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1.0

INTRODUCTION

This report documents fuel examinations conducted during the

tnd-of -Cycle 3 refueling outage at Palo Verde Nuclear Generating
Station-Unit 1. The inspections were performed to fulfill examination
requirements specified by the Palo Verde-1 operating license. The
inspections performed were dimensional measurements to characterize
fuel rod and assembly growth. A total of 10 fuel assemblies were
inspected.
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2.0 FUEL ASSEMBLY DIMUNSIONAL CHANGE EVALUATION

“huel rod shoulder gap (distance between the top of the fuel rods and
the bottor of the upper end fitting) and guide tube length
measurements were made at Palo Verde-1 during the £OC-3 outage. A
total of ten fuel assemblies were measured; seven Batch €, two Batch
D, and one Batch €. The specific fuel assemblies inspected are
identified in Table 1. The shoulder gap of peripheral fuel rods on
the four faces of each fuel assewbly was measured optically using a
periscope, while each of the four outer guide tubes was measured using
the guide-tube length measuremant tool,

2.1 Shoulder Gap Design Basis

The design of Palo Verde-1 fuel assemblies, relative to the
accommodation of fuel rod and assembly growth without interference
betweenr the top of the rods and the upper end fitting flow plate, was

based on conservative assumptions and predictions. These assumptions
are:

1. The minimum shoulder gap at beginning of life accounted for
component dimensional tolerances, elastic compression of guide
tubes, and differential thermal expansion between the fuel rods
and guide tubes.

2. The guide tube growth prediction was based on the lower 95% value
calculated using the methods described in Reference 1.

3. Fuel rod growth was predicted to be[ ]1nches of growth per unit
of fluence (nvt x 1021). This growth rate predicts more growth
Lthan the upper 9%% vimit for the distribution of Batch C rods from
ANO-2.  These data represent the highest observed growth rate of
any fuel examined by CE (Reference 2).
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Table |
Palo Verde-1 Fuel Assemb)ies Inspected'!) at £oc-3

Number of Cycle -3 EOC-3 Assembly .
Assenbly’ Cycles Discharged Core Avg. Burnup i

serial Number Irradiated #_£0C-3 Location (GWd/HTV)

cooz(?)

3 x a7 42.1
‘ coos(?) 3 x N6 42.3
co17¢2) 3 X 611 41.0
cozs(?) 3 X £13 19.8
co3g'?) 3 X R9 42.3
poo1+(?) 2 N7 4.4
nogz+(?) 2 613 3.3
P2C027 3 X €9 42.3
P2C028 3 X J3 42.3
£312% | M9 24.7

| + Serial numbers prefixed by P1 unless otherwise noted.

| * Characterized fuel assembly.

E (l)Perlpharal fuel rod shoulder gap and guide tube length measurements.
: (Z)Assemblies previously measured at S0C-1 and/or EOC-2,
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2.2

to determine the availability cf shoulder gap clearance for fuel

Following Cycles | and 2, measurements and evaluations were p.rformed \

assemblies that would be irradiated in Cycle 3 for a third cycle. }
These evaluations were reported in References 3 and 4, The i
conclusions developed by these evaluations were:

1. Fuel rod growth in Palo Verde assemblies is less than the growth
predicted by the model used to determine design 1imits for shoulder
gap.

2. Guide tube growth is greater than the lower 95% predicted growth
that was used to determine the design limits for shoulder gap.

3. Adequate shoulder gap margin is available in Palo Verde
assemblies, designed for irradiation through 3 cycles, to
permit their irradiation in Cycle 3.

Examinations of fuel assemblies were performed after Cycle 3 to
characterize shoulder gap and confirm the evaluation and predictions made
after Cycle 2,

Dimensional Change Data

The individual shoulder gap measurements are tabulated in Appendix A,
Tables A-1 through A-10, adzno with a table of the length change for
each measured guide tube, Table ,\-11. For each shoulder gap measured,
the tabulation in Appendix A also cor.ains the initial shoulder gap
(measured value if available, otherwise the nominal value from the

design drawings), the resulting shoulder gap change (initial gap -
EOC-3 gap), the inferred fuel rod growth (shoulder gap change plus
guide tube growth), fuel rod grouth strain (fuel rod growth/nominal
BOL rod length), and the fuel rod’s axial average fast fluence. Guide
tube information (average growth and average fluence) is iacluded at
the bottom of each fuel “ssembly’s shoulder gap tabulation. The
shoulder gap change dat., guide tub. growth data, and fuel rod growth




data are plotted relative to the appropriate fast fluence in Figures ~
1, 2, and 3, respectively. Also plotted on these figures are data

“obtained from the measurement of Palo Verde -1 fuel assemblies
inspected during previous outages (Peferences 3 and 4).

2.3 Shoulder Gap Evaluation

Guide tube length change data are shown in Figure 2 along with the
Timiting (lower 95% and upper 35%) length change predictions resulting
from the method described in Reference (1). The figure shows that the
measured growth data continue to be greater than the lower 95%
predicted growth, Therefore, it is concluded that the model used to
predict guide tube length change is conservative when predicting
limiting shoulder gap changes.

Fuel rod growth data are shown in Figure 3 along with the growth
prediction taken from the ANO-2 Batch C data[

T figure shows that the higher fluence data are all below
the design basis. 1In addition, the data continue to indicate
increased margin at higher fluences. Therefore, it is conservative to
use the fuel rod growth model when predicting limiting shoulder gap
changes.

The predictive models for guide tube growth and fuel rod growth have
been shown to be conservative relative to the Palo Verde-1 data.

The shoulder gap provided in assemblies designed for 3 cycles of
operation was sufficient so that operation to an assembly average
burnup of 42.3 GWd/MTU did not result in closure of any fuel rod
shoulder gap.
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3.0 SUMMARY AND CONCLUSTONS

< Dimensional measurements of peripheral fuel rod shoulder gap and guide

tube length were performed on 10 Palo Verde 1 fuel assemblies
following Cycle 3. fuel rod growth data, determined from Lhe
measurements, indicates that the growth of fuel rods to a fluence of
-9.6x10%1 n/ca’ (€50.821 MeV) is less Lhan the growth predicted by the
model used to determine design limits for shoulder gap. In addition,
the trend of the data is for increased margin between rod growth and
the design basis with increasing fluence, Guide tube length
measurements indicate that the measured assemblies grew frou[ Jto

[ ]1nches during three cycles ¢ exposure with average guid: tube
fluences up to 8.18xlOZl n/cn2 (€ »0.82]1 MeV) and assembly average
burnups up to 42.3 GWd/MIU. The measured guide tube growth is greater
than the lower 95% predicted growih that was used to determine design
limits for shoulder gap.

Based on the fuel assembly dimensional measurements performed at
EOC-3, the predictive models for guide tube and fuel rod growth have
been shown to be conservative for Palo Verde-1 assemblies. As a
result, adequate margin for s.oulder gap reduction has been
demonstrated for fuel assemblies designated for operation in Palo
Verde to assembly average burnups of 44 GWd/MI1U,
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