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Reactor Vessel Head
|T Inspection Results

Advisory Committee on Reactor Safeguards
Materials & Metallurgy and

Plant Operations Subcommittees

* . Vessel Head Penetration Cracking and
RPV Head Degradation

April 21,2003
Room T-2B3

11545 Rockville Pike
Rockville, Maryland

Larry Mathews, SNOC
MRP Alloy 600/82/182

Issue Task Group Chairman
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* Overview Table of Inspection Results by Plant
* Subpopulation Summary Statistics'

- By EDY Group
- By Head Fabricator and Tubing Supplier
- Detected Circumferential Cracks

* Inspection Plans for Spring 2003 Outages

CRS Subcommittee Meeting - Feb 18-19, 20032 C l2IA
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* The overview table graphically shows:
- The extent to which the fleet has been inspected
- The extent of detected cracking, leakage, and wastage correlated

with effective degradation time (EDYs) and position on the head
- Key operating and design data
- Refueling outage schedule and current head replacement plans

* The overview table complements more detailed outage-
specific and defect-specific inspection results tables that
are used to generate statistical (i.e., Weibull) fits

* The MRP plans to release a revision to the table at the
end of each outage season

ACRSSubcommitteeMeeting-Feb 18-19 20034 EI=I t H
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BMV I Nozzle Tube ET/UT Weld ET/PT
4. _

6Z

I . . _ _ _ _ . _ _

EDY at
Next RFO

No. Units
100%

Inspected

No.
Nozzles

Inspected

No. Units No.
100% Nozzles

Inspected Inspected

No. Units
100%

Inspected

No.
Welds

Inspected

>12 EDY 30 27 1898 13 1016 3 338
2 E (90%) (92%) (43%) (49%) (10%) (16%)

8-2EY 15 8 510 4 354 0 61
8-12 EDY 1 (53%) (49%) (27%) (34%) (0%) (6%)

< 8 EDY 24 T 7 1327 0 92 0 1
< E (71%) (71%) (0%) (5%) (0%) (0%)

Totals 69
52 3735

(75%) (75%)
17 1462

(25%) (29%)
3

(4%)
400

(8%)

ACRS Subcommlitee Meetng - Feb 18-19, 2003 6 r--r=ral (4-�



Leaking Nozzles Nozzle Tubes Cracked Welds Cracked

EDY at
Next RFO

'Zi
N

o 0
Z Z

Nozzles
Leaking

(Inspected) Leaking

Nozzles
Cracked

(Inspected) Cracked

Welds
Cracked

(Inspected) Cracked

>2 EDY 2069 (898) 25% 82 8.1% (338) 22.2%

8-12 105 0 0% .% 0 0 .0
EDY 15 (510) 0 (354) 0.0% (61) 0.0%

< 8EDY 1857 0 00 0 00% 0 0.0
_____(1327) (92) 00 (1)

Totals | 4961
47

(3735)
1 3%

82
(1462)

5 6% 75
(400)

188%
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NSSS
Supplier /
.EDY at

Next RFO

inC
6zK

BMV

No. Units No
100% Nozzles

Inspected Inspected

Nozzle Tube ET/UT Weld ET/PT
_ t I .. _ _

No. Units No.
100% Nozzles

Inspected Inspected

No. Units No.
100% Welds

Inspected Inspected

B&W 7 7 483 4 320 0 39
NSSS (100%) (100%) (57%) (66%) (0%/) (8%)

non-B&W 38 28 1925 13 1050 3 360
> 8 EDY (74%) (73%) (34%) (40%) (8%) (14%)

non-B&W 24 17 1327 0 92 0 1
< 8 EDY (71%) (71%) (0%) (5%) (0%) (0%)

Totals 69 52 3735 17 1462 J 3 400
752) (75%) (25%) (29%) I(4%) (8%)
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NSSS ILeaking Nozzles Nozzle Tubes Cracked Welds Cracked
Supplier/ j i Nozzles Nozzles Welds

_ -2

EDY at N. Leaking % Cracked % Cracked %
Next RFO Z Z (Inspected) Leaking (Inspected) Cracked (Inspected) Cracked

B&W 43 37 7.% 61 1.2 67
NSSS 483 (483) (320) (39)

non-B&W 2621 105) 21 49 13.6%
> 8 EDY (1925) (1050) (360)

non-B&W 1857 0 0 % 0 0.0% 0 0.0%
< 8EDY (1327) 0% (92) (1)

Totals| 4961 47 1.3% 82 5.6%
(3735) 1 (1462) 56

75 18 8%
(400) 18

r---Del ,kbACRS Subcommntlee Meetng -Feb 18-19, 20031tO
ACRS Subcommittee MeeUng -Feb 18-19,200310 I�i�I2I



1 °N Itrp to be Rep.codby Nod Ff0 Otbl s b Repbcod by NWod 0 W CINslpii be Rpcd byN-t RFO
| L..kig U Crocks j Crocks

I Irope-ld NAt Leakbr loooed No Gcru * lospedod No Crock.

2500 DIYIV 2500 - -- Nozzle 2500 - - - - Weld

2250 659 - 2250----- -Tube 2250 - - - - ET, PT
EUT

2000 -37 - - - - - 2000n -o 1385 2000
10 18

1750 -_ _ _ 1750 _ _ _ 1750 _ _ _

0 530 *2043
0 1500 -_ _ _ - t2 -_ _00 1500 _04
0
z~1 2 5 0  1250 -- 1250 -
0

1000 - 1050D 18 1765 1500 ---- 15

750 -_ 750 _ 750

5000 500 500 6__ 218

250 .. 250 25 i38i

0 n~B~8 0 0
BSW nonBWa8 nonBW<8 B&W nonBW>8 nonBW<8 bW nonBW>8 nor <8

ACRS Subcommittee Meeting - Feb 18-19, 2003 11 Ii'~i

*The total RVH nozzle population includes 3871 CRDM
nozzles, 1090 CEDM nozzles, and 94 ICI nozzles at 69
units
Bare-metal visual (BMV) and/or non-visual NDE
inspections have now been performed on about 81 % of
the RVH nozzles
- About 47 nozzles have been found to be leaking

* Almost 8% of the nozzles in B&W plants have leaked, but
leakage in non-B&W plants is limited to North Anna 2 and
Surry 1 leakage, which is primarily due to weld cracking

* Non-visual examinations have been performed on:
- About half of the '>12 EDY" nozzles and a third of the "8-12 EDY'

nozzles
- About two-thirds of the nozzles in B&W plants and 25% of the

nozzles in non-B&W plants

ACRS Subcommittee Meeting - Feb 18-19. 200312 ERI21 (Qijy



* About 19% of the inspected B&W plant nozzles show
base metal cracking

* Base metal cracking in non-B&W plants is limited to
Millstone 2 (3 nozzles) and Cook 2 (1 nozzle), although
North Anna 1 and 2 may have experienced some base-
metal initiated cracking (Sandvik material)

* About 8% of the J-groove welds have been examined by
ET or PT

* Weld experience ranges from no indications in a relatively
high EDY plant (Robinson) to relatively extensive weld
cracking in another high EDY plant (North Anna 2)

* To date, weld cracking has been limited to vessels
fabricated by Rotterdam Dockyards and B&W-designed
units

ACRS Subcommittee Meeting - Feb 18-19, 2003 13 C- 8IfiAb
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* 20 units have refueling outages this spring:
- Oconee 3, North Anna 1, and Surry 1 will replace their heads with

new heads having Alloy 690 material
- All 17 other units will perform 100% BMV and/or non-visual

inspections
- All the plants having greater than 12 EDYs will have performed a

non-visual baseline examination by the end of the spring outage
season

* The spring 2003 outage season mainly concludes the
initial set of inspections following Bulletin 2001-01. After
this spring:
- All but two units (< 2 EDYs) will have completed 100% BMV

and/or non-visual inspections (97% of the total nozzle population)
- 20 of the 28 units with > 12 EDYs (as of February 2001) will have

completed baseline non-visual examinations or head replacement

ACRS Subcommittee Meeting - Feb 18-19 2003 15 I lel (j

* After fall 2003, it is expected that:
- All 69 units will have completed 100% BMV and/or non-visuals (or

head replacement)
- 27 of the 28 units with > 12 EDYs (as of February 2001) will have

completed baseline non-visual examinations or head replacement
(28th unit plans such an inspection at its next RFO in spring 2004)

* Upon the conclusion of the spring outage season, the
MRP will again look for correlations between cracking and
factors such as EDYs, tubing material supplier, and
vessel head fabricator

ACRS Subcommittee Meeting - Feb 18-19 2003 16 Gael rA



_ Process for Revising the
MRP Inspection Plan

Advisory Committee on Reactor Safeguards
Materials & Metallurgy and

Plant Operations Subcommittees

Vessel Head Penetration Cracking and
RPV Head Degradation

April 21, 2003
Room T-2B3

11545 Rockville Pike
Rock-ville, Maryland

Da-,id A. Steininger
EPRI, MRP and SGMP
Craig Harrington, TXU

MRP Alloy 600/82/182 ITG
RX' Head Working Grop C.hairn 7
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* Overall Safety Assessment Process
* Transition to Combination Baseline Inspections with

Inspection Intervals Chosen to Ensure Safety
* Failure Modes and Effects Analysis
* Main Evaluations

- Nozzle Ejection
- Head Wastage

* Supporting Evaluations
- Crack Growth Rates
- Stress Intensity Factors
- Proposed Additional Boric Acid Corrosion Testing

* Schedule for Issuing Revised Inspection Plan and Safety
Assessment Report

CRS Subcomrmttee Meetng - Feb 18-19,20032 2IP!2 {A
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| The MRP approach is transitioning to ensuring safety
through "combination" baseline inspections at all plants
with:
- The timing for the baseline inspection and the re-inspection

interval based on the technical evaluations and
- More frequent bare metal visual (BMV) inspections providing

backup to the program of periodic combination inspections
* The revised MRP inspection plan will be formed on the

basis of a comprehensive safety assessment (SA) report
* The SA report:

- Begins with a failure modes and effects analysis (FMEA) to
anticipate the possibility of failure modes that have not been
observed in the field and

- Includes the analysis tools previously developed and described in
MRP-75

ACRS Subcomr-Otee Meetng- Feb 18-19,20034 r--fZIal



* The results of the FMEA are used to establish the
required technical evaluations and ultimately the
inspection detectability requirements

* Existing calculations show that non-visual inspections do
not have to be performed every refueling outage to
ensure safety
- Extremely low probability of nozzle ejection and significant

wastage
- Extremely small consequential increase in core damage

frequency, consistent with NRC Reg. Guide 1.174

ACRS Subcommtlee Meet'ng- Feb. 18-19, 2003 5 8 ifkl ()

* Subsequent to the release of the MRP-75 inspection plan
and technical bases and in light of the most recent
inspections results, the MRP has released a letter to the
industry recommending a transition to combination
baseline inspections

* Three types of combinations inspections:
- (UT/BMV) UT of the base metal from the tube ID and bare-metal

visual (BMV)
- (UT/ET) UT of the base metal from the tube ID and ET/PT of the

weld surface
- (ET/ET) ET of the base metal ID and OD and ET/PT of the weld

surface
* The timing of the baseline inspection and the inspection

interval will be based on the technical evaluations to
ensure safety

ACRS Subcommittee Meeling - Feb 18-19, 20036 i (i=2 j)



* Time at temperature (EDYs) will continue to form the
basis for the susceptibility groups

* It is expected that high susceptibility plants will perform
the combination baseline inspection by the next refueling
outage

* It is expected that moderate susceptibility plants will
perform the baseline inspection by approximately 2005 at
the latest

* It is expected that low susceptibility plants will perform the
baseline inspection by approximately 2007 at the latest

ACRS Subcomrmrttee Mee' ng- Feb 18-19. 2003 7 e l (bI
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* FMEA is a technique of TQM (Total Quality Management)
to ensure product reliability

* Typically, a table of the following characteristics of the
possible failure modes is prepared:
- Cause
- Effect (consequence)
- Detectability
- Frequency of Occurrence

* Relationships among the failure modes are illustrated
using a block diagram

* FMEA is a tool that helps anticipate new failure modes

ACRS Subcommltee Meetng - Feb 18-19,2003 8 Prow'I rfig



* For RVH penetrations, there are three principal failure
modes:
- Nozzle Ejection Due to Net Section Collapse
- Cladding Blowout Due to Wastage
- RCS Damage Due to Loose Parts Generation

* There are several levels in the failure process for these
modes:
- PWSCC initiation (nozzle ID, nozzle OD below weld, weld surface)
- PWSCC growth (axial and circ in nozzle, axial-radial and circ-axial in

weld; weld to nozzle and nozzle to weld; turn from axial to circ)
- Leakage to annulus (new crack initiation and low-alloy steel wastage)
- Growth to allowable size / wastage until code allowable stresses are

reached
- Growth to net section collapse or loose parts release / wastage to

cladding blowout
- Small/medium LOCA and possible consequential damage / loose parts

damage
- Effect on core damage frequency (CDF)

ACRS Subcommrflee Meetng - Feb 16-19.20039 P121 { ~b
l
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* Each failure condition will be classified as:
- Not credible,
- Not actionable, or
- Actionable

* A classification as "not credible" will require a strono
technical argument and thorough documentation with a
high threshold

* A classification as "not actionable" requires that adequate
protection be provided at a higher level in the failure
process

* Conditions classified as "actionable" will be inputs to the
probabilistic and deterministic evaluations and will
ultimately shape the detectability requirements specified
in the inspection plan

ACRS Subcomllee Meeting- Feb 18-19,200311 rlI2 )

* Additional factors being considered in the FMEA include:
- Environmental fatigue
- Fabrication practices such as nozzle straightening or nickel

plating
- Surface and imbedded flaws produced during fabrications such as

welding lack of fusion and hot cracking
- The condition of the inside surface cladding
- Primary water chemistry factors such as resin intrusions
- Leaks from sources above the head
- Plant-specific differences in the air flow across the head top

surface

ACRS Subcornmttee Meebng -Feb 18-19 200312 lr-2l Ha



* Weibull reference curves based on the latest inspection
results
- Plant experience may support different curves for different nozzle

material suppliers and different weld fabricators

* Crack growth rates based on MRP-55 and stress intensity
factor calculations

* Existing small- and medium-break LOCA analyses

* Consequential damage assessments

* Loose parts damage assessments

ACRS Subcomrnmfee MeeUng - Feb 16-19. 200313 trowel {L)

Plot covers all plants
Leakage (or circ crack
near weld root) due to
base metal and weld
metal initiated
cracking combined on
this plot
Diamonds
conservatively
represent 42 plants
that did not detect any
leakage during BMV
inspections

InY.
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* The MRP report addressing the crack growth rates
(CGRs) of Alloy 600 base metal (MRP-55) was formally
submitted to the NRC in September 2002

• The EPRI-MRP expert panel on CGRs has completed
preliminary assessments of Alloy 182 and 82 weld metal

• A report addressing the weld metal will be produced after
additional data is produced, collected, and evaluated

* The expert panel will meet in late March in Washin ton,
DC around the NRC conference to discuss the weld metal
evaluations

ACRS Subcomnitee Meeting- Feb 18-19,200317 I12I

* Stress intensity factor calculations have been completed
for several CRDM nozzle geometries

* Comparison to date with the results produced by the NRC
contractor have shown good agreement

* Additional work will be used to bound the magnitude of
the stress intensity factors as a function of nozzle and
weld geometry and material properties (e.g., nominal
nozzle tube yield strength)

* The stress intensity factors are a secondary influence
behind the crack growth rates on the probability of nozzle
ejection

ACRS Subcornrhttee Meetng- Feb 18-19, 200318 eri 2i Ag



* The MRP has completed scoping work to define the types
of testing that are appropriate to produce key BAC data
that are not available
- Analysis work to understand the thermal-hydraulic and chemical

environments along the leak path
- Analysis work to define the key parameters that drive the

corrosion and erosion processes in the nozzle crevice
- A probabilistic wastage model to assess the risk of producing a

wastage cavity large enough to result in shell stresses exceeding
the ASME code allowables (Appendices C, D, and E of MRP-75,
Rev. 1)

- An expert panel to review the probabilistic wastage model
* The MRP is in the process of requesting proposals for

performing the needed testing including mock-up testing
- BAC testing work is expected to be awarded in May 2003

ACRS Subcomrniee Meeting- Feb 18-19,200319 eIeI Ag

* A comprehensive safety assessment (SA) report will form
the basis for a revised M RP inspection plan

• As appropriate, the SA report will reference other reports
the MRP report on crack growth rates of Alloy 600-

I\M P-55)
* Some calculations remain to be revised and extended,

but much of the material to be incorporated into the SA
report has already been completed in support of MRP-75

* Data developed subsequent to the initial release of the
SA report will be evaluated for consistency with the SA
evaluations once such data become available

* The MRP expects to be prepared to discuss the contents
of the SA and the revised inspection plan summer 2003

* In the meantime, technical discussions with the NRC staff
will continue
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* Inspection findings drive industry response in
a reactive mode

* Regulator imposes more requirements for
inspection

* Inspections find unexplained and unexpected
cracking at some plants

* The root cause is not known
* The inspections will ensure safety, but this is

not an effective, efficient or economical
strategy for the industry
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* Comprehensive metallurgical examination of a
failed component

* Determine root cause and generic implications
* Establish correlation between NDE indications

and as found defects
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Figure 2
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1. Understand the formation of the circumferential flaws
in the outer diameter of the nozzle base material and map
its position relative to flaws in the J-groove weld.

* 2. Determine the most probable cause(s) of initiation
and propagation of the weld flaws.

* 3. Characterize the final nozzle-annulus operating
environment prior to shutdown and identify the associated
corrosion mechanisms by analysis of annular deposits
and local base material surface characteristics.
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4. Lxamine the previously repaired nozzle (#51) that
exhibited visual evidence of renewed leakage to
determine both the mode(s) of degradation that resulted
in leakage and the leak path through the pressure
boundary.

* 5. Facilitate development of a better understanding of
the actual capability of current inspection techniques and
technologies to detect OD circumferential cracks in the
base material and axial/circumferential cracks in the
weld material by conducting vendor non-destructive
examinations prior to nozzle destructive examinations.

* 6. Finally, acquire samples of base material and weld
metal for future PWSCC testing of Alloy 600/182 thick-
walled material.
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* Proposals due 2/24
* Finalize a sectioning plan that focuses on

priority of examination of particular nozzles
* Determine if any additional NDE testing is

necessary
* Determine the cost of the project by

competitive bid
* Coordinate sample removal process
* Select Laboratory for DE testing
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Status of Reactor Vessel Head
Penetration Inspection

Activities

Tom Alley, Duke Energy

Chair, Alloy 600 Inspection WG

ACRS Materials & Metallurgy and Plant
Operations Subcommittees

February 18-19?, 2003 EPPI
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Presentation Outline

CRDM Issue Background
A Top-of-head Visual Exam Guidance
A MRP Approach to NDE Demonstration
A 2001 Demonstration Process & Results
A 2002 Demonstration Process & Results
A Future Demonstration Activities
A Other Future Inspection Committee Activities

- Database??

A Summary
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CRDM Head Penetration NDE Background

- Original (97-01) demonstrations addressed cracks initiating
on the inside surface of the penetration only

- Discovery of tube OD and weld cracking identified the need to
modify the NDE demonstration program

- Inspection technology required rapid development, deployment and
field adaptation of existing inspection equipment

Visual evidence of leakage vastly different from originally
postulated

A First phase of MRP demonstrations was available to
support fall 2001 inspections
- Detection of 'safety-significant' flaws in the tube

Second phase performed to support fall 2002 inspections
- J-groove weld flaws
- More base metal flaws to evaluate depth sizing
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MRP Activities - Visual Examination
Guidance

A EPRI MRP Inspection Committee Task

- Develop visual inspection training
package for fall 2001 U

- Capture lessons learned related to
conducting inspections and visual
evidence

- Updated TR was published for spring
and Fall 2002 inspections
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MRP Approach to Demonstrations

- RPV Head Working Group defines NDE objectives using analytical
evaluations and service experience:
- Identify relevant flaw mechanisms
- Define inspection locations & volumes (e g., OD, ID)
- Define ranges of flaws to address (depth, length, orientation)

- Inspection Working GrouD develops demonstration program
- Approach
- Mockup design & procurement

* Specifications for flaws in mockups
* Realism of mockups (geometry, distortion, dearance, access, scratches,

magnetic deposits, etc.)
- Demonstration protocol & schedules (blind/non-blind, scope, result reporting

process)
- Tiger Team formed to design mock-ups

- RPV Head Working Group
- Inspection Working Group

* Design cnteia for mock-ups
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MRP Demonstration Process

All CRDM Head Penetration NDE demonstrations
had the following characteristics:

- Blind
* supported by non-blind preparation phases

- Procedure demonstration
* No acceptance criteria
* Demonstration best available techniques

- ASME code will probably develop technique/personnel
qualifications

- Measurements of flaw detection capability and limits
* No acceptance (pass-fail) criteria
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MRP Demonstration Process

Demonstration protocol
- Vendor collects data on mockups & reports findings

* evaluates measured vs. true values
* Detection (# detected/total flaws)
* Location with respect to pressure boundary
* Sizing results documented
* False call performance

- NDE Center documents procedure essential variables
* Allows verification that the techniques used are the same

techniques that were demonstrated
- Analysis process used in the demonstration and must be captured in

the procedure
- Results are provided to utilities

M DR7
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MRP Demonstration Process - Overview

- Complicated examination volume
- Vendor UT inspection procedures include many technique

options and probe combinations, examples:
- Open-tube probes
- Blade probes

- Probes are designed to accomplish specific objectives:
- Specific volumes

- Flaw onentations, e g, circumferential or axial flaws
- Detection technique, e g, comer trap or tip diffraction
- Sizing technique

- MRP Demonstrations document performance of individual
probes/scans
- More than one probe may be required to examine the specified inspection

volume to detect/size specified flaw locations and onentations
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2001 Demo Description

- Focus - Detection of "Safety-Significant" flaws in the tube base metal
- Mock-ups

- Oconee CRDM Penetration Tubes
* Demonstrate flaw detection
* Good range of flaw sizes and orientation

- OD Circumferential (up to 45 degrees off-axis), OD Axial, ID Axial
- Full-scale mock-up (Designed and deployed in 3 months)

* Demonstrates effects of weld & capability to address geometry
- Deliver the tooling (i e. maintain contact)
- Query the appropriate inspection volume

* Important examinabon considerations
- Flaw location relative to weld
- Flaw clusters '
- Triple-point indications

* Using EDM notches
* Inibal demo was blind; upon completion all data was shared with the

inspection vendor to improve their techniques and train personnel.. PR
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2001 Demo Mock-ups - Oconee Specimens

A Specimen #56
- OD-initiated PWSCC

* Range of sizes & locations
- Off-axis flaws (-45 degrees)

are representative of
circumferential flaw in
outermost penetration

A'0113 w EPW{,t

A Specimen #50
- ID-initiated PWSCC
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2001 Demo Mock-ups - Full Scale

---- --

1 7
#1 & 4- Circ. above weld. Corner trap one direction only. Min. skew angle. This circ

position exhibits maximum distortion during fabrication, affecting UT contact.

#2 - Circ. Below weld. No corner trap when UT oriented down. Near max skew angle.

-#3 - Circ. flaw at max skew. Cross-hatch simulates PWSCC affecting corner-trap

- #5 & 10- Axial flaw. Corner-trap lost over weld. Maximum distortion.

- #6,7, 8, 9 - Circ. & axial combination.

MRP/CRDP4'NDE 1I

2001 Demo - Participating Vendors

Three vendors participated
- WesDyne

* Blade-probe and Open-tube UT and ET
- Framatome

* Blade-probe and Open-tube UT and ET
- Tecnatom

* Blade-probe and Open-tube UT and ET

MRTiCRDP.VfDC 1! N OEQ



2001 Demo Results

' Distributed periodically by MRP

Results summarize the capability of numerous probe
types
- Vendors detected the crack tips in the Oconee tube ends after

enhancing their procedures.
- Vendors detected the flaws placed in the full scale mockup

A In most cases, multiple demonstrations were supported
- As a result of

* changing inspection requirements
* equipment modifications and updates
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Vendor A 2001 UT Demo Results
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Demonstrations for 2002 & Future

Demonstration Scope
- Replaced EDM notches

* More realistic using CIP processing
- Flaw characterization capabilities

* Depth sizing
* Length sizing
* Location with respect to weld

- Increased population of flaws
- Attachment weld flaws

* Identification of flaws reaching triple-point
- Effect of Cluster flaws

* Masking flaws in remaining tube volume

P R
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2002 Mockups - Tiger Team Goals

- Blind Mock-up
' Demonstrate sizing capabilities

Full Scale Mock-up
Establish Inspection Thresholds

'No POD
Practice Blocks and Blind Blocks
Include Effects of Crazed Cracking

IIRPCRDP'NDE 16 Cr



2002 Mock-up Selection Considerations

- Mock-up flaws must be representative and appropriate for the NDE
Method(s) to be demonstrated
- Need to provide representative responses for:

* UT
- Specular reflection, Tip-diffracted response, Corner-trap

response
* ET

- Realistic electromagnetic properties, crack width
- Goal is realistic reproduction of Key detection or sizing variables

- Any differences are monitored and considered during the
demonstration

Challenge: Numerous NDE methods are being applied & numerous
flaw typeslexam volumes to be considered
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2002 Mock-up Flaws Selected

CIP
- Appropriate for ET

* Tight, no unrealistic electromagnetic features
- Appropriate for UT,

* Comparable tip response
- Most important -primary method of detection

* Best control of flaw dimension
* Realistic irregularity of flaw face in 600 tube
* Branching simulated by using multiple flaws

Accelerated Corrosion Cracks
- Combined with CIP, will provide range of crack widths
- No unrealistic electromagnetic features

hIRP/CRDVd/NDE 18 Sp ate



2002 Mockups

A Flaw types as determined by Tiger Team Committee
- Axial, circ, & off-axis tube flaws

* -20 flaws, up to 100% deep, 0.1 to 3.0" in length
- Cluster flaws in tube

* -25 flaws up to 20% deep, 0.1 to .25" in length
- Axial & circ attachment weld flaws

* -15 flaws, up to 100% deep, 0.1 to 1.0" in length
* Located at weld/head & weld/tube interface

- Most challenging geometry
* Flaws approaching & thru triple-point

- Allowing leak point to annulus

NtkSM'ND iE tPR I
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2002 Mock-up - Tube Flaws

_.-._..-.__.__-' ---- � -- _.. 1. -_ � - - -
MRP, CRDM Generic Mockup Layout for

Flaw Placement in Tube Volume
I IIH I 1111

NOTE Flaw
locations and sizes
are shown only to
describe typical
types of flaws to be
included in blind
mDckups Actual
flaw sizes and
locations are
confidential
DraA Ing is not to
scale
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2002 Mock-up - Weld flaws

K MRP CRDM G
iI ' ;-Flaw Placementi

. fs
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,eneric Mockup Layout for -
in J-Groove Weld Volumie

7
<

NOTE Flaw
locations and sizes
are shown only to
describe typical
types of flaws to be
included in blind
mockups Actual
flaw sizes and
locatwons are
confidential
Drawng is not to
scale
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2002 Demo Tube Flaw mock-up "J"

A. Full-scale mock-up with CIP
flaws in tube
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2002 Demo Weld Flaw Mock-up "K"

- CIP flaws for
- UT from inside surface of tube
- And ET from the wetted surface

N
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2002 Demo Weld Flaw Mock-up "LL"

I SCC flaw coupons for demo
of ET on wetted surface

- Coupons contain cracks of
varying

- width
- length
- Orientation

?IBP/CRDMMNDE 24

EPRI

"Ol3



2002 Demo - Mock-up "L" Crack Specimens

'. Laboratory-grown SCC
A As-welded and ground

surfaces
I Flawsvaryin:

- Length, width, orientation
with respect to weld
direction

MIRP/CRDM/NDE 25
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2002 Demonstrations - Vendor A

A Blade-Probe UT of penetration tube
- Flaws ranging - 15 to 100% TWE detected when flaws are

oriented perpendicular to beam direction
- Flaws ranging -15 to 100% TWE detected when flaws are

oriented parallel to beam direction

A Open-tube "Rotating" probe of penetration tube
- Flaws ranging - 13 to 100% TWE detected when oriented

perpendicular
- Flaws ranging -15 to 100% TWE detected when flaws are

oriented parallel to beam direction

MR?/CRDM/nDE 2U
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2002 Demonstrations - Vendor B

Blade-Probe UT of penetration tube
- Flaws ranging - 15 to 100% TWE detected when when flaws are

oriented perpendicular to beam direction
- Flaws ranging -15 to 100% TWE detected when flaws are

oriented parallel to beam direction
Open-tube "Rotating" probe of penetration tube
- Tube flaws ranging - 10 to 100% TWE detected when flaws are

oriented perpendicular to beam direction
- Flaws ranging -15 to 100% TWE detected when flaws are

oriented parallel to beam direction
Open-tube "Rotating" probe of tube/weld interface
- Tubelweld interface flaw detected when flaw length extended to

triple-point
- Weld metal flaws that did not extend to the triple point were not

detected. rI
hIR/CRDNMVDE 27

2002 Demonstrations - Vendor C

A Results are in course of preparation
A Preliminary assessment shows that UT detection

results are consistent with other vendors
A Demonstration of ET inspection of the wetted surface of

the attachment weld is still in process

EPRI
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Flaw Designations Nomenclature
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Vendor A UT Detection Results

Vendor A -1UT Blade & Open Tube Probe Detection Results
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2002 Demonstrations
ET of Attachment Weld

Detection is sensitive to weld surface conditions
- Ground Surface Condition

* Detected 0.16" long, 0.00031" wide

- Un-ground (as-welded) Surface Condition
* Detected 0.55" long, 0 00197" wide
* Missed; 1.42" long, 0.00591" wide

- Continue to pursue additional/alternate techniques to improve
the detection capabilities

EPRI
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Future Demos

A Tecnatom
- ET of Attachment Weld

* Scheduled for May 2003
~ Framatome

- ET of Attachment weld
* Scheduled for February 2003

- 'Other" surface method for wetted surface of attachment weld
* Scheduled for 1St quarter of 2003
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Future Demos (cont'd)

A WesDyne
- UT of tubelweld interface
- ET of attachment weld
- Thermal imaging

B&W Canada

- UT of tubelweld interface
* 1 t quarter of 2003

- ET of attachment weld
* 1 st quarter of 2003

EPRI
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Future Activities

New mock-ups under construction
- Existing mock-ups will be made available to vendors for personnel

training and technique refinement

Replacement head inspection
- Equivalence studies
- Mock-up drawings

North Anna Head
- Coordinate & Support Data collection by other Vendors
- Support sectioning and required NDE

P R lf
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Summary

MRP has organized a comprehensive approach to
address recent industry events

A Considerable progress has been made in a short
amount of time

A Demonstrations continuing

A Emphasis on examination of attachment weld and
increased inspection efficiency
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