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CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Byron Station Unit 2 Cycle 26 has been prepared in
accordance with the requirements of Technical Specification 5.6.5 (ITS).

The Technical Specification Safety Limits and Limiting Conditions for Operation (LCOs) affected by this
report are listed below:

SL

LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO

LCO

211
3.1.1
3.1.3
3.1.4
3.1.5
3.1.6
3.1.8
3.21
3.2.2
3.2.3
3.3.1
3.3.9
3.41

3.91

Reactor Core Safety Limits (SLs)
SHUTDOWN MARGIN (SDM)

Moderator Temperature Coefficient (MTC)
Rod Group Alignment Limits

Shutdown Bank Insertion Limits

Control Bank Insertion Limits

PHYSICS TESTS Exceptions — MODE 2
Heat Flux Hot Channel Factor (Fa(Z))
Nuclear Enthalpy Rise Hot Channel Factor (FNan)
AXIAL FLUX DIFFERENCE (AFD)

Reactor Trip System (RTS) Instrumentation
Boron Dilution Protection System (BDPS)

Reactor Coolant System (RCS) Pressure, Temperature, and Flow Departure from Nucleate
Boiling (DNB) Limits

Boron Concentration

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

TRM TLCO 3.1.b Boration Flow Paths — 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]

Shutdown and Control Rods

TRM TLCO 3.1.k Position Indication System — Shutdown (Special Test Exception)



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
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been developed using the NRC-approved methodologies specified in Technical Specification 5.6.5.

21 Reactor Core Safety Limits (SLs) (SL 2.1.1)
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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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Figure 2.1.1: Reactor Core Limits
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SHUTDOWN MARGIN (SDM)

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

2.21

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.f, 3.1.h, and 3.1,)).

The SDM limit for MODE 5 is:

222

SDM shall be greater than or equal to 1.3% Ak/k (LCO 3.1.1, LCO 3.3.9; TRM TLCOs 3.1.i
and 3.1.)).

Moderator Temperature Coefficient (MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits are:

2.3.1
232
2.3.3
234

where:

The BOL/ARO/HZP-MTC upper limit shall be +3.943 x 10-% Ak/k/°F.

The EOL/ARO/HFP-MTC lower limit shall be -4.6 x 104 Ak/k/°F.

The EOL/ARO/HFP-MTC Surveillance limit at 300 ppm shall be -3.7 x 104 Ak/k/°F.
The EOL/ARO/HFP-MTC Surveillance limit at 60 ppm shall be -4.3 x 10 Ak/k/°F.

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

Shutdown Bank Insertion Limits (LCO 3.1.5)

241

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

Control Bank Insertion Limits (LCO 3.1.6)

2.5.1

252

253

254

The control banks, with Bank A greater than or equal to 224 steps, shall be limited in
physical insertion as shown in Figure 2.5.1.

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

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.

Each control bank not fully withdrawn from the core shall be operated with the following
overlap limits as a function of park position:

Park Position (step) | Overlap Limit (step)
228 113
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Figure 2.5.1:
Control Bank Insertion Limits Versus Percent Rated Thermal
Power
(27%, 224) (77%, 224)
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The bank position is given as follows:
Control Bank D: (161/70) * (P-100) + 161 (for 30 < P < 100)

Where P is defined as the core power (in percent).
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2.6 Heat Flux Hot Channel Factor (Fa(Z)) (LCO 3.2.1)

2.6.1 Total Peaking Factor:

RTP

Fo(2) < (‘;5 xK(Z) forP<0.5

RTP

Fy(2) < QP xK(Z) forP>0.5

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
F&P = 260
K(Z) is provided in Figure 2.6.1.

Figure 2.6.1
K(Z) - Normalized F(Z) as a Function of Core Height
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26.2 W(Z) Values:
W(Z) is provided as:

1) Table 2.6.2.a are the normal operation W(Z) values that correspond to the NORMAL
AXIAL FLUX DIFFERENCE (AFD) Acceptable Operation Limits provided in Figure
2.8.1.a. The Normal AFD Acceptable Operation Limits may be invoked at any time and
must be used with the corresponding W(Z) values.

2) Table 2.6.2.b are the Expanded normal operation W(Z) values that correspond to the
EXPANDED AXIAL FLUX DIFFERENCE (AFD) Acceptable Operation Limits provided
in Figure 2.8.1.b. The Expanded AFD Acceptable Operation Limits may be invoked at
any time and must be used with the corresponding W(Z) values.

Table 2.6.2.c shows the Fo€(Z) penalty factors that are greater than 2% per the allowable
surveillance frequency. These values shall be used to increase the Fo(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.c.

Table 2.6.2.d contains the required operating space reduction values for THERMAL
POWER and AXIAL FLUX DIFFERENCE (AFD) when Fo"¥(Z) is not within its limits. These
values are used in conjunction with Technical Specification LCO 3.2.1 Required Actions
B.1 and B.2.

2.6.3 Uncertainty:

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

UFQ = Uqu hd Uc
where:

Uqu = Base Fq measurement uncertainty = 1.05
Ue = Engineering uncertainty factor = 1.03
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Table 2.6.2.a

W(Z) versus Core Height for Normal AFD Acceptable Operation Limits in Figure 2.8.1.a
(Top and Bottom 8% Excluded per Byron SR 3.2.1.2 Bases)

Height 150 5000 14000 20000
(feet) MWD/MTU MWD/MTU MWD/MTU MWD/MTU
0.00 (core bottom) 1.2917 1.3662 1.2389 1.1775
0.20 1.2835 1.3548 1.2326 1.1688
0.40 1.2830 1.3504 1.2384 1.1746
0.60 1.2868 1.3503 1.2453 1.1818
0.80 1.2956 1.3538 1.2593 1.1978
1.00 1.2943 1.3467 1.2632 1.2041
1.20 1.2837 1.3318 1.2567 1.1990
1.40 1.2688 1.3127 1.2463 1.1899
1.60 1.2533 1.2924 1.2358 1.1815
1.80 1.2365 1.2706 1.2243 1.1725
2.00 1.2182 1.2469 1.2114 1.1625
2.20 1.1988 1.2236 1.1975 1.1518
2.40 1.1792 1.2024 1.1832 1.1408
2.60 1.1597 1.1810 1.1689 1.1301
2.80 1.1409 1.1601 1.1539 1.1182
3.00 1.1277 1.1403 1.1422 1.1136
3.20 1.1224 1.1269 1.1380 1.1151
3.40 1.1216 1.1232 1.1381 1.1259
3.60 1.1199 1.1221 1.1383 1.1383
3.80 1.1195 1.1210 1.1426 1.1506
4.00 1.1194 1.1196 1.1485 1.1625
4.20 1.1185 1.1175 1.1532 1.1736
4.40 1.1175 1.1150 1.1574 1.1837
4.60 1.1171 1.1128 1.1608 1.1925
4.80 1.1164 1.1104 1.1631 1.1995
5.00 1.1151 1.1087 1.1644 1.2058
5.20 1.1135 1.1077 1.1644 1.2119
5.40 1.1132 1.1068 1.1632 1.2164
5.60 1.1157 1.1075 1.1614 1.2183
5.80 1.1199 1.1095 1.1610 1.2216
6.00 1.1296 1.1134 1.1649 1.2285
6.20 1.1449 1.1182 1.1767 1.2368
6.40 1.1588 1.1216 1.1866 1.2426
6.60 1.1716 1.1265 1.1964 1.2468
6.80 1.1829 1.1339 1.2048 1.2517
7.00 1.1926 1.1430 1.2108 1.2557
7.20 1.2005 1.1527 1.2148 1.2568
7.40 1.2065 1.1615 1.2164 1.2555
7.60 1.2106 1.1691 1.2156 1.2518
7.80 1.2114 1.1754 1.2128 1.2456
8.00 1.2136 1.1802 1.2068 1.2372
8.20 1.2214 1.1838 1.2004 1.2267
8.40 1.2275 1.1862 1.1988 1.2146
8.60 1.2365 1.1866 1.1967 1.2041
8.80 1.2449 1.1909 1.1995 1.1994
9.00 1.2513 1.2057 1.2105 1.1958
9.20 1.2543 1.2281 1.2233 1.1929
9.40 1.2518 1.2544 1.2379 1.2012
9.60 1.2592 1.2829 1.2478 1.2064
9.80 1.2815 1.3109 1.2568 1.2091
10.00 1.3086 1.3398 1.2634 1.2139
10.20 1.3314 1.3713 1.2644 1.2231
10.40 1.3494 1.4016 1.2658 1.2367
10.60 1.3637 1.4283 1.2671 1.2484
10.80 1.3771 1.4507 1.2686 1.2567
11.00 1.3949 1.4740 1.2700 1.2618
11.20 1.3961 1.4872 1.2632 1.2565
11.40 1.3284 1.4646 1.2412 1.2329
11.60 1.2675 1.4319 1.2207 1.2028
11.80 1.2635 1.4137 1.2016 1.1792
12.00 (core top) 1.2453 1.4187 1.1750 1.1459

Note: W(Z) values at 20000 MWD/MTU may be applied to cycle burnups greater than
20000 MWD/MTU to prevent W(Z) function extrapolation
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Table 2.6.2.b

W(Z) versus Core Height for Expanded AFD Acceptable Operation Limits in Figure 2.8.1.b
(Top and Bottom 8% Excluded per Byron SR 3.2.1.2 Bases)

Height 150 5000 14000 20000
(feet) MWD/MTU MWD/MTU MWD/MTU MWD/MTU
0.00 (core bottom) 1.3849 1.4964 1.3316 1.2728
0.20 1.3750 1.4816 1.3239 1.2636
0.40 1.3744 1.4745 1.3290 1.2653
0.60 1.3761 1.4724 1.3354 1.2732
0.80 1.3841 1.4735 1.3492 1.2889
1.00 1.3810 1.4632 1.3520 1.2938
1.20 1.3684 1.4447 1.3439 1.2867
1.40 1.3510 1.4215 1.3316 1.2753
1.60 1.3329 1.3969 1.3189 1.2643
1.80 1.3132 1.3704 1.3050 1.2525
2.00 1.2918 1.3420 1.2894 1.2392
2.20 1.2692 1.3126 1.2725 1.2250
2.40 1.2459 1.2829 1.2550 1.2101
2.60 1.2224 1.2534 1.2371 1.1946
2.80 1.2036 1.2265 1.2187 1.1849
3.00 1.1926 1.2070 1.2017 1.1816
3.20 1.1865 1.1942 1.1901 1.1813
3.40 1.1806 1.1845 1.1844 1.1837
3.60 1.1760 1.1785 1.1800 1.1930
3.80 11727 1.1724 1.1807 1.2025
4.00 1.1695 1.1665 1.1833 1.2107
4.20 1.1654 1.1619 1.1846 1.2181
4.40 1.1607 1.1575 1.1853 1.2240
4.60 1.1553 1.1524 1.1849 1.2284
4.80 1.1492 1.1464 1.1834 1.2310
5.00 1.1423 1.1397 1.1807 1.2318
5.20 1.1349 1.1324 1.1765 1.2300
5.40 1.1267 1.1250 1.1710 1.2274
5.60 1.1183 1.1174 1.1662 1.2312
5.80 1.1191 1.1121 1.1664 1.2368
6.00 1.1300 1.1130 1.1733 1.2438
6.20 1.1448 1.1184 1.1837 1.2517
6.40 1.1587 1.1227 1.1926 1.2568
6.60 1.1713 1.1302 1.2012 1.2600
6.80 1.1825 1.1385 1.2082 1.2638
7.00 1.1921 1.1470 1.2128 1.2667
7.20 1.1999 1.1564 1.2152 1.2665
7.40 1.2058 1.1648 1.2152 1.2637
7.60 1.2098 1.1720 1.2129 1.2585
7.80 1.2106 1.1778 1.2085 1.2507
8.00 1.2127 1.1822 1.2010 1.2407
8.20 1.2206 1.1853 1.1930 1.2285
8.40 1.2266 1.1870 1.1903 1.2147
8.60 1.2356 1.1867 1.1857 1.2032
8.80 1.2448 1.1910 1.1900 1.1968
9.00 1.2531 1.2063 1.2022 1.1929
9.20 1.2591 1.2286 1.2142 1.1924
9.40 1.2593 1.2550 1.2283 1.2015
9.60 1.2624 1.2833 1.2378 1.2069
9.80 1.2812 1.3113 1.2464 1.2096
10.00 1.3092 1.3401 1.2522 1.2146
10.20 1.3316 1.3713 1.2531 1.2239
10.40 1.3494 1.4013 1.2596 1.2375
10.60 1.3636 1.4278 1.2711 1.2492
10.80 1.3768 1.4500 1.2805 1.2577
11.00 1.3944 1.4730 1.2875 1.2627
11.20 1.3955 1.4859 1.2863 1.2575
11.40 1.3276 1.4631 1.2655 1.2339
11.60 1.2667 1.4303 1.2391 1.2038
11.80 1.2625 1.4119 1.2132 1.1802
12.00 (core top) 1.2441 1.4166 1.1768 1.1469

Note: W(Z) values at 20000 MWD/MTU may be applied to cycle burnups greater than
20000 MWD/MTU to prevent W(Z) function extrapolation
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Table 2.6.2.c
Penalty Factors in Excess of 2%

Cycle Burnup

Penalty Factor

(MWD/MTU) Fa®(2)
0 1.0200
150 1.0500
400 1.0700
1100 1.0700
2200 1.0350
3700 1.0350
4144 1.0200
5919 1.0200
6100 1.0250
7000 1.0550
7700 1.0550
8600 1.0350
9000 1.0300
10000 1.0300
10579 1.0200
18345 1.0200
18500 1.0300
18800 1.0400
22338 1.0400
24061 1.0400

Notes:

Linear interpolation is adequate for intermediate cycle burnups.

All cycle burnups outside the range of Table 2.6.2.c shall use a 2% penalty factor for compliance with the

3.2.1.2 Surveillance Requirements.

Table 2.6.2.d

Required Operating Space Reduction When FgQ"¥(Z) Exceeds Its Limits

Required Fo™(2)
Margin Improvement

THERMAL POWER
Reduction (% RTP)

Negative AFD Band
Reduction (% AFD)

Positive AFD Band
Reduction (% AFD)

1% z3% 2 1% 2 1%
> 1% AND < 2% z 6% z 2% = 2%
> 2% AND < 3% z 9% = 3% > 3%
> 3% = 50% N/A N/A
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Nuclear Enthalpy Rise Hot Channel Factor (FNan) (LCO 3.2.2)

271 FNau < FRIP[1.0 + PFan(1.0 - P)]

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER (RTP)

FRLP = 1.63
PFai=0.3

2.7.2 Uncertainty:

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

Uran = UraHm

where:

Urarm = Base FNan measurement uncertainty = 1.04

AXIAL FLUX DIFFERENCE (AFD) (LCO 3.2.3)

2.8.1 The AXIAL FLUX DIFFERENCE (AFD) Acceptable Operation Limits are provided in the
Figures described below.

a)

DELETED

Figure 2.8.1.ais the Normal AFD Acceptable Operation Limits associated with the W(Z)
values in Table 2.6.2.a. These limits may be modified in accordance with Table 2.6.2.d
if LCO 3.2.1 Required Actions B.1 and B.2 must be taken. Prior to changing to Figure
2.8.1.a, confirm that the plant is within the specified AFD envelope.

Figure 2.8.1.b is the Expanded AFD Acceptable Operation Limits associated with the
W(Z) values in Table 2.6.2.b. These limits may be modified in accordance with
Table 2.6.2.d if LCO 3.2.1 Required Actions B.1 and B.2 must be taken.
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Figure 2.8.1.a:
Normal Axial Flux Difference Limits
as a Function of Rated Thermal Power
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Figure 2.8.1.b:
Expanded Axial Flux Difference Limits
as a Function of Rated Thermal Power
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Reactor Trip System (RTS) Instrumentation (LCO 3.3.1) - Overtemperature AT Setpoint

Parameter Values

2.101

2.10.2

2.10.3

2.10.4

2.10.5

2.10.6

2.10.7

2.10.8

2.10.9

2.10.10

2.10.11

2.10.12

2.10.13

2.10.14

2.10.15

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

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

The Overtemperature AT reactor trip setpoint pressure coefficient Ks shall be equal to
0.00135 / psi.

The nominal Tayg at RTP (indicated) T’ shall be less than or equal to 583.5 °F.
The nominal RCS operating pressure (indicated) P’ shall be equal to 2235 psig.
The measured reactor vessel AT lead/lag time constant 11 shall be equal to 8 sec.
The measured reactor vessel AT lead/lag time constant t2 shall be equal to 3 sec.

The measured reactor vessel AT lag time constant 13 shall be less than or equal to 2
sec.

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

The measured reactor vessel average temperature lead/lag time constant 15 shall be
equal to 4 sec.

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

The f1 (Al) “positive” breakpoint shall be +10% Al.
The f1 (Al) “negative” breakpoint shall be -18% Al.
The f1 (Al) “positive” slope shall be +3.47% / % Al.

The f1 (Al) “negative” slope shall be -2.61% / % Al.
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Reactor Trip System (RTS) Instrumentation (LCO 3.3.1) - Overpower AT Setpoint Parameter

Values

2111

211.2

2.11.3

2114

2115

2116

2117

2.11.8

2119

21110

2.11.11

21112

2.11.13

2.11.14

2.11.15

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

The Overpower AT reactor trip setpoint Tavg rate/lag coefficient Ks shall be equal to
0.02 / °F for increasing Tavg.

The Overpower AT reactor trip setpoint Tavg rate/lag coefficient Ks shall be equal to
0/ °F for decreasing Tavg.

The Overpower AT reactor trip setpoint Tavg heatup coefficient Ke shall be equal to
0.00245/°F when T > T".

The Overpower AT reactor trip setpoint Tavg heatup coefficient Ke shall be equal to 0/ °F
when T <T".

The nominal Tayg at RTP (indicated) T” shall be less than or equal to 583.5 °F.
The measured reactor vessel AT lead/lag time constant 11 shall be equal to 8 sec.
The measured reactor vessel AT lead/lag time constant 12 shall be equal to 3 sec.

The measured reactor vessel AT lag time constant 13 shall be less than or equal to 2
sec.

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

The measured reactor vessel average temperature rate/lag time constant 17 shall be
equal to 10 sec.

The f2 (Al) “positive” breakpoint shall be 0 for all Al.
The f2 (Al) “negative” breakpoint shall be 0 for all Al
The f2 (Al) “positive” slope shall be 0 for all Al

The f2 (Al) “negative” slope shall be 0 for all Al.
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 26

Reactor Coolant System (RCS) Pressure, Temperature, and Flow Departure from Nucleate
Boiling (DNB) Limits (LCO 3.4.1)

2.12.1 The pressurizer pressure shall be greater than or equal to 2209 psig.
2.12.2 The RCS average temperature (Tavg) shall be less than or equal to 588.6 °F.

2.12.3 The RCS total flow rate shall be greater than or equal to 386,000 gpm.

Boron Concentration

2.13.1 The refueling boron concentration shall be greater than or equal to the applicable value
given in the Table below (LCO 3.9.1). The reported “prior to initial criticality” value also
bounds the end-of-cycle requirements for the previous cycle.

2.13.2 To maintain keff < 0.987 with all shutdown and control rods fully withdrawn in MODES 3,
4, 0r5 (TRM TLCO 3.1.g Required Action B.2 and TRM TLCO 3.1.k.2), the Reactor
Coolant System boron concentration shall be greater than or equal to the applicable
value given in the Table below.

COLR Boron Concentration
- Conditions
Section (ppm)
2.13.1 a) prior to initial criticality 1718
b) for cycle burnups > 0 MWD/MTU 1854

and < 16000 MWD/MTU

c) for cycle burnups = 16,000 MWD/MTU 1421
213.2 a) prior to initial criticality 1770
b) for cycle burnups = 0 MWD/MTU and < 2078

16000 MWD/MTU

c) for cycle burnups > 16000 MWD/MTU 1560






