i.e.
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more than one and less than six) it would be classified as limited
multivariate. For example, a single display depicting steam pressure in four
steam generators would be unidimensional and limited multivariate. Six or
more variables constitutes a multivariate situation.

Function:

Character-
istics of
the Infor-
mation

Uses of the
Information

Picture
element

Task

Information
Requirement

1. No. of Dimensions

2. No. of Variables

3. No. of Samples

4. Measured or Derived

5. Alert or Inform

6. Qualitative or Quantitative

7. Range and Units

8. Required Accuracy

9. Acceptable Delay Time

10. Relative or Absolute

11. Relative Importance

12. Temporal Relationships

Recommended Picture Element

Alternative Recommendation

1 2 J 4 5 6 7

Figure A.2.1 Typical form for determining information
requirements and picture elements

3. How many samples of each variable are needed for this task ?

In this simplest case, only a single value of a given variable is
needed. This would be a discrete value. However, often multiple samples will
be taken over a period of time. Two to fifteen samples is considered a
limited series, and more than fifteen samples constitutes a series.

The number of samples to be displayed may depend on how rapidly the
particular stream of information changes or how frequently the sensors
sample the source. However, the question at hand is simply how many samples
does the user need to perform the task ?
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4. Does this information come directly from measured data, or is it
derived using a formula or model ?

It may be useful to make a distinction between measured and derived
data, as it may affect the user's confidence in the information or provide
insight into the cause of conflicting or ambiguous information.

5. What is the primary function of the information ?

Category 1 :

To alert, alarm, call attention, or otherwise make known to the
operator that some noteworthy event has occurred. Such displays allow
the operator to answer the question, "has something happened ?"

Category 1 examples :
1. A technical specification has been exceeded
2. A turbine has tripped
3. A pump has failed
4. An emergency system has self-activated

Category 2 :

To inform or supply detailed information about specific state
variables and configuration of the plant. Such displays allow the
operator to obtain quantitative or qualitative values for a variable
or variables.

Category 2 examples :
1. A quantitative value such as a pressure or a temperature
2. Some relative information such as X is greater than Y
3. A status such as On or Off

6. Does this task require quantitative or qualitative information ?

If numeric values or percentages are required, the information is
quantitative, while status indicators and warning signals are examples of
qualitative information. Often an operator is supplied with quantitative
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information that, to be useful, must be converted to qualitative terms such
as normal, high, low, on, off, or dangerous. Whenever possible, the design
team should avoid such a display design by anticipating how the operator
will be using the information. In answering this question, the team should
specify whether needed quantitative information should be exact,
approximate, or relative, and whether qualitative information will be used
for status or warning, prediction, or pattern recognition.

7.* What is the range of this variable ?

Before selecting a picture element, the design team must consider the
normal operating range of the variable and the highest and lowest meaningful
values of the variable.

8. What is the required level of accuracy for using this information ?

The required level of accuracy may depend on the current range of the
variable. Different tasks may require different levels of accuracy and/or
ranges of the same variable. Accuracy requirements may dictate the use of
narrow and wide range indications, which is not an unfamiliar concept for
operators. If it is determined that accuracy is highly task dependent, it
may be necessary to allow the user to specify range and/or level or
accuracy. For example, a plot of some plant parameter versus time might
require high accuracy over a narrow time span to catch momentary
perturbations while much larger ranges with lower accuracy might be used to
identify slowly evolving trends. The degree of accuracy required may
significantly impact hardware selection.

9. How quickly will this information respond to control actions ?

Some variables possess short time delays and thus reflect a change in
control actions very rapidly, while others do not. Both extremely rapid and
extremely slow variables may require certain display enhancement techniques.
With an extremely slow variable reaction it may be necessary to provide some
prediction about the future impact of current control actions. It may be
necessary to use different scales or even entirely different display
elements when controlling a variable as opposed to only monitoring it.

*Questions 7 through 10 will not be applicable to qualitative information
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10. Is this information to be used in an absolute or a relative manner ?

Most quantitative information is presented in absolute terms (e.g.,
912 F, 14 psig, or 95 gpm). But often the absolute value is not as
important as the relationship between one value and another. For example,
the prevention of thermal shock depends on the relative difference between
the temperature of the reactor vessel and the temperature of incoming
coolant. In this case, the display must convey the values in a manner
amenable to comparison.

11. How important is this information relative to other information ?

The relative importance of most information is totally situation
dependent. There are a few requirements for information that can be
identified as critical. This may be based on the criticality of a particular
task (e.g., verification of reactor scram) or it may be a reflection of the
number of tasks that require a certain information (e.g., water level in a
boiling water reactor). Knowledge of this information need can be
especially useful when the design team begins to construct pictures.
Critical information can be used as a focal point or cornerstone around
which to build the remainder of the picture.

12. What are the temporal relationships among this information requirement
and other information requirements ?

Like the preceding question, the answer to this question will be most
useful during the construction of pictures. The design team should try to
foresee the order in which information will be needed. Most importantly,
they must be sure that simultaneous requirements for information are met
simultaneously.

The purpose of this design step is to identify the information needs
of the user in terms of the attributes of the data to be displayed and the
intended use of the information. (Although answering this set of questions
may not completely define all information to be displayed, it provides an
adequate start to the process. Additional significant characteristics of the
information may be identified in the process of answering these questions.)
The use of a form such as that in A.2.1 is suggested to assist the user in
assembling the information required.
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It is suggested that a chart, such as the one shown in Figure A.2.2,
be used to document the relationships discussed above. This tree-like
structure shows which information requirements are associated with each task
and with which function each task is associated.

OBJECTIVE

TASK 1

INFORMATION INFORMATION
REQUIREMENTS 1 REQUIREMENTS 2

TASK K-l TASK K

INFORMATION
REQUIREMENT K

Figure A.2.2 Relationships among objectives, functions, tasks, and
information requirements

Figure A.2.2 is generic and, as such, shows only the general form for such
an accounting of these relationships. The number of levels depends upon the
number of iterations of decomposition that are required to arrive at
information requirements. Also, at each level of the structure it is likely
that there will be redundancy, especially at the lower level. In other
words, each information requirement is likely to support more than one task,
and any given task may be required to support more than one function. This
fact can be used during picture design to minimize the number of unique
pictures required by using one picture to support more than one task or
function.

A.2.3 SUMMARY

With the completion of the function and task analyses and the
identification of information requirements, the design team is ready to
complete the analysis phase of the design and move to the synthesis phase.
Before proceeding, the design team must document the results of the front
end analysis by producing a System Requirements Document. The System
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Requirements Document should contain a complete description of each
information requirement as collected in Figure A.2.1. In addition, it should
contain a detailed record of the interrelationships among all objectives,
functions, tasks, and information requirements. Figure A.2.2 shows how these
relationships can be documented. The design process from this point forward
will focus on how to provide what has been defined in the System
Requirements Document.
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PLANT DATA MONITORING SYSTEM FOR
THE ANGRA-I NUCLEAR POWER PLANT

C. OTTON MARTINS
Furnas Centrais Eletricas SA,
Rio de Janeiro, Brazil

Abstract

As a consequence of the post-TMI recommendations, a new Plant Data
Monitoring System is being developed in Brazil for the Angra-I nuclear power
plant. The main purpose of the system is to monitor the important safety
parameters of the plant in a concise manner. In addition, the system
includes an environment control system which will be used in emergency
situations with a possible radioactivity release. In the present paper the
technical details and the capabilities of the system are described and the
procedure for implementation and integration of the new system into the
existing control room concept is outlined.

1. INTRODUCTION

Angra-I Power Plant is the first nuclear power plant in Brazil. It is
located on a site shared with two more units under construction and it is
situated 130 km from Rio de Janeiro. It is owned by Furnas Centrais
Eletricas SA, a federal company responsible for power supply in the
Southeast region of Brazil.

Angra-I is a two-loop PWR plant designed by Westinghouse with 650 MW
of electrical output. Commercial operation started in January 85. After an
extended shutdown period including the first refueling in the beginning of
1986 and a long outage the plant is now in operation.

As a project of the 70's, the plant had some deficiencies with regard
to information available to the operators. These deficiencies have been
minimized by some "home-made" aids developed by the operators. Mimics, color
coding, labels and drawings have been added to the panels improving their
degree of information.
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The post-TMI recommendations have shown Furnas the need to develop a
more efficient information system. With this objective, Furnas signed a
contract with the Federal University of Rio de Janeiro, Graduate Programme
in engineering (COPPE) to develop a computerized system to monitor the
safety parameters of Angra-I.

Furnas0 decision in developing the system in Brazil represented a
saving of US$10 million, besides allowing the development of Brazilian
technology in this field.

2. THE PROJECT

Initiated three years ago and with the final cost of US$ 4 million,
Furnas is developing a complete Plant Data System, that will not only
monitor the safety parameters, but also replace the actual process computer
(a Westinghouse P-2500) and provide an environment control system.

Two sets of computers, model VAX 8600, will be installed in the
administration building attached to the plant. The computer rooms will have
all the facilities to operate even in an emergency, such as emergency power
supply, redundant air conditioning units with filters and also a
decontamination room. The inputs to the system are transmitted via optic
fiber glass connections from a data acquisition system installed in the
actual plant computer room.

The equipment is expected to arrive in Brazil in November 1986. First
it will be installed temporarily in a test place for about one year and it
will be moved afterwards into the plant in the beginning of 1988.

The P-2500 computer will not be disassembled at first, but will work
in parallel until the new system reaches the necessary reliability.

The new procedures will be developed in two phases covering the ERGs
furnished by Westinghouse. At the final phase they will be totally
integrated with the new data system, but it will be also possible to use
them even with the system unavailable.
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3. THE SYSTEM

The system is being designed to have an availability of 99.9%. The
configuration will possess, at least, one degree of redundancy.

Each computer will support a total of 13 color CRTs, distributed in
the following manner :

6 in the control room
3 in the technical support center
1 in the plant superintendent office
1 for systems development
2 in Furnas head office (Rio de Janeiro)

Cl, C2, C3, C4, C5 & C6 - COLOR GRAPHIC CRTs
T5 & T6 - KEYBOARDS FOR CRTs 5 & 6
II, 12, 13, It, 15 & 16 - PRINTERS
HI & H2 - HARDCOPIERS
TA1 & TA2 - ALPHA NUMERIC TERMINALS

FIGURE 1. LAYOUT OF THE CONTROL ROOM WITH THE NEW INFORMATION
SYSTEM
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There is a desk in the control room with 4 CRTs including commands
for the operators plus 2 more CRTs close to the panels. Also 3 printers and
2 hardcopiers will be placed in the control room. The future layout
including the actual P-2500 computer is depicted in Figure 1.

All the data shown in the CRTs will be updated every 2 seconds.

3.1 SYSTEM STRUCTURE

The system is divided into the following modules, each one having
screens with common characteristics :

1. Bar Diagram
2. Graphs
3. Historical
4. Status Tree
5. Emergency Procedures
6. List
7. Flow Diagram
The Bar Diagram Module is composed of 9 screens with 7 parameters

each in a bar form and 2 extra parameters like shown in Figure 2.
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FIGURE 2. SCREEN OF THE BAR DIAGRAM MODULE
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The Graphs Module shows important parameters used during normal
operation and the parameters required by the emergency procedures, showing
the actual value of the variable as depicted in Figure 3.
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FIGURE 3. SCREEN OF THE GRAPHS MODULE

The Historical Module shows a set of 4 interrelated parameters which
would be of special interest in certain situations. The system is able to
store data for the last 30 hours and an example is shown in Figure 4.

The Status Tree Module shows 6 screens for monitoring a group of
parameters that are essential for plant safety. The screens are used in an
emergency situation, when the plant is supposed to be shutdown. An example
is shown in Figure 5.
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FIGURE 4. SCREEN OF THE HISTORICAL MODULE
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The Emergency Procedure Module shows 18 procedures used to restore
certain functions within a safe range. They are presented in a format that
enables the operator to follow them step by step.

The List Module presents a description of all variables monitored by
the system with actual values and limits, allowing a previous choice for
the Historical Module.

The Flow Diagram Module shows important information related to
operation and concerning the emergency systems in a total of 25 screens. It
is an on-line monitoring system with the actual status of the components
included. Figure 6 is an example.
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FIGURE 6. SCREEN OF THE FLOW DIAGRAM MODULE

3.2 CRITICAL SAFETY FUNCTIONS SYSTEM (CSFS)

The system concept is basically a computerized monitoring of a set of
functions called "critical safety functions" specified in the ERGs.
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The objectives of CSFS are to provide the operator with :

1. A continuous evaluation of the safety status of the plant during
an emergency.

2. A priorization of the actions to be taken.

3. The emergency procedures.

4. Auxiliary elements to permit the operator to see the effects of
the actions that he is taking.

The critical functions for the CSFS will be :

1. Subcriticality
2. Core cooling
3. Heat sink
4. Integrity
5. Containment
6. Inventory

The priority of the actions to be taken by the operator is fixed by
the logical set of the status tree. Each tree has different branches using
color coding to reflect its importance and to each one an applicable
procedure is associated.

3.3 PARAMETERS MONITORING INTEGRATED SYSTEM (PMIS)

This is a set of modules to be used during normal operation. Its
objective is to provide a sufficient minimum of information to allow the
operator to follow the plant performance in an integrated manner. It will
also allow the operator to become familiarized with the system.

3.4 SYSTEM ACTIVATION

The whole system is switched on manually when the plant starts from
cold shutdown. However, the screens used specifically by the CSFS will be
activated by a particular situation :
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3.5

1. Reactor Trip Condition
2. SI Signal
3. Manual Actuation

DATA ACQUISITION SYSTEM

All the signals coming from plant sensors that reach the P-2500
computer will be duplicated and, if necessary, converted to digital signals
to supply the new system. Forty meteorological signals which are actually
not used by the P-2500 will be added to the new system.

3.6 ENVIRONMENT CONTROL SYSTEM

This system will be used in an emergency situation, with possible
release of radioactivity. It will use data accumulated in actual time but
processed at low priority, taking a large time in the CPU (around 5 minutes)
and a memory of 5 Megabytes approximately. An example of its output can be
seen in Figure 7.

FIGURE 7. SCREEN OF THE ENVIRONMENT CONTROL SYSTEM
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NUCLEAR POWER PLANT OPERATOR AIDS —
SUMMARY OF ACTIVITIES IN THE
NORDIC COUNTRIES

B. WAHLSTROEM
Technical Research Centre of Finland,
Espoo, Finland

Abstract

The research & development activities of the Nordic
Countries in the area o-f operator aids and related -fields
are summarized. Specific Finnish projects in the context
are mentioned.

Summary of Activities in the Nordic Countries

At present the nuclear power plants in Finland and
Sweden are using computers only for information collection
and presentation. No operator aid has been installed as a
separate system in the control room. Some operator
support functions have however been included in the
existing plant computer systems. New functions will be
included when the plant computer systems will be
upgraded.

Different research projects which have an application
to operator aids have been carried out within the
framework of the Nordic Safety Research. As described in
more detail in Ref. l, the work in the period of 1981-85
was considering the following main areas :

Human errors in test and maintenance of nuclear power
plants

Safety oriented management and organization structures
Computer aided control room design
Computerized operator support and experimental
vali dation
Operator training

This research is continued in the new four year
programme in the part which is considering advanced
information technology. The scope of the work is directed
towards the application of artificial intelligence
techniques in emergency management.
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Speci-fic, national Finnish projects have been carried
out in the following -fields:

Control room assessment
Alarm handling

Évaluation o-f a critical -function monitoring system
Development o-f methods for simulator training
Exchange of plant process computers
Development of control and instrumentation systems for
the process industries
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COMPUTER BASED CONTROL ROOM DESIGN
FOR THE FRENCH 1400 MW NUCLEAR
POWER PLANTS

A. HUCHET
Centre de formation de Bugey,
Electricité de France,
Loyettes, France

Abstract

EDF has decided to introduce a new, fully computerized
control room design for the future 1400 MW nuclear power
plants. In the present paper the new control room concept
is described and the time schedule for validation and
implementation is outlined.

I. Introduction
A new, fully computerized control room is at present

developed in France for the future 1400 MW power plants.
The first plant with this advanced type of control room
will be a twin unit 1400 MW station located in the northern
part of France. The first unit of this station is scheduled
for connection to the grid in the year 1992.

II. Description of the new control room design
The control room contains three different desks and

boards, the main desk, the information desk and the
auxiliary board, cf. Fig. 1.
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FIG.l. Top view of the control room.
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Two operators are normally working at the main desk.
Each operator is siting in front of 3 graphic color CRT's
dedicated to process control of the plant and 4
semi-graphic CRT's displaying alarms, cf. Fig. 2. Keyboards
and menus on touch sensitive screens allow for interaction
and dialogue, cf. Fig. 3. A conventional mimic diagram
located behind the main desk representing the main circuits
gives an overview of the plant state. On this diagram the
position of main valves or the operating state of pumps are
visualized.

FIG.2. PWR 1400 MW units control room view.

GRAPHIC H I G H RESOLUTION
COLOR DISPLAYS SÎKI-GRAPH1C ALARM

DISPLAYS

S P E C I A L I Z E D DIALOGUE
KEYBOARq

S P E C I A L I Z E D DIALOGUE
KEYBOARD

FIG.3. Equipment of the main desk.
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To inform the shift supervisor a second desk, the
information desk with 3 graphic color CRT's and 4 CRT's for
the alarms is located aside the main desk. It is not
possible to give commands from this desk.

As a backup, a conventional auxiliary board situated in
the back of the desks can be used to secure the plant in a
safe state.

Ill.Control of the process
Plant operation is controlled by means of pictures on

the 3 graphic color CRT's. There are different kinds of
pictures which can be called by the operators with the
touch sensitive screens:

Control and command pictures (3501
Each circuit with all the components can be
represented on the screen. To place a command for
a specific component the operator puts a cursor on
the component selected. After validation the
command is sent to the component.

2. Monitoring pictures (ISO)
These pictures provide the operators with diagrams
representing the chronological evolution of
important plant parameters.

3. Alarm sheets (35001
Alarms are displayed on the 4 semi-graphic CRT's.
The operator can request more detailed information
and explanation for each alarm on the 3 graphic
CRT's. Also advice on the actions to be taken by
the operators is given in the alarm sheets and
commands can be given directly from these alarm
pictures.
The alarms are validated in several ways. First it
is checked if the signals ̂ triggering the alarm are
correct. An alarm is displayed only if there is a
real failure behind it, e.g. low flow and the
corresponding pump switched on and connected. Also
the status of the system is checked on the
necessity of displaying the alarm.
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Procedures pictures (5000)
All the procedures can be called on the 3 graphic
CRT's and commands can be given from these
pictures.

Support Pictures
Control and protection diagrams are displayed. The
pictures allow for the selection of the signals
relevant for the system.

Technical data Sheets (300Q)
Detailed data sheets for each component can be
displayed.

FIG.4. Full scope simulator for a 1300 MW PWP.

IV. Simulator
A full scope simulator of a 1300 MW PWR based on the

new control room design is already in operation, cf. Fig.4.
A schedule for validation and tests has been set up for the
period of 1987 to 1990 :
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First period. 1987 - 1989
Verification and validation of dialogues and pictures
for normal operation, incidents and emergency
situations. The work will be done in cooperation of
operators, ergonomists and technical experts.

Second period. 1989 -1990
Modification of the software according to the feedback
and conclusions from the first period.
Third period, after 1990
The simulator will be used for training purposes.
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OPERATOR AIDS IN NUCLEAR POWER PLANTS
IN THE FEDERAL REPUBLIC OF GERMANY

J. MEYER
Kraftwerk Union AG,
Erlangen, Federal Republic of Germany

Abstract

The development of Operator Aids in the FRG was based on
an integrated approach and in accordance with basic design
principles. First, criteria defining the extent o-f automatic
control of the plant are outlined. These criteria consider
optimal conditions for the operators, plant availability and
plant safety. Second, the actual design of the control room
including human engineering principles regarding design and
environmental conditions is described. Third, details of the
information system itself and the respective hardware are
given.

1. Introduction

Operator aids in nuclear power plants require a high
degree of adaptation with the entire plant concept and with
the Instrumentation and Control (I & C) concept in
particular. It must be assured that for all plant conditions
(e.g. normal operation, disturbed operation, incidents) the
flow of information will enable the plant operator to carry
out correct actions. The main aspects to be considered for
the design of operator aids are

degree of automatization

overall control room design
computerized presentation of information

In the following the consideration given to these aspects
for NPPs designed in the FRG will be described. The I & C
concepts applied have largely contributed to the excellent
operating results of these plants concerning availability
and safety.

2. Degree of Automatization

Before developing an I & C concept, criteria for the
application of automatic controls in nuclear power plants
have to be defined. According to experiences from NPPs in
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the FR6, the criteria can be grouped into three categories:

A) Maintaining an acceptable stress level for the
operators. Long lasting boring tasks and high stress
situations should be avoided.

B) Plant availability and smooth operation. Unnecessary
reactor trips should be avoided. This is achieved by a
special control system described below.

C) Assuring plant safety by automatic initiation of all
necessary safety system functions required within a
period of 30 minutes after the occurrence of the
incident.

In NPPs designed by KWU a special I £/ C system called
"Core Protection" system prevents unnecessary reactor trips
and allows for smooth operation of the plant. It has an
analog characteristic and a redundant 4-channel design. The
basic control principle is illustrated in Fig. 1. If a
process value leaves the operational range, it will be
tracked by the Core Protection system and brought back to
the operational limits. As a result a power cutback may
occur but a reactor trip is avoided. This function is fully
automatic and cannot be influenced by the operator.

Concerning item C, the regulations of the FRG,
specifically the KTA rule No. 3501, require that no manual
actions of the operators are necessary within a time period
of 30 minutes after the occurrence of an incident. The basic
idea behind this rule is to prevent erroneous operator
actions and to provide sufficient time for analyzing the
situation. Therefore the necessary countermeasures are
initiated by automatic systems which cannot be influenced by
the operators or process I & C equipment. These systems
(Reactor Trip System and ESFAS) have a binary (on/off)
characteristic and are also of redundant design. Fig. 2 and
Fig. 3 illustrate the concept.

The I & C systems described above are safety related.
The basic structure of the operational I & C equipment for
process control is illustrated in Fig. 4. Specific features
of this configuration are:

- clear hierarchical structure
- standardized process interfaces for drives, actuators

and sensors
- application of microprocessor based coupling processors

in a redundant structure on the individual control level
(protective logic, drive control and signal
conditioning)
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application of powerful automatization devices in a
redundant structure on the group control level (logic
gating, alarm processing., functional group control
etc. )
use of a communication link for powerful data exchange
(data bus in a redundant structure)

The structure described above is subdivided into three
plant sections. The application of fibre optics allows an
easy decoupling between sections.

3. Control Room Design

The design of the main control room which can be
regarded as the principal man—machine interface of the plant
requires a high degree of human engineering effort. The
design has to consider the following situations:

start-up and shutdown operation
normal load operation
disturbed operation

As shown in Fig. 5, the main process in the plant is the
conversion of heat via steam into electricity. This process
is supported by auxiliary systems. Safety systems assure
that the plant remains within the predetermined design
limits in all operational situations.

The entire plant is controlled by approximately 25OO
drives (e.g. pumps., fans, valves, dampers) in open loop mode
and approximately 25O drives (valves, dampers) in closed
loop mode.

The information on the status of the processes is given
by ca. 25OO analog and ca. 6OOO binary values (these numbers
apply to a 1300 MW Convoy PWR, scheduled to go into
operation in the late eighties)

The structure described above was the basis for the
control room design shown as a top view in Fig. 6. The main
control console is located in the center. It contains all
functions necessary for the conversion of heat via steam
into electricity. Thus the primary cooling circuit including
the steam generator is implemented on the left hand side
followed by systems of the secondary cooling circuit (e.g.
life steam, feedwater, condensate and turbine), while the
generator is located on the very right.
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The main control console IB surrounded by panels containing;

— reactor protection system

— nuclear auxiliaries

— safety related systems

— conventional auxiliary systems

— electrical auxiliary power supply

— ventilation systems

— plant monitoring

CRTs are distributed on consoles and boards. A special
display panel is created -for commissioning or disturbance
management. For -further description of CRT -functions see
chapter 4.

Activities necessary -for start—up, shutdown and load
operation are performed from the main control console which
is permanently manned. In case of disturbances or incidents
the necessary countermeasures will be initiated
automatically (see chapter 2), so that no direct actions on
the panels for reactor protection or safety related systems
are necessary. The observation of the countermeasures can
take place from the main control console.

The detailed design of the boards and panels in the
control room is based on a modular desk tile system (see
Fig. 9) which allows a high degree of standardization. Mimic
diagrams give an image of the processes to be controlled.
The arrangement of desk tiles and mimic diagrams was subject
of detailed ergonomie investigations.

The environmental conditions within the control room
consider the human engineering rules for permanently manned
workstations. Typical data ares

Lighting:

Large area ceiling mounted lighting system with a
luminance of 500 cd/m2

Intensity at the work places : 750 Ix

Air Conditioning:
Air temperature 22...26 Degree C
Relative humidity 40...6O 7.
Air velocity O„1...O,2 m/sec
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Acoustics:
Level 3O dB(A)...55 dB(A)

Fig. 7 and Fig. 8 give an impression o-F the control
room of the NPP Brokdorf. The photographs are taken during
the commissioning phase; during normal operation the control
room is less crowded.

The control room concept described above was developed
over a long period by using a 1:1 -full scope mock-up. In
discussions with customers, operators, licensing
authorities, ergonomists and designers the detailed
allocation of all components as well as lighting
installations, coloring etc. were investigated and defined.

4. Process Information System
The handling of complex technological processes, like in

nuclear power plants, asks for a sophisticated information
treatment which can only be realized with powerful computer
systems.

Beside standard functions, i.e. data logging, alarm
processing etc., advanced information representation is
included in the concept. In this representation a number of
process variables are combined to obtain information in a
highly condensed form. In some operational situations
specific values need to be suppressed to avoid an overflow
of information. On the other hand the operators must be able
to receive any available information upon request.

The hardware configuration used in KWLJ NPPs for the
purpose is shown in Fig. 1O. The signals to be processed are
taken from each train of the process or safety related I & C
system. The input to the data acquisition computers proceeds
via the process periphery and decoupling devices (for safety
related signals).

The connection between the data acquisition computer
(hardware : SIEMENS SICOMP M7O) and the processing computer
(hardware : GOULD 32/67) is accomplished by fibre optics.
The so—called "Aeroball System Control Computer" is also
connected with the processing computer. It serves for the
calibration of the in core instrumentation in KWU PWRs.

The output to the CRTs in the control room takes place
via graphic display controllers developed especially for
this application. The output for the printers is transmitted
in parallel.

This hardware structure can be upgraded to a completely
separated dual computer system and it can also be connected
with the communication bus of the process I & C system. In
this manner the number of recorded signals is practically
not limited.
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An example of the features of the system is shown in
Fig. 11. It is a so-called "Plant Picture" giving an image
for monitoring of the primary coolant pressure. It contains
different areas in color coding:

red/violet — prohibited (intervention of the Reactor Trip
and ESFAS System)

yellow — restricted (intervention of the Core
Protection System)

green - permitted (normal operating range)

The setpoint and the actual value are indicated by white
and black spots. The bar chart on the right has the function
of a focus and shows in detail the operational situation.
The symbols on the outer right side give information about
the status of basic process equipment which is of interest.

In case of a disturbance the Plant Picture will be
modified (Fig. 12). The main coolant pump trip (PUMA) causes
the expansion of the green area (permitted range). In this
abnormal situation the operator will be informed via the
Plant Picture that the Core Protection System will not
intervene even if the normal operating limits are exceeded.

The Plant Picture described above is an example from a
total of about 7O different pictures. As a basic design
principle, the same pictures will appear for normal
operation and emergency situations. In this way the
operators are familiar with the performance in all
situations.

The pictures are composed of 64 basic colors and the
representation is performed in a high resolution mode of 640
x 480 pixels and a picture frequency of 72. Hz.

5. Summary
Operator aids can accomplish their tasks only if they

are based on and integrated in a homogeneous plant design.
The design has to consider the full range of operational
conditions and has to be adapted carefully to the capability
of human beings. Therefore a well balanced system of
automatization devices, ergonomie design of the operator's
work place and an intelligible presentation of information
will lead to operator aids accepted by the operators.
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Fig. 9 Arrangement of Desk Tiles
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Fig. 11 Coolant + Pressure Monitoring
(Normal Operation)

Fig. 12 Coolant + Pressure Monitoring
(Main Coolant Pump Trip)



STAR-GENERIS: A SOFTWARE CONCEPT FOR
ADVANCED INFORMATION PRESENTATION
OF FUTURE OPERATOR AIDS

L. FELKEL, H. SCHÜLLER
Gesellschaft für Reaktorsicherheit mbH,
Garching, Federal Republic of Germany

Abstract

Man-machine communication in power plants is increasingly relying on improved
information quality provided by computerized operator support sys tems. It
could be demonstrated that the different plant functions can be represented by
one advanced software programme package, the STAR-GENERIS. The specific
applications now under development include: symptom-oriented display of
disturbed plant situation, post-trip analysis, integrated disturbance
analysis, alarm reduction, and status surveillance of components and plant
systems.

Man-machine communication in electrical power plants Is increasingly based

on the capabilities of minicomputers. Rather than just displaying raw

process data more complex processing Is done to aid operators by impro-

ving information quality.

Nowadays advanced operator aids for nuclear power plants are under deve-

lopment. They cover e.g. the areas of alarm reduction, disturbance ana-
lysis, SPDS, status surveillance computerized operation manual, compu-

terization of procedures a.s.o.

Working in one of these fields normally you will find out rather soon, that

computer specialists could do a lot of very complex and sophisticated

things. But they don't liste« enough to the real needs of the nuclear

specialists. On the other hand nuclear specialists are apparently not

aware enough of the greaf'support they could get from the computer, if

they described their problems properly. What Is the reason for that? One

main reason is that computer and nuclear specialists don't speak the same

language. Another reason Is that the description of the tasks of a com-

puterized operator support system needs a lot of engineering effort in

system analysis and software development.
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There is little hope that the necessary engineering effort can be di-

minished in the near future - and this, I am afraid will also apply to the

use of artificial intelligence (AI) and expert systems. On the software

side, however, things are different. By the way of individual research

and development of operator support systems different functions have

successfully been realized, implemented and tested. The most interesting

result we got through analysis of these functions was, that they may be

mapped to some generic techniques by combination of which it is possible

to specify and implement the desired functions with only one program

package. Thus, whatever the requirements from plant system analysis the

programs would remain the same.

But how do we then get the information into the computer so that it

knows what it is to do for a special case i.e. for a special operator aid?

This is done by an appropriate data-base which we generate directly from

the logic plans made by the systems analyst. What does this mean? It

means, that the task of knowledge engineering, i.e. the translation of the

language of the nuclear specialists to that of the computer specialists, is

done automatically.

We have called our software package STAR-GENERIS. This name indi-

cates, that it has its origin in our earlier development of a Disturbance

Analysis System and that this concept was further developed into a

Generic information System.

Which practical informations for this Advanced Software Concept do we

think of? As we already mentioned all kind of information handling or

tasks which are fully described in logic graphs - i.e. all problems which

are fully analyzed - can be treated. There are 5 near term applications

under development:

- symptom-oriented display of disturbed plant situations

- post trip analysis,

integrated disturbance analysis,

- alarm reduction,
status surveillance of components and plant systems.

Original software development costs for only one of these functions are in

the order of 2 Mill. US$. Software costs for the realization of any further
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application may be reduced to about 20-25% of those development costs

using our STAR-GEN ER IS software package.

The first three applications planned for the Biblis unit B (1300 MW NPP)

are the objectives a project of RWE, KWU and GRS. The software for the

last two applications alarm reduction and status surveillance will be in

commercial use soon.

Out of the first three examples we took the "integrated disturbance ana-

lysis" (for the main condensate and feed water system) as the example we

will explain here in a little more detail. It is based on the Grafenrheinfeld

STAR-application, - a pilot project which was carried out some years ago.

The information goals remain unaltered (namely detection of primary cau-

ses and prediction/estimation of possible consequences) except that now

we shifted emphasis to early disturbance detection. This is possible be-

cause now, in our application at Biblis B, we have direct access to

analog process variables which - as apposed to our Grafenrheinfeld app-

lication - permits analysis before some fixed limits are violated.

Fig. 1 is a good example how the time-behaviour of measured analog va-
riables can be shown. The left part of the picture exposes a set of va-

riable names from which the operator (or the STAR-GEN ER IS-System it-

self) can chose a subset of four variables for presentation. For the se-

lected subset the course of the last 30 minutes is shown as well as a

prediction for the next 15 minutes. If the actual value has reached a

given distance to a limit, the actual absolute distance in digital format is

faded in the picture as well as the calculated time until the limit will be
reached within regard to the actual gradient.

Fig. 2 is the overview-picture of the status of the systems of the secon-

dary side (steam generation and heat sink) of PWR. The measured values

of the main variables are shown (e.g. as bar-graphes or as digital va-

lues) as well as subsystem status information and whether necessary sig-

nal correlation still persists.
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Every possibility for information transfer to the operator has been ex-

ploited:

1. color e.g. dark green

bright green
yellow
orange

red

gray

no disturbance

disturbance

fault

class 1
class 2
class 3

not relevant due to
plant situation

2. Digital values (actualized) and bar graphs

3. Text to be highlighted of relevant due to the actual plant status.

Symbols e.g. 5 too high,

V too low,

A high

V low

t increasing gradient

4- decreasing gradient

and value
out of tole-
rance band

ô out of tolerance band while gra-
dient is nearly 0

? analog signal out of range

NP measured value is not plausible

5. Curves as described for f ig . 1.

The application was tested with actual process data of a NPP during a

disturbance (loss of main heat sink). The main result was that valuable

additional information can be given to the operator. Next steps of de-

velopment will be the implementation of a picture hierarchy and an ex-

planation part to give the operator the opportunity to go into detailed

subsystem information presentation in case of subsystem faults.
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COMPUTERIZED OPERATOR AIDS AT
THE PAKS NUCLEAR POWER PLANT

G. VAMOS
Paks Nuclear Power Plant,
Paks, Hungary

Abstract

Several operator aids have been installed or are planned at the Paks

Muclear Power Plant in Hungary. The VERONA core monitoring system has been

added to the standard process-computer system to analyze and interpret the

measurements of tha corn and the primary loops. Three different Safety

Parameter Display Syatoms hwue been tested and are partly in trial operation.

(\ Computerized Tracking of Automatic Functions is in the design phase, as is

the Computerization of th« Operation Manual.

At the Paks NPP commercial operation of unit 1 and 2 began in
1983 and 1984, respectively. Unit 3 is the phase of startup
tests at 75 % power . Regardless of the young age of the units,
several operator aids h,avB been installed or are planned to be
implemented additionally to the original design:

- core monitoring system;
- sa fe ty paramter display system;
- computerized tracking of automatic functions;
- computerized operation manual.

I./ Core Monitoring System
The V E R O N A core monitoring system /WER On-line Analysis/
is a subsystem added to the standard process-computer
system used at the VVER-440 type NPP-s. The basic role of
the system is to analyze and interpret the measurements of
the core and the primary loops.

The VERONA system runs or* a TPA-1148 computer, which is
connected to the HINDUKUS data-concentrator microcomputer
system. The HINDUKUS supplies the in-core measurement data
in every 16 seconds toward the VERONA computer. The VERONA
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configuration is based on a TPA-1148 CPU with 0,5 Mbyte
memory, and a 10 Mbyte disc storage. The colour dislplay
CRTs, one of the printers and the fuctional keyboard are
located in the main control room of the plant and are used
by the operators.

The measurements treated by the VERONA system are the
following:
- 210 fuel assembly outlet thermocouples;
- 252 SPND detectors /7 detectors in 36 chains/;
- 36 thermometers at the reactor inlets and outlets;
- 18 ionisation-chamber signals;
- 72 auxiliary measurements /cold-leg temperatures and

SPND compensations/;
- 100 measurements from the technology /temperature,

pressure, flow, level e.t.c/;
- 60 status bits.

The basic services are:
- Assemblywise heat-up or power distribution

reconstruction applying a "local fitting" technique;
- Axial power distribution in the assemblies furnished

with SPNDs, using 3rd order spline technique, based on
SPND currents converted into local power densities;

- Determination of heat-balances in the six primary loops
and steam-generators;

- Accumulation of the burnup for every assembly and for
the surroundings of the SPNDs;

- Storing all information for the archive.

Archive is initiated by alarm signals or manually and
contains information for 2 minutes preceeding and 7
minutes following the the moment of initiation. The
archive can be analized at any later time.

The VERONA System is operational on all units of the
plant.
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2./ Safety Parameter Display System
The SPDS is based on the same computer system as the
VERONA core monitoring system.
Three different types of SPDS have been selected for
realization:
- Hexagonal diagrams for six different safety functions;
- Pressure-temperature /p-T/ diagram;
- Two-level SPDS with annunciators for five safety

functions on the first level and time history diagrams
for each safety function on the second level.

Conceptional design and testing of these diferent types of
SPDS have been carried out and survey of measuring
channels installed in units 1. and 2 have been performed
as well. At present the first type of SPDS is in trial
operation on all units.

H ex a g on al diagrams
Hexagonal diagram serves for displaying of safety
functions which are necessary to keep the core in
sufficient condition. Safety functions are as follows:
/!/ - control of reactivity;
/2/ - control of primary coolant inventory;
/3/ - control of pressure in primary circuit;
IM - control of core cooling;
/5/ - control of heat transfer between primary and

secondary circuits;
/6/ - control of pressure in secondary circuit.

These functions appear in form of parameters directly
measured or those originated from them by calculation.
Each function is displayed as a radius of a hexagon and in
the case of their nominal values the hexagon shows a
symmetrical form. Parameters to be applied and algorithms
for calcualtion of each radius are different both in
operational and off-normal conditions. Any deformation of
the hexagonal indicates an emergency situation of safety
function /Fig. I/.
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0. sec. 15. sec.

45. sec.

Fig. 1 . Loss of three main coolant pumps transient

Pressure temperature /p-T/ diagrams
The p-T diagram displays the hot leg, cold leg and steam
generator steam side conditions on a p-T diagram. This
type of SPDS is suitable to show abnormalities of heat
transfer between primary and secondary circuits and the
condition of primary coolant as well /Fig. 2/.

Two-level SPDS with annunciators and time-history diagrams
This type of SPDS performs the following tasks:
- monitoring of the most important parameters;
- displaying of safety condition of the plant;
- signalizing of the critical safety functions.
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Fig. 2- The first level of the two-level SPDS

In emergency situation the annunciator of the safety
function in question changes its colour and immediately
the second level will be displayed. On this latter the
operator can see which parameter was the cause of the
emergency signal. The line of the time history diagram
changes its colour at the setpoint as well and keeps it
until the emergency situation comes to an end /Fig. 3/.
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Testing of the different types of the SPDS with simulated
o ff no rm a1 events
All three types of the SPDS have been tested by
application of mini-computer.

The operational data recorded during the startup tests -
namely the loss of one and three main coolant pumps out of
the six - were used to examine the behaviour of the
hexagonal diagrams and the pressure-temperature diagram.
Since the two level SPDS reacts only to more severe
transients, calculated parameter changes of a hypothetical
accident /loss of main coolant through 19,6 mm diameter
break combined with total loss of electric power/ served
as input for testing the two level SPDS, both the safety
function annunciators and the time-history diagrams.

3./ Computerized Tracking of Automatic Functions
This operator aid is in the phase of design. It is planned
to be implemented on the basis of the main process
computer system of units 3 and 4.

The aim of this support function is to help the operator
to track the proper functioning of protection systems and
other automatic functions in real emergency or in test
conditions. The computer checks the actual automatic
actions after a protection system is triggered against the
designed functions and a message is created on the screen
rather confirming the correct operation of the protection
or warning about the inproper or incomplete functioning
/Fig. 4/.

4./ Computerized Operation Manual
This type of operator aid is in the phase of early
conceptual design. A set of operating instructions has
been worked out in an algorithmic form, which is basicly
feasible to be stored in the memory of the main process
computer /Fig. 5/.
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Fig. 4. Tracking of the ECCS actuation

The main goals are to achieve easy ,acces and retrival of
information which is included in the operating
instructions. Tracking and documenting of operator actions
using this system is a further possibility.
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ONE SHEET OF THE OPERATING PROCEDURE OF THE
CONTROL ROD DRIVES' COOLING SYSTEM

3
3. 1. STARTUP OF THE SYSTEM STARTING THE PUMPS

PLACE OF THE
OPERATION

REFERENCE IN
THE DATA BANK

TF52000U.3 SWITCH THE OPERATION MODE INTO "RESERV"
i— - TF53S002.Ï.6 OPEN

- TF53S002 CLOSE
i—+TFS2D001 START

i_]_j—-TF53S002 OPEN WITHIN 1 MINUTE
— -TF53SOOU CLOSE

TF52D002 START
l i— - TF53SOQI* OPEN WITHIN 1 MINUTE

L-LJ r--TF53S006 CLOSE
TF52D003 START

p- -TF53S006 OPEN WITHIN 1 MINUTE
I— -TYS8S012, TY56S006 VENT AIR

i— SWITCH THE TEMPERATURE REGULATORS INTO
I „AUTO" MODEt

TF76-T001B 50-60 °C

-09-

U TF5ÏF001B 20!-/h
TF5t>P001 0,5 bar

— -CHECK BEARINGS AND SEALS
-CHECK FOR VIBRATION

1—-LISTEN TO MOTOR FOR SOUNDS
-CHECK VENTItlG

PANEL GA02 DB
ROOM A 307
ROOM A 307
PANEL GA02 DB 1
ROOM A307
ROOM A 307
PANEL OA02 OS 1
ROOM A307
ROOM A 307
PANEL GA02 DB l
ROOM A307
ROOM A 307

CHANNEL 6M6
CHANNEL «35
CHANNEL 6t>27
ROOM A307
ROOM A307
ROOM A307
ROOM A 307

Fig. 5. Operation Manual in Algorithmic Form
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ENEL EXPERIENCE IN COMPUTERIZED OPERATOR
AIDS AND HUMAN FACTOR ACTIVITIES FOR
CONTROL ROOMS IN ITALIAN NUCLEAR POWER
PLANTS WHICH ARE OPERATING OR UNDER
CONSTRUCTION

G. ZANUZZI
Ente Nazionale per 1'Energia Elettrica,
Rome, Italy

Abstract

After the TMI accident application of the most important post-TMI-concepts
such as the man-machine-~interface has been carried out in Italy for the two
nuclear power plants Caorso (BWR, MK II) and Alto Lazio ( B W R , M K III).

For Caorso this includes the improvement of the control room according to
NUREG-0700, the introduction of computerized systems such as the 3D MOWICORE
for core monitoring and management and the SPDS (under evaluation), and the
implementation of new symptom-oriented emergency procedures.

For Alto Lazio the fol lowing activities were carried out: a complete redesign
of the control room according to I\IUREG~-0700 concepts, a Technical Support
Center (TSC) and Emergency Operating Facilities (EOF), the upgrading of the
computer based supervisory system to support operation during emergency
conditions and to increase operator ef f ic iency, the design of the operator
interface according to Human Factors criteria, and the implementation of new
symptom-oriented emergency procedures.

Finally a brief description of the main solutions adopted in the man-machine
interface and human factor areas for both plants is given.

List of the main acronyms used in the text

BOP : Balance of Plant

CPU : Central Processing Unit

CRD : Control Rod Drive

CRDR : Control Room Design Review

CRT : Cathode Ray Tube

DAS : Data Acquisition System

EIS : Emergency Information System

EOF : Emergency Operating E'acilities

EOP : Emergency Operating Procedures

ERIS : Emergency Response Information System
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ISS : Integrated Supervisory System
LHGR : Linear Heat Generation Rate
LPRM : Local Power Range Monitoring
MAPLHGR : Maximum Average Planar Linear Heat Generation

Rate
MCPR : Minimum Critical Power Ratio
NSSS : Nuclear Steam Supply System
PCIOMR : Preconditioning Interim Operating Management

Recommendations
PSS Plant Supervisor System
SLA Scan, Log and Alarm
SPDS Safety Parameter Display System
TIP Trasversal In Probe
TSC Technical Support Center
VDU Visual Display Unit

1. INTRODUCTION

After the TMI accident ENEL has systematically faced the
analysis of the main areas of application of the most
important post TMI concepts, especially from the point of
view of the Man-Machine Interface, for Caorso NPP (BWR,
MK II) and Alto Lazio NPP (BWR, MK III).
Because of the different status of the plants (Caorso in
operation, Alto Lazio under construction) the actions
undertaken differ.
For Caorso the application of the TMI concepts consisted
of the improvement of the Control Room according to Nureg
0700, of the introduction of some computerized systems
such as the 3D MONICORE for core monitoring and manage-
ment and the SPDS (under evaluation), and, finally, of
the implementation of new symptom-oriented emergency
procedures.

110



For Alto Lazio a full application of post TMI concepts
has been used regarding Control Room design review and
operator assistance for both normal and emergency ope-
ration.
This application consisted of the following activities:
the complete redesign of the Control Room according to
Nureg 0700 concepts, the inclusion of the Technical
support Center (TSC) and Emergency Operating Facilities
(EOF), the upgrading of the computer based supervisory
system to support operation during emergency conditions
and to increase operator efficiency, the design of the
operator interface according to Human Factors criteria,
and the implementation of new symptom-oriented emergency
procedures.
Later on it is provided a brief description of the main
solutions adopted in the Man-Machine Interface and Human
Factor field for both plants Caorso and Alto Lazio.

2. CAORSO

2.1 CONTROL ROOM DESIGN REVIEW (CRDR)

Following the Three Mile Island accident and an
explicit request of the Italian Control Authority
(ENEA), ENEL decided to improve the Caorso Control
Room by identifying and resolving some deficien-
cies, especially from the point of view of the
Human Factors.
Since a hold point in CRDR was to modify neither
the Control Room general layout nor the panels
arrangement, the CRDR took into account, mainly,
the following areas:
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a - Systems separation
In order to highlight, on Control Room panels,
the areas pertaining to a certain system and
its related controls, indicators and visual
alarms, the criterion to separate one system
from the other has been adopted, after
defining a special colours code for the panels
background.
In this way the operator can identify more
easily a certain system and the related equip-
ments .

b - Glossary and abbreviations
All common words and abbreviations used in the
Control Room have been identified and collec-
ted in a list, allowing a unified terminology
for all the uses in the Control Room.

c - Labels
The size and the information contained in the
labels have been standardized.
Two different colours have been used for the
background of labels.

. Yellow: for labels related to an emergency
system

. White: for other systems.

d - Visual alarms
All the visual alarms related to a certain
system, generally speaking, have been ordered,
grouped and placed in the area of the system
they refer to.
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Three different colours have been used for the
visual alarms background, with the following
meanings •-

. white : abnormal condition

. yellow : degraded condition

. red : dangerous condition

e - Indicators
The operational areas of all the indicators
and their main set points have been identi-
fied and pointed out by coloured demarcations
and arrows.

f - Mimics
Mimics have been used for sketching the flow
of fluids in the emergency systems (ECCS),
BOP and many others.
Lines and symbols follow special criteria for
their size and colour and depend on the fluid
sketched (water, steam, air, etc.).

g - Controls
Controls with different shapes have been in-
troduced in order to differentiate their
functions (pumps, valves, throttle valves,
etc.).

During the development of the project there has
been a continuous exchange of information and
experience among operation people and people
involved in the project.
The use of a full scale mock up of the Control
Room proved to be a very valuable tool for the
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design activities: all the main changes and so-
lutions proposed have been checked and discussed
with the operators prior their implementation in
the Control Room.

2.2 EMERGENCY OPERATING PROCEDURES ( EOP )

Another application of the post TMI concepts is the
introduction at Caorso Plant of symptom-oriented
Emergency Operating Procedures (EOP).
The project consisted in the development of the EOPs
based on the generic Emergency Procedures Guidelines
prepared by the BWR Owners' Group, and the develop-
ment of all the supporting documents (Writer's Guide,
Plant-Specific Technical Guidelines and related
Bases, Calculations, etc.).
After the EOPs verification by Caorso Operation
personnel, General Electric personnel and by a Human
Factor consultant, they have been validated success-
fully confirming their ability to manage scenarios
more and more degraded and to mitigate serious
accidents.
The preparation of EOPs in Tabular and Flow Charts
formats took into account the suggestions of the Ope-
rators on how to present the information, especially
from the point of view of Human Factors (text, sym-
bols, graphics, use of facing pages, layout of Flow
Charts, etc . ) .
Following the implementation of the new EOPs, it has
been necessary to introduce a few new instruments in
the Control Room.
Set points and special values of critical parameters
required by the EOPs have been defined and pointed
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out on Control Room instrumentation according to the
CRDR criteria and taking into account the operators
experience and requirements.

2.3 SAFETY PARAMETER DISPLAY SYSTEM (SPDS)

In order to make easier the management of the new
symptom-oriented procedures, ENEL is planning to
introduce an SPDS at Caorso plant.
The project of the SPDS is under evaluation and,
generally speaking, the main functions of the system
should be:
. assisting operators in evaluating safety status of
the plant

. aiding in early EOPs entry symptom recognition

. aiding in following Emergency Procedures

. avoiding the need to perform manual calculations

. determining margins of critical parameters.
The information necessary for the EOPs management
will be presented as concentrated displays of the
safety parameters. Furthermore, they will be human
factor engineered and CRT color graphic real-time
display terminals will be used.

2.4 3 D MONICORE

3 D MONICORE has been developed to aid in monitoring
plant fuel performance and in providing information
leading to improved planning and efficiency of BWR
operation. 3 D MONICORE makes use of the existing
plant process computer system operating in
conjunction with a separate central processing unit
(CPU).
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The nuclear steam supply system (NSSS) core calcula-
tions are executed by the high performance, high
speed central processing unit (CPU). The new 3 D
MONICORE NSSS performance monitoring system is uti-
lized to periodically evaluate BWR core performance
and evaluate/update the exposure and key performance
parameters of fuel, control rods and instrumentation.
Scan, log and alarm (SLA), balance-of-plant (BOP) and
the rod worth minimizer functions remain the primary
functions of the plant computer. The BWR Predictor
function included in 3D MONICORE enables utility
reactor operators, site engineers, and core and fuel
cycle engineers to develop improved control rod pat-
terns, operating treijectories for startup,
preconditioning interim operating management recom-
mendations (PCIOMR) ramps and load changing maneuvers
(see 2.4.2) .
On-line automatic nodal xenon worths are maintained
by the monitoring function of 3 D MONICORE. Detailed
knowledge of the up-to-date xenon distribution allows
nuclear engineers to plan flow and control rod
changes, maximize the thermal margins and optimize
power distribution.

A special interface link between the 3 D MONICORE
computer and the plant computer is supplied; this
allows a direct communication between the two
computers, through a software specifically provided
to enable this data transfer. The existing plant
computer retains its plant interface, utilizing the
high-performance capability of the 3 D MONICORE
computer to perform the faster core performance
analysis and display functions.
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2.4.1 Panacea
PANACEA, a three-dimensional diffusion theory
program, is the 3 D MONICORE system calcula-
tional tool.
PANACEA is a three-dimensional, one-and-one-half
group, coarse mesh diffusion theory program
which produces consistent power and void distri-
butions. In addition to the extensive practical
design and operations applicational experience,
PANACEA has been thoroughly qualified against
more detailed nuclear codes and gamma scan mea-
surements .

Accuracy and applicability are assured by adap-
ting the PANACEA calculation to TIP and LPRM
readings. The adaptation process is included in
the diffusion solution. The adaptive correction
required to force agreement with the instrument
readings is determined for each node. Of the
total adaption correction a portion is corre-
latable as material or leakage corrections.
These correlations and nodal values are used in
subsequent predictive PANACEA calculations.

2.4.2 Predictor functions
A summary of the functions performed by the Pre-
dictor is listed below. Output edits are provi-
ded and saved automatically following a predic-
tive calculation.
Comparisons and other edits are available on
demand.

. The Predictor calculates K , power, flow and
void distributions with transient equilibrium
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or fixed xenon concentrations for either full
or quarter core.

. The Predictor calculates control rod, flow or
power changes required to maintain criticality
as one of the variables is changed.

. The Predictor predicts the time behavior of
key parameters following the input of
user-specified rod motion, flow or power
changes. This prediction includes the repre-
sentation of transient xenon effects.

. The Predictor calculates TIP readings and
provides comparisons of predicted and actual
TIP readings.

. The Monitor provides automatic adaptation of
the calculated TIP readings to the measured
TIP readings and the adaptive parameters are
used to optimize the accuracy of subsequent
predictions.

. The Predictor permits operator demanded
calculations of cold conditions including
reactivity and shutdown margin.

. The Predictor performs exposure updating as
needed for cycle length and operational
planning during a cycle.

. The Predictor predicts cycle exposure by the
Haling method. The Haling method is a special
hot, non-adaptive problem with all rods out.
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Such cases are normally run to determine cycle
length and optimum power distribution.

. The Predictor evaluates and edits peak Linear
Heat Generation Rate (LHGR) kw/ft, Minimum
Critical Power Ratio (MCPR)»Maximum Average
Planar Linear Heat Generation Rate (MAPLHGR)
and PCIOMR margins.

. The monitoring system automatically maintains
up-to-date xenon inventory and restart files.

. The Predictor has automatic file maintenance
capability. The number of files saved can be
controlled by the user by setting the upper
limit numbers in the constants data file.

2.4.3 Color Graphic Displays
A set of 3 D MONICORE color-graphic displays
supplements Core Monitoring logs and provides
improved information on core status and 3 D
predictions.
The displays are designed to provide improved
core information to support specific user
functional responsibilities. Some are directed
primarily at reactor operators, while others are
intended for station nuclear engineers.
Below is a brief summary of the differences.

. Reactor Operator Displays
- They are simpler and more straight forward

for an easy interpretation by the operators
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- Each display is single-goal oriented (i.e.
thermal limits or PC1OMR only)

- Information are reinforced in terms of
redundancy (via graph + digital -f color)

- They are useful at glance from greater
distance

Station Nuclear Engineer

- They contain more details, requiring more
study time

- They display multiplicity of information

- A flexible display hierarchy interaction
allows a variety of backup options

- Options are available to compare several key
parameters on single display

The displays are highly user-interactive and
rely on extensive poke-point usage to provide
expansions and elaborations of specific core
details and information. The displays follow
the general ERIS display philosophy and are
accessible at any color graphic terminal.
Because they are intended for non-emergency
usage, however, colors and color changes are
used to indicate parameter magnitudes and
technical specification limit margins rather
than safety conditions.
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The 24 available displays are collected in the
following four groups:

- Thermal limits (core margins, thermal limits
quarter core, thermal limits bundle
enlargement, bundle thermal limits)

- Fuel preconditioning analysis (PCIOMR top
level, PCIOMR quarter core, PCIOMR cell
status)

- Operational analysis (Power/flow map, CRD
position, trend plots, heat balance )

- Engineering analysis (axial and radial power
distribution, bundle comparison, TIP/LPRM
data, TIP/LPRM comparison, LPRM adjustment,
LPRM full core adjustment, case summary).

An example of some of the above mentioned
displays is given in Attachment l.

2.4.4 Peculiarities of the Multipurpose Computer VAX
8600 for the 3 D MONICORE System

The Multipurpose Computer VAX 8600 has the
following characteristics:
- Central Processor Unit memory: 12 M Bytes (ECC
MOS memory)

- 2 disk devices of 456 M Bytes
- 1 disk device of 205 M Bytes
- 2 tape units (one "slave" of the other)
- 1 Intelligent I/O Server Cabinet interfase

among disks and CPU
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- 3 interface units for connecting the computer
to the Graohic Display Terminals

- 3 interface units for connecting the computer
to the remote Display Terminals

- 1 printer
- 26 terminals
- 3 Graphic Display Terminals

3. ALTO LAZIO

3.1 DESIGN ENVIRONMENT

The design of the Control Room and of the Plant
Process Computer System for Alto Lazio has been
strongly affected by new NRC post TMI requirements
and by the subsequent development of new design
methodologies regarding Man-Machine Interface and
Human Reliability.

The Control Room and consequently all design aspects
relating to Operator activities have been revised and
redesigned. The main review activity was carried out
jointly by the customer of the plant ENEL and by the
supplier Ansaldo Impianti gathering knowledge from
Instrumentation and Control designers, Control Room
designers, plant operators, Process Computer
designers and Human Factors expertise.

The Plant Process Computer System functional require-
ments were assessed during and after the Control Room
review and redesign and major upgradings were
introduced to the previous design of the computer
system.
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The use of a full scale mock up of the Control Room
proved to be a very valuable tool for the design
activities not just because of the three dimensional
view of the panels and of the overall room layout,
but mainly because it became the meeting point of
people with different backgrounds who normally have
small chances of openly exchanging points of views
and experience. It helped creating a common
sensitivity in all designers and maybe a common
"culture" among them.

3.2 OPERATOR INTERFACE

An evaluation was made to define the methodology to
use in the application of human reliability.
Quantitative methodologies were excluded because of
lack of data to support the application. The team
decided to use a system approach supported by data
and judgments from qualified experts. The starting
point was given by the typical design information and
its functional analysis identifying:

. Aims and boundaries of the systems analyzed

. Conditions and requirements needed to meet the
system aims

. System functions, their distribution and
interrelationship

. Tasks and operations needed to the function
fulfillment

. And so on.

At each level of analysis, the role of the human
Operator was defined from the most general level
(global mental representation of the system) to the
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most detailed level of each single action. The
various man-machine interfaces were ergonomically
designed, allowing the Operator to interact with the
system at all levels identified through the system
analysis. Capability and limitations of the human
Operator in acquiring and processing information, in
decision making, in planning, in performing and
controlling operational sequences were considered at
all levels of the analysis and in the design of the
interfaces. The main goals of the Operator interface
design have been the following:
. Provide the Operators with a consistent design for
the data presentation tools and for the visual
interface.

. Integrate the activities of the operating crew.

. Optimize data presentation in order to reduce
Operator response time and errors.

. Identify and separate the single system functions
according to their use in the programmed Operator
activities.

. Provide a control benchboard shape applicable to
the Italian population anthropométrie limits.

The application of the above guidelines brought to a
detailed analysis of the assignment of Operator
functions and major job activities. All information
codes (such as colours, symbols, signalling lights,
Control Room vocabulary and abbreviations, mimic
layout rules) were defined and used for all hardwired
and computerized Operator interfaces. The alarm
system has been highly upgraded and specified in
detail in parallel to the Control Room design.
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3.3 CONTROL ROOM DESIGN

The design of the Control Room was based mainly on
the following steps:

1. Assignment of the operating crew functions
2. Identification of the available physical space on

the Control Room panels
3. Definition of the separation criteria for class IE

and non-class IE components and systems
4. Classification of system controls according to

frequency of use and relevance for plant operation
and safety

5. Definition of functional relationship of system
controls

6. Definition of required Operator response time and
accuracy level

7. Layout of the main system areas
8. Layout of the components.

The application of the above guidelines brought to a
Control Room layout subdivided into two main
operating areas according to functional and
operational relevance. Being the operating crew
already defined by ENEL (one reactor operator, one
thermoelectric operator and one Control Room
supervisor), the operating areas were assigned
according to the operators responsibility.

The Plant Process Computer VDUs have been located
onto the benches to support the Operator activities
presenting alarms and real time process information
directly where needed during system operation.
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Dedicated VDUs provide the displays related to the
emergency procedures in the Control Room, in the TCS,
in the EOF. In order to make TSC useful and familiar
to the operating personnel, the TSC area was defined
as an extension of the Control Room used every day
operation.

TSC is equipped with Plant Process Computer VDUs,
printers, printer/plotters and hardcopies to be used
to verify the plant status, analyze past transients,
check plant components for operational and
maintenance purposes.

Both the overall Control Room layout and the detailed
components layout have been verified by a review team
which used check lists and panel discussions as basic
tools. Personal judgment of experts was the only
valuable way to perform a fast reliable feedback of
good quality on the design activity based on
established detailed design criteria. The overall
activity lasted one year and as a result the
design-verification process produced four subsequent
sets of different panel front views on the mock up.

3.4 PLANT PROCESS COMPUTER SYSTEM DESIGN

The Plant Process Computer System has been designed
to supply plant staff with supporting data to
evaluate the plant status under normal, alarm and
emergency conditions. Because of the multiple
functions and hardware attributed to the system, it
was called Integrated Supervisory System (ISS).

126



Signals acquired from the plant are processed by two
different ISS sections: the first one (hardwired) for
window alarm presentation, the second (computerized)
to provide the following functions:

1. Presentation of detailed alarms for real time
plant operation

2. Plant supervision through real time video displays
of process and component status variables,
transient information and plant performance
management

3. Plant emergency supervision by means of dedicated
displays to support the operator in entering and
following the emergency procedures and to allow
engineering personnel to evaluate plant conditions
and to monitor the environment radiological and
meteorological data

4. Short and long term memorization of analog and
digital data for post trip logs, post transient
analysis, event analysis.

One of the important characteristics of ISS is that
it has been designed to have a high degree of avai-
lability obtained by means of either redundant
components (computers, communication lines, etc.) or
function soft degradation (e.g. assigning a failed
VDU function to other operative ones).

The system has an availability design goal of 0.999
and an availability demonstration test goal of 0.995
over a six-month period. In order to comply with
these challenging availability figures, the design of
the system configuration, the hardware layout and
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fabrication, the peripherals function assignment, the
input signal connections and some software functions
are specified and reviewed by a reliability
engineering group.

3.4.1 ISS Computer System Description

The computer system architecture is based on
one Data Acquisition System (DAS) and on two
different back-end systems for data processing
and presentation.

. One (Plant Supervisor System PSS) for the
above defined functions (1) and (2)

. The other one (Emergency Information System
EIS) for the functions (3) and (4)

The data acquisition is performed using
multiplexer units located either in the
equipment rooms (in dedicated cabinets or in
instrumentation and logic cabinets) or in the
field. The total number of input data is 1800
analog and 3200 digital with expansion
capability up to a total of 5600 input points.
The PSS is based on two redundant computers
which drive 11 VDUs in Control Room and 3 VDUs,
3 printers and 1 hard copy in TSC.

The EIS is based on two redundant computers
which drive 2 VDUs in the Control Room, 3 VDUs,
2 printers, 1 printer plotter and 1 hard copy
in TSC and 2 VDUs, 1 printer and 1 hard copy in
EOF. Control Room PSS VDUs are coupled: one
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dedicated to chronological alarms, the other
one dedicated to plant supervision. In TSC
there are 3 VDU locations: each with l EIS and
1 PSS VDUs.

3.4.2 Display Functions
EIS VDUs are dedicated to the previously
mentioned functions (3) and (4) and have
dedicated functional keyboards. Control Room
EIS displays have the main purpose of allowing
easy and reliable access into the emergency
procedures according to the guidelines
established by GENERAL ELECTRIC for BWRs. The
displays are function oriented to provide plant
status monitoring independently of the occurred
transient.

PSS displays have the following functions:

. Alarm status identification

. System alignment verification

. System configuration

. Automatic controls and protection action veri-
fication

. Related system status

. Scheduled plant activities

. Plant system components status and monitoring.

A single display may include more than one of the
mentioned functions in order to reduce the number
of necessary displays. Moreover it allows the
operator to have more synthetic information about
the displayed system/component and minimizes the
retrieval effort.
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3.4.3 Structure and Retrieving Modalities

PSS displays accessing scheme is a combination of
a top-down hierarchy organization and a plant
operating mode organization. This is accomplished
by the following structure:

. Hierarchical structure with three levels of
which the first two can be accessed directly by
functional keys, the third one by the cursor
from second level displays or by alphanumeric
keys.

. Functional relationship to access other dis-
plays which do not require quick access for
operator action.

Each level is arranged in circular sequence.
Associated to each level of detail the process
variables are presented to the operator with
their actual numeric value or, upon operator
request, presented as bar charts, trend curves,
two-D plots, tables and alarms summary. Colour
codes, vocabulary, symbols are all consistent
with the ones used for the overall Control Room
design.

Presentation of all plant alarm conditions is on
PSS dedicated terminals. The digital alarm
signals are obtained by signal duplication of the
alarm inputs to the conventional hardwired alarm
system or by direct connection to the DAS. Alarms
are presented in their chronological sequence on
a multiple page format.
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The two operators have their own overview display
(top level) to assess the general alarm status of
the plant area under their responsibility.

Keyboards assume four configurations in relation
to the associated operator:

. Reactor operator

. Thermoelectric operator

. Control Room shift supervisor

. EIS displays.

The keyboard consists of three different types of
keys :

. Functional keys

. Alphanumeric keys

. Control keys.

An example of some displays of the Alto Lazio SPDS
is given in Attachment 2.
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EXPERIENCE IN THE DEVELOPMENT OF NUCLEAR
SAFETY PARAMETER MONITORING SYSTEM FOR
KOREAN NUCLEAR POWER PLANTS

B.S. MOON, J.H. KIM
Korean Advanced Energy Research Institute,
Daeduk, Republic of Korea

Abstract

In this paper, we present the experiences the authors had during
the course of carrying out the project 'Development of Nuclear Safety
Parameter Monitoring System' for the Korean Ministry of Science and
Technology.

The current status of the Korean ERF/SPDS project for the Kori four
unit system is discussed in this paper. The direction of localization
for the ERF/SPDS software and for the related hardware is projected.

1.Introduction

In Jan.1982, Korean Ministry Of Science and Technology(MOST)
established Nuclear Safety Center(NSC) under Korea Advanced Energy
Research Institute. Late 1982, the author proposed a project
'Development of nuclear Safety Parameter Monitoring System' to MOST in
an attempt to establish a Nuclear Data Link System between NSC and the
nuclear power plants under commercial operation, and to develop some
graphic displays necessary for monitoring the critical safety
functions.

Through this project, a data link between NSC and Korea Nuclear Unit
2(KNU2) was established in 1983, a data link between NSC and the
Environmental Radiation Monitoring System(ERMS) in 1984, followed by a
data link between NSC and Nuclear Unit 3 (Weisung unit 1) in 1985. For
Unit 2, 108 parameters are being sent to NSC at 15 minute intervals
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along with 11 post ERMS data, while for unit 3, 140 parameters at the
same intervals. Meteorological data are included in the unit 2
parameters. Graphic displays are designed and implemented for the
Westinghouse PWR plant KNU 2.

Korea Electric Power Company (KEPCO), on the other hand, had started
to study a conceptual design of the Emergency Response Facility for
Nuclear Unit 1 & 2 by awarding a contract to Korea Power Engineering
Company (KOPEC) in 1984. As a result of this project, a conceptual
design followed by a procurement specificationfl] for the ERF system
for the four unit nuclear power plants at Kori site was produced early
1985.

KEPCO fell into a problem, however, that purchasing a turnkey
ERF/SPDS system from a foreign country is not the best interest of the

Korean government, and yet there is no experienced local agent which
can supply this system. In Aug. 1986, KEPCO finally determined to
award this contract to KAERI so that some technology transfer can be

achieved. In section 4 the ERF project overview is included as studied
by KAERI.

2. System Design for SPMS

Design of the system started with defining the requirements.
Requirement definition includes the selection of safety parameters,
defining display formats, and the way to display, etc. Then the
adequate hardware configuration along with the functional specification
of the software were studied.

2.1 Requirement Definition

The principal objective of this project was to supply brief
information about the operating status of nuclear power plants for the
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officials in the Nuclear Emergency Response Center at NSC. For those
in the conference room of the NERC, a safety parameter panel was
designed for LED display of 39 parameters. For expertees in the work
room, a larger set of parameters is necessary. We selected 108
parameters for the Westinghouse 600MW KNU 2 and 140 for AECI's CANDU
reactor plant KNU 3 from their I/O lists.

To display these parameters on a graphic terminal, we used a set of
five top level displays for the critical safety functions as suggested
in NUREG-0696[2]. They are reactor power control, reactor core heat
removal, steam generator heat removal, primary coolant inventory,
containment integrity and radioactivity control. The frequency of data
collection is set to 15 minute intervals during normal operation and
thereby rough pictures of the trends of the each parameter can also be
displayed on a graphic terminal.

2.2 Hardware Configuration

The basic components of the hardware are Data Acquisition
Subsystem(DAS), Data Communications Subsystem(DCS), and Operations
Center Subsystem(OCS). A schematic diagram for this hardware
configuration is shown in fig. 1.

Data Acquisition Subsystems for unit 2 and for the Environmental
Radiation Monitoring System(ERMS) are Z-80 based microprocessor system
with 64KB memory, four serial ports and a programmable Read Only Memory
board. DAS for unit 2 is connected to Westinghouse P2500 data log-in
computer with RS-232C serial interface. DAS for ERMS is interfaced to
a serial port of SENTRI-1011 Z80-based microcomputer system. For unit
3, however, there is no equipment that can be classified as data
acquisition subsystems. A small program installed at VARIAN-73 process
computer instead sends out the required data to our DCS.
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KNU2 (Kori) KNU3 (Kolsung)

l l l l

P2500
Westing House

KNU1——
KNU5——
KWJ6——

Color graphic
CRT

TEK - 4113B

Safety parameter panel

Fig. 1. Schematic diagram for H/W configuration.

Data Communication Subsystem is located at the offices of the
resident officials from MOST and from NSC. It is aimed at building up
a communication link between NSC and the resident officers. The
officers can use this system to access the computer system at KAER1,
Westinghouse P2500 computer, or the SENTRI-1011 ERMS[3]. At unit 3,
however, neither the resident officers nor the personnel at NSC are
allowed to access the VARIAN-73 plant process computer except receiving
predetermined set of data at regular intervals.

Operations Center Subsystem, located at the nuclear emergency
response center of NSC, provides communication links between the host
computer system at KAERI and Data Communication Subsystems at each of
the resident offices. Display control for the safety parameters panel
at NSC is also provided by this subsystem.

142



One of the major reasons to include OCS and DCS in the Nuclear Data
Link system is to share the dedicated long distance phone line between
NSC and the plant site for voice and data communications. Voice
communication is necessary not only for the daily report from resident
offices to NSC thru voice or facsimile, but also for the trouble
shooting the malfunctioning of the data link system.
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Fig. 2. Design of safety parameter panel.
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2.3 Safety Parameter Panel

Safety Parameter Panel is designed to provide a quick overall view
of the plant operational status for the technical personnel at NSC. It
consists of 39 LED sets, each set consisting of two to four digit
display units. The 39 parameters are as shown in fig. 2. They
include unit number, date, time, meteorological data and some of the
informations .

3. Software Development for the SPMS

3.1 Programming Environment

A ROM-based Z80 Assembler has been used as a basic developmental
tool instead of diskette based DOS. Main reasons were to avoid
possible software overhead by using some of DOS routines, and to avoid
any complications due to delay in DOS I/O.

Thus, for the permanent storage of programs, one of the two KAERI
computer systems Cyberl74-16 and VAX-11/780 had to be utilized. And a
file transfer program had to be written so that a source program stored
at one of the two host computer syatems can be down-loaded to Z-80
Assembler file, and conversely, a Z-80 Assembler file can be
transferred into a source data file.

3.2 Plant Process Computer Interface

In case of KNU 3, one can easily write a program on the plant
process computer VARIAN 73 system to send out a set of parameters to a
predesignated port at a regular time interval. Hence, there is no need
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for a data acquisition subsystem as mentioned in section 2 above.
Westinghouse data login computer P2500 at KNU 2 is different,

however, in that there are a few difficulties in incorporating a
program with above features into the operating software. Thus, DAS
software requests a set of parameter values to P2500 and sends the
received values to the data link system.

Two of the important features for this interface software are the
use of software key to open the lock provided by P2500 whenever a
command is to be entered, i.e. 'Control A* should precede every
command, and the proper time delay that must be taken in between every
character typed into the P2500.

3.3 Pseudo-Network Software

The major functions of the software for DCS and OCS are directing
data flow, buffered I/O, buffer storage management, automatic
initiation of certain tasks, and handling the clock on the clock board.

Thus, the software had to have a network-like capability and the
basic feature of the software we developed as seen through fig. 3
which is one of the few buffer formats used.
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Fig. 3. I/O b u f f e r format for 'communicat ion ' type report.
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Tasks initiated automatically include requesting predetermined set
of data to Westinghouse P2500 computer and to Environmental Radiation
Monitoring System at 15 min intervals. Initiating a receiving program
for the host computer at Operations Center, when a set of data is
arrived at OCS, is also such a task. Clock handling routines are,
initializing the clock, checking the clock time, setting the clock 'time
from a local CRT or from a remote location for the syncronization.

4. Kori-ERF Project Overview

In the following, we explain some of the results obtained through
pre-projects for the development of the Kori-ERF system.

Table 1. Summary of the Proc. Spec Signal List

r \
\ Safety Function_ __ _ __ _ _ _ _ ____ _j
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2. Core Cooling
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- System
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System
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System. _ _ _ __ . _ _ _ _ _ _ _ .
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12. Containment Cooling

System
13. Incore T/C Temp. Map
14. Chemical and Volume
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Water— —— — — — — — — — — — .
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19. Invironmental
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4.1 Selection of Input Signals

In the conceptual design of the Kori 4 unit ERF system, KOPEC
selected a minimal set of input signals as shown in Table 1. These are
considered to be necessary for the evaluation of the plant status
during and after an accident as defined in Reg. Guide 1.97 and Reg.
Guide 1.23.

4.2 System Configuration

A block diagram of the Kori-ERF system that KAERI has proposed to
KEPCO is shown in fig. 4. We have chosen a distributed system so that
data acquisition computer takes some of the load off from the host
computer, and thereby allowing some flexibility in the management of
the system load.

Note also that there is a fifth computer for Radiation Dose
Assessment System(RDAS) in fig. 4. RDAS is for the display of plume
dispersion as specified in NUREG-0654[4] at TSC and EOF. Due to the
fact that full scale RDAS software requires a great deal of number
crunching capability, we have decided to have a separate system with a
computing capacity equivalent to micro VAX-II.

4.3 Direction for the Localization

For the localization of technology involved in the development and
installation of the first ERF system in Korea, one may divide the works
into five different phases; training, joint design, implementation,
local hardware manufacturing, and validation & verification.
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For software development, participants are expected to take about a
few month training followed by three to four month joint design. And
during the implementation phase, consulting service by a resident
engineer from an experienced vendor is considered to be essential.

For the localization of hardware, we see that localizing standard
computer products through this project does not seem to be feasible,
and hence multiplexer/ data acquisition portion of the hardware along
with the isolators are considered to be the target. Hardware engineers
could, similarly, take a few month training followed by a several month
of joint design.

For the systems engineering which includes preliminary design,
display designs, writing safety analysis reports, and system
integration, participants should go through some of the training in
both software and hardware as well as training in its own field.

The work for validation and verification is to be carried out by an
independent agent so that credibility of the system and requirement
satisfaction are guranteed. This work includes system requirement
review, design review, and attending both factory and site acceptance
tests.

5. Conclusion

From the experience of developing the safety parameter monitoring
system, we have come to the following remarks;

• Establishment of good communication lines between any two of the
equipments is very critical for the reliability of the total system.
Lowering the data transmission speed may help somewhat, but cannot
solve the problem in its entirety.

149



• In addition to good quality communication lines, high quality
communication equipments must also be used to maintain the reliability
of the total system. The equipments like modems or those for
simultaneous transmission of voice and data are relatively inexpensive
in terms of cost, but they turned out to be crucial for the reliability
of the system.

• Training of the related operators and human interactions are
found to be very important, and they cannot be over emphasized.
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NEW SYSTEMS FOR PRESENTATION OF PROCESS
INFORMATION FOR THE NUCLEAR POWER STATION
AT BORSSELE (PROJECT 2PR)

J.P. KROON
PZEM N.V.,
Middleburg, Netherlands

Abstract

Retrofitting computerized operator support systems into an existing
control room is described. The application of this new process
presentation system includes: Process Data Presentation, Alarm
Handling, Monitoring, Calculation and Evaluation of Operating
History. Installation is envisaged for the beginning of 1988.

1. Introduction
Since the start-up of the Borssele Nuclear Power Plant (KCB), the
same process computer installation is still doing its job.
It has been recognized that this situation cannot last until the
end of the lifetime of the power plant. This was one of the reasons
why in 1984 a study was started to define a project for replacement
of the old process computer, and also to develop a process
information system for power plant operators. During this study the
problems and shortcomings with the existing information system were
formulated, whereby reference was made to the lessons learned from
the TMI-accident.
The major déficiences that were noted are the following:
- in cases of emergency the information system gives a lot of

detailed data but no proper insight of the actual plant
situation.

- the maintainability of the existing process computer cannot be
guaranteed for a sufficient period of time.

- the presentation of process data is fixed and non-flexible; this
with regard to the separate needs on different operating
conditions

- the annunciation system draws the same amount of attention to low
priority annunciations as for high priority alarms, which will
trouble the operator in rush conditions

- there are insufficient means for gathering processdata for
historic analysis.

As a result of the study, KCB decided to acquire a new and contem-
porary process informationsystem, as well as to replace the old
process computer.

2. Project 2PR
For this project, called 2PR (which stands for Process Presen-
tation in the Control Room) a project team was formed.
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FIG. 1. 2PR organization chart.

In this project team, there is a group with operating experience
for the functional design, a group to assure the right documen-
tation of the signals connected to the computer and to prepare new
connections; a group of computer specialists and control system
aaintenance personnel, to give detailed specifications and to guide
developments and maintain the new hard- and software.
A special group is formed to provide auxilliary needs, which are
for instance an uninterruptible power supply, airconditioning and
control room improvements. The project team is also supported by
advisors on ergonomics, physics and operations.

The project team formulated and reached approval on the objectives
of the new process information system. The main objectives are:
- a clear presentation of the process information in cases of

emergency.
- replacement of the old process computer by a new system, which

will have an availability of more than 99.8 percent.
- to provide process information (which means integration of

process data) in a flexible way by use of colourgraphic visual
display units.

- to introduce an annunciation system (supplementary to the
existing system), with condensing possibilities, which will also
support the critical safety functions concept of the Westinghouse
users group.

- to provide the possibilities to get process information outside
the control room, especially in the technical support center.
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After a thorough evaluation of different proposals, a supplier was
selected. A consortium of combustion engineering from the U.S. and
CGEE-Alsthom from France. Based on the proposal of this supplier
and on the demands of KGB, a functional design was completed in
August 1986. For the information system described in this design a
contract is awarded.
According to that contract the installation of the new information
system is foreseen in the refuelling outage of 1988. To reach that
date, it is planned that the software development will be finalized
in September 1987. The factory acceptance test should be finished
in December 1987.

Period

Mr. Subject From To

1 Definition study

2 Functional design

3 Software development

4 Factory Acceptance Test

5 Installation

June 1984

November 1985

July 1986

May 1987

January 1988

October 1985

August 1986

September 1987

December 1987

February 1988

FIG. 2. Time schedule.

3. PPS-Hardware
The central hardware is devided in three levels.
* On the first level, one finds several signal conditioning

controllers from CGEE-Alsthom
* On the second level there is a dual centralog T20-system from

CGEE-Alsthom. The main task of the first computer is signal
processing and data base management. The second computer takes
care of the man-machine communication.

* On the third level one finds a Concurrent (former Perkin Elmer)
3260 computer system to perform the calculations and monitoring
tasks. The system as described is backed-up by a redundant
system, with automatic fail-over software to guarantee an
availability of more than 99.9 percent. This computer system
serves the display units with response times faster than 2
seconds in nornal situations and better than 4 seconds under rush
conditions. The update frequency of the video display units will
be 2 seconds.

The control room is the place where the main part of the man-
machine interface will be installed. A thorough study was needed to
determine the location where the new equipment had to be installed.
A basic rule was that the existing equipment, with some minor
exceptions, remains unchanged.
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With the assistance of a computer aided design system a
satisfactory solution was found. Each operator will have two sets
of three displays. One set will be on top of the operating desk and
the other adjacent to the working desk. The first of the three
displays is dedicated to the annunciation system. The other two are
available for information on operators request. In the control room
also two displays will be found near the shift supervisor's desk.
Three printers and a hard-copy device will find place in the
control room. Additional displays will be located in the shift
supervisor's office and in the technical support center. On the
middle of the wall, in the control room, right behind the operating
desk, a large panel will be installed.
This panel, with a width of 2.5 meters and a heighth of 1 meter,
will present a simplified process scheme. It will also give the
operating personnel a good overview of the procès status. It shows
the main available and/or operating equipment and will indicate the
affected parts of equipment in case of disturbance. Beneath the
overview panel, about 30 most important process variables will be
displayed, readible from most part of the control room and in
a colour code according to the alarm status. Also on this display
units will be displayed if applicable the forty most vital alarms.
According to the name of this equipment it is intended to aid
operating staff in keeping a good overview of the process situation
within any circumstances. In the corner, left beneath this display,
a matrix of 9 blocks will be featured. This matrix will present the
status of the six critical safety functions. The remaining three
blocks will alert at excessive radioactive release, the detection
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FIG. 4. Overview panel.



of some leakage or insufficient availability of safety related
systems. This little matrix will be shown on every available
display page.

4. PPS-applications
The application programs of the new process presentation system can
be devided in five chapters.
These are: - Process data presentation

- Alarmhandling
- Monitoring
- Calculations
- Evaluation of operation history

Especially the first two chapters are interrelated.

4.1 Process data presentation
For process data presentation several tools are incorporated in the
system.
To begin with there is the presentation in system reports and trend
reports (on screen and on printer). On these reports the values of
signals are displayed. For the system report the status for a
specific moment and in the trend report subsequent values in
periodic order. Those reports are partly pre-programmed and for an
other part they can be defined or changed by the operator according
to his momentary needs.
The trends of analog values can also be displayed by means of time
dependend curves. On one display a maximum of 6 curves can put
together.
With barcharts it is possible to present the process parameters in
relation to the operational margins. For curves and barchart there
are also sets of fixed display pages and sets of pages which can be
defined or changed by the operator.
In most VDU-based presentation systems, the process data is
presented by means of mimic diagrams. The same will be for the new
Borssele Process presentation system. A hierarchy of about hundred
diagrams will be developed from rather global for monitoring
reasons till detailed ones on the bottom of the hierarchy for
analyzing. Especially the mimic diagrams represents the flexibility
with VDU-presentation. The process values and process states
(pumps, valves) can be presented on every place where it is
useful 1.
Finally the process status can be displayed on operational
diagrams. In these diagrams the working point can be displayed in
relation to the operational limits.
Examples are: - primary pressure and temperature control

- control rod position
- part load diagram
- DNB-margin

4.2 Alarm handling
The alarm handling system is intended to be supplementary to the
existing annunciation panel. For normal operation situations the
annunciation list (on printer and display) gives more detailed
information of a disturbance. On the displays the alarms are
presented in a colour according to their priority to be able to
discriminate the important annunciations in case of a greater
amount of annunciations. The main objective for the new alarm hand-
ling system is to aid the operator in monitoring the power plant in
case of big disturbances, to maintain a good overview of the actual
situation and to guide him to deal with the most urgent problems.
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In the mimic display, as described earlier, the location of the
alarm will be indicated by colour coding. which give the
possibility to make a quick search into the »oat important areas.

On the top of the mimic hierarchy there is the large overview panel
to give a rapid overview of the process situation for everyone in
the control room. Together with this overview panel the most urgent
alarms will be featured. On top of the alarm pyramid there is the
Critical Functions Monitoring System. This system monitors the six
Critical Safety Functions, which are:
- Criticality
- Core cooling
- Heat Sink
- Integrity
- Containment
- Inventory

The status of these Critical functions will be featured with a 3 by
3 matrix on every available display page and on the overview panel.

4.3 Monitoring programs
Several programs will be incorporated to monitor different
functions in the power stations. The NSSS-Moni to ring system,
monitors the reactor protection system, the emergency safeguards
actuation system and the emergency cooling actuation system. It
will give cautional warnings, it gives indications of deviations in
redundant measurements; it presents the trigger points by the
actuation off the protection system and it monitors if all the
prescribed actions have been taken.
The Balance of Plant monitoring programs calculates the efficiency
of the secundary part of the power plant and the main equipment
there of. As a result of that calculations it warns if a deviation
occurs of the calculated efficiency or of a measurement.
The Control Rod Position programs compares the analog and digital
position indications, calculates the control rod drop times and
warns if the control rod position is out of the limits according to
the power level.
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The Incore Thermocouple programs warns with excessive deviations in
and enthalpy rise in the reactor core.
Contro1 programs monitors the pressurizer level and the

temperature
The Primary
average main coolant temperature.
The BISI-program (Binary and Inoperable Status Indication) warns
with non sufficient availability of an Engineered Safety Feature
System.

4.4 Calculations
From the old procès computer the functions of Thermal power and
Power density calculation had to be taken over.
As an addition load follow calculations will be added. These
consists of routines to calculate the power distribution and the
reactivity components at any time, the shutdown margin and the
return to power capability. Incorporated are criticality searches
for boron, xenon, temperature, rod position, etc. and routines for
evaluating control rod maneuvers.

4.5 Historical data storage and retrieval system
A history of values of analog and logical data bases will be stored
in two databases,
signals changes and
This history vill
least two days.
The low frequency

and theinterval
history
weeks.

The high frequency data base stores all digital
for analog values a status of every 5 seconds.
be kept on a direct accessible medium for at

data base stores the analog data at a 1 minute
digital data at a 10 minutes interval. This

will be kept on direct accessible memory for at least two

5. Conclusion
The new process presentation system for the Borssele Nuclear Power
Plant contains quite an amount of operator aids. The main objective
of the system is to aid the operator to keep a good overview of the
power plant in emergency situations. However in this situations the
operator will mainly use the tools where he is familiar with. So
the process presentation system has a lot of facilities which are
usefull during normal operation.
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STATUS OF OPERATOR AIDS IN SPAIN

J.M. CONDE
Consejo de Seguridad Nuclear,
Madrid, Spain

Abstract

There are eight NPP's in operation in Spain. Five of them are
Westinghouse PWR design with different power capabilities, while two are
General Electric BWR design also with different power output. The last one
is a Gas Cooled Reactor from a French supplier.

The diversity will be increased next year, when a PWR plant of KWU
design is due to start operation. This wide variety of plants with different
designs increases the effort needed on the part of the regulatory body to
address generic safety issues.

One of these safety issues is the need for Operator Aids (OA) to
improve plant safety through operational performance improvement. This paper
outlines briefly the general ideas developed by the Nuclear Safety Council
(Consejo de Seguridad Nuclear = CSN) to address this subject ; they are
presented in paragraph 2. Paragraph 3 describes the OA implementation
process, while paragraph 4 is devoted to the actual situation of the OA
subject for each plant (operational and under construction).

1. OPERATOR AIDS IN SPAIN

Since the TMI accident, the improvement of nuclear safety through
operator aids has been a safety concern in Spain. That concern was reflected
on the regulatory actions taken from then on, so that all Preliminary
Operation Permits (*) granted after TMI contained a condition about the
subject. This condition obliges the licensee to perform a close follow-up of
the activities, actions and regulations developed in the country of origin
of the plant's design, and the final results and conclusions must be
considered for implementation in the plant.

(*) Preliminary Operation Permit allows the licensee to perform initial
fuel load, first criticiality and nuclear test program.
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As most of the Spanish plants are of U.S. design, US NRC regulations
are mainly applied. The requirements on OA are contained in Supplement I of
NUREG - 0737, and compliance with them varies among Spanish plants depending
on design : while BWR plants are in the late stages of the implementation
process, PWR plants have a significant delay due mainly to the slow work of
the Westinghouse Owner's Group in the U.S.

Besides these legal requirements issued since TMI, the Nuclear Safety
Council has established a Task Force with the goal of achieving an
integrated approach to OA for all plants, based on NUREG-0737 Suppl. I.

This task Force consists of C S N staff knowledgeable in different
areas : plant operation, systems analysis, transient analysis,
instrumentation and control, emergency planning and operator training. Once
the basic directives were settled, a plan for compliance and implementation
was demanded from all plants, December 1986 being the deadline for
subraittals.

2. DESCRIPTION OF THE PROCESS

Suppl. I of NUREG-0737 raises five subjects as a consequence of the
TMI accident. Four of them are closely related to OA : accident
instrumentation, control room design review (CRDR), safety parameter display
system (SPDS) and emergency operating procedures (EOF). The fifth item is
emergency response facilities (ERF).

All five items are closely interrelated through the SPDS because all
other subjects give guidelines for the kind and the presentation of
information that SPDS should provide. Thus an integrated approach that takes
all elements into consideration is needed.

This process is divided into three phases, as outlined in the figure
enclosed. The first phase is generic in nature, where all five items are
studied individually to define guidelines and criteria needed to address
each of them. Once this phase is finished, the conclusions are applied to
each plant by means of the usual tools as shown in the figure, so that the
final conclusions of this phase are plant-specific in nature.
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The work done during this second phase revealed a number of human
engineering deficiencies. The goal of the third phase is to accomplish the
resolution of these deficiencies through an integration process whereby each
deficiency is solved by applying the general solution proposed for all five
items.

Once this general solution is established, final conclusions and
documentation are elaborated for each plant. At the same time, a training
program for operators is developed that takes into account all subjects
addressed. From there the verification and validation process is initiated,
including a possible return to the integration (beginning of third phase),
if necessary, to determine solutions to problems found during the
verification and validation program. The final stage of the process is the
implementation of the OA's developed for each plant.

One of the most important characteristics of this process is the
permanent feedback of operational experience. Participation of the plant
personnel (RO, SRO and others) to the extent possible in each phase is
strongly stressed.

3. STAGE OF IMPLEMENTATION

The degree of implementation of this plan varies widely among plants.
The actual situation of each plant is shown on the table enclosed.

As stressed earlier, BWR plants are in a much advanced stage of
implementation, so that full compliance with NUREG-0737 requirements shall
be achieved during 1987.

PWR plants of similar design (Asco 1 and 2, Almaraz 1 and 2,
Vandellôs 2) are working on a joint effort that includes the development of
the general guidelines and criteria for CRDR, SPDS and EOP. Each plant is
now in the specific application phase.

Three special cases are worth noting :

The José Cabrera plant cannot follow the general requirements
straight forward due to its special design. Therefore each subject
is being treated through feasibility studies.
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Vandellos 1 plant is a Gas Cooled Reactor of French design, and US
regulations cannot be applied directly. The plant is now
undergoing an elaborated backfitting program and OA will be
addressed in this context.

Trillo 1 plant is a PWR of German design (KWU), therefore US
requirements are not applicable. As the plant is not in operation
yet, the task force is actually evaluating the usual practices in
Germany to check the fulfilment of the predetermined objectives.

STAGE OF IMPLEMENTATION

PLANT
JOSE CABRERA
<PWR.W.1-LOOP
STA M* DE QARONA
(BWR.OE)
ALMARAZ 1*2
<PWR.W,8-LOOP)
VANDEULOS 1*
(OCR)
A8CO 1 * 2
{PWR.W.3-LOOP)
COFRENTES
(BWR.OE)
VANDELLOS 2
(W.PWR.3-LOOP)
TRILLO 1«*
<PWR,KWU,8-LOOP)

R.Q. 1.»7
STUDY FINISHED
UNDER EVALUATION

FINISHED (REV.2)
STUDY FINISHED (REV.2)
IMPLEMENTATION PHASE

STUDY FINISHED
UNDER EVALUATION

FINISHED (REV.2)

FINISHED (REV.8)

CRDR

NOT STARTED

FINISHED
STUDY FINISHED
NOT SUBMITTED

STUDY FINISHED
NOT SUBMITTED

FINISHED
EVALUATION
STARTED

SPD«

NOT STARTED
PARTIALLY
OPERABLE

OFFERS PERIOD

OFFERS PERIOD

FINISHED

FINISHED

BOP
UNDER FEASIBILITY
STUDY

FINISHED
UNDER ELABORATION
DEADLINE 12.8«

UNDER ELABORATION
DBADUNB 12.66
UNDER ELABORATION
DEADLINE 12.66
UNDER ELABORATION
DEADLINE 12.66

ACT/ON rer.
r//e

BAC/&=rrrfMa

OEftMAN t/StSAt.
ro cffecfc me

t/NOeft eVAl.t/A77Ofi/ BY
o/* rwe TASK f&/rce
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NUCLEAR POWER PLANTS IK OPERATION

NAME TYPE ELECTRICAL
POWER <MW)

NSSS OPERATION
PERMIT

JOSE CABRERA
(ZORITA)

PWR 160 W 11.10.68

SANTA Ma DE
GARONA BWR 460 GE 30.10.70

VANDELLOS I GCR 500 FRENCH 9.02.72
SUPPLIER

ALMARAZ I PWR 930 W 13.10.80

ASCO I PWR 930 22.07.82

ALMARAZ II PWR 930 15.06.83

COFRENTES PWR 975 GE 23.07.84

ASCO II PWR 930 22.04.85

lARCELONA U N Î V ,

NATICNAL NUCLEAR RESEARCH CENTRES.

UNIVERSITIES WITH SIGNIFICATIVE NUCLEAR
CURRICULUM AND INSTALLATIONS.

POWER PLANT IN OPERATION.

POWER PLANTS INDER OBSTRUCTION.

POKER PLANTS WITH PENDING CONSTRUCTION
PERMITS.

FUEL MANUFACTURING PLANT.

HEAVY EQUIPMENT PLANT.

W URANIUM MILL.

0 NUCLEAR WASTE STORAGE.

LOCATION OF NUCLEAR POWER PLANTS AND RELATED F A C I L I T I E S .

164



LIST OF PARTICIPANTS

Consultants Group Meeting : 26 - 30 May 1986

Consultants :

Otton-Martin, Carlos Fumas Centrais Eletricas SA
Rua Real Grandeza 219
22283 Rio de Janeiro, Brazil

Weiss, Seymour US Nuclear Regulatory Commission
Nuclear Reactor Regulation
Washington, DC 20555 United States of America

IAEA Staff Members
R. Palabrica Scientific Secretary
J. Joosten
E. Swaton

Technical Committee Meeting : 27 - 31 October 1986
Members participating in the meeting :
Conde, J.M. Consejo de Seguridad Nuclear

Sor Angela de la Cruz 3
28020 - Madrid, Spain

Finetti, G. ENEA/DISP
Via Vitaliano
Brancati 48, Roma, Italy

Huchet, A. Centre de Formation de Bugey
B.P. No. 56
01980 Loyettes, France

Kroon, J.P. N.V. PZEM
Postbus 48
4330 AA Middelburg, Netherlands

Meyer, J. KWU V 191
Hammerbacher Str. 12+14
D-8520 Erlangen, Federal Republic of Germany,

Moon, B.S. Korea Advanced Energy Research Institute
P.O. Box 7
Daeduk-Danji, Daejun, Choong-Nam, Rep. of Korea

Otton-Martin, Carlos Furnas Centrais Eletricas SA
Rua Real Grandeza 219
22283 Rio de Janeiro, Brazil

165



Pokojny, G. Jaslovske Bohunice Nuclear Power Plant
91931 Jaslovske, Czechoslovakia

Schneller, GRS Garching
Forschungsgelaende
D-8046 Garching, Federal Republic of Germany

Vamos, G. PAKS Nuclear Power Plant
Paks, P.O. Box 71
H-7031, Hungary

Wählstroem, B. Technical Research Centre of Finland
Vuorimiehentie 5
SF 02150 Espoo, Finland

Weiss, Seymour Chairman,
US Nuclear Regulatory Commission
Nuclear Reactor Regulation
Washington, DC 20555 United States of America

Zanuzzi, G. ENEL
DPT/SN
Viale Regina Margherita 137
Roma, Italy

IAEA Staff Members

R. Gubler Scientific Secretary
J. Joosten
E. Swaton

01ino

166




