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* Thinned Pipe Management Program

- Integrated guideline for carbon steel pipe thinning due to FAC
- CHECWORKS code (EPRI) used for modeling
- PiTEP® developed for thinned pipe integrity evaluation

* Implementation of TPMP
- Web-based pipe management system (iPiManager) developed
- Aging management program(AMP) prepared for prevention and
mitigation of FAC (2007)
- Implemented to all NPP in Korea (2007)
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* Pressurizer heater sleeves: ANO-2(1987), Calvert Cliffs-2(1989),
Palo Verde-2(2003)

* Pressurizer instrument nozzles: EJF plants (1989), San Onofre-3 (1992),
St. Lucie-2(1993), Oconee-1(2000), Crystal River-3(2003)

* CRDM nozzles : Bugey-3(1991), DC Cook-2(1994), Oconee-3(2001),
North Anna-2(2001), ANO-1(2001), Surry-1(2001), Davis Besse(2002),
Millstone-2(2002)

* RPYV hot leg nozzle pipe butt weld: VC Summer(2000)
* RPV BMI penetration: STP-1(2003)
* Pressurizer nozzle: Wolf Creek(20006)

* SG drain nozzle: Yonggwang-3 (2007.6.2)

* PWSCC occurrence in DMW is the matter of time in Korea
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* Development of Mechanical Analysis and Crack
Management Technology for DMW (°07.4~10.2)

- To develop guidelines for residual stresses evaluation in DMW and
for safety assessment of preventive maintenance (pre-emptive weld
overlay)

* Development of Performance Demonstration System for

DMW (°07.4~°11.2)

- To setup the performance demonstration system for dissimilar metal
weld ultrasonic testing of NPP in order to meet ASME Sec. XI
Appendix VIII requirements and MEST Bulletin

MEST: Ministry of Education, Science and Technology







I L

« 15t year (°07.4~°08.3)
- FEM analysis guideline developed for calculation of residual stresses
in DMW

» 20d year (°08.4~09.3)
- Guideline being developed for measurement of residual stresses in
DMW

» 31 year (°09.4~10.2)
- Guideline to be developed for evaluation of residual stresses in
overlay weld to DMW

* 204 Phase (’10.3~°12.2)
- Guideline to be developed for safety assessment of preventive
maintenance weld (pre-emptive weld overlay)
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* Model Fabrication of DMW Nozzle

- DMW model for Kori Units 3,4 pressurizer (plate, pipe, nozzle)
- Material properties of weld
- Round robin analysis to calculate residual stresses in DMW

Inconel  ER-316L
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* SG drain nozzle crack: Yonggwang-3 (2007.6.2)

- Evaluation result of residual stresses well agreed with location of crack

< Axial Stress>

¢

R

L

< Hoop Stress> < Crack location from inspection=
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* Performance Demonstration of NDE
- KEPRI approved by MEST as PD center in 2004
(MEST Bulletin 2004-13)
- Satisfying requirement of ASME Sec. XI App. VIII
- PD system to be developed by 2011 for UT of dissimilar metal weld

PD Test for piping

PD Test Specimens
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o 1%t year (07.4~08.3)
- DMW configuration in NPP surveyed

- DMVW configuration data base developed
- PD requirement for DMW investigated
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DMW configuration survey

Example of DMW specimen design
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» 2nd year (°08.4~°09.3)
- DMW specimen to designed
- DMW specimen purchase specification to be developed

* Jdyear (’09.4~°10.3)
- DMW test specimen to be manufactured

- Acceptance test and fingerprint to be done for DMW test specimen
- General procedure to be developed for DMW inspection

o 4™ year (°10.4~11.2)
- Correction and verification of DMW inspection to be done
- Trial and verification of UT PD program to be done
- Administration procedure/program to be developed
- Final report to be issued
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* Expected Results of the Project
- DMW test specimens for PD
- DMW test specimen flaw data and administrative program
- Ultrasonic test procedure of DMW inspection

* Effects of the Project
- Contribution to nuclear safety by improving UT reliability
- Consistency in ultrasonic examination by standardization
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Conventional Ultrasonic Testing

Ultrasonic Guided Waves Testing

Inspection Area
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o Depth @ 0.7 mm
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- Too many Inspection points
- Uncertainty in measurement

N

Proposed
Technology

Experience

On-line Monitoring
(DCPD + Impact Method)
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On-line Monitoring of Wall Thinning in Secondary Piping

Wide EI"HIIEE mnnitun'ng Narrow F-EI'IEE munituring

I
, ! 4
ES-DCPD ES-DCPD Impact Method
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1. DCPD -? Monitoring of Pipe Wall Thickness

- Potential drop occurred due to wall thickness change

- Considering pipe as a set of vanable resistances. thickness can be measured by

DCPD
W W
A
W= W
Al ='_"LR=§.L.| a/lt-0 |
Fia: [rous R, i-a0/t-0
2. Equi-potential = No current 3. Switching current = Improving
leakage S/N ratio
- Realized by Douglas Randal Relay (DRR) - Traditional DCPD: 5td Deviation ~ 0.001186
- Before Equi-potential: Leakage of 0. 7864 - Switching DCPD: 5td Deviation ~ 0.000333

- After Equi-potential : No leakage measured - Std decrease to 3 of Traditional DCPD




+ Surface Wave Velocity of Impact is Dependent on Thickness
1

(ES }pn’m =¥ "'j":_'} : [ﬁ ]4
\

— Im case of plate

@ =27 f:Frequency

El

L‘} P
12{1-1?)

- Bending stiffness of plate
— In case of piping

1 3

D} 1 K )
(C,jq},m.;z-@-(— i =
) e @ PhR

The thinner thickness of structure, By measuring wave velocity,

the lower wave velocity

monitoring of thickness possible
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* SNU FAC Dry Test Loop (DRYTEL)
* Wide Range Monitoring(WiRM) Verification Test
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-Compare UT measurement and WiRM
by resistance model measurement
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« Narrow Range Monitoring(NaRM) Verification Test
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Freq. = B—12kHz * * %" °

Mo Material oo Thicknass Group Val.
1 BTPG 370 75 mm g5 mm 2000m/sec
2 8TPGE 370 5 mm 3.8 mm 1200m/sec

I::,‘} Group velocity changed with thickness change
* Verification Test Test result

=85 mm Cg=2100m/sec
t= 7.0 mm Cg=1750m/sec
t= 5.2 mm Cg=1450m/sec
t= 3.6 mm Cg=1200m/sec

Analysis result

t= 9.5 mm Cg=2000m/sec
2 t= 3.6 mm Cg=1200m/sec

______
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Technical Information Infrastructure
v" Proactive studies of materials degradation
¥ Optimization of maintenance activity

Countermeasures
for potential degradation

Inspection in view of
optimization of maintenance

Concrete
Degradation

Inspection & Repair Technique . .+

¥" Coordination of clusters

¥" Evaluation of plan of each cluster

v Consistency with the roadmap

¥ Bharing of information on needs & seeds

1 Intemational cooperati
Ini Mna cooperation
Integration between advanced

SCC . NDE techniques and mechanism
¥ Advanced evaluation elucidation

Pipe Wall Thinning
v Mechanism of wall thinning
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