FINAL LICENSE RENEWAL INTERIM STAFF GUIDANCE
LR-ISG-2012-01

WALL THINNING DUE TO EROSION MECHANISMS

INTRODUCTION

This license renewal interim staff guidance (LR-ISG), LR-ISG-2012-01, provides interim
guidance for an approach acceptable to the U.S. Nuclear Regulatory Commission (NRC) staff to
manage the effects of aging during the period of extended operation for wall thinning due to
various erosion mechanisms for piping and components within the scope of the License
Renewal Rule (Title 10 of the Code of Federal Regulations Part 54 (10 CFR Part 54),
“‘Requirements for Renewal of Operating Licenses for Nuclear Power Plants”). This LR-ISG
revises NUREG-1801, Rev. 2, “Generic Aging Lessons Learned (GALL) Report,” aging
management program (AMP) XI.M17, “Flow-Accelerated Corrosion.” It also supplements, or
revises, related aging management recommendations in the GALL Report and NUREG-1800,
Rev. 2, “Standard Review Plan for Review of License Renewal Applications for Nuclear Power
Plants” (SRP-LR).

DISCUSSION

Wall thinning due to erosion mechanisms has caused problems in the past and continues to be
encountered in some operating reactor systems. Recent licensee event reports
(254/2009-004-00, 237/2007-003-00, 277/2006-003-00) have documented inoperable
equipment resulting from erosion which occurred during infrequent test activities and for piping
that had previously been replaced with chromium-molybdenum material that was resistant to
flow-accelerated corrosion (FAC). The staff has determined that existing guidance in the
SRP-LR and the GALL Report does not adequately address wall thinning due to erosion
mechanisms such as cavitation, flashing, droplet impingement, and solid particle impingement.
Erosion, similar to FAC, is a wall-thinning phenomenon related to fluid dynamics. However,
each wall-thinning mechanism has unique causes, and effective aging management of wall
thinning requires consideration of these individual mechanisms.

The NRC and industry guidance for the aging management of erosion mechanisms is largely
absent, but in the case of cavitation erosion, industry guidelines (Electric Power Research
Institute (EPRI) 1010639, Revision 4, “Non-Class 1 Mechanical Implementation Guideline and
Mechanical Tools”) state that it is typically associated with improper operation and is not an
applicable aging effect because it is considered to be a design deficiency. The industry
guidelines also state that this deficiency will be corrected during the current term of operation.
In that regard, the Statement of Considerations (60 FR 22461, 22469; May 8, 1995) for 10 CFR
Part 54 notes that corrective actions that should be taken to address functional degradation
logically include cause determinations, which could involve mechanisms other than aging (e.g.,
improper operation), but those corrective actions should focus on prevention, elimination, or
management of the effects caused by these mechanisms. During recent license renewal
reviews, the staff found instances where applicants continued to experience loss of material due
to cavitation erosion because the design deficiency was not corrected. In some of these cases,
the applicants did not identify loss of material due to erosion as an aging effect requiring
management, even though they conducted ongoing wall thickness monitoring and periodic
repairs to in-scope components.
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As noted in SRP-LR Section 2.1.3.2.2, “Long-Lived,” passive components that are not replaced
on the basis of a qualified life or specified time period require an aging management review
(AMR) under 10 CFR 54.21(a)(1)(ii). SRP-LR Section 2.1.3.2.2 also states that components
replaced on the basis of condition are not generically excluded from an AMR, and condition
monitoring may be evaluated as a program to ensure functionality during the period of extended
operation. If an applicant has implemented a replacement strategy for susceptible items, such
as replacement frequency that utilizes actual wall thinning data from past plant-specific
operating experience, then the staff recognizes these items do not meet the definition of
long-lived, passive components; therefore, they do not have to be managed for aging within the
context of license renewal. However, if other strategies to manage the aging of the susceptible
items are utilized, such as replacement based on periodic monitoring for loss of material by wall
thickness measurements, then these items should be managed for aging, and this LR-ISG is
applicable.

GALL Report AMP XI.M17, “Flow-Accelerated Corrosion,” manages wall thinning due to FAC. It
is well established and widely used by industry. However, the existing guidance in this program
is not fully applicable to wall thinning due to erosion mechanisms. For example, the “monitoring
and trending” program element of AMP XI.M17 includes the use of software to identify locations
most susceptible to wall thinning due to FAC, but the software does not identify locations most
susceptible to erosion. Also, the “corrective actions” program element of AMP XI.M17 includes
the replacement of susceptible components with FAC-resistant material, which does not
necessarily prevent wall thinning due to erosion mechanisms. As such, additional consideration
is needed to address wall thinning due to erosion mechanisms. As noted in EPRI guidelines in
Nuclear Safety Analysis Center (NSAC)-202L, Revision 2 (April 1999) or Revision 3 (May 2006),
“‘Recommendations for an Effective Flow-Accelerated Corrosion Program,” (NSAC-202L-R2 or -
R3), if wall thinning has been caused by a mechanism other than FAC (e.g., erosion
mechanisms such as cavitation, flashing, droplet impingement, and solid particle impingement),
and it is being managed through periodic monitoring, then an appropriate inspection program to
address the suspected phenomenon should be developed.

Clarifications to Definitions

Section IX.E, “Aging Effects,” of the GALL Report currently includes “erosion,” and “flow-
accelerated corrosion,” in its definition of “loss of material,” but only includes “cavitation” for
concrete structures. Section IX.F, “Significant Aging Mechanisms,” of the GALL Report defines
“erosion” as the “loss of material from a solid surface...due to mechanical interaction between
that surface and a fluid.” In addition, it defines “flow-accelerated corrosion” as the “co-joint
activity involving corrosion and erosion in the presence of a moving corrosive fluid leading to the
accelerated loss of material.” Although the GALL Report definition associates FAC with erosion,
NSAC-202L-R3 states that FAC is sometimes, but incorrectly, called erosion corrosion and
notes that erosion is not part of the FAC degradation mechanism. Since erosion is not involved
in the FAC process, as the GALL Report definition suggests, this may lead to some confusion
and inconsistencies in how NRC guidance is applied. In addition, Section IX.E of the GALL
Report currently defines “wall thinning” as an aging effect that “is a specific type of loss of
material attributed to general corrosion or flow-accelerated corrosion.” In light of this discussion,
the definitions of these aging effects and their associated mechanisms need to be revised to
include additional mechanisms associated with erosion.
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Although the GALL Report defines “erosion” and includes it as one of the mechanisms which
causes loss of material, there are currently no specific AMR items for piping, piping
components, or piping elements that cite loss of material due to erosion. This aspect has been
recognized by the industry in EPRI Report 1010639, Section 3.1.6, which cites erosion as a
plausible aging mechanism where particulates are not controlled or a two-phase flow is present.
Within AMPs in the GALL Report, only AMP XI.M20, “Open-Cycle Cooling Water System,”
includes erosion in its description of aging effects being managed, and this is only due to the
presence of solid particles in raw water systems. There are, however, several other AMPs that
discuss erosion in the “parameters monitored,” “detection of aging effects,” and “acceptance
criteria,” program elements, but the AMR items associated with these other AMPs do not
address piping, piping components or piping elements.

Erosion in piping is the result of fluid motion. It may take many forms including cavitation,
flashing, liquid droplet impingement, and solid particle impingement. Due to the wide variety of
conditions that can lead to erosion, erosion has been observed in many types of water systems.
Erosion mechanisms are sometimes perceived as being comparable to wall thinning due to
FAC; however, these other mechanisms are not addressed in the prediction methodology for
FAC programs. Based on staff reviews of industry-wide operating experience, these additional
mechanisms require further consideration to ensure that passive components are being
maintained consistent with the current licensing basis.

Changes to the Flow-Accelerated Corrosion Aging Management Program

GALL Report AMP XI.M17, “Flow-Accelerated Corrosion,” relies on implementation of
NSAC-202L-R2 or -R3. In 1989, the NRC issued Generic Letter 89-08, “Erosion/Corrosion-
Induced Pipe Wall Thinning,” to ensure that operating nuclear power plants had developed
these types of programs to address long-term degradation due to FAC. In general, FAC
programs include analyses to determine critical locations, inspections to identify the extent of
wall thinning at these locations, and follow-up inspections to monitor degradation rates.
Corrective actions are taken as necessary to repair or replace the component subject to
ongoing degradation to ensure it continues to meet the current licensing basis.

The FAC guideline, NSAC-202L-R2 and -R3, states that it does not address other wall-thinning
mechanisms, such as cavitation or erosive wear. The staff notes that these other wall-thinning
mechanisms are fundamentally different and require alternate analyses to predict susceptible
locations and potentially require different solutions. However, the staff notes that the existing
FAC program provides a useful methodology to plan and perform component inspections, and
to record and trend inspection data. In that respect, NSAC-202L-R2 or -R3 notes that if the
wear mechanism has not been identified, then inspections of components replaced with
FAC-resistant materials should continue because these materials do not protect against
damage from erosion mechanisms such as cavitation and liquid impingement. The staff’s
review of operating experience has shown that, in some cases, wall thinning is caused by a
combination of mechanisms, which includes FAC and some type of erosion (Callaway 1999,
Dresden 2007).

These alternate wall-thinning mechanisms have been recognized in EPRI 1011231, “Cavitation,
Flashing, Liquid Droplet Impingement, and Solid Particle Erosion in Nuclear Power Plant Piping
Systems.” In addition, EPRI 112657, Revision B-A, “Revised Risk-Informed Inservice
Inspection Evaluation Procedure,” includes “erosion cavitation” in the same “flow sensitive”
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category as FAC. Section 4.4.2 of NSAC-202L-R3 provides guidance for “Susceptible-Not-
Modeled” lines, where reasonably accurate analytical models cannot be developed due to
unknown or widely varying operating conditions. Lines or locations that are being monitored for
wall thinning due to erosion mechanisms may be included with these other non-modeled lines
and treated in a comparable fashion.

In its reviews of recent license renewal applications (LRASs) (e.g., Duane Arnold, Palo Verde,
Columbia, South Texas Project), the staff noted that applicants were monitoring wall thinning
due to various erosion mechanisms, including cavitation during infrequent operational
alignments, such as surveillance activities or pump starts/stops. In addition, the staff noted
some recent licensee event reports that documented inoperable equipment associated with
erosion mechanisms (Dresden 2007, Quad Cities 2009). As stated, it is the staff's view that, if
an applicant has resolved these types of situations (e.g., cavitation) by eliminating the source of
the degradation through design or operating parameter changes, and after follow-up inspections
confirmed that the degradation source was eliminated, then it would be expected that no further
aging management activities for the specific concern that was eliminated would be required.
The design change and effectiveness confirmation activities associated with these situations
would be part of the normal corrective action program and would be considered in a license
renewal review through ongoing operating experience reviews. However, if an applicant has
decided to periodically monitor a component’s condition instead of resolving erosion through a
design change, then these monitoring activities should become part of an AMP to ensure the
applicable code-required wall thicknesses are maintained consistent with the current licensing
basis. In addition, if an applicant has resolved these types of situations by substituting more
resistant material and not eliminating the source of the degradation, then periodic monitoring
should continue. Although every plant site may not encounter erosion mechanisms, if ongoing
monitoring of wall thinning due to erosion is not included as part of any other AMP, then these
monitoring activities should be included in the FAC program.

ACTION

The staff has determined that the existing guidance in the SRP-LR and GALL Report does not
adequately address aging management of wall thinning due to erosion mechanisms such as
cavitation, flashing, droplet impingement, and solid particle impingement. Consequently, the
staff is taking the following actions:

1. The staff revised the definition of “wall thinning” in the GALL Report Table IX.E,
“Selected Use of Terms for Describing and Standardizing AGING EFFECTS,” to include
erosion mechanisms such as cavitation, flashing, droplet impingement, and solid particle
impingement.

2. The staff revised the definition of “flow-accelerated corrosion,” and “erosion,” in the
GALL Report Table IX.F, “Selected Definitions & Use of Terms for Describing and
Standardizing AGING MECHANISMS,” in order to better align them with the definitions
commonly used in industry and to include specific forms of erosion, respectively.

3. The staff revised GALL Report AMP XI1.M17 to include the following activities for
applicants that have identified and chosen to monitor wall thinning due to erosion
mechanisms:
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o Identify susceptible locations based on the extent-of-condition reviews from
corrective actions in response to plant-specific and industry operating experience.
While this is clearly a corrective action program activity, its applicability to AMRs is
also clear. As noted in SRP-LR Section A.1.2.3.4, a program based solely on
detecting component failures should not be considered an effective AMP. For
example, for wall thinning due to cavitation, in addition to addressing the loss of
material, the extent of condition may need to consider the consequences of
vibrational loading caused by cavitation.

e If an applicant has chosen to implement design changes which will eliminate the
source of the erosion mechanism, then the confirmation process discussed in
SRP-LR Section A.1.2.3.8 should periodically verify the effectiveness of the
corrective actions. Periodic wall thickness measurements may be required until the
effectiveness of the corrective actions has been confirmed.

e If an applicant has chosen to periodically monitor wall thickness as its basis for
ensuring that the intended function(s) will be maintained in the period of extended
operation, then this activity is part of a monitoring AMP that needs to be reviewed.
As noted in SRP-LR Section 2.1.3.2.2, for periodic replacements based on condition,
condition monitoring may be evaluated in the integrated plant assessment as a
program to ensure functionality during the period of extended operation.

In addition, the staff revised GALL Report AMP XI.M17 in order to organize information
in a more coherent manner and to correct inconsistencies. The “scope of program”
specifies high-energy systems, and the staff notes that the term “high-energy” is not
consistently defined, but it is typically associated with high pressure systems. Although
this was the initial focus of the NRC’s generic communication in this area, as correctly
noted in NSAC-202L-R2 or -R3, “pressure does not affect the level of FAC wear,” but a
“failure in a low-pressure system could have significant consequences.” Therefore, the
reference to high-energy systems was deleted in the “scope of program” to better align
the AMP with the more accurately stated scope of NSAC-202L-R2 or -R3.

4. The staff revised SRP-LR Table 3.0-1, “FSAR Supplement for Aging Management of
Applicable Systems,” for GALL Report Chapter XI.M17 to align it with the proposed
change made to the scope of the program and revised SRP-LR Tables 3.1-1, 3.2-1,
3.3-1, and 3.4-1 by adding aging management review items to align the guidance with
the change made to the scope of GALL Report AMP XI.M17. The staff also added
associated items in the GALL Report to correspond with the new items in the SRP-LR.

The revised portions of the SRP-LR and the GALL Report are documented in Appendix A,
“‘Revised SRP-LR,” and Appendix B, “Revised GALL Report.” The extent and locations of these
changes are clarified in Appendix C, “Mark-Up Showing Changes to the SRP-LR,” and
Appendix D, “Mark-Up Showing Changes to the GALL Report.”

The guidance in this final LR-ISG is approved. The staff will follow this guidance during its
reviews of LRAs, and will incorporate this final LR-ISG into the next formal revision of the
associated license renewal guidance documents. Current and future license renewal applicants
should address this and all other active final LR-ISGs as stated in Nuclear Energy Institute
(NEI) 95-10, Revision 6, “Industry Guidelines for Implementing the Requirements of
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10 CFR Part 54 — License Renewal Rule.” On July 13, 2012, the staff issued a Federal Register
notice (77 FR 41457) to request public comments on the draft LR-ISG. In response, the NRC
received comments from NEI by letter dated August 27, 2012. The NRC staff considered these
comments in developing the final LR-ISG-2012-01. The staff's responses to these comments
are in Appendix E, “Resolution of Public Comments on Draft LR-1ISG-2012-01.”

NEWLY IDENTIFIED SYSTEMS, STRUCTURES, AND COMPONENTS UNDER
10 CFR 54.37(b)

This LR-ISG addresses how wall thinning due to erosion mechanisms can be managed. It does
not address whether components subject to wall thinning are within the scope of license
renewal under 10 CFR 54.4. The NRC is not proposing to treat components being managed for
wall thinning due to erosion mechanisms as “newly identified” systems, structures, and
components (SSCs) under 10 CFR 54.37(b). Therefore, any additional action on such
components which the NRC may impose upon current holders of renewed operating licenses
under 10 CFR Part 54 would not fall within the scope of 10 CFR 54.37(b).

BACKFITTING AND ISSUE FINALITY

This LR-ISG contains guidance as to one acceptable approach for managing the effects of
aging during the period of extended operation caused by erosion mechanisms for components
within the scope of license renewal. Set forth below is the staff's discussion on compliance with
the requirements of the Backfit Rule, 10 CFR 50.109.

Compliance with the Backfit Rule and Issue Finality

Issuance of this LR-ISG does not constitute backfitting as defined in 10 CFR 50.109(a)(1), and
the NRC staff did not prepare a backfit analysis for issuing this LR-ISG. There are several
rationales for this conclusion, depending upon the status of the nuclear power plant licensee.

Licensees who are currently in the license renewal process — The backfitting provisions in

10 CFR 50.109 do not protect an applicant, as backfitting policy considerations are not
applicable to an applicant. Therefore, issuance of this LR-ISG does not constitute backfitting as
defined in 10 CFR 50.109(a)(1). There are, currently, no combined license renewal applicants,
and therefore the changes and new positions presented in the LR-ISG may be made without
consideration of the issue finality provisions in 10 CFR Part 52.

Licensees who already hold a renewed license — This guidance is non-binding and the LR-ISG
does not require current holders of renewed licenses to take any action (i.e., programmatic or
plant hardware changes for managing the aging of components caused by erosion
mechanisms). However, current holders of renewed licenses should treat this guidance as
operating experience and take actions as appropriate to ensure that applicable AMPs are, and
will remain, effective. If, in the future, the NRC decides to take additional action and impose
requirements for management of components affected by erosion mechanisms, then the NRC
will follow the requirements of the Backfit Rule.

Current operating license holders or combined license holders who have not applied for
renewed licenses — The backfitting provisions in 10 CFR 50.109 do not protect a future
applicant, as backfitting policy considerations are not applicable to a future applicant.
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Therefore, issuance of this LR-ISG does not constitute backfitting as defined in

10 CFR 50.109(a)(1). The issue finality provisions of Part 52 do not extend to the aging
management matters covered by Part 54, as evidenced by the requirement in 10 CFR 52.107
stating that applications for renewal of a combined license must be in accordance with

10 CFR Part 54.

CONGRESSIONAL REVIEW ACT

This ISG is a rule as designated in the Congressional Review Act (5 USC, Sec. 801-808).
However, the Office of Management and Budget has determined that LR-1ISG-2012-01 is not a
major rule as designated under the Congressional Review Act.
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Appendix B: Revised GALL Report

Table IX.E, Selected Use of Terms for Describing and Standardizing AGING EFFECTS

Term

Usage in this document

Wall thinning

Wall thinning is a specific type of loss of material attributed in
the AMR items to general corrosion, flow-accelerated
corrosion, and erosion mechanisms including cavitation,
flashing, droplet impingement, or solid particle impingement.

Table IX.F, Selected Definitions & Use of Terms for Describing and Standardizing AGING

MECHANISMS

Term

Definition as used in this document

Erosion

Erosion is the progressive loss of material due to the
mechanical interaction between a surface and a moving fluid.
Different forms of erosion include cavitation, flashing, droplet
impingement, and solid particle impingement.

Flow-accelerated corrosion
(FAC)

Flow-accelerated corrosion is a corrosion mechanism which
results in wall thinning of carbon steel components exposed to
moving, high temperature, low-oxygen water, such as PWR
primary and secondary water, and BWR reactor coolant. FAC
is the result of dissolution of the surface film of the steel which
is transported away from the site of dissolution by the
movement of water. [Ref. 27]
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XI.M17 FLOW-ACCELERATED CORROSION
Program Description

This program manages wall thinning caused by flow-accelerated corrosion (FAC) and may be
used to manage wall thinning due to various erosion mechanisms. The program relies on
implementation of the Electric Power Research Institute (EPRI) guidelines in the Nuclear Safety
Analysis Center (NSAC)-202L-R2 or -R3 for an effective FAC program. The program includes
performing (a) an analysis to determine critical locations, (b) limited baseline inspections to
determine the extent of thinning at these locations, and (c) follow-up inspections to confirm the
predictions, or repairing or replacing components as necessary. NSAC-202L-R2 or -R3
provides general guidelines for the FAC program. To provide reasonable assurance that all the
aging effects caused by FAC are properly managed, the program includes the use of a
predictive code, such as CHECWORKS, that uses the implementation guidance of NSAC-202L-
R2 or -R3 to satisfy the criteria specified in 10 CFR Part 50, Appendix B, for development of
procedures and control of special processes. With appropriate considerations, this program
may also manage wall thinning caused by mechanisms other than FAC, in situations where
periodic monitoring is used in lieu of eliminating the cause of various erosion mechanism(s).

Evaluation and Technical Basis

1. Scope of Program: The FAC program, described by the EPRI guidelines in NSAC-202L-
R2 or -R3, includes procedures or administrative controls to assure that structural integrity is
maintained for carbon steel piping containing two-phase and single-phase fluids. This
program also covers valve bodies that retain pressure in these systems. The FAC program
was originally outlined in NUREG-1344 and was further described through the Nuclear
Regulatory Commission (NRC) Generic Letter 89-08, “Erosion/Corrosion-Induced Pipe Wall
Thinning.” The program may also include piping, piping components, and piping elements
that are susceptible to erosion wall-thinning mechanisms such as cavitation, flashing,
droplet impingement, or solid particle impingement in various water systems. Since there
are no known materials that are immune to wall thinning due to erosion, piping and
components of any material may be included in the erosion portion of the program.

2. Preventive Actions: The FAC program is an analysis, inspection, and verification program;
no preventive action has been recommended in this program. However, it is noted that
monitoring of water chemistry to control pH and dissolved oxygen content are effective in
reducing FAC, and the selection of appropriate piping material, geometry, and
hydrodynamic conditions can be effective in reducing both FAC and erosion mechanisms.

3. Parameters Monitored/Inspected: The aging management program monitors the effects
of wall thinning due to FAC and erosion on the intended function of piping and components
by measuring wall thickness.

4. Detection of Aging Effects: Degradation of piping and components occurs by wall
thinning. For FAC, the inspection program delineated in NSAC-202L-R2 or -R3 consists of
identification of susceptible locations, as indicated by operating conditions or special
considerations. This program specifies ultrasonic or radiographic testing to detect wall
thinning. A representative sample of components is selected based on the most susceptible
locations for wall thickness measurements at a frequency in accordance with NSAC-202L
guidelines to ensure that degradation is identified and mitigated before the component
integrity is challenged. The extent and schedule of the inspections ensure detection of wall
thinning before the loss of intended function.
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For erosion mechanisms, the program includes the identification of susceptible locations
based on the extent-of-condition reviews from corrective actions in response to plant-
specific or industry operating experience. Components in this category can be treated in a
manner similar to other “susceptible—not-modeled” lines discussed in NSAC-202L-R2 or
-R3. EPRI 1011231 provides guidance for identifying potential damage locations.

EPRI TR-112657, “Revised Risk-Informed Inservice Inspection Evaluation Procedure,”
Revision B-A, or NUREG/CR-6031, “Cavitation Guide for Control Valves,” provides
additional insights for cavitation. For cavitation, in addition to wall thinning, the extent-of-
condition review may need to consider the consequences of vibrational loading caused by
cavitation.

Monitoring and Trending: For FAC mechanisms, CHECWORKS or a similar predictive
code estimates component degradation, as indicated by specific plant data, including
material, hydrodynamic, and operating conditions. CHECWORKS was developed and
benchmarked by comparing CHECWORKS predictions against actual component thickness
measurements obtained from many plants. Data from each component inspection is used
to calibrate the wear rates calculated in the predictive model with the observed field data.
The use of such a predictive code to develop an inspection schedule provides reasonable
assurance that structural integrity will be maintained between inspections. The program
includes the evaluation of inspection results to determine if additional inspections are
needed to ensure that the extent of wall thinning is adequately determined, that intended
function will not be lost, and that corrective actions are adequately identified. Previous wear
rate predictions due to FAC may change after a power uprate is implemented. The program
includes updating wear rates in CHECWORKS according to power uprate conditions.
Subsequent field measurements are used to calibrate or benchmark the predicted wear
rates.

For erosion mechanisms, the program includes trending of wall thickness measurements at
susceptible locations to adjust the monitoring frequency and to predict the remaining service
life of the component for scheduling repairs or replacements. Inspection results are
evaluated to determine if assumptions in the extent-of-condition review remain valid. If
degradation is associated with infrequent operational alignments, such as surveillances or
pump starts/stops, then trending activities may need to consider the number or duration of
these occurrences. Periodic wall thickness measurements of replacement components may
be required and should continue until the effectiveness of corrective actions has been
confirmed.

. Acceptance Criteria: Components are suitable for continued service if calculations

determine that the predicted wall thickness at the next scheduled inspection is greater than
or equal to the minimum allowable wall thickness. The minimum allowable wall thickness is
typically the thickness needed to satisfy the hoop stress allowable under the original code of
construction, but additional code requirements may also need to be met. A reasonable
safety factor should be applied to the predicted wear rate determination to account for
inaccuracies in the wear rate calculations and may need to consider uncertainties of
ultrasonic testing measurements. As discussed in NSAC-202L-R3, the minimum safety
factor should never be less than 1.1.

Corrective Actions: The program includes reevaluation, repair, or replacement of
components for which the acceptance criteria are not satisfied, prior to their return to
service. For FAC, long-term corrective actions could include adjusting operating parameters
or replacing components with FAC-resistant materials. However, if the wear mechanism
has not been identified, then the replaced components should remain in the inspection
program because FAC-resistant materials do not protect against other damage
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mechanisms. When components are replaced with FAC-resistant materials, the susceptible
components immediately downstream should be monitored to identify any increased wear
due to the “entrance effect” as discussed in EPRI 1015072.

For erosion mechanisms, long-term corrective actions to eliminate the cause could include
adjusting operating parameters or changing component designs; however, the effectiveness
of these corrective actions should be verified. Periodic monitoring activities should continue
for any components replaced with an alternate material, since a material that is completely
erosion resistant is not available. As discussed in the Appendix for the GALL Report, the
staff finds the requirements of 10 CFR Part 50, Appendix B, acceptable to address the
corrective actions.

8. Confirmation Process: Site quality assurance (QA) procedures, review and approval
processes, and administrative controls are implemented in accordance with the
requirements of 10 CFR Part 50, Appendix B. As discussed in the Appendix for the GALL
Report, the staff finds the requirements of 10 CFR Part 50, Appendix B, acceptable to
address the confirmation process.

9. Administrative Controls: Site QA procedures, review and approval processes, and
administrative controls are implemented in accordance with the requirements of 10 CFR
Part 50, Appendix B. As discussed in the Appendix for the GALL Report, the staff finds the
requirements of 10 CFR Part 50, Appendix B, acceptable to address the administrative
controls.

10. Operating Experience: Wall-thinning problems in single-phase systems have occurred in
feedwater and condensate systems (NRC IE Bulletin No. 87-01; NRC Information Notice
[IN] 92-35, IN 95-11, IN 2006-08) and in two-phase piping in extraction steam lines (NRC
IN 89-53, IN 97-84) and moisture separator reheater and feedwater heater drains (NRC
IN 89-53, IN 91-18, IN 93-21, IN 97-84). Observed wall thinning may be due to mechanisms
other than FAC or, less commonly, due to a combination of mechanisms (NRC IN 99-19,
Licensee Event Report (LER) 483/1999-003-01, LER 277/2006-003-00,

LER 237/2007-003-00, LER 254/2009-004-00).
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Appendix D: Mark-up Showing Changes to the GALL Report

Table IX.E, Selected Use of Terms for Describing and Standardizing AGING EFFECTS

Term

Usage in this document

Wall thinning

Wall thinning is a specific type of loss of material attributed in
the AMR line items to general corrosion, er flow-accelerated
corrosion, and erosion mechanisms including cavitation,
flashing, droplet impingement, or solid particle
impingement.

Table IX.F, Selected Definitions & Use of Terms for Describing and Standardizing AGING

MECHANISMS

Term

Definition as used in this document

Erosion

Erosion;-or is the progressive loss of material from-a-solid
surface-is due to the mechanical interaction between that a

surface and a moving fluid—a-multicomponent-fluid—or-selid
particles-carried-by-the-fluid. Different forms of erosion
include cavitation, flashing, droplet impingement, and
solid particle impingement.

Flow-accelerated corrosion
(FAC)

Flow-accelerated corrosion-alse-termed-‘erosion-corrosion; s

a-co-joint-activly ".'“el""'g ee_uesm_n,and SFOSIOR- the
presence-of a ||-|eu|ng COFFosive Ruid,-teading t.g the ae.ee|e|ated
Iess. o material Sullseelp‘tlbglllty may Ib-ze dﬁe{tel E”!'";“ezd; ZHISHEIgE the I

—is a
corrosion mechanism which results in wall thinning of
carbon steel components exposed to moving, high
temperature, low-oxygen water, such as PWR primary and
secondary water, and BWR reactor coolant. FAC is the
result of dissolution of the surface film of the steel which
is transported away from the site of dissolution by the
movement of water. [Ref. 27]
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XI.M17 FLOW-ACCELERATED CORROSION
Program Description

This program manages wall thinning caused by flow-accelerated corrosion (FAC) and
may be used to manage wall thinning due to various erosion mechanisms. The program
relies on implementation of the Electric Power Research Institute (EPRI) guidelines in the
Nuclear Safety Analysis Center (NSAC)-202L-R2 or -R3 for an effective flow-accelerated
corrosion{FAC) program. The program includes performing (a) an analysis to determine critical
locations, (b) limited baseline inspections to determine the extent of thinning at these locations,
and (c) follow-up inspections to confirm the predictions, or repairing or replacing components as
necessary. NSAC-202L-R2 or -R3 provides general guidelines for the FAC program. To
provide reasonable assurance that all the aging effects caused by FAC are properly managed,
the program includes the use of a predictive code, such as CHECWORKS, that uses the
implementation guidance of NSAC-202L-R2 or -R3 to satisfy the criteria specified in 10 CFR
Part 50, Appendix B, for development of procedures and control of special processes. With
appropriate considerations, this program may also manage wall thinning caused by
mechanisms other than FAC, in situations where periodic monitoring is used in lieu of
eliminating the cause of various erosion mechanism(s).

Evaluation and Technical Basis

1. Scope of Program: The FAC program, described by the EPRI guidelines in NSAC-202L-
R2 or -R3, includes procedures or administrative controls to assure that the structural
|ntegr|ty is maintained for carbon steel plmg contalnlnq two- phase and smqle phase

phasea—ﬁ—mamtamed This program also covers Vvalve bodles that retalnmg pressure in
these high-energy systems are-also-covered-by-the program. The FAC program was
originally outlined in NUREG-1344 and was further described through the Nuclear
Regulatory Commission (NRC) Generic Letter 89-08, “Erosion/Corrosion-Induced Pipe
Wall Thinning.” The program may also include piping, piping components, and
piping elements that are susceptible to erosion wall-thinning mechanisms such as
cavitation, flashing, droplet impingement, or solid particle impingement in various
water systems. Since there are no known materials that are immune to wall thinning
due to erosion, piping and components of any material may be included in the
erosion portion of the program.

2. Preventive Actions: The FAC program is an analysis, inspection, and verification program;
no preventive action has been recommended in this program. However, it is noted that
monitoring of water chemistry to control pH and dissolved oxygen content_are effective in
reducing FAC, and_the selection of appropriate piping material, geometry, and
hydrodynamic conditions, can be effective in reducing both FAC and erosion
mechanisms.

3. Parameters Monitored/Inspected: The aging management program monitors the effects
of less-of-material wall thinning due to wall-thinning FAC and erosion on the intended
function of piping and components by measuring wall thickness.

4. Detection of Aging Effects: Degradation of piping and components occurs by wall
thinning. For FAC, Fthe inspection program delineated in NSAC-202L-R2 or -R3 consists of
identification of susceptible locations, as indicated by operating conditions or special
considerations. This program specifies Yultrasonic or radiographic testing is-used to
detect wall thinning. A representative sample of components is selected based on the most
susceptible locations for wall thickness measurements at a frequency in accordance with
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NSAC-202L guidelines to ensure that degradation is identified and mitigated before the
component integrity is challenged. The extent and schedule of the inspections ensure
detection of wall thinning before the loss of intended function.

For erosion mechanisms, the program includes the identification of susceptible
locations based on the extent-of-condition reviews from corrective actions in
response to plant-specific or industry operating experience. Components in this
category may be treated in a manner similar to other “susceptible-not-modeled” lines
discussed in NSAC-202L-R2 or -R3. EPRI 1011231 provides guidance for identifying
potential damage locations. EPRI TR-112657, “Revised Risk-Informed Inservice
Inspection Evaluation Procedure,” Revision B-A, or NUREG/CR-6031, “Cavitation
Guide for Control Valves,” provides additional insights for cavitation. For cavitation,
in addition to wall-thinning, the extent-of-condition review may need to consider the
consequences of vibrational loading caused by cavitation.

Monitoring and Trending: For FAC mechanisms, CHECWORKS or a similar predictive

code estimates component degradation-in-the-systems-conduciveto-FAC, as indicated by

speC|f|c plant data including material, hydrodynamlc and operatlng condltlons

- CHECWORKS was
developed and benchmarked by comparing CHECWORKS predictions against actual
component thickness measurements obtained from many plants. Data from each
component inspection is used to calibrate the wear rates calculated in the predictive

model WIth the observed field data. H—is—Feee@mzed—mat—GH-EGW@RKS—B—net—aJwans

many—plan%& The use of such a predlctlve code to develop an mspectlon schedule

ode-provides
reasonable assurance that structural integrity will be malntalned between inspections. The
program includes the evaluation of linspection results are-evaluated to determine if
additional inspections are needed to ensure that the extent of wall thinning is adequately
determined, that intended function will not be lost, and that corrective actions are adequately
identified. Previous wear rate predictions due to FAC may change after a power uprate is
implemented. The program includes updating Wwear rates are-updated in
CHECWORKS according to power uprate conditions. Subsequent field measurements are
used to calibrate or benchmark the predicted wear rates.

For erosion mechanisms, the program includes trending of wall thickness
measurements at susceptible locations to adjust the monitoring frequency and to
predict the remaining service life of the component for scheduling repairs or
replacements. Inspection results are evaluated to determine if assumptions in the
extent-of-condition review remain valid. If degradation is associated with infrequent
operational alignments, such as surveillances or pump starts/stops, then trending
activities may need to consider the humber or duration of these occurrences.
Periodic wall thickness measurements of replacement components may be required
and should continue until the effectiveness of corrective actions has been confirmed.




10.

Appendix D: Mark-up Showing Changes to the GALL Report

ee#eetwe—aeﬂen—sheu#d—be—een&éered Components are suitable for contlnued serwce if
calculations determine that the predicted wall thickness at the next scheduled
inspection is greater than or equal to the minimum allowable wall thickness. The
minimum allowable wall thickness is typically the thickness needed to satisfy the
hoop stress allowable under the original code of construction, but additional code
requirements may also need to be met. A reasonable safety factor should be applied
to the predicted wear rate determination to account for inaccuracies in the wear rate
calculations and may need to consider uncertainties of ultrasonic testing
measurements. As discussed in NSAC-202L-R3, the minimum safety factor should
never be less than 1.1.

Corrective Actions: The program includes reevaluation, repair or replacement of Prior
to-serviee; components for which the acceptance criteria are not satisfied, prior to their
return to service arereevaluated,repaired;-orreplaced. For FAC, Llong-term corrective
actions could include adjusting operating parameters or selecting replacing components
with FAC-resistant materials resistanttoFAC. However, if the wear mechanism has not
been identified, then the replaced components should remain in the inspection
program because FAC-resistant materials do not protect against other damage
mechanisms. \When susceptible components are replaced with FAC-resistant materials,
such-as-high-Cr-material,-the susceptible components immediately downstream
components should be monitored elesely to mitigate identify any increased wear due to the
“entrance effect” as discussed in EPRI 1015072.

For erosion mechanisms, long-term corrective actions to eliminate the cause could
include adjusting operating parameters or changing component designs; however,
the effectiveness of these corrective actions should be verified. Periodic monitoring
activities should continue for any components replaced with an alternate material,
since a material that is completely erosion resistant is not available. As discussed in
the Appendix for the GALL Report, the staff finds the requirements of 10 CFR Part 50,
Appendix B, acceptable to address the corrective actions.

Confirmation Process: Site quality assurance (QA) procedures, review and approval
processes, and administrative controls are implemented in accordance with the
requirements of 10 CFR Part 50, Appendix B. As discussed in the Appendix for the GALL
Report, the staff finds the requirements of 10 CFR Part 50, Appendix B, acceptable to
address the confirmation process.

Administrative Controls: Site QA procedures, review and approval processes, and
administrative controls are implemented in accordance with the requirements of 10 CFR
Part 50, Appendix B. As discussed in the Appendix for the GALL Report, the staff finds the
requirements of 10 CFR Part 50, Appendix B, acceptable to address the administrative
controls.

Operating Experience: \Wall-thinning problems in single-phase systems have occurred in
feedwater and condensate systems (NRC IE Bulletin No. 87-01; NRC Information Notice
[IN]-84-28-1N 92-35, IN 95-11, IN 2006-08) and in two-phase piping in extraction steam lines
(NRC IN 89-53, IN 97-84) and moisture separatorien reheater and feedwater heater drains
(NRC IN 89-53, IN 91-18, IN 93-21, IN 97-84). Observed wall thinning may be due to
mechanisms other than FAC-which-require-alternate-materials-toresolve the-issue or less
commonly, due to a combination of mechanisms (NRC IN 99-19, Licensee Event
Report (LER) 483/1999-003-01, LER 277/2006-003-00, LER 56-237/2007-003-00,

LER 254/2009-004-00).
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