Journal of the Korean Society for Nondestructive Testing, Vol. 34, No. 4: 311-317, 2014

<Technical Paper> ISSN 1225-7842 / eISSN 2287-402X  http://dx.doi.org/10.7779/JKSNT.2014.34.4.311

sejulEy 9] NP FEFAA P23 HRE LY
R

Application of Risk-Informed Methods to In-Service Piping Inspection
in Framatome Type Nuclear Power Plants
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Abstract The Pressurized water reactor owners group (PWROG) developed and applied a risk-informed in-service
inspection (RI-ISI) program, as an alternative to the existing ASME Section XI' sampling inspection method. The
RI-ISI programs enhance overall safety by focusing inspections of piping at high safety significance (HSS)
locations where failure mechanisms are likely to be present. Additionally, the RI-ISI program can reduce
nondestructive evaluation (NDE) exams, man-rem exposure for inspectors, and inspection time, among other
benefits. The RI-ISI method of in-service piping inspection was applied to 3 units (KSNPs: Korea standard nuclear
power plants) and is being deployed to the other units. In this paper, the results of RI-ISI for a Framatome type
(France CPI) nuclear power plant are presented. It was concluded that application of RI-ISI to the plant could
enhance and maintain plant safety, as well as provide the benefits of greater reliability.

Keywords: Risk-Informed In-Service Inspection (RI-ISI), Probabilistic Safety Assessment (PSA), Risk Reduction
Worth (RRW), Core Damage Frequency (CDF), Large Early Release Frequency (LERF), High Failure
Importance (HFI)
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Fig. 1 Risk informed ISI process
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Fig. 2 Segment results(reactor coolant system)

Table 1 Number of segments defined

No. of pipin;
System . .NO' of segment wli)tlrl) sfme
piping segment consequence evaluation

RCP 136 96
RISH 103 47
RIST 67 62
RISL 108 53
RRA 64 64
EAS 124 52
RCV 315 88
REN 51 15
ASG 15 6
ARE 39 27
VVP 75 63
APG 15 9
SAR 3 3
SAT 3 0
RRI 53 38
DEG 8 4
RPE 10

ETY 74 8
PTR 24 13

JP1 4 0
REA 3 0
GCT 6 6
SED 3 0
RAZ 6 0

SIR 9 0
Total 1318 662
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Table 2 Failure probability summary

SL w/o ISI LL w/o ISI
Min Max Min Max
RCP 8.46E-08 | 6.07E-03 | 4.41E-10 | 3.34E-03
RISH 1.07E-07 | 3.46E-04 | 4.29E-10 | 1.93E-05
RIST 7.37E-08 | 8.95E-05 | 1.14E-09 | 1.75E-05
RISL 4.33E-07 | 3.00E-04 | 4.56E-10 | 1.25E-05
RRA 6.67E-07 | 7.10E-04 | 9.35E-10 | 1.71E-04
EAS 2.04E-06 | 7.07E-04 | 3.09E-10 | 2.06E-05
RCV 2.42E-06 | 2.59E-03 | 6.89E-08 | 2.83E-03
ASG 5.01E-07 | 1.40E-04 | 1.13E-09 | 4.58E-06
ARE 8.40E-08 | 2.97E-05 | 1.04E-09 | 8.76E-06
VVP 2.73E-08 | 9.34E-02 | 7.41E-10 | 9.34E-02
APG 2.16E-05 | 8.34E-05 | 5.11E-07 | 9.28E-07
RRI 7.14E-05 | 2.71E-04 | 6.76E-09 | 3.63E-06
RPE 9.77E-06 | 7.48E-05 | 6.37E-10 | 4.93E-06
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CDF wio | CDF w |LERF wiol LERF w Table 4 Risk ranking results

T Reton | aetion | ation | Action system | s | HSS | MSS | Lss
APG | 2.35E-09 | 2.35E-09 | 4.31E-10 | 4.31E-10 APG 15 0 0 15

ARE | 5.70E-10 | 5.70E-10 | 8.84E-11 | 8.84E-11 ARE 39 0 3 36

ASG | 8.70E-11 | 8.70E-11 | 4.41E-11 | 4.41E-11 ASG 15 0 0 15

DEG | 1.38E-15 | 1.38E-15 | 2.11E-16 | 2.11E-16 DEG 8 0 0 8

EAS 1.08E-09 | 1.15E-10 | 1.78E-10 | 9.75E-13 EAS 124 2 11 111
ETY 4.87E-16 | 4.87E-16 | 5.26E-17 | 5.26E-17 ETY 74 0 0 74
GCT | 2.82E-15 | 2.82E-15 | 5.86E-16 | 5.86E-16 GCT 6 0 0 6

JPI 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 JPI 4 0 0 4

PTR 1.11E-11 | 1.11E-11 | 1.75E-12 | 1.75E-12 PTR 24 0 0 24
RAZ | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 RAZ 6 0 0 6

RCP 1.72E-07 | 1.72E-07 | 1.19E-08 | 1.16E-08 RCP 136 37 5 94
RCV 1.04E-09 | 4.10E-10 | 1.07E-10 | 2.93E-11 RCV 315 1 10 304
REA | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 REA 3 0 0 3

REN | 6.91E-14 | 6.91E-14 | 1.05E-14 | 1.05E-14 REN 51 0 0 51

RISH 1.19E-09 | 6.15E-10 | 3.14E-10 | 2.81E-10 RISH 103 4 10 89

RISL | 2.62E-09 | 3.23E-11 | 4.93E-10 | 3.53E-12 RISL 108 4 6 98

RIST | 1.16E-14 | 1.16E-14 | 1.19E-15 | 1.19E-15 RIST 67 0 0 67

RPE 1.06E-15 | 1.06E-15 | 1.61E-16 | 1.61E-16 RPE 10 0 0 10

RRA | 1.16E-10 | 9.64E-11 | 1.76E-11 | 1.46E-11 RRA 64 0 0 64
RRI 5.68E-11 | 1.33E-12 | 2.66E-12 | 3.84E-14 RRI 53 0 0 53

SAR 1.26E-11 | 0.00E+00 | 7.90E-12 | 0.00E+00 SAR 3 0 2 1

SAT | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 SAT 3 0 0 3

SED | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 SED 3 0 0 3

SIR 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 SIR 9 0 0 9

VVP | 2.35E-09 | 2.41E-09 | 5.17E-10 | 5.17E-10 vvp 75 3 1 71

Total | 1.84E-07 | 1.79E-07 | 1.41E-08 | 1.30E-08 Total 1318 51 48 1219
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(A) Susceptible Table 6 Target leak rate
location(s)
. Owner o Recommended Target Leak Rates(per year)
High 100%
. Defined . . . .
Failure . Nominal Pipe Diameter(inches)
Importance Program (B) Susceptible Material
P location(s) selection =1" 1"<X<4" =4"
3 ! process Stainless 1.0E-05 1.0E-05 1.0E-06
Only Inspection Ferritic Steal | 1.0E-05 1.0E-06 | 5.0E-06
Low system pressure locati lecti
Failure test @ visual Ocatlorri):;:c“on Table 7 Examination categories
Importance examination P Item Failure Mechanism Examination
4 2 No. Method
Fig. 3 Structural element selection matrix RI1.11 Thermal Fatigue Volumetric
' R112 High Cycle‘ Mechanical Visual(VT-2)
Table 5 Matrix results of RCP segments Fatigue
- N R1.13 Erosion Cavitation Volumetric
segment 1D Region No. weld in segment - -
RCP-001 1 4B Ri.14 |  Crevice Comosion Volumetric
Cracking
RCP-002 1 4B PWSCC
RCP-003 1 3B R1.15 (Primary Water Stress Volumetric
RCP-004 1 7B Corrosion Cracking)
RCP-005 1 7B IGSCC or TGSCC
RCP-006 | 7B R1.16 | (Intergranular or Tran.sgra- Volumetric
nular Stress Corrosion
RCP-007 ! e MIC(Microbiologically Visual(VT-3)
RCP-008 1 B R1.17 Influenced Corrosion) internal surfaces
RCP-009 1 7B or Pitting or volumetric
RCP-010 1 6B R1.18 FAC(Flow Accelerated Owner's existing
RCP-011 1 3B ’ Corrosion) augmented program
RCP-012 1 7B ECSCC
R1.19 | (External Chloride Stress Surface
RCP-013 2 3B . .
Corrosion Cracking)
RCP-014 2 >B R1.20 | No Failure Mechanism Volumetric
RCP-015 2 7B
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