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ULNRC-05831

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555-0001

Ladies and Gentlemen:
DOCKET NUMBER 50-483
CALLAWAY PLANT UNIT 1
UNION ELECTRIC CO.
FACILITY OPERATING LICENSE NPF-30
CORE OPERATING LIMITS REPORT
Please find enclosed the Callaway Plant Cycle 19 Core Operating Limits Report (COLR). This report
is provided to the NRC Staff for information. It has been prepared in accordance with the requirements
of Technical Specification 5.6.5.
This letter does not contain new commitments.
If you have any questions concerning this report, please contact us.
Sincerely,

Apst| A,

Scott A. Maglio,
Regulatory Affairs Manager
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U. S. Nuclear Regulatory Commission
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Arlington, TX 76011-4511

Senior Resident Inspector
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U.S. Nuclear Regulatory Commission
8201 NRC Road

Steedman, MO 65077

Mr. Mohan C. Thadani (2 copies)
Senior Project Manager, Callaway Plant
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1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Callaway Plant Cycle 19 has been prepared in
accordance with the requirements of Technical Specification 5.6.5.

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

3.1.1,3.14,3.1.5,3.1.6,3.1.8  Shutdown Margin
3.1.3  Moderator Temperature Coefficient
3.1.5  Shutdown Bank Insertion Limits
3.. 1.6  Control Bank Insertion Limits
3.2.1 Heat Flux Hot Channel Factor (Fo(z))
3.2.2  Nuclear Enthalpy Rise Hot Channel F actor F A
323 Axial Flux Difference
2.1.1 Reactor Core Safety Limits (SLs)
3.3.1 Reactor Trip System (RTS) Instrumentation

34.1 RCS Pressure and Temperature
Departure from Nucleate Boiling (DNB) Limits

1
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2.0 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 5.6.5.

2.1 Shutdown Margin
(Specifications 3.1.1, 3.1.4, 3.1.5, 3.1.6, and 3.1.8)
2.1.1 The Shutdown Margin in MODES 1-4 shall be greater than or equal to 1.3% Ak/k.
2.12 The Shutdown Margin prior to blocking Safety Injection below P-11 in MODES 3

and 4 shall be greater than 0% Ak/k as calculated at 200°F.

2.1.3 The Shutdown Margin in MODE 5 shall be greater than or equal to 1.0% Ak/k.

22 Moderator Temperature Coefficient

(Specification 3.1.3)

2.2.1 The Moderator Temperature Coefficient shall be less positive than the limits shown
in Figure 1. These limits shall be referred to as upper limit.

The Moderator Temperature Coefficient shall be less negative than -47.9 pcm/°F.
This limit shall be referred to as the lower limit.

222 The MTC 300 ppm surveillance limit is -40.4 pcm/°F (all rods withdrawn, Rated
Thermal Power condition).

223 The MTC 60 ppm surveillance limit is -45.5 pcm/°F (all rods withdrawn, Rated
Thermal Power condition).

2
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2.3 Shutdown Bank Insertion Limits
(Specification 3.1.5)
The shutdown banks shall be withdrawn to at least 225 steps.
24 Control Bank Insertion Limits

(Specification 3.1.6)
24.1 Control Bank insertion limits are specified by Figure 2.

242 Control Bank withdrawal sequence is A-B-C-D. The insertion sequence is the
reverse of the withdrawal sequence.

243 The difference between each sequential Control Bank position is 115 steps when
not fully inserted and not fully withdrawn.

4
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25 Heat Flux Hot Channel Factor - Fo(Z)

(Specification 3.2.1)

Fo(2) <

Fo)s ——

where:

2.5.1

252

253

RTP
Fq
———*K(Z) forP>0.5
P
FQRTP
*K(Z) forP <0.5
0.5
THERMAL POWER
P =
RATED THERMAL POWER
Fot'F =2.50.

K(Z) is provided in Figure 3.

The W(z) functions that are to be used in Technical Specification 3.2.1 and

Surveillance Requirement 3.2.1.2 for determining Fo¥(z) are shown in Table
ALl **

The W(z) values have been determined for several burnups up to 20000
MWD/MTU in Cycle 19. This permits determination of W(z) at any cycle burnup
up to 20000 MWD/MTU through the use of three point interpolation. For cycle
burnups greater than 20000 MWD/MTU, use of 20000 MWD/MTU W(z) values
without extrapolation is conservative. The W(z) values were determined assuming
Cycle 19 operates with RAOC strategy.

The W(z) values are provided for 73 axial points within the core height boundaries
of 0 and 12 feet at intervals of 0.17 feet.

The W(z) values are generated assuming that they will be used for a full power
surveillance. When a part power surveillance is performed, the W(z) values should
be adjusted by the factor 1/P, when P is > 0.5. When P is < 0.5, the W(2) values
should be adjusted by the factor 1/(0.5), or 2.0. This is consistent with the
adjustment in the Fo(z) limit at part power conditions.

Table A.2 shows the burnup dependent Fq penalty factors for Cycle 19. These
values shall be used to increase F,"(z) when required by Technical Specification
Surveillance Requirement 3.2.1.2. A 2% penalty factor should be used at all cycle
burnups that are outside the range of Table A.2.

** Refer to Table A.1a for W(z) values for evaluating the startup testing flux map
at 150 MWD/MTU burnup and 45% +/- 5% RTP.

6
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254 The uncertainty, Ugq, to be applied to measured Fo(Z) shall be calculated by the
following
Upg = Ug * U,
where:

Uqu = Base Fq measurement uncertainty = 1.05 when PDMS is inoperable
(Uy, is defined by PDMS when OPERABLE)
U, = Engineering uncertainty factor = 1.03

7
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Table A.1
W(z) versus Core Height
(Top and Bottom 8% Excluded)
Height 150 4000 10000 20000
(feet) MWD/MTU | MWD/MTU | MWD/MTU | MWD/MTU
0.00 (bottom) 1.0000 1.0000 1.0000 1.0000
0.17 1.0000 1.0000 1.0000 1.0000
0.33 1.0000 1.0000 1.0000 1.0000
0.50 1.0000 1.0000 1.0000 1.0000
0.67 1.0000 1.0000 1.0000 1.0000
0.83 1.0000 1.0000 1.0000 1.0000
1.00 1.3271 1.4286 1.3624 1.2635
1.17 1.3184 1.4149 1.3537 1.2577
1.33 1.3075 1.3981 1.3422 1.2498
1.50 1.2949 1.3790 1.3291 1.2409
1.67 1.2813 1.3584 1.3148 1.2315
1.83 1.2669 1.3367 1.2996 1.2217
2.00 1.2520 1.3141 1.2837 1.2115
2.17 1.2366 1.2910 1.2672 1.2012
2.33 1.2210 1.2678 1.2505 1.1910
2.50 1.2070 1.2444 1.2339 1.1793
2.67 1.1956 1.2216 1.2165 1.1702
2.83 1.1865 1.2009 1.1991 1.1684
3.00 1.1786 1.1832 1.1874 1.1716
3.17 1.1727 1.1716 1.1823 1.1760
3.33 1.1698 1.1677 1.1804 1.1785
3.50 1.1690 1.1665 1.1786 1.1800
3.67 1.1688 1.1652 1.1756 1.1819
3.83 1.1679 1.1635 1.1721 1.1860
4.00 1.1665 1.1613 1.1698 1.1934
4.17 1.1647 1.1586 1.1681 1.2024
4.33 1.1622 1.1553 1.1658 1.2098
4.50 1.1592 1.1516 1.1627 1.2160
4.67 1.1557 1.1473 1.1592 1.2211
4.83 1.1516 1.1425 1.1550 1.2248
5.00 1.1469 1.1371 1.1504 1.2271
5.17 1.1417 1.1313 1.1461 1.2278
5.33 1.1361 1.1254 1.1423 1.2274
5.50 1.1296 1.1173 1.1361 1.2287
5.67 1.1272 1.1114 1.1321 1.2306
5.83 1.1355 1.1153 1.1392 1.2371
6.00 1.1465 1.1200 1.1522 1.2470
6.17 1.1558 1.1254 1.1660 1.2577
6.33 1.1644 1.1326 1.1784 1.2658
8
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Table A.1
W(z) versus Core Height
(Top and Bottom 8% Excluded)

Height 150 4000 10000 20000
(feet) MWD/MTU | MWD/MTU | MWD/MTU | MWD/MTU
6.50 1.1727 1.1410 1.1898 1.2734
6.67 1.1806 1.1494 1.2000 1.2806
6.83 1.1878 1.1578 1.2087 1.2856
7.00 1.1942 1.1669 1.2161 1.2886
7.17 1.1993 1.1765 1.2218 1.2895
7.33 1.2031 1.1854 1.2259 1.2883
7.50 1.2056 1.1934 1.2281 1.2849
7.67 1.2066 1.2003 1.2284 1.2794
7.83 1.2067 1.2061 1.2269 1.2717
8.00 1.2080 1.2107 1.2226 1.2619
8.17 1.2106 1.2140 1.2170 1.2499
8.33 1.2118 1.2158 1.2140 1.2355
8.50 1.2116 1.2166 1.2101 1.2234
8.67 1.2103 1.2156 1.2040 1.2134
8.83 1.2077 1.2135 1.2011 1.2001
9.00 1.2045 1.2150 1.2016 1.1969
9.17 1.2033 1.2317 1.2134 1.1994
9.33 1.2073 1.2625 1.2339 1.2051
9.50 1.2163 1.2970 1.2567 1.2129
9.67 1.2277 1.3285 1.2774 1.2251
9.83 1.2387 1.3597 1.2971 1.2436
10.00 1.2474 1.3911 1.3158 1.2642
10.17 1.2567 1.4212 1.3330 1.2831
10.33 1.2743 1.4483 1.3485 1.3003
10.50 1.2954 1.4731 1.3621 1.3159
10.67 1.3157 1.4969 1.3736 1.3304
10.83 1.3385 1.5212 1.3833 1.3451
11.00 1.3621 1.5437 1.3897 1.3580
11.17 1.0000 1.0000 1.0000 1.0000
11.33 1.0000 1.0000 1.0000 1.0000
11.50 1.0000 1.0000 1.0000 1.0000
11.67 1.0000 1.0000 1.0000 1.0000
11.83 1.0000 1.0000 1.0000 1.0000

12.00 (top) 1.0000 1.0000 1.0000 1.0000
9
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Table A.la
W(z) versus Core Height for Partial Power Operation
(45% Power, 150 MWD/MTU, D-bank at 185 steps)
(Top and Bottom 8% Excluded)

¥* The W(z)’s are not increased by the nominal power ratio. In order to be applicable, the W(z)’s must
be divided by the relative power at the time of the surveillance

Height
(feet) W(z)**
0.00 (bottom) 1.0000
0.17 1.0000
0.33 1.0000
0.50 1.0000
0.67 1.0000
0.83 1.0000
1.00 1.4913
1.17 1.4720
1.33 1.4509
1.50 1.4284
1.67 1.4052
1.83 1.3815
2.00 1.3573
2.17 1.3326
2.33 1.3078
2.50 1.2850
2.67 1.2652
2.83 1.2483
3.00 1.2325
3.17 1.2189
3.33 1.2085
3.50 1.2002
3.67 1.1926
3.83 1.1842
4.00 1.1755
4.17 1.1664
4.33 1.1568
4.50 1.1468
4.67 1.1364
4.83 1.1252
5.00 1.1136
5.17 1.1017
5.33 1.0897
5.50 1.0770
5.67 1.0686
5.83 1.0708
6.00 1.0756

10
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Table A.la
W(z) versus Core Height for Partial Power Operation
(45% Power, 150 MWD/MTU, D-bank at 185 steps)
(Top and Bottom 8% Excluded)

** The W(z)’s are not increased by the nominal power ratio. In order to be applicable, the W(z)'s must
be divided by the relative power at the time of the surveillance

Height
(feet) W(z)**
6.17 1.0789
6.33 1.0814
6.50 1.0838
6.67 1.0860
6.83 1.0879
7.00 1.0893
7.17 1.0897
7.33 1.0891
7.50 1.0874
7.67 1.0847
7.83 1.0816
8.00 1.0798
8.17 1.0796
8.33 1.0786
8.50 1.0767
8.67 1.0744
8.83 1.0715
9.00 1.0690
9.17 1.0686
9.33 1.0732
9.50 1.0834
9.67 1.0958
9.83 1.1075
10.00 1.1173
10.17 1.1272
10.33 1.1433
10.50 1.1590
10.67 , 1.1718
10.83 1.1899
11.00 1.2130
11.17 1.0000
11.33 1.0000
11.50 1.0000
11.67 1.0000
11.83 1.0000
12.00 (top) 1.0000

11
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Table A.2

Fq Penalty Factors as a Function of Cycle Burnup

Cycle 19 Burnup F"(z) Penalty Factor (%)
4787 2.00
4958 2.11
5130 241
5302 2.74
5474 3.07
5645 3.38
5817 3.32
5989 3.14
6160 2.93
6332 2.69
6504 2.44
6676 2.17
6847 2.00
Note: All cycle burnups not in the range of the above table shall use a 2.0% penalty

factor for compliance with Surveillance Requirement 3.2.1.2.

For values of burnup between two of those listed in the first column, the greater
of the two corresponding penalty factors shall be used for compliance with
Surveillance Requirement 3.2.1.2.

12
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Callaway Cycle 19
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as a Function of Core Height
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2.6 Nuclear Enthalpy Rise Hot Channel Factor - F A

(Specification 3.2.2)

Fan™ * Upn SFau™"" [1 + PFau(1-P)]

THERMAL POWER
where: P =
RATED THERMAL POWER
2.6.1 Fath =1.65
2.6.2 PF,u =03
2.6.3 The uncertainty, Uy, to be applied to measured F oy shall be 1.04 when PDMS is

inoperable (U y is defined by PDMS when OPERABLE).

2.7 Axial Flux Difference
(Specification 3.2.3)

The Axial Flux Difference (AFD) Limits are provided in Figure 4.

14
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Callaway Cycle 19
Axial Flux Difference Limits as a Function
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2.8 Reactor Core Safety Limits
(Safety Limit 2.1.1)

In MODES 1 and 2, the combination of THERMAL POWER, Reactor Coolant System (RCS)
highest loop average temperature, and pressurizer pressure shall not exceed the limits in Figure 5.

16
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2.9 Reactor Trip System Overtemperature AT Setpoint Parameter Values
(Specification 3.3.1)

Parameter Value
Overtemperature AT reactor trip setpoint K;=1.2260
Overtemperature AT reactor trip setpoint T,,, coefficient K,=0.019/°F
Overtemperature AT reactor trip setpoint pressure coefficient K;=0.0011/psig
Nominal T, at RTP T' < 585.3 °F
Nominal RCS operating pressure P'=2235 psig
Measured RCS AT lead/lag time constants 11 > 0 sec
1, <0 sec
Measured RCS AT lag time constant 13 <4 sec
Measured RCS average temperature lead/lag time constants ty > 27 sec
ts <4 sec
Measured RCS average temperature lag time constant Te < 2 sec
fi(AL) = -0.0280 {18% + (q: - Qv)} when (q; - q») <-18% RTP
0 when -18% RTP < (q; - q») < 10% RTP
0.0224 {(q; - qu) - 10%} when (q; - qp) > 10% RTP

Where, q; and q are percent RTP in the upper and lower halves of the core, respectively, and
Gt + Qb is the total THERMAL POWER in percent RTP.
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2.10  Reactor Trip System Overpower AT Setpoint Parameter Values
(Specification 3.3.1)

Parameter Value

Overpower AT reactor trip setpoint K4 =1.1073

Overpower AT reactor trip setpoint T, rate/lag coefficient ~ Ks = 0.02/°F for increasing Tay,
= 0/°F for decreasing Tay,

Overpower AT reactor trip setpoint Ty, heatup coefficient ~ Ke¢ =0.0015/°F for T > T"
=0/F forT<T"

Nominal T,,, at RTP T" < 585.3°F
Measured RCS AT lead/lag time constants T, > 0 sec

T, <0 sec
Measured RCS AT lag time constant 13 <4 sec
Measured RCS average temperature lag time constant 16 <2 sec

Measured RCS average temperature rate/lag time constant 1, > 10 sec

f2(Al) = 0 for all Al

2.11 RCS Pressure and Temperature Departure from Nucleate Boiling (DNB) Limits
(Specification 3.4.1)

Parameter Indicated Value
Pressurizer pressure > 2223 psig
RCS average temperature <590.1 °F
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APPENDIX A

Approved Analytical Methods for Determining Core Operating Limits

The analytical methods used to determine the core operating limits shall be those previously
reviewed and approved by the NRC, specifically those described in the following documents:

1.

WCAP-9272-P-A, “Westinghouse Reload Safety Evaluation Methodology,” July 1985.

NRC letter dated May 28, 1985, “Acceptance for Referencing of Licensing Topical Report
WCAP-9272(P)/9273(NP), ‘ Westinghouse Reload Safety Evaluation Methodology.””

WCAP-10216-P-A, Revision 1A, “Relaxation of Constant Axial Offset Control - Fg
Surveillance Technical Specification,” February 1994.

NRC Safety Evaluation Report dated November 26, 1993, “Acceptance for Referencing of
Revised Version of Licensing Topical Report WCAP-10216-P, Rev. 1, Relaxation of
Constant Axial Offset Control - F Surveillance Technical Specification”

(TAC No. M88206).

WCAP-10266-P-A, Revision 2, "The 1981 Version of the Westinghouse ECCS Evaluation
Model Using the BASH Code," March 1987.

NRC letter dated November 13, 1986, "Acceptance for Referencing of Licensing Topical
Report WCAP-10266 "The 1981 Version of the Westinghouse ECCS Evaluation Model
Using the BASH Code.™

WCAP-10266-P-A, Addendum 1, Revision 2, "The 1981 Version of the Westinghouse
ECCS Evaluation Model Using the BASH Code Addendum 1: Power Shape Sensitivity
Studies," December 1987.

NRC letter dated September 15, 1987, “Acceptance for Referencmg of Addendum 1 to
WCAP-10266, BASH Power Shape Sensitivity Studies.”

WCAP-10266-P-A, Addendum 2, Revision 2, "The 1981 Version of the Westinghouse
ECCS Evaluation Model Using the BASH Code Addendum 2: BASH Methodology
Improvements and Reliability Enhancements,” May 1988.

NRC letter dated January 20, 1988, “Acceptance for Referencing Topical Report
Addendum 2 to WCAP-10266, Revision 2, “BASH Methodology Improvements and
Reliability Enhancements.”
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4.  WCAP-12610-P-A, “VANTAGE+ Fuel Assembly Reference Core Report,” April 1995.

10.

NRC Safety Evaluation Reports dated July 1, 1991, “Acceptance for Referencing of
Topical Report WCAP-12610, ‘VANTAGE+ Fuel Assembly Reference Core Report’
(TAC NO. 77258).”

NRC Safety Evaluation Report dated September 15, 1994, “Acceptance for Referencing of
Topical Report WCAP-12610, Appendix B, Addendum 1, ‘Extended Burnup Fuel Design
Methodology and ZIRLO Fuel Performance Models’ (TAC NO. M86416).”

WCAP-11397-P-A, "Revised Thermal Design Procedure," April 1989.

NRC Safety Evaluation Report dated January 17, 1989, "Acceptance for Referencing of
Licensing Topical Report WCAP-11397, "Revised Thermal Design Procedure."

WCAP-14565-P-A, "VIPRE-01 Modeling and Qualification for Pressurized Water Reactor
Non-LOCA Thermal-Hydraulic Safety Analysis,"” October 1999.

NRC letter dated January 19, 1999, "Acceptance for Referencing of Licensing Topical
Report WCAP-14565, 'VIPRE-01 Modeling and Qualification for Pressurized Water Reactor
Non-LOCA Thermal/Hydraulic Safety Analysis' (TAC No. M98666)."

WCAP-10851-P-A, "Improved Fuel Performance Models for Westinghouse Fuel Rod
Design and Safety Evaluations," August 1988.

NRC letter dated May 9, 1988, "Westinghouse Topical Report WCAP-10851, 'Improved
Fuel Performance Models for Westinghouse Fuel Rod Design and Safety Evaluations.™

WCAP-15063-P-A, Revision 1, with Errata, "Westinghouse Improved Performance Analysis
and Design Model (PAD 4.0)," July 2000.

NRC letter dated April 24, 2000, "Safety Evaluation Related to Topical Report WCAP-
15063, Revision 1, 'Westinghouse Improved Performance Analysis and Design Model (PAD
4.0)' (TAC NO. MA2086)."

WCAP-8745-P-A, “Design Bases for the Thermal Overpower AT and Thermal
Overtemperature AT Trip Functions,” September 1986.

NRC Safety Evaluation Report dated April 17, 1986, “Acceptance for Referencing of
Licensing Topical Report WCAP-8745(P)/8746(NP), ‘Design Bases for the Thermal
Overpower AT and Thermal Overtemperature AT Trip Functions.’”

WCAP-10965-P-A, “ANC: A Westinghouse Advanced Nodal Computer Code,” September
1986.

NRC letter dated June 23, 1986, “Acceptance for Referencing of Topical Report WCAP
10965-P and WCAP 10966-NP.”
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11  WCAP-11596-P-A, “Qualification of the Phoenix-P/ANC Nuclear Design System for
Pressurized Water Reactor Cores,” Junc 1988,

NRC Safcty Evaluation Report dated May 17, 1988, “Acceptance for Referencing of
Westinghouse Topical Report WCAP-11596 - Quelification of the Phoenix-P/ANC Nuclear
Design System for Pressurized Water Reactor Cores.”

12.  WCAP-13524-P-A, Revision 1-A, “APOLLO: A Onc Dimensional Neutron Diffusion
Theory Program,” Scptember 1997.

NRC Ietter dated ime 9, 1997, “Acceptance for Referencing of Licensing Topical Reports
WCAP-13524 and WCAP-13524, Revision 1, '"APOLLO — A One-Dimcensional Neutron
Diffusion Theory Program.™
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