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A Study on the Micro-Focus X-Ray Inspection for Confirming the Soundness
of End Closure Weld of DUPIC Fuel Elements
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Abstract

DUPIC (Direct use of spent PWR fuel in CANDU reactors) nuclear fuel is a CANDU fuel fabricated
remotely from spent PWR fuel materials in a hot cell. The soundness of the end closure welds of
nuclear fuel elements is an important factor for the safety and performance of nuclear fuel. To evaluate
the soundness of the end closure welds of DUPIC fuel element, a precise X-ray inspection system is
developed using a micro-focus X-ray generator with an image intensifier and a real time camera
system.

The fuel elements made of Zircaloy~4 and stainless stcel by an Nd:YAG laser welding and a TIG
welding are inspected by the developed inspection system. The soundness of the welds of the fuel
elements was confirmed by the X-ray inspection process, and the irradiation test of DUPIC fuel

elements has been successfully completed at the HANARO research reactor.
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Fig. 1 Block diagram of the X-ray inspection system

Fig. 2 X-ray inspection system (a)Shield cabinet
(b)CRT monitor (c)Image intensifier controller
(d)Motion controller (e)X-ray generator controller
(f)High voltage generator (g)Vacuum system
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Fig. 4 Stainless steel mini-element for irradiation
test of the simulated DUPIC pellets
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Table 1 The optimum laser welding condition for

Zircaloy-4 mini~clement for irradiation test
of DUPIC pellets

Pulsed Nd:YAG laser welder
Welding machine Model No. B10PW
Full average power Hb00W
_ Charging voltage A0V
| Polsewidth | 7ms ]
_ Pulscfrequency ) THe
| Aveagepover mow |
B _ Nozzle shielding gas | Hc (99.999 %)
Shielding gas {low rale 40 LPM
. Nozzle coolingﬂs _ He
| Welding chuck speed Brpm |
. Rotation angle 390°

Fig. 5 Zircaloy-4 CANDU fuel element end closure

welded by Nd'YAG laser

6 Zircaloy—4 mini-element end closure welded
by Nd:YAG lager

Fig.
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Fig. 7 Stainless steel mini-clement end closure
welded by Nd:YAG laser
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Fig. 8 Stainless stcel mini-element end closure
welded by TIG

Table 2 The optimum TIG welding condition for
stainless steel mini-element for irradiation
test of the simulated DUPIC pellets

Welding machine AMT 207A TIG welder
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Fig. 16 X-ray inspection of Zircaloy-4 mini-element #1

Table 3 X-ray inspection of Zircaloy-4 mini-

elements containing DUPIC pellets for
irradiation tests

X-ray generator : Feinfocus(Germany) FXE-160.23K

X-ray image intensifier & detector : Balto(Belgium),
Baltoscope BIX220
Results @ Existence of defects
Defects
Voltage, Current, -
No. )k\/g u;n lack of fusion, |Crack,[Porosity | Remarks
um Hm um
] 150 | 80 0 0 0 PASS
1 150 50 0 0 0 PASS
1 150 50 0 0 0 PASS
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