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1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 9 has been prepared
in accordance with the requirements of Technical Speci5 cation 6.9.1.9

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

3.1.1.3 Moderator Temperamre Coefficient'

3.1.3.5 Shutdown Rod Insertion Limit
.

3.1.3.6 Control Rod Insenion Limits

3.2.1 Axial Flux Difference
<

3.2.2 Heat Flux Hot Channel Factor-

3.2.3 Nuclear Enthalpy Rise Hot Channel Factor .

3.'9.1~ Refueling Boron Concentration
. . . .
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2.0 - OPERATING LIMITS

.. De cycle-specific parameter limits for the specifications listed in Section 1.0 are presented
|*

. in the subsections which follow. Rese limits have been developed using the NRC-approved
methodologies specified in Technical Specification 6.9.1.9. ;

;

2.1 - . Moderator Tensreture Coefficient
-

(Specification 3.1.1.3)4

:.s 3 ,

2.1.1 ne Moderator Temperature Coefficient shall be less positive than the limits ,

shown in Figure 1. Rese limits shall be referred to as the Beginning of Cycle :
.

Life (BOL) Limit. .

The Moderator Temperature Coefficient shall be less negative than -47.9
pcm!'F. his limit shall be referred to as the End of Cycle Life (EOL) Limit.

2.1.2 The MTC 300 ppm surveillance limit is -40.4 pcm/'F (all rods withdrawn, Rated*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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CALLAWAY CYCLE 9.

MODERATOR TEMPERATURE COEFFICIENT VS. POWER LEVEL
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' Shutdown Rod Insertion Limits I2.2
.

(Specification 3.1.3.5) !
,

-

'Ibe shutdown rods shall be withdrawn to at least 225 steps. t.

,I..

>

2.3 Control Rod Insertion Limits
f(Specification 3.1.3.6) i

The Control Bank Insertion Limits are specified by Figure 2.
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2,4 Axial Flux Difference

'

(Specification 3.2.1) .

The Axial Flux Difference (AFD) Limits are provided in Figure 3.2.4.1 .

[The target band during Restricted AFD Operation is 3.3%. He AFD limits
!2.4.2

provided in Figure 3 also remain applicable during Restricted AFD Operation.

The minimum allowable power level for Restricted AFD Operation, APL", is
;

2.4.3
90% of RATED THERMAL POWER.
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2.5 Heat Flux Hot Channel Factor - Fn(Z)
(Specification 3.2.2)

.

Fo*
Fa(Z) I * K(Z) for P > 0.5

P .

.

Fo*
Fo(Z) & * K(Z) for P 10.5

0.5 7,

THERMAL POWER
where: P=

RATED THERMAL POWER
.

2.5.1 Fq" = 2.50
.

2.5.2 K(Z) is provided in Figure 4.
.

2.5.3 The W(z) functions that are to be used in Technical Specifications 4.2.2.2,

,

4.2.2.3, and 4.2.2.4 for Fa survei!!ance are shown in Figures 5 through 9.

The Normal Operation W(z) values have been determined for several burnups up
to 18000 MWD /MTU in Cycle 9. This permits determination of W(z) at any.

cycle burnup up to 18000 MWD /MTU through the use of three point
interpolation. For cycle burnups greater than 18000 MWD /MTU, use of the
18000 MWD /MTU W(z) values without interpolation or extrapolation is
conservative. The W(z),o values were determined assuming Cycle 9 operates
with the RAOC strategy. Also included is a W(z),o function that bounds the
W(z)uo curve for all Cycle 9 burnups. Use of the bounding W(z)no curve will
be conservative for any Cycle 9 burnup: however, additional margin may be

--

gained by using the burnup dependent W(z),o values.

Because significant margin exists between the analyticaJiy determined maximum-

Fe(z)*Pa values and their limit, Restricted Axial Flux Difference (RAFDO)
operation is not expected to be required for Cycle 9.

For this reason, no

W(z) values are supplied for Cycle 9.

The W(z) values are provided for 73 axial points assuming the core height
boundaries of 0 and 12 feet and intervals of .167 feet between the core
boundaries.

Table A.1 shows the burnup dependent Fq penalty factors for Cycle 9. These
values shall be used to increase Fa"(z) when required by Technical Specification
Surveillance Requirement 4.2.2.2.e. A 2% penalty factor shall be used at all

g
cycle burnups that are outside the range of Table A.1.>

.

.
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TABLE A.1

F PENALTY FACTORS AS A FUNCTION OF CYCLE BURNUP ,

.

Cycle Burnup (MWD /MTU) F,"(z) Penalty Factor (%)

-,

2.003930

2.044102

2.314274

44M 2.52

4618 ' 2.63~

2.634790

2.524961.

5133 2.29

5305 2.00
.

All cycle burnups outside the range of the above table shall use a 2% penaltyNote:
factor for compliance with the 4.2.2.2.e Surveillance Requirement. Linear
interpolation should be used for intermediate cycle burnups.

..
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2.6 Nuclear Enthalov Rise Hot Channel Factor - Fa"
(Specification 3.2.3)

. .
- ;

F," 5 F,"" [1 + PF,(1-P)]
.

THERMAL POWER
|

where: P = ,
'

RATED THERMAL POWER
- :

E

2.6.1 F ,"" = 1.59
:

>

2.6.2 PF, = 0.3
.

2.7 Refueline Boron Concentration i

(Specification 3.9.1)
.

2.7.1 The refueling boron concentration to maintain K.,10.95 shall be .;> 2000 ppm.
|
1

r

.
.
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assaut. 150.

)
.

'* 9.167 1.0000

(FEST) W(3)*

+ 0.000 1.0000

la 60- * 6.333 1.0000
+ 0.500 1.0000
+ 0.667 1.0000
* 6.033 1.0000
* 1.000 1.0000
* 1.167 1.0000
* 1.333 1.0000
* 1.500 1.0000
* 1.667 1.0000 ,

1.033 1.4701
1.5C 1. e n 1. s n 2

2.167 1.4154
2.333 1.3073

4 2.500 1.3599
2 .6 67 1.3320
3.033 1 3046
3.000 1.2056
3.167 1.2710
3.333 1.2501

A
3.500 1.3467
3.467 1.2300

b. [ 3.033 1.3307*

p
4.000 1.2220
4.167 1 2139
4.333 1.2044
4.500 1.1942
4.667 1.1033 ,

4.033 1 1710b
5.000 1.1596
5.167 1.1469

h. 1.3C
6 5.333 1.1337

5.Su 1 1205*
5.667 1.1112

% 5.033 1.1113
6 6.000 1.1150 )

6.167 1.1249 1
"

6.333 1.1326 (

.)
''db 6.500 1.1392

"g 6.667 1.1455
,--

6.033 1. L510
.

e 7.000 1.1574d'

o 7.167 1.1617
1.2C \ 7.333 1.1650e

g 7.500 1.1670
7.667 1.1679

6 d b 0*di.A, _ 7.033 1.1675,
*

0i.
''A

0 0.000 1.1651
o' A

<,6
0.167 1 1630
0.333 1 1624''

a 4
A ,,0.500 1.1604

0.E n 1.1562
<,

33 0.'033 1 1509
- 0.en 1.1476

1.1C 9.167 1.1470
9.333 1.1594
9.500 1.1726
9.667 1 1030
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10.000 1.20$0
10.167 1.2159

* 10.333 1.0000
* 10.5n 1. n u ,

....22..:,, * 10.6 n 1. n u ,

J

0 1 . 2 3 4 5 6 7 8 9 10 11 12 * 10.O n 1.00001. 0 0. . ~.. . . : .. :. .

* 11.O n 1. 00 n
TOP * 11.1n 1. n 00

* 11.3 n 1. n uBOTTOM . (FEET)CORE HEIGHT * 11.500 1.0000
* 11.467 1,0000

* 11.033 1.0000
* u.0o 1. n a

FIGURE 5

CALLAWAY CYCLE 9 .

) W(z),,at 150 MWD /MTU

* Tor AND BOTTOM 1351%C1.UDED A3 PER TECH 1PEC 4.1.2.20
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CALLAWAY CYCLE 9
) W(z) at 18000 MWD /MTU
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