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Materials Reliability Program'
Butt Weld I&E Guidelines and
Leak Before Break Report

Dana Covill
Co-Chairman, Alloy 600 ITG
Progress Energy T

August 4, 2005

NRC Meeting
% Meeting Goals o
Ty

S, vt
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. Present new mdustry mspectuon and evaluatno_n guldance
for alloy 600/82/182 butt welds (MRP-139) ez

-Safetylsassured f,s

li e v H
» Demonstrate that MRP 139 Wb e :
' —Technical ly robust ™.~ - -"7t t*’f’i e
;—Mlt igation strongly encouraged . N o R
-Sou ndly based on deterministic and probablllstlc analy5|s ‘\_i o

. Basus of LBB remains strong o o .

* Industry committed to implement MRP-1 39 under the
Materlals Imtlatlve (NEI 03-08) TR PO

o
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Agenda

L o me et s ok S S e i S RSP S
* MRP-139 Overview
« Implementation Requirements
* Implementation Schedule S
* Examination Volume . - . :
- Volumetric & Surface Examinations
— Coverage ;- b
— Frequency
* Visual Examination .
« Other Alloy 600 locations
» Leak Before Break

EPR | weer o
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* MRP-139 provides guidance for the, volumetnc and vnsual
inspection of dlssmlar metal butt welds in PWR pnmary
systems

— Developed using a structured approach
- Safety assessment (deterministic and probabilistic)' -

LR '

crack sizes
— Review and approval process
« Third party review
» Resource assessment
» Implementation planning
+ Extensive industry review o .
« Unanimous approval by the MRP executive committee

.
3
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+ Assessment of margins between onset of leakage and critical - :




% Overview of MRP-139 /"""

; .
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- Safety Assessment (MRP-113, July 2004)
provrdes technical basis: *

- — PWSCC potential limited in extent and seventy
— Weld repairs affect susceptlblllty

. Augmented inspections beyond ASME Sectlon XI
'requirements are the right thing to do

~ RCS pressure boundary leakage is mlnlmlzed .
. — Assures continued safe operatron »

EFPIR | s it
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. — Temperature affects susceptlbllrty o L

— Not an immediate safety concern - . -0 .

. — Provides reasonable assurance that the potentlal for~

% Qverview of MRP-139 (cont'd) ~

el
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* MRP- 139 provrdes Inspectlon Requrrements
7_‘ ~ Monitors condltlon of DM butt welds '

» Detects onset of mcreased initiation as plants age '
* Obtains rnformatron on crack growth rates
« Validates modéls b

-'MRP 139 has been approved by. Exe'crjtlve o
.as “Mandatory” under the NEI 03-08 Initiative -

ErR | St

S e .
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* Tracks the occurrence ofdegradahon h -‘ .

— Increases inspection frequency for earller detectlon .

Commlttee and will be lssued to the PWR Fle’ef‘ '




MRP-139 Table of Contents. . .. .. .-

e mvm*;a: VA
1 Introduction . . C e .
2PWR anar\LSthtem PIDan Desrqn And Suscepttbrlltv

Information
3 Summary Of PWSCC Mitigation Processes
4 Current Examination Requurements And Results To Date‘
5 Examination Requirements : v
6 Examination Schedules
7 Evaluation Methodoloqxes S T
8 References . i Y
A DM Weld Measurement Template
B DM Weld Mockup Critéria 5I28IO4
C Methodology For Flaw Evaluation '
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Scope of MRP-139.

. — sp b s SR T
-Applrcabrhty L ," - RIS
= Alloy 82/182 butt welds (ASME categones B F and B-
~J) in primary system prpmg in domestrc PWRs o
- Welds in piping >1" NPS' ' |
—-Cov ers vast majonty consrdered suscepttbte
- Exposed to temperatures at or above cold Ieg
temperature

— Alloy 82/182 butt welds where mrtrgatron technlques
have been applied

categories or lower temperatures) addressed in future
rndustry guidance

© 2008 Elwcrie Power Resoarh inathuty, na AD righta smnarved.

« Other Alloy 600/82/1 82 Iocations (Gther sizes, other code . '
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;MRP-'1'39 Implerhentation Requif'emeﬁis"

L,
-mz"mm? 7’4".'1‘;.‘

,,,,,

-Sectlons 1.2; 5 and 6 are “Mandatory" for PWRs

' — Weldments should be made mspectable by the reqmred

' implementation schedule

» Implement requnrements of sectlon 5 1.7 by the
required schedule

-Gwdellnes do not reduce current ASME Code
requnrements

— Example: coverage <90% of Code volume requires
relief request

* Guidelines will replace applicable requirements in
, risk-informed inspection programs
ErPR | Mot
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% Implementation-’S:oh‘e'du’le”': O

. By 12/31/07 : evalate all Alloy 82/1 82 welds to determme the
.amount of coverage for axial and circumferential flaws -

» Perform first volumetric lnspectlon Alloy 82/1 82 accordmg to the
‘following schedule o

C - By 12/31/07 - all welds assoc:ated wuth the pressunzer and exposed to ‘
pressunzer-hke temperatures -

- By 12/31/08 - welds > 4° NPS and < 14" NPS and exposed to .
temperatures equ:valent to the hot Ieg ‘, ’

- By 12/31/09 - ‘welds'> 14" NPS and exposed to temperatures‘

equivalenttothe hotleg:~.-» 7> = .0 53y 7 0
* - By 12/31/10 - welds exposed to temperatures equwalentto thecold - '
leg

-~ For welds located within lines that are managed under LBB approval,
consider increasing the inspection frequency to the highest frequency
for similar sized pipes

EPI2I | nitiiiwine

02008 Piests Pt et Inatbute, bne_ A8 ity rmaarved.
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‘Examination Requirements and Schedule

e T T o e o s e A SR L LT ‘;‘?~ .
* Sections 5 and 6 of MRP-139 provide the process .
for determlnlng
— NDE method to use foreach DM weld
* Appendix VIIl Supplements 10 and 14 for volumetnc exams
— Additional evaluation necessary based on UT coverage

— Additional evaluation necessary based on alternatlve NDE
method chosen, and

— Re-examination frequency required for each DM weld

EPR | il i
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Examination Volume Description

o A 4 Ak W E Y SIS GHYA T ok S

* Generic description of exammation volume’

— The required examination volume is shown by the
entire wetted surface within C-D- E-F

« Points E and F are 1/4” outboard of the weld (or butter) to
base material fusion line as measured on the outer surface of
the pipe

— Data collection beyond the 1/3t requurement can be
analyzed to help characterize the condition of the
Alloy 82/182 weld

EPIE] | Wi wamore
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B Profile of valve Body.
- [— Vessel nozzle,or
Pump connccn‘on’_ ’

-

Weld end buttering

(where spplied, depth as
indicated on manufacturers ————i %
drawings or 1’2 in. if unknown). . !

¥ | 131t

N
- Y
F |

14 in, ———s] re— le——— 174 in.
Exsm Vol.

C-D-E-F

ALLOY 82182 DISSIMILAR METAL WELDS

' (12in.= 13mm, % in. = 6 zm)

EPraI | e N

% Crediting Appendix VI Examinations
- e - S E30A PN o Dt s hony 90 Tl RS AR 'w,“.'»'vr( -
. Prevnous mspectlons performed in compllance
- with Appendix Vil can be credited
+ Future inspections must be'made using the
examination volumes presented in MRP-139
EPR | S L )




NDE Methodology Procedure: Figure 5-1

Oupiited
Procenyre (1)
W Peweld
Specibic Weid Ds . fgan a? 5 no ‘D
recibc @ ] \n/ J] S0 SchC damo 'L |—-‘
s
and
wince
rerrove Calcutate Covarage (S) o 400 A e Cra med vy
cDamctom.
: w—
<
rpect
el -t n
Corpstacote SeeNore |
proved or -
SOANLLONG remcved?
» 7
Degacason Asesssment mnimrn
Covernge Kr ¢irc Riras (Appenda C)
na
et
9
See Note 1

# Coverage Assessment
4 (Figure 5-1, Items 5,6,and 7)
. (_mnmmmrmmz.

« Calculated separately for axial and circumferential flaw orientation

» Uses actual weld configuration and the procedure’s essential
variables '

* Inspection considered complete if the average coverage (for axial
and circumferential flaws) is > 90% of the required examination
volume : ’

—If < 90% coverage for axia 1flaws, but meet > 90% coverage for

circumferential flaws, the examination will be considered
acceptable

* The examination for axial flaws will be completed to achieve the
maximum coverage possible

—If < 90% coverage for circum ferential flaws, then utilities may
altempt to improve the coverage volume (Section 5.1.6)

* Relief request if required

EPI2] | wisadwsmue
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% Improved Coverage IR
(Flgure 5-1 Item 8). L R A

r.
'C;v

~ the coverage to < 90% of the examlnatlon ‘
* volume, evaluate the- pOSSIbI|I'[IeS for mcreasmg
the coverage s :

— Re-evaluaté examlnatlon coverage followmg
implementation of improvements

S

.
EPRI | e,

C e e e e -
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Specific Additional Measures for, <90%.
Examination and Conflguratlons Not Currently
' Addressed in Appendix VIIi (Sectlon 5 1 7)

wmmrr' €1
» Implement mmgatlon actions'at the earhest possnble RFO
for hot leg or pressurizer welds that meet any of the SR

i following three conditions TR T Sy e

1. An inability to obtain 80% coverage of the required volume for -
circumferential flaws ~ \

i 2. Aninability to obtain 90% coverage of the required volume for e
$ circumferential flaws AND an inabnhty toi |mprove the exammatlon o
: coverage by modifying the weld «,.,~+ -~ = T it oo
| 3. Welds have known cracks o

— Additional momtormg of the weld locatlon for leakage untll the
. weld has been successfully mmgated .
. May includé visual examination at every RFO or local Ieak detectxon
, — As an alternative to mitigation, modify the weld at the earllest

possible RFO to make an examination possible

ErR . - |
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Specific Additional Measures for <90%

Examination and Configurations Not Currently

-~ Addressed in Appendix VIII (Section 5.1 7)
I R T S L DT I A s s ‘

* In the interim before mltlgatlon can be implemented,

-Perfor ma volumetnc exammatlon atthe frequency def ned in
Table 6-1 for Category D or E

—~Add itionally, visual examinations of the bare metal shall be
performed at the frequency defined in Table 6-2

« Consider augmentation or replacement of the ultrasonlc
examination with other NDE methods
~Demonstrate capabi lity
* Finally, for any area of the pipe that remains
unexamined, perform
-Degrad ation assessment in accordance with Appendix C and
~Includ e justification for interim measures

EPIR) | Mt

@ 2008 Ewotls Puver Aovourth matbuty. g All Aghts renarvet.

Examination Schedules Se‘c'tiOn“Gﬂr o

rEeETmaRTIT. R -0

« Section 6 provides examination schedules for aIl prrmary
piping system weldments

* Weldments are categorized

» Scope expansion is applicable if flaws are detected during
inspections

» If owners determine that certain weldments are not
inspectable before the required RFO per Table 6-1
-l mplement a plan to make the weldment mspectable by the .
required implementation schedule and

-1 mplement the requirements of section 5.1.7 by the required
schedule

EPEI | Lo v
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Volumetric Examination Schedules

PWSCC Description of Inspected? Inspection Extent and Schedule
Category Weldments Cracked?
A Resistant Materials ° - Existing Code Inspection Program’
B Non-resistant Mat. Yes Existing Code Inspection Program
Reinforced by full Uncracked ’
structural weld Overlay L . .
C Non-Resistant Mat. _Yes. | 50% of each mitigation within next 6
Mitigated by St Uncracked ‘| years, if no indication continue with
. S . | existing Code Inspection Program -
D Non-resistant Mat. RTE 100% per petriod, but no longer than §
No SI ’ T years between exams for pressurizer
: locations (include surge line nozzle -
Pressurizer and welds near pressurizer)
Hot Leg
>4 100% every 5 years for hot leg locations
- (include surge line nozzle welds near hot
leg)
Non-resistant Mat. - 100% every 6 years

No St
Cold Leg

Volumetric Examination Schedules (cont’d)

PWSCC Description of Weldments Inspected? Inspection Extent and Schedule
Category Cracked? . R
F Non-resistant Mat. Yes Once in the next 5 years, if no additional
Cracked Cracked indications/growth continue with existing
Reinforced by full structural Code Inspection Program for unnawed
. weld overlay . . . condition -
G Non-resistant Mat. Cracked 't Yes: 100% at2 RFO Intervals. .If no additional
; Mitigated by S1 Cracked indications/growth after the 2nd examination
o y e - - | (4th RFO), continue with existing Code
. - examination program for unflawed condition”
H Non-resistant Mat. - . «No Frequency defined in Table 6-1 for Category
: Pressurizer and Hot Leg - - D to the extent possible. Additiona! interim
Examination does not meet requirements as defined in Section 5.1.7.
requirements of Figure 5-1 ‘
item 6
Configuration not addressed
in Appendix VIl )
! Non-resistant Mat. . - -No | Frequency defined in Table 6-1 for Category
: Cold Leg - E to the extent possible. Additional interim
Examination does not meet . requirements as defined in Section 5.1.7.
requirements of Figure 5-1
ltem6

Configuration not addressed
in Appendix VIl

11



Visual Examination Attributes

Bk o LIPS
Bdeltnrbic i oA

« Inspection of the bare metal surface of the Alloy 82/182
pipe butt weld and adjacent Alloy 600 components.
Perform by

-Removin g the insulation, or
-Remote visua | examination inside the insulation
» Visual access to the area of interest cannot be

compromised by the presence of existing deposits or
other factors that could interfere with the examination

EPIRaI | i
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Visual Examination Requirements

ST i

PWSCC Description of Weldments Examination Extent and Schedule
Category
J Non-resistant Mat In the outages when volumetric examinatons are not being
Pressurizer and Hot Leg performed, visual examination every RFO as defined in
section 5.2.1 or until mitigated or replaced
K Non-esistant Mat Visual examination as defined in section 5.2.1at least once
Cold Leg every three (3) RFOs (not counting RFOs when weld is

examined volumetrically as one of the three) or until
mitigated or replaced. Altematively, for the RV cold leg,
or inlet nozzles ONLY, use deterministic analysis as a
basis to allow these nozzle wekis to be visually
examined once per interval. This option can only be
exercised AFTER welds have been UT-examined and
fully meet the conditions for being defined as Category
E.

In RFOs where a UT is performed from the OD, a visual
examination is credned. If the UT is performed from the
1D, a visual examination may be credted if the 90%
examination volume identfied in section 5.1.5 was
obtained.

E: F{ECINIC POWIR
04 p U ANSTOUTE

e e Y Ty— 24
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% Evaluation Methrodol'ogii‘es

Prod s ata SSUELE S IV

+Section 7 summarizes applicable evaluation
methodologles per Section XI IWB-3600

— For these matenals limit load analyS|s methods are o
appllcable

- Methodologles can be used for vanous purposes
including ~

- disposition of indications found dunng mspectnons (surface-
connected or embedded flaws)

and
+ determination of weld overlay design (full structural or stress
improvement)

ErPR |,
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+ determination of effectiveness of stress improvement processes,

25

% Inspection of Other Alioy 600 Locations ™ *

ey T e By 78 Tt A AT

- Several prevnously publlshed documents .

— Industry (MRP and CEOG) letters and gu;dance .

documents cap

mspectlon ofA600 locatlons o
- MRPis evaluating” = T L iaias -
. MRP will clarify multlple gmdance documents ;;;’

SRIRR?

ERPIEI | nitia Nt : ST
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; - ASME Code Case N-722 Bare metal vnsual |
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Leak Before Break Considerations

Jixe el tentl G TR B -k B S CA N
- Key issues:

— PWSCC is an active cracking degradation
mechanism, although observed pipe cracks have
been small and primarily axial

— PWSCC leakage path is more tortuous than fatigue
cracks used in previous LBB evaluations
* Addressed in MRP-140 and presented to staff
on March 24, 2005

(=1 g =] | vttt
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LBB Analysis Conclusions

T L R S T A T R R A £ ey

The technical basis for LBB remains strong

+ PWSCC observed in Alloy 82/182 butt welds in several plants has
been primarily axial in nature

- Long part-through wall circumferential flaws not likely

* Adequate time between leakage detection and growth to critical flaw
size to allow safe shut down

» Adequate margin remains considering alternative leak rate
calculation methodologies (flaw morphology)

» Increased plant sensitivity to unidentified leakage
— Response to leak rates less than 1 gpm (Tech Spec Limits) improved
+ Detailed report has been delivered to the NRC for their information

=PRI [ eriar e

@ 2006 €lncivc Panas Rasserch bmibuty_Ine Al nghin renereed
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. LBB Additional Considerations

A
v

Mot toa 132 ot BRI Y M4 P
*Increased personnel sensitivity to leak rates
since LBB regulation was approved
— WOG project to standardize leak rates calculations

— WOG project to determine what action should be
taken in response to specific levels of leakage

— WOG-NRC meeting later this month

*Relevant regulatory documentation needs to be
evaluated in light of knowledge and information
developed since LBB was approved

EPR | st
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W Summary
it Pt So PEa i I AL T

* Implementation of MRP-139 will minimize the
potential for RCS pressure boundary leakage

* MRP-139 requires action if inspections are not
effective

« Industry will implement MRP-139 as a
“Mandatory” action under the Materials Initiative

*Basis of Leak Before Break remains strong
- Safety is assured
 Mitigation methods are being researched

=2l I REScAPCH aTIUTE
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