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1.0

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

CORE OPERATING LIMITS REPORT

This Core Ope}afing Limits Report (COLR) for Byron Station Unit 2 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

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

LCO

211
3.1.1
313
3.1.4
3.1.5
3.1.6
3.1.8
324
322
323
325
33.1
339
3.4.1

3.9.1

Reactor Core Safety Limits (SLs)

Shutdown Margin (SDM)

qulca}ator 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 (F¥ )
Axial Flux Difference (AFD)

Departure from Nucleate Boiling Ratio (DNBR)
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 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 3.1.4 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
TRMTLCO 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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; CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

e 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 (SLs) (SL 2.1.1)

2141 In Modes 1 and 2, the combination of Thermal Power, Reactor Coolant System
7 (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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2.2

2.3

2.4

2.5

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

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:

2.2.?

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 Coefficient (MTC) (LCO 3.1'.3)

The Moderator Temperature Coefficient (MTC) limits are:

]
2.3.1
23.2
233

234

where:

The BOLARO/HZP-MTC upper limit shall be +2.72 x 10°° AK/K/°F.
The EOL/ARO/HFP-MTC lower limit shall be -4.6 x 10 Ak/k/°F.

"Th.e EOL/ARO/HFP-MTC Surveillance limit at 300 ppm shall be
-3.7 x 10" 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)

2.4.1

All shutdown banks shall be fully withdrawn to at least 224 steps.

Control Bank Insertion Limits (LCO 3.1.6)

2.5.1

25.2

253

254

Thé control banks, with the 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 a 113
Step overlap limit.
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

Figure 25.1 '
Contro! Bank Insertion Limits Versus Percent Rated Thermal
Power
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- CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 1l

2.6 Heat Elux Hot Channel Factor (Fo(Z)} (LCO 3.2.1)

2.6.1 Total Peaking Factor:

RTP

F,
\ F,(2) < 35 xK(Z) forP<0.5 -

! RTP

Fo(2) < ‘; xK(Z) forP>0.5
|
yvhere: P = the ratio of THERMAL POWER to RATED THERMAL PQWER

F&" = 2.60
K{2) is provided in Figure 2.6.1.
2,62 W(Z) Values:
.a) When PDMS is OPERABLE, W(Z) = 1.00000 for ali 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 FCq(z) penalty factors that are greater than 2%.per 31
Effective Full Power Days. These values shall be used to increase the FY(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.

2.6.3 Uncertainty:

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

UFQ = an . Ur
where:
_Ug, = Base FQ measurement uncertainty = 1.05 when PDMS is inoperable.
(Uqu is defined by PDMS when operable.)
U. = Engineering uncertainty factor = 1.03.

2.6.4 PDMS Alarms:

FQ(Z) Warning Setpoint 2 2% of Fa(Z) Margin
FQ(Z) Alarm Setpoint > 0% of Fo(Z) Margin
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K(Z) Normalized Fqo(Z)

Figure 2.6.1
K(Z) - Normalized Fq(Z) as a Function of Core Height
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11
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CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

Table 2.6.2
, Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup . Penalty Factor -Fra(2)
- (MWD/MTU) " (%)
' - 322 ' 2.00
1493 2.55
665 274
' 837 2.76
: 1008 - 2.74
] 1866 » 2.58
' 2210 2.58
2896 : 2.74
3068 . 2.75
3239 2.72
3411 2.65
3754 2.30
4097 2.00
11821 2.00
11992 2.11
12335 2.84
12507 2.89
12679 2.87
12850 2.71
13537 2.00

Notes:
Linear interpolation is adequate for intermediate cycle burnups.

Ali cycle burnups oi;tside 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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. CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11 !

@ 2.7 Nuclear Enthalpy Rise Hot Channel Factor (FN,) (LCO 3.2.2) '

0714 FY<Fu[1.0 + PFy(1.0- P)]

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
FRP =170
PF,; = 0.3 '

272 Uncertainty when PDMS is inoperable

! The uncertainty, Uga, to be applied to the Nuclear Enthalpy Rise Hot Channel
Factor Fh shall be calculated by the following formula:

Uran = Urahim
where:
Uranm = Base FN, measurement uncertainty = 1.04 ,
2.7.3 PDMS Alarms:

M., Warning Setpoint 2 2% of F"u Margin
N, Alarm Setpoint > 0% of F" a4 Margin

g?,} 2.8 Axial Flux Difference (AFD) (LCO 3.2.3)
w] 281 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.

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

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

29.1 DNBRaps. 2 1.536

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

292 PDMS Alarms:

DNBR Warning Setpoint 2 2% of DNBR Margin
DNBR Alarm Setpoint > 0% of DNBR Margin
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with
PDIMVS Inoperable

Axial Flux Difference Limits

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11
Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power
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2.10

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

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

Parameter Values

2.10.1

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 K, shall be equal to 1.325.

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

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

The nominal T, at RTP (indicated) T* shall be less than or equal to 588.0 °F.
The nominal RCS operating pressure (indicated) P’ shall be equal to 2235 psig.

The measured reactor vessel AT lead/lag time constant 1, shall be equal to
8sec.

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

The measured reactor vessel AT lag time constant 13 shall be less than or equal
1o 2 sec. .

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

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

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

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

The f, (Al) “negative” slope shall be -2.61%/ % Al.
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2.11

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

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

Parameter Values

2.1141

2.11.2

2113
I

2114

2115

2.11.6

21417

2.11.8

2119

2.11.10

214111

21112
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 Ta,,g rate/lag coefficient K¢ shall be equal
10 0.02 / °F for increasing Tavg-

'

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

4

THe Overpower AT reactor trip setpoint Tayg heatup coefficient Kg shall be equal

10 0.00245 / °F when T>T".

The Overpower AT reactor trip setpoint Tay heatup coefficient Kg shall be equal
to0/°FwhenT<T".

The ﬁominal Tavw at RTP (indicated) T” shall be less than or equal to 588.0 °F.

" The measured reactor vessel AT lead/lag time constant t, shall be equal to

8 sec.

The measured reactor vessel AT lead/lag time constant 1 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 1 shall be

less than or equal to 2 sec.

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

The 1, (Al) “positive” breakpoint shall be 0 for all Al
'fhe f, (Al) “negative” breakpoint shall be 0 for all Al.
The 1, (A1) “positive” slope shall be 0 for all Al

The f, (al) “negative” slope shall be 0 for all Al



f(.\:"

BY2C11 COLR, Rev. 0 Page 16 of 16

CORE OPERATING LIMITS REPORT (COLR) for BYRON UNIT 2 CYCLE 11

212  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.
2122 The RCS average temperature (Tay) shall be less than or equal to 593.1 °F.

2123 The RCS total flow rate shall be greater than or equal to 380,900 gpm.

1
2143  Boron Concentration

213.1 The refueling boron concentration shall be greater than or equal to 1753 ppm
(LCO 3.9.1).

2132 The Reactor Coolant System boron concentration, with all shutdown and control
rods fully withdrawn, shall be greater than or equal to 1803 ppm prior to initial
criticality of Cycle 11, or greater than or equal to 2048 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 (TRM TLCOs 3.1.g and
3.1.k).



