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ATTN: Document Control Desk
Washington, DC 20555-0001

Braidwood Station, Units 1 and 2
Facility Operating License Nos. NPF-72 and NPF-77
NRC Docket Nos. STN 50-456 and STN 50-457

Subject: Core Operating Limits Report (COLR) Revisions

The purpose of this letter is to transmit revisions to the Braidwood Station, Unit 1 COLR

and the Braidwood Station, Unit 2 COLR in accordance with Technical Specification 5.6.5, “Core
Operating Limits Report (COLR).” These revisions of the COLR were recently implemented to
increase the COLR limit for the reactor coolant system (RCS) total flow rate from greater than or
equal to 380,900 gallons per minute (gpm) to greater than or equal to 386,000 gpm. The RCS total
flow rate is being increased to address a core design constraint that 0% of rods experience
departure from nucleate boiling for the Locked Rotor event.

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

Respectfully,

Michaé&l! J. Pacilio
Site Vice President
Braidwood Station

Attachments: ‘ : o

Attachment 1: Core Operating Limits Report for Braidwood Unit 1 Cycle 11
(CAD-03-89, Revision 1) ’

Attachment 2: Core Operating Limits Report for Braidwood Unit 2 Cycle 10
(CAC-02-48, Revision 5)
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Director — Licensing, Mid-west Regional Operating Group
Manager - Licensing, Braidwood and Byron Stations
Nuclear Licensing Administrator — Braidwood Station
Nuclear Fuel Management — Robert Lee ,
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~ FOR
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Applicable for PDMS Inoperable AFD Limits from —18% to +10% at 100% RTP
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 1 CYCLE 11
Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP

10  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 reponi are listed below:
SL 2.1.1 = Red4Cior Core Salety Limits (SLs)
LCO 3.1.1  Shutdown Margin (SDM) - '

LCO 3.1.3 Moderator Temperature Coemc)ent {MTC)

LCO 3.14 RodGroup Ahgnmem Limits

LCO 3.1.5 Shutdown Bank lnsertion Umits ' ' -

LCO 3.1.6 Control Bank Insertion Limits
LCO 3.1.8 Physics Tests E.xceptuons MODE 2
LCO 321 HeatFlux Hot Channel Factor (Fo(2))

LCO 322 Nuclear Enthalpy Rise Hot Charnel Factor (")

LCO 323 Axial Flux Ditference (AFD)
LCO 3.25 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 34.1 Reactor Coolant System {RCS) Pressure, Temperature and Flow Depanure
~ from Nucleale Boiling (DNB) Limits ) ,

LCO 3.9.1 Boron Concentration

The pottions of the Technical Requirements Manual affected ﬁy ﬂ\is report are listed below:

TRM TLCO 3.1.b
TRM TLCO 3.1.d
TRM TLCO 3.1.1
TRM TLCO 3.1.g
TARMTLCO 3.1h
TRAM TLCO 3.1.i
TRM TLCO 3.1,
TRAM TLCO 3.1.k

Boration Flow Paths - Operating

Charging Pumps - Operating

Borated Water Sources - Operating

Position Indication System —~ Shutdown

Shutdown Margin (SDM) - MODE 1 and MODE 2 with keli 2 1.0
Shuidown Margin (SDM) — MODE 5 |

Shutdown and Control Rods

Position Indication System — Shutdown (Special Test Exception)



CAD-03-89, Rev. 1 S : Page 3 of 17
CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 1 CYCLE 1]
Applicable for PDMS Inoperable AFD Limits from —18% to +10% at 100% RTP

2.0 OPERATING LIMITS

The cycle-specific parameter limits for the specilications listed in Section 1.0are 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 specitied in Technical

Specitication 5.6.5. :

2.1 Reactor Core Safety Limits (Sts) (SL2.1.1)

2.1.1 In Modes 1 and 2, the combination of Thermal Powei, Reactor Coolant Systemn
(RCS) highest loop average temperature, and pressurizer pressure shall not
exceed the limits specitied in Figure 2.1.1. '
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Figure 2.1.1: Reactor Core Limits
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" SHUTDOWN MARGIN (SD

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% al/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 i mnt for MODE 5 is:

222 SDM shall be greater than or equal {0 1.3% Akk (LCO 3.1.1, LCO 3.3.9; TRM
TLCOs 3.1.iand 3.1.)).

Moderator Temperature Coefficient (MTC) (LCO 3.1.3)

The Moderator Temperature Coefficient (MTC) limits are:

231 The BOUAROMZP-MTC upper limit shall be +1.185 x 105 AKKFF. -
232 The EOLAROMFP-MTC lower limit shall be -4.6 x 107 AKK/F.

233 The EOL/AROHFP-MTC Surveillance fimit at 300 ppm shall be -3.7 x 10°*
AKX/F.

234 The EOUAROMFP-MTC Surveillance limit at 60 ppm shall be -4.3 x 10™ Ak/K”F.

where: BOL stands for Beginning of Cycle Life
ARO stands for Al 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 ln§ertion Limits (LCO 3.1.5)
2.4.1 Al shutdown banks shall be fully withdrawn to at least 224 steps.

Cont m gank 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 Bhysical insertion as shown in Figure 2.5.1.

252 Each control bank shall be considered fully withdrawn from the core at greater
than or equal to 224 steps.

253 The controt 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. _

25.4 Each control bank not fully wnhdrawn from the core shall be Operaled with the
following overlap limits as a function of park position:

Park Position (step) Overlap Limit (step)

225 110
226 . mMm
227 : 112
228 : ' 113

229 - 114
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Figure 25.1:
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26  Heat Flux Hot Channel Factor (Fp(Z)) (LCO 3.2.1) -

2.6.1

26.2

263

264

RTP

- . F - :
F,(2) ST)Q?XK(Z) forP<0.5

FR'ﬂ’ .
F (Z)S xK(Z) forP>0.5
where: P = the ratio of THERMAL POWER 1o RATED THERMAL POWER

F§™ = 260
K(2) is prov!déd in Fighré 261
W(2) Values: |
a) When PDMS _is' OPERABLE. W(Z) = 1,00000 for é!i axial péints.

b) When PDMS is Inoperable, W(Z) is -provided in Flgures 2.6.2.a through
2.624d. .

‘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 FSq(z) penalty factors that are greater than 2% > per 31
Efiective Full Power Days. These values shall be used to increase the FVq(2) as

per Surveillance Requirement 3.2.1.2. A 2% penalty faclor shall be used at all
cycle bumups that are outside the range of Table 2.6.2.

Unoerlainly

The uncertainty, Urq, 10 be appl'ed to.the Heat Flux Hot Channel Factor Fo(2)
shalt be calculated by the following formula

Upp=Ug,*U,
where:

Ug = Base FQ measurement uncertainly = 1.05 when PDMS is inoperable.
{Ug Is defined by PDMS when operable.)
U, = Engineering uncertainty faclor = 1.03

PDMS Alarms:

FQ(2Z) Waming Setpoint > 2% of Fo(Z) Margin
FQ{Z) Alarm Setpoint = 0% of Fo(Z) Margin .
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_Figure 2.6.1 :
K(Z) - Normalized Fq(Z) as.a Function of Core Height
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Applicable for PDMS Inoperable AFD Limits from —18% to +10% at 100% RTP

Helght MAXW@)

Feet Broidwood Unit 1 Cycle 11
0.00 1.0000 .
020 10000 : fige 2624
0.20 1.0000
060 1.0000 ' Summory of W) Furction of 150 MWD/MTU
0.80 10000 .. {Top ond Botiomn 15% Excluded per WCAP-10216)
1.00 1.0000 ' o
120 10000
1.40 1.0000
1.60 1.0000 135
120 1.2450
200" 1.303
220 12168
2.40 3
260 12073
280 1077
3.00 1I9m
a2 11836 1.30
2.40 1180
30 1173
2% 11630
400 1.1560
220 11454
a0 11358
460 11248
4.80 10042 1.25 .
5.00 1102
520 10586
5.40 1.0983 *
S.60 11076 =
5.80 11269 >
800 11263 % L -
420 14339 2 20 . 1 e
6.90 11416 E 1 *
6.0 10438 g -
6.80 1.A558 s A d
7.00 1.1620 -
7.20 11729 » LJ
7.40 1813 ) - 11
7.60 N RT T - -
. 7.80 11971 .15 o D
8.00 12028 - +
8.20 12058
8.40 12087 4 “ .
8.60 12082 : 8
8.80 12091 -
9.00 12102 de] }*
9.20 12086 +
9.00 120m 1.10 n
9.60 1.2047
9.80 1.2043
10.00 INs
10.20 o
10.40 1.0000
10,60 1.0000
1080 1.0000
11.00 1.0000 1.05 - -
.20 1.0000 0.00 2.00 4, . | 1
na o 7 o 400 6.00 8.00 1000 1200
1.0 1.0000 CORE HEIGHT (FEET)
11.80 10000 =

12.00 1.0000



CAD-03-89, Rev. 1 : Page 9 of 17
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Applicable for PDMS Inoperable AFD Limits from —18% to +10% at 100% RTP

Height  MAXW@ ‘
Feel Broidwood Unit } Cycle 11
0.00 1.0000
020 1.0000 : figwe 262b
0.0 1.0000
0.60 1.0000 Summory of W Function at 6000 MWD/MTU
0.80 10000 e (Top ond Bottom 15% Excluded pet WCAP-10216)
1.00 1.0000
120 1.0000
140 1.0000
160 4.0000 1.35
1.80 1313
2.0 12891
220 1.2634
2.40 12413
2.60 1173
2.80 1.2003 Py
300 1.1934 : 1 ~
320 11334 1.30 a
2.20 1.1760 +]
340 1.1684
3.80 1.1608
400 11518 - #
420 10012
4.40 11N ot 4 le
480 1.3150
480 1.1079 125
5.00 1.0987
$.20 1.0931 .
5.40 10956
5.60 1.0992 = K
580 1.1037 o > *
6.00 11102 =4
620 10148 2, 20 .
6.40 11203 g
660 3142 g 3 d
680 1.1459 = -
7.00 11576 -
720 1.1688
. 740 11813 111 o
“7.60 1933 T - r
7.80 1.203)
8.00 12121 15 .
820 12m v
8.20 1238 9 -
8.60 1.2
8.80 1249
9.00 1.2445 , ) *
920 1.2630 ¥
940 1210 1.10 2
9.60 1.2830 o9
9.80 1.2940
1000 1.2970
1020 13010
10.40 1.0000
10.60 1.0000
1080 1.0000
n.oo 1.0000 1.05 -
l:ﬁ l.m 0.00 200 400 6.00 8.00 10.00 1200
1 1
N80 1.0000 CORE HEIGHT (FEET)
11.80 1.0000

12.00 1.0000
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Applicable for PDMS Inoperable AFD Limits from —-18% tb +10% at 100% RTP

Height  MAXW(@

feet ~ Brgigwood Unit 1 Cycle 11
0.00 1.0000 :
00 1.0000 ' T Figure 2.6.2.¢
0.40 1.0000 . '
0.60 1.0000 Summory of W(2) Function ot 14000 MWD/MTU
0.80 10000 (op ond Bottomn 15% Excluded pet WCAP-10216)
100 1.0000 . -
1.20 1.0000
1.0 $.0000
1.60 1.0000 1.35
1.80 13098
200 1.2939
220 1.2769

.. 240 1.2651
240 © 12812
280 1.2422 . .
00 L232) -
320 12200 1.30
340 1.208s : 11
380 1.2028 -
380 11973 .
400 1.1902 a1
420 11820 -
4.0 11734 -
480 1.1639
480 10544 125 :
500 1.1440 : . L3
520 1.1408 T - *
5.40 1.140)
550 1.1408 - .
580 1.1452 F
6.00 1.1588 5
620 3.1704 Z 120 b
640 11300 g i [,
.60 11365 g 1o
680 11913 3 . P 1]
7.00 1.1940 .
120 11938 o (G5 W I N .
740 - 11927 A . 1IN RS P

© 7.00 TTIa%9s T - -
780 11853 AL
8.00 11796 fid } {1
820 1.1697 : ~1*
8.40 11627 g
8.60 11577
8.80 1.1561
900 1.1561
920 11837
9.40 11524 1.10
9.60 1.1497
9.80 1.1800
10.00 1.2080
1020 1.2360
10.400 1.0000
0.0 10000
10.80 1.0000
nmw 10000 1.05 ]
1n20 1.0000 - 0.00 2.00 4.00 6.00
nzo oo 20 8.00 10.00 1200
Hyes 10000 ) » CORE HEIGHT {FEET)
1180 1.0000

12.00 1.0000



CAD-03-89,Rev. 1 _ S _ Page 11 of 17
CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 1 CYCLE 11
Applicable for PDMS Inoperable AFD Limils from ~18% to +10% at 100% RTP

Applicable fO( PDMS Inoperable AFD Limits from —18% to +10% at 100% RTP

Height MAXW(D)

Feet Broidwood Unit 1 Cycle 11

000 1.0000 )

020 - 1.6000 ] Figue 2.6.2.d

0.20 1.0000 h

040 1.0000 - - Summoary of W) Function of 20000 MWD/MTU
080 10000 . (Top ond Bottorn 15% Excluded per WCAP-10216)
1.00 1.0000 -

1.20 10000

1.40 $.0000

1.60 1.0000 1.35

180 13060

200 1.2030

220 127150

240 1.2590

260 1.2390

280 124 : .
300 12158 ol -
320, 1.2020 1.30

340° 11919 §-

3.60 1.1910

3.80 11892

400 118N .

420 10828

490 18N

4460 11954 ' . b

4.80 1.2028 1.25 v v
$00 1.2059 > »

520 1.2109 ‘

5.40 12128 -

560 12110 ;

580 12207 F3 p >

6.00 12334 5 +2

620 12431 Z 120 Py .

6.40 12508 £ "

6.60 12545 Q . 73

480 12363 S : A

7.00 12552 -
720 1.249)

1.0 1.2430 o } o
30 LB B FUANEUSEY rour tax Mt puw e S P S Sy AR e B SO SN RN TN L2
7.80 12192

8.00 1.2063 115

820 L1914

8.00 14773 .

840 L1673

8.80 10644

9.00 ).1640

920 1.1631

9.40 1.1707 1.10

9.60 12110

9.80 1240

10.00 1.2520

1020 142

10.20 1.0000

10.60 1.0000

1020 1.0000

1100 1.0000 1.05

.20 1.0000 0.00 2.00 400 . 600

120 | o000 : 00 8.00 10.00 12,00
W60 1000 CORE HEIGHT {FEET)

1180 10000

12.00 1.0000
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Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTPV

_Table2.6.2
=— Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup Penalty Factor - Fo(2)
{MWD/MTU) (%)
495 2.00
839 4.48
1012 566
1184 6.58
1356 7.15
1529 7.20
1701 6.97
1874 6.49
2046 5.82
2218 - 510
- 2563 3.79
2735 3.35
23908 3.10
3080 3.01
3597 3.16
3769 3.09
3942 2.86
4114 2.47
4286 2.01
4459 2.00

Nétes:

Linear interpolation Is adequate for intermediate cycle bumups.

All cycle bumups outside the range of the table sha!l use a 2% penalty factor for compﬁance with

the 3.2.1.2 Surveillance Requirements.
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27  Nuclear Enthalpy Rise Hot Channel Factor (F"y) (LCO 32. 2)
271 FL<FT.0+ PFAH(1 0-P)

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

—————

2.7.2 Uncertainty when PDMS is inoperable

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

Ugsnt = Urgim
where:

Urghin = Base F* a Measurement uncertainty = 1.04
2.7.3 PDMS Alarms:

F", Waming Setpoint 2 2% of F"w Margin
F"AH Alarm Setpoint = 0% of F'y Margin

28  Axial Flux Difference (AFD) (LCO 3.2.3)

2.81  When PDMS is Inoperable, the AXIAL FLUX DIFFERENCE (AFD) Acceptable
Operation Limits are provided in Figure 2.8.1 or the latest valid PDMS
Survemance Report, wh:chever is more conservative.

282 When PDMS is OPERABLE no AFD Acceptable Operatnon Limits are '
applicable.

29  Depariure from Nucleate Bolling Ratio (DNBR) (LCO 3.2.5)
291 DNBRaps 2 1.536

The Axial Power Shape' Limiting DNBR {DNBRaps) is applidable with THERMAL
POWER 2 50% RTP when PDMS is OPERABLE.

29.2 PDMS Alamms:

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 asa Function of Rated Thermal Power

Applicable for PDMS Inoperable AFD Limits frorr{ -18% to +10% at 100% RTP
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210

Reactor Trip System (RTS) lnsmsmemahon {(LCO 3 3. 1) Overtemperature AT Selpomt

Parameter Values
2104 The Overtemperature AT reactor irip setpoint K, shall be equal to 1.325.
2.10.2 The Overlemperature AT reactor trip setpoint T, coefficient K; shall be equal
© 100.0297/°F. ' ', '
2403 The Overtemperature AT reactor trip setpoint pressure coefﬁclent Kz shali be
equal to 0.00181/ psig ' :
2104  The nominal Tagat RTP (:nd‘cated) T~ shall be less than or equal to 588.0 °F.
2.10.5 The nominal RCS operaﬂng pressure (i (indicated) P’ shall be equal to 2235
psig. ‘
2106 The measured reactor vessel AT lead/lag time constant 1, shall be equal to 8
2.10.7 The measured reactor \(essel AT lead/lag time constant 72 shall be equal to 3
sec. :
2.10.8 The measured reactor vessel AT lag t:me constant x; shall be Jess than or
equal o 2 sec.
2.10.9 The measured reactor vessel average temperatwe leadfag lime constant 1,
shall be equal 1033 sec
2.10.10 The measured reactor vessel average 1emperalure leadflag time constant 15
shall be equal to 4 sec.
- 2.10.31 . The measured reactor vessel average 1emp9raiure lag time constant AsShalt be .
less than or equal fo 2 sec. T
2.10.12 The f, (A "positive” breakpoint shall be +1 0% Al . ) -
2.10.13 The f, {Al) "negative” breakpoint shall be -18% Al.
2.10.14 Thet, (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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2.1

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

Parameter Values 7 ,

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

2112  The Overpower AT reactor trip setpoint T, rate/lag coefficient K; shall be
equal to 0.02/ °F for increasing Tevg

211.3  The Overpower AT reaclor Irip setpoint Ta,q rateflag coefficient K shall be
equal to 0/ °F for decreasing Tavg.

2114 The 0verpower AT reactor trip setpoint T.v,, heatup coefficient K¢ shall be equal
100.00245/°F when T> T".

2115 The Overpower AT reactor lnp setpoint Tavg heatup coefficient Ks shall be equat

- to0/°FwhenT< T

2116 The nominal T,gat RTP (indicated) T" shall be less than or equal to 588.0 °F

2117  The measured reactor vessel AT leadllag time constant Ty shallbe equal to 8
sec.

211.8  The measured reactor vessel AT lead/lag time constant 7, shall be equal t0 3
sec.

2.11.9  The measured reactor vessel AT Iag tnme constant 13 shall be less than or
equal to 2 sec.

2.11.10 The measured reactor vessel average ternperature lag time constant 1, shall be

.less than or equal 1o 2 sec.
) 2‘.1.1 11 'The rﬁeasbréd r.e'é}:to;: ‘QéQSél‘aw;éfége .I-em;‘)eiaiure ratéllég ﬁme constant 7

shall be equal 10 10 sec.

2.11.12 The f, {Al) “positive” breakpoint shall be 0 for all Al

21113 The . (Al) “negative” breakpoint shall be 0 for all Al

2.11.14 The f, (Al) “positive” slope shall be 0 for all Al. -

21115 The f; (Al) "negative” slope shall be 0 for all Al.
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 1 CYCLE 11
Applicable for PDMS Inoperable AFD Limits from -18% to +10% at 100% RTP .

2.12 Reactor Coolant System (R Pressure, Temperature and Flow Departure from

Nucleate Boiling (DNB) Limits a.CO 34.1)

2.12.1 The pressurizer préssure shall be greater than or equal to 2209 psig.
2.12.2 The RCS average temperéture (Tavg) 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 1701 ppm
(LCO3.9.1).

2.13.2 Tomaintain keff < 0.987 with au sﬁutdown and contro! 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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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOGD UNIT 2 CYCLE 10

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for Braidwood Stanon Unit 2 Cycle 10 has been
prepared in accordance with the requirements of Techmca! Specification 5.6.5 (ITS).

The Techmcal Specifications aﬁecled by Ih:s repont are listed below:
SL 211 Reactor Core Safety Limits (SLs) -
LCO 3.1.1 Shutdown Margln (SDM)

LCO 3.1.3 Moderator Temperature Coefficient (MTC)

LCO 3.1.4 Rod Group Alignment Limits

LCO 3.15 Shutdown Bank Insertion Limits

LCO 3.1.6 Control Bank Insertion Limits

LCO 3.1.8 Physkcs Tests Exceptions - MODE 2 -

LCO 321 HeatFlux Hot Channel Factor (Fol2)

LCO 322 Nuclear Enthalpy Rise Hot Channel Factor (F" )
LCO 323 Axial Flux Difference {AFD) o

LCO 3.25 Departure from Nucleate Boiliﬂg Ratio (bNBH)
LCO 3.3.1 Reactor Trip System (RTS) Instrumentation

LCO 339 Boron Dilution Profection System (BDPS)

LCO 3.4.1 Reactor Coolant System (RCS) Pressure, Temperature, and Flow Departure from
Nucleate Boiling (DNB) Limns ,

LCO 3.9.1 Boron Concentration
The portions of the Technical Requirements Manua! affected by this report are listed below:

TRM TLCO 3.1.b Boration Flow Paths - Operating

TRMTLCO 3.1.d Charging Pumps - Operating |

TAM TLCO 3.1.f Borated Water Sources - Operating

TRM TLCO 3.1.9 Position Indication System — Shutdown

TRM TLCO 3.1.h Shutdown Margin {(SDM) ~MODE 1 and MODE 2 with keff > 1.0
TAM TLCO 3.1.i Shutdown Margin (SDM) —- MODE 5

TAMTLCO 3.1j Shutdown and Control Rods

TRAMTLCO 3.1k Position Indication Syslem — Shutdown (Spetial Test Exception)
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

2.0 OPERATING LIMITS

The cycle-specific parameler fimits for the specifications listed in Section 1.0 are presented in the
following subsections. These limits are applicable for the enfire cycle unless otherwise identified.
These limits have been developed using the NRC-approved methodologies specified in Technical

Specification 5.6.5.

21 - Beactor Core Safety Limits (SLs) (SL 2.1.1)

211 In Modes 1 and 2, the combination of Thermal Power, Heactov Coolant System
(RCS) highest loop average lemperature, and pressurizer pressure shall not
exceed the limits specified in Figure2.1.1. -

580 - -
660 \ - — -
S - :
o S0 — - —
2 2000 psia \ - -
* 520 TR :
[ i ~
=
600
580 ) 2 T T roa1 | T L1 ¢ B S T
0 -2 .6 -8 1.2

Froclion of Nominol Power

Figure 2.1.1: Reactor Coré Limits
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22

23

24

25

CORE OPERATING LIMITS REPORT {coLR) for BRAIDWOOD UNIT 2 CYCLE 10

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

221 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, 3.1.h, and 3.1.j). ’

The SDM limit for MODE 5is:

222 SDM shall be greater than or equal lo 1.3% Ak/k (LCO 3.1.1, LCO 3.39; TAM
TLCOs 3.1.iand 3 1. ‘

Moderator Temperature Coefficient (MTC) (LCO 3.1 3)

The Moderator Temperature Coeﬁlclem {MTC) limits are:
231 The BOL/ARO/HZP-MTC upper limit shali be +2.57 x 10°° AK/K/°F.
232 The EOL/AROMFP-MTC lower imit shall be 4.6 x 10°* AK/K/°F.

233 The EOUAROIHFP-MT C Surveillance lfimit at 300 ppm shall be
37x10% AKSPF. )

234  The EOLAROMFP-MTC Surveillance fimit at 60 ppm shall be L4.3 X 10 AKKP°F.

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 Lile
HFP stands for Hot Full Thermal Power

Shutdown Bank Insertion Lvmns (LCO 3. 1.5)

24.%.  Allshutdown banks shall be iully wnhdrawn to at Ieast 224 steps

Control Bank Inseriion Limits (LCO 3.1.6)

251 The control banks, with the Bank A greater than or equal 1o 224 sieps, shall be
limited in physical insertion as shown in Figure 2.5.1. = *

252 Each control bank shall be considered fully withdrawn from the core at greater
than or equal to 224 steps.

25.3 The control banks shall be operatedin sequence by withdrawal of’ Bank A, Bank
B, Bank C and Bank D. The control banks shall be sequenced in reverse order

upon insertion. -
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

254  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 (slep) Overlap Limit (step)
225 - 110
226 111
227 ‘H2
228 113
229 114
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

24

§ b

-t

'Rod Bank Position (Steps Withdrawn)
8 b

'8 3 8 8

8 .

S

Q

Fgwre251: .

| Control Bank Insertion Limits Versus Percent Rated
emzo 0w
—T T /;
/ 1 A
//@N{é //
(0% 162) /
[BANKC] — —
P4 "/
// " //L_J
. BANKD
A -
/ A
@zl |
0D 10 2 D .40 H © D O O 00

Relative Power (Percent)

(100%, 161)
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

Heat Flux Hot Channel Factor (Fo(Z)) (LCO 3.2.1)

26.1
RTP

F
Fo(2) < °5 xK(Z) forP<05

FRTP
F, (Z) s2— P xK(Z) forP>05

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
F&= 260
K(Z) is provided in Figure 2.6.1.

26.2 W{Z) Values:
a) When PDMS is OPERABLE, W(2) = = '1 .00000 for all axial points.

b) When PDMS is lnoperab!e W(Z) is, provnded in Figutes 2.6.2.a through
'26.2d.

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) penaltly faclors that are greater than 2% 5 per 31
Effective Full Power Days. These values shall be used to increase the F aof2) 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 Table 2.6.2. -

263 _Uncenamly- - o
The uncerlainty, U, to be applied to the Heat Flux Hot Channiel Factor Fo(2)
. shall be calculated by the following formula ,
Upp=U,p U |

" where:

U, = Base FQ measuremnent uncertainty = 1,05 when PDMS is inoperable.

(Uq is defined by PDMS when operable.)
= Engineering uncertainty factor = 1.03

2.6.4 PDMS Alarms:

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

03

0.1

Figure 2.6.1

K(Z) - Normalized Fo(Z) as a Function of Core Height

1.1

| (0.0§1.0)
"iT

(6.0]1.0)
B T e (12.3 0.924)

0.9

0.8

0.7

0.6

0.5

—4—LOCA Limiting

0.4

Envelope

0.2

0 1
BOTTOM

2 3 4 5 6 7 8 9 1o 0
_ Core Helght (ft)

12

TOP
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Height
Feet
000
020
0.40
0.60
0.80

1.00
1.20
1.40
1.60
).80
200
220
240
2460
280
3.00
320
340
.40
3.80
400
420
A4.50
4.60
4.80
5.00
520
540
560
580
6.00
6.20
T 6.0
6.60
6.80
200
720
7.20
7460
7.80
8.00
" 820
8.40
8.0
8.80
900
920
Q.40
9.60
9.80
10.00
10.20
10.40
10.60
10.80
11.00
11.20
11.40
.60
11.80
12.00
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CORE OPERATING iJMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

MAX WD

Broidwood Unit 2 Cycle 10

figure 28.2.0

Surnmeary of W(Z) Funclion of 350 MWD/MTU
{Top ond Boltom 15% Excluded per WCAP-10216)

1.35

vy g

W(Z) FUNCTION
-
)

1.15

1.10

1.05
0.00

. 2.00

4.00 6.00 8.00
' CORE HEIGHT (FEET)

10.00

12.00
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

Height  MAX
feet
0.00
020
0.00
0.60

12.00

w@)
1.0000

 Brodwood Uil 2 Cyde 10
Figre242b

Summary of W) Funclion of 6000 MWDAMT U
(coondBoliam 15% Exchucbd per WCAP-10216)

W(Z) FUNCYION

135
1.30
J
1.25
>
> *
120 - -
E 3 -
03 +te
0*“.
C ~ -
* >

1.15 4

N A 5 . . 2 R R

3
»
L

1.1

1] . 7Y

»
24

1.05 —L - - :

0.00 200 4.00 . 6.00 8.00 10.00 12.00

CORE HEIGHT (FEET)
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

Heght MW@

Fect
0.00
0.20
0.20
080
080

100 -

1.20
1.20
1.60
1.80
200
220
240
2.60
280
3.00
3.20
3.4
340
3.80
400
420
4.90
a0
480
5.00
5.20
5.40
5.60
580
6.00
620
6.40
.60
0.80
7.00
7.20
7.00
7.60

-7.80 .

8.00
8.20
8.40
8.60
8.60
9.00
220
9.4
9.60
9.80
10.00
10.20
10.40
10.60
1080
11.00
17.20
11.40
11.60
11.80
12.00

Bsddwoad Uit 2 Cyde 10
Figwe26.2.c

Surmary of W) Fundlion d 14000 MWD U
T op andBottom 15% Exchuced per WCAP-10216)

WI(Z) FUNCTION

145

1.40

135

130

1.25

1.20

&,
R L

»

1.10

1.05
0.00

2.00

4.00 6.00 8.00
CORE HEIGHT (FEET)

10.00

12.00
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CORE OPERATING LIMITS REPORT (COLR) for BRATDWOOD UNIT 2 CYCLE 10

Hegt  MAX W)

Fect rodwood Uni
Foc o B Urit 2 Cyde 10

020 1.0000 '

o 1000 Figre26.2d

?,3‘3 :m 7 : SurToy of W) Furciion o 20000 MWOMIY

andBalion) xchuciedt ~

os0 1o oo s*x. £ per WCAP-10218)
1.20 1.0000

1.40 1.0000

160 _1.o000 135

150 12783

200 1.2583

220 117

240 12124 :

240 1.1966

280 1.1833 '
300 -1.1780 - |
320 1.1700 1.30 . -
340 11691

380 1.J684

380 1.0670 ¥

400 1.1657

420 11732 :

4.0 1.1342 - : :
260 11914

480 1.1969 125

s00 13002 -}- 7 -

520 1.2004 . 11

5.00 11994 1* * *

560 11953 . - ' .
580 12014 o]

800 - 12165 E *

620 1.2280 g

Py 1 a 1.20 G = » .; y

860 12417 N ¥ -

680 12438 £ i o
7.00 12437 1 *

7.20 12387 - + -

7.40 1326 . ‘ i

7.60 12216
750 2o -

%0 BN 1.15: —+——1t . 3

820 1782 T F ' ' T )
8.0 1.1633 *
8.50 11475

280 10435

9.00 1.1410

920 L1372 °

9.40 11349 1.10

9.60 11858

9.80 12267

10.00 1.2640

10.20 1.3048

10.40 1.0000

10.60 1.0000

10.80 1.0000 . -

n.oo 1.0000 1.05 - - -

120 1.0000 '

na Loooo 7 0.00 2.00 4.00 6.00 8.00 10.00 12.00
o 10000 . CORE HEIGHT {FEET)

11.80 1.0000
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CORE OPERATING LIMITS REPORT (coLR) for BRAIDWOOD UNIT 2 CYCLE 10

Table 2.6.2
Penalty Factors in Excess of 2% per 31 EFPD
Cycle Burnup Penalty Factor - F-o(z)

(MWD/MTU) {%)
2038 2.00
3068 3.13
3239 3.24
3411 3.30
3583 3.28
3754 3.18
3926 3.00
4612 2.00
10791 2.00
10963 2.08
‘11306 2.24
11477 2.32
11649 2.38
11821 2.43
11992 246
12164 247
12336 245
12507 241
12679 2.27
12850 2.00

,NoteS'

Linear Interpolahon is adequate for mlermed' ate cycle bumups

All cycle burnups outside the range of the tab!e sha)l 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 10

27  Nuclear Enthalpy Rise Hot Channel Factor (F",,) (LCO 3.2.2)
271 FM<FR[1.0+PFu(1.0-P)

where: P = the ratio of THERMAL POWER to RATED THERMAL POWER
FRP = 1.70 o , i
PFu=03 '

272 Uncentainty when PDMS is inoperable

~ The uncertainty, Ura, 1o be applied to the Nuclear Enthalpy Rise Hot Channel
Factor F, shall be calcufated by the following formula:

Uran = Uranm
where:
Ursin= Brase' F"m fneaédfement uncertainty = 1.04
2.7.3 PDMS Alarms: ' . |
FA, Warning Setpoint > 2% of F"AH Margin
Fai Alarm Setpoint 2 0% of F", Margin
28  Axial Flux Difference (AFD) (LCO32.3)
2.8.1 = When PDMS is Inoperable, the AXIAL FLUX DIFFERVE.NCE (AFD) Acceplable

Operation Limits are provided in Figure 2.8.1 or the latest valid PDMS
Surveillance Report, whichever is more conservative.

2.82 When PDMS is OPERABLE, no AFD Acceptable Operation Limils are
applicable. S I

29  Depanture from Nucleate Boiling Ratio (DNBR) (LCO 3.2.5)
291 DNBRaps, 2 1.536 S ]

The Axial Power Shape Limiting DNBR {DNBR»s; } is applicable with THERMAL POWER
2 50% RTP when PDMS is OPERABLE.

2.92 PDMS Alarms:

- DNBR Warning Setpoint = 2% of DNBR Margin
DNBR Alarm Selpoint > 0% of DNBR Margin -
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10
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2.10

CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

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

2.10.1

2.10.2

2103

2.104
2.10.5

2.10.6
2.107
2.10.8

2.10.9

2.10.10

2.10.11

210.12

2.10.13

2.10.14

2.10.95

Parameter Values

The Overtemperature AT reactor trip setpoint K, shall be equal 1o 1.325.
The Overtemperature AT reactor lrip setpoint T,.,coefficient K, shall be equal
to 0.0297 / °F. ‘

The Ovenemperamre AT reactor tnp setpoint pressure coefficient K; shall be
equal to 0.00181 / psi.

The nominal To.eal RTP (indicated) T shall be less than or equal o 588.0 °F.
The nominal RCS oberaiing pressure (indicated) P” shall be equal o 2235 psig.
The measured reactor vessel AT lead/lag time constant ¢, shall be equal to

8 sec.

The measured reactor vessel AT leadllag time constant fgSha“ be equal to
3sec.

The measured reaclor vessel AT lag !:me constant 1, shall be Jess than or equal
to 2 sec.

The measured reactor vessel average temperature leadflag time constant 1,
shall be equal to 33 sec.

The measured reactor vessel average ternperature lead/lag time constant 1'5
shall be equal to 4 sec. :

The measured reactor vessel average ternperature lag time constant 1z shall be .
_Jess than or equa! Io 2 sec

The f, (Al) "posmve breakpomt shailbe +10% Al.
The f (A1) “negative” breakpoint shall be -18% Al.
The 1, (Al) “positive” slope shall be +3.47% /% Al

The f; {Al) "negative” slope shall be -2.61% /% Al.
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CORE OPERATING LIMITS REPORT {coLr) for BRA]DWOOD UNIT2CYCLE 10

eactor Tri tem {RTS) Instrumentation {LCO 3.3.1) - Overpower AT Setpoint

2.11.15

Parameter Values
2.11.1  The Overpower AT reactor \rip'se\poinlv Ka shall be equal to 1.072.
2.1 1 2 The Overpower AT reactor trip setpomt Tavg ralenag coefficient K5 shall be equal
© 100.02 /°F for increasing T,
2.11.3  The Overpower AT reactor trip setpomt T..,, rale/lag coefficient K shall be equal
to 0/ °F for decreasing Tyvg,
21414  The Overpower AT reactor 1rip setpoini Tapheatup coelficient Kg shall be equal
10 0.00245 /°F when T > T“.
-2.31.5  The Overpower AT teac\or trip selpomt T,,,heatup coetticient Ks shall be equal
to0/°FwhenTsT". ’
2116 The nominal Ty at RTP (i ndicated) T shall be less than or equal to 588.0 °F,
2117 The measured reaclor vesse! AT Ieadhag !ime constant 71 shall be equal to
8 sec.
2.11.8  The measuwred reactor vesse! AT Iead!lag time oonstant T shall be equal 1o
3 sec.
2.11.9 = The measured reactor vessel AT Iag time constanl %3 shall be less than or equal
. fo 2 sec.
21110 The measured reactor vessel average temperamre lag time constant tgshallbe = -
less thah or equa) to2sec. . S
2141.311 The measured reactor vesse! average Iempetature rate/lag time constant 1,
shall be equalto 10sec. - . . ,
21112 The ,(al) "posiiive” breakpoint shall be O for aii At
21113 The I>{Al) "negative” breakpoint shall be 0 for all Al.
2.11.14  The . (al) "positive” slope shall be O for a Al. )

The £, (Af) "negative” slope shall be 0 for all Al -
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CORE OPERATING LIMITS REPORT (COLR) for BRAIDWOOD UNIT 2 CYCLE 10

Reactor Coolant System (RCS) Pressure, Temperature, and Flovs) Departure from

Nucleate Bolling (DNB) Limits {LCO 3.4.1)

2.12.1 The pressurizer pressure shalt be greater than or equal fo 2209 psig.

2.12

2.12.2 The RCS average temperature (Tavg) 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.

243 Boron Concentration 7
2.13.1 The refueling boron concentrahon shall be greater than o equal to 1733 ppm
(LCO 3.9.1).

2.13.2 To maintain keff < 0.987 with all shutdown and controf 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. 1778 ppm prior to initiat criticality
b. 1990 ppm at all other times in core life.



