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To: James P. Molkenthin Date: June 27, 2014

cc: Barbara R. Snyder

From: Reactor Internals Aging Management Your ref: N/A
Ext: (412) 374-3751 Our ref: LTR-RIAM-12-159,. Rev. 2
Fax: (724) 940-8548

Subject: Updates to WCAP-17096-NP Sections on Core Barrel Regions for Westinghouse Designed
Plants

References: 1. PWROG Project Authorization, PA-MSC-0473, Rev. 5, "Reactor Internals Acceptance Criteria
Methodology and Data Requirements," October, 2013. (Available from PWROG website.)

2. Westinghouse Letter, LTR-RIAM-13-97, Rev. 1, "Updates to WCAP-17096-NP Sections for
Westinghouse and CE-Designed Plants," April 3, 2014.

Purpose

Attaclhument A (24 pages) contains updated sections of WCAP- 17096-NP, which cover the core barrel regions
of Westinghouse designs. Some of the sections have been renumbered, as can be seen in the attached revised
table of contents for Appendix E of WCAP-17096-NP. The renumbering was necessary to accommodate the
elevation of some locations from "expansion" to "primary" status as a result of the NRC review of MRP-227.
Updating the WCAP is part of the scope under Pressurized Water Reactor Owners Group (PWROG) project
authorization, PA-MSC-0473 [1]. These core barrel methodologies are being circulated for comment because
they have undergone revisions based on the NRC RAIs, internal review, and experience with initial plant-
specific applications.

Revision 1 of this letter updated Attachment A to make it consistent with LTR-RIAM-13-97, Revision 1 [2].

Revision 2 of this letter provides resolutions to address PWROG Materials Subcommittee member comments
on the previous revision of this document. The comments and their resolutions are electronically attached to
this document. An additional Request for Additional Information (RAI) is being drafted by the Nuclear
Regulatory Commission (NRC). Changes required to address that RAI or future RAIs will be addressed in
the appropriate WCAP-17096-NP sections in the future.

Please transmit this letter and Attachment A to EPRI for submittal to the NRC for their review.

Background and Objectives for Development of Reactor Vessel Internals Core Barrel Acceptance
Criteria

MRP-227-A provides an aging management strategy based on inspections designed to detect active
degradation mechanisms in reactor vessel (RV) internals before they become a threat to plant operation or
safety. One part of this strategy is the inspection of RV core barrel welds. To ensure successful
implementation of the MRP-227-A inspection and evaluation guidelines, each individual plant must consider
actions to support these inspections. Using flaw acceptance criteria to evaluate and disposition any relevant
conditions discovered during inspections is one option. Development and use of such criteria have become
commonplace for pressure boundary components subject to the requirements of Section XI of the ASME
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Boiler and Pressure Vessel Code. These criteria provide an effective means to quickly disposition identified
indications and provide a basis for safely returning the plant to power operation.

Flaw acceptance criteria are typically based on analyses that show that a flaw will not grow from an initial
observed size to an unacceptable size over the next inspection interval. Key inputs to these analyses are the
crack growth rates, loading conditions, material properties, and the crack shape. With service degradation
experience for PWR internals being very limited, the acceptance criteria are based on industry requirements
and the best available data. As stated in MRP-227-A, the industry inspection and evaluation guidelines are
intended to be living requirements. In the event that new degradation experience is observed, it may be
necessary to revise crack growth rates or other requirements contained within MRP-227-A.

These acceptance criteria are based on an assumed aging mechanism of stress corrosion cracking (SCC).
However, the initiation of SCC cracks in PWR RV internals is still considered to be an unlikely event.
Furthermore, crack growth due to SCC in RV internals, where the steady-state loadings are small, is
anticipated to be relatively low. For these reasons, cracking that approaches the limits of the acceptance
criteria is considered to be highly unlikely. If such indications are identified, re-inspection of the indication
during the next refueling outage (typically considered as, but not required to be, 18 months) is recommended
to confirm the assumptions used in the flaw evaluation and determine the continued applicability of the
acceptance criteria for the remainder of the 10-year in-service inspection interval.

If there are any questions, please contact Barbara Snyder by either phone at (412) 374-3751 or email at
snyderbr@westinghouse.com.

Authored by: ELECTRONICALLY APPROVED' Verified by: ELECTRONICALLY APPROVED'
Randy G. Lott Ernest W. Deemer
Primary Systems Design & Repair Reactor Internals Aging Management

Approved by: ELECTRONICALLY APPROVED'
Patricia C. Paesano, Manager
Reactor Internals Aging Management

'Electronically approved records are authenticated in the electronic document management system.
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Revised Table of Contents for Appendix E of WCAP-17096-NP
Westinghouse Primary and Expansion Components

W-ID: I Control Rod Guide Tube Assembly - Guide Plates (Cards)
W-ID: 2 Control Rod Guide Tube Assembly - Lower Flange Welds

W-ID: 2.1 Upper Internals Assembly - Upper Core Plate
W-ID: 2.2 Lower Internals Assembly - Lower Support Forging or Casting
W-ID: 2.3 Lower Support Assembly - Lower Support Column Bodies (Cast)

W-ID: 2.4 Bottom-Mounted Instrumentation (BMI) System - BMI Column Bodies

W-ID: 3 Core Barrel Assembly - Upper Core Barrel Flange Weld 1

W-ID: 3.1 Core Barrel Assembly - Core Barrel Outlet Nozzle Welds
W-ID: 3.3 Lower Support Assembly - Lower Support Columns (non cast)

W-ID: 4 Core Barrel Assembly - Upper and Lower Core Barrel Cylinder Girth Welds

W-1D: 4.1 Core Barrel Assembly - Upper and Lower Core Barrel Cylinder Axial Welds'

W-ID: 5 Core Barrel Assembly - Lower Core Barrel Flange Weld
W-ID: 6 Baffle-Former Assembly - Baffle-Edge Bolts
W-ID: 7 Baffle-Former Assembly - Baffle-Former Bolts

W-ID: 7.1 Core Barrel Assembly - Barrel-Former Bolts
W-ID: 7.2 Lower Support Assembly - Lower Support Column Bolts

W-ID: 8 Baffle-Former Assembly - Assembly
W-ID: 9 Alignment and Interfacing Components - Internal Hold-Down Spring
W-ID: 10 Thermal Shield Assembly - Thermal Shield Flexures

This Attachment contains this WCAP-1 7096-NP section



Westinghouse Non-Proprietary Class 3

Attachment A, Page 3 of 24
Our ref: LTR-RIAM- 12-159, Rev. 2
June 27, 2014

W-ID: 3 Core Barrel Assembly

Upper Core Barrel Flange Weld

Category:

Degradation Effect:

Expansion Link:

Function:

Primary Applicability: All plants

Cracking (SCC)

Lower support column bodies (non-cast), core barrel outlet nozzle welds

Primary core support structure

Inspection

Method: Periodic enhanced visual (EVT-1) examination, no later than two refueling outages from
the beginning of the license renewal period and subsequent examination on a 10-year
interval.

Coverage: 100% of one side of the accessible surfaces of the selected weld and adjacent base metal.
A minimum of 75% of the total weld length (examined + unexamined) must be examined
from either the inner or outer diameter for inspection credit.

See MRP-227-A, Figure 4-22.

Observable Effect: The specific relevant condition is a detectable crack-like surface indication.

Inputs and Assumptions
There are several inputs and assumptions that are critical to the development of
acceptance criteria for the RV internals upper core barrel flange weld location. These
items are stated below:

* The inspections identified in MRP-227-A are intended to provide a sampling of
potential locations of degradation. Under this approach, inspection of one side
(surface) of the weld is assumed to provide an adequate sampling for monitoring
of SCC.

" The change in resistance to fracture of the RV upper (core barrel) flange weld
can be correlated to the accumulated fluence at each weld location. Welds that
are subject to low fluence are considered to have a high degree of resistance to
fracture. Correspondingly, those welds subject to high fluence have lower
resistance to fracture.

" It is assumed that the primary mode of crack growth to be expected in this region
is stress corrosion cracking.

* The prediction of crack growth is based on the stress intensity factor, K,
calculated using linear elastic fracture mechanics. The rate of crack growth is
dependent on the amount of neutron fluence that the weld is expected to
accumulate over the licensed operating lifetime. Since there has been no
experience of SCC initiated cracks in operating PWRs to date, growth rates
developed for the prediction of SCC in boiling water reactors (BWRs) are
assumed to be appropriate for prediction of crack growth due to SCC in PWR
reactor internals.

o For weld locations subjected to fluence less than or equal to 5x10 20

n/cm2 (E> 1MeV), the BWR hydrogen water chemistry (HWC) crack
growth equation specified in paragraph C-8520 of Appendix C of
Section XI of the 2010 edition of the ASMIE Boiler and Pressure Vessel
Code is appropriate. This crack growth rate model is consistent with the
model in BWRVIP-14a, which has been previously reviewed by the
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W-ID: 3 Core Barrel Assembly

Upper Core Barrel Flange Weld

NRC.
o For fluence levels above 5x1020 n/cm2 (E>IMeV), the BWR HWC

crack growth equation specified in equation 6-5 of M!RP-227-A is
appropriate.

" Depending on the magnitude of cyclic loads, such as thermal transients,
additional crack growth as a result of these loads may need to be considered.

* Acceptance criteria can be developed for the entire 60-year license of a given
plant by using predicted end-of-license fluence values. However, re-inspection
on the recommended intervals is required to confirm that the acceptance criteria
are met. If there are changes to these fluence projections, such as in the event of
a power uprate or change in core loading pattern, it would be necessary to
confirm that the inputs selected based on fluence, such as SCC growth rate and
fracture toughness, remain applicable or bounding until the end of the 60-year
license.

Failure

Failure Mechanism: Cracking (SCC)

Failure Effect: Potential loss-of-core support.

Failure Criteria: Actively growing through-wall flaws may require mitigation.

An existing flaw is unacceptable if the flaw length projected at the next inspection cycle
allows a potential loss-of-core support.

Methodology

Goal:

Data Requirements:

Demonstrate that the cracking mechanism will not result in growth beyond the allowable
crack length over the planned inspection interval.

1. Surface crack length, as determined by visual inspection:

a. The 2007 edition of the ASMIE Code Section XI: IWA-3330(a) and
Figure IWA-3330-1 provide requirements for the minimum allowable
separation distance that will allow multiple cracks to be treated
individually. This approach is part of the guidance in this report. The
requirement in Section XI is that the ligament between adjacent cracks
must be greater than half of the thickness of the material. If this
criterion is not met, the individual crack lengths and the length of the
ligament between the cracks must be summed. This total length is then
compared to the allowable length.

2. Flaw Depth

a. For one-sided visual inspections, the flaw is assumed to be through-
wall.

b. Supplemental examinations may be used to determine depths of
specific flaws as the basis for a flaw-specific evaluation, if needed.

3. Confirmation that fast neutron fluence at upper core barrel flange weld is below
3x10 20 n/cm 2 (E> 1 MeV).

4. Steady-state normal operating stresses to be used to calculate SCC crack growth
rates.
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W-ID: 3 Core Barrel Assembly

Upper Core Barrel Flange Weld

a. Axial stresses based on normal mechanical loads are required for
circumferential flaws.

b. Stresses which have an insignificant net-through-wall value (average stress
is near zero), such as weld residual stresses and thermal stresses due to local
through-wall temperature gradients are considered to have minimal impact
on the effective crack growth rates in through-wall flaws.

c. Secondary weld residual and thermal stresses need to be considered in
determination of circumferential and through-wall crack growth rates in
partial through-wall flaws, whose dimensions would have to be determined
with supplemental UT examinations.

5. Limiting externally applied transient stresses to be used to calculate allowable
flaw lengths. Stresses arising from pressure, mechanical and thermal loads
would be included in this calculation.

a. More detailed load-deformation histories may be required for elastic-
plastic or limit load calculations, if these calculations are necessary.

Analysis: All analyses require an assumption of the SCC crack growth expected over the upcoming
period of service. The methodology is based on analysis of a through-wall flaw with
weld residual and thermal stresses relieved. The crack growth rate models will be based
on K dependent crack growth under hydrogen water chemistry conditions. Fatigue crack
growth has been assumed to be negligible. In order to apply the acceptance criteria to a
full 10-year inspection interval, follow-up action is required to verify the predicted crack-
growth rate. Specification of limiting allowed crack growth for the observed flaw over a
defined period of operation would provide the basis for verification. A re-inspection at
the next refueling outage would provide data that could be used to satisfy this verification
requirement. Any proposal for extension of the verification period beyond a single
refueling cycle or use of an alternative verification process would require a technical
basis to be submitted to the regulator. For detailed crack growth models used, see "Inputs
and Assumptions" above.

Failure of the upper core barrel flange weld is assumed to occur when unstable
circumferential crack growth is initiated from the analyzed flaw. Two options are
outlined for determining the limiting allowable flaw length, based on neutron dose.
Analysis methods are suggested for both pre-inspection or generic analysis (Suggested
Pre-Inspection Analysis) and for flaws observed in-service (Suggested Flaw Specific
Analysis), where more detailed characteristics of the flaw and its location are known. In
all cases, a more detailed evaluation may be completed using a semi-elliptic surface flaw,
but such an evaluation would require more detailed inspection by UT.

Fluence Range Dose MRP-227-A Suggested Pre- Suggested
(n/cm2  (dpa) Requirement Inspection Flaw Specific

E>I MeV) Analysis Analysis
< 3 x10 20  <_ 0.5 Limit Load LEFM using 150 Limit Load

ksNin as
fracture

toughness or
Limit Load

Different evaluation options may be used depending upon the plant specific fluence levels
at the location of the weld being evaluated. Option 1, though conservative, can be used
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W-ID: 3 Core Barrel Assembly

Upper Core Barrel Flange Weld

for all fluence levels.

Option 1: LEFM Analysis

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. For normal and upset loading conditions, the final stress intensity factor (K)
for the flaw size from (b) must be lower than the fracture toughness for the
material by a factor of at least 2.77.

e. For the governing emergency or faulted loading condition, the final stress
intensity factor (K) for the flaw size from (b) must be lower than the fracture
toughness for the material by a factor of at least 1.39.

Option 2: Limit Load Analysis (For neutron fluence < 3x10 20 n/cm 2 at E>I MeV or less
than approximately 0.5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Determine the bending moment (M) that can be tolerated as a function of the
postulated flaw length.

e. The applied moment, increased by a factor of 1.39 (for emergency and faulted
conditions) or 2.77 (for normal and upset conditions) must be less than the limit
moment (from step d) for the flaw length determined in (b), for the flaw to be
acceptable.

Acceptance Criteria: The upper core barrel flange weld continues to perform its functional requirements with
the projected flaw length at the end of the inspection interval.

Approach: Limit load or LEFM analysis
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W-ID: 4 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Girth Welds

Category: Primary Applicability: All plants

Degradation Effect: Cracking (SCC, IASCC, fatigue)

Expansion Link: Upper and lower core barrel cylinder axial welds

Function: Primary core support structure

Inspection

Method: Periodic enhanced visual (EVT-I) examination, no later than two refueling outages from
the beginning of the license renewal period and subsequent examination on a 10-year
interval.

Coverage: 100% of one side of the accessible surfaces of the selected weld and adjacent base metal

See MRP-227-A, Figure 4-22.

Observable Effect: The specific relevant condition is a detectable crack-like surface indication.

Inputs and Assumptions
There are several inputs and assumptions that are critical to the development of
acceptance criteria for the RV Internals upper and lower core barrel cylinder girth welds
locations. These items are stated below:

* The inspections identified in MRP-227-A are intended to provide a sampling of
potential locations of degradation. Under this approach, inspection of one side
(surface) of the weld is assumed to provide an adequate sampling for monitoring
of SCC and/or Irradiation Assisted Stress Corrosion Cracking (IASCC).

* The change in resistance to fracture of the RV core barrel welds can be
correlated to the accumulated fluence at each weld location. Welds that are
subject to low fluence are considered to have a high degree of resistance to
fracture. Correspondingly, those welds subject to high fluence have lower
resistance to fracture.

* It is assumed that the primary mode of crack growth to be expected in this region
is SCC/IASCC.

* The prediction of crack growth is based on the stress intensity factor, K,
calculated using linear elastic fracture mechanics. The rate of crack growth is
dependent on the amount of neutron fluence that the weld is expected to
accumulate over the licensed operating lifetime. Since there has been no
experience of SCC/IASCC initiated cracks in operating PWRs to date, growth
rates developed for the prediction of SCC/IASCC in boiling water reactors
(BWRs) are assumed to be appropriate for prediction of crack growth due to
SCC/IASCC in PWR reactor internals.

o For weld locations subjected to fluence less than or equal to 5x10 20

n/cm 2 (E>IMeV), the BWR hydrogen water chemistry (HWC) crack
growth equation specified in paragraph C-8520 of Appendix C of
Section XI of the 2010 edition of the ASMIE Boiler and Pressure Vessel
Code is appropriate. This crack growth rate model is consistent with the
model in BWRVIP-14a.

o For fluence levels above 5x10 20 n/cm 2 (E>lMeV), the BWR HWC
crack growth equation specified in equation 6-5 of MRP-227-A is
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W-ID: 4 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Girth Welds

appropriate.
* Depending on the magnitude of cyclic loads, such as thermal transients,

additional crack growth as a result of these loads may need to be considered
* Acceptance criteria can be developed for the entire 60-year license of a given

plant by using predicted end-of-license fluence values. However, re-inspection
on the recommended intervals is required to confirm that the acceptance criteria
are met. If there are changes to these fluence projections, such as in the event of
a power uprate or change in core loading pattern, it would be necessary to
confirm that the inputs selected based on fluence, such as SCC/IASCC growth
rate and fracture toughness, remain applicable or bounding until the end of the
60-year license.

Failure

Failure Mechanism: Cracking (SCC, IASCC, fatigue)

Failure Effect: Potential loss-of-core support.

Failure Criteria: Actively growing through-wall flaws may require mitigation.

An existing flaw is unacceptable if the flaw length projected at the next inspection cycle
allows a potential loss-of-core support.

Methodology

Goal: Demonstrate that the cracking mechanism will not result in growth beyond the allowable
crack length over the planned inspection interval.

Data Requirements: 1. Surface crack length as determined by visual inspection

a. The 2007 edition of the ASME Code Section XI: IWA-3330(a) and
Figure IWA-3330-1 provide requirements for the minimum allowable
separation distance that will serve as the basis for guidance in this
report. The requirement in Section XI is that the ligament between
adjacent cracks must be greater than half of the thickness of the
material. If this criterion is not met, the individual crack lengths and
the length of the ligament between the cracks must be summed. This
total length is then compared to the allowable length.

2. Flaw Depth

a. For one-sided visual inspections, the flaw is assumed to be through-
wall.

b. Supplemental examinations may be used to determine flaw depth, for a
flaw-specific criterion, if needed.

3. Estimate fast neutron fluence at crack location.

4. Steady-state normal operating stresses to be used to calculate SCC/IASCC crack
growth rates.

a. Axial stresses based on normal mechanical loads are required for
circumferential flaws.

b. Stresses which have an insignificant net-through-wall value (average
stress is near zero), such as weld residual stresses and thermal stresses
due to local through-wall temperature gradients are considered to have
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W-ID: 4 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Girth Welds

minimal impact on the effective crack growth rates in through-wall
flaws.

c. Secondary weld residual and thermal stresses need to be considered in
determination of circumferential and through-wall crack growth rates in
partial through-wall flaws, whose dimensions would have to be
determined with supplemental UT examinations.

5. Limiting externally applied transient stresses to be used to calculate allowable
flaw lengths. Stresses arising from pressure, mechanical and thermal loads
would be included in this calculation.

a. More detailed load-deformation histories may be required for elastic-
plastic or limit load calculations, if these calculations are necessary.

Analysis: All analyses require an assumption of the SCC/IASCC crack growth expected over the
upcoming period of service. The methodology is based on analysis of a through-wall
flaw with weld residual and thermal stresses relieved. The crack growth rate models will
be based on K dependent crack growth under hydrogen water chemistry conditions.
Fatigue crack growth has been assumed to be negligible. In order to apply the acceptance
criteria to a full 10-year inspection interval, follow-up action is required to verify the
predicted crack-growth rate. Specification of limiting allowed crack growth for the
observed flaw over a defined period of operation would provide the basis for verification.
A re-inspection at the next refueling outage would provide data that could be used to
satisfy this verification requirement. Any proposal for extension of the verification
period beyond a single refueling cycle or use of an alternative verification process would
require a technical basis to be submitted to the regulator. For detailed crack growth
models used, see "Inputs and Assumptions" above.

Failure of the upper and lower core barrel cylinder girth welds is assumed to occur when
unstable circumferential crack growth is initiated from the analyzed flaw. Three options
are outlined for determining the limiting allowable flaw length, based on neutron dose.
Analysis methods are suggested for both pre-inspection or generic analysis (Suggested
Pre-Inspection Analysis) and for flaws observed in-service (Suggested Flaw Specific
Analysis), where more detailed characteristics of the flaw and its location are known. In
all cases, a more detailed evaluation may be completed using a semi-elliptic surface flaw,
but such an evaluation would require more detailed inspection by UT.

Fluence Range Dose MRP-227-A Suggested Pre- Suggested
(n/cm2 E>IMeV) (dpa) Requirement Inspection Flaw Specific

Analysis Analysis
< 3 X10

20  < 0.5 Limit Load LEFM using 150 Limit Load
ksi'iin for fracture

toughness or
Limit Load

> 3x10 20 - 3x10 21 > 0.5 - 5 LEFM or LEFM using 112 EPFM
EPFM ksi'iin for fracture

toughness or
EPFM

> 3x10 2
1 - Ix10

22  > 5 - 15 LEFM 50 LEFM using 50 LEFM
ksi'/in ksix/in for fracture 50 ksi",in

toughness
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W-ID: 4 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Girth Welds

>lxl022  >15 LEFM 34.6 LEFM using 34.6 LEFM
ksi•Iin ksi'Jin for fracture 34.6 ksi'lin

toughness

Different evaluation options may be used depending upon the plant specific fluence levels
at the location of the weld being evaluated. Option 1, though conservative, can be used
for all fluence levels.

Option 1: LEFM Analysis

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. For normal and upset loading conditions, the final stress intensity factor (K) for
the flaw size from (b) must be lower than the fracture toughness for the
material by a factor of at least 2.77.

e. For the governing emergency or faulted loading condition, the final stress
intensity factor (K) for the flaw size from (b) must be lower than the fracture
toughness for the material by a factor of at least 1.39.

Option 2: EPFM Analysis (for neutron dose levels > 0.5 dpa but < 5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Develop the (J/T) material curve from the material J-R curve.

e. The Jappled curve must include a safety factor of 2.77 for normal and upset
conditions, and a factor of 1.39 for emergency and faulted conditions.

f. The intersection of the material and applied (J/T) curves indicates the instability
point. The flaw size at instability is determined from the Japplied versus flaw size
curve.

g. The flaw size at instability must be larger than the flaw size from (b), for the
flaw to be acceptable

The intersection of the material and applied (J/T) curves indicates the instability point.
The load at instability is determined from the Japplied versus load curve.

Option 3: Limit Load Analysis (For neutron fluence < 3x 1020 n/cm 2 at E>I MeV or dose

less than approximately 0.5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.
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W-ID: 4 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Girth Welds

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Detennine the bending moment (M) that can be tolerated as a function of the
postulated flaw length.

e. The applied moment, increased by a factor of 1.39 (for emergency and faulted
conditions) or 2.77 (for normal and upset conditions) must be less than the limit
moment (from step d) for the flaw length determined in (b), for the flaw to be
acceptable.

Acceptance Criteria: The upper and lower core barrel cylinder girth welds continue to perform their functional
requirements with the projected flaw length at the end of the inspection interval.

Approach: Limit load, EPFM, or LEFM analysis
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W-ID: 4.1 Core Barrel Assembly

Upper and Lower Core Barrel Cylinder Axial Welds

Category: Expansion Applicability: All plants

Degradation Effect: Cracking (SCC, IASCC)

Primary Link: Upper and lower core barrel cylinder girth welds

Function: The core barrel cylinder axial welds contribute to the overall structural integrity of the
core barrel.

Inspection

Method: Enhanced visual (EVT-I) examination. Re-inspection every 10 years following initial
inspection.

Coverage: 100% of one side of the accessible surfaces of the selected weld and adjacent base
metal

See MRP-227-A, Figure 4-22.

Observable Effect: The specific relevant condition is a detectable crack-like surface indication.

Inputs and Assumptions
There are several inputs and assumptions that are critical to the development of
acceptance criteria for the RV internals core barrel assembly axial welds locations.
These items are stated below:

* The inspections identified in MRP-227-A are intended to provide a sampling
of potential locations of degradation. Under this approach, inspection of one
side (surface) of the weld is assumed to provide an adequate sampling for
monitoring of SCC/IASCC.

" The change in resistance to fracture of the RV core barrel axial welds can be
correlated to the accumulated fluence at each weld location. Welds that are
subject to low fluence are considered to have a high degree of resistance to
fracture. Correspondingly, those welds subject to high fluence have lower
resistance to fracture.

* It is assumed that the primary mode of crack growth to be expected in this
region is SCC/IASCC.

* The prediction of crack growth is based on the stress intensity factor, K,
calculated using linear elastic fracture mechanics. The rate of crack growth is
dependent on the amount of neutron fluence that the weld is expected to
accumulate over the licensed operating lifetime. Since there has been no
experience of SCC initiated cracks in operating PWRs to date, growth rates
developed for the prediction of SCC in boiling water reactors (BWRs) are
assumed to be appropriate for prediction of crack growth due to SCC in PWR
reactor internals.

o For weld locations subjected to fluence less than or equal to 5x10 20

n/cm2 (E>IMeV), the BWR hydrogen water chemistry (HWC) crack
growth equation specified in paragraph C-8520 of Appendix C of
Section Xl of the 2010 edition of the ASME Boiler and Pressure
Vessel Code is appropriate. This crack growth rate model is
consistent with the model in BWRVIP-14a.

o For fluence levels above 5x10 20 n/cm-(E>1MeV), the BWR HWC
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Upper and Lower Core Barrel Cylinder Axial Welds

crack growth equation specified in equation 6-5 of MRP-227-A is
appropriate.

" Depending on the magnitude of cyclic loads, such as thermal transients,
additional crack growth as a result of these loads may need to be considered.

* Acceptance criteria can be developed for the entire 60-year license of a given
plant by using predicted end-of-license fluence values. However, re-
inspection on the recommended intervals is required to confirm that the
acceptance criteria are met. If there are changes to these fluence projections,
such as in the event of a power uprate or change in core loading pattern, it
would be necessary to confirm that the inputs selected based on fluence, such
as SCC growth rate and fracture toughness, remain applicable or bounding
until the end of the 60-year license.

Failure

Failure Mechanism: Cracking (SCC, IASCC)

Failure Effect: Potential for stress redistribution within the core barrel, which could initiate or
accelerate circumferential crack growth in the core barrel.

Failure Criteria: Actively growing through-wall flaws may require mitigation.

An existing flaw is unacceptable if the flaw length projected at the next inspection cycle
results in a potential loss of core support.

Methodology

Goal: Demonstrate that the cracking mechanism will not result in growth beyond the
allowable crack length over the planned inspection interval.

Data Requirements: 1. Surface crack length as determined by visual inspection

a. The 2007 edition of the ASME Code Section XI: IWA-3330(a) and
Figure IWA-3330-1 provide requirements for the minimum allowable
separation distance that will serve as the basis for guidance in this
report. The requirement in Section XI is that the ligament between
adjacent cracks must be greater than half of the thickness of the
material. If this criterion is not met, the individual crack lengths and
the length of the ligament between the cracks must be summed. This
total length is then compared to the allowable length.

2. Flaw Depth

a. For one-sided visual inspections, the flaw is assumed to be through-
wall.

b. Supplemental examinations may be used to determine flaw depth, for
a flaw-specific criterion, if needed.

3. Estimate fast neutron fluence at crack location.

4. Steady-state normal operating stresses to be used to calculate SCC crack
growth rates.

a. Hoop stresses based on normal mechanical loads are required for
axial flaws.

b. Stresses which have an insignificant net-through-wall value (average
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stress is near zero), such as weld residual stresses and thermal stresses
due to local through-wall temperature gradients are considered to
have minimal impact on the effective crack growth rates in through-
wall flaws.

c. Secondary weld residual and thermal stresses need to be considered
in determination of axial and through-wall crack growth rates in
partial through-wall flaws, whose dimensions would have to be
determined with supplemental UT examinations.

5. Limiting externally applied transient stresses to be used to calculate allowable
flaw lengths. Stresses arising from pressure, mechanical and thermal loads
would be included in this calculation.

a. More detailed load-deformation histories may be required for elastic-
plastic or limit load calculations, if these calculations are necessary.

Analysis: All analyses require an assumption of the SCC crack growth expected over the
upcoming period of service. The methodology is based on analysis of a through-wall
flaw with weld residual and thermal stresses relieved. The crack growth rate models
will be based on K dependent crack growth under hydrogen water chemistry conditions.
Fatigue crack growth has been assumed to be negligible. In order to apply the
acceptance criteria to a full 10-year inspection interval, follow-up action is required to
verify the predicted crack-growth rate. Specification of limiting allowed crack growth
for the observed flaw over a defined period of operation would provide the basis for
verification. A re-inspection of the indication at the next refueling outage would
provide data that could be used to satisfy this verification requirement. Any proposal
for extension of the verification period beyond a single refueling cycle or use of an
alternative verification process would require a technical basis to be submitted to the
regulator. For detailed crack growth models used, see "Inputs and Assumptions"
above.

Failure of the axial welds is assumed to occur when unstable axial crack growth is
initiated from the analyzed flaw. Three options are outlined for determining the
limiting allowable flaw length, based on neutron dose. Analysis methods are suggested
for both pre-inspection or generic analysis (Suggested Pre-Inspection Analysis) and for
flaws observed in-service (Suggested Flaw Specific Analysis), where more detailed
characteristics of the flaw and its location are known. In all cases, a more detailed
evaluation may be completed using a semi-elliptic surface flaw, but such an evaluation
would require more detailed inspection by UT.

Fluence Range Dose MRP-227-A Suggested Pre- Suggested
(n/cm 2  (dpa) Requirement Inspection Flaw Specific

E>1 MeV) Analysis Analysis
<3 x10 2

) _< 0.5 Limit Load LEFM using 150 Limit Load
ksi'iin for fracture

toughness or
Limit Load

> 3x10 20 - 3x10 21  > 0.5 - 5 LEFM or LEFM using 112 EPFM
EPFM ksi'/in for fracture

toughness or
EPFM
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> 3xl021 - lxlO22  > 5 - 15 LEFM 50 LEFM using 50 LEFM
ksi'Iin ksi'iin for fracture 50 ksi'lin

toughness
>lx1022 > 15 LEFM 34.6 LEFM using 34.6 LEFM

ksi'lin ksi'iin for fracture 34.6 ksi'iin
toughness

Different evaluation options may be used depending upon the plant specific fluence
levels at the location of the weld being evaluated. Option 1, though conservative, can
be used for all fluence levels.

Option 1: LEFM Analysis

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
tinder normal loading conditions.

c. Ensure that the AK resulting from flow-induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. For normal and upset loading conditions, the final stress intensity factor (K)
for the flaw size from (b) must be lower than the fracture toughness for the
material by a factor of at least 2.77.

e. For the governing emergency or faulted loading condition, the final stress
intensity factor (K) for the flaw size from (b) must be lower than the fracture
toughness for the material by a factor of at least 1.39.

Option 2: EPFM Analysis (for neutron dose levels > 0.5 dpa but < 5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow-induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Develop the (J/T) material curve from the material J-R curve.

e. The Japplied curve must include a safety factor of 2.77 for normal and upset
conditions, and a factor of 1.39 for emergency and faulted conditions.

f. The intersection of the material and applied (J/T) curves indicates the
instability point. The flaw size at instability is determined from the Jappled

versus flaw size curve.

g. The flaw size at instability must be larger than the flaw size from (b), for the
flaw to be acceptable.

The intersection of the material and applied (J/T) curves indicates the instability point.
The load at instability is determined from the Japplied versus load curve.

Option 3: Limit Load Analysis (For neutron fluence < 3x10 20 n/cm 2 at E>I MeV or
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dose less than approximately 0.5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow-induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Determine the bending moment (M) that can be tolerated as a function of the
postulated flaw length.

e. The applied moment, increased by a factor of 1.39 (for emergency and
faulted conditions) or 2.77 (for normal and upset conditions) must be less
than the limit moment (from step d) for the flaw length determined in (b), for
the flaw to be acceptable.

Acceptance The upper and lower core barrel cylinder axial welds continue to perform their
Criteria: functional requirements with the projected flaw lengths at the end of the inspection

interval.

Approach: Limit load, EPFM, or LEFM analysis
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Lower Core Barrel Flange Weld

Category: Primary Applicability: All plants

Degradation Effect: Cracking (SCC, fatigue)

Expansion Link: None

Function: Primary core support structure

Inspection

Method: Periodic enhanced visual (EVT-1) examination, no later than two refueling outages from
the beginning of the license renewal period and subsequent examination on a 10-year
interval.

Coverage: 100% of one side of the accessible surfaces of the selected weld and adjacent base metal

See MRP-227-A, Figure 4-22.

Observable Effect: The specific relevant condition is a detectable crack-like surface indication.

Inputs and Assumptions
There are several inputs and assumptions that are critical to the development of
acceptance criteria for the RV Internals lower core barrel flange weld. These items are
stated below:

* The inspections identified in MRP-227-A are intended to provide a sampling of
potential locations of degradation. Under this approach, inspection of one side
(surface) of the weld is assumed to provide an adequate sampling for monitoring
of SCC and fatigue.

* It is assumed that these welds experience low fluence. The change in resistance
to fracture of the RV lower core barrel flange weld can be correlated to the
accumulated fluence at each weld location. Welds that are subject to low fluence
are considered to have a high degree of resistance to fracture. Correspondingly,
those welds subject to high fluence have lower resistance to fracture.

" It is assumed that the primary mode of crack growth to be expected in this region
is stress corrosion cracking.

* The prediction of crack growth is based on the stress intensity factor, K,
calculated using linear elastic fracture mechanics. The rate of crack growth is
dependent on the amount of neutron fluence that the weld is expected to
accumulate over the licensed operating lifetime. Since there has been no
experience of SCC initiated cracks in operating PWRs to date, growth rates
developed for the prediction of SCC in boiling water reactors (BWRs) are
assumed to be appropriate for prediction of crack growth due to SCC in PWR
reactor internals.

o For weld locations subjected to fluence less than or equal to 5x1 020

n/cm 2 (E>IMeV), the BWR hydrogen water chemistry (HWC) crack
growth equation specified in paragraph C-8520 of Appendix C of
Section XI of the 2010 edition of the ASME Boiler and Pressure Vessel
Code is appropriate. This crack growth rate model is consistent with the
model in BWRVIP-14a.

o For fluence levels above 5x10 20 n/cm 2 (E>IMeV), the BWR HWC
crack growth equation specified in equation 6-5 of MRP-227-A is
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appropriate.
* Depending on the magnitude of cyclic loads, such as thermal transients,

additional crack growth as a result of these loads may need to be considered.
* Acceptance criteria can be developed for the entire 60-year license of a given

plant by using predicted end-of-license fluence values. However, re-inspection
on the recommended intervals is required to confirm that the acceptance criteria
are met. If there are changes to these fluence projections, such as in the event of
a power uprate or change in core loading pattern, it would be necessary to
confirm that the inputs selected based on fluence, such as SCC growth rate and
fracture toughness, remain applicable or bounding until the end of the 60-year
license.

Failure

Failure Mechanism: Cracking (SCC, Fatigue)

Failure Effect: Potential loss-of-core support.

Failure Criteria: Actively growing through-wall flaws may require mitigation.

An existing flaw is unacceptable if the flaw length projected at the next inspection cycle
allows a potential loss-of-core support.

Methodology

Goal:

Data Requirements:

Demonstrate that the cracking mechanism will not result in growth beyond the allowable
crack length over the planned inspection interval.

1. Surface crack length as determined by visual inspection

a. The 2007 edition of the ASME Code Section Xl: IWA-3330(a) and
Figure IWA-3330-1 provide requirements for the minimum allowable
separation distance that will serve as the basis for guidance in this
report. The requirement in Section XI is that the ligament between
adjacent cracks must be greater than half of the thickness of the
material. If this criterion is not met, the individual crack lengths and the
length of the ligament between the cracks must be summed. This total
length is then compared to the allowable length.

2. Flaw Depth

a. For one-sided visual inspections, the flaw is assumed to be through-
wall.

b. Supplemental examinations may be used to determine flaw depth, for a
flaw-specific criterion, if needed.

3. Estimate of fast neutron fluence at crack location.

4. Steady-state normal operating stresses to be used to calculate SCC crack growth
rates.

a. Axial stresses based on normal mechanical loads are required for
circumferential flaws.

b. Stresses which have an insignificant net-through-wall value (average
stress is near zero), such as weld residual stresses and thermal stresses
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due to local through-wall temperature gradients are considered to have
minimal impact on the effective crack growth rates in through-wall
flaws.

c. Secondary weld residual and thermal stresses need to be considered in
determination of circumferential and through-wall crack growth rates in
partial through-wall flaws, whose dimensions would have to be
determined with supplemental UT examinations.

5. Limiting externally applied transient stresses to be used to calculate allowable
flaw lengths. Stresses arising from pressure, mechanical and thermal loads would
be included in this calculation.

a. More detailed load-deformation histories may be required for elastic-
plastic or limit load calculations, if these calculations are necessary.

Analysis: All analyses require an assumption of the SCC crack growth expected over the upcoming
period of service. The methodology is based on analysis of a through-wall flaw with weld
residual and thermal stresses relieved. The crack growth rate models will be based on K
dependent crack growth under hydrogen water chemistry conditions. Fatigue crack
growth has been assumed to be negligible. In order to apply the acceptance criteria to a
full 10-year inspection interval, follow-up action is required to verify the predicted crack-
growth rate. Specification of limiting allowed crack growth for the observed flaw over a
defined period of operation would provide the basis for verification. A re-inspection at
the next refueling outage would provide data that could be used to satisfy this verification
requirement. Any proposal for extension of the verification period beyond a single
refueling cycle or use of an alternative verification process would require a technical basis
to be submitted to the regulator. For detailed crack growth models used, see "Inputs and
Assumptions" above.

Failure of the lower core barrel flange weld is assumed to occur when unstable
circumferential crack growth is initiated from the analyzed flaw. Two options are
outlined for determining the limiting allowable flaw length, based on neutron dose.
Analysis methods are suggested for both pre-inspection and generic analysis (Suggested
Pre-Inspection Analysis) and for flaws observed in-service (Suggested Flaw Specific
Analysis), where more detailed characteristics of the flaw and its location are known. In
all cases, a more detailed evaluation may be completed using a semi-elliptic surface flaw,
but such an evaluation would require more detailed inspection by UT.

Fluence Range Dose MRP-227-A Suggested Pre- Suggested
(n/cm 2  (dpa) Requirement Inspection Flaw Specific

E>lMeV) Analysis Analysis
_ 3 xl0 2° 0.5 Limit Load LEFM using 150 Limit Load

ksi•in Fracture
Toughness

Value or Limit
Load

Different evaluation options may be used depending upon the plant-specific fluence levels
at the location of the weld being evaluated. Option I, though conservative, can be used
for all fluence levels.
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Option 1: LEFM Analysis

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under normal loading conditions.

c. Ensure that the AK resulting from flow-induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. For normal and upset loading conditions, the final stress intensity factor (K) for
the flaw size from (b) must be lower than the fracture toughness for the material
by a factor of at least 2.77.

e. For the governing emergency or faulted loading condition, the final stress
intensity factor (K) for the flaw size from (b) must be lower than the fracture
toughness for the material by a factor of at least 1.39.

Option 2: Limit Load Analysis (For neutron fluence < 3x10'0 n/cm 2 at E>t MeV or dose
less than approximately 0.5 dpa)

a. Establish initial crack length (and depth if determined by supplemental
examinations) based on inspection results.

b. The final crack dimensions are calculated by adding 10 years of crack growth
under nonnal loading conditions.

c. Ensure that the AK resulting from flow-induced vibration (FIV) is below the
threshold for fatigue crack growth.

d. Determine the bending moment (M) that can be tolerated as a function of the
postulated flaw length.

e. The applied moment, increased by a factor of 1.39 (for emergency and faulted
conditions) or 2.77 (for normal and upset conditions) must be less than the limit
moment (from step d) for the flaw length determined in (b), for the flaw to be
acceptable.

Acceptance The lower core barrel flange weld continues to perform its functional requirements with
Criteria: the projected flaw length at the end of the interval.

Approach: Limit load or LEFM analysis
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June 30, 2014 WCAP- 17096-NP, Rev. 2
Project Number 694

OG-14-218

Mr. Kyle Amberge, EPRI Project Manager
Electric Power Research Institute (EPRI)
3420 Hillview Avenue
Palo Alto, CA 94304

Subject: PWR Owners Group
Transmittal of Westinghouse Revised Text for Draft WCAP-17096-NP
Revision 2 for Transmittal to EPRI for NRC Review, LTR-RIAM-12-159,
Revision 2 (PA-MSC-0473R5)

Dear Mr. Amberge:

The purpose of this letter is to provide proposed revised text to the draft WCAP
17096-NP, Revision 2 "Reactor Internals Acceptance Criteria Methodology and Data
Requirements" for submittal to the NRC by EPRI (Enclosure 1). Attachment A of
Enclosure 1 (24 pages) contains updated sections of WCAP- 17096-NP, which cover the
core barrel regions of Westinghouse designs. Some of the sections have been
renumbered, as can be seen in the enclosed revised table of contents for Appendix E of
WCAP-17096-NP. The renumbering was necessary to accommodate the elevation of
some locations from "expansion" to "primary" status as a result of the NRC review of
MRP-227. The first and second set of revised text was provided to EPRI under OG-14-2
and OG-14-135, respectively.

An additional Request for Additional Information (RAI) is being drafted by the Nuclear
Regulatory Commission (NRC). Changes required to address that RAI or future RAIs
will be addressed in the appropriate WCAP-17096-NP sections in the future. The
schedule to provide that response is being worked on.

The PWROG would like to request that we are kept on distribution, via letter, once the
revised text sections from Westinghouse are submitted to the Staff. Enclosure 1 to this
letter provides the revised text sections received from Westinghouse.
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If you have any questions feel free to contact Mr. Jim Molkenthin of the PWR Owners
Group Project Management Office at (860) 731-6727.

Regards,

Jack Stringfellow
Chief Operating Officer & Chairman
Pressurized Water Reactor Owners Group
Southern Nuclear Operating Company
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