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16 x 16 Vantage+ Fuel Assembly Flow  
Vibrational Testing

Nuklearna Elektrarna Krško (NEK) has experienced leaking fuel after in-
creasing the cycle duration to 18 months. The leaking fuel mechanism 
has predominantly been consistent over multiple cycles and is typically 
observed in highly irradiated Fuel Assemblies (FA) after around 4 years 
of continuous operation that were located at the core periphery (baffle). 
The cause of the leaking fuel is due to Grid-To-Rod-Fretting (GRTF) and 
occasional debris fretting.
NEK utilises a 16x16 Vantage+ FA design with all Inconel structural mix-

ing vane grids (8 in total), Zirlo thimbles, Integral Fuel Burnable Absorber (IFBA) rods with enriched 
ZrB2, enriched Annular Blanket, Debris Filter Bottom Nozzle (DFBN), Removable Top Nozzle (RTN) and 
Zirlo fuel cladding material with a high burnup capability of 60 GWD/MTU. 
Numerous design and operational changes are thought to have reduced the original 16x16 FA design 
margin to fretting resistance of either vibration or its wear work rate, such as significant power uprate 
(spring force loss, rod creep down…), operational cycle duration increase from 12 to 18 months (increas-
ing residence time as well as lead FA and fuel rod burnup values), Reactor Coolant System flow increase 
(increased vibration), removal of Thimble Plugs (increased bypass flow, increased vibration) and Zirc-4 
to Zirlo cladding change (decreasing wear work rate).
The fuel rod to grid spring as well as dimple contact areas are relatively smaller than other FA designs 
that exhibit good in-reactor fretting performance. A FA design change project to address the small rod 
to dimple / spring contact area and utilise fuel cladding oxide coating is currently being pursued with the 
fuel supplier.
The FA vibrational properties are very important to the in-reactor FA performance and reliability. The 
16x16 Vantage+ vibrational testing was performed with a full size FA in the Fuel Assembly Compatibility 
Testing (FACTS) loop that is able to provide full flow rates at elevated temperature and pressures. The 
aim of vibrational testing was to determine a vibration mechanism that would explain the fretting behav-
iour such as grid vibration, fuel rod vibration or FA vibration, however this has proven elusive.
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