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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT | CYCLE 14

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Byron Station Unit 1 Cycle 14 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 (MTC)

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 (FMy)
LCO 3.23 AXIAL FLUX DIFFERENCE (AFD)

LCO 3.25 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) Pressure, Temperature, and Flow Departure from
Nucleate Boiling (DNB) Limits

LCO 3.9.1 Boron Concentration

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

TRMTLCO 3.1.b Boration Flow Paths - Operating

TRM TLCO 3.1.d Charging Pumps — Operating

TRM TLCO 3.1.f Borated Water Sources — Operating

TRAMTLCO 3.1.g Position Indication System — Shutdown

TRM TLCO 3.1.h Shutdown Margin (SDM) ~ MODE 1 and MODE 2 with keff 2 1.0
TRM TLCO 3.1.i Shutdown Margin (SDM) - MODE 5

TRMTLCO 3.1, 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 Safety Limits {Sts) (SL 2.1.1)

21.1  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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2.3

2.4

2.5

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT | CYCLE 14

SHUTDOWN MARGIN (SDM)
The SDM limit for MODES 1, 2, 3, and 4 is:

221 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, 3.1.1, 3.1.h, and 3.1.j).

The SDM limit for MODE 5 is:

2.2.2 SDM shall be greater than or equal to 1.3% Ak/k {LCO 3.1.1, LCO 3.3.9; TRM TLCOs
3.1.iand 3.1.j).

Moderator Temperature Coetflicient (MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits are:
2.3.1 The BOLARO/HZP-MTC upper limit shall be +1.79 x 10°° AK/K/°F.
232 The EOL/ARO/HFP-MTC lower limit shall be -4.6 x 10" Ak/k/°F.
2.3.3 The EOL/ARO/HFP-MTC Surveillance limit at 300 ppm shall be -3.7 x 10™* Ak/k/°F.
2.3.4 The EOL/ARO/HFP-MTC Surveillance limit at 60 ppm shall be -4.3 x 10™ 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

Shutdown Bank Insertion Limits (LCO 3.1.5)

2.4.1 Al shutdown banks shall be fully withdrawn to at least 224 steps.

Control Bank Insertion Limits (LCO 3.1.6)

2.5.1 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.

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 the following
overlap limits as a function of park position:

Park Position (step) Overlap Limit (step)
231 115
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Figure 2.5.1:
Control Bank Insettion Limits Versus Percent Rated Thermal Power
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2.6 Heat Flux Hot Channel Factor (Fa(Z)) (LCO 3.2.1)

26.1

2.6.2

2.6.3

2.6.4

Total Peaking Factor:

R'l r

F,(2) <
Z) 05

xK(Z) forP<0.5

RTP

F,(Z) <—2—xK(Z) forP>0.5
where: P = the ratio of THERMAL POWER to RATED THERMAL POWER

F&™ = 2.60
K(Z} is provided in Figure 2.6.1.
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, 6000,
14000, and 20000 MWD/MTU.

Table 2.6.2 shows the FSq(2) penalty factors that are greater than 2% per 31 Effective
Full Power Days (EFPD). These values shall be used to increase the. F¥a(2) 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.

Uncertainty:

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

Ujo=U, U,

U
where:
Uq. = Base Fq measurement hncertainty = 1.05 when PDMS is inoperable
{Uq is defined by PDMS when OPERABLE.)
U. = Engineering uncertainty factor = 1.03
PDMS Alarms:

Fa(Z) Warning Setpoint 2 2% of Fg(Z) Margin
Fo(Z) Alarm Setpoint 2 0% of Fo(Z) Margin
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Figure 2.6.1
K(Z) - Normalized Fg(Z) as a Function of Core Height
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Height  MAX W(Z)

Feet Byron Unit 1 Cycle 14
0.00 100X
0.20 1.0000 Figure 2.6.2.8
0.40 1.0000
0.60 1.0000 Summary of W(Z) Function at 150 MWD/MTU
0.80 1.0000 (Top and Bottorn 15% Excluded per WCAP-10216)
1.00 1 0000
1.20 1.0000 r—- -
1.40 1 0000
1.60 1 000 1.35
1.80 1231
2.00 12290
2.20 121138
2.40 1.1952
2.60 1172
2.80 1.1638
3.00 1.1520
3.20 1.1458 1.30
3.40 1.1399
3.60 1.1339 - -
3.80 1.1280
4.00 11226
420 L2
4.40 11216
460 11210
4.80 11198 1.25
5.00 11169
6.20 L1133 .
5.40 11097 NN oo loee|e
5.60 1.1050 S 4 b
5.80 11030 3 ‘ 11.1
6.00 11096 = . ¢
640 e 2 120 !
K B o . L 4
6.60 11509 & .
6.80 11638 g ¢
7.00 . 1.1750 B t e
7.20 L1872 _ 1
7.40 11967 - -
7.60 1.2063 -
7.80 12131 a
8.00 1.2181 115 .
8.20 12223 - o
8.40 1.2246 >
8.60 1.2269 N o] 17
8.80 1.2264 oo, i
9.00 12242 te
9.20 1.2286 ¢ .
9.40 12219 1.10 D
9.60 1.215
9.80 1.229%
10.00 1.2243 b
10.20 1.2290 ;
10.40 L)
10.60 L0
10.80 1.0000 !
11.00 1.0000 1.05 -
11.20 1.0000 0.00 2.00 4.00 6.00 8.00 10.00 12.00
11.40 10000
11.60 1.0000 CORE HEIGHT (FEET)
11.80 L0 - e et e e e e e e |

12.00 1.0000
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Height MAX W(2Z)

Feet Byron Unit 1 Cycle 14
0.00 1.0000
0.20 10000 Figure 2.6.2.b
0.40 10000
0.60 1.0000 Summary of W(Z) Function at 6000 MWD/MTU
0.80 1.0000 ({Top and Bottom 15% Excluded per WCAP-10216)
1.00 1.0000
1.20 10000 .
1.40 1.0000
1.60 1.0000 1.35
1.60 1.2084
2.00 11908 N : ’ ) ’ .
220 L1732
2.40 1.1585
2.60 1.1457 : *
2.80 11421 . . .
3.00 11384 f
320 1.1328 1.30
340 1172 A0 1. . *% 1.
360 . . 1198 . .
380 L1168 : - - : - |®
4,00 11147 1 . ) ] 1
4.20 11128 ' ' .
4.40 L1109 R
460 1.1068
4.80 1.1039 1.25 5
5.00 1.099 .
5.20 1.0948
5.40 1.0906
5.60 1.0856 2 A1l . *
5.80 1.0864 o 3
6.00 10931 5 . :
6.20 1190 Z 4120 4
6.40 L2m 2"
6.60 11454 < 4. 3
6.80 11622 3 ) )
« 7.00 - - L170 - - ' ‘1 ¢
7.20 1.1918 g
7.40 12047 .
7.60 1.2146 L
7.80 12245 1.15 !
8.00 123258 *, >
8.20 1.2386 : Pl
8.40 124717 ] . .
8.60 1.2558 . .
8.80 1.2649 - ., :
9.00 12734 B )
9.20 12824 . ¢
8.40 1.2956 1.10
9.60 1.3068 0.
9.80 13179 ' ) RS
10.00 1.3291
1020 13174
1040 1.0000
10.60 1.0000 . .
10.80 1.0000 ]
11.00 1.0000 1.05 |
11.20 1.0000 0.00 2.00 4.00 6.00 8.00 10.00 12.00 |
11.40 10000 |
1160 10000 { CORE HEIGHT (FEET) ;
1180 1.0000 - e e e e e ee )

12.00 1.0000)
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Height  MAX W{Z)

Feet Byron Unit 1 Cycle 14
0.00 1.0000
0.20 ) V) Figure 2.6.2.c
0.40 1.0000
0.60 1.0000 Summary of W(Z} Function at 14000 MWOMTU
0.80 1.0000 (Top and Bottom 15% Excluded per WCAP-10216)
1.00 1.0000
1.20 1.0000
1.40 1.0000
1.60 10000 1.35
1.80 1.2800
2.00 1.2644 :
2.20 1.2453
2.40 1.233%
2.60 1.2192
2.80 12114
3.00 1.2082
3.20 1.1927 1.30
3.40 11827
360 L) e
3.80 11620 T .
4.00 1.1587
4.20 1.4510 4 i
4.40 11477 Yt -
4.60 1.1405
480 11328 1.25 .
5.00 13352 . .
5.20 L1312 o
540 1.1381 .
5.60 11378 - o
5.80 11374 o
6.00 11443 = *
6.20 11569 9 .
6.40 11676 e 1.20 :
6.60 11762 o ¢ **y
¢+ Po
6.80 1.1830 3 - . )
700 11877 N .
7.20 1.1908 3 o PS
7.40 11914 . ¢
7,60 1.1894 ‘ 1 | . ‘l .
7.80 11874 1.15 \d &
8.00 . 1.180S . 1 .
8.20 11697 : * :
8.40 11602 , R e
8.60 1.1494
8.80 10478
9.00 1.31503
9.20 1.3499
9.40 1.1532 1.10
9.60 11574
9.80 11750
10.00 1.2050 . B '
10.20 1.2300 :
10.40 1.0000
10.60 1.0000
10.80 1.0000
11.00 1.0000 1.05
1128 10000 0.00 2.00 4.00 6.00 8.00 10.00 12.00
1.4 10000
1160 L0000 ! CORE HEIGHT (FEET)
11.80 1 0000 P S T

12.00 1.0000
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Height  MAX W(Z)

Feet Byron Unit 1 C 4

0.00 10000 Y yele

0.20 1000 Figure 2.6.2.d

0.40 1.0000

0.60 1.0000 Summary of W(Z) Function at 20000 MWDO/MTU
0.80 1.0000 (Top and Bottom 15% Excluded per WCAP-10216)
1.00 1.0000

1.20 1.0000 e -

1.40 1.0000

1.60 1.0000 1.35

1.80 1.2495

2.00 12395

2.20 1.2269

2.40 12151

2.60 11997

2.80 1.1858

3.00 11739

3.20 1.1660 1.30

3.40 1.1610

360 . 1.1560

3.80 1.1560 41 1-1-1 11 .

4.00 1.1560 ¢
4.20 11641 :

4.40 1.1762 N T I I |- . . N
460 11861 !

480 1.1942 1.25 v tas

5.00 1.2002 . . o 1
5.20 1.2039 . . 1
5.40 1.2067 : - o1 I 'S

560 1.2062 4

5.80 1.2083 3 T ‘

6.00 12228 [ : . : d
6.20 12344 e 1.20 o .

6.40 12431 2

6.60 12488 ¢ ,

6.80 12525 8 * g ’.

7.00 12842 B 1 od | : *s
7.20 12511 1 (A
7.40 12470 o) e

7.60 1.2379 .

7.80 1228 1.5 ]

8.00 12150

8.20 12032

8.40 11883

8.60 LIR})

8.80 11814

9.00 1.1787

9.20 11747

940 LIT0K 1.10

9.60 L1756

9.80 L2

10.00 1.2447

10.20 12709

1040 1.0000 : . ]

10.60 1.5000

10.80 1.0000

11.00 1£.0000 1.05

: :ig :.l)l)(l) ; 0.00 2.00 4.00 6.00 8.00 10.00 12.00
r XX !

ne oo L CORE HEIGHT (FEET)

11.80 1.0000 e e e e JO

12.00 - LOO0
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Table 2.6.2
Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup Penal(t:y Factor
(MWD/MTU) Fo(2)
667 1.0200
840 1.0215
1012 1.0256
1184 1.0285
1357 1.0299
1529 1.0271
1702 1.0242
1874 1.0212
2047 1.0200
3253 1.0200
3598 1.0225
3771 1.0234
3943 1.0230
4288 1.0200
- 12391 1.0200
12563 1.0215
12736 1.0218
12908 1.0214
13081 1.0209
13598 1.0200
Notes:

Linear interpolation is adequate for intermediate cycle burnups.

Page 11 ol 16

All cycle burnups outside the range of the table shall use a 2% penalty factor for compliance with the

3.2.1.2 Surveillance Requirements.
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2.7

2.8

2.9

Pugc' 120116

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 1 CYCLE 14

Nuclear Enthalpy Rise Hot Channel Factor ( FNAH) (LCO 3.2.2)

2.7.1

2.7.2

2.7.3

FNa S Fai [1.0 + PF(1.0 - P)]

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
Fay =1.70
PF4=0.3

Uncertainty when PDMS is inoperable

The uncertainty, Ugan, to be applied to the Nuclear‘Enthalpy Rise Hot Channel Factor
FMyu shall be calculated by the following formula:

UFAH = UFAHm
where:

Uesm = Base FNAH measurement uncertainty = 1.04
PDMS Alarms:

FNuu Warning Setpoint > 2% of F™s Margin
FNan Alarm Setpoint 2 0% of FNy, Margin

AXIAL FLUX DIFFERENCE (AFD) (LCO 3.2.3)

2.8.1

2.8.2

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.

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

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

2.91

292

DNBRaps. 2 1.536

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

PDMS Alarms:

DNBR Warning Setpoint 2 2% of DNBR Margin
DNBR Alarm Setpoint =2 0% of DNBR Margin
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Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power

Axial Flux Difference Limits
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2.10

CORE OQPERATING LIMITS REPORT (COLR) for BYRON UNIT | CYCLE 14

Reactor Trip System (RTS) Instrumentation (LCO 3.3.1) - Overtemperature AT Setpoint

Parameter Values
2.10.1  The Overtemperature AT reactor trip setpoint K, shall be equal to 1.325.

2.10.2  The Overtemperature AT reactor trip setpoint T, coefficient K, shall be equal to
0.0297 / °F.

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

2.10.4  The nominal T,y at RTP (indicated) T’ shall be less than or equal to 588.0 °F.
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 1, shall be equal to 8 sec.
2.10.7  The measured reactor vesse! AT lead/lag time constant 1, shall be equal to 3 sec.

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

2.10.9  The measured reactor vessel average temperature lead/lag time constant 1, shall be
equal to 33 sec.

2.10.10 The measured reactor vessel average temperature lead/lag time constant 15 shall be
equal 1o 4 sec.

2.10.11  The measured reactor vessel average temperature lag time constant 1 shall be less
than or equal {0 2 sec.

"' 2.10.12 Thé', (Al) “positive” breakpoint shall be +10% Al.

2.10.13 The f, (Al) “negative” breakpoint shall be -18% Al.
2.10.14 The f, (Al) “positive” slope shall be +3.47% / % Al.

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

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 Tqq rate/lag coefficient Ks shall be equal to
0.02/ °F for increasing Tayg.

2.11.3  The Overpower AT reactor trip setpoint Tayg rate/lag coefficient Ks shall be equal to
0/ °F for decreasing Tav,

2.11.4  The Overpower AT reactor trip setpoint T,,g heatup coefficient K¢ shall be equal to
0.00245/°FwhenT>T".

2.11.5 The Overpower AT reactor trip setpoint Ta.q heatup coefficient K¢ shall be equal to
O/°FwhenT<sT".

2116  The nominal Tagat RTP (indicated) T” shall be less than or equal to 588.0 °F
2.11.7  The measured reactor vessel AT lead/lag time constant 1, shall be equal to 8 sec.
2.11.8  The measured reactor vessel AT lead/lag time constant 1, shall be equal to 3 sec.

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

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

2.11.11  The measured reactor vessel average temperature rate/lag time constant t; shall be
. equalto10sec.,. . .. i .. .

2.11.12 The f; (Al) “positive” breakpoint shall be 0 for all Al.
2.11.13 The f,(Al) “negative” breakpoint shall be O for all Al.
2.11.14  The f, (Al) “positive” slope shall be 0 for all Al.

2.11.15 The f,(Al) “negative” slope shall be 0 for all Al
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 1 CYCLE 14

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 (Ta) Shall be less than or equal to 593.1 °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 value given in the
Table below (LCO 3.9.1). The reported 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, or 5 (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 values given in
the Table below. .

COLR Conditions Boron Concentration
Section (ppm)

2.1341 Refueling 1813

2.13.2 a) prior to initial criticality 1867

2.13.2 b) ali other times in core life 2040
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 1 CYCLE 14

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) tor Byron Station Unit 1 Cycle 14 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:
St 2.1.1 Reactor Core Satety Limits (SLs)

LCO 3.1.1 SHUTDOWN MARGIN (SDM)

LCO 3.1.3 Modarator Temperature Coeflicient (MTC)

LCO. 3.1.4 ~ Rod Group Alignment Limits

LCO 3.1.5 Shutdown Bank Insertion Limits

LCO 3.1.6 Conirol 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 Channe! Factor (F™y,)
LCO 3.2.3 AXIAL FLUX DIFFERENCE (AFD)

LCO 3.25 Departure from Nucleate Boiling Ratio (DNBR)
LCO 3.3.1 Reactor Trip System (RTS) Instrumentation

LCO 3.3.9 Boron Dikution Protection System (BDPS)

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

LCO 3.9.1 Boron Concentration

The ponions of the Technical Requirements Manua! affected by this report are listed below:

TAMTLCO 3.1.b Boration Flow Paths — Operating

TRM TLCO 3.1.d Charging Pumps — Operating

TRAM TLCO 3.1.f Borated Water Sources — Operating

TRMTLCO 3.1.g9 Position Indication System — Shutdown

TRM TLCO 3.1.h - Shutdown Margin (SDM) - MODE 1 and MODE 2 with keiﬂ 21.0
TRAM TLCO 3.1.i Shutdown Margin (SDM) - MODE 5

TRM TLCO 3.1 Shutdown and Control Rods

TRMTLCO 3.1k Position Indication System - Shutdown (Special Test Exception)
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20 OPERATING LIMITS

The cycle-specitic parameter limits for the specifications listed in Seclion 1.0 are presentsd in the
following subsections. These limits are applicable for the entire cycle unless otherwise identified. These
imits have been developed using the NRC-approved methodologies specified in Technical Specitication

5.6.5.

21 Reactor Core Salety Limits {SLs) (SL 2.1.1)

21.1  In MODES 1 and 2, the combination of Thermal Power, Reactor Coolant System (RCS)
highest loop average temperature, and pressurizer prassure 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:

2.2.1 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, 3.1.1, 3.1.h, and 3.1.j).

The SDM limit for MODE 5 Is:

2.22 SDM shall be greater than or equal to 1.3% ak/k (LCO 3.1.1, LCO 3.3.9; TRM TLCOs
3.1.iand 3.1}).

Moderator Temperature Coelficient (MTC) (LCO 3.1.3)

The Mode(atm Temperature Coelficient (MTC) limits are:

2.3.1 The BOL/ARO/HZP-MTC upper limit shall be +1.79 x 10° AWK/ F.

232 The EOL/AROMFP-MTC lower limit shall be -4.6 x 10™ AKX/°F.

233 The EOLAROMFP-MTC Surveillance limit at 300 ppm shall be -3.7 x 10 AK/K/F.
234 The EOL/ARO/HFP-MTC Surveillance limit at 60 ppm shall be -4.3 x 10™ Ak/K/°F.

where; BOL stands for Beginning of Cycle Life
ARO stands for All Rods Out
HZP stands tor Hot Zero Thermal Power
EQL stands tor End of Cycle Lite
HFP stands for Hot Full Thermal Power

Shutdown Bank Insertion Limits (LCO 3.1.5)
2.4.1 Al shutdown banks shall be fully withdrawn to at least 224 steps.

Control Bank Insertion Limits (LCO 3.1.6)

2.5.1 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.

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

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

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

Park Position (step) Overlap Limit (step)
231 115
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Figure25.1:
Control Bank Insertion Limits Versus Percent Rated Thermal Power
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Heal Flux Hot Channel Factor (Fo(Z)) (LCO 3.2.1)

26.1

2.6.2

263

2.64

Total Peaking Factor:
RTF

F,@) s 2

xK(Z) forP<0.5
0.5

RTP

F,(2) s —‘;—J—xK(Z) forP>0.5
where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
. Fi™=260
K(2) is provided in Figure 2.6.1.

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 operalion W(Z) values have been determined at burnups of 150, 6000,
14000, and 20000 MWD/MTU.

Table 2.6.2 shows the Fy(2) penalty factors that are greater than 2% per 31 Effective
Full Power Days (EFPD). These values shall be used 1o increase the F¥q(z) as per
Surveillance Requirement 3.2.1.2. A 2% penalty factor shall be used at all ¢ycle burnups
that are outside the range of Table 2.6.2.

Uncertainty:

Tha uncertainty, Urq, to be applied to the Heat Flux Hot Channel Factor Fo(2) shall be
calculated by the following formula

U,,=U,. U,

where:

U, = Base Fg measurement uncertainty = 1,05 when PDMS is inoperable
(Uq is defined by PDOMS when OPERABLE.)
U, = Engineering uncertainty factor = 1.03

PDMS Alarms:

Fo(Z) Warning Setpoint 2 2% of Fo[Z) Margin
Fo(2) Alarm Setpoint > 0% of Fg(Z) Margin
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Figure 2.6.1
K(Z) - Normalized F(Z) as a Function of Core Height
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MAX W(Z)
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Byron Unit 1 Cycle 14
Figure 2.6.2.3

Summary of W(Z) Function at 150 MWO/MTU
{Top and Bottom 15% Excluded per WCAP-10216)
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MAX W(Z)
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Byron Unit 1 Cydle 14
Figwe 2.6.2b

Summary of W(Z) Function at 6000 MWOMTU
{Top and Bottom 15% Excluded per WCAP-10216)
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Helght  MAXW(Z)

Feet
0.00
0.20
0.40
0.60
0.80
1.00
120
1.40
1.60
1.80
2.00
220
2.40
2.60
2.80
© 3.00
J.20
J.40
260
3.50
4.00
420
440
460
4.90
5.00
320
5.40
5.60
5.80
6.00
.20
6.40
6.60
6.80
7.00
7.20
2.40
7.60
2.80
.8.00
8.20
340
8.60
8.60
9.00
9.20
940
960
9.60
10.00
1020
1040
10.60
10.80
11.00
11.20
1140
11.60
11.80
12.00

1.0000
1.0000
1.0000

10000
10000
10000

Dyront Unit 1 Cycle 14
Figwe262.c

Summary of W(Z) Function at 14000 MWDMTU
(Top and Battomn 15% Excluded per WCAP-10216)

W(Z) FUNCTION

1
35 N ,
T
1.30
. .r-
1.25 -
«]e R (U W P Y
r
v . | )
- - ‘ :
4
1.20
*
. it Ll N
L * 1 Y
N
Tl
* r >
e pmt— > v . ..
L >
1.15 = v
. .1 ”.-;
" I -
1.10
- ;
1.05
0.00 2,00 1.00 6.00 8.00 10.00 12.00
CORE HEIGHT (FEET)




Revision 2 Page 10 of 16

CORE, OPERATING LIMITS REPORT (COLR) for BYRON UNIT | CYCLE 14

Byron Unit 1 Cycle 14
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Table 2.6.2
Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup Pen:léy Factor
{(MWD/MTU) ofz)
4985 1.0200
667 1.0240
840 1.0280
1012 1.0306
1185 1.0316
1529 1.0302
[ 1702 M 1.0268
1874 1.0241
2047 1.0221
2219 1.0209
2564 i 1.0206
2736 1.0213
2909 1.0222
3081 1.0233
3254 : 1.0241 .
3426 1.0245
3599 1.0243
- - S e 7. .- . - 1.0234
3943 1.0216
4116 1.0200
Notes:

Linear interpolation is adequate for intermediate cycle burnups.

All cycle burnups outside the range of the table shall use a 2% penalty factor for compliance with the
3.2.1.2 Surveillance Requirements,
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27 Nuclear Enthalpy Rise Hot Channel Factor (F",.) (LCO 3.2.2)

2.7.1  FNuSFRT(1.0 + PF(1.0- P)]

where: P = the ratio of THERMAL POWER 1o RATED THERMAL POWER
Fir = 1.70
PFa=0.3

2.7.2  Uncertainty when PDMS is inoperable

The unceriainty, Ur,y, to be applied to the Nuclear Enthalpy Rise Hot Channel Factor
F' shall be calculated by the following formula:

Uran= UF.snm
where:

Uraim = Base FMyy, measurement uncertainty = 1.04
2.7.3 PDMS Alarms:

F a1 Wamning Setpoint 2 2% of F™,,, Margin
FNan Alarm Setpoint 2 0% of F™,, Margin

2.8 AXIAL FLUX DIFFERENCE (AFD) (LCO 3.2.3)

2.81 WhenPDMSis ino;;erable. 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.

282 Wnhen PDMS is OPERABLE, no AFD Acceptable Operation Limits are applicable. .

2.9 ' Departure from Nucleate Boiling Ratio (DNBR) (LCO 3.2.5)
291 DNBRups 2 1.536

The Axial Power Shape Limiting DNBR (DNBR e, ) Is applicable with THERMAL POWER
2 50% RTP when PDMS is OPERABLE.

29.2 PDMS Alarms:

DNBR Warning Setpoint 2 2% ol DNBR Margin
DNBR Alarm Selpoint 2 0% of DNBR Margin
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Figure 2.8.1 Axial Flux Difference Llmits as a Function of Rated Thermal Power

% of RATED THERMAL POWER

Axlal Flux Difference Limits
with
PDMS inoperable

120 ,
. I
(-1§, 100) (+10, 100
100 o . / I - - ¢ ——]
Unac¢eptable Ungcceptable
80 A Opc[ratior__ | Q- - Operauhn....
Apceptable \
Qperatijon | \

()]

Q

]
L

(+25. 50)

E
|

N
o
'
I

+-

0 '

-50 -40 -30 -20 -10 0 10 20 30 40 50

AXIAL FLUX DIFFERENCE (%)




Revision 2 Page 14 of 16

CORE OPERATING LIMITS REPORT (COLR) fur BYRON UNIT | CYCLE t4

210 Reaclor Trip System (RTS) Instrumentalion (LCO 3.3.1) - Overtempetature AT Setpoint
Parameter Values

2.10.1  The Overlemperature AT reactor trip setpoint K, shall be equal to 1.325.

2.10.2  The Overtemperature AT reactor trip setpoint T, cosfficient K, shall be equal to
0.0297 / °F.

2.10.3  The Overtemperature AT reactor trip setpoint pressure coelfficient K, shall be equal to
0.00181 / psi.

2.10.4 The nominal T,.oat RTP (indicaled) T’ shall be less than or equal to 588.0 °F.
2.10.5 The nominal RCS operaling pressure (indicated) P’ shall be equal to 2235 psig.
2.10.6 The measured reactor vessel AT lead/lag time constant 1y shall be equal to 8 sec.
2.10.7  The measured reactor vessel AT lead/lag time constant 1, shall be equal to 3 sec.

2.10,8  The measured reactor vessel AT lag time constant 1, shall be less than or equal to 2
sec.

2.10.9  The measured reactor vessel avorage temperature lead/lag lime constant ¢, shall be
equal to 33 scc.

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

2.10.31 The measured reaclor vessel average lemperature lag time constant 1 shall be fess
than or equal 10 2 sec.

2.40.12 The f, (Al) "positive™ breakpoint shali be +10% Al.
2.10.13 The f, (al) "negalive” breakpoint shall be -18% Al,
2.10.14  The {; (A)) “positive” slope shall be +3.47% / % Al.

2.10.15 Thel, (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
2311

2.11.2

2113

2.11.4

2.11.5

2.11.6
2.11.7
2.11.8

2.11.9

2.11.10

24114

2.11.12
2.11.13
2.11.14

2.11.15

The Overpower AT reactor trip setpoint K; shall be equal to 1.072,

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

The Overpower AT reactor lrip setpoint T,,, rate/lag coefficient Ks shall be equal to
0/°F for decreasing Ty

The Overpower AT reactor trip selpoint T,., heatup coefficien! Ks shall be equal lo
0.00245/°FwhenT>T".

The Overpower AT reactor irip selpoint T, healup coellicient K shall be equal to
0/°FwhenT<T"

The nominal T,gat RTP (indicated) T” shall be less than or equal to 588.0 °F
The measured reaclor vessel AT lead/lag time constant <, shall be equal to 8 sec,
The measured reactor vessel AT lead/lag time constan! 1, shall be equal to 3 sec.

The measured reactor vesse! AT lag time constant 15 shall be less than or equal to 2
sec.

The measured reactor vessel average lemperature lag time constant 1, shall be less
than or equal to 2 sec.

The measured reactor vessel average temperature rate/lag time constant 1, shall be
equal to 10 sec.

The 12 (Al) “positive” breakpoint shall be 0 for all Al
The {,(Al) “negative” breakpoint shall be 0 for all Al
The 1, (Al) “positive” slope shall be 0 lor all Al.

The 1, (Al) “negative” slope shall be O for all Al.
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Reactor Coolant System (RCS8) Pressure, Temperature, and Flow Departure from Nucleate

Boiling (DNB) Limits (LCO 3.4.1)

2.12.1 The pressurizer prossure shall be greater than or equal to 2209 psig.

2.12.2 The RCS average temperature {T..) shall be less than or equal lo 593.1 °F,

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

Boron Concenlration

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

2.13.2 To maintain keti £ 0.987 with all shutdown and control rods fully withdrawn in MODES 3,
4, or 5 (TRM TLCO 3.1.g Required Action B.2 and TRM TLCO 3.1.k.2), the Reactor

. Coolant System boron conceniration shall be greater than or equal o the values given In

the Table below.

COLR Caonditions Boron Concentration
Section {ppm)
2.13.1 Refueling 1613
2132 | a) prior to initial criticality 1867
2.13.2 b) al! other limes in core lile 2040



