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CORE OFERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 8 has been prepared
in accordance with the requirements of Technical Specification 6.9.1.9

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

3113 Moderator Terperature Coefficient

3.1.35 Shutdown Rod Insertion Limit

3.1.3.6 Control Rod Insertion Limits

321 Axial Flux Difference

322 Heat Flux Hot Channel Factor

323 Nuclear Enthalpy Rise Hot Channel Factor
391 Refueling Boron Concentration
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OPERATING 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.

r ient

(Specification 3.1.1.3)

2.1.1

212

The Moderator Temperature Coefficient shall be less positive than the limits

shown in Figure 1. These limits shall be referred 1o 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.

The MTC 300 ppm surveillance limit is -40.4 pcm/°F (all rods withdrawn, Rated
Thermal Power condition).
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2.2 i
(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The shutdown rods shall be withdrawn 1o at least 225 steps.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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FIGURE 2

CALLAWAY UNIT 1 CYCLE 8
ROD BANK INSERTION LIMITS VS.
RATED THERMAL POWER - FOUR LOOP OPERATION
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24

(Specification 3.2.1)
24.1 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) Cperation.

24.3  The minimum allowable power level for Restricted AFD Operation, APL™®, is
90% of RATED THERMAL POWER.
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Heat Flux Hot Channel Factor - Fo(Z)
(Specification 3.2.2)

Fo(2) <

Fo2) <

where: P =

2.5.1

2.5.2

253

Forr

*KZ) forP>05
P

o
— *K(Z) forP <05
0.5
THERMAL POWER

RATED THERMAL POWER
Fom B 2.50
K(Z) is provided in Figure 4.

The W(z) functions that are 10 be used in Technical Specifications 4.2.2.2, 4223,
and 4.2.2.4 for F,, surveillance are shown in Figures 5 through 18.

The Normal Operation W(z) values have been determined for several burnups up
to 18000 MWD/MTU in Cycle 8. 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)y, values
were determined assuming Cycle 8 operates with the RAOC strategy. Also
inciuded is a W(2)y, function that bounds the W(2),, curve for all Cycle 8
bumnups. Use of the bounding W(z)y, curve will be conservative for any Cycle 8

burnup; however, additional margin may be gained by using the burnup dependent
W(z)yo values.

The Normal Operation W(z) values have also been determined for a range of
measured axial offset values in Cycle 8. 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 12 applicable to
measured axial offsets within +3% of a measured-predicted axial offset difference
of -3.2%. Figures 13 through 15 provide W(z) values applicable o measured axial
offset within +3% of a measured-predicted axial offset difference of -6.4%.
Figures 16 through 18 provide W(z) values applicable to measured axial offsets
within +3% of a measured-predicted axial offset difference of -9.4%. Figure 19
provides W(z) values applicable to measured axial offsets within + 3% of a
measured-predicied axial offset difference of +3.3% for cycle burnups of 18000
MWD/MTU or greater. For purposes of burnup interpolation, a consistent set of
W(2) values should be used based on the difference between the measured and
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predicted axial offset. The W(z) set selected should be the set closest 1o the actual
measured-predicted axial offset difference. The bounding W(z) value provided in
Figure 9 is only applicable for measured axial offset values within +3% of
predicted values.

Because significant margin exists between the analytically determined maximum
Fo(2)*P,, vilues and their limit, Restricted Axial Flux Difference (RAFDO)
operation is not expected to be required for Cycle 8. For this reason, no W(2Z)garno
values are supplied for Cycle 8.

The W(2) 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 Fo penaity factors for Cycle 8. These
values shall be used 10 increase F,*(z) when required by Technical Specification
Surveillance Requirement 4.2.2.2.e. A 2% penaity factor shall be used at all cycle
burnups that are outside the range of Table A.1.

10
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TABLE A1

Fo PENALTY FACTORS AS A FUNCTION OF CYCLE BURNUP

Cycle Burnup Fo“(z) Penalty Factor (%)
0 2.00
22500 2.00

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.

11
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2.6 i tor - Fu"
(Specification 3.2.3)
Far" < Fau™™ {1 + PF(1-P)]
THERMAL POWER
where: P =
RATED THERMAL POWER
2~6-1 F‘”m = 1-59
2.6-2 PF‘" = 0-3
2.7 tio

(Specification 3.9.1)

27.1 The refueling boron concentration to maintain K.e < 0.95 shall be » 2000 ppm.
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Wi(z)no at 150 MWD/MTU
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Wi(z)no at 2000 MWD/MTU

*Top and bottom 15% excluded as per Tech Spec 4.2.22C
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Callaway Unit 1 Cycle 8
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Callaway Unit 1 Cycle 8

Bounding W(z)no For Cycle 8

*Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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T $.000 1.1189

| $.167  1.10%4

e 1 $.333  1.106%

N e l a 5.800 1.1018

o T | 5.667  1.1033

= | $.933  1.119)

| €.000 1.1348

| 6.167 1.1802

6,333 1.1664

6.500 1.1806

- §.667  1.1921

| - €.833  1.2018

’ ! 7.000 1.21¢

T A 7.167  1.3341

s 1 7.333  1.3347

I 7.500 1.2452

7.667  1.2561

o 7.833  1.267

1 a 0.000 1.3776

0.167  1.2063

: 0.333  1.2919

| ! 0.500 1.3001

1 ] 0.667  1.3092

19 0.923  1.3133

P 9.000 1.3186

I | $.167  1.3264

BER R 9.333 33306

b 9.500  1.343%

iNES & 9.667  1.3801

[ 1] 9.833  1.2868

BER R 10.000  1.3607

: ‘ 10.167  1.3616

e L 1 #10.333  1.0000

.U . v10.8500 1.0000

»10.667  1.0000

?M.,\ s < 3 ¢ 3 6 7 8 9 10 . 12 v10.833  1.0000
BOTTOM

CORE HEIGHT (FEET) WP e e
“11.30 1.0000
r31.500 1.0000
v11.687 1.0000
“li.802 1.0000
+12.000 1.0000
Pigure 11
Callaway Unit 1 Cycle 8

W(z),, at 10000 MWD/MTU

* Top and bottom 15% excluded as per Tech Spec 4.2.2.26
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W(Z)

«Callawny Cycie 8 Rev. 2

MEASURED-
EXIGET ppgpicTRD
(FERT) A0 .32

®0.000 1.0000
v 0.167  1.0000
¢ 0.333  1.0000
*0.500 1.0009
v C.667  1.0000

1.6 I 1 { ¢ 0.833  1.0000

- | ¢3.000 1.0000
«1.167  1.0000
«1.333  1.0000
l » 1.80¢ 1.0000
. v 1.667  1.0000
| 1.833  1.2634
3.000  1.32499
2.167  1.2367
1.9 2.333  1.333¢
2.500 1.32104
2.667  1.1878
2.033 11046
3.000  1.170¢
3.167  1.1646
3.333  1.1673
3.800  1.1700
1.667  1.1738
3.833  1.1809
1.4 €.000 1.3873
& 4.167  1.1918
€333 1.1M2
aad 4.500  1.1970
€667 1.1979
4 6.633  1.1976
$.000 1.1
$.167  1.1932
$.333 1.
$.500 1.32046
1.3 $.667  1.2373
l [ $.833  1.2447
. €.000 1.2896
6.167  1.3764
T £.333  1.3me
; €.500  1.3046
6.66: 1.3361
6,837 1.3211
7580 1.3386
1.2 1 4 7.36°  1.3344
. 7.33° 1.3
i »“ . 7.500  1.3409
1 | 7.667  1.3%64
| PN d 7.833  i.3661
| | 19 8.000 1.3700
L 1 8.167  1.3736
! 0333 13718
1 0.500 1.3728
T 8.667  1.3784
0.833  1.3712
1.1 $.000 1.3644
9.167  1.3601
| $.333  1.3637
4 $.500 1.3780
| $.667  1.3916
9.832  1.3981
10.000  1.3963
Ll | 10.367  1.3921
(1] | [ 11 1 *10.333  1.0000
1. 0Qedet : L1l | | $30.800  1.0000
N R A R T Uhans sy v R X
BOTTOM TOP  +11.000 1.0000
CORE HEIGHT (FEET) »13.167  1.0000
$11.333  1.0000
111.800  1.0000
‘L8687 i1.0000
“11.832 i1.0000
+12.000 1.0000
Pigure 12

Callaway Unit 1 Cy~le 8
W(z),, &t 18000 MWD,/ ATV

¥ Top and bottom 15% excluded as per Tech Spec 4.2.2.2CG
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FPigure 13
Callaway Umit 1 Cycle §
W(z), at 2000 MWD/MTU

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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Pigure 14

Callaway Unit 1 Cycle 8
Wiz),, at 10000 MWD/MTU
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* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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EEIGET ppgpicTeD
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.dae
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EES Y B
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UL T BN
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.oeae
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et L
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A727
Y L1
CAved
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.3572
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* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Pigure 16
Callaway Unit 1 Cycle @
Wiz),, at 2000 MWD/MTO

* Top and bottom 15% excluded as per Tech Spec 4.2.3.3G
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Rev. 2
MEASURED.
EEIGET PREDICTED
(FEET) AOw b4

f0.000 1.
‘0487 i.
c0.33 i
« 0.8500 i.
‘0.6 1.
‘o.832 i
f1.000 i
+1.367 .
‘1.0 i
‘f1.800 i.
L6 1.
1.1 i.
2.000 i.
2.6 1.
1.3 i
3.500 1.
1.647 i,
.0 i.
J.000 i.
3.487 i
1.3 A
31.500 i.
1.687 i.
3.8 3.
6.900 3.
LIS o 1.
.30 i.
‘.50 i.
.67 i
. 3.
$.000 3,
f.am t
$.a0 i
§.500 i
.68 3.
5.0 3.
6.000 3.
LEPY o 1.
6.3 i.
6.500 1.
.68 t
.1 i
7.000 3.
T8 L.
7.3 i.
7.500 i
T.687 i.
7.833 3.
s.000 3.
LY o 1.
.3 i
e.500 i.
.58 3.
.82 i.
s.000 i.
.87 i
.30 i.
s.500 i
.80 i
.03 i
i0.000 .
0.1 3.
«30.302 i.
< 10,8500 i.
~A0.687 3.
«40.033 1.
~33.000 i.
(ESOY . 3
R SO b 3 i.
‘11.%00 1.
LRSS ] o 1.
*« 11.822 .
« 13.000 i.
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Pigure 17
Callaway Unit 1 Cycle 8
Wi(z),, at 10000 MWD/MTD

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Rev. 2
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40412
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Pigure 18
Callaway Unit 1 Cycle 8
Wiz), at 18000 MWD/MTU
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* Top and bottom 15% axcluded as per Tech Spec 4.2.2.206
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Rov. 2
MEASURED.

EEIGNT PREDICTED
(FEEY) AOw A4
0.000  1.0000
0.167  1.0000
9.333  1.0000
©.800  1.0060
0.667  1.0000
0.3 1.0000
1.000  1.0000
1.367  1.0000
1.333  1.0000
1.8560  1.0000
1.667  1.0000
1,833 1.31%¢
3.000  1.2037
1.467 1w
.38 100
2.500  1.1606
3.667 1.7
.00 106
3.000  1.1323
3.367  1.316¢
3.333 1.1
3.800  1.131¢
1667 1.3361
.03 1.6
4,000  1.3411
€267 13607
€.333  1.3e6e
4.500  1.1800
¢.667 1.1
4.833  1.1818
§.000 11823
$.367  1.1800
5.333  1.1801
s.800 1.3
5.667 1303
5.033  1.3a
6.000  1.3343
.37 L
€33 1.3
4500 1399
€667 3.
6.0 1.
7.000 3.
7.167 4.
7.333 1.
T.800 1.
7.667 3.
1.0 4,
s.000 3.
s.a67 1,
€33 4.
0800 1.
66
e a
s.000 1,
.67 4,
0333 3.
$.500 1.
)66 1,
.03 g,
10.000 3.
10,167 1.
wan g,
10.800 1.
.67 1
0.0 1.
i1.000 3,
.46 3,
BN .,
.80 3,
.6
. g
.00 3.




* 0.000 1.0000
* 0.1 1.0000
* 0.3 1.0000
* 0.5%00 1.0000
* 0.667 1.0000
* 0.82 1.0000
* 1,000 1.0000
* a0 i1.0000
* 1.3 i.0000
* 1.5%00 1.0000
LA 1 &) 1.0000
1.833  1.4002
2.000 1.3787
1.5 2.167  1.3802
2.333  1.3304
2.500  1.293)
2.667  1.3719
2.833  1.3%4%
3.000 1.33%1
2.167  1.3369
3.333  1.2360
3.500 1.2308
3.667  1.2387
1.4 3.033  1.3410
4.000 1.3432
4.267  1.237
4.333  1.3309
6.500 1.2303
¢.667  1.3321
.83 1.3108
5.000 1.3138
— $.367  31.2088
N $.333  1.3081
~ 1.3 $.500 1.213¢
z 1 | 5.667 1.3318
3 $.033  1.2482
Al 6.000 1.2808
o 6.267  1.2686
v '3 €.333  1.2768
: * S €.500  1.2034
€.667  1.2799
“ ‘0 J ‘ 6.5 1.2764
b 4 7.000 1.2079
1.3 7.267 1.3
7.333  1.2967
7.500  1.30%9
7.687 1.367)
7.833  1.2888
8.000 1.3834
0.267  1.383¢
0.333  1.3472
8.500 1.23%0
8.687 1.23
.03 1.2248
1'1 9.000 1.23¢7
9167  1.3199
$.333  1.31%4
$.500 1.2296
P.687 1.3468)
$.833  1.2609
i0.000 1.2680
10.167 1.36%7
* 10.232 1.0000
* 10.5%00 1.0000
1.0 ' * 10.667 1.0000
i . 3 4 5 3 7 € - 10 11 12 [ weem o
* .0 1.0000
BOTTOM TOP * 11.167  1.0000
CORE HEIGHT (FEET) * 11.333  1.0000
* 11.%00 1.0000
* 1.7 1.0000
. 1.0000
* 13.000 1.0000
Pigure 19

Callaway Unit 1 Cycle 8
Wiz),, at 18000 MWD/MTU (Mess. - Pred. AOs +3.3)

* Top and bottom 15% excluded as per Tech Spec 4.2.2.26



