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ABSTRACT

This paper discusses management of aging effects for reactor coolant pressure boundary components in
boiling water reactors (BWRs):  loss of fracture toughness due to thermal aging and neutron irradiation
embrittlement of vessel internals made of cast austenitic stainless steel; cracking of the top guide due to
irradiation-assisted stress corrosion cracking; cracking of the core shroud and reactor coolant system
piping due to intergranular stress corrosion cracking; cracking of the small bore piping due to high-cycle
thermal fatigue; and loss of preload in the pressure boundary bolting.  The applicants for license renewal
of BWR plants have proposed different approaches for managing these aging effects such that the
intended functions of the affected components will be maintained, consistent with the current licensing
basis, for the period of extended operation.  The NRC staff has performed safety evaluation of these
approaches and found them acceptable for adequately managing the aging effects during the period of
extended operation.  The technical bases for the acceptance are presented in this paper.

INTRODUCTION

The license renewal process for U.S. nuclear power plants proceeds along two tracks:  a technical review
of safety issues and an environmental review.  The requirements of these reviews are stated in NRC
regulations 10 CFR Parts 54 and 51, respectively.  The safety review for license renewal is based on the
applicant’s license renewal application (LRA) and on the responses to requests for additional information
from the NRC staff.  The Safety Evaluation Report (SER) summarizes the results of the staff’s safety
review of the plant’s LRA and describes the scope of the technical details considered in evaluating the
safety aspects of the plant’s proposed operation for an additional 20 years beyond the term of the current
operating license.  The LRA is reviewed in accordance with the NRC regulations and guidelines provided
in the NRC, “Standard Review Plan for License Renewal,” (USNRC 2001a).

The scope of license renewal is identified in 10 CFR 54.4 and includes those systems, structures, and
components (SSCs):  (a) that are safety related and are relied upon to remain functional during and
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following design-basis events; (b) that are nonsafety related whose failure could affect safety-related
functions; and (c) that are relied on to demonstrate compliance with certain NRC regulations, e.g.,
environmental qualification and pressurized thermal shock.  The safety-related SSCs are necessary to
ensure:

(1) The integrity of the reactor coolant pressure boundary.
(2) The capability to shut down the reactor and maintain it in a safe shutdown condition.
(3) The capability to prevent or mitigate the consequences of accidents, which could result in
potential off-site exposures comparable to the guidelines in 10 CFR 50.34 and 10 CFR Part 100.

The applicant reviews all the SSCs and identifies those structures and components (SCs) that are subject
to aging management review (AMR).  In accordance with 10 CFR 54.21(a)(1) structures and components
subject to AMR are those that perform an intended function without moving parts or without a change in
configuration or properties, and that are not subject to replacement based on qualified life or specified
time period.  Per 10 CFR 54.21(a)(3), the applicant must demonstrate that the effects of aging will be
managed in such a way that the intended function or functions of those SCs will be maintained,
consistent with the current licensing basis, for the period of extended operation.  

Another requirement for license renewal is the identification and evaluation of time-limited aging
analyses (TLAAs). These analyses consider the effects of aging and involve time-limited assumptions
defined by the current operating term, i.e., 40 years.  Per 10 CFR 54.21(c)(1), the applicant shall
demonstrate that:

(1) The analyses remain valid for the period of extended operation.
(2) The analyses have been projected to the end of the period of extended operation. 
(3) The effects of aging on the intended function(s) will be adequately managed for the period of

extended operation.

10 CFR 54.22 requires license renewal applicants to include technical specification changes or additions
necessary to manage the effects of aging during the period of extended operation.

The staff evaluates the technical information required by 10 CFR 54.21 and 54.22 in accordance with the
NRC regulations and the guidance provided in the standard review plan for license renewal.  The staff
review of safety issues includes the following:

(1) Evaluation of the methodology for identifying SSCs within the scope of license renewal.
(2) Evaluation of the methodology for identifying SCs subject to an AMR.
(3) Evaluation of scoping and screening results for mechanical systems, structures, component

supports, electrical systems, instrumentation, and controls.
(4) Evaluation of AMR results for the SCs identified in Step 3.
(5) Evaluation of aging management programs.
(6) Evaluation of time-limited aging analyses.

The mechanical systems include the reactor coolant system, engineered safety features, auxiliary
systems, and steam and power conversion systems.  The TLAAs include analyses of reactor vessel
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neutron irradiation embrittlement, metal fatigue, containment fatigue, environmental qualification of
electrical systems, and other plant-specific TLAAs.  The staff’s evaluation results are documented in a
safety evaluation report for a specific license renewal application.  

As of January 2003, fourteen license renewal applications have been submitted to NRC.  Five of these
applications have been approved, and the other nine are at different stages of evaluation.  Eleven of the
14 applications are for pressurized water reactor (PWR) plants, and the remaining three are for BWR
plants.  A renewed license has been issued for one BWR plant:  Hatch Units 1 and 2; evaluation of the
second BWR plant, Peach Bottom Units 2 and 3, is near completion; and a joint license renewal
application for two more BWR plants, Quad Cities Unit 1 and 2 and Dresden Units 2 and 3, has been
recently submitted.

This paper focuses on aging management approaches taken by the BWR applicants for reactor coolant
system components including reactor vessels, internals, and piping (USNRC 2001c, USNRC 2002b). 
Shah and Liu (2002) have summarized the applicable aging effects and the corresponding aging
management programs for these components based on the data included in the Generic Aging Analysis
Report (GALL) (USNRC 2001b).  The objective of this paper is to supplement that summary by
describing the approaches the applicants have taken for managing certain aging effects in the BWR
reactor coolant pressure boundary components.  

BWR REACTOR COOLANT SYSTEM

The BWR reactor coolant pressure boundary components include the reactor pressure vessel, vessel
internals, recirculation piping, and other piping systems connected to the reactor pressure vessel. The
connected systems include, for example, the high-pressure coolant system, residual heat removal system,
feedwater system, and main steam system extending to the second containment isolation valve.  The
aging effects for these components include crack initiation and growth, loss of material, wall thinning,
loss of fracture toughness, loss of preload, and cumulative fatigue damage.   The typical programs for
managing these aging effects include:  the ASME Section XI in-service inspection program; water
chemistry program; programs for reactor vessel head closure studs, feedwater nozzle, control rod drive
return line nozzle, penetrations, attachment welds, and internals; programs for thermal and neutron
irradiation embrittlement of cast austenitic components; the stress corrosion cracking program; the flow
accelerated corrosion program; the bolting integrity program; and several plant-specific programs,
including the reactor vessel surveillance program (USNRC 2001b).

As stated earlier, the objective of the aging management program is to ensure that the effects of aging
will be managed in a way consistent with the current licensing basis for the period of extended operation. 
Generally, an aging management program may prevent, mitigate, and/or detect and monitor a given aging
effect to accomplish its objective.  However, in some instances, such direct management of an aging
effect may be difficult.  In such instances, an aging effect is managed by monitoring a related effect in the
same component so that the consequences of the aging effect are managed, or by monitoring the same
related effect in a component that is more likely to be subject to the aging effect.  For some components,
an aging management program is required only if multiple aging failures of that component are possible. 
The scope of an aging management program may be changed and possibly reduced by a preemptive
repair of a component. Often an aging effect is managed by more than one program, and an enhancement
in one program could reduce the scope of the other program.  A one-time inspection program may be
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developed to verify that aging effects are not present in certain components.  Also, some aging effects
may be effectively managed by preventive actions.  This paper provides examples of these different
approaches by discussing the management of the following aging effects:

• Loss of fracture toughness due to thermal aging and neutron irradiation embrittlement of vessel
internals made of cast austenitic stainless steel (CASS)

• Cracking of top guide due to irradiation-assisted stress corrosion cracking (IASCC)
• Cracking of core shroud due to intergranular stress corrosion cracking (IGSCC)
• Cracking of reactor coolant system (RCS) piping due to IGSCC
• Cracking of small bore piping due to high cycle thermal fatigue
• Loss of preload in pressure boundary bolting

Several topical reports on BWR Vessel Internals Project (BWRVIP) are referred to in this paper.  These
reports are prepared for the General Electric (GE)-designed BWR plants.  The purpose of these topical
reports is to generically demonstrate how the aging effects for reactor vessel internals and other reactor
coolant system components can be adequately managed for the extended operation under a renewed
license.  The NRC staff has evaluated these reports for 60 years of plant operation.  In accordance with
10 CFR 54.17(e), the applicants for Hatch and Peach Bottom plants have incorporated by reference these
topical report in their LRAs. 

LOSS OF FRACTURE TOUGHNESS DUE TO THERMAL AGING AND NEUTRON
IRRADIATION EMBRITTLEMENT OF CASS VESSEL INTERNALS

Reactor vessel internals made of cast austenitic stainless steel may be susceptible to loss of fracture
toughness due to thermal aging and neutron irradiation embrittlement.  This loss of fracture toughness is
due to both thermal aging and neutron irradiation embrittlement in the ferrite phase of CASS material,
and neutron irradiation embrittlement alone in the austenite phase.  The susceptibility to thermal aging
embrittlement of CASS components is evaluated by the NRC (USNRC 2000) and is dependent upon the
casting method, molybdenum content, ferrite content, and operating temperature.  For low-molybdenum
(0.5 weight % maximum) steels, only statically cast components with >20 volume % ferrite are
potentially susceptible to thermal aging embrittlement.  For high-molybdenum (2.0 to 3.0 weight %)
steels, statically cast components with >14 volume % ferrite are potentially susceptible to thermal aging
embrittlement.  For high molybdenum steels, centrifugally cast components with >20 volume % ferrite
are potentially susceptible to thermal aging embrittlement.  Thermal embrittlement occurs in the
temperature range of 250oC (480°F) to 400oC (750°F).  The higher the operating temperature, the more
susceptible is the component to thermal embrittlement.  However, only those CASS components that
operate at temperatures above 288°C (550°F) are susceptible to significant amounts of thermal aging
embrittlement.  At Hatch and Peach Bottom plants, jet pump assemblies and orificed fuel supports
(OFSs) are the only vessel internals having CASS components that are within the scope of license
renewal.  At one plant, these components are manufactured from low-molybdenum ASTM SA 351,
Grade CF-8, with ferrite content less than 20 volume %, and, therefore, are not susceptible to loss of
fracture toughness due to thermal aging embrittlement.  At the other plant, the CASS components operate
at a temperature less than 288°C and, therefore, are not susceptible to loss of fracture toughness due to
thermal aging embrittlement.  
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Appendix H to 10 CFR Part 50 indicates that for ferritic materials, neutron embrittlement becomes
significant at neutron fluence greater than 1017 n/cm2.  Since CASS material includes a ferrite phase,
CASS components could be susceptible to loss of fracture toughness when exposed to neutron fluence 
greater than 1017 n/cm2.  Therefore, the CASS components used in jet pump assemblies and orificed fuel
supports may be susceptible to neutron irradiation embrittlement.  Detection and monitoring of loss of
fracture toughness in the CASS components are not practical.  However, loss of fracture toughness in
CASS components becomes a concern only if cracks are present.  Therefore, an applicant can effectively
manage loss of fracture toughness in CASS components by ensuring that no cracks are present.  Since
industry-wide experience has not identified cracking in these components, one-time inspection of these
components performed prior to the beginning of the extended period of operation can be an acceptable
approach to confirm that the components have not experienced cracking.  The applicants have taken an
indirect approach, as described next, to confirm the absence of cracking.

Applicants have committed to perform inspections of several jet pump assembly welds in accordance
with BWRVIP-41, “BWR Jet Pump Assembly Inspection and Flaw Evaluation Guidelines.”  BWRVIP-
41 specifies inspection of welds and adjacent heat-affected zones (HAZ) in pump jet assembly locations
that are susceptible to intergranular stress corrosion cracking (IGSCC).  These locations are more
susceptible to cracking than the CASS component because IGSCC has been observed in HAZ adjacent to
welds in type 304 stainless steel and no cracking has been observed in CASS components in jet pump
asssemblies.  Since the welds are more susceptible to cracking than the CASS components, the inspection
of the weld and the adjacent HAZ serve as an indication of the potential need for more extensive
inspections for the CASS components later in life.  Thus, as far as cracking is concerned, the applicants
have committed to treat the jet pump assembly welds as bounding locations for the CASS components. 
The NRC staff has found this approach acceptable (USNRC 2001c).

The applicant took the following approach for the OFS.  The OFS is a static casting without any welds. 
Therefore, it is not expected to crack.  However, due to its proximity to the core, loss of fracture
toughness due to neutron irradiation embrittlement may make the OFS more susceptible to cracking from
impact loads, such as a dropped fuel bundle.  Since this failure is event related, corrective action would
include inspection for damage prior to resuming operation.  In addition, Section 2.9.2 of BWRVIP-06,
“Safety Assessment of BWR Internals,” states that visual inspection at seven facilities has found no
indications of cracking in OFS castings.  The applicants concluded and the NRC staff accepted that no
additional program is necessary to manage loss of fracture toughness in OFS due to neutron
embrittlement (USNRC 2002b) because no indication of cracking has been observed and cracking due to
impact loading from a dropped fuel bundle would be evaluated as part of the plant’s corrective action
program.

CRACKING OF TOP GUIDE DUE TO IRRADIATION-ASSISTED STRESS CORROSION
CRACKING

An applicant for license renewal (USNRC 2002b) indicates in its time-limited-aging analysis that 
BWRVIP-26, “BWR Vessel and Internals Project, BWR Top Guide Inspection and Flaw Evaluation
Guidelines,” lists 5 x 1020 n/cm2 as the threshold fluence beyond which components will be potentially
susceptible to IASCC.  The application also indicates that the generic fluence on the top guide for 60
years is 6 x 1020 n/cm2, which exceeds the damage threshold of 5 x 1020 n/cm2.  The location on the top
guide exposed to this high fluence is the grid beam.  To account for the presence of high fluence at this
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location, the analysis assumed a lower allowable stress value in its evaluation of the top guide assembly,
including the grid beam.  The conclusion of this analysis was that no inspection of the top guide is
necessary because a single failure at this location has no safety significance.

However, multiple failures of top guide beams are possible when the threshold fluence for IASCC is
exceeded.  Multiple cracks in top guide beams have been reported at the Oyster Creek plant (USNRC
2002b).  Similarly, in PWR plants, baffle-former bolts that exceeded the threshold fluence have had
multiple failures (USNRC 1998).  Therefore, if an applicant decides not to inspect the top guide when its
fluence exceeds the threshold fluence, it must demonstrate that failures of multiple beams due to IASCC
will not impact the safe shutdown of the reactor during normal, upset, emergency, and faulted conditions. 
Otherwise, the applicant should propose an aging management program for the top guide and evaluate the
projected accumulated neutron fluence as a potential TLAA issue.  The applicant subsequently resolved
this issue by proposing an inspection program for the top guide.  This program was approved by the staff
(USNRC 2003).

CRACKING OF CORE SHROUD DUE TO INTERGRANULAR STRESS CORROSION
CRACKING

In-service inspections have detected cracking in core shrouds in a number of domestic and overseas
BWRs (USNRC 1994, USNRC 1997).  Crack indications have been found in heat-affected zones of both
horizontal and vertical welds.  The predominant form of cracking is circumferentially oriented
indications located in heat-affected zones of horizontal welds.  Limited cracking has also been observed
in vertical welds.  Most of the cracking was due to intergranular stress corrosion cracking.  According to
one applicant for license renewal, the expected 60-year fluence on the core shroud is 4.5 x 1020 n/cm2,
which is below the 5 x 1020 n/cm2 damage threshold for IASCC susceptibility (USNRC 2002b). 
Therefore, the core shrouds at some GE-designed BWR plants may not to be susceptible to IASCC.  This
is supported by the field experience.  Most of the cracking in core shrouds has been identified as
intergranular stress corrosion cracking.  But some cracking in the core beltline region has been identified
as irradiation-assisted stress corrosion cracking; no fluence for the cracking locations was reported
(USNRC 2002b).  Aging management programs that rely on inspection to monitor for cracks in the core
shroud are described in BWRVIP-76 (EPRI 1999).

One applicant has conservatively decided to make pre-emptive repairs to eliminate the concern over
cracking in shroud circumferential welds.  However, the repair hardware can also degrade and such
degradation has been reported at another BWR plant (USNRC 1997a).  So in the case of core shroud with
pre-emptive repair, the aging management program includes the inspection of repair hardware, instead of
shroud circumferential welds, along with the shroud vertical welds (USNRC 2001c). 
 
CRACKING OF RCS PIPING DUE TO IGSCC

IGSCC in BWR small-bore piping was identified in the early 1970s and in large-bore piping in 1982. 
Some utilities replaced piping with a material that was more resistant to IGSCC, whereas others
implemented mitigation methods involving induction heating stress improvement (IHSI) and/or
mechanical stress improvement processes (MSIP).  Several utilities implemented hydrogen water
chemistry (HWC) to mitigate IGSCC.  In 1988, the USNRC published a generic letter (GL 88-01) that
included staff positions on materials, inspections, mitigation measures, and crack evaluation and repair



8

criteria (USNRC 1988).  The letter applies to all BWR piping made of austenitic stainless steel that is
~102 mm (four inches) or larger in nominal diameter and contains reactor coolant at a temperature above
93°C (200oF) during power operation.  The generic letter specified inspection frequencies based on
material conditions of piping and provided guidance for sample expansion.  NUREG-0313, Rev. 2,
presented the technical basis for the staff position (Hazelton and Koo 1988). The letter defined and
specified varying amounts of augmented inspection for seven categories of weldments (Category A
through G) with greater susceptibility to cracking, where there is less certainty about the effectiveness of
mitigation measures, or in cases where repairs have been performed.  The letter also discussed possible
use of HWC to inhibit the initiation and growth of IGSCC, which could allow plants using HWC to
reduce weld inspection frequencies.  

The BWR industry has developed special inspection methods for detecting and sizing IGSCC cracks,
standardized repair methods, and improved mitigation processes, including industry-wide water
chemistry improvement.  Based on the industry inspection results and service experience gained since the
issuance of GL 88-01, the industry published a report (BWRVIP-75) proposing revisions to the extent
and frequencies for piping inspections contained in the generic letter.  The NRC staff reviewed the report
to determine whether the proposed revisions to the piping inspection schedules would provide acceptable
levels of quality for inspection and reasonable assurance that the structural integrity of the affected BWR
piping will be maintained.  The review considered the consequences of component failures, potential
degradation mechanisms and service experience, and ability of the proposed inspections to detect
degradation in a timely manner.  The BWR industry has modified the BWRVIP-75 report to address the
staff's comments, and after further review, the staff has accepted the modified report for inspection of the
subject safety-related Class 1 piping (USNRC 2002a).

Two examples of the revised inspection frequencies and extent of inspection are presented here by
considering examination of Category A and E welds repaired by weld overlay.  In the first example
(Category A welds) the enhancement of water chemistry reduced inspection sample size, whereas in the
second example (Category E welds) the enhancement reduced both inspection frequency and sample size.

Category A welds, according to GL 88-01, are piping systems fabricated with IGSCC resistant materials,
and the required weld inspection frequency is 25% of the population every 10 years.  The modified
BWRVIP-75 has proposed inspection frequency of 10% of the population every 10 years for all Category
A welds exposed to effective HWC conditions.  The staff has found the reduced inspection frequency for
Category A welds acceptable because HWC represents a second mitigation measure for these welds; the
use of IGSCC resistant materials represents the first measure.  The staff added that heat sink welding,
mechanical stress improvement process, and induction heating stress improvement are also acceptable as
a second mitigator.  The staff suggested that during the selection of locations for inspection, applicants
should consider the locations where IGSCC could be accelerated by crevice corrosion or thermal fatigue
and the locations having attributes that would promote IGSCC.  The attributes include:  high carbon or
low ferrite content; crevice or stagnant flow condition; evidence of weld repair; surface cold work; and
high fit-up, residual, and operating stresses.

Category E welds, according to GL 88-01, are the cracked welds reinforced by weld overlay or mitigated
by stress improvement.  In this paper, only weld overlay repair is discussed.  Generic Letter 88-01
requires 100% inspection every two refueling cycles.  The BWRVIP-75 report has proposed that weld
overlay repairs (Category E welds), after receiving one qualified in-service examination within three
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outages following the initial post-overlay examination, the inspection frequency would be 25% every 10
years under normal water chemistry and 10% every 10 years under effective HWC.  BWRVIP provided
the following technical justification for the proposed change in the inspection of Category E welds.  The
application of weld overlay introduces compressive stresses at the inside surface of piping.  These
stresses reduce the potential for existing IGSCC to propagate and mitigate initiation of new IGSCC. 
Examination of 262 overlays has not revealed any detectable growth in existing IGSCC.  In addition,
inspection of overlays made of non-resistant materials indicates that these welds are performing well; no
flaw has been detected in the effective overlay, and none has leaked.  Based on these inspection results,
the NRC staff accepted the proposed revision to inspection of Category E welds with one modification. 
Licensees shall identify the welds made of non-resistant materials in their plant-specific submittal to
adopt BWRVIP-75 guidance.  The staff will review these welds on a case-by-case basis regarding their
sample size and scope expansion criteria.
 
CRACKING OF SMALL BORE PIPING DUE TO HIGH CYCLE THERMAL FATIGUE

Unanticipated high-cycle fatigue resulting from thermal stratification, turbulent penetration, and
mechanical loading has caused cracking of small-bore piping (USNRC 1997b).  Stress corrosion cracking
(including IGSCC) could also cause cracking of this piping.  This type of cracking is not evaluated as
part of the component cyclic or transient limit program.  Field experience shows that most cracking
caused by high-cycle thermal fatigue and IGSCC has initiated on the inside surface of the small-bore
piping.  To detect such cracking, a volumetric inspection or destructive examination of a small-bore
piping is required. But the inspection requirements of ASME Code for Class 1 small-bore piping do not
include volumetric examination.  Therefore, the license renewal applicant needs to provide a
condition-monitoring program for managing cracking of small-bore piping.  One applicant has committed
to perform a one-time visual and volumetric inspection of a sample population of small-diameter piping
to ensure that cracking is not occurring, and that the intended function of the piping will be maintained
during the period of extended operation (USNRC 2001c).  One applicant for license renewal of a PWR
plant has committed to perform one-time destructive examination instead of volumetric examination of
small-diameter piping (SCE&G 2002). 

LOSS OF PRELOAD IN PRESSURE BOUNDARY BOLTING

Pressure boundary bolting can experience loss of preload due to embedment, gasket creep,
self-loosening, differential thermal expansion, and stress relaxation.  Contact surfaces of closure bolting
are microscopically rough.  These surfaces only contact each other on high spots when first assembled. 
These high spots tend to creep and flow until a larger surface contact area is established.  Preload is lost
as these contact surfaces settle in together.  Bolting subject to large cyclic loads will embed and relax
more than joints under static loads. The gaskets in the bolted joint are designed to deform plastically
when loaded.  Small loss of preload may be experienced as these gaskets “creep,” that is, compress
outward under a compressive load.  Vibration, flexing of joint, thermal cycles, and cyclic shear load can
cause self-loosening of bolting.  Differential thermal expansion between bolts and joint members may
increase stresses and thereby cause embedment or gasket creep.  Stress relaxation can cause loss of
preload in bolts and gaskets at high temperature.  Since high temperature and signicantly high thermal
cycles are required to cause loss of preload due to stress relaxation and differential thermal expansion,
respectively, only BWR vessel head  closure studs are susceptible to this aging effect.  In summary,
embedment, gasket creep, self-loosening, differential thermal expansion, and stress relaxation are
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significant mechanisms causing loss of preload in pressure boundary bolting, regardless of material of
construction (USNRC 2001c).

One applicant uses proper torque techniques to mitigate loss of preload in bolted closures in nuclear
boiler and recirculation systems.  Loss of preload may be mitigated by the use of proper washers.  Use of
hardened steel washers allows more of the applied torque to be converted to bolt stress, which provides
the preload necessary for a leak-tight joint.  In joints subject to thermal cycling, use of Belleville washers
provides better response to the changing conditions caused by cycling (USNRC 2001c).  

The Electric Power Research Institute has proposed the practice of retorquing bolts at temperatures above
the assembly temperature (EPRI 1995).  This practice is called “hot bolting.”  The bolts are retorqued as
a leak preventive measure once the joint is brought to operating temperature and before or after it is
pressurized.  Hot bolting thus reestablishes preload before a leak starts, but it is ineffective in sealing a
leak after it has begun.  Some utility companies utilize hot bolting for PWR steam generator manways. 
After the hot functional tests, the manway studs are retorqued before being pressurized (EPRI 1995).

IMPACT OF POWER UPRATE

Some utilities have been using extended power uprates to increase the power output of their BWR plants. 
Extended power uprates generally result in as high as 20% increase in the power output (USNRC 2002c). 
Such increase in power output may make power plant components more susceptible to aging damage. 
For example, higher power levels usually involves higher steam and water flow through the main steam
and feedwater lines, respectively, and makes these lines more susceptible to flow-accelerated corrosion
(Cronenberg 2000).  Higher power levels may also increase the neutron flux in the reactor core, and, as a
result, the vessel wall and vessel internals may experience higher fluence.  One license renewal applicant
states that because of the power uprate, the fluence on the top guide at one of its BWR units exceeded the
threshold for IASCC requiring aging management of this component (USNRC 2001c).  Therefore,
applicants for license renewal must consider the impact of power uprate.

SUMMARY AND CONCLUSION

The applicants for the license renewal of BWR plants have proposed the following effective approaches
for managing aging effects in the RCS components:

• Use of inspection results for jet pump assembly welds for managing loss of fracture toughness in
CASS components in jet pump assemblies.  This approach is justified because loss of fracture
toughness in CASS components is of concern only if cracks are present in these components, and
the jet pump assembly welds are more susceptible to cracking due to IGSCC than the CASS
components.

• Loss of fracture toughness in the CASS OFS does not need management because it is without
any welds and, therefore, not susceptible to cracking due to IGSCC.

• Management of cracking of the top guide due to IASCC is required because multiple  failures
that could prevent safe shut down of the reactor are possible.

• The aging management program for the core shroud is modified to account for its preemptive
repair.  The modified program includes inspection of repair hardware instead of shroud
circumferential welds, along with inspection of shroud vertical welds.
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• Enhancement of BWR reactor water chemistry with HWC has allowed reduction in the scope of
in-service inspection for cracking of RCS piping due to IGSCC.

• One-time volumetric or destructive examination is necessary for managing cracking in the
small-bore piping due to high-cycle thermal fatigue.

• Proper torque techniques are effective in mitigating loss of preload in the RCS pressure boundary
bolting closures.

REFERENCES

Cronenberg, A. W., 2000. “Potential Synergistic Safety Issues Related to Reactor Power Uprates,” in
Performance Monitoring and Trending in Support of the Maintenance Rule Activities, Transactions of
American Nuclear Society, vol. 82, p. 204. 

EPRI 1995. Bolted Joint Maintenance & Application Guide, EPRI TR-104213, Electric Power Research
Institute, Palo Alto, CA, December 1995.

Hazelton, W. S., and W. H. Koo 1988. Technical Report on Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping, NUREG-0313, Rev. 2, U.S. Nuclear Regulatory
Commission. 

SCE&G (South Carolina Electric & Gas Company) 2002.  V. C. Summer Nuclear Station License
Renewal Application, Appendix B.2.7, “Small Bore Class 1 Piping Inspection,” Docket Number 50/395,
August 2002.

Shah, V. N., and Y. Y. Liu 2002.  “Generic Aging Management Programs for License Renewal of BWR
Reactor Coolant System Components,” presented at the 10th International Conference on Nuclear Energy,
Arlington, Virginia, USA, April 14-18, 2002.

USNRC 1988. NRC Position on IGSCC in BWR Austenitic Stainless Steel Piping, NRC Generic Letter
88-01, U.S. Nuclear Regulatory Commission, January 25, 1988 (Supplement 1, February 4, 1992).

USNRC 1994b. Intergranular Stress Corrosion Cracking of Core Shrouds in Boiling Water Reactors,
NRC Generic Letter 94-03, U.S. Nuclear Regulatory Commission, July 25, 1994.

USNRC 1997a. Cracking of Vertical Welds in the Core Shroud and Degraded Repair, NRC Information
Notice 97-17, U.S. Nuclear Regulatory Commission, April 4, 1997.

USNRC 1997b. Unisolable Cracks in High-Pressure Injection Piping, NRC Information Notice 97-46,
U. S. Nuclear Regulatory Commission, July 9, 1997

USNRC 1998. Cracking of Reactor Vessel Internal Baffle Former Bolts in Foreign Plants, NRC
Information Notice 98-11, U.S. Nuclear Regulatory Commission, March 25, 1998.

EPRI 1999. BWR Vessel and Internals Project BWR Core Shroud Inspection and Flaw evaluation
Guidelines (BWRVIP-76), EPRI TR-114232, Electric Power Research Institute, Palo Alto, CA,
November 1999.



12

USNRC 2000, Letter from C. I. Grimes (NRC) to D. J. Walters (Nuclear Energy Institute), License
Renewal Issue No. 98-0030, Thermal Aging Embrittlement of Cast Austenitic Stainless Steel
Components, May 19, 2000.

USNRC 2001a. Standard Review Plan for Review of License Renewal Applications for Nuclear Power
Plants, U.S. Nuclear Regulatory Commission, NUREG-1800, April 2001. 
 
USNRC 2001b. Generic Aging Lessons Learned (GALL) Report, U.S. Nuclear Regulatory Commission,
NUREG-1801, April 2001.  

USNRC 2001c. Safety Evaluation Report Related to the License Renewal of Edwin I. Hatch Nuclear
Plant Units 1 and 2, NUREG-1803, U.S. Nuclear Regulatory Commission, December 2001.

USNRC 2002a. Letter from W. H. Bateman (NRC) to C. Terry (BWRVIP), "Final Safety Evaluation of
the BWRVIP Vessel and Internals Project, BWR Vessel and Internals Project, Technical Basis for
Revisions of Generic Letter 88-01 Inspection Schedules (BWRVIP-75)," EPRI Report TR-113932,
October 1999 (TAC No. MA5012), March 2002.

USNRC 2002b. Safety Evaluation Report with Open Items Related to the License Renewal of Peach
Bottom Atomic Power Station, Units 2 and 3, U.S. Nuclear Regulatory Commission, September 2002. 

USNRC 2002c. “Fact Sheet on Power Uprates for Nuclear Power Plants,” February 2002.

USNRC 2003, Letter from PT Kuo (NRC) to M. P. Gallagher (Exelon Corporation), License Renewal
Safety Evaluation Report for Peach Bottom Atomic Power Station, Units 2 and 3, February 5, 2003.


