Callaway Cyele 9

704150183 970404
:DR ADOCK 05003{4)83

CALLAWAY CYCLE 9

CORE OPERATING LIMITS REPORT

March 1997

2



Culliowany Cagle v Rox

1.0

CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 9 has been preparcd
accordance with the requirements of Technical Specification 6.9.1.9.

The Core Operating Limits affecting the following Technical Specifications are included in
this repont.

3113 Moderator Temperature Coefficient

3.1.35 Shutdown Rod Insertion Limits

3136 Control Rod Insertion Limits

2.1 Axial Flux Difference

322 Heat Flux Hot Channel Factor

3.23 Nuclear Enthalpy Rise Hot Channel Factor
3.9.1 Refueling Boron Concentration
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2.0 OPERATING LIMITS

2.1

The cycle-specific parameter limits for the specifications listed in Section | 0 are presented
in the subsections which follow. These limits have been developed using the NRC-appris ed
methodologies specified in Technical Specification 6.9.1.9.

or T r tfici
(Specification 3.1.1.3)
2.1.1 The Moderator Temperature Coefficient shall be less positive than the limits

shown in Figure |. These limits shall be referred to as the Beginning of Cycle
Life (BOL) Limit.

The Moderator Temperature Coefficient shall be less negative thun -47.9 pcm/°F.
This limit shall be referred to as the End of Cycle Life (EOL) Limu.

2.1.2 The MTC 300 ppm surveillance limit is -40.4 pcm/°F (all rods withdrawn. Rated
Thermal Power condition).
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2.3

Shutdown Rod [nsertion Limity
(Spectfication 3.1.3.5)

The shutdown rods shall be withdrawn to at least 225 steps.

| ion Limits
(Specification 3.1.3.6)

The Control Bank Insertion Limits are specified by Figure 2.
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Rod Bank Insertion Limits
Versus Rated Thermal Power - Four Loop Operation



Callaway Cygle ©

Axial Flux Difference

(Specitication 32.1)

241

242

243

The Axial Flux Ditference (AFD) Limits are provided in Figure 3.

The target band during Restricted AFD Operation is #3%. The AFD limits
provided in Figure 3 also remain applicable during Restricted AFD Operation.

The minimum allowable power level for Restricted AFD Operation. APL™". iy
90% of RATED THERMAL POWER.
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Heat Flux Hot Channel Facior - F (Z)

(Specification 3.2.2)

AR

F RTP

U]
e ® K(Z) fOr P> 0.8
P

FUITY‘

e ¥ RLZ) X P 0.8
0.5
THERMAL POWER

P =

RATED THERMAL POWER
Fo'" =250
K(Z) is provided in Figure 4.

The W(z) functions that are to be used in Technical Specifications 4.2.2.2, 4223,
and 4.2.2.4 for F; surveillance are shown in Figures 5 through 17.

The Nou .. Dperation W(z) values have been determined for several bumups up
to 18000 MWD/MTU in Cycle 9. This permits determination of W(z) at any cycle
bumup up to 18000 MWD/MTU through the use of three point interpolation. For
cycle bumups greater than 18000 MWD/MTU, use of 18000 MWD/MTU Wiz)
values without interpolation or extrapolation is conservative. The W(z), values
were determined assuming Cycle 9 operates with RAOC strateg,  Also included
is a W(z),, function that bounds the W(z),, Curve for all Cycle 9 burnups. Use
of the bounding W(z),, curve will be conservative for any Cycle 9 bumup:
however, additional margin may be gained by using the burnup dependent W(z),
values.

The Normmal Operation W(z) values have also been determined for a range ot
measured axial offset values for Cycle 9. For measured axial offset values within
3% of the predicted axial offset value. Figures 5 through 9 are applicable.
Additional W(z) values are provided in Figures 10 through 13 applicable to
measured axial offsets withuin £3% of a measured-predicted axial offset difference
of -2.7%. Figures 14 through 17 provide Wiz) values applicable to measured uxial
offsets within £3% of a measured-predicted axial offset difference of -7.09 . For
purposes of burnup interpolation. a consistent set of W(z) values should be used
hased on the difference between the measured nd predicted axial offset. The
W(z) set selected should be the set closest to the actual measured-predicted axial
offset difference. ‘

Because significant margin exists between the analytically det~rmined muximum

F(2)*P,, values and their limit. R~ “Acted Axial Flux Ditference (RAFDO)
Operation is not expected to be required for Cycle 9. For this reason. no

10
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W70y a0 values are supplied tor Cycle 9

The Wiz) values are provided for 73 axial points within the core heghi
houndaries of O and 12 feet at imtervals of (167 feet between top and hottom o
the core boundanes,

Tuble A.1 shows the bumnup dependent F, penalty factors for Cycle Y. These
values shall be used 1o increase F,"'(z) when required by Technical Specification
Surveillance Requirement 4.222e. A 2% penalty factor shull be used at all
cycle bumups that are outside the range of Table A 1.

1
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TABLE A |

F, PENALTY FACTORS AS A FUNCTION OF CYCLE BURNUP

factor for compliance with the 4.2.2.2.¢ Surveillance Requirement. Linear
interpolation should be used for intermediate cycle bumups.

Cycle Bumup (MWD/MTU) Fy"(2) Penalty Factor (%)
150 2.04
4105 2.27
4277 © 290
R 3.55
4620 4.16
4792 442
* 4964 4.32
% 5136 4.10
| 5308 379
? 5480 342
E 5652 299
{ 5824 2.52
% 5996 2.10
i Note: All cycle bumups outside the range of the above table shall use 4 2% penalty
|

12
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Nuclear Enthalpy Rise Hot Chapnel Factor - F,

(Specification 32.3)

Foud < Fulk™ [1 + PF(1-P)]

THERMAL POWER

where: P =
RATED THERMAL POWER
2.6.1 Fu'™" = 1.59
2.6.2 PF,, = 0.3
Refueli oron Concentratio

(Specification 3.9.1)

2.7.1 The refueling horon concentration to maintain K, < 0.95 shall be > 2000 ppm.

13
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Figure 6
Callaway Cycle 9

W(2) o at 3000 MWD/MTU
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 7
Callaway Cycle 9
W(z),,, at 10000 MWD/MTU

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 8
Cailaway Cycle 9

W(2),,, at 18000 MWD/MTU
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Callaway Cycle 9
Bounding W(z),,,

* Top and bottom 15% excluded as per Tech Spec 4.2.
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Caliaway Cycle 9
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Measured-Predict- u.,xial Offset = -2.7%
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Figure 11
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Measured - Predicted Axial Offset = -2.7%

* Top and bottom 15% excluded as per Tech Spec 42.22



W(Z)

Calliway Cuoile v Rev 2

i HEI MY |
PERT % 's
1.7¢8 ’ .
: - . 187 3
'j LAl ! I § | e Tl tiTr ¢« 0.3))
= | : 4 4 | ! o 9 660
SENERREERE T EREERRERER t :Siaer 4
il { | w ERERRE : .
T aasannssttanns R R
| | { | . v i
T & 1 +—+ | - v' - i ? 'JT IL} + | ¢ 1 167 i
| | 1111 ERAEEEL i 14101 | eEE * 3.3 ) .
st {1 HERRERNRRR R 1T T 11 [ ] | ol o
| . § 1| | | I { | 1 | SRR * 1.687 1. %000
] + ; 7 I — ] I ‘ l ’ ] T T =T"1 T ! « 82 Lo
e ! {1} [J_ | 1 1 3] | | | | ER] 2.000 1.)060
| | IEBEE [ 1] 11 TT'T T L1801 11 3.167  1.307
.l ‘ ] L1 L4 2,333 1.3701
1 [ ' | | | B 1 | ] 2.500 1.2534
! - } CH| 2,667 3.21M
| i 11 ! [ ] [ 2,001 12301
1.5 . . e e 3.000 1.2109
SRR | | [ 1 [ 1.367  1.2008
EREE L e 1,30 1.20%)
] { l { | [ | 31.500  1.2002
1 ! T T T ) 667 1.1902
l { ¢4 1] { | | | [ | | 1833 11967
11 111 1 1 oy €000 1.1961
| 1] 5 | - | €167 1.1098
M B I 1 B | I s all [ €3 1
1.4 ket | | ‘ | 4.500 1.17%0
} [ ! ‘ ’ ! | ! ’ 1 1 (1 | i ‘ | !‘T | [ 4 667 1.1742
H ! W et - 4833 11684
| RER | | [1]]] | (1] 5000 161
- . . + 5.167 1.1581
1 [ ] [ la | $.33)  1.1878
. §.500 1.1859
1 &y | §. 667 1.18)¢
1 T_‘ S.003  1.1564
1.3 & 6.000 1.1636
. vy €.167 1.172)
4 i 6.333  1.1029
" y §,500 1.1932
6.667 1.2000
4 # 1 6.833  1.2041
3 7.000 1.216)
R 7.467  1.3279
4 7.333  1.2369
! i 1 | i 7.500 1.2486
1.2 _ 7.667  1.2879
14 4 ! 7.833 1 2750
- - 8.000 1.2086
T. ] A1 | 4 ! L] 0167  1.2964
' ! T ! Y Fv' s T ™1 §.330  1.297%
' | LT 17181 i $.500 1.2941
| TTTTTT] 1 0.667 1.3016
i | ! l .93 1.3102
i i 9.000 1.3167
1.1 ‘ - 9.167 1.3201
| 9.333  1.3486
9.500 1.3784
Lﬂ { i | 8.667 1.19098
- - . . 9.833  1.4311
| ‘ | {1 RBE 1 10.000 1.4173
| -t t ++-4-1 -t . 10.167  1.4214
] { | l | AERR SRR 1] | | | * 10.333  1.0000
™ ™ T T ) T ™ TTTTITT1 et B * 10.500 1.0000
1 'Udh - INE RS : - : EEE . S o i J -
= s . =
0 1 2 3 4 5 3 7 8 9 I B1 13 e 1 e
1.0 .
ECTTOM TOP * 11.167 1.0000
* 11.333  1.06000
CORE HEIGHT (FEET) 2 38 886 ' & adn
* 11.667 1.0000
® 11.833 1.0000
* 12.000 1.0000

Figure 12

Callaway Cycle 9
W(z),, at 10000 MWD/MTU

Measured - Predicted Axial Offset = -2.7%

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 13

Callaway Cycle 9
W(z),, at 18000 MWD/MTU

Measured - Predicted Axial Offset = -2.7%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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Figure 14

Callaway Cycle 9
W(z),o at 150 MWD/MTU

Measured - Predicted Axial Offset = -7.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 15

Callaway Cycle 9
\. Z)po @t 3000 MWD/MTU

Measured - Predicted Axial Offset = -7.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.20
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Callaway Cycle 9
W(z),,, at 10000 MWD/MTU

Measured - Predicted Axial Offset = -7.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 17

Callaway Cycle 9
W(z),,, at 18000 MWD/MTU

Measured - Predicted Axial Offset = -7.0%

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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