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ABSTRACT

Application of neural networks to monitoring and decision
making in the operation of nuclear power plants is being
investigated under a U.S. Department of Energy sponsored program at
the University of Tennessee. Projects include the feasibility of
using neural networks for the following tasks: (1) diagnosing
specific abnormal conditions or problems in nuclear power plants,
(2) detection of the change of mode of operation of the plant, (3)
validating signals coming from detectors, (4) review of "noise"
data from TVA's Sequoyah Nuclear Power Plant, and (5) examination
of the NRC's database of "Letter Event Reports" for correlation of
sequences of events in the reported incidents. Each of these
projects and its status are described briefly in this paper. This
broad based program has as its objective the definition of the
state-of-the-art in using neural networks to enhance the
performance of commercial nuclear power plants.
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INTRODUCTION

Monitoring and decision making in the operation of a nuclear
power plant involves the handling of great quantities of numeric,
symbolic, and quantitative information by plant personnel, even
during routine operation. The large number of process parameters
and systems interactions poses difficulties for the operators,
particularly during abnormal operation or emergencies. During such
situations, people are sometimes affected by stress and emotion
that may have varying degrees of influence on their performance.
Taking some of the uncertainty out of their decisions by providing
real-time diagnostics has the potential to increase plant
availability, reliability and safety by avoiding errors that lead
to trips or endanger the safety of the plant. The emerging
technology of neural networks offers a method of implementing real-
time diagnostics in a nuclear power plant.

The usefulness of information provided to plant operating
personnel is dependent upon the validity of the signals coming from
sensors as well as the ability to convert such data into meaningful
information, presenting it in an understandable format, and
providing a diagnosis of the problems. Neural networks have been
shown to be useful in these tasks. They can also be applied to



several non-operating situations where their unique abilities can
improve performance and give insight into the nature of the
phenomena involved.

DIAGNOSTICS: STATE OF THE PLANT

When a nuclear power plant is operating safely, the readings
of the hundreds, or even thousands, of instruments in a typical
control room form a pattern (or unique set) of readings that
represent a "safe" state of the plant. When a disturbance occurs,
the instrument readings undergo a transition to a different pattern
that represents a different state that may be safe or unsafe,
depending upon the nature of the disturbance. The fact that the
pattern of instrument readings undergo a transition to a new state
that is different for every given condition is sufficient to
provide a basis for identifying the state of the plant at any given
time. Such identification requires a rapid (real-time), efficient
method of "pattern recognition", such as neural networks, to
implement a diagnostic tool based on this phenomenon that is useful
in the operation of nuclear power plants.

Identification of Steam Generator Transients. Identification
of transients in a steam generator has demonstrated the ability of
a neural network to diagnose specific abnormal conditions in a
nuclear power plant.[1] For demonstration purposes, a set of
transient data from the simulation of an isolated U-tube steam
generator (UTSG) was used as the training data for the network.
Pressure, temperature, steam flow, and feedwater flow (representing
the operating status of the steam generator) were used as the
training data for a neural network using the back-propagation
paradigm for training and recall (monitoring).

Six different step-change perturbations were introduced to the
system. A three-layer neural network was set up with 40 neurodes
in the input layer and 3 neurodes in the output layer (to match the
dimensions of the training input and output vectors) and 12
neurodes in the middle layer. After 500 data training cycles, the
network could successfully distinguish the six different
perturbations. Artificial random noise with a uniform distribution
and an amplitude up to +90% of the amplitude of the input data was
introduced into the trained network, and the network could still
identify the six transients correctly.

The back-propagation neural network used in this project
demonstrated the feasibility of using neural networks to identify
six different kinds of perturbations introduced into the UTSG
simulator. Furthermore, it gave the correct output even though the
input data had very large levels of noise. There was, however, a
trade-off between the number of training cycles, the amount of
noise, the number of input variables, and the overall error in the
output. Additional training, additional variables and/or less



noise decreased the overall error and assured unambiguous results.

Simulator Data for Plant Diagnostics. After the successful
demonstration of the use of neural networks to diagnose the six
transients of a UTSG, the technique is being applied to a complete
power plant simulation. Data from the new (1989 installation)
Singer-Link training simulator at TVA's Watts Bar Nuclear Power
Plant for some 35 variables for several different transients
constitute the input vectors. A special variation of the
backpropagation neural network paradigm was developed that adjusted
the number of neurodes in each layer to more effectively represent
the physics of the nuclear power plant. This learning paradigm has
been very effective in training the neural network to differentiate
between the different transients (loss of coolant in the hot and
cold legs of the reactor coolant system, and main steam-line and
main feedwater breaks in containment).

DETECTION OF THE CHANGE OF MODE IN NUCLEAR POWER PLANTS

During operation of a nuclear power plant, it is desirable to
identify changes in state of operations at the earliest possible
time. With the fluctuations that take place during normal
operations, there is often a period of minutes before deviations
are identified clearly, even when the operators continuously watch
the appropriate instruments. In this project, neural network
techniques have been applied to data from a commercial pressurized
water reactor nuclear power plant to detect changes in the states
of the plant's operation. Both the polynomial discriminant method
(PDM)[2] and the backpropagation method (BPM) have been used to
train the system to discriminate among data patterns that describe
operational states of the plant, and to eventually enhance the
system's capabilities to handle more complex problems. The PDM was
able to classify over 97% of the patterns in which it was tested
while the BPM was able to correctly classify all testing patterns
correctly at a significantly higher computational cost for
training. However, the recall time (identification time after a
network has been trained) for both the PDM and BPM methods is only
a few milliseconds, thereby indicating that on-line separation of
states should be feasible.

SENSOR VALIDATION USING NEURAL NETWORKS

In this project, a neural network paradigm was used for
automated sensor validation during both steady-state and transient
operations. The use of neural networks for signal estimation has
the advantage that the functional form relating a set of process
variables is defined by the neural network system and is implicitly
nonlinear. Once the network is properly trained, future prediction
can be interpolated in real-time. The state estimation using a
neural network is less sensitive to measurement noise compared to



direct model-based techniques. As new information about the system
becomes available, the network connection weights can be updated
without relearning the entire data set. These and other features
of neural networks have been exploited in developing an intelligent
system for on-line sensor validation.

In general, the principle of neural network systems can be;
used to associate one set of information with another set. For
signal validation, the input layer neurodes correspond to the input
signals and the output layer may have just one signal which is to
be predicted or estimated. While the number of neurodes in the
hidden layer is somewhat arbitrary, a larger number increases the
fault tolerance and makes the network more robust to increasing
noise-to-signal ratios and even loss of an input signal. However,
the BPN algorithm that computes the weights between pairs of
processing elements requires additional training time with a larger
number of neurodes in the middle layer. An adaptive variation of
the sigmoidal function shape parameter during network training
(referred to as "progressive thresholding) accelerates training of
the neural network, usually by a factor of 10 or more.

Tests with data from the EBR-II liquid metal fast breeder
reactor at the Idaho National Engineering Laboratory and a
commercial four-loop pressurized water reactor have shown that this
technique can be used to validate data from sensors placed in
nuclear power plants.[3]

NEW PROJECTS

Two new projects have been initiated recently to provide
additional information about the nature of problems in nuclear
power plants.

Review of "Noise" Data from Nuclear Power Plants. Several
years ago, Oak Ridge National Laboratory (ORNL) monitored the
"noise" fluctuations in TVA's Sequoyah Nuclear Power Plant for
several months, recording both time records and Fast Fourier
Transform analyses any time the signals exceeded a specific
deviation from normal.[4] This data is now being reprocessed using
neural networks to see if additional information can be obtained
regarding the reasons for the deviation from normal.

Review of Letter Event Report Data Base. When there is an
incident of any sort at a commercial nuclear power plant in the
United States, the utility must sent a "letter event report" (LER)
to the Nuclear Regulatory Commission (NRC). ORNL has processed
thousands of these reports for the NRC in the past several years by
encoding the sequence of events from each incident into a
computerized data base. Self-organizing neural network techniques
are now being applied to determine if hitherto undiscovered
correlations can be identified. At the present time, a prototype



network is being developed and several hundred events are being
studied. This project constitutes a "mining of the data base for
'nuggets' of knowledge."
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