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U.S. Nuclear Regulatbry Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Braidwood Station, Unit 1
Facility Operating License No. NPF-72
NRC Docket No. STN 50-456

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

The purpose of this letter is to transmit a recently implemented, previously approved version of the
Braidwood Station Unit 1 Cycle 11 Core Operating Limits Report (COLR) in accordance with
Technical Specification 5.6.5, “Core Operating Limits Report (COLR).” Two versions of the COLR
specifying different axial flux difference (AFD) limits with the Power Distribution Monitoring System
(PDMS) inoperable were approved for Braidwood Unit 1 Cycle 11. The originally implemented
COLR for Braidwood Unit 1 Cycle 11 specified AFD limits from —18% to +10% at 100% rated
thermal power (RTP) with PDMS inoperable and provided a minimum 2% AFD margin to address
potential Axial Offset Deviation issues at the beginning of the cycle. The attached version of the
COLR supersedes the originally implemented version of the COLR for Braidwood Unit 1 Cycle 11
and specifies AFD limits from —~16% to +10% at 100% RTP with PDMS inoperable. Braidwood
Station has elected to implement this previously approved version of the COLR at this time based
on core performance. This change is expected to improve margins to peaking factor limits.

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

Michael J. Pacilio
Site Vice President
Braidwood Station

Attachment: Core Operating Limits Report, Braidwood Unit 1 Cycle 11 (CAD-03-89, Rev. 1)

cc: Regional Administrator — NRC Region Il \
NRC Senior Resident Inspector — Braidwood Station
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CORE OPERATING LIMITS REPORT (COLR)
FOR
BRAIDWOOD UNIT 1 CYCLE 11

Applicable for PDMS Inoperable AFD Limits from —16% to +10% at 100% RTP
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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 211 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 321 Heat Flux Hot Channel Factor (Fo(Z))
LCO 3.22 Nuclear Enthalpy Rise Hot Ghannel Factor (FNy,)
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 339 Boron Dilution Protection System (BDPS)

'LCO 34.1 Reactor Coolant System (RCS) Pressure, Temperature, and-Flow Departure - - -
from Nucleate Boiling (DNB) Limits

LCO 3.9.1 Boron Concentration

The portions of the Technicai Requirements Manual affected by this report are listed below:
TRMTLCO3.1.b Boration Flow Paths - Operating

TRMTLCO 3.1d Charging Pumps - Operating

TRM TLCO 3.1.f Borated Water Sources - Opeérating

TRM TLCO 3.1.g Position Indication System — Shutdown

TRMTLCO 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

TRMTLCO 3.1j Shutdown and Control Rods

TRMTLCO 3.1k 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 Seclion 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.

21 Reaclor 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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SHUTDOWN MARGIN (SDM)

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

22

23

24

25

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.d, 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.iand 3.1.j).

Moderator Temperature Coefficient {(MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits are:

2.3.1
232
233

234

where:

The BOL/ARO/HZP-MTC upper limit shall be +1.185 x 10° AKK’°F. -
The EOL/ARO/HFP-MTC lower limit shall be -4.6 x 10 AK/K/F.

The EOUVARO/MFP-MTC Surveillance limit at 300 ppm shall be- -3.7 x 10™
AKX,

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
25.2

253

254

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.

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)

225 110
226 ) 111
227 112
228 113.

229 . 114
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Faue 2.5.1:
Control Bank Insertion Limits Versus Percent Rated Thenmal
Power
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26 Heat Flux Hot Channel Factor (Fo(Z)) (LCO 3.2.1)

2.6.1

26.2

2.6.3

264

RTP .

S
F,(2) < :5 xK(Z) forP<0.5

——

RTP

E @ =< xK(Z) forP>0.5
where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
F§™ = 2.60
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 262 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 Fco(z) penalty factors that are greater than 2% per 31
Effective Full Power Days. These values shall be used to increase the F"q(z) as

Uncertainty:

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

Up=U,*U,

where:

- 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. : T e

Uqe = Base FQ measurement uncertainty = 1.05 when PDMS is inoperable: - - - -

(Ug is defined by PDMS when operable.)
U, = Engineering uncertainty factor = 1.03

PDMS Alarms:

Fq(Z) Warning Setpoint > 2% of Fo(Z) Margin
FQ(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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Applicable for PDMS Inoperable AFD Limits from —16% to +10% at 100% RTP

Height MAX W@

feet Braidwood Unit 1 Cycle 11
0.00 1.0000
020 1.0000 Figure 2.6.2.0
0.40 1.0000
0.60 1.0000 Summary of W(Z) Function at 150 MWD/MTU
080 1.0000 (Top ond Bottom 15% Excluded per WCAP-10216)
1.00 1.0000
120 1.0000
1.40 1.0000
1.60 1.0000 1.35
1.80 1.2060
200 12012
220 1.1954
240 1.1904
2.60 1.1834
280 1.1766
3.00 1.1698 -
320 1.1615 1.30
3.40° 1.1535
3450 1.2435
380 1.1352
400 1.1261
420 1.115}
4.40 1.1061
4460 1.1041
480 11022 1.25
500 1.0999
520 191
5.40 1.1012 hd
560 1.1094
5.80 1117 F
6.00 1.1262 E .
620 1.1338 >4 * '.59“ e
6.40 1.1405 2 1.20 ” ¥
660 1.1459 k
6.80 1.1533 g A o
7.00 1.1639 ol
720 . 11738 I ¢
7.40 1.1842
7.60 1.1916 * 1
. 780 1.1987 - *
8.00 1.2048 1.15 o
820 1.2074 o
8.40 1.2108 o * .
8.60 12103 .
8.80 12117
9.00 12118 * ¢
920 a0 .
9.40 1.2100 1.10 3
9.60 1.2070 *
9.80 12072
10.00 1.2199
1020 1.2340
10.40 1.0000
10.60 1.0000
10.80 1.0000
11.00 1.0000 - 1.05
1n.20 1.0000 0. 5
by 1.0000 00 2.00 4.00 6.00 8.00 10.00 12.00
11.60 1.0000 CORE HEIGHT (FEET)
11.80 1.0000
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Applicable for PDMS Inoperable AFD Limits from ~16% to +10% at 100% RTP

Height MAXW@®@)
Broidwood Unit 1 Cycle 11

Feet

0.00 1.0000 )

0.20 1.0000 - Figure 26.2.b

0.40 1.0000

0.60 1.0000 Surmnmory of W(Z) Function at 6000 MWD/MTU
0.80 1.0000  ome-- (Top ond Bottom 15% Excluded per WCAP-10216)
1.00 1.0000

1.20 1.0000

1.40 1.0000

160 ° 1.0000 135

1.80 1.2676

2.00 1.245¢8

220 1.2221

240 1.2009

260 1.1783

2.80 1.1695

3.00 1.1652 * -
320 1.1582 1.30 v
340 1.1529 .
3.60 1.1468

360 1.1397

400 11318 [

420 1.1220 3 +
4.40 1.1130

460 1.1067 .

430 11038 125 p rs
500 1.0997 N
5.20 1.0947 b
5.40 1.0948

560 1.0984 > 1
580 1.1019 o *

6.00 1.1064 5 - -

620 L1110 Z 1.20 *

6.40 1.1205 2

660 1.1342 g >

6.80 1.1469 s
7.00 .. L1577 .

720 - 1:1683 * -

7.40 1.1805 ! *

7.60 1192t ¥ +

7.80 1.2027 1.15 b

8.00 12117 f A

3.20 1.2168 +

8.0 1.2265 N 4

8.60 1.2336

8.80 1.2398 2

9.00 1.2470 L .. .
9.20 1.2680 r. 1

9.40 1.2790 1.10

9460 1.2930 -

9.80 1.2990

10.00 13020

10.20. 1.3070 .

10.40 1.0000

10.60 1.0000

10.80 1.0000

N.00 1.0000 1.05

::2 1.0000 0.00 200 4.00 6.00 8.00 10.00 12.00

1.0000
11.60 10000 CORE HEIGHT (FEET)
11.80 1.0000
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Applicable for PDMS Inoperable AFD Limits from -16% to +10% at 100% RTP

Height  MAXW(@)
Braldwood Unit 1 Cycle 11

Feet

0.00 1.0000

0.20 1.0000 Figure 2.6.2.c

0.40 1.0000

0.60 1.0000 Summory of W(Z) Function ot 14000 MWD/MTU
0.80 10000 . . (Top ond Botiom 15% Excluded per WCAP-10216)
1.00 1.0000

1.20 1.0000

1.40 1.0000

160 1.0000 1.35

1.80 1.2881

2,00 12731

220 1.2567

240 12448

240 1.310

280 12182

3.00 12070 -
320 1.1949 1.30

3.40 1.1908

3.60 1.1868 i

380 11823

400 1.1758 1

420 1.1687

a.40 L1612 ~

440 L1527

480 1.1442 1.25 .

500 1.1396

520 1.1408 .
540 1.1401

540 1.1408 =

580 11452 o ¢

600 1.1588 5 4

620 1.1704 2 120 1
6.0 1.1800 2 . J

660 1.1865 q ~ i

6.80 11913 s * ¢

700 1.1940 . + _
720 1.1938 .o - - + . -
7.40 11927 o

7.0 1.1895 3

7.80 1.1855 1.15 o4 %4
8.00 1.1796 ol o

820 1.1697 o

8.20 1.1627 L

8.0 11577

8.80 1.1546

9.00 L1537

920 1.1522

9.40 1.1499 1.10

9.60 1.1519

9.80 1.1780

10.00 1.2070

10.20 1.2350

10.40 1.0000

10.60 1.0000

1080 1.0000

11.00 1.0000 1.05

11.20 1.0000 0.00 2.00 400 6.00 8.00 10.00 12.00
11.40 1.0000

11.60 10000 CORE HEIGHT (FEET)

11.80 1.0000
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Applicable for PDMS Inoperable AFD Limits from —16% to +10% at 100% RTP

Height MAXW@

Feel Braidwood Unit 1 Cycle 11
0.00 1.0000

0.20 1.0000 : figure 2.6.2.d

0.40 1.0000

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

1.20 1.0000

1.0 1.0000

1.60 1.0000 1.35

1.80 1.2906

2.00 12771

220 12607

240 1.2452

260 1.2258 .
2.80 1.2084

3.00 1.3900 -
3.20 114777 1.30

3.0 11780 N

3.60 11784 3
3.80 1.1770 ’

4.00 1.1754

420 11770

4.0 1.1871 .

4.60 1.1954 2

480 12028 1.25 p v Py
5.00 1.2089 * *

520 1.2109 ]

5.40 12125

5.60 12110 > - -

5.80 1.2207 o hd "
6.00 12334 = * %

620 1.2431 2 120 .

6.20 1.2508 g A -

6.0 1.2545 g rY

6.80 12563 S *

7.00 . 12552 $h¥ele o

7.20 ©1:2491 hi : ) .
7.40 1.2430 Pete
7.60 12318 .

7.80 12192

8.00 1.2063 115

8.20 1.1914

8.40 11775 Y

8.0 1.1673

8.80 1.1664

9.00 1.1668

9.20 1.1642

9.40 1.1735 1.10

9.60 1.2151

9.80 1.2516

1000 1.2861

1020 13207

10.40 1.0000

1060 1.0000

1080 1.0000

11.00 1.0000 1.05

11.20 3.0000 0.00 2.00 4.00 6.00 8.00 10.00 12.00
11.40 1.0000

1160 1.0000 CORE HEIGHT (FEET)

11.80 1.0000
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Applicable for PDMS Inoperable AFD Limits from —16% to +10% at 100% RTP

Table 2.6.2
Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup Penalty Factor - F-o(2)
(MWD/MTU) (%)
839 2.00
1012 3.13
1184 4.21
1356 5.15
1529 5.92
1701 6.47
1874 6.67
2046 6.00
2218 5.28
2563 3.97
2735 3.53
2908 3.28
3080 3.19
3425 3.28
3597 3.31
3769 3.23
3942 3.00
4114 2.61
4286 2.13
- 4459 . .2.00

Notes:

Linear interpolation is adequate for intermediate cycle burnups.

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.
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27  Nuclear Enthalpy Rise Hot Channel Factor (F",) (LCO 3.2.2)

271 FaSFar[1.0+PFu(1.0-P))

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
Fi¥ =1.70
PFu=0.3

——

2.7.2 Uncertainty when PDMS is inoperable

The uncerlalmy, Uran, to be applied to the Nuclear Enthalpy Rise Hot Channel
Factor Fay' shall be calculated by the following formula:

Uran = Uratim
where:

Ursnim= Base Flyy measurement uncertainty = 1.04
. 2.7.3 PDMS Alarms:

F"m Waming Setpoint = 2% of F4y Margin
FNau Alarm Setpoint > 0% of F™y,, Margin

28 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
N Survelllance Report whlchever is more conservahve

28.2 Wheén PDMS is OPEHABLE no AFD Acceptable OperatJon lelts are
applicable.

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

2.9.1 DNBRaps_ 2 1.536

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

292 PDMS Alarms:

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

Applicable for PDMS Inoperable AFD Limits from —16% to +10% at 100% RTP
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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 K; shall be equal to 1.325.

2.10.2  The Overtemperature AT reactor trip setpoint T, coefiicient K; shali be equal
to 0.0297 / °F.

2.10.3  The Overtemperature AT reactor trip setpoint pressure coeffnclent K; shallbe
equal to 0.00181 / psig.

2.10.4  The nominal Tayat RTP (indicated) T shall be less than or equal o 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 t, shali be equal to 8

~ sec.

2.10.7 The measured reactor vessel AT lead/lag time constant 1, shall be equal to'3
sec.

2108 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 average temperature Jead/lag time constant 1,

shall be equal to 33 sec.

2.10.10 The measured reactor vessel average temperature lead/lag time constant 1:5

-shall be equalto 4 sec. . e R

2.10.11 The measured reactor vessel average temperaturs lag time constant tgshall be
less than or equal to 2 sec.

2.10.12 The{, (Al)} “positive” breakpoint shall be +10% Al.

2.10.13 The f, (A1) “negative” breakpoint shall be -18% Al

2.10.14 The 1, (Al) "positive” slope shall be +3.47% / % Al

2.10.15 Thef;(Al) ‘negative’f slope shall be -2.61% / % Al



- CAD-03-89,Rev. 1 Page 16 of 17

CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 1 CYCLE 11
Applicable for PDMS Inoperable AFD Limits from ~16% to +10% at 100% RTP

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

2.1

Parameter Values

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

2.11.2  The Overpower AT reactor trip setpoint T, rateflag coefficient Ks shall be
equal to 0.02 / °F for increasing Tovg

2.11.3  The Overpower AT reactor trip setpoint T,,, rateflag coefficient Ks shall be
equal o 0/ °F for decreasing Tavg

2.11.4  The Overpower AT reactor trip setpoint T,,; heatup coefficient Kg shall be equal
10 0.00245/°F when T > T”.

2.11.5  The Overpower AT reactor trip setpoint T, heatup coefficient Kg shgll be equal
to0/°FwhenT<T".

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 constant t, 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.

2119 The measured reactor vessel AT lag time constant 13 shall be less than or
equal to 2 sec.

12.11.10 The measured reactor.vessel average temperature lag time constant 1 shall be

less than or equal to 2 sec.

2.11.11  The measured reactor vessel average temperature rateflag time constant 7,
shall be equal to 10 sec.

2.11.12 The f,{1l) "positive” breakpoint shall be 0 for all Al.

2.11.13 The f, (Al) “negative” breakpoint shall be 0 for all Al.

2.11.14  The f,{Al) "positive” slope shall be 0 for all Al.

2.11.15 The 1, (al) "negative” slope shall be 0 for all Al.
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Applicable for PDMS Inoperable AFD Limits from —16% 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 pressufe shall be greater than or equal to 2209 psig." .
2.12.2 The RCS average temperature (T,) 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.

213 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.



