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Pre-Meeting Communication

* Action Item 1 Generic RAI
- The Staff requests Licensee verification that detailed component

state at end of Period of Extended Operation (PEO) is bounded by
the detail assumptions of the MRP

* Screening (MRP-191)
* Functionality Analysis (MRP-232)

" Bounding Values for

- Stress
- Fluence

- Temperature

- Material
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Purpose of this Presentation

* Provide background information on process used to
develop MRP-227 Inspection requirements.

- Explain how stress, fluence, temperature and material data
impacted the MRP-191 screening process.

- Explain impact of analysis assumptions and their variability
(including core loading) on MRP-232 functionality analysis.

- Demonstrate that MRP-227 are based on a robust process that
bounds internals performance.

- The MRP-227-A aging management system remains effective for
aging variations within the broad range of stress, temperature,
fluence and material types encountered in the currently operating
fleet of PWRs.
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MRP-227 Overview

* MRP-227 provides the inspection recommendations needed to
support safe and reliable operation of the reactor internals through the
period of extended operation.

- Process included a screening and categorization effort that was
consistent with license renewal scoping and screening.

- Process adapted to the full spectrum of licensing bases.

- Addressed all mechanisms that could impact plant operation (not
limited to safety).

- Inspection plan based on a comprehensive strategy that includes
analysis, engineering judgment.

• Includes the requirement for operating experience evaluation and
inspection plan evolution

- This critical feature ensures that inspections evolve in response to
current and future uncertainties
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II&E Guidelines (Westinghouse Process)

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Recommendations
- MRP-227
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Screening Variables
;1'1ý10.1'1 ,

MOMMkol-,

SCC IASCC Wear Fatigue Thermal Irradiation Void Swelling Irradiation
(IGSCC, (HC, LC, Aging Embrittlement Creep/S.R.
TGSCC, Thermal &

PWSCC & Environmental)
LTCP)

aterial Type

perating Stresi 0

eperating 0
remperature

uence 0 0 0 0

CUF [

olt or Spring 0 0

Lear Factor 0
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Material Type Dependence

" Stress Corrosion Cracking
- Material and Stress

" Irradiation Embrittlement
- Material and Fluence
- Austenitic SS / Weld /CASS

" Thermal Embrittlement
- Austenitic SS / Weld / CASS / Martensitic

ELECTRIC POWER
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Stress Corrosion Cracking
Material and Stress

Material Parameter Value
Austenitic Stainless Steels Stress > 30 ksi (207 MPa)

and and
Material Cold-work >20% or Welded Locations

Austenitic Stainless Steel Welds Stress > 30 ksi (207 MPa)
and and

Material Ferrite < 5%
Martensitic Stainless Steels Stress > 88 ksi (607 MPa)
Martensitic PH Stainless Steels Stress > 88 ksi (607 MPa)
Austenitic PH Stainless Steels Stress > 70 ksi (483 MPa)

and and
Material Surface cold-work

Hot-headed or shot-peened bolting that meet the stress criterion
are to be evaluated for SCC.

Cast Austenitic SS Stress > 35 ksi (241 MPa)
and and

Material Ferrite < 5%
Austenitic Ni-base Alloys Stress > 30 ksi (207 MPa)
Austenitic Ni-base Welds Stress > 35 ksi (241 MPa)
Austenitic PH Ni-base Stress > 100 ksi (689 MPa)
(Alloy X-750) AH and BH condition considered more susceptible than HTH

condition.
Austenitic PH Ni-base Stress > 130 ksi (896 MPa)
(Alloy 718) ,__
Co-base Alloys Alloys not susceptible in PWR internals locations. Vu



Stress Dependence

* Stress Corrosion Cracking
- All threshold stress values > 30 ksi

- Weld residual included in estimates

* Irradiation Assisted Stress Corrosion Cracking

- All threshold stress values > 30 ksi

- 30 ksi limit not applicable below 40 dpa

In application an effective threshold of 30 ksi was
universally applied.

ELECTRIC POWER
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Fluence Dependence

" Irradiation Embrittlement
- Fluence based on material type

" Irradiation Assisted Stress Corrosion Cracking
- All threshold fluence values > 3 dpa
- 3 dpa -10 dpa threshold stress is 89 ksi

" Void Swelling
- > 20 dpa and > 608°F

" Stress Relaxation
- Any bolt or spring > 0.2 dpa

ELECTI C , POWER
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Irradiation Embrittlement Screening
Fluence and Material

MRP-175 (Expert Panel)

Criteria
MaterialaMaerIl Parameter Value

Austenitic PH SS
Austenitic Ni-Base Alloys These materials are used in relatively low fluence

Austenitic PH Ni-Base Alloys locations; therefore, IE is not an applicable age-related
Martensitic SS degradation mechanism for component items fabricated

Martensitic PH SS with these alloys.
Co-Base Alloys
Austenitic SS Dose > 1 X 1021 n/cm 2 (E > 1 MeV)[ >?1.5 dpa]

Dose > 6.7 X 1020 n/cm 2 (E > 1 MeV)
S W [1 dpa]

Austenitic SS Welds Lower screening value used are to account for large
CASS initial fracture toughness variability with these materials

and possible synergistic effect on thermal aging
embrittlement

..... l l I ELECTRIC POWERRESEARCH INSTITUTE
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Westinghouse Plant

Screening for Irradiation
Embrittlement

Fluence Map
(E>1 MeV)

>1x1021n/cm 2

I >7x1 020 > 1 X 1020 n/cm2

RAI Components
Lower Core Plate
Core Barrel Flange
Barrel-Former Bolts
Upper Core Barrel Welds
Lower Core Barrel Welds
Upper Core Barrel Alignment Pins

ELECTRIC POWER
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Westinghouse Components
Irradiation Embrittlement - Screening Results

N Baffle-Former
- Baffle-Former Bolts

- Baffle Plates
- Barrel-Former Bolts
- Former Plates
- Baffle Edge Bolts
- Baffle Bolting Lock Bars

• Core Barrel
- Lower Core Barrel
- Upper Core Barrel

" Surveillance Capsules
- Specimen Plugs
- Irradiation Specimen Guide Bolts
- Irradiation Specimen Guide Lock Caps
- Irradiation Specimen Guide

* Lower Core Plate Assembly
- XL Lower Core Plate
- LCP-Fuel Alignment Pin lock caps
- Lower Core Plate
- Fuel Alignment Pins
- LCP-Fuel Alignment Pin Bolts

* Control Rod Guide Tube Assemblies
- Flanges - Lower (CASS)

" Thermal Shield/Neutron Panels
- Thermal Shield Flexures
- Thermal Shield Dowels
- Neutron Panel lock caps
- Thermal Shield or Neutron Panels
- Thermal Shield Bolts
- Neutron Panel Bolts

* Lower Support Columns
- Lower Support Column Bodies

(CASS/Non CASS)
- Lower Support Column Bolts

• Bottom Mounted Instrumentation
- BMI Column Extension Tubes
- BMI Column Extension Bars
- BMI Column Nuts
- BMI Column Collars
- BMI Column Bodies
- BMI Column Cruciforms (CASS)

* Flux Thimbles
- Flux Thimble Tube Plugs
- Flux Thimbles (Tubes)

• Upper Support Assembly
- Mixing Devices (CASS)
- UHI Flow Column Bases (CASS)
- Upper Support Column Bases (CASS)

ELECTRIC POWER
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Irradiation Assisted Stress Corrosion Cracking
Fluence and Stress

Material Parameter Value
All Alloys Stress See SCC criteria (Table 3-1)

and (IASCC not considered applicable)
Dose and

< 2.0 X 1021 n/cm 2 (E > 1 MeV)
[ < 3 dpa]

> 89 ksi (616 MPa)
and

2.0 X 1021 n/cm2 (E > 1 MeV) [3
dpa]

> 62 ksi (425 MPa)
and

6.7 X 1021 n/cm 2 (E > 1 MeV) [10
dpa]

> 46 ksi (315 MPa)
and

1.3 X 1022 n/cm 2 (E > 1 MeV) [20
dpa]

> 30 ksi (207 MPa)
and

2.7 X 1022 n/cm 2 (E > 1 MeV) [40
dpa]

1EECR21 'C POWER
RESEARCH INSTITUTE© 2010 Electric Power Research Institute, Inc. All rights reserved. 14



Upper Core Plate *.

F
MMME"

LL

Lower Core Plate 0

Baffle/Former/Barrel/Shield'

Westinghouse Plant

Screening for IASCC

Fluence Map
(E>1 MeV)

-2.7x1 022n/cm 2

S>1.3x10 22>2.7x1 022 n/cm 2

I >6.7x1021>1.3 x 022 n/cm 2

>2x1021 >6.7x1021 n/cm 2

RAI Components
Lower Core Plate
Core Barrel Flange
Barrel-Former Bolts
Upper Core Barrel Welds
Lower Core Barrel Welds
Upper Core Barrel Alignment Pins

ELECTRIC POWER
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Screening
Temperature Dependence

• Void Swelling
- > 20 dpa (1.3x1022 n/cm 2) and > 608°F

EI.L ECTRI POWER
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Upper Core Plate % ___

Westinghouse Plant

Screening for Void Swelling

Fluence Map
(E>1 MeV)

>1.3x10 22n/cm 2

U-

RAI Components
Lower Core Plate
Core Barrel Flange
Barrel-Former Bolts
Upper Core Barrel Welds
Lower Core Barrel Welds
Upper Core Barrel Alignment Pins

Lower Core Plate

Baffle/Former/Barrel/Shield

ELECTRIC POWER
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I&E Guidelines Process

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Recommendations
- MRP-227

EECTRICPOE0L . INSTE ITUTE
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Westinghouse FMECA Analysis

* Performed on a component level

- FMECA status based on combined effects of all
identified degradation mechanisms.

- Multiple active mechanisms contributing factor to
likelihood of failure

e Confirmed Screening of all Category A components

9 Simple 9-box matrix for all Non-A components

- Failure likelihood vs. Damage likelihood

- Reported FMECA Ranking (0-3)

- Moved Additional Components to Category A

ELlCTRIC POWER

©2010 Electric Power Research Institute, Inc. All rights reserved. 19 Q aI~ I2 RESEARCH INSTITUTE
.... r



Westinghouse - Failure Likelihood
(Susceptibility)

Category Description

Expert panel concurs that failure of the component is not credible
None in a 60-year lifetime (i.e. no screened-in age-related degradation

mechanisms or other evidence to support a concern).

Expert panel believes the component is unlikely to fail in a 60-
Low year lifetime either due to known or potentially emerging issues

based on current knowledge base.

Expert panel believes there is the potential for concern, multiple
Medium degradation modes are a possibility, or believes further

investigation is merited to solidify classification.

Expert panel expects this component to fail or cannot exclude the
High possibility of failure or susceptibility to failure within the 60-year

lifetime.

Note: Failures
recognized as

were identified to be specific to the material/design combination that is
having failed in service or under test conditions.

ELCTRIC POWER
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Westinghouse - Damage Likelihood (Severity)

Category Description

The component has no screened-in degradation mechanism. No
need to assess damage; no financial impact

Low Expert panel believes there is no credible means for component
failure(s) to cause damage but with potential financial impacts

Expert panel believes the potential exists for damage as a result

Medium of component (or multiple) failure(s) but that the ability to shut
down the reactor in a controlled manner remains; financial
impact

Expert panel believes that some damage could possibly result
High from failure of the component(s); financial impact

r=l..e l I ELECTRIC POWER
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Review of Westinghouse FMECA Results

" Evaluation was by component
" Summary by degradation mode

- FMECA Classification determined by most limiting
factor or combination of factors

._i..,2 1i POWER
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Westinghouse Components
Irradiation Embrittlement - FMECA Results
" Baffle-Former

- Baffle-Former Bolts (H,L)
- Baffle Plates (M,L)
- Barrel-Former Bolts (H,L)
- Former Plates (M,L)
- Baffle Edge Bolts (H,M)
- Baffle Bolting Lock Bars (L,L)

" Core Barrel
- Lower Core Barrel (M,H)
- Upper Core Barre (M,H)

" Surveillance Capsules
- Specimen Plugs (L,L)
- Irradiation Specimen Guide Bolts (L,L)
- Irradiation Specimen Guide Lock Caps

(L,L)
- Irradiation Specimen Guide (L,L)

" Lower Core Plate Assembly
- XL Lower Core Plate (M,M)
- LCP-Fuel Alignment Pin lock caps (L,L)
- Lower Core Plate (M,M)
- Fuel Alignment Pins (L,L)
- LCP-Fuel Alignment Pin Bolts (L,L)

" Control Rod Guide Tube Assemblies
- Flanges - Lower (CASS) (M,M)

" Thermal Shield/Neutron Panels
- Thermal Shield Flexures (M,L)
- Thermal Shield Dowels (L,L)
- Neutron Panel lock caps (L,L)
- Thermal Shield or Neutron Panels (L,L)
- Thermal Shield Bolts (L,L)
- Neutron Panel Bolts (L,L)

" Lower Support Columns
- Lower Support Column Bodies

(CASS/Non CASS) (M,L)
- Lower Support Column Bolts (M,L)

* Bottom Mounted Instrumentation
- BMI Column
- BMI Column
- BMI Column
- BMI Column
- BMI Column
- BMI Column

- Flux Thimbles

Extension Tubes (M,L)
Extension Bars (L,L)
Nuts (L,L)
Collars (M,L)
Bodies (M,L)
Cruciforms (CASS) (M,L)

- Flux Thimble Tube Plugs (M,L)
- Flux Thimbles (Tubes) (H,L)

- Upper Support Assembly
- Mixing Devices (CASS) (L,L)
- UHI Flow Column Bases (CASS) (L,L)
- Upper Support Column Bases (CASS)(L,M)

ELECTRIC POWER
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Westinghouse FMECA Classification

Consequence (Damage Likelihood)
Failure

Likelihood
Low Medium High

High 2 3 3

Medium 1 2 3

Low 1 2

None 0 0 0

RELEARIC POWER~I~I ~ RESEARCH INSTITUTE
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Westinghouse Components Irradiation Embrittlement -

FMECA (Low Failure, Low Consequence)

" Baffle-Former
- Eifle-Former BolL (H,L)
- B~aifle P!•!es (IV IL)

- -airrel-Frorrr~r Eo1IL (l,L)
- FFormer Plaies (II,L)
- Baffle Edge Bol~, (i-IVJ)

- Baffle Bolting Lock Bars (L,L) [A]
* Core Barrel

- Low)ver GCore Barrel (lvi!,I)
- Upper lCore Barre (MVH)I

* Surveillance Capsules
- Specimen Plugs (L,L) [A]
- Irradiation Specimen Guide Bolts (L,L) [A]
- Irradiation Specimen Guide Lock Caps (L,L) [A]
- Irradiation Specimen Guide (L,L) [A]

" Lower Core Plate Assembly
- ,/L Lowier C~ore- Plate (IVI,I\/I)

- LCP-Fuel Alignment Pin lock caps (L,L) [A]
- Lcer Core Plaie (,
- Fuel Alignment Pins (L,L) [A]
- LCP-Fuel Alignment Pin Bolts (L,L) [A]

* Control Rod Guide Tube Assemblies
- flaniges- LowV'er (C/-\S) (1/1,1/I)

" Thermal Shield/Neutron Panels
- Therrmail Shield FIe,'ure-, (IV\!,L)
- Thermal Shield Dowels (L,L) [A]
- Neutron Panel lock caps (L,L) [A]
- Thermal Shield or Neutron Panels (L,L) [A]
- Thermal Shield Bolts (L,L) [A]
- Neutron Panel Bolts (L,L) [A]

• Lower Support Columns
- Lower •Air orr roljurrnrn DKodiei (rQf\D/-'\JIt-lr,c.AS) (M\J,L)
- Lojwier Support Colurrt Bolts (I\j,L)

" Bottom Mounted Instrumentation
-"N11i Cc)iurrir- / irr on Tubes (t\I,L)

- BMI Column Extension Bars (L,L) [A]
- BMI Column Nuts (L,L) [A]
- Bt~,Il Colurrin CoIllar (IVI,L)
- B~I'II Col.jurrirt Bodies (IM,L)

- CI~/I lurrin Cru rcifrrnfi (C/x-SS) (i\V,L)
" Flux Thimbles

- Fluz Thirmble Tube Plugs (IM!,L)
- Flu,. Thimribles (Tubes) (H,L)

" Upper Support Assembly
- Mixing Devices (CASS) (L,L) [A]
- UHI Flow Column Bases (CASS) (L,L) [A]

- Upper Sutpporjr Corlurrir, '-re (..... . (LI...

ELECTRIC POWER
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Westinghouse Components Irradiation Embrittlement -

FMECA (Low Failure, Medium Consequence)
I --- ____ L-19 -ý, ý

* Baffle-Former
- EaJl=-Forrrer Dolts; (Ii,L)
- B!affle Platiei (Ml,L)
- Darrel-F-ormer Do1IL (H-,L)
- Former Plares; (MI,L)

D-Baf[le E dg Bolt• HM

- Baffle Dolt.ing Lock Bars (L,L)
• Core Barrel

- Lowier (C-ore Boarrel (Q,H)
- Upper (ore Barre (MVLFH)I

" Surveillance Capsules
- Spe'irriert Plugs (L,L)
- Irraidiairori pecieri Guide Bodrli.s (L,L)
- irracidiation Sperirnen Guide Locrk Caps; (L,L)
- irradiaLibr -pecirrien Guide (L,L)

* Lower Core Plate Assembly
- /L Lowier Core Plkaie (IVI)
- LGP-Fuel Aligr•rnent Pin locfr ciaps (L,L)
- Lowr,/er Co-re Plaite (III\jl)
- Fuel Alignrnerji Pins (L,L)
- LCP-Fuei Alig-rrimen Pin BokiL (L,L)

* Control Rod Guide Tube Assemblies
r- I " L # •'-. (- ,r-anges;- Lowe;-r (CýA")(M)

* Thermal Shield/Neutron Panels
- Therrrnal 3hield Fle'ureE (1\I,L)
- Thermrali Shield Dowels (L,L)
- leulrtroi Parnel ioc caps (L,L)
- Thermrrail Shielrid or I'leuiron Panels (LL)
- Therral Sield ol.ý; (L,L)
- Ieuiron Panel Bolt.i (L,L)

" Lower Support Columns
- I o.wer u•r por rGolrirrri othdies (CS /I lr

- Lo wer Support Clurriri Dolts (IMi,L)
* Bottom Mounted Instrumentation

- BM Colurrri E'.r;icwi oriTubes (Mi,L)
0I1I Colurrir E teriýiori -ari. (L,L)

- NM CIolurriri lisuL (LL)
- lvl Colurrin COollars (MVI,L)
- 1\u l OC(olurnri Bodiies (IM,L)
- £IPI olurr ir CrucifoJrrri; (CfA\S) (MviI,L)

* Flux Thimbles
- FIlu• Thimble Tube Plugs (Mvl,L)
- Flux Thirmbles; (Tubes) (H,L)

" Upper Support Assembly
- Iii'rirjg Devices (CA SS) (L,L)
- UHI Flow Ciolurnrn Bses (C,-AS) (L,L)
- Upper Support Column Bases (CASS) (L,M) [A]

ELECTRIC POWER
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I&E Guidelines Process

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Recommendations
- MRP-227
- 2 c Ri P-7R ELECTRIC POWER
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Severity Categorization

" Category A: component items for which aging degradation
significance is minimal and aging effects are below the
screening criteria

" Category C: "lead" component items for which aging
degradation significance is high or moderate and aging
effects are above screening levels

* Category B: component items above screening levels but
are not "lead" component items and aging degradation
significance is moderate

All remaining "non-A" components were placed in
either Category "B" or "C"

©I 2 E LECTRIC POWER
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Westinghouse Components Irradiation Embrittlement -

FMECA (L,H), (M,L), (M,M), (M,H), (H,L), (H,M) &( H,H)

" Baffle-Former
- Baffle-Former Bolts (H,L) [C]
- Baffle Plates (M,L) [B]
- Barrel-Former Bolts (H,L) [C]
- Former Plates (M,L) [B]
- Baffle Edge Bolts (H,M) [C]
- Baiffle B rol rJi LotŽ Eari. . (L,L)

" Core Barrel
- Lower Core Barrel (M,H) [C]
- Upper Core Barre (M,H)l [C]

* Surveillance Capsules
- SpcrJerjrl•r Plug (L

- IrradiaeioDrl f pecirfleri Guide Bolts (L,L)
- Jrreadi-airjri Spercirflen Guide Lock Caps (L,L)
- IrradJiaiofn prjecirf1r Guide (L, L)

* Lower Core Plate Assembly
- XL Lower Core Plate (M,M) [C]
- LC;P-Fuel /ligrirrient Pin rock caps (L,L)
- Lower Core Plate (M,M) [C]
- Fruel Aligrrriment Pinri (L,L)
- LCP-Fuel rligrirmerift Pin Bolts (LL)

* Control Rod Guide Tube Assemblies
- Flanges - Lower (CASS) (M,M) [Bi

" Thermal Shield/Neutron Panels
- Thermal Shield Flexures (M,L) [B]
- Therrrj~ii 3Mheld Dow'elh (L,L)
- I eu~ronr Pairel ljck' calps (LL)

- Therrrial S oield or Jleutron Paelsi (L,L)
- Therrrnel Sield o (L,L)
- lJeuitron Pariel Boltsi (LL)

* Lower Support Columns
- Lower Support Column Bodies (CASS/Non

CASS) (M,L) [B]
- Lower Support Column Bolts (M,L) [B]

D Bottom Mounted Instrumentation
- BMI Column Extension Tubes (M,L) [B]

- Ei~l Cjjjlrri , :'rri knsl E-air; (LL)
- BiVll Colurrr I Iui (L,L)

- BMI Column Collars (M,L) [B]
- BMI Column Bodies (M,L) [B]
- BMI Column Cruciforms (CASS) (M,L) [B]

" Flux Thimbles
- Flux Thimble Tube Plugs (M,L) [B]
- Flux Thimbles (Tubes) (H,L) [C]

* Upper Support Assembly
IVli/Ang Devic e (CiSS) (L,L)

- U Ir'u-l F w COolurni Base (GA\3.•) (L,L)
- Upper ZDuppor! Colurrinn a (0A3) (L,IVJ)

.. 1. € JowELECTRI
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I&E Guidelines Process

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Recommendations
- MRP-227

ELECTRIC POWE R
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I Application of the FEA Model

" Representative Plants

- Westinghouse 3-Loop

* Baffle/Former/Barrel and Lower Core Plate Models

• Short Bolts
* Aggressive Power Distribution

- CE Welded Core Shroud

" Stacked Sections (Tie Rods)

" Aggressive Power Distribution

" Plan for Interpretation

- General trends and abrupt impacts not strict numbers
- Identify factors that cause component failure

- Extend conclusions to other designs

©ccn rELECTRIC POWER
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Recommendations for Remaining Components

" Lessons learned from FEA

- Swelling conditions

- Dose dependence of stress relaxation

" Direct application of degradation models

" Existing analysis of stress/temperature/fluence

* General Engineering Judgment

- Recognized uncertainty in analysis

- Defaulted to conservative inspection requirements

aI.=•I ELECTRIC POWER
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I&E Guidelines Process

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Recommendations
- MRP-227

ELECTRIC POWER
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Determination of Inspection Recommendation

Potential
Degradation

Damage
Tolerant

No Additional
Measures

RELETRIC POWER
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Disposition of Category B & C Components

InialS TE E ISR Final
Comnen Materal Cl CC AlSCC Wear Fatigue (Note 1) RNol 1) and DC Group

Lor Flanges CF8 B P A A P P P A A P
Guide Plates (Cards) 3D4 SS C N A P N A A A A P
C-Tubes (Nate 2) 304SS C A A P A A A A A N
Sheaths (Note 2) 30 SS C A A P A A A A A N
Guide Tube Support Pins Alloy X-750 C X A X X A A A N X

Upper Support Ring or Skwt 304SS B E A A X A A A A X
Upper Care Plate 304SS A A A E E A A A A E

NI0w5 Nsie5 Not 5

Balfle-Edge Bolts 316SS,347 C A P N P A P P P P

Balfle es and Foamner Plates 3M4SS B A N A A A N P A P
(Note 3) _ 1 1 _ _ I I __

Baffle-Famw Bolls 31OSS,347
4tq

C A P N P A P P P P

EwwrelFomner Botts 31O 55,347 E Z2~

BMI Coijaw EocbeS
BMI Cdwvu, Commr 304SS B A N A A A N N A N

BMI Colurm Cniciformis CF8 B A N A A N N N A N

BMI Colwmi Extnsion Tubes 304 SS B N N A A A N N A N

Flux Thimble Tube Plugs 304 SS B N N A A A N N A N

Flux Thimbles (Tubes) 31 SS C N N X A A N N A X

* Guide tube support pins identified as an already managed problem by Westinghouse.
include in formal recommendations (See MRP-227 Section 4.4.3).
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Disposition of Category B & C Components
(Continued)

Finial Eisposftma of Wetsakiouuse WlerMIS (co.nbiuMMd I
comim

1111"
C.I&i"Y

5CC ILSCC War Faliue I I '
PIaile1)~ 1

ISR Final
ard I Gou

12 2A
F:mr -it 1 rA . 7 334 SB B E A X A A A A A x

B A x A A A
Core Barre Outlt NozzeM& 304SS B E A A E A A A A E

- & F ek DSSC P P A A A P A..A.-

CoreBarelAxial Wek 304SS C E E A A A E A A E

UpperCoreBarrelRange ed E~S PA A AA At A A P

-0-1
304SS C N X X A X N A

XL LVW Core Plate C 3 0 4 x A X A A X

LASuplxwCatlng A8A A A A E A A A E
7No NIM 5

LowrSupportForging 3M4SS A A A A A A A A A E
NaW 5

LIawrSupportColuimnBoies CF8 a A E A A N E N A E

LoSupportColumnBodes 3D4SS B A E AI A A E N A E

LrSuppotColumnBait 3D4SS A E N E A E N E E

ThenmalShelddFleIures 3M4SS B A N P P A N A N P

ce-vist nsetBolls M", X-7-0 B A A X A A A A A X
Internls Hold Domn S1n ot*e 4A : L14 SS.. A, P A A A A A P

jLQ Plate Akinent Pins M04 SS I IXIA_ X LA LA A A IA X =->
POWER
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I&E Guidelines Process

1. Identify components
- MRP-156

2. Identify degradation screening criteria
- MRP-175

3. Characterize components and screen for degradation (A, non-A)
- MRP-191

4. FMECA Review
- MRP-191

5. Categorize for severity (A,B,C)
- MRP-191

6. Functionality analysis of high priority (C) components
- MRP-230

7. Categorize for inspection (Primary, Expansion, Existing, No additional
measures)
- MRP-232

8. Aging Management Strategy
- MRP-232

9. Summary and Requirements
- MRP-227

ELECTRIC POWER

© 2010 Electric Power Research Institute, Inc. All rights reserved. 37 RESEARCH INSTITUTE



What is Required to Demonstrate That These
Guidelines Apply to a Specific Plant?

" MRP-227 provides requirements that apply to all plants
(Westinghouse, CE and B&W)

" Utilities must:

- Confirm applicability of requirements for plant
- Prepare plant specific implementation plans

" Logic assumes that plant has moved to a low leakage
core loading plan. Plant uprates that result in return to
high leakage conditions may require additional analysis.

- No expectation that plants would return to this practice

- Impact on inspection requirements would be limited

ELECTRIC POWER
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Additional Industry Activities
to Support MRP-227-A Conclusions

* Comparison to WCAP-14577 R1-A and BAW-2248-A

e Review of Acceptance Criteria (WCAP-1 7096NP)

* Additional Operating Experience

I Sensitivity Studies to Confirm Section 2.6 Applicability
Requirements Based on Original FEA Assumptions.

SELECTRIC POWER
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Existing Westinghouse AMR Guidance
WCAP-14577-R1-A

NRC Safety Evaluation Issued

BAW-2248-A: 12/99
WCAP-14577 RI-A: 2/01
Plants may use the reports in a license renewal application to
satisfy the requirements of

1) 10 CFR 54.21(a)(3) for demonstrating that the effects of aging on
the reactor vessel internals components within the scope of this
topical report will be adequately managed and

2) 10 CFR 54.21(c)(1) for demonstrating the appropriate findings in
the evaluation of time-limited aging analysis for the reactor
internals.

Comparison to MRP-227-A shows general agreement.

ELECTRIC POWER
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Acceptance Criteria

* WCAP-1 7096-NP

- Verification of failure consequences

- Many criteria based on operating criteria

9 No related safety concern

- Work may be basis for revisions to MRP 227-A

* Re-evaluation of components

aami2 I ELECTRIC POWER
RESEARCH INSTITUTE
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Operating Experience

* MRP-227-A is designed to be a living document.
- Initial Inspection Plan reflected in 227-A

• Based on broad assumptions to capture and prioritize aging scope
• Initiates at first Regulatory opportunity (PEO)
* Inspection Frequencies are consistent with aging mechanisms

- It is not possible or practical to eliminate all current and future component
uncertainties

- Revisions will be based on OE
* Good experience with initial inspections
* Regular OE updates to industry

- Industry following recent experience with

" Baffle-former bolts

" Clevis insert bolts

" Guide card wear

©ccnrELECTRIC POWER
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Recently Completed
Westinghouse Sensitivity Studies

I Original (MRP-230) to New Basis
- Original: 20 cyc. OUT/IN, 20 cyc. Low Leak

* Fuel Cycle used Beginning, Middle, and End-of Cycle
Temperatures

- New Basis: 7 cyc. OUT/IN, 33 cyc. Low Leak
* End-of-Cycle Temperatures use for each Fuel Cycle

e New Basis w/3 Sensitivity Conditions
- Sens. 1: Slower Creep, Original Void Swelling
- Sens. 2: Slower Creep, Slower Void Swelling
- Sens. 3: Slower Creep, Faster Void Swelling

I Applied to Representative Westinghouse BFB and CE Shroud
Analytical Models

I2I..ELECTRIC POWER
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Impact of More Realistic Fluence Distribution
on Baffle-Former Bolt Failure Patterns

*UEEO EU U EUH E JEU,..m mu.., U,.,mmm
U,. Fmi U EU UalE
linenl in0nll

usem so onNOO

UUUUUU.EMEN.UEMEU

mmm. DNNEDENNNN
UN...NDEINN EENNNN

*NNEENNDNNEENEENE

UMEENNE..NNNE..N.
AM ONEEEZEELIEEMEEE

Original IASCC @ 60 years

Out/In: Years 0 - 30

Low-Leakage: Years 31 - 60

New Basis IASCC @ 60 yrs

Out/In: Years 0 - 10

Low-Leakage: Years 11 - 60

0
.25
.5
.75
1

>1

0 IASCC Susceptibility
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Sensitivity Studies
- Predicted Baffle-Former Bolt Failures

- New Basis: Bolt 6G @ 56 years

Slower Creep- Sensitivity 1
* Bolt 6G @ 51 - 55 yrs, Bolts 1 F & 7G @ 56- 60 yrs

Sensitivity 2, Slower Creep & Void Swelling

e Bolt 6G @

Sensitivity 3,

56 - 60 yrs

Slower Creep, Faster Void Swelling

9 Bolts 1F&6G @41 -45yrs, Bolts7F&7G @51-
55 yrs, Bolts 4G, 5G, & 7K @ 56 - 60 yrs
similar to original case)

(most

.-- Il ELECTRIC POWERRESEARCH INSTITUTE
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I Summary

- List of components identified in original MRP screening process is relatively insensitive to
stress, fluence, temperature and material assumptions. The final list of inspection
recommendations is robust and does not require bounding assumptions on all possible
screening variables.

- Functionality Analysis provides insight into complex interactions of multiple irradiation
related degradation mechanisms. These studies provide guidance on trends in reactor
internals behavior. The MRP-227-A requirements are not based numerical results.
* 30 year "out-in" core loading assumptions produced aggressive conditions in

baffle/former barrel structure.
* Sensitivity studies indicate that significant changes in aging degradation models would

not change inspection recommendations

- The MRP-227-A aging management system remains effective for aging variations within the
broad operational limits of various core designs and operation.

- MRP-227-A provides a robust inspection strategy that bounds internals performance.
* Inspection requirements and schedules are insensitive to plant specific values of stress,

temperature, fluence and material type based upon bounding process used by MRP.
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