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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 Specification 69 |1 9

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

3113 Moaerator Temperature Coefficient

3138 Shutdown Rod Insertion Limits

3136 Control Rod Insertion Limits

121 Axial Flux Difference

322 Heat Flux Hot Channel Factor

323 Nuclear Enthalpy Rise Hot Channel Factor
391 Refueling Boron Concentration
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QPERATING LIMITS

The cycle-specific parameter limits for the specifications listed in Section 1.0 are presented
in the subsections which follow  These limits have been developed using the NRC-approved
methodologies specified in Technical Specification 6 9.1 9.

(Specification 3.1.1.3)

211 The Moderator Temperature Coefficient shall be less positive than the limits
shown in Figure 1. These limits shall be referred to as the Beginning of Cycle
Life (BOL) Limit,

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

212 The MTC 300 ppm surveillance limit is <40 4 pem/*F all rods witharawn, Rated
Thermal Power condition),
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Callaway Cycle 9
Moderator Temnerature Coefficient

Versus Power Level
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2.2
(Specification 3.1.3.5)

The shutdown rods shall be withdrawn 1o at least 225 steps.

23
(Specification 3.1.3.6)

The Control Bank Insertion Limits are specified by Figure 2.
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Rod Bank Insertion Limits

PERCENT OF RATED THERMAL POWER
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Versus Rated Thermal Power - Four Loop Operation
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24

(Specification 3.2.1)
241 The Axial Flux Difference (AFD) Limits are provided in Figure 3

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

241 The minimum allowable power level for Restricted AFD Operation, APL"®, s
90% of RATED THERMAL POWER.
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Axial Flux Difference Limits as a Function
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where

F! f
* K(Z) forP>08
’i
P
* K(Z) for PL 0.5
THERMAL POWER
P =
RATED THERMAL POWER
} kY :(‘;

K(Z) is provided in Figure 4

The W(z) functions that are to be used in Technical Specifications 4222. 42223
and 4.2.2.4 for F, surveillance are shown in Figures § through

he 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 cvcle
burmnup up to 18000 MWD/MTU through the use of three point interpolation. For
cycle burnups greater than 18000 MWD/MTU, use of 18000 MWD/MTU W(2)
values without interpolation or extrapolation is conservative. Tue W(z).. values
were determined assuming Cycle 9 operates with RAOC strategy. Also included
s & W(z),, function that bounds the W(z),, Curve for all Cycle 9 bumups. Use
of the bounding W(z),, curve will be conservative for anv Cycle 9 burmup

however, additional margin may be gained by using the burnup dependent W(z)
vaiues

he Normal Operation W(z) values have also been determined for a range of
measured axial offset values for Cycle 9. For measured axial offset values within
£3% of the predicted axial offset value, Figures § through 9 are applicable
Additional W(z) values are provided in Figures 10 through 13 applicable

measured axial offsets within £3% of a measured-predicted axial offset difference
of -10.3%. Figures 14 through |7 provide W(z) values applicable 10 measured

avial offsets within 3% of a measured-predicted axial offset difference of
4 0%

For purposes of burnup interpolation, a consistent set of W(z) values should be
ised based or the difference between the measured and predicted axial offset
I'he W(z) set selected could be either the set closest 1o the actual measured
predicted axial offset difference or a consistent set derived by linear interpolatior
n the measured - predicted axial offset difference between two of the W(z) sets
closest 1o the actual measured-predicted axial offset difference
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Because significant margin exists between the analytically determined maximum
Fy(z)*P,, values and their limit, Restricted Axial Flux Difference Operation
(RAFDO) is not expected to be required ror Cycle 9. For this reason. no
W(2)yurpo values are supplied for Cycle 9

The W(z) values are provided for 73 axial points within the core height
boundaries of 0 and |2 feet at intervals of 167 feet.

Table A.1 shows the burmup dependent F, penalty factors for Cycle 9 These
values shall be used to increase F,“(z) when required by Technical Specification
Surveillance Requirement 4222¢. A 2% penalty factor should be used at all
cycle burnups that are outside the range of Table A |
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TABLE Al
Fo PENALTY FACTORS AS A FUNCTION OF CYCLE BURNUP

Cycle Bumnup (MWDMTU) F."(z) Penalty Factor (%)
494 2.29
606 254
838 312
1010 156
1182 39
1354 29
1526 270
1697 2.51
1869 2.29
2041 206
3761 2.15
3933 263
4108 307
27 148
4449 388
4620 423
4792 44|
4964 430
5136 408
S308 am
S480 340
5652 299
5824 2.52
5996 209

Note: All cycle burnups outside the range of the above table shall use a 2% penalty
factor for compliance with the 4 2.2.2 ¢ Surveillance Requirement. Linear
interpolation should be used for intermediate cycle burnups.

12
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2.7

. Fm‘

(Specification 32.3)
F”“ S Fw.r' [l + PF”‘("P))

THERMAL POWER
where: P =

RATED THERMAL POWER

26.1 Fo'™ =159

262 PF, =03

(Specification 39.1)

2.1.1 The refueling boron concentrat.on to maintain K., < 0.95 shall be > 2000 ppm.

13
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Figure 4

CORE HEIGHT (FEET)

Callaway Cycle 9

K(z) - Normalized Fq(2)

As a Function of Core Height
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Figure 5
Callaway Cycle 9

W(2),,, at 150 MWD/MTU

* Top and bottom 15% exciuded as per Tech Spec 4.2.2.2C
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Figure 6

Callaway Cycle 9

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

W(2),0 8t 10000 MWD/MTU

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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Callaway Cyc'e 8

W(2)no at 18000 MWD/MTU
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Bounding W(z)no
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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W(z),, at 150 MWD 'MTU
Measured-Predicted Axial Offset = -10.3%

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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Callaway Cycle 9
W(z), at “0000 MWD/MTU
Measured-Predicted Axial Offset = -10.3%
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Callaway Cycle 9
W(z),, at 18000 MWD/MTU

Measured-Predicted Axial Offset = -10.3%
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Callaway Cycle 9
W(2),, at 150 MWD/MTU

Measured-Predicted Axial Offset = -14.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G



w(z)

Callaway Cvcle 9 Rev

2.0 1] |
el 4 Rk b - " e

. - G B 4 : g T > . n * + -
- mEE wew o - 4 "
Vet et penp A - >t
4 EES " RS . reRw
+- + + -+ A + - - -
- " - T - - & 4 - | 4
\Gn e an o an o t e -+ - + -+ .
1’ Al - L3 H 4
‘ W 1 - —
- | decd ' - & ' s b b
T - e -t — -+ + .
- - - EERE FEER - I EREE R - L ol
. TI o p— - - ™ » g B + -
. ko Lt ol e head ol ' EREE R A '
gy 4 + -t e S + -+ - - - +—
A4 ;I - ol - " | F . e 4 . i
L opaipraipaung. e -t +—
4 el L "

1.. W e L . . I L g
Sealad il < - 4 I I | 0 i Aol bl ke ded <
e Py + -t s 2 m + -+ bt t . - -~ + -
- 8 L EEIERES e S ik kgl Ao R EEEN .
+ o A | ey et + st 4ttt ot - bt
4 AL B b 4 4 dd Aol A g Ak B} ik " - Aado 4
+ Pgrepagu e 4 \ B G on a e o 4=t s + + bt +

A ;W ) Ll - L Ll 4 ) ! i .-
- e ™ R —— oy B S | A A e o . g
7¢ I | L Ll Ll 1 i A Al Ll 1 I | Al

1,70 S SES EESEENEEBEs! . e R —
4 . - ded 4 = e | ! 4 7 | -
1 1 1 ™ ! | i | T3 T 1 1 1

- - y .- - - I v - & "
n e T — . ma s . 2 T . =
& 1 | i { ] | | 1 1 | | 1
' 4 dd i dod - { had " |
" . 2 - ™ ™ ™ ™7 | g ¢ Yi
d " d ahodd Al " o, v 3 4 T
1 T3 1| O 1] | YI B 1 b |

1‘. Wt Aandodd A Al

. e . i B B T e 1 !
< ' I - ok b " - - - 1
" . e Y . A i T
A 4 - r - - ' Ll a
- N | o e 0 B B e i | t= 4
| { B REBEvE N & | |
I < . d b A - Bl " !

*+ + T3] Y . 1 T T T .y -y
< I " < o o " " & " - - | & 4 |
. | B B . T ; g 1 . § T T o e 1 r
| ! ! | " o | L | I |

1.5 . | T . g I e —4-

= ¢ 4 4 2 4 sheal d - I d
T > A | I T ™ - T ‘g +
4 o - |
- & - . 2 . E b
] {
dhach 4 " 4
™ e "
4 4
1 !
L |
1-‘ . 1 f
b

1. 3( -
| Ll
1 1

1.2 .8

i {
4
|
=
|
L
1.1 k -
'
: 3 T
I 1
|
1
1.8 117 L i |

CORE HEIGHT (FEET)

Figure 15

Callaway Cycle 9
W(2),, at 2000 MWD/MTU

Measured-Predicted Axial Offset = -14.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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Figure 16

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

Measured-Predicted Axial Offset = -14.0%

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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CORE HEIGHT (FEET)

Figura 17

Callaway Cycle 9
W(z),o at 18000 MWD/MTU
Measured-Predicted Axial Offset = -14.0%

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