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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
8Y COMBUSTION 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 INFRINGE PRIVATELY
OWNED RIGHTS; OR

8. 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




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
engths 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
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 assemb
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
nade 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

shoulder gap measurements taken after Cycle 3 pro
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Five Batch D fuel assemblies were inspected. These included 4 f.el
assemblies that had been inspected after both their first and second
cycle of operation and 1 fuel assembly that had been inspected only
after its second cycle of operation. Important conclusions from the
Batch D inspections are summarized below:

a. The shoulder gap change of the Batch D fuel r
less than the Timiting shoulder gap change ra
fuel, as shown in Figure

0ds continued to be
tes of the Batch C

The 1imiting shoulder gap change rates of the Batch D fuel rods

. are continuing to decrease with additional exposure, indicating Vo
¢l that linear extrapolation of shoulder gap change is conservative L
for Batch D fuel. L w

. c. The length change data of the annealed guide tubes of the ' a

Batch D fuel assemblies showed essentially no net change in
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

m fuel assemblies that had been inspected after their first cycle of
Ay operation., The selection of the other 5 fuel assemblies was biased
Tl to include a large representation of those assemblies which wil
. have accumulated high exposures after three cycles. Important
s conclusions from the Batch E inspections are summarized below
The Batch E shoulder gap change data are shown in Figure 3 along
with the Timiting gap change prediction which combines the
Batch C fuel rod growth rate with the lower 95% quide tube
ength change prediction (see item b below). Figure 3 show
. that the Batch E shoulder gap change data are well below
; ~60% yf the limiting prediction.
T
o The quide tube length change data of the d-worked guide tube
)f the Batch E fuel assemblies are shown in Figure 4 along wit!
' the length changes predicted by using the nethod described 1ir
Reference (5). Figure 4 shows that the data are close to the
best estimate prediction and well within the upper and )ower
15 predictions.
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Shoulder Gap Criterion and Evaluation

The criterion used to evaluate the adequacy
end of Cycle 5 is as follows:

At a 95% probability, the worst rod in the assembly wi

not have shoulder gap closure at the end of Cycle 3.
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
n the minimum available shoulder gap at the beginning of 1ife,
a conservatively low guide tube growth prediction, and a
conservatively high fuel rod growth prediction. These parameters
are discussed in more detail below:

The minimum available shoulder gap at the beginnina of life
accounted for component dimensional tolerances, elastic
.ompression of the guide tubes, and differential thermal
expansion between the fuel rods and the guide tubes. The
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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
t 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 fluencg,for shoulder gap closure of the
. Batch F and G design is 11.6x10°" nvt (E>.821 MeV). As an
; indication of the magnitude of the conservatism associated with
' this value, a minimum remaining shoulder gap of dporox;mate?y
0.6 inches would be predicted at a fluence of 11.6x10°" nvt if, as
" s expected, the Batch F and G fuel rods behave like ANO-2
" Batch D or Batch E fuel rods.
%, Conclusions
a ] The fuel assemblies with annealed guide tubes (Batch D) have had
; essentially no net length change (Figure 2) whereas the fuel
o assemblies with cold-worked guide tubes (Batch E) have grown
Zf enough to sianificantly reduce the shoulder gap changes.
- The fuel rod growth for both Batch D and Batch has been shown
. to be less than the limiting fuel rod growth associated with
Batch C fue
b The use of conservative estimates of initial shoulder gap,
Juide tube growth, and fue! rod Jrowth nha resulted in the
onclusion that Assembly AKDO40O and all the Batch E fue satisty
D the shouider gap criterion for Cycle 5 without reguiring
¥ Increases 1n their shoulder gaps. The minimum predicted
shoulder gaps at the end of Cycle 5 for Assembly AKDO40O and the
gatce fuel are 0.118 inches and 0.182 inches, respectively.
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J. R, Marshall to Robert A. Clark, Docket No. 50-368,
Lettar #2CANO38307, 3/10/82.

CEN-261 (A), "Arkansas Nuclear One, Unit 2 Cycle 4
Shoulder fap Evaluation", issued November, 1983.

CENPD-198-P, "Zircaloy Growth In-Reactor Dimensional
Changet in 7ircaloy-4 Fuel Assemblies", December, 1975,
including Suppiement 1, December, 1977, and Supplement 2,
November, 1978.
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FIGURE 4. ANO-2 BATCH E GUIDE TUBE LENGIH CHANGE DATA
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