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Outline
1. Background on V.C. Summer
2. Time line of events
3. Review of all NDE

� Construction RT
� PSI
� ISI-1987
� IS-1993
� ISI-2000

4. Destructive analysis of spool piece
5. Future NDE inspections
6. Conclusions
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Time line

October 7, 2000 Boron Inspections
October 12, 2000 VT and PT on OD
October 18, 2000 �A� Loop ID video using pole
October 19, 2000 �A� Loop UT and Replication
October 29, 2000 NRC � Special Inspection Team
November 2, 2000 Demonstration of UT & ET
November 4, 2000 Start of 1st sled 70° probes

11 p.m. to noon 11/5
2nd sled 37° probes started 11/5 1800 

finished 11/6  5 a.m.
3rd sled 45° and ET, 11/6-7
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Construction Radiography
! Hot leg Loop A nozzle to pipe weld
! After 20% weld deposited, first RT
! Standard RT with 3 film packs
! Found LOF, slag, porosity, etc., had to remove all of the 

deposited weld
! Much repair performed near TDC
! Fourth RT was first of 100% fill
! Two  additional repairs required in order to get weld accepted
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PSI
! Conducted in 1980
! PT and VT from the OD
! Manual UT by Westinghouse from OD
! Automated UT by Westinghouse from ID

� Immersion testing, 1� diameter, 1.0 MHz, Oº and 41º L
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ISI - 1993
! PT by Ebasco on OD of nozzles

� 1/8� to ¼� long indication on hot leg Loop A
� At 180º on 508 forging
� Acceptable  IWB-3514-3

! VT conducted by Westinghouse from ID but tapes 
could not be located
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ISI � 1993 cont�d

! UT by Westinghouse from ID
� Automated with center mast manipulator
� 50% DAC recording
� Inspected inner 1/3
� 70º Dual L, RTD, 2 MHz, two 10 x 18 mm elements 

focused at 30 mm
� Sled only gimballed and sled contoured to ID
� UDRPS II data acquisition / analysis system
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ISI � 1993 cont�d

! Detected 64 indication in RPV and nozzles
� All acceptable to code
� No flaws in inlet or outlet nozzle to component 

welds.
! October 23-24, 2000 WesDyne repeated 

analysis and found no new indications
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ISI - 2000
! PT, UT and replication on OD of hot leg Loop A

� Radiation zone
� Tight working condition
� Bubble suit

! VT by plant staff with camera on long pole � low 
quality

! VT inspections on ID with camera on end effector -
WesDyne
� Detected axial crack
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ISI � 2000 cont�d

! UT inspections by WesDyne
� Robotic Arm under CAD software control (SUPREEM)
� New UT software called Paragon
� New sled design - each transducer is independently gimballed

� Eliminated decoupling problems on hot leg Loop A
� Still had decoupling problems on some other welds

� 70º dual L transducers 2 MHz effective from  0.05�-0.1� to 1� - 1.25�
� 37º dual L transducer 2 MHz effective from 1� to OD of component
� 45º dual L transducer 4 MHz
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ISI � 2000 cont�d

! UT results
� No circumferential indications
� Strong axial indication at 9º
� Strong signals from facets of the crack approaching OD 

over entire axial extent of the crack
� Because of background noise level, crack appeared to be 

in the 508 forging
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ISI � 2000 cont�d

! ET Inspections by WesDyne (but staff and equipment are 
from Combustion engineering)
� Plus point probes
� Operated at two frequencies 150 KHz and 250 KHz
� Effective for defects up to 0.050 � to 0.060� below the inspection 

surface
� Detected axial crack in hot leg Loop A at 9º, 2.5� long and it had 

circumferential component
� Many other indications
� Indications in other nozzle to component welds
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Eddy Current Axial Indication with Circumferential Branch



VC Summer RPV Nozzle-25 - Eddy Current Results
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V C Summer RPV  Noz z le-145 -  Eddy  Current Res ults
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Summary of Eddy Current Results
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EXAMINATION RESULTS - A LOOP HOT LEG

ET UT HOT CELL

Dir        Length Loc Length Depth Loc Length     Depth

1. Axial 1.75� 7 Deg 2.7� 2.5� 7 DEG 2.5� 2.5�
Circ 1.0� 11-14 Deg 0.6� 1.6� 0.2�

2. Axial 0.5� 12 Deg Not Seen
3. Axial 0.5� 250 Deg Seen-Called Non Relevant 0.75� 0.615�
4. Axial 0.5� 252 Deg Not Seen 0.35� 0.132�
5. Axial 0.4� 255 Deg Not Seen 0.275� 0.129�
6. Circ 0.25� 260 Deg Not Seen inclusion
7. Axial 0.6� 265 Deg Not Seen 0.200� 0.090�
8. Axial 0.25� 309 Deg Not Seen                    
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V C Summer A Loop Hot Leg Leaking PWSCC
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V.C. Summer nozzle cut-out section at 251° UT 
probe orientation along surface geometry
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Conclusions
! UT and ET demonstrations were needed even though 

they were non blind they were very useful
! VT results very useful � found the axial crack
! Significant improvement in UT equipment from 1993 

to 2000
� Robotic arm
� Paragon
� Sled � single biggest improvement
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Conclusions cont�d

! The UT inspection needs to be optimized for detecting 
axially PWSCC when inspecting ID conditions like 
those at V C Summers

! The ET was very effective for surface breaking flaws
� 1st application in USA-successful
� Needs refinement to speed up analysis process and to 

integrate data with UT results
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Issues
! How reliable will current NDE find PWSCC?
! How to accommodate ID conditions of DMWs?
! How good is UT for small cracks?
! Should ET be required for detecting the early stages 

of crack initiation?
! Should VT be used for ID inspections?


