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Section 2

BURNUP

The burnup history for the North Annsa Unit 1, Cycle 9 core is
graphically depicted in Figure 2.1. The North Amna 1, Cycle 9 core
achieved a burnup of 20,009 MWD/MTU. As shown in Figure 2.2, the average
load factor for Cycle 9 was 75.3%1 when referenced to rated thersal power
(2893 MW(t)). Unit ] experienced a mid-cycle steam generator inspection
outage of over two months in duration. Following the inspection outage,
the Unit ] core was limited to 95% power due to the results of the LOCA
énalysis in conjunction with the additional stesa generator tube
plugging. Unit 1 performed a power coastdown starting on Septesber 07,

1992 until shutdown for refueling on January 04, 1993.

Redial (X-Y) burnur distribution maps show how the core burnup is
shared among the various fuel assesblies, and thereby allow & detailed
burnup distr_“ution analysis. The TOTE' cosputer code is used to
calculate these assemblywise burnups. Figure 2.3 is & radial burnup
distribution map in which the core assemblywise burnup sccusulation st
the end of Cycle 9 operation is given. For cosparison purposes, the
design values sre slso given. Figure 2.4 is & redial burnup distribution
mep in which the percentage difference comparison of wmeasured and
predicted assemblywise burnup sccusulation at the end of Cycle 9 operation
is also given. As can be seen from this figure, the accusulated asseably

burnups were generally within £3.821 of the predicted values. In
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sddition, deviation from guadrant syssetry in the core throughout the

cycle was no greater than 20.44%.

The burnup sharing on & batch basis is wonitored to verify that the
core is operating &s designed and to enable sccurate end-of-cycle batch
burnup predictions to be made for use in reload fuel design studies.
Batch definitions are given in Figure 1.1. As seen in Figures 2.5A, 2.5B,
2.5C, and 2.5D, the batch burnup sharing for Norti Anna 1, Cycle 9
followed design predictions closely. Batches N1/9B and N1/7 had batch
burnups that deviated from predicted by 2.70% and 2.26% respectively. Each
of these batches were comprised of single assemblies, and the burnup
differences decreased as the cycle progressed. The burnups for all other
batches did not deviate from predictions by more than 2%. Symmetric
burnup in conjunction with @agreement between actual and predicted
assemblywise burnups and batch burnup sharing indicate that the Cycle 9

core did deplete &s designed.

NE-920 NI1C9 Core Performance Keport Page 13 of 51



Figure 2.1

NORTH ANNA UNIT 1 - CYCLE 9

CORE BURNUP HISTORY

e A

1008 4

1EEE
-

17800 -

TERED 7

15008 4

TR

13008

17008

LLLLN]
aresl
LA
et
o
LU
seemt
L1494 3]
LU
{14 1]
el
Foen
LLLLE
anmn
LIM )
e
AU
st
ocTe?
naver
pCes
RLLLM]
e

WA e e e e e e e G e B G W W e S ae SR e e e e

----- WAXTMUM DESICN BURNUP -

NE-820 NIC9 Core Performance Report

20100 WwD/NTU

Fage

14 of 51



re
UNIT 1

LE 9
FACTORS

~

ANKNA

vOKGH

E LOAD

\J

AVERA

it
UNTRL]

LINI R34

Page



r
.
’
n
13
113

R
§ wEasumy |
| meERicTES |

58381

.11

-

e m——

71 B8 €179 208351 37.7e)
s
-

37.5821
s
57.351 35.831
57671 3.4

HET &6 951 289 20,251 396010

-l o

SE.ATI 26997 @7.3% 25.39] 21.370 &0.48)
£
n

26| 37.79)

Sl om0

-

- —

1 25581
| 26851
261 26.31) &2,

.-

“r. .
.50
&31 23
L

Dl T o

SEL TS ATE BAL26) 47000
<P AT.29) 2330 37700

Bl

4

A2 26801 ).

AF] TS.781 22.02) w0 5%
3% TS.5%1 21.57) an. el

n
o
-
.7

071 26571 &2.571 8.
LR

ML 2677 s 25

M AT

0 0 0 A B

SR IN AR N Y

Bl TL.oea) .80

i
t 44

————

ST B9 27.70) w7,
S50 27191 48.831 27.521 &8.821 26.61) &1

Rt T

I S 27071 2.
SS&1 57,001 .2

560 M oaai
LU
B30 26wl 528 eeald

—.—————

AT B
U

76
951
-884

IS0 210w 57560 .|

AL 20.%! 37.850 Pe.ve) 37080 e84l
b
LU
T6.%8) 47 26! 26.531 &7

IR
W o
27500 «b.37) 27.

™
A
WL IV 661 AT 48] Zaes| ek

SE.5TE Z7.581 47471 2e.99] &7,

&6l &}

iel

T M B 0 e B e e A S S

.y

.

28l 28
LU S

AT

§S

83
2.
21.372) 3t .wl
e.% W

.2

&

s S ——
| 58,341 5o 081 30 051
I 38080 35 640 88000

WL 37080 2w XY,

|«
i se.a2l W

.

[ 38,030 52.%7) »9. e8¢
I 30080 35,680 39 0!

R e L T———

(GWD/NTU)

Bal 62 00
Bt B I

ol S8.521 27.321 &
91 a7.88)
b 4 1

Figure 2.3

NORTH ANNA UNIT 1 - CYCLE 9
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Figure 2.4
NORTH ANNA UNIT 1 - CYCLE 9
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Figure 2.5A
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Figure 2.5B
NORTH ANNA UNIT 1 - CYCLE 9
SUB-BATCH BURNUP SHARING
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Figure 2.5C
NORTH ANNA UNIT 1 - CYCLE 9
SUB-BATCH BURNUP SHARING
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Figure 2.5D
NORTH ANNA UNIT 1 - CYCLE 9
SUB-BATCH BURNUP SHARING
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NORTH ANNA UNIT 1 - CYCLE 9
CRITICAL BCRON CONCENTRATION vs. BURNUP

Figure 3.1
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Figure 4.10
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Section S

PRIMARY COOLANT ACTIVITY

The specific sctivity levels of radiciodines in the prisary coolant
are important to core &nd fuel performanc. a&s indicators of failed fuel
and are important with respect to offsite dose calculations associsted

with accident analyses.

Two mechanisms are responsible for the presence of radiciodines in the
primary coolant. Radiciodines are slways present due to direct fission
product recoil from trace fissile matzrials plated onto core cosponents
and fuel structured surfaces or trace fissile materials existing as
impurities in core structural materials. This fissile material is
generally referred to as "tramp” material, and the resulting iodines are
referred to as tramp iodine. Fission products will also diffuse into the
primary coclant if a hreach in the cladding (fuel defects) exists. Fuel
defects, when present, are generally the predosinant source of

radiciodines in thte primary coolant.

North Anna 1 Technical Specification 3.4.8 limits the radiciodines in
the primary coolant io & dose equivalent I-13] valve of 1.0 uCi/gm for
modes one through five, inclusive. Figure 5.1 shows the dose-equivalent
1-131 activity history for Cycle 9. These data show that the dose
equivalent 1-131 activity was substantially below the 1.0 yCi/ge limit

for steady state power operation. The average fuli power equilibrius dose
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equivalent I-131 concentration for the cycle was 5.51 X 10°3 pCi/ge which

corresponds to less than 1% of the Technical Specification limit.

Correcting the 1-131 concentration for tramp iodine involves
calculating the I-131 activity from tramp fissile sources and subtracting
this value froms the measured I-131. The resultant is an sstisate of the
1-13] ectivity resulting directly fros defective fuel. The magnitude of
the tramp-corrected 1-131 can be used as an indication of the nusber of
defective fuel rods. The cycle average tramp corrected iodine-131
concentration was 2.58 X 1073 uCi/gm with an aversge demineralizer flow
rate of approximately 99 gpm during power operstion. This megnitude 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 radiciodine dusing 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 I-133 is used to
characterize the type (size) of fuel failure or failures which may have
occurred in the reactor core. Use of the ratio for this determination is
feasible because 1-133 has & short half-life (approxisately 21 hours)
compared to that of I-131 (approxisately eight days). For pinhole
defects, where the diffusion tise through the defect is on the order of
days, the 1-132 decays leaving the 1-131 dosinant in activity, thereby
causing the ratio to be roughly 0.5 or sore. In the case cf larger lesks
and tramp material, where the diffusion mechanise is negligible, the

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

used throughout the commercial nuclear power industry.

Figure 5.2 shows the 1-131/1-133 ratio data for North Aans 1 Cycle §.
Aside from the large incresses in the rstio during the tise when the
defects occurred, the 1-131/1-133 ratio settled out below & retioc of 0.4
to 0.3 toward the middle and end of cycle. This indicates thst the

defects in the cladding were likely to be small to soderately sized.

Fuel uitrasonic testing was performed during the Cycle 9 to Cycle 10
refueling outage. Two fuel rods in two fuel assesmblies were confirmed
to be defective. The two fuel assemblies are 1A9 and 3AL. Both
assemblies are from the new fuel batch for Cycle 9. Evaluation of
possible failure mwechanisms is currently in process. These fuel
assemblies will be restricted from further use in sccordance with the Zero
Defect Policy'? pending any repair projects to repiace the defective fuel

rods .
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MICROCURIES PER CRAM

Figure 5.1
NORTH ANNA UNIT 1 - CYCLE 9
DOSE EQUIVALENT 1-131 vs. TIME
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| -131/1-133 RATIO

Figure 5.2
NORTH ANNA UNIT 1 - CYCLE 9
1131 / 1-133 ACTIVITY RATIO vs. TIME
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Section 6

CONCLUSIONS

The North Amna 1, Cycle 9 core has completed operation. Throug hout
this cycle, all core perforsance indicstors compared favorably with the
design predictions and the core related Technical Specificetions limits
were met with significant wmargin. No significant abnorsslities in
resctivity or burnup accusulation were detected. Radioiodine analysis
indicated that there were apparent fuel rod defects during Cycie 9.
During ultrasonic testing of the fuel, two fuel rods in two fuel
assemblies were determined to be defective, where both of the fuel
assemblies were fresh. These two assesblies will be restricted from

further use in accordance with the Zero Defect Policy'’, pending repair.
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