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In accordance with Technical Specification 5.6.5, "Core Operating Limits Report (COLR)," item 

d, we are submitting a revised COLR for Byron Station Unit 1, Cycle 11 and Byron Station Unit 

2, Cycle 9. The COLRs were revised to reflect operations with the Best Estimate Analyzer 

Core Operations Nuclear (BEACON) Power Distribution Monitoring System (PDMS) and the 

relaxed axial offset control methodology (RAOC) when BEACON is out of service. The 

referenced document issued Amendment 116 to Byron Station Technical Specifications 

allowing the use of BEACON PDMS and the RAOC methodology.  
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1.0 CORE OPERATING LIMITS REPORT 

This Core Operating Limits Report (COLR) for Byron Station Unit 1 Cycle 11 has been prepared in 
accordance with the requirements of Technical Specification 5.6.5 (ITS).  

The Technical Specifications affected by this report are listed below: 

SL 2.1.1 Reactor Core Safety Limits (SLs) 

LCO 3.1.1 Shutdown Margin (SDM) 

LCO 3.1.3 Moderator Temperature Coefficient 

LCO 3.1.4 Rod Group Alignment Limits 

LCO 3.1.5 Shutdown Bank Insertion Limits 

LCO 3.1.6 Control Bank Insertion Limits 

LCO 3.1.8 Physics Tests Exceptions - Mode 2 

LCO 3.2.1 Heat Flux Hot Channel Factor (FQ(Z)) 

LCO 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FN H) 

LCO 3.2.3 Axial Flux Difference (AFD) 

LCO 3.2.5 Departure from Nucleate Boiling Ratio (DNBR) 

LCO 3.3.1 Reactor Trip System (RTS) Instrumentation 

LCO 3.3.9 Boron Dilution Protection System (BDPS) 

LCO 3.4.1 Reactor Coolant System (RCS) DNB Parameters 

LCO 3.9.1 Boron Concentration 

The portions of the Technical Requirements Manual affected by this report are listed below: 

TRM TLCO 3. 1.b Boration Flow Paths - Operating 

TRM TLCO 3.1.d Charging Pumps - Operating 

TRM TLCO 3.1 .f Borated Water Sources - Operating 

TRM TLCO 3.1.g Position Indication System - Shutdown 

TRM TLCO 3.1 .h Shutdown Margin (SDM) - MODE 1 and MODE 2 with keff > 1.0 

TRM TLCO 3.1.i Shutdown Margin (SDM) - MODE 5 

TRM TLCO 3. 1.j Shutdown and Control Rods 

TRM TLCO 3.1.k Position Indication System - Shutdown (Special Test Exception)
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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 are applicable for the entire cycle unless otherwise identified.  
These limits have been developed using the NRC-approved methodologies specified in Technical 
Specification 5.6.5.  

2.1 Reactor Core Limits (SL 2.1.1) 

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 specified in Figure 2.1.1.
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2.2 Shutdown Margin (SDM) 

The SDM limit for MODES 1, 2, 3, and 4 is: 

2.2.1 The SDM shall be greater than or equal to 1.3% Ak/k (LCOs 3.1.1, 3.1.4, 3.1.5, 
3.1.6, 3.1.8, 3.3.9; TRM TLCOs 3.1.b, 3.1.d, 3.1.f, 3.1.h, and 3.1j).  

The SDM limits for MODE 5 are: 

2.2.2.1 SDM shall be greater than or equal to 1.0% Ak/k (LCO 3.1.1).  

2.2.2.2 SDM shall be greater than or equal to 1.3% Ak/k (LCO 3.3.9; TRM TLCO 3.1.i 
and 3.1.j).  

2.3 Moderator Temperature Coefficient (LCO 3.1.3) 

The Moderator Temperature Coefficient (MTC) limits are: 

2.3.1 The BOLIARO/HZP-MTC upper limit shall be +3.7 x 10i5 Ak/k/ 0F.  

2.3.2 The EOL/ARO/HFP-MTC lower limit shall be -4.1 x 104 Ak/k/°F.  

2.3.3 The EOIJARO/HFP-MTC Surveillance limit at 300 ppm shall be less negative 
than or equal to -3.2 x 104 Ak/k/0F.  

where: BOL stands for Beginning of Cycle Life 
ARO stands for All Rods Out 
HZP stands for Hot Zero Thermal Power 
EOL stands for End of Cycle Life 
HFP stands for Hot Full Thermal Power 

2.4 Shutdown Bank Insertion Limit (LCO 3.1.5) 

2.4.1 All shutdown banks shall be fully withdrawn to at least 224 steps.  

2.5 Control Bank Insertion Limits (LCO 3.1.6) 

2.5.1 The control banks shall be limited in physical insertion as shown in Figure 2.5.1.  

2.5.2 Each control bank shall be considered fully withdrawn from the core at greater 
than or equal to 224 steps.  

2.5.3 The control banks shall be operated in sequence by withdrawal of Bank A, Bank 
B, Bank C and Bank D. The control banks shall be sequenced in reverse order 
upon insertion.  

2.5.4 Each control bank not fully withdrawn from the core shall be operated with a 113 
step overlap limit.
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Figure 2.5.1: 
Control Bank Insertion Limits Versus Percent Rated Thermal Power 
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2.6 Heat Flux Hot Channel Factor (FZ(.l (LCO 3.2.1) 

2.6.1 

FR
TP 

FQ (Z) Q • xK(Z) for P•< 0.5 
0.5 

FQ (Z) <• xK(Z) for P > 0.5 
P 

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER 

F TP = 2.60 

K(Z) for assembly average burnup > 4000 MWD/MTU is provided in Figure 2.6.1.  
K(Z) for assembly average burnup < 4000 MWD/MTU is provided in 
Figure 2.6.1 .a.  

2.6.2 W(Z) Values: 

a) When PDMS is OPERABLE, W(Z) = 1.00000 for all axial points.  

b) When PDMS is Inoperable, W(Z) is provided in Figures 2.6.2.a through 2.6.2.d 

The normal operation W(Z) values have been determined at burnups of 150, 
4000, 12000 and 20000 MWD/MTU.  

Table 2.6.2 shows the FC,(z) penalty factors that are greater than 2% per 31 
Effective Full Power Days (EFPD). These values shall be used to increase the 
FWQ(z) as per Surveillance Requirement 3.2.1.2. A 2% penalty factor shall be 
used at all cycle burnups that are outside the range of Table 2.6.2.  

Multiplication Factor= 1.02 

2.6.3 Uncertainty: 

The uncertainty, UFO, to be applied to the Heat Flux Hot Channel Factor FQ(Z) 
shall be calculated by the following formula 

UFQ = Uq, U, 

where: 

Uqu Base FQ measurement uncertainty = 1.05 when PDMS is Inoperable 
Ue = Engineering uncertainty factor = 1.03 

2.6.4 PDMS Alarms: 

FQ(Z) Warning Setpoint _: 2% of FQ(Z) Margin 
FQ(Z) Alarm Setpoint >_ 0% of FQ(Z) Margin
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Figure 2.6.1: K(Z) - Normalized FQ(Z) as a Function of Core 
Height (Assembly BU > 4000 MWD/MTU) 
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Figure 2.6.1.a: K(Z) - Normalized FQ(Z) as a Function of 
Core Height (Assembly BU <4000 MWD/MTU) 

1 .1 - - - - - - - --

(0.0, 0.961 .08, C 961) 

40 -(12. ,0.925) 

0.9.  

0.8 

N 0.7 
a 

=• 0.6 

E 
N 0.5

z 

N'eLOCA Limiting 
0.4-- Envelope 

0.3 

0.2 

0.1 

O - - - - -

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

BOTTOM Core Height (ft) TOP



TODI NFMOOOO 119 
Rev. 5 

Page 10 of 19 
CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT I CYCLE II

Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2763 
2.00 1.2581 
2.20 1.2373 
2.40 1.2182 
2.60 1.1974 
2.80 1.1868 
3.00 1.1764 
3.20 1.1671 
3.40 1.1614 
3.60 1.1538 
3.80 1.1471 
4.00 1.1396 
4.20 1.1308 
4.40 1.1220 
4.60 1.1122 
4.80 1.1024 
5.00 1.0956 
5.20 1.0904 
5.40 1.0859 
5.60 1.0815 
5.80 1.0791 
6.00 1.0867 
6.20 1.0922 
6.40 1.0989 
6.60 1.1045 
6.80 1.1091 
7.00 1.1128 
7.20 1.1198 
7.40 1.1305 
7.60 1.1392 
7.80 1.1476 
8.00 1.1547 
8.20 1.1605 
8.40 1.1660 
8.60 1.1686 
8.80 1.1755 
9.00 1.1852 
9.20 1.1919 
9.40 1.2064 
9.60 1.2216 
9.80 1.2373 

10.00 1.2521 
10.20 1.2642 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 1 Cycle 11 

Figure 2.6.2.a 

Summary of W(Z) Function at 150 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-1 0216)
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Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2681 
2.00 1.2475 
2.20 1.2237 
2.40 1.2041 
2.60 1.1844 
2.80 1.1751 
3.00 1.1684 
3.20 1.1575 
3.40 1.1516 
3.60 1.1439 
3.80 1.1372 
4.00 1.1315 
4.20 1.1221 
4.40 1.1186 
4.60 1.1131 
4.80 1.1095 
5.00 1.1057 
5.20 1.1002 
5.40 1.0956 
5.60 1.0866 
5.80 1.0893 
6.00 1.0938 
6.20 1.0989 
6.40 1.1135 
6.60 1.1273 
6.80 1.1391 
7.00 1.1518 
7.20 1.1636 
7.40 1.1744 
7.60 1.1824 
7.80 1.1919 
8.00 1.2016 
8.20 1.2090 
8.40 1.2162 
8.60 1.2211 
8.80 1.2316 
9.00 1.2473 
9.20 1.2629 
9.40 1.2775 
9.60 1.2974 
9.80 1.3235 

10.00 1.3452 
10.20 1.3753 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 1 Cycle 11 

Figure 2.6.2.b 

Summary of W(Z) Function at 4000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-10216)
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Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2410 
2.00 1.2292 
2.20 1.2155 
2.40 1.2026 
2.60 1.1885 
2.80 1.1783 
3.00 1.1699 
3.20 1.1650 
3.40 1.1641 
3.60 1.1613 
3.80 1.1596 
4.00 1.1644 
4.20 1.1736 
4.40 1.1781 
4.60 1.1812 
4.80 1.1833 
5.00 1.1834 
5.20 1.1815 
5.40 1.1776 
5.60 1.1841 
5.80 1.1958 
6.00 1.2054 
6.20 1.2130 
6.40 1.2176 
6.60 1.2183 
6.80 1.2190 
7.00 1.2168 
7.20 1.2148 
7.40 1.2117 
7.60 1.2056 
7.80 1.2001 
8.00 1.1930 
8.20 1.1829 
8.40 1.1853 
8.60 1.1948 
8.80 1.2041 
9.00 1.2123 
9.20 1.2202 
9.40 1.2323 
9.60 1.2428 
9.80 1.2542 

10.00 1.2658 
10.20 1.2744 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 1 Cycle 11 

Figure 2.6.2.c 

Summary of W(Z) Function at 12000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-1 0216)
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Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2306 
2.00 1.2201 
2.20 1.2066 
2.40 1.1935 
2.60 1.1756 
2.80 1.1618 
3.00 1.1558 
3.20 1.1535 
3.40 1.1571 
3.60 1.1627 
3.80 1.1750 
4.00 1.1863 
4.20 1.2094 
4.40 1.2185 
4.60 1.2273 
4.80 1.2322 
5.00 1.2350 
5.20 1.2339 
5.40 1.2395 
5.60 1.2566 
5.80 1.2702 
6.00 1.2818 
6.20 1.2894 
6.40 1.2951 
6.60 1.2948 
6.80 1.2935 
7.00 1.2900 
7.20 1.2851 
7.40 1.2785 
7.60 1.2676 
7.80 1.2568 
8.00 1.2431 
8.20 1.2266 
8.40 1.2251 
8.60 1.2227 
8.80 1.2198 
9.00 1.2169 
9.20 1.2166 
9.40 1.2508 
9.60 1.2853 
9.80 1.3174 

10.00 1.3483 
10.20 1.3756 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 1 Cycle 11 

Figure 2.6.2.d 

Summary of W(Z) Function at 20000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-1 0216)
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Table 2.6.2 

Fq Margin Decreases in Excess of 2% per 31 EFPD 

Cycle Burnup Max % Decrease 
(MWD/MTU) in Fq Margin 

150 4.15 
314 4.31 
479 4.40 
643 4.40 
808 4.27 
972 3.99 
1137 3.59 
1301 3.09 
1465 2.54 

>1630 2.00 

Note: All cycle burnups outside the range of the table shall use a 2% decrease in Fq margin for 
compliance with the 3.2.1.2 Surveillance Requirements. Linear interpolation is adequate for 
intermediate cycle burnups.
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2.7 Nuclear Enthalpy Rise Hot Channel Factor (FNH) (LCO 3.2.2) 

2.7.1 FNH < FRTP[1.0 + PF1H(1.0- P)] 

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER 
= 1.70 

PFAH = 0.3 

2.7.2 Uncertainty when PDMS is inoperable 

The uncertainty, UF1H, to be applied to the Nuclear Enthalpy Rise Hot Channel 
Factor FAHN shall be calculated by the following formula: 

UFAH = UFAHM 

where: 

UFAHm = Base FNAH measurement uncertainty = 1.04 

2.7.3 PDMS Alarms: 

FN H Warning Setpoint > 2% of F N H Margin 
FNAH Alarm Setpoint > 0% of FN H Margin 

2.8 Axial Flux Difference (AFD) (LCO 3.2.3) 

2.8.1 When PDMS is Inoperable, the AXIAL FLUX DIFFERENCE (AFD) Acceptable 
Operation Limits are provided in Figure 2.8.1 or the latest valid PDMS 
Surveillance Report, whichever is more conservative.  

2.8.2 When PDMS is OPERABLE, no AFD Acceptable Operation Limits are applicable.  

2.9 Departure from Nucleate Boilinq Ratio (DNBR) (LCO 3.2.5) 

2.9.1 DNBRAPsL 2! 1.4 

The Axial Power Shape Limiting DNBR (DNBRAPSL) is applicable with THERMAL POWER 
Ž> 50% RTP when PDMS is OPERABLE.  

2.9.2 PDMS Alarms: 

DNBR Warning Setpoint Ž 2% of DNBR Margin 
DNBR Alarm Setpoint > 0% of DNBR Margin
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Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power 
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2.10 Reactor Trip System Overtemperature AT Setpoint Parameter Values (LCO 3.3.1) 

2.10.1 The Overtemperature AT reactor trip setpoint K1 shall be equal to 1.325.  

2.10.2 The Overtemperature AT reactor trip setpoint Targ coefficient K2 shall be equal to 
0.0297 / OF.  

2.10.3 The Overtemperature AT reactor trip setpoint pressure coefficient K3 shall be 
equal to 0.00181 / psig.  

2.10.4 The nominal Tavg at RTP (indicated) T' shall be less than or equal to 588.4 OF.  

2.10.5 The nominal RCS operating pressure (indicated) P' shall be equal to 2235 psig.  

2.10.6 The measured reactor vessel AT lead/lag time constant t1 shall be equal to 8 
sec.  

2.10.7 The measured reactor vessel AT lead/lag time constant T2 shall be equal to 3 
sec.  

2.10.8 The measured reactor vessel AT lag time constant T3shall be less than or equal 
to 2 sec.  

2.10.9 The measured reactor vessel average temperature lead/lag time constant T4 

shall be equal to 33 sec.  

2.10.10 The measured reactor vessel average temperature lead/lag time constant T5 
shall be equal to 4 sec.  

2.10.11 The measured reactor vessel average temperature lag time constant t6shall be 
less than or equal to 2 sec.  

2.10.12 The f, (Al) "positive" breakpoint shall be +10% Al.  

2.10.13 The f, (Al) "negative" breakpoint shall be -24% Al.  

2.10.14 The f, (Al) "positive" slope shall be +4.11% /% Al.  

2.10.15 The f, (Al) "negative" slope shall be -3.35% / % Al.
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2.11 Reactor Trip System Overpower AT Setpoint Parameter Values (LCO 3.3.1) 

2.11.1 The Overpower AT reactor trip setpoint K4 shall be equal to 1.072.  

2.11.2 The Overpower AT reactor trip setpoint Tavg rate/lag coefficient K5 shall be equal 
to 0.02 / OF for increasing Tavg 

2.11.3 The Overpower AT reactor trip setpoint Tavg rate/lag coefficient K. shall be equal 
to 0 / OF for decreasing Tavg 

2.11.4 The Overpower AT reactor trip setpoint Tvg heatup coefficient K6 shall be equal 
to 0.00245 / OF when T > T".  

2.11.5 The Overpower AT reactor trip setpoint Tavg heatup coefficient K6 shall be equal 
to 0 / OF when T < T".  

2.11.6 The nominal T,,g at RTP (indicated) T" shall be less than or equal to 588.4 OF.  

2.11.7 The measured reactor vessel AT lead/lag time constant r, shall be equal to 8 
sec.  

2.11.8 The measured reactor vessel AT lead/lag time constant r 2 shall be equal to 3 
sec.  

2.11.9 The measured reactor vessel AT lag time constant T3 shall be less than or equal 
to 2 sec.  

2.11.10 The measured reactor vessel average temperature lag time constant T6 shall be 
less than or equal to 2 sec.  

2.11.11 The measured reactor vessel average temperature rate/lag time constant T7 

shall be equal to 10 sec.  

2.11.12 The f2 (AI) "positive" breakpoint shall be 0 for all Al.  

2.11.13 The f2 (AI) "negative" breakpoint shall be 0 for all Al.  

2.11.14 The f2 (AI) "positive" slope shall be 0 for all Al.  

2.11.15 The f2 (AI) "negative" slope shall be 0 for all Al.
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2.12 Reactor Coolant System (RCS) DNB Parameter Limits (LCO 3.4.1) 

2.12.1 The pressurizer pressure shall be greater than or equal to 2219 psig.  

2.12.2 The RCS average temperature (Tavg) shall be less than or equal to 591.2 OF.  

2.12.3 The RCS total flow rate shall be greater than or equal to 371,400 gpm.  

2.13 Boron Concentration 

2.13.1 The refueling boron concentration shall be greater than or equal to 2000 ppm 
(LCO 3.9.1).  

2.13.2 The Reactor Coolant System boron concentration shall be greater than or equal 
to 1894 ppm prior to initial criticality of Cycle 11, or greater than or equal to 2075 
ppm at all other times in core life, to maintain adequate shutdown margin for 
MODES 3, 4, and 5 during performance of rod drop time measurements and 
during the surveillance of Digital Rod Position Indication (DRPI) for 
OPERABILITY (TLCO 3.1.g and TLCO 3.1.k)
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1.0 CORE OPERATING LIMITS REPORT 

This Core Operating Limits Report (COLR) for Byron Station Unit 2 Cycle 9 has been prepared in 
accordance with the requirements of Technical Specification 5.6.5 (ITS).  

The Technical Specifications affected by this report are listed below: 

SL 2.1.1 Reactor Core Safety Limits (SLs) 

LCO 3.1.1 Shutdown Margin (SDM) 

LCO 3.1.3 Moderator Temperature Coefficient 

LCO 3.1.4 Rod Group Alignment Limits 

LCO 3.1.5 Shutdown Bank Insertion Limits 

LCO 3.1.6 Control Bank Insertion Limits 

LCO 3.1.8 Physics Tests Exceptions - Mode 2 

LCO 3.2.1 Heat Flux Hot Channel Factor (FO(Z)) 

LCO 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FN H) 

LCO 3.2.3 Axial Flux Difference (AFD) 

LCO 3.2.5 Departure from Nucleate Boiling Ratio (DNBR) 

LCO 3.3.1 Reactor Trip System (RTS) Instrumentation 

LCO 3.3.9 Boron Dilution Protection System (BDPS) 

LCO 3.4.1 Reactor Coolant System (RCS) DNB Parameters 

LCO 3.9.1 Boron Concentration 

The portions of the Technical Requirements Manual affected by this report are listed below: 

TRM TLCO 3.1.b Boration Flow Paths - Operating 

"1 RM TLCO 3.1.d Charging Pumps - Operating 

TRM TLCO 3.1 .f Borated Water Sources - Operating 

TRM TLCO 3.1.g Position Indication System - Shutdown 

TRM TLCO 3.1.h Shutdown Margin (SDM) - MODE 1 and MODE 2 with keff _> 1.0 

TRM TLCO 3.1.i Shutdown Margin (SDM) - MODE 5 

TRM TLCO 3.1.j Shutdown and Control Rods 

TRM TLCO 3.1.k Position Indication System - Shutdown (Special Test Exception)
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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 are applicable for the entire cycle unless otherwise identified.  
These limits have been developed using the NRC-approved methodologies specified in Technical 
Specification 5.6.5.  

2.1 Reactor Core Limits (SL 2.1.1) 

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 specified in Figure 2.1.1.
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2.2 Shutdown Margin (SDM) 

The SDM limit for MODES 1, 2, 3, and 4 is: 

2.2.1 The SDM shall be greater than or equal to 1.3% Ak/k (LCOs 3.1.1, 3.1.4, 3.1.5, 
3.1.6, 3.1.8, 3.3.9; TRM TLCOs 3.1 .b, 3.1.d, 3.1.f, 3.1.h, and 3.1.j).  

The SDM limits for MODE 5 are: 

2.2.2.1 SDM shall be greater than or equal to 1.0% Ak/k (LCO 3.1.1).  

2.2.2.2 SDM shall be greater than or equal to 1.3% Ak/k (LCO 3.3.9; TRM TLCO 3.1.i 
and 3.1.j).  

2.3 Moderator Temperature Coefficient (LCO 3.1.3) 

The Moderator Temperature Coefficient (MTC) limits are: 

2.3.1 The BOLIARO/HZP-MTC upper limit shall be +3.3 x 10-5 Ak/k/0F.  

2.3.2 The EOL/ARO/HFP-MTC lower limit shall be -4.1 x 10" Ak/k/IF.  

2.3.3 The EOLIARO/HFP-MTC Surveillance limit at 300 ppm shall be less negative 
than or equal to -3.2 x 10-4 Ak/k/°F.  

where: BOL stands for Beginning of Cycle Life 
ARO stands for All Rods Out 
HZP stands for Hot Zero Thermal Power 
EOL stands for End of Cycle Life 
HFP stands for Hot Full Thermal Power 

2.4 Shutdown Bank Insertion Limit (LCO 3.1.5) 

2.4.1 All shutdown banks shall be fully withdrawn to at least 224 steps.  

2.5 Control Bank Insertion Limits (LCO 3.1.6) 

2.5.1 The control banks shall be limited in pnysical insertion as shown in Figure 2.5.1.  

2.5.2 Each control bank shall be considered fully withdrawn from the core at greater 
than or equal to 224 steps.  

2.5.3 The control banks shall be operated in sequence by withdrawal of Bank A, Bank 
B, Bank C and Bank D. The control banks shall be sequenced in reverse order 
upon insertion.  

2.5.4 Each control bank not fully withdrawn from the core shall be operated with a 115 
step overlap limit.
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Figure 2.5.1: 
Control Bank Insertion Limits Versus Percent Rated Thermal Power 
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2.6 Heat Flux Hot Channel Factor (Fo(Z)) (LCO 3.2.1) 

2.6.1 

FQ(Z) Q xK(Z) forPO0.5 
0.5 

FQ(Z) _ xK(Z) forP>0.5 
P 

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER 

F TP = 2.60 

K(Z) for assembly average burnup > 4000 MWD/MTU is provided in Figure 2.6.1.  
K(Z) for assembly average burnup < 4000 MWD/MTU is provided in 
Figure 2.6.1.a.  

2.6.2 W(Z) Values: 

a) When PDMS is OPERABLE, W(Z) = 1.00000 for all axial points.  

b) When PDMS is Inoperable, W(Z) is provided in Figures 2.6.2.a through 2.6.2.d 

The normal operation W(Z) values have been determined at burnups of 150, 
3000, 10000 and 19000 MWD/MTU.  

Table 2.6.2 shows the FcQ(z) penalty factors that are greater than 2% per 31 
Effective Full Power Days (EFPD). These values shall be used to increase the 
Fwo(z) as per Surveillance Requirement 3.2.1.2. A 2% penalty factor shall be 
used at all cycle burnups that are outside the range of Table 2.6.2.  

Multiplication Factor = 1.02 

2.6.3 Uncertainty: 

The uncertainty, UFO, to be applied to the Heat Flux Hot Channel Factor FQ(Z) 
shall be calculated by the following formula 

Um.<• = Uq,, * U 

where: 

Uqu = Base FQ measurement uncertainty = 1.05 when PDMS is Inoperable 
Ue = Engineering uncertainty factor= 1.03 

2.6.4 PDMS Alarms: 

FQ(Z) Warning Setpoint _> 2% of F,(Z) Margin 
FQ(Z) Alarm Setpoint _> 0% of F,(Z) Margin



TODI NFM9900202 
Seq. 5 

Page 8 of 19 
CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 9 

Figure 2.6.1: K(Z) - Normalized FQ(Z) as a Function of Core 
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Figure 2.6.1.a: K(Z) - Normalized FQ(Z) as a Function of 
Core Height (Assembly BU < 4000 MWD/MTU)
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Height MAX W(Z) 
Feet 

0.00 1.0000 
0.20 1.0000 
0.40 1.0000 

0.60 1.0000 
0.80 1.0000 
1.00 1.0000 

1.20 1.0000 
1.40 1.0000 

1.60 1.0000 

1.80 1.2392 

2.00 1.2258 

2.20 1.2083 

2.40 1.1934 
2.60 1.1855 
2.80 1.1775 
3.00 1.1695 
3.20 1.1596 
3.40 1.1496 

3.60 1.1376 
3.80 1.1277 

4.00 1.1216 
4.20 1.1139 

4.40 1.1070 

4.60 1.0999 
4.80 1.0987 

5.00 1.0965 
5.20 1.0935 

5.40 1.0899 
5.60 1.0862 
5.80 1.0806 

6.00 1.0872 
6.20 1.0970 
6.40 1.1078 

6.60 1.1201 
6.80 1.1314 

7.00 1.1407 

7.20 1.1531 
7.40 1.1606 

7.60 1.1660 
7.80 1.1730 
8.00 1.1790 

8.20 1.1820 

8.40 1.1854 
8.60 1.1868 

8.80 1.1879 
9.00 1.1876 

9.20 1.1879 
9.40 1.1965 

9.60 1.2127 

9.80 1.2278 
10.00 1.2422 

10.20 1.2564 

10.40 1.0000 

10.60 1.0000 
10.80 1.0000 

11.00 1.0000 

11.20 1.0000 

11.40 1.0000 

11.60 1.0000 

11.80 1.0000 

12.00 1.0000

Byron Unit 2 Cycle 9 

Figure 2.6.2.a 

Summary of W(Z) Function at 150 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-10216)
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Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2625 
2.00 1.2436 
2.20 1.2211 
2.40 1.2018 
2.60 1.1802 
2.80 1.1661 
3.00 1.1573 
3.20 1.1479 
3.40 1.1400 
3.60 1.1302 
3.80 1.1212 
4.00 1.1143 
4.20 1.1076 
4.40 1.1019 
4.60 1.0951 
4.80 1.0913 
5.00 1.0889 
5.20 1.0861 
5.40 1.0823 
5.60 1.0817 
5.80 1.0841 
6.00 1.0916 
6.20 1.0992 
6.40 1.1048 
6.60 1.1157 
6.80 1.1241 
7.00 1.1324 
7.20 1.1408 
7.40 1.1480 
7.60 1.1590 
7.80 1.1670 
8.00 1.1750 
8.20 1.1820 
8.40 1.1880 
8.60 1.1940 
8.80 1.1980 
9.00 1.2086 
9.20 1.2222 
9.40 1.2364 
9.60 1.2491 
9.80 1.2613 

10.00 1.2780 
10.20 1.2949 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 2 Cycle 9 

Figure 2.6.2.b 

Summary of W(Z) Function at 3000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-10216)
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Height MAX W(Z) 
Feet 
0.00 1.0000 
0.20 1.0000 
0.40 1.0000 
0.60 1.0000 
0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 
1.60 1.0000 
1.80 1.2483 
2.00 1.2343 
2.20 1.2174 
2.40 1.2088 
2.60 1.1979 
2.80 1.1890 
3.00 1.1790 
3.20 1.1662 
3.40 1.1617 
3.60 1.1572 
3.80 1.1521 
4.00 1.1468 
4.20 1.1395 
4.40 1.1330 
4.60 1.1365 
4.80 1.1379 
5.00 1.1383 
5.20 1.1363 
5.40 1.1339 
5.60 1.1276 
5.80 1.1270 
6.00 1.1362 
6.20 1.1467 
6.40 1.1570 
6.60 1.1653 
6.80 1.1727 
7.00 1.1790 
7.20 1.1814 
7.40 1.1839 
7.60 1.1855 
7.80 1.1871 
8.00 1.1876 
8.20 1.1861 
8.40 1.1838 
8.60 1.1784 
8.80 1.1771 
9.00 1.1804 
9.20 1.1856 
9.40 1.1902 
9.60 1.1955 
9.80 1.2050 
10.00 1.2350 
10.20 1.2620 
10.40 1.0000 
10.60 1.0000 
10.80 1.0000 
11.00 1.0000 
11.20 1.0000 
11.40 1.0000 
11.60 1.0000 
11.80 1.0000 
12.00 1.0000

Byron Unit 2 Cycle 9 

Figure 2.6.2.c 

Summary of W(Z) Function at 10000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-10216)
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Height MAX W(Z) 

Feet 

0.00 1.0000 
0.20 1.0000 
0.40 1.0000 

0.60 1.0000 

0.80 1.0000 
1.00 1.0000 
1.20 1.0000 
1.40 1.0000 

1.60 1.0000 
1.80 1.2482 
2.00 1.2387 
2.20 1.2238 
2.40 1.2101 
2.60 1.1957 
2.80 1.1803 

3.00 1.1636 
3.20 1.1562 
3.40 1.1578 
3.60 1.1582 

3.80 1.1586 
4.00 1.1640 

4.20 1.1744 

4.40 1.1835 
4.60 1.1931 
4.80 1.1991 

5.00 1.2023 
5.20 1.2029 
5.40 1.2022 
5.60 1.1994 
5.80 1.2084 

6.00 1.2206 
6.20 1.2304 

6.40 1.2376 
6.60 1.2424 
6.80 1.2443 
7.00 1.2444 

7.20 1.2393 

7.40 1.2339 
7.60 1.2242 

7.80 1.2153 
8.00 1.2041 
8.20 1.1899 

8.40 1.1836 
8.60 1.1754 
8.80 1.1715 
9.00 1.1720 
9.20 1.2128 
9.40 1.2459 
9.60 1.2801 
9.80 1.3035 

10.00 1.3310 
10.20 1.3680 
10.40 1.0000 
10.60 1.0000 

10.80 1.0000 
11.00 1.0000 

11.20 1.0000 

11.40 1.0000 
11.60 1.0000 

11.80 1.0000 
12.00 1.0000

Byron Unit 2 Cycle 9 

Figure 2.6.2.d 

Summary of W(Z) Function at 19000 MWD/MTU 
(Top and Bottom 15% Excluded per WCAP-1 0216)

1.40 

1.35
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Table 2.6.2 

Fq Margin Decreases in Excess of 2% per 31 EFPD

Cycle Burnup 
(MWD/MTU)

Max % Decrease 
in Fq Margin

150 
275 
400 
525 
650 
775 
900 
1025 
1150 
1275 
1400 
1525

3.54 
3.50 
3.48 
3.44 
3.38 
3.29 
3.15 
2.96 
2.69 
2.37 
2.01 
2.00

Note: All cycle burnups outside the range of the table shall use a 2% decrease in Fq margin for 
compliance with the 3.2.1.2 Surveillance Requirements. Linear interpolation is adequate for 
intermediate cycle burnups.
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2.7 Nuclear Enthalpy Rise Hot Channel Factor (FN,H) (LCO 3.2.2) 

2.7.1 FNFý <TP[1.0 + PFAH(1.0 - P)] 

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER 
F:R T= 1.70 
PFH = 0.3 

2.7.2 Uncertainty when PDMS is inoperable 

The uncertainty, UF1H, to be applied to the Nuclear Enthalpy Rise Hot Channel 

Factor FaN shall be calculated by the following formula: 

UF.%H = UF..FHm 

where: 

UF.IHm = Base FN H measurement uncertainty = 1.04 

2.7.3 PDMS Alarms: 

FN1H Warning Setpoint _> 2% of FN H Margin 

FNxH Alarm Setpoint > 0% of FN H Margin 

2.8 Axial Flux Difference (AFD) (LCO 3.2.3) 

2.8.1 When PDMS is Inoperable, the AXIAL FLUX DIFFERENCE (AFD) Acceptable 
Operation Limits are provided in Figure 2.8.1 or the latest valid PDMS 
Surveillance Report, whichever is more conservative.  

2.8.2 When PDMS is OPERABLE, no AFD Acceptable Operation Limits are applicable.  

2.9 Departure from Nucleate Boiling Ratio (DNBR) (LCO 3.2.5) 

2.9.1 DNBRAPsL > 1.4 

The Axial Power Shape Limiting DKBR (DNBRAPSL) is applicable with THERMAL POWER 
> 50% RTP when PDMS is OPERA3LE.  

2.9.2 PDMS Alarms: 

DNBR Warning Setpoint > 2% of DNBR Margin 
DNBR Alarm Setpoint > 0% of DNBR Margin
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Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power 
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2.10 Reactor Trip System Overtemperature AT Setpoint Parameter Values (LCO 3.3.1) 

2.10.1 The Overtemperature AT reactor trip setpoint K1 shall be equal to 1.325.  

2.10.2 The Overtemperature AT reactor trip setpoint Tavg coefficient K2 shall be equal to 
0.0297 / OF.  

2.10.3 The Overtemperature AT reactor trip setpoint pressure coefficient K3 shall be 
equal to 0.00181 / psig.  

2.10.4 The nominal Tv, at RTP (indicated) T' shall be less than or equal to 588.4 OF.  

2.10.5 The nominal RCS operating pressure (indicated) P' shall be equal to 2235 psig.  

2.10.6 The measured reactor vessel AT lead/lag time constant -r shall be equal to 8 
sec.  

2.10.7 The measured reactor vessel AT lead/lag time constant T2 shall be equal to 3 
sec.  

2.10.8 The measured reactor vessel AT lag time constant T3 shall be less than or equal 
to 2 sec.  

2.10.9 The measured reactor vessel average temperature lead/lag time constant -4 
shall be equal to 33 sec.  

2.10.10 The measured reactor vessel average temperature lead/lag time constant T, 
shall be equal to 4 sec.  

2.10.11 The measured reactor vessel average temperature lag time constant t 6 shall be 

less than or equal to 2 sec.  

2.10.12 The f, (Al) "positive" breakpoint shall be +10% Al.  

2.10.13 The f, (Al) "negative" breakpoint shall be -24% Al.  

2.10.14 The f, (Al) "positive" slope shall be +4.11% /% AL.  

2.10.15 The f, (Al) "negative" slope shall be -3.35% / % Al.



TODI NFM9900202 
Seq. 5 

Page 18of 19 
CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 9 

2.11 Reactor Trip System OverDower AT Setooint Parameter Values (LCO 3.3. 1) 

2.11.1 The Overpower AT reactor trip setpoint K4 shall be equal to 1.072.  

2.11.2 The Overpower AT reactor trip setpoint Tavg rate/lag coefficient K, shall be equal 
to 0.02 / OF for increasing Tav, 

2.11.3 The Overpower AT reactor trip setpoint T,,, rate/lag coefficient K5 shall be equal 
to 0 / OF for decreasing Tvg 

2.11.4 The Overpower AT reactor trip setpoint T,,, heatup coefficient K, shall be equal 
to 0.00245 / OF when T > T".  

2.11.5 The Overpower AT reactor trip setpoint Tavg heatup coefficient K, shall be equal 
to 0 / OF when T < T".  

2.11.6 The nominal Tag at RTP (indicated) T" shall be less than or equal to 588.4 OF.  

2.11.7 The measured reactor vessel AT lead/lag time constant T1 shall be equal to 8 
sec.  

2.11.8 The measured reactor vessel AT lead/lag time constant T2 shall be equal to 3 
sec.  

2.11.9 The measured reactor vessel AT lag time constant T3 shall be less than or equal 
to 2 sec.  

2.11.10 The measured reactor vessel average temperature lag time constant T6 shall be 
less than or equal to 2 sec.  

2.11.11 The measured reactor vessel average temperature rate/lag time constant T7 

shall be equal to 10 sec.  

2.11.12 The f2 (AI) "positive" breakpoint shall be 0 for all Al.  

2.11.13 The f2 (Al) "negative" breakpoint shall be 0 for all Al.  

2.11.14 The f2 (Al) "positive" slope shall be 0 for all Al.  

2.11.15 The f2 (Al) "negative" slope shall be 0 for all Al.
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2.12 Reactor Coolant System (RCS) DNB Parameter Limits (LCO 3.4.1) 

2.12.1 The pressurizer pressure shall be greater than or equal to 2219 psig.  

2.12.2 The RCS average temperature (Tavg) shall be less than or equal to 591.2 OF.  

2.12.3 The RCS total flow rate shall be greater than or equal to 371,400 gpm.  

2.13 Boron Concentration 

2.13.1 The refueling boron concentration shall be greater than or equal to 2000 ppm 
(LCO 3.9.1).  

2.13.2 The Reactor Coolant System boron concentration shall be greater than or equal 
to 1919 ppm to maintain adequate shutdown margin for MODES 3, 4, and 5 
during performance of rod drop time measurements and during the surveillance of 
Digital Rod Position Indication (DRPI) for OPERABILITY (TLCO 3.1.g and TLCO 
3.1.k).


