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Ricardo,
As I mentioned at the ASTM meeting a couple weeks ago, I have gotten some comments on the
structural analysis supporting the draft High Burnup NUREG-2224.

The concern is that the structural analysis only considered lateral inertial loads on the fuel rod
supported from the bottom and does not consider the pinch load that would occur in a drop
accident from rods above providing a force on top of the rod being analyzed. This treatment is first
described on pg 1-24 lines 43-45 and pg 1-25 lines 1-2 and Figure 1-15.

Lines 5-7 on page 1-25 state “Given the forces and displacements in the RCT are measurably
different from the actual forces and displacements applied to the rod at the grid support, it is not
likely that the pinch-mode of failure will play a significant role in undermining cladding integrity.”  It
should be noted that the DOE report SAND90-2406, referenced in NUREG-2224, thoroughly
evaluated a pinch load mode (forces from the top and bottom as in the RCT, calculating a failure
probability 2E-5 for the axial split mode and 5E-5 for the rod breakage mode). This part of the
analysis documented in SAND90-2406 is not considered in the draft NUREG-2224; only the lateral
inertial load case is. This was an important distinction in SAND90-2406 because it changes the whole
picture, by shifting the failure mode from that of cladding longitudinal fracture, which would be very
short and more benign relative to fuel dispersal, to a guillotine break with more severe implications
to fuel dispersal. 

So, although we support the staff's conclusions based on the work documented in EPRI Report

1009929
[1]

, the pinch load should not be ignored. Additional arguments supporting the staff’s
conclusion could include:

1. Reorientation is not an issue given that cladding is subjected to stress and temperature
conditions that are not conducive to enabling hydride reorientation because of design

features (inner liner) in BWR fuel rods
[2]

 and low rod internal pressures in PWR fuel

rods.
[3]-

[4]
.

2. There is no significant fuel-cladding gap over large fractions of the fuel rod areas. This may
be what the staff has assumed all along. In this case, ovalization of the cladding could be
neglected due to the stiffness provided by the fuel column.

It is relevant to mention that SAND90-2406 dealt with low burnup fuel, no fuel bonding and no
modeling of radial hydrides, which may have been the reasons for the Staff to disregard the results
of SAND90-2406. However, a careful assessment of the impact of these differences on the results,
juxtaposed against NUREG-2224 methodology, reveals the following: (a) Except for the hydrogen
content the low burnup has neutral effect for both methodologies because of the early saturation of
cladding mechanical properties (note that NUREG-2224 acceptance criteria is based on a force
metric which is not sensitive to the hydrogen content); (b) the no-bonding condition makes the
SAND90-2406 results more conservative than the NUREG results; (c) not considering the effects of
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radial hydrides is the same in both methodologies. This semi-heuristic analysis makes it imprudent to
throw out the pinch mode without proper evaluation. Pinch loading and bending loading, and a
smaller but not negligible axial force, are additive in the sense that they become coupled because of
plasticity that develops in the cladding under the combined loading modes which are maximized
simultaneously at the grid spacers. This state of plasticity in the cladding cross section, which is
caused by pinch loading, bending loading and axial force, induces what is called inertia load shedding
which begins at the onset of plasticity in the cladding cross-section and continues until the rod fails
completely or a state of equilibrium is reached. This inertia load shedding is described in a failure
analysis EPRI Report, “Spent Fuel Transportation Applications: Modeling of Spent Fuel Rod
Transverse Tearing and Rod Breakage Resulting from Transportation Accidents”, 1013447, October
2006, which shows that the maximum moment at the onset of load shedding is 150 lb-in (17 N-m),
reduced to 80 lb-in (9 N-m) at equilibrium. Compare this to the 34 N-m elastically calculated in
NUREG-2224. Note that, this inertia load shedding behavior is characteristic of the bending mode.
The pinch mode is not subject to the same behavior because the loading is due to the impact forces
above the rod being analyzed.
[1]
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Thanks,
Keith Waldrop
Used Fuel and HLW Management Program
Electric Power Research Institute
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