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Section 1

INTRODUCTION AND SUMMARY

On January 12, 1991, North Anna Unit ) completed Cycle 8. Since the
initia) criticality of Cycle & on July 15, 1989, the reactor core produced
approximately 1 1500 x 10% metU (19,308 Megawatt days per metric ton of
contained uranium). The purpose of this report is to present an analysis
of the core performance for routine operation during Cycle . The physics
tests that were performed during the svartup of th 5 cycle were covered
in the North Anna Unit 1, Cyecle 8 Startup Physics Test Report' and,

therefore, will not be included here.

North Anna Unit )| Legan operating at a reduced resactor coolant system
(RCS) average temperture starting on November 20, 1989 at a burnup of
approximately 4897 MWD/MTU. Temperature was reduced from an average of
586.8° F to 580.8° F. This was done to prolong the steam generator life.
On January 2, 1990 at a burnup of 5946 MWD/MTU Unit 1 increased RCS
average temperature from 560 8" F to 583.0" F. This was done because Unit
| was unable to operate at 100% power with the RCS temperature reduced
to 580.8° These changes in RCS average temperature resulted in a net

reduction of 3.8' F.
North Anna Unit | was in coastdown from September 23, 1990, at which
time the burnup was approximately 16,332 MWD/MTU. The coastdown accounted

NE-838 NIC8 Corn Perforsance Report Fage 5 of 49
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limits, thereby ensuring that adequate margins for linear power density
and critical heat flux thermal limits are maintained. Lastly, as part
of normal core follow, the primary coolant activity is monitored to verify
that the dose equivalent iodine-13] concentration is within the limits
specified by the North Anna Unit 1 Technical Specifications®. A
ra..oiodine analysis bared on the iodine-13] concentration in the coolant

is performsed to assess the integrity of the fuel.

Each of the four performance indicators is discussed in detail for the
North Anna Unit 1, Cycle 8 core in the body of this report. The results
are summarized below:

1. Burnup = The burnup tilt (deviation from quadrant sysmetry)
on the core was no greater than 20.50% with the burnup accumulation in
each batch deviating from design prediction by no more than 2.04%.

2. Reactivity Depletion - The critical beron concentration,
used to monitor resctivity depletion, was consistently within 20.35% AK/K
of the design prediction which is within the #1% AK/K margin allowed by
Section &.1.1.1.2 of the Technical Specifications.

3. Power Distribution = Incore flux maps taken each month
indicated that the assemblywise radial power distributions deviated from
the desiyn predictions by a maximus average difference of 1.9%. All hot

channel factors met their respective Technical Specifications limits.

NE-838 NICB Core Perforsance Report Page 7 of 49




4. Primary Coolant Activity - The average dose equivalent
iodine~131 activity level in the primary coolant during Cycle 8 was
approximately 0.V088 uCi/gm. This corresponds to less than 1% of the
oprrating limit for the concentration of radioiodine in the primary

coolant. Radioiodine analysis indicated there were no fuel rod defects

in Cycle 8.
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Figure 1.2
NOKTH ANNA UNIT 1 « CYCLE 8

MOVABLE DETECTOR AND

THERMOCOUPLE LOCATIONS
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Figure 1.3

NORY4 ANNA UNIT 1 - CYCLE 8
CONTROL ROD LOCATIONS
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Section 2

BURNUP

The burnup history for the North Anna Unit 1, Cycle & core is
graphically depicted in Figure 2.1, The North Anna 1, Cycle B core
achieved a burnup of 19,308 MWD/MTU. As shown in Figure 2.2, the average
load factor for Cycle B was 89 0% when raferenced to the rated thermal
power of 2893 MW(t). Unit | perforsed a power coastdown starting on

September 23, 1990 until shutdown for refueling on January 12, 1991,

Radial (X*Y) burnup distribution maps show how the core burnup is
shared among the various fuel assesblies, and thereby allow a detailed
burnup distrilution analysis. The NEWTOTE' computer code is used to
calculate these assemblywise burnups. Figure 2.3 is a radial burnup
distribution map in which the assemblywise burnup accumulation of the core
at the end of Cycle § operation is given. For comparison purposes, the
design values are also given. Figure 2.4 is a radial burnup distribution
map in which the percentags difference comparison of measured and
predicted assemblywise burnup accumulation at the end of Cycle 8 operation
is also given, As can be seen from this figure, the accumulated asseambly
burnups were generally within 22.92% of the predicted values. In
addition, deviation from quadrant symmsetry in the core throughout the

cycle was no greater than $0.50%.

The burnup sharing or & Latch basis is monitored to verify that the

core is operating as designed and to enable accurate end-of-cycle batch

NE-838 NI1C8 Core Performance Report Page 12 of 49
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Figure 2.3
NORTH ANNA UNIT 1 =« CYCLE &
EOC ASSEMBLYWISE ACCUMULATED BURNUP
MEASURED AND PREDICTED
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Figure 2 5A
NOKTH ANNA UNIT 1 - CYCLE &
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Figure 4.3
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Figure 4.4
NORTH ANNA Unit 1 = CYCLE 8
HOT CHANKEL FACTOR NORMALIZED
OPERATING ENVELOPE
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Figure 4.5
NORTH ANNA Unit 1 - CYCLE 8
HEAT FLUX HOT CHANNEL FACTOR, FQ(Z)
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Figure 4.6
NORTH ANNA Unit 1 = CYCLE 8

HEAT FLUX HOT CHANNEL FACTOR, FQ(Z)

) )
o v
o <

HEAT FLUX HOT CHANNEL FACTOR (kq-T(2))
o
O

0.00

N1l-8+13

3

E chu  WEEEy,

E .l I- l..llIllg. .lllln. ...lu... T

3 ;
;

E

:

ARPHTE FWPEE FERTS FRTTE FRTEE FETEE PRETS SWETE EWES SRR e S
60 55 SO 45 40 35 30 25 20 15 10 5

BOTTOM AXIAL POSITION (NODES) TOP

NE~838 NICB Core Performance Report Page 33 of 49



Figure 4.7
NORTH ANNA Unit 1 - CYCLE 8
HEAT FLUX HOT CHANNEL FACTOR, FQ(Z)
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Figure 4.8
NORTH ANNA Unit 1 - CYCLE 8
MAXIMUM HEAT FLUX HOT CHANNEL FACTOR, FQ(Z)*P. vs. AXIAL POSITION
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Figure 4.9
NORTH ANNA Unit 1 - CYCLE 8
MAXIMUM HEAT FLUX HOT CHANNEL FACTOR, FQ(Z). vs. BURNUP
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Figure 4.10
NOKTH ANNA Unit 1 = CYCLE 8
MAXIMUM ENTHALPY RISE HOT CHANNEL FACTOR, F-delta-H, vs. BURNUP
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Figure 4.11

NORTH ANNA Unit 1 - CYCLE 8
TARGET DELTA FLUX vs. BURNUP
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Figure 4,12
NORTH ANNA Unit 1 - CYCLE B8
CORE AVERAGE AX1AL POWER DISTRIBUTION
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Figure 4,13
NORTH ANNA Unit 1 - CYCLE 8
CORE AVERAGE AXIAL POWER DISTRIBUTION
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Figure 4. 14
NORTH ANNA Unit 1 - CYCLE 8
CORE AVERAGE AXIAL POWER DISTRIBUTION
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Figure 4.15
NORTH ANNA Unit 1 - CYCLE 8

CORE AVERAGE AXIAL PEAKING FACTOR
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Section 5

PRIMARY COOLANT ACTIVITY

The specific activity levels of radioiodines in the prim.ry coolant
are important to core and fuel performance as indicators of failed fuel
and are important with respect to offsite dose calculations associated

with accident analyses,

Two mechanises are responsible for the presence of radioiodines in the
primary coolant. Radioiodines are always present due to direct fission
product recoil from trace fissile materials p'ated onto core components
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 coolant if a breach in the cladding (fuel defects) exists. Fuel
defects are generally the predominant source of radioiodines in the

primary coolant.

North Anna 1 Technical Specification 3.4.8 limits the radioiodines in
the primar; coolant to a dose equivalent I-131 value of 1.0 wCi/gm for
modes one through five, inclusive. Figure 5.1 shows the dose-equivalent
1-131 activity history for Cycle 8. These data show that the dose
equivalent I-131 activity was substantially below the 1.0 uCi/gm limit
for steady state power operation., There are no indications that the 1.0

uCi/gm limit was exceeded during operation of Cycle 8. The average full
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power equilibrium dose equivalent 1-131 concentration was 8.8 X 1073
uCi/gm which corresponds to less than 1% of the Technical Specification

limiv,

Correcting the measured RCS 1-131 concentration for tramp iodine
involves calculating the I-13]1 activity from tramp fissile sources and
subtracting this value from the measured 1-131. The resultant is the
I=131 activity from defective fuel. The magnitude of the tramp-currected
1-131 can be used as an indication of the number of defective fuel rods.
The cycle average tramp corrected iodine-131 concentration was 3.74 X
1074 uCi/gm. A tramp-corrected 1-131 concentration of this small
magnitude is a clear indication of core operating with no fuel defects.
The absence of fuel defects is also substantiated by the fact that there
was no spike in the measured I-131 when the Unit was shut down. The
demineralizer flow rate averaged approxirately 91 gpm during power

operation.

The ratio of the specific activities of I-131 to 1-133 is generally
used to characterize the size of fuel defects. Use of the ratio for this
determination is feasible because 1-133 has a short half-life
(approximately 21 hours) compared to that of I-131 (approximately eight
days). For pinhole defects, where the diffusion time through the defect
is on the order of days, the I[-133 decays leavirg the I-131 dominant in
activity, thereby causing the ratio to be roughly 0.5 or more. In the case
of large leaks and tramp material, where the diffusion mechanism is
negligible, the I1-131/1-133 ratio will generslly be less than 0.1, The

use of these ratios with regard to defect size is empirically determined
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and generally used throughout the commercial nuclear power industry.
Figure 5.2 shows the 1-131/1-133 ratio data for the North Anna 1, Cycle
8 core at a general average value of 0.09 through January, 1991. Since
no fuel defects existed in the Cycle 8 core, the radiciodine data is

strictly due to tramp fissile material.

NE-838 NI1C8 Core Perfcrmance Report Page 45 of 43

———



Figure 5.1

NORTH ANNA UNIT
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