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I .0 CORE OPERATING LIMITS REPORT 

This Core Operating Limits Report (COLR) for Point Beach Nuclear Plant has been prepared in 
accordance with the requirements of Technical Specification (TS) 5.6.4. 

A cross-reference between the COLR sections and the PBNP Technical Specifications affected 
by this report is given below: 

COLR 
Section 
2.1 
2.2 

2.12 
Figure 1 
Figure 2 
Figure 3 
Figure 4 
Figure 5 
Figure 5A 
Figure 6 

PBNP 
TS - 

Reactor Core Safety Limits 
Shutdown Margin 
Rod Group Alignment Limits 
Shutdown Bank lnsertion Limits 
Control Bank lnsertion Limits 
Physics Test Exceptions 
Moderator Temperature Coefficient 
Shutdown Bank lnsertion Limit 
Control Bank lnsertion Limits 
Nuclear Heat Flux Hot Channel Factor (Fh(Z)) 
Nuclear Enthalpy Rise Hot Channel Factor ( F ~ ~ H )  
Axial FIux Difference (AFD) 
Overtemperature AT Setpoint 
Overpower AT Setpoint 
RCS Pressure, Temperature, and Flow Departure from Nucleate Boiling 
(DNB) Limits 
Refueling Boron Concentration 
Reactor Core Safety Limits Curve 
Required Shutdown Margin 
Control Bank lnsertion Limits 
Hot Channel Factor Normalized Operating Envelope (K(Z)) for 422V.t Fuel 
Summary of W(Z) as a Function of Core Height 
BOC Part-Power Summary of W(Z) as a Function of Core Height 
FIux Difference Operating Envelope 
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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 following subsections. These limits have been developed using the 
NRC approved methodologies specified in Technical Specification 5.6.4. 

2. I Reactor Core Safetv Limits (TS 2. I. 1) 

The combination of THERMAL POWER, Reactor Coolant System (RCS) highest loop 
average temperature, and pressurizer pressure shall not exceed the limits specified in 
Figure I. 

Applicability: MODES 1 and 2 

2.2 Shutdown Marain (TS 3.1.1 and referenced in TS 3.1.4, 3.1.5, 3.1.6, and 3.1.8) 

2.2.1 SDM shall be 22.0% Auk (see Figure 2). 

Applicability: MODES 1, 2, and 3 

2.2.2 SDM shall be 21% Auk. 

Applicability: MODES 4 and 5 

2.3 Moderator Tem~erature Coefficient (TS 3.1.3) 

2.3.1 The upper MTC limits shall be maintained within the limits. 

2.3.2 The maximum upper MTC limits shall be: 

55 pcmPF for power levels 570% RTP 
50 pcm/"F for power levels >70% RTP 

Applicability: MODE 1 and MODE 2 with keff 21 .Om 

2.4 Shutdown Bank Insertion Limit (TS 3.1.5) 

NOTE: This limit is not applicable while performing SR 3.1.4.2. 

2.4.1 Each shutdown bank shall be fully withdrawn. 

2.4.2 Fully withdrawn is defined as 2225 steps. 

Applicability: MODES 1 and 2 
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2.5 Control Bank Insertion Limits (TS 3.1.6) 

MOTE: This limit is not applicable while performing SR 3.9.4.2. 

The control banks shall be within the insertion, sequence and overlap limits specified in 
Figure 3. 

Applicability: MODE 1 and MODE 2 with b, 21.0 

2.6 Nuclear Heat Flux Hot Channel Factor (Fn(Z)) (TS 3.2.1) 

The Heat Flux Hot Channel Factor shall be within the following limits: 

FQ (Z) 3; CFQ * K(Z) I P for P > 0.5 

FQ (Z) 2 CFQ * K(Z) 10.5 for P 2 0.5 

Where P is the fraction of Rated Power at which the core is operating. 

FQ (Z) is both: 

Steady State F~'(Z) = FQ(Z) * 1.08 

Transient F ~ ~ ( z )  = F~'(Z) * W(Z) I P for P > 0.5 

FQW(z) = FQC(z) * W(Z) 10.5 for P 2 0.5 

K(Z) is the function in Figure 4 

W(Z) is the function in Figures 5 and 5A 

The following FQ penalty factors are applicable to Cycle 32. 

Cycle Burnup (MWDIMTU) ~ ~ ~ ( 2 )  Penalty Factors 

I .0216 
1.0221 
I .0224 
1.0224 
1.021 7 

884 to End-of-Cycle I .02 

Applicability: MODE I 
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2.7 Nuclear Enthalpv Rise Hot Channel Factor ( F ~ H )  (TS 3.2.2) 

The Nuclear Enthalpy Rise Hot Channel Factor shall be within the following limit: 

where: P is the fraction of Rated Power at which the core is operating. 

Applicability: MODE I 

2.8 Axial Flux Difference (AFD) (TS 3.2.3) 

The AFD target band is &5%. 

The AFD Acceptability Operation Limits are provided in Figure 6. 

Applicability: MODE 1 with THERMAL POWER >15% RTP 

2.9 Overtemperature AT Setpoint (TS 3.3.1, Table 3.3.1-1 note 1) 

Overtemperature AT setpoint parameter values (for 1800 MWt core power): 

indicated AT at RTP, OF 
indicated RCS average temperature, OF 
576.0°F 
2235 psig 
1.175 (NTSP)' 
1 . I 88 (AV)~ 
0.016 
0.00081 1 
40 sec 
8 sec 
4 sec 
2 sec 

f(A1) is an event function of the indicated difference between top and bottom detectors of 
the power-range nuclear ion chambers; with gains to be selected based on measured 
instrument response during plant startup tests, where qt and qb are the percent power in 
the top and bottom halves of the core respectively, and qt + qb is total core power in 
percent of RTP, such that: 

Nominal Setpoint Value 
* Allowable Value 
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2.9.1 For qt - qb within -12, +6 percent, f(Al) = 0. 

2.9.2 For each percent that the magnitude of qt - qb exceeds +6 percent, the AT 
trip setpoint shall be automatically reduced by an equivalent of 2.00 percent 
of Rated Power. 

2.9.3 For each percent that the magnitude of qt - qb exceeds -12 percent, the AT 
trip setpoint shall be automatically reduced by an equivalent of 2.69 percent 
of Rated Power. 

Applicability: MODES I and 2 

2.10 Over~ower AT Set~oint (TS 3.3.1, Table 3.3.1-1 note 2) 

Overpower AT setpoint parameter values (for 1800 MWt core power): 

ATo = indicated AT at RTP, OF 
indicated RCS average temperature, OF 
576.0°F 
I .098 (NTSP)' 
1.111 (AV)~ 
0.0 for increasing T 
0.0 for decreasing T 
0.001 23 for T 2: T' 
0.0 for T < T' 
0 sec 
4 sec 
2 sec 

Applicability: MODES 1 and 2 

' Nominal Setpoint Value 
Allowable Value 
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2.1 1 RCS Pressure. Tem~erature, and Flow De~arture from Nucleate Boiling (DNB) Limits 
(TS 3.4.1) 

2.1 1.1 Tavg shall be 5577°F. 

2.1 1.2 Pressurizer pressure shall be maintained 22205 psig during operation. 

NOTE: Pressurizer pressure limit does not apply during: 

1) THERMAL POWER ramp >5% RTP per minute; or 

2) THERMAL POWER step >10% RTP. 

2.1 1.3 Reactor Coolant System raw measured Total Flow Rate shall be maintained 
2186,000 gpm. 

Applicability: MODE I 

2.12 Refueling Boron Concentration (TS 3.9. I )  

Boron concentrations of the Reactor Coolant System, the refueling canal, and the 
refueling cavity shall be maintained 22300 ppm. 

Applicability: MODE 6 
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FIGURE 1 
REACTOR CORE SAFETY LIMITS CURVE 

(Cores containing 422V+ fuel) 

540 
0.0 0.2 0.4 0.6 0.8 1 .O 1.2 1.4 

Core Power (fraction of 1800 MWt) 
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FIGURE 2 
REQUIRED SHUTDOWN MARGIN 

Cute Bur iltlp (36) 
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FIGURE 3 
CONTROL BANK INSERTION LIMITS 

Power Level (% of Rated Power) 

NOTE: The "fully withdrawn" parking position range ;r 225 steps can be used 
without violating this Figure. 
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FIGURE 4 
HOT CHANNEL FACTOR NORMALIZED OPERATING ENVELOPE (K(Z)) 

FOR 422V+ FUEL 
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FIGURE 5 
Summary of W(Z) as a Function of Core Height 

(Top 15% and Bottom 12% Excluded) 
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Height 
(feet) 

0.0 
0.2 
0.4 
0.6 
0.8 
1 .o 
1.2 
I .4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 

150 
MWDIMTU 
I .oooo 
1 .oooo 
1.0000 
1.0000 
I. 0000 
1 .oooo 
I .oooo 
I .oooo 
I .0980 
1.0978 
1.0974 
1.0967 
I .0957 
I .0944 
I .0929 
I .0911 
1.0892 
1.0875 
1.0864 
1.0855 
I .0845 
1.0834 
1.0823 
I .0812 
I .0800 
I .0786 
I .0769 
1.0751 
1.0730 
I .0706 
1.0684 

2000 
MWDIMTU 

1 .oooo 
I .oooo 
I .OOOO 
I .OOOO 
I .OOOO 
1 .oooo 
1 .oooo 
I .oooo 
I .0977 
1.0977 
I .0973 
I .0966 
1.0957 
I .0945 
1.0931 
I .0913 
1.0894 
1.0876 
1.0863 
1.0855 
1.0847 
1.0836 
1.0824 
1.0809 
I .0796 
I .0782 
I .0766 
I .0747 
1.0725 
I .0702 
I .0674 

W(Z) 
8000 

MWDIMTU 
1 .oooo 
1 .oooo 
4 .OOOO 
1 .OOOO 
I .OOOO 
1 .oooo 
1 .oooo 
I .oooo 
1.1091 
1.1081 
1 .I066 
1 .I047 
I .I 024 
1.0998 
1.0968 
1.0935 
1.0896 
1.0874 
1.0855 
1.0835 
1.0825 
I .0821 
1.081 6 
1.081 0 
1.0803 
1.0793 
1.0783 
I .0775 
1.0764 
1.0751 
1.0734 

12000 
MWDIMTU 

1 .oooo 
I .oooo 
I .OOOO 
I .OOOO 
1 .OOOO 
I .oooo 
I .oooo 
I .oooo 
1.1164 
1.1145 
1.1122 
1.1093 
I .I060 
1 .I 022 
1.0981 
1.0935 
I .0895 
I .0869 
1.0844 
1.0841 
1.0845 
I ,0852 
I ,0856 
1.0858 
I .0858 
I .0856 
1.0850 
1.0841 
1.0828 
I .0812 
I .0790 

16000 
MWDIMTU 
I .oooo 
1 .oooo 
1 .OOOO 
I .OOOO 
I .OOOO 
I .oooo 
1 .oooo 
I .oooo 
1.1225 
1.1196 
1.1162 
I .I 122 
1.1076 
1 .I026 
1.0973 
1.091 3 
1.0870 
I .0847 
I .0827 
1.0829 
I .0839 
I .0848 
1.0855 
I .0861 
I .0864 
I .0865 
1.0862 
1.0855 
1.0845 
I .0830 
1.081 1 

1 
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FIGURE 5 (con't) 
Summary of W(Z) as a Function of Core Height 

(Top 15% and Bottom 12% Excluded) 
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Height 
(feet) 

6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
(Top) 

~ 

150 
MWDIMTU 

1.0663 
1.0638 
I .0618 
1.061 6 
1.061 1 
1.061 0 
I .0636 
I .0691 
I .0746 
1.0798 
1.0849 
I .0897 
I .0943 
1.0985 
1.1024 
1.1058 
1.1089 
1.1122 
1.1152 
1.1174 
1.1196 
1 .OOOO 
I .OOOO 
1 .OOOO 
I .oooo 
I .oooo 
1 .OOOO 
1 .OOOO 
I .OOOO 

1 .oooo 

2000 
MWDIMTU 

1.0649 
1.0625 
1.061 3 
1.0614 
I .0609 
1.061 2 
1.0647 
I .0702 
1.0756 
1.0808 
1.0858 
1.0905 
I .0949 
1.0991 
1 .I029 
1 .I062 
1 .I092 
1.1124 
1.1153 
1.1175 
1.1196 
I .OOOO 
I .OOOO 
1 .OOOO 
1 .oooo 
1 .oooo 
I .OOOO 
1 .OOOO 
1 .OOOO 

1 .oooo 

W(Z> 
8000 

MWDIMTU 
1.0714 
1.0701 
1.0689 
I .0664 
1.0674 
I .0719 
1.0759 
I .0797 
1.0831 
1.0863 
1.0893 
I .0920 
1.0943 
1.0962 
I .0977 
I ,0989 
1.0996 
1.1006 
1.1014 
1.1016 
1 .I028 
1 .OOOO 
1 .OOOO 
1 .OOOO 

I .oooo 
1 .oooo 
I .OOOO 
1 .OOOO 
1 .OOOO 

1 .oooo 

12000 
MWDIMTU 

1.0765 
I .0735 
1.0703 
I .0704 
1.0726 
I .0765 
1.0797 
I .0827 
I ,0853 
I .0879 
I .0904 
I ,0924 
I .0942 
I .0955 
1.0965 
I .0971 
I .0973 
I .0972 
I .0971 
1.0970 
I .0975 
1 .OOOO 
1 .OOOO 
1 .OOOO 
1 .oooo 
1 .oooo 
1 .OOOO 
1 .OOOO 
I .OOOO 

1 .oooo 

1 6000 
MWDIMTU 

1.0786 
I .0757 
I .0730 
1.0755 
1.0795 
1.0823 
I .0849 
1.0871 
I .0890 
1.0905 
1.091 6 
I .0924 
1.0929 
1.0931 
I .0931 
1.0929 
1.0927 
I .0925 
1.0922 
1.091 4 
I .0910 
I .OOOO 
I .OOOO 
1 .OOOO 

-- 

I .oooo 
1 .oooo 
1 .OOOO 
I .OOOO 
1 .OOOO 

1 .oooo 
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FIGURE 5A 
BOC Part-Power Summary of W(Z) as a Function of Core Height 

(Top 15% and Bottom 12% Excluded) 

Height 
(feet) 

0.0 
(Bottom) 

0.2 
0.4 
0.6 
0.8 
1 .o 
1.2 
I .4 
I .6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 

Hot Full 
Power 

Power W(Z) with C 
30% 40% 

Power Power 

iorrection F 
50% 

Power 

'actor (excluding power ratio) 
60% 70% 75% 

Power Power Power 
80% 

Power 
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FIGURE 5A (con't) 
BOC Part-Power Summary of W(Z) as a Function of Core Height 

(Top 15% and Bottom 12% Excluded) 

Height 
(feet) 

6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.2 
11.4 
I I .6 
11.8 
12.0 
(TOP) 

Hot Full 
Power 
1.0663 
1.0638 
1.061 8 
1.061 6 
I .0611 
I .0610 
I .0636 
1.0691 
I .0746 
1.0798 
1.0849 
1.0897 
I .0943 
1.0985 
1.1024 
1.1058 
1.1089 
1 .I 122 
1.1152 
1.1174 
1.1196 
I .oooo 
1 .oooo 
1 .oooo 
I .oooo 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 
I. 0000 

Power 
30% 

Power 
0.9939 
0.9767 
0.9628 
0.951 7 
0.9413 
0.9314 
0.9241 
0.91 95 
0.91 52 
0.91 06 
0.9064 
0.9026 
0.8990 
0.8957 
0.8924 
0.8895 
0.8878 
0.8868 
0.8880 
0.8916 
0.8982 
I .oooo 
I .oooo 
1 .oooo 
1 .oooo 
1 .oooo 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 

W(Z) with 
40% 

Power 
1.0071 
0.991 1 
0.9790 
0.9694 
0.9598 
0.9509 
0.9446 
0.941 1 
0.9378 
0.9341 
0.9307 
0.9276 
0.9248 
0.9222 
0.91 94 
0.91 70 
0.9156 
0.9148 
0.91 62 
0.9201 
0.9270 
1 .oooo 
1 .oooo 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 

Correction Factor (excluding power ratio) 
50% 60% 70% 75% 

Power Power Power Power 
1.01 82 1.0278 1.0360 1.0400 
1.0039 1.0145 1.0246 1.0302 
0.9928 1.0046 1.01 65 1.0228 
0.9842 0.9974 1 .0110 1.01 80 
0.9759 0.9905 1.0056 1.01 36 
0.9682 0.9841 1.0006 1.0095 
0.9630 0.9804 0.9981 1.0079 
0.9605 0.9794 0.9983 1.0089 
0.9582 0.9785 0.9987 I . O l O l  
0.9558 0.9771 0.9990 1 .0114 
0.9537 0.9760 0.9995 1 .0128 
0.9516 0.9750 I .0001 1.0142 
0.9497 0.9741 1.0007 1 .0156 
0.9479 0.9734 1.0014 1.0171 
0.9460 0.9727 1.0019 1.0183 
0.9445 0.9723 1.0025 1.01 97 
0.9438 0.9726 I .0039 1.021 7 
0.9434 0.9731 I .0059 I .0245 
0.9450 0.9756 1.0094 I .0285 
0.9494 0.9806 1.0147 1.0340 
0.9568 0.9885 1.0223 1.0416 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo I .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 
1 .oooo 1 .oooo 1 .oooo 1 .oooo 

80% 
Power 
1.0434 
I .0348 
1.0284 
1.0245 
1.0208 
1.01 75 
1.0168 
1.01 90 
1.021 2 
1.0235 
I .0259 
1.0282 
1.0304 
1.0326 
I .0349 
1.0373 
I .0402 
I .0440 
1.0488 
1.0547 
1.0622 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 
I .oooo 
1 .oooo 
1 .oooo 
1 .oooo 
1 .oooo 
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FIGURE 6 
FLUX DIFFERENCE OPERATING ENVELOPE 

OPERATION 

Axial Flux Difference 
NOTE: 

1. This figure represents the Constant Axial Offset Control (CAOC) band used in safety 
analyses, it may be administratively tightened depending on in-core flux map results. 
Refer to Figure 2 of ROD 1.2 for the administrative limit. 

2. The AFD may deviate outside the target band with THERMAL POWER < 50% RTP. 
3. The AFD target band is +I-5% for THERMAL POWER 2 15% RTP. 

Page 16 of 18 



POINT BEACH NUCLEAR PLANT TRM 2.1 U2 
TECHNICAL REQUIREMENTS MANUAL Revision 15 

August 2,201 1 
CORE OPERATING LIMITS REPORT (COLR) 
UNIT 2 CYCLE 32 

TABLE I 
NRC APPROVED METHODOLOGIES FOR COLR PARAMETERS 

Page 17 of 18 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

Reactor Core Safety Limits 

Shutdown Margin 

Moderator Temperature 
Coefficient 
Shutdown Bank Insertion Limit 

Control Bank Insertion Limits 

Nuclear Heat Flux Hot 
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