Fracture Mechanics Analysis of CANDU Feeder Pipe Integrity
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Abstract

Heavy water coolant leakage from first elbow part of channel S-08 feeder pipe
occurred at Point Lepreau CANDU plant in 1996 due to through-wall crack. On request
of regulatory body KEPRI and Wolsong nuclear power generation department made
"Wolsong Unit 1 feeder pipe wall thinning status report” in 1998 summer according to
ASME Sec Xl procedure. However, this procedure is about straight pipe fracture



mechanics analysis. In this paper, elbow fracture mechanics analysis have been made by
using NRC Code IP2ELBOW. With this program material and applied fracture toughness
value at crack initiation and propagation were calculated in order to investigate fracture
mode of feeder pipe when the maximum allowable wall thinning amount was assumed
to be the crack depth. Fracture mode appeared to be limit load fracture in the case of
feeder pipe. With comparison of operational load and crack initiation load, we can
confirm that unstable fracture does not occur in the operational load condition.
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1 NRC Pipe Elbow

Code(IP2ELBOW)

2.5 2.0

Diameter(m)

0.073 0.060

Wall Thickness(m)

0.00619| 0.00492

NRC CODE

Pipe Pressure(MPa) 10
Depth of Flaw(m) 3.03 2.31
Total Length of Flaw(m) 104.9 86.5
Yield Stress(MPa) 342
Ultimate Stress(MPa) 647
Flow Stress(MPa) 494 .5
(MPa) oo 342
Ramberg-
Osgood €o 0.002
Parameters a 1.436
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4. Curve Fitting for finding SA 106 B Ramberg- Osgood Parameters
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(J=814MN/m) (67777MN/m?)
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( , ) 2.5 2.0 2.5 2.0
= (mm) 3.03 2.31 3.03 2.31
(mm) 104 .9 86.5 18.18 13.86
Calculated initiation moment(m- MN) 0.0323 0.0181 0.0191 0.0104
Calculated maximum moment(m- MN) 0.0323 0.0181 0.0191 0.0104
Applied J value(MN/m) 81.4 81.4 81.4 81.4
Material J value(MN/m) 81.4 81.4 81.4 81.4
dJ/da(Applied)(MN/m?) 67777 82180 18176 28796
dJ/da(Material) (MN/ m?) 1056 1108 1056 1108
Nominal Remote Stress(Initiation, MPa) 1477 1538 875 888
Nominal Remote Stress(Maximum ,MPa) 1477 1538 875 888
(MPa) 70 65 116 130
(MPa) 230 180 231 260
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