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Typical BWR Fuel Assembly

Upper tie plate

Channel

Fuel rod expansion spring

Fuel rod
Water rod

Spacer
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Lower tie plate
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Fuel Assembly Materials

Component Mateital Prindpal Sltaog Ilo s

Upper tie plate Coo sustltic stainless totem None

Fuel rod Oemplnlion slong Pi-Cr-Fe-n iltoy None

ladsng: Z-2 tube with or witholr ID ronw Structural itetgity of ft at high bunwp

Fuel rod Fuol: U0 2. (LU.GOr)0 Elacts oftine. temporatre and olns an claddng Wte^gy

Rotabter Spidng: Alsternlic Stainless Steel or N1- C01dt(ot.n afr-2 etd Wl materials
Stiuctirhirtogt

ater rod -2 CldOtlon ob r-2
(Water rod expectod to hIt" oddmuld etect ao #Ml storage)

b-2 or Z4 tbctum Wttt babsed sloy springs Struckoam itofgi
Allc "wNlbed sally xdteofr

(pSp aer expected to h ens m inimal efect an tol trogoe)

Fingr spring M-Cr.-Fw-M lloy None

Low1 r tU plate Coat boteoriUic stainless steel None

Channel b-2 or Z-4 :•dxitlon of Z tc
I (C~~haell expected to hal nmnid ellbet en Jkal aetone)

Principal concerns center on fuel rod integrity under
conditions of drying and storage
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Oxidation
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(data after J. Bell)

" Fuel pellets and Zircaloy components

" Rate of oxidation increases with temp
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(data after B. Lustman and F. Kerze)

oxidize rapidly in air

erature
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Oxidation - Continued

I .-" i .-/ // * Zry components will oxidize
/' /• j _ preferentially relative to fuel pellets

.~, .- * Zry components will getter air during
,, i/ / .- -drying phase

0 - .Continued air leakage into a cask

- ' presents the possibility of structural
decomposition of the cladding followed
by similar oxidation and decomposition
of the fuel pellets

• Protection against oxidation is assumed
to come from the cask design, cask

.. loading and long-term monitoring
S 0 " 0,0' practices

F (Limited options relative to fuel materials
or designs in this area)

(data after D. Olander)
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Hydriding Effect of Hydrogen on Zr-2
Tensile Properties at Room Temperature
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• Strength at RT remains high through -600 ppm hydrogen

" Ductility decreases with hydrogen concentration, becoming small at hydrogen
concentrations >600 ppm

" NB: Randomly oriented hydrides and short-term loading
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Hydriding Effect of Hydrogen on Zr-2
Tensile Properties at 332oC
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" Strength and ductility at 330 0C remain high through hydrogen concentration of -800

ppm

* NB: Randomly oriented hydrides and short-term loading

13 K rmuOn at I*

Hydride Reorientation

Zry-2 cThldinS

420( INOP MT~~ 20OONP.

Reorientation stress > 110 MPa
(16 ksi) for SRA Zr-4

360C 2VMN

Reorientation stress < 110 MPa
(16 ksi) for RXA Zr-2

360C 240MPA

(data and assessment after /to, at a.)
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Planned and Potential Work Fuel Rod and Materials
at Exposures _> Current EOL

* Corrosion and hydrogen pickup

> Oxide thickness, hydrogen concentration
" Hydride morphology

" Mechanical properties
> Hardness
> Curvilinear axial and plane strain tensile tests
> Expanding mandrel tests
> (Burst tests)
> (Hydride reorientation tests)

" Fuel rod and fuel materials characterization
> Bumup and isotopic composition
> Fission gas release
> Cladding deformation during operation (profilometry, length change)
> Cladding structure (optical and electron microscopy)
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Agenda

• Fuel Rod Design Description

" Fuel Reliability Performance

" Fuel Rod Failure Mechanisms

" Recent and Ongoing High Exposure Fuel Performance
Characterizations
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Going Forward
" Some characterization information available today

" More characterization may be desirable based on NRC identified interests

" Opportunity exists with GNF high bumup cladding currently available at GE VNC hotcells

Additional planned high bumup cladding retrieval provides additional opportunity

" GNF is open to cooperative program with NRC to provide further characterization
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