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! l.0 CORE OPER ATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 9 has been prepared in
| acconlance with the requirements of Technical Specification 6.9.1.9.
'

l

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

this report.

! 3.1.1.3 Moderator Temperature Coefficient

3.1.3.5 Shutdown Rod Insertion Limits

3.1.3.6 Control Rod Insertion Limits

3.2.1 Axial Flux Difference

| 3.2.2 Heat Flux Hot Channel Factor
,

! 3.2.3 Nuclear Enthalpy Rise Hot Channel Factor I

I

3.9.1 Refueling Boron Concentration
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f 2.0 OPERATING LIMITS |
| 1

, 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-apprmedi

| methodologies specified in Technical Specification 6.9.l.9.
|

2.1 Moderator Temperature Coefficient
1(Specification 3.1.1.3)
1

1

2.1.1 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 neg::tive than -47.9 pcm/*F. ]
! This 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2.1.2 The MTC 300 ppm surveillance limit is -40.4 pcm/ F (all rods withdrawn.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
i

Thermal Power condition).
|
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Callaway Cycle 9
IModerator Temperature Coefficient

Versus Power Level<
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2.2 Shutdown Rod Insertion Limits

,
(Specification 3.1.3.5)

The shutdown rods shall be withdrawn to at least 225 steps.

2.3 Control Rod insenion Limits
(Specification 3.1.3.6)

t
'

The Control Bank Insertion Limits are specified by Figure 2.
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Rod Bank Insertion Limits
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2.4 Axial Flux Difference
(Specification 3 2.1)

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

2.4.2 The target band during Restricted AFD Operation is +37c. The AFD limih
provided in Figure 3 also remain applicable during Restricted AFD Operation.

2.4.3 The minimum allowable power level for Restricted AFD Operation. APL'". is
907c of RATED THERMAL POWER.
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2.5 Heat Flux Hot Channel Factor F (Z)v
(Specification 3.2.2)

.

p are

F (Z) $ * K(Z) for P > 0.5v
P

F ""' |n
F (Z) 5 * K(Z) for P 5 0.5v

0.5
THERMAL POWER

where: P=
RATED THERMAL POWER

2.5.1 F RTP = 2.50n

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

!
1

2.5.3 The W(z) functions that are to be used in Technical Specifications 4.2.2.2. 4.2.2.3. j
and 4.2.2.4 for F surveillance are shown in Figures 5 thmugh 17. 1u

The Nog Operation W(z) values have been determined for several bumups up I
to 18000 MWD /MTU in Cycle 9. This permits determination of W(z) at any cyc!c |

bumup up to 18000 MWD /MTU through the use of three point interpolation. For i

cycle bumups greater than 18000 MWD /MTU, use of 18000 MWD /MTU W(z)
values without interpolation or extrapolation is conservative. The W(z), values
were determined assuming Cycle 9 operates with RAOC stratege ^ lso included.

iis a 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 any Cycle 9 bumup: !
however, additional margin may be gained by using the bumup dependent W(z),,
values.

The Normal Operation W(z) values have also been determined for a range ut
measured axial offset values for Cycle 9. For measured axial offset values within

37c 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 within 37c of a measured-predicted axial offset difference
of-2.7% Figures 14 through 17 provide W(z) values applicable to measured axial
offsets within 137c of a measured predicted axial offset difference of -7.09. For
purposes of bumup interpolation, a consistent set of W(z) values should be used
based on the difference between the measured vid 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 detcrmined maximum
F (z)*P,,, values and their limit, RMicted Axial Flux Difference (RAFDO)n
Operation is not expected to be required for Cycle 9. For this reason no

l

10
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W(/)u,u o., values are supplied for Cycle 9. -

- -

|

The W(/) values are provided for 73 axial points within the oire heiph ;

boundaries of 0 and 12 feet at intervals of .167 feet between top and bottoin ol
the core boundaries.

Table A.1 shows the burnup dependent F penalty factors for Cycle 9.. These {u
values shall be used to increase F "(z) when required by Technical Specification -

o
Surveillance Requirement 4.2.2.2.e. A 27c penalty factor shall be used at all J

cycle bumups that are outside the range of Table A.I. .
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TABLE A.I

F PENALTY FACTORS AS A FUNCTION OF CYCLE BURNUPv

Cycle Bumup (MWD /MTU) F "(z) Penalty Factor (9)o
|

150 2.04

| 4105 2.27

4277 2.90

4449 3.55

4620 4.16

4792 4.42
|
!

4964 4.32
|
! 5136 4.10

5308 3.79

5480 3.42

l

| 5652 2.99
i

5824 2.52

5996 2.10,

|
|

Note: All cycle bumups outside the range of the above table shall use a 29 penalty
factor for compliance with the 4.2.2.2.e Surveillance Requirement. Linear
interpolation should be used for intennediate cycle bumups.

!

|
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2.6 Nuclear Enthalov Rise Hot Channel Factor - F.n' !

(Specification 3.2.3)
.

RTP
F n's F n g pp g,p )3 3

|

THERMAL POWER
where: P =

RATED THERMAL POWER

2.6.1 FnRTP = 1.593

2.6.2 PF s = 0.33
i

2.7 Refueline Baron Concentration
(Specification 3.9.1)

2.7.1 The refueling boron concentration to maintain K,u 5 0.95 shall be > 2000 ppm. j

l

i

i

I |
|

| |

l

|

I

|
r i

'

l

i

l

i
>

>

1

4

1

'

13



, ..

'
. .,

Calla Aay Cn te ') Res _'

1.20 i i '' 1 4 ! ! ' ' ' - i '' > ' - - i '

.'i i !ii i i i a !i i i!t I! !i

. ! i ' i' i i ! i i
!I

'

|.. .:
# ! e i * i .i ii i ! ! ! ! i t i 'i !t
i i i i + . I i i. i i i ! I i i ,i1.10 i

i ,,,, i , , ,, , , ,
,

i ,

j
,, i i i ii

(6, 1.00) I ! ,-. ,

I i i i I i 1 ii iiii i i1.00 -%-_ij , , i , ,

-~ ~ ~ ,
_ i i ; ,

~-c , ,

I i !I'i%
'0.90 ' '' '' '

(12, .524) {
i -r

a ! In i-- 0.80 , ,,
,, ,iO ,

! i
. ,

O '

$ 0.70 |

.

;
H

Ia

h .600o i
z

'!

~ 0.50
.u, ,

. i
M

.:
0.40 ' '

,

i i

!I
t 6
i e0.30
i,

,

I

f
|0.20

|
'

__

0.10 |
i

l

!0.00 ! ! ' i

0 1 2 3 4 5 6 7 8 9 10 11 12

CORE HEIGHT (FEET)
|
|

| Figure 4

Callaway Cycle 9 i

K(z)- Normalized Fa(z)
As a Function of Core Height

14



_ _ _ . . . _ m _ . . _ . . . _ . . _ _ . _ - _ . . .

' ' ' C.ill.tw.n Cgte 9 R e'. 2*
. . , ..

n: m a:
1.6C PEET ar *,

ij ; _l | | || , .n.
,i* i * av i s.

. ,

| | | | | * ..in t..u n,

* * ' * tsoO 1 a: >

I
g' || * 3.649 1 13103

| | * 0.433 L )2JJ
* 1.000 4 0)JO
* 1.147 1.71J3
* 1.333 1.nM
* 1.500 . 0300

1.5C 1 "' 8'"'*

I
1.033 1.3133
2.000 1.2917
2.167 1.2701 1

2.333 1.2405
2.500 1.2271
2.667 1.2092

'2.83J 1.1976
3.000 1.1902
3.16T 1.1940

f 3.333 1.1770
1.4C 3.uo 1.1692

,

3.667 1.1633
3.033 1.1611 ,

4.000 1.1584
4.167 1.1547

j 4.333 1.1506 i

G 4.500 1.1454
j 4.467 1.1405
| 4.833 1.1345

^
- 1 5.000 1.12790

8 1.3C 5.167 1.1210^
5 3'3 **"3'

g a 5.500 1.1039,,

i

l 5.667 1.0992
a 5.833 1 1036

6.000 1.1125
& 6.167 1.1241

| 6
8 333 1 13'360 '

n 6.500 1.1439
6 6.667 1.1530

[ 6.833 1.1621,

6 6 7.000 1.1723
! 1. .'I C 7.167 1. u a e

.A'
6 7 333 1 1932

A 7,500 1.2006
(a

,, 7.667 1. f 'J 61
_

%, ;
3 7.033 1.2143

La 8.000 1.2190a
s.167 1.2232n, ,

{ -0 O 6.J33 1.2291
8.500 1.2376

{
.

01 8.467 1.2440
| 4 i, 0.033 1.2447'

1.1C 'j 9.nc 1.247s
9.167 1.2575
9.333 1.2744
9,500 1.2913
9.667 1.3063

,

9.033 1.3205
10.000 1.3345

g 10.167 1.3475

| * 30.333 1.0000
* 10.500 1.0000

|
10.667 1.0000*

1.00;;_;; 1;,,; . 1,. 33 1. n 00

0 1 2 3 4 5 6 7 8 9 10'" Il I2 * "8" 1"" '

* 11.167 1.0000 1

|BOTTOM TOP * u.333 1. 0 0 n

CORE HEIGHT (FEET) * u.5n 1. o n 0 '
>

I * 11.667 1.0000
! * 11.433 1.0000

* 12.000 1.0000
'

Figure 5
.

'

\
'

Callaway Cycle 9
; W(z)no at 150 MWD /MTU

* Top and bottom 159c excluded as per Tech Spec 4.2.2.2C<

4

J

15

I
"

'

i
-



_.-._ _ _ _ _ . _ . . . _ . . _ _ _ _ _ _ _ . . . _ . , . . . . _ _ . . _ _ _ _ _ _ _ _ _ . . . _ _ . . . .. ;
C.dlaw.ty Cyclea * * u-

Res. 2 {
' *

.

=
_,

HE**H7 !?,3

,

ff f f f | f | | |

*
* 0 l.'
* 3.as' a.M' \

l

f | 3 * 0.333 1.20?''

I ! * 0.533 1. 33:
| } |

* 0.46* 1.)JJJ .
| | t |

'
* 0.833 1 130*# '

j .

* 1.030 1. H 1. |

| | * 1.14' 1.7073 1

* 1.333 1.0001 I

f * 1.500 1.a000 (
; 1,5C * 2 "' 1 c "' !

1.833 1.4009 h

2.000 1.3760 I
2.167 1.3507 f
2.333 1.3253 ,

2.500 1.2990 1

2.667 1.2754
2.033 1.2584 4

3.000 1.2475 {
, 3.167 1,2385 f
t

j 3.333 1.2202'

1.4C 1 -

35" 2 2202
' 'j 3.667 1.2147

3.833 1.2102 |

4.000 1.2051 !,

4.167 1.1991 '

4.333 1.1926
6 4,500 1.1653 )

4.667 1.1773
4 4.833 1.168e '

5.000 1.15953N $ i 5'l'7 ****** '

1.3C '-' 5 332 1 23''-
..

g | f
o

5.500 1.1279 '

[ 5,667 1.1164'

a 5.833 1.1170
I '6 6.000 1.1205L 6.167 1.13030 6.333 1.14124,

a ''
'

6.500 1.1523
-

6 0
6.667 1.1633

4 ,0 A|
-

"
, 4.833 1.1741.

0
7.000 1.1443 |41.2C 7 2'? 1"2'

' "

- '

4 A 7.333 1.201J '

di 1.500 1.2000 |
ii

A'y A 7.667 1.2136 !O g 7.833 1.2173 j
''

8.000 1.2100 *

0 "
8.167 1.2200 > i

, ,
u - 8.333 1.2261 i

aj, 8.500 1.2304 I

, 0.667 1.2323
c.433 1.2341

1.1C ' ' ' " '*8'"
9.167 1.2505
9.333 1.2650
9.500 1.2009
9.667 1.2978
p.833 1.3155

10.000 1.3331
10.167 1.3408

* 10.333 1.0000
--.

* 10.500 1.0000
* 10.667 1.0000

1. 0 g % _ . _ _ _ * 10.e33 1.0000
~~~f- 12 * "*'" 2*""0 1 2 3 4 5 6 7 8 9 10 1j * 11.167 1.0000

l BOTTOM TOP * u.3n 1.00u j
! CORE HEIGHT (FEET) *"5" 2"" i

* 11.667 1.0000 1

* 11.033 1.0000 )
|

* 12,000 1.0000,

[ Figure 6 !

i
.

Callaway Cycle 9
,

'

j W(z)no at 3000 MWD /MTU
Top and bottom 15% excluded as per Tech Spec 4.2.2.2G 1.

*

a

! '

'

! 16
.

,w, - r - - - - . , - , n , - = - - . -
- v



. . . -- . - . . . . . . . - . - . . ~ . . . . . . . _ . . _ . - _ . _ ~ . ~ . - ~ . - . - . _ . - - -

|*- C.dLma> Cg k u R.s' '

' 1. . ,

|
* ..

| urr ai .
'''? **' 1*60

I l|i | ,I || || IfI || || | || 'i
*

'. 2 "
'

+,

'> * 4 14 t na-
I | |

' * 0.331 1, 005,

' * 0.500 e ' ??
* 0.667 .H3*
* 0.031 1.07?)

_ ,__
* 1.000 1.0003

1.167 1. D O M*

-h- * 1.333 1.0000
| | |

* 1.500 1.003a
1.5C * 1.657 t 0000

3
1.833 1.3569
2.000 1.3409 4
2.167 1.3244 .

2.333 1,3076 |
2.500 1.2905 '

2.667 1.2732 4

2.633 1.2564
3.000 1.2425
3.167 1.2344
3.333 1.2323

1.4C 3.500 1 2300 i

3.667 1.2362
3.833 1.2221 .

4.000 1.2179 !

4.167 1.2142
4 4.333 1.2108

4.500 1.2047
4.667 1.2019

3 4.033 1.1963
5.000 1.1995a

g a 5.167 1.1031 [
1.3C 5 333 1 1177^ 'w

a 5.500 1 1700g n
db 5.467 1.1662

6 6 5.833 1.1704
6 6.000 1.1705

6 6.167 1.199736,,66 <>
hg digo 6.333 1.1972

3 a 6.500 1.2051
4, 6.667 1.2129dL 4^ i 6.033 1.2205

0 0
|6 7.000 1.2209

"* " 1 157 1 33'1 i1.2C . a", g 7.333 1.2435,

A 7.500 1.2406 ?
O d' 7.667 1.2523 -

'A 7.833 1.2544
0.000 1.2540 |

0.167 1.2539
8.333 1,2515
8.500 1.2461
8.667 1.2430
9.833 1.2466 ,

1.1C 9.000 1.2535 :
9.167 1.2639 |

9.333 1.2749 |

9.500 1.2848 I

9.667 1.2936 ,

9.e33 1.3021 l

10.000 1.3102
10.167 1.3173

* 10.333 1.0000
* 10.500 1.0000

| * 10.667 1.C000
1.00,__..__,.__._ i * 10.e33 1.0000

_ , . _ , _ _ . _ _ , ,

0 1 2 3 4 5 6 7 8 9 10 11 12 11 " O 2 0 "'*

11.167 1.0000*

BOTTOM TOP * 21 333 1. n 0 0

1 CORE HEIGHT (FEET) * "5" S""
* 11.667 1.0000
* 11.833 1.0000
* 12.000 1.0000

Figure 7
:
,

Callaway Cycle 9
'

W(z)no at 10000 MWD /MTU
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j Callaway Cycle 9
| W(z)no at 18000 MWD /MTU
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Figure 9.

Callaway Cycle 9'

Bounding W(z)no
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G,
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;. Callaway Cycle 9
i W(z)no at UC MWD /MTU
: Measured-Predict a c,xial Offset = -2.7%

* Top and bottom 15'"o excluded as per Tech Spec 4.2.2.2G
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Figure 11.

| Callaway Cycle 9
| W(z)no at 3000 MWD /MTU
' Measured - Predicted Axial Offset = -2.7%
j * Top and t>ottom 15% excluded as per Tech Spec 4.2.2.2C
1
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( Callaway Cycle 9

| W(z)no at 18000 MWD /MTU
i Measured - Predicted Axial Offset = -2.7%
; * Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Callaway Cycle 9-

) W(z) at 150 MWD /MTU
'

Measured - Predicted Axial Offset = -7.0%
* Top and bottom 15% excluded as per Tech Spec 4.2.2.2G
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j Callaway Cycle 9

) V.,z)no at 3000 MWD /MTU

L Measured - Predicted Axial Offset = -7.0%
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; * Top and bottom 15% excluded as per Tech Spec 4.2.2.2C
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Figure 164

Callaway Cycle 9
W(z)no at 10000 MWD /MTU

Measured - Predicted Axial Offset = -7.0%
* Top and bottom 157c excluded as per Tech Spec 4.2.2.2C
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Cill.iway Cycle 4 Rn.2-4--
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Figure 17 ,

i

: Callaway Cycle 9
W(z)no at 18000 MWD /MTU

'

Measured - Predicted Axial Offset = -7.0%
} * Top and bottom 15% excluded as per Tech Spec 4.2.22G
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