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The purpose of this letter is to transmit the Core Operating Limits Report (COLR) for Braidwood
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(COLR).” This revision of the COLR was recently implemented in support of a reload cycle.
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Attachment: Core Operating Limits Report, Braidwood Unit 2 Cycle 11

cc: Regional Administrator — NRC Region ll|
NRC Senior Resident Inspector — Braidwood Station



ATTACHMENT 1

Core Operating Limits Report

Braidwood Unit 2, Cycle 11



NF-CB-03-198R1
FRTHD-03-148R1

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



NF-CB-03-198R1 : - . Pagelofl6
FRTHD-03-148R1 .
CORE OPERATING LIMITS R_EPORT (COLR) for BRAIDWOOD UNIT 2CYCLE 11

1.0

CORE OPERATING L'IMITS'REPCRT

This Core Operating Limits Report (COLR) for Braidwood Station Unit 2 Cycle 11 has been prepared in
accordance with the requirements of Technical Specmcatlon 5.6.5 (ITS).

The Technical Specifications affected by this report are hsted below:

SL

Lco™

LCO
'LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO
LCO

'LCO

LCO

' LCO

21.1
3.1.1
31.3

314
315
316
318

3.2.1
3.2.2
3.23
3.2.5
3.3.1
3.3..9
3.4.1

3.9.1

Reactor Core Safety Limits (SLs) -

" SHUTDOWN MARGIN (SDM)

Moderator Temperature Cosfficient (MTC)
Rod Group Alignment Limits '
Shutdown Bank Insertion Limits

Control Bank Insertion Limits

) PHYSICS TESTS Exceptions — MODE 2

Heat Flux Hot Channel Factor (Fo(2))

Nuclear Enthalpy Rise Hot Channel Factor (F aH)
AXIAL FLUX DIFFERENCE (AFD) _
Departure from Nt'Jcleate Boiling Ratio (DNBR)
Reactor Trip System (RTS) Instrume}:tation

Boron Dllutlon Protectlon System (BDPS)

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

Boron Concentration

The portions of the Technical Requirem'e'nt's Manual affected by this report are listed beldw:’

TRMTLCO 3.1.b Boration Flow Paths — Operating

TRMTLCO 3.1.d Charging Purﬁps - Operatipg

TRMTLCO 3.1.§ So}ated Water Sources —~ Operating

TRMTLCO 3.1.g Position Indication System — Shutdown

TRMTLCO 3.1.h . Shutdown Margin (SDM) - MODE 1 and MODE 2 with keff 2 1.0
TRMTLCO 3.1.i Shutdown Margln (SDM) — MODE 5

TRMTLCO 3.1,j Shutdown and Control Rods

TRMTLCO 3.1.k Position Indication System — Shutdown (Special Test Exception)
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2.0 O?ERATING 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 methodologles specified in Technical Specification

5.6.5.
2.1 Reactor Core Safety Limits' (SLs) (SL 2.1.1)

211 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. Ilmlts

specmed in Flgure 2.1.1.
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640 \
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Figure 2.1.1: Reactor Core Limits
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24 ..

.25

CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT2CYCLE 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.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). )

Moderator Temperature Coeffrcren it (MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits.are:

231 The BOL/ARO/HZP-MTC upper limit shall be +1.28 x 10° AK/K/F.
‘232  The EOL/AROMFP-MTC lower limit shall be -4.6 10 AK/KFF. -
233 The EOL/AHO/HF?-‘MT C Surveillance limit at 300 ppm shall be -3.7 x 10 Ak/K/°F.

2.3.4 The EOL/ARO/MHFP-MTC Surveillance limit at 60 ppm shall be -43x10* Ak/k/°F

where: BOL stands for Beglnmng 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 errts (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 wrthdrawn 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
* Cand Bank D. The control banks shall be sequenced in reverse order upon insertion.

2.5.4 Each confrol 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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Rod Bank Position (Steps Withdrawn)

_Control Bank Insertion Lim

Figure 2.5.1:. | .

its Versus Percent Rated Thermal
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2.6  HeatFlux Hot Channel Factor ( Q( )} (LCO 3.2.1)

261
RTP

F
- Fy(2) < (;’5 K (2) for P<0.5. -

RTP

K@) S xK(Z) forP>0.5
where: E:_ the ratio of ;I'HERMAL POWER to RATED THERMAL POWER
FET = 260 .
K(Z) is provided in Flgure 2.6.1.

262 W@ Values
a) When PDMS is OPERABLE, W(2) = 1.00000 for all axial points.

b) When PDMS is inoperable, W(2) 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 (EFPD). These values shall be used to increase the F¥q(z) as per

Surveillance Requirement 3.2.1.2. A 2% penalty factor shall be used at all cycle bumups
0 “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 Fq(Z) shall be
calculated by the following formula

Up=U, U,

qu

where:

Uq, = Base Fq measurement uncertainty = 1.05 when PDMS is inoperable -
(Uqu'is defined by PDMS when OPERABLE:)
U, = Engineering. uncertamty factor = 1.03

2.6.4 PDMS Alarms:

Fa(Z) Warning Setpoint = 2% of Fq(Z) Margin
Fo(Z) Alarm Setpoint 2 0% of Fg(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 MAXWQ@)

. )
og oot BrddwoodUrit 2 Cyde 11
020 1.0000
o2 i Flgre2.6.2.0
gﬁg :m Summory of W) Funciien o 150 MWDMTU
020 10000 (I’op.mdaonan_ 15% Exdudedper WCAP-10216)
120 1.0000 :
1.40 1.0000 .
© 140 10000 : 1.35
180 . 12387 )
200 12232 .
220 1.2064
. 240 1.1899
260 - 11718 -
2.80 1.1590
300 . 1.1520
320 1.1443 1.30
3.40 1.1419
3.60 1.1391 -
3.80 1.1357 | oo
400 1.931 . 1
420 11263 : *
440 1.1280 : i : oI
4.60 1.1287 : >
480 1.1285 1.25 >
5.00 1.1272 *
520 1.1258 M 1
5.40 1.1227 -
560 1.1191 4 1N
5.80 11140 3
6.00 1.1097 E
620 11238 e M i
.6.40 1.1393 .5 120 :
660 1.1551 w. ¢
6.80 1.1691 8 .
7.00 1.1833 = . :
720 ~1.1957 DR PRI Jh TR I 5 o : X
7.40 12082 . - = EL S Y O B 2 D O
7.60 12186 - '
7.80 12293 - 4 *
600 15981 1.15 3
8.20 1.2453 b A
8.40 1.2526 e
8.60 12577 : +*%%4
8.80 1.2632 . b
9.00 12677 ) S . .
0.20 12683 : -
9.40 12754 1.10
9.60 1.2832 )
9580 . . 1.2831
10.00 12797
1020 12735
1040 ©  1.0000
10,60 1.0000
10.80 1.0000°
11.00 1.0000 1.05
1120 1.0000 :
na 1 0000 0.00 2.00 4,00 6.00 ‘ 8.00 . 10.00 12.00
1160 1.0000 . CORE HEIGHT (FEET) )
11.80 1.0000

12.00 1.0000
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Height MAXW(Z)

Feet
0.00
020
.0.40
0.60
0.80
1.00
-1.20
1.40
1.60
“1.80
-2.00
220
240
2.60
280
3.00

3.20

3.40
3.60
3.80
4.00
T 420
4.40
4.60
4.80
5.00
520
5.40
560
580
6.00
620

640 -

6.60
6.80
7.00

720

7.40
7.60
7.80

8.00
8.20
8.40
8.60

880’

9.00
9.20
.9.40
9.60
980
10.00
10.20

10.40°

1060
10.80
11.00
11.20
.40
11.60
11.80
12.00

Braidwood Unit 2 Cyde 11

Figre26.2.b

Surmmary of W@) Function o 6000 MWDAMT U
1 cpandBottorn 15% Exclucded per WCAP-10216)
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Height  MAX W@)

Feet
.0.00
0.20
0.40
0.60
0.80
1.00
120
1.40
160
1.80
2,00
220
240
260
280
300 -
320
- 3.4
260
380
400
420
440
4460
480
500
520
5.40
580
580
600
620
6.40
6.60
6.80
7.00

720 e 7.

7.40
7460
7.80
800
8.20
8.40
8.60
8.80
9.00
9.20
9.40
9.60
980
10.00
10.20
10.40
10.60
10.80
.1.00
n20
.1N.40
11.60
11.80
12.00

1.0000
1.0000
1.0000
1.0000

Summary of WZ) Function of 14000 MWDAMTU
(T op and Bottorn 15% Excluced per WCAP-10216)

Bradwood Unit 2 Cyde 11
Figxe26.2¢c

Page 9 of 16
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Hegh  MAX W@)

Feet . Brddwood Uni
0.00. 10000 ) Unit2Cyde 11
020 . 1.0000 . .
0.0 10000 figre262d
gﬁ :m - su"::YdW(l)FU\dimdMWDMU
1.00 1.0000 . (T op ond Botlon 15% E xcduded per WCAP-10216)
1.20 1.0000
1.40 1.0000
160 1.0000 1.35
1.80 1.2728 -
2,00 1.2549
220 1.2324
240 1.2123
2.60 © 1.1980 .
280 1.1870
- 300 1.1780 .
3.20 1.1683 1.30
340 - 1.1643 .
3.60 1.1653
3.80 1.1661
400 1.1649 .
420 1.1675 15
4.40 1.1805 - * | 9
460 1.1904 4 C
4.80 1.1994 1.25 >
5.00 1.2062 * .
520 1.2108 i
5.40 1.2136 b2 1
560 1.2141
580 1.2190 8- - s
6.00 1.2345 5 k. o
620 1.2480 2 4
6.40 1.2576 g 12 5 v s
6.60 1.2643 E
6.80 1.2689 = - ",
7.00 1.2706 + .
™0 ~1.2674 R S . o
740 1.2633 A ol B ,
7.60 1.2542
7.80 1.2452 ‘e
8.00 1.2333 115
820 1.2174
8.40 1.2016
8.60 1.1875
8.80 1.1838
9.00 1.1821
9.20 1.1794
9.40 1.1748 1.10
9.60 - 12014
9.80 1.2420
10.00 1.2797
1020 1.3184
10.40 1.0000
10,60 1.0000
10.80 1.0000 .
1.0 1.0000 1.05
1120 1.0000 0.00 2.00 4,
11.40 1.0000 . ) ‘ 00 6.00 8.00 10.00 1200
11.40 1.0000 . CORE HEIGHT (FEET)
11.80 1.0000 .
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Tablé 262

Penalty Factors in Excess of 2% per 31 EFPD

- Cycle Burnup Penalty Factor - F“'Q(z)

(MWD/MTU) (%)
665 2.00
___B37 2.06
1181 2.66
1353 2.94
1525 2.81
1868 -219

2040 2.00"
10631 2.00

10803 2.14 .
10975 251 -
11147 270
11491 2.79
11834 280
12178 274
12350. 272
12522 269

..12693 . . . - . X A

12865 2.39
13037 218
13209 2.00

" Notes:

Linearinterpolation is adequaie for intérmediate cycle burnups.

Page 11 of 16

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

271  FY<FRi[1.0 + PFay(1.0 - P)]

where:. P = the ratio of THERMAL POWER to RATED THERMAL POWER
Fan =1.70 ' -
PFs; =03

2.7.2 Uncertainty when PDMS is inoperable

The uncertainty, Uray, to be applied to the Nuclear Enthalpy Rise Hot Channel Factor
F"x4 shall be calculated by the following formutla:

Uran = Uratim
where:

Uratim = Base Flay measurement uncertainty = 1.04

2.7.3 PDMS Alarms:
FN, Waming Setpoint = 2% of FNy, Margin -
Fa Alarm Setpoint = 0% of F"u Margin
2.8 AXIAL FLUX DIFFERENCE (AFD) (LCO 3.2.3)

=+ 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.

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

29  Departure from Nucleate Boiling Ratio (DNBR) (LCO 3.2.5)
291 DNBRppg 2 1.536 I

The Axial Power Shape Limiting DNBR (DNBRapg) is abplicable with THERMAL POWER
. 250% 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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Figure 2.8.1 Axial Flux Difference Limits as a Function of Rated Thermal Power

Axial Flux Difference Limits
with ’
PDMS Inoperable

120
- |(-16} 100) * (+10;/100)
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8 | g
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2.10 -

Reactor Tru) System (RTJ lnstrumentatron (LCO 3. 3 1) - Overtemperature AT Setpomt '

2.10.1

2.10.2

2103

2.104

2105

2.10.6

2107

2.10.8

2.10.9

2.10.10

" 2.10.11

2.10.12
2.10.13
2.10.14

2.10.15

_ Parameter Values

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

The Overlemperature AT reactor trip setpoint Tm coeffrcrent Kz shall be equal to
0.0297 / °F. '

The Overtemperature AT reactor trip setpoint pressure coefflcrent Ka shall be equal to
0.00181 /psi.

The nominal Teyg at RTP (indicated) T’ shall be less than or equal to 588.0 °F.
The.rrominal RCS operating pressure (indicated) P’.shell be equal to 2235 bsrg.
The measured reactor vessel AT lead/lag time constant 1, 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 T3 shall be less than orequalto 2
sec.

The measured reactor vessel average temperature lead/lag time constant 14 shall be

" equalto 33 sec.

The measured reactor vessel average temperature Ieadllag time constant ts shall be

. equal fo 4 sec.

The measured reactor vessel average témperaiure lag time constant tsshiall be less -~~~ = -+

than or equal to 2 sec.

The f, (Al) “positive” breakpoint's,hall‘-be +10% Al

"The 1, (Al) “negative” breakpoint shall be =18% Al.

The fy (Al) “positive"'slope shall be +3.47% [ % Al.

The f, (A1) “negative” slope shall be -2.61% / % Al.
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Reactor Trip Svstem (RTS) Instrumentation (LCO 3.3. 1) Overpower AT Setpomt Parameter

Values
21411

2.11.2
2..1 13
2.11.4

2115 |

2.11.6
2.11.7
2.11.8

2.11.9

2.11.10

. thanorequalto2sec.
21111

211.12

2.11.13

2.11.14

'2.11.15

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

The Overpower AT reactor trip setpomt Tavg rate/lag coefficient Ks shall be equal to

- 0.02 I °F fori mcreasmg Tavp.

The Overpower AT reactor tnp setpoint Tayg raie/lag coefhcnent Ks shall be equal to
0/ °F for decreasmg Tavg :

The Overpower AT reactor trip setpoint T, heatup coefficient Ks shall be equal lo
0.00245/ °F when T >T" X

The Overpower AT reactor trip setpoint Tay heatup coefﬂclent Ks shall be equal to
O0/°FwhenT<T".

The nominal Tawat RTP (indicated) T” sﬁall be less than or equal to 588.0 °F
The measured reactor vessel AT lead/lag time constant z, shall be equal to 8 sec.
The measured reactor vessel AT lead/lag time'constant 12 shall be equal to 3 sec.

The measured reactor vessel AT lag time constant t3 shall be less than or equalto 2
sec.

The measured reactor vessel average temperature lag time constant s shall be less

T c e e

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

The f, (Al) “positive” breakpoint shall be 0 for all Al.
The 1, (Al) “negative™ breakpoint shall be 0 for all Al
The f, (Al) “positive” slope shall be Oforall Al

The f,{Al) “negative” slope shall be 0 for all Al.
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Reactor Coolant Svstem JRCS) 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

2122 The RCS average temperature (Tayg) 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.

2.13  Boron Concentration

2.13.1 The refueling boron concentration shall be greater than or equal to 1888 ppm (LCO
3.9. 1)
213.2 To mamtain keff < 0.987 with all shutdown and control rods fully wnhdrawn 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.



