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ABSTRACT

Application of neural networks to the operation of nuclear
power plants is being investigated under a U.S. Department
of Energy sponsored program at the University of
Tennessee, [jj Projects include the feasibility of using neural
networks for the following tasks: (a) diagnosing specific
abnormal conditions, (b) detection of the change of mode of
operation, (c) signal validation, (d) monitoring of check
valves, (e) plant-wide monitoring using autoassociative neural
networks, (f) modeling of the plant thermodynamics, (g)
emulation of core reload calculations, (h) analysis of temporal
sequences in NRC's "licensee event reports," (i) analysis of
plant vibrations. Each of these projects and its status are
described briefly in this article. The objective of each of
these projects is to enhance the safety and performance of
nuclear plants through the use of neural networks.

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, individuals
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 monitoring and diagnostics in a
nuclear power plant.

NEURAL NETWORKS

A network of artificial neurons (usually called a neural
network) is a data processing system consisting of a number
of simple, highly interconnected processing elements in an
architecture inspired by the structure of the cerebral cortex
portion of the brain. Hence, neural networks are often
capable of doing things which humans or animals do well but
which conventional computers often do poorly. Neural
networks exhibit characteristics and capabilities not provided
by any other technology.

Neural networks may be designed so as to classify an
input pattern as one of several predefined types (e.g., the

. various fault or transient states of a power plant) or to create,

:as needed, categories or classes of system states which can be
.interpreted by a human operator. Neural networks have the
.ability to respond in real-time to the changing system state
•descriptions provided by continuous sensor inputs. For
jcomplex systems involving many sensors and possible fault
,'types (such as nuclear power plants), real-time response is a
difficult challenge to both human operators and expert
systems. However, once a neural network has been trained

'to recognize the various conditions or states of a complex
' system, it only takes one cycle of the neural network to detect
a specific condition or state.

Neural networks have the ability to recognize patterns,
even when the information comprising these patterns is noisy,
sparse, or incomplete. Unlike most computer programs,

.neural network implementations in hardware are very fault
tolerant; i . c , neural network systems can operate even when
several individual nodes in the network are damaged. The
reduction in system performance is about proportional to the
amount of the network that is damaged. Thus, systems of
artificial neural networks show great promise for use in

i environments in which robust, fault tolerant pattern
j recognition is necessary in a real-time mode, and in which ths
: incoming data may be distorted or noisy.

DIAGNOSTICS: STATE OF THE PLANT

When a nuclear power plant is operating properly, the
readings of the hundreds, ot even thousands, of instruments

;in a typical control room form a pattern (or unique set) of
; readings that represent a "normal" 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 normal or abnormal, depending upon the nature

! of the disturbance. The fact that the pattern of instrument
i 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
i a diagnostic tool based on this phenomenon.

Steam Generator Transients. Identification of transients
in a U-tube steam generator (UTSG) has demonstrated the
ability of a neural network to diagnose specific abnormal
conditions in a nuclear power plant. [2] Six transient

' conditions were introduced into the operating conditions of a
simulated UTSG, and ten samples of each of the traces of
four variables were used as the 40 inputs to the neural
network. The output of the neural network was a three-bit
binary representation to identify each of the six transients.
The hidden layer contained twelve artificial neurons.



Backpropagation was used to train the network to give the
proper three-bit designation for each of the six perturbations.
After 500 training cycles, the numerical outputs of the neural
network approximated the binary designations for the six
transients. When the number of input variables were reduced
to three, and subsequently to two, the deviation of the outputs
from the binary representations increased, (e.g., an output
that should have been a one might change from 0.98 for
four inputs to 0.91 for two inputs). However, the
transients were always correctly identified, because there were
never any ambiguity as to whether the ourpuc should have
been a one or a zero. Increasing the number of training
cycles to 1000, and subsequently to 1500, further reduced the
deviation. Furthermore, the neural network also continued to
give the correct output even when the input data were
corrupted with very large levels of uniformly distributed noise
(up to ±90%). An index of performance of the neural
network under different conditions was obtained by averaging
the deviations between the actual network values and the;
correct values (one or zero). This index deteriorated as thei
number of training cycles was decreased, as the number ofi
input variables was decreased, and as the input noise level]
was increased.

Diagnostics Using Watts Bar Training Simulator Data.
A new "auto-adaptive" stochastic learning technique was
developed and applied to a special neural network with a
dynamic node structure (e.g., the number of nodes in each ofj
the three hidden layers used was optimized).Q) The training
of a neural network requires the near optimization of the
inter-neural connections. In this project, a new method for
the stochastic optimization of these inter-connections was
developed. The method use auto-adaptive biased sampling-
techniques to improve the efficiency of the optimization;
process. A generalized, fully interconnected network of,
perceptrons incorporated four variables that were optimized;]
nodal bias, gain, the output activation constant, and the usual}
connection weights for each artificial neuron. The network!
contained three hidden layers that initially contained only one!
artificial neuron each. Neurons were added individually in
the hidden layers until an overall index of performance
approached a limiting value. When compared with a typical!
neural network trained with the conventional backpropagation!
procedure, the optimized neural network produced by this
procedure trained more rapidly and generalized more
effectively.

A Monte-Carlo training procedure was used to train thisi
network to identify seven different nuclear power plant;
transients. The Singer-Link training simulator at TVA's Wattsi
Bar Nuclear Power Plant provided data for some 27 variables)
(reduced from 80 by combining data from the four loops intoi
an equivalent single loop) for seven different accident
transients. Simultaneous samples from these time records
constituted the input vectors to the neural network. The
Monte-Carlo training procedure was very effective in training
the neural network to differentiate between the seven different
transients (loss of coolant in the hot leg of the reactor coolant
system (RCS), loss of coolant in the cold leg of the RCS,
main steamline break in containment, main feedwater line
break in containment, total loss of off-site power, control rod
ejection, and steam generator tube leak), as well as the steady
state condition. In two of the seven cases, the network was
able to diagnose the problem before the plant shut down. In
ail cases, even when noise was introduced into the signals, the
neural network was able to diagnose the problem within two
minutes of the initiation of the transient.

This work is being extended by using genetic algorithms
to optimize the neural network configuration and by
increasing the number of variables monitored. Eventually, it
is expected that the variables available from the safety
parameter display system (SPDS), typically about 500

variables, will provide the input vectors to the neural network
and that the number of accident transients for which the
neural network is trained will be increased to cover all those
accident conditions normally used in the training of nuclear
plant operators. The goal will be to detect all accident
conditions before the plant is tripped, so that mitigating action
(such as a power reduction) can be taken if it is appropriate
for that particular condition.

Detection of the Change of Mode in Nuclear Power
Plants. During operation of a nuclear power plant, it is
desirable to identify changes in the 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 the initiation of deviations from the prior behavior is
identified clearly, even when the operators continuously watch
the appropriate instruments. The goal of this project is to
train the neural network to discriminate among data patterns
that describe operational states of the plant. The technique
has been reduced primarily to a two-category problem, i.e.,
the neural network must discriminate between data collected
during steady state conditions and data collected during
transient conditions.

In this project, two neural network techniques were
applied to data (time records) from a commercial pressurized
water-reactor (PWR) nuclear power plant to detect changes in
the states of the plant's operation, i.e., when the power level
.changed from a constant level and starts to increase or
'decrease.[4] The two different neural network techniques
]used were the polynomial discriminant method (PDM) and the
j backpropagation network (BPN) method.

I PDM is a pattern classification technique for multiple
^category problems developed by Donald Specht[5_] in 1967
•that uses polynomials to define accurate decision boundaries
(among classes. The technique performs rapid matching,
exhibits great extrapolating ability, and can be applied to
problems of arbitrary complexity. However, computational
requirements for training are high. BPN is a multilayer, fully
connected, heteroassociative neural network that computes the
weights between pairs of artificial neurons such that the
difference between actual output and the desired output is
minimized in a least-squares sense.

The state of the plant was represented by data from
sensors, power level, pressurizer pressure, RCS hot-leg

I temperature, RCS cold leg temperature, steam generator main
|feedwater flow, and steam generator pressure. All sensor
readings were column wise normalized in the range 0.1 to 0.9
by dividing the values in each column by the maximum value,
multiplying by the interval size (0.8) and adding 0.1. Each
vector was presented to the neural network as an independent
event. Although training times for both methods were long,
'recalling values during normal monitoring requires only a few
milliseconds using personal computers and less time using
work stations.

The PDM and the BPN both were able to classify
i correctly over 97% of the patterns for a two-category problem
I (i.e., for normal and transient conditions), thereby identifying
the correct mode of the plant over 97% of the time.[5] Most
of the misclassifkations occurred immediately after the time
the transient state started and the values of the variable being
monitored were similar to those during steady state.

jci

I.
MONITORING OF NUCLEAR POWER PLANTS USING
NEURAL NETWORKS

Sensor Validation. The usefulness of information
jprovided 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. A neural network paradigm has
,been developed for automated sensor validation during both'
1'steady-state and transient operations. [6] The use of neural
inetworks for signal estimation has the advantage that the
jfunctional form relating a set of process variables is defined
by the neural network system (model of the process) and is 1
'implicitly nonlinear. Once the network is properly trained,
jfuture predictions can be made in realtime. • Furthermore, the I
jstate estimation using a neural network is less sensitive to!
measurement noise compared to direct model-based i
'techniques. '

j For signal validation, a neural network model of the
!process (or a portion of the process) is developed. The input
layer of artificial neurons correspond to the input signals, and ]
the output layer usually has just one signal which is to be:
predicted or estimated. The neural network is trained over the •
range of anticipated operating conditions while the system is;
known to De operating properly. Then the neural network;
model repeatedly predicts the output value, based on the:

actual inputs. As a sensor deteriorates or fails, the predicted .
output value from the neural network deviates from the:
measured value. '

Tests with data from the Experimental Breeder Reactor-II
(EBR-I1), a liquid metal fast breeder reactor at the Idaho |
National Engineering Laboratory and a commercial four-loop'
PWR power plant have shown that this technique can be used!
to validate data from sensors placed in nuclear power
plants. [5]

Monitoring of Feedwater Venturi. The techniques dis-'
cussed above for sensor validation can be extended to
monitoring a specific variable for drift or change over time.

• A project being initiated by the University of Tennessee
involves monitoring the fouling of the throats of the venturi

i flow meters that measure the feedwater flows to the steam
generators in a PWR power plant. Since these meisured

.values are directly related to the calculation of thermal power,!
'. which is limited by the NRC license, fouling that erroneously j
indicates a higher velocity effectively causes a derating of the;
plant from the licensed power level, unless it can be evaluated:
and compensating steps taken. Even when compen sating j
adjustments are made, there is the possibility that the crud!
could break loose, causing the thermal power to exceed the i
licensed power. Hence, monitoring for changes, either j
gradual or abrupt, is an important step. An analysis of the j
situation shows that the sensor validation technique is j
sensitive enough that it can be used to monitor the fouling.!
The University of Tennessee is now gathering data from two
nuclear power stations, each with two four loop PWR plants,
to determine the feasibility and practicality of monitoring and
evaluating this fouling.

Plant-Wide Monitoring Using Autoassociatlve Neural
Networks. The technique for sensor validation has been
expanded into a plant-wide monitoring system[7,8] by using
an auto-associative neural network where the inputs and the j
outputs are identically the same variables. The number of;
artificial neurons in the intermediate layer is optimized to;
minimize the training time and maximize the ability of the •
neural network to generalize. The network is trained over the i
range of operation using the same data for the input vector!
and the desired output vector. Backpropagadon using a '
sigmoidal function with an adjustable coefficient was used to ,
train the network. Once the network is trained, its outputs '
represent estimates of the instantaneous values of the outputj
variables. When the system is operating properly, all of these '
'estimates are virtually identical to the actual outputs. When !
:a sensor begins to drift or an error is introduced into a data ,
'channel, the predicted value and the actual value differ. \
Hence, monitoring the differences between the estimates

predicted by the neural network and the actual values from '
the system provides a method of identifying drift or
^instrumentation (or other) failure.

I This technique was applied to data from ten signals from
the EBR-II during ascensior. in power from 45% to 100%.
Two separate networks were used, one for the variables
related to the primary system and the other for the variables
related to the secondary system and balance of plant, to
reduce the training required. Errors between estimates

| predicted by the neural network and the actual values were
usually less than 0.5%. Further reduction of this difference
should be possible by removing the mean values of the signals

j prior to introducing them into the neural network.

Monitoring of Check Valves. Check valve failures at
San Onofre Unit 1 on November 21, 1985 led to the Nuclear
Regulatory Commission (NRC) issuing NUREG-1190 that

| discussed the reasons for the failures of the five check valves
| and how the check valve failures induced water hammers to
i the feedwater system. In a parallel effort, the Institute for
!Nuclear Power Operations (INPO) issued a Significant
'Operating Experience Report SOER-86-3 on October 15,
; 1986 that discussed the San Onofre check valve failures as
'well other previous industry experience with check valve
'failures. Subsequent activities include the formation of a
j Nuclear Industry Check Valve Group that funded an EPRI
| managed test program on check valves at the Utah State
[University Water Resources Laboratory in Logan, Utah in
j early 1990.

Although there are many possible failure mechanisms for
check valves, the most common problems associated with
check valve failures are due to system flow oscillations or
system piping vibrations. These vibrations and oscillations
induce check valve component wear and thus component
failure. The most common types of physical damage in check
valves (disc separated from the hinge pin, disk stud broken,

I disk nut loose, disc partially open, disk caught on inside of
ithe seat ring, antirotation lug lodged under hinge arm,
j cracked disc, seat ring, or oushings, worn hinge pin and
!bushings, missing bushing, elongated hinge pin holes, and
bent hinge pin, disc, and hinge arm) give some kind of
evidence of their existence. Many of them emit sounds that
can be detected by monitoring acoustical emissions from the
valve body. Inappropriate movement of the disc can be

[detected by magnetic or ultrasonic measurements or through
[movement (displacement, velocity or acceleration) sensors
lattached to the disc.

A program involving the use of neural network techniques
i for the analysis of acoustical data from check valves has been
' initiated at the University of Tennessee under support of the
! Electric Power Research Institute (EPRI). It involves using
jdata clustering based on the inherent statistical features of the
!data and training neural networks to recognize predefined
conditions. Securing data from many check valves of different
sizes and types that are both operating properly and
malfunctioning in order to associate patterns with the known
condition of the check valves is essential.

| The collection of data from monitoring check valves by
j utilities is underway. Most of the data available from nuclear
power plant check valve tests utilize acoustical measurements
taken from piezo-electric sensors or magnetic field
fluctuations induced by movement of a magnet attached to the
disk. Some types of information (e.g., leakage through the
seat or the disk hitting the backstop) can be taken during
normal steady state operation, while other types of
information (e.g., hinge pin or hinge bearing wear) require

! that the disk move during the measurement. Data from
j checkvalues on TVA's Sequoyah plants are being analyzed
: using acoustical records. Recent work uses a neural network



to predict the output of one sensor using the output of another
sensor as the input. The predicted output is then compared
with the actual output as a means of monitoring the behavior
of the check valve.

Monitoring of Thermodvnnmic Performnnce. Of
approximately, 130 quantities used to calculate the heat rate
(inversely related to efficiency) at TVA's Sequoyah Unit-1
Nuclear Power PJant, only 26 actually change with time. The
•others are related to the design of the plant. Records of these j
,26 variables for about 45 weekly measurements were used as!
jinputs to a neural network to develop a model of the:
: thermodynamic processes of the plant. [1] The training of the!
.network involved the use of a Kohonen neural network;

technique to cluster the data into 22 clusters with an
.Euclidean distance of 1.0. Then the certroids of these
clusters were used as inputs to a neural network. Functional;
links were used to speed up the training of the network using j
backpropagation and provide a system error of about 0.01%.!
When the original data (not the centroids of the clusters used i
in training) were introduced into this model for recall, the-
results were usually within 0.1% of the measured values..
When the same thermodynamic data from Unit-2 (a very
similar, but not identical, unit) was put into the network for
recall, the output heat rates usually agreed within 0.5% of the
measured values. This indicates that the neural network
models of the thermodynamics of these two nuclear power!
plants are very similar. These neural network models are
superior to any mathematical models since they involve no
assumptions (e.g., linearity) or approximations and are based
on actual data from the plants.

i The neural network model was then used for a sensitivity
.analysis in which the partial derivative of the output variable
with respect to each individual input value was evaluated.
The larger this partial derivative, the more influence the:
particular input variable has on the output (efficiency or heat
rate). The sensitivities of the changes in heat rate under
different conditions can give guidance to the utility as to
which efforts to improve efficiency are likely to be most
effective. In some cases, it may not be possible to change the:
input variable, even though it may be very important to:
efficiency (e.g., it is virtually impossible to control the river j
or ocean temperature). It is also useful to compare the i
importance of a particular input variable with the cost of I
controlling it. Sometimes it may be more cost effective to i
control a less important variable because it can be done;
quicker and for less money.

An additional iteration of this procedure was introduced
by revising the network to use the most sensitive quantity
determined by the first sensitivity study as the output of 2
neural network while retaining the rest of the variables as
inputs. This then identifies the variables that are most
important to the variable that was initially most important to
efficiency and heat rate. ;

Design of Nuclear Fuel Cvcle Reload. This project
combines an expert system and neural networks to improve
the efficiency for obtaining optimal candidate reload core
designs. The neural network modeling captures the essential
physics of the neutronic calculations by. training the networks
to produce the same results as conventional calculations.
Separate neural networks are used to emulate the LEOPARD
code, the neutronic statics calculations, and fuel depletion
calculations. An expert system then performs fuel shuffling
that produces an improved core loading. Several iterations of
this process will give a near optimal candidate fuel loading.
Although NRC approved caicuiational methods must still be
used for licensing, this approach, when developed, promises
to be much faster and less expensive than present methods.

Results from this study, in conjunction with theoretical

i considerations, indicate that neural networks can be trained to,
1 capture the essential physics of neutronics calculations.!
, Although it appears evident that arbitrary accuracy for.
approximating any continuous function should be obtainable,'
this claim has been only recently established[9]. Thus, if one:
accepts this fundamental theory, the question of feasibility forj
duplicating neutronics with neural networks is simply a matter!
of having suitable neural network software and training data
for achieving this task. It may also be necessary to tailor the
network structure to in-core fuel management physics to
obtain a numerically feasible formulation of the problem.
Recently developed software permits patterns of connections
among the nodes between layers. This feature will permit the

: neural network to represent the neutron physics in a natural
way. It will also limit the number of connections to a
numerically tractable problem.

Results from recent work at the University of
Tennesseefi] to predict relative power distributions as a
function of average bumup have been very encouraging. The
network for this evaluation uses 56 inputs, one for each
assembly in one quarter of the core, and 3 inputs that specify
initial burnup, final bumup and the change in bumup. The
output layer consists of 56 nodes, one for each assembly, and
the hidden layer uses seven nodes. All of the 56 predicted
results are within 5% (and many within 1%) of the calculated
values, and the training time was about 5 minutes for a
convergence tolerance of 0.01. Although this study uses a
fully connected architecture, it is expected that patterned
connections will be needed when testing networks with all of
the fundamental neutronics data specified as input since
several hundred inputs will be required. ,

Review of "Licensee Event Report" Database. When
there is an incident of any sort at a commercial nuclear power

t plant in the United States, the utility must send a "Licensee
: Event Report" (LER) to the Nuclear Regulatory Commission
(NRC). Oak Ridge National Laboratory (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 database called the
: Sequential Coding Search System (SCSS). The SCSS is a
: large database that stores information about ail the incidents
i that occurred since 1980 in all nuclear plants in the USA.
• The information stored in the SCSS database has the form of
'• causal relationships organized into a chronological order. A.
; causal relationship is defined by a cause and its effect where
; both are represented by symbolic data. Because the causal
; relationships are embedded in the temporal information, the'
! SCSS is a temporal database.

j A large part of the knowledge stored in the database is
I not explicit. It is rather implicit and lies in the form of
; patterns and relationships. Once extracted, this implicit
j knowledge can be used to detect erroneous data stored in the
; database, and possibly reconstruct missing data. In this
! research, a neural network technique is applied to extract
: implicit knowledge from the SASS. The goal of this work is
• to elicit implicit knowledge stored in the SASS database to
i identify erroneous data, such as causes that are declared in
! association with inappropriate effects, and to infer missing
," information such as existing causai relationships not explicitly
i reported in the past or possible causal relationships that werei
j unknown Co the database users.

I A two-phase approach is being proposed to address!
j subsequently the spatial aspect embedded in the cause/effect!
j relations, and the temporal aspect of the problem embedded j
' in the chronological order of the cause/effect relations. In the]
I first phase, a self-organizing semantic neural network is used!
j to categorize causal relationships in order to extract typicail
i relationships. A metric distance is used to identify erroneous
relational information. In the second phase, a competition



based multilayer neural network is used to recognize
sequences of occurrences, and possibly classify the sequences
into categories in order to detect unusual ones. This approach
should allow engineers to improve the reliability of the data
stored in the SCSS, to better analyze human errors, and
possibly to infer unknown causes of incidents.

Self-organizing neural network techniques are now being
applied at the University of TennesseeQJ to determine if
hitherto undiscovered correlations can be identified. At thel
present time, a prototype network has been developed and
several hundred events are being studied. This project
constitutes a "mining of the data base for nuggets ofj
knowledge." The goal of this work is to elicit implicit!
knowledge stored in the SCSS database and to identify
erroneous data and infer missing information (such as existent:
causal relationships not explicitly reported in the past)
experience or possible causal relationships that are unknown
to the database users).

Analysis of Vibrations. Although the flow of fluids)
(water and steam) can induce vibration and shock, thej
primary source of vibration in most power plants is rotating;
machinery. Vibration per se is not necessarily bad if its
amplitudes and the associated forces are within acceptable
limits. Indeed, vibration in machinery can be the source ofi
much information about the various systems involved.!
Analysis of vibration data can identify the operational!
problems of rotating machinery. Such analyses have provenj
very effective in identifying potential failures before they
occur. Indeed, it is now possible to estimate the remaining
life of certain systems, once a fault has been detected.
Hence, there is considerable motivation to design systems to
automatically perform this analysis on a real-time basis in a
reproducible manner.

A program for the analysis of vibration data has been
initiated at the University of Tennessee under the sponsorship
of Electricite de France that involves the application of neural
network technology technology to the interpretation and the
automation of the processes that typically require expertise to
interpret the measurements. This approach involves both
training the neural networks to recognize predefined
conditions and using the networks for data clustering based on
the inherent statistical features of the data. The preliminary
work has emphasized the reduction of the dimensionality of
the spectral density measurements taken on rotating
machinery. This also modifies the form of the spectrum so
that backpropagation is more effective in identifying the
system faults. Emphasis will be placed on applying the
neural network techniques to enhance and automate the
existing procedures used in vibrations measurements and
analysis today.

CONCLUSION

In light of the experience described above, it is clear
neural networks offer an interesting and productive means of
addressing many of the problems that occur in nuclear (and
fossil) power plants. Although much of this work is still in
the feasibility stage, the results are encouraging and indicate
that the techniques can be used to enhance the performance
and safety of nuclear power plants.

ACKNOWLEDGEMENT
: Much of this research was supported by the U.S.
: Department of Energy under contract #DOE DE-FG07-
' 88ER12824, entitled "Enhancing the Operation of Nucleai
! Power Plants through the Use of Artificial Intelligence." This
j support, as well as the support of Electricite de France and
'the Electric Power Research Institute, is gratefully
• acknowledged.

1 REFERENCES

; 1. Uhrig, R. E. "Enhancing Nuclear Power Plant
j Performance through the Use of Artificial Intelligence,"
; Second Annual Report, Department of Energy Contract
i #DE-FG07-88ER12824, June 1, 1989 - May 31, 1990.

2. Uhrig, R. E. "Use of Neural Networks in Nuclear Powei
j Plant Diagnostics," Proceedings of the International
| Conference on Reliability, Availability and Maintainabilit)
' of Nuclear Power Plants, Madrid, Spain, April 1989.

j 3. Bartlett, E. E. "Nuclear Power Plant Status Diagnostics
! Using Simulated Condensation: An Auto-Adaptive
I Computer Learning Technique," Unpublished Ph.D.
I Dissertation, University of Tennessee, Knoxville, TN,
I 1990.
i

| 4. Alguindigue I. and Uhrig, R. E. "Using Polynomial
Discriminant Method to Classify Nuclear Power Plant

i Data," Proceedings of the EPRI Conference on
j "Advanced Computer Technology for the Power Industry,"
j Scottsdale, AZ, December 1989.

] 5. Specht, D. F. "Generation of Polynomial Discriminant
; Functions for Pattern Recognition," IEEE Transactions

on Electronic Computers, Vol. EC-16, Paper No. 3, June
1967.

6. Upadhyaya, B. R., Eryurek E., and Mathai G.,
"Application of Neural Computing Paradigms for Signal
Validation," Proceedings of the 7th Power Plant
Dynamics, Control and Testing Symposium, Knoxville,
TN, May, 1989.

i 7. Upadhyaya, B. R., Eryurek E., and Mathai G., "Neural
| Networks for Sensor Validation and Plant Monitoring,"

Proceedings of the 1990 International Fast Reactor Safety
Meeting, Snowbird, UT, August 12-16, 1990.

8. Upadhyaya, B. R., Mathai G., and Eryurek, E.,
"Development and Application of Neural Network
Algorithms for Process Diagnostics," Proceedings of the
29th IEEE Conference on Decision and Control, Honolulu,
Hawaii, December, 1990.

I
: 9. Nielson-Hecht, Robert., "Theory of the Backpropagation
j Neural Network," Proceedings of the International Joint
i Conference on Neural Networks, Vol. I Washington, D.C.
' June 18-22, 1989.


