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PPL Flev. 6 3.2.1
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3.2  Core Operating Limits Report (COLR)
3.2.1 °  Core Operating Limits Report (COLR)
TRO 3.2.1 The Core Operating Limits specified in the aﬁached COLR shall be met.
APPL.}CABILITY: Specified in the referenced Technical Specifications.
|
ACTIONS -
,l CONDITION REQUIRED ACTION COMPLETION TIME
! i ‘ .
A. Core Operating Limits A.1 Perform action(s) | - Specified in
not met. N - described in referenced referenced
L L Technical Specification. Technical
: ‘ Specificatiors.
W, . ‘
wr . TEGHNICAL REQUIREMENT SURVEILLANCE
‘ ) - SURVEILLANCE: FREQUENCY
,‘ S NOTE------ N/A
No associated Surveillances. Surveillances are ,
implnjamentedli’n the ?pplicable Techniclgtal Specifications. .
T ;
| G | ;
| RN i p
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N
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\w.’ 1.0 INTRODUCTION

This CORE OPERATING LIMITS REPORT for Susquehanna Unit 1 Cycle 15 is
pprepared in accordance with the requirements of Susquehanna Unit 1, Technical
Specification 5.6.5. As required by Technical Specifications 5.6.5, core shutdown :
margin, the core operating limits,’ APRM setpoints, and OPRM setpoints presented
herein were developed using NRC-approved methods and are established such that all
applicable limits of the plant safety analysis are met.
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2.0 DEFINITIONS

Terms used in this COLR but not defined in Section 1.0 of the Technical Specifications or Section
1.1 of the Technical Requirements Manual are provided below.

2.4
2.5

2.6

-
o

-t

P o
-
gy

-t
W

The AVERAGE BUNDLE EXPOSURE shall be equal to the total energy produced by the
bundie dlvrded by the total initial weight of uranium in the fuel bundle.

The. AVERAGE PLANAR EXPOSURE at a specified helght shall be equal to the total
energy produced per unit length at the specified herght divided by the total initial weigh*. of
uranium per unrt length at that height.

The PELLET EXPOSURE shall be equal to the total energy produced per unit length of
fuel rod at the specified height divided by the total initial werght of uranium per unit length
of that rod at that height. -

i
The FRACTION OF LIMITING POWER DENSITY (FLPD) shall be the LHGR existing ata
given heught dwrded by the applrcable LHGR for APRM Setpornt Limit for that bundle type.

The FRACTION OF FlATED THERMAL POWER (FRTP) shalf be the measured
THERMAL POW ER lelded by the RATED THERMAL POWER.

FDLRX is the ratlo of the maximum LHGR calculated by the core momtormg system fcr
each fuel bundle drvrded by the LHGR limit for the apphcable fuel bundie type.

| |
MFLCPR |s the ratio of the applrcable MCPR operating limit for the applrcable fuel bundie
type drvrded by the MCPH calculated by the core momtonng system for each fuel bundle.
! !
MAPRAT is the ratio ot the maximum APLHGR calculated by the core momtormg system
for each fuel bundle dllwded by the APLGHR limit for the applicable fuel bundle type.

FDLRCis the ratio of the maximum LHGR calculated by the core monitoring system for
each fuel bundle drvrded by the LHGR for APRM Setpornt Limit for the applrcable fuel
bundle type H l

! B
l

OPRM is the Oscullatron Power Range Monitor. The Oscrllatlon Power Range Monitor
(OPRM) wxll relrably detect and suppress anticipated stability related power oscillations:
while provndlng a hlgh degree of confidence that the MCPR safety hmlt is not violated.
él L ll 7 o H : i l

Np is the OPREM setpomt for the number of consecutrve confrrmatrons of oscillation half-
cycles. thalt}\?nll be consrdered evndence ofa stablllty related power oscrllatlon

Spis the OPTM tr|p setpomt for the peak to average OPRM sngnal

il |
Fpis the core flow, in Mlbm / hr, below which the OPRM RPS trip lS actrvated

lHl

|

i i

l . i |

. i |

1

; |

i

|
Lo

By : o G
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3.0 SHUTDOWN MARGIN

53.1 Technical Specification Reference

Technical Specificaﬁon 3.1.1

3.2  Description
The SHUTDOWN MARGIN shall be equal to or greater than:
a) 0.38% Ak/k with the highest worth rod analytically determined

OR

'b) 0.28% Ak/k with the highest worth rod determined by test

Since core reactivity will vary during the cycle as a function of fuel depletion and
poison burnup, Beginning of Cycle (BOC) SHUTDOWN MARGIN (SDM) tests
must also account for changes in core reactivity during the cycle. Therefore, the -
SDM measured at BOC must be equal to or greater than the applicable
requirement from either 3.2.a or 3.2.b plus an adder, “R”. The adder, “R”, is the
difference between the calculated value of maximum core reactivity (that is,
minitoum SDM) during the operating cycle and the calculated BOC core
reactivity. If the value of “R” is zero (that is, BOC is the most reactive point in the
cycle) no correcti on tothe BOC measured value is required.

The SHUTDOWN- MARGIN limits provided in 3.2a and 3.2b are applicable in
" MODES 1,2, 3, 4, and 5. This includes core shuffling.

SUSQUEHANNA UNIT 1  TRM/3.2-7 EFFECTIVE DATE 03/11/2006
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\w/ 4.0 AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR)

4.1 Technical Specification Reference

Technical Specification 3.2,1>

42  Description

The APLHGRs for ATRIUM™-10 fuel shall not exceed the limit shown in Figure
4.2-1. |

The APLHGR limits in Figure 4.2-1 are valid for Main Tdrbine Bypass Operable
and Inoperable and EOC-RPT Operable and Inoperable in Two Loop operation.
The APLHGR limits for Single L.oop operation are provided in Section 8.0.

T '

SUSQUEHANNA UNIT 1 = TRU/3.2-8 EFFECTIVE DATE 03/11/2006
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o 5.0 HINIMUM CRITICAL POWER RATIO (MCPR)

5.1 Technical Specification Reference

Technical Specification 3.2.2, 3.7.6, and 3.3.4.1

52 Description

The MCPR limit is specified as a function of core power, core flow, average
scram insertion time per Section 5.3 and plant equipment operability status. The
MCPR limits for all fuel types (ATRIUM™-10) shall be the greater of the Flow-
Dependent or the Power-Dependent MCPR, depending on the applicable
equipment operability status :

aS EOC-RPT and Main Turblne Bypass Operable

Figure 5.2-1: FIow-Dependent MCPR value determined from BOC to |
' EOC ‘

‘Figure 5.2-2: Power-Dependent MCPR value determined from BOC to
' EOC

b) Main Turbine Bypass lnopemble / EOC-RPT Operable

W' ‘ i | Figure 5.2-3: FIow-Dependent MCPR value determmed from BOC to
w : . - EOC, -

| _ Figure 5.2-4: Power-Dependent MCPR value determined from BOC to
| : EOC

c) EOC-RPT Inoperable / Main Turblne Bypass Operable

Figure 5.2-5: Flow-Dependent MCPR value determmed from BOC to
L f EOC[ { ‘ ; ‘

y : ' .+ -Figure 5.2-6: Power-Dependent MCPR value determmed from BOC to
. E , ;.;%1; | | EOCH i
, ; e ‘ ]
o gThe MCPR limits in Flgures 5 2-1 through 5. 2 6 are valld for Two Loop operation.

J
fThe MCPR llmlts for Smgle Loop operatlon are provnded in Sectlon 8.0.

)
\‘

| . ; |
| S

T
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e’ ' 5.3  Average Scram Time Fraction | |
‘ | ]
if the average measured scram times are greater than the Realistic Scram times
listed in Table 5.3-1 then the MCPR operating | limits correspondrng to the
Maximum Allowable Average Scram Insertion Trme must be implemented.
_Determnmng MCPR operating limits based on rnterpolatron between scram
~ insertion trmes is not permitted. The evaluation of : scram insertion time data, as it
relates to the attached table should be performed per Reactor Engineering

i
r

»procedures !
i
=‘ ;
| -
i |
|
Lot L ,
L P R | |
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y | Lol
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| ! oy
Ec')c RPT and Main Turbine Bypass
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B EOC RPT Inoperable/
Main Turbnne Bypass Operable
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("
Table 5.3-1

Avera: ge Scram Time Fraction Table For Use With Scram Time Dependent
MCPR Operating lelts

Control Rod ; Average Scram Time to Position (seconds)
. Position ! ‘ ;
45 : 0.470 - . 0.520
39 ; ; 0.630 ‘ ‘ 0.860
25 | 1.500 o ‘ 1.910
5. | 12700 | | 3.440
Average- Scram | Realistic ' S Maximum
lnsertlcn Tlme P ' o : ‘Allowable
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6.0 LINEAR HEAT GENERATION RATE (LHGR)

6.1 Technical Specification Reference
‘Technical Specification 3.2.3 and 3.7.6

6.2  Description

The LHGR limits are specified below as a function of Main Turblne Bypass
operability for each fuel type as follows

* Main Turbine Bypass Operable

The LHGR for ATRIUMTM;1O fuel shall not exceed the LHGR limit determined
from Figure 6.2-1.

Main Turbine Bypass Inoperable

The LHGR for ATRIUMTM—1 0 fue! shall not exceed the LHGR llmlt determmed
from Figure 6.2-2. , |

k

The LHGR limits in Figures 6. 2-1 and 6.2-2 are valid for Two Loop and Smgle
Loop operatton ‘

S'USQUEHANNA UNIT 1 TRM/3.2-22 EFFECTIVE DATE 03/11/2006
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AVERAGE POWER RANGE MONlTOR (APRM) GAIN AND SETPOINTS

7

72

Technical Specmcatlon Reference

Technical Specification 3.2.4 and 3.3.1.1

Description

The APRM Simulated Thermal Power-High scram trip setpomt (S) and APRM
Simulated Thermal Power-High control rod block trip setpoint (Sgg) shall be
established as specified in Table 7.2-1, including any adjustments per Technical

Specification LCO 3.2. 4

Fechnical Specification LCO 3.2.4 provides an option to adjust the APRM
setpoints when MFLPD is greater than FRACTION OF RATED THERMAL
POWER (FRTP). The adjustment applies to both the APRM Simulated Thermal
Power-High scram trip setpoint and APRM Simulated Thermal Power-High
control rod block trip setpoint for Two Loop and Single Loop operation. The
APRM setpoints for Specification 3.2.4 are established in Table 7.2-1.

SUSQUZHANNA UNIT 1 - TRM/3.2-25 EFFECTIVE DATE 03/11/2306
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Table 7.2-1
APRM Setpoint
Trip Setpoint Allowable Value

S <(0.58 (W - AW) + 59%) T

S <(0.58 (W - AW) + 62%) T°

Sk < (0.58 (W - AW) + 50%) T

- Sre < (0.58 (W - AW) +53%) T

where: S and Sgg are in percent of RATED THERMAL POWER

W e

AW =

Loop recirculation flow as a percentage of the loop recirculation flow
which produces a core flow of 100 million Ibs/hr

0.0 for two loop operation 8. 7 for single loopioperat'ion. (Note: These

" values of AW are also valid for the RBM.)

Lowest value of the ratio of FRTP divided by the MFLPD The FLPD is
- the actual LHGR divided by the apphcable LHGR limit for APRM
. Setpoints. The LHGR limit for APRM setpomts for ATRIUM™-10 fue!
- shall be taken from Figure 7. 2 1. ‘

_ The LHGR for APRM setponnt Ilmlts in Flgure 7.2-1 are valid for Main
~ Turbine Bypass Operable and Inoperable and EOC-RPT Operable and

" | Inoperable for both Two and Smgle Loop operatlon

~ For calculated T-values greaterthan 1.0,a ratlo of 1.0 is used in the
. above equations.. ‘ \ :

! APRM Simulated Thermal Power-ngh scram aIIowable value in this table is
equ'al to the value established in Technical Specn‘lcatlon 3.3.1.1.

H . P
Iy wi:w

b 2 For the calculation of T, Ithe value of MFLPD shall b:e the maximum value o*
e FDLRC = TP B

‘!J“j‘{_ Lol ‘»

i
P
P
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8.0 FECIRCULATION LOOPS - SINGLE LOOP OPERATION

8.1 Technical Specification Reference

Technical Specification 3.2.1, 3.2.2, 3.2.3, 3.2.4, 3.3.4.1, 3.4.1, and 3.7.6

82  Description
APLHGR

The APLHGR limit for ATRIUM™-10 fuel shall be equal to the APLHGR Limit
from Figure 8.2-1.

The APLHGR limits in Figure 8.2-1 are valid for Main Turbine Bypass Operable:
and Inoperable and EOC-RPT Operable and Inoperable in Single Loop
operation. ‘

Minimum Critical Power Ratio Limit

- The MCPR limit is specn‘led as a function of core power core flow, and plant
equipment operability status. The MCPR limits for all fuel types (ATRIUM™.10)
~ shall be the greater of the Flow-Dependent or the PowerDependent MCPR,
depending on the applicable equipment operability status.

poo g 1
U o a) EOC-RPT and Main Turbine Bypass Operable

L Figure 8.2-2: Flow-Dependent MCPR value determined from BOC to
T ‘ EOC

Figure 8.2-3: Power-Dependent MCPR value determmed from BOC to
'EOC ‘

b) Mam Turblne Bypass Inoperable / EOC RPT Operable

I \ Flgure 8.2-4: FIow-Dependent MCPR value determined from BOC to
TR
S Flgure 8.2- 5 Power-Dependent MCPR value determined from BOC to

ll
!
i: l ‘ i

i c)f ; : ‘EOC RPT lnoperable / Main Turbine Bypass Operable

RN |

EIE Flgure 8.2- 6 FIow-Dependent MCPR value determmed from BOC to

N ' EoC

A T ain

L Flgure 8.2-7: | Power-Dependent MCPR value determined from BOC to
'EOC

'

; s

| 3 ' }
Iy

i

g
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The MCPR limits in Figures 8.2-2 through 8.2-7 are valid only for Single Loop
operation.

Linear Heat Generation Rate Limit

The LHGR limits for Single Loop Operatiori are defined in Section 6.0.

Averaqe Power Ranqe Monitor (APRM) Gam And Sﬂ)omts

APRM setpomts and the LHGR limit for APRM setpomts for Single Loop
Operation are defmed in Section 7.0. ‘

|
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9.1

9.2

Technical Specification Reference !

Technical Specification 3.3.1.1

Description

Monitor reactor conclitioné to maintain THERMAL POWER / core flow outside of
Stability Regions | and Il of the Power / Flow map, Figure 9.1.

If the OPRM Instrumentatnon is OPERABLE per TS 3.3.1.1, Reglon I of the
Power/ Flow map is consudered an immediate exnt region.

If the OPRM lnstrumentatlon is inoperable per TS 3.3.1.1, Region | of the Power
/ Flow map is consnclered an immediate scram region. ‘

Reglon Il of the Power/ Flow map is conSIdered an immediate exnt reglon
regardless of the operability of the OPRM lnstrumentatlon
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: - Figure 9.1 .
SSES Unit 1 Cycle 15 Power / Flow Map
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. 100 QPRM SETPOINTS

10.1 Technical Specification Reference

Technical Specification 3.3.1.1
1;0.2 Déscrigtion

! Setpoints for the OPRM Instrumentation are established that will reliably detect
! and suppress anticipated stability related power oscillations while providing a ?

~ high degree of confidence that the MCPR Safety limit is not violated. The
setpoints are described in Section 2.0 and are listed below:

- Se = 1.1

! Ne = 15
 F = 60Mbm/hr
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The analytical methods used to determine the core operating limits shall be thos=
previously reviewed and approved by the NRC, specmcally those described in the

following documents:

1.

3

‘ J
XN-NF-81-58(P)(A), Revrsron 2 and Supplements 1and 2 “RODEX2 Fuel Rod
Thermal-Mechanical Response Evaluation Model Exxon Nuclear Company,
March 1984. ‘ N :
EMF-2361(P)(A), Revision 0, “EXEM BWR-2000 ECCS Evaluatuon Model,”
Framatome ANP, May 2001.

EMF—2292(P)(A) Revision 0, “ATRIUM™-10: Appendrx K Spray Heat Transfer
Coefficients,” Sremens Power Corporatlon September 2000

XN-NF-84-105(P)(A), Volume 1 and Volume 1 Supplements 1and 2,
“XCOBRA-T: A Computer Code for BWR Transient Thermal-Hydraulic Core
Analysis,” Exxon Nuclear Company, February 1987

XN-NF-80-19(P)(A), Volume 1 and Supplements1 and 2, "Exxon Nuclear
Methodology for Boiling Water Reactors: Neutronic Methods for Design and
Analysis," Exxon Nuclear Company, March 1983

XN-NF-80-1 9(P)(A) Volumes 2, 2A, 2B, and 20 "Exxon Nuclear Methodologjy
for Boiling Water Reactors: EXEM BWR ECCS Evaluation Model," Exxon
Nuclear Company, September 1 982 |

XN-NF-80-19(P)(A), Volume 3 Revision 2 Exxon Nuclear.Methodology for
Boiling Water Reactors Thermex: Thermal Limits Methodology Summary
Description,” Exxon Nuclear Company, January 1987.

XN- NF-80-1 9(P)(A) Volume 4, Revision 1, "E>o<on Nuclear Methodology for

- Boiling Water Reactors Application of the ENC Methodology to BWR
Reloads " E>o<on Nuclear Company, June 1986 ,

l

XN- NF-85-67(P)(A) Revrsron 1, "Genenc Mechanrcal Desugn for Exxon

* Nuclear Jet Pump BWR Reload Fuel," Exxon Nuclear Company, Inc.,

: September 1986. | | ; |

10.

N
ANF-524(P)(A), ‘Rewsron 2 and Supplements 1 and 2, "Advanced Nuclear

" Fuels Corporatron Crltlcal Power Methodology for Borllng Water Reactors,”

. November 1990, 11| -

‘; S ll i |
NE~092 001A, Revrsron 1, "Llcenemg Toplcal Report for Power Uprate With
Increased Core Flow * Pennsylvania Power & Lrght Company, December 1992

" and NRC SER (November 30, 1993). ' |
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ANF-89-98(P)(A) Revrsron 1 and Supplement 1 "Generrc Mechanlcal Desrgn
Criteria for BWR Fuel Designs,” Advanced Nuclear Fuels Corporatlon May
1995. | ‘

EMF-2209(P)(A) Revision 2, “SPCB Critical Power Correlatron Framatome
ANP, September ?003 : ‘ - ‘
]
Caldon Inc., “TOPICAL REPORT: lmprovrng Thermal Power Accuracy and
Plant Safety While Increasing Operating Power Level Usrng the LEFM’
System " Engineering Report 80P, March 1997. j ; o

Caldon, Inc., “ npplement to Topical Re,port ER 80P: Basrs fora Power Uprcte
with the LEFM“™ or LEFM CheckPlus” System Revrsron 0, Engmeenng
Report ER-160P, May 2000 : o ;

EMF—85-74(P)(A) Revrsron 0, Supplement 1(P) A) and Supplement 2(P)(Al
“RODEX2A (BWR) Fuel Rod Thermal-Mechanical Evaluatton Model .
Slemens Power Corporatlon February 1998 l :

EMF-21 58(P)(A), Revrsron 0, “Siemens Power Corporatron Methodology for
Boiling Water Reactors: Evaluation and Validation of CASMO 4/M|croburn-

B2,” Slemens Power Corporatron October 1999

EMF-CC-074(P)(A) Volume 4, Revision 0, “BWR Stabllrty Analysrs -

NEDO 32465-A “BWROG Reactor Core Stability Detect and Suppress
Solutions Licensing Basrs Methodology for Reload Applications,” August

- 1996.
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ANF—913(P)(A) Volume1 Revrsnon1 and Volume1 Supplements 2,3,and 4,
“COTRANSA2: A Computer Program for Boiling Water Reactor Transient
Analyses, Advanced Nuclear Fuels Corporatron August »1 990

: l | |
ANF-1 358(P)(A) Revrsuon 3 “The Loss of Feedwater Heatmg Transrent in
Borlmg Water Reactors Framatome ANP, September 2005
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