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Gent lemen:

SUBJECT: Clarification of Information Relating to the Operation of the
Internals Vibration Monitoring System

The purpose of this submittal from the Omaha Public Power District (OPPD) is to
provide clarification of information relating to the operation of the Internals
Vibration Monitoring (IVM) system at the Fort Calhoun Station. The information
was requested in the July 14, 1988 Safety Evaluation relating to the threshold
levels for the IVM system (Reference 2). The attached report is the formal doc-
umentation of the discussion held during a telephone conversation on June 27,
1988 between Mr. J. Fisicaro and other OPPD staff members and Messrs. P. Milano
and L. Lois of the NRC.

It is OPPD's belief that the proposed thresholds for the IVM system are valid
based on an adequate inspection of the reactor internals and tge evaluation of
experiences at similar Combustion Engineering facilities, and that OPPD's staff
has sufficient expertise to use the VM system.

The atiached report provides supporting documentation to resolve concerns
raised in the SER and the June 27, 1988 telephone conversation. OPPD believes
this information, in conjunction with previous OPPD submittals relating to the
thermal shield deferral, addresses the concerns raised in the Safety
Evaluation.
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OPPD believes, along with Combustion Engineering, that by using the proposed
threshold levels OPPD is able to detect early signs of dcgradation of the ther-
mal shield support mechanism. It is requested that the NRC perform a reevalua-
tion of the proposed threshold levels using the attached report for supporting
information.

If you have further questions concerning this matter, please do not hesitate to
contact us.

Sincerely,
K. J. Morris

Division Manager
Nuclear Operations

KJM/rh

c: LeBoeuf, Lamb, Leiby & MacRae
1233 New Hampshire Avenue, N.W.
Washington, DC 20036

R. D. Martin, NRC Regional Administrator, Region IV
P. D. Milano, NRC Project Manager
P. H. Harrell, NRC Senior Resident Inspector



CLARIFICATION OF INFORMATION RELATING TO THE OPERATION
OF THE INTERNALS VIBRATION MONITORING SYSTEM

This report is in response to the Safety Evaluation performed by the office of
Nuclear Reactor Regulation relating to the threshold levels developed for the
Fort Calhoun Station Internals Vibration Monitoring (IVM) system. The purpose
of this report is to provide additional information on internals support degrad-
ation events at other Combustion Engineering facilities, the methodology used
for developing IVM threshold levels, and the analysis of this data. This addi-
tional information was requested in the July 14, 1988 NRC Safety Evaluation of
the proposed threshold levels.

The body of the report addresses the questions raised in the NRC Safety
Evaluation. This information was discussed in a telephone conversation held
between OPPD and the NRC on June 27, 1988, Attachment 1 is included to provide
additional information on the low power IVM data acquisition at Fort Calhoun.

?ttaﬁhment 2 is included to provide the basis of the Fort Calhoun IVM threshold
evels.

OPPD believes that the submitted threshold levels are able to detect early
signs of degradation of the thermal shield support mechanism. It is requested
that the NRC perform a reevaluation of the proposed threshold levels using the
following report for supporting information.

INTRODUCTION

The Omaha Public Power District (OPPD) submitted the Fort Calhoun Therma)
Shield Support System Inspection Deferral report to the NRC on August 28, 1986
(Reference 1). The purpose of the deferral report was to replace the commit-
meat for a 1987 thermal shield inspection with an internals inspection to be
performed during the 1993 outage. The NRC safety evaiuation of the deferral
report, dated February 12, 1987, acceptec the deferral request contingent upon
OPPD supplying additional information on the Internals Vibration Monitoring
(IVM) system and developing IVM threshold levels (Reference 2). On October 13,
1987, OPPD submitted the additional information (Reference 3) and the February
25, 1988 submittal (Reference 4) proposed the Fort Calhoun IVM threshold
levels., The NRC Safety Evaluation of the threshcld levels, dated July 14, 1988
(Reference 5) determined that the proposed threshold levels were not accept-
able, 1t is the intent of this report to provide clarification and additional
supporting information in order to support OPPD's position that the proposed
threshold levels are valid and acceptable.

Two questions were posed in the Safety Evaluation of the IVM threshold levels,
they were:

l. Is the method on which the Fort Calhoun IVM is based reasonable?

2. Are the proposed threshol!d levels for detecting thermal shield support
degradation reasonable?

OPPD believes that both the methodology and the proposed threshold levels are
valid. This report will explain the basis for OPPD's position on these ques-
tions.
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EORT CALHOUN CURRENT INTERNALS CONDITION (Conti.wed)

The first supporting point in assessing the present condition of
the reactor internals is the 1983 1SI examination of ths reactor
internals. This examination concluded that the core support bar-
rel and the thermal shield were in the as-built condition. The
previous section on the Fort Calhoun Visual Inspection should be
referenced for additional information.

The second supporting point is the long term frequency behavior of
the 12.5 Hz resonance. The 12.5 Hz resonance is the primary indi-
cator of any change in the adequacy of the reactor internals sup-
port mechanism,

The long term frequency behavior of the 12.5 Hz resonance was dis-
cussed in detail in Section 6.3 of the initial deferral report
(Reference 1). Neutron noise data was analyzed and presented from
the period of 1974 through 1986. As stated in the Reference (1)
report, Section 6.3.2 Conclusions, "Therefore, based on excore neu-
tron signal evaluations, thermal shield support system conditions
have not degraded at full power conditions.”

The final ftem supporting the reactor internals current condition
is the low power neutron noise data collected at Fort Calhoun.

The low power data identifies any changes in the mechanical pre-
load of the reactor supporting mechanism and provides the earliest
warning of a possible change in the effectiveness of the position-
ing pins.

A number of factors influence the effectiveness of the positioning
pins. The positive factors, those which increase the coupling be-
tween the core support barrel and the thermal shield, are the ini-
tial mechanical preload and the differential thermal expansion
force which increases with reactor power levels. If the reactor
approaches an isothermal condition (i.e., low power), the differen-
tial thermal expansion force approaches zero and the initi{al me-
chanical preload would be the sole force nmaintaining positive load
on the positicning pins. By comparing the low power data to the
full power excore data, an evaluation can be made as to the ade-
quacy of the initial mechanical preload and any changes in the pre-
load from previous cycles.

The use of this technique at Fort Zalloun is further described in
Attachment 1, the SMORN V paper "The Use of Excore Neutron Noise
at Near Zero Reactor Power to Monitor Thermal Shield Support Sys-
tem Integrity." OPPFD periodically performs low power IVM measure-
ments when returning to power operation following a refueling out-
age. As described in the SMORN paper, evaluation of low power
data at Fort Calhoun has shown no indication of degradation of the
thermal shield support system,

Based on the previously discussed items, OPPD believes that ther-
mal shield support degradation has not taken place and that the
thermal shield supports are currently in the as-built condition.




ORNL POST-FAILURE ANALYSIS

The NRC Safety Evaluation of the proposed threshold levels used
the results of the post-failure analysis performed by Oak Ridge
National Laboratory (ORNL) of neutron noise datua taken from St.
Lucie. The ORNL post-failure report indicated that the degrada-
tion of the thermal shield supports was manifested by small shifts
(less than 2 Hz) in the frequency of several resonances in the neu-
tron noise and the largest frequency shifts occurred during the
second cycle. It {s believed that this led ORNL to conclude that
thermal shield support degradation occurred early in plant life at
St. Lucle.

The ORNL analysis, reported in ORNL/NRC/LTR-85/24, was based on
changes viewed in IVM Power Spectral Density plots over time. The
ORNL analysis {dentified a small freouency change (less than 2 Hz)
in a frequency as being the identifier of support degradation.
OPPD, along with Combustion Engineering, believes that the fre-
quency selected by ORNL i{s not related to core barrel motion.

OPPD believes that the ORNL report was used as the basis for the
NRC conclusions of the threshold levels of the Fort Calhoun IVM
program and does not believe that this is the correct conclusion.
The following is a discussion of what OPPD and CE believe is the
correct post-fallure analysis of the St. Lucie event,

Combustion Engineering (CE) report CEN-272(F)-P (Reference 6) util-
ized calculated natural frequencies and mode shapes of the coupled
core support barrel and thermal shield system for St. Lucie to
determine changes in the vibration characteristics with assumed
changes in the condition of *he thermal shield support system. A
comprehensive finite element model was developed to analyze diifer-
ent support cases such as; as-built conditions, with positioning
pins removed, and with certain support lugs removed., Significant
changes in the cos 24 shell mode of vibration were calculated

with sirulated support system degradation.

In the as-built condition, the supnorts fully couple the thermal
shield to the core support barrel causing the svstem to achieve
approximately the characteristics of the core support barrel
alone. For the no positioning pins condition, the bottom of the
thermal shield {s uncoupled from the core support barrel, allowing
the partially coupled thermal shield to tend towards its own char-
acteristics. With lug damage the two components uncouple, allow-
ing the thermal shield to achieve approximately the characteris-
tics of the thermal shield alone. The frequencies for the cos 24
shell mode for these three support cases are 7.6 Hz, 5.1 Hz, and
3.1 Hz, respectively. Yor the same three support condition cases,
the cantilever beam mode of the core support barrel and the ther-
mal shield remains essentially constant: 6.8 Hz, 6.7 Hz, and 6.7
Hz .

By comparing the cos 2¢ shell mode frequencies calculated using
the finite element model to the actual operational data taken fronm
St. Luclie, the different types of support mechanism degradation
states can be traced. The results indicate that the positioning
pins had not lost their effectiveness until the beginning of Cycle
4 and that support lug wvear was first evident in the middle of



° QRNL POST-FAILURE ANALYSIS (Continued)

Cycle 5. The cos 24 shell mode frequency did not change in

the second cycle as reported by ORNL. Also, the frequency shifts
of the cos 2§ mode associated with degradation of the thermal
shield supports was manifested by rather large shifts (between 2.5
and 4.5 Hz) in frequency.

For the above reasons, OPPD believes that the ORNL report conclu-
sions should not be used in the evaluations of the proposed thres-
hold levels. OPPD utilizes the same finite element analysis that
was performed for St. Lucie in developing the IVM threshold levels
for the Fort Calhoun Station which {s discussed in detail in
Attachment 2,

y IVM AND LPM EVALUATION

The NRC Safety Evaluation pointed out two items of concern about
IVM and LPM evaluations performed at the Fort Calhoun Station.

The first {tem deals with the RMS threshcld values calculated in
the IVM analysis while the s~cond {tem desls with the frequency of
loose parts monitoring data analysis.

One item under Section 2.3 of the Safety Evaluation discusses the
derivation of RMS threshold values. This section of the evalua-
tion implies that OPPD only performs RMS level determinaticns of
the neutron noise data. OPPD performs a complete analysis of each
set of neutron noise data that is acquired. This data analysis
includes but {s not limited to RMS threshold levels. Power Spec-
tral Densities, Cross Power Spectral Densities, Coherence, and
Phase plots are used as other methods of analysis along with the
Phase Separated Power Spectral Densities from which the RM3 levels
are cetermined. Additional information on the data analysis and
the RMS threshold value derivation can be found in Section II of
the OPPD report cited in Reference 3.

A second velated item that warrants clarification is the frequency
of loose parts monitoring data analysis. The NRC evaluation
stated, "In the proposed surveillance of neutron noise, LPM data
is utilized only after six successive months of menicoring indi-
cate a loss of effectiveness of positioning pins.” This statement
is not true and can be clarified by reviewing the previous OPPD
submittals to the NRC. The original August 28, 1986 submittal
(Reference 1) and the February 25, 1988 threstold level submittal
(Reference 4) clearly states that LPM data is analyzed on the same
quarterly schedule as IVM data. OPPD utilizes LPM data on the
same schedule and in conjunction with IVM data to obtain tihe neces-
sary information to access the current internals condition.

o LIIEMS OF CLARIFICATION SUMMARY
The previous five items were clarified due to the items recurring

in the NRC Safety Evaluation. The clarification will now allow
OPPD to directly address the two questions raised by the NRC,
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The oRC Safety Evaluation questions five key areas in assessing the effective-
ness of detecting internals degradation. Each of the five areas will be ad-
dressed in detail in the following discussion. OPPD believes that there is
solid evidence that Fort Calhoun has the required expertise to complement the
IVM tardwaie and software to effectively diagnose thermal shiald support degracd-

ation,

o

This statement is hased on the following five areas.

THE TRAINING AND EXPERTENCE OF THE OPERATOR

Tha NRC safety evaluation questions the training and experience of
the personnel responsible for the Fort Calhoun Station LPM and IVM
programs. Combustion Engineering is responsible for completing
the analyses with OPPD personnel evaluating the results.

The individual from OPPD responsible for the LPM and IVM programs
at Fort Calhoun %“as over four years of nuclear plant experience
and has attended the previous three U.§. reactor diagnortic con-
ferences. The theme of these conferences is new LPM and IVM tec .-
nologlies. The individual has completed par ‘cipation in the Com-
bustion Engineering Owners Group program for LPM and IVM educa-
tion. The Owners Group developed good practice manuals for both
programs and also provided in-depth training on both technologies.
The individual coauthored the attached technical paper presented
at the 1987 SMORN conference entitled, "The Use of Excore Msutron
Noise at Near Zero Reactor Power to Monitor Thermal Shield Support
System Integrity."

Ae part of the recent reorganization of the nuclear operations de-
partments, OPPD has assigned this individual as the System Engi-
neer responrible for the IVM and LPM systems. This assignment is
an assurance that OPPD {s committed to providing the time and ve-
sources necessacy to maintain and improve the LFM and IVM programs
at Fort Calhoun.

JHE EXISTENCE OF A SUITABLE "BASELINE" LIBRARY OF SPE.TRA

The "baseline"” spectra library for Fort Calhoun was presented in
the August /8, 1986 OPPD submittal (Reference 1). Seciion 6.3 of
this report examines neutron noise data acquired at Fort Cslhoun
during the period from 1974 through 1986. The SER states that
Maine Yankee recorded data wonthly for only one fuel cycle. OPkD
believes that the "basel'ne" library of spectra for Fort Calhoun

is more extensive and that the August 28, 1986 report should be
referenced for additional inforration on the subject.

AREQUATE ADMINISTRATIVE CONTROLS

The Fort Calhoun Station uses auequate adminietrative contrels to
ensure high quality data, periodic engineering staff review, and
transmittal of results tu plant management. The LPM and IVM pro-
cedures are administered by the Preventive Maintenance program at
Fort Calhoun. The procedures are routinely performed by qualified
technicians at the station to assure high quality of the data.
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- ADEQUATE ADMINISTRATIVE CONTROLS (Continued)

The procedure also requires that the results of the data analysis
be transmitted to the plant manageme ¢ for review.

- RIAGNOSTIC PROCEDURES
The diagnostic procedures used for investigating changes in the
nofse signals that are not described by the baseline library are
stated in the threshold level submittal (Reference 4). The diag-
nostic procedures propose to increase monitoring of IVM data from
4 quarterly basis to a monthly basis. This increased surveillance
allows for adequate trending of the threshold levels and provides
a status of the degree of support mechanism degradation. The
levels of support mechanism degradation are direccly related to
the RS threshold levels to be discussed in detail in Attachment
- 3

The diagnostic procedures also allow for increased monitoring of

loose parts monitoring data. The LPM data {s analyzed on the same
schedule as IVM data.

: ELANT MANAGEMENT ACTION

The administrative controls require that the results of the IVM
and LPM analysis be transmitted to the plant management. Any
changes in the IVM or LPM data will be noted and appropriate
actions recommended. The appropriate actions, such as increased
monitoring for diagnostic purposes or plant shutdown for a thermal
shield support inspection, will be recommended as stated in the
threshold level submittal (Reference 4).

This section of the NRC safety evaluation raises several questions on the rea-
sonableness of the proposed thresiold levels for detecting possible thermal
shield .upport degradation. Several of these questions, such as the long-term
frequency behavior of the 12.5 Hz resonance and the lack of coordination be-
tween the LPM and IVM systems, have already been answered in the Items of Clar-
ification section of this report. Other questions raised in the safety evalu-
ation, such as the questioning of the 100% increase in RMS levels when dugrad-
ation occurs and the reasoning behind basing the threshold levels on the 6 to
10 Hz range, will be answered in Attachment 2. Attachment {s a detailed de-
scription of the methodology used to develop the Fort Calhoun threshold levels.

The purpose of this section is to provide a brief summary of the method used to
develop the Fort Calhoun Station threshold levels.

The threshold level method used at Fort Calhoun is based on the experience
gained during the failure mechanism analysis of the St. Lucie thermal shield.
The basic approach used for the threshold levels are to monitor the cos 24

shell mode of the core support barrel and thermal shield. For the as-built con-
dition, the frequency of this mode is calculated and shown in actual operation-
al data to be at 12.5 Hz, For the condition of loss of effectiveness of the
positioning pins, the frequency of this mode is calculated to be 7.9 Hz,




When the 12.5 Hz mode disappears, the power at that frequency mode will appear
at 7.9 Hz. The 7.9 Hz in-phase mode would tend to be hidden by the out-of-
phase beam mode at 7 Hz in a standard Power Spectral Density (PSD) plot. Ey
eliminating the out-of-phase portion of the PSD using established phase separ-
ating techniques, the cos 2¢ in-phase mode can be easily tracked.

Looking for the disappearance of the cos 20 shell mode at one frequancy and
its reappearance at a different frequency provides the most meaningful method
for monitoring the condition of the thermal shield support system. To provide
a threshold value for woniloring in response to the NRC request, the power asso-
clated with the as-built cos 24 in-phase mode was quantified using previous

IVM operational data. The frequency associated with degraded thermal shield
support conditions for the cos 24 mode were calculated using . detailed fin-
ite element model. The power associated with degraded thermal shield support
conditions is assumed to remain constant and shift to the calculated frequen-
cles. Based on the comparison of the two cases, a percent of change in RMS
levels for the 6 to 10 Hz range was devised. The acceptable and unacceptable
percent of change levels are explicitly stated in the threshold level submittal
(Reference 4),

Attachment 2, Fort Calhoun IVM Threshold Level bevelopment, should be refer-
enced for add/tional information on the development of the threshold levels for
the Fort Calhoun Station.

CONCLUS [ON

Based on the cases presented in this report, the Fort Calhoun Station noise mon-
itoring program would be able to detect degradation of the thermal shield sup-
ports before any damage took place. OPPD possesses the expertise and adminis-
trative controls necessary to ensure an effective IVM program. OPPD has ad-
dressed the specific points raised in the NRC safety evaluation and requests
the NRC acceptance (f the Fort Calhoun Station IVA threshold levels.

BEFERENCES

1, Letter from R, L. Andrews (OPPD) to USNRC, "Fort Calhoun Thermal Shield
Support System Inspection Deferral," dated August 28, 1986 (LI1C-86-421).

2. Letter from W. Paulsen (USNRC) to R, L. Andrews (OPPD), “"Thermal Shield
Support System Inspection Deferral, Fort Calhoun Station, Unit No. 1,"
dated February 12, 1987,

P Letter from R. L. Andrews (OPPD) to USNRC, "Additional Information on
the Fort Calhoun Internals Vibration Monitoring System,® dated October
13, 1987 (LIC-87-673).

4, Letter from R. L. Andrews (OPPD) to USNRC, "Threshold Levels for the
Fort Calhoun Internals Vibration Monitoring System," dated February 25,
1988 (LIC-88-091).

P Letter from P. D. Milano (USNRC) to K. J. Morris (OPPD), "Request for
Additional Information Relating to the Operation of the Internal Vessel
Monitoring (IVM) System," dated July 14, 1988,

6. CEN-272(F), "Final Report on the St. Lucie Unit 1 Post Cycle 5 Plant
Recovery Program," dated February 1984.

P Combustion Engineering Report TR-FIS-017, "Floridc Power and Light, St.
Lucie Unit, Reactor Internals Inspection Report, dated March 25, 1982,




ATTACHMENT 1

The Use of Excore Neutron Noise at Near
lery Reactor Power to Monitor Therma!l Shield
Support System [ntegrity

Joseph W, Quinn Combustion Engineering, Inc,

Christopher J, Sterba Omaha Public Power District

Joel A, Stevens Combustion Engineering, Inc,
Keywords : Thermal shield, excore detectors, neutron noise, near

fsothermal conditions, phase separated PSD.
Absgract

Several nuclear reactors which incorporate 2 thermal shield design have
experienced degradation of the thermal shield support structure. Combustion
Engineering, Inc, (C-E) and the Omana Public Power District (OPPD) have
developed both equipment and a surveillance program which monitors the

performance of the thermal shield support structure at the OPPD Fort Calhoun
nuclear station,

Backjround:

Both the ASME and the American National Standards Institute (ANSI) in
their joint standard have accepted a consisten® program of Internals Vibration
Monitoring (IVM) using neutron noise to be a reliable reactor internals
surveillance method (Ref., 1). The U. S. utility, OPPD, has developed an
agministrative procedure to monitor reactor intermals vibration levels using
existing excore neutron detector signals at the Fort Lalhoun station, located
north of Omaha, Nebraska.

The Fort Calhoun reactor (Figure 1) 15 a2 502 MwWe Pressurized Water
Reactor (PWR) designed by C-E. In operation since late 1373 the reactor
internals include a Core Support Barrel (CSB) ana a Thermal Shield (7S).
During the scheduled ten year I[neservice [nspection ([S!) performed in 1983 a
visual examination was made of the CSB/TS support structures, The examination
ingicated that all support components were in good condition, OPPD has been
actively invelved in a regular program of VM syrveillance of reactor
internals mction since 198§,
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Core Barrel Thermal Shield Description:

Figure 2 details the arrangement of the Ft. Calhoun reactor internals.
The thermal shield is a right circular cylinder concentric with the core
barrel. The thermal shield is attached to the core barrel and extends the
length of the active core. The thermal shield is suspended from support lugs
on the core support barrel., Radial positioning is provided by two sets of
positioning pins, Figure 3 describes the CSB/TS conngction scheme,

CSB/TS Ovnamic Behavior:

Because of the s'pport lugs and the radial positioning pin the CSB/TS
form a closely coupled mechanical structure which exhribits identifiable beam
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and shell modes of vibration, The beam bending mode [Figure 4a) 15 @
cantilever mode of vibration of the CSB, similar %20 & simple beam with one énd
free and one end clamped. Ir *his mode the (SB cross section remains circular
and translates. The shel) modes of vibration (Figure 4b, 4¢) are vibration
modes ‘nvolving circumferential variation in the shape of the CSB.
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Column #1 in Table | lists the calculated in-water modal frequencies of
the Fort Calhoun CSB/TS (Ref. 2). These frequencies can be identified in a
typical Auto Power Snectra' Density (APSD) taken from the Ft., Calhoun reactor
at 100% power (Fig. 5),

Analysis of the CSB/TS support structure (Ref. 3) indicates that a loss
of radial positiontn? pin effectiveness can initiate the decoupling of the
CSB/TS. This decoup 1n? effects vibration modal frequencies. The detection
of radial positioning pin condition is possible using the neutron noise
portion of the existing linear power range detectors.

Column #2 of Table 1 lists the calculated in-water modal response
frequencies Yor the Ft, Calhoun CSB/TS in the case of a postulated loss of
effectiveness of all radial positioning pins., Based on comparison between
“Nominal™ and "All pins removed" cases, it can be observed that only the first
shell mode cf vibration (COS 28) changes significantly from its nominal 12.5
Hz down to 7.9 Mz with all pins removed, B8y monitoring the frequency of the
CSB/TS first shell mode one can infer changes in positioning pin
effectiveness,
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Rglcggr Pg!!r and Pa;1t1gn1ng Pin Loading:

A number of factors influence the effectiveness of the radfal
positioning pin including mechanical preicad and differential thermal
expansion, both of which increase the coupling force between the thermal
shield, and the CSB. The pressure differential across the thermal shield,
support lug bending and radiation induced relaxation all decrease the CSB/1S
coupling force. The thermal expansion force is the only positioning pin
loading force which can be controlled during reactor operation, Increased
temperature differential between the core support barrel and the thermal
shield increases the interference between the positioning pin and the CSB.

Pg!!r E!v!1 §slcc§1on:

In order to monitor positioning pin effectiveness 1t was desired to select
plant operating conditions for which the CSB/TS would be most susceptible to
any reduction in positioning pin effectiveness, I[f the reactor is in ar
isothermal condition the thermal expansion force is zero and the mechanica)
preload oiven the positioning pins during installation would be the sole force
maint2ining a positive 10ad on the positioning pins,

lero rector power produces ideal isothermal conditions betweer the CSB/TS
components, However, zero reactor power does not provide an adequate neutron
flux te allow the linear power range excore detectors to be used, I!f a simple
measurement scheme using exicting instrumentation is desired then a near zero
power level must be selected which:

') Produces a minimal thermal expansion farce.
2) Provides an adequate excore detector flux signal,

The thermal expansion force exerted by the CSB on the positioning pins is:

! * ;;’\
Fth.m.x,‘ao /2) x a x &7
K = CSB/TS stiffness a = Coefficient of thermal
R = Core barre! outer racius expansion for the core
1% = Positioning pin lenoth varrsl- thermal shield,

AT = Temperature difference
between CBS ana TS,

Since AT is nearly Yirear with reactor power the thermal expansion force
is alse nearly linear with reactor power, Using this linear relation the
sherma] expansion force at 5% reactor power wouid only be 1/20th the 100%
therma) expansion force. From a thermal expansion force consideration the
lower the reactor power the better, Reactor power below 5% does not produce
significant thermal expansion force,
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Five percent reactor power was chosen to be the plant power level for the
positioning pin effectiveness measurement, The five percent power level is
both the highest power level at which thermal conditions are not appreciable
:nd thcd\oucst reactor power at which CSB/TS shel! mode frequencies can be
etected.

Data Acquisition System:

The measurement of reactor internals vibration daty requires specialized
signal conditioning equipment, C-E has developed an Intermals Vibration
Monitoring (IVM) system which provides all of the necessary electronic
squipment and analysis functions needed to perform regular [VM measurements,
The IVM system contains a Signal Conditioning Module (SCM) which houses the
processing electronics, a portable computer, which centrols the SCM and
computes the analysis functions, and a graphics hard copy printer,

The Signal Conditioning Module accepts two channels of excore stgnals as
inputs and outputs the bandlimited and amplifiec vibration fluctyations which
make up less than 0,25% of the gross power level excore signal,

The C-E SCM (Fig. 7) provides:

0 ¢1qn pass filtering for elimination of the gross OC power
evel,

0 High gain PRE-filtering amplification

) Low pass filtering for frequency limiting the data

] High gain POST-filter amplification

0 Control sd sample rate Analog - to - Digital Conversion (ADC).

The SCM is totally controlled in all its ranges and functions by the
comguter.

The output of the SCM is then processed by the [VM analysis software
package and analysis results are stored on both disk and hardcopy grapnic
printer output,

The C-€ IVM analysis software acguires both time and fregquency domatn
data. The standard !VM analysis functions include: Auto and Cross Power
Spectral Density functions, signal Coherence and Relative Phase functions as
well as user specified dand select RMS (root-mean-sguare) energy calculations.
Also available is the implementation of spectral phase separation algorithms,
The TVM software can alsu recall previous computed anmalysis resylts to allow
comparison between two analysis data sets.
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Flgure 7. C-E Internals Yibration Monitaring System Signal Conditioning

Module Block Diagram
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Near lero Power Field Measyrement

In June 1986 a near zero neutron noise measurement was made at Ft,
Calhoun plant, This measurement was made at nominally 5% reactor power using
the C-E IVM system. Two linear excore detectors 180° apart were measured and
analyzed. The signal obtained from the first shell mode exhibits an in-phase
relationship between detectors which are 180° apart (Fix. 8). In addition to
the normal spectral analysis a special phase separated APSD (Ref. S) was
caleulated. This phase separation technique applies to the APSD processing
for which the measured APSD is the sum of two processes which are either in
ohase (0°) or ocut-of-phase (180°) relative to each other,

Far this specia) case the measured APSD can bde separated dbased orn phase
into APSD (0*) ang APSD (180°). Since our interest was in the CSB/TS first
shell mode frequency, the in-phase, APSD(0°) spectra, would be the most
sensitive %o change of that vibration mode. Figure § is the 0%-phase APSD
from the 5% reactor power measurement at Ft, Calhoun., The freguency of this
vibrational mode is stil)l noted to be in the same 10-12 Hertz region as in the
100% power APSD (Fig, 5). The infarence from this analysis was that the
CSB/TS support system was effective,
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figure 3. Ft. Culhour 0 Phase APSD 4t §3 Reactor Mower

In tion Def Th n Monitorin

[n 1984, the U. 5. Nuclear Regulatory Commission (USNRC) concern over
CSB/TS support system problems led OPPD to commit to the USNRC to perform an
examination of the Ft. Calhoun CSB/TS during the 1987 maintenance outage.

This examination would have been performed four years after the normal [S! ten
year inspection, OPPD petitioned the USNRC in August 1986 for deferral of

t;;; examination until the next scheduled [SI inspection %o be performed ‘n
1 .

The deferral affort consisted of both an analytical effort and a
commitment to an IVM syrveillance program, Emphasis in the deferral effort
was 3150 given to the positive results of the near zero power [VM measurement
*aken in June 1986,

In February 1987 the USNRC granted OPPO a deferral from CsS8/TS
examination unti] the scheduled 1993 [SI date. OPPD's commitment to the USNRC
included the analysis of IVM data on 3 guarterly basis and collecting near
isothermal IVM data once per fuel cycle.

Conclusion

The early detection of thermal shield support system structural change 'S
the primary goal of the OPPD IVM program at Fe, Calhoun, [VM measurements at
near ero reactor power provide an early warning of 2 possible change 1in
radia] positioning pin effectiveness Dy monitoring changes in the CSB/TS
vibration characteristics. The OPPD turveillance program provides 2 reliadle
sarly warning of potential structural problems with a2 minimal impact on plant
operations,
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EORT CALHOUN CYCLE 10 IVM DATA

Four sets of 1008 power neutron noise data was analyzed for Fort Calhoun from
Fuel Cycle 10. Data from the cross-core detector pairs B safely - C safety and
B control - A control were acquired on 4/30/86, 5/28/86, 7/28/86 and 10/18/86.
The four data sets were analyzed using phase separating techniques (Reference 2)
over the frequency bands 0-4 Hz, 4-6 Hz, 6-10 Hz and 10-15 Hz. These bands were
chosen so as to contain the Power Spectral Density (PSD) peaks corresponding to
the initial (nominal condition) frequency (12.5 Hz) and the reduced (degraded
condition) frequencles (7.9 Hz and 5.4 Hz) associated with the cos 2¢ mode

used to monitor the condition of the thermal shield supports.

The Root-Mean-Square (RMS) values of amplitude for the phase separated PSD's for
the chosen frequency bands were calculated (see Table 2). The values listed in
the columns headed 10-15 Hz provide an estimate, as a function of time for the
various detectors, of tne amplitude of the 12.5 Hz peak of the in-phase (0') cos
20 mode associated with the nominal condition of the thermal shield support
sysiem.

It 1s well known (e.g., see References 3, 4, 5 and 6) that neutron noise not re-
lated to internals vibration can vary throughout & fuel cycle and from cycle to
cycle. These variations may be related to fuel burnup, soluble boron concentra-
tion, temperature and modifications in fuel management of design. The varia-
tions in the Fort Calhoun data during Cycle 10, calculated as a percent increase
over the 4/30/86 data, are shown in Table 3. Note that the largest increase
over any three month period for the 6-10 Hz band was 14.5% and that the largest
increase over any one month period for the 4-6 Hz band was 6.38 ((27.8-8.9) +
3).

ESTIMATE OF EXPECTED CHANCES IN IVM DATA WITH POSTULATED CHANGES IN THERMAL
SHIELD SUPPORT SYSTEM CONDITIONS

Natural frequency calculations performed for Fort Calhoun, summarized in Table

1, show significant changes in the frequency of the cos 2¢ mode of vibration

of the thermal shield and core support barrel with postulated damage to the ther-
mal shield support system. For the nominal, as-designed condition of the ther-
mal shield support system, the frequency is 12.5 Hz; for the case of loss of

effectiveness of all positioning pins, the frequency is 7.9 Hz; and for the case
of support lug/support pin wear, the frequency is 5.4 Hz

With the postulated loss of effectiveness of all positioning pins, the power
assoclated with the 12.5 Hz peak will move to a peak at 7.9 Hz. With the post-
ulated addition of support lug/support pin vear, the pover originally associated
with the 12.5 peak will decrease further to a peak at 5.4 Hz.

On this basis, estimates of expected changes in neutron noise data with the post-
ulated changes in thermal shield support condition have been calculated. The
results are givew in Teble &, the case of loss of effectiveness of positioning
pins (6-10 Hz band) and the case of support lug/support pin wear (4-6 Hz band).
For example, for the C safety detector, the RMS amplitude of the 6-10 Hz band is
estimated to increase from 1004 to 1174, as a function of time, over its nominal
value with postulated loss of effectiveness of all positioning pins. Also, for
the same detector, the RMS amplitude of the 4-6 Hz band is estimated to increase
from 43% to 518 over its nominal value with




FORT CALJQOUN IVM THRESHOLD VALUES

A threshold value {s proposed based on the fullowing suggested approach: 1i.e.,
that a threshold value be chosen that reduces the likelihood of wear on the
thermal shield support lugs/support pins. Experience at St. Lucie 1 indicated
that approximately two years had passed between the time that loss of effective-
ness of the positioning pins was detectable by IVM and the time that support
lug/support pin wear had occurred. It is proposed, therefore, that a threshold
value be selected that results in an inspection program about six months after
detection of loss of effectiveness of all positioning pins. This can be done as
follows:

1. Acquire, reduce, and evaluate 10084 power IVM data at the beginning, end,
and at three month intervals for each fuel cycle. Calculate the in-phase
(0%) RMS amplitudes of the 0-4 Hz, 4-6 Hz, 6-10 Hz, and 10-15 Hz frequen-
cy ranges,

- amplitude for the 610 Hz range for the present data to that of the
previous quarterly data.

- R If there is a definite 12.5 Hz in-phase peak in the PSDs, and the in-
crease in the RMS amplitude for the 6-10 Hz range {s less than 25%, con-
tinue to monitor at three month intervals. If both of these conditions
are met, the theimal shield is adequately supported. (The 250 increase
is based on an expected three month increase associated with fuel burnup
of 158 plus a potential 108 IVM system amplitude uncertainty).

4. If there is a greater than 25% but less than 100% increase in the RMS
amplitude for the 6-10 Hz in-phase range from the previous quarterly
data, begin acquiring, reducing, and evaluating data at one month in-
tervals. The only action to be taken at tnis time is increased monitor-
ing for trending purposes. No inspection is recommended at this time,

S. If there is no definite 12.5 Hz in-phase (0°) peak in the PSDs, and {f
the i{ncrease in the RMS amplitude of ths 6-10 Hz range is greater than
1008, the changes in the neutron noise data indicate a loss of effective-
ness of the positioning pins. Begin to monitor IVM data at one month in-
tervals for trending purposes. An inspection of the thermal shield sup-
port structure i{s recommended. The inspection should occur within the
next six months.

6, If six successive months of monitoring indicate a loss of effectiveness
of positioning pins and if this is corroborated by evaluation of Loose
Parts Monitoring (LPM) data, it will be recommended that the plant be
shut down and an {nspection of the thermal shield support structure be
performed as soon as practicable.

LPM data {s acquired, reduced and evaluated on the same schedule as that for
IVM. Near-zero power IVM data is acquired, reduced and evaluated once per fuel
eyele
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FORT CALMOUN THERMAL SHIELD, CORE SUPPORT BARREL AND
THERMAL SHIELD SUPPORT SYSTEM

IN-WATER MODAL FREQUENCIES (HERTZ; vs, SUPFORT SYSTEM

CONDITION
A1l Pins Removed &
Mode Nominal  All Pins Removed 4 Lugs Removed
BEAM 7 7 ?
cos 28 12.5 7.9 5.4
Cos 38 16.3 14.9 14

CoS 48 22.8 22 21.3




TABLE 2

RMS AMPLITUDE OF PHASE SEPARATED PSD's
FOR CHOSEN FREQUENCY BANDS

8 SAFETY C SAFETY
DATE 0° PHASE PSD (RMSx10%) DATE 0° PHASE PSD (RMSx103)
(i925) FOR THE FREQUENCY BANDS (1986) FOR THE FREQUENCY BANDS
O-dH: | 4-6Kz | 6-10Mz | 10-15K2 0-4Hz | 4-6Hz | 6-10Kz] 10-15Hz
4-30 | 25.708| 1.982 | 0.883 | 0.924 2-30 | 27.330] 2.090 | 0.898 | 0.901
s.28 | 27.407] 2.011 | 0.919 | 1.008 s.2¢ | 20.858] 2.184 | 0.949 | 0.96%
7.28 | 30.594] 2.234 | 0.982 | 1.138 7.28 | 31.179] 2.460 | 1.020 | 1.106
10-28 | 33.681] 2.311 | 1,088 | 1.360 10-28 | 33.605| 2.529 | 1.112 | 1.302
8 CONTROL A CONTROL
DATE 0° PHASE PSD (RMSx10%) DATE 0° PHASE PSD (RMSx17Y)
(1986) FOR TME FREQUENCY BANDS (1986) FOR THE FREQUENCY LANDS
L OoaNz | 8-6Mz | 6-10M2 | 10-15H2 0-4nz | &-6mz | 6-10v2 ] 10-15Kz
.30 | 27.530] 2,013 | 0.507 | 1.4 2.30 126,975 2,085 | 1.151 | 1.299
5.28 | 30.806| 2.096 | 0.981 | 1.546 s.28 |28.088]2.100 | 1.218 | 1.412
7.28 | 33.617] 2.193 | 1.002 | 1.545 7028 |31.003]2.372 | 1.8 | 1.822
w 10-28 | 37.008| 2.573 | 1.018 | 1.768 10-28 | 36,276 | 2.865 | 1.414 | 1,748




PERCENT INCREASE IN RMS AMPLITUDE OF PHASE SEPARATED PSD's

FOR CHMOSEN FREQUENCY BANDS

B SAFETY % CHANGE W/TIME C SAFETY % CHANGE W/TIME
DATE ] 0° PHASE PSD RMS INCREASE (1) DATE | 0° PHASE PSD RMS INCREASE (%)
(1986) | FOR THE FREQUENCY BANDS (1986) | FOR THE FREQUENCY BANDS
0-aHz | &-6Hz | 6-10Hz | 10-15K2 0-4Hz C-GNzALWG-IONx 10-15K2
30 | - ; . : 330 | - . - =
s.26 | 6.6 | 0.9 6.1 9.1 6.26 | 5.6 | 4.5 5.7 | 74
7.2 {19.0 | 127 | ne | 2.2 .28 1e1 | 172 ] 13.6 | 22.8
10-2¢ |31.0 | 16.6 | 19.8 | ar.2 10-28 | 23.0 | 21.0 | 23.8 | a4.8
B CONTROL T CHANGE W/TIME A CONTROL % CHANGE W/TIME
DATE ] O° PHASE PSD RMS INCREASE (%) DATE ] 0° PHASE PSD RMS INCREASE (%)
(1986) | FOR THE FREQUENCY BANDS (1986) | FOR THE FREQUENCY BANDS
0-8Hz | 8-6Mz | 6-10Mz | 10-15Hz 0-&Mz | 8-6Hz | 6-10Wz | 10-15Hz
-3 | - ‘ - 30 | - n - .
s.28 [11.9 | 4 8.2 9.6 620 | 7.1 | 4.1 5.8 | 8.7
.28 |22.1 | &9 | 108 §.8 728 | 16,9 | 15,4 | 108 | 1709
10-26 | 3a.6 | 27,8 | 12,2 | 251 10-26 | 345 | 24.8 | 22.8 | 3.3
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