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Callaway Cycle 6 Rev.

10

Westinghouse Propnewry Class 2

A

CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 6 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.

3.1.13 Moderator Temperature Coefficient

3.135 Shutdown Rod Insertion Limit

3136 Control Rod Insertion Limits

321 Axial Flux Difference

322 Heat Flux Hot Channel Factor

323 Nuclear Enthalpy Rise Hot Channei Factor
391 Refueling Boron Concentration
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Westinghouse Propnetary Class 2

Callaway Cycle 6 Rev. §

20 OPERATING LIMITS

21

The cycle-specific parameter limits for the specifications listed in Section 1.0 are
in the subsections which follow. These limits have been developed using the NRC-
approved methodologies specified in Technical Specification 6.9.1.9.

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212 The MTC 300 ppm surveillance limit is -40.4 pcm/°F (ail rods withdrawn, Rated
Thermal Power condition).
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MODERATOR TEMPERATURE COEFFICIENT (PCM/ F)
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FIGURE 1

CALLAWAY UNIT 1 CYCLE 6
MODERATOR TEMPERATURE COEFFICIENT VS POWER LEVEL
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Westnghouse Propnetary Class 2
Callaway Cycle 6 Rev. 5

22 Shutdown Rod Insertion Limits (Specification 3.1.3.5)
The shutdown rods shall be withdrawn to at least 225 steps.

23 Control Rod Insertion Limits (Specification 3.1.3.6)
The Control Bank Insertion Limits are specified by Figure 2.
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ROD BANK POSITION (Steps Withdrown)
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FIGURE 2

CALLAWAY UNIT 1 CYCLE 6
ROD BANK INSERTION LIMITS VERSUS
RATED THERMAL POWER - FOUR LOOP OPERATION
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Callaway Cycle 6 Rev. §
24  Axal Flux Difference (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.

243 The minimum allowable power level for Restricted AFD Operation, APL™", is
9% of RATED THERMAL POWER.
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PERCENT OF RATED THERMAL POWER

120

110

100

70

Rev. §

p———
i d 1 i1 1 T
14 1 1 |
. ' T
+ -~
< -+ "} - 4
' - 4 T 1
— - ~—— -
(-17, 188%) | (+13, 180%) 1 :
' 3 ™ -
- v - -
i 1 1
! ' 1 !
| 1 |
;| | -
-
{ | 1 1 I
z I { 1 *
1 : - -
! . { H
| l d 1
! 1 | g 4 I
1 ‘ 1 : !
+ 1 T { 1 ]
> » -
4
- - ~
1 1
masars sasam
< ‘ i -~ -
- -~ - -
| | ¥
| ! »
- i 4 ) i 1
! T
I : =
- :
51 + - + -~
1 IO 1
! ! |
Y T
- - - - -
"3 - 1 ! !
- Y ! .
: ; >
> ) b= [+26 )
38, Sex I
- - —
& 3 e &
! T ! Ty
1 1 I | 1
-
] -
d 4 :
- -
" A
! g o ! ! T
+
- > | { - -
) 4 T
| - 1
T T : §
i i
-
1
»
‘n ! L 1
I 1 M }
T ’
1 i
- - +
! ! | | 1
i ! 1
- - -
- s "e
e T 1
e 3 A - R -
-+ '
4 - i i
-+ +
J | -
- - -

=50 40 -30 -2 -0 O 0 20 30

AXIAL FLUX DIFFERENCE (% DELTA-1)

FIGURE 3

CALLAWAY UNIT 1 CYCLE 6
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Westinghouse Proprietary Class 2

Callaway Cycle 6 Rev. §

25  Heat Flux Hot Channel Factor - Fo(Z)

(Specification 3.2.2)
FORTP
Fo(Z) s — *K(Z) for P > 05
P
F RTP
Q
Fo(Z) s — *K(Z) forP <05
05
THERMAL POWER
where: P =
RATED THERMAL POWER
251 F*™ =250

252 K(Z)is provided in Figure 4.
253 The W(z) functions that are to be used in Technical Specifications 4.2.2.2, 42.2.3,

and 4.2.2.4 for F, surveillance are shown in Figures 5 through 31.

The Normal Operation W(z) values have been determined for several burnups up
to 16000 MWD/MTU in Cycle 6. This permits determination of W(z) at any cycle
burnup up to 16000 MWD/MTU through the use of three point interpolation.
For cycle burnups greater than 16000 MWD/MTU, use of the 16000 MWD/MTU
W(z) values without interpolation or extrapolation is conservative. The \V(z),.o
values were determined assuming Cycle 6 operates with the RAOC strategy. The
appropriate W(z),, functions for interpolation should be chosen based on the
measured steady state aaal offset.

The Restricted AFD Operation W(z) values, W(2)g .70, have been determined
for several burnups up to 18000 MWD/MTU in Cycle 6. This permits
determination of W(z) at any cycle burnup up to 18000 MWD/MTU through the
use of 3 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) values are provided for 73 axial points assuming the core height
bourdanes of 0 and 12 feet and intervals of .167 feet between the core
boundaries.
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Westinghouse Propnetary Class 2 ‘

Callaway Cycle 6 Rev. §

2-6 1 - F‘HN
(Specification 3.2.3)

Fau < Fuu"7 [1 + PF(1-P)]

|
THERMAL POWER |
where: P = *

RATED THERMAL POWER

261 F, 7" =15
262 PF,,, =03
2.7 i
(Specification 3.9.1)
27.1 The refueling boron concentration to maintain K, < 0.95 shall be > 2000 ppm.
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K(Z) - NORMALIZED FQ(Z)
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FIGURE 4

CALLAWAY UNIT 1 CYCLE 6
K(Z) - NORMALIZED FQ(Z) AS A FUNCTION OF CORE HEIGHT
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FIGURE 6
CALLAWAY UNIT 1 CYCLE 6
W(Z)VO AT 8000 MWD/MTU (Messured A Q= -12% +/- 2%)
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* Top and bortom 15% exciuded as per Tech Spec 4.2.2.2G
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FIGURE 12

CALLAWAY UNIT 1 CYCLE 6
AT 8000 MWD/MTU (Measured A Q= +12% +/~ 2%)

NO

w(z)

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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FIGURE 13

CALLAWAY UNIT 1 CYCLE 6
W(Z), AT 12000 MWD/MTU (Messured A.O.= ~16% +/~ 2%)

* Top and bottom 15% exciuded ss per Tech Spec 4.2.22G
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FIGURE 14

CALLAWAY UNIT 1 CYCLE 6
W(Z] AT 12000 MWD/MTU (Messured AO.= -12% +/~ 2%)

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

CALLAWAY UNIT 1 CYCLE 6
Ww(Z) 0 AT 12000 MWD/MTU (Measured AO= -8% +/~ 2%)

* Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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FIGURE 16

CALLAWAY UNIT 1 CYCLE 6
W(Z)NO AT 12000 MWD/MTU (Messured A Q= ~4% +/- 2%)

* Top and bottom 15% excluded as per Tech Spec 4.22.2G
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FIGURE 17

CALLAWAY UNIT 1 CYCLE 6
AT 12000 MWD/MTU (Measured A0 = 0% +/~ 2%)

w(z)

NO

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

Page 24 of 38



c-HRRERERERERRAEL:
v -
HHHHE
- -

Ll I

1.20%

e -an had B "‘““ - - ,u b1 EE

- - - -~ - - ” - o~ - "

- - - - - - L

b R L L R ”. e e
111‘1"111‘1|‘|1111"1‘!“1'1‘1“1'l"111“11“1‘11"1'1

mmmmmmmmm,u gEgeagsageagas mnmmmummmmmanmmmmmunmmmummmmmmnmmmmummmmmmmmmmwmm

QO0QOOrw»~r i|'::.3"”""..“.'.'.’.'...'.777771............’00‘”0“‘“.

e R i
R CC N
L)
.
O
I T
w
-4 -
-
. -—
- -+ B e &
@ - - ——
54
o
-
- - R
2 2 — & 2 1
o
- Av, —4
-
p———p— 2 gp—
-
— L —p—
eilmsanlieermnd B . - —~
o—
- —4 1
7 m
.
N
+ -4+ 44— — —— - —— »—
0w 5
- 44—+ ———— - - 4— lvl;lelT — - -—
R e S S B & S = e —— m
- 4 lTu - —— — - 4 4 4+ % II.T ———
w3y
- - —— —r—— S it o — 4 R
——= - ~1 — o e o — Y
-+ - -+t t- ~ —4—
~
s 4 1 -
o
- — ~—+ 1!v1|+|!
-3
— 4 b—¢+——4+—94 4+ ¢ o Rt e SR Av‘ ‘l.l 1.'.1 4+ +— ¢ — ¥
—f—t 4 e amte et SHESP SRR W - - 1+t t+t1TT 1T+ttt -4+
-ttt %.IAT + —— -+ — 44—+ vP .if.lﬁr\! —— e —p— fI.A ———lp ———4
o
-+ 71le|17'144 e - ﬁ D e — — S B S S G - =4 b ‘Af.
——4— s -t 4+—4+—4 1 +t—t—t 1ttt +—1 ++- “+4-
S e S . T - +1T"1T1TT+ T+t t+1++++ —g— e —d - = ——
- -—
bttt ||11|:. SEB GEEE s say ol SR 4o |4y e~ — —_ \ufl —p— ¢ x
4 - AA 1¢w|¢| — -4 F—tr—tr—t+—r— ﬁl» - JT\ S EMSEN AN A mems gene au .g — 0
L “w )y - " o~ - o
. . B . . . . ‘M
- - e .- L - - -

FIGURE 18

CALLAWAY UNIT 1 CYCLE 6
W(Z)‘;0 AT 12000 MWD/MTU (Measured A O =~ +4% + ~ 2%)

* Top and bottom 15% exciuded as per Tech Spec 4.2.2.2G
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FIGURE 18

CALLAWAY UNIT 1 CYCLE 6
W(Z)No AT 12000 MWD/MTU (Measured A O = +8% </~ 2%)

* Top and bottom 15% excluded as per Tech Spec 4.2.22C
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FIGURE 20

CALLAWAY UNIT 1 CYCLE 6
AT 12000 MWD/MTU (Measured A Q= +12% +/~ 2%)
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FIGURE 22
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W(Z)“O AT 16000 MWD/MTU (Measured A Q= -12% +/- 2%)
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FIGURE 23

CALLAWAY UNIT 1 CYCLE 6
W(Z)No AT 16000 MWD/MTU (Meesured A D= -8% </~ 2%)

* Top and bottom 15% excluded as per Tech Spec 4.2.22G
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FIGURE 24

CALLAWAY UNIT 1 CYCLE 6
W(Z)\;o AT 16000 MWD/MTU (Messured A O = ~4% +'~ 2%)

* Top and bottom 15% exciuded as per Tech Spec 42226
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FIGURE 2%
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AT 16000 MWD/MTU (Measured A O = 0% +/- 2%)

NO

wI(Z)

* Top and bottom 15% exciuded as per Tech Spec 4.222G
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FIGURE 26

CALLAWAY UNIT 1 CYCLE &
W(Z)\;0 AT 16000 MWD/MTU (Measured A Q= +4% +/~ 2%)

* Top and bottom 15% excluded ss per Tech Spec 4.2.2.2G
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FIGURE 27

CALLAWAY UNIT 1 CYCLE 6

AT 16000 MWD/MTU (Measured A QD= +8% +/- 2%)

NO

w(Z)

* Top and bortom 15% excluded as per Tech Spec 42226
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FIGURE 28
CALLAWAY UNIT 1 CYCLE &
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* Top and bottom 15% excluded as per Tech Spec 4.2.22G
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* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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