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Abstract: Recently, several circumferential cracks were found in the control rod drive mechanism (CRDM) nozzles of
U.S. nuclear power plants. According to the accident analyses, coolant leaks were caused by primary water stress
corrosion cracking (PWSCC). The tensile residual stresses caused by welding, corrosion sensitive materials, and boric
acid solution cause PWSCC. Therefore, an exact estimation of the residual stress is important for reliable operation. In
this study, finite element simulations were conducted to investigate the effects of the tube geometry (thickness and
radius) on the residual stresses in a J-groove weld for different CRDM tube locations. Two different tube locations were
considered (center-hole and steepest side hill tube), and the tube radius and thickness variables (r,/=2, 3, 4) included
two different reference values (r,=51.6, =16.9mm).

- 71548y V; S A BI= 8 A 9K (Weld voltage of " bead)
I; (i A W= 8] FF(Weld current of i bead)
r, : x%& 9WHA (Nozzle outer radius) v . WL E (Welding speed)
t : =% 77 (Nozzle thickness) A : S8 = Hot ©HH % (Average area of weld bead)
O, WA M= AA D5 (Body heat flux a ;84 Wt WA (Average area of element bead)
of i" weld bead)
n : o} a8 S (Arc efficiency)
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Table 1 RPV CRDM nozzle materials

Part Material
RPV head SA 508
Cladding TP 316
Nozzle Alloy 600
Weld / Butter layer Alloy 82/182
A B

657.8

1166.8

Fig. 1 Geometry of RPV upper head (unit : mm)
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Fig. 2 Geometry details of J-groove weld (unit : mm) (a)
Center-hole (A), (b) Steepest side hill (B)
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Table 2 Mechanical properties for CRDM analysis at

312 °C
Elastic Poisson's Yield
Material modulus, ratio strength,
E (GPa) V| 5, (MPa)
SA508 174 0.29 403.7
TP316 174 0.27 126.7
Alloy 600 198 0.30 220.6
Alloy 82/182 198 0.27 336.3
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Fig. 3 Thermal properties of RPV upper head and
penetration nozzle and weld materials (a)
Specific heat (b) Conductivity
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Table 3 Operating conditions of the RPV

Condition Operating load Pressure
temperature (°C) (MPa)
Hydro-static test 21.1 21.4
Normal operating 312 15.5

Table 4 CRDM penetration nozzle r,/t for sensitivity

analysis
Model |Radius, 7, (mm) | Thickness, ¢ (mm) | r,/t
Casel 12.9 4
Case2 51.6 25.8 2
Case3 3
Case4 339 16.9 2
Case5 67.7 4
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