DRAFT LICENSE RENEWAL INTERIM STAFF GUIDANCE
LR-1ISG-2011-01

AGING MANAGEMENT OF STAINLESS STEEL STRUCTURES AND
COMPONENTS IN TREATED BORATED WATER

INTRODUCTION

This draft license renewal interim staff guidance (LR-ISG) LR-1ISG-2011-01, “Aging
Management of Stainless Steel Structures and Components in Treated Borated Water,”
provides guidance as to one acceptable approach for managing the effects of aging during the
period of extended operation for stainless steel structures and components exposed to treated
borated water within the scope of the License Renewal Rule (Title 10 of the Code of Federal
Regulations, Part 54, “Requirements for Renewal of Operating Licenses for Nuclear Power
Plants” (10 CFR Part 54)). This LR-ISG changes the staff’'s aging management
recommendations in the Standard Review Plan for Review of License Renewal Applications for
Nuclear Power Plants (SRP-LR) and Generic Aging Lessons Learned (GALL) Report.

DISCUSSION

The staff has determined that existing guidance in the SRP-LR and GALL Report may not
adequately address aging management in treated borated water environments. Specifically, for
pressurized water reactors (PWRs), the guidance inappropriately credits boron as a corrosion
inhibitor in place of other aging management activities. As a result, aging effects such as loss of
material, cracking, and reduction of heat transfer may not be adequately managed.

The GALL Report recommends that stainless steel components exposed to treated borated
water be managed for aging effects such as loss of material and cracking by the Water
Chemistry Program, while both the Water Chemistry and One-Time Inspection Programs are
recommended for managing these aging effects in treated (i.e., non-borated) water.
Additionally, the GALL Report does not include reduction of heat transfer as an aging effect for
PWR stainless steel heat exchanger components exposed to treated borated water, while
boiling water reactor (BWR) stainless steel heat exchanger components exposed to treated
water are managed for reduction of heat transfer due to fouling (e.g., the collection of corrosion
products) by the Water Chemistry and One-Time Inspection Programs. In each of these cases,
the corrosion inhibiting properties of boron were thought to be a sufficient alternative to
performing an aging management activity.

In Revision 1 of the GALL Report, the staff attributed the low corrosiveness of PWR reactor
coolant relative to that of BWR reactor coolant, in part, to the presence of boron:

“Unlike the PWR reactor coolant environment (treated borated water), the BWR
reactor coolant environment (i.e., treated water) does not contain boron, a
recognized corrosion inhibitor.” (NRC, 2005)

However, the staff has concluded that the relatively low incidence of corrosion issues in
stainless steel components exposed to PWR primary water is likely not due to the presence of
boron, but rather reactor coolant chemistry controls that result in dissolved oxygen levels that
are normally less than 5 parts per billion (ppb) (ASM, 2006; EPRI, 2006). Oxygen is a
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well-known contributor to metal corrosion in water. Corrosion literature often cites a critical
dissolved oxygen threshold of approximately 100 ppb where pitting and crevice corrosion
become a concern for a variety of materials (EPRI 2001, 2006; NACE, 1984; DePaul, 1957).
Stress corrosion cracking of stainless steel has been observed at oxygen levels in excess of
10 ppb in low-chloride water environments (EPRI, 2004).

The Effect of Boron on Corrosion

Although Revision 1 of the GALL Report recognized boron as a corrosion inhibitor, specific
borates (compounds containing boron-oxygen ions), rather than the boron atom, are used to
inhibit corrosion. Borates must be controlled to sufficient concentrations to be effective. If not
added in adequate quantity, borates can cause pitting and increase corrosion rates (Rosenfeld,
1981; Jones, 1996).

PWR primary water has been termed “borated,” which may incorrectly suggest that the water
chemistry is controlled to contain the proper amounts of the specific borate ions that inhibit
corrosion. Rather, PWR primary water contains boric acid. Boric acid weakly dissociates to
form hydrogen and borate ions; however, there is little evidence of beneficial effects of the
added borate on stainless steel corrosion. Stainless steels are equally resistant to loss of
material in high purity water and dilute solutions of boric acid (EPRI, 2001; NACE, 1985; De
Renzo). The effect of boric acid on stress corrosion cracking of stainless steel is mixed.
Laboratory stress corrosion cracking tests have shown that boric acid additions to high purity
water have been both beneficial (Tsuruta, 1992) and detrimental (ANL, 1985).

The staff removed the reference to boron as a corrosion inhibitor in Revision 2 of the GALL
Report, but did not update all the guidance for treated borated water to include additional aging
management activities to account for this change.

Revised SRP-LR and GALL Report Guidance

The staff has determined that aging management for loss of material due to pitting and crevice
corrosion and cracking due to stress corrosion cracking in treated borated water should be
consistent with that for treated water. As a result, the staff recommends an additional one-time
inspection to verify the effectiveness of the Water Chemistry Program to manage these aging
effects. The revised guidance applies to stainless steel structures and components exposed to
treated borated water environments that are not actively controlled to oxygen levels less than

5 ppb. The affected PWR systems include, but are not limited to, the containment spray
system, emergency core cooling system, spent fuel pool storage system, and spent fuel pool
cooling and cleanup system. The spent fuel pool systems are exposed to indoor air and are
considered saturated with oxygen, at a concentration of approximately 6,000 ppb (Rooney,
1998). The containment spray system and portions of the emergency core cooling systems
take suction from the refueling water storage tank, which is not typically deoxygenated.

The staff has also determined that stainless steel heat exchanger tubes exposed to treated
borated water should be age managed for reduction of heat transfer due to fouling. Fouling can
occur from the deposition of corrosion products and other particulates as well as the
precipitation of dissolved ions, such as borates, on heat transfer surfaces. As a result, the staff
recommends that stainless steel heat exchanger tubes be managed for reduction of heat
transfer due to fouling with the Water Chemistry and One-Time Inspection Programs, consistent
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with the current guidance for BWR heat exchangers exposed to treated water environments.
The affected PWR systems include the containment spray system, emergency core cooling
system, spent fuel pool cooling and cleanup system, and chemical and volume control system.

ACTION

The staff has determined that boron should not be credited as a corrosion inhibitor for stainless
steel components in treated borated water. Thus, the staff has revised the SRP-LR and GALL
Report to include the following additional aging management activities to align the guidance for
treated borated water with that for treated water:

e Add the One-Time Inspection Program to verify the effectiveness of the Water Chemistry
Program to manage loss of material due to pitting and crevice corrosion and cracking
due to stress corrosion cracking in treated borated water. This revised guidance applies
to stainless steel structures and components exposed to treated borated water
environments that are not actively controlled to oxygen levels less than 5 ppb.

e Add reduction of heat transfer due to fouling as an aging effect for stainless steel heat
exchanger tubes exposed to treated borated water, and manage this aging effect with
the Water Chemistry and One-Time Inspection Programs.

Revised entries in SRP-LR Tables 3.2-1 and 3.3-1, and the associated items in the GALL
Report, are documented in Appendix A, “Revised SRP-LR” and Appendix B, “Revised GALL
Report.” The extent and locations of changes are clarified in Appendix C, “Mark-Up Showing
Changes to the SRP-LR” and Appendix D, “Mark-Up Showing Changes to the GALL Report.”
An overview of these changes is discussed below.

The staff added the One-Time Inspection Program to verify the effectiveness of the Water
Chemistry Program for managing loss of material due to pitting and crevice corrosion and
cracking due to stress corrosion cracking in the GALL Report Table V.A, Containment Spray
System (PWR); V.D1, Emergency Core Cooling System (PWR); VII.A2, Spent Fuel Storage;
and VII.A3, Spent Fuel Pool Cooling and Cleanup (PWR). The staff notes that the new
guidance also applies to BWR spent fuel storage racks exposed to treated water, which
currently lack a verification activity. The staff also added items to SRP Table 3.3-1 to account
for the guidance in the chemical and volume control system, which has a deoxygenated PWR
primary water environment, and thus recommends only the use of the Water Chemistry
Program.

The staff added reduction of heat transfer due to fouling as an aging effect requiring
management with the Water Chemistry and One-Time Inspection Programs for stainless steel
heat exchanger tubes in the GALL Report Table V.A, Containment Spray System (PWR); V.D1,
Emergency Core Cooling System (PWR); VII.A3, Spent Fuel Pool Cooling and Cleanup (PWR);
and VII.LE1, Chemical and Volume Control System (PWR). The staff noted that the current
GALL Report guidance for the containment spray system already includes a reduction of heat
transfer item; however, the cited environment is treated water. As a result, the application of
this guidance has been inconsistently applied. Some PWR applicants have applied the items to
the treated borated water environments, while others have considered the items as not
applicable. Thus, the staff revised the environment for this item to treated borated water.
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NEWLY IDENTIFIED SYSTEMS, STRUCTURES, AND COMPONENTS UNDER
10 CFR 54.37(b)

The U.S. Nuclear Regulatory Commission (NRC) is not proposing to treat the heat exchangers
in the PWR systems as “newly identified” SSCs under 10 CFR 54.37(b). Therefore, any
additional action on such materials which the NRC may impose upon current holders of
renewed operating licenses under 10 CFR Part 54 would not fall within the scope of

10 CFR 54.37(b). The NRC would have to address compliance with the requirements of

10 CFR 50.109 before it may impose any new aging management requirements on current
holders of renewed operating licenses (see discussion below).

BACKFITTING DISCUSSION

This LR-ISG contains guidance as to one acceptable approach for managing the effects of
aging during the period of extended operation for stainless steel structures and components
exposed to treated borated water within the scope of license renewal. Set forth below is the
staff's discussion on compliance with the requirements of the Backfit Rule, 10 CFR 50.109.

Compliance with the Backfit Rule

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

Licensees who are currently in the license renewal process — This LR-ISG is directed to current
applicants for license renewal. However, this LR-ISG is not backfitting as defined in

10 CFR 50.109(a)(1). This guidance is non-binding and provides one approach acceptable to
the NRC staff for managing the effects of aging in treated borated water environments in
accordance with the requirements of 10 CFR Part 54. License renewal applicants are not
required to use this guidance. Applicants may elect to propose an alternative approach for
managing the aging of stainless steel structures and components in treated borated water
environments during the period of extended operation. In addition, the Backfit Rule does not
protect license renewal applicants voluntarily requesting renewed licenses from changes in
NRC requirements or guidance on license renewal prior to or during the pendency of their
renewal application (NRC, 2008). Therefore, issuance of this LR-ISG does not constitute
backfitting as applied to current applicants for license renewal.

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

Table 3.2-1 Summary of Aging Management Programs for Engineered Safety Features Evaluated in Chapter V of the GALL

Report

ID | Type Component Aging Aging Management Further Rev2 Item Rev1 Item

Effect/Mechanism Programs Evaluation
Recommended

19 | BWR Stainless steel Heat exchanger |Reduction of heat Chapter XI.M2, “Water [No V.D2.EP-74 V.D2-13(EP-34)

tubes exposed to Treated water |transfer Chemistry,” and
due to fouling Chapter X1.M32, “One-
Time Inspection”

20 | PWR Stainless steel Piping, piping Cracking Chapter XI.M2, “Water [No V.AE-12 V.A-28(E-12)
components, and piping due to stress Chemistry” and V.D1.E12 V.D1-31(E-12)
elements; tanks exposed to corrosion cracking Chapter X1.M32, “One-

Treated water (borated) >60°C Time Inspection”
(>140°F)

21 | PWR Steel (with stainless steel or Cracking Chapter XI.M2, “Water [No V.D1.E-38 V.D1-33(E-38)
nickel-alloy cladding) Safety due to stress Chemistry” and
injection tank (accumulator) corrosion cracking Chapter X1.M32, “One-
exposed to Treated water Time Inspection”

(borated) >60°C (>140°F)

22 | PWR Stainless steel Piping, piping Loss of material Chapter XI.M2, “Water [No V.A.EP-41 V.A-27(EP-41)
components, and piping due to pitting and Chemistry” and V.D1.EP-41 V.D1-30(EP-41)
elements; tanks exposed to crevice corrosion Chapter X1.M32, “One-

Treated water (borated) Time Inspection”

65 | PWR Stainless steel Heat exchanger |Reduction of heat Chapter XI.M2, “Water |No V.A.EP-74 V.A-16(EP-34)
tubes exposed to Treated water |transfer Chemistry,” and V.D1.E-20
(borated) due to fouling Chapter X1.M32, “One-

Time Inspection”
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Table 3.3-1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VIl of the GALL Report
ID | Type Component Aging Effect/ Aging Management Programs Further Evaluation Rev2 Item |Rev1 ltem
Mechanism Recommended

17 | BWR Stainless steel Heat Reduction of heat | Chapter XI.M2, “Water No VILA4.AP-139 | VII.A4-4(AP-62)
exchanger tubes transfer Chemistry,” and
exposed to Treated due to fouling Chapter XI.M32, “One-Time
water Inspection”

28 | BWR/ | Stainless steel, Steel Cracking Chapter XI.M2, “Water No VILA2.A-96 | VII.A2-6(A-96)

PWR (with stainless steel or | due to stress Chemistry” and x::'ﬁi'ﬁ:gg x::'ﬁizzgxgg)

nickel-alloy cladding) | corrosion cracking | Chapter XI.M32, “One-Time o '
Spent fuel storage Inspection”
racks (BWR), Spent
fuel storage racks
(PWR), Piping, piping
components, and
piping elements
exposed to Treated
water >60°C (>140°F),
Treated borated water
>60°C (>140°F)

29 | BWR/ | Steel (with stainless Loss of material Chapter XI.M2, “Water No VILA2.AP-79 | VIL.A2-1(AP-79)

PWR steel cladding); due to pitting and Chemistry” and VILAS.AP-79 | VII.AS-8(AP-T9)

stainless steel Piping, | crevice corrosion Chapter X1.M32, “One-Time
piping components, Inspection”
and piping elements
exposed to Treated
borated water




Appendix A: Revised SRP-LR

Table 3.3-1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VIl of the GALL Report
ID | Type Component Aging Effect/ Aging Management Programs Further Evaluation Rev2 Item |Rev1 ltem
Mechanism Recommended

124 | PWR Stainless steel Piping, | Cracking Chapter XI.M2, “Water No VILE1.AP-82 | VII.E1-20(AP-
piping components, due to stress Chemistry” 82)
and piping elements; corrosion cracking
tanks exposed to
Treated borated water
(primary) >60°C
(>140°F)

125 | PWR Steel (with stainless Loss of material Chapter XI.M2, “Water No VILE1.AP-79 | VII.E1-17(AP-
steel cladding); due to pitting and Chemistry” 9)
stainless steel Piping, | crevice corrosion
piping components,
and piping elements
exposed to Treated
borated water
(primary)

126 | PWR Stainless steel Heat Reduction of heat | Chapter XI.M2, “Water No VII.A3.A-101
exchanger tubes transfer Chemistry,” and VILE1.A-101
exposed to Treated due to fouling Chapter X!'.M32, “One-Time
borated water Inspection

A4
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Appendix B: Revised GALL Report

\Y ENGINEERED SAFETY FEATURES
A Containment Spray System (PWR)
. Structure and/or . . Aging Effect/ Aging Management Further
Item Link Component Material Environment Mechanism Program (AMP) Evaluation
V.A.EP-74 |V.A- Heat exchanger tubes  |Stainless Treated water [Reduction of heat Chapter XI.M2, “Water No
16(EP- steel (borated) transfer Chemistry,” and
34) due to fouling Chapter X1.M32, “One-
Time Inspection”
V.A.EP-41 |V.A- Piping, piping Stainless Treated water [Loss of material Chapter X1.M2, “Water No
27(EP- |components, and piping |steel (borated) due to pitting and crevice [Chemistry” and
41) elements; tanks corrosion Chapter X1.M32, “One-
Time Inspection”
V.AE-12 |V.A- Piping, piping Stainless Treated water |Cracking Chapter XI.M2, “Water No
28(E-12)|components, and piping |steel (borated) due to stress corrosion  |[Chemistry” and
elements; tanks >60°C cracking Chapter X1.M32, “One-
(>140°F) Time Inspection”
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\% ENGINEERED SAFETY FEATURES

D1

Emergency Core Cooling System (PWR)

Structure and/or

Aging Effect/

Aging Management

Further

Item Link Component Material Environment Mechanism Program (AMP) Evaluation
V.D1.EP- |V.D1- |Piping, piping Stainless steel Treated water |Loss of material Chapter XI.M2, “Water  [No
41 30(EP- |components, and (borated) due to pitting and crevice |Chemistry” and
41) piping elements; corrosion Chapter X1.M32, “One-
tanks Time Inspection”
VV.D1.E-12 [V.D1- |Piping, piping Stainless steel Treated water |Cracking Chapter XI.M2, “Water |[No
31(E- |components, and (borated) >60°C |due to stress corrosion  |Chemistry” and
12) piping elements; (>140°F) cracking Chapter X1.M32, “One-
tanks Time Inspection”
\V.D1.E-38 [V.D1- |Safety injection tank |Steel (with Treated water |Cracking Chapter XI.M2, “Water |No
33(E- |(accumulator) stainless steel or |(borated) >60°C |due to stress corrosion |Chemistry” and
38) nickel-alloy (>140°F) cracking Chapter X1.M32, “One-
cladding) Time Inspection”
V.D1.E-20 Heat exchanger Stainless steel Treated water |Reduction of heat Chapter XI.M2, “Water |No

tubes

(borated)

transfer
due to fouling

Chemistry,” and Chapter
XI.M32, “One-Time
Inspection”
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VI AUXILIARY SYSTEMS
A2 Spent Fuel Storage
Structure .
Item Link and/or Material Environment Aging E_ffectl Aging Management Program (AMP) Further_
Mechanism Evaluation
Component
VIILA2.AP-79 |VII.A2- Piping, piping |Steel (with Treated borated |Loss of material |Chapter XI.M2, “Water Chemistry” No
1(AP-79) |components, |stainless steel \water due to pitting and [and Chapter XI1.M32, “One-Time
and piping cladding); crevice corrosion |Inspection”
elements stainless steel
VILA2.A-96  |VII.A2-6(A-|Spent fuel Stainless steel |Treated water |Cracking Chapter X1.M2, “Water Chemistry” No
96) storage racks >60°C (>140°F) |due to stress and Chapter XI.M32, “One-Time
(BWR) corrosion Inspection”
cracking
VIILA2.A-97  |VII.LA2-7(A-|Spent fuel Stainless steel |Treated borated |Cracking Chapter X1.M2, “Water Chemistry” No
97) storage racks water >60°C due to stress and Chapter XI.M32, “One-Time
(PWR) (>140°F) corrosion Inspection”
cracking

B4
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VI AUXILIARY SYSTEMS
A3 Spent Fuel Pool Cooling and Cleanup (PWR)
Structure Aging Effect/  |Aging M tP Furth
Item Link and/or Material Environment ging . ec ging Management Frogram . er.
Mechanism (AMP) Evaluation
Component
VII.LA3.A-56 |VII.A3- Piping, piping |Steel (with Treated borated [Cracking Chapter XI.M2, “Water Chemistry” |No
10(A-56) |components, [stainless steel or |water >60°C due to stress and Chapter XI.M32, “One-Time
and piping nickel-alloy (>140°F) corrosion Inspection”
elements cladding) cracking
VIILA3.AP-79 |VII.A3- Piping, piping |Steel (with Treated borated |Loss of material |Chapter XI.M2, “Water Chemistry” [No
8(AP-79) |components, |stainless steel water due to pitting and jand Chapter XI.M32, “One-Time
and piping cladding); crevice corrosion |Inspection”
elements stainless steel
VII.LA3.A-101 Heat Stainless steel Treated borated |Reduction of heat|Chapter XI.M2, “Water Chemistry,” [No
exchanger water transfer and Chapter XI.M32, “One-Time
tubes due to fouling Inspection”
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VII AUXILIARY SYSTEMS
E1 Chemical and Volume Control System (PWR)
. Structure and/or . . Aging Effect/ Aging Management Further

Item Link Component Material Environment Mgect?anism P?og?am (AI\QII’P) Evaluation
VII.LE1.AP- |VII.E1- Piping, piping Steel (with Treated borated Loss of material Chapter X1.M2, “Water  |No
79 17(AP-79) |components, and [stainless steel water (primary) due to pitting and  |[Chemistry”

piping elements |cladding); stainless crevice corrosion

steel

VII.LE1.AP- \VII.LE1- Piping, piping Stainless steel Treated borated Cracking Chapter XI.M2, “Water  [No
82 20(AP-82) components, and water (primary) due to stress Chemistry”

piping elements; >60°C (>140°F) corrosion cracking

tanks
VIIL.LE1.A- Heat exchanger [Stainless Steel Treated borated Reduction of heat |Chapter XI.M2, “Water  |No
101 tubes water transfer due to Chemistry” and Chapter

fouling

X1.M32, “One-Time

Inspection”
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Appendix C: Mark-Up Showing Changes to the SRP-LR

Table 3.2-1 Summary of Aging Management Programs for Engineered Safety Features Evaluated in Chapter V of the GALL

Report

ID | Type Component Aging Aging Management Further Rev2 Item Rev1 Item

Effect/Mechanism Programs Evaluation
Recommended

19 | BWR/PRWR | Stainless steel Heat exchanger |Reduction of heat Chapter XI.M2, “Water [No V-AER-74 V-A-16(EP-34)

tubes exposed to Treated water |transfer Chemistry,” and V-D2EP-74 V.D2-13(EP-34)
due to fouling Chapter X1.M32, “One-
Time Inspection”

20 | PWR Stainless steel Piping, piping Cracking Chapter XI.M2, “Water [No V.AE-12 V.A-28(E-12)
components, and piping due to stress Chemistry” and V.D1E-12 V.D1-31(E-12)
elements; tanks exposed to corrosion cracking Chapter XI.M32, “One-

Treated water (borated) >60°C Time Inspection”
(>140°F)

21 | PWR Steel (with stainless steel or Cracking Chapter XI.M2, “Water |No V.D1.E-38 V.D1-33(E-38)
nickel-alloy cladding) Safety due to stress Chemistry” and
injection tank (accumulator) corrosion cracking |Chapter XI.M32, “One-
exposed to Treated water Time Inspection”

(borated) >60°C (>140°F)

22 | PWR Stainless steel Piping, piping Loss of material Chapter XI.M2, “Water [No V.A.EP-41 V.A-27(EP-41)
components, and piping due to pitting and Chemistry” and V.D1.EP-41 V.D1-30(EP-41)
elements; tanks exposed to crevice corrosion Chapter XI1.M32, “One-

Treated water (borated) Time Inspection”

65 | PWR Stainless steel Heat exchanger | Reduction of heat |Chapter XI.M2, “Water |No V.AEP-74 V.A-16(EP-34)
tubes exposed to Treated transfer Chemistry,” and V.D1.E-20
water (borated) due to fouling Chapter XI1.M32, “One-

Time Inspection”




Appendix C: Mark-Up Showing Changes to the SRP-LR

Table 3.3-1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VIl of the GALL Report
ID | Type Component Aging Effect/ Aging Management Programs Further Evaluation Rev2 Item |Rev1 ltem
Mechanism Recommended
17 | BWR{/ | Stainless steel Heat Reduction of heat | Chapter XI.M2, “Water No VILA4.AP-139 | VII.A4-4(AP-62)
PWR | exchanger tubes transfer Chemistry,” and
exposed to Treated due to fouling Chapter XI.M32, “One-Time
water Inspection”
28 | BWR/ | Stainless steel, Steel Cracking Chapter XI.M2, “Water No VILA2.A-96 | VII.A2-6(A-96)
PWR (with stainless steel or | due to stress Chemistry” and VILA2.A-97 | VII.A2-T(A-97)
, . , , w . VIL.A3.A-56 | VII.A3-10(A-56)
nickel-alloy cladding) corrosion cracking | Chapter XI.M32, “One-Time VALEAAP-82 |VHLE4-20(AP
Spent fuel storage Inspection” 82)
racks (BWR), Spent
fuel storage racks
(PWR), Piping, piping
components, and
piping elements;
Piping._pipi
compenents—and
piping-elements;-tanks
exposed to Treated
water >60°C (>140°F),
Treated borated water
>60°C (>140°F)
29 | BWR/ | Steel (with stainless Loss of material Chapter XI.M2, “Water No VILA2.AP-79 | VII.A2-1(AP-79)
PWR stegl cladding); N due .to pitting z?nd Chemistry” and _ V”:A3:AP 9 V”:A?’ 8(AP-79)
stainless steel Piping, | crevice corrosion Chapter XI1.M32, “One-Time 79)
piping components, Inspection”
and piping elements
exposed to Treated
borated water




Appendix C: Mark-Up Showing Changes to the SRP-LR

Table 3.3-1 Summary of Aging Management Programs for Auxiliary Systems Evaluated in Chapter VIl of the GALL Report
ID | Type Component Aging Effect/ Aging Management Programs Further Evaluation Rev2 Item |Rev1 Iltem
Mechanism Recommended

124 | PWR Stainless steel Cracking Chapter XI.M2, “Water No VIL.E1.AP-82 | VII.E1-20(AP-
Piping, piping due to stress Chemistry” 82)
components, and corrosion
piping elements; cracking
tanks exposed to
Treated borated
water (primary)
>60°C (>140°F)

125 | PWR Steel (with stainless | Loss of material | Chapter XI.M2, “Water No VILE1.AP-79 | VIL.E1-17(AP-
steel cladding); due to pitting Chemistry” 9
stainless steel and crevice
Piping, piping corrosion
components, and
piping elements
exposed to Treated
borated water
(primary)

126 | PWR Stainless steel Heat Reduction of Chapter XI.M2, “Water No VILA3.A-101
exchanger tubes heat transfer Chemistry,” and VILE1.A-101
exposed to Treated due to foulin Chapter XI.M32, “One-Time
borated water Inspection”




APPENDIX D
MARK-UP SHOWING CHANGES TO THE GALL REPORT

Additions shown in underline, bold
Deletions marked with strikethrough



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

\Y ENGINEERED SAFETY FEATURES
A Containment Spray System (PWR)
. Structure and/or . . Aging Effect/ Aging Management Further
Item Link Component Material Environment Mechanism Program (AMP) Evaluation
V.A.EP-74 |V.A- Heat exchanger tubes  |Stainless Treated water [Reduction of heat Chapter X1.M2, “Water No
16(EP- steel (borated) transfer Chemistry,” and
34) due to fouling Chapter X1.M32, “One-
Time Inspection”
V.A.EP-41 |V.A- Piping, piping Stainless Treated water |Loss of material Chapter XI.M2, “Water No
27(EP- |components, and piping |steel (borated) due to pitting and crevice |Chemistry” and
41) elements; tanks corrosion Chapter XI.M32, “One-
Time Inspection”
V.A.E-12  |V.A- Piping, piping Stainless Treated water |Cracking Chapter X1.M2, “Water No
28(E-12)|components, and piping |steel (borated) due to stress corrosion  |Chemistry” and
elements; tanks >60°C cracking Chapter XI.M32, “One-
(>140°F) Time Inspection”




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

\Y ENGINEERED SAFETY FEATURES

D1

Emergency Core Cooling System (PWR)

Structure and/or

Aging Effect/

Aging Management

Further

Item Link Component Material Environment Mechanism Program (AMP) Evaluation
VV.D1.EP- [V.D1- |Piping, piping Stainless steel Treated water |Loss of material Chapter XI.M2, “Water |[No
41 30(EP- |components, and (borated) due to pitting and crevice |Chemistry” and
41) piping elements; corrosion Chapter XI.M32, “One-
tanks Time Inspection”
VV.D1.E-12 [V.D1- |Piping, piping Stainless steel Treated water |Cracking Chapter XI.M2, “Water |[No
31(E- |components, and (borated) >60°C |due to stress corrosion  |Chemistry” and
12) piping elements; (>140°F) cracking Chapter XI1.M32, “One-
tanks Time Inspection”
V.D1.E-38 |V.D1- |Safety injection tank |Steel (with Treated water  |Cracking Chapter XI.M2, “Water [No
33(E- |(accumulator) stainless steel or |(borated) >60°C |due to stress corrosion [Chemistry” and
38) nickel-alloy (>140°F) cracking Chapter XI.M32, “One-
cladding) Time Inspection”
V.D1.E-20 Heat exchanger Stainless steel [Treated water |Reduction of heat Chapter XI.M2, “Water [No

tubes

(borated)

transfer

due to fouling

Chemistry,” and

Chapter XI.M32, “One-

Time Inspection"




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

VI AUXILIARY SYSTEMS
A2 Spent Fuel Storage
Structure .
Item Link and/or Material Environment Aging Ef‘fectl Aging Management Program (AMP) Further_
Mechanism Evaluation
Component
VILLA2.AP-79 |VII.A2- Piping, piping |Steel (with Treated borated |Loss of material |[Chapter XI.M2, “Water Chemistry” No
1(AP-79) |components, [stainless steel \water due to pitting and [and Chapter XI.M32, “One-Time
and piping cladding); crevice corrosion |Inspection”
elements stainless steel
VIILA2.A-96  |VII.A2-6(A-|Spent fuel Stainless steel |Treated water |Cracking Chapter X1.M2, “Water Chemistry” No
96) storage racks >60°C (>140°F) |due to stress and Chapter XI1.M32, “One-Time
(BWR) corrosion Inspection”
cracking
VILA2.A-97  |VII.LA2-7(A-|Spent fuel Stainless steel |Treated borated |Cracking Chapter X1.M2, “Water Chemistry” No
97) storage racks water >60°C due to stress and Chapter XI1.M32, “One-Time
(PWR) (>140°F) corrosion Inspection”
cracking




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

VI AUXILIARY SYSTEMS
A3 Spent Fuel Pool Cooling and Cleanup (PWR)
Structure Aging Effect/ Aging Management Program Further
Item Link and/or Material Environment . .
Mechanism (AMP) Evaluation
Component
VIILA3.A-56 [VII.A3- Piping, piping |Steel (with Treated borated |Cracking Chapter X1.M2, “Water Chemistry” |No
10(A-56) |components, [stainless steel or |water >60°C due to stress and Chapter XI.M32, “One-Time
and piping nickel-alloy (>140°F) corrosion Inspection”
elements cladding) cracking
VII.LA3.AP-79 |VII.A3- Piping, piping |Steel (with Treated borated [Loss of material |Chapter XI.M2, “Water Chemistry” [No
8(AP-79) |components, |stainless steel water due to pitting and jand Chapter XI.M32, “One-Time
and piping cladding); crevice corrosion |Inspection”
elements stainless steel
VIILA3.A-101 Heat Stainless steel [Treated Reduction of Chapter XI.M2, “Water No
exchanger borated water |heat transfer Chemistry,” and Chapter XI.M32,
tubes due to fouling [“One-Time Inspection”




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

VI AUXILIARY SYSTEMS
E1 Chemical and Volume Control System (PWR)
. Structure and/or . . Aging Effect/ Aging Management Further

Item Link Component Material Environment M?acr?anism P?og?am (AI\%P) Evaluation
VII.LE1.AP- \VII.LE1- Piping, piping Steel (with Treated borated Loss of material Chapter XI.M2, “Water  [No
79 17(AP-79) |components, and |stainless steel water (primary) due to pitting and  |[Chemistry”

piping elements |cladding); stainless crevice corrosion

steel

VII.LE1.AP- |VII.E1- Piping, piping Stainless steel Treated borated Cracking Chapter X1.M2, “Water  |No
82 20(AP-82) components, and water (primary) due to stress Chemistry”

piping elements; >60°C (>140°F) corrosion cracking

tanks
VILE1.A- Heat exchanger [Stainless Steel [Treated borated |Reduction of Heat [Chapter XI.M2, “Water [No
101 tubes water Transfer due to Chemistry” and Chapter

fouling

X1.M32, “One-Time

Inspection”





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


