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On July 20, 1999, inspections performed on fuel assemblies discharged at the end j
of Unit 2 Cycle 12 (after two cycles of irradiation) indlcated that some fuel j
rods had an oxide layer that was thicker than predicted. In some cases, early
stages of oxide spallation were observed where none was anticipated. These

| phenomena could affect the performance of the cladding during certain accident
conditions. Improved plant performance has resulted in longer cycles (more
Effective Full Power Days), and, subsequently, the fuel has been pushed to
higher duties than in the past. Corrosion has typically been correlated to
burnup. It has become evident that corrosion is better correlated to fuel duty. I

The effect of the onset of spallation has not been analyzed and needs to be
addressed. Neither Unit is currently operating with fuel that is likely to be
in this condition, but this condition is expected to exist later in Unit 1 Cycle ;

14 and Unit 2 Cycle 13.

1

l



..

NRC FORM 366A
U.S. NUCLEAR REGULATORY COMOSSION

(6-1998)

LICENSEE EVENT REPORT (LER)
TEXT CONT 1NUATK1N

F ACitJTY NAME (1) DOCKET | LER NUMBER (6) PAGE (3)

IYEAR | SEQUENTIAL | REVISION| NUMBER | NUMBER

Calvert Cliffs Nuclear Power Plant, Unit 1 05000 317 99 - 005 - 00 02 OF 05

TEKi 09 more space na ,equwett, une edcJutoonat copes o, NRC Form 3b6A) (11)

I. DESCRIPTION OF EVENT

In July of 1999, an inspection was performed on fuel that had been discharged
from Unit 2 at the end of Cycle 12 and on a lead test assembly that was being
considered for reinsertion into the core during a later cycle. As part of the
inspection, visual examinations were performed on several high duty fuel
assemblies, assemblies that had seen a high rate of burnup in the two cycles
in which they were resident in the core. The visual examinations resulted in
the observation that some fuel rods exhibited what appeared to be blistering
of the oxide layer (not hydride blisters), and some fuel rods showed evidence
of early stages of spalling.

Based on those observations, several assemblies were taken apart for more
detailed inspection of individual fuel rods. The fuel rods were visually
examined, and the oxide layer thickness was measured on a subset of the rod
population. The high duty fuel assemblies involved had achieved assembly
average burnups of approximately 51-52 GWD/MTU in two cycles, with some
individual rods achieving burnups approaching 56 GWD/MTU. Some fuel rods,
particularly peripheral fuel rods, had measured oxide thicknesses that were
higher than predicted by the vendor's corrosion model. Some fuel rods
adjacent to each other exhibited differing corrosion behavior. Blistering of
the oxide layer / slight spalling was observed on fuel rods with oxide layer
thicknesses significantly below levels where blistering /spalling might be
anticipated and on rods with burnup as low as 49 GWD/MTU. Circumferentially
averaged oxide thicknesses as high as limits implemented by others were

l
measured on rods with burnups in the low 50s GWD/MTU.

For purposes of comparison, a fuel assembly which had achieved a comparable
burnup in three cycles, a lower duty fuel assembly, was taken apart for oxide
measurement. The measured oxide thickness of those rods was on the order of
one-half of what had been observed on the high-duty, two-cycle fuel assemblies
for rods of comparable burnup, with no evidence of spalling.

II. CAUSE OF EVENT i
|

Fuel rod cladding corrosion is a normal phenomenon, one that is affected by
such parameters as residence time in reactor and cladding temperature.
Cladding corrosion affects the remaining wall thickness of the clad and, more
importantly, the amount of hydrogen that is concentrated in the clad, which

,

affects its ductility and therefore its behavior under certain accident |
conditions.

Recently, cores have been designed to accommodate longer cycles (more
Effective Full Power Days) and produce more energy. This results in some fuel
assemblies being operated at higher relative powers and higher temperatures
than the fuel assemblies in earlier core designs. Some fuel assemblies are
achieving burnups in the 50+ GWD/MTU range in two cycles, with fuel rods
approaching 56 GWD/MTU or more in two cycles. The corrosion behavior of these
fuel assemblies is different than the corrosion behavior of the fuel burned in
earlier core designs, upon which the vendor's corrosion model was based.

|
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Corrosion models have historically correlated corrosion to burnup. It has
become evident that corrosion is more appropriately correlated with fuel duty.
Based on the observations from the inspections in July of 1999, it is clear
the higher oxide thicknesses observed are correlated with that fuel duty.
There are, however, some data that may not be completely explained by fuel
duty, and that is being investigated as part of the effort to bound the
observations.

Oxide spalling is a process whereby the oxide layer blisters and laminates,
eventually resulting in some local loss of the oxide layer. This affects the
temperature profile of the cladding and can ultimately affect the
concentration of hydrogen that exists in the cladding in the spalled area.
Based on the inspection results, it appears that oxide blistering and oxide '

spalling may be fuel duty dependent, as is the case for corrosion rate.

Variables such as cladding lot, rod location within the assembly and thermal
hydraulic variations associated with geometry are being investigated as part
of the effort to bound the observed results.

III. ANALYSIS OF EVENT

The fuel rods are designed to maintain their structural integrity under steady
state conditions, design basis events, normal handling loads, shipping
stresses, and refueling loads. During Unit 2 Cycle 12, the fuel rods
maintained their structural integrity during steady state conditions and
during fuel handling and refueling operations. The fuel was not subsequently
subjected to shipping stresses. A design basis event did not occur while the
fuel rods were in these conditions. Therefore, there was no actual impact to
the bealth and safety of the public.

These phenomena could affect the performance of the cladding during certain
accident conditions. Our ongoing evaluation will determine if the fuel
cladding during previous cycles met design limits and performance criteria.
The high burnup topical report, which forms part of our current licensing
basis, contains no set limit on oxide layer thickness. More recently,
concerns have arisen which have led to an oxide limit being implemented as
part of subsequent topical report approvals. These limits could potentially
have been exceeded by some fuel rods in the core. While the effects of oxide
spalling have not been analyzed, it is believed that the condition, limited to
the extent observed, does not result in performance outside design limits.

This Licensee Event Report (LER) is being submitted voluntarily. A certain
amount of corrosion is assumed in cladding design. The observed corrosion
behavior is being evaluated to determine if, once bounded, that behavior is
consistent with design limits. Oxide spalling is not considered in the
analysis. Therefore, the observed oxide blistering /spalling can be viewed as
an unanalyzed condition. However, until properly bounded and analyzed, the
effects of oxide spalling limited to the extent observed can not be determined
to be or not be a condition that significantly compromised plant safety. If
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during the engineering evaluation or analysis, we find that the conditions |
resulted in a reporting requirement being met, we will submit a revised LER. i

IV. CORRECTIVE ACTIONS

A. Current core designs result in approximately 60-80 fuel assemblies being !
burned in a manner that would make them susceptible to the observed
phenomena. While neither core is currently at a burnup where any fuel
would be in this condition, this condition is expected to occur later in

|

the operating cycles. An operability evaluation for current cycle
operation will be performed before either core reaches this stage of
operation.

B. An investigation has been started to bound the expected corrosion
behavior of high duty fuel rods. Variables such as cladding lot, rod
location within the assembly and thermal hydraulic variations associated

|
with geometry are being investigated as part of this effort. )

|
C. Our ongoing evaluation will determine if the fuel cladding during l

previous cycles met design limits and performance criteria. I

D. Potential operating strategies will be evaluated based on the outcomes
of corrective actions A and B.

E. The need for more high duty fuel assembly data will be eva]uated. The I

corrosion models used to estimate fuel cladding performance will be !
refined as a result of the most recent data. A fuel duty indicator will
be developed to correlate fuel duty with corrosion and spalling.

F. The effect of proposed design improvements such as mixing grids and
advanced alloy will be evaluated.

G. n ricipated corrosion behavior of fuel assemblies with projected core
oesigns will be evaluated.

V. ADDITIONAL INFORMATION

A. Affected Component Identification:

IEEE 803 IEEE 805 j
Component or System EIIS Funct System ID '

Reactor RCT

Reactor Core System AC

.
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B. Previous similar events:

A review of Calvert Cliffs' LERs over the past several years was
performed. The review did not identify any similar reportable events
where corrosion or oxide spalling resulted in a challenge to the
fulfillment of the fuel cladding's safety function.

|
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