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ABSTRACT

Recent studies have estimated that the peak cladding temperature (PCT) of any spent fuel loaded
in dry storage casks to date in the US is lower than the regulatory limit of 400;C, closer to 325;C.
Also, there is prevailing evidence that fuel cladding bonding is a characteristic of high burnup spent
fuel, which minimizes hydride reorientation and makes fuel rods highly resistant to failure under
drop accidents. This paper investigates three aspects of fuel-cladding bonding in high burnup spent
fuel under dry storage conditions: the effect of fuel-cladding bonding on cladding hoop stress and
hydrides reorientation considering the more realistic PCTs of 350;C and 300;C, the magnitude of
fuel partial bonding that simulates the open gap condition and exploring through sensitivity analysis
the conditions under which pellet-cladding bonding is likely to break and potential consequences.

For the fuel-cladding bonded condition at lower PCTs than the 400;C case, the cladding hoop
stress exhibits low to moderate relaxation because of the reduced creep rate for the PCTs of 350;C
and 300;C. Because the hoop stress remains relatively high, radial hydrides concentration is lower
than the unbonded condition but higher than the 400;C PCT case. The results also show varied
sensitivity to fuel cracking configuration, with low sensitivity for the predominantly typical cracking
pattern consisting of radial cracks only, but high sensitivity to fuel with circumferential cracks, which
generally occur during shutdown from relatively high-power levels. For the latter case, the cladding
hoop stress is at or below the hydride reorientation threshold. The sensitivity analysis investigating
the conditions under which pellet-cladding bonding is likely to break revealed that the bond remains
intact, and instead secondary circumferential cracks are formed in the fuel pellets.!
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2.1 Implication for Hydride Reorientation
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4.(  Sensitivity Analysis of Bond Breaking

The most likely condition for the bond to break is during shutdown and removal to 40;C wet storage. The
time history analyses described in Section 3 include such shutdown events, but with the bond remaining
intact. To help determine if debonding can occur and where it initiates from, Figure 7 was developed from
the time history analyses of Section 3, which depicts radial stress distribution in the fuel at 40;C. This figure
is examined next for evidence of debonding.

Radial Stress (Pa)

86+007E

i46+7
Eo

E4e+7
-7.37e+007-

Figure 7. Radial stress distribution at 40;C obtained from the time-history analysis.
|
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4.1 Description of Debonding Analysis Methodology
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4.2 Validation of Bond Strength Criterion
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4.3 Effects of Circumferential Cracks
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5. Summary and Conclusion
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YC(1* $.5'%.$85-#")&+7-5"8'%, T-8&17" (+)+&".*))-TS#"#-("&+"#+8T"&T))) E
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0'7/"6'.'3$*$-#"3+7"BH="+3"S::0HE"
YEOUEIDH"H ($&S+"S."C'BT XD @"7)IH)" . BT T-($H 2 (TS("+ ¥ KT &S+." 4%, -T'("&+"&2"
SV:bH"-.("S::bH" +.($&$+.E"
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VOB AH-(($.5"6+.("+ *"3+79%'("$."2$52"617.1,"3  1'#'7'%-$.)"$.&*&"&27+152+1&"&2"" &$7"BH*H#O"
$.44#1($.5"€2"6-*L".(E "
YHST*1%63'7" &$-#"7-+L)"*-."3+7%" (17$.5") 21 &(+8.Q™$-##/"$." 31 #'8$&2"2$52", +8'7"+,7-&$.5"2$) &+ 7/E"

#+-($.50"7)1#&$.5"$.19R" 7' (1% ("“#-(($.5"2++,")&7'))E"=2"*#+) 7" &2 " *$T+1%3' 7" &$-#"+7-*L"&+"&2"
31'#'1Z0"82"&28.. 7"82"6+.(("SLH"#-I'T"-.("&2"2$52'7"&2" *#- (($.5"2++,")&7")E "
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)133$*$".&"&+")$% 1H#-&""%,&/"& 16" 6'2-0FHA8'0'70"&2"3-+8"&2-&" & 2" 34 44-( ($.5"6+.("$)"2$52#/"
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