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INTRODUCTION AND SUMMARY

This report provides the values of the power distribution limits and control rod withdrawal block instrumentation
setpoinis for Brunswick Unit 1, Cycle 11 as required by Technical Specification 6.9.3.1. The vulues of the Average
Planar Linear Heat Generation Rate (APLHGR) limits, along with associated core flow and core power adjustment
factors 1:¢ provided as required by Technical Specification 6.9.3.1.a. The values of the Minimum Critical Power Ratio
(MCPR) limits, along with associated core flow and core power adjustment factors are provided as required by Technical
Specifications 6.9.3.1.b and 6.9.3.1.c. The control rod block upscale trip setpoints and allowable values are provided
as required by Technical Specification 6.9.3.1.d.

Per Technical Specifications 6.9.3.2 and 6.9.3.3, these values have been determined using NRC-approved methodology
and are established such that all applicable limits of the plant safety analysis are met.

Preparation of *his report was performed in accordance with Quality Assurance requirements as specified in Reference 1.

APLHGR LIMITS

The limiting APLHGR value for the most limiting lattice (excluding natural uranium) of each fuel type as a tunction of
planar average exposure is given in Figures | through 8. These values were determined with the SAFER/GESTR LOCA
methodology described in GESTAR-II (Reference 2). Figures | through 8 are to be used when hand calculations are
required as specified in Technical Specification 3.2.1.

The core flow and core power adjustment factors for use in Technical Specification 3.2.1 are presented in
Figures 9 and 10. For any given flow/power state, the minimum of MAPLHGR(F) determined from Figure 9 and
MAPLHGR(P) determined from Figure 10 is used to determine the governing limit.

MCPR LIMITS

The ODYN OPTION A, ODYN OPTION B, and non-pressurization transient MCPR limits for use in Technical
Specifications 3.2.2.1 and 3.2.2.2 for each fuel type as a function of cycle average exposure are given in Table 1. These
values were determined with the GEMINI methodology and GEXL-PLUS critical power correlation described in
GESTAR-Il (Reference 2) and are consistent with the Safety Limit MCPR of 1.10 specified by Technical
Specification 2.1.2.

The core flow and core power adjustment factors for use in Technical Specification 3.2.2.1 are presented in Figures 11

and 12. For any given flow/power state, the maximum of MCPR(F) determined from Figure 11 and MCPR(P)
determined from Figure 12 is used to determine the governing limit.
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RQD BLOCK INSTRUMENTATION SETPOINTS

The nominal trip setpoints and allowable values of the control rod withdrawal block instrumentation for use in Technical
Specification 3.3.4 (Table 3.3.4-2) »== presented in Table 2. These values were determined consistent with the bases
of the ARTS program and the dewniunation of MCPR limits with the GEMINI methodology and GEXL-PLUS critical
power correlation described in GESTAR-II (Reference 2).

REFERENCE(s)

1) “Preparation of the BIC11 Core Operating Limits Report,” Design Calculation 1B21-0524-9501608,
Revision A, September 1996.

2) NEDE-24011-P-A; "General Electric Standard Application for Reactor Fuel:" (latest approved
version).
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Figure 4
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Figure 5
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Figure 7

FUEL TYPE GE13-PSDTB380-11G5.0A~100T~146~T (GE13)
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Figure 8

FUEL TYPE GE13-P9DTB380~10G5.0A~100T-146T (GE13)
AVERAGE PLANAR LINEAR HEAT
GENERATION RATE éAPLHGR%xUMIT
VERSUS AVERAGE PLANAR EXPOSURE

APLHGR LIMIT (kW/ft)

14
T"énc}{ p|Td ®
TE 3.2/1
13
h
1 \}L
’ M
£
1 )
0. 1
0.22 :
1.0 1
1 )
TTETTTT
5.91 15
6.61 1 \
9 : 14
9.92 1§
11.02 14
13.78 14 N\
4 16. 1 \
12. ' N
k7. 1
33.07 1
" g \
f et \
¥ e
6 1 ™t
5 10 15 20 25 30 35 40 45 S50 55 60 65 70

AVERAGE PLANAR EXPOSURE (GWd/MT)



CP&L Nuclear Fuels Mgmt & Safety Analysis

BIC11 Core Operating Limits Report

Flow - Dependent MAPLHGR Limit, MAPLHGR (F)

Figure 9

DC # 1B21-0524-9501608

Page 13, Revision 0

Q.94

MAPLMGR FLOW FACTOR (MAPFACk)

MAPLHGRIF) » MAPFACE - MAPLHGASTD
MAPLHGRgTD = STANDARD MAPLMGR LIMITS
MAPFACE(F) = MINIMUM (1.0, AgWc/100 + Bg)

We = % RATED CORE FLOW
AND Ag, B ARE FUEL TYPE DEPENDENT

CONSTANTS GIVEN BELOW:
0.8
MAXIMUM
CORE FLOW
(% rated) Ag B¢
102.8 0.8784 0.4881
o 107.0 0.6758 0.4874
112.0 0.8807 0.4214
117.0 0.6888 0.3828
0.4 1 | | | | |
30 40 80 80 70 80 90 100

CORE FLOW (% reted)

This figure is referred to by
Technical Specification 3.2.1
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Figure 10

Power - Dependent MAPLHGR Limit, MAPLHGR (P)

1.0
3‘ Q9P
£
*
§ 0.8~
i’
MAPLHGH(P) » MAPFACp * MAPLHGRg TD
- FOR 25% >P NO THERMAL LIMITS MONITORING
z REQUIRED
§ MAPFACp = 0,888 + 0.008224 (P - 30%)
e FOR = 850% CORE FLOW
[ MAPFACp = 0.433 +0.006224 (P~ 30%)
g 1| >s0% come rLow FOR >80% CORE FLOW
0.5~ 4
1 ¢ FOR 30% 5P
1 MAPEACp = 1.0+ 0.008224 (P~ 100%)
H
04 1 1 | | 1 | 1
20 2% 30 40 50 80 70 80 90 100
POWER (% rated)

This figure is referred to by
Techmical Specification 3.2.1
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Table 1
MCPR Limits
Fuel Type MCPR Limit | Exposure Ran!e
GESXSNB-3/GESx8EB 1.29 BOCI11-EOC11
GE13 1.29 BOCI11-EOC11
MCPR Option A
Fuel Type MCPR Limit Exposure Rngei
GESx8NB-3/GE8x8EB 1.35 BOCI! w0 EOC11-2205 MWdMT
GE13 142 BOC11 o EOC11-2205 MWd/MT

o

EOC11-2205 MWdJMT to EOC11

GEBxSNB-3/GESx8EB 1.35
GE13 1.48 EOC11-2205 MWd/MT to EOC1 1
MCPR Option B
Fuel Type MCPR Limit Exposure RangL
GESx8NB-3/GESx8EB 1.28 BOC11 to EOC11-2205 MWd/MT
GE13 1.37

BOCI1 to EOC11-2205 MWdMT

GEBxSNB-3/GESx8EB

1.31 ECC11-2205 MWdAMT to EOC1 |

GE13

1.40 EOC11-2205 MWdMT to EOC11

This table is referred to by

Technical Specifications 3.2.2.1 and 3.2.2.
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Flow - Dependent MCPR Limit, MCPR (F)

DC # 1B21-0524-9501608
Page 16, Revision 0

FOR We (% RATED CORE FLOW) <40% FOR W (% RATED CORE FLOW) 240%
MCPRIF) = (AgW/100 + Bg) MCPR(F) « MAX (1.20, AgWe/100 » Bg)
170 *(1+0.0032 (40-Wp))
: MAX FLOW Ag 8¢
117.0 ~-0.632 1.809
112.0 -0.602 1.747
1.8 107.0 ~-0.588 1.897
102.8% -0.871 1.858
1.5p~ MAXIMUM FLOW RATE= 117.0%
™y 112.0%
107.0%
102.5%
1.4 b=
1.3p=
1.2~
1.1 1 1 | | | 1 | |
20 40 80 80 70 80 90 100 110 120
CORE FLOW (% rated)

This figure is referred to by
Technical Specification 3.2.2.1
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Figure 12

Power - Dependent MCPR Limit, MCPR (P)

100

2 24
) LMCPR
> H RATED MCPR MULTIPLIER (Kp) H
a
v 23
& | \ e S OPERATING LIMIT MCPR(P) = K, * OPERATING LIMIT MCPR( 100)
§ R FORP <25%  NO THERMAL LIMITS MONITORING REQUIRED
= I | NO LIMITS SPECIFIED
§ 3 : : FOR 25% 5 P < Pyyause (Porsnse = 30%)

gl " Ks = MAXIMUM OF 1 481 OR Ky,

==
| 550% CORE FLOW Kas = (Kgs + 0.02(30% - P)) / OLMCPR(100)

. |

1.9 Ken = 1.9 FOR 5 50% CORE FLOW
| Rt 1 I 2.2 FOR » 50% CORE FLOW
§ - b FOR 30% < P < 46%:
N & # + Ko = 1.28 4+ 0.0134(45% - P)
g L el FOR 45% < P < 60%:
b I Ko = 1.15 + 0.00867(60% - P)
14~ | i
- FOR 80% 5 P:
« [
: 13 | | Ko = 1.0 + 0.00375(100% - P)

§ 7y

¥
T

LR ol | i
8 l | |
3 1.0 1 1 1 | |

20 28 30 40 50 80 70 80 90
PBYPASS POWER (% rated)

This figure is referred to by
Technical Specification 3.2.2.
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Table 2
RBM System Setpoints

Lower Power Setpoint (LPSP*) 27.0 <29.0
Intermediate Fower Setpoint (IPSP*) 62.0 < 64.0
High Power Setpoint (HPSP*) 82.0 s 84.0
Low Trip Setpoint (LTSP*) < 115.1 s 1155
Intermediate Trip Setpoint (ITSP) < 1093 < 109.7
High Trip Setpoint (HTSP*) < 105.5 < 105.9

te s 2.0 seconds < 2.0 seconds
. Setpoints in percent of Rated Thermal Power.

Setpoints relative to a fuil scale reading of 125. For example, < 115.1 means < 115.1/125.0 of full scale.

This table is referred to by
Fechnical Specification 3.3.4 (Table 3.3.4-2)
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