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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COM8USTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEERING'

NOR ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRlNGE PRIVATELY
OWNED RIGHTS;OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD OR PROCESS DISCLOSED IN THIS REPORT.
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I. Introduction

Arkansas Nuclear One, Unit 2 (ANO-2) completed Cycle 4 operation on
March 16, 1985. During the refueling outage, measurements of the
shoulder gaps (distance between the top of the fuel rods and the
bottom of the upper end fitting) and fuel assembly guide tube
lengths were taken in 14 fuel assemblies. These measurements were
taken as part of the inspection program identified in Reference (1).
This report summarizes those inspections and describes the shoulder
gap analyses performed that justify the fuel assemblies being

i operated for their third or fourth cycle in Cycle 5.

Shoulder gaps change with residence time in the reactor due to
differential growth between the fuel rods and the fuel assembly
structure (guide tubes). Measurements of shoulder gap changes
have now been made at ANO-2 on selected fuel assemblies after each
cycle of operation.

Measurements taken after Cycle 2 revealed shoulder gaps less than
those predicted for some Batch C fuel assemblies. Mechanical
modifications, namely, the installation of guide tube shims, were
made to selected Batch C fuel assemblies to ensure that adequate
shoulder gap was available for the third cycle of operation for
those assemblies (Reference (2) and (3)).

Shoulder gap measurements taken after Cycle 3 provided the justifi-
cation to conclude that none of the lead batch (Batch D) assemblies
required modification for purposes of operation in Cycle 4
(Reference (4)). However, one Batch D assembly (AKD040) was
modified during the Cycle 3 outage in order to prepare it for a
potential fourth cycle of operation in Cycle 5. The design modifi-
cation incorporated guide tube shims that were essentially the
same as those used in the Cycle 2 outage, except for a slightly
shorter length.

The inspection program during the Cycle 4 outage at ANO-2 was
designed to provide data for justification of the third cycle fuel
(Batch E) and the fourth cycle assembly (AKD040) being loaded for
operation in Cycle 5. In addition, the results of all the above
inspections were used to obtain a conservative fluence bound
applicable to fuel that will experience its third cycle of operation
during Cycles 6 and 7 (Batches F and G, respectively).

II. Shoulder Gap and Guide Tube Length Measurements

The fuel inspection program which provided the data for the
evaluation of Cycle 5 shoulder gap adequacy consisted of shoulder
gap and guide tube length measurements on a total of 14 fuel
assemblies; 5 Batch D and 9 Batch E. Shoulder gap measurements were
made on all peripheral fuel rods on the four faces of each assembly
while guide tube measurements were made on each of the four outer
guide tubes. The shoulder gap change data are shown in Figures 1
and 3 while the guide tube length change data are shown in
Figures 2 and 4.
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Five Batch D fuel assemblies were inspected. These included 4 fuel
assemblies that had been inspected after both their first and second
cycle of operation and 1 fuel assembly that had been inspected only

f after its second cycle of operation. Important conclusions from the
Batch D inspections are sumarized below:

a. The shoulder gap change of the Batch D fuel rods continued to be L'
less than the limiting shoulder gap change rates of the Batch C
fuel, as shown in Figure 1. -

b. The limiting shoulder gap change rates of the Batch D fuel rods
are continuing to decrease with additional exposure, indicating
that _ linear extrapolation of shoulder gap change is conservative
for Batch D fuel. g

c. The length change data of the annealed guide tubes of the
Batch D fuel assemblies showed essentially no net change in

i length, which agrees with the analytical method described in
Reference (5). (See Figure 2).

A total of 9 Batch E fuel assemblies were inspected, including 4
fuel assemblies that had been inspected after their,first cycle of
operation. The selection of the other 5 fuel assemblies was biased
to include a large representation of those assemblies which will
have accumulated high exposures after three cycles. Important
conclusions from the Batch E inspections are summarized below:

a. The Batch E shoulder gap change data are shown in Figure 3 along
with the limiting gap change prediction which combines the
Batch C fuel rod growth rate with the lower 95% guide tube
length change prediction (see item b below). Figure 3 shows
that the Batch E shoulder gap change data are well below
(~60%) of the limiting prediction.

b. The guide tube length change data of the cold-worked guide tubes
of the Batch E fuel assemblies are shown in Figure 4 along with
the length changes predicted by using the method described in
Reference (5). Figure 4 shows that the data are close to the
best estimate prediction and well within the upper and lower
95% predictions.

c. The combination of these two observations leads to the
conclusion that the length changes of the Batch E fuel rods
are significantly less than the limiting growth associated
with the Batch C fuel rods.
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| III. Shoulder Gap Criterion and Evaluation

The criterion used to evaluate the adequacy 'f the shoulder gaps at
end of Cycle 5 is as follows:

At a 95% probability, the worst rod in the assembly will
not have shoulder gap closure at the end of Cycle 5.

The evaluation approach for ANO-2 Cycle 5 parallels the method used
for ANO-2 Cycle 4 (Reference (4)), i.e., required shoulder gap
predictions for operation in Cycle 5 without modification were based
on the minimum available shoulder gap at the beginning of life,
a conservatively low guide tube growth prediction, and a
conservatively high fuel rod growth prediction. These parameters
are discussed in more detail below: .

'

a. The minimum available shoulder gap at the beginning of life
accounted for component dimensional tolerances, elastic

I compression of the guide tubes, and differential thermal
' expansion between the fuel rods and the guide tubes. The end

result was to reduce the nominal initial shoulder gap (cold)
by 0.143 inches (hot).

b. There was no credit taken for guide tube growth in the
evaluation of the Batch D assembly (AKD040) since the assembly
has annealed guide tubes. The evaluation of the Batch E
assemblies (all with cold-worked guide tubes) utilized the
lower 95% predictions using the method described in
Reference (5) which, as stated above, has been shown to be
conservatively low for the Batch E fuel,

c. The limiting Batch C fuel rod growth data is used as a
conservatively high fuel rod growth prediction for Assembly
AKD040 and the Batch E fuel through Cycle 5. The growth of the
Batch D fuel rods has been shown to be less than the limiting
growth of Batch C fuel rods (Figure 1), and the limiting
Batch D rods exhibit a decreasing growth rate with increased
exposure. The use of Batch C fuel rod growth data is,
therefore, conservative to extrapolate fuel rod growth
of Batch D fuel. Likewise, the Batch E fuel has been shown to
behave more favorably than the limiting Batch C fuel.

Implementation of this approach showed that Assembly AKD040 and all
9 of the measured Batch E fuel assemblies were predicted to satisfy
the shoulder gap criterion at end of Cycle 5. It was concluded that
the remaining (unmeasured) Batch E fuel assemblies were also
acceptable, based on the margin associated with the 9 measured
assemblies and the fact that the selection of the 9 measured
assemblies had been biased to include mostly fuel assemblies with
high exposure at end of Cycle 5.

t
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A similar evaluation was performed for Batch F and G fuel assemblies
to determine a conservative lower bound of the fluence capability
of their design with regard to shoulder gap. The design of the
Batch F and G fuel is the same as the Batch E design except that
their initial shoulder gap is 0.7 inches larger than for Batch E.
As before, the limiting Batch C fuel rod growth data was used as
a conservative upper bound on fuel rod growth. For this evaluation, ..

the limiting Batch E guide tube growth thru two cycles of | L
operation was used as a conservative estimate of the Batch F and G -

guide tube growth through three cycles of operation. The resulting "

conservative lower bound fluencg1for shoulder gap closure of the
Batch F and G design is 11.6x10 nyt (E>.821 MeV). As an

| indication of the magnitude of the conservatism associated with
| this value, a minimum remaining shoulder gap of approgmately
| 0.6 inches would be predicted at a fluence of 11.6x10 nyt if, as g

is expected, the Batch F and G fuel rods behave like ANO-2
Batch D or Batch E fuel rods.

IV. Conclusions
.

1. The fuel assemblies with annealed guide tubes (Batch D) have had
essentially no net length change (Figure 2) whereas the fuel
assemblies with cold-worked guide tubes (Batch E) have grown
enough to significantly reduce the shoulder gap changes.

2. The fuel rod growth for both Batch D and Batch E has been shown
to be less than the limiting fuel rod growth associated with
Batch C fuel.

3. The use of conservative estimates of initial shoulder gap,
guide tube growth, and fuel rod growth has resulted in the
conclusion that Assembly AK0040 and all the Batch E fuel satisfy
the shoulder gap criterion for Cycle 5 without requiring
increases in their shoulder gaps. The minimum predicted
shoulder gaps at the end of Cycle 5 for Assembly AKD040 and the
Batch E fuel are 0.118 inches and 0.182 inches, respectively.

4. The use of conservative estimates of initial shoulder gap, guide
tube growth, and fuel rod growth has resulted in the conclusion
that Batch F and G fuel assemblies wgl satisfy the shoulder gap
criterion for fluences up to 11.6x10 nyt (E> 0.821 MeV). This
fluence corresponds to a fuel rod burnup of approximately
56,000 MWD /MTU.
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FIGURE 4. AN0-2 BATCH E GUIDE TUBE LENGIH CHANGE DATA ~]
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