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Section 1

INTRODUCTION AND SUMMARY

On August 21, 1990, North Anna Unit 2 completed Cycle 7. Since the

initial criticality of C;cle 7 on May 7, 1989, the reactor core produced

8approximately 1.0748 x 10 MBTU (18,023 Megawatt days per metric ton of

contained uranium). The purpose of this report is to present an analysis

of the core parformance for routine operation during Cycle 7. The physics

tests that were performed during the startup of this cycle were covered

1in the North Anna Unit 2, Cycle 7 Startup Physics Test Report and,

therefore, will not be included here.

North Anna Unit 2 began operating at a reduced temperture starting on

October 31, 1989 at a burnup of approximately 6867 MWD /MTU. Temperature

was reduced f rom an average of 586.8' F to 580.8' F. This was done to

prolong the steam generator life.

North Anna Unit 2 was in coastdown from June 25, 1990, at which time

the burnup was approximately 16,234 MWD /MTU. The coastdown accounted for

an additional core burnup of roughly 1,789 MWD /MTU from the end of full

power coactivity.
n

The Cycle 7 core consisted of 11 sub-batches of fuel: two once-burned

batches from Cycle 6 (batches 8A and 8B); five twice burned batches, two

NE-799 N2C7 Core Performance Report Page 5 of 48
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from CyclesL5-and 6 (batches 7A and 7B), one from North Anna 1 Cycles 4

and 5, one from North Anna 1 Cycle 4 and North Anna 2 Cycle 6 (both batch

N1/6A), and one -from North Anna 1 Cycles 5 and 6 (batch N1/7A); and four

fresh batches (batches 9A,- 9B, N1/10A and -N1/10B). The North Anna 2,

Cycle 7 core loading map specifying the fuel batch identification, fuel
o

assembly locations, burnable poison locations and source assembly

locations is shown in Figure 1.1. Movable detector locations and

thermocouple locations are shown in Figure 1.2. Control rod locations

are shown in Figure 1.3.
|

Routine core follow involves the analysis of four principal

performance ' indicators. These are burnup distribution, reactivity

depletion, power distribution, and primary coolant activity. The core

burnup distribution is followed to verify both burnup symmetry and proper

' batch burnup. sharing, thereby ensuring that the fuel held over for the-

:next cycle - will _bo compatible with: the new fuel - that is inserted.

Reactivity depletion is monitored to detect the existence of any abnormal

. reactivity behavior, to determine if the core is depleting,as designed..

and to. ludicate at what burnup level refueling will be required. Core

-power-distribution follow includes the monitoring of nuclear' hot channel
-

factors to verify; that they are within the Technical Specifications

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 equiva' lent iodine-131 concentration is within the limits

specified by the North Anna Unit 2 Technical Specifications . A2

-NE-799 N2C7 Core Performance Report Page 6 of 48
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radiciodine analysis based on the iodine-131 concentration in the coolant

is performed to assess the integrity of the fuel.

Each of the four performance indicators is discussed in detail for the

North Anna Unit 2, Cycle 7 core in the body of this report. The results

are summarized below:

1. Burnup - The burnup tilt (deviation from quadrant symmetry)

on the core was no greater than 10.45!. with the burnup accumulation in

each batch deviating from design prediction by no more than 1.78%.

2. Reactivity Depletion The critical boron concentration,-

used to monitor reactivity depletion, was consistently within 10.45% AK/K

of the design prediction which is within the 11% AK/K margin allowed by

Section 4.1.1.1.2 of the Technical Specifications.

3. Power Distribution Incore flux maps taken each month-

indicated that the assemblywise radial power distributions deviated from

the design predictions by a maximum average dif ference of 1.6%. All hot

channel factors met their respective Technical Specifications limits.

4. _ Primary Coolant Activity The average dose equivalent-

lodine-131 activity level in the primary coolant during Cycle 7 was

approximately 0.0109 tici/gm. This corresponds to less than 2% of the

operating limit for the concentration of radiolodine in the primary

coolant. Radiolodine analysis indicated several fuel rod defects, which

prompted ultrasonic testing (UT) during the Cycle 7 to Cycle 8 refueling

outage. During UT testing, it was determined that one fuel rod in one

assembly had a defect.

NE-799 N2C7 Core Performanco Report Page 7 of 48
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Figure 1.1

NORTH ANNA UNIT 2 - CYCLE 7
CORE LOADING MAP

R P N M L R J H G F E D C B A

1 vi2 i G44 I vet i
l I l i !
I I I I

I v*t I war i x39 i wse 1 x24 l uns I v53 i
l i 1 5511 1 I i | | 2
1 1 1 1 1 I I i

1 v55 l'a37 1 use I wer I xot i v22 l x32 1 x31 i vit i
l | 4 DP Q 12P 1 1 !ZP | | 12P | 4 DP l 1 3
1 I i l I i l I i f

i v44 | won i X33 I wSS l nel I W35 1 xtl I w*e 4 x51 | wer i v52 1
1 1 I leP | | 12P 1 1 12P 'l l leP | t 1 4
| | | | | 1 1 i f 1 I |

| vse 1 x*6 i x4e I use i se6 i v54 I w 54 I ws3 1 tot I use 1 x35 1 x52 I vsa i
i I 4 DP I leP i i 16P 1 l | | lbP | | leP | 4 DP | 1 5
1 1 i l I i l I | | | 1 I
i wt* 1 x*t i v32 i Kle I wie 4 xle I W2e I ut9 I wit I se9 v33 1 x*2 I wil !
I i 12P l i 16P l 1 169 | | 16P | | 16P 1 ITP i | 6'

I i i l I i i l | I ! l I
i v26 I use i v26 i sta i w4e i me7 i v51 i sta i wee 4 xe6 I w68 | xes I wet I att i v35 1
1 1 | | 12P 1 1 16p 1 1 16p I i 16P I I 12P I I i | 7
I i l i I I I I | t i I I 1 i I
| Gan i use i nel I wS2 w** I ul9 1.n et 1 F32 j Ke5 | v24 i w51- I v37 i XI5 I ub4 i G35 |
| l 1 12P i l i 16p i i 16P | | | 1546 | 12P i l 1 &
I I I I i 1 I l | I i l i l l
i v27 i x34 I wi7 | x2e i u se xt1 I ws, I asa i w39 I met I wt5 1 att v25 1 x*9 i v32 1
1 1 1 1 12P l 16P 1 |19 | 119 1 1 12P 1 | | 9
i i l i 1 -1 I i l I i l | I

i wie i aos I wSF 'l set 1 w;* I ne9 4 was 1 xl2 | was a ne4 I wt2 x29 i w24 4
I i 12P | | 169 . | | 4W l i 16P 1 1 -IW l 12P f | le
1 I i l I I i i !- I l l .I
| vie 4 x26 4 x22 | war i mes I wet I w62 I wie i Ett I us9 I E41 1 123 vt3 4 ,

1- 1 40P i lep I i 16P l | I -| 16P i 1 top | 4 DP 1 11
1 l i 1 l i l | | l l_I I

i v41 I w21 i x45 I w29 i xe5 I w63 | x16 I ws6 | xia I w99 e v45 |

| I | LeP l i 12P 1 1 12P 1 | leP | 12
l I i 1 i i l |- 1 i

i vos 1 x25 1 xso I was 1 xt3 I we6 i x36 1 x27 .I e=L
| t 4DP 1 12P | 1 !ZP | | 12P I 4DP i 1 13
1 'I I I I i | | | i

i v54 I wi6 4 x34 I w= 3 | x21 I we+ 1 v49 1
1 I I I I ss12 1 1 1 14

| l > AssEnstY 10 - | | I i j i I i
i l**> ONE DF THE F0ttDw!MG l vie i G44 i v34 i
i ! 1 I I i 15-

A. SS - SECOMOAaY SOURCE I i | |
S. ExP guinsA4tE POISON AS4EMBLY

(XX teP44R OF PODS)
C.EDP * DEPtETED eURNAtlE Pol $0N ASSENSLY

(X+MUMBER OF RODS)

'

FUEL ASSEMSLLY DESIGN PARApf fERS

Sue BATCH

Ml/6A Ml/FA - N1/ lea N1/let 14' 78 6A 68 9A 9e

INITIAL (NRICMMENI
(W/0 U 2351 3.59 3.6e 3.se 4.co 3.64 1.79 '.79 4.00 3.e4 4.e1

ASSEMeLY TYPE 17X 8 7 17X17 17X17 17X17" 17XI? 17X17 17X171 17X11 17:17 17:17
Mums (R OF ASSEMeLIES 2 4- 12 1 4 15 . 28 34 28 31

- FUEL RODS PER ASSEMeLY 2 64 - 264 264 2 64 264 244 ' 264 2 64 264 264
ASSEMeLY 10 emf!FICAf t0N

F32 Gil Kal R41 vet v57 Wel vl5 W29 W45 w68 Xet XII X21 X37
F4L G35 Re2 vle v3a we2 ul6- v34 w46 w62 202 X12 X22 X38

G44 Ke3 v22 v39 we5 W17' wil W47 we3 M03 M13 X23 X39
G44 Ke4 v26 v4e - we4 wta wS2 W44 w64 X84 XI4 X24 X40

K85 v27 v43 was wit v53 v49 N05 X15 X25 X41
see V32 v45 we6 W2e w34 w5e Me6 x16 X26 X42
me7 v35 v44 wer v2: v35 W5: xe7 xi? x27 X43
sea vs4 _ v45 wee v22 w34 v52 xte XIe X2a x45
Ke9 v47 we9 v23 wi7 w53 Xe9 Xt9 X29 X44
Ele v49 wle v24 w54 wS4 XIe are X34 X47-
Kil v51 wil w25 wS9 wSS X31 X48
K12 v52 w12 v26 w48 w56 X32 X49

v53 wil w27 wel W57 x33 X50
v55 W14 w24 w42 Wie X34 X51
V64 w43 wS9 x35 X52

w&4 w60 X34

NE-799 N2C7 Core Perforniance Report Page- 8 of 48

. . . - -



..

. .

Figure 1.2
NORTH ANNA UNIT 2 - CYCLE 7

MOVABLE DETECTOR AND
THERMOCOUPLE LOCATIONS
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Figure 1.3
NORTH ANNA UNIT 2 - CYCLE 7

CONTROL ROD LOCATIONS
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S9ction 2

BURNOP

The burnup history for the North Anna Unit 2, Cycle 7 core is

graphically depicted in Figure 2.1. The North Anna 2, Cycle 7 core

achieved a burnup of 18,023 MWD /MTU. As shown in Flgure 2.2, the average

load factor for Cycle 7 was 94.3% when referenced to rated thermal power

(2893 MW(t)). Unit 2 performed a power coastdown starting on June 25,

1990 until shutdokn for refueling on August 21, 1990.

Radial (X-Y) burnup distribution maps show how the core burnup is

shared among the various fuel assemblies, and thereby allow a detailed

burnup distribution 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 7 operation is given. For comparison purposes, the

design values are also given. Figure 2.4 is a radial burnup distribution

map in which the percentage difference comparison of measured and

predicted assemblywise burnup accumulation at the end of Cycle 7 operation

is also given. As can be seen from this figure, the accumulated assembly

burnups were generally within 2.59% of the predicted values. In

add it ion , deviation from quadrant symmetry in the core throughout the

cycle was no greater than 0.45%.

The burnup sharing on a batch basis is monitored to verify that the

I
core is operating as designed and to enable accurato end-of-cycle batch j

NE-799 N2C7 Core Performance Report Page 11 of 48
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burnup predictions to be made for use in reload fuci desif;n studies.
.

Batch definitions are given in Figure 1.1, An seen in Figuros 2.5A, 2.5B

and 2.5C the batch burnup sharing for North Anna 2, Cycle 7 followed

design predictions closely with no batch deviating f rom prediction by mote

than 1.78%. Symmetric burnup in conjunction with agreement between actual
..

and predicted assemblywise burnups and butch bitenup sharing indicate that

the Cycle 7 core did deplete as designed.

i

e

!

-i

,

.
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Figere 2.1

NORTH ANNA UNIT 2 - CYCLE 7
i CORE BURNUP HISTORY
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Figure 2.3
NORTH ANNA UNIT 2 * CYCLE 7,

i ASSEMBLYWISE ACCUMULATED BURNUP
MEASURED AND PREDICTED

(GWD/MTU)
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Figure 2.4

NORTH ANNA UNIT 2 * CYCLE 7
ASSEMBLYWISE ACCUMULATED BURNUP

COMPARISON OF MEASURED AND PREDICTED
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M aure 2.5A'

NORTl! ANNA UNIT 2 CYCLE 7
>

SUB+BATCil BURNUP S!!ARING ;

o

NOTE: Solid lines represent predicted burnup,
and symbols represent measured burnup.3
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Figure 2.5B
NORTl! ANNA UNIT 2 - CYCLE 7

SUB+BATCil BURNUP SilARING

NOTE: Solid lines represent predicted Lornup,
and symbols represent measured burnup.
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Tigure 2.50
NORTil ANNA UNIT 2 + CYCLE 7

-

$UB BATCil BURNUP SHARING

NOTE: Solid lines represent predicted burnup,<

and symbols represent measured burnup.
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Section 3

REACTIVITY Dr.PLETION

The primary coolant critical boron concentration is monitored for the

purposes of following core reactivity and to identify any anomalous

reactivity behavior. The FOLLOV' computer code was used to normalize

" actual" critical boron concentration measurements to design conditions

taking into consideration control rod position, xenon concentration,

moderator temperature, and power 1cvel. The normalized critical boron

concentration versus burnup curve for the North Anna 2 Cycle 7 core is

shown in Figure 3.1. It can be seen that the measured data typically

ccmpared to within 67 ppm of the design prediction. This corresponds to

10.45% AK/K which is within the 11% AK/K criterion for reactivity

anomalies set forth in Section 4.1.1.1.2 of the Technical Specifications.

The discontinuity in Figure 3.1 is due to the reduced temperature

operation mentioned in -the introduction. In conclusion, the trend

indicated by the critical boron concentration verifies that the Cycle 7

core depleted as expected without any reactivity anomalies.

,
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Figure 3.1
NORTH ANNA UNIT 2 CYCLE 7

CRITICAL BORON CONCENTRATION vs. EURNUP
(HrP ARO)
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Section 4

POWER DI::TRIBUTION

Analysis of core power distribution data on a routine basis is

necessary to verify that the hot channel factors are within the Technical

Specifications limits and to ensure that the reactor is operating without

any abnormal conditions which could cause an " uneven" burnup

distribution. Three-dimensional core power distributions are determined

from movable detector flux map measurements using the INCORE computerS

program. A summary of all full core flux maps taken since the completion

l of startup physics testing for North Anna 2, Cycle 7 is given in Table

4.1. Power distribution maps were generally taken at monthly intervals

with additional maps taken as needed. '

Radial (X Y) core power distribution for a representative series of

incore flux maps are given in Figures 4.1, 4.2, and 4.3. Figure 4.1 shows

a power distribution map that was taken early in cycle life. Figure 4.2

shows a power distribution map that was taken near mid-cycle burnup.

Figure 4.3 shows a map that was taken near the end of Cycle 7. The

measured relative assembly powers were generally within 4.67. and the

maximum average percent difference was equal to 1.6L In addition, as

indicated by the INCORE tilt factors, the power distributions were

essentially symmetric for each case.

'

An important aspect of core power distribution follow is the monitoring

of nuclear hot channel factors. Verification that these factors are
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within Technical Specifications limits ensures that linear power density

and critical heat flux limits will not be violated, thereby providing

adequate thermal margin and maintaining fuel cladding integrity. North

Anna Unit 2 Technical Specification 3.2.2 limited the axially dependent

heat flux hot channel factor, F (Z), to 2,19 x K(Z), where K(Z) is theg

hot channel factor normalized operating envelope. Figure . 4 is a plot

of the K(Z) curve associated with the 2.19 F (Z) limit.q

The axially dependent hoot flux hot channel factors, F (Z), for aq

representative set of flux maps are given in Figures 4.5, 4.6, and 4.7.

Throughout Cycle 7, the measured values of F (Z) were within the Technicalg

Specifications limit. A summary of the maximum values of

axially-dependent heat flux hot channel factors measured during Cycle 7

E is given in Figure 4.8. This figure indicates that the minimum margin

to the F limit in the axial region covered by the Technical Specificationq

4.2.2.2 is 9.6%. (Technical Specification 4.2.2.2.g states that Fq

surveillence is not applicable in the lower core region from 0% to 15%

inclusive, and the upper core region from 85% to 100% inclusive.)

Figure 4.9 shows the maximum values for the heat flux hot channel

factor measured during Cycle 7. As can be seen from the figure, there

was an approximate 13.88% margin f rom the maximum F (Z) to the 2.19 limitq

at the beginning of the cycle, with the margin generally increasing

throughout cycle operatica. The F (2) increases seen at EOC in Figure9

4.9 are a result of the coastdown.4
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The value of the enthalpy rise hot channe) factor, F delta H, which

-16 the ratio of the integral of the power along the rod with the highest

integrated power to that of the average rod, is routinely followed. The

Technical Specifications limit for this parnmeter is set such that the

departure from nucleate boiling ratio (DNBR) limit will not be violated.

Additionally, the F de.ta-H limit ensures that the value of this parameter

used in the 1.OCA-ECCS analysis is not exceeded during normal operation.

North Anna Technical Specification 3.2.3 limited the enthalpy rise hot

channel factor to 1.49(1+0.3(1 P)) for Cycle 7. A summary of the maximum

values for the enthalpy rise hot channel f actor measured during Cycle 7

is given in Figure 4.10. As can be seen from this figure, the minimum

margin to the limit was approximately 5.2%.

The target delta flux * is the delta flux which would occur at

conditions of full power, all rods out, and equilibrium xenon. The delta

flux is measured with the core at or near these conditions and the target

delta flux is established at this measured point. Since the target delta

flux varies as a function of burnup, the target value is updated monthly.

By maintaining the value of delta flux relatively constant, adverse axial

power shapes due to xenon redistribution are avoided.

ii.c W.ot of the target delta flux versus burnup, given in Figure 4.11,

shows the value of this parameter to have been approximately 1.7% at the

beginning of Cycle 7, Delta flux values decreased steadily to -4.6% near

the middle of the cycle, then gradually increased to -3.9% before the

Pt-Pb
* Delta Flux * ----- X 100 where Pt = power in top of core (MW(t))

2893 Pb = power in bottom of core (MW(t))

NE-799 N2C7 Core Performance Report Page 24 of 48 |

_ 1



_ _ . _ _ _ _ . . _ . - _ _ _ _ _ _ _ _ _ _ _ _ - . _ . . . _ _ _ - - _ . _ _ _ _ _ . _ __ _

1
**

j. .

|
l

constdown. At the tsnd of Cycle 7, the target delta flux increased to -3.5*.
i

due to the coastdown. This axial power shif t can also be observed in the ,j

corresponding core average axial power distribution for a representativo

series of maps given in Figures 4.12 through 4.14. In Map N2 7-08 (Figure |

|

4.12), taken at 800 MWD /MTU, the axial power distribution had a shapo
,

peaked toward the middle of the core with a peaking factor of 1.215. In

Map N2-7-15 (Figure 4.13), taken nt approximately 8339 MWD /MTU, the axial

power distribution peaked slightly toward the bottom of the core with an

axial peaking factor of 1.148. Finally, in Map N2 7-24 (Figure 4.14),

taken at 15,823 MWD /MTU, the axial peaking facte- was 1.150, with the

axial power distribution shiftod slight ned the top. The

history o' c-Z during the cycle can be .a . eore clearly in a plot of F-Z

versus burnup given in Figura 4.15.

In conclusion, the North Anna 2 Cycle 7 core performed satisfactorily

with power distribution analyses verifying that design predictions were

accurato and that the values of the F (Z) and F-delta-H hot channelq

factors woro within the lim 4ts of the Technical Specifications.

1

d
'
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Figure 4.1
NORTH ANNA UNIT 2 - CYCI.E 7

ASSEMBLYWISE POWER DISTRl!UTION N2-7 08
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Figure 4.2

NORTH ANNA UNIT 2 - CYCLE 7
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Figure 4.3
NORTH ANNA UNIT 2 - CYCLE 7

ASSEMBLYWISE POWER DISTRIBUTION N2 7-24
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Figure 4.4
NORT11 ANNA Unit 2 - CYCLE 7
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Figure 4.5
NORTH ANNA Unit 2 - CYCII 7

HEAT FLUX HOT CHANNEL FACTOR, F (2)q
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Figure 4.6

NORTil ANNA Unit 2 CYCLF. 7
HEAT FLUX 110T CHANNEL FACTOR, F (Z)g
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Figure 4.7

NORTH ANNA Unit 2 - CYCLE 7
!! EAT FLUX ll0T CilANNEL FACTOR, F (Z)q
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Tigure 4.8

NORTH ANNA Unit 2 - CYCLE 7
MAXIMUM HEAT TLUX 110T CllANNEL FACTOR, F (4)*P, vs. AXIAL POSITION
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Figure 4.9
NORT}i ANNA Unit 2 - CYCLE 7

MAXIMUM llEAT TLUX ll0T C}!ANNEL TACTOR, T (Z), vs. EURNUPg
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-Figure 4.10
NORTH ANNA Unit 2 - CYCLE 7

MAXIMUM ENTHALPY RISE HOT CllANNEL FACTOR, F delta-H, vs. BURNUP
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Figure 4.11 '

NORTH ANNA Unit 2 - CYCLE 7
TARGET DELTA TLUX vs. BURNUP I
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Figure 4.12
NORTH ANNA Unit 2 - CYCLE 7

CORE AVERAGE AXIAL PO'iER DISTRIBUTION
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Figure 4.13
NORTH ANNA Unit 2 - CYCLE 7

00RE AVERAGE AXIAL POWER DISTRIBUTION
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Figure 4.14
NORTil ANNA Unit 2 CYCLE 7

CCRE AVERAGE AXIAL POWER DISTRIBUTION
N2 7 24

Fz = 1.150
AX1AL OFFSET = 3.879

1.50g-
:
:
:

1,2d)
,=""* ....,,:

~

y ; ", *""""w" '
, ,zmus s, ,assuw ,vammu,w : . -

N u ,,

,3 0.90 7 * , u y
=

j " , -
:

..= :

@ i *
v _a
m 0.60 7
5 : ,

C :- .

-

.

0.3d)
:
:
~
.

. -

0'00''0' ' ' ' ' ' ' ' ' ' ' ' * ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '6 -55 50 45 40 35 30 25 20 15 10 5
BOTT0W

. AXtAL POSITION (NODES) TOP

t

NE-799 N2C7 Core Performance Report Page 40 of 48

|



_ _ _ _ - _ - _ _ _ _ _ _ _ - _ - - - - - - - - -_

*
. ,

Figure 4.15
NORTH ANNA Unit 2 - CYCLE 7

CORE AVERAGE AXI AL PEAKING FACTOR vs. BURNUP
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Section S

PRIMARY COOLANT ACTIVITY

The specific activity levels of radiolodines in the primary coolant

are important to core and fuel performance as indicators of failed fuel

and are important with respect to of fsite dose calculations associated

with accident analyses.

Two mechanisms are responsible for the presence of radiciodines in the

primary coolant. Eadioiodines are always present due to direct fiss ion

product recoil from trace fissile materials plated onto core components
i

and fuel structured surfacen or trace fissile materials existing as
.

}1mpurities in core structural materials. This fissile material du '

generally referred to as " tramp" material, and the resulting lodines are

referred to as tramp iodina. Fission products will also dif fuse into the

primary coolant if a breach in the cladding (fuel defects) exists. Fuel

defects are generally the predominant source of radiolodines in the

primary coolant.

North Anna 2 Technical Specification 3.4.0_ limits the radioiodines in

the primary coolant to a done equivalent I-131 value of 1.0 pCi/gm for

modes one through five, inclusive. Figure 5.1 shows the dose-equivalent
.

1-131 activity history for Cycle 7. These data show that the dose
,

equivalent I-131 activity was substantially below the 1.0 pCi/gm limit*

for steady state power operation. There are no indications that the 1.0

pC1/gm limit was exceeded during any of the lodine spike events.
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The a"erage full power equilibrium dose equivalent I-131 concentration -

was 1.1 X 10-2 pCi/gm which corresponds to less than 2% of the Technir.s1 d

1 Specific 2 tion limit.- Correcting -the I-131' concentration for tramp iodine

involves calculating the I-131 activity from tramp fissile sources and

subtracting this value from the measured I-131. The - resultant is the _)

I-131 activity f rom darective fuel. The magnitude of the tramp-corrected

I-131 -can be ~used as an indication of the number of defective fuel rods.-

The cycle average tramp corrected' lodine-131' concentration was 7.16 X

10~3 pC1/ge. The domineralizer flow rate averaged approximately 90 gpa

during power operation.

.;

The ratio of the ' specific activities of I-131 to I-133 is used to

characterize the type of , fuel failure which may have occurred' in L the

reactor core. Use of the ratio for this. determination is tensible because -

I-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
1

decays leaving the I-131 dominant in activity, thereby causing the ratio:
1

to be roughly 0.5 or more. In the case of large leaks and tramp material, )
=i

where the diffusion; mechanism is negligible, the I-131/I-133 ratio- will.-

j;
generally be less than 0.1. The.use of-thesa ratins with regard to defect-

sliw is empirically determined and 1 generally used throughout- the

cosaercial nuclear power industry. . Figure 5.2 shows the I-131/I-133 ratio '

-

data for the: North Anna 2, Cycle 7 core at a _ general average _value of 0.09-

througs August, 1989. Af ter August, 1989, the I-131/I-133 ratio gradually

increased, eventually reaching an average value of 0.50. It is not

believed that fuel defects existed in the Cycle 7 core until August, -1989.'

:
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The radiciodine data prior to this time is strictly due to tramp material

in the core.

During ultrasonic testin. E llowing Cycle 7, fuel assembly X10 was

identified as having one f ailed fuel rod. This was the first cycle of

operation for this fuel r.ssembly.

A

<

$
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Figure 5.1
NORTH ANNA UNIT 2 - CYCLE 7

DOSE EQUIVALENT I-131 vs. TIME
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Figure 5.2
NORTH ANNA UNIT 2 - CYCLE 7

I-131 / I-133 ACTIVITY RATIO vs. TIME
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Section 6

CONCLUSIONS

The North Anna 2, Cycle 7 core has completed operation. Throughout

this cycle, all core performance indicators compared favorably with the

design predictions and the core related Technical Specifications limits

were met with significant margin. No significant abnormalities in

reactivity or burnup accumulation were detected. Radioiodine analysis

indicated that there were apparent fuel rod defects during Cycle 7.

During ultrasonic testing of the fuel, it was discovered that a single

fuel rod in one assembly har .c. iding defect and was subsequently'

restricted from future use.
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Section 7
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