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1.0 Terms and Definitions

ARTS

BASE

DLO
DTSP
EOOS

EOR

FFWTR
FWHOOS
HTSP

ICF

ITSP

Kp

LHGR
LHGRFAC(F)
LHGRFAC(P)
(tse
MAPFAC(F)
MAPFAC(P)
MAPLHGR
MCPR

MCPR(F)

'I ‘;End of Rated the cyc!e exposure at whlch reactor power is equal to rated thennal |

APRM, RBM, and Technical Specification Improvement Program .
A case analyzed with Turbine Bypass System in service and Recirculation Pump-
Trip in service and Feedwater Temperature Reduction allowed (FFWTR includes
FWHOOS or final feedwater temperature reduction) and PLUQOS allowed at any |-
point durmg the cycle in Dual Loop mode

Dual Loop Operatton ‘ o

Red Block Momtor Downscale Tnp Setpomt N ‘ - *

Equnpment Out of Servnce c

power with recirculation system.flow equal to-100%; all:control-rods fully ...
withdrawn, all feedwater heatmg in servnce and equlhbnum Xenon

Final Feedwater Tempemtum Reduchon

Feedwater Heaters Out of Semce“ SR e

Rod Block Momtor ngh Tnp Semoint )

Increased Core Flow S

Rod Block Mommr lntennednate Trip Selpomt

Off-rated power dependent OLMCPR mulupller B

Red Block Monitor Low Trip Setpoint

Off-rated flow dependent MAPLHGR muliii:‘l:er

Off-rated power dependent MAPLHGR multiplier
Maximum Average Planar Linear Heat Generation Rate
Minimum Critical Power Ratio

Off-rated flow dependent OLMCPR multiplier |

PageiSof-2147% |
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MCPR(P) Off-rated power dependent OLMCPR multiplier

MELLLA - Maximum Extended Load Line Limit Analysis

MSlVOOS T Mam Steam Isolatlon Valve Out of Service

OLMCPR . s A..Operatmg leut Mlmmum Crmcal Power Rat:o

OOS Out of Service . o

OPRM Oscillation Power Range Monitor - RESR

PBDA Period Based Detection Algorithm .. ...

PLUOOS Power Load Unbalance Out of Service C :

PROOS 1 -

Pressure Regulator Out of Semce :

Rod Block Momtor

W e

i Recm:ul .tlon;Pump'Tnp Out
SLO sy w5 Single Loop Operation.
.. Turbi '

Turbine Control Valve

TIPOOS. . .~ Trayersing In core ProBe’G {of 52

TSV .. Turbine Stop Valve
. a3
;o h
INRTILTANES BN 1 fends faarined !
Page 6 of 21,
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2.0 General Information

This report provides the following cycle-specific parameter limits for Limerick Generating Station Unit 1 Cycle
16:

Maximum Average Planar Linear Heat Generatlon Rate (MAPLHGR)
Minimum Critical Power Ratio (MCPR) - S R Tt LG
Single Loop Operation (SLO) OLMCPR adjustment
- Off-rated OLMCPR adjustments (MCPR(P) or MCPR(F)) SR TR T e T
. Off-rated OLMCPR multipliers(Kp) -~ .. .- . ST
. Off-rated LHGR multipliers (LHGRFAC(P) or LHGRFAC(F))
Rod Block Monitor (RBM) setpoints.. . ...
"~ MAPLHGR single loop operation multlplier
LHGR single loop operation multiplier. .
Linear Heat Generation Rate (LHGR)
Turbine Bypass Valve parameters :
Reactor Coolant System.Recirculation Flow Upsca!e Tnps - L SR
Oscillation Power Range Monitor Period Based Detection Algonthm (OPRM PBDA) Trip Setpomts y
Thls report is prepared in accordance ‘with  Technical Specrﬁcahon 69.19 of Reference 1. Preparation of thrs
report was performed in accordance wrth Exelon Nuclear, Nucléar Fiiels T&RM NF-AB-!20-3600 who

e 8 © 06 0 & 06 6 & 0 & o O
-, .

The data presented in thls report is valld for all heensed operaung domams on the operatmg map. mcludmg.

Maximum Extended Load Line lelt down to 82. 9% of rated 6oFe ﬂow durmg ﬁrll power opemtion Ocf
Increased Core Flow (ICF) up'to 1. 10% of fated core ﬂow e e
Final Feedwater Tetnperature Reduction (FFWTR) tp to 105:0°F durmg cycle ¢xténsion operation ©t 7 ¢
Feedwater Heater Out of Service (FWHOOS) up to 60.0°F feedwaler temperature reduction at any trme
during the cycle prior to cycle extension. 2

Further information on the cycle-specrﬁc analyses for erenck Unit* l‘Cycie |6 and the associated operatmg
domains discussed above is avarlable in Refemnces 2, 7 and 8. ' N N

B I T T T PAPD R PR
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30 MAPLHGR Limits
3.1 . Technical Specification
Section 3.2.1

3.2 Description

- ..The limiting MAPLHGR value for the most limiting lattice (excluding natural uranium) of each
. fuel type as-a function of average planar exposure is given:in Tables 3-1 and 3-2. ‘For single loop -
.operation, a multiplier is used; which is shown in:Table 3-3. - The' power and flow dependent .
muitipliers. .for MAPLHGR ‘have been removed :and :replaced - with. LHGRFAC(P) . and .
. LHGRFAC(F); -therefore, MAPFAC(P) and MAPFAC(F). are equal-to. 1.0 for all power and -
. ﬂow condmons (Reference 2) LHGRFAC(P) and LHGRFAC(F) are addressed in Sectlon 5 0.

x Tnbles-l
_ MAPLHGR Versus Average Plsnar Exposure GE14 M R B
B O S AR . (Reference2) - Pt TR e T g

Es "Average Planar: Exposure

"-J'MAPLHGR Limit‘.""~~

Table 3-3 ’
MAPLHGR Single Loop Operation (SLO) Multiplier — AR Fuel Types
(Reference 2)
© ' SLO Multiplier o 080

‘Page8of2l
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4.0

4.1

a2

- Tables 4-1 and 4-2 are. denved ﬁ'om References 2, 7 and 8 and are vnhd for all- Cycle 16 operating

MCPR Limits

Technical Speciﬁéation
Section 3 23

Descrnptlon

domains. Table 4-1.is valid for GE14 fuel and Table 4-2 is valid for GNF2 fiiel: Tablesd-1 and 4-2

-+ include treatment of these MCPR limits.for-all ‘conditions listed i in Section 9.0, Modes.of Operation.
> Limerick Unit'). Cycle 16 has ‘a mid-cycle MCPR: breakpoint, as defined in Tables'4-1 and 4-2. The
. ~BASE, ' TBVOOS;. ;and."RPTOOS:: MCPR:.limits > include - the: conservatnveuassumpnon of

- simultanieous' TCV ‘arid ‘TS V-'closure during a: hirbine ' trip,” as’ discussed ‘it Reference 7. Less

restrictive MCPR hmlts for the BASE DLO Option B condition are provided for a 100 ms or
greater delay in the start of TCV closure: following a turbine trlp The less restrictive limits may
only be:used uf |t |s conf rmed that the-.?loo ms-“or'greater delay exusts followmg ngntal EHC
modxﬁcatlon LT . ' :

ARTS prowdes for: power -and flow: dependent thermal limit adjustmems ‘and multlphe:s, which
allow for a more. reliable: aqmmistranon of the MCPR thermal: limit. The ﬂow dependent
adjustment MCPR(F) an
The power dependent adj
MCPR(P) and MCPR(F):

are Indepeéndent of Smm “Time Optic addition, there ¢ are ten sets of
power dependeit MCPR pliérs (Kp) for use with thie BASB, IBVOOS, RPTOOS, PROOS,
DLO and SLO" conditions; and' PROOS+TBVOOS; PROOS+RPTOOS;” DLd only. The
PLUOOS condition"is inicluded-in’the BASE MCPR(P)-asid MCPR(F) fimits“and-Kp multipliers
and is bourided by the TBVOOS limits and multipliers; therefore, no additional ‘adjustments are
required for PLUQCOS in those operating conditions. The PLUOOS condition has not been
analyzed concurvent with-the RPTOOS op 'condl_tiop Operaﬂon in;the PLUOOS condition
concurrent with thie RETOOS ‘cridition . ,tlie'nnal power < 5% of rated (Reference 3).
Section 7.0 contains the conditions for Turbine' Bypass Valve Operability. MCPR(P) and
The:OLMCPRis ‘determined for a |

dependept MCPR-and:

R L

Pagédofatd: 1
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Table 4-1
Operating Limit Minimum Critical Power Ratio (OLMCPR) GE14
(Refereiices 2, 7, and 8) o]

) ) Cycle Exposure

. | SCRAM Time | < EOR - 3234 | > EOR - 3234
EOOS Combination | - Option' | MW&ST | MWAST |

, 139 141 | '
_1.38%% L S |
147 1.49 i
ol 146 . | 146
o 1So [ 182 ) o
o 142 o b 144 o s
o 181 veafi 153 L fon

N BAS:ESLO’ it

“ope | ravoos e -
r .‘:' T By e \ ’

b6 147 | e |
o R RNV E T

;- RETOOS: -~~~ 159 . | 170

L potea a3 kL

} P ’;;:-Zw?>im‘>'_wv.;>;t:'_':'$'w > {wl> (@

] - o T —
o . 4 <. 139 :
; il e ~
: |
* | eroossTBVOOS | 15 . |
s GINIR A ]
T T
¢ ...} PROOSRPTOOS | . B | 3 |
R : g i ; )
vhe oy > l
o
14 1
; % - - -
4

~:s’a ke ,;f \1{1 < ts J . o Pt s 3ty
e - Jh{‘“‘-ﬁ-‘v i Rl G i ﬁ ! K

and PROOS+RPTOOS; only Option Biisallowedss 7o v 904 2 ERER SRR
«L:mlt is only applicable if it is confirmed that a 100 ms or gmater delay extsts m th st"
followmg a turbine trip. A4 TG mdeak
Value is:adjustedito-obtaindn: GPRMamphtude Setpomk‘i)‘ i
‘:For single-loop-opefatior; thie} MCPR: Operatifig:limit is 003 grédtér than the analyzéd two'lo
However, a minimum'valié:of lid6:for GEfuel and 1:58 for GNF2 fuel'is réquired to’ ‘obtdin an '
OLMCPR limit set by the Single Loop Operation Recirculation Pump Seizure Event (Reference 2)

Page10-6E 2155 i
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Table 4-2
Operating Limit Minimum Critical Power Ratio (OLMCPR)—- GNF2
(References 2, 7,and8) - |
S Cycle Exposure :
L SCRAM Time [ < EOR- 3234 |> EOR - 3234
EOOS Combumtlon - Option’ - MWAIST .. |: “MWd/ST. .
e . B . 139 - 141 ; :
B BASE coo B 138 ] A L
L 2 D 147 ] 149
Lo L s 158 5 i 158 .}
o158 | 158 ] ¢
" . .o ].44_ i
153 i i
s |

“TBVOOS SLO! -

e T B O P B
RETOOSSLO T A ~“in ]

| PROOS SLO*

RS T eS E PN PN PR E PR ] R

PROOS+FBVOOS | i

PROOSHRPTOOS | ©.;

. @
[,

! When Tau does not equal 0 or 1, detenmne OLMCPR via Imear interpolanan For~PROOS+TBVOOS'
and PROOS+RPTOQOS, only; Opnon Biis.allowed.; i 5o 4 o

2 Limit is only applicable if it is confirmed that a 100 ms or greater delay”exlsts m the startof TCV- clos i
follmmng a.turbinetrip, . o . o kD 7 s
3 Value is adjusted to obtam an OPRM amphtude setpom of 1. 12
4 For smgle-loop operation, the MCPR operating limit-is 0.03 greater thanthe analyzed 1wo 100p; value

However, a minimum,value of 1.46:for GE14: fuel and $.58: for GNF?. fuel is. fequlred tombtam an
OLMCPR hmlt set.by the mgle 90, R

Page:kiof 213 |



Exelon Nuclear - Nuclear Fuels COLR Limerick 1, Rev. 12 |
Core Operating Limits Report . P
Non-Proprietary Information Submitted in Accordance with 10 CFR 2.390

Table 4-3
Power Dependent MCPR Limits and Multipliers MCPR(P) and Kp-Al Fuel Types
(Rel'erences 2, 7. and 8)

‘ : coiire | Core Ll ‘,C_Ore_"l'hermal Powet(% ofRnte'd)' AR
‘EOOS'Comb!naﬁdi";Flow- 0] 25 1 <30-] >30 | 85 | 100

"[(%ot | Operating Limit . | Operating Umit MCFR -
MCPR, MCPR(PL _ - . Multiplier, Kp ;
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5.0 LHGR Limits
51  Technical Specification
Section 324
52 Desctiption ST - g ;
The LHGR hmtt is the product’ of the exposure dependent LHGR lumnt (from Table 5-1 for’ UOz
* fuel rods and Table 5-2 for Gadolinia fuel rods) and the mmlmnm Of the power dependent LHGR

. Factor, LHGRFAC(P), and the flow dependent LHGR Factor, LHGRFAC(F) For snngle loop
o operatlon, a multlplier is used whtch |s shown in Table 5-3 and apphed in Table 5-5.'No further

. ARTS provndes for power and tlow dependent thennal hmlt multiphers, which allow for amore

- - reliable- administration of-the’ :LHGR thermal’ livmits There _are _two sets”of flow. dependent
... LHGR multipliers for dual-loop.and.single-loop 'a

-, power dependent:] LHGR multlphers for.use with.the: BASE TBVOOS RP'I‘OOS, :PROOCS,

.- DLO.and.SLO’ conditions, and. PROOS+TBVOOS and ‘PROOS+RPTOOS,.DLO -only.. The

e .PLUOOS eondttton is mcluded in the BASE LHGRFAC(P) and LHGRFAC(F) multuplters and
ore, n

i %"Thermal hmnt momtonng must‘be i
~* - the'power and flow: biased calctlati
. pump trip operabxlity ‘

é¢-Appendix A
'Sée Agg’éndix A “

Ltnearl-leat Generahoq:Raw Lim plmiaRods o

(Reference )
ﬁ FuelType -~ | ° LHGR
T ~ . GEI4 - - o - I° - SeeAppendixA: ' R _
JONF2__ | SeeAppendixA |- -

Pagt I3 21 T
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Table 5-3
LHGR Single Loop Operation (SLO) Multiplier — All Fuel Types
(Reference 2)

. SLO Multiplier' .

0.80

MEETISRRN

Table 5-4

I l’ower Dependent LHGR Multiplier LHGRFAC(P) AII Fuel Types‘ L
LS (Referenmlandﬂ) SRR '

COLR Limerick 1, Rev. 12 |

S

BRFT

et

;;Core'::
. EQOS Combination

.*Core Thermal Power (% of rated)

Flow

rated)

LHGRFAC(P) Mllltlpller

% of |- I 25 [<30| 230 65 | 85 I 100

o BASE S e0 o3

£60. 0.485

0.485'

0.490 }

0.434"

0.473

0 750

08l7

0922

| BASESLO ;. -

1560 j0.485

0.485

0.490

> 6070434

0434

0.473

.0750.|.0

10922

1000,

Ly, TBVOOS. .

_S60 10.463

0.463 -

0490 .2

>60°10.352.

0.352

0.386

0.756

0.817,

l'o922

1,000

. TBYOOSSLO:

'$60 -10.463

0.463

0490 oo | ol

>60 10.352

0.352

10.386

-0:750 -

0817

0922

1.000

~RPTOOS = - . I> a0 T0.434.

.60 10.485

0.485

0490 ...

0434

£ 0:750:

0473 "

0817

092

<1.000

RPTOOS SLO -

" T 560 [0.485

0.485

0.490

->60 10434

0.434 -

0.473

0.750

0.817

0922

1.000

- PROOS™

£60. 10.485-

0.485

0.490.

>60 0434

0.434

0.473

' 0.750

0817

"0922

 1.000

PROOS SLO

£60 _10.485

0.485 -

0.490

_1 >60 {0434

0.434

0.473

0.750

0.817

0.922

1.000

PROOS+TBVOOS '

|1 60 10.463

0.463

0.490

>60_[0.352

0.352 -

0.386

0.750

0.817

0.922

1.000

" PROOS+RPTOOS -

<60 [0.485

0.485

0.490

>60 {0.434

0.434°

0750

0.473

-0.817

0922}

1.000 ||

§ome e wwl el
' ¢

! Applied through Table 5-5
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Table 5-5
Flow Dependent LHGR Multiplier LHGRFAC(F) — All Fuel Types
(Reference 2) - e

’ _ Core Flow (% of rated)

EOQOS Combination 0 30 44.1 70 ~80 - 7 110
. . |l ... LHGRFAC(F)Multiplier .. .
" .. DualLoop " | 0506 |- 0706 | i 0973+ 10007 | 1.000

bsos | om6 | oww | L. | osw

Single Loop. . .

B ) P T ce s T PRI

Page’i5of 21" i



Exelon Nuclear - Nuclear Fuels

COLR Limerick 1, Rev. 12 | -

AR S TP A

o= The ARTS RodBlockMomtorprovxdes for power-depehdem‘RBM trips. . Technical Specification
: 3.3.6.states: control-rod- block instrumentation: channels: shall .be:OPERABLE with their trip
" setpoinits consistent with the values shown in:the Trip Setpoint column:of Technical Specification

Core Operating Limits Report
Non-Proprietary Information Submitted in Accordance with 10 CFR 2.390
60 Control Rod Block Setpoints |
6.1 Techmcal Speclﬁcatxon .
" Sections 3.1 43and336 LT
.}"""“625?. "'.Describt?on' L

data are shown in Table 6-1.

.o Table 3.3.6-2; .'f;fl';he~trip.'.§etpointslaljowablej\(alues and-applicable. RBM signal filter time constant
The Reactor Coolant System Recirculation Flow Upscale Trip is

shown in Table 6-2. These setpoints are set hngh enough to allow full utilization of the enhanced
ICF domain up to 110% of rated.core flow. .- -~ - .

Taiaie 61

"Rod Block Monifor Setpoints'
i (Referencel 2 and q)

a0 [
WY .

|7 Power Level |

lel_t

“Value,

A.n'y/,rIE.v’Alz-!' Sty B
- r

-».: AN A IR D

.

_Ltsp 0% | 1215%
e wipepte P igloen ;",=;::-i'_ief.'it-6“-:s,3/.-,;;g it
HTSP 132% . | 1L 111.0%
_NoLiiation -] " .. 50%

“Table6-2""

W

ST A

{Reacto¥ Coolant sysgemkée.rculanon Flow U”paeale..'rrip ST

; e (Refennce 4) {
Analytical Limit N/A .
Allowable Value 115.6%
Nominal Trip Setpoint 113.4%

! These setpoints (with Rod Block Monitor filter time constant between 0.1 seconds and 0.55 seconds) are
based on a cycle-specific rated RWE MCPR limit of 1.37, which is less than the minimum cycle OLMCPR,

Page'16:0€2k .
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7.0  Turbine Bypass Valve Parameters

7.1 Technical Specification

Sections 3.7.8 and 4.7.8.c
72 Description
.+ The operability réquirements for the steam bypass system are fouind in Tables 7-1'and 7-2: If these

"% requirements cannot be:met; the MCPR, MCPR(P) and. LHGRFAC(P) limits for’ moperable Steam

¥ 'Bypass Systern, known as Turbine"Bypass -Valves Out: Of Service (TBVOOS), ‘must’ be used. |
Sl Addltmnal mformatlon onthe operablllty of the turbine bypass system'canbe found'in Reference 6.

Maximum delay time before start of bypass valve opemng g
following mltlal turbme inlet valve movement' G

Maximum time after mmal turbirie ‘inlet valve movementl for:j
bypass valve position to feach'80% of full flow: (mcludes the.-
. abovedelay time) .

' First movement of any 'I'SV g: any TCV or. generatlon of the mrbme bypqss valve ﬂow S|gnal (whichever
occurs first) : :

e e -traenn v - 2 V ' ¢' s . et d e 30 om > 8, :
Mimmum ReqniredBypass Valves To Mainit ii‘svstem Ope ility...:
.7  (Referencesland3) ~— ' - |

P>25%

e R TR T T

3
A &

v
a

S s T

L N N

PNTIH iy B a2 b VR 5 B TP BB TAB A S s o0 AR
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8.0  Stability Protection Setpoints

8.1

82

Technical Specification

Section2.2.1 .

- Deseription- .. -~ . . PR o

.+ The Limerick Unit 1 Cycle 16 OPRM PBDA Trip Setpoints for.the OPRM System are found in

) o . Table 8-1, These values are based on the cycle spec:ﬂc analysis documented in Reference 2. The

" ..._setpomts provided in Table 8- are bounding for ali modes of operation shown in Table 9-1. The
. .setpoints provided in. Table 8-2 are acceptable for use in Single Loop Opemnon ‘The standard two

loop operation OPRM Sgtpomls specified in Table 8-1 must be unplemented pnor to mtamng the
idle pump wheén exiting the SLO- condltlon. e

: Table 8-1 '
-OPRM PBDA Trip. Setpolnts
(Reference 2.

4~ Confirmation Count Trip Settms

<16 - .. .
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COLR Limerick I, Rev. 12 |

90  Modes of Operation
9.1  Description _ . »
. The allowable modes of operation are found in Table 9-1. Operation with 1 MSIVOOS, or | I

" TCV/TSV 0OS is supported in all modes of operation, provnded the restrictions identified in the
apphcable station procedures are met. All EOOS options also support the allowance of | TIPOOS. I

i Table9-l ,‘ REETAPI A e
~Modes:of Operatlon R '
(Referencenands) |
“E00S Options - Operatlng g on' |
BASE, OptionA orB - " e Yash s s T
BASE SLO, OptionAorB L Yesgé: o oo -1.
TBVOOS, OptionAorB . ... Ye?
' TBVOOS SLO, OptlonAorB ’ Yes? . it B
 RPTOOS, Option A or B _ BE D R e
RPTOOS SLO. OptionA or B -~~~ * ~|™""="ygg -}~ |
 TBVOOS. and-RPTOOS, Option A.orB - - NG i Coe
| TBVOOS and RPTOOS SLO; OptionAor B* “No: Sk Gt '
PROOS, Option A or B R N Yes SNSRI S
| PROOS SLO, OptxonAofg __Yes*™
| PROOS+TBVOOS, OptionA ; __No
" { PROOS+TBVOOQS, Option B Yes*

PROOS+TBVOOS SLO, Optlon A-of B
PROOS+RPTOQOS, Option A i
PROOS+RPTOOS -Option B ... vosmm e
PROOS+RPTOOS SLO;

! Operating Region refers to operation on the Power to Flow map with or without FFWTR/FWHOOS. |
2 The PLUOOS condition is supported in this mode of operation with no power reduction required.
3 The PLUQOS condition requires core thermal power level < 55% of rated (Reference 3).
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10.0 Methodology

The analytical methods used to determine the core operating limits shall be those previously reviewed and .
approved by the NRC, specifically those described in the following documents:

1. “General Elecmc Slandmd Appllcatlon l'or Reactor FueL” NEDE—24OIl-P-A-21 May 20|5 and US,
; Supplement NEDE-240ll-P-A-2l-US , May 2015 o _

2. “Reactor Stability Detect and Suppress Solutions _L;eenglng Basis Methodology for Reload
Applications,” NEDO-32465-A, August 1996. " e

ll 0 Ret'ereneee

1.. “Technical Speclﬁcatlons and Basee t‘or Limenck Generatmg Statlon Umt:l“ Docket No 50-352, License
. No. NPF-39, Exelon Document. ; A

2. “Supplemental Reload Lleenslng Report for leenck 1 Reload’ lS Cyple l6” Global Nuclear Fuel
Document No 000N3893-R|-SRLR. Rewslon I February 2014 ;

3. “Final Resolved’ OPL-3 Parameters for leenck Umt 1 Cycle 16" Exelon TODl ESI3000|7 Rev. 0,
October 23, 2013 S Cu

4. “GE NUMAC PRNM Setpolnt Study Exelon Dsrgl AnalySIS LE—OIO’I Rev 2 February 23 20!2

5. “Fuel Bundle tnformation Report for Limerick 1 Reload IS Cyole 16" _Global Nuclear Fuel Doeument No.
Z 000N5028~FBlR~P Revlsion l February 20!4. : R

6. “Tech Eval Stop Valve Load Lxm:t Documentatlon E.xelon Document lR 9l7231 Ass:gnment A
November 11, 2009 ) RS L

7. “Limerick Unit l Cycle l6 Contmgency l‘-‘WCF Analyms” GE Hllachi Nuclear Energy Document No.
000N5273-R0, March 10, 2014.

8. “Limerick Generating Station (LGS) Units 1 and 2 TRACG Cycle-Independent PROOS Analysis Report”,
GE Hitachi Nuclear Energy Document No. 002N4397, Rev. 0, February 24, 2015.

O SO TR TS Sy damt e
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Non-Proprictary Information Submitted in Accordunce with 10 CFR 2.390 COLR Umerick 1 Rev. 12 Appendix A )
Limerick Unit 1 Non-Proprietary Information 000N5028-FBIR-NP .. -
Reload 15 Class I (Public) Revision |

Important Notice Regarding Contents of This Report

Please Read Carefully

This report was prepared by Global Nuclear Fuel - Americas, LLC (GNF-A) solely for use by Exelon - °
Corporation ("Recipient") in support of the operating license for Limerick Unit 1 (the "Nuclear Plant"), .

The mformatton contained. in this report (the "lnformatlon") |s belleved by GNF—A to be an uccurate and

prepared

The only undertakings of GNF-A respecting the Information are contained in the contract between
Recipient and GNF-A for nucléar fuel and related services for the Nuclear Plant- (the "Fuel Contrnct") and -
nothing contained in this douument shall be construed as amendmg or modlfymg the Fuel Contract. ‘The'
use of the Information for afty purpose other than that for which it-was, mtended under the Fuel Cortract,

is not authorized by GNF-A. In the event of any such unauthorized use, 'GNF-A neither (a) makes any

representation or warranty (either expressed or implied) as to the completeness, accuracy or usefulness of
the Information or that such unauthorized use may not infringe privately owned rights, nor (b) assumes

any responsibility for liability or damage of any kind which may result from such use of such
information.

This is a non-proprietary version of the document 000N5028-FBIR-P, Revision 1, which has the
proprietary information removed. Portions of the document that have been removed are indicated by an
open and closed bracket as shown here {[ 1
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Reload 15 Class I (Public)_ Revision | . .

*'1. Introduction and Summary

This report, which supplements the Supplemental Reload Licensing Report, contains thermal-mechanical
linear heat generation rate (LHGR) limits for the GNF-A fuel designs to be loaded into Limerick { for
Cycle 16. These LHGR limits are obtained from thermal-mechanical considerations only. Approved
GNF-A calculatlon models documented i in Reference | were used in performing this analysrs

LHGR lrmus as'a functlon of ¢ exposure for each bundle of the core desrgn are gwen in Appendix A The e
LHGR values provrded in Appendlx A provrde Upper and lower exposure dependent LHGR boundaries
which envelope the actual gadohma dependent’ LHGR limits.' The'LHGRs teported ‘have been rounded to ;
two places past the decimal. a

Appendtx B contains a descnptxon ot‘ the. fuel bundles Table B-l contams a summary of bundle-speciﬂc

information, and the figures provnde the ennchment d:stnbuhon and gadohmum drstnbunon for the fuel - ‘

bundles mcluded in this. appendlx These bundles have been approved for use under the fuel llcensmg' o

acceptance cnterm of Reference 1., iy
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Reload 15 Class [ (Public) . Revision 1

p Réfefénces

1. General Electric Standard Application for Reactor Fuel, NEDE-24011-P-A-20, December 2013;.and
the U.S. Supplement NEDE-24011- P—A-20-US December 2013 :
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Non-Proprietaty Information Submitted.in Accordance with 10 CFR 2.390 COLR Limerick 1 Rev. 12 Appentix A
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~AppendixA
UO,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: GE14-P10CNAB394-15GZ-120T-150-T6-3271 (GE14C)
Bundle Number: 3271

Peak Pellet Exposure | :UQ, LHGR Limi¢ " |
GWA/MT(GWA/ST) | .  kwiR

B

M e

Peak:Pellet Exposure - |-Most Limiting Gadolinia-| - -
... DHGRLimit" 2" |

GWd/MT (GWd/ST)

4
ey [[u._,--. PRI RPN PR DEY M e e e

§
A
i
i
t
i
§

1

' Boundin, t;ﬁadoli'nifa‘z’sLHG&;ilimitra-.fommlhzgadoliniumﬁadoncegmﬁons;;}nccu,rring.-‘-:j:i_&',cthj_s{._-‘{.h dledesxgn

i I
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Limerick Unit 1

Reload 15

Non-Proprietary Information 000N5028-FBIR-NP
Class I (Public) Revision |

UO0,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: GE14-PI0CNAB401-13GZ-120T-150-T6-3273 (GEI4C) .~ .: ... - ¢

Bundle Number: 3273 2 B R VA

Peak Pellet Exposure ' 'UO; LHGR Limit - |
GWUMT(GWAIST) | kwm - = |

TR

Peak Pellet Exposure .| Most Limiting Gadoligia | -
Coer e sl o - LHGR Limie? e

GW/MT (GWAIST). | ~ kWit

* Bounding ‘gaddlinia’> LHGRtimit* for-all ’gadoliniunt: concentrations :océuing Tir i thiss

[[
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Non-Proprietary Information
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Limerick Unit 1

Reload 15

COLR Limerick 1 Rev. 12 Appendix A

000N5028-FBIR-NP

Revision 1 _

Bundle Type: GE14-P10CNAB402-13GZ-120T-150-T6-3274 (GE14C) ..

Bundle Number: 3274

UO,/Gd Thermal-Mechanical LHGR Limits

Peak Pellet Exposure :.

U0, LHGR Limit . |:

GWdA/MT (GWd/ST)

i

UKW ]

n__

Peak Pellet:Exposure ;:.:{:

FEXS Y

Most Limiting Gadolinia«|

LHGR Limit’

ﬁwanwr (GWJIST)
I

3 Bounding:gadolinia:f LHGR=+limit. for::all :gadolinium.:;concentrations:, eccurring

i

Do
Ay B0

[P .

cin: this: bundle design.
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Limerick Unit 1 Non-Proprietary Information 000N5028-FBIR-NP

Reload 15 Class | (Public) Revision |

UO./Gd Thermal-Mechanical LHGR Limits

Bundle Type: GE14-PIOCNAB398-12GZ-120T-150-T6-3275 (GE14C) . - vt 2o
Bundle Number: 3275

Peak Pellet Exposure | UO, LHGR Limlt |
GWA/MT (GWd/ST) | - kWi -
S 1

1

Peik Pellet Exposure. : | -Most Limiting Gadolinia-|
co T Y i  LHGR Limit*
GWA/MT (GWAIST) | i oKWt T it

bl o el o
-t a
!
i

1

e, T M . -l

* Bounding - padoliaia: LHGR:"limit: for<afl:<gadolinium’-.concentritions’ occuiting’tn.: this:‘bundle : désign?

1 J13

)
L
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Limerick Unit1 = Non-Proprietary Information 000N5028-FBIR-NP - -

Reload 15 Class I (Public) Revision 1 -

UO,/Gd Thermal-Mechanical LHGR Limits = .

Bundle Type: GE 14-P10CNAB394-15GZ-120T-150-T6-3272 (GEI4C).:... ;0. ;.7
Bundie Number: 3272 C il

Peak Pellet.Expasure ;| ~ UO; LHGR Limit ", - 77,." o
GWIMT (GWAIST) |+ v kwims o |
: o
‘ - , - e ]] B ,

: LHGRLimit® | ¢
2 - . ;l:n._ T

3

* Bounding ,gadolinia;; LHGR., timit..for ; all. gadofinium.:concentrations ;ocenrring:in, this _ |
R A £ STER LS FRIALAIEP P S O R DA RIS AU R a fon S A A R T TN

i1
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Limerick Unit | Non-Proprietary Information 000N5028-FBIR-NP -
Reload 15 . : Class | (Public) .. .. .. . Revisionl

UO./Gd Thermal-Mechanical LHGR Limits -

Bundle Type: GNF2-P10CG2B393-10G7.0/2G6.0-120T2-150-T6:4048 (GNF2) * 1 it i)
Bundle Number: 4048 PR oginyt rant s

Peak Pellet Exposure | UO; L
GWU/MT (GWA/ST) . | . : AR N

O T e e e e

AR

Foteqa Ly Ve 1o te SRTo Siantmeganet BN St . venh e St AL sa¥ pode it BITELE g el
¢ Bounding gadolinia’ LHGR " limit “for 2l “gadolinium’” Soncentrations™ odclirring ~ it this

(i 1
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Limerick Unit1 .. - Non-Proprietary Information 000N5028-FBIR-NP

Reload 15 I - Class [ (Public) Revision |

UO,/Gd Thermal-Mechanical LHGR Limits -

Bundle Type: QNFZwlf_l0CG,2B_404._-_J206.0-10.012-1_50-16‘,-4044 (GNF2): . .- ., - o
Bundle Number: 4044

Peak Pellet Exposure .| U0, LAGRLimit_ |-~
GWIMT(GWAIST) | ~ © KWk ..
E;,[-[ PR '4,"_‘:" e e TR

- wl

i LHGR Limit’
R ‘:‘V[ﬁ‘ AT

k — 5 :
PeakPellet Exposure ;.| Most Limiting Gadolinia..\.:

pasees

" Bounding :gadolinissLHGR s limit;for:.al:;gadolinium, ;concentrations..ocqurring;; in; this;, bundie _design .
il Il ' o '
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Limerick Unit | Non-Proprietary Information 000N5028-FBIR-NP

Reload 15 Class | (Public) _ _Revision 1

UO0,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B404-12G6.0-120T2-150-T6-3643 (GNF2) :.: " - mv vy
Bundle Number: 3643

Peak Pellet Exposure UO; LHGR Limit - ..
GWIUMT(GWA/ST) | = KWt - .L*

|

< ["Most Limiting Gadofinla |
GWA/MT (GWJIST) | = kWi o

® Bourding gadolinia-"LHGR isit:‘foe all*> gadolinium:'‘concentrations “occurring'int. this - bundle ;design 5

1] 1
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Limerick Unit I - Non-Proprietary Information 000N5028-FBIR-NP
Reload 15 . .- Class [ (Public) » Revision | .

UO./Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B387-15GZ-120T2-150-T6-4045 (GNF2) - .- .. . i toe
Bundle Number: 4045

Peak Pellet Exposure |  UO, LHGR Limit. |-~
owamTGwas | wwme |

Peak Pellet Exposure. ;. |-Most Limiting Gadolinia, |. ~
; . LHGR Limit®
T

“ Baunding -gadolinia ; LHGR . limit.:for, 4l . gadolinium ; concentrations. ,occurring, in.this bundie _design .. -

11 18
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Limerick Unit | Non-Proprietary Information 000N5028-FBIR-NP
Reload-15 Class I (Public) .. ... Revision |

UO,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B388:13GZ-120T2-150-T6-4046 (GNF2) "% - teitv el
Bundle Number: 4046 B A

Peak Pellet Exposure | IGR Limit
GWAMT(GWAIST) . | . - kWit -

R T T L o Y T L e S VI N PO R A E.ﬂ".'f..:‘g -.-if..,“m‘,"; . ‘ Swiand
1 Bounding “gadolinia’ LHGR “limit ™ for *all” ‘gadoliniuri” coficéfitrations™ ocgiirving™-in’-‘this™ bundle :desigi~"
I '

( 1 '

I3
Ad
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Reload 5

Non-Proprietary Information
Class | (Public)

COLR Limerick 1 Rev. 12 Appendix A
000N5028-FBIR-NP

Revision1 . -

UO,/Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B192-15GZ-120T2-150-T6-4047 (GNF2}). -

Bundle Number: 4047

Peak Pellet Exposure . |

" .U0; LHGR Limit: ., .|

GWA/MT (GWAIST)

"] iost Lilng Gadotiin |

! LHGR Limit

BTt e

;
—
i :
; !
———— - =
: :
e - e o =
2
1
mmemenne e e

" Bounding gadoliniasLHGR . limit,;for., all y gadolinium..concenteations;: occurring: in -this.: bundle . design : -

(t 1

I 4
W TR
WA

Aeons

A e At e
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Limerick Unit 1 Non-Proprietary Information - . 00ONS5028-FBIR-NP
Reload 5 e ._Class 1 (Public) : Revision | .. - -

UO,/Gd Thermal-Mechanical LHGR Limits . . -

Bundle Type: GNF2-P10CG2B386:14GZ-120T2:150-T6-4272 (GNF2): i~ i1+ . 2oioy 1 <hipst

Bundle Number: 4272 B S ERENAHUOE H NE

Peak Pellét Exposure - | _ UQ; LHGRLmit: - [ .
GWAMT (GWWIST) | . kwiit..

0

eak Pel re- > “Most Limitig Gadolinia: |7 |
i . | i LHGRLimit"

GWA/MT (GWAIST) | | (kWi

i

i, .;[[,«m-m—-u..k i o e .n-,-.;:.ém, R N JEUU
|

- et

1]
; i
3 %
] » e}
i %
i N
b

2 Bounding ‘gadolinia’ ; iz;f:his?;sibaggae design:
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Limerick Unit1 - - Non-Proprietary Information 000N5028-FBIR-NP
Reload 15 Class | (Public) _ _Revision | -

UO./Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B387-13G7.0-120T2-150-T6-4274 (GNF2) _ ... oo
Bundle Number: 4274 DU et e

Peak Pellet Exposure - | . UO, LHGR Limit - .| ™
GWW/MT (GWA/ST) | ° kWit o]
N A

|Most Limiting:Gadolinia.{
! LHGRLImit" s‘

R A

i : 1) ,

DNl SN b A W2 s

3 quﬁdi@é!gad&ﬁﬁiéé hﬂ%ﬁlimitz- forall ;gadolinium;..concentrations; ocurring::in; l.h.is:}fiﬁﬁéi;;::;iéiéﬂéi
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B e Page 17

oy

4




Exclon Nuclear - Nugleur Fuels
Core Operating Limits Report
Non-Proprictary Information Submitted in Accordonee with 10 CFR 2.190 COLR Limenck 1 Rev. 12 Appendix A

Limerick Unit 1 Non-Proprietary Information 000N5028-FBIR-NP
Reload IS . ._Class I (Public) Revision |

UO0,/Gd Thermal-Mechanical LHGR Limits . :

Bundle Type: GNFZ-PlOCGZBllOO-IBG‘I.O-l'ZOTZ-l50-'T6-4275"('GNF2): L
Bundle Number: 4275 _ B e e e

Peak Pellet Exposiire * | ' UO; LHGR Lifit |
GWW/MT (GWAIST) | - URWIR: 150 |

) BN 0 |

Mot Limiting Gadoliaia*]
e ¢ |+ LHGR Limit "
GWAMT (GWA/ST) | | ¥Ekwite: o3

" Bounding gadolinia- LHGR:liitit: for'all: gadoliniunt'"¢ohcentfations: doctifring ‘iné this‘t bundle:-desig®
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000N5028-FBIR-NP

Revision | -

UO./Gd Thermal-Mechanical LHGR Limits

Bundle Type: GNF2-P10CG2B387-12G7.0-120T2-150-T6-4273 (GNF2) ..
‘Bundle Number: 4273 i T 7

‘Peak Pellet Exposure . |: uo, LHGR lelt

" .GWd/MT (GWd/ST). |~ " RWIR

; : Most Ialmiﬂng Gadohma
4 .
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Appendix B -
- Fuel Bundle Information

i

o TableBel . uoan o
Bundle Specific lnfoi'matioli LT

I SRR FEe LM I ‘ 1: Mq‘ E!pos“re
Fuel , ;|- Bundie'{. Edrichment :\ﬁ’ig(l):: v?riﬁh ¢ “koat:|  at Maxky
Bundle " Namber | (w% U-239) | " " gy 20°C. | GWamr
(R DS e | BT IYBLT ML) (GWAUST)

GEl4-PIOCNABB94-lSGZ--’ L | IR RS -
120T-150-T6-3271 (GE14c) | <" { & 1

GE14-PIOCNABA0I-13GZ- | 3095 | . . h
120T-150-T6-3273 (GE14C) | " SR N

GEl4,P10CNAB402_|3GZ_ N R o aY TRV N PR
120T-150-T6-3274 (GE14C)

GE14-PIOCNAB398-12GZ+ |- 5.
120T-150-T6-3275 (GE14C) -

GE14-PIOCNAB394-15GZ- - |-~ 5.2~
120T-150-T6-3272 (GE14C) .. |..>~

GNF2-P10CG2B393- .. .. .t .
10G7.0/2G6. 0-120'1'2-!50-'1'6-
4048 (GNF2) i e oo o

GNF2-P10CG2B404-12G6.0- | "7 o
100T2-150-T6-4044 (GNF2)... | 2100 Ao

GNF2-P10CG2B404-12G6.0-
120T2-150-T6-3643 (GNF2)

GNF2-P10CG2B387-15G2-
120T2-150-T6-4045 (GNF2)

GNF2-P10CG2B388-13GZ-
120T2-150-T6-4046 (GNF2)

GNF2-P10CG2B392-15GZ-
120T2-150-T6-4047 (GNF2)

GNF2-P16CG2B386-14GZ-~
12072-150-T6-4272 (GNF2)

& 3 ! H b o
SRRINDIVIRY PR P Al CIUDUI RN (RS

{
;

4046

4047

4272

GNF2-P10CG2B387-13G7.0-

12012-150-T6-4274 (GNF2) 4an

L A el Sy R GRS iy _;.x e vl $ised

'6 Maximum lattice ko, for the most reactive uncontroled state plus a[f 1} adder for uncertainties!’
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Table B-1
Bundle Specific Information

Fuel

ko at at Max ko
Number | (wi% U-235) °’a?‘))‘ ‘(’Ii'; 20°C | GWa/MT
£ g 16 (GWU/ST)
GNF2-PI0CGZBA00-13GT0- | onc | . ... |
120T2-150-T6-4275 (GNF2)

GNF2-PI0CG2B387-12G7.0:. | oaa vl 20 2 o W0 e
120T2-150-T6-4273 (GNF2), |. .°" | : a :
R 2 1. e e LIRS i
AR

Revision] .
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Reload 15 . Class [ (Public) Revision |
[

]
-+ Figure B-1 Enrichment and Gadolinium Distribution for EDB No. 3271
: : Fuel Bundle GE14-P10CNAB394-15GZ-120T-150-T6-3271 (GE14C)
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11

i n
| FUFigafe B Eiirichiniéht $id Gadoliniii Distribution fof EDB:N0, 3273
{¥Fael'Bundle’GE14-PI0CNA B401:13GZ-120T-150-T6:3273(GEI4C)
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1

Il

«" Figiire.B:3 Enrichment and;Gadolininm:Distribution for EDB:No. 3274
+Fael:Bundle GE14-P10CNAB402:13GZ-120T-150-T6:3274(GE14C)
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i
n

7 Figure’B:4] Edrichmentiand Gadelinium Distribution-for EDB.No, 3275
yaFiiel’Buidle. GE14:-P10CNAB398-12GZ+120T:150:T6-3275(GE14C)
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I
** Figire' B-5! Enrichimentiand Gadoliniuti Distribution:foi: EDB.No; 3272
. “Fuel Bindle GE14P10CNAB394-15GZ-120T-150:T6-3272 (GE14C)
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24 FigureiB:6; Emjichme"ntzandiﬁadoli_nium%EDisttibuti_b_uzfé.r. EDBNo, 4048
FiélBindle:GNF2:P10CG28393:10G7.02G6.0-120T2:150:T6-4048 (GNF2)
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i

. )
“ Figure'B-7! Enrichiment'atid Gadolifiiuin Distribution {6 EDB:No: 4044
¥ Fuel Bunidlé GNF2:P10CG2B404:12G6;0:100T2:150-T6-4044:(GNF2).
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1

3 ' 2€ 120T2

1l

Figure B-8 Enriehment and Gndollmum Distribution for EDB No. 3643

-150-T6-3643 (GNFZ)
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)

BRI 7 st L sstnbina iR ; )
(i Fignre B:9. Enrichment and Gadollnjum Distnbution\for, EDB 4045
Fuel Bundle GNF2-P10CG2B387-15GZ-120T2-150-T6-4045 (GNFZ)
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I

1

¢pFigure:B:10 Enrichment and Gadolinium Distribution for.EDB No. 4046
;- Fuel Bundle GNF2:P10CG2B38 NF2
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“*“Fuel Bundle GNF2-PI0CG2B39215GZ-120T2:150-T64047 (GNF2)
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i Rigure B4 Enrichinéntand Gadoliniiim Distribiition for EDB No; 4275
5Fiiel Bundle:GNF2:P10CG2RA00:13G.0:120T2:150-T6:4275 (GNF2)
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. ‘Figure B-15: Enrichnient dnd Gadolinfiriv Distribution:for EDB-No: 4273
¢7Fué] Batidle GNF2:P10CG2B387:12G7.0-120T2:150-T64273 (GNF2)
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