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

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Braidwood 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 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 (Fa(Z))

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

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) 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:

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.i Shutdown and Control Rods
____ __ I

TRM TLCO 3.1.k Position Indication System - Shutdown (Special Test Exception)
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 11

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 LimitsfSLs) (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.

680

660

it

. 640
a ,
Lcu

* E

E

620

00

600

580

2471 psi-

2250 psia

_00 -p=i2 

psia

U .2 4
.Froctiori of Nominol

. e
Power 

1. 2

Figure 2.1.1: Reactor Core Limits
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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 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.i and 3.1.J).

2.3 Moderator Temperature Coefficient (MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits are:

2.3.1 The BOUARO/HZP-MTC upper limit shall be.+1.28 x 1 04.Ak kF.

2.32 The EOLUARO/HFP-MTC lower limit shall be -4.6 x 1o4 Ak/k/F.

2.3.3 The EOUAROkIFP-MTC Surveillance limit at 300 ppm shall be -3.7 x 1 - -kkF.

2.3.4 The EOUARO/HFP-MTC Surveillance limit at 60 ppm shall be -4.3 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 Limits (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, 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)
225 110
226 111
227 112
228 113
229 114
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Figure 2.5.1:.

Control Bank Insertion Limits Versus Percent Rated Theana Power
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2.6 Heat Flux Hot Channel Factor (Qg) (LCO 3.2.1)

2.6.1

FRTP

FQ(Z) • QxK(Z) forP>0.5
P

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

FFP= 2.60

K(Z) is provided in Figure 2.6.1.

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 bumups of 150, 6000,
14000, and 20000 MWD/MTU.

Table 2.6.2 shows the Fca(z) penalty factors that are greater than 2% per 31 Effective
Full Power Days (EFPD). 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 bumups
that are outside the range of Table2.6.2. ' y ''m'ps

2.6.3 Uncertainty:

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

U-U.FQ = U U,

where:

Uq = Base F0 measurement uncertainty = 1.05 when PDMS is inoperable
(Uquis defined by PDMS when OPERABLE;)

Ue = Engineering.uncertainty factor = 1.03

2.6.4 PDMS Alarms:

Fo(Z) Warning Setpoint 2 2% of F(Z) Margin
F0(Z) Alarm Setpoint 2 0% of F(Z) Margin
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Figure 2.6.1
Fd(Z) as a Function of Core HeightK(Z) - Normalized
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE I1

Hight
Feet
0.00
020
0.40
0.60
0.80
1.00
1.20
1AO

* 1.60
1.80
2.00
2.20
2AO
2.60
2.80
3.00
320
3AO
3.60
3.80
4.00
420
4AO
4.60
4.80
5.00
5.20
5.40
5.60
5.B0
6.00
620
.6AO
6.60
6.80
7.00
7.20
7AO
7.60
7.80
8.00
8.20
8AO
8.60
8.80
9.00
9.20
9.40
9.60
9.80
10.00
10.20
10.40
10.60
10.80
11.00
11.20.

1AO
11.60
11.80
12.00

MAX W(Z)

1.0000
1.0000
1.0000

1.0000

1.0000
10000
1.0000
1.0000
1.0000
12387
12232
12064
1.1899
1.1714
1.1590
1.1520
1.1443
1.1419
1.1391
'1.1357
1.1311
1.1263
1.1280
1.1287
1.1285
1.1272
1.1258
1.1227
1.1191
1.1140
1.1097
1.1234
1.1393
1.t551
1.1691
1.1833
11957
1.2082
12186
1.2293
1.2381
12453
1.2526
12577
1.2632
1.2677
12683
1.2754
1.2832
12831
12797
12735
1.0000
1.0000
1.0000'
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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Heig-4
Feet
0.00
0.20

.0.40
0.60
0.80
1.00

*1.20
IAO
1.60

*1.80
.2.00
2.20
2.40
2.60
2.80
3.00
3.20
3AO
3.60
3.80
4.00
4.20
4AO
4.60
4.80
5.00
5.20
5.40
5.60
5.80
6.00
620
6AO
6.60
6.80
7.00
7.20
7AO
7.60
7.80
8.00
820
8AO
8.60
8.80
9.00
9.20
9.40
9.60
9.80
10.00
10.20
10.40
10.60
10.80
11.00
11.20
11.40
11.60
11.80
12.00

MAX W(Z)

1.0000

1.000
1.0000
I.0000
1.0000
I.ODO
1.0000
1.0000
1.0000

12561
12319
12058
1.1838
1.1656
1.1581
1.1529
1.1459
1.1395
1.1312
1.1244
1.1183
1.t101
1.1049
1.1002
1.0966
1.0929
1.0870
1.0945
1.1012
1,1089
1.1157
1.1215
1.1326
1.1464
1.1592
1.1702

*1.1798
1.1908
12028
12162
12281
12381
12481
12544
12626
1.2691
12825
12962
1.3089
1.3213
1.3341
1.3418
I.000
1.0000
I.ODOO
l.ODOO

1.0000
1.0000
1.0000
1.0000
1.0000

B rdaodUrit 2 Cyde 
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE II

Hek' MAXW(Z)
Feet

.0.00 1.0000
0.20 I.0000

* 0.40 I.0000
0.60 1.0000
0.80 I.OCOO
1.00 2.0000
1.20 1.0000
1AO 1.0000
1.60 1.0000
1.80 1.3064
2.00 1.28SO
.2.20 1.2859
2AO 12474
2.60 1.2366
280 1.2282
3.00 1.2193
3.20 t2075
3.40 1.1971
3.60 1.1 842
3.80 1.1741
4.00 1.1700

* 4.20 1.1644
4.40 1.1S8S
460 . 1.1512
4.80 1.1431
5.0 1.1364
520 1.1392
5.40 1.1393
5.60 1.1388
5.80 1.1393
6.00 1.1511
620 1.1647
6.40 1.1763
6.60 1.180
6.80 1.1946
7.00 1.2003
720 1.2031
7.40 1.2049
7.60 1.2038
7.80 12018
8.00 1.1968
820 1.1900
8.40 1:1831
8.60 1.1733
8.80 1.1636
9.00 1.1553
9.20 1.1650
9A0 1.1742
9.60 1.1833
9.80 1.1906
10.00 12160
10.20 12450
10.40 1.0000
10.60 1.0000
10.80 l.o000

.11.00 1.0000
1120 I.ooo

.11.40 1.0000
11.60 1.0000
11.80 1.0000
12.00 1.0000

Brcidod Urfl 2 yde 

F Wge 2.6.2.c

S ufmyd Wz) Ficcn t 14000 MNDMT U

(ropardBallan 15% Exdcd p WCAP.10216)

I 4
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 11

Heqp
Feet
0.00.
020
0.40
060
0.80
-1.W0
1.20
1A0
1.60
1.80
2.0
2.20
2.40
2.60
2.80
3.0
3.20
3A0
3.60
3.80
4.0
4.20
4.40
4.60
4.80
5.0
5.20
5.40
5.60
5.80
6.0
6.20
640
6.60
6.80
7.00

7AO
7.60
7.80
8.W0
8.20
8.40
8.60
8.80
9.0
9.20
.940
9.60
9.80
10.00
10.20
10.40
10.60
10.80
11.00
11.20
lA0

11.60
11.80
12.0D

MwX W)

Iocoo
1.0000

..1.0000
1.0000
1.oooo
1.000
IlDOOO
lDOOO
10000

1.2728
1.2549
1.2324
1.2123

.1.1980
1.1870
1.1780
1.1683
1.1643
1.1653
1.1661
1.1649
1.1675
1.1805
1.1904
1.1994
1.2062
1.2108
1.2136
1.2141
1.2190
1.2345
1.2480
1.2576
1.2643
1.2689
1.2706
1.2674
1.2633
1.2542
1.2452
12333
12174
1.2016
1.1875
1.1838
1.1821
1.1794
1.1748
12014
12420
1.2797
1.3184
100O
1.0000
1.0000
1.0000
1.0000
1.000
1.0000
1.0000
10000

Brdd1cd Uriit 2 Cpe 11

Figre 2.62.d

SinTry d W(Z) Fricn 20000 MWMD U
(r cp ad B olcn 15% Exdudbd per WCP-10216)

I I
, . 4

I
I I~I
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Table 2.6.2

Penalty Factors in Excess of 2% per 31 EFPD

Cycle Burnup Penalty Factor -:F(z)
(MWD/MTU) (%

665 2.00
837 2.06

1181 2.66
1353 2.94
1525 2.81
1868 2.19
2040 2.00

10631 2.00
10803 2.14
10975 2.51
11147 2.72
11491 2.79
11B34 . 2.80

12178 2.74
12350. 2.72

12522 2.69
. .12693

�12693 4

12865 2.39

13037 2.18

13209 I 2.00

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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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE I I

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

2.7.1 FNH < F'H[1.0 + PFAH(1.0 - P)]

where: P = the ratio'of THERMAL POWER to RATED THERMAL POWER
FOAP- 1.70
PFH = 0.3

2.7.2 Uncertainty when PDMS is inoperable

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

UF= UFpm

where:

UF4Hm = Base FIS measurement uncertainty = 1.04

2.7.3 PDMS Alarms:

FNH Warning Setpoint 2 2% of FNIH Margin
FNH Alarm Setpoint 2 0% of FN6H 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) (CO 3.2.5)

2.9.1 DNBRAPSLŽ 1.536

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

2.92 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
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 11

2.10 Reactor Trip Svstem (RTS) Instrumentation (LCO 3.3.1) - Overterriperature 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 K2 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, 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.* 2.0.6 The measured reactor vessel AT lead/lag time constant 'r1 shall be equal to 8 sec.

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

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

2.10.8 The measured reactor vesselAT lag time constant 3 shall 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 -r5shall be
equal o 4 sec.

2.10.11 The measured reactor vessel average temperature ag time constant 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 -18% Al.

2.10.14 The f (Al) positive' slope shall be +3.47% 1% 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 Tevg rate/lag coefficient K5 shall be equal to
0.02/ 'F for increasing Tavs.

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

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

2.11.5 The Overpower AT reactor trip setpoint T.,,v heatup coefficient K6 shall be equal to
0/OFwhenTsT.

2.11.6 The nominal T,, at RTP (indicated) T" shall be less than or equal to 588.0 F

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

2.11.8 The measured reactor vessel AT leadAag time constant ¶2shall be equal to 3 sec.

2.11.9 The measured reactor vessel AT lag time constart r3shall be less than or equal to 2
sec.

2.11.10 The measured reactor vessel average temperature lag time constant T6shall be less
than or equal to 2 sec.

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

2.11.12 The f2 (Al) 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 (l) 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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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE I I

2.12 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 gpmr.

2.13 Boron Concentration

2.13.1 The refueling boron concentration shall be greater than or equal to 1888 ppm (LCO
3.9.1).

2.13.2 To maintain Jeff < 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:

a. 1908 ppm prior to initial criticality.
b. 2073 ppm at all other times in core life.


