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Abstract

The development of operator support systems for nuclear power plants started in Argentina a few
years ago. Four systems are at present deployed or under development. The participation of utility personnel in
the co-ordinated research program has helped in revising the current experience and in selecting and
specifying the systems to be developed and the resources needed for their implementation. Main efforts will be
aimed to the selection of those systems that can be more easily implemented, to improve the data retrieval and
handling, to develop diverse supplies of software products and to promote the understanding of support systems
among the potential end users.

1. NUCLEAR POWER PLANTS IN ARGENTINA

In Argentina there are two nuclear power plants of the pressurized heavy water reactor type.
Atucha I station (CNA I; 340 MWe) of the pressure-vessel-reactor type, came into operation in 1974;
Embalse station (CNE; 648 MWe) of the pressure tube-CANDU 600- type, entered commercial
operation in 1984. Since the beginning their performance has been satisfactory: Embalse has reached an
availability factor of 87.2 % during its life (in 1995, 98.9 %); figures for Atucha I, are 75.1 % and 89.2
% respectively. A third station, Atucha II (CNA II) is under construction nearby Atucha I site; it is a
pressure-vessel PHWR reactor type with a 730 MWe capacity.

As both nuclear power plants now operating have been managed by the same organization, a
great part of the operation, maintenance and engineering staffs have had experience in both stations.
However, the differences in time of design, designer, hardware and software implementation are
significant. Together with the diverse maintenance and operation experience, they do have importance
at the time of considering the update of I & C equipment and the man-machine interface, and the
introduction and future use of computer-based operator support systems.

A brief description of the original I&C equipment and operation scenery in each plant has
already been given [1]. Since the beginning of the commercial operation several upgrades have been
made in the information support for the operator, the most significant of which are summarized here :

Atucha I NPP has been undergoing several modifications to update the display of information
available for operation.

In the last years the original data-logging computer system has been upgraded, new memory
devices and peripherals have been incorporated. In the original design the data-logging computer was
linked with video display units through a low-rate asynchronous line. This one has been replaced by a
parallel, high-rate communication channel (PC-DAP), consisting in a PC which receives data, provides
consistency check of data batches, and sends them to a local network (LAN). The LAN is served by a
computer running in an Unix environment and providing the reception, processing and serving of data
[2] The system is being updated with the addition of new data (all binary signals logs from the station
computer, signals originally from panel instrumentation now wired to the computer, new calculated
parameters, etc.). Several PC's are linked to the net; some of them running the Display monitoring
system, which is described below.
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Since the beginning of the commercial operation of Embalse NPP, some improvements have
been made in the information relevant to the operators. The most significant are summarized here : a)
greater number of component or system status trends and bar graphs (computer memory was increased)

b) computer calculations of derived parameters, formerly done by hand (v.g.subcooling margin,
inventories, loss rates) were added, c) new alarm windows for safety-related parameters. Some other
minor improvements to data presentation in current systems and also upgrading of computer
peripherals have been done.

Work related with operation support is also being done in INVAP (Investigation Aplicada) -a
province-owned company technically related with the CNEA (the National Atomic Energy
Commission)- in the development of research and advanced-prototype reactors [3].

2. THE CO-ORDINATED RESEARCH PROGRAM

A small group from operation and engineering staff joined the co-ordinated research program
on Operator Support Systems in 1993. The commitment in the CRP program included the following
subjects:

- the survey of current computerized operator support systems (CSS) and the experience with them.
- the evaluation of operation tasks and functions and the identification of where the CSS can

advantageously support them.
- the survey of the anticipated functional requirements of CSS.
- the involvement of the end user in the development.
- the infrastructure requirements for supporting incremental upgrades in existing plants.

2.1. Current Computerized Operator Support Systems

About four years ago, there began the design of specific computerized operator support
systems (CSS) for the nuclear power plants in operation.

2.1.1. The Displayer system

The Displayer was designed as a visualization system, where the analog signal values logged
by the main computer, can be stored, printed and displayed in diverse patterns and formats. Trend
curves, bar graphs, mimics and other forms can be selected or somewhat be tailor-made by operators,
for most friendly presentation.

It is installed in the control room since 1992, with increasing acceptance among operating staff. It has
greatly widened the capabilities of plant monitoring and history analysis work.

2.1.2. The Shutdown System Monitor

The Shutdown System monitor (SDSM) consists in two independent sets, one for each plant
shutdown system. Formerly the monitoring of the shutdown systems, which have to be independent of
the regulating systems, was done only through analog meters and electromagnetic indicators, which
made tests cumbersome and allowed no post-trip analysis.

The new SDSM:

makes the monitoring of the trip signals of both shutdown systems easier (e.g. when performing
long, repetitive tests).

- improves plant availability when operating within narrow power margins, as during refuelling
operations in a channel close to 'reactor-overpower'detectors.
makes data storage, and hence post-trip diagnosis, possible.
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In the new SDSM each system has an acquisition node and a monitoring node. The acquisition-
node computer samples approximately 80 analog and 40 digital signals each 100 ms through
optoisolated inputs. It checks if any signal is within a 3% or a 10% band from the tripping limit,
crosschecks signals from correspondent detectors and transmits the collected information to the
monitoring node each 2 seconds. The monitoring-node computer applies correction or conversion
factors to the signals, checks them against irrationality limits, presents alarms and displays different
menus upon the operator's selection, draws historical trends -automatically or on operator's request- and
records the onset of an alarm, giving information on the event. Extensive exchange with the operators
has permitted to fit the details of the graphs, the menu selection and the contents of historical
trends. The system is under test in the control room and is not still approved for standard use.
Detailed features have already been described in the literature [4].

2.1.3. Diesel start-up Monitor

This CSS monitors the start-up of emergency Diesel. Formerly the electrical maintenance
operator had only a checking list to troubleshoot a Diesel which failed to start. The new computerized
monitor crosschecks the actual start-up sequence with the corresponding output of a stored simulation
model. It presents the time sequence steps in a logic diagram, indicating if there are missing signals
from the field; it stores the whole sequence for analysis.

The new procedure increases availability factors, reduces workload and makes fault diagnosis
easier and faster during the automatic startup following the incidental loss of electrical supply or during
repetitive tests. The wiring of plant signals to the acquisition node has called for special care due to the
signal isolation requirements of a safety-related system. The system is in the testing phase in the Diesel
room, where monitoring will be performed by electrical maintenance and shift personnel.

2.1.4. The Abnormal Event Procedure CSS

During normal operation this system monitors the critical parameters to help in the detection of
any dangerous departure from expected performance; once a failure happens, it helps the operator in
the detection and diagnosis of the abnormal event and in the execution of the mitigation procedure [5].

The system will acquire data from the plant main computer and existing logging systems.
Signals will be checked for rationality and some of them will also be validated, according to their
importance and the plant status. A data base, including all the incoming signals plus many calculated
values, will be continuously updated.

The critical parameters will be permanently monitored and displayed during normal operation.
When an upset is detected, the system can check if symptoms correspond with the occurrence of an
abnormal event which has been studied, and for which a mitigation procedure is available.

The operator may agree with the suggested diagnosis or not, and so he decides which procedure
is to be selected, and the system will display the logic sequence diagram, check conditions and display
the signal values during the execution of the procedure by the operator. It will permanently monitor the
critical parameters to detect if plant performance is not as expected and conditions become dangerous;
in this case it will warn the operator and display the mitigation procedure to be followed.

The system does not execute any action neither makes any suggestion which is not included in
the licensed procedure or restrains the operator action in any way; approval and updating of the coded
procedures require authorized access.

At present, an editor program has already been coded and is being tested. The procedure-
execution program is being developed.
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2.2. Identification of plant functions and areas of CSS utilization

To start the discussion with operation staffs about the use of CSS's it was decided to make a
detailed task and knowledge analysis of operation main work during normal plant states and the
transition processes between them. This plan followed the work of Borys and others [6]. A tentative,
detailed questionnaire was developed, to be filled in interviews with operators and supervisors in each
station. At the same time the possibility of performing a systematic study of allocation of tasks to man
or machine was considered, -following detailed studies on the subject [7]- but later it was disregarded
according to more recent experience [8].

After some discussion within the working group about the plan for interviewing operators and
supervisors, it was concluded that an exhaustive, time- consuming questionnaire program would not be
a fruitful, first-time approach. Operators were not well aware of the program scope, the detailed task
analysis would involve all the operation crew individuals -whose personal activities and experience are
widely different- and besides, the review should have also involved other people's work, e.g.procedure-
writing, training, etc.

A new approach was then agreed upon after interviews with the chiefs of operation staffs and
after some meetings with control-room shift supervisors. Every operation shift received a preliminary
form, in which the supervisors were asked to point out, in the frame of different operation states -
normal operation, start up/rundown, alarm situation, operation under abnormal event -which tasks they
thought could be helped by the introduction of an operator support system. A list of these suggestions
was compiled and common features summarized; details are given in [1].

No systematic classification of merits or benefits of the different systems that were proposed,
has been done. Discussions in the co-ordinated research program task group on evaluation of plant
functions and identification of where OSSs can be beneficial, suggested that priorities in selection of
OSS for future development might depend -apart from current constraints on funding- on two main
factors : the policy of user management and the expected level of technical sophistication [9]. The
manager view is influenced by the criticality of the task supported, i.e. the potential consequences in
terms of safety or availability, (and of course requirements from the licensing authority may be
mandatory); and the responsiveness to the need of a better environment for operation work.

In our case, on the basis of the short experience drawn from the current development work on
CSS and the proposals of operation staffs, we feel that easiness of implementation and use should be
one of the first criteria to select the CSS. This could help to achieve shorter development schedules,
reduce costs and benefit operator's acceptance. That easiness could be present in:
- systems that do not require acquisition of new data or massive retrieval of information.
- systems which merely improve information transfer and display, involving low 'knowledge level1

and no significant change in man-machine task allocation;
- systems for which a great part of the software tools needed have been already developed.

2.3. Functional requirements

The main lines of the approach on the consideration of the required functional characteristics of
CSS's have been discussed in the previous CRP meetings. Besides functional requirements, certification
and even licensing on a regulatory basis, are matter of discussion [10].

During the development phases of the CSS's we have met difficulties in setting a timely
sequence for the definition of the functional and qualification requirements, the technology-related items
and the corresponding technical specifications. A tentative plan on this matter has been proposed for the
future developments (See [3], appendix); a brief description of its main lines is given:
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1) A first specification document should give the basis for the discussion of the proposal and
preliminary approval of an OSS at the management level. Main requirements and specifications to
be given are: a) Object of CSS. b) Classification of OSS regarding safety, c) Licensing
requirements (applicable standards) or mandatory tests for certification.

Description of the aim of the CSS indicated in a) should include a comparison, based on a
preliminary task & knowledge analysis, between the current operational practice and the one that
is foreseen with the computerized support. (Importance of the experience with the same system or
very similar systems in other plants should be considered but not overemphasized).

2) At a second-step specification there must be given: 1) a detailed description of the OSS (regarding
functions, plant states and tasks, users, man-machine share of functions). 2) the software
functional requirements and general MMI requirements. 3) data and knowledge characteristics
(sources of data, consistency of information, etc.)

3) Further documentation on software development should follow a 'software life-cycle strategy1.

2.4. Involvement of the end user in the development of CSS's

During the CRP meetings the forms, occasions and intensity of the user's participation in the
development of the CSS's have been discussed [11]. This is however an aspect of the development
management that is strongly related to the conditions of the work organization, the relation between
developer and user organizations and the human relations within a particular utility in a particular
country. And so, sharing the disparate experiences is a most valuable tool for selecting and improving
methods for better management of the development process.

In the consideration of the different steps in the development process and the issue of
documentation given in 2.3., the participation of the end user, together with the staff of headquarters
departments and that of the developer organization, is included.

In the case the user made the original suggestion on the CSS's development, of course the full
involvement should start early in the first step, the definition of the object of the CSS. The description
of the operation tasks in the first document, requires the active participation of the end user to achieve a
more accurate comparison between the operational situation before- and after-insertion of the CSS.

Li all cases, the classification of the CSS in terms of safety concern and the licensing
requirements, and the modification of operating procedures, must be approved by the utility
management.

It has been pointed out (See [11] par.4.1.3.) that the involvement of the end user is very
important at the early and at the terminating phases of the project and is less pronounced in between.
At the same time the danger of this view is remarked. The end user must participate in the design of the
functional features specification, and later, in the successive revisions of the technical specifications
issued by the developer.

We believe that in the discussion of the functional specifications the main item in which the
user must participate is that of the knowledge-related characteristics of the CSS. Among others these
involve:
- the balance of functions between man and machine
- the coherence, consistency and overlapping of information between the current systems and the

new one,
- the need of validation of new information.
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This involvement should help the end users to become familiar with task-knowledge analysis, to
foresee the difficulties that may arise in operation due to conflictive information and so, to collaborate
in preventing inadequate specification or defective realization on the part of the developer. Often a full
scope simulator is not available, so it is advisable that the final user get a good, deeper knowledge of
the system to make the process of on-line testing lighter and shorter, during the commissioning.

The full participation of the end user in the review of the different documents will help to make
a sequential model of the software development process more straightforward. An iterative
development process, where successive or 'incremental' prototypes are reviewed by the final user
through several testing steps, could be more efficient in complex systems, but results in longer
development times.

Another field in which the participation of the utility personnel has resulted decisive in our
experience, has been the installation of CSSs in the plant.

In the case a data network is not available in the control room, data acquisition normally takes
a substantial part of the implementation work. Moreover it may require the commitment of the NPP
staff and the use of most precious time during plant outages.

2.5. Infrastructure requirements to support incremental upgrades in existing plants.

The study of the strategies for upgrading the existing instrumentation and control infrastructure has
been contributed in the final report of the CRP [12]. Some preliminary conclusions relevant to the work
of our national CSS group are given below. Separate efforts are taking place in Argentine NPPs
concerning the modernization of instrumentation.

3. MAIN LINES OF ACTION FOR DEVELOPING NEW CSS.

The experience drawn during the last years and the studies carried through the co-ordinated
research program have indicated that for the enhancement of CSS development, the main present lines
of commitment of our group on development of CSSs are :

l)to help in the selection for development, among the CSSs that are most needed, those that can be
implemented with a reasonable effort and at minimum cost.

2)to promote the improvement of data retrieval and handling, basically by the deployment of an
operative network system in the control room, reducing time and cost of implementation of future
CSSs.

3)to develop diverse supplies of software products for CSSs. For this purpose it is necessary to build
up the capacity of defining and applying a software lifecycle strategy in every development; this is of
primary importance as long as configuration of complex systems may require the participation of
several staff groups: clear definitions about scopes of supply, and V & V methods, including testing
requirements, are essential.

4)to promote the understanding of the CSSs among the potential end users, mainly of the knowledge-
related aspects of human-machine interaction and function allocation.
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