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1. INTRODUCTION

Following a preliminary review of the opportunities offered by deve-
lopments in microelectronics, (1) the Commission, in close contact
with national experts and the LMFBR Safety Working Group (SWG), agreed
to maintain awareness of developments in data processing to the extent
that they might apply to LMFBR. This was to be done with the help of
a series of studies examining specific aspects of the potentially
profitable uses of micro electronics.

2. METHOD OF WORKING

The method of working applied so far was to contract for studies by
experts chosen with the assistance of participants in various working
groups advising the Commission. The questions examined have ranged
from the state-of-the-art to methods for the solution of specific
problems.

3. STUDY SUMMARIES

3.1 Computer based Signal Processing

These studies were designed to draw attention to signal handling
techniques which have become applicable to the automatic control of
reactors as a result of advances in microelectronics.

The underlying concepts being explored are the extent to which more
information may be obtained from existing sensors, whether changes
in the state of a system may be acted upon automatically and the
acceptability of stochastic methods of state estimation. If a given
state may arise in a number of different ways, automatic action
necessarily involves diagnosis of causes if any but the simplest
actions, e.g. scram, is required. Up to now this diagnosis has been
made by an operator, though a number of schemes intended to identify
the primary cause of an abnormal state or to guide an operator to the
most easily accessible safe state are in advanced states of development,
e.g. at Halden, Westinghouse and GRS - Garching.

3.1.1. The Application of Pattern Recognition Techniques to Monitoring
Temperature Noise in LMFBR.

A Smolarz, B. Dubuisson (Univ. Compiegne)

Pattern recognition exemplifies the use of computers to discern
relationships that are not always apparent, from more conventional
deterministic signal analyses. The apparently greater insight
gained from the application of pattern recognition arises from
the use of statistical methods (language) to treat essentially
stochastic phenomena, the ability of the method to adapt intel-
ligently to changing circumstances and hence an inherent freedom
from the grosser effects of wrongly preconceived approaches*
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Following a short Bummary of the principles of pattern recognition, the
report focuses on the development of discrimination methods for use in
situations where access to all possible states of the system was not possible
when the pattern recognition system was set up, or where unforseeable states
can exist. Pattern recognition systems for use in real time safety-related
applications must clearly fall into this class, since a forced assignment of
a point to a wrong class could have serious consequences. The method for
handling new points accepts the possibility of not being able to classify a
point, either because it lies between classes or because it lies a long way
outside existing classes. When a sufficient number of rejected points have
been collected, they themselves are reanalysed to determine if they constitute
one or more new classes.

The appearance of a new class signals a change in the system and as such, can
be used us a diagnostic indicator. In the more general terms use of an algo-
rithm with reject allows one either to take decisions on the basis of incom-
plete information, or to complete the collection of data while the system
continues to operate to confirm one's initial decision.

A critical analysis of the factors to be considered when chosing the initial
parameters of the search algorithm has been made.
It should be emphasised that the overall choice of parameters prior to an
experiment still involves an element of judgement based upon an under-
standing of both the algorithm and the physcal processes involved.

The complete algorithm, has been applied to experimental data to examine
whether new classes can be related to specific types of disturbance and hence
used on-line for fault diagnosis.

In the experiments performed at Ispra by J. P. Girard (CEA) and H. Kottowski
the distribution of power between three central pins and nine surrounding
pins could be varied by up to 30%, while keeping the total power constant,
the intention being to simulate the effect of a blockage on the temperature
of the sodium leaving the heated bundle. The data recorded consisted of a
time varying temperature signal from a thermocouple 500mm above the heater
bundle.

Representation of the data by the corrected second order moment and the
normalised corrected third and fourth order moments of the temperature
signal was attempted at six frequencies. The overall results did not yield
homogeneous classifications of the calculated vectors used for the pattern
recognition process. Subsequent examination of the behaviour of individual
signal parameters showed that only variance and skewness (2nd £ 3rd order
moments) took different values following a change in power distributions,
the actual changes observed increasing with sampling time and power mismatch
between the two groups of heated pins.
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On this basis an on-line monitoring simulation using the algorithm
with reject was then made, assuming values for the initial values of
the vectors, i.e. values corresponding to the situation where the
radial power distribution in the bundle was uniform. The vectors
coirrespondii g to each change of state were then introduced one at a
time in chronological order. The results obtained were very satis-
factory. The algorithm detected new states and the classifications
obtained were satisfactorily homogeneous. However, two dimensional
representation having been found to be relatively uninformative an
animated display was created to reveal more fully the evolution of
the pattern recognition process.

The final point studied concerned the evolution of the characteris-
tics of the system following a change of state. To date possible
approaches have been examined in general terms, and the general
criterion has been adapted to the classification algorithm« Some
results obtained on an artificial Gaussian data set are presented.

The results obtained show that one can expect to characterise regular
or disorderly changes. However, it is clear that additional factors
probably need to be taken into account. Sensitivity of the results to
the distance between the top of the fuel bundle and the thermometer,
the time constant of the thermometer and the effect of changes in
sodium flow rate have yet to be explicitly explored.

3.1.2. Monitoring the Reactivity Balance in the Core of a Sodium Cooled
Breeder Reactor.

F. Peirano et al, CEA - Cadarache, 1982.

This two part study represents Community interest in the problems
as sociated with incorporating a reactivity balance meter into the
safety system of a French LMFBR. The Commission contribution, in the
absence of a R S D programme, is limited to the earlier parts of this
project covering functional specifications, system organisation,
detailed design, software production, and performance analyses by
simulation. The complete programme involves the construction of a
prototype, its laboratory testing, preparation of a design dossier
and finally reactor testing and inservice compliance with licensing
requirements. This study is concerned with the practical realisation
of reactivity balance meters not their underlying physics.

3.1.3. Advanced Core Surveillance Techniques
A. Holick, Interatom, Dec. 1982

This report, describes work performed by Interatom as part of a joint
KfK-Interatora Study designed to explore approaches to integrated core
surveillance. Needless to say a reactivity balance meter figures in
the core surveillance system, but Interatora has added a diagnostic
module and an automatic calibration procedure that enables the system
to adjust to a changing balance point, such as may result from a load
change; it also reduces calibration frequency. Sensitivity to thermo-
hydraulic anomalies has been eliminated by monitoring thermo-hydraulic
performance separately. The ability to monitor long terra drifts is
maintained by the requirement that automatic recalibration only follow
an apparent transient.
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The flow of information in this type of reactivity balance meter
is shown in Fig. 1. Direct and indirect measurements are first
processed in the Preprocessing Module where local measurements asso_
ciated with fuel elements are combined to give core averages and where
perturbations of structure temperatures are predicted from coolant
temperatures. Parameters not accessible to direct measurement are
estimated using adaptive Kaiman filtering. Convergence and consistency
of the recursive estimation procedure have been tested.

Stepwise disturbances of the primary flow by 2.5% and the inlet
temperature by 2.5°C and a ramp-like disturbance of rod position
over 6ome 40 seconds serve for calibration. The physical strains
and chances of error imposed by automatic calibration are said to
be no larger than those associated with automatic reactor control.

Following tests by simulation, which are reported in detail, verifi-
cation of the "Global Core Surveillance Procedure" (GCSP) has been
started with off-line analysis of data from the KNK-II plant. Bank
position was disturbed by a sequence of alternating constant and
ramplike functions over a total of a few minutes. The resulting power
perturbations did not exceed +2% of the nominal power.

A number of problems were found:

1. Small changes in core parameters tended to be masked by quanti-
sation error (quantum too large), large intervals between data
samples and bias. Means for mitigating these problems are being
discussed.

2. Lack of observability. The cause is insufficient excitation
of the core input (i.e. bank position) and can be avoided by
modifying the bank position disturbance function in accordance
with an observability analysis made prior to the experiment.

3. It is concluded from this analysis, that disturbance of one core
input, namely the bank position, suffices to estimate the following
thermohydraulic core parameters:

- fraction of flow and power in any fuel-element,
- heat transfer coefficient between fuel and coolant,

time constant of the thermo-couple at the fuel element outlet,
- gain factor of the above thermo-couple (= factor of radial

mixing at the core outlet) •

3.1.4. Potential Application of Artificial Intelligence Techniques to
Nuclear Plant Safety and Control.

M.B. Abbott, B Swets. (Univ. Delft)

A study was initiated in 1980 to explore whether artificial intelli-
gence (AI) techniques could contribute to improving the coverage of
complex control systems and improving the use made of experience.
In both cases interest was to be focused on avoiding progression
from small incidents to the larger ones traditionally analyzed in
safety reports and readily recognised by automatic safety systems.
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It emerged that advanced gaming theory using AI techniques is relevant
to the problem of increasing coverage (i.e. the response to unforeseen
circumstances) in three ways:

- it can assist representation of operator perceptions and beha-
viour, at least in the skill-based mode of working

- it can be used to assist an operator by providing him with an
accurate digest of past actions in similar situations

- it can be used to monitor and up-date the logic of automatic
diagnostic systems and hence advise the operator when he is in a
situation not foreseen by the designer.

Because AI relies predominantly on accumulated experience (i.e. it is
adaptive) its application does not require a detailed knowledge of
the functioning of the plant or of man. One takes the world strictly
as one finds it. It is this neutrality or objectivity which is its
attraction in the critical examination of the softer sciences theories,
and preconceptions about the behaviour of complex systems such as man.

The main conclusion of Prof. Abbott's (Univ. Delft) initial Ktudy,
which included visits to Doel nuclear power plant and two LWR simula-
tors, were that AI gaming is relevant to the problem of improving the
response of reactor control systems to the unforeseen. Furthermore
the techniques involved compliment existing methods such as event/fault
tree analysis and simulation. The techniques also provide means for
utilising incident reports, near-miss data and the results of operator
performance on simulators.

Even in the very limited time available for this study it has become
clear that the limitations on what can be expected of a human operator
are serious and occasionally inconsistant with those of a person used
to analysing accidents detenninistically using knowledge-based methods.
For example one set of experiments showed that a human subject may
choose to ignore completely much of the information provided on a sim-
ulator and stick to a preconceived notion irrespective of circumstances.

A second set of experiments involving a simple attention structuring
AI device was used to investigate the effect of increasing informa-
tion flow to the operator. The divice showed that, as the number of
different alarms increased, an even wider discrepancy is observed
between the shortest and the longest reaction time of the operator.
It is through this process that the introduction of more and more
controls and regulations, altough intended to promote safety, may
have a completely opposite effect« The human conception of these
controls and regulations, appear in fact to lead to the construction
of extensive check lists, which become irrelevant, unbeknown to the
operator, as soon as an unusual situation intervenes. The running-
through of these, now irrelevant check lists, then obfuscates the
truly relevant information. The introduction of alarm-filtering
devices is seen, at best, as only a partial remedy, in that the
filtering process is based on a particular pre-conceived behaviour
of the plant that may not in fact correspond to the real-plant
behaviour. Moreover the use of such devices to suppress all "trivial"
alarms would make all these alarms and their associated safety-devices
redundant unless other use were made of the information.
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The further development of AI methods could eventually provide a
useful back-up to the human operator in the form of a device that
accumulates knowledge of a type similar to that accumulated by the
opearator. This knowledge can, of course, be displayed. Thus the
operator would have, as it were, "another man on the shift", incorpo-
rating, in principle all knowledge acquired about the plant, and
even knowledge gained from similar installa tions at other plants.
It is moreover, not nercessary that this "assistant" be particularly
"dull witted", providing only an encyclopaedic experience, with no
trace of initiative or fantasy. Experience with computer-chess
gaming suggests that codes may evolve that are capable of deeper
insights than any normal operator, piecing together data-fragments
not only methodically, but also with awareness of context. For
example they may be able to pick out these situations that may lead
to damage to the plant unless quick remedial action is taken. In
conjunction with a design based model of the plant, the "extra-man"
could tell one that one was no longer in a situation covered by the
systems specification.

3.2. Information Transmission within Control and Safety Systems

Our technical objectives were to determine whether a commercial
local area network (LAN) existed that met the currently perceived
needs of the nuclear industry for reliability and availability
and if not to determine what was lacking.

Available local area networks were reviewed by ERA Technology Ltd.
with the assistance of UKAEA, Winfrith. They concluded that whilst
many of the features considered desirable exist in proprietary net_
works, the requirements are not, as a whole, fulfilled by a single
commercial system. The Hasler Silk Network, the Cambridge Ring and
the system being developed by the Fraunhofer Institute (Karlsruhe)
include raany desirable features; however they are unlikely to be
implemented in VLSI* which would be beneficial in reducing cost and
increasing reliability. The first two could possibly be extended to
meet remaining requirements.

Experts reviewing this study concluded that :
- more information would be required about the effects of low levels

of radiation on the components of any proposed optical fibre
systems since available data from studies made by the JET Project,
(7,8) CEA and others had shown that very large differences in
sensitivity were possible, even within a given technology.

- the assumption made by UKAEA/ERA that a protection system should
be designed to be fail safe should be re-examined.

methods other than fourfold static redundancy for achieving the
desired reliability at less cost should be examined in the light
of available technology relating to provision of fault tolerance
based upon improved diagnostic and reconfiguration methods.

* Very Le.rge Scale Integration

3



- 7 -

To resolve some of these questions a two part collaboration between
interested experts has been set up on the initiative of CEA-Valduc,
Fraunhofer Institute, EdF and UKAEA - SRS to :

(i) compare methods for the analysis and for simulation of the
performance and safety characteristics of LANs.

(ii) compare and justify alternative approaches to high integrity
LAN design.

The first objective was met by different experts analysing a reference
network to be specified by ERA and CEA Valduc.
The second by inviting the same experts to design a better LAN
and justify their choice using the tools tried out in Part (i).

The Commission hopes that this creative round-robin procedure will
allow it to focus its future programme funds effectively and logically.
A summary of ERA'S technical recommendations is given below.

3.2.1. L&Na in Advanced Nuclear Reactors ; J. Bicknell (ERA Technology Ltd.)
"and A.B. Keats (UKAEA - Winfrith).

The applicability of local area networks to reactor control and
protection systems is conditional upon handling all necessary communi-
cations requirements and achieving performance targets for reliability,
availability, data capacity and access delays.

If these targets can be met either by the intrinsic properties of
a network or by the use of such techniques as redundancy or node
bypassing for high availability and multi-node access for increased
node data capacity, then the considerable advantages of local area
networks can be exploited.

The essential factors which determine whether or not the performance
targets will be achieved are signalling method, topology medium and
access method.

\

Network Medium

There can be little doubt that optical fibres represent the most
suitable option for the network medium provided the other network
features - topology, access method and node type - support their
use. The cost of the medium will continue to fall, and the reliabi-
lity now achieved in optical fibre components is very high.

Topology

The two candidates for the network topology are bus and ring. There
would, at first sight, seem to be little to choose between the two
structures; a simple duplication or triplication of both topologies is
possible and by-pass paths can be provided to increase network availa-
bility. Each haa points in its favour, however* The bus topology is
generally more flexible than the ring and in many cases communications
can continue between sections of a bus which have been severed as a
result of a failure. This latter feature of a bus is much less
significant where a large volume of data flows out of the network via
a gateway, as is the case in nuclear reactor protection systems. In
favour oi? the ring topology the unidirectional ring supports easily

MbH
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the U8e of optical fibres, and node by-pass may be achieved completely
for all nodes«

Access Method

For many control applications access methods giving rise to signi-
ficant delays are not acceptable. Various means can be provided to
•olve this problem: the Siemens CS 275 bus, for example allows a
limited number of nodes on a short distance bus with a separate
physical line for control; alternatively the recommendation of the
EEC PROWAY Committee is for two types of access, request and demand,
the delay for a demand being an order of magnitude less than that
for a request. The problems associated with delays in the token
passing access method are small, however, compared with those of the
statistical method; this form of access is totally unsuitable for
control applications. The buffer insertion technique on the other
hand, is suitable in its basic form, although it does not easily
allow a broadcast mode other than a transmission to every node on
the network.

Node Structure

Passive nodes would seem, at first sight, to be highly desirable
in that a node failure should not disrupt the whole network. This in
itself is a dubious assumption and in order to be of any merit must
be accompanied by the additional assumption that the (passive)
medium itself has a low probability of failure. Active nodes,
especially if by-pass paths are incorporated, can make a significant
contribution in reducing the mean time to ,repair (MTTR) of a network
and, consequently its availability. Moreover, active nodes allow
optical fibres to be used as the transmission medium; passive optical
nodes for practical local area networks are unlikely to be available
for a considerable time.

Monitoring, Repair and Commissioning

Distribute«! monitoring of network functions is not yet a practical
possibility. Moreover if node by-pass facilities are provided
distributed control of transmission paths increases the complexity
of the network and introduces a level of autonomy within a node
which may be intolerable. For reactor protection systems data must,
in any case, be collected at one or more (redundant) points.

Reliability

Networks currently available are constructed using, for the most
part, Small and Medium Scale Integration components, with a limited
use of LSI devices. This situation will change as special purpose LSI
devices become available, but for the present the estimated reliabi-
lity of a typical, large network Is rather disappointing. On the
basis of MIL 217C (Military Standard) calculations the failure rate of
a typical node was found to be approximately 100 per 10 . The
reliability requirements in reactor protection systems therefore, of
10 spurious reactor trips per year cannot be met, even for a
single node without redundancy. For a network up to 8 nodes, assuming
a MTTR of 1h, therefore, a dual network is needed; thereafter a triple
redundant system is required.

Lllo5
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Availability

The design of the network has a two-fold impact on availability,firstly
in providing a high intrinsic availability through node by-pass and
duplication, and secondly through a decrease J.n the WTTR. This is
achieved by providing node by-pass, diagnostic and performance moni-
toring faci l i t ies .

Network Characteristics

For the applications considered in this study i t would seem that opti-
cal fibres and a delay buffer insertion access method are desirable«
This favours a unidirectional ring topology with active nodes. Active
nodes in turn allow path switching for increased availability.

U3ing technology available in the foreseeable future, the range of
possible network configurations i s not large: i t i s far from a
permutation of al l network features. This restriction on the way in
which a network may be configured i s a complicated function of:

- interaction between network features

the balance between fault avoidance and fault tolerance in
achieving reliability targets

- the balance between re-transmission of messages, with the asso-
ciated implications for data capacity and access delays, and
intrinsic data integrity.

- the balance between network complexity and the provision of means
for minimising repair time and hence maximising availability.

Future advances in technology are not likely to change this balance
substantially; whilst the intrinsic reliability and performance of
network elements will improve, many of the network features specified
in this report will be needed for operational reasons.

3.3 Integration and Automatic Decision Making

The objectives of studies in this area are :

- to explore the extent to which diverse measurements can be
combined into a single decision-making entity.

to define an end-product for the Commission's 1984-87 R & D
Programme and hence

to guide the specification and further development of the building
blocks of the integrated system, that is sensors, data processing
systems, communications networks, diagnostic modules etc.

Current LMFBR practice has recently been reviewed for OECD/NEA by
CEA Cadarache *(4)
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In the course of this work it has become clear that the reference
data set representative of a number of LMFBR core accidents required
to assess objectively the relative performance of various methods of
core surveillance does not exist» Though attempts have been made to
compare the performance of individual devices «.g. acoustic noise
sensing and interpretation isystems (5), we do not know of any expe-
rimental validations of the performance of surveillance systems
using combined parameter», - other than by signal simulation« The
Commission has therefore accepted a proposal for a shared-cost study
from Berkeley Nuclear Laboratories to investigate the feasability of
creating such a reference data set from recordings of incidents
produced in experimental rigs, reactors and computer simulations.
Defining test criteria is expected to assist the specification of
systems while the analysis of a system's response to the test data
should indicate the value of specific information to the overall
surveillance process and hence lead to removal of redundant features
and earlier cost performance optimisation.

Other points raised in discussion were:

" How can one demonstrate that combination of different signals
is an improvement?

=• How should automatic control decisions be made ?

- It was agreed that the study should continue to emphasize the
earliest detection of abnormality.

3.3.1. Microprocessor-based Integrated LMFBR Core Surveillance (Parts I & II)
D. Schriefer, L. Gmeiner, Institute for Data Processing in Technology,
KfK Karlsruhe

Descriptions of individual measurement techniques to be considered
for inclusion in the integrated core surveillance system are given
together with the algorithms to be used to process data from indivi-
dual sensors. Algorithms for the combination of different signals
and a conceptual view of single decision making microprocessor have
been studied.

A chart of potential causes of pin failure, divided into load induced
changes i.e. fuel element geometry or material properties and exter-
nally induced blockages served as a reference for discussions of
the value of different monitoring techniques at different stages of
a developing sub-aesembly accident, that is for cause - consequence
analysis. Monitoring systems considered were delayed neutron detec-
tion, cover-gas radio-activity, acoustic noise, temperature noise,
mean sub assembly outlet temperature and flow (measured indirectly).

Guidance on the time available at each stage of the assumed event
sequence to avoid progression to the next stage or sub-assembly
wrapper failure was not available, partly because only a small
fraction of ponsible accident sequences had been analysed in the
necessary detail and partly because of uncertainty about the time
required for wrapper penetration in different scenarios.

The study concludes with a conceptual view of an integrated surveil-
lance system and describes the means to be used to combine existing

• stand-alone systems.
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The points examined in Part II are:

- Algorithms aimed at combining the results of separate core
surveillance techniques and gaining additional information
through correlation of results will be identified.

- Alternative approaches to the diagnosis of plant status, fault
pattern classification and the automisation of decision making
are explored, particularly in situations where an aarlier decision,
whether resulting from greater individual measuring sensitivity
or the combination of different measurements, could result in
reduction of the stresses placed upon the plant.

- The newly developed algorithms and existing surveillance methods
will form the basis for a systems analysis.

<.. COMMENTS

Two important topics can be said to be missing from this aeries of
studies; techniques for the specification, production and validation
of software and equipment qualification. Both are important practical
issues to the designer of safety systems. The first was consciously
omitted because many sufficiently diverse organisations were tackling
the problem. However, one should perhaps consider whether the Community
should use its easy access to diverse opinion and analysis to encourage
testing and comparison of the computer aided software production
packages that are appearing in the marketplace.

The value of diverse analysis of software is already recognised;
comparison of the products of different software production tools
provided with the same problem could be used to raise coverage and
enhance the performance of all such devices, thus increasing the
confidence of utilities and licensors in software in general and
diverse software in particular. The nuclear industry's concern about
design errors and its consequent resort to diversity would appear to
justify some support.

As regards equipment qualification, the Commission's concern should
probably be the adequacy of specifications rather than the testing of
equipment per se.

The activity described is continuing, current emphases being upon
diagnostics using approaches based upon artificial intelligence
concepts, system optimisation and quantification of the benefits of
networking.
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