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Section 1

INTRODUCTION AND SUMMARY

,

On January 12, 1991. North Anna Unit I completed Cycle 8. Since the

initial criticality of Cycle 8 on July 15, 1989, the reactor core produced
8approximately 1.1500 x 10 MBTU (19,308 Megawatt days per metric ton of

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

of the core per formance for routine operation during Cycle 8. The physics
,

tests that were performed during the startup of th S cycle were covered
8

in the North Anna Unit 1, Cycle 8 Startup physics Test Report and,

therefore, will not be included here.

North Anna Unit 1 began operating at a reduced reactor coolant system

(kCS) 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 /MTV Unit 1 increased RCS
'

average temperature f rom 580.8' F to 583.0' F. This was done because Unit

I was unable to operate at 100?. power with the RCS temperature reduced

to $80.8' These changes in RCS average temperature resulted in a net

reduction of 3.8' F.

,

North Anna Unit I was in coastdown from September 23, 1990, at which

time the burnup was approximately 16,332 MWD /MTU. The coastdown accounted

NE 838 NIC8 Cor, Performance Report Fage 5 of 49
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for an additional core burnup of roughly 2,976 MWD /HTU from the end of

full power reactivity.

'.'he Cycle 8 core consisted of 12 sub batches of fuel: two once burned

batches from Cycle 7 (batches 9A and 9B); four twice burned batches, one

from North Anna 2 Cycles 2 and 3 (batch N2/4A), one f rom Nort.h Anna 2

Cycles 3 and 4 (batch N2/SA), one from Cycles 2 and 3 (batch 4A',, and one

from Cycles 4 and 5 (batch 6A); two thrice burned batches, one f rom North

Anna 2 Cycles 3, 4, and 5 (batch N2/5A), and one from Cycles 5, 6 and 7

(batch 7A); and four fresh batches (batches 10A, 10B, 100 and N2/9B) .

The North Anna 1 Cycle 8 core loading map specifying the fuel batch

identification, fuel assembly locations, burnable poison locations and

source assembly locations is shown in Figure 1.1. Hovable 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 ycle will be compatible with the new fuel that is inserted.

Reactivity depletion is moritored to detect the existence of any abnormal

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

and to indicate at what burnup level refueling will be req 6 red. Core

power distribution follow includes the monitoring of nuclear hot channel

8factors to verify that they are within the Technical Specifications

NE-838 NIC8 Core Performs.nce Report Page 6 of 49
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limits, thereby ensuring that adequate margins for linear power density
!

and critical heat flux thermal limits are maintained. I,astly, as part !

of normal core follow, the primary coolant activity is monitored to verify,

that the dose equivalent iodine 131 concentration is within the limits

8specified by the North Anna Unit 1 Technical Specifications . A
i

rau4ofodine analysis bar.ed on the fodine-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 1, Cycle 8 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 10.50% with the burnup accumulation in
!

cach batch deviating from design prediction by no more than 2.04?..
:

!

The critical boron concentration. ;2. Reactivity Depletion -

used to monitor reactivity depletion, was consistently within 10.35% AK/K

of the design prediction which is within the 11?. AK/F margin allowed by

Section 4.1.1.1.2 of the Technical Specifications.

Incore flux maps taken each month3. Power Distribution -

indicated that the assemblywise radial power distributions deviated from

the design predictions by a maximum average dif ference of 1.9*.. All bot

channel factors met their respective Technical Specifications limits.
.

J
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.

4. Primary Coolant Activity The average dose equivalent-

iodine-131 activity level in the primary coolant during Cycle 8 was
.

f

approximately 0.0088 pC1/gm. This corresponds to less than 1% of the ;

operating limit for the concentration of radiofodine in the primary
i

coolant. Radiolodine analysis indicated there were no fuel rod defects

"

in Cycle 8.

,
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Figure 1.1

NORTH ANNA UNIT 1 - CYCII 8
CORE 1,0ADING MAP
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M gure 1.2

NORTH ANNA UNIT I - CYCLE 8
,

'

MOVABLE DETECTOR AND
THERMOCOUPLE LOCATIONS

,
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figure 1.3
,
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Section 2

BURNUP

The burnup history for the North Anna Unit 1 Cycle 8 core is

graphically depicted in Figure 2.1. The North Anna 1, Cycle 8 core

achieved a burnup of 19,308 MWD /MTU. As shown in Figure 2.2, the average

load factor for Cycle 8 was 89.0*. When ra f e renced to t he rated thermal

power of 2893 HW(t). Unit 1 performed 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 corn burnup is

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

8burnup distribution analysis. The NEWTOTE computer code is used to

calculate these as,semblywise burnups. Figure 2.3 is a radial burnup

distribution map in which the assemblywise burnup accumulation of the core

at the end of Cycle 3 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 eperation

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

burnups were generally within 12.927, of the predicted values, in

addition, deviation from quadrant synnetry in the core throughout the

cycle was no greater than 10.50*..

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

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

NE-838 N1C8 Core Performance Report page 12 of 49
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burnup predictions to be rnade for use in reload fuel design studies.

Batch detinitions are given in Figure 1.1. As seen in l'igures 2.5A, 2.5B

and 2.5C the batch burnup sharing for North Anna 1, Cycle 8 followed

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

t han 2. 04*. . Symmetric burnup in conjunction with agreernent between actual

and predicted assemblywise burnups and batch burnup sharir.g indicate that

the Cycle 8 core did deplete as designed.

I
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Figure 2.1
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Figure 2.3
i

NORTH ANNA UNIT 1 - CYCEE 8 '
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Figure 2.4
NORTil ANNA UNIT 1 CYCLE 8
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(GWD/MTU)
W P W u i 8 J M G f ( C C 8 6

............ ... .. ......... . ..

I 16.%11 16.491 16.671 i sq 45urf li l

...............1 1.N/P 1 Clif |4 9.441 4.611 3.97
.............. ............... .......... ...

1 (4. 66 4 11.861 19.661 3 7.98 4 19.8 71 14. 741 f 8. fil i

j 4.47) l.641 0.961 -0.94) 3 641 1.ft| 48%l
...... ..... . ................................. .. . .... .....

| 64.761 f t .4tl 17.941 19 751 f t. lti 39. 661 (4. 8 61 19. F61 64.164 5

0.161 S.Fel 1.tti.. ......... ......4.
9.191 1.311 1.974 1.6tli 1.171 F.19
... .. ................ .... .... .............. ..

4 39.961 $6.491 16.L01 41.691 fl.49 6 64,f 61 (L.lPl 66.47 4 f t.4 71 SF.tll 39,971 4

1 4.511 0.401. 0.lli 4.I'l 1 081 9 754 1.161 9.474 0.tbl 8.666 4.65l
.. ... . . . . ... . . ... .. ..... ..... .... ... ... ................ ...... ..

I St.891 ft.lti it.lil 61.18l F6.6Fl 66.114 te.f ti ee.161 f t.93141 til 14.471 f t.Fil 58.171 5

1 4.4fl 't.991 F 004 *l.631 4.831 9.641 0.891 0.151 9 tel 0.041 9.%%1. .. ... .l
1 3441.Fi

..... .. .. . . . ... ... .. ........ . .. .. .. . .

4 54.fol 11.781 64.411 in.tli 46.fil 16.661 41.441 76.0fl 64.561 6. 678 66.811 fl.798 54.761 6
0.951 0.Fil 9.8%| 6.841...... ...... .. .. ...... ............ ...................... 1 074 0.141 6.fll 1.491......... 0.071..0.661 0.671 l.471 0.491|

.. ....... .. .... ..............

| 56.961 19.391 14. F91 f t.fll el.Ml It.Pel 49.774 f t.8%| 69.651 f 6.94 8 41.t91 F4.978 19.371 19.4%l 5%.44l F

1.614 l.454 F.664 l.771 l.iti 0 074. 4.771 4.t61 -0.011. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0 . 9 1 3 t e l . 0 . 6 4 1. . l . l t i . 9 . 7 61
9.616i

....... ... . ...... ..... ...............

s 16. 841 17.661 26.601 63. 8 61 64.941 4 4.191 f 6. l41 64.94 6 f t.et t 41.561 40,66 4 41.e 41 14.141 16.471 h.16e 4

............... .. . . . . . . . . . . . . . . . . . . . . . 6. 4 . 66 6
0. 561 4. 4 91 0 . 6 7 4.. .1. 74 8 l . 4 41...... .........6. 0.416f.64 1.69

1 0.791 l.071 -1.Sel..6.tel
0.641 a t,tli

. .......... ....... .... ... .

| 16.161 19.051 54,4 71 16.561 61.971 th.lil 49. 461 te. F61 49.481 th.4f t 66.114 24.141 19.741 19.99 6 34.611 9
I 0.644 1.lti *l.661

1.67)..
0.651 4.111 0.941 3.001 -0.%ti l.641 6.601 4.9%) 9.541 8.441 0.701
. . ...... . .. . .. ... , . ......... . . .. .. .. .. .... ... ... .. .... ..

1 33.F61 f t.998 43.761 f t.851 46.6%I in.fil 40.611 f t.Sil 61.761 7%.441 6L 711 11.441 34. 341 19

0.161 2.it t + 1.674 + 1.891 l.561 * l .131 1.tfl * 0.141....... ..... ......... ... .. ............... .........1 .

f.61, ............. '.t.171..0.t61| 1.471 1.641
... ... . ..

18 |1 36.961 79.4fl 16..%91 el.iti 11.141 4 3 ,141 39.611 6 5.381 2%.541 4 5.951 te.8t l 10.4 81 54.541
8 . 31 .791 ...I .l. 61 .l.661 .l. 41 .l.481 .l.s61 .l.l.1 776. 0.461 .f.191

1.371
.. ... . . .... . ..... ....... ....... ...... ... ...................... . .... ....

t 49.ht| 17.641 f t.491 e4.641 f4.9%l el. lfl in 941 41.F31 76.991 37. F61 69. ltl 12

1 4.961 1.171
0.171..0.621

2.76) +t.tel +t.641 -l.nli I.Sti 1. k l 9.941
... . .. . . ............. ......... . ....... . .... ..

| 66.fli 78.151 15.931 39.thi f5.441 54.674 fl.tel it. Del 19.Fil - - * - . IS

gets pig,ilt n c || ap i l+et.. . . . ., .......... l.i.ti +5.191 f.651 t ifi *l.391 0.1411 1.064 4.771 0.391
. ,,,3eg. . .......... ...... .. ..... . .. .

i il 641 16.166 19.111 37.411 19.251 14.151 18.081 - - -- -- 14
1 f.Fal f.iti l.161 *0.561 F.446 *D.44
...... ..................... .............1. 0.148

.... . ..... .. .... ......

1 514 @Al*D M W 1 1 56.761 16.441 16.fil 1 ovt. 46% 6% f 1 1%

| 1. ell e.491 .e.se i o n e 8.16 1......................li . e.se |
.. .. ......................

CYCLE 8 BATCH SHARING
(MWD /MTU)

BATCH NO. OF BOC BATCH EOC BATCll CYCLE

ASSEMBLIES BURNUP BURNUP BURNUP

N?/4A 4 23,907 31,272 7,365
N2/SA 11 29,535 35,825 6,290 BURNUP TILT

4A 4 20,796 28,241 7,445
6A 9 31,839 39,724 7,885 NW = -0.01 | NE = 0.49 '

7A 4 29.751 49,869 20,118 ------------|-------- ---

9A 35 20,983 40,034 19,051 SW = -0.23 | SE = -0.25
98 26 19,999 41,788 21,789

10A 24 0 25,491 25,491
10B 27 0 22,850 22,850
10C 12 0 22,246 22.246

N2/9B 1 0 19,664 19,664

CYCLE AVERAGE ACCUMULATED BURNUP = 19,308
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Figure 2.5A
NORTH ANNA UNIT 1 - CYCLE 8
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Figure 2.5B
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Ngure 2.5C
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Sec' ion 3

REACTIVITY DEPLETION

The primary coolant critical boron concentrat ion is monitored for the

purposes of following core reactivity and to identify any ano:na lous

reactivity behavior. The FOLLOW * computer code was used to normalize

" actual" crit ical boron concentration measuru ants to design conditions

taking into consideration control rod position, xenon concentration,

moderator temperature, and power level. The normalized critical boron

concentration versus burnup curve for the North Anna 1, Cycle 8 core is

shown in l'igure 3.1. It can be seen that the measured data typically

compared to within 52 ppm of the design prediction. This corresponds to

10.35*. AK/K which is within the 1 1 *. AK/K critorion for reactivity

anomalies set f orth in Section 4.1.1.1.2 of the Technical specifications.

The discontinuity in Figure 3.1 is due to the RCS temperature reduction

mentioned in the in t rcxtuct ion . In conclusion, the trend indicated by the

critical boron concentration verifies that the Cycle 8 core depleted as

expected without any reactivity anomalies.

|
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Figure 3.1

NORTH ANNA UNIT 1 - CYC1.E 8
CRITICAL BORON CONCENTRATION vs,. BURNUP

(HFP,AkO)
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Section 4

POWER DISTRlliUTION

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' computer

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

of startup physics testing for North Anna 1 Cycle 8 is given in Table

4.1. Power distribution maps were generally taken at monthly intervals

with additional maps taken as needed.

Radial (X-f) core power distribution for a r ep res e nt a t iv e 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. F(gure 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 8. The

measured relative assembly powers were generally within 5 . l *. and the

maximum average percent difference was equal to 1. 9'f. , in addition, as

indicated by the INCORE tilt factors, the power distributions were

essentially symmetric for each cese.

An important aspect of core power distribution follow is the monitoring

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

and crit ical heat flux limits will not be violated, thereby providing

adequate thermal m.trgin and maintaining fuel cladding integrity. North

Anns Unit 1 Technical Specification 3.2.2 limited the axially dependent

heat flux bot channel factor, F (Z), to 2.19 x K(Z), where K(Z) is theq

hot channel factor normalized operating enve; ope. Figure 4.4 is a plot

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

The axially dependent heat flux hot channel factors, F (Z), for ag

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

Throughout Cycle 6, the measured values of F (Z) were within the Technicalq

Specifications limit. A summary of the maximum values of

axially-dependent heat flux bot channel factors measured during Cycle 8

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 15.111. (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% inclusise.)

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

f actor measured during Cycle 8. As csn be seen from the figure, there

was an approximate 16.16% margin f rom the maximum F (Z) to the 2.19 limitg

at the beginning of the cycle, with the margin generally (ncreasing

throughout cycle operation. The F (Z) increases seen at EOC in Figureg

4.9 are a result of the coastdown.
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The value of the enthalpy rise hot channel factor, l' delta H, which

is 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 parameter is set such that the

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

Additionally, the F delta-H limit ensures that the value of this parameter

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

North Anna Technical Specif ication 3.2.3 limited the enthalpy rise hot

channel f actor to 1.49(1+0. 3( 1 P)) for Cycle 8. A summary of the maximum

values for the enthalpy rise hot channel factor measured during Cycle 8

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

margin to the limit was approximately 4 . 4 '. .

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

power level with 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 messured 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 redist ribut ion are avoidea.

The plot of the target delta flux versus burnup, given in Figure 4.11,

shows the value of this parameter to have been approximately -1.3', at the

beginning of Cycle 8. Delta flux values decreased steadily to -5.0'. near

the middle of the cycle, then gradually increased to -3.4*, before the

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

2893 Pb = power in bottom of core (MW(t))
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coastdown. At the end of Cycle 8, the target delta flux increased to +14*

duo tc the coas*down. This axial power shif t can also be observed in the

cercasponding core average axial power distribut ion for a represencative

series of maps & von in Figures 4.12 through 4.14. In Hup N1-8 06 (Figure

4.12), taken at 1243 MWD /MTV, the axial power distribution had a shape

peaked toward the middle of the core with a peaking f actor of 1.205. In

Map N1-8-13 (Figure 4.13), taken at approximate 1v 9462 MWD /dTU, the axial

pow w distribution peaked slightly toward the bottom of the core with an

ax.'al peaking factor of 1.155. Finally, in Map N1-8-21 (Figure 4.14),

4 can at 16,201 MWD /MTU, the axial peaking factor was 1.151, with the

a(tal power distribution again shif ted sligntly toward the bottom of the

core. The history of F-Z during the cycle can be seen more clearly in a

plot of F-Z versus burnup given jn Figure 4.15,

in conclusion, the North Anna 1, Cycle 8 core performed satisfactorily

with power distribution analyses verifying that design predictions were

accurate and that the values of the F (Z) and F-dalta-H hot channelq

f actors were within the limits of the Technical Specifications.
e
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Ngure 4.1
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Ngure 4.3
NORTH ANNA UNIT 1 - CYCLE 8

ASSEM BLYW I S 5'. POWER DISTRIBUTION N1-8-21

. ........... ....... .............. .............. .
fwt Dat tl D . 4.3% . 0.69 0.35 . 69(DIC110.

. N AMact D . 0.37 . 0.47 . 6.37 M aksit D . 1. .

.PCf DIF FIPENCE . 4.6 . 4.6 4.1 . .fT1 Dif f!Pl wCI' ..

. . .. . . ............ ................... ............... .. ..... .. .
. 0.48 . 0,64 1.04 0.44 , 1.04 0.64 . S.48 ..

. 0.45 . 0.65 . 1.05 . 8.89 8.96 . 0.76 . 4.43 . !
5.6 . l.6 . 0.6 . 0.5 1.6 . 3. 7 . 4.9 ..

................................................................

. 0.44 3.06 1,73 . 1.10 . l.20 . 1.14 . 1.23 . l.9% . 4.44 ..

8.44 . 1.07 1.19 . 1.9s . 4.2% 4.19 a.f5 . l.09 . 4.46 3.

4.8 . 1.3 . 2.9 . -1.9 . -2.0 0.1 . F.3 3.6 6.2.

...... ...... ....................................................... .......
4.44 9.87 . I.f6 . 1.16 . 1.30 . 1.lt . 1.34 . 1.86 . 3.76 . 0.87 . 0.64. .

9.4% . S.64 . l.27 1.15 . 3.79 1.09 4 19 . 3.17 . l .29 . 0.49 . e.46 . 4
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...... ............. ...... ............. .................................................
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4.35 1.e4 l.It , 1.30 . 3. !? . 1. 30 . 4. 0 3 . 1.30 . 1.03 1.30 1.!! , 1.30 . 1.14 . 1.04 0.3% ..

0.34 1.01 . 1.67 1.28 4.!! . 1.29 1.60 1.26 4.02 . 1.36 . 3.!! . 1.24 1 41 1.96 . 4.37 . 9
-2.4 . 2.9 -2.9 i 1.4 0.1 . -0.9 . -2.7 - 2. 7 . - 0. 5 . - 0. 6 . * 0. 7 . - 1,4 8.4 2.1 4.0. .

. .. .............. ..... ...... ..... ....... ...... .................... ...... ............. .. ...
0.67 4.!! . 1.i* 1.32 1.14 . 1.34 . 1.17 . 1.39 1.14 1.32 . 1.16 . 1.22 . 8.67
0.66 1.19 1.14 8.s! . 1.13 1.ts . 1.l$ 1.28 8.12 1.31 1.16 . 1.25 . 0.71 10
-2.4 -2.8 . -1.0 0.0 *0.9 . -1.9 . *1.4 l.6 . -1.4 -8.9 . 9.1 4.9 4.8. .

...... ............. .................... .................... ..... ....... ...... ... .
0.41 . 1.0% 1.26 1.16 1.32 1.17 . 1.14 1.12 . 1.52 . 1.86 l.26 . 1.0% 0....

e.41 . 1.*6 . I.ta . 1.1. 1.30 1.09 1.11 . 1.10 . 1.31 . 3.16 . l.24 . 1.04 4.42 11.

1.5 . 1.5 . 0.9 0.7 . 1.8 . -2.1 2.0 . -1.3 -1.I -0.4 1.5 . 2.5 4.6.

. ........... ...... ..... ............................ ...... ..... ................ .
. 0.44 0.87 1.26 1.16 . 1.30 1.10 . 1,38 . 1,46 l.76 0.87 8.64.

0.46 0.96 4.76 1.14 1.27 . l.08 1.27 . 3.1= . 1.25 . 6.89 . 4.4% . It.

5.7 . 2.8 8.2 . 1.h . -2.6 . - 2. 6 . - 2. 5 . - 1.. -1.1 f.4 . 3.3 .
.. ..................................................................... .....

9.44 . 1.05 . 1.23 . 1.10 . l.74 . 1.10 . 1.23 . 1.05 . 9.44
. 9.66 1.Il . 1.25 . 1.96 . l.t4 . 1.87 . 1.20 1.04 . 0.4% . 13

5.8 5.8 . 1.6 . 3. 5 . -1. 0 . -3. 0 . 1,3 . l .3 3.6
. ... .................... ..................... ........ .....

4.41 . 0.64 . 1.04 6.&4 . 1.84 . 0.64 . 0.41 ..

4.43 0.71 1 04 . 0.64 . l.01 . 0.66 . 0.40 14
5.8 . 4.7 0. 3 . - e .9 . - 2.9 . 2.3 . - 2.8.

. ........... . . . . . ...... ...... ....... . . .... . .......... .
StamDARD 0.35 9.46 0.35 . . Avt R AGE. .

DEVI AIION 4.37 0.41 8.35 .PCI DIF FIR (NCE .. [S.

=1.477 3.6 . 1.9 . -1.7 . = 1.9.

.... .. .. .. . .. . ... ......... ... .. .. .

StMM A RY

HAP NO: N1-8-21 DATEI 09/19/98 POWEAR 100%

CONTROL R00 POSITION: F-Q(T) a 1.704 OPTR

D BANK A1 228 STEPS F-DH(M) s 1.369 NW 0.t196 | NE 1.0098
i

F(ZI a 1.151 SW 8.9954 | SE 0.9952

F(XY) s 1.377

BURNUP s 16201 MWD /NTU A.O.s-3.372%
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}'igure 4.4

NORTH ANNA Unit 1 - CYCLE 8
liOT CilANNEL FACTOR NORMALIZED

OPERATING ENVELOPE
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Figure 4.5
NORTH ANNA Unit 1 CYCLE 8

llEAT FLUX HOT CllANNEL FACTOR, F (Z)
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Figure 4.6
NORTH ANNA Unit 1 - CYCLE 8 ,

itEAT FLUX ll0T CilANNEL FACTOR, F (Z) ]n
N1-8-13 ,
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Figure 4.7

NORTH ANNA Unit 1 - CYCLE 8
HEAT FLUX HOT CHANNEL FACTOR, F (Z)
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Figure 4.8
NORTH ANNA Unit 1 - CYCLE 8

MAXIMUM HEAT FLUX HOT CHANNEL FACTOR, F (Z)*P. vs. AXIAL POSITION
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Figure 4.9

NORTil ANNA Unit 1 - CYCLE 8
MAXIMUM llEAT FLUX ||0T C}lANNEL FACTOR, F (Z), vs. BURNUP '
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Figure 4.10

N0kTil ANNA Unit 1 - CYCLE 8
MAXIMUM ENTllALPY RISE il0T CilANNEL FACTOR, F-delta-II, vs. !!URNUP
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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 8

CORE AVERAGE AX1AL POWER DISTRIllDTION
N1-8 06
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Figure 4.13
NORTH ANNA Unit 1 - CYCLE 8

CORE AVERAGE AXIAL POWER DISTRIBUTION
N1-8-13
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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
NORTil ANNA Unit 1 - CYCLE 8

CORE AVERAGE AX1AL PEAKING FACTOR vs. BURNUP
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Section S

PRIMARY COOLANT ACTIVITY
,

The spect fic activity levels of radiciodines in the prie :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 mechanisms are responsible for the presence of radiolodines in the

primary coolant. Radiolodines 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 fodines 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 radiolodines in the

primary coolant.

North Anna 1 Technical Specification 3.4.8 limits the radioiodines in

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

modes one through five, inclusive. Figure S.1 shows the dose-equivalent

I-131 activity history for Cycle 8. These data show that the dose

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

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

pCi/gm limit was exceeded during operation of Cycle 8. The average full
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power equilibrium dose equivalent I-131 concentration was 8.8 X 10~3

pC1/gm which corresponds to less than 17. of the Technical Specification

limit.

Correcting the measured RCS I-131 concentration for tramp iodine

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

subtracting this value from the measured 1-131. The resultant is the

I-131 activity f rom defective fuel. The magnitude of the tramp-rarrected

I-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

10~0 pCi/ge. A tramp-corrected I-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 1-131 when the Unit was shut down. The

domineralizer flow rate averaged approxiL2tely 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 I-133 has a short half-life

(approximately 21 hours) compared to that of I-131 (approximately eight

days). For pinhole defects, where the dif fusion time throur,h the defect

is on the order of days, the I-133 decays leaving 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 I-131/I-133 ratio will generally 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 radiofodine data is

strictly due to tramp fissile material.
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Figure 5.1

NORTil ANNA UNIT 1 - CYCLE 8
DOSE EQUIVALLFT I-131 vs. TIME
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l'igure 5.2

NORTl! ANNA UNIT 1 CYCLE 8

1-131 / 1-133 ACTIVITY KAT10 vs. TIME
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Section 6 '

CONCLUSIONS

The North Anna 1, Cycle 8 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 d tected. Radiciodine analysis.

indicated that there were no apparent fuel rod defects during Cycle 8.

.

o
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