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ABSTRACT

An Informal meeting was held In Washington, D.C. on April 3 and 1, 1981, to discuss the current
state of the art and experiences with neutron noise analysis in U.S pressurized water reactors
(PWRs). The meeting was attended by 33 persons representing 11 utilities and 3 PWR reactor vendors
as well as consultants, universities, and research laboratories. Presentations at the meeting
covered several applications of neutron noise for diagnosing such things as vibrations Induced by
baffle Jetting, detection of mechanical degradation of thermal shield supports, and electrical
degradation of nuclear instrumentation channels.

Twenty-one responses were obtained from a questionnaire circulated to all participants requesting
their viewpoints and experiences regarding neutron noise analysis.

The meeting participants concluded that a working group on neutron nol3e analysis should be formed
to (1) establish a baseline library of neutron noise data, (2) provide a forum for communicating
experiences with neutron noise surveillance, and (3) develop good practices and quality assurance
procedures for neutron noise measurement and Interpretation.
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INTRODUCTION

An Informal meeting was held at the offices of the Electric Power Research Institute in Washington,
D.C. on April 3-1, 1981, to discuss the current state of the art and experiences with neutron noise
analysis In U.S. pressurized water reactors (PWRs). The meeting, sponsored by Duke Power Company,
Science Applications, Inc., and Oak Ridge National Laboratory, was attended by 33 persons represent-
ing 11 utilities and 3 PWR reactor vendors as well as consultants, universities, and research labora-
tories (see list of participants in Appendix A).

The 15 presentations made at the meeting covered several applications of neutron noise for diagnos-
ing such things as vibrations Induced by baffle Jetting, detection of mechanical degradation of
thermal shield supports, and electrical degradation of nuclear instrumentation channels.
Significant success was reported In the application of neutron noise analysis for detecting fuel
vibration Induced by baffle Jetting and for monitoring thermal shield support degradation, as well
as Improved understanding of the contribution of fuel vibration in the frequency range of ex-core
neutron noiae normally associated with core support barrel (CSB) vibration.

Twenty-one responses were obtained from a questionnaire (Appendix B) circulated to all participants
requesting their viewpoints and experiences regarding neutron noise analysis. Attendees also
discussed the need for improved communication among the practitioners of neutron noise analysis.

No formal proceedings of this informal conference will be published. This paper will provide the
highlights of the informal presentations, the discussions held at the meeting, and the conclusions
and consensus opinion of the participants regarding PWR neutron noise.

EXPERIENCES WITH NEUTRON NOISE

Baffle Jetting

An extensive series of in-core neutron noise measurements were made at a PWR to investigate the
effects of baffle Jetting (impingement of water Jets on peripheral fuel pins at locations where
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there are Joints In the adjacent baffle plates). In-core neutron noise was measured In core-edge
fuel elements where baffle jet-Induced vibration was expected to occur and at internal core
locations where normal vibration was occurring. It was concluded that if in-core detectors are
available at the proper core locations, It Is feasible to Identify abnormal vlbrational behavior.
It was further postulated that, with sufficient experience, the vlbrational signatures can be
correlated with bafrie Jet-Induced damage thresholds.

Core Internals Support Degradation

Several presentations dealt with the use of neutron noise to diagnose problems in the core support
structure and the thermal shields. In one example, a decrease In the neutron noise amplitude at one
detector location, together with a change In the preferential direction of the core support barrel
motion, led to the discovery of a bolt wedged between the core barrel flange and the upper h<-ad
flange. A much more generic problem being addressed by neutron noise monitoring is the degradation
of the fittings for attachment of thermal shields to core support barrels In two types of PWRs.

Several plants have committed to neutron noise monitoring programs to assure NRC that significant
mechanical degradation of the thermal shield supports will be detected. In one plant, on-line
neutron noise analysis Is performed every 10 minutes and an alarm occurs,If: (1) the noise on two
of four ex-core detectors exceeds limits in any two preselected frequency bands; (2) a significant
phase shift occurs in the 8- to 10-Hz band normally dominated by 180" phase shift between detectors
on opposite sides of the core; and (3) a significant phase shift is observed In the 0- to 1-Hz band
where the phase Is normally 0°. Other plants perform neutron noise analysis off-line using periodic
tape recordings of the ex-core detector signals.

Interpretation of Baseline Neutron Mol3e Signatures

Several presentations dealt with the Interpretation of observed changes In neutron noise signatures
during and between fuel cycles. One of the recognized problems with neutron noise analysis is the
lack of understanding of the causes of temporal changes in the baseline signatures obtained
periodically during normal plant operation. This results in a fear on the part of plant managers
that neutron noise analysis will cause wild goose chases and, potentially, unnecessary shutdowns for
Inspection. One speaker presented evidence to show that the second mode of fuel assembly vibration
can make a significant contribution to the 5- to 10-Hz ex-core neutron noise normally associated
with core support barrel (CSB) vibration. Therefore, It was concluded that changes in fuel
management or fuel design could cause neutron noise signatures to change. The speaker therefore
recommended that: (1) neutron noise be measured periodically during each fuel cycle; (3) when
possible, accelerometer, In-core neutron, core-exit thermocouple, and pressure noise be used to aid
interpretation of ex-core neutron noise; and (3) more extensive measurements be made after changes
in fuel management or fuel design.

Several other speakers also recommended that other information, especially from loose-part or
vibration monitoring systems, be used to support diagnostics performed with neutron noise. Examples
were cited in which accelerometer signals were used together with neutron noise analysis to diagnose
a loose CSB in a PHR and a loose thermal shield In another PWR.

The assembled group of neutron noise analysis practitioners agreed that more emphasis should be
placed on understanding the causes of normal changes in neutron noise signatures to avoid
misinterpretation and to increase the sensitivity for detecting internal problems at an early stage.
To this end, 16 of the 21 respondents to the questionnaire (see following section) stated that a
baseline library of neutron noise signatures would be useful to them, and 15 agreed to contribute
data to such a baseline library.

HIGHLIGHTS OF QUESTIONNAIRE RESPONSES

Section I - Profile of Respondents

The 21 respondents to the questionnaire contained In Appendix B classified themselves as:

Utility - 10 NOTE: Some identified

Vendor - 3 themselves as both
Consulting Organization - 5 Consulting and
Research Organization - 6 Research

with duties being Identified as:



Managerial - 7 NOTf• Some viewed themselves
Technical - 18 as being in both categories.

and assigned to:

Central office or engineering staff - 12 NOTE: One respondent
Plant or field staff - 8 did not answer

In view of the diversity represented by the respondents, the responses to the following questions
should provide a reasonable cross section regarding the various attitudes of the nuclear industry
toward neutron noise analysis.

Section II - Utility Experience with Neutron Noise

Utility representatives were asked several questions about their experiences with neutron noise
analysis. All ten utility respondents indicated that their plant monitors neutron noise (although
on an infrequent basis in some cases). Seven perform on-line analysis and 3ix tape record noise
signals for off-line analysis. Five respondents Indicated that they perform an extensive analysis
(including PSD, CPSD, Coherence, Phase, RMS, and APD), while some plants monitor only the PSD.
There was wide variation in the frequency of neutron noise measurement, ranging from one measurement
in four years to one measurement every 10 minutes. Five respondents analyze the neutron noise them-
selves, three combine in-house analysis with support from vendors or consultants, and two do not
perform any analysis themselves.

Two respondents indicated that they had diagnosed abnormal in-veasel vibrations using neutron noise
analysis. However, two others stated they had been misled or had experienced false alarms based on
neutron noise.

Section III - Opinions on Neutron Noise Analysis

The majority of respondents (19) stated that they believe neutron noise Is useful; only two indi-
cated that they have not made up their minds regarding its value. A sampling of responses from
utilities shows a wide range of opinion among utility management regarding the value of neutron
noise analysis:

"Not [useful] at all;"
"Total lack of knowledge;"
"Of questionable benefit;"
"Meets an NRC commitment;"
"Useful if It helps operation of plant;" and
"Favorably [impressed]."

The strengths of neutron noise are viewed as rollows:

"Passive, and no additional equipment [required] in containment"
"Provides another easily measurable parameter to monitor the core internals"
"Easy measurement to perform"
"May show early indications of problems"
"Monitoring of core barrel motion and providing forewarning of Impending problem due to abnormal
motion"

"Consistent availability, wide range of applications, sound theoretical background, sensitivity of
measurements"

The respondents saw the weaknesses of neutron noise analysis as:

"[Inadequate] knowledge level at the utilities"
"Criteria for diagnosis of anomalous data are not very well defined. As a result, this analysis
must be used with other detection systems"

"Difficult to interpret" (10 responses noted this as a weakness)
"Does not adequately respond to all anomalies; i.e., other sensor types can do better in some cases"
"Need stronger efforts to make results more specific"
"Doesn't seem to have any purpose other than research"

The results of the poll on the need for a baseline library of neutron noise signatures were
sumnarized previously, but to provide guidance for the establishment of such a library, some
individual comments are worth noting:



"Library [should] Include signatures from some plant before and after [a] problem"
"Only If the format Is flexible"
"If the fuel management scheme at the time of the measurement Is also known"
"EPRI would be a logical supporting organization for this, If not, then PWR and BWR user groups
would be logical sponsors that already exist (for other reasons)"

Section IV - Need for Neutron Noise Analysis Standards

A presentation was made regarding the current status of ANSI/ASME OM-5, "In-Servlce Monitoring of
Core Support Barrel Axial Preload in PHRs," pointing out that a revision is now being made to cor-
rect errors In the original version. It was also stated that the standards committee that prepared
OM-5 is prepared to reconvene to consider modifications or additions suggested by the industry.

The responses to the questionnaire revealed that some people (1 out of 21) were not aware of the
existence of OM-5. Five people said they follow the standard and four said they don't. The remain-
ing eight did not respond. The majority of those responding suggested that the present standard be
revised (8 to 2) and that additional standards be developed for the application of neutron noise for
vessel Internals monitoring (10 to 3). A sampling of suggestions for additional standards follows:

"Methods and Instrumentation required to make neutron noise measurements" (several responses
indicated this as a need)

"Speciric methods related to specific goals"
"Interpretation guidelines"
"Developing a history of noise data for each plant, preferably on magnetic tape"

There was much discussion about who should develop standards. Several participants felt that the
current standard's development by ASME (as opposed to a nuclear industry group) has contributed to
the lack of awareness of the standard within the nuclear industry. The attendees answered the ques-
tion "Who should develop standards?" as follows:

"Research organizations, in conjunction with utilities"
"ANSI/ASME/ANS"
"ASME has done a good Job. They should continue"
"Depends upon what additional standards are deemed desirable and useful"
"Utilities, vendors, and research organizations"
"Vendors + utilities + consultants"
"Joint effort between neutron noise analysts and utility Instrumentation (and, if present)
diagnostic groups"

"Industry"
"Use present ASME committee with input from vendors, utilities and research organizations"
"IEEE, ISA, ANS, ASME"

Section V - Need for Continuing Research on Neutron Noise

There was unanimous agreement on the need for additional research. A sampling of suggestions are:

"Interpretation of [frequency] regions that indicate internals damage or degradation"

"Accelerometer noise verification of neutron noise"
"On-line monitoring techniques"
"Space-dependent reactor kinetics studies"
"Theoretical calculation of vibration frequencies of internal structures"
"Specific criteria for diagnostic phase of monitoring for specific users"
"Correlation with process signals"
"Pure reactivity effects"
"Fuel assembly vibration/failure"
"Improved scale factors for both in-core and ex-core monitoring"
"Interpretation of measured neutron noise signals obtained from operating plants"
"More work using in-core detectors"
"Modeling of specific fuel management schemes"

Section VI - Need for a Permanent Working Group on Neutron Noise

The participants universally agreed that this meeting was useful and that additional meetings should
be held on neutron noise as well as on other similar topics such as:

"Loose-part monitoring"
"Vibration analysis and measurements"



"Temperature nolae"
"Pressure nolae"
"Automated •onitcrlng"
"How to Integrate responses of different systems for decision making"
"Process noise and BWR features"
"Vibration monitoring. Including major rotating components such as reactor coolant pumps"

A majority also agreed that a working group should be formed, with the following suggestions for Its
goals:

"Advancing research"
"Standardizing measurements made by utilities"
"Getting more utilities Involved In making measurements"
"Sponsoring annual meetings"
"Increasing plant availability and reliability"
"Coordinating Information and research being done"
"Wider use of known techniques which can be of commercial benefit to utilities"
"Define consistent set of terms - common language [the] neutron noise community should use"
"Obtain funding for advancing the state of the art of neutron noise relative to Interpretation of

results and making neutron noise a more acceptable diagnostic tool"
"Define the most beneficial and cost-effective R&D programs"
"Informal information exchange"
"Speciric applications to utility needs"
"Help remove the obstacles Inherent In accessing plant process signals"
"Provide direction for utility monitoring programs" ' ,
"Establish contacts between utilities/vendors/research personnel"

FUTURE MEETINGS

The attendees concluded that this meeting was beneficial to them, and they recommended that annual
informal meetings be held on neutron noise analysis or similar- subjects. The next meeting was
tentatively planned for January 1985, with the topics, meeting place, and sponsor to be decided at a
planning meeting in August 1984. A number of people volunteered to help In planning and conducting
future meetings at which tutorial presentations will be made to educate utility personnel on the
established methods of noise data acquisition, reduction, and Interpretation. It is hoped that
these presentations will lay the framework for a uniform set of "good practices" for neutron noise
analysis.

FORMATION OF A WORKING GROUP AND ITS GOALS

The group concluded that there should be a working group on neutron noise analysis with the
following goals:

1. Encourage utilities to make neutron noise measurements
2. Plan and conduct Informal meetings to provide a forum.in which to communicate experiences with

neutron noise surveillance
3. Establish a baseline library of neutron noise data
4. Provide education with regard to good practices and quality assurance of neutron noise

measurement and Interpretation
5. Suggest and promote research to improve the interpretation and application of neutron noise for

surveillance and diagnosis of abnormal situations In nuclear reactors.

The suggested name for the working group is "Reactor Noise Diagnostics Group."
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APPENDIX B

First Conference on Utility Experience in Neutron Noise Analysis
Washington, D.C., April 3-1, 1981

Questionnaire on Application of Neutron Noise In PWRs

Section I - Your Perspective (check appropriate answer)

Affiliation
1. Utility
2. Vendor
3. Consulting organization
1. Research organization

Duties
1. Managerial
2. Technical

C. Assignment
1. Central office staff
2. Plant or field staff

•Section II - Your Experience with Neutron Noise (for utility representatives)

Do you monitor neutron noise In your plants? •
1. On-line measurements? l

2. Tape record for off-line analysis?
3. What type of analysis do you per.orm? (PSD, CPSD, RMS, APD, etc.)
1. How of-.en?
5. Are your measurements and analyses performed in-house?
6. Have abnormal in-vessel vibrations been diagnosed with neutron noise at your plants?
7. Has your utility been misled or experienced false alarms based solely on neutron noise

analysis?

Section III - Your Opinion of Neutron Noise Analysis

A. Do you believe neutron noise analysis Is useful for monitoring internals vibration?
B. How does your management view neutron noise analysis?
C. What are the strengths of neutron noise?
D. What are t^e limitations of neutron noise?
E. Would a baseline library of noise signatures from other plants be useful to you?
F. Would your company contribute to a baseline library?

Section IV - Need for Neutron Noise Analysis Standards

A. Do you follow the recommendations of ANSI/ASME 0M5—"Inservlce Monitoring of Core Support
Barrel Axial Preload In Pressurized Water Reactors?"

B. Should this standard be revised?
C. Should additional standards be developed for the application of neutron noise for Internals

monitoring?
D. What subjects should be addressed In a standard?
E. Who should develop standards?

Section V - Needs for Continuing Research on Neutron Noise

A. Is there a need for additional research?
B. If "yes," which areas should receive priority?

Section VI - Need for a Permanent Working Group on Neutron Noise

A. Was this meeting useful to you?
B. Would you like to see another meeting on neutron noise?

If so, on what topics?
C. Would you like to see meetings c. similar topics?

If "yes," what topics (loose parts monitoring, pressure, temperature vibration noise, etc.?)
D. Would you participate in a working group?
E. What should the goals of a working group be?

Section VII - Additional Comments

Please provide additional comments or suggestions if you desire.


