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Ladies and Gentlemen:

Enclosed is Revision 0 and Revision 1 of the River Bend Station (RBS) Core Operation Limits
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Technical Specification 5.6.5 of Appendix A of the Facility Operating License NPF-47. This
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Sincerely,

o7 A

D. N. Lorfing
Manager - Site Licensing (Acting)

DNL/BMB AOD (

Enclosure



Y

thirteenth Fl\lél Cycle Core Operating Limits Report (COLR)
RBG-46358 -

RBF1-04-0221

Page 2 of 2

cc: Mr. Michael Webb
U. S. Nuclear Regulatory Commission
M/S OWFN 07-D1
Washington, DC 20555

NRC Resident Inspector
P. O. Box 1050
St. Francisville, LA 70775

U. S. Nuclear Regulatory Commission
Region IV

611 Ryan Plaza Drive, Suite 400
Arlington, TX 76011



Core Operating Limits Report
Cycle 13
Revision 0



Page 10f63
RBS CYCLE 13 COLR
Revision 0

RIVER BEND STATION, CYCLE 13

CORE OPERATING LIMITS REPORT (COLR)

PREPARED BY: Maz/ A csf¢pate: /O — &0 2

Responsible Engineer
%/‘V [/ 4 075%
REVIEWED BY: 6 Date: /p L . OF
RevYiew Engineer
APPROVED BY: : Date: / OA’/Q Y

}!’[anagéf — Nuclear Engineering

a7 O J1-12-04.

APPROVED BY: v Date:
irector, Engineering
River Bend Nuclear Station

—
APPROVED BY: M)— ;% < pate: // —-1&-09[

On-site Safety Reviesv Gommfttet
River Bend N ar Station




Page 2 of 63
RBS CYCLE 13 COLR
Revision 0

TABLE OF CONTENTS
INTRODUCTION AND SUMMARY werreseeesseeeesreseseesessnesssreesssesessessesseesssesesesee 3
CONTROL RODS . ereeereeseseseeee s ssesssreessessseeees e 4
TECHNICAL SPECIFICATION 3.2.1 cvvoeeeseeessoesesreesseesessressssesssesesssesssssreesseesseees 5
TECHNICAL SPECIFICATION 3.2.2 covreeseees s eseeesseesessessesemsessssessessosesessseessseees 6
TECHNICAL SPECIFICATION 3.2.3 weevvoreeeeseeeeseessssessessseeesssessesseseesssssesssresessmeses 7
TECHNICAL SPECIFICATION 3.2.8 weevorroeee oo eeees s seseseeeesssssesseesessseessssnesssssene 8
TECHNICAL SPECIFICATION 3.3.1.1 woroseeroeesseeeescbeessesseseesessrsesseesssnessssee s 9
TECHNICAL SPECIFICATION 3.3.1.3 1ovceresoees o eeeessereesseeseesseessssseeesssersessssresssees 10
TECHNICAL REQUIREMENT 3.3.1.1 cereroreeereseeessneseseessseeessseesssessesssessreeesne 11
TECHNICAL REQUIREMENT 3.3.2.1 ceeerrroses s eeesseeessessssseessseessssnes s saseesesoee 12
REFERENCES/ANALYTICAL METHODS DOCUMENTS «..covoooeoreoees e 13
TABLE 1. ALIGNED DRIVE FLOW w.corvorrieresssereessoneesesssesseessseesssssseessesssessssssmeeen 15

APPENDIX A - OPERATING LIMITS FOR EQUIPMENT OUT OF SERVICE OR
LOOP MANUAL MODE



Page 3 of 63
RBS CYCLE 13 COLR
Revision 0

INTRODUCTION AND SUMMARY

This report provides Cycle 13 values for the following Technical Specifications:

1. AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR) limits,
2. MINIMUM CRITICAL POWER RATIO (MCPR) limits,

3. LINEAR HEAT GENERATION RATE (LHGR) limits,

4. FRACTION OF CORE BOILING BOUNDARY (FCBB),
5

REACTOR PROTECTION SYSTEM (RPS) APRM Flow Biased Simulated Thermal |
Power - High Allowable Values,

6. REACTOR PROTECTION SYSTEM (RPS) APRM Flow Biased Simulated Thermal
Power time constant.

7. PERIOD BASED DETECTION SYSTEM (PBDS) region boundaries.

Technical Specification section 5.6.5 requires these values be determined using NRC-
approved methodology and are established such that all applicable limits of the plant
safety analysis are met. The references for the pertinent methodology used by FANP are
listed in the section titled Analytical Methods Documents.

This report also provides Cycle 13 values for the following Technical Requirements:

1. REACTOR PROTECTION SYSTEM (RPS) APRM Flow Biased Neutron Flux
Power - High Allowable Values and Nominal Trip Setpoints',

2. CONTROL ROD BLOCK INSTRUMENTATION APRM Flow Biased Neutron
Flux High limits.

In some cases limits in the COLR differ from the limits in the core monitoring system.
This is sometimes due to limitations in the core monitoring system to model the actual
limits, in which case the core monitoring limits may be more conservative than the COLR

limit at the given conditions. In other cases the limits in the COLR are presented in less
detail than in the core monitoring system.

The Cycle 13 COLR supports power operation with FHOOS, FFWTR, PROOS, SLO and
Loop Manual Operation. In addition to the specific requirements listed in the Sections
3.2.1 to 3.2.4, the MCPRp and LHGRFAC-p limits as shown in Appendix A shall be
used for the applicable modes of operation. For Loop Manual Operation, the MCPRf as
shown in Appendix A shall be used. Figures 42 and 43 are applicable to FHOOS or
PROOS but not for simultaneous FHOOS and PROOS.

The reload analyses were performed in accordance with FANP methodology and its
applicability to Cycle 13 was confirmed by Reference 5.

! Note that for Figures 30 to 37, the Nominal Setpoints should be used for indicating the entry into a
particular stability region as allowed and appropriate actions be taken prior to the entry
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CONTROL RODS

The River Bend core utilizes both GE control rods and ABB CR-82M bottom entry
cruciform control rods. These Control Rod designs are discussed in more detail in
Reference 7.

DEFINITIONS

MOC - Middle of Cycle (Core Exposure 26,352 MWd/MTU).

EOC - End of Cycle (Core Exposure 27,455 MWd/MTU).

EEOC - Extended cycle with Increased Core Flow (Core Exposure 27,772 MWJd/MTU).

EEEOC - Extended cycle with Increased Core Flow and Final Feedwater Temperature
Reduction (Core Exposure 27,930 MWd/MTU).

FFWTR - Final Feedwater Temperature Reduction.

FHOOS - Feedwater Heater Out of Service.

PROOS - Pressure Regulator Out of Service.

SLO - Single Loop Operation.

FANP - Framatome ANP

KAN —The desiénator for the reconstituted ATRIUM-10 assemblies.

REFERENCE CORE LOADING PATTERN - The Core Loading Pattern Used for
Reload Licensing Analysis.

REVISION HISTORY

Revision 0 is to provide the thermal limits for Cycle 13 power operation.
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TECHNICAL SPECIFICATION 3.2.1

POWER DISTRIBUTION LIMITS
AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR)

The limiting APLHGR (sometimes referred to as Maximum APLHGR, or
MAPLHGR) value for the most limiting lattice (excluding natural uranium) of
each fuel type as a function of AVERAGE PLANAR EXPOSURE is given in
Figures 2 through 7. Two sets of MAPLHGR are provided herein for ATRIUM-
10 and GE-11. The GE-11 set was determined with the SAFER/GESTR LOCA
and GESTR-Mechanical methodology described in GESTAR-II (Reference 1).
The ATRIUM-10 set was determined with the FANP methodology (Reference 5).
The ATRIUM-10 APLHGR is further divided into two subsets: the reconstituted
(marked by the designator KAN listed in the relevant figure), and the regular
ATRIUM-10 . Core location by fuel type is provided in Figure 1 and is the
reference core loading pattern in reference 5. The limits of these figures shall be
reduced to a value of 0.79 and 0.83 times the two recirculation loop operation
limit when in single loop operation for GE-11 and ATRIUM-10, respectively
(Reference 5). Thermal power and core flow dependent multipliers are provided.
The value of the exposure dependent limit is reduced by the value of the
multiplier at a given offrated power or flow condition. The multipliers for single
loop operation are shown in Appendix A.

The APLHGR limits for GE-11 in the core monitoring system are in more detail
than the limits that appear in the COLR due to their proprietary nature. The core
monitoring system has APLHGR limits for each lattice in a bundle rather than
listing only the most limiting value for the entire bundle. References 4 and 5 list
the core monitoring system limits.
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TECHNICAL SPECIFICATION 3.2.2

POWER DISTRIBUTION LIMITS
MINIMUM CRITICAL POWER RATIO (MCPR)

The MCPR limits for use in Technical Specification 3.2.2 for flow dependent
MCPR (MCPRp) (Reference 5), power dependent MCPR (MCPRp) (Reference 5)

are shown in Figures 13 and 14 and Figures 17 to 24, respectively. Figures 46
and 47 are used in lieu of Figures 13 and 14 when the Reactor Recirculation
System is operating in Loop Manual Mode. The most limiting value from the
applicable MCPR¢ and MCPR,, figures is the operating limit. These values were
determined with FANP methodology as described in Reference 5 and are
consistent with a Safety Limit MCPR from Technical Specification 2.0. At a
power level greater than 40%, the power dependent MCPRp (Figures 23 and 24)

shall be increased by 0.02 for Single Loop Operation. At a power lower than
40%, the most limiting MCPRp value is the operating limit, and it shall be

increased by 0.02 for Single Loop Operation.
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TECHNICAL SPECIFICATION 3.2.3

POWER DISTRIBUTION LIMITS _
LINEAR HEAT GENERATION RATE (LHGR)

The limiting LHGR value for ATRIUM-10 and for the most limiting lattice of
each GE-11 fuel type as a function of AVERAGE PLANAR EXPOSURE is
given in Figures 8 through 12. Core location by fuel type is provided in Figure 1
and is the reference core loading pattern in reference 5. The LHGR limits for GE-
11 and ATRIUM-10 in the core monitoring system are in more detail than the
limits that appear in the COLR due to proprietary nature (References 9 and 10).
Thermal power and core flow dependent multipliers for ATRIUM-10 and GE-11
are provided in Figures 25, 26 & 27 and Figures 15 & 16, respectively. The value
of the exposure dependent limit is reduced by the value of the multiplier at a
given offrated power or flow condition.




Page 8 of 63
RBS CYCLE 13 COLR
Revision 0

TECHNICAL SPECIFICATION 3.24

POWER DISTRIBUTION LIMITS
FRACTION OF CORE BOILING BOUNDARY (FCBB)
Restricted Region Boundary

Note: The boundary of the Restricted Region is established by analysis in terms
of thermal power and core flow. The Restricted Region boundary is defined by
the *non-setup” APRM Flow Biased Simulated Thermal Power - High Control
Rod Block Setpoints, which are a function of reactor recirculation drive flow.

The Restricted Region boundaries as a function of aligned drive flow are given in
Figures 30 through 33 in terms of aligned drive flow. The aligned drive flow is
calculated from the input drive flow using the relationship given in Table 1.

Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High Scram setpoints as a
function of aligned drive flow are given in Figures 30 through 33. The aligned
drive flow is calculated from the input drive flow using the relationship given in
Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:

T (at rated) = Try> " (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation

Tew (at rated) < TA;™N(at rated) - 50°F,

and rated equivalent at off-rated reactor conditions.
AND

P >30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.
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TECHNICAL SPECIFICATION 3.3.1.1
INSTRUMENTATION
REACTOR PROTECTION SYSTEM (RPS) INSTRUMENTATION
AVERAGE POWER RANGE MONITORS
APRM Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High scram setpoint
Allowable Values are given in Figures 30 through 33 in terms of aligned drive
flow. The aligned drive flow is calculated from the input drive flow using the
relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:
Tew (at rated) > Tog>'™" (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
Tew (at rated) < Toy o (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P >30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.

APRM Sﬂnulated Thermal Power Time Constant

The simulated thermal power time constant for use in Technical Specification
Table 3.3.1.1-1, SR 3.3.1.1.14, is (Reference 6):

6 % 0.6 seconds.

The maximum simulated thermal power time constant for use in Technical
Specification surveillance Table 3.3.1.1-1, SR 3.3.1.1.14 is:

6.6 seconds
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TECHNICAL SPECIFICATION 3.3.1.3

INSTRUMENTATION
PERIOD BASED DETECTION SYSTEM (PBDS)
Monitored Region Boundary

The Monitored Region Boundaries as a function of core flow are given in Figures
28 and 29.

Restricted Region Boundai'y

Note: The boundary of the Restricted Region is established by analysis in terms
of thermal power and core flow. The Restricted Region boundary is defined by
the “non-setup” APRM Flow Biased Simulated Thermal Power - High Control
Rod Block Setpoints, which are a function of reactor recirculation drive flow.

The Restricted Region boundaries as a function of aligned drive flow are given in
Figures 30 through 33 in terms of aligned drive flow. The aligned drive flow is
calculated from the input drive flow using the relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:

Tw (at rated) = Tay '™ (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
Tey (at rated) < Toe © (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.



Page 11 of 63
RBS CYCLE 13 COLR
Revision 0

TECHNICAL REQUIREMENT 3.3.1.1

INSTRUMENTATION

REACTOR PROTECTION SYSTEM (RPS) INSTRUMENTATION
AVERAGE POWER RANGE MONITORS

APRM Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High scram setpoint
Nominal Trip Setpoints are given in Figures 30 through 33 in terms of aligned
drive flow. The aligned drive flow is calculated from the input drive flow using
the relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:

T,w (at rated) > TRV (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
Tew(at rated) < T, N (at rated) - 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.
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TECHNICAL REQUIREMENT 3.3.2.1

INSTRUMENTATION

CONTROL ROD BLOCK INSTRUMENTATION
AVERAGE POWER RANGE MONITORS
APRM Flow Biased Neutron Flux - High Limits

The APRM Flow Biased Neutron Flux - High rod block Allowable Values and
Nominal Trip Setpoints are given in Figures 34 through 37 in terms of aligned
drive flow. The aligned drive flow is calculated from the input drive flow using
the relationship given in Table 1.

a. Case | - Normal Feedwater Heating Operation or Low Reactor Power:
T,w (at rated) = To" ™ (at rated) - 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
T;w (at rated) < Tog " (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P >30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.
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WD =

Where:
W
Wp
A‘O
AIOO

Table 1. Aligned Drive Flow

101.209 « A~ 31,028 » A'® +70.181 » W

70.181 — ( A¥° -~ A% )

]

]

FCTR card input drive flow in percent rated,
Aligned drive flow in percent rated,

Low flow drive flow alignment setting, and
High flow drive flow alignment setting.
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FIGURE 1. REFERENCE CORE LOADING PATTERN
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FIGURE 2. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR ATRIUM-10
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FIGURE 3. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR ATRIUM-10 (KAN FUEL)
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FIGURE 4. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) YERSUS AVERAGE PLANAR
EXPOSURE FOR GE11-P9SUB225-NOG-120T-146-T
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FIGURE 5. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE GE11-P9SUB147-NOG-120T-146-T
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FIGURE 6. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE GE11-P9SUB257-9GZ-120T-146-T
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FIGURE 7. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR GE11-P9SUB388-13GZ-120T-146-T
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FIGURE 8. LINEAR HEAT GENERATION RATE (LHGR) LIMIT VERSUS
AVERAGE PLANAR EXPOSURE FOR ATRIUM-10
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FIGURE 9. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
- VERSUS AVERAGE PLANAR EXPOSURE
GE11-P9SUB225-NOG-120T-146-T
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FIGURE 10. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE GE11-P9SUB147-NOG-
120T-146-T ’
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FIGURE 11. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE
GE11-P9SUB257-9GZ-120T-146-T
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FIGURE 12. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE GE11-PSUB388-13GZ-

120T-146-T

R

it

14

b
Tr 14 7 H
aninsl i AD
1]
i
i
Ilii
188 UM RETRR
i
1
Wl
T
1
1t
10 m
1)

z i = - T -
ey o e =E ~JH 4= SEEEEHEEEE e = _
o i o Gl o B 7] e I - = =
o < —=1 13
™ ==tz = 1

!
!
|
B
!
)

1]
i
i
!

1
]
tiid

]y

i

1
Jritot

i)

1

1

i

1

i

]

ST} FNINEYENT

} 1 I HiE

| '<Hj il HIE ] !

T:'L]'l—_ R MEITTHEN R 1
l

EEE THEEEE = SINCT 7;::: :
EgESRE ;_;.;_L" R AT ?:} - o R
R B -l i 1 o Bl o e e T g B
. — oo ] 1
s Gt s} Bty ! it Gt :It.l — g et o suag Sy o s s ol s bt ot g e (i (e "‘:}_ -‘}_‘; ~ 3 U s S b ey S
R R R G - o o ! o e o v o R e b i B
_jf - _'—: ot el g o S o e o e o ot O B = i o] [ ol SR et it i gt h G o o
EEE EEESERE==Es EaEs EE F|FE SESEE
- i [ e et e Y e o i e o ol e \Q: =
ot FHEEEEAEIEEE 3 e o [ EN
EEESEE=SSEES H-EH LR NEESEe R P o B B
b o —— :r::f':i;:_‘ - o e e e e | e o == B
oo P o e 1 :
2'.'__:-1— g G il gl bl ol At jt . ::: ol t jon quel Sl g e - —: = ok i ot B el q- %H-_'-
LR e EHEESEERERREaoRE b
e RN ENERREEEE Ao e R AN EE ERRRRNEEaY FEEEBNENEE G2R
EEREEEERECE PR R S AR R
LR EE R B = o B o e o e o e e o B
- o) Ol O ot ot B ot i 4 ey o z o ot s ot o - A
0 e o [ B 3= i 5 s s i o o
— = — — 5

-
o

20 30 40 50 60
AVERAGE PLANAR EXPOSURE (GWd/MT)



Page 28 of 63
RBS CYCLE 13 COLR
Revision 0

FIGURE 13. OPERATING LIMIT MCPR (MCPRy) VYERSUS CORE
FLOW FOR ATRIUM-10 FOR RECIRCULATION SYSTEM IN
LOOP AUTO CONTROL, ALL EXPOSURES
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FIGURE 14. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
FLOW FOR GE-11 FOR RECIRCULATION SYSTEM IN LOOP
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FIGURE 15. LHGR MULTIPLIER VERSUS CORE FLOW FOR ALL
ATRIUM-10, ALL EXPOSURES
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FIGURE 16. LHGR AND MAPLHGR MULTIPLIER VERSUS CORE
FLOW FOR GE-11, ALL EXPOSURES
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MCPRp Limit
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FIGURE 18. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE BOC TO MOC
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FIGURE 19. OPERATING LIMIT MCPR (MCPR;) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE MOC TO EOC
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FIGURE 20. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE

POWER FOR GE-11, EXPOSURE RANGE MOC TO EOC
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FIGURE 21. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE EOC TO EEOC
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FIGURE 22. OPERATING LIMIT MCPR (MCPR;p) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE EOC TO EEOC
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MCPRp Limit
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FIGURE 23. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE EEOC TO EEEOC
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FIGURE 24. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE EEOC TO EEEOC
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FIGURE 25. LHGR MULTIPLIER VERSUS CORE POWER FOR
ALL ATRIUM-10, BOC TO EEOC
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FIGURE 26. LHGR AND MAPLHGR MULTIPLIER VERSUS
CORE POWER FOR GE-11, ALL EXPOSURES
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FIGURE 27. LHGR MULTIPLIER VERSUS CORE POWER FOR

1.10 -
- 1 T L 1.00 n 171.00
1.00 099 ity o
0.90 T -
0.90 Lo
Q ]
v SRR LZE A EE A
& By
3 ARN RN/ AN RN TiT :
0.80 = 1
Apdg 4t 0.'(6V‘ ]0.77_ﬂ 1 | | N 1
4 Al /" -1 - L I O
! §7 (GARN RRRES J4 N
_OV r_5(1°/ Flev L 414
070 7T il
0.60 --/-L1-L - - e RS RS LLLTELLL
10 20 30 40 50 60 70 8 90 100

ALL ATRIUM-10, EEOC TO EEEOC

Power, % rated

110



Page 43 of 63

RBS CYCLE 13 COLR

Revision 0

(pajes %) YIMOd FH09D

—_ : : — . / . _ _
— | S \N
W ! . : . ,
< “ L
C [} [} 1
( llllllllllllllllll @ a e mlma m e e w ow ek o+ eoe o mie o el doa-w - L G —
S ! C
M~ _ Lo
< N o
a e
Z ” ; ]
= L
O uuuuuuuuuuuuuuuuuuuuuuu "--u-.nuu..!
B ¥ 1
Z o
O [ORRI DU e e T D T, ORI B RN S i e e o
0 a L
K 2 _ n
= 23 L
|||||||||||||||||||| 01- P S-S
~ S ' u
D . IE t [}
M ! MR n LT
) Lok LSRR ot & P Rt
= " ! ; ; :
I ] 1} 1] 1 3
Z S A N S
m A !
6 S S S SO SO S
2 R B
B = T L
O : Lo S
I ] [} N . 1 t ] H 1
o T T R S U T S S S
S 2 2 % 8 8 8 8 8 8 R

60 70 80 90 100 110
CORE FLOW (% rated)

50

0 30

2

10



Yo
.bmm c
50.0
Ow
ITL5
T™F
2
o,,KX
ol
£o
[+
>
O
(2]
m
@

FIGURE 29. MONITORED REGION BOUNDARY (CASE 2)
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FIGURE 30. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(TWO RECIRCULATION LOOP OPERATION - CASE 1)
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FIGURE 31. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(SINGLE RECIRCULATION LOOP OPERATION - CASE 1)
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FIGURE 32. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(TWO RECIRCULATION LOOP OPERATION - CASE 2)
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FIGURE 33. APRM FLOW BIASED SIMULATED THERMAL POWER

CORE POWER (% rated)

- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(SINGLE RECIRCULATION LOOP OPERATION - CASE 2)
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FIGURE 34. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-
BLOCK SETPOINTS

CORE POWER (% rated)
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FIGURE 35. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-

CORE POWER (% rated)

BLOCK SETPOINTS
(SINGLE RECIRCULATION LOOP OPERATION - CASE 1)
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FIGURE 36. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-
BLOCK SETPOINTS

(TWO RECIRCULATION LOOP OPERATION - CASE 2)
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BLOCK SETPOINTS

FIGURE 37. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-
(SINGLE RECIRCULATION LOOP OPERATION - CASE 2)
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APPENDIX A

OPERATING LIMITS FOR EQUIPMENT OUT OF SERVICE OR LOOP MANUAL MODE

The operating limits listed in this appendix shall be used as indicated when operating in any of the
following conditions:

Feedwater Heater Out of Service (FHOOS)*
Pressure Regulator Out of Service (PROOS)*
Single-Loop Operation (SLO)

Reactor Recirculation System in Loop Manual control.

*At a power level greater than 40%, the power dependent MCPRp (Figures 38 and 39) shall be increased by
0.02 for concurrent SLO and FHOOS. At a power lower than 40%, the most limiting MCPRp value is the
operating limit, and it shall be increased by 0.02 for SLO and FHOOS.

At a power level greater than 40%, the power dependent MCPRp (Figures 40 and 41) shall be increased by
0.02 for concurrent SLO and PROOS. At a power lower than 40%, the most limiting MCPRp value is the
operating limit, and it shall be increased by 0.02 for SLO and PROOS.
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FIGURE 38. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, ALL EXPOSURES, FEEDWATER
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FIGURE 39. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE11, ALL EXPOSURES, FEEDWATER HEATER
OUT OF SERVICE (FHOOS)
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FIGURE 40. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
POWER FOR ATRIUM-10, ALL EXPOSURES, PRESSURE
REGULATOR OUT OF SERVICE (PROOS)
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FIGURE 41. OPERATING LIMIT MCPR (MCPR;) VERSUS CORE
POWER FOR GEl1, ALL EXPOSURES, PRESSURE REGULATOR
OUT OF SERVICE (PROOS)
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FIGURE 42. LHGR MULTIPLIER VERSUS CORE POWER FOR ALL
ATRIUM-10, ALL EXPOSURES

FHOOS OR PROOS
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FIGURE 43. LHGR AND MAPLHGR MULTIPLIER VERSUS

CORE POWER FOR GE-11, ALL EXPOSURES
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FIGURE 44. LHGR MULTIPLIER VERSUS CORE POWER FOR
ALL ATRIUM-10, ALL EXPOSURES

SINGLE LOOP OPERATION (SLO)
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FIGURE 45. LHGR AND MAPLHGR MULTIPLIER VERSUS
CORE POWER FOR GE-11, ALL EXPOSURES
SINGLE LOOP OPERATION (SLO)
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FIGURE 46. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
FLOW FOR ATRIUM-10 FOR RECIRCULATION SYSTEM IN
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FIGURE 47. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
FLOW FOR GE-11 FOR RECIRCULATION SYSTEM IN LOOP
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INTRODUCTION AND SUMMARY

This report provides Cycle 13 values for the following Technical Specifications:

1. AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR) limits,
2. MINIMUM CRITICAL POWER RATIO (MCPR) limits,

3. LINEAR HEAT GENERATION RATE (LHGR) limits,

4. FRACTION OF CORE BOILING BOUNDARY (FCBB),

5

REACTOR PROTECTION SYSTEM .(RPS) APRM Flow Biased Simulated
Thermal Power - High Allowable Values,

6. REACTOR PROTECTION SYSTEM (RPS) APRM Flow Biased Simulated
Thermal Power time constant.

7. PERIOD BASED DETECTION SYSTEM (PBDS) region boundaries.

Technical Specification section 5.6.5 requires these values be determined using NRC-
approved methodology and are established such that all applicable limits of the plant
safety analysis are met. The references for the pertinent methodology used by FANP are
listed in the section titled Analytical Methods Documents.

This report also provides Cycle 13 values for the foliowing Technical Requirements:

1. REACTOR PROTECTION SYSTEM (RPS) APRM Flow Biased Neutron Flux
Power - High Allowable Values and Nominal Trip Setpoints’,

2. CONTROL ROD BLOCK INSTRUMENTATION APRM Flow Biased Neutron
Flux High limits.

In some cases limits in the COLR differ from the limits in the core monitoring system.
This is sometimes due-to limitations in the core monitoring system to model the actual
limits, in which case the core monitoring limits may be more conservative than the
COLR limit at the given conditions. In other cases the limits in the COLR are presented
in less detail than in the core monitoring system.

The Cycle 13 COLR supports power operation with FHOOS, FFWTR, PROOS, SLO
and Loop Manual Operation. In addition to the specific requirements listed in the
Sections 3.2.1 to 3.2.4, the MCPRp and LHGRFAC-p limits as shown in Appendix A
shall be used for the applicable modes of operation. For Loop Manual Operation, the
MCPRf as shown in Appendix A shall be used. Figures 42 and 43 are applicable to
FHOOS or PROOS but not for simultaneous FHOOS and PROOS.

The reload analyses were performed in accordance with FANP methodology and its
applicability to Cycle 13 was confirmed by Reference 5.

! Note that for Figures 30 to 37, the Nominal Setpoints should be used for indicating the entry into a
particular stability region as allowed and appropriate actions be taken prior to the entry
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CONTROL RODS

The River Bend core utilizes both GE control rods and ABB CR-82M bottom entry
cruciform control rods. These Control Rod designs are discussed in more detail in
Reference 7.

DEFINITIONS

MOC - Middle of Cycle (Core Exposure 25,921 MWd/MTU).

EOC - End of Cycle (Core Exposure 27,025 MWd/MTU).

EEOC - Extended cycle with Increased Core Flow (Core Exposure 27,341 MWd/MTU).

EEEOC - Extended cycle with Increased Core Flow and Final Feedwater Temperature
Reduction (Core Exposure 27,881 MWd/MTU).

FFWTR - Final Feedwater Temperature Reduction.
FHOOS - Feedwater Heater Out of Service.
PROOS - Pressure Regulator Out of Service.

SLO - Single Loop Operation.
FANP — Framatome ANP
KAN — The designator for the reconstituted ATRIUM-10 assemblies.

REFERENCE CORE LOADING PATTERN - The Core Loading Pattern Used for
Reload Licensing Analysis.

REVISION HISTORY

Revision 0 is to provide the thermal limits for Cycle 13 power operation.

Revision 1 changes the MOC, EOC, EEOC and EEEOC exposure points consistent with
Reference 11.




Page 5of 63
RBS CYCLE 13 COLR
Revision 1

TECHNICAL SPECIFICATION 3.2.1

POWER DISTRIBUTION LIMITS
AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR)

The limiting APLHGR (sometimes referred to as Maximum APLHGR, or
MAPLHGR) value for the most limiting lattice (excluding natural uranium) of
each fuel type as a function of AVERAGE PLANAR EXPOSURE is given in
Figures 2 through 7. Two sets of MAPLHGR are provided herein for ATRIUM-
10 and GE-11. The GE-11 set was determined with the SAFER/GESTR LOCA
and GESTR-Mechanical methodology described in GESTAR-II (Reference 1).
The ATRIUM-10 set was determined with the FANP methodology (Reference 5).
The ATRIUM-10 APLHGR is further divided into two subsets: the reconstituted
(marked by the designator KAN listed in the relevant figure), and the regular
ATRIUM-10 . Core location by fuel type is provided in Figure 1 and is the
reference core loading pattern in reference 5. The limits of these figures shall be
reduced to a value of 0.79 and 0.83 times the two recirculation loop operation
limit when in single loop operation for GE-11 and ATRIUM-10, respectively
(Reference 5). Thermal power and core flow dependent multipliers are provided.
The value of the exposure dependent limit is reduced by the value of the
multiplier at a given offrated power or flow condition. The multipliers for single
loop operation are shown in Appendix A.

The APLHGR limits for GE-11 in the core monitoring system are in more detail
than the limits that appear in the COLR due to their proprietary nature. The core
monitoring system has APLHGR limits for each lattice in a bundle rather than
listing only the most limiting value for the entire bundle. References 4 and 5 list
the core monitoring system limits.
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TECHNICAL SPECIFICATION 3.2.2

POWER DISTRIBUTION LIMITS
MINIMUM CRITICAL POWER RATIO (MCPR)

The MCPR limits for use in Technical Specification 3.2.2 for flow dependent
MCPR (MCPRE) (Reference 5), power dependent MCPR (MCPRp) (Reference 5)

are shown in Figures 13 and 14 and Figures 17 to 24, respectively. Figures 46 and
47 are used in lieu of Figures 13 and 14 when the Reactor Recirculation System is
operating in Loop Manual Mode. The most limiting value from the applicable
MCPR¢ and MCPR,, figures is the operating limit. These values were determined
with FANP methodology as described in Reference 5 and are consistent with a
Safety Limit MCPR from Technical Specification 2.0. At a power level greater
than 40%, the power dependent MCPRp (Figures 23 and 24) shall be increased by

0.02 for Single Loop Operation. At a power lower than 40%, the most limiting
MCPRp value is the operating limit, and it shall be increased by 0.02 for Single

Loop Operation.
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TECHNICAL SPECIFICATION 3.2.3

POWER DISTRIBUTION LIMITS
LINEAR HEAT GENERATION RATE (LHGR)

The limiting LHGR value for ATRIUM-10 and for the most limiting lattice of
each GE-11 fuel type as a function of AVERAGE PLANAR EXPOSURE is given
in Figures 8 through 12. Core location by fuel type is provided in Figure 1 and is
the reference core loading pattern in reference 5. The LHGR limits for GE-11 and
ATRIUM-10 in the core monitoring system are in more detail than the limits that
appear in the COLR due to proprietary nature (References 9 and 10). Thermal
power and core flow dependent multipliers for ATRIUM-10 and GE-11 are
provided in Figures 25, 26 & 27 and Figures 15 & 16, respectively. The value of
the exposure dependent limit is reduced by the value of the multiplier at a given
offrated power or flow condition.
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TECHNICAL SPECIFICATION 3.24

POWER DISTRIBUTION LIMITS
FRACTION OF CORE BOILING BOUNDARY (FCBB)
Restricted Region Boundary

Note: The boundary of the Restricted Region is established by analysis in terms
of thermal power and core flow. The Restricted Region boundary is defined by
the “non-setup” APRM Flow Biased Simulated Thermal Power - High Control
Rod Block Setpoints, which are a function of reactor recirculation drive flow.

The Restricted Region boundaries as a function of aligned drive flow are given in
Figures 30 through 33 in terms of aligned drive flow. The aligned drive flow is
calculated from the input drive flow using the relationship given in Table 1.

Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High Scram setpoints as a
function of aligned drive flow are given in Figures 30 through 33. The aligned
drive flow is calculated from the input drive flow using the relationship given in
Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:
Tew (at rated) = Te™' " (at rated) — 50°F,
and rated equivalent at off-rated reactor conditions.
OR
P<30%
b. Case 2 - Reduced Feedwater Heating Operation
Trw (at rated) < T}’wés‘GN (at rated) — 50°F,
and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.
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TECHNICAL SPECIFICATION 3.3.1.1

INSTRUMENTATION

REACTOR PROTECTION SYSTEM (RPS) INSTRUMENTATION
AVERAGE POWER RANGE MONITORS

APRM Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High scram setpoint
Allowable Values are given in Figures 30 through 33 in terms of aligned drive
flow. The aligned drive flow is calculated from the input drive flow using the
relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:
Tew (at rated) = TR (at rated) ~ 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
Trw (at rated) < Ty " (at rated) - S0°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.

APRM Simulated Thermal Power Time Constant

The simulated thermal power time constant for use in Technical Specification
Table 3.3.1.1-1, SR 3.3.1.1.14, is (Reference 6):

6 £ 0.6 seconds.

The maximum simulated thermal power time constant for use in Technical
Specification surveillance Table 3.3.1.1-1, SR 3.3.1.1.14 is:

6.6 seconds
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TECHNICAL SPECIFICATION 3.3.1.3

INSTRUMENTATION
PERIOD BASED DETECTION SYSTEM (PBDS)
Monitored Region Boundary

The Monitored Region Boundaries as a function of core flow are given in Figures
28 and 29.

Restricted Region Boundary

Note: The boundary of the Restricted Region is established by analysis in terms
of thermal power and core flow. The Restricted Region boundary is defined by
the “non-setup” APRM Flow Biased Simulated Thermal Power - High Control
Rod Block Setpoints, which are a function of reactor recirculation drive flow.

The Restricted Region boundaries as a function of aligned drive flow are given in
Figures 30 through 33 in terms of aligned drive flow. The aligned drive flow is
calculated from the input drive flow using the relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:

Tew (at rated) = Ty* " (at rated) - 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P<30%
b. Case 2 - Reduced Feedwater Heating Operation
Tew (at rated) < TR" Y (at rated) - 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperafure in °F, and P is reactor power in percent
of rated. '
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TECHNICAL REQUIREMENT 3.3.1.1

INSTRUMENTATION

REACTOR PROTECTION SYSTEM (RPS) INSTRUMENTATION
AVERAGE POWER RANGE MONITORS

APRM Flow Biased Simulated Thermal Power - High Limits

The APRM Flow Biased Simulated Thermal Power - High scram setpoint
Nominal Trip Setpoints are given in Figures 30 through 33 in terms of aligned
drive flow. The aligned drive flow is calculated from the input drive flow using
the relationship given in Table 1.

a. Case 1 - Normal Feedwater Heating Operation or Low Reactor Power:

Tew (at rated) 2 Toy O (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P<30%
b. Case 2 - Reduced Feedwater Heating Operation
Tew (at rated) < Tpy " (at rated) — S0°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Tew is feedwater temperature in °F, and P is reactor power in percent
of rated.
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TECHNICAL REQUIREMENT 3.3.2.1

INSTRUMENTATION

CONTROL ROD BLOCK INSTRUMENTATION
AVERAGE POWER RANGE MONITORS
APRM Flow Biased Neutron Flux - High Limits

The APRM Flow Biased Neutron Flux - High rod block Allowable Values and
Nominal Trip Setpoints are given in Figures 34 through 37 in terms of aligned
drive flow. The aligned drive flow is calculated from the input drive flow using
the relationship given in Table 1.

a. Case |1 - Normal Feedwater Heating Operation or Low Reactor Power:

Tr (at rated) = Ty ' (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
OR
P <30%
b. Case 2 - Reduced Feedwater Heating Operation
Trw (at rated) < Ta, o (at rated) — 50°F,

and rated equivalent at off-rated reactor conditions.
AND
P>30%

Where:  Trw is feedwater temperature in °F, and P is reactor power in percent
of rated.
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WD -

Where:
Ws
Wo
A4 0
AIOO

Table 1. Aligned Drive Flow

101.209 - A - 31.028 « A’ + 70.181 « W

70.181 ~ ( A¥C - A0

FCTR card input drive flow in percent rated,
Aligned drive flow in percent rated,

Low flow drive flow alignment setting, and
High flow drive flow alignment setting.
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FIGURE 1. REFERENCE CORE LOADING PATTERN

31

26
0.0

23
19.5

26
0.0

22
19.7

26
0.0

23
20.5

26
0.0

23
18.7

26
0.0

23
21.4

26
0.0

22
19.6

21
18.7

16
21.6

Fuel

14
16
17
18
20
21
22
23
24
25
26

33

23
14.5

26
0.0

22
19.9

24
18.1

22
17.8

24
14.0

23
15.2

26
0.0

23
20.6

26
0.0

23
21.2

25
0.0

16
22.9

16
22.2

Type

35

23
20.2

22
19.3

24
18.1

24
15.6

26
0.0

22
13.1

25
0.0

23
18.1

26
0.0

23
16.9

26
0.0

22
17.8

21
17.3

16
22.5

37 39 41 43 45

24 26 23 26 17
17.0 0.0 19.4 0.0 14.6

26 23 26 23 26
0.0 20.1 0.0 18.5 0.0

22 24 23 26 23
18.0 13.7 14.6 0.0 20.4

26 22 25 23 26
0.0 13.9 0.0 17.7 0.0

22 26 17 23 17
20.2 0.0 13.0 19.9 14.0

26 24 26 22 26
0.0 17.5 0.0 15.%9 0.0

17 26 22 25 16
13.0 0.0 18.1 0.0 22.9

23 22 25 18 23
20.4 16.2 0.0 17.1 20.0

17 26 16 23 24
13.5 0.0 22.9 20.1 15.8

26 23 26 23 23
0.0 19.7 0.0 18.2 19.1

18 25 20 22 14
25.8 0.0 17.8 16.2 35.4

25 23 21 14
0.0 17.8 18.6 39.2

16 16 16
22.7 22.1 22.8

Description

GE1ll 3.88B-13GZ-120T-146
GEl1l 2.25B-NOG-120T-146
GE1l 1.47B-NOG-120T-146
GE1ll 2.57B-9GZ-120T-146
ATRIUM-10 A10-3552B-12GV60
ATRIUM-10 Al10-3899B-12GV60
ATRIUM-10 A10-3996B-11G45
ATRIUM-10 Al10-3981B-15GV75
ATRIUM-10 A10-1997B-0Gd
ATRIUM-10 3.775B-9GVé60
ATRIUM-10 3.747B-13GV70

47

26
0.0

23
20.6

26
0.0

23
16.4

26
0.0

23
19.3

26
.0

23
18.0

23
18.7

17
14.6

49

23
19.3

26
0.0

23
20.9

26
0.0

18
25.7

25
0.0

20
17.9

22
15.9

14
35.4

51

26
0.0

22
19.7

25
0.0

22
17.6

25
0.0

23
16.9

21
18.4

14
39.1

53

14
37.4

21
19.0

16
22.9

21
18.1

16
22.2

16
22.2

16
22.8

Nuclear Fuel Type

BOC Exposure (GWd/MTU)

Cycle Loaded

10
10
11
11
12
12
12
13
13

55

16
21.0

16
21.7

16
21.9

16
22.5

Revision 1



MAXIMUM AVERAGE PLANAR LINEAR HEATGENERATIONRATE (kwi/ft) *

Page 17 of 63
RBS CYCLE 13 COLR
Revision 1

FIGURE 2. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR ATRIUM-10
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FIGURE 3. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR ATRIUM-10 (KAN FUEL)
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FIGURE 4. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE FOR GE11-P9SUB225-NOG-120T-146-T
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FIGURE 5. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
EXPOSURE GE11-P9SUB147-NOG-120T-146-T
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FIGURE 6. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVERAGE PLANAR
' EXPOSURE GE11-P9SUB257-9GZ-120T-146-T
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FIGURE 7. MAXIMUM AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (MAPLHGR) VERSUS AVYERAGE PLANAR
EXPOSURE FOR GE11-P9SUB388-13GZ-120T-146-T
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FIGURE 8. LINEAR HEAT GENERATION RATE (LHGR) LIMIT VERSUS
AVERAGE PLANAR EXPOSURE FOR ATRIUM-10 .
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FIGURE 9. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE
GE11-P9SUB225-NOG-120T-146-T
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FIGURE 10. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE GE11-P9SUB147-NOG-
1207T-146-T
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FIGURE 11. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE
GE11-P9SUB257-9GZ-120T-146-T
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FIGURE 12. LINEAR HEAT GENERATION RATE (LHGR) LIMIT
VERSUS AVERAGE PLANAR EXPOSURE GE11-PSUB388-13GZ-
120T-146-T
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FIGURE 13. OPERATING LIMIT MCPR (MCPRf) VERSUS CORE
FLOW FOR ATRIUM-10 FOR RECIRCULATION SYSTEM IN
LOOP AUTO CONTROL, ALL EXPOSURES
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FIGURE 14. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
FLOW FOR GE-11 FOR RECIRCULATION SYSTEM IN LOOP
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FIGURE 15. LHGR MULTIPLIER VERSUS CORE FLOW FOR ALL
ATRIUM-10, ALL EXPOSURES '
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FIGURE 16. LHGR AND MAPLHGR MULTIPLIER VERSUS CORE
FLOW FOR GE-11, ALL EXPOSURES
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- FIGURE 17. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE BOC TO MOC
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FIGURE 18. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE BOC TO MOC
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MCPRp Limit
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FIGURE 20. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE MOC TO EOC
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FIGURE 21. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE EOC TO EEOC
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FIGURE 22. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE EOC TO EEOC
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FIGURE 23. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, EXPOSURE RANGE EEOC TO EEEOC
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FIGURE 24. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE-11, EXPOSURE RANGE EEOC TO EEEOC

S ;%:j: - i_m,;*;-‘[;:v;t . HA . - f

i
1
1
LN
TTeAT
[
i
1 f
!
|
-
w
w
1
11
i
1
11
t
[
b
114
v
-
| A
IR LN
[
.- N
. P
R R
| S
NN
NN
|;l
|

.
ot
1
] ]
1
!
£
[N
T
|
—r—r—-l—v-
N
-
i
1'?1
+—
3
}
i
]
)
i
i
[
N
N 1
d
{
|
i
1
i

i
7
it
L
1
A
L] I
T
-~
-]
™
—t 3
] BEE
1”48 R
l‘l [} i
i / Ty
H Tl
R
]
]
|
[
|
1
t
!
|
|
1
H
[
H
i
b
\
1
|
1
1
1

i
t
L
i
|
1

|
1S
1
-+
)
=
n
@
!
1

{ !
I
=
T
4 —
]
|
it l!‘+
I
]
|
|
1
1L
T
i A
N RN |
i BN
N ]
1R
1! ]
!
i
L
Il
]
Hat
T
_{N_____w
[
1
[
d
|
i
1
\
1
i

Power, % rated



LHGRFACp

Page 40 of 63

RBS CYCLE 13 COLR
Revision 1

FIGURE 25. LHGR MULTIPLIER VERSUS CORE POWER FOR
ALL ATRIUM-10, BOC TO EEOC
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FIGURE 26. LHGR AND MAPLHGR MULTIPLIER VERSUS
CORE POWER FOR GE-11, ALL EXPOSURES
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FIGURE 27. LHGR MULTIPLIER VERSUS CORE POWER FOR
ALL ATRIUM-10, EEOC TO EEEOC
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FIGURE 28. MONITORED REGION BOUNDARY (CASE 1)
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FIGURE 29. MONITORED REGION BOUNDARY (CASE 2)
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FIGURE 30. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(TWO RECIRCULATION LOOP OPERATION - CASE 1)
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FIGURE 31. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
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FIGURE 32. APRM FLOW BIASED SIMULATED THERMAL POWER

CORE POWER (% rated)
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- HIGH SCRAM SETPOINTS AND RESTRICTED REGION
BOUNDARY

(TWO RECIRCULATION LOOP OPERATION - CASE 2)
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FIGURE 33. APRM FLOW BIASED SIMULATED THERMAL POWER
- HIGH SCRAM SETPOINTS AND RESTRICTED REGION

CORE POWER (% rated)
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FIGURE 34. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-

CORE POWER (% rated)
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FIGURE 35. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-

CORE POWER (% rated)
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FIGURE 36. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-

CORE POWER (% rated)
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FIGURE 37. APRM FLOW BIASED NEUTRON FLUX - HIGH ROD-
BLOCK SETPOINTS

(SINGLE RECIRCULATION LOOP OPERATION - CASE 2)
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APPENDIX A
OPERATING LIMITS FOR EQUIPMENT OUT OF SERVICE OR LOOP MANUAL MODE

The operating limits listed in this appendix shall be used as indicated when operating in any of the
following conditions:

- Feedwater Heater Out of Service (FHOOS)*
- Pressure Regulator Out of Service (PROOS)*
- Single-Loop Operation (SLO)

- Reactor Recirculation System in Loop Manual control.

*At a power level greater than 40%, the power dependent MCPRp (Figures 38 and 39) shall be increased by
0.02 for concurrent SLO and FHOOS. At a power lower than 40%, the most limiting MCPRp value is the
operating limit, and it shall be increased by 0.02 for SLO and FHOOS.

At a power level greater than 40%, the power dependent MCPRp (Figures 40 and 41) shall be increased by
0.02 for concurrent SLO and PROOS. At a power lower than 40%, the most limiting MCPRp value is the
operating limit, and it shall be increased by 0.02 for SLO and PROOS.
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FIGURE 39. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
POWER FOR GE11, ALL EXPOSURES, FEEDWATER HEATER
OUT OF SERVICE (FHOOS)
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FIGURE 40. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR ATRIUM-10, ALL EXPOSURES, PRESSURE
REGULATOR OUT OF SERVICE (PROOS)

Flqw - z i o o o

-

T

o

ll
]

|
|

i
t
t
H
[ I
N 1 ]
X feunl
! '5'11
[ [
Rt
R EBA
11
B
!
|

f
' '

{
1
4
i
i
1 :
(R ARy 4 i
i by,
By £
]
i
}
1]
]
11!
]
i
IRRER IR
21
N
i
1
!

N BRRER i
1
i
H
T
I
] ]
T
1 1
RN
=
11
1
41
-t
oo
L RN
/i
i
!
I
§
i
]
1
i
4
i
Y
T
[

18 -

]
1
i

y AR

R
1

i
|
1]
T1
I
y,
Yy 4%
S+
R NN
adttid
(A ]
41
i
1
l
1
|
1
|

1.7 - —

1.6 -+ - - 1 _

11
!
!
!
{
1
'
t
T
1
!

-t- ‘ [ R o &

W
1.0 e B e e R R m R B e BE s R Eaamb j:}- :
© 10 20 30 40 50 60 70 80 90 100 110
Power, % rated




MCPRp Limit

21

1.9 -
1.8 -
1.7 -
1.6 -

1.5 -

1.3 -
1.2 =

1.1 -

1.0

2.0 —

1.4 - —

Page 57 of 63
RBS CYCLE 13 COLR
Revision 1

FIGURE 41. OPERATING LIMIT MCPR (MCPRp) VERSUS CORE
POWER FOR GE11, ALL EXPOSURES, PRESSURE REGULATOR
OUT OF SERVICE (PROOS)
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FIGURE 42. LHGR MULTIPLIER VERSUS CORE POWER FOR ALL
ATRIUM-10, ALL EXPOSURES

FHOOS OR PROOS
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FIGURE 43. LHGR AND MAPLHGR MULTIPLIER VERSUS
CORE POWER FOR GE-11, ALL EXPOSURES
FHOOS OR PROOS
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FIGURE 44. LHGR MULTIPLIER VERSUS CORE POWER FOR
" ALL ATRIUM-10, ALL EXPOSURES

SINGLE LOOP OPERATION (SLO)
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FIGURE 45. LHGR AND MAPLHGR MULTIPLIER VERSUS
CORE POWER FOR GE-11, ALL EXPOSURES
SINGLE LOOP OPERATION (SLO)

- _}_ e _: 7 - -
. -
- I -
- —-— ' - b —f—
1.00 == 4‘ ~EEI.00
1 (N 4— =1 -
- - - 0 o et Yt
— -1-—4—-—— I
B | . ] - ~t—t—{—
i 1: -
b—{-—1 - b— =4 P .
‘4" =t
a1 N
P L
4
~t =1 ~t =
-t~ - 4] JE S Wy
S Y - :
|- b . -t~ L . _L.-
1 4= ] - - 0 O - P40 0 O
. o ] o i 1 ]
I ot o -
L
B - ...{: B Oy N
1 0t (o L [ s

50 60
Power, % rated

- 0.53 Dimitm ﬁ"l -H T S
e = - ot B B

g 00 O [ o 4-: - 44 i i j.':!;f'; g o j:—f—‘— R
ERERlEaRutE P i;;: 1t - :ﬁ: - . tt




Page 62 of 63
RBS CYCLE 13 COLR
Revision 1

FIGURE 46. OPERATING LIMIT MCPR (MCPRy) VERSUS CORE
FLOW FOR ATRIUM-10 FOR RECIRCULATION SYSTEM IN
LOOP MANUAL, ALL EXPOSURES
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FIGURE 47. OPERATING LIMIT MCPR (MCPRf) VERSUS CORE
FLOW FOR GE-11 FOR RECIRCULATION SYSTEM IN LOOP

MCPRy Limit

1.5

1.4

1.3

1.2

1.1

1.0

0.9

Core Flow, % Rated

MANUAL, ALL EXPOSURES
1.30 - - -
L :
1L -+-!\I££i_ | T
1L HHHFRNA | AREN RS
N i N _ 4
- \\I\ ] S N - b
ENEELTRETE
| 4 E\u\
PHHHE i LR e
i I IREE LI 1L
10 20 30 40 50 60 70 8 90 100 110

120



