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(COLR)". This revision of the COLR was recently implemented in support of a reload cycle.

If you have any questions regarding this matter, please contact Ms. Kelly Root, Regulatory
Assurance Manager, at (815) 417-2800.

Respectfully,

von Suskil
Vice President

raidwood Station

Attachment: Core Operating Limits Report, Braidwood Unit 1 Cycle 11

cc: Regional Administrator - NRC Region IlIl
NRC Senior Resident Inspector - Braidwood Station



ATTACHMENT 1

Core Operating Limits Report

Braidwood Unit 1, Cycle 11



CAD-03-89

CORE OPERATING LIMITS REPORT (COLR)
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT I CYCLE 1 1

Applicable for PDMS Inoperable AFD Limits from -1 8% to + 10% at 100% RTP

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Braidwood 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 (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 (F0(Z))

LCO 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FNH)

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 I and MODE 2 with keff 21.0

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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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

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)

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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Figure 2.1.1: Reactor Core Limits
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

22 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% tk/k (LCO 3.1.1, LCO 3.3.9; TRM
TLCOs 3.1.1 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 BOIARO/HZP-MTC upper limit shall be +1.1 85 x 104 AkWkIF.

2.3.2 The EOIJAROIHFP-MTC lower limit shall be -4.6 x 104 Ak/kPF.

2.3.3 The EOIJARO/HFP-MTC Surveillance limit at 300 ppm shall be -3.7 x 10'
AkIkPF.

2.3.4 The EOL/ARO/I-iFP-MTC Surveillance limit at 60 ppm shall be -4.3 x 1 0 AWkk/ 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 the 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 iUmit (step)
225 110
226 111
227 112
228 113
229 114
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP
/

2.6 Heat Flux Hot Channel Factor (FQ(fl (LCO 3.2.1)

2.6.1

FRTP

FQ (Z) C '5 xK(Z) forP O.5
0.5

FRTP

FQ(Z) < •Q xK(Z) for P > 0.5
P

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

F.'= 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 Fco(z) penalty factors that are greater than 2% per 31
Effective Full Power Days. These values shall be used to Increase the FWa(z) as
per Surveillance Requirement 3.2.1.2. A 2%/o penalty factor shall be used at all
cycle bumups that are outside the range of Table 2.6.2.

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 = Uqu * U,

where:

Uq= Base FQ measurement uncertainty = 1.05 when PDMS is inoperable.
(Uq is defined by PDMS when operable.)

U, = Engineering uncertainty factor = 1.03

2.6.4 PDMS Alarms:

FQ(Z) Warning Setpoint 2 2% of Fo(Z) Margin
FQ(Z) Alarm Setpoint 2 0% of F0(Z) Margin
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Applicable for PDMS Inoperable AID Limits from -18% to +10% at 100% RTP

Figure 2.6.1
K(Z) - Normalized F0 (Z) as a Function of Core Height
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Height
Feet
0o0
020
040
060
080
1c0
120
IAO
1.60
1 80
200
2.20
2AO
260
280
3.00
320
340
3.60
380
4A0
4.20
4AO
460
480
5.C0
520
5.40
560
580
6.00
6.20
6.40
6.60
680
7.0D
7.20
7AO
760
7.80
8co
8.20
840
860
880
9.00
9.20
940
960
980
1080
10.20
1040
1060
1080
11m0
1120
11.40
1160
11.80
12.00

MAX WZ)

1.0000

1 0000
1 0000

1 0000
1 0000
1.80000
I OODOO
l ODOO

10000
12450
1 2303

1.2168
12133
12073
1.2027
1 1972
1.1886
1 1821
1 1730
1 1650
1.1560
1.1454
1.1358
1 1248
1.1142
1.1026
1.0986
1 O983
1.1076
1.1169
1.1263
1.1339
1.1416
11484
1.1558
1.1620
1.1729
1.1821
1.1894
1.1971
12024
1.2058
12087
1.2082
1.2091
11102
1 2086
12077
12047
1 2043
1.2173
1.2317

1 0000

I 0000
1 0000

I WOO

1 0000I OODO
0000

10000
10000O

Brakiwood Urit I Cycle 11

Figure 2 6.2 a
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Height MAX W(Z)
Feet Bradwood Unit 1 Cycle 11
080 1.0000
020 lW00o Fgre 2 6.2b
0.40 10000
0.60 1.000 SUTm u of W(Z) Function at 6000 MWDIM1U
0.80 10000 (Top and Bottom 15% Exchded per WCAP-1 0216)
1.0 I 0000
1.20 1 0oo
1.40 1.000
1.60 1.0000 1.35
180 1J3113
2.80 172791
2.20 1.2634
2.40 1.2413
2.60 1.2173---
2.80 1.2_*3
3800 1.1934
320 1 1944 1.30 - --- _
340 11760
360 1 16_
3180 1 160
400 1.1518
420 1.1412
4.40 1.1311
4.60 1.1190

480 111019 15 -

520 1 0937
5.40 1.0956
560 1.0992
5.80 1 1037

620 1.11486840 11102
6.60 1.1320512

7.00 1.1576
7.20 1.1698
7.40 1.1817
760 1 1933

880 1.2121
8.2 112171
840 1.225
860 11287
8 80 1.249
9.00 1.2415

9.20 116350 11

9.80 11940
1000 11970
10.20 1.3010
1040 1 0000
10.60 1 0000
1080 1 0000

11.20 L.00 0.00 2.00 4.00 600 8.00 10.00 12.00
11.40 1 0000

11.80 1 000o
1200 1 ooDo
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTPC

Height
Feet

020
Q40
060
0.80
100
1.20
1AO
160
180
200
220
240
260
280
300
3.20
340
360
380
4C0
4.20
4.40
460
4.80
50D
5.20
5.0
5.60
580
6.00
6.20
6Ao
6.60
6.80
7.80
7.20
7AO
7.60
7.80
880
8.20
840
860
880
900
920
9.40
960
980

1000
10.20
1040
10.60
1080
1.0

11.20
1.AO
11.60
11.80
1200

MAX W(Z)

IMbo
10000
10000
10000
I OCOO
1 0000
1 0000
10000
LEW00
13098
1.2939
12769
1.2651
1.2512
1 2422
1.2321
12200
120S4
1.2028
1.19m
1.1902
1.1820
11734
11639
1.1544
11440
1140S
1.1401
1.1408
1.1452
1.15S8
1 174
1.100
11865
1.1913
1.1940
1.1938
1.1927
1.1895
1.1855
1.1796
1.1697
1.1627
1.157
11561
1.1561
1 1537
1 1524
11497
1.100
120S0
1.2360
10000
1 0000
1 OOD
1.0000

I10000
10000
I OOO0
1LIM0

Braldwood Unit 1 Cycle 11

Flgure 2.6 Zc

SUrmay o W(Z) Function at 14000 KRWD/MI1U
(fop ond Bottorn 15% Excluded per WCAP-10216)
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Applicable for PDMS Inoperable AFD Umits from -18% to +10% at 100% RTP
I

Heoit
Feet
000
0.20
0.40
060
0.80
1 00
1.20

1460
1.80
1480

2.z0
2.20
240
2b60
2.80
3.00
320
340
360
380
400
420
440
4.60
480
5.00
520
5.40
5.60
580
60c
620
640
6.60
680
7.00
7.20
740
7.60
7.80
8t 0
820
840
860
880
980
9.20
9.40
9.60
9.80
1000
10.20
10.40
10.60
1080
1100
1120
llA0
1160
11.80
1200

MAX WCZ)

1 0000
IDOOO
I.DOO
2.0000
I 0000
10000
10000
1.0000
10000
1 3060
1.2930
1.2750
1.2590
12390
12274
1.2158
1.2020
1.1910
1.1910
1 1892
1 1871
1 1828
1.1871
1.1954
1 2028
1 2069
12109
12125
12110
12207
12334
12431
12508
12545
1 2563
122552
1.2491
12430
12311
1.2192
1 2063
11914
11775
1.1673
1.1644
11640
11631
1 1707
12110
12490
12820
13142
Ileooo
ID"0
IDOOO
IDO0"
l"00D
ID0DD
IOO00

1.0000
1.0D0

Braidwood UnIt 1 Cycle 11

Flgure 2.62 d

&S naxyof W( FLctbn at 2000 MWD/MIU
(rop and Bottom 15% Excluded per WCAP-10216)
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Applicable for PDMS Inoperable AFD Limits from -1 8% to +1 0% at 1 00% RTP

Table 2.6.2

Penalty Factors in Excess of 2% per 31 EFPD

Cycle Bumup Penalty Factor - F4
0(z)

(MWD/IMTU) (%)
495 2.00
839 4.48

1012 5.66
1184 6.58
1356 7.15
1529 7.20
1701 6.97
1874 6.49
2046 5.82
2218 5.10
2563 3.79
2735 3.35
2908 3.10
3080 3.01
3597 3.16

- 3769 3.09
3942 2.86
4114 2.47
4286 2.01
4459 2.00

A

Notes:

Linear Interpolation is adequate for intermediate cycle bumups.

All cycle bumups outside the range of the table shall use a 2% penalty factor for compliance with
the 3.2.1.2 Surveillance Requirements.



CAD-03-89 Page 13 of 17
CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT I CYCLE 11

Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

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

2.7.1 FN < FRT1
1'.0 + PFM(1.0 - P)]

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
FOP= 1.70
PFm = 0.3

2.7.2 Uncertainty when PDMS is Inoperable

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

UFM. = UFH4m

where:

UF,,m = Base F-Nm, measurement uncertainty = 1.04

2.7.3 PDMS Alarms:

FNm Warning Setpoint 2:20% of FN, Margin
FN Alarm Setpoint 2 0% of Fa 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 PDIMVS is OPERABLE, no AFD Acceptable Operation Limits are
applicable.

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

2.9.1 DNBRpsLŽ 1.536

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

2.9.2 PDMS Alarms:

DNBR Warning Setpoint 2 2% of DNBR Margin
DNBR Alarm Setpoint Ž 0% of DNBR Margin
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power

Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

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

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

2.10.2 The Overtemperature AT reactor trip setpoint T,,g 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 / psig.

2.10.4 The nominal T., at RTP (indicated) T' shall be less than or equal to 588.0 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 Tro shall be equal to 8
sec.

2.10.7 The measured reactor vessel AT lead/lag time constant r2 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 r4
shall be equal to 33 sec.

2.10.10 The measured reactor vessel average temperature leadAag time constant 15
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) Nnegativew 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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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

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 TA, rate/lag coefficient K5 shall be
equal to 0.02/ OF for increasing Tayg.

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

2.11.4 The Overpower AT reactor trip setpoint Tvg heatup coefficient K6 shall be equal
to 0.00245 / 'F when T > T.

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

2.11.6 The nominal Tavg at RTP (indicated) Tr shall be less than or equal to 588.0 'F

2.11.7 The measured reactor vessel AT lead/lag time constant ar, 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 6 shall be
less than or equal to 2 sec.

2.11.11 The measured reactor vessel average temperature rate/lag time constant r7
shall be equal to 10 sec.

2.11.12 The f2 (Al) upositive' 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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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

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 (Tiri) 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 380,900 gpm.

2.13 Boron Concentration

2.13.1 The refueling boron concentration shall be greater than or equal to 1701 ppm
(LCO 3.9.1).

2.13.2 To maintain keff < 0.987 with all shutdown and control rods fully withdrawn in
MODES 3, 4, or 5 (TRM 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) 1733 ppm prior to initial criticality.
b) 1979 ppm at all other times in core life.
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