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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 6.9.1.9

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

3.1.13 Moderator Temperature Coefficient
3.1.35 Shutdown Rod Insertion Limit

3.13.6 Contro! Rod Insertion Limits

3.2.1 Axial Flux Difference

322 Heat Flux Hot Channel Factor

323 Nuclear Enthalpy Rise Hot Channel Factor

3.9.1 Refueling Boron Concentration
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2.0

2.1

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)

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 negative than 47.9
pem/°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2.1.2 The MTC 300 ppm surveillance limit is 40.4 pcm/°F (all rods withdrawn, Rated
Thermal Power condition).
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Callaway Cycle 9

22 j
(Specification 3.1.3.5)

The shutdown rods shall be withdrawn to at least 225 steps.

2.3 '
(Specification 3.1.3.6)

The Control Bank Insertion Limits are specified by Figure 2.

5 OF 17



Callsway Cycle 9

i thdrown)

p—

ROD BANK POSITION (Steps ¥

8

o

g

B

2

o

(28, 225)

i

(8,

{1“0 ‘51) "

Rev. 0

R SRS S S

(8,

| Ve

1

(5832. .‘ “

|

10

RATED THERMAL POTER (Percent)

FIGURE 2

CALLAWAY CYCLE 9
ROD BANK INSERTION LIMITS VS.
RATED THERMAL POWER - FOUR LOOP OPERATION

6 oF 17

n



Callaway Cycle #

)
2.4 i i
(Specification 3.2.1)

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

24.2 The target band during Restricted AFD Operation is £3%. The AFD limits
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
90% of RATED THERMAL POWER.

—~—
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-Fo@)

(Specification 3.2.2)

Fl‘l’

FoZ) < -;?- *K(Z) for P > 0.5

Flﬂ

Fo(Z) < —o-:- * K(Z) for P £ 0.5

where:

2.5.1
252

2.5.3

 HERMAL POWER

P =
RATED THERMAL POWER

Fi" = 2.50
K(Z) is provided in Figure 4.

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 Fg surveillance 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 burmup 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)yo values were determined assuming Cycle 9 operates
with the RAOC strategy. Also included is a W(z)wo function that bounds the
W(2)no curve for all Cycle 9 burnups. Use of the bounding W(2Z)yo curve will
be conservative for any Cycle 9 burnup: however, additional margin may be
gained by using the burnup dependent W(z)yo values. e

Because significant margin exists between the analytically determined maximum
Fo(z)*P,y values and their limit, Restricted Axial Flux Difference (RAFDO)
operation is not expected to be required for Cycle 9. For this reason, Do
W (Z)paro 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 Fo*(z) when required by Technical Specification
Surveillance Requirement 4.2.2.2.e. A 2% penalty factor shall be used at all
cycle burnups that are outside the range of Table A.1.
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TABLE A.1

Fo PENALTY FACT ORS AS A FUNCTION OF CYCLE BURNUP

Note:

Cycle Burnup (MWD/MTU)

3930
4102
4274
it
4618
4790
4961
5133
5305

All cycle burnups outside
factor for compliance with the 4.2.2.2.¢ Su

Fo™(z) Penalty Factor (%)

2.00
2.04
2.31
2.52
2.63
2.63
2.52
2.29

2.00

interpolation should be used for intermediate cycle burnups.
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(Specification 3.2.3)
Ful € Fu™ (1 + PRa(1-P)]

THERMAL POWER
RATED THERMAL POWER

where: P =

2.6.1 F ™ = 1.59
2.6.2 PF,, = 0.3

2.7 i
(Specification 3.9.1)

2.7.1 The refueling boron concentration to maintain K¢ < 0.95 shall be 2> 2000 ppm.
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Callswsy Cycle §

1.4

1.3

1.2

BOTTOM

“ 5 6 7 8 9 10

CORE HEIGHT (FEET)

FIGURE 5§

CALLAWAY CYCLE 9
W(z), at 150 MWD/MTU

« TOP AND BOTTOM 15% MXCLUDED AS PER TECH SPEC 4.2.2.30
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Callswsy Cycle 9

ExIGET 3000,
.4 (rerr) WL
¢ 0.000
¢ 0,167
. 0.333
. 0.800
. 0,867
. 0.833
* 1,000
¢ 3.6
. 1.30
¢ 3.500
1ﬁs . 1.667
1.033
2.000 14004
3.167 1.4513
2.33 1.4336
2.80¢ 3.3938
2.667 1.3618
2.0 1.3333
3.000 1.3092
3.367 1.3920
1.4 3,333 .30

3.667 1.2642
3.833  1.388¢0
4,000  A.3460
€267 1.2370
€333 1.2268
6.800  3.3183
€667  1.2034
6,933 1.3908
s,000  1.1779

5,167  1.3640
1.3 5,333 3.3497
£.500  1.1368
5.667  1.1269

6.600 i.an
£.067 3.3398
6.3 1.0048
é§.500 1,346

=) 6.667  1.3498

4 6.023 1.1560

2 9.000  1.3638

.3 i 7.467 3.3692
4 9.333 3.3738

; 7.800  3,3772

7.667 3.47%
7.013 1.3004
8,000 1.4790
0.267 1,478
$.322 i.a809
9.500 33034
LR L i.3036
.03 3.3038

r.367 1.0
.33 31.3108
s.500 3.3237
».667 1.3
$.822 1.3428
i0.000 1.3823
10,367 1.363%

* 10,302 1.0000

. . L0000

1.0 n " h‘L. Ll . ::::: :..noo
. . L0000

6 1 2 3 4 5 6 5 & T i B s
BOTTOM TOP :xan ‘f”°
CORE HEIGHT (FEET) P

* 11.687 i.0000

* 31.802 1.0000

l"EGL'RE 6 e 313.000 1.0000

CALLAWAY CYCLE 9
W(z),, at 3000 MWD/MTU

* TOP AND BOTTOM 15% EXCLUDED AS PER TECH SPEC 42220
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’ ) RIGET 10000,
3 ‘ (FRET) wig)
* 0.000 1.0000
. 5.267 1.0000
* 0,302
. 0.800
. 0,667
* 0,033
* 3.000
* 1.167
e 1.3
1.9 * 1.800
. 1.667
1,033
3.000
2.167
2.333
2.800
2.667
2.0
3.000
3.367
1.4 3,33
3.800
3.667
3.023
0.000
o 6,167
4,333
¢.500
P 4,667
g .92
b3 4 5.000  1.106)
- s3 5.167 1.3004
z $.333 1.1778
5.800 1.1719
A ! 5667 1.2687
4 5,032 1.3732
6.000  1.379
6.167 1.3916
' €.333 1.2016
€.500 1.3100
4 €.667 1.3300
44 4 6823 1.3293
‘ " " 7.000 1,239
- A{A 7.167 1.3497
7.333 1.2866
7.500  3.3630
4 9.667  L.3680
7.833 1.2733
$.000  1.3729
0,167 1.3730
$.333 1.2736
0.500  3.3668
0.667 1.2643
0823 1.3698
1.1 7 9,000 1.3
9.167 1.2909
9.333 1.3033
9.300 1.3142
9.667 1.3343
5.923 1.3337
10,000  1.3433
10,167 1.2%00
10.33) 1.0000
30.500 1.0000
.00 L1010 L‘ 20,667 1.0000
10,433 1.0000

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

BOTTOM
CORE HEIGHT (FEET) i

i1.000 i.0000
i1.0000
u.aam i1.0000
11,800 1.0002
1.667 i1.0000
1.8 3.0000
32.009 3.0000

‘...'..'."
-
»-
1

FIGURE 7

) CALLAWAY CYCLE 9
' W(z), at 10000 MWD/MTU

* TOP AND BOTTOM 15% EXCLUDED AS PER TBCH SPEC 4.1.2.20
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< -3 6 7 8 9 10 11 12

CORE HEIGHT (FEET) o

FIGURE 8

CALLAWAY CYCLE 9
W(z),, at 18000 MWD/MTU

* TOP AND BOTTOM 15% EXCLUDED AS PER TECH SPEC 4.2.2.20
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KXIAET
(reRY)
0.000
0.367
0.333
0.500
0.667
o.e
1.000
1187
1.0
1.500
1.687
i.803
2.000
2.167
2.33:
3.500
2.687
.0
3.000
3.6
3
3.%00
3.667
3.612
4,000
.67
43
4.500
0
4.8
s.000
$.367
5.333
s.500
5.667
£
é.000
6€.167
.30
€ .500
6,687
6.0
7.000
7.367
7.4
7.500
7.667
7.033
s.000
.06
.00
s.500
U T
$.832
§.000
$.167
*.230
9.500
9. 667
.02
10.000
10.167
10,30
a0.800
10,667
10.03
31.000
11.367
1.3
11.500
23.667
11.823
12,000

Rev. 0

1e000.
")




Callaway Cycle 9

1.6 . ]

1.5 :
4

1.4

1.3 4

s MAX. W(Z)

1.00vbe NRRRA The  leess
3 4 85 & 7 ¢ % ¥ 3% 8 I Hte e
BOTTOM cop . 13,167  3.0000
CORE HEIGHT (FEET) A e
* 11,667 1.0000
* 11.80) i1.0000
mcm 9 * 313.000 1.0000

i CALLAWAY CYCLE 9

BOUNDING W(2).

" * TOP AND BOTTOM 15% EXCLUDED AS PER TBOH SPEC 4.2.2.20
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