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ABSTRACT 

This study is part of the project entitled “Evaluation of Aging and/or Degradation in the
Component of the Reactor Pressure Vessel and Internals on a PWR Plant”.  Based on the results of a
Taiwan domestic PWR plant’s PRA study and the associated information collected from itself and
other foreign plants, this study has attained two objects.  The first one is to assess “Failure Mode and
Effect Analysis (FMEA)” of the barrel-baffle bolts on the PWR plant.  There are two stages to achieve
this object.  In the first stage, the assessment includes that the possibility of the degradation of barrel-
baffle bolts could result in an increase in plant risk.  The potential risk sources due to the degradation
of the components are loss of coolant accident (LOCA), general transient, anticipated trip without
scram (ATWS), and seismic-induced events.  In the second stage, evaluation of the incremental core
damage frequency (∆CDF) resulted from the failed barrel-baffle bolts under these events was
conducted.  It contains the evaluation of the initiating event frequencies of the internal and seismic
events, and the quantification of the event sequence models of LOCA and seismic events.  However,
the study in this stage does not include the effects of another important risk measure, “Large Early
Release Frequency (LERF)”.  The second object is to review the outcome of the above analysis
according to the regulatory guideline (RG) 1.174 for risk-informed regulation. From the previous
operating experience, it has shown that there is no indication of degradation of the barrel-baffle bolts in
the in-vessel visual inspection (IVVI) executed by the PWR plant personnel. By using only the generic
data from collected information, estimated potential internal and seismic-related risk increments were
performed for the PWR plant. The ∆CDF of internal events is 1.61x10-7/RY, which is of very small risk
increment, given that the internal events CDF is about 1.6x10-5/RY.  The total ∆CDF from internal
and seismic events is about 1.63x10-6/RY, which is of small risk increment.  The conclusion of these
calculations is that the risk increments of internal and seismic events associated with potential cracking
of barrel-baffle bolts are of very small change and small change, respectively, as defined in the RG
1.174.  A more detailed, plant-specific approach would be required in order to confirm that all the risk
changes remain under very small range.
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INTRODUCTION

This study is part of the project, entitled “Evaluation of Aging and/or Degradation in the
Component of the Reactor Pressure Vessel (RPV) and Internals on a PWR Plant,” financially sponsored
by Tai-power Company (TPC).  This paper provides a summary of risk-informed assessment
associated with potential degradation of barrel-baffle bolts on a Westinghouse three-loop PWR plant
located at Southern Taiwan.  In the design of Westinghouse PWR, the reactor core is surrounded by a
series of vertical plates, called as baffle plates, which form a boundary for the flow of reactor coolant
and provide lateral support for the fuel assemblies.  These plates are bolted to and supported by
horizontal supports, called as former plates.  The former plates are in turn supported by the cylindrical
core barrel.  The bolts attached on the baffle plates to the former plates are referred to baffle-former
bolts. The bolts those fixed the shaped baffle plates to the cylindrical core barrel are referred to barrel-
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baffle bolts.  There is no specific information regarding the barrel-baffle bolts in the PWR plant,
therefore, the assessment did not use the typical methodology of probabilistic risk assessment (PRA).
Based on the results of a Taiwan domestic PWR plant’s PRA study [1] and the associated information
collected from itself and other foreign plants, the internal and seismic events were analyzed for their
contribution in risk incremental. 

The primary objective of this study was to estimate the risk incremental in plant as a result of
potential barrel-baffle bolt cracking or degradation.  This study has attained the two following objects.
The first one is to assess “Failure Mode and Effect Analysis (FMEA)” of the barrel-baffle bolts on the
PWR plant.  The second object is to review the outcome of the above analysis according to the
regulatory guideline (RG) 1.174 [2] for risk-informed regulation.  In general, the typical measure of
risk will be made is the incremental core damage frequency (CDF). And, if appropriate, the
incremental large early release frequency (LERF) can also be mode.  It would be preferable to have
both the information from generic and plant-specific data.  From the previous operating experience, it
had shown that there is no indication of degradation of the barrel-baffle bolts in the in-vessel visual
inspection (IVVI) executed by the PWR plant personnel.  Therefore, only the generic data from
collected information was used in this study.  The LERF analysis may follow the methodology of
NUREG/CR-6595 [3] in the future.  

FAILURE MECHANISMS OF RPV AND INTERNALS

In general, there are eight types of failure mechanisms relative to aging/degradation in the RPV of
a PWR plant.  They are stress corrosion cracking (SCC), neutron irradiation embrittlement, Fatigue,
thermal aging, creep, corrosion, erosion, and mechanical wear.  The failure mechanisms for aging
effects on internals of a PWR plant have another two more types, irradiation-assisted stress corrosion
cracking and stress relaxation, in addition to the eight failure modes described above.  

There are fifteen components of the RPV and their potential failure mechanisms regarding with
aging/degradation listed in the technical literature [4].  They are closure head dome, closure head
flange, closure stud assemblies, vessel flange, upper nozzle shell, intermediate and lower shell, core
support pads/lugs, bottom head dome, primary coolant nozzles, control rod drive mechanism (CRDM)
housing, instrumentation tubes (penetrations), leakage monitoring tubes, closure head lifting lugs,
refueling seal ledge, and shroud support ring.  It is indicated from the quite obvious observation that
the upper nozzle shell, closure head lifting lugs, refueling seal ledge, and shroud support ring will be
not damaged by the previous eight failure mechanisms.  The possible failure mechanisms caused by
aging of the component of RPV internals were provided in another document [5].  There are totally
twelve components including the baffle-former assembly bolts.  The leakage of reactor coolant to the
RPV vessel head flange, may thin out and wear the component due to local corrosion.  The steam will
leak out from the O-ring seal in bad condition, and the developed high-speed stream may lead to erode
the flange.  The mechanical wear mechanism is resulted from the partial, abnormally unfastened
internals and flow-induced vibration.  The effects of mechanical wear for RPV are leakage, rupture or
loss of coolant events.  The transient events of reactor will be occurred, although the leakage rate does
not exceed in the capacity of RCS makeup.

FAILURE MODE AND EFFECT ANALYSIS

For the assessment of  “Failure Mode and Effect Analysis (FMEA)” of the barrel-baffle bolts on
the PWR plant, it was concluded that three kinds of initiating events might be derived from the various
failure modes of RPV and internals.  The loss of coolant accident (LOCA) event was caused by the
RPV or its penetration leaked or ruptured from their cracking.  The general transient was induced by
the loosened parts of RPV internals that damage or block the flow path.  The anticipated transient
without trip (ATWS) event was derived from the deforming failure of the CRDM.  For the external
event analysis, the seismic hazard curve was adopted from the original PRA analysis [6] of the PWR
plant.  The seismic hazard curve is a plot of seismic event magnitude vs. cumulative seismic event
frequency.  The seismic magnitude is measured in terms of peak ground acceleration (PGA).  The
assumption of this analysis is that seismic events with a PGA of 0.4g will challenge the integrity of fuel
grids.  There is an increasing likelihood above 0.9g, which is the high confidence of low probability
of failure (HCLPF) for ECCS pumps of the plant analyzed, that core damage will occur whether or not
barrel-baffle bolts are intact.  It is also assumed that the conditional core damage probability (CCDP)
is dependent on pipe rupture occurred or not when the seismic event is with 0.6g of the magnitude.  



SCOPE AND ASSUMPTION OF ANALYSIS 

There are two stages to achieve this object as described in the previous paragraph.  In the first
stage, it includes the assessment of the possibility that degradation of barrel-baffle bolts can result in an
increase in plant risk.  The potential risk sources due to degradation of the components are loss of
coolant accident (LOCA), general transient, anticipated trip without scram (ATWS), and seismic-
induced events.

In the second stage, evaluation of the incremental core damage frequency (∆CDF) resulted from
the failed barrel-baffle bolts under these events was conducted. It contains the evaluation of the
initiating event frequencies of the internal and seismic events, and the quantification of the event
sequence models of LOCA and seismic events.  However, the study in this stage does not include the
effects of another important risk measure, LERF.  

The frequencies of initiating events for quantitative analysis were used from NUREG/CR-5750.
The domestic PWR PRA models were modified to calculate the ∆CDF both for LOCA and seismic
events.  The ∆CDF of internal events was 1.61x10-7/RY, given that the internal event CDF was about
1.6x10-5/RY.  The dominant risk contributor was from the large break LOCA with an equivalent break
of 6 to 10 inches.  For the evaluation of the risk (∆CDF) of seismic events, we shall calculated the
∆CDF of each seismic event for a given GPA, and then sum up to get the total ∆CDF for all GPAs.
The ∆CDF of each seismic event for a given GPA was calculated by that the CCDP derived from the
seismic event of a given GPA multiplied with the initiating event frequency of the seismic event.  The
∆CDF derived from seismic events with barrel-baffle bolt failure was 1.47x10-6/RY, given that the
seismic event CDF was about 1.0x10-5/RY.  

CONSIDERATION FOR RISK-INFORMED APPROACHES

The second object of this study is to review the outcome of the above analysis according to the
regulatory guideline (RG) 1.174 for risk-informed regulation.  

The ∆CDF of internal events was 1.61x10-7/RY, which was of very small risk increment given that
the internal event CDF was about 1.6x10-5/RY.  The total ∆CDF from internal and seismic events for
this case was about 1.63x10-6/RY, which was of small risk increment.  The conclusion of these
calculations is that the risk increment of both internal and seismic events associated with potential
cracking of barrel-baffle bolts are of very small change and small change, respectively, as defined in
the RG 1.174.  A more detailed, plant-specific approach would be required in order to confirm that the
risk changes remain under very small range.
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incorporated the aging/degradation effects discussed in the preceding paragraph, the comprehensive
study would be done by collecting large amount information of the plant specific data related with
aging effects.  One of the other important risk measures, called as LERF, should be considered for the
risk-informed applications in the future work.  As additional data and analysis results become
available from this PWR plant, it will be proceeded with the quantification of risk measures and obtain
better risk insights than this analysis.  The uncertainty and sensitivity analyses should be performed to
understand the variability of the results in the inputs.
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