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HBRSEP UNIT NO. 2, CYCLE 24
CORE OPERATING LIMITS REPORT

REVISION 0

1.0 OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for HBRSEP Unit No. 2, Cycle 24 has
been prepared per EC 58475 in accordance with the requirements of ITS 5.6.5.

The Improved Technical Specifications affected by this report and the
methodologies used for the various parameters are listed below.

ITS Applicable Methodology
Parameter Reference (Section 3.0 Number)
MTC 3.1.3 1,2, 4,15, 18, 19, 22
Shutdown Bank RliLs 3.1.5 1,2,4, 8,15, 18, 19, 22
Control Bank RlLs 3.1.6 1,2,4,8, 15,18, 19, 22
Fa'(2) 3.21,3.23 1,2,5,6,7, 8,11, 12,13, 14,
15, 17, 18, 19, 21, 22
Fau 3.22,323 1,2,3,4,5,6,7,9, 10, 11,
12, 13, 14, 15, 17, 18, 19, 20,
21, 22
AFD 3.21,3.2.3 1,2,6,7,12, 13, 14, 15, 16,
18, 19, 21, 22
Shutdown Margin Requirements 3.1.1,34.5,34.6 11,2, 4,8, 15, 18,19, 22
Refueling Boron Requirements 3.9.1 1,2,4,8, 18, 19, 22
COLR 5.6.5 None
FMP-001 Rev. 20 Page 10 of 22
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OPERATING LIMITS

The cycle-specific parameter limits for the specifications listed in Section 1.0 are
presented in the following subsections. These limits have been developed using
the NRC-approved methodologies specified in ITS 5.6.5 and the COLR Section

3.0.

Moderator Temperature Coefficient (ITS 3.1.3)
2.1.1 The Moderator Temperature Coefficient (MTC) limits are:

a) The Positive MTC (ARO) shall be less than or equal to +5.0 pcm/°F for
power levels up to 50% RTP, and

b) The Positive MTC (ARO) shall be less than or equal to 0.0 pcm/°F at 50%
RTP and above.

c) The Negative MTC (ARO/RTP) shall be less negative than -40.0 pcm/°F.
2.1.2 The 300 ppm Surveillance limit is:

At an equilibrium RTP-ARO boron concentration of 300 ppm the MTC
shall be less negative than or equal to -32.49 pcm/°F.

2.1.3 The 60 ppm Surveillance limit is:

At an equilibrium RTP-ARO boron concentration of 60 ppm the MTC shall
be less negative than or equal to -36.68 pcm/°F.

Shutdown Banks Insertion Limits (ITS 3.1.5)
2.2.1 The shutdown banks shall be withdrawn to at least 225 steps.
Control Bank Insertion Limits (ITS 3.1.6)

2.3.1 The control banks shall be limited in physical insertion as shown in Figure
1.0
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24  Heat Flux Hot Channel Factor - Fq¥ (2) (ITS 3.2.1, 3.2.3)
Fa'(Z) < (CFQ/P) x K(Z) for P > 0.5
Fa'(Z) < (CFQ/0.5) x K(Z) for P < 0.5
Where: P = (Thermal Power / Rated Thermal Power)
241 CFQ =246 for ROB-14, ROB-16, ROB-17, ROB-18, ROB-19, ROB-20
and ROB2-24 reload batches
2.4.2 K(Z)is specified in Figure 2.0
2.5 Nuclear Enthalpy Rise Hot Channel Factor - Fa (ITS 3.2.2, 3.2.3)
Fan < FadRTF (1 + PFa (1-P))
Where: P = (Thermal Power / Rated Thermal Power)

2.5.1 Fay is the measured Fay' multiplied by the measurement uncertainty
(1.04) _

2.5.2 FaR'F = 1.80 for ROB-14, ROB-16, ROB-17, ROB-18, ROB-19, ROB-20
and ROB2-24 reload batches
253 PFaq =02
2.6  Axial Flux Difference (ITS 3.2.1, 3.2.3)

2.6.1 The axial flux difference target bands are £3% and 5% about the target
AFD.

2.6.2 V(Z)values for the +3% and 5% target bands are specified in Figures
3.1and 3.2

2.6.3 The AFD Acceptable Operation Limits are specified in Figure 4.0
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2.7  Shutdown Margin Requirements (SDM) (ITS 3.1.1, 3.1.4, 3.1.5, 3.1.6, 3.1.8,
3.4.5, 3.4.6,3.9.1)

2.7.1 The Mode 1 and Mode 2 required SDM versus RCS boron concentration
is presented in Figure 5.0.

2.7.2 The Mode 3 SDM requirements are as follows:
a) With at least 2 reactor coolant pumps in operation, the SDM shali be

greater than or equal to that specified in Figure 5.0.

b) With less than 2 reactor coolant pumps in operation and the rod control
system capable of rod withdrawal, the SDM shall be greater than or equal
to 4% Ak/k.

c) With less than 2 reactor coolant pumps in operation and with the rod
control system not capable of rod withdrawal, the SDM shall be greater
than or equal to that specified in Figure 5.0.

2.7.3 The Mode 4 SDM requirements are as follows:

a) With at least 2 reactor coolant pumps in operation, the SDM shall be
greater than or equal to that specified in Figure 5.0.

b) With less than 2 reactor coolant pumps in operation and the rod control
system capable of rod withdrawal, the SDM shall be greater than or equal
to 4% Ak/k.

c) With less than 2 reactor coolant pumps in operation and with the rod
control system not capable of rod withdrawal, the SDM shall be greater
than or equal to that specified in Figure 5.0.
2.7.4 The minimum required SDM for Mode 5 is 1% Ak/k.
2.7.5 The minimum required SDM for Mode 6 is 6% Ak/k.
2.8 Refueling Boron Concentration (ITS 3.9.1)

2.8.1 In Mode 6 the minimum boron concentration shall be 1950 ppm.
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3.0 METHODOLOGY REFERENCES

1) Not Used For Cycle 24

2) XN-NF-84-73(A), Revision 5, “Exxon Nuclear Methodology For PWRs:
Analysis of Chapter 15 Events,” Siemens Power Corporation, October 1990.

3) XN-NF-82-21(A), Revision 1, “Application of Exxon Nuclear Company PWR
Thermal Margin Methodology to Mixed Core Configurations,” Exxon Nuclear
Company, September 1983.

4) EMF-84-093(A), Revision 1, “Steamline Break Methodology for PWRs,”
Siemens Power Corporation, February 1999.

5) XN-75-32(A) Supplements 1, 2, 3, and 4, “Computational Procedure for
Evaluating Fuel Rod Bow,” Exxon Nuclear Company, October 1983.

6) XN-NF-82-49(A), Revision 1 (April 1989) and Supplement 1 (December
1994), “Exxon Nuclear Company Evaluation Model Revised EXEM PWR
Small Break Model,” Siemens Power Corporation.

7) EMF-2087(A), “SEM/PWR-98: ECCS Evaluation Model for PWR LBLOCA
Applications,” Siemens Power Corporation, June 1999.

8) XN-NF-78-44(A),” A Generic Analysis of the Control Rod Ejection Transient
for Pressurized Water Reactors,” Exxon Nuclear Company, October 1983

9) Not Used For Cycle 24

10) Not Used For Cycle 24

11) XN-NF-82-06(A), Revision 1 and Supplements 2, 4, and 5, “Qualification of
Exxon Nuclear Fuel for Extended Burnup (PWR),” Exxon Nuclear Company,
October 1986.

12) Not Used For Cycle 24
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13) Not Used For Cycle 24
14) Not Used For Cycle 24
15) Not Used For Cycle 24

16) ANF-88-054(A), “PDC-3: Advanced Nuclear Fuels Corporation Power
Distribution Control for Pressurized Water Reactors and Application of PDC-3
to H.B. Robinson Unit 2,” Advanced Nuclear Fuels Corporation, October
1990.

17) ANF-88-133(A), and Supplement 1, “Qualification of Advanced Nuclear Fuels
PWR Design Methodology for Rod Burnups of 62 GWd/MTU,” Advanced
Nuclear Fuels Corporation, December 1991.

18) ANF-89-151(A), and correspondence “ANF-RELAP Methodology for
Pressurized Water Reactors: Analysis of Non-LOCA Chapter 15 Events,”
Advanced Nuclear Fuels Corporation, May 1992.

19) EMF-92-081(A), Revision 1, “Statistical Setpoint/Transient Methodology for
Westinghouse Type Reactors,” Siemens Power Corporation, February 2000.

20) EMF-92-153(A) and Supplement 1, Revision 1, “HTP: Departure from
Nucleate Boiling Correlation for High Thermal Performance Fuel,” Siemens
Power Corporation, January 2005.

21) XN-NF-85-92(A), “Exxon Nuclear Uranium Dioxide/Gadolinia Irradiation
Examination and Thermal Conductivity Results,” Exxon Nuclear Company,
November 1986.

22) EMF-96-029(A), Volume 1, Volume 2 and Attachment, “Reactor Analysis
System for PWRs,” Siemens Power Corporation, January 1997.

23) EMF-92-116(A), “Generic Mechanical Design Criteria for PWR Fuel
Designs,” Siemens Power Corporation, February 1999.
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Figure 1.0, Control Group Insertion Limits for Three Loop
Operation
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NOTE: The breakpoint between BOL and EOL RIL occurs at 50% of the cycle as
defined by burnup. For Cycle 24, this burnup occurs at 257 EFPDs (9000
MWD/MTU).

Control rod banks shall always be withdrawn and inserted in the prescribed
sequence. For withdrawal, the sequence is Control “A”, Control “B”, Control “C”,
and Control “D". The insertion sequence is the reverse of the withdrawal
sequence.

Overlap of consecutive control banks shall not exceed the prescnbed setpoint for
automatic overlap. The setpoint is 97 steps.

Control bank A must be withdrawn from the core prior to power operation.

At BOL and 0% core power, Control bank B will be at or above step 224.
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Figure 2.0, Normalized Axial Dependence Factor K(z) for Fq

Versus Elevation
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NOTE: For power levels below 32% RTP, the K(z) at all axial levels is 1.0. It is
conservative to apply the above figure to power levels below 32% RTP.
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Figure 3.1 V(z) as a Function of Core Height
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Note: V(z) data applicable for 0 < burnup < 11,000 MWD/MTU.
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ATTACHMENT 10.1
Figure 3.2 V(z) as a Function of Core Height

LR PP P PEEE LR L EEE P E R P AR P IS FEEEEEEE
H=883388 888385388883 33333833333333333388585888333888888555588588838
T = T T T Y T Y T T T T T T YT T T T YT T T T Y T T Ve YT YT Y Y Y v e Y ¥ T T T e Y Y YT T T Y Y Y T YT Y T YT Y Y YT T Y e e e
OO MO MY @O w0 w e v O MM - DO v~ - [
OS8EEE8E5 S8 eI e e E oS8R R BT B NRE 8 SEEEE 85825888888
585888882088 8885585888885555555588585883588885855885838852v5858883
T T A YT T T e T Y Y YT VT Y Y Y T Y T T e e T T T T Y T T T YT Y Y e e T T T T T T T T T T N Y T e Y T T v T T YT e v
o
R ON T ONONTORONTONONTORONTORANTORONTORONTORONTORONTVOONYTOOOANTRRS
PO OO OO r r T rrANNNNMN MO MM YT T T NN NOOOEOCORNENN NSO RDINNNRONS OO =
T e T eSS T
a
T T — T R I M S T T o
1 ' 1 ' 1 ' ' ' ' ' ' 1 ' 1 '
it Aalihetis Shallnll afbaiiit Sadbadis Shaibnlt ndiad Andhdh 2 ihatin Euliall Sadiall nddier Radiiadi Sl e |
1 ' Vo ' 1 ' ' ' ' 1 1 1 1 i o
T e S T S Ll s
+ i t 1 ' ' ! [} ! 1 ' ) ) ) ] -
Lo® Lo _a.B® ) ibedoobeabodecloao
* | | ' L ' ' [ i ' [ ' 1
I Dt DR SN TR SRR B PN [DUIE SN SR DI NN JRDE Y HRU - .
Ll ] .. 1 1 ] 0 -_ 1 ¥ ] 1 ] 1 1 -
1 ] [ 1 1 ] 'n ] 1 ) ] 1 1 ' m
15t huhaty Sl niet T~y ik Rt Bl St Wiy Rt Nt iy Rty ERY I
' 1 Voo e ' ' 1 = ' | 1 ' ' o M
Fesim=y--r~T~~1-®r-n~-1--r-N-81~-r-a~~1--rF*“T g
' 1 1 1 ' ) * ' ' | n ' ' ' Q
R e e Ll e R R R I P W
1 l ! | 1 ' 1 e ! ) ' [l '
L c e cdeecbedecdacbrdecde g —decdacbh et gl e - o w M
' ' ' ) 1 ' ] 1 el 1 1 [ T o
R PR (VU TP JY [N IR DU NP IND P 3 MU R DR A . <
| 1 ] [} ] ] [} 1 ] [ _QV [ | ll_ vy
| 1 | | | | ' | | ] ' ) | t >
|||_|||_|l_||1_|!|_||.|||_l|ﬂ||.l-l_||401.4|||_|lﬂlul._lv| m w
1 1 ' ' ' 1 ' lg ! 1 ' ol ) M Vi
o bl bt et alle Tl Rl Py ol il adidis A Sl nll
1 ' M M ' 1 ' 1 e ' ] [ 1 ' o .
-~ -1- -4 —t=rF-H-~—4@®-pF----t~-pF @4--t-~--1 g =
Voo W W T Y S T R B I Vo £
S Y R |.>||r|L|0w»||r|L||va|—ll.L||b|vr|| M =1
| | ﬂ ﬂ ' \ l o ! ] ' ' 'y ! | 1 O
ool @ m|-d-o-bodelob_t i lgdodoL.1 8 Vi
| [ ' ' 1 el ' | ' X ' '
Lo v _e__t (SR R TN [ D R (=4
TTTTA i I 1 i 1 Ge T TATTITT T e T (e m
1 ' ] ' 1 1 \ [ 2] [} [} [} | &y [} o -
iniut il Sadad Sidie Tl Sl ufidier it Sl sftuiis el Sk’ il Teutht ol mlti s~ —
' [ T ' ! 1 ) 1% 1 ' -] 1 -
b4 - [
lll_ll-ll-lll.-||4ll_lll_||4||” I-ll*'lnlll-.ll*ll-lll. o
] ] 1 1 ' ' 1 l o ! 1 ] I 1 t [ 2t
e cle ek e A e d e e ccdc@d e e A — b el A— =4 = = = m o
' | 1 | 1 . e 1 ' ' ' om ' f ' —
Loetemdoloooi ®C o _a__C_o_ ®__L._J__1__u.] °
[ ' | 'y * ' + | l_l 1 | 1 1 1 o
.=
A B aak Rt AU P B S LR LR SET S & =
o -
1 g [ ' 1 1 ) 1 1 | ' 1 ' 1 fo%
' 2 Bt Aatt fiath Shalill ey Rulhll Tiiatl mibatiey Inthatlh Sadiad Ribatie Rl Shatbal nibat <
' 1 o ' ' 1 I 1 1 ' ' ' ' '
F-clmeqempr=ommt-=pr e o=t~ =r--r-=+ 2 m
[} [} 1 [} [} ' ' [} ] | ] ] ¥ [} i -
i S g i Py G S P ] S EUE S AP Ay Sy ~—
' 1 1 1 | 1 1 1 ] ' [} 1 ' 1 ] lﬂw
i 1 I 1 L R b 1 1 i I3 i I i M v
= e 8 8 B 8 8 3 2] "
- - - - - - - - = U
o
@A No

Page 19 of 22

Rev. 20

FMP-001




ATTACHMENT 10.1
Page 11 of 12

HBRSEP UNIT NO.

2,CYCLE 24

CORE OPERATING LIMITS REPORT

REVISION 0
Figure 4.0, Allowable Deviation from Target Flux
Difference
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Figure 5.0, Shutdown Margin Versus Boron Concentration
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