3. AGING MANAGEMENT REVIEW
This section of the SER contains the NRC staff’s evaluation of the applicant’s aging
management programs (AMPs) and aging management reviews (AMRs). In Appendix B of the
BFN LRA, the applicant describes thirty-nine (39) AMPs that are relied on to manage or monitor
the aging of long-lived, passive components and structures. In Section 3 of the LRA, the
applicant provides the results of the AMRs for those structures and components that are
identified in Section 2 of the LRA as being within the scope of license renewal and subject to an
AMR.
3.0

Applicant’s Use of the Generic Aging Lessons Learned Report

In preparing its LRA, the Tennessee Valley (TVA, the applicant) credited NUREG-1801,
“Generic Aging Lessons Learned (GALL) Report,” dated July 2001. The GALL report contains
the NRC staff’s generic evaluation of the existing plant programs, and documents the technical
basis for determining where existing programs are adequate without modification and where
existing programs should be augmented for the extended period of operation. The evaluation
results documented in the GALL report indicate that many of the existing programs are
adequate to manage the aging effects for particular structures or components for license
renewal without change. The GALL report also contains recommendations on specific areas for
which existing programs should be augmented for license renewal. An applicant may reference
the GALL report in a license renewal application to demonstrate that the programs at its facility
correspond to those reviewed and approved in the GALL report.
The GALL report identifies (1) systems, structures, and components (SSCs), (2) structure and
component (SC) materials, (3) the environments to which the SCs are exposed, (4) the aging
effects associated with the materials and environments, (5) the AMPs that are credited with
managing or monitoring the aging effects, and (6) recommendations for further applicant
evaluations of aging management for certain component types.
The NRC staff performed its work in accordance with the requirements of Title 10 of the Code
of Federal Regulations, Part 54 (10 CFR 54), “Requirements for Renewal of Operating
Licenses for Nuclear Power Plants;” the guidance provided in NUREG-1800, “Standard Review
Plan for Review of License Renewal Applications for Nuclear Power Plants” (SRP-LR), dated
July 2001; the guidance provided in NUREG-1801, “Generic Aging Lessons Learned (GALL)
Report,” dated July 2001; and the “Audit and Review Plan for Plant Aging Management
Programs and Reviews – Browns Ferry Nuclear Plant Units 1, 2, and 3”, dated June 10, 2004
(ML041950100).
The NRC staff performed on-site audits at the applicant’s offices in Chattanooga, TN, during
the week of June 25, 2004 and the week of July 19, 2004, and additional technical reviews of
the applicant’s AMPs and AMRs. The objective of the audits and reviews was to verify that the
effects of aging on structures and components will be adequately managed so that their
intended functions will be maintained consistent with the plant’s current licensing basis (CLB)
for the period of extended operation, as required by 10 CFR 54, “Requirements for Renewal of
Operating Licenses for Nuclear Power Plants.” Detailed results of the NRC staff’s on-site
audits are documented in “Audit Report for Plant Aging Management Programs (AMPs) and
Aging Management Reviews (AMRs) – Browns Ferry Nuclear Plant Units 1, 2 and 3,” dated
April 26, 2005 (ML051180464).

1

3.0.1

Format of License Renewal Application

The BFN LRA closely follows the standard LRA format presented in NEI 95-10, "Industry
Guideline for Implementing the Requirements of 10 CFR Part 54 - The License Renewal Rule,"
Revision 3, April 2001. Section 3 of the LRA provides the results of the aging management
review for those structures and components identified in Section 2.0 as being subject to aging
management review. The major subsections of LRA Section 3 are:
• 3.1

AGING MANAGEMENT OF REACTOR VESSEL, INTERNALS, AND REACTOR
COOLANT SYSTEM

• 3.2

AGING MANAGEMENT OF ENGINEERED SAFETY FEATURES

• 3.3

AGING MANAGEMENT OF AUXILIARY SYSTEMS

• 3.4

AGING MANAGEMENT OF STEAM AND POWER CONVERSION SYSTEMS

• 3.5

AGING MANAGEMENT OF CONTAINMENTS, STRUCTURES, AND
COMPONENT SUPPORTS

• 3.6

AGING MANAGEMENT OF ELECTRICAL AND INSTRUMENTATION AND
CONTROLS

BFN LRA Table 3.0.1 and Table 3.0.2 provide descriptions of the internal and external service
environments, respectively, used in the aging management reviews to determine aging effects
requiring management.
Components and structures subject to an aging management review were evaluated to
demonstrate that the effects of aging will be managed so that the intended functions will be
maintained consistent with the current licensing basis for the period of extended operation. The
components, aging effects/mechanism, and aging management programs to be used for
managing the effects of aging at BFN were compared to those listed in NUREG-1801.
The aging management review results are presented in the following two table formats:
• Table 3.x.1 - where '3' indicates the Section number, 'x' indicates the subsection number
from NUREG-1801, Volume 1 (see table below), and '1' indicates that this is the first table
type in Section 3. For example, in the Reactor Coolant System subsection, this table
would be numbered 3.1.1, in the Engineered Safety Features subsection; this table would
be 3.2.1, and so on. For ease of discussion, this table will hereafter be referred to in this
Section as "Table 1."
• Table 3.x.2.y - where '3' indicates the Section number, 'x' indicates the subsection
number from NUREG-1801, Volume 1, '2' indicates that this is the second table type in
Section 3; and 'y' indicates the system table number. For example, for the Reactor
Vessel, within the Reactor Coolant System subsection, this table would be 3.1.2.1 and for
the Reactor Vessel Internals, it would be table 3.1.2.2. For the Containment system
within the Engineered Safety Features subsection, this table would be 3.2.2.1. For the
next system within the ESF subsection, it would be table 3.2.2.2. For ease of discussion,
this table will hereafter be referred to in this section as "Table 2."
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Listing of NUREG-1801 Volume 1 Subsections
“X”

NUREG-1801 Volume 1 Subsections

1

Reactor Coolant System

2

Engineered Safety Features Systems

3

Auxiliary Systems

4

Steam and Power Conversion Systems

5

Structures and Component Supports

6

Electrical and Instrumentation and Controls

The applicant compared the BFN AMR results with information set forth in the tables of the
GALL report and provided the results of its comparisons in two table types that correlate with
the two table types described above.
3.0.1.1 Overview of LRA Table 1
The purpose of Table 1 is to provide a summary comparison of how the BFN AMR results align
with the corresponding tables of NUREG-1801, Volume 1. The table is essentially the same as
Tables 1 through 6 provided in NUREG-1801, Volume 1, except that the "Type" column has
been replaced by a "Row Number" column and the "Item Number in NUREG-1801" column has
been replaced by a "Discussion" column. The "Row Number" column provides a means to
cross-reference from Table 2 to Table 1. The "Discussion" column is used by the applicant to
provide clarifying/amplifying information. The following are examples of information that might
be contained within this column:
• "Further Evaluation Recommended" information or reference to where that information is
located (including a hyperlink, if possible)
• The name of a plant specific program being used (and a hyperlink to the program, if
possible)
• Exceptions to NUREG-1801 assumptions
• A discussion of how the line item is consistent with the corresponding line item in
NUREG-1801, Volume 1, when that may not be intuitively obvious
• A discussion of how the line item is different than the corresponding line item in
NUREG-1801, Volume 1, when it may appear to be consistent
The format of Table 1 provides the reviewer with a means of aligning a specific LRA Table 1
row with the corresponding NUREG-1801, Volume 1 table row, thereby allowing a
straightforward check for consistency with GALL.
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3.0.1.2 Overview of LRA Table 2
Table 2 provides the detailed results of the aging management reviews for those components
identified in Section 2 as being subject to aging management review. There is a Table 2 for
each of the subsystems within a "system" grouping. For example, for BFN, the engineered
safety features group contains tables specific to the containment, standby gas treatment, high
pressure coolant injection, residual heat removal, etc. systems. Table 2 consists of the
following nine columns:
• Component Type - The first column identifies all of the component types from Section 2 of
the LRA that are subject to aging management review. They are listed in alphabetical
order.
• Intended Function - The second column contains the license renewal intended functions
(using abbreviations where necessary) for the listed component types. Definitions and
abbreviations of passive component type intended functions are presented in Table 2.0.1,
Intended Function Abbreviations and Definitions.
• Material - The third column lists the particular materials of construction for the component
type.
• Environment - The fourth column lists the environment to which the component types are
exposed. Internal and external service environments are indicated, as appropriate.
Descriptions of the internal and external service environments that were used in the aging
management review to determine aging effects requiring management are included in
Table 3.0.1, Internal Service Environments, and Table 3.0.2, External Service
Environments.
• Aging Effect Requiring Management - As part of the aging management review process,
the applicant determines any aging effects requiring management for the material and
environment combination in order to maintain the intended function of the component
type. These aging effects requiring management are listed in column five.
• Aging Management Programs - The aging management programs used to manage the
aging effects requiring management are listed in column six of Table 2.
• NUREG-1801 Volume 2 Item - Each combination of component type, material,
environment, aging effect requiring management, and aging management program that is
listed in Table 2 is compared to NUREG-1801, Volume 2 with consideration given to the
standard notes, to identify consistencies. When they are identified, they are documented
by noting the appropriate NUREG-1801, Volume 2 item number in column seven of Table
2. If there is no corresponding item number in NUREG-1801, Volume 2, this row in
column seven has "None". That way, a reviewer can readily identify where there is
correspondence between the plant specific tables and NUREG-1801, Volume 2 tables.
• Table 1 Item - Each combination of component, material, environment, aging effect
requiring management, and aging management program that has an identified
NUREG-1801 Volume 2 item number must also have a Table 3.x.1 line item reference
number. The corresponding line item from Table 1 is listed in column eight of Table 2. If
there is no corresponding item in NUREG-1801, Volume 1, this row in column eight has
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"None". That way, the information from the two tables can be correlated.
• Notes - In order to realize the full benefit of NUREG-1801, BFN has aligned the
information in the Tables 3.x.2.y with the information in NUREG-1801 Volume 2 using a
series of notes. Notes that utilize letter designations are industry-standard notes taken
from the Proposed Standard License Renewal Application Format Package (Letter from
Alexander Marion (NEI) to Dr. P. T. Kuo (NRC), Project Number: 690, dated August 20,
2003). Notes that use numeric designations are BFN plant-specific notes.
Correlations between the combination in the BFN LRA Table 2 and a combination for a line item
in Volume 2 of the GALL report are identified by the GALL report item number in Column 7. If
Column 7 is blank, the applicant did not identify a corresponding combination in the GALL
report. If the applicant identified a GALL report line item, the next column provides a reference
to a Table 1 row number. This reference corresponds to the GALL report Volume 2 roll-up to
the GALL report Volume 1 tables. Many of the GALL report evaluations refer to plant-specific
programs. In these cases, the applicant considers the BFN evaluation to be consistent with the
GALL report if the other elements are consistent. Any AMP suitable for management of a
particular aging effect is considered to be consistent with the GALL report program for line
items referring to a plant-specific or alternative program if it has been reviewed and determined
to be consistent with the 10 program elements used to review the plant-specific program.
3.0.1.3 LRA Table Usage
Use of Table 1
Each row in Table 1 is evaluated by moving from left to right across the table. Since the
component, aging effect/mechanism, aging management programs and further evaluation
recommended information is taken directly from NUREG-1801, Volume 1, no further analysis of
those columns is required. The information intended to help the reviewer the most in this table
is contained within the discussion column. Here, the reviewer will be given information
necessary to determine, in summary, how the BFN evaluations and programs align with
NUREG-1801, Volume 1. This may be in the form of descriptive information within the
discussion column, or the reviewer may be referred to other locations within the LRA for further
information.
Use of Table 2
Table 2 contains the aging management review information for the plant, whether or not it
aligns with NUREG-1801. Each row within the table provides the intended function, material,
environment, aging effect requiring management, and aging management program combination
for a particular component type within a system. In addition, if there is a correlation between
the combination in Table 2 and a combination in NUREG-1801, Volume 2, this is identified by a
referenced item number in column seven, NUREG-1801, Volume 2 Item. If the column
contains "None," BFN was unable to locate an appropriately corresponding combination in
NUREG-1801, Volume 2. Continuing across Table 2 from left to right within a given row, the
next column is labeled Table 1 Item. If there is a reference number entered in this column, this
reference number can be used to locate the corresponding row in Table 1 to see how the aging
management program for this particular combination aligns with NUREG-1801, Volume 1.
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3.0.2 NRC Staff Review Process
The NRC staff conducted the following three types of evaluations of the AMRs and associated
AMPs:
• For items the applicant states are consistent with the GALL report, the NRC staff
conducted an audit.
• For items the applicant states are consistent with the GALL report with exceptions, the
NRC staff conducted an audit of the item and of the applicant’s technical justification for
the exceptions.
• For items that are not consistent with the GALL report, the NRC staff conducted a
technical review.
3.0.2.1 Review of AMPs
For those AMPs for which the applicant claimed consistency with the GALL report AMPs, the
NRC staff conducted an audit to verify that the applicant’s AMPs are consistent with the AMPs
in the GALL report. For each AMP that had one or more deviations, the NRC staff evaluated
each deviation to determine (1) whether the deviation was acceptable, and (2) whether the
AMP, as modified, would adequately manage the aging effect(s) for which it is credited.
For AMPs that were not evaluated in the GALL report, the NRC staff performed a full technical
review to determine the adequacy of the AMPs. The NRC staff evaluated the AMPs against the
following 10 program elements defined in SRP-LR, Appendix A:
19.

Scope of program - Scope of the program should include the specific structures and
components subject to an AMR for license renewal.

2. Preventive actions - Preventive actions should prevent or mitigate aging degradation.
3. Parameters monitored or inspected - Parameters monitored or inspected should be linked
to the degradation of the particular structure or component intended function(s).
4. Detection of aging effects - Detection of aging effects should occur before there is a loss
of structure or component intended function(s). This includes aspects such as method or
technique (i.e., visual, volumetric, surface inspection), frequency, sample size, data
collection, and timing of new/one-time inspections to ensure timely detection of aging
effects.
5. Monitoring and trending - Monitoring and trending should provide predictability of the
extent of degradation, and timely corrective or mitigation actions.
6. Acceptance criteria - Acceptance criteria, against which the need for corrective action will
be evaluated, should ensure that the structure or component intended function(s) are
maintained under all CLB design conditions during the period of extended operation.
7. Corrective actions - Corrective actions, including root cause determination and prevention
of recurrence, should be timely.
6

8. Confirmation process - Confirmation process should ensure that preventive actions are
adequate and that appropriate corrective actions have been completed and are effective.
9. Administrative controls - Administrative controls should provide a formal review and
approval process.
10.

Operating experience - Operating experience of the aging management program,
including past corrective actions resulting in program enhancements or additional
programs, should provide objective evidence to support the conclusion that the effects
of aging will be managed adequately so that the structure and component intended
function(s) will be maintained during the period of extended operation.

The NRC staff reviewed information concerning the operating experience program element for
AMPs that are consistent with GALL report AMPs. Detailed results of the NRC staff’s on-site
audits are documented in “Audit Report for Plant Aging Management Programs (AMPs) and
Aging Management Reviews (AMRs) – Browns Ferry Nuclear Plant Units 1, 2 and 3,” dated
April 26, 2005 (ML051180464).
The NRC staff reviewed the Updated Final Safety Analysis Report (UFSAR) supplement for
each AMP to determine if it provides an adequate description of the program or activity, as
required by 10 CFR 54.21(d).
3.0.2.2 Review of AMR Results
Table 2 of the LRA contains information concerning whether or not the AMRs align with the
AMRs identified in the GALL report. For a given AMR in Table 2, the NRC staff reviewed the
combination of intended function, material, environment, aging effect requiring management,
and aging management program for a particular component type within a system. The Table 2
AMRs that correlate with an AMR in the GALL report are identified by a reference item number
in column seven, “GALL, Volume 2 Item.” The eighth column, “Table 1 Item,” provides a
reference number that indicates the corresponding row in Table 1.
The NRC staff conducted an audit to verify the appropriateness of the applicant’s AMR
correlations to the GALL report. A blank column seven indicates that the applicant was unable
to locate an appropriate corresponding AMR in the GALL report. The NRC staff conducted a
technical review of those Table 2 AMRs that are not consistent with the GALL report.
3.0.3 Aging Management Programs
Table 3.0.3-1 lists the AMPs credited by the applicant and described in Appendix B of the BFN
LRA. The table also indicates the GALL report AMP with which the applicant claims its AMP is
consistent (if applicable); the systems, structures, or components that credit the program for
managing or monitoring aging; and the section of this SER that documents the NRC staff’s
evaluation of the AMP.
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Table 3.0.3-1 Summary of Browns Ferry Aging Management Programs (AMP)
BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Included in the On-site Audit
Accessible NonConsistent
Environmental
Qualification
Cables and
Connections
Inspection
Program (B.2.1.1)

XI.E1

• Electrical and
Instrumentation and
Controls

3.0.3.1.1

Electrical Cables
Not Subject to 10
CFR 50.49
Environmental
Qualification
Requirements
Used in
Instrumentation
Circuits Program
(B.2.1.2)

XI.E2

• Electrical and
Instrumentation and
Controls

3.0.3.2.1

ASME Section XI Consistent
Subsections IWB,
IWC, and IWD
Inservice
Inspection
Program (B.2.1.4)

XI.M1

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety
Features
• Auxiliary Systems
• Steam and Power
Conversion System

3.0.3.1.2

Reactor Head
Consistent
Closure Studs
Program (B.2.1.6)

XI.M3

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.1

Not consistent exceptions
taken
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BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Included in the On-site Audit
Boiling Water
Consistent with
Reactor Vessel
enhancements
Inside Diameter
Attachment Welds
Program (B.2.1.7)

XI.M4

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.2

Boiling Water
Consistent with
Reactor
enhancements
Feedwater Nozzle
Program (B.2.1.8)

XI.M5

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.3

Boiling Water
Consistent
Reactor Control
Rod Drive Return
Line Nozzle
Program (B.2.1.9)

XI.M6

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.1.3

Boiling Water
Consistent with
Reactor Stress
enhancements
Corrosion
Cracking Program
(B.2.1.10)

XI.M7

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety
Features
• Auxiliary Systems
• Steam and Power
Conversion System

3.0.3.2.4

Boiling Water
Reactor
Penetrations
Program
(B.2.1.11)

Consistent with
enhancements

XI.M8

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.5

Boiling Water
Consistent with
Reactor Vessel
enhancements
Internals Program
(B.2.1.12)

XI.M9

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.6
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BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Included in the On-site Audit
Thermal Aging
and Neutron
Irradiation
Embrittlement of
Cast Austenitic
Stainless Steel
Program
(B.2.1.14)

Consistent with
enhancements

XI.M13

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.7

Flow-Accelerated
Corrosion
Program
(B.2.1.15)

Consistent with
enhancements

XI.M17

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety
Features
• Steam and Power
Conversion System

3.0.3.2.8

Open-Cycle
Cooling Water
Program
(B.2.1.17)

Consistent with
enhancements

XI.M20

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety
Features
• Auxiliary Systems

3.0.3.2.9

Closed-Cycle
Cooling Water
System Program
(B.2.1.18)

Consistent with
enhancements

XI.M21

• Auxiliary Systems

3.0.3.2.10

Inspection of
Not consistent Overhead Heavy exceptions
Load and Light
taken
Load Handling
Systems Program
(B.2.1.20)

XI.M23

• Auxiliary Systems

3.0.3.2.11
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BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Included in the On-site Audit
Compressed Air
Monitoring
Program
(B.2.1.21)

Consistent with
enhancements

XI.M24

• Auxiliary Systems
• Steam and Power
Conversion Systems

3.0.3.2.12

BWR Reactor
Water Cleanup
System Program
(B.2.1.22)

Consistent with
enhancements

XI.M25

• Auxiliary Systems

3.0.3.2.13

Aboveground
Carbon Steel
Tanks Program
(B.2.1.26)

Consistent

XI.M29

• Auxiliary Systems

3.0.3.1.4

Fuel Oil Chemistry Not consistent Program
exceptions
(B.2.1.27)
taken

XI.M30

• Auxiliary Systems

3.0.3.2.14

One-Time
Inspection
Program
(B.2.1.29)

Consistent

XI.M32

• Reactor Vessel, Internals, 3.0.3.1
and Reactor Coolant
Systems
• Engineered Safety Feature
Systems
• Auxiliary Systems
• Steam and Power
Conversion Systems
• Containment, Structures
and Component Supports

Selective
Consistent
Leaching of
Materials Program
(B.2.1.30)

XI.M33

• Reactor Vessel, Internals, 3.0.3.1
and Reactor Coolant
Systems
• Engineered Safety Feature
Systems
• Auxiliary Systems
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BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Included in the On-site Audit
Buried Piping and Consistent
Tanks Inspection
Program
(B.2.1.31)

XI.M34

• Engineered Safety Feature 3.0.3.1.6
Systems
• Auxiliary Systems

10 CFR 50
Appendix J
Program
(B.2.1.34)

Consistent

XI.S4

• Containment, Structures
and Component Supports

3.0.3.1.5

Masonry Wall
Program
(B.2.1.35)

Consistent with
enhancements

XI.S5

• Containment, Structures
and Component Supports

3.0.3.2.15

Structures
Monitoring
Program
(B.2.1.36)

Consistent with
enhancements

XI.S6

• Containment, Structures
and Component Supports

3.0.3.2.16

Inspection of
Water-Control
Structures
Program
(B.2.1.37)

Consistent with
enhancements

XI.S7

• Containment, Structures
and Component Supports

3.0.3.2.17

Environmental
Qualification
Program (B.3.1)

Consistent with
enhancements

X.E1

• Electrical and I&C
Commodities

3.0.3.2.18

Fatigue Monitoring Consistent with
Program (B.3.2)
enhancements

X.M1

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Containment, Structures
and Component Supports

3.0.3.2.19
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BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Evaluated by NRR/DE
Inaccessible
Consistent
Medium-Voltage
Cables Not
Subject to
10 CFR 50.49
Environmental
Qualification
Requirements
Program (B.2.1.3)

XI.E3

• Electrical and I&C
Commodities

3.0.3.1

Chemistry Control Not consistent Program (B.2.1.5) exceptions
taken

XI.M2

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety Feature
Systems
• Auxiliary Systems
• Steam and Power
Conversion Systems
• Containment, Structures
and Component Supports

3.0.3.2.20

Bolting Integrity
Program
(B.2.1.16)

Not consistent exceptions
taken

XI.M18

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety Feature
Systems
• Auxiliary Systems
• Steam and Power
Conversion Systems

3.0.3.2.21

Fire Protection
Program
(B.2.1.23)

Not consistent exceptions
taken

XI.M26

• Auxiliary Systems
• Containment, Structures
and Component Supports

3.0.3.2.22

Fire Water
System Program
(B.2.1.24)

Not consistent exceptions
taken

XI.M27

• Auxiliary Systems

3.0.3.2.23

Reactor Vessel
Surveillance
Program
(B.2.1.28)

Consistent with
enhancements

XI.M31

• Reactor Vessel, Internals,
and Reactor Coolant
Systems

3.0.3.2.24

13

BFN AMP
(LRA Section)

Applicant’s
Comparison to
GALL Report
AMP

GALL
Report
AMP(s)

LRA Systems or Structures
that Credit the AMP

SER
Section

AMPs Evaluated by NRR/DE
ASME Section XI
Subsection IWE
Program
(B.2.1.32)

Not consistent exceptions
taken

XI.S1

• Containment, Structures
and Component Supports

3.0.3.2.25

ASME Section XI
Subsection IWF
Program
(B.2.1.33)

Not consistent exceptions
taken

XI.S3

• Containment, Structures
and Component Supports

3.0.3.2.26

Systems
Monitoring
Program
(B.2.1.39)

NA*

None

• Reactor Vessel, Internals,
and Reactor Coolant
Systems
• Engineered Safety Feature
Systems
• Auxiliary Systems
• Steam and Power
Conversion Systems

3.0.3.3.1

Bus Inspection
Program
(B.2.1.40)

NA*

None

• Electrical and I&C
Commodities

3.0.3.3.2

Diesel Starting Air
Program
(B.2.1.41)

NA*

None

• Auxiliary Systems

3.0.3.3.3

*NA indicates that comparison to a GALL report AMP is not applicable since there is no comparable GALL report AMP.

3.0.3.1

AMPs That Are Consistent with the GALL Report

In the BFN LRA, Appendix B, the applicant states that the following ten (10) BFN AMPs are
consistent with AMPs in the GALL report without exceptions or enhancements.
•
•
•
•
•
•
•
•

Accessible Non-Environmental Qualification Cables and Connections Inspection
Program (B.2.1.1)
Inaccessible Medium-Voltage Cables Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements Program (B.2.1.3)
ASME Section XI Subsections IWB, IWC, and IWD Inservice Inspection Program
(B.2.1.4)
Reactor Head Closure Studs Program (B.2.1.6)
BWR Control Rod Drive Return Line Nozzle Program (B.2.1.9)
Aboveground Carbon Steel Tanks Program (B.2.1.26)
One-Time Inspection Program (B.2.1.29)
Selective Leaching of Materials Program (B.2.1.30)
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•
•

Buried Piping and Tanks Inspection Program (B.2.1.31)
10 CFR 50 Appendix J Program (B.2.1.34)

During its audit and review that was conducted on June 21 - 25, 2004, the staff confirmed the
applicant's claim of consistency with the GALL Report. Details of the staff's evaluation of this
AMP are documented in the BFN audit and review report. The staff determined that these
AMPs are consistent with the AMP described in the GALL Report, including the associated
operating experience attribute.
During the audit, the staff reviewed selected documents and procedures associated with the
AMPs identified above. As a result of this review, the staff identified issues for several of the
AMPs that were resolved with a docketed response from the applicant. Those issues and their
resolutions are discussed below.
On the basis of its review and audit of the applicant’s programs, and pending the resolution of
RAIs 7.1.18-1 and 7.1.22-1 discussed below, the staff finds that those programs for which the
applicant claims consistency with AMPs in the GALL report without exceptions or
enhancements are consistent with the GALL report.
The staff finds that the applicant has demonstrated that the effects of aging will be adequately
managed so that the intended functions will be maintained consistent with the CLB for the
period of extended operation, as required by 10 CFR 54.21(a)(3).
The staff also reviewed the UFSAR supplements for these AMPs and finds that they will provide
an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.1.1

Accessible Non-Environmental Qualification Cables and Connections Inspection
Program (AMP B.2.1.1)

Summary of Technical Information in the Application.
The applicant's Accessible Non-Environmental Qualification Cables and Connections Inspection
Program is described in LRA Section B2.1.1, "Non-Environmental Qualification Cables and
Connections Inspection Program." In the LRA, the applicant stated that this is a new program
that will be initiated prior to the period of extended operation and will be consistent with the
program described in NUREG-1801 Section XI.E1 evaluation. This commitment is identified on
the applicant's license renewal commitment list as item no A.1.1. In Appendix A.1 of the LRA.
The applicant stated in the LRA, that the Accessible Non-Environmental Qualification (EQ)
Cables and Connections Inspection Program will be structured to provide reasonable assurance
that the intended functions of insulated cables and connections within the scope of license
renewal exposed to adverse localized environments will be maintained consistent with the
current licensing basis through the period of extended operation.
Staff Evaluation
As a result of this review, the staff identified two issues discussed below that were resolved with
a docketed response from the applicant. The staff requested and obtained additional
clarification during the site audit and the resolution of the item is documented in the audit review
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report is as follows.
(1) In the NUREG-1800 GALL AMP XI.E1, “Electrical Cables and Connections Not Subject to
10 CFR 50.49 Environmental Qualification Requirements,” recommends that the program be
written specifically to address cables and connections at plants whose configuration is such that
most (if not all) cables and connections installed in adverse localized environments are
accessible. However, the applicant’s description of BFN AMP B.2.1.1 does not address the
percentage of cables in adverse localized environments at BFN that are accessible.
The applicant stated, as documented in the staff’s BFN audit and review report, that based
upon a search of “as designed” data in the current cable routing database, greater than 50% of
cables are located in accessible cable trays. Therefore, a representative amount of cables are
accessible for inspection activities.
The staff finds the applicant’s response acceptable since more than 50% of the cables will be
accessible for inspection, which is consistent with the recommendations for GALL AMP XI.E1.
(2) The description of GALL AMP XI.E1 states that the technical basis for the sample of cables
and connections selected for inspection is to be provided. However, the staff noted that the
description of AMP B.2.1.1 in the applicant’s LRA does not address the rationale for selecting
the sample of cables and connections to be inspected.
The applicant stated, as documented in the staff’s BFN audit and review report, that a
representative sample of accessible, insulated cables and connections within the scope of
license renewal will be visually inspected in adverse localized environments as identified by a
review of operating experience. Selected cables and connections from accessible areas (the
inspection sample) will represent, with reasonable assurance, all cables and connections in
adverse localized environments.
Operating experience: The applicant stated in the LRA that Accessible Non-Environmental
Qualification Cables and Connections Inspection Program is a new program for which there is
no operating experience. The operating experience data associated with implementing this
program will be addressed in the applicant's corrective action program. In evaluating the
element the applicant stated that the implementation of the Accessible Non-EQ Cables and
Connections Inspection Program will provide reasonable assurance that the applicable aging
effects will be effectively managed so that the structures and components within the scope of
this program will continue to perform their intended functions consistent with the current
licensing basis for the period of extended operation.
Based on its review, the staff concludes that the applicant's accessible Non-Environmental
Qualification Cables and Connections Inspection program provides reasonable assurance of
aging management of insulated cables and connections. within the scope of license renewal
exposed to adverse localized environments will be maintained consistent with the current
licensing basis through the period of extended operation. The staff finds this AMP acceptable
because it conforms to the recommended program description, program elements, and
acceptance criteria for the Accessible Non-Environmental Qualification Cables and Connections
Inspection Program, as discussed in GALL AMP XI.E1."
3.0.3.1.2

ASME Section XI Subsections IWB, IWC, and IWD Inservice Inspection
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Program (AMP B.2.1.4)
Summary of Technical Information in the Application.
The applicant’s ASME Section XI Subsections IWB, IWC, and IWD Inservice Inspection
Program is described in LRA section B.2.1.4, “ASME Section XI Subsections IWB, IWC, and
IWD Inservice Inspection Program”. In the LRA the applicant stated that the ASME B&PV
Code Section XI Subsections IWB, IWC, and IWD Inservice Inspection Program is an existing
program that is consistent with NUREG-1801 XI.M1 evaluation elements.
The applicant stated in the LRA that the BFN ASME Section XI Subsections IWB, IWC, and
IWD Inservice Inspection Program includes periodic visual, surface, and/or volumetric
examination of Class 1, 2, and 3 pressure-retaining components and their integral attachments.
Requirements for the ASME B&PV Code Section XI Subsections IWB, IWC, and IWD Inservice
Inspection Program are mandated by the BFN Technical Requirements Manual 3.4.3,
“Structural Integrity.” 10 CFR 50.55a imposes the inservice inspection requirements of the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code Section XI for
Class 1, 2, and 3 pressure-retaining components and their integral attachments in light-water
cooled power plants.
During its audit and review the staff confirmed the applicant's claim of consistency with the
GALL Report. Details of the staff's evaluation of this AMP are documented in the BFN audit and
review report. The staff determined that the AMP is consistent with the AMP described in the
GALL Report, including the associated operating experience attribute. Based on its review, the
staff concludes that the applicant's ASME Section XI Subsections IWB, IWC, and IWD
Inservice Inspection Program provides reasonable assurance of aging management. As a
result of this review, the staff identified two issues discussed below that were resolved with a
docketed response from the applicant.
Staff Evaluation
(1) The staff noted that BFN AMP B.2.1.4 did not indicate what the IWB/IWC/IWD commitment
will be for Unit 1 re-start baseline inspections, after re-start, and during the extended period of
operation.
The applicant stated, as documented in the staff’s BFN audit and review report, that the
re-baseline inspection scope includes all inspections required during a typical 10-year
inspection interval, for Class 1, 2 and 3 components that have not been repaired or replaced.
The code of record for Unit 1 recovery is the 1995 edition with addenda through 1996 of ASME
Section XI. Following re-start, the current (suspended) ISI inspection interval will be completed.
The next inspection interval will meet the requirements of 10 CFR 50.55(a) at that time. For the
period of extended operation, the code edition will be consistent with 10 CFR 50.55(a)
requirements for all three units.
The staff finds the applicant’s response acceptable on the basis that all three units will be
consistent with the GALL report during the extended period of operation and the Unit 1
re-baseline program will provides reasonable assurance that the condition of Unit 1 piping and
components is comparable to Units 2 and 3.
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(2) In the BFN LRA, Appendix B, Section B.2.1.4, under program description, the applicant
states that currently approved relief requests and approved code cases are used. The staff
noted that these are not applicable to the extended period of operation and asked the applicant
to confirm that the commitment to implement the requirements of 10 CFR 50.55a for license
renewal is not modified by the current relief requests or implementation of currently approved
code cases.
The applicant stated, as documented in the staff’s BFN audit and review report, that the
commitment to implement the requirements of 10 CFR 50.55(a) for license renewal is not
modified by the current relief requests or implementation of currently approved code cases; that
there are currently no relief requests which extend past the 40 year period; and, that relief
requests which extend into the renewal period will be in accordance with 10 CFR 50.55(a).
The staff finds the applicant’s response acceptable on the basis that current approved relief
requests and approved code cases will not in any way modify the applicant’s commitment to
implement 10 CFR 50.55a during the extended period of operation.
During its audit and review, the staff confirmed the applicant's claim of consistency with the
GALL Report. Details of the staff's evaluation of this AMP are documented in the BFN audit and
review report. The staff determined that this AMP is consistent with the AMP described in the
GALL Report, including the associated operating experience attribute.
3.0.3.1.3

BWR Control Rod Drive Return Line Nozzle Program (AMP B.2.1.9)

Summary of Technical Information in the Application.
The applicant’s Boiling Water Reactor Control Rod Drive Return Line Nozzle Program is
described in LRA section B.2.1.9, “Boiling Water Reactor Control Rod Drive Return Line Nozzle
Program.” In the LRA the applicant stated that the BWR Control Rod Drive Return Line
Nozzle Program is an existing program that is consistent with NUREG-1801 XI.M6 evaluation
elements.
In the LRA the applicant stated that the BWR Control Rod Drive Return Line Nozzle Program
includes: (1) an inservice inspection in accordance with the ASME B&PV Code Section XI
Subsection IWB. This inspection requirement is implemented by the ASME B&PV Code Section
XI Subsections IWB, IWC, and IWD Inservice Inspection Program (B.2.1.4), and, (2) system
modifications to mitigate cracking. The control rod drive return lines have been modified to meet
the recommendations of NUREG-0619,”BWR Feedwater Nozzle and Control Rod Drive Return
Line Nozzle Cracking”. The applicant stated that the control rod drive return lines now return to
the reactor water cleanup system piping and the control rod drive return line reactor vessel
nozzle piping has been removed and the reactor vessel nozzles have been capped.
Staff Evaluation
During its audit and review, the staff confirmed the applicant's claim of consistency with the
GALL Report. Details of the staff's evaluation of this AMP are documented in the BFN audit and
review report. The staff determined that this AMP is consistent with the AMP described in the
GALL Report, except for the staff issue described below. As a result of this review, the staff
identified an issue discussed below that was resolved with a docketed response from the
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applicant.
The staff requested additional information as to why BFN Units 2 and 3 perform an enhanced
VT-1 visual examination of the inner radius instead of the Code-specified volumetric exam.
The applicant stated, as documented in the staff’s BFN audit and review report, that the nozzleto-vessel weld and inner radius are inspected in accordance with ASME Section XI, ISI
Program, Subsection IWB, Category B-D requirements. BFN Units 2 and 3 perform an
enhanced VT-1 visual examination of the inner radius instead of the Code-specified volumetric
exam, as approved by Requests for Relief 2-ISI-16 and 3-ISI-14. The applicant indicated that a
UT exam of both the nozzle-to-vessel weld and the inner radius is currently performed for Unit
1. Relief requests will not extend into the period of extended operation.
The staff finds the applicant’s response, regarding the current inspections performed for all
three BFN units, acceptable.
In the LRA application the applicant indicated that system modifications to mitigate cracking are
in progress. The control rod drive return lines have been modified to meet the
recommendations of NUREG-0619,”BWR Feedwater Nozzle and Control Rod Drive Return Line
Nozzle Cracking” and stated that the control rod drive return lines now return to the reactor
water cleanup system piping. The control rod drive return line reactor vessel nozzle piping has
been removed and the reactor vessel nozzles have been capped. The staff noted that the
capped CRD return line nozzles are not subject to cyclic loads from thermal stratification and
striping. Therefore, they are not susceptible to cracking due to cyclic loading and do not impact
AMR review. The staff found BFN evaluation acceptable.
Based on its review, the staff concludes that the applicant's Reactor Head Closure Studs
Program provides reasonable assurance of management of Inservice inspection and implement
preventive measures to mitigate cracking. The staff finds this AMP acceptable because it
conforms to the recommended program description, program elements, and acceptance criteria
for the Boraflex monitoring program, as discussed in GALL AMP XI.M3.
3.0.3.1.4

Aboveground Carbon Steel Tanks (AMP B.2.1.26)

Summary of Technical Information in the Application.
The applicant's Aboveground Carbon Steel Tanks program is described in the LRA section
B.2.1.26, “Aboveground Carbon Steel Tanks Program”. In the LRA the applicant stated that the
program includes preventive measures to mitigate corrosion by protecting the external surface
of carbon steel tanks with paint or coatings in accordance with standard industry practice. The
flat-bottomed condensate storage tanks sit on beds of compacted sulfur-free oiled sand. The
applicant also stated that it condition monitors for degradation by performing periodic
inspections in accordance with the 10 CFR 50.65 Maintenance Rule program. The applicant
states that, to ensure that significant degradation in inaccessible tank bottoms is not occurring,
a one time inspection, in accordance with the One-Time Inspection program (B.2.1.29), will be
performed prior to entering the period of extended operation and will consist of thickness
measurements of flat-bottomed tanks’ bottom surfaces.
In the LRA the applicant stated that the Aboveground Carbon Steel Tanks Program (B.2.1.26)
is an existing program that is consistent with NUREG-1801 XI.M29 evaluation elements.
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Staff Evaluation
During its audit and review, the staff confirmed the applicant's claim of consistency with the
GALL Report. Details of the staff's evaluation of this AMP are documented in the BFN audit and
review report. The staff determined that this AMP is consistent with the AMP described in the
GALL Report, except for the staff issue described below. As a result of this review, the staff
identified an issue discussed below that was resolved with a docketed response from the
applicant.
The staff noted that the UFSAR Supplement in LRA Appendix A, Section A.1.23, does not
identify a one-time inspection, in accordance with the One-time Inspection Program (BFN AMP
B.2.1.29), to take thickness measurements of flat-bottomed tanks’ bottom surface prior to
entering the extended period of operation. This is identified as an element of the program in
BFN LRA, Appendix B, Section B.2.1.26. Therefore, the staff could not confirm that the UFSAR
supplement provides an adequate summary description of the program, as identified in the
SRP-LR UFSAR supplement table, and as required by 10 CFR 54.21(d). The staff requested
that the applicant provide additional information to resolve this issue. (open item RAI 7.1.18-1.)
3.0.3.1.5

Buried Piping and Tanks Inspection Program (B.2.1.31)

Summary of Technical Information in the Application.
The applicant identified a Buried Piping and Tanks Inspection Program, LRA Section B.2.1.31
to manage buried piping (There are no buried tanks identified in-scope for license renewal).
The program manages the following functions: (1) preventive measures to mitigate corrosion by
applying external coatings and wrappings in accordance with standard industry practices; and,
(2) condition monitoring to manage the effects of corrosion. The applicant stated that buried
piping is inspected when excavated for any reason, typically for maintenance. The inspections
are performed as part of the 10 CFR 50.65 Maintenance Rule program. The inspections provide
for determination of degradation due to the loss of, or damage to, the protective coatings and
wraps used for corrosion control on buried pipe external surfaces. The inspections also include
connections and joints for signs of separation; signs of environmental degradation; signs of
leakage and; appreciable settlement between piping segments.
Staff Evaluation.
During its audit and review, the staff confirmed the applicant's claim of consistency with the
GALL Report. Details of the staff's evaluation of this AMP are documented in the BFN audit and
review report. The staff determined that this AMP is consistent with the AMP described in the
GALL Report, except for the staff issue described below. The staff identified an issue
concerning inspection of buried piping as discussed below that was resolved with a docketed
response from the applicant.
The staff noted that the applicant relies solely on opportunistic inspections to check buried
piping. Should there not be any opportunistic inspections, the buried pipe would not be
inspected. Therefore, the staff requested that the applicant agree to perform an inspection of
buried piping withing ten (10) years after entering the period of extended operation, unless
conclusive opportunistic inspections have occurred within this ten-year period which provide a
representative sample. Before the tenth year, BFN should perform an engineering evaluation to
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determine if sufficient inspections have been conducted to draw a conclusion regarding the
ability of the underground coatings to protect the underground piping systems from
degradation. If not, BFN should conduct a focused inspection to allow that conclusion to be
reached. This remains open item RAI 7.1.22-1.
3.0.3.2

AMPs That Are Consistent with the GALL Report and have Exceptions and/or
Enhancements

In the BFN LRA, Appendix B, the applicant identifies 26 BFN AMPs that are consistent with the
AMPs in the GALL report. However, exceptions and/or enhancements are stated for one or
more program elements in the GALL report.
For AMPs that the applicant claims are consistent with the program elements in the GALL
report, and have exceptions and/or enhancements, the staff performed an audit to verify that
those elements of the program for which the applicant claims consistency with the GALL report
are indeed consistent. The staff then reviewed the exceptions and/or enhancements, and their
justification, to determine whether the AMP, with its exceptions and/or enhancements, remains
adequate to manage the aging effects for which it is credited.
The staff noted that a number of existing BFN AMPs, which are currently implemented for BFN
Units 2 and 3, will be enhanced to include BFN Unit 1 in the scope of the AMP prior to entering
the period of extended operation.
The staff finds the applicant’s response acceptable since it clarifies the basis for establishing
the Unit 1 implementation schedule.
3.0.3.2.1

Electrical Cables Not Subject to 10 CFR 50.49 Environmental Qualification
Requirements Used in Instrumentation Circuits Program (AMP B.2.1.2)

In the BFN LRA, Appendix B, Section B.2.1.2, the applicant states that AMP B.2.1.2, “Electrical
Cables Not Subject to 10 CFR 50.49 Environmental Qualification Requirements Used in
Instrumentation Circuits Program,” is an existing program. The applicant states that the AMP
will meet the intent of GALL AMP XI.E2, “Electrical Cables Not Subject To 10 CFR 50.49
Environmental Qualification Requirements Used in Instrumentation Circuits.” Two exceptions
are stated.
3.0.3.2.1.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that AMP B.2.1.2 will provide reasonable assurance that the
intended functions of the neutron monitoring local power range monitor (LPRM) circuits
exposed to adverse, localized environments caused by heat, radiation, and moisture can be
maintained consistent with the CLB through the period of extended operation
3.0.3.2.1.2

Consistency with the GALL Report

The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BFN AMP bases documents against GALL AMP XI.E2 for consistency.
Staff Evaluation. During its audit and review, the staff confirmed the applicant's claim of
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consistency with the GALL Report. Details of the staff's evaluation of this AMP are documented
in the BFN audit and review report. The staff determined that this AMP is consistent with the
AMP described in the GALL Report, except for the staff issue described below.
The staff also noted that the BFN LRA credits the BFN environmental qualification (EQ)
program for managing aging effects for in-scope radiation monitoring system cables. The BFN
EQ program covers certain electrical components that are important to safety and could be
exposed to harsh environment accident conditions. Since portions of the radiation monitoring
cables are not exposed to a harsh environment, the staff inquired as to whether all in-scope
radiation monitoring cables located both inside and outside the containment are covered by the
EQ program. The applicant stated, as documented in the staff’s BFN audit and review report,
that all BFN high-range radiation monitoring cables are included in the EQ program, regardless
of their location in mild or harsh areas of the plant. The staff finds the applicant’s response
acceptable on the basis that all of the high-range radiation monitoring cables are included in the
EQ program.
During the audit, the staff noted that the applicant’s AMP is limited to managing the neutron
monitoring local power range monitoring circuits. Not included in the scope of BFN AMP
B.2.1.2 are nuclear instrumentation cables used in circuits for the source range monitor (SRM),
intermediate range monitor (IRM), average power range monitor (APRM), rod block monitor
(RBM), and traversing in-core probe (TIP). The staff considers the IRM system to be safetyrelated at all BWRs and the IRM is part of the plant’s technical specifications. The staff
pursued this issue with the applicant and requested additional clarifications in staff RAI 2.5-2.
Based on the response from the BFN applicant and additional discussions with the staff, the
applicant concurred that the IRM instrumentation circuit cables should be in the scope of
license renewal because they are part of the technical specification. Because of this inclusion,
the applicant confirmed that their aging effects will be managed by AMP B.2.1.2, "Electrical
Cables Not Subject to 10 CFR 50.49 Environmental qualification Requirements Used in
Instrumentation Circuits Program." The applicant also agreed that other accessible Neutron
Monitoring Subsystem cables and connections will be managed by AMP B.2.1.1, "Accessible
Non-Environmental Qualification Cables and Connections Inspection Program." This inclusion
impacts the scope of the two aging management programs elements "Program Description"
and "NUREG-1801 Consistency". These changes have been added to Appendix A
commitment table of this SER, and the applicant will modify the FSAR supplement to reflect
these changes. The details of the staff evaluation on this RAI 2.5-2 are shown SER section
2.5.2.x.
In the BFN LRA, Appendix B, Section B.2.1.2, the applicant states two exceptions to GALL
AMP XI.E2. The staff evaluation of the affected GALL elements (Parameters
Monitored/Inspected and Detection of Aging Effects) for the acceptability of the exception is as
follows:
Exception
In the BFN LRA application Appendix B.2.1.2 the applicant takes an exception to the GALL
AMP XI.E2 and states that BFN performs a calibration procedure that implements Technical
Specifications requirements. The procedure is not a normal loop calibration. The procedure
utilizes actual detector signals during normal operation for calibration inputs. This exception
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impact the following program element which are evaluated as follows.
[Parameters Monitored/Inspected] The parameters monitored are determined from the plant
technical specifications and are specific to the instrumentation loop being calibrated, as
documented in the surveillance test procedure.
The applicant, in evaluating the element (parameters monitored/inspected), stated that this
program will monitor parameters that are required by Technical Specifications and are specific
to the LPRM cable system being calibrated.
This program will monitor parameters that are required by technical specifications and are
specific to the LPRM cable system being calibrated. In evaluating the exception regarding
Parameters Monitored/Inspected, the applicant stated, as documented in the staff’s BFN audit
and review report, that BFN performs a specific calibration procedure as determined from plant
technical specifications on LPRM circuits. The applicant stated that cables are part of the
calibration procedure since the detector is in service when the calibration is performed. In this
program, review of routine calibration results by appropriate personnel provide sufficient
indication of the need for corrective actions by monitoring key parameters related to LPRM
cable system performance. The normal calibration frequency specified in BFN technical
specifications provides reasonable assurance that severe aging degradation will be detected
prior to loss of the cable intended function.
The staff finds that this exception acceptable in that it will not adversely impact the ability of the
AMP to manage the affects of aging since the only difference between the applicant’s program
and GALL AMP XI.E2 is that the applicant utilizes actual detector signals during operation to
calibrate the LPRM. The parameters monitored in the applicant’s program are determined from
the plant technical specifications and, therefore, the staff finds this exception to be acceptable
for the program element.
[Detection of Aging Effects] Calibration provides sufficient indication of the need for corrective
actions by monitoring key parameters and providing trending data based on acceptance criteria
related to instrumentation loop performance. The normal calibration frequency specified in the
plant technical specifications provides reasonable assurance that severe aging degradation will
be detected prior to loss of the cable intended function. The first tests for license renewal are
to be completed before the period of extended operation.
In evaluating the exception regarding Detection of Aging Effects the applicant stated that
routine calibration results will provide adequate and timely indication of the need for corrective
actions by monitoring key parameters related to local power range monitor cable system
performance. The normal calibration frequency specified in technical specifications provides
reasonable assurance that severe aging degradation will be detected prior to loss of the cable
intended function. Calibrations will continue through the period of extended operation at the
required frequency as specified in the BFN technical specifications.
As discussed above, in response to the staffs inquiry regarding the difference between the
applicant’s calibration procedure and that specified in GALL AMP XI.E2, the applicant stated
that BFN performs a specific calibration procedure as determined from plant technical
specifications on LPRM circuits. The normal calibration frequency specified in BFN technical
specifications provide reasonable assurance that severe aging degradation will be detected
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prior to loss of the cable intended function.
The staff finds that this exception will not adversely impact the ability of this AMP to manage the
affects of aging since the only difference between the applicant’s program and GALL AMP
XI.E2 is that the applicant utilizes actual detector signals during operation to calibrate the LPRM
and does not perform a loop calibration. The normal calibration frequency specified in the plant
technical specifications provides reasonable assurance that severe aging degradation will be
detected prior to loss of the cable intended function, and the first tests for license renewal will
be completed before the period of extended operation. Therefore, the staff finds this exception
to be acceptable.
3.0.3.2.1.3

Operating Experience

In BFN LRA, Appendix B, Section B.2.1.2, the applicant states that industry operating
experience was incorporated into the license renewal process through a review of industry
documents to identify aging effects and mechanisms that could challenge the intended function
of components, systems and structures within the scope of this program. Review of plantspecific operating experience was also performed to identify aging effects experienced. This
review involved electronic database searches of plant information including Problem Evaluation
Reports, NRC communications, Requests for Additional Information, and Work Orders. As a
result of the search, no new aging effects were identified.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.1.4

UFSAR Supplement

The applicant provides its UFSAR supplement for BFN AMP B.2.1.2 in the LRA, Appendix A,
Section A.1.2. The applicant states in Appendix A of the LRA that the AMP B.2.1.2 manages
the aging effects of sensitive, low-level signal circuits exposed to adverse localized
environments.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.1.5

Conclusion

The staff concluded that the applicant’s AMP is acceptable to manage aging of electrical cables
used in instrumentation circuits that are not subject to 10 CFR 50.49 EQ requirements. On the
basis of its audit of the applicant’s program, the staff finds that those portions of the program for
which the applicant claims consistency with the program in the GALL report are consistent with
the GALL report. Since the program in the GALL report is acceptable to the staff, the staff
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concludes that the applicant has demonstrated that the effects of aging will be adequately
managed so that the intended functions will be maintained consistent with the CLB during the
period of extended operation, as required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.2

BWR Vessel Inside Diameter (ID) Attachment Welds Program (AMP B.2.1.7)

In the BFN LRA, Appendix B, Section B.2.1.7, the applicant states that AMP B.2.1.7, “BWR
Vessel Inside Diameter Attachment Welds Program,” is an existing program that is consistent
with GALL AMP XI.M4, “BWR Vessel ID Attachment Welds,” with an enhancement.
This AMP is an existing program for BFN Units 2 and 3. The AMP will be enhanced by
implementing BWRVIP-48 guidelines for Unit 1, prior to the period of extended operation.
3.0.3.2.2.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that BFN AMP B.2.1.7 implements the inspection and
evaluation recommendations of staff-approved BWRVIP-48, BWR Vessel and Internals Project,
“Vessel ID Attachment Weld Inspection and Evaluation Guidelines,” (EPRI Report TR-108724,
February 1998), and the primary water chemistry recommendations in accordance with
BWRVIP-79, “BWR Water Chemistry Guidelines - 2000 Revision,” (EPRI Report TR-103515R2, February 2000) to ensure the long-term structural integrity of inside diameter attachment
welds of the vessel.
The purpose of BFN AMP B.2.1.7 is to manage the effects of crack initiation and growth due to
SCC, including IGSCC, in the reactor vessel inside diameter attachment welds. The program
identifies welds and their inspection frequency, flaw evaluation, and repair or replacement
requirements. The applicant stated that Section 7.11 of BFN Technical Instruction 0-TI-365,
“Reactor Pressure Vessel Internals Inspection (RPVII) Units 1, 2, and 3,” identifies vessel
interior wall welds that are within the scope of this AMP. They include jet pump riser brace
welds, core spray piping welds, and steam dryer support and FW bracket attachment welds that
use furnace-sensitized stainless steel (E308/309 or 308L/309L) or alloy 182. The baseline and
enhanced VT-1 (EVT-1) visual examination, as well as re-inspection schedule, scope, and
frequency for these welds are consistent with BWRVIP-48 recommendations. Other non
safety-related attachment welds that are inspected in accordance with the ASME Section XI,
Examination Category B-N-2, are steam dryer support/holddown, guide rod, FW sparger, and
surveillance sample holders. The applicant also stated that these examinations are coordinated
with the ASME Section XI code requirements in Examination Category B-N-2, which require
visual examination of RPV internal integral attachments.
3.0.3.2.2.2

Consistency with the GALL Report

In the LRA, the applicant states that AMP B.2.1.7 will be consistent with GALL AMP XI.M4 prior
to the extended period of operation. The staff reviewed the program elements (see Section
3.0.2.1 of this SER) contained in the LRA and associated bases documents, and compared
them to the recommendations for GALL AMP XI.M4 for consistency. The staff identified
differences in the program elements: program description, preventive action and acceptance
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criteria as discussed below.
[Program Description:] In the description of AMP XI.M4, the GALL report recommends that
BWR water chemistry control be performed in accordance with BWRVIP-29, which references
the 1993 revision of EPRI TR-103515, “BWR Water Chemistry Guidelines.” However, the BFN
water chemistry program is based on BWRVIP-79, the 2000 revision of EPRI TR-103515-R2,
which uses hydrogen water chemistry (HWC) with noble metal chemical application (NMCA) to
control both detrimental impurities and crack initiation and growth. The staff finds this
difference acceptable, since BWRVIP-79 is the current revision to industry practice.
[Detection of aging effects:] The staff identified a difference in the program element for
detection of aging effects. BWRVIP-48 guidelines recommend enhanced VT-1 (EVT-1) visual
examination of all safety related attachments and those non safety-related attachments
identified as being susceptible to IGSCC. The recommendations in GALL AMP XI.M4 state that
the EVT-1 visual examination should achieve at least 1 mil wire resolution. The applicant stated
that BFN’s EVT-1 technique is capable of achieving ½ mil wire resolution. Since the applicant’s
technique is more sensitive than the recommendation in the GALL report, the staff finds this
difference acceptable.
[Acceptance criteria] The staff also noted that the applicant has not identified the use of
BWRVIP-14, BWRVIP-59, and BWRVIP-60 in the program element for acceptance criteria to
evaluate crack growth in stainless steel, nickel alloy and low alloy steel, respectively. The
applicant responded that TVA nuclear document NEDP-23, Rev. 0, “BWR Reactor Pressure
Vessel Internals Inspections (RPVII),” references BWRVIP-14, BWRVIP-59, and BWRVIP-60
for the evaluation of crack growth in stainless steels, nickel alloys, and low-alloy steels,
respectively, as supporting documents. The staff finds this acceptable.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.7, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M4. The enhancement is that BWRVIP
guidelines will be implemented for Unit 1 prior to the period of extended operation.
The staff finds this enhancement acceptable since it will make the applicant’s program
consistent for all three units.
3.0.3.2.2.3

Operating Experience

In the Appendix B.2.1.7 of the LRA the applicant in evaluating the program element operating
experience stated that The BWR Pressure Vessel ID Weld inspection program incorporates all
susceptible welds. The inspections are based on BFN operating experience, industry operating
experience and various BWRVIP/EPRI Guidelines. The program schedules inspections,
evaluates any flaws detected, and provides for repair or replacement as appropriate. The
program, as implemented, has adequately managed the reactor vessel ID attachment welds.
The staff asked the applicant to describe the plant-specific operating experience relevant to the
vessel ID attachment welds. The applicant provided, as documented in the staff’s BFN audit
and review report, the following plant-specific operating experience:
(1) The jet pump riser brace to vessel pad welds are inspected by BFN Technical Instruction
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0-TI-365 ("Reactor Pressure Vessel Internals Inspection (RPVII) - UNITS 1, 2, AND 3") in
accordance with BWRVIP-41. The welds were baseline inspected during the 2001 refueling
outage for Unit 2 and the 2002 and 2004 refueling outages for Unit 3. The applicant did not find
any reportable indications and these welds will be inspected on Unit 1 prior to re-start,
(2) The core spray piping bracket welds are inspected by 0-TI-365 in accordance with
BWRVIP-18. The welds were baseline inspected during the 1999 refueling outage for Unit 2
and the 2000 refueling outage for Unit 3. No reportable indications were found. These welds
will be inspected on Unit 1 prior to re-start.
(3) The inspection and flaw evaluation were performed in accordance with the guidelines of
BWRVIP-48. Since the implementation of these guidelines, for approximately 4 years, no
reportable indications were found in Units 2 and 3. The applicant states that these guidelines
will be implemented on Unit 1 prior to its re-start.
In evaluating the element staff concurs with TVA that the continued implementation of the
BWR Vessel ID Attachment Welds Program provides reasonable assurance that crack initiation
and growth will be adequately managed and the intended functions of the vessel ID attachment
welds will be maintained consistent with the current licensing basis for the period of extended
operation.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.2.4

UFSAR Supplement

The applicant provides its UFSAR supplement for BFN AMP B.2.1.7 in the LRA, Appendix A,
Section A.1.7. The applicant states in Appendix A of the LRA that the program will supplement
the reactor vessel internals inspections required by the ASME Section XI inservice inspection
program. BFN AMP B.2.1.7 will manage the effects of crack initiation and growth due to SCC,
including IGSCC. This program is an existing program for Units 2 and 3, and will be enhanced
to implement the BWRVIP-48 guidelines for Unit 1 prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.2.5

Conclusion

The staff reviewed Appendix B of the LRA, Section B.2.1.7, and the program elements
contained in the AMP B.2.1.7 bases documents, and compared them to the recommendations
for GALL AMP XI.M4 for consistency. On the basis of its audit of the applicant’s program, the
staff finds that those portions of the program for which the applicant claims consistency with the
program in the GALL report are consistent with the GALL report.
Since the program in the GALL report is acceptable to the staff, the staff concludes that the
applicant has demonstrated that the effects of aging will be adequately managed so that the
intended functions will be maintained consistent with the CLB during the period of extended
operation, as required by 10 CFR 54.21(a)(3).
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On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.3

BWR Feedwater Nozzle Program (AMP B.2.1.8)

In the BFN LRA, Appendix B, Section B.2.1.8, the applicant states that AMP B.2.1.8, “BWR
Feedwater Nozzle Program,” is an existing program that is consistent with GALL AMP XI.M5,
“BWR Feedwater Nozzle,” with an enhancement.
3.0.3.2.3.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that BFN AMP B.2.1.8 enhances the inservice inspections (ISI)
specified in ASME Code Section XI with the recommendations of General Electric (GE) report,
NE-523-A71-0594, Rev.1,“Alternate BWR Feedwater Nozzle Inspection Requirements,”
August 1999. This is an existing program for BFN Units 2 and 3. .
BFN AMP B.2.1.8 manages cracking in reactor feedwater nozzles due to thermal fatigue. The
program addresses the BWR feedwater nozzle cracking by implementing the recommendations
of NUREG-0619, “BWR Feedwater Nozzle and Control Rod Drive Return Line Nozzle
Cracking”, November 1980. In the LRA Appendix B.2.1.8 describes the details of hardware
modifications completed to mitigate cracking. The applicant also stated that changes to plantoperating procedures for BFN Units 2 and 3, have been implemented which included improved
feedwater control. See Appendix B.2.1.8 of the LRA for details of the modification
implemented..
3.0.3.2.3.2

Consistency with the GALL Report

In the LRA, the applicant states that BFN AMP B.2.1.8 will be consistent with GALL AMP XI.M5
with enhancement described below. The staff reviewed the program elements contained in the
BFN AMP and associated bases documents, and compared them to the recommendations in
GALL AMP XI.M5 for consistency.
The applicant credited GE report GE-NE-523-A71-0594, Rev. 1, which has been approved by
the staff, and is consistent with the GALL report, for managing crack initiation and growth in the
feedwater nozzle.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.8, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M5. The enhancement involves Unit 1 operating
procedures upgrades that facilitate decreasing the magnitude and frequency of feedwater
temperature fluctuations. This enhancement affects the program element preventive action. In
evaluating the element TVA concluded that mitigation occurs by system modifications, such as
removal of stainless steel cladding and installation of improved spargers. The applicant stated
that it is also accomplished by changes to plant-operating procedures, such as improved
feedwater control and rerouting of the reactor water cleanup system flow, to decrease the
magnitude and frequency of temperature fluctuations
The staff agreed with TVA evaluation and finds this enhancement acceptable since it will make
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the applicant’s program consistent for all three units.
3.0.3.2.3.3

Operating Experience

Regarding plant-specific operating experience with cracking of feedwater nozzles, the applicant
stated that cracking was discovered in the RPV Feedwater Nozzle cladding in 1977. Cladding
removal and feedwater sparger replacement were performed for all three units (Unit 1 - 1977,
Unit 2 - 1978, Unit 3 - 1979). Since this modification was made, no cracking problems have
been found.
The staff concluded that implementation of the applicant’s program provides reasonable
assurance that cracking of feedwater nozzles is being adequately managed, such that there is
no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
In the LRA, the applicant concluded that the BWR feedwater nozzle program provides
reasonable assurance that cracking aging effects in the feedwater nozzles are adequately
managed so that their intended functions, consistent with the CLB, are maintained during the
period of extended operation.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.3.4

UFSAR Supplement

The applicant provides its UFSAR supplement for BFN AMP B.2.1.8 in the LRA, Appendix A,
Section A.1.8. The applicant states in Appendix A that the program will supplement the
feedwater nozzle inspections required by the ASME Section XI inservice inspection program.
BFN AMP B.2.1.8 will manage the effects of crack initiation and growth of the vessel’s
feedwater nozzles.
This program is an existing program for Units 2 and 3, and the plant operating procedures will
be modified to implement GE guidelines for Unit 1 to be consistent with GALL requirements
prior to the period of extended operation.
The staff reviewed the UFSAR supplement and finds that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.3.5

Conclusion

The staff reviewed the LRA, Appendix B, Section B.2.1.8, and compared the program elements
contained in the AMP B.2.1.8 bases documents against those listed for GALL AMP XI.M5 for
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consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report.
Since the program in the GALL report is acceptable to the staff, the staff concludes that the
applicant has demonstrated that the effects of aging will be adequately managed so that the
intended functions will be maintained consistent with the CLB during the period of extended
operation, as required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.4

BWR Stress Corrosion Cracking Program (AMP B.2.1.10)

In the BFN LRA, Appendix B, Section B.2.1.10, the applicant states that AMP B.2.1.10, “BWR
Stress Corrosion Cracking Program,” is an existing program that is consistent with GALL AMP
XI.M7, “BWR Stress Corrosion Cracking,” with an enhancement.

In the LRA, the applicant states that AMP B.2.1.10 is consistent with GALL AMP XI.M7. The
staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the AMP
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and associated bases documents, and compared them to the recommendations in GALL
AMP XI.M7 for consistency. The staff identified a difference in the program description, as well
as in the program element for preventive action, as discussed below.
GALL AMP XI.M7 recommends that BWR water chemistry control be performed in accordance
with BWRVIP-29, which references the 1993 revision of EPRI TR-103515, “BWR Water
Chemistry Guidelines.” The BFN Water Chemistry Programs are based on the BWRVIP-79,
which references the 2000 revision of EPRI TR-103515-R2 and uses hydrogen water chemistry
(HWC) with noble metal chemical application (NMCA) to control both detrimental impurities and
crack initiation and growth. The applicant states in the LRA that BFN has not applied for any
relief for vessel internals component weld inspections in accordance with BWRVIP-62, which
allows relief for welds exposed to hydrogen water chemistry. The staff finds this difference
acceptable, since BWRVIP-79 is the current revision to industry practice.
Regarding the program element for preventive action, the applicant stated, as documented in
the staff’s BFN audit and review report, that induction heating stress improvement (IHSI) and
mechanical stress improvement program (MSIP) have been used on various welds on both
Units 2 and 3 as a remedy to IGSCC in austenitic stainless steel piping. However, the IHSI
technique was performed many years prior to the issuance of BWRVIP-61, which provides
guidelines for IHSI effectiveness. As part of BFN’s response to IE Bulletine 88-01, MSIP will be
performed on applicable welds on Unit 1 prior to re-start. The BWR stress corrosion cracking
program will continue during the period of extended operation and will implement the
replacement and preventive measures as augmented by NUREG-0313, GL 88-01 and
BWRVIP-75 guidelines, to mitigate IGSCC.
Additionally, the applicant stated that the materials in the sections of pipe exposed to fluid
temperatures greater than 200ºF are being replaced with 316 SS NG material, which is not
susceptible to IGSCC. The criteria for the design, installation, and testing associated with the
replacement or removal of selected piping to limit the susceptibility to IGSCC for all three BFN
units is provided in General Design Criteria BFN-50-779, “Replacement of Selected Piping to
Limit Susceptibility to IGSCC,” and has been implemented for Units 2 and 3 by various design
changes. Unit 1 is in the process of implementing similar design changes prior to its re-start.
The applicant stated that detection of leaks due to IGSCC has been performed through
inspection (Section XI and other augmented examinations, e.g., BWRVIP, NUREG-0619),
monitoring of drywell leakage, and the feedwater leakage detection system.
The staff noted that the applicant has not identified the use of BWRVIP-14, BWRVIP-59, and
BWRVIP-60 in the program element for acceptance criteria, to evaluate crack growth in
stainless steel, nickel alloy and low alloy steel, respectively. The applicant responded that TVA
Nuclear NEDP-23, Rev. 0, “BWR Reactor Pressure Vessel Internals Inspections (RPVII),”
references BWRVIP-14, BWRVIP-59, and BWRVIP-60, for evaluation of crack growth in
stainless steels, nickel alloys, and low-alloy steels, respectively, as supporting documents.
Since the applicant continues to use these measures in accordance with the staff-approved
methodology, the staff find this acceptable.
Enhancement
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In the BFN LRA, Appendix B, Section B.2.1.10, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M7. The BWR Stress Corrosion Cracking
Program will be implemented on Unit 1 prior to the period of extended operation. The staff
finds this enhancement acceptable since it will make the applicant’s program consistent for all
three units.
3.0.3.2.4.3

Operating Experience

In the LRA, the applicant states that, since the implementation of this program, structural
integrity has been maintained by ensuring that aging effects were discovered and components
repaired/replaced before the loss of their intended function. For Units 2 and 3, mitigation
measures to prevent cracking or dispositions of examinations that have detected cracking
include: targeted replacement of existing piping with piping fabricated with IGSCC resistant
material; utilizing a stress improvement process; increasing nondestructive examination
frequency; implementing a hydrogen water chemistry program; and, application of weld overlay
reinforcement. For Unit 1, BFN is replacing the majority of Class 1 SS piping, including any
weld overlay reinforcement. Pre-service examinations of the replaced piping will be performed
as required by ASME Section XI. After re-start, applicable mitigation measures and
nondestructive examinations will be performed in accordance with NUREG 0313, Rev. 2, and
NRC GL 88-01 or the referenced BWRVIP-75 guideline.
The applicant stated that the BWR stress corrosion cracking program provides reasonable
assurance that stress corrosion cracking in stainless steel piping is adequately managed so
that their intended functions, consistent with the CLB, are maintained during the period of
extended operation.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.4.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the BWR stress corrosion cracking program
in the LRA, Appendix A, Section A.1.10. The applicant states in Appendix A that the program
will supplement the pressure boundary component inspections required by the ASME Section
XI inservice inspection program. BFN AMP B.2.1.10 will manage the effects of crack initiation
and growth.
This program is an existing program for Units 2 and 3. For Unit 1, the program will be
enhanced by implementing NUREG-0313, NRC GL 88-01, and BWRVIP-75 guidelines to be
consistent with GALL recommendations, prior to entering the period of extended operation.
The staff reviewed the UFSAR supplement and determined that it provides an adequate
summary description of the program, as identified in the SRP-LR UFSAR supplement table, and
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as required by 10 CFR 54.21(d).
3.0.3.2.4.5

Conclusion

The staff reviewed the LRA, Appendix B, Section B.2.1.10, and compared the program
elements contained in the AMP B.2.1.10 bases documents to those listed for GALL AMP XI.M7
for consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report. Since the program in the GALL report is
acceptable to the staff, the staff concludes that the applicant has demonstrated that the effects
of aging will be adequately managed so that the intended functions will be maintained
consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.5

BWR Penetrations Program (AMP B.2.1.11)

In the BFN LRA, Appendix B, Section B.2.1.11, the applicant states that AMP B.2.1.11, “BWR
Penetrations Program,” is an existing program that is consistent with GALL AMP XI.M8, “BWR
Penetrations,” with an enhancement.
This program is an existing program for BFN Units 2 and 3. For Unit1, this program will be
enhanced to implement recommendations of the applicable BWRVIP guidelines prior to the
period of extended operation.
3.0.3.2.5.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that AMP B.2.1.11 enhances the inservice inspections specified
in ASME Code Section XI with the recommendations of BWRVIP-27, “BWR Standby Liquid
Control System/Core Plate P/SLC Inspection and Flaw Evaluation Guidelines, (EPRI TR107286, April 1997)” and BWRVIP-49, “Instrument Penetration Inspection and Flaw Evaluation
Guidelines, (EPRI TR-108695, March 1998).” Repair or replacement recommendations of
BWRVIP-53, “Standby Liquid Control Line Repair Design Criteria, (EPRI TR-108716, March 24,
2000)” and BWRVIP-57, “Instrument Penetration Repair Design Criteria, (EPRI TR-108721,
March 24, 2000)” are also implemented, and are performed in accordance with ASME Section
XI repair and replacement requirements. The program also incorporates the water chemistry
recommendations of BWRVIP-79, “BWR Water Chemistry Guidelines, (EPRI TR-103515-R2,
2000).”
The purpose of AMP B.2.1.11 is to manage the effects of crack initiation and growth due to
stress corrosion cracking (SCC) or intergranular stress corrosion cracking (IGSCC) in
instrument and standby liquid control nozzle penetrations of the reactor vessel. The program
contains preventive measures to mitigate SCC or IGSCC. The ASME Section XI inservice
inspections implement guidelines of BWRVIP-49 and BWRVIP-27 to monitor the effects of
cracking on the intended function of these penetrations. BWRVIP-57 for instrumentation
penetrations and BWRVIP-53 for the standby liquid control (SLC) line provide guidelines for
repair and/or replacement as needed to maintain the ability to perform the intended function.
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3.0.3.2.5.2

Consistency with the GALL Report

In the LRA, the applicant states that AMP B.2.1.11 is consistent with GALL AMP XI.M8. The
staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the AMP
and associated bases documents, and compared them to those listed for GALL AMP XI.M8 for
consistency.
The staff identified a difference in the program description, as well as in the program element
for preventive action, as discussed below.
In the description of AMP XI.M7, the GALL report recommends that the BWR water chemistry
control be performed in accordance with BWRVIP-29, which references the 1993 revision of
EPRI TR-103515, “BWR Water Chemistry Guidelines.” However, the BFN water chemistry
programs are based on the BWRVIP-79, which references the 2000 revision of EPRI TR103515-R2 and uses hydrogen water chemistry (HWC) with noble metal chemical application
(NMCA) to control both detrimental impurities and crack initiation and growth. In the LRA, the
applicant states that BFN has not applied for any relief for vessel internals component weld
inspections in accordance with BWRVIP-62, which allows relief for welds exposed to hydrogen
water chemistry. The staff finds this difference acceptable, since BWRVIP-79 is the current
revision to industry practice.
The staff also noted that the applicant has not identified the use of BWRVIP-14, BWRVIP-59,
and BWRVIP-60 in the program element for acceptance criteria to evaluate crack growth in
stainless steel, nickel alloy and low alloy steel, respectively. The applicant responded that TVA
Nuclear NEDP-23, Rev. 0, “BWR Reactor Pressure Vessel Internals Inspections (RPVII),”
references BWRVIP-14, BWRVIP-59, and BWRVIP-60, for evaluation of crack growth in
stainless steels, nickel alloys, and low-alloy steels, respectively, as supporting documents. The
staff finds this acceptable.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.11, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M8. The BWRVIP guidelines will be implemented
on Unit 1 prior to the period of extended operation. The staff finds this enhancement
acceptable since it will make the applicant’s program consistent for all three units.
3.0.3.2.5.3

Operating Experience

In the LRA, the applicant states that the BWR penetration program monitors the effects of
SCC/IGSCC on the intended function of the component by detection and sizing of cracks by the
ISI program. The ISI program incorporates the inspection and evaluation guidelines of
BWRVIP-27 and BWRVIP-49. The BWRVIP-49 provides guidelines for instrument
penetrations, and BWRVIP-27 addresses the SLC system nozzle or housing. Inspections are
performed with BFN procedures that are part of the ISI program and incorporate the
requirements of ASME Section XI, Table IWB-2500-1.
The applicant stated, as documented in the staff’s BFN audit and review report, that BFN Units
2 and 3, have experienced no unacceptable conditions since the implementation (approximately
4 years) of the BWRVIP-27 and -49 guidelines. These inspections will be implemented on Unit
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1 prior to its re-start. The staff concluded that the recent operating experience provides
reasonable assurance of the program’s effectiveness.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.5.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the BWR penetrations program in the LRA,
Appendix A, Section A.1.11. The applicant states in Appendix A that the program will
supplement the BWR penetration inspections required by the ASME Section XI inservice
inspection program. BFN AMP B.2.1.11 will manage the effects of crack initiation and growth.
This program is an existing program for Units 2 and 3. The program will be enhanced by
implementing applicable BWRVIP guidelines for Unit 1 to be consistent with recommendations
in the GALL report prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.5.5

Conclusion

The staff reviewed Appendix B of the LRA, Section B.2.1.11, and compared the program
elements contained in AMP B.2.1.11 bases documents to the recommendations in GALL
AMP XI.M8 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the program for which the applicant claims consistency with the program
in the GALL report are consistent with the GALL report. Since the program in the GALL report
is acceptable to the staff, the staff concludes that the applicant has demonstrated that the
effects of aging will be adequately managed so that the intended functions will be maintained
consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.6

BWR Vessel Internals Program (AMP B.2.1.12)

In the BFN LRA, Appendix B, Section B.2.1.12, the applicant states that AMP B.2.1.12, “BWR
Vessel Internals Program,” is an existing program that is consistent with GALL AMP XI.M9,
“BWR Vessel Internals,” with an enhancement.
This program is an existing program for BFN Units 2 and 3. For Unit 1, this program will be
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implemented prior to the period of extended operation.
3.0.3.2.6.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that the purpose of AMP B.2.1.12 is to manage the effects of
crack initiation and growth due to stress corrosion cracking (SCC), intergranular stress
corrosion cracking (IGSCC), or irradiation-assisted stress corrosion cracking (IASCC) in vessel
internals components. The program contains preventive measures to mitigate SCC or IGSCC.
The ASME B&PV, Section XI, inservice inspection programs implement the BWRVIP guidelines
associated with BWR vessel internal components, to monitor the effects of cracking on their
intended functions.
3.0.3.2.6.2

Consistency with the GALL Report

In the LRA, the applicant states that AMP B.2.1.12 is consistent with GALL AMP XI.M9. The
staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the AMP
and associated bases documents, and compared them to those listed for GALL AMP XI.M9 for
consistency.
In accordance with TVA Nuclear NEDP-23, Rev. 0, “BWR Reactor Pressure Vessel Internals
Inspections (RPVII),” the applicant stated that the staff-approved BWRVIP documents identified
in the GALL report for this AMP are applicable to all BFN Units.
The staff identified a difference in the program description, as well as in the program element
for preventive action, as discussed below.
The GALL AMP XI.M7 recommends that BWR water chemistry control be performed in
accordance with BWRVIP-29, which references the 1993 revision of EPRI TR-103515, “BWR
Water Chemistry Guidelines.” However, the BFN water chemistry programs are based on the
BWRVIP-79, which references the 2000 revision of EPRI TR-103515-R2 and uses hydrogen
water chemistry (HWC) with noble metal chemical application (NMCA) to control both the
detrimental impurities and crack initiation and growth. In the LRA, the applicant states that BFN
has not applied for any relief for vessel internals component weld inspections in accordance
with BWRVIP-62, which allows relief for welds exposed to hydrogen water chemistry. The staff
finds this difference acceptable, since BWRVIP-79 is the current revision to industry practice.
The staff noted that the applicant will utilize BWRVIP-76 (which supersedes BWRVIP-07 and
BWRVIP-63) for core shroud inspection and flaw evaluation guidelines during the extended
period of operation. However, the staff’s review of BWRVIP-76 has not yet been completed.
The applicant stated, as documented in the staff’s BFN audit and review report, that BFN has
committed to the use of BWRVIP documents (transmittal of revised BWRVIP commitment letter
to the NRC, dated June 2, 1997, RIMS R12 970612 789) and that the commitment to use
BWRVIP documents includes evaluating the NRC SER (for BWRVIP documents), and
completing the applicable SER action items. The staff finds this acceptable because the
applicant will use the results of the staff review in implementing BWRVIP-76.
The staff requested a clarification pertaining to the utilization of BWRVIP-44 and BWRVIP-45
as part of the vessel internals AMP.
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The applicant also stated that, as documented in the staff’s BFN audit and review report, even
though BWRVIP-44 and -45 are not specifically mentioned in BWRVIP-94 or NEDP-23 (which
implements BWRVIP-94), TVA has previously committed to the use of BWRVIP documents
(Transmittal of Revised BWRVIP Commitment Letter to the NRC, dated June 2, 1997, RIMS
R12 970612 789). Should weld repair of nickel-based alloys be needed, TVA would follow the
guidelines of BWRVIP-44 and -45 as stated in NEDP-23. The staff finds this acceptable
because the applicant is committed to utilization of BWRVIP-44 and BWRVIP-45, if the need
arises.
The staff noted that the applicant is taking exception to BWRVIP-18 (Unit 3-Core spray repair
design) and 41 (Unit 3 jet pump “5" repair design). This is addressed in the response to staff
RAI B.2.1.12 (ML050310442). If the applicant takes exceptions to the implementation of
BWRVIP inspection guidelines as a part of AMP for the reactor vessel internals, it must submit
the exceptions (including the exceptions that were taken on BWRVIP-18 and BWRVIP-41) to
the staff for review and approval no later than two years prior to the commencement of the
extended period of operation. This issue and RAI B.2.1.12 will be addressed and dispositioned
by the DE staff in Section 3 of the LRA SER.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.12, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M9. The BWRVIP guidelines will be implemented
on Unit 1 prior to the period of extended operation. The staff finds this enhancement
acceptable since it will make the applicant’s program consistent for all three units.
3.0.3.2.6.3

Operating Experience

In the LRA, the applicant states that extensive cracking has been observed in core shrouds at
both horizontal and vertical welds (Nuclear Regulatory Commission Generic Letter 94-03, NRC
Information Notice 97-17). It has affected shrouds fabricated from Type 304 and Type 304L
SS, which is generally considered to be more resistant to SCC. Weld regions are most
susceptible, although it is not clear whether this is due to sensitization and/or impurities
associated with the welds, or the high residual stresses in the weld regions. This experience is
reviewed in NRC GL 94-03 and NUREG-1544. Some experiences with visual inspections are
discussed in NRC IN 94-42. Most of the BWR reactors, including BFN, have experienced
cracking of reactor pressure vessel internal components.
The staff concluded that implementation of the applicable BWRVIP guidelines provides
reasonable assurance that cracking of BWR reactor pressure vessel internal components is
being adequately managed, such that there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
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3.0.3.2.6.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the BWR vessel internals program in the
LRA, Appendix A, Section A.1.12. The applicant states in Appendix A that the program will
supplement the BWR vessel internal components inservice inspections required by the ASME
Section XI inservice inspection program. BFN AMP B.2.1.12 will manage the effects of crack
initiation and growth.
This program is an existing program for Units 2 and 3, and the program will be enhanced by
implementing all applicable BWRVIP guidelines for Unit 1 to be consistent with the
recommendations in the GALL report, prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.6.5

Conclusion

The staff reviewed Appendix B of the LRA, Section B.2.1.12, and compared the program
elements in the AMP B.2.1.12 bases documents to those listed for GALL AMP XI.M9 for
consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report. Since the program in the GALL report is
acceptable to the staff, the staff concludes that the applicant has demonstrated that the effects
of aging will be adequately managed so that the intended functions will be maintained
consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.7

Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic
Stainless Steel Program (AMP B.2.1.14)

In the BFN LRA, Appendix B, Section B.2.1.14, the applicant states that AMP B.2.1.14,
“Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic Stainless Steel
Program,” is an existing program that, with enhancement, will be consistent with GALL
AMP XI.M13, “Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic Stainless
Steel (Cass)” for all three BFN units.
BFN AMP B.2.1.14 is an existing program for Units 2 and 3. It will be implemented on Unit 1
prior to the period of extended operation.
3.0.3.2.7.1

Summary of Technical Information in the Application.

The applicant states that BFN AMP B.2.1.14 monitors the effects of loss of fracture toughness
on the intended function of the component by performing supplemental examinations of CASS
reactor vessel internals components. The reactor vessel internals receive a visual inspection in
accordance with the ASME B&PV Code Section XI Subsection IWB, Category B-N-3
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requirements (AMP B.2.1.4).
Additional enhanced visual inspections that incorporate the requirements of the BWR Vessel
Internals Program (AMP B.2.1.12) are performed to detect the effects of loss of fracture
toughness due to thermal aging and neutron irradiation embrittlement of CASS reactor vessel
internals.
The enhanced visual inspections include the ability to achieve a 0.0005-in. resolution, with the
conditions (e.g., lighting and surface cleanliness) of the inservice examination bounded by
those used to demonstrate the resolution of the inspection technique.
3.0.3.2.7.2

Consistency with the GALL Report

In the LRA, the applicant states that AMP B.2.1.14 is consistent with the GALL AMP XI.M13,
“Thermal Aging and Neutron Irradiation Embrittlement of Cast Austenitic Stainless Steel
(Cass).” The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained
in the AMP basis document and compared them against GALL AMP XI.M13 for consistency.
The staff noted a difference in the program element for the scope of the program, as discussed
below.
In the description of AMP XI.M13, the GALL recommendations state that the scope of the
program should specify the guidelines for identification of susceptible components determined
to be limiting from the standpoint of thermal aging susceptibility (i.e., ferrite and molybdenum
contents, casting process, and operating temperature) and/or neutron irradiation embrittlement
(neutron fluence). Either a supplemental examination of the affected component based on the
neutron fluence or a component-specific evaluation to determine its susceptibility to loss of
fracture toughness is to be performed. The staff noted that the BFN AMP does not address this
screening process. In response to a question from the staff, the applicant stated that the scope
of the BFN AMP includes supplemental examination of all CASS reactor vessel internal
components. Since screening is not used, there is no need to define a screening process. The
staff finds this acceptable.
The staff determined that all other BFN program elements are consistent with GALL, with one
exception. See discussion of “void swelling” below.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.14, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M13. This AMP will be implemented on Unit 1
prior to the period of extended operation. The staff finds this enhancement acceptable since it
will make the applicant’s program consistent for all three units.
3.0.3.2.7.3

Operating Experience

In the LRA, the applicant states that cracking has been detected in the reactor vessel internals
at several domestic and overseas boiling water reactors. In June 1994, the BWR Vessel and
Internals Project was formed to address integrity issues arising from inservice degradation of
reactor vessel internals. Since that time, the BWRVIP has published several reports which
present guidelines for inspecting, evaluating, and repairing reactor vessel internals.
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The staff has concluded that implementation of the BWRVIP guidelines for inspecting,
evaluating, and repairing reactor vessel internals provides reasonable assurance that loss of
fracture toughness of CASS reactor pressure vessel internal components is being adequately
managed, such that there is no loss of intended function.
In GALL AMP XI.M13, void swelling is also identified as an aging mechanism leading to loss of
fracture toughness in cast austenitic stainless steel (CASS) reactor vessel internals. In its
discussion of operating experience, the applicant presented the following technical basis for
concluding that void swelling is not applicable to BFN:
“The BFN Reactor Vessel Internals Program is based on research data obtained from both
laboratory aged and service-aged materials. EPRI TR-107521 addresses data gathered
from liquid-metal-cooled fast breeder reactors, and how it may possibly be related to a
PWR component (baffle-former bolt) that is in almost direct contact with the fuel in a PWR.
A BWR does not have components in a similar location and thus can reasonably be
expected to experience less fluence. Past studies of void swelling by ANL, ORNL, HEDL,
and GE have shown that the threshold fluence for void swelling is approximately 1022 n/cm2,
which is well in excess of the fluence experienced by boiling water reactor CASS
components. Secondly, the EPRI report notes that field experience does not suggest that
void swelling is a significant issue. The lowest temperature for which this phenomenon is
conjectured to occur is 300°C (572°F), which is higher than the temperature experienced by
BWR reactor vessel internals.”
The staff accepts the applicant’s technical basis for concluding that void swelling is not
applicable to BFN.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.7.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the thermal aging and neutron irradiation
embrittlement of cast austenitic stainless steel program in the LRA, Appendix A, Section A.1.13,
which states that this program monitors the effects of loss of fracture toughness on the
intended function of the component by performing supplemental examinations of CASS reactor
vessel internals component. The reactor vessel internals receive a visual inspection in
accordance with the ASME B&PV Code Section XI Subsection IWB Category B-N-3
requirements. Visual inspections incorporate the requirements of the BWR Vessel and
Internals Program, and are performed to detect the effects of loss of fracture toughness due to
thermal aging and neutron irradiation embrittlement of CASS reactor vessel internals. This
program will be enhanced to implement the Thermal Aging and Neutron Irradiation
Embrittlement of CASS Program on Unit 1 prior to the period of extended operation.
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The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.7.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.2.1.14 and compared the program
elements contained in the BFN AMP B.2.1.14 bases documents against those listed for GALL
AMP XI.M13 report for consistency. On the basis of its audit of the applicant’s program, the
staff finds that those portions of the program for which the applicant claims consistency with the
program in the GALL report are consistent with the GALL report. Since the program in the
GALL report is acceptable to the staff, the staff concludes that the applicant has demonstrated
that the effects of aging will be adequately managed so that the intended functions will be
maintained consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.8

Flow-accelerated Corrosion Program (AMP B.2.1.15)

In the BFN LRA, Appendix B, Section B.2.1.15, the applicant states that BFN AMP B.2.1.15,
“Flow-Accelerated Corrosion Program,” is an existing program that, with enhancement, will be
consistent with GALL AMP XI.M17, “Flow-accelerated Corrosion” for all three BFN units.
The Flow-Accelerated Corrosion Program will be enhanced to implement NSAC-202L-R2
recommendations for Unit 1 prior the period of extended operation.
3.0.3.2.8.1

Summary of Technical Information in the Application.

In the LRA, the applicant states that BFN AMP B.2.1.15 was developed in response to NRC
Generic Letter 89-08, "Erosion/Corrosion-Induced Pipe Wall Thinning". The program is based
on the guidelines of EPRI NSAC-202L, "Recommendations for an Effective Flow Accelerated
Corrosion Program," Revision 2. The program includes analysis to determine critical locations,
baseline inspections to determine the extent of thinning at these locations, and follow-up
inspections to confirm the predictions. Repair, replacements, or re-evaluations are performed
as necessary. The Flow-Accelerated Corrosion Program includes the use of an industryaccepted computer code to predict flow-accelerated corrosion in carbon steel lines containing
high-energy fluids (two-phase as well as single-phase systems subject to flow-accelerated
corrosion).
3.0.3.2.8.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.15 will be consistent with GALL
AMP XI.M17, “Flow-accelerated Corrosion.” The staff reviewed the program elements (see
Section 3.0.2.1 of this SER) contained in the BFN AMP basis document and compared them to
those listed for GALL AMP XI.M17 for consistency. The staff also conducted a review of
implementing procedure 0-TI-140 “BFN Technical Instruction, Monitoring Program for
Flow-Accelerated Corrosion”, Rev. 0, 03/15/02.
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Enhancement
In the BFN LRA, Appendix B, Section B.2.1.15, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M17. The NSAC-202L-R2 recommendations will
be implemented on Unit 1 prior to the period of extended operation. The staff finds this
enhancement acceptable since it will make the applicant’s program consistent for all three units.
3.0.3.2.8.3

Operating Experience

In the LRA, the applicant states that wall-thinning problems in single-phase systems have
occurred in feedwater and condensate systems (NRC IE Bulletin No. 87-01 and NRC
Information Notices (INs) 81-28, 92-35, and 95-11), in two-phase piping in extraction steam
lines (NRC INs 89-53 and 97-84), and in moisture separator and feedwater heater drains (NRC
INs 89-53, 91-18, 93-21, and 97-84) throughout the industry.
TVA experience with its Flow-Accelerated Corrosion Program activities has shown that the
program can determine susceptible locations for flow-accelerated corrosion, predict component
degradation, and detect wall thinning in components due to flow-accelerated corrosion, thus
providing for timely evaluation, repair or replacement prior to loss of intended function. When
flow-accelerated corrosion problems have been identified, corrective actions have been taken
to prevent recurrence. For example, extraction steam, heater drain, and heater vent line piping
have experienced wall thinning due to FAC. This piping is being replaced, primarily with FAC
resistant materials.
The staff reviewed several Problem Evaluation Reports (PERs) that are included in the basis
document, and concluded that implementation of applicant’s program provides reasonable
assurance that loss of material due to flow-accelerated corrosion is being adequately managed,
such that there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.8.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the Flow-Accelerated Corrosion program in
the BFN LRA, Appendix A, Section A.1.14. The applicant states that the program
consists of appropriate analysis and baseline inspections, followed by the determination of the
extent of thinning, with replacement or repair of components, if necessary. This program is in
response to NRC Generic Letter 89-08, "Erosion/Corrosion-Induced Pipe Wall Thinning." The
program is based on EPRI NSAC- 202L, "Recommendations for an Effective Flow-Accelerated
Corrosion Program," guidelines. This program will be enhanced to implement NSAC-202L
recommendations for Unit 1 prior to the period of extended operation.
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The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.8.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.2.1.15 and compared the program
elements contained in the BFN AMP B.2.1.15 bases documents against those listed for GALL
AMP XI.M17 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the program for which the applicant claims consistency with the program
in the GALL report are consistent with the GALL report. Since the program in the GALL report
is acceptable to the staff, the staff concludes that the applicant has demonstrated that the
effects of aging will be adequately managed so that the intended functions will be maintained
consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.9

Open-Cycle Cooling Water System Program (AMP B.2.1.17)

In the BFN LRA, Appendix B, Section B.2.1.17, the applicant states that BFN AMP B.2.1.17
“Open-Cycle Cooling Water System Program” is an existing program that, with enhancement,
will be consistent with GALL AMP XI.M20 “Open-Cycle Cooling Water System Program” for all
three BFN Units.
The open-cycle cooling water (OCCW) system program will be enhanced to implement Generic
Letter 89-13 for Unit 1 prior the period of extended operation.
3.0.3.2.9.1

Summary of Technical Information in the Application.

The Open-Cycle Cooling Water System Program will manage aging effects caused by
corrosion, erosion, biofouling, and silting in raw cooling water piping and components. In the
LRA the applicant stated that the program is in accordance with the guidelines of NRC Generic
Letter 89-13. The activities for managing aging effects include condition monitoring via use
system and component testing, performing visual inspections and NDE testing. The program
also manages the effects of aging by preventive actions such as biocide treatment and filtering
to prevent loss of material due to microbiologically influenced corrosion (MIC), biofouling and
flow blockage, and reduction of heat transfer due to biological and particulate fouling. The
applicant also stated that BFN does not utilize protective coatings in any raw water systems as
addressed in IN 85-24 and therefore, protective coating failures do not apply to BFN.
3.0.3.2.9.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.17 will be consistent with GALL
AMP XI.M20.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BFN AMP and associated bases documents, and compared them to those listed for GALL
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AMP XI.M20 report for consistency. The staff also reviewed selected BFN implementing
procedures, including Standard Program and Process (SPP)-9.7, “Corrosion Control Program”,
Rev. 6, which establishes the engineering requirements, details and strategies to control
corrosion of plant systems, components, equipment and structures, and the responsibilities and
methodologies utilized to identify, monitor, trend and control corrosion.
Based on its review, the staff finds that the program elements of BFN AMP B.2.1.17 are
consistent with GALL AMP XI.M20.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.17, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M20. Generic letter 89-13 will be implemented on
Unit 1 prior to the period of extended operation. The staff finds this enhancement acceptable
since it will make the applicant’s program consistent for all three units.
3.0.3.2.9.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.17, the applicant states that it has been
implementing the guidance of NRC GL 89-13 for approximately 10 years, and has found the
guidance to be effective in managing aging effects due to biofouling, corrosion, erosion, pitting,
and silting in structures and components serviced by open-cycle cooling water systems.
The BFN raw water fouling and corrosion control program inspection and testing activities have
detected and evaluated the presence of biofouling, corrosion, MIC, and silting. The system and
component corrective actions were implemented prior to loss of system function. The raw
water fouling and corrosion control program activities adequately manage the aging effects of
loss of material, cracking, pitting, flow blockage, and reduction of heat transfer in components
exposed to raw cooling water.
The staff concluded that implementation of applicant’s program provides reasonable assurance
that aging effects due to biofouling, corrosion, erosion, pitting, and silting in structures and
components serviced by open-cycle cooling water systems are being adequately managed,
such that there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.9.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the open-cycle cooling water program in the
BFN LRA, Appendix A, Section A.1.16, which states that the program manages loss of material,
biofouling, pitting, flow blockage, and reduction of heat transfer aging effects in raw cooling
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water piping and components. The activities for managing aging effects include condition
monitoring and preventive actions. The open-cycle cooling water system program relies on the
guidelines of NRC Generic Letter 89-13, “Service Water System Problems Affecting SafetyRelated Equipment.” The applicant states that this program will be enhanced to implement GL
89-13 for Unit 1 prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.9.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.17, and compared the program
elements contained in the BFN AMP B.2.1.17 bases documents to those listed for GALL
AMP XI.M20 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the open-cycle cooling water program for which the applicant claims
consistency with the program in the GALL report are consistent with the GALL report. Since the
GALL report is acceptable to the staff, the staff concludes that the applicant has demonstrated
that the effects of aging will be adequately managed so that the intended functions will be
maintained consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.10

Closed Cycle Cooling Water System Program (AMP B.2.1.18)

Summary of Technical Information in the Application.
In the BFN LRA, Appendix B, Section B.2.1.18, the applicant states that BFN AMP B.2.1.18,
"Closed-Cycle Cooling Water System Program," is an existing program that, with enhancement,
will be consistent with GALL AMP XI.M21 for all three BFN units.
3.0.3.2.10.1

Summary of Technical Information in the Application.

The closed-cycle cooling water system program includes preventive measures to minimize
corrosion and surveillance testing and inspection to monitor the effects of corrosion on the
intended function of the component. The program relies on maintenance of system corrosion
inhibitor concentrations within specified limits of Electric Power Research Institute [EPRI] TR107396 “Closed Cooling Water Chemistry Guideline,” to minimize corrosion. Surveillance
testing and inspection in accordance with standards in EPRI TR-107396 for closed-cycle
cooling water (CCCW) systems is performed to evaluate system and component performance.
These measures will ensure that the CCCW system and components serviced by the CCCW
system are performing their functions acceptably.
BFN AMP B.2.1.18 will be enhanced to implement EPRI TR-107396 for Unit 1 prior to the
period of extended operation.
3.0.3.2.10.2

Consistency with the GALL Report
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In the BFN LRA, the applicant states that BFN AMP B.2.1.18 is an existing program that is
consistent with GALL AMP XI.M21. The staff reviewed the program elements (see Section
3.0.2.1 of this SER) contained in the BFN AMP and associated bases documents, and
compared them to those listed for GALL AMP XI.M21 for consistency.
The staff also reviewed BFN implementing procedures, including: CI-13.1, “Browns Ferry
Nuclear Plant Chemistry Program,” Revision 17, which incorporates EPRI TR-107396, “Closed
Cooling Water Chemistry Guidelines.” Appendix A of that procedure provides water quality
control specifications for the reactor building closed cooling water system, drywell outage chiller
(when inservice), offgas chiller systems, closed building heating, generator stator cooling water,
diesel generator cooling water, and control bay chiller systems. The parameter monitored,
monitoring frequency, administrative goal, and action levels for corrective actions are identified
for each system.
The staff’s review determined that the BFN closed-cycle cooling water systems program
monitors the effects of corrosion by system chemistry sampling, chemical treatment and water
chemistry trending in accordance with the BFN water chemistry program. The chemistry
parameters are monitored and maintained in accordance with the BFN chemistry specifications
and recommendations of EPRI TR-107396. The parameters monitored include, Nitrate, pH,
Conductivity, Tolyltriazole, Bacteria (Aerobic and SRBs ), Sulfates, Metals (Iron, Copper),
Ammonia, Chloride, Calcium, Molybate, and Glycol (Weight Percent). If parameter limits are
exceeded, the chemistry control procedures require corrective action to be taken to restore
parameters to within the acceptable range. Maintenance of water chemistry and corrosion
inhibitor levels within the chemistry parameters mitigates loss of material, cracking, and
reduction of heat transfer. In addition, regular scheduled system flow balances, pump suction
and discharge pressure, heat exchanger flows and temperatures and maintenance inspections
are performed on system/components to detect, monitor, control, and minimize corrosion aging
effects. The system heat exchangers are also cleaned and inspected to detect, monitor,
control, and minimize corrosion aging effects that could cause a reduction of heat transfer.
Based on its review, the staff finds that the program elements of BFN AMP B.2.1.18 are
consistent with GALL AMP XI.M21.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.18, the applicant identifies one enhancement to
make this AMP consistent with AMP XI.M21 in the GALL report. EPRI TR-107396 will be
implemented on Unit 1 prior to the period of extended operation. The staff finds this
enhancement acceptable since it will make the applicant’s program consistent for all three units.
3.0.3.2.10.3

Operating Experience

In the LRA, the applicant states that industry operating experience demonstrates that the use of
corrosion inhibitors in closed cooling water systems that are monitored and maintained by
chemistry activities is effective in mitigating loss of material, cracking, and reduction of heat
transfer. The BFN closed-cycle cooling water systems have not experienced a loss of intended
function of components due to corrosion product buildup or through-wall cracking of
components. The BFN closed-cycle cooling water systems inspection and testing have
detected loss of material and corrosion product buildup. These aging effects were identified
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and corrected prior to loss of system functions.
The staff concluded that implementation of the applicant’s program provides reasonable
assurance that loss of material, cracking, and reduction of heat transfer in BFN closed-cycle
cooling water systems are being adequately managed such that there is no loss of intended
function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.10.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the closed-cycle cooling water systems
program in the BFN LRA, Appendix A, Section A.1.17, which states that the closed-cycle
cooling water system program includes preventive measures to minimize corrosion and
surveillance testing and inspection to monitor the effects of corrosion on the intended function
of the component. The program relies on maintenance of system corrosion inhibitor
concentrations within specified limits of EPRI Report TR-107396, “Closed Cooling Water
Chemistry Guideline,” to minimize corrosion. Testing and inspection in accordance with EPRI
TR-107396 for closed-cycle cooling water systems is performed to evaluate system and
component performance. This program will be enhanced to implement EPRI TR-107396 for
Unit 1 prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.10.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.18 and compared the program
elements contained in the BFN AMP B.2.1.18 bases documents to those listed for GALL
AMP XI.M21 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the closed-cycle cooling water program for which the applicant claims
consistency with the program in the GALL report are consistent with the GALL report. Since the
program in the GALL report is acceptable to the staff, the staff concludes that the applicant has
demonstrated that the effects of aging will be adequately managed so that the intended
functions will be maintained consistent with the CLB during the period of extended operation, as
required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.11

Inspection of Overhead Heavy Load and Light Load Handling Systems Program
47

(AMP B.2.1.20)
In the BFN LRA, Appendix B, Section B.2.1.20, the applicant states that BFN AMP B.2.1.20,
"Inspection of Overhead Heavy Load and Light Load Handling Systems Program ," is a
condition monitoring program that is implemented by the Maintenance Rule. The applicant
states that the BFN AMP will be consistent with GALL AMP XI.M23, "Inspection of Overhead
Heavy Load and Light Load (Related to Refueling) Handling Systems," with one exception.
3.0.3.2.11.1

Summary of Technical Information in the Application.

In the BFN LRA, Appendix B, Section B.2.1.20, the applicant states that BFN AMP B.2.1.20
includes crane inspection activities to verify the structural integrity of the crane components
required to maintain the crane intended function. Visual inspections assess conditions such as
loss of material due to corrosion of structural members, misalignment, flaking, side wear of
rails, loose tie down bolts, and excessive wear or deformation of monorails. Crane functional
tests are periodically performed to assure the cranes capability. The effectiveness of the
program is monitored in accordance with the guidance of RG 1.160, “Monitoring the
Effectiveness of Maintenance at Nuclear Power Plants.”
3.0.3.2.11.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.20 will be consistent with GALL
AMP XI.M23, “Inspection of Overhead Heavy Load and Light Load (Related to Refueling)
Handling Systems,” with one exception.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BFN AMP and associated bases documents, and compared them to those listed for GALL
AMP XI.M23 for consistency.
In the BFN LRA, Appendix B, Section B.2.1.20, the applicant identifies an exception to GALL
AMP XI.M23 that affects GALL element Parameters Monitored/Inspected. Reactor building
crane fatigue was evaluated as a TLAA in BFN LRA Section 4.7.1. The disposition of the TLAA
is that the analyses are valid through the period of extended operation because the 60-year
7,500-cycle estimate remains a small fraction of the 100,000 cycle design. Therefore, the
applicant states that aging management of crane fatigue is not required.
Exception
The staff evaluation of the affected GALL elements for the acceptability of the exception is as
follows:
[Parameters Monitored/Inspected] The program evaluates the effectiveness of the
maintenance monitoring program and the effects of past and future usage on the structural
reliability of cranes. The number and magnitude of lifts made by the crane are also reviewed.
The staff finds this exception acceptable on the basis that the crane is designed for 100,000 lift
cycles, compared to the applicant’s 60 year estimate of 7,500 cycles (1.5 times 40 year
estimate of 5,000 cycles), as documented in BFN LRA Section 4.7.1. The staff finds that, with
evaluation of the exception discussed below, the program elements reviewed for BFN
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AMP B.2.1.20 are consistent with GALL AMP XI.M23.
3.0.3.2.11.3

Operating Experience

In the BFN AMP B.2.1.20 basis document, the applicant states that no incidents of failure of
passive crane and hoist components due to aging have occurred at Browns Ferry. The
requirements for monitoring the effectiveness of maintenance at nuclear power plants provided
in 10 CFR 50.65 have been incorporated into the Browns Ferry Maintenance Rule program
procedures.
The staff concluded that the BFN crane inspection program activities, implemented as part of
the BFN Maintenance Rule program, provide reasonable assurance that the intended functions
of crane and hoist passive components will be maintained during the period of extended
operation.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.11.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the inspection of overhead heavy load and
light load handling systems program in the BFN LRA, Appendix A, Section A.1.18. The
applicant states in Appendix A that the inspection of overhead heavy load and light load
handling systems program is a condition monitoring program that is implemented by the
10 CFR 50.65 Maintenance Rule program. Visual inspections verify the structural integrity of
crane components. Inspection requirements are consistent with the guidance provided by
NUREG-0612, “Control of Heavy Loads at Nuclear Power Plants,” for load handling systems
that handle heavy loads which can directly or indirectly cause a release of radioactive materials,
and with applicable industry standards for other cranes within the scope of license renewal.
The effectiveness of the program is monitored in accordance with the guidance of RG 1.160,
“Monitoring the Effectiveness of Maintenance at Nuclear Power Plants.” Crane fatigue is
evaluated as a TLAA. The review of TLAAs is documented in Section 4 of this SER.
The staff reviewed the UFSAR supplement and found that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.11.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.20 and compared the program
elements contained in the BFN AMP B.2.1.20 bases documents to those listed for GALL
AMP XI.M23 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the program for which the applicant claims consistency with the program
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in the GALL report are consistent with the GALL report. In addition, on the basis of its review of
the exception to the program in the GALL report, the staff concludes that the applicant has
demonstrated that the effects of aging will be adequately managed so that the intended
functions will be maintained consistent with the CLB during the period of extended operation, as
required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.12

Compressed Air Monitoring Program (AMP B.2.1.21)

In the BFN LRA, Appendix B, Section B.2.1.2, the applicant states that BFN AMP B.2.1.21,
“Compressed Air Monitoring Program,” is an existing program that, with enhancement, will be
consistent with GALL AMP XI.M24 “Compressed Air Monitoring Program.”
BFN AMP B.2.1.21 will be enhanced prior to the period of extended operation to include
program and procedure upgrades that will be credited for license renewal, to ensure that the
applicable aging effects are discovered and evaluated. Also, the Unit 1 control air system
procedures will be updated to fully implement the compressed air monitoring program on Unit 1,
prior to Unit 1 re-start from its current extended outage.
3.0.3.2.12.1

Summary of Technical Information in the Application.

BFN AMP B.2.1.21 consists of condition monitoring (inspection and testing of the system) and
preventive actions (air quality at various locations in the system is monitored to ensure that oil,
water, rust, dirt, and other contaminants are kept within the specified limits). The program
includes inspection, monitoring, and testing of the entire system, including frequent leak testing
of valves, piping, and other system components, especially those made of carbon steel and
preventive monitoring that checks air quality at various locations in the system to ensure that
oil, water, rust, dirt, and other contaminants are kept within the specified limits.
BFN AMP B.2.1.21 is based on NRC GL 88-14, “Instrument Air Supply System Problems
Affecting Safety-Related Equipment,” and the Institute of Nuclear Power Operations (INPO)
Significant Operating Experience Report 88-01, “Instrument Air System Failures.” The AMP
also incorporates provisions conforming to the guidance of the Electric Power Research
Institute (EPRI) NP-7079, issued in 1990, to assist utilities in identifying and correcting system
problems in the instrument air system and to enable them to maintain required industry safety
standards. Additionally, BFN AMP B.2.1.21 will be upgraded to implement these guidelines of
EPRI TR-108147, which addresses maintenance of the latest compressors and other
instrument air system equipment in use at BFN, and the ASME operations and maintenance
standards and guides (ASME OM-S/G-1998, Part 17), which provide additional guidance for the
maintenance of the instrument air system, including recommended test methods, test intervals,
parameters to be measured and evaluated, acceptance criteria, corrective actions, and records
requirements.
3.0.3.2.12.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.21 is an existing program that, with
enhancements, will be consistent with GALL AMP XI.M24. The staff reviewed the program
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elements (see Section 3.0.2.1 of this SER) contained in the BFN AMP and associated bases
documents, and compared them to those listed for AMP XI.M24 in the GALL report for
consistency.
In the BFN LRA, Appendix B, Section B.2.1.2, the applicant indicates that BFN AMP B.2.1.21
requires implementation of two enhancements to achieve consistency with GALL AMP XI.M24
for all three BFN units.
Enhancement
The staff evaluation of the affected GALL elements, Preventive Actions and Detection of Aging
Effects, for the acceptability of the enhancement is as follows:
[Preventive Actions] The system air quality is monitored and maintained in accordance with the
plant owner’s testing and inspection plans, which are designed to ensure that the system and
equipment meet specified operability requirements. These requirements are prepared from
consideration of manufacturer’s recommendations for individual components and guidelines
based on ASME OM-S/G-1998, Part 17; ISA-S7.0.01-1996; EPRI NP-7079; and EPRI
TR-108147. The preventive maintenance program addresses various aspects of the
inoperability of air-operated components due to corrosion and the presence of oil, water, rust,
and other contaminants.
[Detection of Aging Effects] Guidelines in EPRI NP-7079, EPRI TR-108147, and ASME
OM-S/G-1998, Part 17, ensure timely detection of degradation of the compressed air system
function. Degradation of the piping and any equipment would become evident by observation
of excessive corrosion, by the discovery of unacceptable leakage rates, and by failure of the
system or any item of equipment to meet specified performance limits.
Unit 1 control air system procedures will be updated to fully implement the compressed air
monitoring program on Unit 1. This enhancement is scheduled for completion prior to Unit 1 restart from its current extended outage.
For all units, the Compressed Air Monitoring Program will be upgraded to implement the
following guidelines: ASME OM-S/G-2000, Part 17, “Performance Testing of Instrument Air
Systems in Light-Water Reactor Power Plants;” ANSI/ISA-S7.0.01-1996, “Quality Standard for
Instrument Air;” and EPRI TR-108147, “Compressor and Instrument Air System Maintenance
Guide.” This enhancement is scheduled for completion prior to entering the period of extended
operation.
The staff concurs that, with the implementation of these enhancements, BFN AMP B.2.1.21 will
be consistent with GALL AMP XI.M24 for all three BFN units.
3.0.3.2.12.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.2, the applicant states that through air quality
testing and sampling of BFN compressed air systems, various contaminants (such as,
moisture, oil, and particulates) have been identified above acceptable levels, as documented in
the staff’s BFN audit and review report. Appropriate corrective actions have been taken.
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Potentially significant safety-related problems pertaining to air systems have been documented
in NRC IN 81-38, IN 87-28, IN 87-28 S1 and license event report (LER) 50-237/94-005-3. As a
result of NRC GL 88-14 and consideration of INPO SOER 88-01, EPRI NP-7079, and EPRI TR108147, performance of air systems has improved significantly.
The applicant states that BFN has adequately addressed NRC Generic Letter 88-14, IN 81- 38,
IN 87-28, IN 87-28 S1, INPO SOER 88-01 and EPRI NP-7079, and that the BFN control air
system performance has improved significantly as a result of NRC GL 88-14, and consideration
of INPO SOER 88-01 and EPRI NP-7079. In addition, the BFN control air leak detection
program has been effective in detecting leaks and implementing repairs prior to loss of system
function. The air quality sampling program effectively monitors the system for moisture, oil, and
particulates. This ensures timely repairs prior to degradation to the point of loss of intended
function.
The applicant also identified that the drywell control air system has a trend of moisture
problems, which has required excessive attention. To address the current operating
deficiencies identified in the drywell control air system, BFN plans to convert the drywell control
air to nitrogen supply on all three units. This conversion has already been initiated for Unit 1.
The staff notes that this plant modification addresses a current operating problem, and is not
related to any license renewal commitment.
The staff concluded that implementation of the applicant’s program provides reasonable
assurance that age-related degradation of compressed air systems is being adequately
managed, such that there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.12.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the compressed air monitoring program in the
BFN LRA, Appendix A, Section A.1.19, which states that the compressed air monitoring
program consists of condition monitoring and preventive actions. The program is based on
NRC GL 88-14, “Instrument Air Supply System Problems Affecting Safety-Related Equipment,”
and the Institute of Nuclear Power Operations Significant Operating Experience Report 88-01,
“Instrument Air System Failures.” In addition, the Compressed Air Monitoring Program
incorporates provisions conforming to the guidance of the EPRI NP-7079, “Instrument Air
Systems, A Guide for Power Plant Maintenance Personnel.” This program will be enhanced to
implement the requirements of ASME OM-S/G-2000, ANSI/ISA-S7.0.01, and EPRI TR-108147
prior to the extended period of operation. Additionally, this program will be implemented for
Unit 1 prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
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description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.12.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.21 and compared the program
elements contained in the BFN AMP B.2.1.21 bases documents to those listed for GALL
AMP XI.M24 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the compressed air monitoring program for which the applicant claims
consistency with the program in the GALL report are consistent with the GALL report. In
addition, on the basis of its review of the enhancements to the applicant’s program, the staff
finds that the applicant’s program provides for adequate management of the aging effects for
which the program is credited so that the intended functions will be maintained consistent with
the CLB during the period of extended operation, as required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.13

BWR Reactor Water Cleanup Program (AMP B.2.1.22)

In the BFN LRA, Appendix B, Section B.2.1.22, the applicant states that BFN AMP B.2.1.22,
“BWR Reactor Water Cleanup System Program,” is an existing program that, with
enhancement, will be consistent with GALL AMP XI.M25.
This program will be enhanced to implement the BWRVIP guidelines, NRC Generic Letter 8801, and Generic Letter 89-10 for Unit 1 prior to the period of extended operation.
3.0.3.2.13.1 Summary of Technical Information in the Application.
The BFN AMP B.2.1.22 includes inservice inspection and monitoring for reactor water cleanup
system (RWCU) piping welds outboard of the second isolation valve and monitors and controls
reactor water chemistry based on industry recognized guidelines of EPRI Report TR-103515,
“BWR Water Chemistry Guidelines (BWRVIP-79)," to reduce the susceptibility of Reactor
Water Cleanup System piping to stress corrosion cracking and intergranular stress corrosion
cracking (IGSCC).
On Units 2 and 3, RWCU system piping has been replaced with piping that is resistant to
intergranular stress corrosion cracking in response to NRC Generic Letter 88-01, “NRC Position
on Intergranular Stress Corrosion Cracking (IGSCC) in BWR Austenitic Stainless Steel Piping,"
concerns. In addition, all actions requested in NRC Generic Letter 89-10, “Safety-Related
Motor-Operated Valve Testing and Surveillance,” have been completed.
This program will be enhanced to implement the BWRVIP guidelines, NRC Generic Letter
88-01, and Generic Letter 89-10 for Unit 1 prior to the period of extended operation.
The BFN Chemistry Control Program (B.2.1.5) controls water chemistry within
parameters that prevent, minimize, and mitigate intergranular stress corrosion
cracking.
3.0.3.2.13.2

Consistency with the GALL Report
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In the BFN LRA, the applicant states that BFN AMP B.2.1.22 is an existing program that, with
enhancements, will be consistent with GALL AMP XI.M25. The staff reviewed the program
elements (see Section 3.0.2.1 of this SER) contained in the BFN AMP and associated bases
documents, and compared them to those listed for GALL AMP XI.M25 for consistency.
The staff also reviewed selected BFN implementing procedures, including Browns Ferry
Chemical Instruction CI-13.1,”Chemistry Program.” This instruction details specific
requirements for the BFN chemistry program. This CI establishes how the chemistry program
is implemented and provides specifications to maximize long-term plant availability, minimize
environmental impact, and minimize worker radiation exposure. Controlling water quality,
through control of ingress and cleanup system optimization, limits corrosion, minimizes
radioactive inventory, and minimizes radioactive releases to the environment. The
requirements of this instruction apply to all aspects of the chemistry program associated with
Browns Ferry and supporting facilities. This instruction defines the minimum requirements for
the site and corporate chemistry programs as they apply to Browns Ferry. This includes
incorporation of EPRI TR-103515, Revision 2 guidelines. In addition, hydrogen water chemistry
must be installed for mitigation of IGSCC, which will include the RWCU system for Unit 1.
The staff finds that the program elements reviewed for BFN AMP B.2.1.22 are consistent with
AMP XI.M25 in the GALL report.
Enhancement
In the BFN LRA, Appendix B, Section B.2.1.22, the applicant identifies one enhancement to
make this AMP consistent with GALL AMP XI.M25. On Unit 1 the recommendations of GL 8801 and NUREG-0313 will be implemented and the actions requested in NRC GL 89-10 will be
satisfactorily completed. These enhancements are scheduled for completion prior to the period
of extended operation.
The staff finds that with the implementation of this enhancement, BFN AMP B.2.1.22 will be
consistent with AMP XI.M25 in the GALL report for all three BFN units.
3.0.3.2.13.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.22, the applicant states that IGSCC has occurred in
boiling water reactor piping made of austenitic stainless steel. The comprehensive program
outlined in NRC GL 88-01 and NUREG-0313 addresses improvements in managing the
elements (susceptible material, significant tensile stress, and an aggressive environment) that
cause stress corrosion cracking or inter-granular stress corrosion cracking, and has been
effective in managing intergranular stress corrosion cracking in austenitic stainless steel piping
in the reactor water cleanup system.
The applicant identified that BFN has experienced IGSCC in the past with piping made of
austenitic stainless steel. The following measures that have been implemented have proven
effective at managing intergranular stress corrosion cracking in austenitic stainless steel piping
in the reactor water cleanup system: (1) replacement of IGSCC susceptible material with
IGSCC resistant material; (2) establishment of a hydrogen water chemistry program; and (3)
water chemistry controls in accordance with EPRI (BWRVIP) guidelines.
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The staff has concluded that implementation of the recommendations of GL 88-01 and
NUREG-0313 and the actions requested in NRC GL 89-10 provides reasonable assurance that
cracking of austenitic stainless steel piping in the reactor water cleanup system is being
adequately managed, such that there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.13.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the Reactor Water Cleanup System Program
in the BFN LRA, Appendix A, Section A.1.20, which states that the BWR reactor water cleanup
system program monitors and controls reactor water chemistry based on industry recognized
guidelines of EPRI Report TR-103515, “BWR Water Chemistry Guidelines (BWRVIP-79)" to
reduce the susceptibility of reactor water cleanup system piping to stress corrosion cracking
and intergranular stress corrosion cracking.
On Units 2 and 3, reactor water cleanup system piping has been replaced with piping that is
resistant to intergranular stress corrosion cracking in response to NRC Generic Letter 88-01,
“NRC Position on Intergranular Stress Corrosion Cracking (IGSCC) in BWR Austenitic
Stainless Steel Piping." In addition, all actions requested in NRC Generic Letter 89-10, “SafetyRelated Motor-Operated Valve Testing and Surveillance,” have been completed.
The UFSAR Supplement further states that this program will be enhanced to implement the
BWRVIP guidelines, NRC Generic Letter 88-01, and Generic Letter 89-10 for Unit 1 prior to the
period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.13.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.22 and compared the program
elements contained in the BFN AMP B.2.1.22 bases documents to those listed for GALL
AMP XI.M25 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the Reactor Water Cleanup System Program for which the applicant
claims consistency with the GALL program are consistent with the GALL program. In addition,
on the basis of its review of the enhancements to the applicant’s program, the staff finds that
the applicant’s program provides for adequate management of the aging effects for which the
program is credited so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
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On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.14

Fuel Oil Chemistry Program (AMP B.2.1.27)

In the BFN LRA, Appendix B, Section B.2.1.27, the applicant states that the BFN AMP B.2.1.27,
“Fuel Oil Chemistry Program,” is consistent with GALL AMP XI.M30, “Fuel Oil Chemistry
Program,” with exceptions.
3.0.3.2.14.1

Summary of Technical Information in the Application.

In the BFN LRA, Appendix B, Section B.2.1.27, the applicant states that the fuel oil chemistry
program consists of Surveillance and maintenance procedures to mitigate corrosion and
measures to verify the effectiveness of the AMP and confirm the absence of an aging effect .
Fuel oil quality is maintained by monitoring and controlling fuel oil contamination in accordance
with the guidelines of the American Society for Testing Materials (ASTM) Standards D 1796, D
2276, and D 4057. Exposure to fuel oil contaminants, such as water and microbiological
organisms, is minimized by periodic draining or cleaning of tanks and by verifying the quality of
new oil before its introduction into the storage tanks. Procedures require performance of fuel
oil tank bottom and multi-level sampling on a quarterly basis to detect and remove water and
sediment from each tank. In addition, each 7-day diesel oil supply tank is cleaned and
inspected at intervals of approximately 10 years. A one-time inspection in accordance with the
one-time inspection program (B.2.1.29) will be performed prior to entering the period of
extended operation and will consist of thickness measurements of the 7-day diesel oil supply
tanks’ bottom surface.
Portions of the fuel oil chemistry program are mandated by Technical Specification 5.5.9,
“Diesel Fuel Oil Testing Program,” that requires a diesel fuel oil testing program to implement
required testing of the fuel oil in each 7-day fuel oil tank. The purpose of the program is to
establish that the quality of the fuel oil in each 7-day fuel oil tank is within the acceptable limits
specified in Table 1 of ASTM D-975-1989 when tested every 92 days; and total particulate
concentration of the fuel oil in each 7-day fuel oil tank is < 10 mg/l, when tested every 92 days
in accordance with ASTM D-2276, Method A-2 or A-3.
3.0.3.2.14.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.27 is an existing program that is
consistent with GALL AMP XI.M30, with exceptions.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BFN LRA AMP and associated bases documents, and compared them to those listed for
AMP XI.M30 in the GALL report for consistency.
The staff also reviewed BFN Procedure CI-130, “Diesel Fuel and Lube Oil Monitoring Program,”
and BFN Procedure 0-SR-3.8.3.3 “Quarterly Fuel Oil Quality Determination of Unit 0 Diesel
Generator's 7-Day Storage Tank.”
In the BFN LRA, Appendix B, Section B.2.1.27, the applicant identifies an exception to GALL
AMP XI.M30 that affects three program elements. BFN does not use ASTM Standard D 2709
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for guidance on the determination of water and sediment contamination in diesel fuel, as
specified in GALL AMP XI.M30. BFN does implement ASTM Standard D 1796 guidance on the
determination of water and sediment contamination, which is also specified in GALL AMP
XI.M30.
The staff evaluation of the affected GALL elements (Scope of Program, Parameters Monitored
or Inspected, and Acceptance Criteria) for the acceptability of the exceptions is as follows:
[Scope of Program] The program is focused on managing the conditions that cause general,
pitting, and microbiologically influenced corrosion (MIC) of the diesel fuel tank internal surfaces.
The program serves to reduce the potential of exposure of the tank internal surface to fuel oil
contaminated with water and microbiological organisms.
[Parameters Monitored or Inspected] The AMP monitors fuel oil quality and the levels of water
and microbiological organisms in the fuel oil, which cause the loss of material of the tank
internal surfaces. The ASTM Standard D 4057 is used for guidance on oil sampling. The ASTM
Standards D 1796 and D 2709 are used for determination of water and sediment contamination
in diesel fuel. For determination of particulates, modified ASTM D 2276, Method A, is used.
The modification consists of using a filter with a pore size of 3.0 microns, instead of 0.8
microns. These are the principal parameters relevant to tank structural integrity.
[Acceptance Criteria] The ASTM Standard D 4057 is used for guidance on oil sampling. The
ASTM Standards D 1796 and D 2709 are used for guidance on the determination of water and
sediment contamination in diesel fuel. Modified ASTM D 2276, Method A is used for
determination of particulates. The modification consists of using a filter with a pore size of 3.0
microns, instead of 0.8 microns.
Exception 1
The applicant concludes that the ASTM D 1796 test method is an acceptable laboratory test
method per ASTM D 975-89, “Standard Specification for Diesel Fuel Oils,” for the determination
of water and sediment contamination in the Grade 2 fuel oil used at BFN.
Based on discussions with the applicant and review of implementing procedures, the staff
determined that, for fuel oils with the viscosity used at BFN, only ASTM standard D 1796 is
applicable. Therefore, the staff finds this exception to be acceptable.
Exception 2
The applicant did not identify any enhancements in the BFN LRA. However, the staff noted
that an enhancement, to achieve consistency with AMP XI.M30, Element 4, in the GALL report
is identified in the applicant’s aging management program evaluation basis document.
Specifically, the existing BFN fuel oil testing and monitoring program needs to be enhanced to
include ultrasonic thickness measurements of the tank bottom surfaces, to ensure that
significant degradation is not occurring.
The program description in BFN LRA, Appendix B, Section B.2.1.27, also identifies that a onetime inspection, in accordance with the One-time Inspection Program (BFN AMP B.2.1.29), will
be performed prior to entering the period of extended operation and will consist of thickness
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measurements of the 7-day diesel oil supply tanks’ bottom surface. The staff reviewed the
One-time Inspection Program (BFN AMP B.2.1.29) and noted that it provides a general
description of items to be included within the scope of the program, but does not specifically
identify the 7-day diesel oil supply tank as an item to be inspected.
The staff identified this issue in RAI 7.1.19-1, as documented in the staff’s BFN audit and
review report. This RAI remains open.
3.0.3.2.14.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.27, the applicant states that the fuel oil chemistry
program includes identification of water and particulate contamination in the diesel fuel oil
system. Corrective actions were taken for the water and particulate contamination removal and
system/component inspections. However, there have been no instances of fuel oil system
component failures at BFN attributed to fuel oil contamination.
The applicant’s review of recent operating experience did not identify unacceptable levels of
water, particulate contamination, or biological fouling in the fuel oil. A review of condition
reports did not identify instances of fuel oil system component failures that may be attributed to
the condition of the fuel oil.
In the BFN AMP B.2.1.27 basis document, the applicant states that industry operating
experience was incorporated into the license renewal process through a review of industry
documents to identify aging effects and mechanisms that could challenge the intended function
of components, systems and structures within the scope of this program.
The staff concluded that implementation of the applicant’s program provides reasonable
assurance that corrosion due to fuel contamination is being adequately managed, such that
there is no loss of intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.14.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the diesel fuel chemistry program in the BFN
LRA, Appendix A, Section A.1.24, which states that the fuel oil chemistry program ensures that
adequate diesel fuel quality is maintained to prevent plugging of filters, fouling of injectors, and
corrosion of fuel systems. The program relies on a combination of surveillance and
maintenance procedures. Monitoring and controlling fuel oil contamination maintains the fuel oil
quality. Exposure to fuel oil contaminants such as water and microbiological organisms is
minimized by fuel oil sampling and analysis, including analysis of new fuel before its
introduction into the storage tanks. If required, a biocide is added to the fuel oil storage tanks
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during each new fuel delivery. Sampling and testing of diesel fuel oil is in accordance with
American Society for Testing Materials Standards D 1796, D 2276, and D 4057.
The staff noted that the UFSAR Supplement does not identify an enhancement to perform
ultrasonic thickness measurement of the tank bottom surfaces. This issue is discussed above.
The staff reviewed the UFSAR supplement and confirmed that it provides an adequate
summary description of the program, as identified in the SRP-LR UFSAR supplement table and
as required by 10 CFR 54.21(d), except as identified in RAI 7.1.19-1 above.
3.0.3.2.14.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.2.1.27 and compared the program
elements contained in the BFN AMP B.2.1.27 bases documents to those listed for AMP XI.M30
in the GALL report for consistency. On the basis of its audit of the applicant’s program, the staff
finds that those portions of the program for which the applicant claims consistency with the
program in the GALL report are consistent with the GALL report, except as noted above and
documented in RAI 7.1.19-1.
Since the program in the GALL report is acceptable to the staff, except as noted, the staff
concludes that the applicant has demonstrated that the effects of aging will be adequately
managed, pending resolution of RAI 7.1.19-1, so that the intended functions will be maintained
consistent with the CLB during the period of extended operation, as required by 10 CFR 5410
CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that,
pending resolution of RAI 7.1.19-1, it provides an adequate summary description of the
program, as required by 10 CFR 54.21(d).
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3.0.3.2.15

Masonry Wall Program (AMP B.2.1.35)

In the BFN LRA, Appendix B, Section B.2.1.35, the applicant states that BFN AMP B.2.1.35,
“Masonry Wall Program,” with enhancement, will be consistent with GALL AMP XI.S5, “Masonry
Wall Program.”. The enhancements are scheduled to be completed prior to entering the period
of extended operation.
3.0.3.2.15.1 Summary of Technical Information in the Application.
In the BFN LRA, Appendix B, Section B.2.1.35, the applicant states that BFN AMP B.2.1.35
provides for condition monitoring of masonry walls. The program is included in the Structures
Monitoring Program (AMP B.2.1.36) that implements the structures monitoring requirements of
10 CFR 50.65 “Maintenance Rule”. Masonry wall condition monitoring is based on guidance
provided in NRC Bulletin 80-11 “Masonry Wall Design” and Information Notice 87-67 “Lessons
Learned from Regional Inspections of Licensee Actions in Response to I.E. Bulletin 80-11”.
Visual inspections are performed consistent with techniques identified in industry codes and
standards such as ACI 349.3 R-96, “Evaluation of Existing Nuclear Safety-Related Concrete
Structures,” and ANSI/ASCE 11-90, “Guideline for Structural Condition Assessment of Existing
Buildings.”
3.0.3.2.15.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.35 is an existing program that, with
an enhancement, will be consistent with AMP XI.S5 in the GALL report.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) for BFN AMP
B.2.1.35 and its associated bases documents, and compared them to those listed for
AMP XI.S5 in the GALL report for consistency.
In the BFN LRA, Appendix B, Section B.2.1.35, the applicant identifies an enhancement to
make this AMP consistent with GALL AMP XI.S5. Program procedures will be revised so that
structures with masonry walls within the scope of license renewal are clearly identified and the
qualification requirements for personnel who perform masonry wall walkdowns within the scope
of license renewal are clarified. This enhancement is scheduled to be completed prior to
entering the period of extended operation. The applicant concluded that, with the
implementation of this enhancement, BFN will ensure continued consistency with the affected
program elements.
The staff evaluation of the affected GALL elements (Scope of Program, Parameters Monitored
or Inspected, and Detection of Aging Effects) for the acceptability of the exception is as follows:
[Scope of Program] The scope includes all masonry walls identified as performing intended
functions in accordance with 10 CFR 54.4
[Parameters Monitored or Inspected] The primary parameter monitored is wall cracking that
could potentially invalidate the evaluation basis.
[Detection of Aging Effects] Visual examination of the masonry walls by qualified inspection
personnel is sufficient. The frequency of inspection is selected to ensure there is no loss
intended function between inspections. The inspection frequency may vary from wall to wall,
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depending on the significance of cracking in the evaluation basis. Unreinforced masonry walls
that have not been contained by bracing warrant the most frequent inspection, because the
development of cracks may invalidate the existing evaluation basis.
Enhancement 1
GALL AMP XI.S5 states that the scope includes all masonry walls identified as performing
intended functions in accordance with 10 CFR 54.4. The BFN aging management program
evaluation states that structures with masonry walls in the scope of license renewal include the
Unit 1, 2, and 3 reactor buildings, Unit 1 and 2 diesel generator building, Unit 3 diesel generator
building, Unit 2 turbine building (SBO function), and the intake pumping station. 0-TI-346 will be
enhanced to identify that the Unit 1,2, and 3 reactor buildings, Unit 1 and 2 diesel generator
building, Unit 3 diesel generator building, Unit 2 turbine building (SBO function), and the intake
pumping station are within the scope of license renewal.
The staff requested that the applicant identify the walls that are in the scope of license renewal.
The applicant, as documented in the staff’s BFN audit and review report, stated that 0-TI-346
identifies in-scope structures for maintenance rule and will be enhanced to identify structures
within the scope of license renewal that require aging management. LCEI-CI-C9 refers to 0-TI346 for the detailed listing of structures in the scope of maintenance rule and license renewal.
LCEI-CI-C9 requires inspection of masonry walls in structures identified in 0-TI-346. The staff
concurs that, with the enhancement, all the masonry walls that are in the scope of license
renewal will be covered by the referenced procedures.
Enhancement 2
GALL AMP XI.S5 states that visual examination of the masonry walls by qualified inspection
personnel is sufficient. The BFN aging management program evaluation states that the quality
and value of the results obtained from the walkdown assessment activity and the assessment
evaluation are dependant on the qualifications and capabilities of the inspection team, as
discussed in Chapter 7 of ACI 349-3R-96. LCEI-CI-C9 will be enhanced as part of the BFN
structures monitoring program enhancements to clarify the qualification requirements for
personnel who perform masonry wall walkdowns and evaluations. The staff concurs that this
enhancement is consistent with the GALL report. See the SER section on Structures
Monitoring Program (AMP B.2.1.36) below for information on enhancements to the structures
monitoring program.
3.0.3.2.15.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.35, the applicant states that plant-specific
performance results of the masonry wall program, as implemented by the structures monitoring
program to meet the requirements of 10 CFR 50.65, were reviewed. The program has been
shown to be effective in managing aging effects of structural features and components.
Examples of observed degradation are documented in the staff’s BFN audit and review report,
which generally consist of cracked or missing mortar and small cracks.
The BFN aging management program evaluation states that a review of the BFN operating
experience did not identify any PERs (SPP-3.1 Corrective Actions Program) associated with the
BFN masonry wall program. A baseline inspection for the BFN Structures monitoring program
was established in 1997 and is documented in Calculation CD-Q0303-970086. Defect
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evaluations performed since the baseline inspection and inspection results from the 2002
structures monitoring program are documented in calculation CDQ0-303-2003-0260. The
structures monitoring program inspections noted the aging effects and associated defect
evaluations for masonry walls. The observed aging effects did not significantly challenge the
ability of the masonry wall to meet design requirements or perform its intended function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.15.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the masonry walls program in the BFN LRA,
Appendix A, Section A.1.32. The applicant states in Appendix A that the masonry wall program
provides for condition monitoring of masonry walls. The program is included in the structures
monitoring program that implements the structures monitoring requirements of 10 CFR 50.65.
Masonry wall condition monitoring is based on guidance provided in NRC Bulletin 80-11
“Masonry Wall Design” and Information Notice 87-67, “Lessons Learned from Regional
Inspections of Licensee Actions in Response to I.E. Bulletin 80-11.” Visual inspections are
performed consistent with techniques identified in industry codes and standards, such as ACI
349.3, “Evaluation of Existing Nuclear Safety-Related Concrete Structures,” and ANSI/ASCE
11-90, “Guideline for Structural Condition Assessment of Existing Buildings.” Enhancements to
the Masonry Wall Program include program document revisions that will be credited for license
renewal and will identify structures with masonry walls within the scope of license renewal and
clarify inspector qualification requirements to align with industry standard.
These enhancements will be implemented prior to the period of extended operation.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.15.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.2.1.35 and compared the program
elements contained in the BFN AMP B.2.1.35 basis document against GALL AMP XI.S5 for
consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report. In addition, on the basis of its review of the
enhancements to the applicant’s program, the staff finds that the applicant’s program provides
for adequate management of the aging effects for which the program is credited so that the
intended functions will be maintained consistent with the CLB during the period of extended
operation, as required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
62

provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.16

Structures Monitoring Program (AMP B.2.1.36)

In the BFN LRA, Appendix B, Section B.2.1.36, the applicant states that BFN AMP B.2.1.36,
"Structures Monitoring Program," with enhancement, will be consistent with GALL AMP XI.S6,
"Structures Monitoring Program." The enhancements are scheduled to be completed prior to
entering the period of extended operation.
3.0.3.2.16.1

Summary of Technical Information in the Application.

In the BFN LRA, Appendix B, Section B.2.1.36, the applicant states that the structures
monitoring program includes periodic inspection and monitoring of the condition of accessible
areas of structures. The structures monitoring program implements the requirements of
10 CFR 50.65,” Maintenance Rule.” The program incorporates the guidance of Nuclear
Regulatory Commission Regulatory Guide 1.160, Rev. 2, and NUMARC 93-01, Rev. 2. The
structures monitoring program provides inspection guidelines and walkdown checklists for
concrete features, roofs, structural steel, masonry walls, seismic gaps, tanks, earthen
structures, buried piping, and miscellaneous components such as doors.
3.0.3.2.16.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.36 is an existing program that
requires enhancement to be consistent with AMP XI.S6 in the GALL report.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BNF LRA AMP and associated bases documents, and compared them to those listed for
AMP XI.S6 in the GALL report for consistency.
The staff noted that the basis document does not address protective coating monitoring and
maintenance; however, Section 3.3 of 0-TI-346 includes “damaged/degraded coatings” under
concrete and structural steel. LCEI-CI-C9 does not address protective coatings in the
walkdown procedures. As documented in the staff’s BFN audit and review report, the applicant
confirmed that protective coatings are not credited to manage aging effects for license renewal.
The staff questioned the applicant as to why the structures monitoring program covers ASME
Class MC Supports, in lieu of ASME Section XI, Subsection IWF. The applicant stated that the
supports for the BFN drywell, torus and vent system are not currently inspected in accordance
with ASME Section XI. The applicant further stated that inspection of supports for ASME Class
MC components is not required by 10 CFR 50.55a(g)(4) which states “…components (including
supports) which are classified as ASME Code Class 1, Class 2 and Class 3 must meet the
requirements …set forth in Section XI…,” and “Components which are classified as Class MC
pressure retaining components and their integral attachments, and components which are
classified as Class CC pressure retaining components and their integral attachments must
meet the requirements … set forth in Section XI…” The applicant also stated, “BFN uses this
as the basis for excluding the supports for Class MC components from the scope of ASME
Section XI, Subsection IWF inspections.
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For license renewal, BFN intends to manage aging of the supports for the drywell, torus, and
vent system by either the Structures Monitoring Program (for supports in a containment
atmosphere or inside air environment) or by the Chemistry Control Program and One-time
Inspection Program (for supports in a submerged torus water environment). These program
descriptions are as defined in LRA Appendices B.2.1.36, B.2.1.5 and B.2.1.29, and provide the
necessary mitigative functions, inspection parameters, aging detection methods, monitoring
and trending reporting, inspections acceptance criteria, corrective actions, confirmation
process, and administrative controls to manage aging for the period of extended operation.
The staff finds the applicant’s response to be unacceptable on the basis that it is inconsistent
with the resolution of this same issue by the staff during LRA reviews of other nuclear power
plants. This issue is documented in RAI 3.5-6. This RAI remains open.
The staff noted that the program is being expanded to include the inspection of piles and asked
the applicant to clarify the types of inspections that will be performed for piles. The applicant
stated that piles associated with Gate Structure Number 3 and the Diesel HPFP House will be
visually inspected by the Structures Monitoring Program. The portion of the piles exposed to
the submerged and outside air environments will be visually inspected by the Structures
Monitoring Program. The staff concludes that the AMP would not require any further
enhancements to perform the inspections of piles as described by the applicant.
In the BFN LRA, Appendix B, Section B.2.1.36, the applicant identifies three enhancements to
make this AMP consistent with GALL AMP XI.S6.
Enhancement 1
The staff evaluation of the affected GALL elements (Scope of Program and Parameters
Monitored or Inspected) for the acceptability of the first enhancement is as follows:
[Scope of Program] The applicant specifies the structure/aging effect combinations that are
managed by its structures monitoring program.
[Parameters Monitored or Inspected] For each structure/aging effect combination, the specific
parameters monitored or inspected are selected to ensure that aging degradation leading to
loss of intended functions will be detected and the extent of degradation can be determined.
Parameters monitored or inspected are to be commensurate with industry codes, standards
and guidelines, and are to also consider industry and plant-specific operating experience.
Although not required, ACI 349.3R-96 and ANSI/ASCE 11-90 provide an acceptable basis for
selection of parameters to be monitored or inspected for concrete and steel structural elements
and for steel liners, joints, coatings, and waterproofing membranes (if applicable). If necessary
for managing settlement and erosion of porous concrete subfoundations, the continued
functionality of a site dewatering system is to be monitored. The plant-specific structures
monitoring program is to contain sufficient detail on parameters monitored or inspected to
conclude that this program attribute is satisfied.
The applicant will enhance procedures implementing the 10 CFR 50.65 Maintenance Rule
Program to identify all structures and structural components within the scope of license renewal
and all aging effects and associated mechanisms for inspection.

64

The staff asked the applicant how the structural components and supports that are identified as
an enhancement to the scope of the AMP are currently being managed and if a baseline
inspection of these structural components and supports will be performed prior to the period of
extended operation.
The applicant, as documented in the staff’s BFN audit and review report, stated that the
identified structural component supports that are to be added to the structures monitoring
program are currently being managed by the plant work control procedures and the corrective
action program. The applicant further stated that all structures monitoring program
enhancements required to document structural components and structural support inspections
will receive a baseline inspection prior to the period of extended operation. Structures
monitoring program baseline inspections are currently required by Section 5.1 of LCEI-CI-C9.
The staff noted that the aging management program evaluation states that procedures 0-TI-346
and LCEI-CI-C9 will be enhanced to identify all aging effects and associated aging mechanisms
to be inspected. Aging effects and mechanisms considered will be consistent with the GALL
report and Section 4 of ACI 349.3R-96. BFN operating experience is considered for selecting
each structure/aging effect combination. The aging effects for structures monitored and
inspected that will be identified in 0-TI-346 and LCEI-CI-C9 enhancements are documented in
the staff’s BFN audit and review report.
The staff concurs that this enhancement is consistent with the GALL report.
Enhancement 2
The staff evaluation of the affected GALL elements (Detection of Aging Effects) for the
acceptability of the second enhancement is as follows:
[Detection of Aging Effects] For each structure/aging effect combination, the inspection
methods, inspection schedule, and inspector qualifications are selected to ensure that aging
degradation will be detected and quantified before there is loss of intended functions.
Inspection methods, inspection schedule, and inspector qualifications are to be commensurate
with industry codes, standards and guidelines, and are to also consider industry and
plant-specific operating experience. Although not required, ACI 349.3R-96 and ANSI/ASCE
11-90 provide an acceptable basis for addressing detection of aging effects. The plant-specific
structures monitoring program is to contain sufficient detail on detection to conclude that this
program attribute is satisfied.
The applicant will enhance LCEI-CI-C9 implementing the 10 CFR 50.65 Maintenance Rule
program sampling approach to include examinations of representative samples of below-grade
concrete when excavated for any reason.
The staff concurs that this enhancement is consistent with the GALL report.
Enhancement 3
The staff evaluation of the affected GALL elements (Detection of Aging Effects) for the
acceptability of the third enhancement is as follows:
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[Detection of Aging Effects] For each structure/aging effect combination, the inspection
methods, inspection schedule, and inspector qualifications are selected to ensure that aging
degradation will be detected and quantified before there is loss of intended functions.
Inspection methods, inspection schedule, and inspector qualifications are to be commensurate
with industry codes, standards and guidelines, and are to also consider industry and
plant-specific operating experience. Although not required, ACI 349.3R-96 and ANSI/ASCE
11-90 provide an acceptable basis for addressing detection of aging effects. The plant-specific
structures monitoring program is to contain sufficient detail on detection to conclude that this
program attribute is satisfied.
The applicant will enhance LCEI-CI-C9 implementing 10 CFR 50.65, The Maintenance Rule
Program, to include the guidance provided in ACI 349.3R-96 Chapter 7 to clarify the “suitably
knowledgeable or trained” inspector qualifications to “training and proficiency demonstration of
inspectors for structural aging effects and long term performance issues”. The procedures will
also be clarified to identify the “responsible engineer” as the “structures monitoring program
engineer” to avoid confusion with industry guidance. LCEI-CI-C9 will also be clarified to identify
the ‘Responsible Engineer’ as the ‘Structures Monitoring Program Engineer’ to avoid confusion
with industry guidance.”
The staff concurs that this enhancement is consistent with the GALL report.
3.0.3.2.16.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.36, the applicant states that plant-specific
performance results of the structures monitoring program were reviewed. The program has
been shown to be effective in managing aging effects of structural features and components.
Examples of the plant-specific operating experience issues are documented in the staff’s BFN
audit and review report and were determined to be insignificant with respect to maintaining
structural adequacy. Defects were identified as PERs and dispositioned in accordance with the
Maintenance Rule program by methods such as repair, cause determination, cause mitigation,
or monitoring to ensure the continued availability of the function.
In addition to the operating experience discussed in the BFN AMP, the aging management
program evaluation stated that a baseline inspection for the BFN structures monitoring program
was established in 1997 and is documented in Calculation CD-Q0303-970086. Defect
evaluations performed since the baseline inspection and inspection results from the 2002
structures monitoring program are documented in calculation CDQ0-303-2003-0260. Observed
aging effects for structures in the scope of license renewal were evaluated not to significantly
challenge the ability of structures to meet design requirements or perform their intended
function.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
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3.0.3.2.16.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the structures monitoring program in the BFN
LRA, Appendix A, Section A.1.33. The applicant states in Appendix A that the structures
monitoring program includes periodic inspection and monitoring of the condition of accessible
areas of structures. The structures monitoring program implements the requirements of
10 CFR 50.65, Maintenance Rule, and incorporates the guidance of Nuclear Regulatory
Commission Regulatory Guide 1.160, and NUMARC 93-01. The structures monitoring program
provides inspection guidelines and walkdown checklists for concrete features, roofs, structural
steel, masonry walls, seismic gaps, tanks, earthen structures, buried piping, and miscellaneous
components, such as doors. The structures monitoring program will be revised, prior to
entering the period of extended operation, to: identify all structures and structural components
within the scope of license renewal; identify all applicable aging effects and mechanisms to be
inspected; include examinations to representative samples of below-grade concrete when
excavated for any reason; and, clarify inspector qualification requirements to align with industry
standard.
The staff noted that the enhancements described in the basis document (Aging Management
Program Evaluation), previously discussed above, are not completely identified in the UFSAR
Supplement. This is documented in RAI 7.1.25-1. This RAI remains open.
The staff reviewed the UFSAR supplement and confirmed that it provides an adequate
summary description of the program, as identified in the SRP-LR UFSAR supplement table and
as required by 10 CFR 54.21(d), except for RAI 7.1.25-1.
3.0.3.2.16.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.2.1.36 and compared the program
elements contained in the BFN AMP B.2.1.36 basis document to those listed for GALL
AMP XI.S6 for consistency. On the basis of its audit of the applicant’s program, the staff finds
that those portions of the program for which the applicant claims consistency with the program
in the GALL report are consistent with the GALL report, except as noted above and
documented in RAI 7.1.25-1. Since the program in the GALL report is acceptable to the staff,
the staff concludes that the applicant has demonstrated that the effects of aging will be
adequately managed, pending resolution of RAI 7.1.25-1, so that the intended functions will be
maintained consistent with the CLB during the period of extended operation, as required by
10 CFR 5410 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that,
pending resolution of RAI 7.1.25-1, it provides an adequate summary description of the
program, as required by 10 CFR 54.21(d).
3.0.3.2.17

Inspection of Water-Control Structures Program (AMP B.2.1.37)

In the BFN LRA, Appendix B, Section B.2.1.37, the applicant states that BFN AMP B.2.1.37,
“Inspection of Water-Control Structures Program,” with enhancement, will be consistent with
GALL AMP XI.S7, “RG 1.127, Inspection of Water-Control Structures Associated with Nuclear
Power Plants.” The enhancements are scheduled to be completed prior to entering the period
of extended operation.
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3.0.3.2.17.1

Summary of Technical Information in the Application.

In the BFN LRA, Appendix B, Section B.2.1.37, the applicant states that the inspection of
water-control structures program manages age-related deterioration, degradation due to
extreme environmental conditions, and the effects of natural phenomena that may affect watercontrol structures. BFN is not committed to RG 1.127, “Inspection of Water-Control Structures
Associated with Nuclear Power Plants,” but has a program in place that is consistent with the
elements of RG 1.127, as evaluated in the GALL report. The program is included in the
structures monitoring program (B.2.1.36) that implements the structures monitoring
requirements of 10 CFR 50.65 “Maintenance Rule”. The inspection of water-control structures
program includes in-service inspection and surveillance activities for dams, slopes, canals, and
other water-control structures.
3.0.3.2.17.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.2.1.37 is an existing program that
requires enhancement to be consistent with other elements of GALL AMP XI.S7.
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BNF LRA AMP, associated bases documents, and the implementing documents, and compared
them to those listed for AMP XI.S7 in the GALL report for consistency. The staff did not request
any clarifications or additional information from the applicant for this AMP.
Enhancement 1
The staff evaluation of the affected GALL element (Scope of Program) for the acceptability of
the first enhancement is as follows:
Although the BFN LRA indicates that this enhancement affects GALL Element 3 - Parameters
Monitored or Inspected, the staff noted that the description of the enhancement in the BFN LRA
more appropriately pertains to GALL Element 1 - Scope of Program. Therefore, the staff
evaluated this enhancement against the GALL Scope of Program element.
[Scope of Program] RG 1.127 applies to water-control structures associated with emergency
cooling water systems or flood protection of nuclear power plants. The water-control structures
included in the RG 1.127 program are concrete structures; embankment structures; spillway
structures and outlet works; reservoirs; cooling water channels and canals, and intake and
discharge structures; and safety and performance instrumentation.
The applicant will enhance program documents to ensure that required structures and structural
components within the scope of license renewal are identified.
The applicant’s AMP basis document (Aging Management Program Evaluation) states that the
scope of BFN AMP B.2.1.37 includes the following list of structures identified in 0-TI-346,
Attachment 38:
• Intake Pumping Station
• Gate Structure No. 3
• Intake Channel
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• North Bank of Cool Water Channel East of Gate Structure Number 2
• South Dike of Cool Water Channel Between Gate Structure Number 2 and 3 (Only that
portion of the South dike over the RHRSW discharge piping.)
Procedures 0-TI-346 and LCEI-CI-C9 will be enhanced to identify all structures and structural
components within the scope of license renewal. Component enhancements will expand the
walkdown checklist of structural steel components to include items such as anchors, bolts,
fasteners, and other miscellaneous steel and non-ferrous materials. Component
enhancements will also require expanding the checklist for seismic gaps to include seals and
caulking that are used to prevent flooding. Component enhancements will be based on the list
of structural components within the scope of license renewal in the AMR.
0-TI-246 augments LCEI-CI-C9 in that it provides the inspection requirements for water holding
or transporting earthen structures. The scope of 0-TI-246 is identified in Appendix A and
includes the intake channel, north bank of cool water channel east of Gate Structure number 2,
and south dike of cool water channel between Gate Structure number 2 and 3. Appendix A of 0TI-246 will be enhanced to indicate that the intake channel, north bank of cool water channel
east of Gate Structure number 2, and south dike of cool water channel between Gate Structure
number 2 and 3 (only that portion of the south dike over the RHRSW discharge piping) are
within the scope of license renewal and require aging management. The staff concurs that this
enhancement is consistent with GALL.
[Parameters Monitored or Inspected] RG 1.127 identifies the parameters to be monitored and
inspected for water-control structures. The parameters vary depending on the particular
structure. Parameters to be monitored and inspected for concrete structures include cracking,
movements (e.g., settlement, heaving, deflection), conditions at junctions with abutments and
embankments, erosion, cavitation, seepage, and leakage. Parameters to be monitored and
inspected for earthen embankment structures include settlement, depressions, sink holes,
slope stability (e.g., irregularities in alignment and variances from originally constructed slopes),
seepage, proper functioning of drainage systems, and degradation of slope protection features.
Further details of parameters to be monitored and inspected for these and other water-control
structures are specified in Section C.2 of RG 1.127.
The applicant’s AMP basis document states that 0-TI-346 and LCE-CI-C9 provide for
monitoring of concrete structures, structural steel, non-ferrous components, and earthen
structures. 0-TI-246 augments LCEI-CI-C9 and provides the inspection requirements for water
holding or transporting earthen structures such as ponds, channels and associated dikes. 0-TI346 and LCEI-CI-C9 will be enhanced to identify aging effects and associated aging
mechanisms to be inspected, consistent with GALL Chapter III for Group 6 structures, Section 4
of ACI 349-3R-96, and the EPRI Structural Tools document. The aging effects identified in the
0-TI-346 and LCEI-CI-C9 enhancements are included as enhancements to the Structures
Monitoring Program (BFN AMP B.2.1.36). The staff concurs that these enhancements are
consistent with GALL.
Enhancement 2
The staff evaluation of the affected GALL element (Scope of Program) for the acceptability of
the second enhancement is as follows:
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[Detection of Aging Effects] Visual inspections are primarily used to detect degradation of
water-control structures. In some cases, instruments have been installed to measure the
behavior of water-control structures. RG 1.127 indicates that the available records and readings
of installed instruments are to be reviewed to detect any unusual performance or distress that
may be indicative of degradation. RG 1.127 describes periodic inspections, to be performed at
least once every five years. Similar intervals of five years are specified in ACI 349.3R for
inspection of structures continually exposed to fluids or retaining fluids. Such intervals have
been shown to be adequate to detect degradation of water-control structures before they have
a significant effect on plant safety. RG 1.127 also describes special inspections immediately
following the occurrence of significant natural phenomena, such as large floods, earthquakes,
hurricanes, tornadoes, and intense local rainfalls.
The applicant program will enhance the documents to include special inspections following the
occurrence of large floods, earthquakes, tornadoes, and intense rainfall.
The applicant’s AMP basis document states that Section 7.2 of 0-TI-246 specifies a special
inspection of water holding or transporting earthen structures within 30 days following extreme
environment or natural phenomena. LCEI-CI-C9 will be enhanced to include a special
inspection for the Intake Pumping Station and Gate Structure No. 3, following the occurrence of
large floods, earthquakes, tornadoes, and intense rainfall. The staff concurs that this
enhancement is consistent with GALL.
3.0.3.2.17.3

Operating Experience

In the BFN LRA, Appendix B, Section B.2.1.37, the applicant states that plant-specific
performance results of the inspection of water-control structures program, as implemented by
the structures monitoring program to meet the requirements of 10 CFR 50.65, were reviewed.
The program has been shown to be effective in managing aging effects of structural features
and components. The applicant identified two examples of plant-specific operating experience.
•
•

Intake Pumping Station: Very minor concrete surface cracks and platform grating
clipped.
Gate Structure No. 3: Very minor concrete surface cracks and spalling

Neither was considered significant enough to affect the function of a structure.
In addition to the operating experience discussed in the BFN LRA, the aging management
program evaluation stated that a review of the BFN operating experience for water-control
structures within the scope of license renewal did not identify any PERs (SPP-3.1 Corrective
Action Program) related to RG 1.127, ‘Inspection of Water-Control Structures Associated with
Nuclear Power Plants.” A baseline inspection for the BFN structures monitoring program was
established in 1997 and is documented in Calculation CD-Q0303-970086. Defect evaluations
performed since the baseline inspection and inspection results from the 2002 Structures
monitoring program are documented in calculation CDQ0-303-2003-0260. The structures
monitoring program inspections noted the above aging effects and associated defect
evaluations for water-control structures in the scope of license renewal. Observed aging effects
for water-control structures in the scope of license renewal were evaluated not to significantly
challenge the ability of water-control structures to meet design requirements or perform its
intended function.
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During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
3.0.3.2.17.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the inspection of water-control structures
program in the BFN LRA, Appendix A, Section A.1.34. The applicant states in Appendix A that
the inspection of water-control structures program manages age related deterioration,
degradation due to extreme environmental conditions, and the effects of natural phenomena
that may affect water-control structures. The program is included in the structures monitoring
program that implements the structures monitoring requirements of 10 CFR 50.65. The
program includes inservice inspection and surveillance activities for dams, slopes, canals, and
other water-control structures. Enhancements to the inspection of water-control structures
program will be implemented prior to the period of extended operation and include program
document revisions that will be credited for license renewal and include the following:
•
•

Ensure that required structures and structural components within the scope of license
renewal are identified.
Include special inspections following the occurrence of large floods, earthquakes,
tornados, and intense rainfall.

The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table, and as
required by 10 CFR 54.21(d).
3.0.3.2.17.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.2.1.37 and compared the program
elements contained in the BFN AMP B.2.1.37 basis document to those listed for GALL AMP
XI.S7 for consistency. On the basis of its audit of the applicant’s program, the staff finds that
those portions of the program for which the applicant claims consistency with the program in
the GALL report are consistent with the GALL report. In addition, on the basis of its review of
the enhancements to the applicant’s program, the staff finds that the applicant’s program
provides for adequate management of the aging effects for which the program is credited so
that the intended functions will be maintained consistent with the CLB during the period of
extended operation, as required by 10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.18

Environmental Qualification Program (AMP B.3.1)
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In the BFN LRA, Appendix B, Section B.3.1, the applicant states that BFN AMP B.3.1,
“Environmental Qualification Program,” is consistent with GALL AMP X.E1, “Environmental
Qualification (EQ) of Electric Components,” with one enhancement.
Section 4.4 of the BFN LRA affirms the applicant’s compliance with generic safety issue (GSI)168, “Environmental Qualification of Low-Voltage Instrumentation and Control Cables,” and
follow-up NRC Regulatory Issue Summary 2003-9, “Environmental Qualification of Low Voltage
Instrumentation and Control Cables,” May 2, 2003, which the GALL report cites as a currently
open generic issue with ongoing research.
3.0.3.2.18.1

Summary of Technical Information in the Application.

The NRC established nuclear station EQ requirements in 10 CFR 50.49. The requirements are
that each licensed facility establish an EQ program to demonstrate that electrical components
located in harsh plant environments are qualified to perform their safety function in those harsh
environments while withstanding the effects of inservice aging. The effects of significant aging
mechanisms must be addressed as part of EQ.
In the BFN LRA, Appendix B, Section B.3.1, the applicant states that the BFN EQ program
manages component thermal, radiation, and cyclical aging effects through the use of aging
evaluations based on 10 CFR 50.49(f) qualification methods. As required by 10 CFR 50.49, EQ
components not qualified for the current license term are to be refurbished, replaced, or have
their qualification extended prior to reaching the aging limits established in the evaluation.
Aging evaluations for EQ components are considered time-limited aging analyses (TLAA) for
license renewal. The staff’s evaluation is included in Section 4 of this SER.
3.0.3.2.18.2

Consistency with the GALL Report

In the BFN LRA, Appendix B, Section B.3.1, the applicant states that BFN AMP B.3.1 is
consistent with GALL AMP X.E1. The staff reviewed the program elements (see Section
3.0.2.1 of this SER) contained in the BFN AMP and associated bases documents, and
compared them to those listed for GALL AMP X.E1 for consistency. The staff identified three
differences in the EQ component re-analysis attributes, as discussed below.
In the BFN AMP basis document, the applicant states that the analytical models used in the reanalysis of an aging evaluation will, in most cases, be the same as those applied during the
initial qualification. However, the description of GALL AMP X.E1 states that the analytical
models used in the re-analysis of an aging evaluation should be the same as those previously
applied during the prior evaluation. The staff asked under what circumstances will the
analytical models used in the re-analysis of an aging evaluation not be the same as those
applied during the initial qualification.
The applicant stated, as documented in the staff’s BFN audit and review report, that BFN will
use the same analytical methods as used in the original EQ evaluations. If a different method
is used, the basis for using the method will be documented in the EQ package. The staff finds
this acceptable.
The staff noted that the BFN LRA does not address the recommendation in GALL AMP X.E1
that a representative number of temperature measurements be conservatively evaluated to
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establish the temperatures used in an aging evaluation.
The applicant, as documented in the staff’s BFN audit and review report, stated that BFN
currently has no plans to monitor temperatures to extend the qualified life of EQ components. If
the need arises, a representative number of temperature measurements will be used to
establish the temperature used in the aging analysis. The collection methodology and the data
collected will be documented as part of the EQ package. The staff finds this acceptable.
The staff also noted that the BFN LRA does not address the recommendation in GALL AMP
X.E1 that any changes to material activation energy values as part of a re-analysis are to be
justified on a plant-specific basis.
The applicant stated, as documented in the staff’s BFN audit and review report, that BFN
currently has no plans to change activation energies as part of the evaluation to extend the life
of EQ components. If during the evaluation process an activation energy is changed, the basis
for changing the value will be documented in the EQ package. The staff finds this acceptable.
Enhancement
In the BFN LRA, Appendix B, Section B.3.1, the applicant identifies one enhancement to make
this AMP consistent with AMP XI.E1 in the GALL report. The environmental qualification
program will be implemented on Unit 1. The enhancement is scheduled for completion prior to
Unit 1 re-start from its current extended outage. The staff finds this enhancement acceptable
since it will make the applicant’s program consistent for all three units.
3.0.3.2.18.3

Operating Experience

In the BFN LRA, Appendix B, Section B.3.1, the applicant states that operating experience is a
vital consideration in maintaining the current environmental qualification program and in
modifying qualification bases and conclusions, including qualified life. The engineering,
technical, and programmatic requirements and processes followed in establishing and
maintaining the environmental qualification program include a review of licensing, industry, and
other generic documentation for environmental qualification applications and involvement in
various utility groups.
Further, industry operating experience was incorporated into the license renewal process
through a review of industry documents to identify aging effects and mechanisms that could
challenge the intended function of systems, structures and components within the scope of
license renewal. A review of plant-specific operating experience was also performed to identify
plant-specific aging effects and none were found.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
The staff finds that the applicant has adequately considered operating experience, consistent
with the guidance in the GALL report.
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3.0.3.2.18.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the EQ program in the BFN LRA,
Appendix A, Section A.1.35. The applicant states in Appendix A that the EQ program manages
component thermal, radiation, and cyclical aging of electrical equipment important to safety, as
required by 10 CFR 50.49. The EQ program manages aging effects through the use of aging
evaluations based on 10 CFR 50.49(f) qualification methods. As required by 10 CFR 50.49, EQ
components not qualified for the license term are to be refurbished, replaced, or have their
qualification extended prior to reaching aging limits.
The UFSAR supplement states that this program will be implemented for Unit 1 prior to the
period of extended operation. The staff finds this clarification acceptable.
The staff reviewed the UFSAR supplement and confirms that it provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d).
3.0.3.2.18.5

Conclusion

The staff reviewed BFN LRA, Appendix B, Section B.3.1 and compared the program elements
contained in the BFN AMP B.3.1 bases documents to those listed for GALL AMP X.E1 for
consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report. In addition, on the basis of its review of the
enhancement to the applicant’s program, the staff finds that the applicant has demonstrated
that the effects of aging will be adequately managed so that the intended functions will be
maintained consistent with the CLB during the period of extended operation, as required by
10 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that it
provides an adequate summary description of the program, as required by 10 CFR 54.21(d).
3.0.3.2.19

Fatigue Monitoring Program (AMP B.3.2)

In the BFN LRA, Appendix B, Section B.3.2, the applicant states that BFN AMP B.3.2, “Fatigue
Monitoring Program,” is an existing program that will be enhanced prior to the period of
extended operation. The applicant states that, with enhancement, the BFN AMP will be
consistent with GALL AMP X.M1, “Metal Fatigue of Reactor Coolant Pressure Boundary.”.
3.0.3.2.19.1

Summary of Technical Information in the Application

In the BFN LRA, the applicant states that BFN AMP B.3.2 is used for management of metal
fatigue of select components in the reactor coolant pressure boundary and primary
containment. The fatigue monitoring program provides for monitoring fatigue stress cycles to
ensure that the design fatigue usage factor limit is not exceeded.
3.0.3.2.19.2

Consistency with the GALL Report

In the BFN LRA, the applicant states that BFN AMP B.3.2 will be consistent with GALL
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AMP X.M1, “Metal Fatigue of Reactor Coolant Pressure Boundary.”
The staff reviewed the program elements (see Section 3.0.2.1 of this SER) contained in the
BFN AMP basis document and compared them to those listed for AMP X.M1 in the GALL report
for consistency. The staff concluded that the elements of BFN AMP B.3.2 are consistent with
the elements of the AMP in the GALL report.
The staff questioned how the current (starting) fatigue usage factor (CUF) will be calculated for
locations to be added to the scope of the fatigue monitoring program, as identified under
program enhancements. This is needed as initial input to either a manual or automated
tracking system.
The applicant described two alternate fatigue monitoring approaches (SBF and CBF), each with
a different procedure, are used for calculating the starting CUF. The staff reviewed the two
procedures and concluded that the procedure to be utilized with CBF, based on plant records of
experienced transients, is reasonable and conservative, while the procedure to be utilized with
SBF, based on linear projection, is potentially unconservative. The staff asked the applicant to
provide its technical basis for concluding that the procedure to be utilized with SBF is
reasonable and conservative, especially in light of the industry operating experience cited by
the applicant (i.e., “concerns that early-life operating experience, at some units, had caused
CUF values to increase at a faster rate than anticipated in the original plant design“).
The applicant, as documented in the staff’s BFN audit and review report, stated that the same
procedure, based on plant records of experienced transients, will be used to calculate the
starting CUF for both the SBF and CBF fatigue monitoring approaches. The staff finds this
acceptable
The staff evaluation of the affected GALL element (Scope of Program) for the acceptability of
the enhancement is as follows:
Enhancement
In the BFN LRA, Appendix B, Section B.3.2, the applicant identifies an enhancement to make
this AMP consistent with AMP X.M1 in the GALL report.
[Scope of Program] The program includes preventive measures to mitigate fatigue cracking of
metal components of the reactor coolant pressure boundary caused by anticipated cyclic strains
in the material.
The applicant will, prior to the period of extended operation, enhance Fatigue Monitoring
Program to use the EPRI-licensed FatiguePro® cycle counting and fatigue usage tracking
computer program. This program calculates stress cycles and resulting Cumulative Usage
Factor (CUF) values from operating cycles. These calculations will be automated and
performed periodically based on information downloads from the plant’s instrumentation
computers. The enhancements will include expansion of the program coverage to include:
select Reactor Vessel locations as specified in LRA Table 4.3.1.1; the locations identified by
NUREG/CR-6260 for environmental fatigue evaluation, as discussed in LRA Section 4.3.4 and
in accordance with NUREG 1801 Section X.M1; and. monitoring the fatigue of the suppression
chamber and suppression chamber vents, including the vent headers and downcomers, as
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specified in LRA Section 4.6.1.
The staff finds that the enhanced program will be consistent with GALL AMP X.M1.
3.0.3.2.19.3

Operating Experience

In the LRA, the applicant states that since the original licensing of BFN, the industry has
sponsored the development of the EPRI-licensed FatiguePro® computer program. This action
was taken in response to NRC concerns that early-life operating experience, at some units, had
caused CUF values to increase at a faster rate than anticipated in the original plant design.
This program provides for the incorporation of operating experience, and is designed to ensure
that the CUF values do not exceed acceptable limits in the remainder of a unit’s operating life.
The staff finds there is reasonable assurance that BFN AMP B.3.2 will be effective in monitoring
fatigue usage factors at critical locations, on the basis that the program is consistent with AMP
X.M1 in the GALL report.
During the on-site audit, the staff noted that the applicant incorporates internal and external
plant operating experience issues into the plant corrective action program on a continuing
basis. The staff concluded there is reasonable assurance that operating experience will
continue to be reviewed in the future to ensure that the effects of aging will be adequately
managed.
3.0.3.2.19.4

UFSAR Supplement

The applicant provides its UFSAR supplement for the fatigue monitoring program in BFN LRA,
Appendix A, Section A.1.36. The applicant states in Appendix A of the LRA that the fatigue
monitoring program is used for management of metal fatigue of select components in the
reactor coolant pressure boundary and primary containment. It provides for monitoring fatigue
stress cycles to ensure that the design fatigue usage factor limit is not exceeded. This program
will be enhanced to use EPRI Licensed FatiguePro© Cycle Counting and Fatigue Usage
Tracking Computer Program prior to the period of extended operation.
The staff noted that the UFSAR Supplement does not identify the enhancements to expand the
program coverage, as described in the BFN LRA, Appendix B, Section B.3.2. The staff asked
the applicant to document these enhancements as commitments in the UFSAR Supplement.
This is documented in RAI 7.1.28-1. This RAI remains open.
The staff could confirmed that the UFSAR supplement provides an adequate summary
description of the program, as identified in the SRP-LR UFSAR supplement table and as
required by 10 CFR 54.21(d), except for open item RAI 7.1.28-1.
3.0.3.2.19.5

Conclusions

The staff reviewed BFN LRA, Appendix B, Section B.3.2 and compared the program elements
contained in the BFN AMP B.3.2 bases documents to those listed for GALL AMP X.M1 for
consistency. On the basis of its audit of the applicant’s program, the staff finds that those
portions of the program for which the applicant claims consistency with the program in the
GALL report are consistent with the GALL report, except as noted above and documented in
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RAI 7.1.28-1. Since the GALL program is acceptable to the staff, the staff concludes that the
applicant has demonstrated that the effects of aging will be adequately managed, pending
resolution of RAI 7.1.28-1, so that the intended functions will be maintained consistent with the
CLB during the period of extended operation, as required by 10 CFR 5410 CFR 54.21(a)(3).
On the basis of its review of the UFSAR supplement for this AMP, the staff also finds that,
pending resolution of RAI 7.1.28-1, it provides an adequate summary description of the
program, as required by 10 CFR 54.21(d).
3.0.3.2.20

Chemistry Control Program (AMP B.2.1.5)

NRR/DE Input
3.0.3.2.21

Bolting Integrity Program (AMP B.2.1.16)

NRR/DE Input
3.0.3.2.22

Fire Protection Program (AMP B.2.1.23)

NRR/DE Input
3.0.3.2.23

Fire Water System Program (AMP B.2.1.24)

NRR/DE Input
3.0.3.2.24

Reactor Vessel Surveillance Program (B.2.1.28)

NRR/DE Input
3.0.3.2.25

ASME Section XI Subsection IWE Program (AMP B.2.1.32)

NRR/DE Input
3.0.3.2.26

ASME Section XI Subsection IWF Program (AMPB.2.1.33)

NRR/DE Input
3.0.3.3

AMPs That Are Plant-Specific

In Appendix B of the LRA, the applicant indicated that the following three AMPs are plantspecific:
•
•
•

Systems Monitoring Program (AMP B.2.1.39)
Bus Inspection Program (AMP B.2.1.40)
Diesel Starting Air Program (AMP B.2.1.41)

For AMPs that are not consistent with or not addressed by the GALL report, the staff performed
a complete review of the AMPs to determine if they are adequate to monitor or manage aging.
The staff’s reviews of these plant-specific AMPs are documented in Sections 3.0.3.3.1 to
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3.0.3.3.3 below.
3.0.3.3.1

Systems Monitoring Program (AMP B.2.1.39)

NRR/DE Input
3.0.3.3.2

Bus Inspection Program (AMP B.2.1.40)

NRR/DE Input
3.0.3.3.3

Diesel Starting Air Program (B.2.1.41)

NRR/DE Input
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3.1

AGING MANAGEMENT OF REACTOR VESSEL, INTERNALS, AND REACTOR
COOLANT SYSTEM

In BFN LRA Section 3.1, the applicant provided the results of its AMRs for the reactor vessel,
the reactor vessel internals, and the reactor coolant system (RCS).
In BFN LRA Tables 3.1.2.1 through 3.1.2.4 (Table 2's), the applicant provided a summary of the
AMRs for component types associated with the: (1) reactor vessel; (2) reactor vessel internals;
(3) reactor vessel vents and drains system; and (4) reactor recirculation system. The summary
information for each component type included intended function; material; environment; aging
effect requiring management; AMPs; the GALL report Volume 2 item; cross reference to BFN
LRA Table 3.1.1 (Table 1); and a generic or plant-specific note related to consistency with the
GALL report.
In BFN LRA Table 3.1.1, the applicant identified: (1) those component groups for which the
BFN AMR is consistent with GALL and no further evaluation is required; (2) those component
groups for which the BFN AMR is consistent with GALL and GALL recommends further
evaluation; and (3) those component groups that are not applicable to BFN, and the technical
basis for their exclusion.
In BFN LRA Tables 3.1.2.1 through 3.1.2.4, the applicant identified the AMR results it
considered to be consistent with the GALL report (Notes A through D; Note E not used), and
the AMR results which relied on a different technical basis (Notes F through J).
The AMRs that are within the scope of the NRC staff audit are identified in copies of BFN LRA
Tables 3.1.2.1 through 3.1.2.4 (work-split tables), in Appendix D of the BFN audit plan. The
NRC staff conducted its audit in accordance with SRP-LR Section 3.1 and the BFN audit plan.
3.1.1

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which No Further Evaluation Is Required

For aging management evaluations that the applicant states are consistent with the GALL
report and for which further evaluation is not recommended, the NRC staff conducted its audit
of the BFN LRA to determine if the applicant’s reference to the GALL report is acceptable.
The NRC staff reviewed the BFN LRA to confirm that the applicant: (1) provides a brief
description of the system, components, materials, and environment; (2) states that the
applicable aging effects have been reviewed and are evaluated in the GALL report; and
(3) identifies those aging effects for the reactor vessel, internals, and RCS system components
that are subject to an AMR.
A review of the Table 2's identified the following issues:
The NRC staff identified that BFN LRA Table 3.1.2.2, row 1, presents the AMR for the reactor
vessel internals core shroud and core plate. The corresponding GALL item IV.B1.1-d indicates
that the access hole cover (AHC) welds would require an augmented inspection (UT or other
demonstrated acceptable inspection) to manage crack initiation due to SCC in the crevice
regions of the access hole covers which are not amenable to visual inspections. This issue has
been addressed in GE SIL 462 (1988) after circumferential SCC was found in a creviced AHC
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fabricated from nickel alloy 600. BFN Technical Justification Number TJ-2004-02, dated 3-022004, provides justification for variance from GE SIL 462, Revision 1, that provides guidance on
inspection of core shroud AHCs. BFN has implemented the GE SIL requirements for Units 2
and 3, and it will be applicable to all three units upon re-start of Unit 1. To bring the state of Unit
1 AHCs to those for Units 2 and 3, the applicant stated that Unit 1 hole covers will be replaced
before re-start in accordance with 0-TI-365, RPV internals inspection (RPVII) Unit 1, 2 and 3,
dated 7/2/2004. The NRC staff finds this acceptable.
The NRC staff identified that BFN LRA Table 3.1.2.2, row number 20, is not consistent with the
GALL item IVB1.4-d, and asked the applicant for an explanation. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
the GALL item should have been IVB1.6-a instead of IVB1.4-d and the table will be corrected.
The NRC staff finds this acceptable because it is consistent with GALL.
BFN LRA Table 3.1.2.3, row number 51, presents the AMR for the stainless steel valves in
treated water internal environment for the reactor vessel vents and drains systems. The NRC
staff identified a difference in crediting AMPs for this commodity group. The table includes
chemistry control, BWR stress corrosion cracking and one-time inspection AMPs to manage
crack initiation and growth due to SCC, and cross-references BFN LRA Table 3.1.1, item
3.1.1.29. However, BFN LRA Table 3.1.1, item 3.1.1.29, does not specify one-time inspection
program. The NRC staff asked the applicant to explain this difference. By letter dated October
8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating
that the one-time inspection program will be removed from BFN LRA Table 3.1.2.3, row number
51. The NRC staff finds this acceptable because it is consistent with GALL.
BFN LRA Table 3.1.2.4, row number 48, presents the AMR for the stainless steel fittings,
including flow restrictors, in treated water internal environment for the reactor recirculation
system. The NRC staff identified a difference in crediting AMPs for this commodity group. The
table does not identify the chemistry control program to manage crack initiation and growth due
to SCC. However, the referenced GALL item IV.C1.1-I identifies the chemistry control program.
The NRC staff asked the applicant to explain this difference. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that the
chemistry control program will be added to BFN LRA Table 3.1.2.4, row number 48. The NRC
staff finds this acceptable because it is consistent with GALL.
On the basis of its audit, the NRC staff determined that for AMRs not requiring further
evaluation, as identified in the BFN LRA Table 3.1.1 (Table 1), the applicant’s references to the
GALL report are acceptable and no further NRC staff review is required.
3.1.2

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which Further Evaluation Is Recommended

For some line items in BFN LRA Tables 3.1.2.1 through 3.1.2.4 that are identified to be
consistent with the GALL report, the applicant has cross-referenced specific line items in BFN
LRA Tables 3.1.1 through 3.4.1, for which the GALL report recommends further evaluation.
Where the GALL report recommends further evaluation, the NRC staff reviewed the applicable
further evaluations provided in BFN LRA Sections 3.1.2.2, 3.2.2.2, 3.3.2.2, and 3.4.2.2 against
the criteria provided in SRP-LR Sections 3.1.2.2, 3.2.2.2, 3.3.2.2, and 3.4.2.2, respectively.
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The following subsections provide the NRC staff’s assessment of the applicant’s further
evaluations in BFN LRA Section 3.1.2.2 against the criteria provided in SRP-LR Section 3.1.2.2.
The NRC staff’s assessments of the applicant’s further evaluations in BFN LRA Sections
3.2.2.2, 3.3.2.2, and 3.4.2.2 are provided in SER Sections 3.2.2, 3.3.2,and 3.4.2, respectively.
Where credited, these assessments also considered applicability to aging management of the
reactor vessel, internals, and reactor coolant system.
3.1.2.1

Cumulative Fatigue Damage (BFN LRA Section 3.1.2.2.1)

Consistent with the SRP-LR, the applicant references BFN LRA Section 4.3. Cumulative fatigue
damage is a TLAA, and is evaluated in Section 4 of this SER.
3.1.2.2

Loss of Material Due to General (SRP-LR lists Pitting and Crevice) Corrosion
(BFN LRA Section 3.1.2.2.2)

The SRP-LR identifies that the only BWR component covered by this further evaluation is the
isolation condenser. This is not applicable to BFN because BFN does not have an isolation
condenser.
3.1.2.3

Loss of Fracture Toughness Due to Neutron Irradiation Embrittlement (BFN LRA
Section 3.1.2.2.3)

Consistent with the SRP-LR, the applicant references BFN LRA Section 4.2. This is a TLAA,
and is evaluated in Section 4 of this SER.
Also consistent with the SRP-LR, the applicant references the BFN reactor vessel surveillance
program, described in BFN LRA Section B.2.1.28. This AMP is reviewed and evaluated in
Section <x.y> of this SER.
3.1.2.4

Crack Initiation and Growth Due to Thermal and Mechanical Loading or Stress
Corrosion Cracking (BFN LRA Section 3.1.2.2.4)

BFN LRA Table 3.1.2.3 (rows 16, 20, 31, and 38) and Table 3.1.2.4 (rows 41, 50, 90, and 111)
present the AMRs for small bore piping and fittings (including flow restrictors) less than NPS 4inch, in treated water environment, for the reactor vessel vents and drains system and the RCS.
In addition, BFN LRA Table 3.2.2.3 through Table 3.2.2.5 present the AMRs for small bore
piping and fittings (including flow restrictors) less than 4-inch NPS, in a treated water
environment, for the engineered safety features (ESF) high pressure core injection, residual
heat removal, and core spray systems, which have aging effects requiring management that
are addressed in this subsection. Since these components are referenced back to BFN LRA
Table 3.1.1 for the RCS for evaluation they are addressed in this subsection.
These AMRs reference LRA Table 3.1.1, item 3.1.1.7, which references LRA Section 3.1.2.2.4
for the further evaluation. The NRC staff reviewed LRA Section 3.1.2.2.4 against the criteria in
SRP-LR Section 3.1.2.2.4.
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In the BFN LRA Section 3.1.2.2.4, the applicant addresses the potential for crack initiation and
growth due to thermal and mechanical loading or SCC (including intergranular stress corrosion
cracking) that could occur in small-bore RCS and connected system piping less than
4-inch nominal pipe size (NPS 4).
SRP-LR Section 3.1.2.2.4 applicable to BFN Units (BWRs) states the following:
1. Crack initiation and growth due to thermal and mechanical loading or SCC (including
intergranular stress corrosion cracking [IGSCC]) could occur in small-bore reactor coolant
system and connected system piping less than NPS 4. The existing program relies on ASME
Section XI ISI and on control of water chemistry to mitigate SCC. The GALL report
recommends that a plant-specific destructive examination or a nondestructive examination
(NDE) that permits inspection of the inside surfaces of the piping be conducted to ensure that
cracking has not occurred and the component intended function will be maintained during the
extended period. The AMPs should be augmented by verifying that service-induced weld
cracking is not occurring in the small-bore piping less than NPS 4, including pipe, fittings, and
branch connections. A one-time inspection of a sample of locations is an acceptable method
to ensure that the aging effect is not occurring and the component’s intended function will be
maintained during the period of extended operation.
2. Crack initiation and growth due to thermal and mechanical loading or SCC (including
IGSCC) could occur in BWR reactor vessel flange leak detection line and BWR jet pump
sensing line. The GALL report recommends that a plant-specific aging management program
be evaluated to mitigate or detect crack initiation and growth due to SCC of vessel flange leak
detection line. Acceptance criteria are described in Branch Technical Position RLSB-1
(Appendix A.1 of this standard review plan).
A plant-specific destructive examination or a nondestructive examination (NDE) that permits
inspection of the inside surfaces of the piping be conducted to ensure that cracking has not
occurred and the component intended function will be maintained during the extended period.
The applicant should verify that service-induced weld cracking is not occurring in small-bore
piping less than NPS 4. A one-time inspection of a sample of locations is an acceptable method
to ensure that the aging effect is not occurring and the component’s intended function will be
maintained during the period of extended operation. Per ASME Section XI, 1995 Edition,
Examination Category B-J or B-F, small bore piping, defined as piping less than NPS 4, does
not receive volumetric inspection.
The BFN-proposed one-time inspection program includes volumetric examination of a sample
of susceptible locations in small bore piping and pipe fittings. During the audit, the NRC staff
asked the applicant to explain the selection criteria for these sample locations. In response, the
applicant stated:
The one-time inspections utilized to verify the effectiveness of the Chemistry Control Program
for preventing loss of material will select the susceptible locations based on plant operating
experience, with an emphasis on locations that potentially have low or stagnant flow
conditions.
The NRC staff expanded the question in a subsequent teleconference with the applicant. In
response, the applicant stated:
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The BFN One-Time Inspection Program includes a sample inspection of Reactor Coolant
Pressure Boundary piping less than four inch NPS exposed to reactor coolant for cracking.
The Browns Ferry One-Time Inspection Program provides the following description of how
cracking will be detected.
“The inspection includes a representative sample of the system population, and, where
practical, focuses on the bounding or lead components most susceptible to aging due to time
in service, severity of operating conditions, and lowest design margin. For small-bore piping,
actual inspection locations are based on physical accessibility, exposure levels, NDE
techniques, and locations identified in Nuclear Regulatory Commission (NRC) Information
Notice (IN) 97-46.
Combinations of NDE, including visual, ultrasonic, and surface techniques, are performed by
qualified personnel following procedures consistent with the ASME Code and 10 CFR 50,
Appendix B. For small-bore piping less than NPS 4 in., including pipe, fittings, and branch
connections, a plant-specific destructive examination of replaced piping due to plant
modifications or NDE that permits inspection of the inside surfaces of the piping is to be
conducted to ensure that cracking has not occurred. Follow-up of unacceptable inspection
findings includes expansion of the inspection sample size and locations.
The inspection and test techniques prescribed by the program verify any aging effects
because these techniques, used by qualified personnel, have been proven effective and
consistent with staff expectations. With respect to inspection timing, the one-time inspection
is to be completed before the end of the current operating license. The applicant may
schedule the inspection in such a way as to minimize the impact on plant operations.
However, the inspection is not to be scheduled too early in the current operating term, which
could raise questions regarding continued absence of aging effects prior to and near the
extended period of operation.”
In a follow-up response to the NRC staff’s question, the applicant stated:
NUREG 1800, Aging Management Program XI.M32, One-Time Inspection, Evaluation and
Technical Basis Section, Detection of Aging Effects, states:
Combinations of NDE, including visual, ultrasonic, and surface techniques, are performed by
qualified personnel following procedures consistent with the ASME Code and 10 CFR 50,
Appendix B. For small-bore piping less than NPS 4 in., including pipe, fittings, and branch
connections, a plant-specific destructive examination of replaced piping due to plant
modifications or NDE that permits inspection of the inside surfaces of the piping is to be
conducted to ensure that cracking has not occurred.
As noted from this paragraph, either destructive examination or NDE that is capable of
detecting inside surface cracking is required. Since there are UT-inspectable, full penetration
butt welds within scope of license renewal, BFN has chosen the second method for our
program and no destructive examination of socket welds will be performed. Once this
inspection methodology was selected, the possible sample population is full penetration butt
welds. BFN has no identified butt welds in ASME Class 1 piping 1-inch NPS and less.
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Therefore, 1-inch NPS and less piping will not be selected for small-bore piping NDE
examination. This sample population provides adequate indication of whether inside diameter
cracking is occurring in small-bore piping.
By letter dated October 8, 2004 (ML042870428), the applicant formally submitted its final
response to the NRC staff.
The NRC staff does not agree that socket-welded piping, 1-inch NPS and less, is adequately
represented by the applicant’s sample selection criteria for small bore piping included in the
scope of the one-time inspection AMP. Historically, piping 1-inch NPS and less is more
susceptible to failure. The geometry of and joining methods for socket welds make them more
susceptible to cracking than full penetration butt welds. The NRC staff cannot accept NDE of
full penetration butt welds in piping > 1-inch NPS as being representative of socket-welded
piping, 1-inch NPS and less. This issue is being addressed by RAI 3.1.2.4-7 and will be
dispositioned in Section 3 of this SER. [This is also RAI 7.2.1-1 which is closed out to RAI
3.1.2.4-7 in the audit report.]
In LRA Section 3.1.2.2.4.1, BFN has proposed the BWR stress corrosion cracking AMP instead
of the ASME Section XI ISI program. The NRC staff requested the applicant to provide reasons
for this proposed AMP. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that the Section 3.1.2.2.4.1 reference to
the BWR Stress Corrosion Cracking Program is incorrect and will be deleted. The NRC staff
finds this response acceptable.
The NRC staff also asked the applicant where GALL Volume 1, Table 1, Item 3.1.1.8, jet pump
sensing line and reactor vessel flange detection line, as stated in LRA Section 3.1.2.2.4.2, are
addressed in the AMR. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff. The applicant stated:
GALL Volume 1, Table 1, Item 3.1.1.8 states that the corresponding GALL Volume 2 line
items are IV.A1.1-d and IV.B1.4-d.
GALL Volume 2, Line IV.A1.1-d:
The Browns Ferry top head enclosure - vessel flange leak detection line is not consistent with
GALL Volume 2, Line IV.A1.1-d. The Browns Ferry components included in this line item are
carbon and low alloy steel, whereas GALL Volume 2, Line IV.A1.1-d refers to stainless steel.
The components included in this line item are the penetration through the carbon steel vessel
flange and a short segment of carbon steel piping and fittings external to the reactor vessel.
Therefore this line was not shown as corresponding to GALL Volume 1, Table 1, Item 3.1.1.8.
Currently, One-Time Inspection is listed as the aging management program for this line item.
The Browns Ferry reactor vessel flange leak detection line is ASME Class 2 Equivalent and
should have included the ASME Section XI Subsections IWB, IWC and IWD Inservice
Inspection Program as an aging management program. ASME Section XI Subsections IWB,
IWC and IWD Inservice Inspection Program will be added to this line item.
The remaining portion of the vessel flange leak detection line is stainless steel. This stainless
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steel piping is in the Feedwater System (003) at Browns Ferry. Aging of this piping is
addressed in Table 3.4.2.3 and corresponds to GALL, Volume 2, Item C1.1-i, piping and
fittings - small bore piping less than NPS 4.
GALL Volume 2, Line IV.B1.4-d:
The Browns Ferry jet pump assemblies - jet pump sensing line is not consistent with GALL
Volume 2, Line IV.B1.4-d. Section IV.B1 addresses BWR reactor vessel internals. The jet
pump sensing lines internal to the reactor vessel have been determined to not be within the
scope of license renewal for Browns Ferry. Therefore this line was not shown as
corresponding to GALL Volume 1, Table 1, Item 3.1.1.8.
The jet pump instrumentation penetration is stainless steel clad carbon steel and is included
with GALL Volume 2, Line IV.A1.5-a, Penetrations. External to the reactor vessel, the
stainless steel jet pump sensing lines are included in GALL, Volume 2, Item C1.1-i, piping and
fittings - small bore piping less than NPS 4.
In a follow-up response to the NRC staff’s question, the applicant provided the following ARM
table information:
Jet Pump
• Internal to RV – not in scope
• Penetration – Table 3.1.2.1, Items 63, 64, and 65
• External to RV – Table 3.4.2.3, Items 40 and 41
RV flange leak detection line
• Penetration – Table 3.1.2.1, Item 9
• External to RV – Table 3.1.2.4, Items 88, 89, and 90
The NRC staff finds the response acceptable on the basis that the applicant has adequately
described its AMR for the jet pump and RV flange leak detection line, and also identified an
appropriate correction to the AMR for the RV flange leak detection line.
The NRC staff asked the applicant a question related to proposed AMPs for cracking of small
bore piping due to cyclic loading. GALL Volume 1, Table 1, Item 3.1.1.7 identifies the chemistry
control program, the one-time inspection and the ASME ISI programs for managing this aging
effect. However, the applicant has not included the chemistry control program as one of the
proposed AMPs. By letter dated October 8, 2004 (ML042870428), the applicant submitted its
formal response to the NRC staff, stating:
GALL Volume 1, Table 1 specifies that consistency with GALL Volume 2, Line IV.C1.1-i
establishes consistency with GALL Volume 1, Table 1, Item 3.1.1.7. Previous to the Browns
Ferry LRA, all license renewal applications have been written at the aging effect level and did
not address aging mechanisms. The primary difficulty in determining GALL line item
consistency is that the aging management programs should be consistent with the aging
effects listed, not necessarily with the individual aging mechanisms listed. Therefore when
reviewing the aging mechanism “crack initiation/growth due to cyclic loading” instead of the
aging effect “crack initiation/growth,” some interpretation of the GALL line item was required.
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GALL Item IV.C1.1-i addresses specific concerns with small bore piping and fittings less than
NPS 4. The GALL line item provides a comprehensive listing of potential aging mechanisms
and aging management programs for the crack initiation and growth aging
effect. To
address that all materials and aging management programs are not applicable to each aging
mechanism, this GALL line item was interpreted follows for the various materials and aging
mechanisms.
Stainless steel/Treated water (Note 1)
Aging Effect
• Crack initiation and growth/ Stress corrosion cracking, inter-granular stress corrosion
cracking
Aging Management Programs
• ASME Section XI Subsections IWB, IWC and IWD Inservice Inspection Program (B.2.1.4)
• Chemistry Control Program (B.2.1.5)
• One-Time Inspection Program (B.2.1.29)
Stainless steel/Treated water (Note 2)
Aging Effect
• Crack initiation and growth/ Thermal and mechanical loading
Aging Management Programs
• ASME Section XI Subsections IWB, IWC and IWD Inservice Inspection Program (B.2.1.4)
• One-Time Inspection Program (B.2.1.29)
Carbon steel/Treated water (Note 3)
Aging Effect
• Crack initiation and growth/ Stress corrosion cracking, inter-granular stress corrosion
cracking
Aging Management Programs
• None
Carbon steel/Treated water (Note 4)
Aging Effect
• Crack initiation and growth/ Thermal and mechanical loading
Aging Management Programs
• ASME Section XI Subsections IWB, IWC and IWD Inservice Inspection Program (B.2.1.4)
• One-Time Inspection Program (B.2.1.29)
NOTES:
(1)
For crack initiation and growth due to stress corrosion cracking and intergranular stress corrosion cracking of stainless steel, the three aging
management programs included in GALL line item IV.C1.1-i are applicable and
are specified by the Browns Ferry LRA.
(2)
For crack initiation and growth due to thermal and mechanical loading of
stainless steel, continued application of cyclic stresses can produce crack growth
once a crack or crack-like flaw has initiated. This is a purely mechanical function
and is not managed or mitigated by the Chemistry Control Program. The
purpose of these examinations is to identify flaws that may lead to unstable
crack growth in the pressure boundary during service. The welds in the piping
and fittings are basically the same material as one or both of the parts being
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(3)

(4)

joined and are regarded as having higher potential for flaws than base material
to experience flaw growth during plant operation. Therefore, the ASME Section
XI Subsections IWB, IWC and IWD Inservice Inspection Program focuses on
welds and a One-Time Inspection Program augments the ASME Section XI
Subsections IWB, IWC and IWD Inservice Inspection Program for verifying that
service-induced cracking is not occurring in the small-bore piping less than NPS
4.
For crack initiation and growth due to stress corrosion cracking and intergranular stress corrosion cracking of carbon and low alloy steels, no aging
management programs are applicable as carbon and low alloy steels are not
susceptible to stress corrosion cracking in this application.
For crack initiation and growth due to thermal and mechanical loading of carbon
and low alloy steels, continued application of cyclic stresses can produce crack
growth once a crack or crack-like flaw has initiated. This is a purely mechanical
function and is not managed or mitigated by the Chemistry Control Program.
The purpose of these examinations is to identify flaws that may lead to unstable
crack growth in the pressure boundary during service. The welds in the piping
and fittings are basically the same material as one or both of the parts being
joined and are regarded as having higher potential for flaws than base material
to experience flaw growth during plant operation. Therefore, the ASME Section
XI Subsections IWB, IWC and IWD Inservice Inspection Program focuses on
welds and a One-Time Inspection Program augments the ASME Section XI
Subsections IWB, IWC and IWD Inservice Inspection Program for verifying that
service-induced cracking is not occurring in the small-bore piping less than NPS
4.

The NRC staff finds the applicant’s basis for not crediting the Chemistry Control Program to be
appropriate and acceptable. The GALL report specifies XI.M1, “ASME Section XI Inservice
Inspection, Subsections IWB, IWC, and IWD” to detect crack initiation and growth in
components, and XI.M2, “Water Chemistry” to mitigate crack initiation and growth due SCC.
The GALL report further specifies AMP XI.M32, “One-Time Inspection,” as an acceptable
method to verify that cracking is not occurring in small bore piping. Since cracking due to cyclic
loading is caused by mechanical or thermal loads, as opposed to an adverse chemical
environment, the NRC staff accepts the applicant’s basis for not crediting the water chemistry
program as an AMP for managing cracking due to cyclic loading. The applicant has
appropriately credited the water chemistry program to mitigate crack initiation and growth due to
SCC.
On the basis of its review of the scope of water chemistry program, one-time inspection
program, and the ASME ISI program, the NRC staff finds that the applicant has appropriately
evaluated AMR results involving management of crack initiation and growth due to thermal and
mechanical loading and SCC, consistent with the recommendations in the GALL report.
3.1.2.5 through 3.1.2.14
The applicant noted that the further evaluations identified in SRP-LR Sections 3.1.2.2.5 through
3.1.2.2.14 are only applicable to PWRs. The NRC staff confirmed this.
3.1.2.15

Quality Assurance for Aging Management of Nonsafety-Related Components
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(BFN LRA Section 3.1.2.2.15)
The applicant referenced BFN LRA Section B.1.3. The NRC staff’s evaluation of LRA Section
B.1.3 is provided in Section x.y of this SER.
3.1.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

During the on-site audit, the NRC staff reviewed selected AMR results in BFN LRA Tables
3.1.2.1 through 3.1.2.4, for material/environment/aging effect/AMP combinations that are not
consistent with the GALL report.
3.1.3.1

Reactor Vessel - Summary of Aging Management Evaluation (BFN LRA Table
3.1.2.1)

During the on-site audit, the reactor vessel components evaluated by the NRC staff were the
reactor vessel attachment welds, the reactor vessel closure studs and nuts, the reactor vessel
support skirt and attachment welds, the refueling bellows support skirt, and the stabilizer
bracket.
The NRC staff reviewed Table 3.1.2.1 of the BFN LRA, which summarizes the results of the
applicant’s AMR evaluations for the reactor vessel pressure boundary component groups.
The on-site audit scope for the reactor vessel components did not include any
material/environment/aging effect/AMP combinations that are not consistent with the GALL
report.
For the carbon and low alloy steel components (reactor vessel support skirt and attachment
welds, the refueling bellows support skirt, and the stabilizer bracket), exposed externally to
inside air of the containment, the applicant identifies cracking due to fatigue as a TLAA. TLAAs
are evaluated in Section 4 of this SER.
3.1.3.2

Reactor Vessel Internals - Summary of Aging Management Evaluation (BFN
LRA Table 3.1.2.2)

The NRC staff reviewed BFN LRA Table 3.1.2.2, which summarizes the results of AMR
evaluations for the reactor vessel internals (RVI) component groups.
In BFN LRA Table 3.1.2.2, the applicant’s AMR for almost all the RVI components is consistent
with GALL. In addition, the applicant has identified several stainless steel and nickel alloy RVI
components (i.e., core shroud and core plate, top guide, spray lines and spargers, fuel support,
CRD housing, and dry tubes and guide tubes), in a treated water environment, as being subject
to loss of material due to crevice and pitting corrosion; this is not addressed in GALL. To
manage this aging effect, the applicant credits BFN AMPs B.2.1.12, “BWR Vessel Internals
Program,” and B.2.1.5, “Chemistry Control Program.” The NRC staff has accepted the water
chemistry program to minimize the potential for loss of material in these components. The BWR
vessel internals program would detect any loss of material, if it is occurring. The BWR vessel
internals program includes BWRVIP recommendations for an effective inservice inspection of
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reactor vessel internal components.
In LRA Table 3.1.2.2, the applicant credits B.2.1.12, “BWR Vessel Internals Program,” and
B.2.1.5, “Chemistry Control Program,” to manage cracking in nickel alloy components of the
core spray lines and sparger assembly, and the stainless steel fuel supports. The NRC staff
finds that the applicant will manage cracking in a manner consistent with the GALL report.
In LRA Table 3.1.2.2, the applicant has identified no aging effect for (1) stainless steel CRD
housing external surfaces exposed to containment air; and (2) stainless steel dry tube/guide
tube internal surfaces exposed to air/gas. Air is not identified in the GALL as an environment for
these components and materials. On the basis of current industry research and operating
experience, an internal/external environment of gas (which is similar to dry air) on metal will not
result in aging that will be of concern during the period of extended operation. Therefore, the
NRC staff concludes that there are no applicable aging effects for stainless steel in a gas
environment.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.1.3.3

Reactor Vessel Vents and Drains System - Summary of Aging Management
Evaluation (BFN LRA Table 3.1.2.3)

The NRC staff reviewed the BFN LRA Table 3.1.2.3, which summarizes the results of AMR
evaluations for the reactor vessel vents and drains component groups.
In LRA Table 3.1.2.3, the applicant included pressure boundary components (i.e., piping, pipe
fittings and valves) for vents and drains associated with the RCS. GALL includes some of
these RCS components as part of the steam and power conversion systems in GALL Chapter
VIII. Most of these components are made of either carbon/low alloy steel or stainless steel, and
are exposed to air/gas, inside air, or treated water environment.
The applicant has identified no aging effects for stainless steel components exposed to an
internal environment of air/gas for piping and fittings, or for carbon/low alloy steel components
exposed to inside air >212 oF on external surfaces. Gas is not identified in the GALL report as
an environment for these components and materials. On the basis of current industry research
and operating experience, the NRC staff concludes that an internal environment of gas (which
is similar to dry air) on stainless steel components will not result in aging that will be of concern
during the period of extended operation, and finds that the applicant’s AMR is acceptable for
stainless steel exposed to a gas environment. For carbon/low alloy steel components exposed
to inside air >212 oF on external surfaces, the staff finds that the applicant’s AMR is acceptable,
because the high environmental temperature precludes the presence of moisture on the
external surfaces.
The applicant proposes to manage loss of material of carbon steel piping and valve component
groups exposed to air/gas using the one-time inspection program (LRA Section B.2.1.29),
which is a new plant-specific program. Visual inspections of the internal surfaces of plant
components and plant commodities are performed during the performance of maintenance to
determine the presence of loss of material. The NRC staff finds that the one-time inspection is
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acceptable for managing loss of material due to general corrosion since visual inspection will be
performed on internal surfaces of components to detect any sign of aging degradation.
In LRA Table 3.1.2.3, the applicant has identified BFN AMP B.2.1.15, “Flow-Accelerated
Corrosion” program, to manage loss of material due to flow accelerated corrosion in piping and
fittings made of carbon/low alloy steel. This program includes analysis to determine critical
locations, baseline inspections to determine the extent of thinning at these locations, and followup inspections to confirm the predictions. Repair, replacements, or re-evaluations are
performed as necessary. The NRC staff finds that the applicant has identified the appropriate
AMP for this aging effect.
In LRA Table 3.1.2.3, the applicant has identified that loss of material due to general, crevice,
pitting and galvanic corrosion in both carbon/low alloy steel and stainless steel piping and
fittings in the reactor vessel vents and drains lines is managed by BFN AMPs B.2.1.5,
“Chemistry Control Program,” and B.2.1.29, “One-Time Inspection Program.” The water
chemistry program relies on monitoring and control of reactor water chemistry based on
BWRVIP-79 to prevent loss of material from general, pitting, crevice or galvanic corrosion.
However, high concentrations of impurities at crevices and locations of stagnant flow conditions
could cause corrosion. Therefore, verification of the effectiveness of the chemistry control
program needs to be performed to ensure that corrosion is not occurring. The one-time
inspection of selected components at susceptible locations is an acceptable method for
ensuring that corrosion is not occurring and that the component’s intended function will be
maintained during the period of extended operation.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.1.3.4

Reactor Recirculation System - Summary of Aging Management Evaluation
(BFN LRA Table 3.1.2.4)

The NRC staff reviewed the BFN LRA Table 3.1.2.4, which summarizes the results of AMR
evaluations for the reactor recirculation system component groups. The component groups for
this system include piping and fittings (including flexible connections, flow restricting orifices
and strainers), valves, pumps, tanks, and heat exchangers. The bolting group in this system is
not part of the on-site audit scope.
In LRA Table 3.1.2.4, the applicant has identified no aging effects in reactor recirculation
component groups, for stainless steel and copper alloy carrying air/gas; for carbon/low alloy
steel, glass (fittings), and stainless steel, with external surface exposed to inside air; and for
cast iron/cast iron alloys, carbon/low alloy steel, copper alloys, glass (fittings), and stainless
steel carrying lubricating oil. Air and lubricating oil are not identified in the GALL report as
environments for these components and materials. Those components carrying lubricating oil
are not subject to wetting and their surfaces always remain oil-coated because they are
continuously in service.
The NRC staff asked the applicant if there exists any contamination of water in the components
that carry lubricating oil. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that:
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Lubricating oil systems generally do not suffer appreciable degradation by cracking or loss of
material since the environment is not conducive to corrosion mechanisms. In addressing the
question, "Is there a potential for water contamination?" plant experience (i.e., maintenance/
operating history) is utilized as a basis for conclusions reached. The lubricating oil
applications where there is no history of water contamination do not have any potential aging
mechanisms. Those applications where water contamination does occur, such as the diesel
generator combustion air intake filters, potential loss of material due to general, pitting, and
crevice corrosion was identified as requiring management for the period of extended
operation.
Based on the applicant’s response, the NRC staff concluded that the applicant has
appropriately addressed the lubricating oil environment in its AMR. Those components which
are susceptible to such contamination are identified, and aging management for loss of material
is specified.
On the basis of current industry research and operating experience, dry air on metal will not
result in aging that will be of concern during the period of extended operation. The external
environments being referred to are typical of ambient air, e.g., under a shelter, indoor, or airconditioned enclosure or room. Significant corrosion of low-alloy steel requires an electrolytic
environment, and a simultaneous presence of oxygen and moisture. Without the presence of
the aggressive environment, these components will experience insignificant amounts of
corrosion, and no aging effects are applicable to this component/commodity group. Wrought
austenitic stainless steels are not susceptible to significant general corrosion that would affect
the intended function of components. Therefore, the NRC staff concludes that there are no
applicable aging effects for these material and environment combinations.
In components made from cast iron, copper alloy, copper-zinc alloys, brass, ductile iron, and
bronze, selective leaching takes place when these components are exposed to raw water,
corrosion-inhibited treated water, oxygenated and de-oxygenated treated water, or are buried
underground. In LRA Table 3.1.2.4, the applicant has identified selective leaching of materials
program (B.2.1.30) to manage loss of material due to selective leaching in copper alloy
components associated with heat exchangers and tubing, valves, and pipe fittings exposed to
raw water and treated water. The applicant’s selective leaching program relies on visual
inspections and hardness measurements of selected components susceptible to selective
leaching. On the basis of industry operating experience with this material and environment, the
NRC staff finds this acceptable.
Cast iron/cast iron alloy fittings exposed to air/gas, carbon/low alloy steel piping/fittings and
valves exposed to air/gas, and stainless steel components of heat exchangers exposed to raw
water (potable) or treated water are susceptible to loss of material due to pitting, crevice and
general corrosion, biofouling and MIC. In LRA Table 3.1.2.4 (line numbers 60, 63, 65, 66), the
applicant has credited the one-time inspection program (B.2.1.29) to manage loss of material in
these components. This aging effect is not in GALL for this component, material, and
environment combination. The one-time inspection provides the opportunity to visually inspect
the internal surfaces of components during preventive and corrective maintenance activities.
The NRC staff asked a question on corrosion, biofouling and MIC in stainless steel and copper
components in heat exchangers exposed to raw water or treated water that are managed by
one-time inspection program. By letter dated October 8, 2004 (ML042870428), the applicant
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submitted its formal response to the NRC staff. The applicant stated:
For Table 3.1.2.4, Reactor Recirculation System, the raw water is supplied from the Raw
Cooling Water System and should specify the Open-Cycle Cooling Water Program as the
appropriate aging management program.
For Table 3.1.2.4, Reactor Recirculation System, the treated water refers to a self-contained
cooling water system supplied with the Variable Frequency Drives. The Chemistry Control
Program and the One-Time Inspection Program are the appropriate aging management
programs for this cooling water system.
The NRC staff concurs that the open-cycle cooling water program for heat exchangers exposed
to raw water, and the chemistry control program/one-time inspection program for heat
exchangers exposed to treated water are the appropriate AMPs. These programs are able to
manage the aging effects due to corrosion, biofouling and MIC in these components.
Cast iron/cast iron alloy component external surfaces exposed to inside air are managed by the
system monitoring program (B.2.1.39) against any loss of material due to general corrosion.
The system walkdown encompasses all or part of the total accessible system, such that the
entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of these components.
In LRA Table 3.1.2.4, heat exchanger components made of carbon/low alloy steel and exposed
to raw water are susceptible to loss of material due to biofouling, MIC, crevice, galvanic,
general, and pitting corrosion. The applicant has credited open-cycle cooling water system
program (B.2.1.17) to manage this aging effect. This AMP activities, in accordance with the
guidelines of NRC Generic Letter 89-13, include managing aging effects by condition
monitoring (system and component testing, visual inspections, and NDE testing are conducted),
and by preventive actions (biocide treatment and filtering are used to prevent loss of material
due to microbiologically influenced corrosion (MIC) and biofouling and flow blockage and
reduction of heat transfer due to biological and particulate fouling). The NRC staff finds this
acceptable.
In LRA Table 3.1.2.4, the applicant has identified that the loss of material due to general,
crevice, pitting and galvanic corrosion in both carbon/low alloy steel and stainless steel piping
and fittings and crack initiation/growth due to SCC in stainless steel piping and fittings in treated
water are managed by the AMPs B.2.1.5, “Chemistry Control Program,” and B.2.1.29, “OneTime Inspection Program.” The water chemistry program relies on monitoring and control of
reactor water chemistry based on BWRVIP-79 to prevent loss of material from general, pitting,
crevice or galvanic corrosion. However, high concentrations of impurities at crevices and
locations of stagnant flow conditions could cause corrosion. Therefore, verification of the
effectiveness of the chemistry control program needs to be performed to ensure that corrosion
is not occurring. The one-time inspection of selected components at susceptible locations is an
acceptable method for ensuring that corrosion is not occurring and the component’s intended
function will be maintained during the period of extended operation.
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The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.2

AGING MANAGEMENT OF ENGINEERED SAFETY FEATURES SYSTEMS

In the BFN LRA Section 3.2, the applicant provided the results of its AMRs for components of
the engineered safety features systems.
In the BFN LRA Tables 3.2.2.1 through 3.2.2.7 (Table 2s), the applicant provided a summary of
the AMRs for component types associated with the following systems: (1) containment; (2)
standby gas treatment; (3) high pressure coolant injection; (4) residual heat removal; (5) core
spray; (6) containment inerting; and (7) containment atmosphere dilution. The summary
information for each component type included intended function; material; environment; aging
effect requiring management; AMPs; the GALL report Volume 2 item, cross reference to the
BFN LRA Table 3.2.1 (Table 1); and generic and plant-specific notes related to consistency with
the GALL report.
Also, the applicant identified for each component type in the BFN LRA Table 3.2.1 (Table 1)
those for which no further evaluation is required, those components where further evaluation is
recommended, and those that are not applicable to BFN, together with the basis for their
exclusion.
The applicant identified in the BFN LRA Tables 3.2.2.1 through 3.2.2.7, the AMR results it
considers to be consistent with the GALL report (table column Notes A through D; Note E not
used), and the AMR results which are plant-specific.
The AMRs that are within the scope of the NRC staff audit are identified in copies of BFN LRA
Tables 3.2.2.1 through 3.2.2.7 (work-split tables), in Appendix D of the BFN audit plan. The
NRC staff conducted its audit in accordance with SRP-LR Section 3.2 and the BFN audit plan.
3.2.1

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which No Further Evaluation Is Required

For aging management evaluations that the applicant states are consistent with the GALL
report and for which further evaluation is not recommended, the NRC staff conducted its audit
to determine if the applicant’s reference to the GALL report in the BFN LRA is acceptable
The NRC staff reviewed the BFN LRA to confirm that the applicant (1) provides a brief
description of the system, components, materials, and environment; (2) states that the
applicable aging effects have been reviewed and are evaluated in the GALL report; and
(3) identifies those aging effects for the engineered safety features system components that are
subject to an AMR.
The NRC staff identified that BFN LRA Table 3.2.2.5, row number 87, is not consistent with the
GALL item IVC1.3-c. The NRC staff asked the applicant to explain this inconsistency. By letter
dated October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC
staff, stating that the correct aging management programs for LRA Table 3.2.2.5, row 87 are
the chemistry control program and the BWR stress corrosion cracking program (instead of one
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time inspection program). The NRC staff finds this acceptable because it is consistent with
GALL.
On the basis of its audit, the NRC staff determined that for AMRs not requiring further
evaluation, as identified in the BFN LRA Table 3.2.1 (Table 1), the applicant’s references to the
GALL report are acceptable and no further NRC staff review is required.
3.2.2

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which Further Evaluation Is Recommended

For some line items in BFN LRA Tables 3.2.2.1 through 3.2.2.7 that are identified to be
consistent with the GALL report, the applicant has cross-referenced specific line items in BFN
LRA Tables 3.1.1 and 3.2.1, for which the GALL report recommends further evaluation. Where
the GALL report recommends further evaluation, the NRC staff reviewed the applicable further
evaluations provided in BFN LRA Sections 3.1.2.2 and 3.2.2.2 against the criteria provided in
SRP-LR Sections 3.1.2.2 and 3.2.2.2, respectively.
BFN LRA Table 3.2.2.3 through Table 3.2.2.5 present the AMRs for small bore piping and
fittings (including flow restrictors) less than 4-inch NPS, in a treated water environment, for the
ESF high pressure core injection, residual heat removal, and core spray systems, which have
aging effects requiring management that are referenced back to BFN LRA Table 3.1.1, RCS,
and are evaluated in SER Section 3.1.2.4 above.
The following subsections provide the NRC staff’s assessment of the applicant’s further
evaluations in BFN LRA Section 3.2.2.2 against the criteria provided in SRP-LR Section 3.2.2.2.
The NRC staff’s assessment of the applicant’s further evaluations in BFN LRA Section 3.1.2.2
is provided in SER Section 3.1.2. Where credited, the assessment also considered applicability
to aging management of the engineered safety features systems.
3.2.2.1

Cumulative Fatigue Damage (BFN LRA Section 3.2.2.2.1)

Consistent with the SRP-LR, the applicant references BFN LRA Section 4.3.3. Cumulative
fatigue damage is a TLAA, and is evaluated in Section 4 of this SER.
3.2.2.2

Loss of Material Due to General Corrosion (BFN LRA Section 3.2.2.2.2)

The applicant references LRA Table 3.2.1, items 3.2.1.3 and 3.2.1.10, to address loss of
material due to general corrosion for ESF components in containment isolation, standby gas
treatment, residual heat removal and containment inerting systems and also for RCS
components. These Table 1 items reference LRA Section 3.2.2.2.2 for further evaluation. The
NRC staff reviewed LRA Section 3.2.2.2.2 against the criteria in SRP-LR Section 3.2.2.2.2.
In the BFN LRA Section 3.2.2.2.2, the applicant addresses loss of material due to general
corrosion of the portions of ESF systems piping filled with treated water or air/gas, and the
external surfaces of carbon steel components.
SRP-LR Section 3.2.2.2.2 states that the management of loss of material due to general
corrosion of pumps, valves, piping, and fittings associated with some of the BWR emergency
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core cooling systems [high pressure coolant injection, reactor core isolation cooling, high
pressure core spray, low pressure core spray, low pressure coolant injection (residual heat
removal)] and with lines to the suppression chamber and to the drywell and suppression
chamber spray system should be further evaluated. The existing aging management program
relies on monitoring and control of primary water chemistry to mitigate degradation. However,
control of primary water chemistry does not preclude loss of material due to general corrosion
at locations of stagnant flow conditions. Therefore, verification of the effectiveness of the
chemistry control program should be performed to ensure that corrosion is not occurring. The
GALL report recommends further evaluation of programs to manage loss of material due to
general corrosion to verify the effectiveness of the chemistry control program. A one-time
inspection of select components at susceptible locations is an acceptable method to determine
whether an aging effect is not occurring or an aging effect is progressing very slowly such that
the component’s intended function will be maintained during the period of extended operation.
Also, the GALL report recommends further evaluation on a plant-specific basis to ensure that
the aging effect on the external surfaces of BWR carbon steel components is adequately
managed.
In the BFN LRA Section 3.2.2.2.2, the applicant states that loss of material due to general
corrosion of the portions of ESF systems filled with treated water is managed by the chemistry
control program and the one-time inspection program. The one-time inspection program is used
to verify the effectiveness of the chemistry control program for managing the loss of material
due to general corrosion. Loss of material due to general corrosion of the air/gas portions of
these systems is managed by the one-time inspection program for internal surfaces.
General corrosion of all external surfaces of carbon steel components is managed by the plantspecific system monitoring program. The NRC staff reviewed the BFN procedure (NEDP-20,
rev. 3, “Conduct of the Engineering Organization,” 9/9/02) for conducting system monitoring
during system walkdowns. The walkdown encompasses all or part of the total accessible
system, such that the entire system is covered over time. The walkdown is a detailed look at
system parameters, material condition, operation, and configuration, degraded components,
outstanding work activities, and design changes. The material condition involves no missing,
discolored indicating a potential leak, or damaged insulation. The NRC staff finds that the
system monitoring program would be able to detect any corrosion on the external surfaces of
carbon steel components.
On the basis of its review of the water chemistry program, one-time inspection program, and
the system monitoring program, the NRC staff finds that the applicant has conducted an
acceptable AMR for management of loss of material due to general corrosion, consistent with
the recommendations in the GALL report.
3.2.2.3

Local Loss of Material Due to Pitting and Crevice Corrosion (BFN LRA Section
3.2.2.2.3)

The applicant references LRA Table 3.2.1, item 3.2.1.5, to address loss of material due to
pitting and crevice corrosion for ESF components in containment and containment inerting
systems and also for RCS components. The applicant’s further evaluation is in LRA Section
3.2.2.2.3. The NRC staff reviewed LRA Section 3.2.2.2.3 against the criteria in SRP-LR Section
3.2.2.2.3.
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In the BFN LRA Section 3.2.2.2.3, the applicant addresses local loss of material from pitting
and crevice corrosion that could occur in the ESF systems and associated piping filled with
treated water or air/gas.
SRP-LR Section 3.2.2.2.3 states that the management of local loss of material due to pitting
and crevice corrosion of pumps, valves, piping, and fittings associated with some of the BWR
emergency core cooling system piping and fittings [high pressure coolant injection, reactor core
isolation cooling, high pressure core spray, low pressure core spray, low pressure coolant
injection (residual heat removal)] and with lines to the suppression chamber and to the drywell
and suppression chamber spray system should be evaluated further. The existing aging
management program relies on monitoring and control of primary water chemistry to mitigate
degradation. However, control of coolant water chemistry does not preclude loss of material
due to crevice and pitting corrosion at locations of stagnant flow conditions. Therefore,
verification of the effectiveness of the chemistry control program should be performed to ensure
that corrosion is not occurring. The GALL report recommends further evaluation of programs to
manage the loss of material due to pitting and crevice corrosion to verify the effectiveness of
the chemistry control program. A one-time inspection of select components at susceptible
locations is an acceptable method to determine whether an aging effect is not occurring or an
aging effect is progressing very slowly so that the component’s intended function will be
maintained during the period of extended operation.
In the BFN LRA Section 3.2.2.2.3, the applicant states that loss of material due to pitting and
crevice corrosion of the portions of ESF systems filled with treated water is managed by the
chemistry control program and the one-time inspection program. The one-time inspection
program is used to verify the effectiveness of the chemistry control program for managing the
loss of material due to pitting and crevice corrosion. Loss of material due to pitting and crevice
corrosion of the air/gas portions of these systems is managed by the one-time inspection
program for internal surfaces.
On the basis of its review of the water chemistry program and one-time inspection program, the
NRC staff finds that the applicant has conducted an acceptable AMR for management of loss of
material due to pitting and crevice corrosion, consistent with the recommendations in the GALL
report.
3.2.2.4

Local Loss of Material Due to Microbiologically Influenced Corrosion (BFN
LRA Section 3.2.2.2.4)

The applicant references LRA Table 3.2.1, item 3.2.1.6, to address loss of material due to MIC
for ESF components in containment and containment inerting systems. This Table 1 item
references LRA Section 3.2.2.2.4 for further evaluation. The NRC staff reviewed LRA Section
3.2.2.2.4 against the criteria in SRP-LR Section 3.2.2.2.4.
SRP-LR Section 3.2.2.2.4 states that local loss of material due to microbiologically influenced
corrosion (MIC) could occur in containment isolation valves and associated piping in systems
that are not addressed in other chapters of the GALL report. The GALL report recommends
further evaluation to ensure that the aging effect is adequately managed.
In the BFN LRA Section 3.2.2.2.4, BFN considers microbiologically influenced corrosion (MIC)
to be an aging mechanism for systems with raw water as the environment. BFN has no systems
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containing raw water that penetrate primary containment. Several raw water systems penetrate
secondary containment. BFN utilizes the open cycle cooling water program (AMP B.2.1.17) to
manage the aging effects that could be caused by MIC in these systems.
On the basis of its review of the open cycle cooling water program, the NRC staff finds that the
applicant has conducted an acceptable AMR for management of loss of material due to MIC,
consistent with the recommendations in the GALL report.
3.2.2.5

Changes in Material Properties Due to Elastomer Degradation (BFN
LRA Section 3.2.2.2.5)

The applicant references LRA Table 3.2.1, item 3.2.1.7, to address changes in properties due
to elastomer degradation for the seals in standby gas treatment system. Table 1 item 3.2.1.7
references LRA Section 3.2.2.2.5 for further evaluation. The NRC staff reviewed LRA Section
3.2.2.2.5 against the criteria in SRP-LR Section 3.2.2.2.5.
In LRA Section 3.2.2.2.5, the applicant describes its AMR for change in material properties due
to elastomer degradation, for seals in ductwork and filters associated with the standby gas
treatment (SGT) system. The applicant states that the normal operating temperature of the
SGT system is less than the defined limits for hardening and loss of strength of installed
elastomers. This is not consistent with the criteria in SRP-LR Section 3.2.2.2.5.
LRA Table 3.2.2.2, which includes the AMR results for elastomer seals in the SGT system,
does not reference LRA Table 1 item 3.2.1.7 Instead, the applicant identifies the AMR for these
components to be not consistent with GALL, and concludes that aging management is not
required. The NRC staff evaluation of the applicant’s AMR results for elastomers in the SGT
system was not conducted during the on-site audit.
3.2.2.6

Local Loss of Material Due to Erosion (BFN LRA Section 3.2.2.2.6)

Consistent with the SRP-LR, this further evaluation only applies to PWRs. Therefore, it is not
applicable to BFN.
3.2.2.7

Buildup of Deposits Due to Corrosion (BFN LRA Section 3.2.2.2.7)

The applicant references LRA Table 3.2.1, item 3.2.1.9, to address plugging of nozzles and
flow orifices by general corrosion products for the drywell and suppression chamber spray
system nozzles and flow orifices. LRA Table 1 item 3.2.1.9 references LRA Section 3.2.2.2.7
for further evaluation. The NRC staff reviewed LRA Section 3.2.2.2.7 against the criteria in
SRP-LR Section 3.2.2.2.7.
In LRA Section 3.2.2.2.7, the applicant addresses the plugging of components due to general
corrosion that could occur in the spray nozzles and flow orifices of the drywell and suppression
chamber spray system. The applicant states that BFN spray nozzles are brass and are not
susceptible to general corrosion, and that there are no orifices susceptible to general corrosion
that are occasionally wetted in the ESF systems.
The applicant does not reference Table 1 item 3.2.1.9 in any of the AMR Table 2's for the ESF
systems. The applicant concludes that, since the BFN spray nozzles and orifices are not
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susceptible to general corrosion that may cause plugging, aging management is not required.
The NRC staff finds the applicant’s AMR results to be acceptable, on the basis that the subject
components are not susceptible to general corrosion.
3.2.2.8

Quality Assurance for Aging Management of Nonsafety-Related Components
(BFN LRA Section 3.2.2.2.8)

The applicant referenced BFN LRA Section B.1.3. The NRC staff’s evaluation of LRA Section
B.1.3 is provided in Section x.y of this SER.
3.2.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

During the on-site audit, the NRC staff also reviewed selected AMR results in BFN LRA Tables
3.2.2.1 through 3.2.2.7, for material/environment/aging effect/AMP combinations that are not
consistent with the GALL report.
3.2.3.1

Containment System - Summary of Aging Management (BFN LRA Table 3.2.2.1)

The NRC staff reviewed Table 3.2.2.1 of the BFN LRA, which summarizes the results of AMR
evaluations for the containment system component groups.
In LRA Table 3.2.2.1, the applicant has identified no aging effects in containment system
component groups: made out of aluminum alloys exposed to inside/outside air in the ductwork
and heat exchangers or carrying air/gas in the ductwork; made out of carbon and low alloy steel
piping/fittings embedded or encased in concrete; made out of copper alloy piping carrying
air/gas; made out of glass (fittings) exposed to air/gas, treated water, or inside air; and, made
out of nickel alloys fittings, stainless steel fittings and zinc alloy ductwork exposed to air/gas.
These environment conditions are not identified in the GALL report for these components and
materials. On the basis of current industry research and operating experience, dry air on metal
will not result in aging that will be of concern during the period of extended operation. The
external environments being referred to are typical of ambient air, e.g., under a shelter, indoor,
or air-conditioned enclosure or room. Significant corrosion of low-alloy steel requires an
electrolytic environment, and a simultaneous presence of oxygen and moisture. Without the
presence of the aggressive environment, these components will experience insignificant
amounts of corrosion, and no aging effects are applicable to this component/commodity group.
Therefore, the NRC staff concludes that there are no applicable aging effects for these material
and environment combination.
In LRA Table 3.2.2.1, the applicant has identified that the loss of material due to general,
crevice, pitting and galvanic corrosion in carbon/low alloy steel, nickel alloys and stainless steel
piping and fittings in treated water are managed by the AMPs B.2.1.5, “Chemistry Control
Program,” and B.2.1.29, “One-Time Inspection Program.” The water chemistry program relies
on monitoring and control of reactor water chemistry based on BWRVIP-79 to prevent loss of
material from general, pitting, crevice or galvanic corrosion. However, high concentrations of
impurities at crevices and locations of stagnant flow conditions could cause corrosion.
Therefore, verification of the effectiveness of the chemistry control program needs to be
performed to ensure that corrosion is not occurring. The one-time inspection of selected
components at susceptible locations is an acceptable method for ensuring that corrosion is not
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occurring and the component’s intended function will be maintained during the period of
extended operation.
In LRA Table 3.2.2.1, heat exchanger components made of carbon/low alloy steel and exposed
to raw water are susceptible to loss of material due to biofouling, MIC, crevice, galvanic,
general, and pitting corrosion, and made out of copper alloys and exposed to raw water are
susceptible to fouling due to biological particulate build up and loss of material due to biofouling,
MIC, crevice and pitting corrosion. The applicant has credited open-cycle cooling water system
program (B.2.1.17) to manage this aging effect. This AMP, in accordance with the guidelines of
NRC Generic Letter 89-13, includes managing aging effects by condition monitoring (system
and component testing, visual inspections, and NDE testing are conducted), and by preventive
actions (biocide treatment and filtering are used to prevent loss of material due to
microbiologically influenced corrosion (MIC) and biofouling and flow blockage and reduction of
heat transfer due to biological and particulate fouling). The NRC staff finds this acceptable.
Aluminum alloy heat exchangers carrying air/gas, carbon/low alloy steel piping/fittings and heat
exchangers exposed to air/gas, and copper alloy components of heat exchangers exposed to
air/gas are susceptible to loss of material due to pitting, crevice corrosion, and fouling due to
particulate build up. In LRA Table 3.2.2.1, the applicant has credited the one-time inspection
program (B.2.1.29) to manage these aging effects. This aging effect is not in GALL for this
component, material, and environment combination. The one-time inspection provides the
opportunity to visually inspect the internal surfaces of components during preventive and
corrective maintenance activities. The NRC staff finds the one-time inspection program
acceptable for managing the aging effect of loss of material.
In LRA Table 3.2.2.1, piping and fittings made of carbon/low alloy steel buried in soil are
susceptible to loss of material due to MIC, crevice, general, and pitting corrosion. The applicant
has credited buried piping and tanks inspection program (B.2.1.31) to manage this aging effect.
This AMP involves preventive measures to mitigate corrosion (external coatings and wrappings
have been applied in accordance with standard industry practices) and condition monitoring to
manage the effects of corrosion. Buried piping is inspected when excavated for any reason,
typically for maintenance. The inspections are performed as part of the 10 CFR 50.65,
“Maintenance Rule Program.” The inspections provide for determination of degradation due to
the loss of, or damage to, the protective coatings and wraps used for corrosion control on
buried pipe external surfaces. The inspections also include connections and joints for signs of
separation; signs of environmental degradation; signs of leakage and; appreciable settlement
between piping segments. The NRC staff finds this inspection program acceptable for
managing the aging effect of loss of material.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.2.3.2

Standby Gas Treatement System - Summary of Aging Management (BFN
LRA Table 3.2.2.2)

The NRC staff reviewed Table 3.2.2.2 of the BFN LRA, which summarizes the results of AMR
evaluations for the standby gas treatment system component groups.
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In LRA Table 3.2.2.2, the applicant has identified no aging effects in standby gas treatment
system component groups, made out of aluminum alloy ductwork, made out of copper alloy
tubing, made out of stainless steel fittings, and zinc alloy ductwork. All these components carry
air/gas and their external surface exposed to inside air. These environment conditions are not
identified in the GALL report for these components and materials. On the basis of current
industry research and operating experience, dry air on metal will not result in aging that will be
of concern during the period of extended operation. The external environments being referred
to are typical of ambient air, e.g., under a shelter, indoor, or air-conditioned enclosure or room.
Significant corrosion of low-alloy steel requires an electrolytic environment, and a simultaneous
presence of oxygen and moisture. Without the presence of the aggressive environment, these
components will experience insignificant amounts of corrosion, and no aging effects are
applicable to this component/commodity group. Therefore, the NRC staff concludes that there
are no applicable aging effects for these material and environment combination.
In LRA Table 3.2.2.2, piping and fittings made of carbon/low alloy steel buried in soil are
susceptible to loss of material due to MIC, crevice, general, and pitting corrosion. The applicant
has credited buried piping and tanks inspection program (B.2.1.31) to manage this aging effect.
This AMP involves preventive measures to mitigate corrosion (external coatings and wrappings
have been applied in accordance with standard industry practices) and condition monitoring to
manage the effects of corrosion. Buried piping is inspected when excavated for any reason,
typically for maintenance. The inspections are performed as part of the 10 CFR 50.65,
“Maintenance Rule Program.” The inspections provide for determination of degradation due to
the loss of, or damage to, the protective coatings and wraps used for corrosion control on
buried pipe external surfaces. The inspections also include connections and joints for signs of
separation; signs of environmental degradation; signs of leakage and; appreciable settlement
between piping segments. The NRC staff finds this inspection program acceptable for
managing the aging effect of loss of material.
Cast iron/cast iron alloy fittings exposed to air/gas are susceptible to loss of material due to
general corrosion. In LRA Table 3.2.2.2, the applicant has credited the one-time inspection
program (B.2.1.29) to manage loss of material in these components. This aging effect is not in
GALL for this component, material, and environment combination. The one-time inspection
provides the opportunity to visually inspect the internal surfaces of components during
preventive and corrective maintenance activities. The NRC staff finds the one-time inspection
program acceptable for managing the aging effect of loss of material.
Cast iron/cast iron alloy fittings external surfaces exposed to inside air are managed by the
system monitoring program (B.2.1.39) against any loss of material due to general corrosion.
The system walkdown encompasses all or part of the total accessible system, such that the
entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of these components.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
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3.2.3.3

High Pressure Coolant Injection System - Summary of Aging Management (BFN
LRA Table 3.2.2.3)

The NRC staff reviewed Table 3.2.2.3 of the BFN LRA, which summarizes the results of AMR
evaluations for the high pressure coolant injection system component groups.
In LRA Table 3.2.2.3, the applicant has identified no aging effects in high pressure coolant
injection system component groups, made out of carbon and low alloy steel piping/fittings
exposed to inside air (external surface) and carrying lube oil, cast iron alloy pumps and valves
carrying lube oil, made out of copper alloy tubing/fittings carrying air/gas and lube oil, made out
of glass (fittings) exposed to air/gas and lube oil, made out of nickel alloy flexible connectors
and stainless steel fittings exposed to inside air (external). These environment conditions are
not identified in the GALL report for these components and materials. On the basis of current
industry research and operating experience, dry air on metal will not result in aging that will be
of concern during the period of extended operation. The external environments being referred
to are typical of ambient air, e.g., under a shelter, indoor, or air-conditioned enclosure or room.
Significant corrosion requires an electrolytic environment, and a simultaneous presence of
oxygen and moisture. Without the presence of the aggressive environment, these components
will experience insignificant amounts of corrosion, and no aging effects are applicable to this
component/commodity group. Therefore, the NRC staff concludes that there are no applicable
aging effects for these material and environment combination.
In LRA Table 3.2.2.3, the applicant has identified that the loss of material due to general,
crevice, pitting and galvanic corrosion in carbon/low alloy steel piping/fittings, cast iron alloy
pumps, copper alloy condensers and heat exchangers, nickel alloy flexible connectors, and
stainless steel piping and fittings in treated water are managed by the AMPs B.2.1.5,
“Chemistry Control Program,” and B.2.1.29, “One-Time Inspection Program.” The water
chemistry program relies on monitoring and control of reactor water chemistry based on
BWRVIP-79 to prevent loss of material from general, pitting, crevice or galvanic corrosion.
However, high concentrations of impurities at crevices and locations of stagnant flow conditions
could cause corrosion. Therefore, verification of the effectiveness of the chemistry control
program needs to be performed to ensure that corrosion is not occurring. The one-time
inspection of selected components at susceptible locations is an acceptable method for
ensuring that corrosion is not occurring and the component’s intended function will be
maintained during the period of extended operation.
In components made from cast iron and copper alloy, selective leaching takes place when
these components are exposed to raw water, corrosion-inhibited treated water, oxygenated and
de-oxygenated treated water, or are buried underground. In LRA Table 3.2.2.3, the applicant
has identified selective leaching of materials program (B.2.1.30) to manage loss of material due
to selective leaching in cast iron pumps and copper alloy condensers exposed to treated water.
The applicant’s selective leaching program relies on visual inspections and hardness
measurements on selected components susceptible to selective leaching. On the basis of
industry operating experience with this material and environment, the NRC staff finds this
acceptable.
Cast iron/cast iron alloy fittings external surfaces exposed to inside air are managed by the
system monitoring program (B.2.1.39) against any loss of material due to general corrosion.
The system walkdown encompasses all or part of the total accessible system, such that the
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entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of these components.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.2.3.4

Residual Heat Removal System - Summary of Aging Management (BFN
LRA Table 3.2.2.4)

The NRC staff reviewed Table 3.2.2.4 of the BFN LRA, which summarizes the results of AMR
evaluations for the containment penetrations system component groups.
In LRA Table 3.2.2.4, the applicant has identified no aging effects in residual heat removal
system component groups, made out of aluminum exposed to inside air (external), made out of
carbon and low alloy steel piping/fittings exposed to inside air (external), and made out of
copper alloy and stainless steel fittings carrying air/gas. These environment conditions are not
identified in the GALL report for these components and materials. On the basis of current
industry research and operating experience, dry air on metal will not result in aging that will be
of concern during the period of extended operation. The external environments being referred
to are typical of ambient air, e.g., under a shelter, indoor, or air-conditioned enclosure or room.
Significant corrosion requires an electrolytic environment, and a simultaneous presence of
oxygen and moisture. Without the presence of the aggressive environment, these components
will experience insignificant amounts of corrosion, and no aging effects are applicable to this
component/commodity group. Therefore, the NRC staff concludes that there are no applicable
aging effects for these material and environment combination.
In LRA Table 3.2.2.4, the applicant has identified that the loss of material due to general,
crevice, pitting and galvanic corrosion in carbon/low alloy steel heat exchangers and
piping/fittings, cast iron alloy pumps, copper alloy fitting, and stainless steel piping and fittings in
treated water are managed by the AMPs B.2.1.5, “Chemistry Control Program,” and B.2.1.29,
“One-Time Inspection Program.” The water chemistry program relies on monitoring and control
of reactor water chemistry based on BWRVIP-79 to prevent loss of material from general,
pitting, crevice or galvanic corrosion. However, high concentrations of impurities at crevices and
locations of stagnant flow conditions could cause corrosion. Therefore, verification of the
effectiveness of the chemistry control program needs to be performed to ensure that corrosion
is not occurring. The one-time inspection of selected components at susceptible locations is an
acceptable method for ensuring that corrosion is not occurring and the component’s intended
function will be maintained during the period of extended operation.
In components made from cast iron and copper alloy, selective leaching takes place when
these components are exposed to raw water, corrosion-inhibited treated water, oxygenated and
de-oxygenated treated water, or are buried underground. In LRA Table 3.2.2.4, the applicant
has identified selective leaching of materials program (B.2.1.30) to manage loss of material due
to selective leaching in cast iron heat exchangers and pumps and copper alloy fittings exposed
to raw water or treated water. The applicant’s selective leaching program relies on visual
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inspections and hardness measurements on selected components susceptible to selective
leaching. On the basis of industry operating experience with this material and environment, the
NRC staff finds this acceptable.
Cast iron/cast iron alloy heat exchangers and pumps external surfaces exposed to inside air are
managed by the system monitoring program (B.2.1.39) against any loss of material due to
general corrosion. The system walkdown encompasses all or part of the total accessible
system, such that the entire system is covered over time. The walkdown is a detailed look at
system parameters, material condition, operation, and configuration, degraded components,
outstanding work activities, and design changes. The material condition involves no missing,
discolored indicating a potential leak, or damaged insulation. The NRC staff finds that the
system monitoring program would be able to detect any corrosion on the external surfaces of
these components.
In LRA Table 3.2.2.4, heat exchanger components made of carbon/low alloy steel, cast iron
alloys and stainless steel exposed to raw water are susceptible to loss of material due to
biofouling, MIC, crevice, galvanic, general, and pitting corrosion. The applicant has credited
open-cycle cooling water system program (B.2.1.17) to manage this aging effect. This AMP
activities, in accordance with the guidelines of NRC Generic Letter 89-13, include managing
aging effects by condition monitoring (system and component testing, visual inspections, and
NDE testing are conducted), and by preventive actions (biocide treatment and filtering are used
to prevent loss of material due to microbiologically influenced corrosion (MIC) and biofouling
and flow blockage and reduction of heat transfer due to biological and particulate fouling). The
NRC staff finds this acceptable.
Cast iron/cast iron alloy fittings exposed to air/gas are susceptible to loss of material due to
general corrosion. In LRA Table 3.2.2.4, the applicant has credited the one-time inspection
program (B.2.1.29) to manage loss of material in these components. This aging effect is not in
GALL for this component, material, and environment combination. The one-time inspection
provides the opportunity to visually inspect the internal surfaces of components during
preventive and corrective maintenance activities. The NRC staff finds the one-time inspection
program acceptable for managing the aging effect of loss of material.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.2.3.5

Core Spray System - Summary of Aging Management (BFN LRA Table 3.2.2.5)

The NRC staff reviewed Table 3.2.2.5 of the BFN LRA, which summarizes the results of AMR
evaluations for the core spray system component groups.
In LRA Table 3.2.2.5, the applicant has identified no aging effects in core spray system
component groups, made out of aluminum exposed to inside air (external), made out of carbon
and low alloy steel piping/fittings exposed to inside air (external), and made out of stainless
steel fittings carrying air/gas or exposed to inside air. These environment conditions are not
identified in the GALL report for these components and materials. On the basis of current
industry research and operating experience, dry air on metal will not result in aging that will be
of concern during the period of extended operation. The external environments being referred
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to are typical of ambient air, e.g., under a shelter, indoor, or air-conditioned enclosure or room.
Significant corrosion requires an electrolytic environment, and a simultaneous presence of
oxygen and moisture. Without the presence of the aggressive environment, these components
will experience insignificant amounts of corrosion, and no aging effects are applicable to this
component/commodity group. Therefore, the NRC staff concludes that there are no applicable
aging effects for these material and environment combination.
In LRA Table 3.2.2.5, the applicant has identified that the loss of material due to general,
crevice, pitting and galvanic corrosion in carbon/low alloy steel heat exchangers and
piping/fittings, cast iron alloy pumps, and stainless steel piping and fittings in treated water are
managed by the AMPs B.2.1.5, “Chemistry Control Program,” and B.2.1.29, “One-Time
Inspection Program.” The water chemistry program relies on monitoring and control of reactor
water chemistry based on BWRVIP-79 to prevent loss of material from general, pitting, crevice
or galvanic corrosion. However, high concentrations of impurities at crevices and locations of
stagnant flow conditions could cause corrosion. Therefore, verification of the effectiveness of
the chemistry control program needs to be performed to ensure that corrosion is not occurring.
The one-time inspection of selected components at susceptible locations is an acceptable
method for ensuring that corrosion is not occurring and the component’s intended function will
be maintained during the period of extended operation.
In components made from cast iron alloys, selective leaching takes place when these
components are exposed to raw water, corrosion-inhibited treated water, oxygenated and deoxygenated treated water, or are buried underground. In LRA Table 3.2.2.5, the applicant has
identified selective leaching of materials program (B.2.1.30) to manage loss of material due to
selective leaching in cast iron heat exchangers and pumps exposed to treated water. The
applicant’s selective leaching program relies on visual inspections and hardness measurements
on selected components susceptible to selective leaching. On the basis of industry operating
experience with this material and environment, the NRC staff finds this acceptable.
Cast iron/cast iron alloy pumps external surfaces exposed to inside air are managed by the
system monitoring program (B.2.1.39) against any loss of material due to general corrosion.
The system walkdown encompasses all or part of the total accessible system, such that the
entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of these components.
Carbon/low alloy steel fittings exposed to air/gas are susceptible to loss of material due to
general corrosion. In LRA Table 3.2.2.5, the applicant has credited the one-time inspection
program (B.2.1.29) to manage loss of material in these components. This aging effect is not in
GALL for this component, material, and environment combination. The one-time inspection
provides the opportunity to visually inspect the internal surfaces of components during
preventive and corrective maintenance activities. The NRC staff finds the one-time inspection
program acceptable for managing the aging effect of loss of material.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
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3.2.3.6

Containment Inerting System - Summary of Aging Management (BFN
LRA Table 3.2.2.6)

The NRC staff reviewed Table 3.2.2.6 of the BFN LRA, which summarizes the results of AMR
evaluations for the containment inerting system component groups.
In LRA Table 3.2.2.6, the applicant has identified no aging effects in containment inerting
system component groups, made out of aluminum, carbon and low alloy steel, copper alloys,
nickel alloys, and stainless steel carrying air/gas or exposed to inside air. These environment
conditions are not identified in the GALL report for these components and materials. On the
basis of current industry research and operating experience, dry air on metal will not result in
aging that will be of concern during the period of extended operation. The external
environments being referred to are typical of ambient air, e.g., under a shelter, indoor, or airconditioned enclosure or room. Significant corrosion requires an electrolytic environment, and a
simultaneous presence of oxygen and moisture. Without the presence of the aggressive
environment, these components will experience insignificant amounts of corrosion, and no
aging effects are applicable to this component/commodity group. Therefore, the NRC staff
concludes that there are no applicable aging effects for these material and environment
combination.
Carbon/low alloy steel fittings exposed to air/gas are susceptible to loss of material due to
general corrosion. In LRA Table 3.2.2.6, the applicant has credited the one-time inspection
program (B.2.1.29) to manage loss of material in these components. This aging effect is not in
GALL for this component, material, and environment combination. The one-time inspection
provides the opportunity to visually inspect the internal surfaces of components during
preventive and corrective maintenance activities. The NRC staff finds the one-time inspection
program acceptable for managing the aging effect of loss of material.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.2.3.7

Containment Atmosphere Dilution System - Summary of Aging Management
(BFN LRA Table 3.2.2.7)

The NRC staff reviewed Table 3.2.2.7 of the BFN LRA, which summarizes the results of AMR
evaluations for the containment atmosphere dilution system component groups.
In LRA Table 3.2.2.7, the applicant has identified no aging effects in containment inerting
system component groups, made out of aluminum, cast iron alloys, copper alloys, and stainless
steel carrying air/gas or exposed to inside air. These environment conditions are not identified
in the GALL report for these components and materials. On the basis of current industry
research and operating experience, dry air on metal will not result in aging that will be of
concern during the period of extended operation. The external environments being referred to
are typical of ambient air, e.g., under a shelter, indoor, or air-conditioned enclosure or room.
Significant corrosion requires an electrolytic environment, and a simultaneous presence of
oxygen and moisture. Without the presence of the aggressive environment, these components
will experience insignificant amounts of corrosion, and no aging effects are applicable to this
component/ commodity group. Therefore, the NRC staff concludes that there are no applicable
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aging effects for these material and environment combination.
Carbon/low alloy steel and cast iron alloy fittings exposed to air/gas are susceptible to loss of
material due to general corrosion. In LRA Table 3.2.2.7, the applicant has credited the one-time
inspection program (B.2.1.29) to manage loss of material in these components. This aging
effect is not in GALL for this component, material, and environment combination. The one-time
inspection provides the opportunity to visually inspect the internal surfaces of components
during preventive and corrective maintenance activities. The NRC staff finds the one-time
inspection program acceptable for managing the aging effect of loss of material.
Cast iron/cast iron alloy components external surfaces exposed to inside air are managed by
the system monitoring program (B.2.1.39) against any loss of material due to general corrosion.
The system walkdown encompasses all or part of the total accessible system, such that the
entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of these components.
In LRA Table 3.2.2.7, piping and fittings made of stainless steel buried in soil are susceptible to
loss of material due to MIC, crevice, general, and pitting corrosion as well as cracking due to
SCC. The applicant has credited buried piping and tanks inspection program (B.2.1.31) to
manage this aging effect. The NRC staff asked the applicant to describe how this AMP would
detect cracking in buried piping, if this is an applicable aging effect. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
Table 3.2.2.7 identifies cracking for buried stainless steel piping and fittings in line items 12 and
22 and should be deleted. This line’s temperature is < 140°F and therefore is not subject to
stress corrosion cracking. This is the only place in the BFN LRA where the buried tank and
piping inspection program was credited for detecting cracking. Hence, the buried tank and
piping inspection program does not detect cracking. This explanation is acceptable to the NRC
staff.
The buried tank and piping inspection AMP involves preventive measures to mitigate corrosion
(external coatings and wrappings have been applied in accordance with standard industry
practices) and condition monitoring to manage the effects of corrosion. Buried piping is
inspected when excavated for any reason, typically for maintenance. The inspections are
performed as part of the 10 CFR 50.65, “Maintenance Rule Program.” The inspections provide
for determination of degradation due to the loss of, or damage to, the protective coatings and
wraps used for corrosion control on buried pipe external surfaces. The inspections also include
connections and joints for signs of separation; signs of environmental degradation; signs of
leakage and; appreciable settlement between piping segments. The NRC staff finds this
inspection program acceptable for managing the aging effect of loss of material.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
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3.3

AGING MANAGEMENT OF AUXILIARY SYSTEMS

This section of the SER documents the NRC staff's review of the applicant's AMR results for
the components and component groups associated with the following auxiliary systems:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Auxiliary Boiler System
Fuel Oil System
Residual Heat Removal Service Water System
Raw Cooling Water System
Raw Service Water System
High Pressure Fire Protection System
Potable Water System
Ventilation System
Heating, Ventilation, and Air Conditioning System
Control Air System
Service Air System
Co2 System
Station Drainage System
Sampling and Water Quality System
Building Heat System
Raw Water Chemical Treatment System
Demineralizer Backwash Air System
Standby Liquid Control System
Off-gas System
Emergency Equipment Cooling Water System
Reactor Water Cleanup System
Reactor Building Closed Cooling Water System
Reactor Core Isolation Cooling System
Auxiliary Decay Heat Removal System
Radioactive Waste Treatment System
Fuel Pool Cooling and Cleanup System
Fuel Handling and Storage System
Diesel Generator System
Control Rod Drive System
Diesel Generator Starting Air System
Radiation Monitoring System
Neutron Monitoring System
Traversing In-core Probe
Cranes

In Section 3.3 of the LRA, the applicant provided the results of the aging management review of
the auxiliary systems components and component types listed in Tables 2.3.3.1 through
2.3.3.34 of the LRA. The applicant also listed the materials, environments, aging effects
requiring management, and aging management programs associated with each system.
The AMRs that are within the scope of the NRC staff audit are identified in copies of BFN LRA
Tables 3.3.2-1 through 3.3.2-34 (work-split tables), in Appendix D of the BFN audit plan. The
NRC staff conducted its audit in accordance with SRP-LR Section 3.3 and the BFN audit plan.
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In Table 3.3.1, "Summary of Aging Management Evaluations for Auxiliary Systems Evaluated in
Chapter VII of NUREG-1801," of the LRA, the applicant provided a summary comparison of its
AMRs with the AMRs evaluated in the GALL report for the auxiliary systems components and
component types. In Section 3.3.2.2 of the LRA, the applicant provided information concerning
Table 3.3.1 components for which further evaluation is recommended by the GALL report.
The NRC staff reviewed Section 3.3 of the LRA to determine whether the applicant provided
sufficient information to demonstrate that the effects of aging for the auxiliary systems
components that are within the scope of license renewal and subject to an AMR will be
adequately managed so that the intended functions will be maintained consistent with the CLB
for the period of extended operation, as required by 10 CFR 54.21(a)(3).
The NRC staff performed an audit to confirm the applicant's claim that certain identified AMRs
are consistent with the AMRs in the GALL report. The NRC staff did not repeat the staff’s
review of the matters described in the GALL report. However, the NRC staff did verify that the
material presented in the LRA was applicable and that the applicant had identified the
appropriate GALL AMRs. The NRC staff's audit findings are summarized in SER Section 3.3.1.
The NRC staff also audited those AMRs that are consistent with the GALL report and for which
further evaluation is recommended. The NRC staff verified that the applicant's further
evaluations were consistent with the acceptance criteria in Section 3.3.3.2 of NUREG-1800,
"Standard Review Plan for Review of License Renewal Applications for Nuclear Power Plants,"
(SRP-LR). The NRC staff's audit findings are summarized in SER Section 3.3.2.
The NRC staff conducted a technical review of the remaining AMRs that are not consistent with
the GALL report. The review included evaluating whether all plausible aging effects were
identified and whether the aging effects listed were appropriate for the combination of materials
and environments specified. The NRC staff's review findings are documented in SER Section
3.3.3
3.3.1

Aging Management Evaluations that are Consistent with the GALL Report, for
Which No Further Evaluation is Required

3.3.1.1

Summary of Technical Information in the Application

In Section 3.3.2.1 of the LRA, the applicant identified the materials, environments, and aging
effects requiring management. The applicant identified the following AMPs that manage the
aging effects related to the auxiliary systems components:
•
•
•
•
•
•
•
•
•
•

ASME Section XI Subsections IWB, IWC, and IWD Inservice Inspection Program
Bolting Integrity Program
Buried Piping and Tanks Inspection Program
BWR Reactor Water Cleanup Program
BWR Stress Corrosion Cracking Program
Chemistry Control Program
Closed-Cycle Cooling Water Program
Compressed Air Monitoring Program
Diesel Starting Air Program
Fire Water System Program
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•
•
•
•
•
•
•
•

Fire Protection Program
Flow-Accelerated Corrosion Program
Fuel Oil Chemistry Program
Inspection of Overhead Heavy Load and Light Load Handling Systems Program
One-Time Inspection Program
Open-Cycle Cooling Water Program
Selective Leaching of Materials Program
Systems Monitoring Program

3.3.1.2

Evaluation

In Tables 3.3.2.1 through 3.3.2.34 of the LRA, the applicant provided a summary of AMRs for
the auxiliary systems components and identified which AMRs it considered to be consistent with
the GALL report.
For component groups evaluated in the GALL report for which the applicant has claimed
consistency with the GALL report, and for which the GALL report does not recommend further
evaluation, the NRC staff performed an audit and review to determine whether the plant-specific
components contained in these GALL report component groups were bounded by the GALL
report evaluation.
The applicant provided a note for each AMR line item. The notes described how the
information in the tables aligns with the information in the GALL report. The NRC staff audited
those AMRs with Notes A through E, which indicated the AMR was consistent with the GALL
report.
Note A indicated that the AMR line item is consistent with the GALL report for component,
material, environment, and aging effect. In addition, the AMP is consistent with the AMP
identified in the GALL report. The NRC staff audited these line items to verify consistency with
the GALL report and the validity of the AMR for the site-specific conditions.
Note B indicated that the AMR line item is consistent with the GALL report for component,
material, environment, and aging effect. In addition, the AMP takes some exceptions to the
AMP identified in the GALL report. The NRC staff audited these line items to verify consistency
with the GALL report. The NRC staff verified that the identified exceptions to the GALL AMPs
had been reviewed and accepted by the staff. The NRC staff also determined whether the
AMP identified by the applicant was consistent with the AMP identified in the GALL report and
whether the AMR was valid for the site-specific conditions.
Note C indicated that the component for the AMR line item is different, but consistent with the
GALL report for material, environment, and aging effect. In addition, the AMP is consistent with
the AMP identified by the GALL report. This note indicates that the applicant was unable to find
a listing of some system components in the GALL report. However, the applicant identified a
different component in the GALL report that had the same material, environment, aging effect,
and AMP as the component that was under review. The NRC staff audited these line items to
verify consistency with the GALL report. The NRC staff also determined whether the AMR line
item of the different component was applicable to the component under review and whether the
AMR was valid for the site-specific conditions.
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Note D indicated that the component for the AMR line item is different, but consistent with the
GALL report for material, environment, and aging effect. In addition, the AMP takes some
exceptions to the AMP identified in the GALL report. The NRC staff audited these line items to
verify consistency with the GALL report. The NRC staff verified whether the AMR line item of
the different component was applicable to the component under review. The NRC staff verified
whether the identified exceptions to the GALL AMPs had been reviewed and accepted by the
staff. The NRC staff also determined whether the AMP identified by the applicant was
consistent with the AMP identified in the GALL report and whether the AMR was valid for the
site-specific conditions.
Note E indicated that the AMR line item is consistent with the GALL report for material,
environment, and aging effect, but a different aging management program is credited. The
NRC staff audited these line items to verify consistency with the GALL report. The NRC staff
also determined whether the identified AMP would manage the aging effect consistent with the
AMP identified by the GALL report and whether the AMR was valid for the site-specific
conditions.
The NRC staff conducted an audit and review to confirm the applicant's claim that certain
identified AMRs are consistent with the staff-approved AMRs in the GALL report. The NRC
staff reviewed the information provided in the LRA and program bases documents, which were
available at the applicant’s engineering office. The NRC staff did not repeat its review of the
matters described in the GALL report. However, the NRC staff did verify that the material
presented in the LRA was applicable and that the applicant had identified the appropriate GALL
AMRs.
On the basis of its audit and review, the NRC staff determined that for all AMRs not requiring
further evaluation, as identified in the Table 3.3.1 (Table 1), the applicant’s references to the
GALL report are acceptable and no further staff review is required.
3.3.1.3

Conclusion

The NRC staff has verified the applicant's claim of consistency with the GALL report. The NRC
staff also has reviewed information pertaining to the applicant's consideration of recent
operating experience and proposals for managing associated aging effects. On the basis of its
review, the NRC staff finds that the AMR results, which the applicant claimed to be consistent
with the GALL report, are consistent with the AMRs in the GALL report. Therefore, the NRC
staff finds that the applicant has demonstrated that the effects of aging for these components
will be adequately managed so that their intended function(s) will be maintained consistent with
the CLB for the period of extended operation, as required by 10 CFR 54.21(a)(3).
On the basis of its audit and review, the NRC staff concludes that the applicant has
demonstrated that the effects of aging will be adequately managed so that the intended
function(s) will be maintained consistent with the CLB for the period of extended operation, as
required by 10 CFR 54.21(a)(3).
3.3.2

Aging Management Evaluations that are Consistent with the GALL Report, for
Which Further Evaluation is Recommended

In Section 3.3.2.2 of the LRA, the applicant provides further evaluation of aging management
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as recommended by the GALL report for auxiliary systems. The applicant provided information
concerning how it will manage the following aging effects:
• loss of material due to general, pitting, and crevice corrosion
• hardening and cracking or loss of strength due to elastomer degradation or loss of material
due to wear
• cumulative fatigue damage
• crack initiation and growth due to cracking or stress corrosion cracking
• loss of material due to general, microbiologically influenced, pitting, and crevice corrosion
• loss of material due to general, galvanic, pitting, and crevice corrosion
• loss of material due to general, pitting, crevice, and microbiologically influenced corrosion
and biofouling
• quality assurance for aging management of non-safety-related components
• reduction of neutron-absorbing capacity and loss of material due to general corrosion
• loss of material due to general, pitting, crevice, and microbiologically influenced corrosion
3.3.2.2

Evaluation

For component groups evaluated in the GALL report for which the applicant has claimed
consistency with the GALL report, and for which the GALL report recommends further
evaluation, the NRC staff reviewed the applicant's evaluation to determine whether it
adequately addressed the issues that were further evaluated. In addition, the NRC staff
reviewed the applicant's further evaluations against the criteria contained in Section 3.3.2.2 of
the SRP-LR.
The GALL report indicates that further evaluation should be performed for the aging effects
described in the following sections.
3.3.2.2.1

Loss of Material Due to General, Pitting, and Crevice Corrosion (BFN
LRA Section 3.3.2.2.1)

In Section 3.3.2.2.1 of the LRA, the applicant addressed the further evaluation of programs to
manage loss of material in components of the spent fuel pool cooling and cleanup system.
Section 3.3.2.2.1 of the SRP-LR states that loss of material due to general, pitting, and crevice
corrosion could occur in the channel head and access cover, tubes, and tubesheets of the heat
exchanger in the spent fuel pool cooling and cleanup system. The water chemistry program
relies on monitoring and control of reactor water chemistry based on EPRI guidelines of
TR-105714 for primary water chemistry and TR-102134 for secondary water chemistry to
manage the effects of loss of material from general, pitting or crevice corrosion. However, high
concentrations of impurities at crevices and locations of stagnant flow conditions could cause
general, pitting, or crevice corrosion. Therefore, verification of the effectiveness of the
chemistry control program should be performed to ensure that corrosion is not occurring. The
GALL report recommends further evaluation of programs to manage loss of material from
general, pitting, and crevice corrosion to verify the effectiveness of the water chemistry
program. A one-time inspection of select components at susceptible locations is an acceptable
method for ensuring that corrosion is not occurring and that the component's intended function
will be maintained during the period of extended operation. No loss of material aging effects
are observed for stainless steel components exposed to air.
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Further, Section 3.3.2.2.1 of the SRP-LR states that loss of material due to pitting and crevice
corrosion could occur in the filter housing, valve bodies, and nozzles of the ion exchanger in the
spent fuel pool cooling and cleanup system. The water chemistry program relies on monitoring
and control of reactor water chemistry based on EPRI guidelines of TR-105714 for primary
water chemistry and TR-102134 for secondary water chemistry to manage the effects of loss of
material from pitting or crevice corrosion. However, high concentrations of impurities at
crevices and locations of stagnant flow conditions could cause pitting, or crevice corrosion.
Therefore, verification of the effectiveness of the chemistry control program should be
performed to ensure that corrosion is not occurring. The GALL report recommends further
evaluation of programs to manage loss of material from pitting and crevice corrosion to verify
the effectiveness of the water chemistry program. A one-time inspection of select components
at susceptible locations is an acceptable method to ensure that corrosion is not occurring and
that the component's intended function will be maintained during the period of extended
operation.
The applicant stated that the portion of the fuel pool cooling and cleanup system that contains
components requiring an AMR includes the water filled piping within the reactor building, and
the applicant credited the chemistry control (AMP B.2.1.5) and one-time inspection program
(AMP B.2.1.29) to manage loss of material. The water chemistry control program is credited
with managing loss of material for stainless steel components in this portion of the spent fuel
pool cooling and cleanup system that are exposed to treated water. The one-time inspection
program provides for the inspection of systems to verify that aging management programs are
effective and that aging effects are not occurring, which addresses the verification program
recommendation in the GALL report. This is consistent with the GALL report and acceptable to
the NRC staff.
3.3.2.2.2

Hardening and Cracking or Loss of Strength Due to Elastomer Degradation or
Loss of Material Due to Wear (BFN LRA Section 3.3.2.2.2)

In Section 3.3.2.2.2 of the LRA, the applicant addressed the further evaluation of programs to
manage the potential for degradation of elastomers in collars and seals in spent fuel cooling
systems and ventilation systems.
Section 3.3.2.2.2 of the SRP-LR states that hardening and cracking due to elastomer
degradation could occur in elastomer linings of the filter, valve, and ion exchangers in spent fuel
pool cooling and cleanup systems. Hardening and loss of strength due to elastomer
degradation could occur in the collars and seals of the duct and in the elastomer seals of the
filters in the control room area, auxiliary and radwaste area, and primary containment heating
ventilation systems and in the collars and seals of the duct in the diesel generator building
ventilation system. Loss of material due to wear could occur in the collars and seals of the duct
in the ventilation systems. The GALL report recommends further evaluation to ensure that
these aging effects are adequately managed.
In Section 3.3.2.2.2 of the BFN LRA the applicant stated that elastomers are not used in
components subject to an AMR in the spent fuel cooling and cleanup system. The applicant
also stated that for the ventilation systems, hardening and loss of strength due to elastomer
degradation is dependent on environmental conditions. This aging effect is managed by the
systems monitoring program (AMP B.2.1.39) if the environmental threshold is exceeded. The
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applicant also stated that loss of material due to wear of elastomer components is managed by
the systems monitoring program if the environmental threshold is exceeded. The NRC staff
finds this acceptable.
The NRC staff noted that Table 3.3.2.28 of the BFN LRA identifies elastomer degradation due
to thermal exposure as an aging effect requiring management for flexible connectors in the
diesel generator ventilation system having an internal environment of air/gas. The applicant
credited the one-time inspection program to manage this aging effect and claimed consistency
with item VII.F4.1-b of the GALL report, referencing Table 1 item 3.3.1.2. However, Table 1
item 3.3.1.2 refers to the further evaluation in Section 3.3.2.2.2 of the BFN LRA, which states
that the systems monitoring program will be used to manage hardening and loss of strength of
elastomers in ventilation systems. The NRC staff inquired as to why the one-time Inspection
program was credited for managing elastomer aging for flexible connectors in the diesel
generator ventilation system. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that the one-time inspection program is
credited for the inspection of elastomers where the degradation mechanism may be internal.
The systems monitoring program is credited for the inspection of elastomers where the
degradation mechanism may be external. The applicant stated that the BFN LRA Sections
3.3.2.2.2 should include a discussion of the one-time inspection program for internal surfaces of
elastomers. If degradation is detected that indicates that operation during the period of
extended operations may be effected, then additional inspections and corrective actions are
required by the one-time inspection program. The NRC staff finds this acceptable.
3.3.2.2.3

Cumulative Fatigue Damage (BFN LRA Section 3.3.2.2.3)

Consistent with the SRP-LR, the applicant references BFN LRA Sections 4.3.3 and 4.7.1.
Cumulative fatigue damage is a TLAA, and is evaluated in Section 4 of this SER.
3.3.2.2.4

Crack Initiation and Growth Due to Cracking or Stress Corrosion Cracking (BFN
LRA Section 3.3.2.2.4)

In Section 3.3.2.2.4 of the BFN LRA, the applicant addressed the further evaluation of
programs to manage the potential for cracking in the regenerative and non-regenerative heat
exchanger components in the BFN reactor water cleanup system.
Section 3.3.2.2.4 of the SRP-LR addresses crack initiation and growth due to SCC in the
regenerative and non-regenerative heat exchanger components in the reactor water cleanup
system. The GALL report recommends further evaluation to ensure that these aging effects
are managed adequately.
The applicant stated that it uses the chemistry control program (AMP B.2.1.5) and the one-time
inspection program (AMP B.2.1.29) to manage cracking and SCC of these stainless steel
components. In the engineered safety features (ESF) section of the GALL report, Volume 2,
Item V.D2.1-c, the management of stainless steel components performing a pressure boundary
function is addressed by using the water chemistry program. Therefore, the applicant’s use of
the chemistry control program to manage crack initiation and growth due to SCC is consistent
with the GALL report and, therefore, is acceptable to the NRC staff.
3.1.2.6

Loss of Material Due to General, Microbiologically Influenced, Pitting, and
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Crevice Corrosion (BFN LRA Section 3.3.2.2.5)
The applicant references LRA Table 3.3.1, item 3.3.1.5, to address loss of material due to
general, MIC, pitting and crevice corrosion for auxiliary systems components and also for RCS
components. The applicant’s further evaluation is in LRA Section 3.3.2.2.5. The NRC staff
reviewed BFN LRA Section 3.3.2.2.5 against the criteria in SRP-LR Section 3.3.2.2.5.
SRP-LR Section 3.3.2.2.5 states that loss of material due to general, pitting, and crevice
corrosion could occur in the piping and filter housing and supports in the control room area, the
auxiliary and radwaste area, the primary containment heating and ventilation systems, in the
piping of the diesel generator building ventilation system, in the above ground piping and
fittings, valves, and pumps in the diesel fuel oil system and in the diesel engine starting air,
combustion air intake, and combustion air exhaust subsystems in the EDG system. Loss of
material due to general, pitting, crevice, and MIC could occur in the duct fittings, access doors,
and closure bolts, equipment frames and housing of the duct, due to pitting and crevice
corrosion could occur in the heating/cooling coils of the air handler heating/cooling, and due to
general corrosion could occur on the external surfaces of all carbon steel SCs, including bolting
exposed to operating temperatures less than 212°F in the ventilation systems. The GALL report
recommends further evaluation to ensure that these aging effects are adequately managed.
The applicant has credited the plant-specific system monitoring program to manage general
corrosion of external surfaces of carbon steel components. The NRC staff reviewed the BFN
procedure (NEDP-20, rev. 3, “Conduct of the Engineering Organization,” 9/9/02) for conducting
system monitoring during system walkdowns. The walkdown encompasses all or part of the
total accessible system, such that the entire system is covered over time. The walkdown is a
detailed look at system parameters, material condition, operation, and configuration, degraded
components, outstanding work activities, and design changes. The material condition involves
no missing, discolored indicating a potential leak, or damaged insulation. The NRC staff finds
that the system monitoring program would be able to detect any corrosion on the external
surfaces of carbon steel components.
3.3.2.2.5

Loss of Material Due to General, Microbiologically Influenced, Pitting, and
Crevice Corrosion (BFN LRA Section 3.3.2.2.5)

The applicant references LRA Table 3.3.1, item 3.3.1.5, to address loss of material due to
general, MIC, pitting and crevice corrosion for auxiliary systems components and also for RCS
components. The applicant’s further evaluation is in LRA Section 3.3.2.2.5. The NRC staff
reviewed BFN LRA Section 3.3.2.2.5 against the criteria in SRP-LR Section 3.3.2.2.5.
SRP-LR Section 3.3.2.2.5 states that loss of material due to general, pitting, and crevice
corrosion could occur in the piping and filter housing and supports in the control room area, the
auxiliary and radwaste area, the primary containment heating and ventilation systems, in the
piping of the diesel generator building ventilation system, in the above ground piping and
fittings, valves, and pumps in the diesel fuel oil system and in the diesel engine starting air,
combustion air intake, and combustion air exhaust subsystems in the EDG system. Loss of
material due to general, pitting, crevice, and MIC could occur in the duct fittings, access doors,
and closure bolts, equipment frames and housing of the duct, due to pitting and crevice
corrosion could occur in the heating/cooling coils of the air handler heating/cooling, and due to
general corrosion could occur on the external surfaces of all carbon steel SCs, including bolting
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exposed to operating temperatures less than 212°F in the ventilation systems. The GALL report
recommends further evaluation to ensure that these aging effects are adequately managed.
In Section 3.3.2.2.5 of the LRA, the applicant addressed the further evaluation of programs to
manage the loss of material from corrosion that could occur on internal and external surfaces of
components.
The applicant credits the one-time inspection program (AMP B.2.1.29) for managing loss of
material due to corrosion on the internal surfaces of carbon and low alloy steel, cast iron/cast
iron alloy, and copper alloy components exposed to air/gas, for the off-gas, heating, ventilation,
and air conditioning, diesel generator, reactor core isolation cooling, raw cooling water, diesel
generator starting air, ventilation, standby liquid control, and demineralizer backwash air
systems with internal surfaces exposed to air/gas. These inspections are intended to confirm
the absence of significant aging effects. If significant aging effects are discovered, an
appropriate aging management activity will be defined. The NRC staff finds this is acceptable.
The applicant credits the systems monitoring program (AMP B.2.1.39) for managing loss of
material due to corrosion on the external services of carbon and low alloy steel components
exposed to air, for the auxiliary boiler, fuel oil, residual heat removal service water, raw cooling
water, raw service water, high pressure fire protection, potable water ventilation, heating,
ventilation, and air conditioning, control air, service air, CO2, station drainage, sampling and
water quality, building heat, raw water chemical treatment, demineralizer backwash air, standby
liquid control, off-gas, emergency equipment cooling water, reactor water cleanup, reactor
building closed cooling water, reactor core isolation cooling, radioactive waste treatment, fuel
pool cooling and cleanup, diesel generator, control rod drive, diesel generator starting air, and
radiation monitoring systems. The NRC staff reviewed the BFN procedure, as documented in
the audit and review report, for conducting systems monitoring during system walkdowns. The
walkdown encompasses all or part of the total accessible system, such that the entire system is
covered over time. The walkdown is a detailed look at system parameters, material condition,
operation, and configuration, degraded components, outstanding work activities, and design
changes. The material condition involves no missing, discolored indicating a potential leak, or
damaged insulation. The NRC staff finds that the systems monitoring program is adequate to
detect corrosion on the external surfaces of carbon and low alloy steel components.
The applicant credits the diesel starting air program (AMP B.2.1.41) for managing loss of
material due to corrosion on the internal surfaces of carbon and low alloy steel components
exposed to air/gas, for the diesel generator starting air system. The NRC staff finds this
acceptable.
The NRC staff noted that BFN LRA Table 3.3.2.28 identifies loss of material due to crevice,
general, and pitting corrosion as an aging effect requiring management for carbon and low alloy
steel components in a treated water environment. Table 1 item 3.3.1.5 is referenced and
consistency with GALL is noted. The closed-cycle cooling water program is credited for
managing this aging effect. However, Table 1 item 3.3.1.5 references the further evaluation in
3.3.2.2.5, which pertains to components in an air environment, and does not include closedcycle cooling water program as one of the programs to manage aging. The NRC staff inquired
as to why Table 1 item 3.3.1.5 was referenced for these components. By letter dated October
8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating
that Table 3.3.2.28 for the diesel generator system has six line items with a treated water
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environment that match GALL. The correct GALL Volume 1, Table 1 reference for the items
that match GALL is Item 3.3.1.15. Five of the Table 3.3.2.28 treated water line items correctly
reference 3.3.1.15, one incorrectly references 3.3.1.5. The reference to 3.3.1.5 is incorrect and
should be 3.3.1.15. The NRC staff reviewed this response and concluded that it is acceptable
since the reference to item 3.3.1.5 was incorrectly identified instead of the correct reference,
which is 3.3.1.15.
3.3.2.2.6

Loss of Material Due to General, Galvanic, Pitting, and Crevice Corrosion (BFN
LRA Section 3.3.2.2.6)

In Section 3.3.2.2.6 of the LRA, the applicant addressed the further evaluation of programs to
manage loss of material in the reactor coolant pump oil collection system to verify the
effectiveness of the fire protection program. The applicant states that this aging effect is not
applicable to BFN since the BFN design does not include a recirculation pump oil collection
system. The NRC staff confirmed that SRP-LR Section 3.3.2.2.6 does not apply to BFN.
3.3.2.2.7

Loss of Material Due to General, Pitting, Crevice, and Microbiologically
Influenced Corrosion and Biofouling (BFN LRA Section 3.3.2.2.7)

In Section 3.3.2.2.7 of the LRA, the applicant addressed the further evaluation of programs to
manage loss of material in the diesel fuel oil system to verify the effectiveness of the diesel fuel
monitoring program.
Section 3.3.2.2.7 of the SRP-LR states that loss of material due to general, pitting, and crevice
corrosion, MIC, and biofouling could occur in the internal surface of tanks in the diesel fuel oil
system and due to general, pitting, and crevice corrosion and MIC in the tanks of the diesel fuel
oil system in the EDG system. The existing AMP relies on the fuel oil chemistry program for
monitoring and control of fuel oil contamination in accordance with the guidelines of ASTM
Standards D4057, D1796, D2709 and D2276 to manage loss of material due to corrosion or
biofouling. Corrosion or biofouling may occur at locations where contaminants accumulate.
Verification of the effectiveness of the chemistry control program should be performed to
ensure that corrosion is not occurring. The GALL report recommends further evaluation of
programs to manage corrosion/biofouling to verify the effectiveness of the program. A one-time
inspection of selected components at susceptible locations is an acceptable method to ensure
that corrosion is not occurring and that the component's intended function will be maintained
during the period of extended operation.
In LRA Section 3.3.2.2.7, the applicant stated that it uses the fuel oil chemistry program
(AMP B.2.1.27) to manage loss of material for the diesel fuel oil system. In addition, the
applicant will use the one-time inspection program (AMP B.2.1.29) to verify the effectiveness of
the fuel oil chemistry program. The inspection will ensure that corrosion is not occurring at
locations where contaminants accumulate. The one-time inspection program addresses the
one-time inspection recommendation in the GALL report.
The NRC staff reviewed the fuel oil chemistry program and finds that the program will
adequately manage the effects of aging so that the intended functions will be maintained. The
NRC staff also reviewed the one-time inspection program, which will be used to verify the
effectiveness of the fuel oil chemistry program.
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3.3.2.2.8

Quality Assurance for Aging Management of Non-safety-related Components
(BFN LRA Section 3.3.2.2.8)

The applicant referenced BFN LRA Section B.1.3. The NRC staff’s evaluation of LRA Section
B.1.3 is provided in Section <x.y> of this SER.
3.3.2.2.9

Crack Initiation and Growth Due to Stress Corrosion Cracking and Cyclic
Loading (BFN LRA Section 3.3.2.2.9)

In Section 3.3.2.2.9 of the LRA, the applicant stated that cracking in the chemical and volume
control system does not apply to BFN since BFN is a BWR plant. The NRC staff confirmed that
SRP-LR Section 3.3.2.2.9 only applies to PWRs.
3.3.2.2.10

Reduction of Neutron-Absorbing Capacity and Loss of Material Due to General
Corrosion (BFN LRA Section 3.3.2.2.10)

In Section 3.3.2.2.10 of the LRA, the applicant addressed the further evaluation of programs to
manage reduction of neutron-absorbing capacity and loss of material due to general corrosion,
which could occur in the neutron absorbing sheets of the spent fuel storage rack in the spent
fuel storage.
Section 3.3.2.2.10 of the SRP-LR states that reduction of neutron-absorbing capacity and loss
of material due to general corrosion could occur in the neutron-absorbing sheets of the spent
fuel storage rack in the spent fuel storage. The GALL report recommends further evaluation to
ensure that these aging effects are adequately managed.
The applicant stated that boral is used as a neutron absorbing material in the spent fuel pools
at BFN. Reduction of neutron absorbing capacity and loss of material due to general corrosion
could occur at BFN in the boral neutron absorbing material in spent fuel storage racks. The
chemistry control program (AMP B.2.1.5) manages general corrosion. A one-time inspection of
boral coupon test specimens was performed at BFN that confirmed no significant aging
degradation had occurred and the neutron absorbing capability of the boral had not been
reduced. Reduction of neutron absorbing capacity and loss of material due to general
corrosion will be managed by the chemistry control program.
The NRC staff reviewed the chemistry control program and finds that the program will
adequately manage the effects of aging so that the intended functions will be maintained.
3.3.2.2.11

Loss of Material Due to General, Pitting, Crevice, and Microbiologically
Influenced Corrosion (BFN LRA Section 3.3.2.2.11)

In Section 3.3.2.2.11 of the LRA, the applicant addressed the further evaluation of programs to
manage the potential for loss of material in buried piping of the service water and diesel fuel oil
systems.
Section 3.3.2.2.11 of the SRP-LR states that loss of material due to general, pitting, and crevice
corrosion and MIC could occur in the underground piping and fittings in the open-cycle cooling
water system (SW system) and in the diesel fuel oil system. The buried piping and tanks
inspection program relies on industry practice, frequency of pipe excavation, and operating
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experience to manage the effects of loss of material from general, pitting, and crevice corrosion
and MIC. The effectiveness of the buried piping and tanks inspection program should be
verified to evaluate an applicant's inspection frequency and operating experience with buried
components, ensuring that loss of material is not occurring.
The applicant credited the buried piping and tanks inspection program (AMP B.2.1.31) for
managing loss of material for buried components of the service water and diesel fuel oil
systems. This is consistent with GALL AMP XI.M34, “Buried Piping Inspection”. The NRC staff
reviewed the applicant's operating history and found that the frequency of pipe excavation was
sufficient to manage the effects of loss of material. The NRC staff has reviewed the buried
piping inspection program and concluded that it is acceptable.
3.3.2.2.12

Evaluation of Auxiliary Systems AMRs That Reference Further Evaluations Not
Included Under Auxiliary Sysyems

In the aging management review for components in the auxiliary systems, the applicant
referenced several further evaluations that are included under systems other than the auxiliary
systems. These further evaluations were referenced based on applicability to the material,
environment, and aging effect identified for components in the BFN auxiliary systems. The
NRC staff reviewed these further evaluations for applicability to the BFN auxiliary systems; the
assessment is documented in the following subsections.
3.3.2.2.12.1

Crack Initiation and Growth due to Stress Corrosion Cracking (SCC),
Intergrannular Stress Corrosion Cracking (IGSCC), and Thermal and Mechanical
Loading

In Section 3.1.2.2.4 of the BFN LRA, the applicant addressed the further evaluation of
programs to manage crack initiation and growth due to thermal and mechanical loading or
stress corrosion cracking of components in the reactor coolant system. This aging effect is
referenced in the BFN LRA by Table 1 item 3.1.1.7, which the applicant referenced in the
auxiliary systems AMRs for components in the sampling and water quality, standby liquid
control, reactor water cleanup, reactor core isolation cooling, and neutron monitoring systems.
The NRC staff reviewed the applicant’s further evaluation for this aging effect in SER Section
3.1.2.4.
The NRC staff noted that the BFN LRA identifies crack initiation/growth due to cyclic loading as
an aging effect requiring management for various mechanical components in the sampling and
water quality, standby liquid control, reactor water cleanup, reactor core isolation cooling, and
neutron monitoring systems. The ASME ISI program and one-time inspection program are
credited to manage this aging effect. The NRC staff noted similar entries in the AMRs for the
engineered safety feature systems and the reactor coolant system. The NRC staff inquired as
to why the chemistry control program was not included to manage this aging effect for these
components since the chemistry control program is included in the further evaluation in LRA
Section 3.1.2.2.4. The applicant’s response and the NRC staff’s evaluation are addressed in
SER Section 3.1.2.4.
3.3.2.2.12.2

Loss of Material due to General Corrosion

In Section 3.2.2.2.2 of the BFN LRA, the applicant addressed the further evaluation of
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programs to manage loss of material due to general corrosion for components in the
engineered safety feature systems. This aging effect is referenced in the BFN LRA by Table 1
items 3.2.1.2, 3.2.1.3, and 3.2.1.10, which the applicant referenced in the auxiliary systems
AMRs for components in the auxiliary boiler, raw service water, potable water, service air,
station drainage, sampling and water quality, building heat, demineralizer backwash air, off-gas,
reactor core isolation cooling, radioactive waste treatment, control rod drive, and radiation
monitoring systems. The NRC staff reviewed the applicant’s further evaluation for this aging
effect in SER Section 3.2.2.2.
The NRC staff noted that the BFN LRA identifies loss of material due to general, crevice, and
pitting corrosion as an aging effect requiring management for mechanical components in a
treated water environment in the radioactive waste treatment system (LRA Table 3.3.2.25).
Table 1 items 3.2.1.3 and 3.2.1.5 are referenced and consistency with GALL is noted. The
one-time inspection program is credited for managing this aging effect. However, the further
evaluation in the BFN LRA Section 3.2.2.2.2 identifies the chemistry control program for
managing the effects of corrosion for components in a treated water environment. The NRC
staff inquired as to the technical basis for using the one-time inspection program alone to
manage aging due to corrosion for components in a treated water environment, instead of the
Chemistry Control program. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that the treated water in the radioactive
waste treatment system is waste that was generated from systems that contain chemistry
control treated water; however, once this water becomes a waste steam, the chemistry can no
longer be controlled. Since the portions of the system exposed to treated water have their
water source from chemistry control systems, the potential for corrosion is low. The one-time
inspection program will verify this by performing a sampling inspection. If corrosion is detected
that indicates that operation during the period of extended operations may be affected, then
additional inspections and corrective actions are required by the one-time inspection program.
The NRC staff reviewed the applicant’s response and concluded that it is acceptable since the
water in the radioactive waste treatment system is waste that was generated from systems that
contain chemistry control treated water. Once the treated water becomes a waste stream the
chemistry can no longer be controlled, which is why the chemistry control program is not
credited for this aging effect. The potential for corrosion is low for these components and the
one-time inspection program will be performed to verify that corrosion is not occurring.
The NRC staff noted that Tables 3.3.2.5, 3.3.2.14, 3.3.2.21, 3.3.2.25, and 3.3.2.31 in the BFN
LRA identify loss of material due to biofouling, MIC, crevice corrosion, general corrosion, and
pitting corrosion as an aging effect requiring management for stainless steel components in a
raw water environment. Table 1 items 3.2.1.3, 3.2.1.5, and 3.2.1.6 are referenced and
consistency with GALL is noted. Table 1 items 3.2.1.3, 3.2.1.5 and 3.2.1.6 reference further
evaluations in 3.2.2.2.2. 3.2.2.2.3, and 3.2.2.2.4, respectively. However, 3.2.2.2.2 and 3.2.2.2.3
pertain to components in treated water, for which the chemistry control and one-time inspection
programs are identified to manage this aging effect. Only 3.2.2.2.4 pertains to components in
raw water. The NRC staff asked why Table 1 items 3.2.1.3 and 3.2.1.5 are referenced for
these components. The NRC staff also inquired as to the technical basis for using the one-time
inspection program to manage aging due to MIC for the components in Table 3.3.2.25 instead
of the open-cycle cooling water program. By letter dated October 8, 2004 (ML042870428), the
applicant submitted its formal response to the NRC staff, stating that BFN LRA Sections
3.2.2.2.2 and 3.2.2.2.3 only addresses treated water environments and should include a
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discussion of the Open-Cycle Cooling Water Program for raw water systems.
The NRC staff finds this acceptable, because the applicant indicated that BFN LRA sections
3.2.2.2.2 and 3.2.2.2.3 should also include raw water environments and credit the Open-Cycle
Cooling Water Program for raw water systems. With these additions, the applicant’s AMR
results will be consistent with GALL.
3.3.2.2.12.3

Loss of Material due to Pitting and Crevice Corrosion

In Section 3.2.2.2.3 of the BFN LRA, the applicant addressed the further evaluation of
programs to manage the loss of material due to pitting and crevice corrosion for components in
the engineered safety feature systems. This aging effect is referenced in the BFN LRA by
Table 1 items 3.2.1.4 and 3.2.1.5, which the applicant referenced in the auxiliary systems AMRs
for components in the raw service water, sampling and water quality, building heat, reactor core
isolation cooling, auxiliary decay heat removal, radioactive waste treatment, control rod drive,
and radiation monitoring systems. The NRC staff reviewed the applicant’s further evaluation for
this aging effect in SER Section 3.2.2.3.
The NRC staff noted that the BFN LRA identified loss of material due to crevice and pitting
corrosion as an aging effect requiring management for mechanical components in a treated water
environment in the radiation monitoring system (Table 3.3.2.31). The applicant referenced Table
1 item 3.2.1.5 and consistency with GALL is noted. The closed-cycle cooling water program is
credited for managing this aging effect. However, the further evaluation in BFN LRA Section
3.2.2.2.3 identifies the chemistry control and one-time inspection programs for managing the
effects of corrosion for components in a treated water environment. The NRC staff inquired as to
the technical basis for using the closed-cycle cooling water program alone to manage aging due to
corrosion for components in a treated water environment instead of the chemistry control and onetime inspection programs. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that the BFN closed-cycle cooling water
program is consistent with the related GALL closed-cycle cooling water program (XI.M21). The
BFN closed-cycle cooling water program provides for prevention and detection of aging effects in
plant closed cycle cooling water systems. BFN LRA Section 3.2.2.2.3 only addresses treated
water environments and should include a discussion of the closed-cycle cooling water program for
treated water in closed cooling loops.
The NRC staff finds this acceptable, because the applicant indicated that BFN LRA section
3.2.2.2.3 should also include treated water in closed cooling loops and credit the Closed-Cycle
Cooling Water Program.
3.3.2.2.12.4

Local Loss of Material due to Microbiologically Influenced Corrosion

In Section 3.2.2.2.4 of the BFN LRA, the applicant addressed the further evaluation of
programs to manage the local loss of material due to microbiologically influenced corrosion for
components in the engineered safety feature systems. This aging effect is referenced in the
BFN LRA by Table 1 item 3.2.1.6, which the applicant referenced in the auxiliary systems AMRs
for components in the raw service water, sampling and water quality, radioactive waste
treatment, and radiation monitoring systems. The NRC staff reviewed the applicant’s further
evaluation for this aging effect in SER Section 3.2.2.4.
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The NRC staff noted that Table 3.3.2.25 of the BFN LRA identifies loss of material due to MIC
as an aging effect requiring management for components in a raw water environment in the
radioactive waste treatment system. Table 3.2.1, items 3.2.1.3, 3.2.1.5, and 3.2.1.6, are
referenced, and consistency with GALL is noted. The one-time inspection program is credited
to manage this aging effect. However, section 3.2.1.6 references the further evaluation in
3.2.2.2.4, which identifies the open-cycle cooling water program for managing MIC. The NRC
staff inquired as to the technical basis for crediting the one-time inspection program for
managing aging due to MIC for these components. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that the
raw water environment identified in the radioactive waste treatment system is waste that was
generated from floor and equipment drain sumps and may contain dirty or contaminated water.
This waste stream is not subject to the chemistry control program or the open-cycle cooling
water program. The potential for corrosion in this system would be lower than actual “raw
water” systems because a portion of the waste stream would be treated water from chemistry
control systems. BFN determined that inspection in accordance with the one-time inspection
program will verify integrity of this system during the period of extended operation. If corrosion
is detected that indicates that performance during the period of extended operations may be
affected, then additional inspections and corrective actions are required by the one-time
inspection program.
The NRC staff reviewed the applicant’s response and concluded that it is acceptable since the
raw water environment identified in the radioactive waste treatment system is waste that was
generated from floor and equipment drain sumps and may contain dirty or contaminated water.
The potential for corrosion in this system would be lower than actual raw water systems
because a portion of the waste stream would be treated water from chemistry control systems.
The one-time inspection program will verify integrity of this system during the period of
extended operation.
3.3.2.3

Conclusion

On the basis of its review, for component groups evaluated in the GALL report for which the
applicant has claimed consistency with the GALL report, and for which the GALL report
recommends further evaluation, the NRC staff determined that the applicant adequately
addressed the issues that were further evaluated. In addition, the NRC staff reviewed the
applicant's further evaluations against the criteria contained in Section 3.3.2.2 of the SRP-LR.
The NRC staff finds that the applicant has demonstrated that the effects of aging will be
adequately managed so that the intended functions will be maintained consistent with the CLB
during the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.3.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

The NRC staff also reviewed AMR results in BFN LRA Tables 3.3.2.1 through 3.3.2.34, for
material/environment/aging effect requiring management/AMP combinations that the applicant
identifies as not consistent with GALL, but previously accepted by the staff.
3.3.3.1

Summary of Technical Information in the Application

In BFN LRA Tables 3.3.2.1 through 3.3.2.34 the applicant indicated, via Notes F through J, that
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neither the identified component nor the material and environment combination is evaluated in
the GALL report, and provided information concerning how the aging effect requiring
management will be managed. Table 3.3-1 summarizes the material, environment, aging effect
combinations identified by the applicant for the auxiliary systems. For each aging effect
requiring management, the applicant identified an aging management program to manage the
aging effect.
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Table 3.3-1

Material, Environment, Aging Effect and AMP Combinations Identified in the
Auxiliary System AMRs as Not Consistent with GALL or Not Addressed in the
GALL Report

Material
Aluminum and
Aluminum
Alloys

Environment
Air/gas

Aging Effect
None

Aging Management Program
None

Air/gas (pooling or
wetted surface)
Air/gas

Loss of material

One-Time Inspection Program
One-Time Inspection Program

Air/gas
Fuel oil

Fouling product
buildup
Cracking
Loss of material

Inside air
Lubrication oil
Outside air
Raw water

None
None
None
Loss of material

Raw water
Treated water

Cracking
Loss of material

Treated water

Loss of material

Treated water

Cracking

Treated water

Cracking

Aluminum and
Aluminum
Alloys

Treated water
(external)

Cracking
Loss of material

Carbon and
Low Alloy Steel

Air/gas

Loss of material

Chemistry Control Program
Inspection of Overhead Heavy
Load and Light Load Handling
Systems Program
One-Time Inspection Program

Air/gas
Air/gas
Air/gas

Loss of material
None
Loss of material

Fire Water System Program
None
Fire Protection Program

Buried

Loss of material

Buried Piping and Tanks
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One-Time Inspection Program
Fuel Oil Chemistry Program
One-Time Inspection Program
None
None
None
Open-Cycle Cooling Water
System Program
One-Time Inspection Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program

Material

Cast Iron and
Cast Iron Alloys

Cast Iron and
Cast Iron Alloys
(continued)

Environment

Aging Effect

Embedded/
encased
Fuel oil

None
Loss of material

Inside air
Inside air (>212°F)
Lubrication oil
Lubricating oil
Raw water

Loss of material
None
None
Loss of material
Loss of material

Raw water
Treated water

Loss of material
Loss of material

Treated water

Loss of material

Treated water
Treated water
borated
Air/gas

Loss of material
Loss of material
Loss of material

Air/gas
Air/gas

Loss of material
Loss of material

Air/gas

Loss of material

Air/gas
Air/gas

None
Loss of material

Buried

Loss of material

Buried

Loss of material

Embedded/
encased
Fuel oil

None
Loss of material

Inside air
Lubrication oil
Outside air
Raw water

Loss of material
None
Loss of material
Loss of material
124

Aging Management Program
Inspection Program
None
Fuel Oil Chemistry Program
One-Time Inspection Program
System Monitoring Program
None
None
One-Time Inspection Program
Open-Cycle Cooling Water
System Program
One-Time Inspection Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
One-Time Inspection Program
Chemistry Control Program
One-Time Inspection Program
One-Time Inspection Program
Fire Water System Program
Selective Leaching of Materials
Program
Compressed Air Monitoring
Program
None
Diesel Starting Air Program
One-Time Inspection Program
Buried Piping and Tanks
Inspection Program
Selective Leaching of Materials
Program
None
Fuel Oil Chemistry Program
One-Time Inspection Program
System Monitoring Program
None
System Monitoring Program
Open-Cycle Cooling Water
System Program

Material

Copper Alloys

Copper Alloys
(continued)

Environment
Raw water
Raw water

Aging Effect
Loss of material
Loss of material

Raw water
(external)
Treated water

Loss of material

Treated water

Loss of material

Treated water

Loss of material

Treated water

Loss of material

Treated water
Air/gas
Air/gas (pooling or
wetted surface)
Air/gas

Loss of material
None
Loss of material

Loss of material

Buried

Fouling product
buildup
Loss of material

Buried

Loss of material

Inside air
Lubrication oil
Lubricating oil
Lubricating oil

None
None
Loss of material
Loss of material

Outside air

None

Raw water

Loss of material

Raw water
Raw water

Loss of material
Loss of material

Raw water
Raw water

Loss of material
Fouling product
buildup

Raw water

Fouling product
buildup
Cracking

Raw water
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Aging Management Program
One-Time Inspection Program
Selective Leaching of Materials
Program
Fire Water System Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
Selective Leaching of Materials
Program
Flow-Accelerated Corrosion
Program
One-Time Inspection Program
None
One-Time Inspection Program
One-Time Inspection Program
Buried Piping and Tanks
Inspection Program
Selective Leaching of Materials
Program
None
None
One-Time Inspection Program
Selective Leaching of Materials
Program
None
Open-Cycle Cooling Water
System Program
One-Time Inspection Program
Selective Leaching of Materials
Program
Fire Water System Program
Open-Cycle Cooling Water
System Program
One-Time Inspection Program
Open-Cycle Cooling Water

Material

Environment
Treated water

Loss of material

Treated water

Loss of material

Treated water

Loss of material

Treated water
Treated water

Treated water

Loss of material
Fouling product
buildup
Fouling product
buildup
Loss of material

Air/gas
Fuel oil
Inside air
Inside air
Raw water
Treated water
AFFF
Air/gas
Inside air
Lubricating oil
Raw water
Treated water
AFFF
Air/gas
Fuel oil

None
Degradation
None
Degradation
None
None
None
None
None
None
None
None
None
None
Loss of material

Inside air
Outside air
Raw water
Raw water
Treated water

None
None
Loss of material
Loss of material
Loss of material

Air/gas
Inside air
Raw water
Treated water

None
None
None
None

Treated water

Elastomer

Glass

Nickel Alloy

Polymer

Aging Effect
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Aging Management Program
System Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
Selective Leaching of Materials
Program
One-Time Inspection Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
Flow-Accelerated Corrosion
Program
None
One-Time Inspection Program
None
System Monitoring Program
None
None
None
None
None
None
None
None
None
None
Fuel Oil Chemistry Program
One-Time Inspection Program
None
None
One-Time Inspection Program
Fire Water System Program
Chemistry Control Program
One-Time Inspection Program
None
None
None
None

Material

Environment

Stainless Steel

Air/gas
Air/gas (pooling or
wetted surface)
Air/gas

Aging Effect
None
Loss of material

None
One-Time Inspection Program

Fouling product
buildup
None

One-Time Inspection Program

Embedded/
encased
Fuel oil

Loss of material

Inside air
Lubrication oil
Outside air
Raw water

None
None
None
Loss of material

Raw water
Raw water
Raw water

Loss of material
Cracking
Fouling product
buildup
Fouling product
buildup

Raw water

Aging Management Program

Treated water

Loss of material

Treated water

Loss of material

Treated water
(>140°F)
Treated water
(external)
Treated water

Cracking

Treated water

Cracking

Treated water

Cracking Loss of
material

Treated water
(external)

Loss of material

Loss of material
Change in
material properties
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None
Fuel Oil Chemistry Program
One-Time Inspection Program
None
None
None
Open-Cycle Cooling Water
System Program
One-Time Inspection Program
One-Time Inspection Program
One-Time Inspection Program
Open-Cycle Cooling Water
System Program
Chemistry Control Program
One-Time Inspection Program
Closed-Cycle Cooling Water
System Program
Chemistry Control Program
One-Time Inspection Program
Chemistry Control Program
One-Time Inspection Program
ASME Section XI Subsections
IWB,IWC and IWD Inservice
Inspection Program
Closed-Cycle Cooling Water
System Program
ASME Section XI Subsections
IWB,IWC and IWD Inservice
Inspection Program Chemistry
Control Program
Chemistry Control Program
Inspection of Overhead Heavy
Load and Light Load Handling
Systems Program

Material

Stainless Steel
(continued)
Zinc Alloys
3.3.3.2

Environment
Treated water
(borated)

Aging Effect
Loss of material

Aging Management Program
Chemistry Control Program
One-Time Inspection Program

AFFF

None

None

Air/gas

None

None

Evaluation

For component type, material and environment combinations that are not evaluated in the
GALL report, the NRC staff reviewed the applicant's evaluation to determine whether the
applicant had demonstrated that the effects of aging will be adequately managed so that the
intended function will be maintained consistent with the CLB during the period of extended
operation.
3.3.3.2.1

Crack Initiation and Growth due to SCC for Copper Alloys and Stainless Steel in
Raw Water Environments

The NRC staff reviewed Table 3.3.2.28 of the BFN LRA, which summarized the results of AMR
evaluations for the diesel generator system component groups.
The applicant identified crack initiation and growth due to SCC as an aging effect requiring
management for heat exchangers constructed of copper alloy in a raw water environment. The
applicant credited the open-cycle cooling water system program (AMP B.2.1.17) to manage this
aging effect. The NRC staff asked how the open-cycle cooling water system program will
detect cracking prior to the loss of intended function for these components. By letter dated
October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff,
stating that the open-cycle cooling water system program is implemented by a variety of
maintenance, inspection, and testing procedures. The primary method of detecting cracking in
heat exchangers is eddy current testing in accordance with the heat exchanger program
(NEDP-17). This procedure requires the heat exchanger engineer to coordinate and schedule
heat exchanger activities. The actual inspections are scheduled as preventive maintenance
tasks. In particular, the diesel generator cooling water heat exchangers are scheduled with a
frequency of two years.
The NRC staff concluded that the applicant’s response is acceptable for this material and
environment combination since the open-cycle cooling water system program is implemented
by a variety of maintenance, inspection, and testing procedures, which include eddy current
testing in accordance with the heat exchanger program. Eddy current testing will detect
cracking.
The NRC staff also reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of
AMR evaluations for the heating, ventilation, and air conditioning system component groups.
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The applicant identified crack initiation and growth due to SCC as an aging effect requiring
management for heat exchangers constructed of stainless steel in a raw water environment.
The applicant credited the one-time inspection program to manage this aging effect. The NRC
staff inquired as to the technical basis for identifying this aging effect for this material and
environment combination. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that, upon further review, the cracking
aging effect was inappropriately identified for the raw water environment and should be deleted
from the Table 3.3.2.9 entry for these components.
The NRC staff concluded that the applicant’s response is acceptable for this material and
environment combination since the conditions for SCC are not expected to be present in the
environment identified.
3.3.3.2.2

Crack Initiation and Growth due to SCC for Stainless Steel and Cast Austenitic
Stainless Steel in Treated Water Environments

The NRC staff reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of AMR
evaluations for the heating, ventilation, and air conditioning system component groups.
The applicant identified crack initiation and growth due to SCC as an aging effect requiring
management for fittings, flexible connectors, piping, tubing and valves constructed of stainless
steel in a treated water environment. The applicant credited the closed-cycle cooling water
system program to manage this aging effect. The NRC staff inquired as to how the closedcycle cooling water system program would detect cracking prior to the loss of intended function
for these components. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that, upon further review, the cracking
aging effect is unnecessary for these components. In addition, components were identified with
cracking of stainless steel in a raw water environment in System 29, potable water, and System
31, heating, ventilation, and air conditioning. The applicant determined that this cracking aging
effect is also unnecessary.
The NRC staff concluded that the applicant’s response is acceptable for this material and
environment combination since the conditions conducive to SCC are not present in the system
identified.
The NRC staff reviewed Table 3.3.2.21 of the BFN LRA, which summarized the results of AMR
evaluations for the reactor water cleanup system component groups. The applicant identified
crack initiation and growth due to SCC and change in material properties due to thermal aging
as aging effects requiring management for valves constructed of stainless steel and cast
austenitic stainless steel in a treated water environment. The applicant credited the ASME
Section XI inservice inspection program (AMP B.2.1.4 ) to manage these aging effects. The
NRC staff inquired as to the ASME class of these valves, whether they are currently included in
the ASME Section XI inspection program, and the basis for concluding that the ASME
inspection will detect changes in material properties.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the cast austenitic stainless steel valves that are included in this line
item are the Reactor Water Cleanup System 1" root valves providing flow to and from the
recently added Durability Monitoring Panels for Units 2 and 3. These valves are Non-Nuclear
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Code Class and, therefore, the ASME Section XI Subsections IWB, IWC and IWD Inservice
Inspection Program is not applicable.
The applicant further stated that thermal embrittlement degrades the mechanical properties of
material (strength, ductility, toughness) as a result of prolonged exposure to high temperatures.
Cast austenitic stainless steel materials are susceptible to thermal embrittlement. The degree
of susceptibility is dependent upon material composition and time at temperature. The
maximum time these valves would be exposed to these high temperatures would be for BFN
Unit 3. The Unit 3 valves were installed in the spring 2000 refueling outage with a proposed
license expiration date of July 2, 2036. This represents a potential for approximately 36.5 years
of operation at the elevated temperatures. The Unit 2 valves were installed in the spring 2001
refueling outage with a proposed license expiration date of June 28, 2034, or approximately
33.5 years of operation. None of these CASS valves will be operated beyond their original 40
year design life and thermal aging has not been identified as a current license basis (40 years)
issue.
The applicant referenced NRC letter, "License Renewal Issue No. 98-0030, Thermal Aging
Embrittlement of Cast Austenitic Stainless Steel Components," dated May 19, 2000 from Mr. C.
I. Grimes (NRC) to D. J. Walters (NEI), to support its position that change in material properties
due to thermal aging is not a concern for these valves, citing the results of a bounding fracture
mechanics analysis for valve bodies with NPS less than 4 in., included in Attachment 2 to this
letter.
The applicant concluded that thermal aging of these 1 inch NPS CASS valves is not an aging
effect that requires management, based on the following considerations:
• Thermal aging is not a current license basis issue and is a concern for operation beyond
forty years. These valves will be operated for less than forty years, including the period of
extended operation.
• Even assuming thermal aging for valves is a current licensing basis concern, the conclusion
from the NRC's bounding fracture analysis for valves less than 4 inches NPS was that "a
CASS valve loaded to the maximum anticipated stress can sustain a through wall crack well
in excess of its wall thickness without fracturing" and "that requirements for licensees to
either (a) inspect . . . of these components would represent an unnecessary duplication of
effort."
However, to resolve this issue, the applicant stated that thermal aging will be identified in the
LRA as being an aging effect requiring management for these 1 inch NPS non-Class 1 valves,
and that the Systems Monitoring Program will be identified as the aging management program
to perform an external visual inspection.
The NRC staff concluded that the applicant’s response is acceptable on the basis that: (1) the
valves will have operating lives less than 40 years; (2) NRC-sponsored fracture mechanics
analyses demonstrate a high degree of flaw tolerance, including through-wall cracking; and (3)
periodic (quarterly) external visual examination conducted as part of the Systems Monitoring
Program (BFN AMP B.2.1.39) will detect through-wall cracking, in the unlikely event that it
should occur.
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The NRC staff also asked why the BWR stress corrosion cracking program is not credited for
this aging effect in all cases. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that Table 3.3.2.21, lines 24 and 54 refer
to fittings and piping that are less than 4” NPS. The corresponding GALL Volume 2 line item is
IV.C1.1-i, which specifies the ASME Section XI Subsections IWB, IWC, and IWD Inservice
Inspection Program, the Chemistry Control Program, and the One-Time Inspection Program.
For fittings and piping greater than or equal to 4” NPS, line items 27 and 56 specify the boiling
water reactor stress corrosion cracking program and the chemistry control program, which is
consistent with IV.C1.1-f. Table 3.3.2.21, line 102 credits the boiling water reactor stress
corrosion cracking program and the chemistry control program for aging management of
Valves-RCPB, which is consistent with IV.C1.3-c. Note that the boiling water reactor stress
corrosion cracking program invokes the ASME Section XI Subsections IWB, IWC, and IWD
inservice inspection program for inspection and flaw evaluation to monitor intergranular stress
corrosion cracking.
The applicant further stated that Table 3.3.2.21, lines 20, 49, and 93, for non-reactor coolant
pressure boundary fittings, piping, and valves, respectively, incorrectly listed the ASME Section
XI Subsections IWB, IWC, and IWD inservice inspection program and/or boiling water reactor
stress corrosion cracking program. The correct aging management programs for lines 20, 49,
and 93 are the chemistry control program, and the one-time inspection program.
The NRC staff finds that the applicant’s use of the ASME Section XI program for components
less than 4" NPS is consistent with the GALL report, and also concurs with the applicant’s
corrections to LRA Table 3.3.2.21, lines 20, 49, and 93. The NRC staff finds the applicant’s
response to be acceptable.
The NRC staff reviewed Table 3.3.2.29 of the BFN LRA, which summarized the results of AMR
evaluations for the control rod drive system component groups.
The applicant identified loss of material due to corrosion as an aging effect requiring
management for fittings, piping, strainers, and valves constructed of stainless steel in a treated
water environment. However, cracking due to SCC was only identified for valves. The NRC
staff inquired as to why cracking due to SCC was not identified for stainless steel fittings,
piping, and strainers in a treated water environment for this system. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
stainless steel components have the potential for corrosion if the chemistry control program is
not properly implemented. However, stress corrosion cracking only requires an aging
management program where the normal operating temperature is greater than 140°F. The
AMR identifies that the control rod drive system RCPB components (valves) that interface with
the reactor water cleanup system experience normal operating temperatures in excess of
140°F. These closed valves are the only components in the control rod drive system that
exceed 140°F.
The NRC staff concluded that the applicant’s determination that cracking due to SCC is only
applicable to RCPB valves in the control rod drive system is acceptable since these are the only
components that operate at temperatures above 140°F.
3.3.3.2.3

Loss of Material Due to Corrosion for Cast Iron and Carbon/Low Alloy Steels in
an Air/Gas Environment
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The NRC staff reviewed Table 3.3.2.1 of the BFN LRA, which summarized the results of AMR
evaluations for the auxiliary boiler system component groups.
The applicant identified loss of material due to crevice, general, and pitting corrosion as an
aging effect that requires management for valves constructed of cast iron and cast iron alloy, as
well as fittings, piping, traps, and valves constructed of carbon or low alloy steel in a moist
air/gas environment on their internal surface. The one-time inspection program is credited for
managing this aging effect. The NRC staff inquired as to the technical basis for concluding that
the one-time inspection program is adequate to manage this aging effect for these material and
environment combinations for this system. By letter dated October 8, 2004 (ML042870428), the
applicant submitted its formal response to the NRC staff, stating that the air/gas components in
the auxiliary boiler system were exposed to secondary quality water or steam that has been
isolated by the lay-up of the auxiliary boilers. The portions of the system that now contain
air/gas are isolated and there is no mechanism for introducing contaminants or additional
oxygen. Since the portions of the auxiliary boiler system exposed to air/gas were originally
chemistry controlled, the potential for corrosion is low. The one-time inspection program will
verify this by performing a sampling inspection. If corrosion is detected that indicates that
operation during the period of extended operations may be effected, then additional inspections
and corrective actions are required by the one-time Inspection program.
The NRC staff concluded that the applicant’s response is acceptable since the water to which
these components were exposed was chemically treated, and the components are now isolated
such that neither contaminants nor additional oxygen will not be introduced into the air/gas
environment. Therefore, the potential for corrosion of these components is low. The one-time
inspection will verify that corrosion is not occurring. If corrosion is detected, additional
inspections and corrective actions will be taken.
The NRC staff reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of AMR
evaluations for the heating, ventilation, and air conditioning system component groups.
The applicant identified loss of material due to crevice, galvanic, general, and pitting corrosion
as an aging effect that requires management for heat exchangers constructed of cast iron and
cast iron alloy, as well as heaters and heat exchangers constructed of carbon or low alloy steel
in an air/gas environment on their internal surface. The one-time inspection program is credited
for managing this aging effect. The NRC staff inquired as to the technical basis for concluding
that the one-time inspection program is adequate to manage this aging effect for components
with these material and environment combinations in this system. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
the components in the heating, ventilation, and air conditioning system located in an air/gas
environment were exposed to heated and cooled circulated air. Loss of material is consistent
with the GALL report, although the GALL report identifies only general corrosion. Based on the
potential for water accumulation on or in the area of the cooling coils, additional potential aging
mechanisms were identified for BFN. Actual experience based on a review of work orders and
PERs demonstrates that loss of material has not been an issue for these components within
this system. In particular, no instances of pitting, crevice, or galvanic corrosion were identified
in this review. The one-time inspection program will verify this by performing a sampling
inspection. If corrosion is detected that indicates that operation during the period of extended
operation may be affected, then additional inspections and corrective actions are required by
the one-time inspection program.
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The NRC staff concluded that the applicant’s response is acceptable since these components
are normally exposed to heated and cooled air and the potential for loss of material due to
crevice, galvanic, and pitting corrosion is low. Loss of material due to crevice, galvanic, and
pitting corrosion of these components was included since there is the potential for water
accumulation near them; however, a review of past operating experience confirms that this
aging effect has not been a problem. The one-time inspection will verify that loss of material is
not occurring. If loss of material is detected, additional inspections and corrective actions will
be taken.
3.3.3.2.4

Fouling Product Buildup due to Particulate for Copper Alloy and Stainless Steel
in an Air/Gas Environment

The NRC staff reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of AMR
evaluations for the heating, ventilation, and air conditioning system component groups.
The applicant identified fouling product buildup due to particulate as an aging effect that
requires management for heat exchangers constructed of copper alloy and stainless steel in an
air/gas environment on their internal surface. The one-time inspection program is credited for
managing this aging effect. The NRC staff inquired as to the technical basis for concluding that
the one-time inspection program is adequate to manage this aging effect for these material and
environment combinations for this system. By letter dated October 8, 2004 (ML042870428), the
applicant submitted its formal response to the NRC staff, stating that the air/gas environment to
which the cooling coils are exposed is heated and cooled circulated air. The actual plant
experience based on a review of work orders and problem reports demonstrates that fouling
has not been an issue with this system. The one-time inspection program will verify this by
performing a sampling inspection. If fouling is detected that indicates that operation during the
period of extended operations may be affected, then additional inspections and corrective
actions are required by the one-time inspection program.
The NRC staff concluded that the applicant’s response is acceptable since these components
are normally exposed to heated and cooled air and the potential for fouling due to particulate is
low. A review of past operating experience confirms that this aging effect has not been a
problem, and the one-time inspection will verify that fouling is not occurring. If fouling is
detected, additional inspections and corrective actions will be taken.
3.3.3.2.5

Loss of Material due to Corrosion for Copper Alloys in a Raw Water Environment

The NRC staff reviewed Table 3.3.2.7 of the BFN LRA, which summarized the results of AMR
evaluations for the potable water system component groups.
The applicant identified loss of material due to crevice and pitting corrosion for components
constructed of copper alloy and stainless steel in a raw water environment on their internal
surface as an aging effect requiring management. The one-time inspection program is credited
for managing this aging effect. The NRC staff inquired as to the technical basis for concluding
that the one-time inspection program is adequate to manage this aging effect for these material
and environment combinations for components in this system. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that Table
3.3.2.7 for the potable water system evaluates the potable (city) water as a raw water source.
The actual chemistry is much milder than expected for raw water. Therefore, loss of material
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affecting component operation during the period of extended operation is not expected. The
one-time inspection program will verify this by performing a sampling inspection. If corrosion is
detected that indicates that operation during the period of extended operations may be affected,
then additional inspections and corrective actions are required by the one-time inspection
program.
The NRC staff concluded that the applicant’s response is acceptable since raw water for this
system is actually potable water, which has a milder chemistry. Therefore, the potential for
corrosion is low. The one-time inspection program will verify that corrosion is not occurring. If
corrosion is detected, additional inspections and corrective actions will be taken.
3.3.3.2.6

Loss of Material due to Selective Leaching of Copper Alloy in a Treated Water
Environment

The NRC staff reviewed Table 3.3.2.1 of the BFN LRA, which summarized the results of AMR
evaluations for the auxiliary boiler system component groups.
The applicant identified loss of material due to selective leaching for components constructed of
copper alloy in a treated water environment on their internal surface as an aging effect requiring
management. The one-time inspection program is credited for managing this aging effect. The
NRC staff inquired as to the technical basis for concluding that the one-time inspection program
is adequate to manage this aging effect for this material and environment combination for
components in this system. By letter dated October 8, 2004 (ML042870428), the applicant
submitted its formal response to the NRC staff, stating that the one-time inspection program
was identified in error. The correct aging management program for this aging effect is the
selective leaching program.
The NRC staff concluded that the applicant’s response is acceptable since the selective
leaching program was developed specifically to address loss of material due to selective
leaching. The one-time inspection program was incorrectly listed in Table 3.2.2.1 for this
component.
3.3.3.2.7

Loss of Material due to Biofouling, MIC, Crevice and Pitting Corrosion for Nickel
Alloys in a Raw Water Environment

The NRC staff reviewed Table 3.3.2.16 of the BFN LRA, which summarized the results of AMR
evaluations for the raw water chemical treatment system component groups.
The applicant identified loss of material due to biofouling, MIC, crevice and pitting corrosion for
components constructed of nickel alloy in a raw water environment on their internal surface as
an aging effect requiring management. The one-time inspection program is credited for
managing this aging effect. The NRC staff inquired as to the technical basis for concluding that
the one-time inspection program is adequate to manage this aging effect for this
material/environment combination for components in this system. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
the raw water referred to in this line item is a diluted raw water chemical treatment solution.
The diluted chemicals in these nickel alloy components minimize any aging effects that
potentially affect component operability during the period of extended operation. If corrosion is
detected that indicates that operation during the period of extended operations may be affected,
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then additional inspections and corrective actions are required by the one-time inspection
program.
The NRC staff concluded that the applicant’s response is acceptable since the raw water
referred to in this line item is a diluted raw water chemical treatment solution. The diluted
chemicals in these nickel alloy components minimize any aging effects that potentially affect
component operability during the period of extended operation.
3.3.3.2.8

Fouling Product Buildup due to Particulate for Stainless Steel in a Raw Water
Environment

The NRC staff reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of AMR
evaluations for the heating, ventilation, and air conditioning system component groups.
The applicant identified fouling product buildup due to particulate as an aging effect that
requires management for heat exchangers constructed of stainless steel in a raw water
environment on their internal surface. The one-time inspection program is credited for
managing this aging effect. The NRC staff inquired as to the technical basis for concluding that
the one-time inspection program is adequate to manage this aging effect. By letter dated
October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff,
stating that the raw water referred to in this line item is actually potable (city) water. The
chemistry of the potable water is much milder than expected for raw water. Therefore, loss of
material and fouling potentially affecting component operability during the period of extended
operation is not expected. The One-time inspection program will verify this by performing a
sampling inspection. If corrosion or fouling is detected that indicates that operation during the
period of extended operation may be affected, then additional inspections and corrective
actions are required by the one-time inspection program.
The NRC staff concluded that the applicant’s response is acceptable since the raw water
referred to in this line item is actually potable (city) water. The chemistry of the potable water is
much milder than expected for raw water. Therefore, loss of material and fouling potentially
affecting component operability during the period of extended operation is not expected. The
One-time inspection program will verify this by performing a sampling inspection
3.3.3.2.9

No Aging Effect or Aging Management Program Identified

The NRC staff reviewed Tables 3.3.2.1 to 3.3.2.34 of the BFN LRA, which summarized the
results of AMR evaluations for the auxiliary systems component groups.
The applicant included entries in these tables for which there are no aging effects or aging
management programs identified. However, the material/environment combinations for these
components do have aging effects identified in other table entries. For example, Table
3.3.2.31, row 14 shows stainless steel fittings in treated water with no aging effect or aging
management program, while the next row has the same component/material/ environment with
loss of material identified as an aging effect requiring management. The NRC staff inquired as
to the purpose of the entries showing no aging effect or aging management program. By letter
dated October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC
staff, stating that the reason for the line entries that indicate no aging effects is an attempt to
ensure completeness of GALL comparison. For the example given, BFN LRA, Table 3.3.2.31,
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rows 14 and 15 address stainless steel fittings that form a portion of containment isolation. The
applicable GALL Volume 2 line item was determined to be V.C.1-b. GALL Volume 2 line item
V.C.1-b lists four aging effects; pitting, crevice, and microbiologically influenced corrosion, and
biofouling. For a treated water line, the BFN aging management review determined that
microbiologically influenced corrosion and biofouling did not require management for the period
of extended operation. This was documented in the aging management review as:
•
•
•
•

Pitting corrosion – Yes
Crevice corrosion – Yes
Microbiologically influenced corrosion – No
Biofouling – No

The first two aging mechanisms form the basis for BFN LRA Table 3.3.2.31, row 15. The last
two are documented in BFN LRA Table 3.3.2.31, row 14 as no aging effect with Note 4
identified. Note 4 states, “Based on system design and operating history, MIC and biofouling
are not applicable to the treated water portions of this system.” Also, Table 3.3.2.14, row 58
should refer to Notes I, 5, and Table 3.3.2.28, row 56 should refer to Notes I, 2.
The NRC staff finds that the applicant’s entries showing no aging effect or aging management
program are acceptable since they are included only to ensure completeness of GALL
comparison; and also concurs with the corrections identified for Table 3.3.2.14, row 58 and
Table 3.3.2.28, row 56.
The NRC staff reviewed Tables 3.3.2.6, 3.3.2.9, 3.3.2.12, 3.3.2.14, 3.3.2.21, 3.3.2.22, 3.3.2.23,
3.3.2.28, 3.3.2.30, and 3.3.2.31 of the BFN LRA, which summarized the results of AMR
evaluations for the high pressure fire protection, heating , ventilation, and air conditioning, CO2,
sampling and water quality, reactor water cleanup, reactor building closed cooling water,
reactor core isolation cooling, diesel generator, diesel generator starting air, and radiation
monitoring systems component groups, respectively.
The applicant identified glass fittings in environments of air/gas, inside air, treated water, raw
water, lubricating oil, and AFFF as having no aging effects requiring management. The NRC
staff inquired as to the specific applications of these glass fittings and the chemical properties
of AFFF with regard to its reactivity with glass. By letter dated October 8, 2004 (ML042870428),
the applicant submitted its formal response to the NRC staff, stating that the following
components, which contain glass, are included in the scope of license renewal for BFN:
• System 26, High Pressure Fire Protection - level gauge
• System 31, Heating, Ventilation, and Air Conditioning - level gauge
• System 37, Gland Seal Water - level gauge
• System 39, CO2 - level gauge
• System 43, Sampling and Water Quality - level gauge
• System 64, Containment - level gauge
• System 68, Reactor Recirculation - sight glass
• System 70, Reactor Building Closed Cooling Water - level gauge
• System 82, Diesel Generator - level gauge
• System 86, Diesel Generator Starting Air - sight glass
• System 90, Radiation Monitoring - sight glass, moisture traps, and air filters
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In addition, the applicant stated that AFFF is Aqueous Film Forming Foam, which contains the
following:
• Water
• 2-(2-Butoxyethoxy) Ethanol
• Ethylene Glycol
• Alkyl Polyglycoside
• Fluoroalkyl Surfactant
This mixture of hydrocarbons, surfactants, fluorosurfactants and water is not reactive with
glass.
The NRC staff concluded that the applicant’s determination of no aging effect for these glass
components for the environments identified is acceptable since the environments identified are
not reactive with glass.
The NRC staff also reviewed Table 3.3.2.9 of the BFN LRA, which summarized the results of
AMR evaluations for the heating, ventilation, and air conditioning system component groups.
The applicant identified no aging effect or aging management program for heat exchangers
constructed of aluminum alloy and copper alloy in an outside air environment on the external
surface. The NRC staff inquired as to the technical justification for concluding that there are no
aging effects for this material/environment combination for this system. By letter dated October
8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating
that the cooling coils identified in an outside environment are in the Freon cycle and the air flow
over the coils is to cool the Freon. Therefore, condensation on the coils will not occur and loss
of material is not identified as an aging mechanism requiring management for the period of
extended operation. Air side fouling of cooling coils that have no condensation mechanism is
only a problem for fin type heat exchangers. Therefore, fouling is not identified as an aging
mechanism requiring management for the period of extended operation.
The NRC staff concluded that the applicant’s response is acceptable since these components
are cooling coils exposed to air flow on the outside surface. The air flow is to cool Freon inside
the coils, therefore, the air will be heated and condensation will not occur on these components.
The applicant also identified no aging effect or aging management program for heat
exchangers constructed of copper alloy in an air/gas environment on their internal surface. The
NRC staff inquired as to the technical justification for concluding that there are no aging effects
for these material and environment combinations for components in this system. By letter dated
October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff,
stating that Table 3.3.2.9, line items 131 and 132 are referring to the Freon side of the cooling
coil and correctly identify no aging effects. The material should reference Freon in the
materials description. These items are for the external surface of cooling coils and correctly
identify loss of material.
The NRC staff concluded that the applicant’s response is acceptable since the components will
be exposed to Freon, which is not a corrosive environment for copper alloys; and also concurs
with the corrections to Table 3.3.2.9, line items 131 and 132.
The NRC staff reviewed Table 3.3.2.2 of the BFN LRA, which summarized the results of AMR
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evaluations for the fuel oil system component groups. The applicant identified no aging effect or
aging management program for components constructed of cast iron and cast iron alloy, as well
as carbon or low alloy steel in an air/gas environment on their internal surface. The NRC staff
inquired as to the technical justification for concluding that there are no aging effects for these
material/environment combinations for components in this system. By letter dated October 8,
2004 (ML042870428), the applicant submitted its formal response to the NRC staff, stating that
components in the fuel oil system are exposed to a fuel oil vapor environment. This fuel oil
vapor environment protects the component surfaces and prevents internal corrosion.
The NRC staff concluded that the applicant’s determination of no aging effect requiring
management for components in the fuel oil system in an air/gas environment on the internal
surface is acceptable since the components will be exposed to fuel oil vapor, which will protect
the surfaces of the components from corrosion.
The NRC staff reviewed Table 3.3.2.3 of the BFN LRA, which summarized the results of AMR
evaluations for the residual heat removal service water system component groups.
The applicant identified no aging effect or aging management program for components
constructed of cast iron and cast iron alloy, as well as carbon or low alloy steel in an
embedded/encased environment on their external surface. The NRC staff inquired as to the
technical justification for concluding that there are no aging effects for these material and
environment combinations for components in this system. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that no
aging effects are identified for embedded/encased components. If excessive corrosion that
could prevent the performance of the intended functions during the period of extended
operation was detected on the inside surface or outside surface in air environments adjacent to
the embedded/encased portions, then corrective actions would be taken to restore the
component, including the embedded/encased portions, if this is determined to be necessary.
The NRC staff concluded that the applicant’s determination of no aging effect requiring
management for components in the residual heat removal service water system in an
embedded/encased environment is acceptable since exposure to a corrosive environment will
be limited. Inspections will be performed on adjacent surfaces exposed to an air environment.
If corrosion is detected on adjacent surfaces in an air environment, corrective actions would be
taken to restore the component, including the embedded/encased portions, if this is determined
to be necessary.
The NRC staff reviewed Table 3.3.2.16 of the BFN LRA, which summarized the results of AMR
evaluations for the raw water chemical treatment system component groups.
The applicant identified no aging effect or aging management program for fittings, piping, and
valves constructed of polymer with a raw water environment on the internal surface. The NRC
staff inquired as to the technical justification for concluding that there are no aging effects for
this material/environment combination for this system. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that the
polymer referred to in Table 3.3.2.16 is the internal surface of polypropylene-lined carbon steel
components. The BFN LRA does not credit the lining for prevention of corrosion and this
material/environment combination should be deleted.
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The NRC staff finds that the applicant’s response is acceptable, because the BFN LRA does
not credit the lining for prevention of corrosion on the internal surface; and also concurs with the
correction to Table 3.3.2.16, to delete this material/environment combination.
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3.4

AGING MANAGEMENT OF STEAM AND POWER CONVERSION SYSTEMS

In BFN LRA Section 3.4, the applicant provided the results of its AMRs for components of the
steam and power conversion systems.
In BFN LRA Tables 3.4.2-1 through 3.4.2-7 the applicant provided a summary of the AMRs for
component types associated with the following systems: (1) main steam; (2) condensate and
demineralized water system; (3) feedwater; (4) heater drains and vents system; (5) turbine
drains and miscellaneous piping system; (6)condenser circulating water system; and (7) gland
seal water system. The summary information for each component type included intended
function; material; environment; aging effect requiring management; AMPs; the GALL report
Volume 2 item; cross reference to LRA Table 3.4.1 (Table 1); and generic and plant-specific
notes related to consistency with the GALL report.
Also, the applicant identified for each component type in the BFN LRA Table 3.4.1 (Table 1)
those components where further evaluation is recommended, those for which no further
evaluation is required, and those that are not applicable to BFN, together with the basis for their
exclusion.
Additionally, in LRA Tables 3.4.2-1 through 3.4.2-7, the applicant identified the AMR results it
considered to be consistent with the GALL report (table column Notes A through E) and the
AMR results which it justified on a different basis.
The AMRs that are within the scope of the NRC staff audit are identified in copies of BFN LRA
Tables 3.4.2-1 through 3.4.2-7 (work-split tables), in Appendix D of the BFN audit plan. The
NRC staff conducted its audit in accordance with SRP-LR Section 3.4 and the BFN audit plan.
3.4.1

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which No Further Evaluation Is Required

For aging management evaluations that the applicant states are consistent with the GALL
report and for which further evaluation is not recommended, the NRC staff conducted its audit
to determine if the applicant’s reference to the GALL report in the BFN LRA is acceptable.
The NRC staff reviewed the BFN LRA to confirm that the applicant (1) provides a brief
description of the system, components, materials, and environment; (2) states that the
applicable aging effects have been reviewed and are evaluated in the GALL report; and
(3) identifies those aging effects for the steam and power conversion system components that
are subject to an AMR.
On the basis of its audit, the NRC staff determined that for AMRs not requiring further
evaluation, as identified in the BFN LRA Table 3.4.1 (Table 1), the applicant’s references to the
GALL report are acceptable and no further NRC staff review is required.
3.4.2

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which Further Evaluation Is Recommended

For some line items consistent with the GALL report in LRA Tables 3.4.2-1 through 3.4.2-7
(LRA Table2s), the GALL report recommends further evaluation. When further evaluation is
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recommended, the NRC staff reviewed the applicant’s evaluations provided in BFN LRA
Section 3.4.2.2 against the criteria provided in SRP-LR Section 3.4.2.2. The following provides
the NRC staff’s assessments of these evaluations.
3.4.2.1

Cumulative Fatigue Damage (BFN LRA Section 3.4.2.2.1)

Consistent with the SRP-LR, the applicant references BFN LRA Section 4.3.3. Cumulative
fatigue damage is a TLAA, and is evaluated in Section 4 of this SER.
3.4.2.2

Loss of material due to general (carbon steel only), pitting, and crevice corrosion
(BFN LRA Section 3.4.2.2.2)

The NRC staff reviewed the LRA Section 3.4.2.2.2 against the criteria in SRP-LR Section
3.4.2.2.2.
SRP-LR Section 3.4.2.2.2 states that loss of material due to general, pitting, and crevice
corrosion should be evaluated further for carbon steel piping and fittings, valve bodies and
bonnets, pump casings, pump suction and discharge lines, tanks, tubesheets, channel heads,
and shells except for main steam system components; and that loss of material due to pitting
and crevice corrosion should be evaluated further for stainless steel tanks and heat
exchanger/cooler tubes. The water chemistry program relies on monitoring and control of water
chemistry based on the guidelines in BWRVIP-29 (EPRI TR-103515) for water chemistry in
BWRs. However, corrosion may occur at locations of stagnant flow conditions. Therefore, the
effectiveness of the chemistry control program should be verified to ensure that corrosion is not
occurring. The GALL report recommends further evaluation of programs to manage loss of
material due to general, pitting, and crevice corrosion to verify the effectiveness of the water
chemistry program. A one-time inspection of select components and susceptible locations is an
acceptable method to ensure that corrosion is not occurring and that the component's intended
function will be maintained during the period of extended operation. The AMP recommended by
the GALL report is XI.M32, “One Time Inspection.”
In LRA Section 3.4.2.2.2, the applicant credits BFN AMP B.2.1.5, "Chemistry Control Program,"
to manage loss of material for the components requiring further evaluation. The applicant
addresses the GALL report recommendation for further evaluation to verify the effectiveness of
the chemistry control through BFN AMP B.2.1.29, “One Time Inspection Program.” The NRC
staff reviewed the Chemical Instruction (CI 13.1, Chemistry Program Revision 20) which
implements chemistry control of primary water used in S&PC system. The implementing
procedure recommends that the effectiveness of the chemistry control program should be
verified to ensure that corrosion is not occurring, via use of tools like plant action levels, at cut
off points established for contaminant concentrations recommended by Industry guidance, and
corrective actions if these were exceeded. The NRC staff did not find any instances of
exceeding action level II or III in the past five years of BFN operation (i.e., levels exceeding O2
> 100 ppb or chlorides > 150 ppb or sulfates > 150 ppb.). The NRC staff concludes that the
applicant has satisfactorily complied with GALL recommendations in managing this aging effect
and has demonstrated that the effects of aging for loss of material will be adequately managed
so that the intended functions will be maintained consistent with the CLB during the period of
extended operation, as required by 10 CFR 54.21(a)(3).
3.4.2.3

Loss of Material due to General, Pitting, and Crevice Corrosion, Microbiologically
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Influenced Corrosion, and Biofouling
The further evaluation in SRP-LR Section 3.4.2.2.3 is applicable to PWRs only.
3.4.2.4

General Corrosion (BFN LRA Section 3.4.2.2.4)

The applicant references LRA Table 3.4.1, item 3.4.1.5, to address loss of material due to
general corrosion on external surfaces of carbon/low alloy steel components for the steam and
power conversion systems, the ESF systems, and the RCS components. The applicant’s further
evaluation is in LRA Section 3.4.2.2.4. The NRC staff reviewed LRA Section 3.4.2.2.4 against
the criteria in SRP-LR Section 3.4.2.2.4.
In the BFN LRA Section 3.4.2.2.4, the applicant states that loss of material due to general
corrosion could occur on external surfaces of carbon steel SCs, including closure bolting.
SRP-LR Section 3.4.2.2.4 states that loss of material due to general corrosion could occur on
the external surfaces of all carbon steel SCs, including closure bolting, exposed to operating
temperature less that 212°F. The GALL report recommends further evaluation to ensure that
this aging effect is adequately managed.
The applicant credits the plant-specific system monitoring program to manage general
corrosion of external surfaces of carbon steel components, including bolting, in both indoor and
outdoor environments. The NRC staff reviewed the BFN procedure (NEDP-20, rev. 3, “Conduct
of the Engineering Organization,” 9/9/02) for conducting system monitoring during system
walkdowns. The walkdown encompasses all or part of the total accessible system, such that the
entire system is covered over time. The walkdown is a detailed look at system parameters,
material condition, operation, and configuration, degraded components, outstanding work
activities, and design changes. The material condition involves no missing, discolored indicating
a potential leak, or damaged insulation. The NRC staff finds that the system monitoring
program would be able to detect any corrosion on the external surfaces of carbon steel
components.
On the basis of its review of the system monitoring program, the NRC staff finds that the
applicant has conducted an acceptable AMR for management of loss of material due to general
corrosion on external surfaces of carbon steel SCs, including bolting, in both indoor and outdoor
environments, consistent with the recommendations in the GALL report.
3.4.2.5

Loss of Material due to General, Pitting, Crevice, and Microbiologically
Influenced Corrosion

The further evaluation in SRP-LR Section 3.4.2.2.5 is applicable to PWRs only.
3.4.2.6

Quality Assurance for Aging Management of Nonsafety-Related Components
(BFN LRA Section 3.1.2.2.15)

The applicant referenced BFN LRA Section B.1.3. The NRC staff’s evaluation of LRA Section
B.1.3 is provided in Section x.y of this SER.
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3.4.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

The NRC staff reviewed the AMR results in BFN LRA Tables 3.4.2-1 through 3.4.2-7 for the
material/environment/aging effect requiring management/AMP combinations that the applicant
identified as not consistent with the GALL report.
3.4.3.1

Main Steam System Summary of Aging Management (BFN LRA Table 3.4.2-1)

The NRC staff reviewed Table 3.4.2-1 of the BFN LRA, which summarizes the results of AMR
evaluations in the SRP-LR for the main steam system component groups.
In the BFN LRA Table 3.4.2-1, the applicant has identified no aging effects for stainless steel
and Carbon and low alloy steel components exposed to air, for piping and tubing component
types. Air is not identified in the GALL report as an environment for these components and
materials.
On the basis of current industry research and operating experience, dry air on metal will not
result in aging that will be of concern during the period of extended operation. The external
environments being referred to are typical of ambient air, e.g., under a shelter, indoor, or airconditioned enclosure or room. Therefore, the NRC staff concludes that there are no aging
effects requiring management for stainless steels in an air environment.
In the BFN Units 1,2, and 3 LRA Table 3.4.2-1, the applicant has identified no aging effects for
carbon and low alloy steel condenser components. No aging effects were identified by the AMR
for the main condenser components made of carbon steel, or stainless steel in treated water
environment or inside air. These materials have successfully performed as main condenser
materials at other plants. Further, the applicant has concluded that aging management of the
main condenser is not required based on analysis of materials, environments, and aging
effects. Condenser integrity required to perform the post-accident intended function (holdup and
plateout of MSIV leakage) is continuously confirmed by normal plant operation. The main
condenser must perform a significant pressure boundary function (maintain vacuum) to allow
continued plant operation. For these reasons, the applicant has not identified any applicable
aging effects for the main condenser. The staff concurs with the applicant’s conclusion because
the main condenser integrity is continuously confirmed during normal plant operation and thus
the condenser post accident function will be ensured.
3.4.3.2

Condensate and Demineralized Water System Summary of Aging Management
(BFN LRA Table 3.4.2-2)

The NRC staff reviewed Table 3.4.2-2 of the BFN LRA, which summarizes the results of AMR
evaluations in the SRP-LR for the Condensate and Demineralized Water system component
groups.
In the BFN Units 1,2, and 3 LRA Table 3.4.2-2, the applicant has identified no aging effects for
stainless steel and Carbon and low alloy steel components exposed to air, for piping and tubing
component types. Air is not identified in the GALL report as an environment for these
components and materials.
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On the basis of current industry research and operating experience, dry air on metal will not
result in aging that will be of concern during the period of extended operation. Therefore, the
NRC staff concludes that there are no aging effects requiring management for stainless steels
and carbon and low alloy steel in an air environment (see also SER Section 3.4.3.1)
In the BFN Units 1,2, and 3 LRA Table 3.4.2-2, the applicant has identified an aging effect of
galvanic corrosion for carbon and low alloy steel components exposed to treated water
internally. The aging effect is not indicated in the GALL report, but recommends further
evaluation for these components.
In managing the galvanic aging effect the applicant stated that galvanic corrosion can only
progress if the dissimilar metals are in contact in the presence of an electrolyte. Control of
galvanic corrosion in treated water systems is possible by maintaining adequate chemistry
controls. As treated water is a poor electrolyte, the dissimilar metals in this environment would
experience little or no galvanic corrosion. This is evidenced by the lack of industry operating
experience of galvanic corrosion failures in treated water systems. A review of BFN Problem
Evaluation Reports (PERs) and work orders did not identify instances where galvanic corrosion
was a failure mechanism. The NRC staff finds that the applicant has demonstrated that the
effects of aging for loss of material due to galvanic corrosion will be adequately managed so
that the intended functions will be maintained consistent with the CLB during the period of
extended operation, as required by 10 CFR 54.21(a)(3).
In the BFN Units 1,2, and 3 LRA Table 3.4.2-2, material aluminum alloy, component fitting, in
treated water the aging effect identified to be crack initiation/growth due to SCC and loss of
material due to crevice, galvanic and pitting corrosion. Since this material was not listed in
GALL, the NRC staff needed some additional explanation to justify AMP B.2.1.5 and B2.1.29 to
managing the effect.
The applicant stated the aging effects identified for aluminum alloys are consistent with EPRI
Report 1003056, "Non-Class 1 Mechanical Implementation Guideline and Mechanical Tools,
Revision 3." Aluminum alloys were evaluated using the guidelines given in the report. BFN
utilizes AMP B.2.1.29, Chemistry Control Program, which is the industry standard, and based
on past precedence review of similar application for managing the aging effects of aluminum
alloys in treated water environments the reasoning is found to be acceptable.
In the BFN units 1,2, and 3 LRA table 3.4.2-2, material carbon and low alloy steel, component
type piping air/gas environment (internal) the applicant mentions only one time inspection for
aging management due to general corrosion. Gall Table VIII.E.1, Condensate System, does not
address the air/gas environment identified in the BFN LRA.
The applicant clarified that the item 35 environment in the BFN LRA, Table 3.4.2-2 was
referring to the area between the two isolation valves on condensate system vents and drains.
This small segment of piping is exposed to condensate flow when the valves are open and has
trapped air with varying amount of condensate based on how the valves are closed, i.e., the
sequence and time between closing the valves. The safety consequences for this short
segment of piping failing are non-existent as this line is downstream of a closed isolation valve.
However, for completeness, BFN will perform some inspections to verify these lines are not
degrading using the One-Time Inspection Program even though the GALL does not address
the air/gas environment (see SER Section 3.4.3.1).
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3.4.3.3

Feed Water System Summary of Aging Management (BFN LRA Table 3.4.2-3)

The NRC staff reviewed Table 3.4.2-3 of the BFN LRA, which summarizes the results of AMR
evaluations in the SRP-LR for the feed water system component groups.
In the BFN Units 1,2, and 3 LRA Table 3.4.2-2, the applicant has identified for component
fittings (item 11), material stainless steel exposed to treated water and cites an aging effect of
crack initiation and SCC which is not identified in GALL report (VIIID2.1.1-b) for this item.
The applicant stated in Mechanical Evaluation Report - Feed Water System 003 that the shape
of components in this system made from SS material may provide high stress and the treated
water may contain contaminants such as chlorides and sulfides. The combination plus
temperature above 1400F may promote SCC which is also supported by evidence from industry
experience. The NRC staff concurs with the applicant in identifying that this aging effect needed
appropriate evaluation and managing. The NRC staff agreed with the proposed management
via chemistry control program (B2.1.5) and one time inspection (B.2.1.29) will be adequate to
manage the aging.
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3.5

AGING MANAGEMENT OF CONTAINMENTS, STRUCTURES AND
COMPONENT SUPPORTS

In the BFN LRA Section 3.5, the applicant provided the results of its AMRs for the structures
and component supports.
In the BFN LRA Tables 3.5.2.1 through 3.5.2.26 (Table 2s), the applicant provides a summary
of the AMRs for component types associated with the following structures and commodities:
LRA Table Structure Name
3.5.2.1
3.5.2.2
3.5.2.3
3.5.2.4
3.5.2.5
3.5.2.6
3.5.2.7
3.5.2.8
3.5.2.9
3.5.2.10
3.5.2.11
3.5.2.12
3.5.2.13
3.5.2.14
3.5.2.15
3.5.2.16
3.5.2.17
3.5.2.18
3.5.2.19
3.5.2.20
3.5.2.21
3.5.2.22
3.5.2.23
3.5.2.24
3.5.2.25
3.5.2.26

Primary Containment Structures
Reactor Buildings
Equipment Access Lock
Earth Berm
Diesel Generator Buildings
Standby Gas Treatment Building
Off-Gas Treatment Building
Vacuum Pipe Building
Residual Heat Removal Service Water Tunnels
Electrical Cable Tunnel from Intake Pumping Station to the Powerhouse
Underground Concrete Encased Structures
Intake Pumping Station
Gate Structure No. 3
Intake Channel
North Bank of Cool Water Channel East of Gate Structure No. 2
South Dike of Cool Water Channel between Gate Structure Nos. 2 and 3
Condensate Water Storage Tanks’ Foundations and Trenches
Containment Atmosphere Dilution Storage Tanks’ Foundations
Reinforced Concrete Chimney
Turbine Buildings
Diesel High Pressure Fire Pump House
Vent Vaults
Transformer Yard
161 kV Switchyard
500 kV Switchyard
Structures and Component Supports

The summary information for each component type includes: intended function; material;
environment; aging effect requiring management; AMPs; the GALL report Volume 2 item; cross
reference to the LRA Table 3.5.1 (Table 1); and generic and plant-specific notes related to
consistency with the GALL report.
Also, the applicant identified for each component type in the BFN LRA Table 3.5.1 (Table 1)
those components where further evaluation is recommended, those for which no further
evaluation is required, and those that are not applicable to BFN, together with the basis for their
exclusion.
Additionally, the applicant identified in the BFN LRA Tables 3.5.2.1 through 3.5.2.26 which AMR
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results it considered to be consistent with the GALL report (table column Notes A through E)
and which AMR results are justified on a different basis (table column Notes F through J).
The AMRs that are within the scope of the NRC staff audit are identified in copies of BFN LRA
Tables 3.5.2.1 through 3.5.2.26 (work-split tables), in Appendix D of the BFN audit plan. The
NRC staff conducted its audit in accordance with SRP-LR Section 3.5 and the BFN audit plan.
3.5.1

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which No Further Evaluation Is Required

For aging management evaluations that the applicant states are consistent with the GALL
report and for which further evaluation is not recommended, the NRC staff conducted its review
and audit to determine if the applicant’s reference to the GALL report in the LRA is acceptable.
The NRC staff determined that the applicant: (1) provides a brief description of the system,
components, materials, and environment; (2) states that the applicable aging effects have been
reviewed and are evaluated in the GALL report; and (3) identifies those aging effects for the
SCs that are subject to an AMR. The NRC staff also determined that the LRA line item is
consistent with the GALL Volume 2 system tables line item for component type, material,
environment, aging effect, and AMP.
To confirm consistency with GALL Volume 2, the NRC staff requested clarifications from the
applicant for the following LRA line items:
LRA Table 3.5.2.2, Row No. 60 - The NRC staff observed that the AMP referenced for spent
fuel pool liners is not consistent with GALL Item III.A5.2-b. The Chemistry Control Program is
referenced. However, GALL also includes "monitoring of the spent fuel pool level." The NRC
staff requested that the applicant provide the technical basis for this omission. By letter dated
October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC staff,
stating that the aging management program section for LRA Table 3.5.2.2. row 60 should have
identified that the spent fuel pool level is monitored by plant operations. Browns Ferry will
submit a change to correct this omission. With this correction, the NRC staff concludes that the
applicant’s AMR is consistent with GALL.
Table 3.5.2.1, Row Nos. 4, 6, 8 and 10 - For these items, the BFN LRA credits the Appendix J
Program. The GALL also expects that the Plant Technical Specifications will be credited. The
NRC staff requested the applicant to identify these items and explain the BFN Plant Technical
Specifications that govern the leakage testing of these items after each opening.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.1, row numbers 4 and 6 apply to the drywell personnel
access airlock. Table 3.5.2.1, row numbers 8 and 10 apply to the torus and drywell access
hatches and equipment hatches. These containment pressure boundary components will
continue to be inspected consistent with the Browns Ferry CLB Technical Specifications for
Appendix J requirements. BFN Technical Specification Requirements, Section 5.5.12 "Primary
Containment Leakage Rate Testing Program" provides for the requirement to establish a
program to implement the leakage rate testing of the containment as required by 10 CFR
50.54(o) and 10CFR 50, Appendix J and provides the leakage rate acceptance criteria of the
program. With these clarifications, the NRC staff concludes that these items are consistent with
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GALL.
Table 3.5.2.1, Row No. 1 - The NRC staff requested the applicant to identify the caulking and
sealants included under this item and clarify why Appendix J is not a credited AMP. By letter
dated October 8, 2004 (ML042870428), the applicant submitted its formal response to the NRC
staff, stating that Table 3.5.2.1, Row No. 1 applies to the moisture barrier seal between the
drywell steel shell and the concrete floor at EL. 549.92’ in the bottom of the drywell. Appendix J
testing is not required since the drywell floor moisture barrier seal between drywell steel shell
and EL. 549.92’ concrete does not have a pressure boundary function. The NRC staff concurs
with the applicant’s explanation and finds this acceptable.
Table 3.5.2.12, Row Nos. 41 and 42; Table 3.5.2.13, Row Nos. 4, 5, 6, 7 and 8; Table 3.5.2.26,
Row Nos. 19 and 20 - The NRC staff requested that the applicant identify each of the
components included in the referenced LRA Tables and Row Nos. and explain the reference to
Note C (Component is different, but consistent with GALL item for material, environment, and
aging effect. The AMP is consistent with GALL).
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.1.12, row numbers 41 and 42 apply to security barrier
steel framing at the Intake Pumping Station. Note C was used because the security barrier steel
framing was evaluated with structural steel beams columns and trusses (steel components)
commodity group. Table 3.5.2.13, row numbers 4, 5, 6, 7, and 8 apply to concrete that is
sandwiched between the steel sheet pile cells of Gate Structure Number 3. Note C was used
because the concrete sandwiched between the steel sheet pile cells was evaluated with
concrete elements that were not sandwiched between steel sheet piles. Table 3.5.2.26, row
numbers 19 and 20 apply to cable trays and supports in containment atmosphere and inside air
environments. Note C was used because cable trays were evaluated with the cable tray
supports. With these clarifications, the NRC staff concludes that these items are consistent with
GALL.
Table 3.5.2.12, Row No. 34 - The NRC staff requested the applicant to explain the extent to
which the referenced submerged structures are inspected for the effects of freeze-thaw under
the Inspection of Water-Control Structures Program. By letter dated October 8, 2004
(ML042870428), the applicant submitted its formal response to the NRC staff, stating that the
referenced submerged structure will be inspected for the effects of freeze-thaw at the waterline
where icing conditions could occur. The NRC staff concludes that the applicant’s approach to
the management of this aging effect is consistent with GALL.
Table 3.5.2.2, Row No. 61 - The NRC staff requested the applicant to describe the AMR for
boral and clarify whether stainless steel components are used to support the boral. If the AMR
supports the conclusion that boral does not require aging management, but the stainless steel
supports do, then the Chemistry Control Program would be an acceptable AMP for this item. If
not, the applicant was requested to provide the technical basis for crediting the Chemistry
Control Program as the appropriate AMP for boral.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the Boral core is made up of a central segment of a dispersion of
boron carbide in aluminum. This central segment is clad on both sides with aluminum to form a
plate. The Boral plates are sandwiched between two stainless steel plates that form the
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container, which are closure welded. Vent holes have been added to prevent the buildup of
hydrogen gas between the stainless steel containers. If the stainless steel containers remain
intact, the boral core will be unaffected and will retain its neutron absorbing capacity. The
chemistry control program will manage aging of the stainless steel container. With these
clarifications, the NRC staff concludes that this item is consistent with GALL.
On the basis of its audit, the NRC staff determined that for AMRs not requiring further
evaluation, as identified in the LRA Table 3.5.1 (Table 1), the applicant’s references to the
GALL report are acceptable, that the line items are consistent with GALL, and no further NRC
staff review is required.
3.5.2

Aging Management Evaluations That Are Consistent With the GALL Report, for
Which Further Evaluation Is Recommended

For some line items in the BFN LRA Tables 3.5.2.1 through 3.5.2.26 that are identified as
consistent with the GALL report, the GALL report recommends further evaluation. Where
further evaluation is recommended, the NRC staff reviewed the further evaluations provided in
BFN LRA Section 3.5.2.2 against the criteria provided in the SRP-LR Section 3.5.2.2. BFN LRA
Table 3.5.1 identifies where further evaluation is recommended. The following subsections
provide the NRC staff’s assessments of the applicant’s further evaluations.
3.5.2.1

PWR and BWR Containments (BFN LRA Section 3.5.2.2.1)

The NRC staff reviewed the BFN LRA Section 3.5.2.2.1 against the criteria in SRP-LR Section
3.5.2.2.1, which addresses several areas discussed below.
3.5.2.1.1

Aging of Inaccessible Concrete Areas (BFN LRA Section 3.5.2.2.1.1)

The discussion in SRP-LR Section 3.5.2.2.1.1 is not applicable to BFN since BFN is a BWR
with a Mark I steel containment.
3.5.2.1.2

Cracking, Distortion, and Increase in Component Stress Level Due to
Settlement; Reduction of Foundation Strength Due to Erosion of Porous
Concrete Subfoundations, if Not Covered by Structures Monitoring Program
(BFN LRA Section 3.5.2.2.1.2)

The discussion in SRP-LR Section 3.5.2.2.1.2 is not applicable to BFN since BFN is a BWR
with a Mark I steel containment.
3.5.2.1.3

Reduction of Strength and Modulus of Concrete Structures Due to Elevated
Temperature (BFN LRA Section 3.5.2.2.1.3)

The discussion in SRP-LR Section 3.5.2.2.1.3 is not applicable to BFN since BFN is a BWR
with a Mark I steel containment.
3.5.2.1.4

Loss of Material Due to Corrosion in Inaccessible Areas of Steel Containment
Shell or Liner Plate (BFN LRA Section 3.5.2.2.1.4)
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The NRC staff reviewed the BFN LRA Section 3.5.2.2.1.4 against the criteria in SRP-LR
Section 3.5.2.2.1.4. In the LRA Section 3.5.2.2.1.4, the applicant addresses loss of material due
to corrosion in inaccessible areas of steel containment elements.
SRP-LR Section 3.5.2.2.1.4 states that loss of material due to corrosion could occur in
inaccessible areas of the steel containment shell or the steel liner plate for all types of PWR
and BWR containments. The GALL report recommends further evaluation of plant-specific
programs to manage this aging effect for inaccessible areas if the following specific criteria
defined in the GALL report cannot be satisfied: (1) concrete meeting the requirements of ACI
318 or 349 and the guidance of 201.2R was used for the containment concrete in contact with
the embedded containment shell or liner; (2) the accessible concrete is monitored to ensure
that it is free of penetrating cracks that provide a path for water seepage to the surface of the
containment shell or liner; (3) the accessible portion of the moisture barrier, at the junction
where the shell or liner becomes embedded, is subject to aging management activities in
accordance with IWE requirements; (4) borated water spills and water ponding on the
containment concrete floor are not common and when detected are cleaned up in a timely
manner.
In the BFN LRA, the applicant states that loss of material due to corrosion in inaccessible areas
of steel containment elements is not significant. The drywell steel containment vessel is
inaccessible (except for the drywell head) for visual examination from the outside surface.
There has been evidence of water leaking from the sand bed drains on both Units 2 and 3.
Since there is a horizontal weld connecting the first and second course of drywell liner plates
approximately 8 inches above the drywell concrete floor, UT thickness measurements from the
drywell floor up to this weld, around the drywell circumference, would conservatively bound the
sand pocket area. UT thickness measurements of this area were obtained during the U2C10
and U3C8 refueling outages for Units 2 and 3 respectively and in 1999 and 2002 for Unit 1. The
data indicated that the condition of the drywell steel liner plate in this area is good and that this
area did not require augmented examination.
The applicant further states in the LRA that BFN concrete structures and concrete components
are designed in accordance with ACI 318-63 and ACI 318-71 and constructed using materials
conforming to ACI and ASTM standards. The Structures Monitoring Program (B.2.1.36)
monitors the concrete to ensure that it is free of penetrating cracks that provide a path for water
seepage to the surface of the containment shell. Research of plant history did not reveal any
instances of borated water spills or water ponding on the containment concrete floor. A general
visual inspection of the moisture barrier at the junction of the steel drywell shell and the
concrete floor is performed once each inspection interval in accordance with the ASME Section
XI, Subsection IWE (B.2.1.32) aging management program.
The applicant concludes in the LRA that since all of the GALL further evaluation conditions are
satisfied, a plant- specific aging management program for corrosion in inaccessible areas
(embedded containment steel shell and drywell support skirt) is not required.
During the audit, the NRC staff requested the applicant to provide details of the UT
measurements in the sand pocket region for all three units, including comparisons with the
original wall thicknesses and trending results. The NRC staff also requested the applicant to
discuss future planned inspections of steel containment corrosion in the sand pocket region for
all three units and the basis for not inspecting other regions of the drywell for all three units in
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light of the evidence of water leaking from the sand bed drains. It is noted that there is
expansion foam in the air gap between the drywell shell and the surrounding concrete that can
become wet as a result of the leaking water. Thus other areas of the drywell shell could be
susceptible to corrosion.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that in response to NRC Generic Letter 87-05, which addressed the
potential for corrosion of boiling water reactor (BWR) Mark I steel drywells in the “sand pocket
region”, TVA provided the NRC with the results of the ultrasonic testing for corrosion
degradation of drywell liner plate, on Aug. 30, 1988. The results of the ultrasonic testing states:
Each unit's drywell was ultrasonically tested near the sand cushion area during 1987. The
results from these tests showed that the nominal thickness was maintained on each drywell.
Below are the results of each units drywell ultrasonic testing: (NOTE - the results stated below
are quoted from the TVA to NRC letter dated August 30, 1988)
• Unit 1- No reading below the nominal thickness of one inch was measured indicating that the
integrity of the drywell liner plate is maintained. Periodic leakage from the sand cushion area
has been observed. Corrosive species in the drainage are bases to suspect a higher rate of
corrosion on Unit 1 drywell liner plate than on Unit 2 and 3. However, objective evidence of
serious corrosion damage was not noted.
•
Unit 2 - No reading below the nominal thickness of one inch was measured indicating that no
damage to the integrity of the drywell liner plate has occurred.
•
Unit 3 - No reading below the nominal thickness of one inch was measured indicating that no
damage to the integrity of the drywell liner plate has occurred.
The applicant further stated that Procedure SPP-9.1, “ASME Section XI” is the TVA standard to
establish administrative controls and provide requirements, standard methods, guidance, and
interfaces for preparation of ASME Section XI and augmented inservice inspection and testing
programs at each nuclear site. In addition, this procedure allows for the control and
dissemination of the site programs as "stand-alone" documents, as it is required to meet the
individual site specific requirements resulting from the physical plant differences. 0-TI-376,
“ASME Section XI Containment Inservice Inspection Program Units 1, 2 and 3” (CISI) is an
administrative Technical Instruction employed to implement the Inservice Inspection provisions
of SPP-9.1 relative to Class MC components at Browns Ferry Units 1, 2, and 3. Appendix 9.7 to
0-TI-376 documents the BFN units 2 and 3 evaluation of Class MC components for
determination of augmented examination requirements in accordance with Table IWE-2500-1,
Category E-C, Containment Surfaces Requiring Augmented Examination. Included as one of
the areas to evaluate for augmented inspections was the “Drywell SCV at the sand bed region”.
The evaluation considered the potential degradation mechanisms of each area; the adequacy
of existing BFN programs and maintenance practices with respect to the monitoring, prevention,
and correction of degradation; and industry experience applicable to the area; then provided a
conclusion with respect to augmented examination requirements.
The applicant also stated that the drywell SCV at the sand bed region evaluation summarized
the response to GL 87-05 and the need to obtain more data to conclude whether augmented
inspections were warranted. UT thickness measurements of this area, in accordance with IWE2500 (c)(2), (c)(3), and (c)(4), were obtained during the U3C8 and U2C10 refueling outages.
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The data indicate that the condition of the drywell steel liner plate in this area is good, and that
this area should not be categorized for augmented examination for Units 2 and 3.
As part of the re-start activities for Unit 1, the applicant stated that a similar evaluation will be
performed to determine if augmented inspections would be required. This evaluation and
conclusion will be included in 0-TI-376 prior to Unit 1 re-start.
In its response, the applicant also noted that aging management of drywell corrosion will be
addressed in its response to RAI 3.5-4. This issue will be dispositioned in the NRC staff
evaluation of the applicant’s response to RAI 3.5-4.
3.5.2.1.5

Loss of Prestress Due to Relaxation, Shrinkage, Creep, and Elevated
Temperature (BFN LRA Section 3.5.2.2.1.5)

The discussion in SRP-LR Section 3.5.2.2.1.5 is not applicable to BFN since BFN is a BWR
with a Mark I steel containment.
3.5.2.1.6

Cumulative Fatigue Damage (BFN LRA Section 3.5.2.2.1.6)

In BFN LRA Section 3.5.2.2.1.6, the applicant states that fatigue analysis of BWR Mark I and
Mark II containment steel elements, penetration sleeves, and penetration bellows are TLAAs as
defined in 10 CFR 54.3. The TLAA evaluation of cumulative fatigue damage is addressed in
BFN LRA Section 4.6. The NRC staff has evaluated TLAAs in Section 4 of this SER.
3.5.2.1.7

Cracking Due to Cyclic Loading and Stress Corrosion Cracking (BFN
LRA Section 3.5.2.2.1.7)

The NRC staff reviewed the LRA Section 3.5.2.2.1.7 against the criteria in SRP-LR
Section 3.5.2.2.1.7.
In the LRA Section 3.5.2.2.1.7, the applicant addresses aging mechanisms that can lead to
cracking of penetration sleeves and penetration bellows such as cyclic loads and SCC.
SRP-LR Section 3.5.2.2.1.7 states that cracking of containment penetrations (including
penetration sleeves, penetration bellows, and dissimilar metal welds) due to cyclic loading or
SCC could occur in all types of containments. Cracking could also occur in vent line bellows,
vent headers and downcomers due to SCC for BWR containments. Further evaluation of
inspection methods is recommended to detect cracking due to cyclic loading and SCC since
visual VT-3 examinations may be unable to detect this aging effect.
(1) Cracking Due to Stress Corrosion Cracking
The GALL AMP XI.S1, “ASME Section XI Subsection IWE” covers inspection of these items
under examination categories E-B, E-F, and E-P (10 CFR Part 50, Appendix J pressure tests).
10 CFR 50.55a identifies examination categories E-B and E-F as optional during the current
term of operation. For the extended period of operation, examination categories E-B & E-F, and
additional appropriate examinations to detect SCC in bellows assemblies and dissimilar metal
welds are warranted to address this issue.
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In the BFN LRA, the applicant states that stress corrosion cracking of stainless steels exposed
to atmospheric conditions and contaminants is considered plausible only if the material
temperature is above 140OF. In general, SCC very rarely occurs in austenitic stainless steels
below 140OF. Although stress corrosion cracking has been observed in systems at lower
temperatures than this 140OF threshold, all of these instances have identified a significant
presence of contaminants (halogens, specifically chlorides) in the failed components. The
material is at a relatively low temperature, in a sheltered environment, and not exposed to a
corrosive environment.
The applicant further states in the LRA that industry experience, denoted in NRC IN 92-20,
described instances of the failure of the 10 CFR 50 Appendix J LLRT test to detect cracking in
stainless steel containment penetration bellows. The LLRT test was inadequate due to the type
of penetration bellows utilized at the other nuclear power plant. The type of bellows used on the
BFN containment penetrations are not the type described in NRC IN 92-20. The vent line
bellows at BFN are a single ply bellow design. Pipe penetration bellows for high energy lines
are two ply bellows with a mesh. The design of the BFN penetration bellows allows full pressure
to be transmitted to all portions of the bellows during Appendix J testing. The BFN containment
penetrations bellows are not susceptible to a failure of the 10 CFR 50 Appendix J LLRT test to
detect cracking, as described in NRC IN 92-20. A review of the operating history for the past
five years for BFN did not indicate any failures associated with vent line and penetration
bellows.
The applicant also states in the LRA that the reinstatement of Examination Categories E-B and
E-F would result in hardship or unusual difficulty for TVA without a compensating increase in
the level of quality and safety. Therefore, existing requirements for 10 CFR 50 Appendix J leak
rate testing (B.2.1.34) and visual examinations, in accordance with ASME Section XI,
Subsection IWE, Examination Category E-A, should be adequate to detect cracking due to
stress corrosion cracking and the reinstatement of ASME Section XI, Subsection IWE, Weld
Examination Categories E-B and E-F would not be required. Weld Examination Categories E-B
and E-F have been removed from the ASME Section XI, 1998 edition.
During the audit, the NRC staff asked the applicant if there has been any operating history at all
three units beyond the past five years regarding signs of cracking and/or failures associated
with the vent line and penetration bellows. The NRC staff also requested the applicant to
discuss the hardship or unusual difficulty for TVA regarding reinstatement of Examination
Categories E-B and E-F.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that during the last 9 years, there is no operating experience at Browns
Ferry that indicate cracking or other aging effects resulted in a loss of intended function of the
vent line bellows or penetration bellows.
The applicant further stated that in accordance with 10 CFR 50.55a, the performance of
examinations required by Examination Category E-B and Examination Category E-F are
optional and that the NRC Staff has found no evidence of industry problems with these welds.
The applicant also stated that specific weld locations on the containment would be required to
be located and identified on weld maps in order to perform examinations for Examination
Category E-B and Examination Category E-F. These weld locations have not been identified
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for the ASME Section XI Subsection IWE ISI program. The hardship associated with
performing the weld examinations associated with Examination Category E-B and Examination
Category E-F is attributed to radiation exposure received while performing examinations of
welds that have no industry experience of problems. Since specific weld locations have not
been identified for the ASME Section XI Subsection IWE ISI program, it is not possible to
provide an estimated radiation exposure for performance of the examinations.
The applicant’s response also noted that the Summary of SECY-96-080, "Issuance Of Final
Amendment To 10 CFR 50.55a To Incorporate By Reference The ASME Boiler And Pressure
Vessel Code (ASME Code), Section XI, Division 1, Subsection IWE And Subsection IWL",
states "The third modification, 50.55a(b)(2)(x)(C), makes the Subsection IWE pressure
retaining welds and Subsection IWE pressure retaining dissimilar metal welds inspection
optional. The NRC staff concludes that requiring these inspections is not appropriate. There is
no evidence of problems associated with welds of this type in operating plants. Therefore, the
occupational radiation exposure that would be incurred while performing these inspections
cannot be justified. It is estimated that the total occupational exposure that would be incurred
yearly in the performance of the containment weld inspections would be 440 person-rems."
The NRC staff finds the applicant’s response to be acceptable and requires no further action on
this issue for the extended period of operation, on the basis of (1) the lack of detrimental
environmental conditions; (2) the single-ply bellows design used at BFN; (3) the absence of
observed problems; and (4) the high radiation levels at the inspection locations.
(2) Cracking Due to Cyclic Loading
Cracking of the containment shell and penetrations due to cyclic loading is a TLAA. The NRC
staff has evaluated TLAAs in Section 4 of this SER.
3.5.2.2

Class 1 Structures (BFN LRA Section 3.5.2.2.2)

The NRC staff reviewed the LRA Section 3.5.2.2.2 against the criteria in SRP-LR Section
3.5.2.2.2, which addresses several areas discussed below.
3.5.2.2.1

Aging of Structures Not Covered by Structures Monitoring Program (BFN
LRA Section 3.5.2.2.2.1)

The NRC staff reviewed the BFN LRA Section 3.5.2.2.2.1 against the criteria in SRP-LR
Section 3.5.2.2.2.1. BFN LRA Section 3.5.2.2.2.1 addresses aging of Class 1 structures not
covered by the structures monitoring program.
SRP-LR Section 3.5.2.2.2.1 states that the GALL report recommends further evaluation of
certain structure/aging effect combinations if they are not covered by the structures monitoring
program. This is described in GALL report Chapter III and includes: (1) scaling, cracking, and
spalling due to repeated freeze-thaw for Groups 1-3, 5, 7-9 structures; (2) scaling, cracking,
spalling and increase in porosity and permeability due to leaching of calcium hydroxide and
aggressive chemical attack for Groups 1-5, 7-9 structures; (3) expansion and cracking due to
reaction with aggregates for Groups 1-5, 7-9 structures; (4) cracking, spalling, loss of bond, and
loss of material due to corrosion of embedded steel for Groups 1-5, 7-9 structures; (5) cracks,
distortion, and increase in component stress level due to settlement for Groups 1-3, 5, 7-9
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structures; (6) reduction of foundation strength due to erosion of porous concrete
subfoundations for Groups 1-3, 5-9 structures; (7) loss of material due to corrosion of structural
steel components for Groups 1-5, 7-8 structures; (8) loss of strength and modulus of concrete
structures due to elevated temperatures for Groups 1-5; and (9) crack initiation and growth due
to SCC and loss of material due to crevice corrosion of stainless steel liner for Groups 7 and 8
structures. Further evaluation is necessary only for structure/aging effect combinations not
covered by the structures monitoring program.
SRP-LR Section 3.5.2.2.2.1 references SRP-LR Subsection 3.5.2.2.1.2 for the technical details
of the aging management issue for Items (5) and (6) above; and references SRP-LR
Subsection 3.5.2.2.1.3 for the technical details of the aging management issue for Item (8)
above.
In BFN LRA Section 3.5.2.2.2.1, the applicant states that the further evaluations are also
applied to Group 6 structures when applicable; and that the technical details of the aging
management reviews associated with SRP-LR Section 3.5.2.2.1.2 (Cracking, Distortion, and
Increase in Components Stress Level due to Settlement; Reduction of Foundation Strength due
to Erosion of Porous Concrete Subfoundations, if Not Covered by Structures Monitoring
Program) and SRP-LR Section 3.5.2.2.1.3 (Reduction of Strength and Modulus of Elasticity
due to Elevated Temperature) are also incorporated in this further evaluation.
The NRC staff’s evaluation for Items (1) through (9) is presented below:
(1)

Freeze-thaw

The GALL report, as updated by ISG-3, recommends that for accessible areas, inspections
performed in accordance with the “Structures Monitoring Program” will indicate the presence of
loss of material (spalling, scaling) and cracking due to freeze-thaw. For inaccessible areas,
evaluation is needed for plants that are located in moderate to severe weathering conditions
(weathering index>100 day-inch/yr) (NUREG-1557). Documented evidence to confirm that
the in-place concrete had the air content between 3% to 6% and that subsequent inspections
performed did not detect degradation related to freeze-thaw should be considered a
part of the evaluation. The weathering index for the continental US is shown in ASTM C3390, Fig. 1.
In the BFN LRA Section 3.5.2.2.2.1, the applicant states that Browns Ferry is located in an area
with moderate weathering conditions as noted on Figure 1 of ASTM C33-99. Freeze-thaw is not
considered an aging mechanism for concrete components below the frost line. The BFN
concrete structures and concrete are designed in accordance with ACI 318-63 and ACI 318-71
and constructed using ingredients conforming to ACI and ASTM standards. TVA specifications
require all concrete to contain an air-entraining agent in sufficient quantity to maintain specified
percentages based on nominal maximum size aggregate. For severe weather exposures (as
defined in TVA-Specifications), the air content identified varies from 4 to 10 percent, depending
on aggregate size. Severe weather exposure (as described in TVA-Specifications), is defined
as “all exterior surfaces of concrete which will be exposed to alternate wetting and drying.”
The applicant further states in the LRA that the TVA specified air content for reinforced
concrete is greater than the 3 to 6 percent for air content identified in ISG-03. Therefore loss of
material (spalling, scaling) and cracking due to freeze-thaw are aging effects that require aging
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management in accordance with ISG-03 for below grade (above the frost line) reinforced
concrete structures and components. Below grade (above the frost line) reinforced concrete will
be inspected by the Structures Monitoring Program (B.2.1.36) when excavated for any
reason. Accessible exterior above grade concrete will be monitored by the Structures
Monitoring Program (B.2.1.36) to manage loss of material and cracking due to freeze-thaw.
The NRC staff concludes that the applicant’s AMR for loss of material and cracking due to
freeze-thaw is consistent with the GALL report, and that the aging effects will be adequately
managed by the structures monitoring program.
(2)(a) Leaching of calcium hydroxide
The GALL report, as updated by ISG-3, recommends that for accessible areas, inspections
performed in accordance with “Structures Monitoring Program” will indicate the presence of
increase in porosity and permeability due to leaching of calcium hydroxide. For inaccessible
areas, a plant-specific aging management program is required for below-grade inaccessible
areas (basemat and concrete wall) if the concrete is exposed to flowing water (NUREG-1557).
An aging management program is not required, even if reinforced concrete is exposed to
flowing water, if there is documented evidence that confirms the in-place concrete was
constructed in accordance with the recommendations in ACI 201.2R-77.
In the BFN LRA Section 3.5.2.2.2.1, the applicant states that BFN concrete structures and
concrete components are designed in accordance with ACI 318-63 and ACI 318-71 and
constructed using ingredients conforming to ACI and ASTM standards, which provide for a
good quality, dense, well cured, and low permeability concrete. Cracking is controlled through
proper arrangement and distribution of reinforcing steel. Concrete structures and concrete
components are constructed of a dense, well-cured concrete with an amount of cement suitable
for strength development, and achievement of a water-to-cement ratio which is characteristic of
concrete having low permeability. This is consistent with the recommendations and guidance
provided by ACI 201.2R-77. In addition, concrete components must be exposed to flowing
water through the concrete component. Leaching of calcium hydroxide is readily noticeable as
white deposits that remain on the concrete surface after a solution of water-free lime from the
concrete and carbon dioxide from the air is absorbed and dries. The Structures Monitoring
Program (B.2.1.36) inspects concrete areas for signs of leaching. No significant signs of
leaching have been documented during these inspection walkdowns. Therefore, the conditions
identified in GALL as revised by ISG-03 are satisfied and aging management of an increase in
porosity and permeability and a loss of strength due to leaching of calcium hydroxide for below
grade inaccessible concrete is not required. However, BFN will use the Structures Monitoring
Program (B.2.1.36) to manage aging effects caused by an increase in porosity and permeability
and loss of strength due to leaching of calcium hydroxide of concrete.
The NRC staff concludes that the applicant’s AMR for scaling, cracking, spalling and increase
in porosity and permeability due to leaching of calcium hydroxide is consistent with the GALL
report, and that the aging effects will be adequately managed by the structures monitoring
program.
2)(b)

Aggressive chemical attack

The GALL report, as updated by ISG-3, recommends that for accessible areas, inspections
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performed in accordance with “Structures Monitoring Program” will indicate the presence of
increase in porosity and permeability, cracking, or loss of material (spalling, scaling) due
to aggressive chemical attack. For inaccessible areas, a plant-specific aging management
program is required (may be a part of structures monitoring program) if the below-grade
environment is aggressive (pH < 5.5, chlorides >500 ppm, or sulfates >1500 ppm). Examination
of representative samples of below-grade concrete, when excavated for any reason, is to be
included as part of a plant-specific program. The GALL report notes that periodic monitoring of
below grade water chemistry (including consideration of potential seasonal variations) is an
acceptable approach to demonstrate that the below-grade environment is nonaggressive.
In the BFN LRA Section 3.5.2.2.2.1, the applicant states that BFN will use the Structures
Monitoring Program (B.2.1.36) to inspect accessible concrete areas for aging effects caused by
scaling, cracking, spalling and increase in porosity and permeability due to aggressive chemical
attack.
The NRC staff concludes that the applicant’s AMR for scaling, cracking, spalling and increase
in porosity and permeability due to aggressive chemical attack is consistent with the GALL
report for accessible areas, and that the aging effects will be adequately managed by the
structures monitoring program. The NRC staff’s evaluation for inaccessible areas is in Section
3.5.2.2.2 of this SER.
(3)

Reaction with aggregates

The GALL report, as updated by ISG-3, recommends that for accessible areas,
inspections/evaluations performed in accordance with “Structures Monitoring Program” will
indicate the presence of expansion and cracking due to reaction with aggregates. For
inaccessible areas, evaluation is needed if investigations, tests, and petrographic examinations
of aggregates performed in accordance with ASTM C295-54, ASTM C227-50, or ACI 201.2R77 (NUREG-1557) demonstrate that the aggregates are reactive.
In the BFN LRA 3.5.2.2.2.1, the applicant states that the aggregate used in the concrete of the
BFN components did not come from a region known to yield aggregates suspected of or known
to cause aggregate reactions. Materials for concrete used in BFN structures and components
were specifically investigated, tested, and examined in accordance with pertinent ASTM
standards. All aggregates used at BFN conform to the requirements of ASTM C33 "Standard
Specification of Concrete Aggregates." Appendix XI of ASTM C33 identifies methods for
evaluating potential reactivity of aggregates including ASTM C295, ASTM C289, ASTM C227,
and ASTM C342. If potentially reactive aggregates were used, then use of a low alkali Portland
Cement (ASTM C150 Type II) containing less than 0.60 percent alkali calculated as sodium
oxide equivalent was required by TVA Specification and will prevent harmful expansion due to
alkali aggregate reaction. Therefore, the conditions identified in GALL as revised by ISG-03 are
satisfied and aging management of expansion and cracking due to reaction with aggregates for
below grade inaccessible concrete is not required. However, BFN will use the Structures
Monitoring Program (B.2.1.36) to inspect accessible concrete areas for aging effects caused by
reaction with aggregates.
The NRC staff concludes that the applicant’s AMR for expansion and cracking due to reaction
with aggregates is consistent with the GALL report, and that the aging effects will be adequately
managed by the structures monitoring program.
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(4)

Corrosion of embedded steel

The GALL report, as updated by ISG-3, recommends that for accessible areas, inspections
performed in accordance with “Structures Monitoring Program” will indicate the presence of
cracking, loss of bond, and loss of material (spalling, scaling) due to corrosion of embedded
steel. For inaccessible areas, a plant-specific aging management program is required (may be
a part of structures monitoring program) if the below-grade environment is aggressive (pH <
5.5, chlorides >500ppm, or sulfates > 1500 ppm). Examination of representative samples of
below-grade concrete, when excavated for any reason, is to be included as part of a plantspecific program. The GALL report notes that periodic monitoring of below grade water
chemistry (including consideration of potential seasonal variations) is an acceptable approach
to demonstrate that the below-grade environment is aggressive or nonaggressive.
In the BFN LRA 3.5.2.2.2.1, the applicant states that BFN will use the Structures Monitoring
Program (B.2.1.36) to inspect accessible concrete areas for aging effects caused by corrosion
of embedded steel.
The NRC staff concludes that the applicant’s AMR for cracking, spalling, loss of bond, and loss
of material due to corrosion of embedded steel is consistent with the GALL report for accessible
areas, and that the aging effects will be adequately managed by the structures monitoring
program. The NRC staff’s evaluation for inaccessible areas is in Section 3.5.2.2.2 of this SER.
(5)

Settlement

SRP-LR Section 3.5.2.2.2.1 refers to Section 3.5.2.2.1.2 for discussion of settlement. SRP-LR
Section 3.5.2.2.1.2 states that cracking, distortion, and increase in component stress level due
to settlement could occur in Class 1 structures. Some plants may rely on a de-watering system
to lower the site ground water level. If the plant's CLB credits a de-watering system, the GALL
report recommends verification of the continued functionality of the de-watering system during
the period of extended operation. The GALL report recommends no further evaluation if this
activity is included in the scope of the applicant's structures monitoring program.
In the BFN LRA 3.5.2.2.2.1, the applicant states that cracks, distortion, increase in component
stress level due to settlement are not considered as aging effects requiring management for
BFN structures founded on rock or bearing piles. The following BFN structures are founded on
rock or bearing piles: Reactor Buildings, Primary Containments, Intake Pumping Station,
Reinforced Concrete Chimney, Off-Gas Treatment Building, Equipment Access Lock, Turbine
Buildings, Gate Structure Number 3, Diesel HPFP House, Transformer Yard, and RHRSW
Tunnel. Based on industry experience, settlement of Class 1 structures founded on bedrock or
bearing piles have not been noted to cause aging effects requiring management.
For concrete structures founded on dense soil or backfill, the applicant states that it can be
concluded that cracking due to settlement is not significant, if in the past 20 years of operating
experience for a structure, the total differential settlement experienced is well within the
permissible limits for this type of structure and no settlement has manifested itself via cracked
walls or cracked foundations. In this case, aging management for settlement would not be
applicable for the structure during the period of extended operation. Prior settlement monitoring
programs at BFN have revealed that soil settlement has stabilized and the structures will
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continue to perform their intended functions. However, due to prior operating history of
settlement in the 1980’s at BFN, cracking and distortion due to settlement for BFN structures
founded on soil or backfill will be monitored by the Structures Monitoring program (B.2.1.36).
The NRC staff concludes that the applicant’s AMR for cracks, distortion, and increase in
component stress level due to settlement is consistent with the GALL report, and that the aging
effects will be adequately managed by the structures monitoring program.
(6)

Erosion of porous concrete sub-foundation

The GALL report states that erosion of cement from porous concrete subfoundations beneath
containment basemats is described in IN 97-11. IN 98-26 proposes Maintenance Rule
Structures Monitoring for managing this aging effect, if applicable. If a de-watering system is
relied upon for control of erosion of cement from porous concrete subfoundations, then the
licensee is to ensure proper functioning of the dewatering system through the period of
extended operation.
In the BFN lRA 3.5.2.2.2.1, the applicant states that the BFN evaluation of Information Notice
98-26 concluded that porous concrete subfoundations were not used at BFN. A de-watering
system is not relied upon for control of erosion of cement from porous concrete subfoundations.
Therefore, reduction in foundation strength, cracking, and differential settlement due to erosion
of porous concrete subfoundation are not applicable to BFN.
The NRC staff concludes that the applicant’s AMR for reduction in foundation strength,
cracking, and differential settlement due to erosion of porous concrete subfoundation is
consistent with the GALL report, and that these aging effects are not applicable to BFN.
(7)

Corrosion of structural steel components

The GALL report states that further evaluation is necessary only for structure/aging effect
combinations not covered by the structures monitoring program. If protective coatings are relied
upon to manage the effects of aging, the structures monitoring program is to include
requirements to address protective coating monitoring and maintenance.
In the BFN LRA 3.5.2.2.2.1, the applicant states that the BFN Structures Monitoring program
(B.2.1.36) will manage loss of material due to corrosion of structural steel components. The
Structures Monitoring Program procedures specify visual inspections of structural conditions as
the method used to detect degradation.
The applicant further states that for the steel that is embedded/encased within the concrete,
corrosion is not an applicable aging mechanism. The concrete must first be degraded by other
aging mechanisms, which reduce the protective cover and allow for the intrusion of aggressive
ions causing a reduction in concrete pH. Aging management of previously noted concrete aging
effects will manage loss of material for steel that is embedded/encased within concrete.
The applicant also makes note that NUREG-1557, Table B9, states that steel piles driven in
undisturbed soil have been unaffected by corrosion and those driven in disturbed soil
experience minor to moderate corrosion to a small area of metal. Loss of material for steel piles
driven in undisturbed or disturbed soil does not require aging management.
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The applicant also states that the protective coating monitoring and maintenance program is
not credited for aging management of loss of material for structural steel components.
The NRC staff concludes that the applicant’s AMR for loss of material due to corrosion of
structural steel components is consistent with the GALL report, and that the aging effects will be
adequately managed by the structures monitoring program. The NRC staff also concurs with
the applicant’s AMR for steel piles, because it is based on a documented NRC technical
assessment.
(8)

Elevated temperatures

The GALL report calls for a plant-specific aging management program and recommends further
evaluation if any portion of the concrete components exceeds specified temperature limits, i.e.,
general area temperature 66°C (150°F) and local area temperature 93°C (200°F).
In the BFN LRA 3.5.2.2.2.1, the applicant states that with the exception of the main steam
tunnels in the Reactor Building, BFN reinforced concrete structures have general area
temperatures less than 150ºF during normal operation. General area temperatures have been
conservatively evaluated using maximum normal space ambient temperatures noted on the
Harsh Environmental drawing series and associated calculations. The main steam tunnels at
BFN Units 1, 2, and 3 have a maximum normal space ambient temperature of 160ºF, as noted
in the Harsh Environmental drawing series and associated calculations. This is a maximum
normal space ambient temperature. The TVA Harsh Environmental drawing series and
associated calculations identify the space average normal ambient temperature as 135ºF. This
is judged to be acceptable by the applicant, because when concrete is subjected to prolonged
exposure to elevated temperatures, reductions in excess of 10 percent of the compressive
strength, tensile strength, and the modulus of elasticity begin to occur in the range of 180ºF to
200ºF.
The applicant further states that each BFN drywell is cooled during normal plant operation by a
closed loop ventilation system designed to hold average temperature in the drywell to <150ºF.
The general area temperature inside the drywell (primary containment) is maintained below
150OF as required by Technical Specifications. Elevated temperature on internal concrete
components such as the reactor support pedestal, where the temperature could approach
150OF, are addressed as appropriate by BFN Civil Design Criteria. The drywell concrete
structure surrounding the drywell vessel was evaluated for thermal effects from the general
area temperature of the drywell. The upper elevations of the sacrificial shield wall may exceed
150ºF briefly and infrequently, during abnormal operations; this is not considered to affect its
function.
The applicant concludes that the conditions identified in GALL are satisfied and aging
management for reduction of strength and modulus due to elevated temperature for
concrete components at BFN is not required.
During the audit, the NRC staff requested the applicant to: (a) Explain how the elevated
temperature on internal concrete components, where the temperature could approach 1500F,
are addressed by BFN Civil Design Criteria, (b) Discuss the evaluation of the drywell concrete
structure for thermal effects, (c) Discuss the technical basis for concluding that “the upper
elevations of the sacrificial shield wall may exceed 1500F briefly and infrequently, during
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abnormal operations and is not considered to affect its functions,” (d) Discuss the local
temperatures that can be expected in the concrete surrounding hot piping penetrations and
what provisions exist for maintaining these temperatures within acceptable limits.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the BFN general design criteria document, BFN-50-C-7100 “Design
of Civil Structures” (DC), provides the design basis requirements for all BFN structures,
including the primary containment. In section 3.2.5 of Appendix C to the DC, the temperature
requirements are defined for the drywell concrete, with an operating temperature of 1500F
specified for the drywell.
Table 15-10, “Reactor Support Pedestal Design Data”, of Appendix C to the DC provides the
principal design cases for the reactor support pedestal and includes the requirement to
consider thermal effects for each principal design case. Table 15-12, “Reactor Building
Concrete Structure Fuel Pool Storage Pool and Dryer/Separator Storage Pool Design Data” of
Appendix C to the DC requires the consideration of drywell thermal rise for the appropriate
principal design cases for the spent fuel storage pool and dryer/separator storage pool of the
Reactor Building. Both these pools have structural elements that form portions of the outer
structural concrete shell of the primary containment steel shell. Table 15-15(a), “Drywell
Concrete Structure” of Appendix C to the DC provides the principal design cases for the drywell
concrete and requires the consideration of thermal in the principal loading combinations for the
drywell concrete structure.
The applicant further stated that the sacrificial shield wall provides a biological shield for
protection of personnel from gamma radiation, a neutron shield to prevent activation of the
drywell components during operation, and a means of supporting the drywell pipe hangers and
access platform. It also provides protection against damage to the nuclear system process
barrier due to seismic loading, and against further damage due to vessel pipe penetration
rupture jet forces and a limit stop and support for pipe restraints in the event of a drywell pipe
rupture. It consists of a 24 foot diameter circular cylinder attached to the vessel support
pedestal and extending upward approximately 45 feet. The sacrificial shield wall is 27 inches
thick and is constructed from 26 inch vertical WF beam columns, tied together by horizontal WF
beams and 1/4 inch plates.
The applicant stated that the ¼ inch plates are welded to the column flanges, both inside and
outside, thereby forming a double walled shell. This shell is filled with concrete to provide
biological shielding capability. The concrete was assumed to have no structural purpose, except
for the lowest 10 feet 6 inches of the wall. Based on the design criterion that the concrete has
no structural purpose except for the lowest 10.5 feet, the applicant concluded that “the upper
elevations of the sacrificial shield wall may exceed the 1500F briefly and infrequently during
abnormal operation and is not considered to affect its function” as stated in LRA 3.5.2.2.2.1,
item 8.
In its response, the applicant also noted that degradation of drywell concrete due to elevated
temperature will be addressed in its response to RAI 3.5-5. This issue will be dispositioned in
the NRC staff evaluation of the applicant’s response to RAI 3.5-5.
(9)

Aging effects for stainless steel liners for tanks
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In the BFN LRA 3.5.2.2.2.1, the applicant states that BFN does not have any Group 7
structures and BFN does not have in-scope stainless steel liners in an exposed-to-fluid
environment for any Group 8 structures. The NRC staff concludes that further evaluation of this
aging effect is not applicable to BFN.
In summary, with the exception of elevated temperatures, the NRC staff finds that the applicant
has demonstrated that the effects of aging will be adequately managed by the structures
monitoring program, so that the intended functions will be maintained consistent with the CLB
for the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.5.2.2.2

Aging Management of Inaccessible Areas (BFN LRA Section 3.5.2.2.2.2)

The NRC staff reviewed the BFN LRA Section 3.5.2.2.2.2 against the criteria in SRP-LR
Section 3.5.2.2.2.2. In the BFN LRA Section 3.5.2.2.2.2, the applicant addresses aging of
inaccessible areas of Class 1 structures.
SRP-LR Section 3.5.2.2.2.2 states that cracking, spalling, and increases in porosity and
permeability due to aggressive chemical attack and cracking, spalling, loss of bond, and loss of
material due to corrosion of embedded steel could occur in below-grade inaccessible concrete
areas. The GALL report recommends further evaluation to manage these aging effects in
inaccessible areas of Groups 1-3, 5, 7-9 structures, if an aggressive below-grade environment
exists. ISG-3 identifies additional requirements.
The GALL report, as updated by ISG-3, states that for inaccessible areas, a plant-specific aging
management program is required (may be a part of structures monitoring program) if the
below-grade environment is aggressive (pH < 5.5, chlorides >500 ppm, or sulfates >1500 ppm).
Examination of representative samples of below-grade concrete, when excavated for any
reason, is to be included as part of a plant-specific program. The GALL report also notes that
periodic monitoring of below grade water chemistry (including consideration of potential
seasonal variations) is an acceptable approach to demonstrate that the below-grade
environment is nonaggressive.
In the BFN LRA Section 3.5.2.2.2.2, the applicant states that design and construction of BFN
reinforced concrete provides for dense, well cured, and low permeability concrete that provides
acceptable degree of protection against exposure of the embedded steel to an aggressive
environment. Cracking of concrete is controlled through proper arrangement and distribution of
reinforcing steel.
The applicant further states that continued or frequent cyclic exposure to the following
aggressive environments is necessary for aggressive chemicals to cause significant aggressive
chemical attack or corrosion of embedded steel:
• Acidic solutions with pH < 5.5
• Chloride solutions >500 ppm
• Sulfate solutions >1500 ppm
The applicant states that, since aggressive chemicals are contained at plant sites, system
leakage is possible that could cause aggressive chemical attack. However, leaks are not
expected to continue for the extensive periods required for degradation, and repairs would be
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completed prior to loss of intended function. An aggressive environment may also occur where
concrete is exposed to aggressive aqueous solutions such as groundwater or aggressive water
flow. BFN groundwater water sample measurements confirm that parameters are below
threshold limits that could cause aggressive chemical attack for below grade inaccessible
concrete. Natural groundwater movement in this area is from the plant site to the Wheeler
Reservoir. Wheeler Reservoir water samples also confirm an aggressive environment does not
exist. Therefore, the applicant concludes that the conditions identified in NUREG-1801, as
revised by ISG-03, are satisfied and aging management of cracking, spalling, and increases in
porosity and permeability due to aggressive chemical attack, and cracking, spalling, loss of
bond and loss of material due to corrosion of embedded steel is not required for below grade
inaccessible concrete.
During the on-site audit, the NRC staff requested the applicant to provide the results of the BFN
groundwater and Wheeler Reservoir water samples and to explain how often and under what
existing program these samples are taken. As discussed in GALL, periodic monitoring of
below-grade water chemistry (including consideration of potential seasonal variations) is an
acceptable approach to demonstrate that the below-grade environment is non-aggressive. If
there is no program for periodic monitoring of groundwater, the applicant was requested to
explain the BFN approach for aging management of below-grade exterior concrete in
inaccessible areas.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that since BFN did not have data available from the construction period
or since plant start-up, baseline sampling of groundwater and Wheeler Reservoir was
performed over the past year. The baseline sampling was to establish if BFN had aggressive or
non-aggressive water as defined by the following criteria: pH <5.5, Chlorides > 500 ppm and
Sulfates > 1500 ppm. The samples were taken at intervals to take into consideration seasonal
variations. The samples were taken from the existing site radiological monitoring wells and from
the Wheeler Reservoir in close proximity to the intake structure. Samples were taken at various
depths in the monitoring well and the Reservoir by the site environment staff and analyzed by
an off-site laboratory for the site environment group.
Results of Browns Ferry groundwater and Wheeler Reservoir water sampling are as follows:
Groundwater:
• pH ranges from 6.33 to 8.77 which are well above <5.5 (Note in the well that the value 6.33
was obtained, the remaining readings ranged from 7.16 to 7.60 during the time period of
sampling. Only one other well had a value below 7 and its pH was 6.92 with the remaining
readings ranging between 7.12 and 7.60)
• Chlorides – maximum reading of 18.3 ppm which is well below the threshold of 500 ppm
• Sulfates – maximum reading of 30.3 ppm which is well below the threshold of 1500 ppm
Wheeler Reservoir:
• pH ranges from 7.28 to 8.64 which are well above <5.5
• Chlorides – maximum reading of 13.9 ppm which is well below the threshold of 500 ppm
• Sulfates – maximum reading of 15.5 ppm which is well below the threshold of 1500 ppm
The applicant concluded that Browns Ferry groundwater and Wheeler Reservoir sample
measurements have confirmed that parameters are well below threshold limits that could cause
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concrete degradation (an aggressive environment does not exist) and that the rate of
groundwater flow is not considered an aggressive flow rate.
The applicant stated that Browns Ferry does not commit to periodic groundwater monitoring
over the period of license extension, since it is not credible to postulate that some
environmental event will occur in the future that would affect the quality of groundwater in the
vicinity of Browns Ferry. A change in the environment due to a chemical release would be
considered as an “abnormal event”. NUREG-1800, “Standard Review Plan for the Review of
License Renewal Applications for Nuclear Power Plants,” states that aging effects from
abnormal events need not be postulated specifically for license renewal.
The NRC staff finds that the applicant’s response is not consistent with the GALL
recommendation for periodic monitoring of groundwater. This issue remains open and will be
dispositioned by the NRC Staff, based on the applicant’s responses to RAIs 3.5-7 and 3.5-8.
3.5.2.3

Component Supports (BFN LRA Section 3.5.2.2.3)

The NRC staff reviewed the BFN LRA Section 3.5.2.2.3 against the criteria in SRP-LR Section
3.5.2.2.3, which addresses several areas discussed below.
3.5.2.3.1

Aging of Supports Not Covered by Structures Monitoring Program (BFN
LRA Section 3.5.2.2.3.1)

The NRC staff reviewed the BFN LRA Section 3.5.2.2.3.1 against the criteria in SRP-LR
Section 3.5.2.2.3.1. In the BFN LRA Section 3.5.2.2.3.1, the applicant addresses aging of
component supports that are not managed by the structures monitoring program.
SRP-LR Section 3.5.2.2.3.1 states that the GALL report recommends further evaluation of
certain component support/aging effect combinations if they are not covered by the structures
monitoring program. This includes (1) reduction in concrete anchor capacity due to degradation
of the surrounding concrete, for Groups B1-B5 supports; (2) loss of material due to
environmental corrosion, for Groups B2-B5 supports; and (3) reduction/loss of isolation function
due to degradation of vibration isolation elements, for Group B4 supports. Further evaluation is
necessary only for structure/aging effect combinations not covered by the structures monitoring
program.
(1)

Reduction in concrete anchor capacity due to degradation of the surrounding concrete
for Groups B1 through B5 supports.

In the BFN LRA Section 3.5.2.2.3.1, the applicant states that reduction in concrete anchor
capacity due to local concrete degradation for Groups B1 –B5 supports will be managed by the
structures monitoring program (B.2.1.36).
(2)

Loss of material due to environmental corrosion, for Groups B2-B5 supports.

In the BFN LRA Section 3.5.2.2.3.1, the applicant states that loss of material due to
environmental corrosion for Groups B2 – B5 Supports will be managed by the structures
monitoring program (B.2.1.36).
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(3)

Reduction/loss of isolation function due to degradation of vibration isolation elements for
Group B4 supports.

In the BFN LRA Section 3.5.2.2.3.1, the applicant states that there are no vibration elements in
the scope of license renewal at BFN.
The NRC staff finds that the applicant has appropriately evaluated AMR results involving
management of aging of component supports, as recommended in the GALL report. The NRC
staff finds that the applicant has demonstrated that the effects of aging will be adequately
managed so that the intended functions will be maintained consistent with the CLB for the
period of extended operation, as required by 10 CFR 54.21(a)(3).
3.5.2.3.2

Cumulative Fatigue Damage Due to Cyclic Loading (BFN LRA Section
3.5.2.2.3.2)

Cumulative fatigue damage is a TLAA. TLAAs are evaluated in Section 4 of this SER.
3.5.2.4

Quality Assurance for Aging Management of Non-safety-related Components
(BFN LRA Section 3.5.2.2.4)

BFN LRA Section 3.5.2.2.4 is reviewed by NRR/DIPM.
3.5.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

During the on-site audit, the NRC staff reviewed selected items in the BFN LRA Tables 3.5.2.1
through 3.5.2.26, for material/environment/aging effect/AMP combinations that are not
consistent with the GALL report. The NRC staff requested clarifications for the following
material/environment combinations and the corresponding BFN LRA Table 2 items:
Aluminum in an Inside Air Environment (LRA Table 3.5.2.26, Row No. 14) - The NRC staff
requested the applicant to provide the technical basis for concluding that no aging management
of aluminum supports is required for loss of mechanical function in an inside air environment.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that LRA Table 3.5.2.26, row number 14, applies to aluminum pipe lugs
for equivalent ASME Class 2 or 3 piping in the Reactor Buildings (inside air environment).
Aluminum external surfaces are not susceptible to corrosion unless their surfaces are wetted
and there is a potential for concentration of contaminants. The aluminum pipe lugs in the
Reactor Building are not exposed to a wetted aggressive/corrosive environment. Therefore the
potential for concentration of contaminants is not significant for aluminum components in an
inside air environment and loss of mechanical function due to corrosion is not considered
plausible.
The applicant further stated that in the EPRI structural tools document, “Aging Effects for
Structures and Structural Components (Structural Tools) EPRI 1002950 Revision 1, August
2003 it states that aging management is not required for structural aluminum and aluminum
alloys in an inside environment (general, galvanic, crevice, pitting corrosion and stress
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corrosion cracking (SCC)).
The applicant also stated that a review of Browns Ferry operating history did not reveal any loss
of intended function due to aging effects for aluminum pipe lugs for equivalent ASME Class 2 or
3 piping in the Reactor Buildings for an inside air environment.
The NRC staff finds that the applicant has not considered loss of mechanical function due to
aging mechanisms other than corrosion. This is not consistent with GALL. The applicant also
failed to credit an existing AMP (IWF) that includes the subject components in its scope.
The staff requested additional information to resolve this issue, and other related issues. The
disposition is discussed at the end of this section, as part of the review of Table 3.5.2.26 AMRs.
Aluminum in an Outside Air Environment (LRA Table 3.5.2.12, Row 13; 3.5.2.26, Rows 25 and
59) – The NRC staff requested the applicant to provide the technical basis for concluding that
no aging management of aluminum components is required for an outside environment.
The following aluminum components in an outside air environment are identified:
• Electrical and I&C penetrations
• Conduits and supports
• Non-ASME equivalent supports
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that aluminum alloys containing zinc are susceptible to corrosion in
wetted aggressive environments. The outside air environment does not have contaminants that
would cause an aggressive environment. Additionally, rain would periodically wash any
contaminant(s) from the material. The aluminum penetration sleeves and conduit at BFN are
also constructed of 6063-T42 alloy material that is resistant to pitting, crevice corrosion and
SCC [Ref. Metals Handbook, Ninth Edition, Volume 13, "Corrosion," ASM International, 1987].
Therefore, the potential for concentration of contaminates is not significant for aluminum
components in an outside air environment and loss of function due to corrosion is not
considered plausible.
The applicant also stated that in the EPRI structural tools document, “Aging Effects for
Structures and Structural Components (Structural Tools) EPRI 1002950 Revision 1, August
2003 it states that aging management is not required for structural aluminum and aluminum
alloys in a non-aggressive ambient outside environment (general, galvanic, crevice and pitting
corrosion and SCC).
The applicant further stated that a review of Browns Ferry operating history did not reveal any
loss of intended function due to aging effects for the following aluminum components:
• Electrical and I&C penetrations
• Conduits and supports
• Non-ASME equivalent supports
The NRC staff accepts the applicant’s AMR results, that aging management is not required for
these aluminum components in an outside environment, on the basis that (1) the material used
at BFN is resistant to corrosion and SCC, and (2) concentration of contaminates in a nonaggressive ambient outside environment is not plausible.
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Ceramic Fiber in an Inside Air Environment (LRA Table 3.5.2.2, Row No. 15; 3.5.2.5, Row No.
10) - The NRC staff requested that the applicant provide the BFN technical basis for concluding
that no aging management is required for ceramic fiber fire barriers in an inside air
environment.
The following ceramic fiber components in an inside air environment are identified:
• Reactor Building fire barriers
• Diesel Generator Building fire barriers
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that ceramic and glass fiber used to seal fire barrier penetrations do not
have any applicable aging effects requiring aging management. This is consistent with previous
NRC staff positions in LRA SER concurrences that there are no applicable aging effects for
glass used in a metal fire barrier penetration (ML032481209). This is also consistent with the
NUREG-1769 SER related to the license renewal of another plant which concurred that
insulation made of aluminum, stainless steel (mirror), calcium silicate, ceramic fiber, or
fiberglass in a sheltered environment does not have any aging effects requiring aging
management.
The applicant further stated that a review of Browns Ferry operating history did not reveal any
loss of intended function due to aging effects for the following ceramic fiber components.
• Reactor Building fire barriers
• Diesel Generator Building fire barriers
The NRC staff concluded that the applicant has not credited an existing AMP (Structures
Monitoring and/or Fire Protection) that already includes fire barriers in its scope, on the basis
that its AMR did not identify any applicable aging effects. This issue remains open and will be
dispositioned by the NRC Staff, based on the applicant’s response to RAI 3.3-2.
Carbon Steel in a Buried Environment (LRA Table 3.5.2.19, Row No. 9) - The applicant states
that the Structures Monitoring Program relies on visual inspections whenever the components
are uncovered during station yard area excavations. The NRC staff requested that the applicant
confirm that this applies to buried mechanical penetrations, clarify what other "components" are
included in this provision, and explain whether this is an enhancement to the existing program
or where this provision is covered in the current program.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the BFN Procedure for Walkdown of Structures for Maintenance
Rule (LCEI-CI-C9) will be enhanced to include inspection of mechanical penetrations when
accessible. There are no other buried carbon steel components included with the program,
however LCEI-CI-C9 will also be enhanced to include the inspection of buried concrete when
accessible. With enhancements, BFN Procedure for Walkdown of Structures for Maintenance
Rule (LCEI-CI-C9) will be consistent with NUREG-1801 XI.S6 – Structures Monitoring Program.
The applicant also stated that the Browns Ferry Buried Piping and Tanks Inspections Aging
Management Program provides the inspections requirements of buried piping when accessible.
The Browns Ferry Buried Piping and Tanks Inspections Aging Management Program is
consistent with NUREG-1801 XI.M34. Section 7.2.9.2 of BFN Procedure for Walkdown of
Structures for Maintenance Rule (LCEI-CI-C9) currently provides the inspection attributes of
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buried piping, which includes pipe connections and joints and is credited as the Browns Ferry
Buried Piping and Tanks Inspections Aging Management Program.
The NRC staff concluded that the applicant’s commitment to enhance the Structures Monitoring
Program, to include inspection of buried mechanical penetrations when accessible, provides a
level of aging management for buried mechanical penetrations that is comparable to GALL
recommendations for buried concrete, piping and tanks. Therefore, the NRC staff finds this
acceptable.
Carbon Steel in a Containment Air Environment (LRA Table 3.5.2.26, Row No. 3) – For the high
strength bolts included under this item, the NRC staff requested that the applicant describe the
bolting material, the nominal and as-built yield strengths, and the hardness of the material. The
applicant was also requested to discuss the BFN disposition of the recommendations for a
comprehensive bolting integrity program, as delineated in NUREG-1339, and industry
recommendations, as delineated in EPRI NP-5769.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the only high strength structural bolting (ultimate tensile strength
[UTS] > 150 ksi) material specified for use at BFN is ASTM A-490 (Ref. General Engineering
Specification G-29B-S01, PS 4.M.4.4, “ASME Section III and Non-ASME Section III (including
AISC, ANSI B31.1, and ANSI B31.5) Bolting Material”). The ultimate tensile strength for A-490
bolting ½” to 1 ½” may vary between 150 to 170 ksi, a minimum yield strength of 130 ksi is
specified and hardness may vary from 33 to 38 Rockwell C (ASTM A-490 Standard).
The Bolting Integrity Program manages loss of material of mechanical component steel bolting
within the scope of License Renewal. ASME Section XI manages aging of structural bolting
(encompassed by ‘Support members; welds; bolted connections; support anchorage to building
structure’) for ASME equivalent supports. Structures Monitoring Program manages aging of
structural bolting for the remaining structural supports within the scope of License Renewal. The
support components, including the bolting, are periodically inspected for loss of material by
these programs.
The applicant stated that high strength bolting (UTS >150 ksi) is not considered susceptible to
cracking due to stress corrosion cracking at BFN. For SCC to manifest in high strength bolting,
an aggressive chemical or wetted environment is required in addition to susceptible material and
high tensile stresses. High strength bolting (UTS >150 ksi) used in ASME equivalent supports at
BFN are installed in indoor air environments that are not exposed to aggressive chemicals,
periodic wetting, or splash zones. Additionally, high strength bolting is used for structural
purposes to connect the RPV skirt flange to the top flange of the ring girder in the drywell and
these bolts are exposed to a containment atmosphere environment in the drywell not subject to
aggressive chemicals, periodic wetting or splash zones. As noted below, thread lubricant are
also controlled to eliminate corrosive environmental effects. Therefore an aggressive chemical or
wetted environment does not exist.
The applicant also stated that per the EPRI Mechanical and Structural Tools and EPRI NP-5769,
high strength bolting is considered susceptible to SCC in a corrosive environment with the use of
thread lubricants containing molybdenum disulfide. Approved thread lubricants for use in bolted
joints at BFN are specified in General Engineering Specification (GES) G-29B-S01 PS 4.M.1.1
and section 3.9.2 notes that lubricants containing molybdenum disulfide shall not be used.
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The applicant further stated that structural bolting procurement activities, receipt inspection and
installation (torquing), as defined in TVA procedure GES G-29B-S01, P.S.4.M.4.4, ‘ASME
Section III and Non-Section III (Including AISC, ANSI B31.1, and ANSI B31.5) Bolting Material’,
are considered part of TVA’s Bolting Integrity Program and meet the industry recommendations
for these activities as delineated in NUREG-1339 and EPRI NP-5769.
The NRC staff finds that the applicant has presented a sufficient technical basis to support its
AMR results that high strength bolting used in structural applications at BFN is not susceptible to
SCC. The NRC staff has determined that meeting the recommendations delineated in NUREG1339 and EPRI NP-5769 provides reasonable assurance that SCC will not occur.
Carbon Steel in an Embedded/Encased Environment (All applicable LRA Table 3.5 Items) - It is
recognized that all metals embedded/encased in concrete are inaccessible; however, they could
be susceptible to aging degradation. The NRC staff requested that the applicant provide an AMR
for further evaluation of embedded/encased components if aging of components in accessible
areas is identified that may indicate aging of the inaccessible components.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the BFN concrete structures and concrete components are designed
in accordance with ACI 318-63 and 71 and constructed using ingredients conforming to ACI and
ASTM standards, which provide for a good quality, dense, well cured, and low permeability
concrete. Cracking is controlled through proper arrangement and distribution of reinforcing bars.
The applicant further stated that concrete structures and concrete components are constructed
of a dense, well-cured concrete with an amount of cement suitable for strength development,
and achievement of a water-to-cement ratio that is characteristic of concrete having low
permeability. This is consistent with the recommendations and guidance provided by ACI
201.2R-77.
The applicant also stated that as a minimum, all exposed portions of embedded/encased carbon
steel structural components are inspected by the Structures Monitoring Program for the following
aging effects:
• Outside Air Environments: Loss of material due to general and pitting corrosion
• Inside Air Environments: Loss of material due to general corrosion
• Containment Air Environments: Loss of material due to general corrosion
The applicant concluded that the condition of the exposed portion of the embedded/encased
carbon steel will provide an indication of the condition of the embedded/encased portion of the
carbon steel. If a deficient condition is identified for the exposed portion of the
embedded/encased carbon steel material, the TVA corrective action program (SPP-3.1) would
document the deficient condition. Resolution of the deficient condition would require the
development of a corrective action plan and consideration would be given to the extent of the
deficient condition in the development of the corrective actions, which would include the
embedded/encased portion of the material as warranted by the deficient condition.
The applicant also stated that a review of Browns Ferry operating history did not reveal any loss
of intended function due to aging effects for carbon steel components embedded/encased in
concrete.
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The NRC staff finds that the applicant has identified an appropriate course of action, through its
corrective action program, to manage aging of carbon steel components embedded/encased in
concrete, if a deficient condition is identified for the exposed portion of the embedded/encased
carbon steel material. On this basis, the NRC staff accepts the applicant’s AMR results for
carbon steel in an embedded/encased environment.
Carbon Steel in an Inside Air Environment (LRA Table 3.5.2.26, Row No. 2) - The applicant
indicates that only loss of material due to general corrosion and loss of mechanical function due
to corrosion are considered applicable aging effects for the subject ASME-equivalent supports.
The NRC staff requested the applicant to provide the technical basis for concluding that other
aging mechanisms are not applicable.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.26 row 2 applies to ASME equivalent Class 1 supports.
The aging management review for the material and environment combination of carbon steel in
an inside air environment was performed and concluded that the only plausible aging
mechanisms needing managing were:
• Loss of material due to general corrosion
• Loss of mechanical function due to corrosion, distortion, dirt, overload, and fatigue due to
vibratory and cyclic thermal loads
The applicant further stated that ASME Section XI, Subsection IWF will be used to manage
these aging effects of loss of material and loss of mechanical function identified in Table
3.5.2.26 row 2. The NRC staff finds this acceptable, because it is consistent with GALL.
The applicant also stated that the referenced table row applies to ASME equivalent Class 1
supports and is not applicable to Class MC supports, and that the response to RAI-3.5-6 will
address the AMR results for Class MC supports.
The NRC staff noted that the BFN IWF program takes exception to GALL, regarding inspection
of Class MC supports. The NRC staff finds this exception not acceptable. This issue remains
open and will be dispositioned by the NRC Staff, based on the applicant’s response to RAI 3.5-6.
Carbon Steel in an Outside Air Environment (LRA Table 3.5.2.26, Row No. 9) – The applicant
indicates that only loss of material due to general corrosion, crevice corrosion and pitting
corrosion are considered applicable aging effects for the subject ASME-equivalent supports. The
NRC staff requested the applicant to provide the technical basis for concluding that other aging
mechanisms are not applicable.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.26 row 9 applies to ASME equivalent Class 2 & 3
supports. The aging management review for the material and environment combination of
carbon steel in an outside air environment was performed and concluded that the only plausible
aging mechanism needing managing was:
•
loss of material due to general, crevice and pitting corrosion.
The applicant further stated that the ASME Section XI, Subsection IWF will be used to manage
the aging effect of loss of material identified in Table 3.5.2.26 row 9.
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The NRC staff noted that loss of mechanical function is also managed by IWF, even though the
applicant did not identify this aging effect. The staff accepts the applicant’s AMR results solely
on the basis that IWF is credited for license renewal, and IWF will manage loss of mechanical
function in addition to loss of material.
The applicant also stated that the referenced table row applies to ASME equivalent Class 2 & 3
supports and is not applicable to Class MC supports, and that the response to RAI-3.5-6 will
address the AMR results for Class MC supports.
The NRC staff noted that the BFN IWF program takes exception to GALL, regarding inspection
of Class MC supports. The NRC staff finds this exception not acceptable. This issue remains
open and will be dispositioned by the NRC Staff, based on the applicant’s response to RAI 3.5-6.
Carbon Steel in a Submerged Environment (LRA Table 3.5.2.26, Row No. 57) – The NRC staff
requested that the applicant identify the components included in this item, where they are
located and the submerged environment. The NRC staff also requested the applicant to provide
the technical basis for not including these component types in the One-Time Inspection Program
to confirm the effectiveness of the Chemistry Control Program.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.26 row 57 applies to carbon steel non-ASME equivalent
supports inside the condensate water storage tank (CWST). Aging of carbon steel supports
submerged in the CWST (treated water environment) will be managed through monitoring
CWST water chemistry by the Chemistry Control Program. Effectiveness of the CWST
Chemistry Control Program will be confirmed by the One-Time Inspection Program of carbon
steel mechanical components in a treated water (condensate water) environment as noted in
LRA Table 3.4.2.2 (Condensate and Demineralized Water System).
The NRC staff finds the use of the Chemistry Control Program and confirmation by the OneTime Inspection Program acceptable to manage aging of submerged supports inside the
condensate water storage tank, on the basis that the supports are treated as part of the tank in
the applicant’s AMR.
Earthfill & Rock in a Buried Environment (LRA Table 3.5.2.17, Row No. 1) - This item indicates
that the equipment supports and foundations are earth fill (rock and sand). The NRC staff
requested that the applicant explain the technical bases for concluding that there are no aging
effects requiring management.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the foundation for the condensate water storage tank (CWST) is
comprised of a concrete ring foundation with the interior portion of the ring foundation filled with
crushed rock and sand. The earthen materials (rock and sand) of the CWST foundation interior
base are protected from environmental weathering conditions by the concrete perimeter ring and
CWST tank bottom. There are no aging effects for the earthen materials of the CWST
foundation interior base that require aging management. Aging management of the Browns
Ferry CWST concrete foundation ring is managed by the Structures Monitoring Program. Aging
management of the CWST bottom will be performed by the One Time Inspection Program.
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The applicant also stated that a review of Browns Ferry operating history did not reveal any loss
of intended function due to aging effects for earthen materials of the CWST foundation interior
base.
Based on the additional information provided by the applicant, the NRC staff concurs with the
applicant’s AMR results for the crushed rock and sand base of the CWST. The NRC staff
concludes that aging management is not required because these materials are adequately
protected by the concrete perimeter ring and the CWST tank bottom.
Elastomers in an Embedded/Encased Environment (LRA Table 3.5.2.2, Row No. 4) - The NRC
staff requested the applicant to clarify if the compressible joints and seals that are
embedded/encased in concrete are accessible for monitoring. If not, the NRC staff requested
the applicant to explain how the Structures Monitoring Program is utilized to manage aging
effects in inaccessible areas.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that LRA Table 3.5.2.2 row 4 and row 5 apply to the seal around the
Reactor Building access doors. Row 4 applies to the portion of the seal that is
embedded/encased and row 5 applies to the portion of the seal that is exposed to the inside air
environment of the Reactor Building. An embedded/encased environment will minimize aging
effects due to elastomer degradation caused by inside air environment (ambient conditions of
ultraviolet radiation, ozone, temperature, etc.). The Structures Monitoring Program will
periodically inspect the portion of the seal that is exposed to the inside air environment of the
Reactor Building for aging effects due to elastomer degradation. The condition of the exposed
portion of the seal will provide an indication of the condition of the embedded/encased portion of
the seal. The inaccessible portions of the embedded/encased seal for the Reactor Building
access door will be monitored with the periodic inspections of the seal that are exposed to the air
environment of the reactor building.
Based on the additional information provided by the applicant, the NRC staff finds the applicant’s
AMR results for the embedded/encased portion of the seal around the Reactor Building access
doors to be acceptable. The condition of the exposed portion of the seal will be periodically
inspected by the structures monitoring program, which will provide an indication of the condition
of the embedded/encased portion of the seal.
Lubrite in a Containment Air Environment (LRA Table 3.5.2.1, Row No. 37) – The NRC staff
requested that the applicant describe where the referenced items are used and provide the
technical basis for concluding that no aging management of the lubrite plates used in BFN is
required in a containment atmosphere.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.1 row 37 applies to the lubrite plates used for the drywell
floor beam seats. EPRI 1002950, “Aging Effects for Structures and Structural Components
(Structural Tools), Revision 1”, states that lubrite material resists deformation, has a low
coefficient of friction, resists softening at elevated temperatures, absorbs grit and abrasive
particles, is not susceptible to corrosion, withstands high intensities of radiation, and will not
score or mar. Lubrite products are solid, permanent, completely self lubricating, and require no
maintenance. The Browns Ferry containment atmosphere at the location of the drywell floor
beam seats is not an aggressive or wetted environment.
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The applicant also stated that a search of Brown Ferry and industry operating experience did not
identify any instances of Lubrite plate degradation or failure to perform its intended function due
to aging effects. NUREG-1759, “Safety Evaluation Report Related to the License Renewal of
Turkey Point Nuclear Plant, Units 3 and 4” and NUREG-1769, “Safety Evaluation Report Related
to the License Renewal of Peach Bottom Atomic Power Station, Units 2 and 3”, concur that there
are no lubrite plate aging effects that require aging management.
Based on the additional information provided by the applicant, the NRC staff finds the applicant’s
AMR results for lubrite plates to be acceptable. Prior NRC staff evaluations of this issue have
concluded that there are no aging effects requiring aging management.
Lubrite in an Inside Air Environment (LRA Table 3.5.2.26, Row No. 35) - The NRC staff
requested that the applicant describe where the referenced items are used and provide the
technical basis for concluding that no aging management of the lubrite plates used in BFN is
required in an inside air environment.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.26 row 35 applies to the lubrite plates used for the Core
Spray and RHR pump/equipment base supports. EPRI 1002950, “Aging Effects for Structures
and Structural Components (Structural Tools), Revision 1” August 2003, states that Lubrite
material resists deformation, has a low coefficient of friction, resists softening at elevated
temperatures, absorbs grit and abrasive particles, is not susceptible to corrosion, withstands
high intensities of radiation, and will not score or mar. Lubrite products are solid, permanent,
completely self lubricating, and require no maintenance. The Browns Ferry Reactor Building
environment at the location of the Core Spray and RHR pump equipment base supports is not
an aggressive or wetted environment.
The applicant also stated that a search of Brown Ferry and industry operating experience did not
identify any instances of lubrite plate degradation or failure to perform its intended function due
to aging effects. NUREG-1759, “Safety Evaluation Report Related to the License Renewal of
Turkey Point Nuclear Plant, Units 3 and 4” and NUREG-1769, “Safety Evaluation Report Related
to the License Renewal of Peach Bottom Atomic Power Station, Units 2 and 3”, concur that there
are no lubrite plate aging effects that require aging management.
Based on the additional information provided by the applicant, the NRC staff finds the applicant’s
AMR results for lubrite plates to be acceptable. Prior NRC staff evaluations of this issue have
concluded that there are no aging effects requiring aging management.
Reinforced Concrete in a Buried Environment (LRA Table 3.5.2.26, Row No. 41) - This item
applies to buried reinforced concrete equipment supports and foundations. The NRC staff
requested that the applicant explain how the Structures Monitoring Program is used to manage
these buried (presumably inaccessible) components.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that Table 3.5.2.26 row 41 applies to transformer pads/foundations in the
Transformer Yard, 161kV Switchyard and 500kV Switchyard in a buried environment. The
electrical equipment concrete foundations are exposed to both the outside air environment and
the inaccessible buried environment. The outside air environment is addressed in LRA Table
3.5.2.26 row 44. Reduction in concrete anchor capacity will manifest itself at the anchor
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locations which are located in the outside air environment. The Structures Monitoring Program
will manage reduction of concrete anchor capacity for those portions of the equipment
foundations exposed to the outside air environment. Aging management for below grade
inaccessible concrete will be based on inspection of the accessible concrete in the outside air
environment.
Based on the additional information provided by the applicant, the NRC staff finds the applicant’s
AMR results for the buried portions of the concrete transformer pads/foundations to be
acceptable. Periodic inspection of the accessible concrete by the structures monitoring program
will provide an indication of the condition of the buried concrete.
Reinforced Concrete in a Submerged Environment (LRA Table 3.5.2.12, Row Nos. 37, 38) - In
LRA Table 3.5.2.12 (Intake Pumping Station - Summary of Aging Management Evaluation),
Row Nos. 37 and 38, the applicant states that no aging management is required for submerged
reinforced concrete. Note 5 for Row Number 37 states that for cracking, loss of bond, loss of
material (spalling, scaling) due to corrosion of embedded steel in concrete for inaccessible
areas, no plant specific aging management is required. Note 6 for Row Number 38 states that
for increase in porosity and permeability, cracking, loss of material (spalling, scaling) due to
aggressive chemical attack of concrete for inaccessible areas, no plant specific aging is
required.
The NRC staff noted that a submerged component is not necessarily inaccessible. If the
submerged component is accessible, it is expected that the component will be managed by the
Inspection of Water Control Structures Program (B.2.1.37). The NRC staff requested that the
applicant identify all the submerged concrete components in the Intake Pumping Station, and
provide the technical basis for designating these components as being inaccessible. The NRC
staff also requested that the applicant identify all the submerged concrete structures that will be
inspected under BFN AMP B.2.1.37, and describe the implementing details of the inspection of
submerged structures included in the BFN AMP B.2.1.37.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that:
(1) Browns Ferry groundwater and Wheeler Reservoir water sample measurements presented in
the response to the NRC staff’s question 297 have confirmed that parameters are well below
threshold limits that could cause concrete degradation (i.e., an aggressive environment does not
exist).
(2) It is not credible to postulate that some environmental event will occur in the future that would
affect the quality of groundwater in the vicinity of Browns Ferry, and that a change in the
environment due to a chemical release would be considered as an “abnormal event”. The
applicant noted that NUREG-1800, “Standard Review Plan for the Review of License Renewal
Applications for Nuclear Power Plants,” states that aging effects from abnormal events need not
be postulated specifically for license renewal.
(3) In-scope submerged concrete exposed to Wheeler Reservoir water is not readily accessible
for inspection. Several in-scope submerged concrete common areas outside of individual pump
bays where continuous flow make diver entry unsafe would require a multiple unit outage to
inspect.
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(4) Browns Ferry will perform a one time inspection of the in-scope submerged concrete in one
individual pump bay to confirm the absence of aggressive environmental aging effects and that a
loss of intended function has not occurred due to aggressive environment aging effects. Browns
Ferry will also continue to perform periodic inspections of accessible concrete in an inside air
environment and outside air environment for in-scope structures with the Structures Monitoring
Program.
The NRC staff concluded that the applicant’s AMR is not consistent with the GALL report and is
not acceptable, because there is no commitment to conduct periodic inspection of accessible,
submerged water control concrete structures. This issue is being addressed by DE in RAI 3.516 and will be dispositioned in the SER.
Stainless Steel in Containment Air, Inside Air and Outside Air Environments (All applicable LRA
Table 3.5 items) - The NRC staff requested that the applicant provide the technical basis for
concluding that the BFN stainless steel components do not require aging management for any
aging effects/mechanisms in containment atmosphere, inside air and outside air environments.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the AMR evaluation for stainless steel in the following environments;
containment atmosphere, inside air and outside air, determined that stainless steel is not
susceptible to loss of material in for these environments. Stainless steels form a passive film that
prevents corrosion. Only a corrosive wetted environment is conducive to promoting aging
degradation of stainless steel. Alternate wetting and drying in an outside air environment has
shown a tendency to ‘wash’ the exterior surfaces, cleaning the surface rather than concentrating
any corrosive contaminants (ref EPRI 1003056 Mechanical Tools). SCC of stainless steel is only
considered plausible in wetted corrosive environments greater than 140ºF that will not occur in
the containment atmosphere environment, an inside air environment or an outside air
environment.
The NRC staff finds the applicant’s AMR results to be acceptable for stainless steel structural
components and stainless steel non-ASME supports. In the absence of corrosive contaminants
and temperatures greater than 140ºF, stainless steel material is not susceptible to loss of
material due to corrosion and cracking due to SCC. Therefore, aging management for loss of
material and cracking in the containment atmosphere environment, an inside air environment, or
an outside air environment is not required.
In its response, the applicant also stated that ASME stainless steel equivalent supports are
subject to the requirements of ASME Section XI, Subsection IWF during the period of extended
operation. However, the NRC staff determined that the applicant has not credited IWF for aging
management of ASME stainless steel equivalent supports during the extended period of
operation, because the applicant’s AMR did not identify any applicable aging effects. The staff
requested additional information to resolve this issue, and other related issues. The disposition
is discussed at the end of this section, as part of the review of Table 3.5.2.26 AMRs.
Stainless Steel in an Embedded/Encased Environment (LRA Table 3.5.2.2, Row Nos. 38, 58) –
It is recognized that all metals embedded/encased in concrete are inaccessible; however, they
could be susceptible to aging degradation. The NRC staff requested that the applicant provide
an AMR for further evaluation of embedded/encased components if aging of components in
accessible areas is identified that may indicate aging of the inaccessible components.
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The following stainless steel components that are embedded/encased are identified:
• Mechanical penetrations
• Spent fuel pool liners
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that the BFN concrete structures and concrete components are designed
in accordance with ACI 318-63 and 71 and constructed using ingredients conforming to ACI and
ASTM standards, which provide for a good quality, dense, well cured, and low permeability
concrete. Cracking is controlled through proper arrangement and distribution of reinforcing bars.
Concrete structures and concrete components are constructed of a dense, well-cured concrete
with an amount of cement suitable for strength development, and achievement of a water-tocement ratio that is characteristic of concrete having low permeability. This is consistent with the
recommendations and guidance provided by ACI 201.2R-77.
The applicant also stated that the aging management review for the material and environment
combination of stainless steel in an embedded/encased environment was performed and
concluded that no aging mechanism was identified that requires management. The applicant
noted that the submerged surfaces of spent fuel pool liners are managed by the chemistry
control program and monitoring of the spent fuel pool level by plant operations.
The applicant further stated that a review of Browns Ferry operating history did not reveal any
loss of intended function due to aging effects for stainless steel mechanical penetrations or
spent fuel pool liners that are embedded/encased in concrete.
The NRC staff finds that the applicant has identified an appropriate course of action to manage
aging of stainless steel submerged surfaces of spent fuel pool liners because it is consistent with
the guidance in the GALL report. For other stainless steel structural components
embedded/encased in concrete, the NRC staff accepts the applicant’s AMR results that aging
management is not required, because stainless steel structural components in general are not
susceptible to degradation, and concrete provides protection for embedded/encased steel.
Stainless Steel in a Submerged Environment (LRA Table 3.5.2.21, Row No. 28) - This item
credits the Structures Monitoring Program (SMP) for managing the effects of loss of material
due to crevice corrosion and pitting corrosion for stainless steel beams, columns, plates and
trusses in a submerged environment. The NRC staff requested the applicant to identify the
components included in this item and where they are located and the submerged environment. A
description of the types of inspections that will be performed under the SMP for these
components and clarification as to whether these inspections are included in the current scope
of the SMP was also requested. The NRC staff also requested the applicant to provide the
technical basis for not monitoring water chemistry.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that LRA Table 3.5.2.21 row 28 applies to submerged portions of the
stainless steel debris screen under the Diesel HP Fire Pump House. The intended functions of
the debris screen are debris protection and non-safety related structural support. The applicant
also stated that the miscellaneous components portion of the Structures Monitoring Program will
be enhanced to visually inspect the submerged portions of the debris screen for loss of material
due to crevice and pitting corrosion. The applicant noted that portions of the Diesel HP Fire
Pump House debris screen are submerged in raw water environment, therefore monitoring of
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water chemistry is not applicable as an AMP.
The NRC staff accepts the applicant’s commitment to enhance the Structures Monitoring
Program, to visually inspect the submerged portions of the stainless steel debris screen for loss
of material due to crevice and pitting corrosion. The NRC staff considers this to be analogous to
submerged portions of water control structures, for which visual inspection conducted as part of
the Structures Monitoring Program has been previously accepted.
Stainless Steel in a Submerged Environment (LRA Table 3.5.2.26, Row No. 11) - The NRC staff
requested the applicant to identify the ASME equivalent supports and components included in
this item, where they are located and the submerged environment. The applicant was also
requested to provide the BFN aging management review for this item and discuss the technical
basis for not crediting ASME Section XI, Subsection IWF as the aging management program.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that LRA Table 3.5.2.26 row 11 applies to the stainless steel ASME
equivalent Class 2 supports for the SRV discharge lines that are in the submerged environment
of the suppression pool water. The Chemistry Control Program and a One Time Inspection will
manage loss of material for stainless steel ASME equivalent Class 2 supports exposed in a
submerged treated (suppression pool) water environment. The applicant also stated that these
lines are exempt from inspection per ASME Section XI 1995 Edition, 1996 Addenda IWC1222(d).
Based on the additional information provided by the applicant, the NRC staff accepts the
applicant’s AMR results for stainless steel ASME equivalent Class 2 supports for the SRV
discharge lines that are in the submerged environment of the suppression pool water. The NRC
staff concurs that these supports are exempt from IWF inspection because of their location. The
credited aging management programs are consistent with GALL recommendations for Class 1
stainless steel small-bore piping. The NRC staff finds this appropriate, in lieu of IWF.
LRA Table 3.5.2.26, Row Nos. 5, 6, 10, 14, 15, 16 and 18 - In LRA Table 3.5.2.26, row numbers
5, 6, 10, 14, 15, 16 and 18, the applicant indicates that no aging management is required in
containment atmosphere, inside air and outside air environments for stainless steel and nonferrous aluminum ASME Equivalent Supports and Components. Note 3 to LRA Table 3.5.2.26,
which applies to all of the cited row numbers, states that there are no applicable aging effects for
the material/environment combinations and that this is consistent with industry guidance. The
applicant does not credit ASME Section XI, Subsection IWF as an aging management program
for license renewal.
It is the NRC staff’s understanding that the support components covered by the cited row
numbers are required to be inspected under IWF during the current licensing term. Therefore,
the NRC staff requested that the applicant explain why this CLB commitment would not continue
for the extended period of operation.
By letter dated October 8, 2004 (ML042870428), the applicant submitted its formal response to
the NRC staff, stating that these ASME equivalent supports and components will continue to be
inspected consistent with the commitments contained in the Browns Ferry CLB for the ASME
Section XI subsection IWF Program requirements in effect during the extended period of
operation. The applicant further stated that the specific reference to row numbers noted in the
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audit team’s question all had material and environmental combinations that upon performing the
aging management review, it was determined that there were no aging effects that required
managing for license renewal.
The NRC staff noted inconsistencies between the applicant’s AMR for the cited row numbers, all
of which are not susceptible to general corrosion, and the applicant’s AMR for carbon steel
ASME Equivalent Supports and Components, which are susceptible to general corrosion. For
the cited row numbers, the applicant considers corrosion to be the only age-related mechanism
leading to loss of mechanical function. The applicant’s position is that the other GALL-listed
mechanisms leading to loss of mechanical function (distortion, dirt, overload, fatigue due to
vibratory and cyclic thermal loads; elastomer hardening) are not age-related. On this basis, the
applicant has concluded that aging management for loss of mechanical function is not applicable
to the cited row numbers. However, for carbon steel ASME Equivalent Supports and
Components, the applicant has identified additional GALL-listed mechanisms as leading to loss
of mechanical function (see LRA Table 3.5.2.26, row numbers 2, 4, 12, and 13); and credits IWF
as the aging management program for LR.
The NRC staff requested the applicant to (1) submit a detailed description of all supports
covered by LRA Table 3.5.2.26, row numbers 5, 6, 10, 14, 15, 16 and 18; and (2) for each
support, provide the technical basis for concluding that every GALL-listed mechanism
(corrosion, distortion, dirt, overload, fatigue due to vibratory and cyclic thermal loads; elastomer
hardening) leading to loss of mechanical function is not applicable. As an alternative, the
applicant may credit IWF as an aging management program for LR.
By letter dated April 5, 2005 the applicant provided its formal response, which states:
“For row numbers 5, 6, 15, and 16 of Table 3.5.2.26, the table will be revised to credit IWF
as the aging management program. The supports for row number 10 are the typical pipe
supports comprised of steel structural shapes, welded or bolted together and attached to the
concrete structure/building with base plates or attached to other steel structural shapes of
the building. The aging effect for GALL III.B1.2.1-a is “Loss of Material” and not “Loss of
Mechanical Function” as noted in the question. The AMR is consistent with the reference to
Note 3 of Table 3.5.2.26. Additionally, this is consistent with the proposed revision to GALL
for Item number III.B1.2-5 (TP-5) for this material and environment combination. The AMR
conclusion for the proposed GALL revision to GALL for Item number III.B1.2-5 (TP-5) is “no
aging effects are applicable”; therefore, no AMP is required.
The supports in-scope for row number 14 of Table 3.5.2.26 are integral welded lugs to the
process pipe. The lug material is the same as the process pipe (aluminum). Aluminum
external surfaces are not susceptible to corrosion unless their surfaces are wetted or
exposed to an aggressive environment. Since periodic wetting or exposure to aggressive
environments of component external surfaces in an inside air environment will not occur,
loss of mechanical function due to corrosion is not considered plausible and the other aging
mechanisms (distortion, dirt, overload, fatigue due to vibratory and cyclic thermal loads;
elastomer hardening) do not apply.
The supports in-scope for row number 18 of Table 3.5.2.26 are integral welded lugs to the
process pipe. The lug material is the same as the process pipe (stainless steel). The inscope piping system is located in the Residual Heat Removal Service Water (RHRSW)
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Tunnels (LRA Section 2.4.3.5). Since the piping and supports are located within the
RHRSW Tunnels and are exposed to an inside air environment and are not exposed to an
outside air environment as noted in the AMR table, Row 18 can be deleted. Row number 10
(applicable GALL item - III.B1.2.1-a) is the applicable AMR line item for the material and
environment combinations of these stainless steel supports in the RHRSW Tunnel.
Replace Rows 1 through 18 of Table 3.5.2.26 in the LRA with the attached rows.”
The staff reviewed the applicant’s response and finds it acceptable since the AMRs are
consistent with the GALL report.
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3.6

AGING MANAGEMENT OF ELECTRICAL AND INSTRUMENTATION AND CONTROLS

This section of the SER documents the NRC staff’s review of the applicant’s AMR results for the
electrical and instrumentation and controls components associated with the following commodity
groups:
•
•
•
•

insulated cables and connections
phase bus
switchyard bus
high-voltage insulators

In Section 3.6 of the LRA, the applicant provided the results of the aging management review of
the electrical and instrumentation and controls components listed in Table 2.5.1 of the LRA. The
applicant also listed the materials, environments, aging effects requiring management, and
aging management programs associated with each commodity group.
In LRA Table 3.6.1, “Summary of the Aging Management Evaluations for Electrical and
Instrumentation and Control Systems Evaluated in Chapter VI of NUREG-1801,” the applicant
provided a summary comparison of its AMRs with the AMRs evaluated in the GALL report for the
electrical and instrumentation and control components and component types. In LRA Section
3.6.2.2, the applicant provided information concerning Table 3.6.1 components for which further
evaluation is recommended by the GALL report.
The NRC staff reviewed LRA Section 3.6 to determine whether the applicant provided sufficient
information to demonstrate that the effects of aging for the electrical and instrumentation and
control components that are within the scope of license renewal and subject to an AMR will be
adequately managed so that the intended functions will be maintained consistent with the CLB
for the period of extended operation, as required by 10 CFR 54.21(a)(3).
The NRC staff performed an audit to confirm the applicant’s claim that certain identified AMRs
are consistent with the AMRs in the GALL report. The NRC staff did not repeat the staff’s review
of the matters described in the GALL report. However, the NRC staff did verify that the material
presented in the LRA was applicable and that the applicant had identified the appropriate GALL
AMRs. The NRC staff’s audit findings are summarized in Section 3.6.1 of this SER.
The NRC staff also audited those AMRs that were consistent with the GALL report and for which
further evaluation is recommended. The NRC staff verified that the applicant’s further
evaluations were consistent with the acceptance criteria in Section 3.6.3.2 of NUREG-1800,
“Standard Review Plan for Review of License Renewal Applications for Nuclear Power Plants.”
The NRC staff’s audit findings are summarized in Section 3.6.2 of this SER.
The NRC staff conducted a technical review of the remaining AMRs that are not consistent with
the GALL report. The review included evaluating whether all plausible aging effects were
identified and whether the aging effects listed were appropriate for the combination of materials
and environments specified. The NRC staff’s review findings are documented in the Section
3.6.3 of this SER.
3.6.1

Aging Management Evaluations that are Consistent with the GALL Report, for
Which No Further Evaluation is Required
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3.6.1.1

Summary of Technical Information in the Application

In Section 3.6.2.1 of the LRA, the applicant identified the materials, environments, and aging
effects requiring management. The applicant identified the following programs that manage the
aging effects related to the electrical and instrumentation and control components:
• Accessible Non-EQ Cables and Connections Inspection Program
• Bus Inspection Program
• Electrical Cables Not Subject to 10 CFR 50.49 Environmental Qualification Requirements
Used in Instrumentation circuits Program
• Environmental Qualification (EQ) Program
• Inaccessible Medium Voltage Cables Not Subject to 10 CFR 50.49 Environmental
Qualification Requirements Program
3.6.1.2

Evaluation

In LRA Table 3.6.2-1, the applicant provided a summary of AMRs for the electrical and
instrumentation and control components and identified which AMRs it considered to be
consistent with the GALL report. The applicant provided a note for each AMR line item. The
notes described how the information in the Tables aligns with the information in the GALL
report. The NRC staff audited those AMRs with notes A and B, which indicated the AMR was
consistent with the GALL report. Notes C through E were not used by the applicant.
Note A indicated that the AMR line item is consistent with the GALL report for component,
material, environment, and aging effect. In addition, the AMP is consistent with the AMP
identified in the GALL report. The NRC staff audited these line items to verify consistency with
the GALL report and the validity of the AMR for the site-specific conditions.
Note B indicated that the AMR line item is consistent with the GALL report for component,
material, environment, and aging effect. In addition, the AMP takes some exceptions to the
AMP identified in the GALL report. The NRC staff audited these line items to verify consistency
with the GALL report. The NRC staff verified that the identified exceptions to the GALL AMPs
had been reviewed and accepted by the staff. The NRC staff also determined whether the AMP
identified by the applicant was consistent with the AMP identified in the GALL report and whether
the AMR was valid for the site-specific conditions.
The NRC staff conducted an audit and review of the information provided in the LRA and
program bases documents, which are available at the applicant's engineering office. On the
basis of its audit and review, the NRC staff finds that the AMR results that the applicant claims
to be consistent with the GALL report, are consistent with the AMRs in the GALL report.
Therefore, the NRC staff finds that the applicable aging effects were identified and are
appropriate for the combination of materials and environments listed.
3.6.1.3

Conclusion

The NRC staff has verified the applicant's claim of consistency with the GALL report. The NRC
staff also has reviewed information pertaining to the applicant's consideration of recent operating
experience and proposals for managing associated aging effects. On the basis of its review, the
NRC staff finds that the AMR results that the applicant claims to be consistent with the GALL
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report, are consistent with the AMRs in the GALL report. Therefore, the NRC staff finds that the
applicant has demonstrated that the effects of aging for these components will be adequately
managed so that their intended function(s) will be maintained consistent with the current
licensing basis for the period of extended operation, as required by 10 CFR 54.21(a)(3).
3.6.2

Aging Management Evaluations that are Consistent with the GALL Report, for
Which Further Evaluation is Recommended

In LRA Section 3.6.2.2, the applicant provided further evaluation of aging management, as
recommended by the GALL report for electrical and instrumentation and control components, for
the following:
• electrical equipment subject to environmental qualification
• quality assurance for aging management of non-safety-related components
Environmental Qualification is a TLAA requiring further evaluation. TLAAs are evaluated
in Section 4 of this SER.
Further evaluation of the applicant’s quality assurance program for aging management
of non-safety-related components is performed by NRR/DIPM.
3.6.3

AMR Results that are Not Consistent with the GALL Report or Not Addressed in
the GALL Report

The applicant’s AMR results that are not consistent with the GALL report or not
addressed in the GALL report were not reviewed during the on-site audit.
3.6.4

Conclusion

The NRC staff concluded that the applicant provided sufficient information to demonstrate that
the effects of aging for the electrical and instrumentation and controls components that are
within the scope of license renewal and subject to an AMR will be adequately managed so that
the intended functions will be maintained consistent with the CLB for the period of extended
operation, as required by 10 CFR 54.21(a)(3).
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