Measurement and Computation for Sag of Calandria Tube Due to

Irradiation Creep in PHWR
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Abstract

.Calandria tubes and liquid injection shutdown system(LISS) tubes in a pressurized

heavy water reactor(PHWR) are to sag due to irradiation creep and growth during

plant operation. When the sag of calandria tube becomes bigger, the calandria tube

possibly comes in contact with LISS tube crossing beneath the calandria tube. The



contact subsequently may cause the damage on the calandria tube resulting in
unpredicted outage of the plant. It is therefore necessary to check the gap between
the two tubes in order to periodically confirm no contact by using a proper measure
during the plant life. An ultrasonic gap measuring probe assembly which can be
inserted into two viewing ports of the calandria was developed in Korea and utilized
to measure the sags of both tubes in the PHWR. It was found that the centerlines of
calandria tubes and liquid injection shutdown system tubes can be precisely detected
by ultrasonic wave. The gaps between two tubes were easily obtained from the
relative distance of the measured centerline elevations of the tubes. Based on the
irradiation creep equation and the measurement data, a computer program to calculate
the sags was also developed. With the computer program, the sag at the end of

plant life was predicted
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Table 1. Sags of some CT/LIN measured at VP-2

Wolsong—1(18years) Wolsong~4
CT or (1.8years)
LIN Measured| Avg. Sag |Measured| Avg. Sag
Sag Rate Sag Rate
(mm) |(mm/year)| (mm) |(mm/year)
CT F06 34.9 1.94 8.8 4.89
CT GO6| 345 1.92 89 494
CT Q06| 40.3 2.24 12.1 6.72
CT RO6| 338 1.88 12.3 6.83
LIN-2 36 0.20 - -
LIN-5 8.3 0.46 49 2.72

Table 2 Summary of sags and gaps

Wolsong-1(18years) | Wolsong—4(1.8years)
Sag Gap Sag Gap
(mm) (mm) (mm) (mm)
CT Q06 40.3 11.8 12.1 42.7
LIN-5 8.3 - 49 -
CT RO6 33.8 79.3 12.3 56.1

Table 3. Material and dimension of CT and LIN

Tube CT LIN
Number 380 6

Length (mm) 5,944 7,320

Inner Diameter (mm) 128.96 50.8

Thickness (mm) 1.37 2.79
Material Zircaloy-2 | Zircaloy—2

Young's Modulus(kN/m’) 97 R0.61

Weight (kg) 254 61.4

Flexural Rigidity(kKNm’) 113 165

Distributed Load(kgf/m) -10.16 58.71




Table 4. Material and dimension of the others

Fuel Bundle
Weight 23.5kg
Bundle Length 495.3mm
Number 12
Spacer Location
Lpl 1.54m
ILp 2 2.58m
ILp 3 3.60m
Lp 4 4.64m
Temperature of Coolant
Inlet 266.5C
outlet 321.3C
Inclined rate Y (L) at both tube ends
PT 0.003
CT 0.003

Table 5. Comparison between computation and measurement of CT

Computed
Method
F06 35.4mm 34.9mm CTSAG
FO7 37.3mm 35.3mm CTSAG
Q06 40.3mm 40.3mm CTSAG
Q07 42.1mn 41.9mm CTSAG

CT Computed | Measured
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