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Figure 2.5E
NORTH ANNA UNIT 2 - CYCLE &8
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Section 4

POWER DISTRIBUTION

Analysis of core power dis'ribution data on & routine basis is
necessary to verify that the hot channel factors are within the Technical
Specifications limits and Lo ensure that the reactor is operating without
any abnormal conditions which could cause an  'uneven" burnup
distribution., Threesdimensional core power distributions are determined
from movable det - cior flux map measurements using the INUORE' computer
progran., A summary of all full core flux maps taken since the completion
of startup physice testing for North Apnna 2, Cycle 8 is given in Table
4,1. Power distribution maps were generally taken at monthly intervals

with adda.,onal waps taken as needed,

Radial (X+Y) core power distribution for a representative series of
incore flux aps are given in Fgures 4.1, 4.2, and 4.3, Figure 4.1 show
4 power distribution map tliat was taken early in cycle life, Figure 4.2
shows a4 powes distribution map that was taken near mid-cycle burnup.
Figure 4.3 shows a map that was taken near the end of cle 8. “he
measured relative assembly powers were generally within 7.0% and the
maximum average percent difference was equal to 2.5%. In addition, as

indicated by the INCORE tilt factors, the power distributions were

essentially symmetcic for each case.

An important aspect of core power distribution follow is the monitoring

af nuclear hot chénnel factors. Verification that these factors uare
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beginning of Cycle 8. Delta flux values decreased steoadily to =5.3% near
a cycle varmp of 14,300 MWD/MTU, where it then gradually  ncreased to
*3.6% before the roastdown. At the end of Cycle 8, the target delts flux
increased to +4.2% due to tie cos<tdown, This axial power shift can also
be observed in the correspondir: core average axial power distribution
for a representative series of maps given in Figures &.12 through 4.14.
In Map N2<8-07 (Figure &.12), taken at 1505 MWD/MTU, the axial power
distribution had a shape peaked towrrd the middle Of the core with a
peaking factor of 1.208, In Map N2-<B=i4 (Figure &.13), taken at
approximately 9129 MWO/MTU, the axial power distribution peaked slightly
toward the bottom of the wore with an axial peaking factor of 1.157

Finally, in Map N2-8+25 (Figure 4.14), taken at 16,640 MWD/MTU, the axial
peaking factor was 1,157, with the axial power distribution shifted
slightly back toward the top. The history of F-2 during the cycle can

be seon mare clearly in a plot of F<Z versus burnup given in Figure 4.15.

In conclusion, the North Anna 2, Cycle 8 core performed satisfactorily
with power cistvibution analyses verifying that desigr predictions wer
accurate and that the values of the FQ(Z) and Fedelti-H hot channel

factors were within the 'imits of the Technical Specifications,
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Figure 4.1
NORTH ANNA UNIT 2 « CYCLE &
ASBEMBLYWISE POMER DISTRIBUTION N2-8+07
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Figure 4.3
NORTH ANNA UNIT 2 - CYCLE 8
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Figure 4.11
NORTH ANNA Unit 2 « CYCLE 8
TARGET DELTA FLUX vs. BURNUP
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Figure «.15
NORTH ANNA Unit 2 - CYCLE &
CORE AVERAGE AXIAL PEAKING FACTOR wvs. LURNUP
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equivalent 1-131 concentration for the cycle was 2.42 X 1072 wCi/gm which

corresponds to less than 3% of the Technical Specification limit.

Correcting the 1-131 concentration for tramp idodine involves
calculating the 1-131 activity from tramp fissile sources and subtracting
this value from the measured 1+131. The resultant is an estimate of the
I=131 activity resulting directly from defective fuel. The magnitude of
the tramp-corrected 1-131 can be used as an indication of the nurber of
defective fuel rods. The cycle average tramp corrected iodine<]13)
concentration was 1.57 X 107¢ wWCi/gm with an average demineralizer flow
rate of approximately 77 gpm during power operation. This magnitude of
tramp corrected 1-131 typically indicates the presence of defective fuel
rods. Another positive indication of defective fuel is the presence of
spikes in radioiodine during large or rapid power transients. Several

iodine spikes can be seen on Figure 5.1.

The ratio of the specific activities of 1<131 to 1-133 is used to
characterize the type (size) of fuel failure or failures which may have
occurred in the reactor core. Use of the ratic for this determination is
feasible because [-133 has a short half-life (approximately 21 hours)
compared to that of 1-131 (approximately eight days). For pinhole
defects, where the diffusion time through the defect is on the order of
days, the [-133 decays leaving the 1-13] dominant in activity, thereby
causing the ratio to be roughly 0.5 or more. In the case of larger leaks
and tramp material, where the diffusion mechanism is negligible, the

[=131/1-133 ratio will generally be less than 0.1. The use of these
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ratios with regard to defect size is empirically determined and generally

used throughou: the commercial nuclear power industry.

Figure 5.2 shows tha 1-131/71-133 ratio data for North Anna 2 Cycle 8,
Aside from the large increases in the ratio during the time when the
defects occurred, the 1-131/1-133 ratio settled out below a ratio of 0.5
toward the middle and end of cycle. This indicates that the defects in

the cladding were likely to be moderately sized,

Fuel ultrasonic testing was performed during the Cycle 8 to {ycle 9
refueling outage. Eight fuel rods in five fuel assemblies were confirmed
to be defective. The five fuel assemblies are X&49, Y39, Y40, Y42, Y&7.
Assembly X49 was used for twoe cycles. Visual confirmation of the
defective rod showed a througl-wall defect on a corner rod below the
bottom grid. This defect sppears to be externally generated, but it is
not ciear whether debiis or some other external mechanism induced the
pirimary defect. FExtensive hydriding was also observed toward the upper
spans of this rod., Assemblies Y39, Y40, Y42, and Y47 are all from the
new fuel batch for Cycle 8. No evidence of debris induced failures was
found during the visual examination of these assemb'ies, There was
evidence of hydriding of the fuel cladding just above the bottom grid on
the failed fuel rods that wero visible, Possible failure mechanisms are
currently being evaluated with the fuel vendor (Westinghouse). These fuel
assemblies will be restricted from further use pending any repair projects

to replace the defective fuel rods.
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Figure 5.1
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Figure 5.2
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Section 6

CONCLUSI'ONS

The Naorth Anna 2, Cycle B core has completed operation. Throughout
this cycle, all core performance indicatcrs compared favorably with the
design predictions and the core rnlated Technical Specifications limits
were met with significant margin. No significant abnormalities in
reactivity or burnup accumulation were detected. Radiojodine enalysis
indicated that there were apparont fucl rod defects during Cycle 8.
Puring ultrasonic teating of the fuel, eight fuel rods in five fuel
asserblies were determined to be defective. One of the five fuel
aszsemblies was used for two cycles of operation., The remining four
asemblies wer. :sed only one cycle. These five assemblies will be

restricted from further use pending repair.
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