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Effects of Alloys and Flow Velocity on Welded Pipeline wall Thinning in
Simulated Secondary Environment for Nuclear Power Plants
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The pipelines and equipments are degraded by flow-accelerated corrosion (FAC), and a large-scale test
facility was constructed for simulating the FAC phenomena in secondary coolant environment for PWR
type nuclear power plants. Using this facility, the FAC test was performed on a weld pipe (carbon steel
and low alloy steel) under the high velocity flow conditions (> 10 mvs). Wall thickness was measured
by high temperature ultrasonic monitoring systems (four-channel buffer rod type and waveguide type) during
the test period and the room temperature manual ultrasonic method before and after the test period. This
work deals with the complex effects of flow velocity on wall thinning of a weld pipe, and the test results
showed that higher flow velocity induced different increments in the wall thinning rate for the carbon steel

and low alloy steel pipe.
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Fig. 1. FAC simulation test facility designed to operate in conditions of 6.0 MPa pressure and 270 C temperature with maximum
flow velocity of 20 m/s for pipe diameter of 2 inch: (a) photo Picture of operating test facility and (b) 3 dimensional layout.
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Fig. 2. Water chemistry monitoring data for (a) pH and (b) DO during FAC test with flow rate of 12 m/s.
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Fig. 3. Schematic drawings showing (a) a test section pipeline welded with low alloy steel (P22) between carbon steel (SA106) pipe,
(b) the details of grid positions A~L for room temperature UT measurement, each positions have 6 grid points, (c) the four-channel
buffer rod type ultrasonic transducers (BR-UT) and a shear horizontal waveguide type ultrasonic transducer (SH-UT) installed to a test

section pipe in the FAC test facility.
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Table 1. Chemical composition of pipe materials (Wt.%)

Alloy C Si Mn Cu Cr Ni Mo

SA106 Gr.B 0.19 0.24 0.98 0.02 0.04 0.02 0.01

SA335 P22 0.1 0.22 042 2.08 0.94
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Fig. 4 Thickness monitoring transducer for a high temperature pipe: (a) four-channel ultrasonic transducers assembled with a high temper-
ature ultrasonic transducer, a buffer rod, clamping device and a gold plate for coupling medium, and (b) a pair of waveguides and
an assembly of a pitch-catch type ultrasonic transducers.
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Fig. 5 Main loop flow rate during FAC tests in condition of (a) 10 m/s (1st test), (b) 12 m/s (2nd test).
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Fig. 7. pipe wall-thickness monitoring data acquired from a long
term operation of the FAC proof test facility: the pipe wall thick-
ness reduction determined by a shear horizontal ultrasonic wave-
guide type method (SH-UT) for carbon steel pipe(section I).
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Table 2. Average wall thinning rate for each pipe sections measured by manual ultrasonic method as shown in Fig. 9

(unit : zm)
Flow velocit section section 11 section III
Y (carbon steel) (low alloy steel) (carbon steel)
10 m/s 85 11 61
12 m/s 131 45 123

5.6

- Ch‘;(low alloy steel, 11)
E 55 wﬂwmw\m\;
£ y
a MM \ Ch 1|(carbon steel, 1)
2 545 r~ e
-
2 M “‘M.'\‘LM\‘
=
= Ch 3 (carbon steel, 11 / N,
T 54 M [
E ~ s

Ch 4 (carbon steel, Il M
5.35
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Time [hr]

Fig. 8. A pipe thickness monitoring data acquired from a long term operation of the FAC proof test facility: the pipe wall thickness
reduction determined by a buffer rod ultrasonic technique (BR-UT).
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Fig. 9. Pipe wall thinning rate measured by manual ultrasonic
transducer at room temperature before and after FAC tests.
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