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Operating Flexibility Thermal Limits - Options
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Available Options
> ELLLA
> MELLLA/MEOD
> Increased Core Flow
> Single Loop Operation
> Feedwater Temperature

Reduction
> ARTS
> Turbine Bypass Out of

Service
> Safety/Relief Valves Out of

Service
> Recirculation Pump Trip Out

* of Service
> Main Steam Isolation Valves

Out of Service
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OPL-4, ECCS Parameters (Customer Review)
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> Plant Operating Conditions: Power, Flow, Pressure, Temp.

OPL-5, Single Failures/Systems remaining (Customer Review)

Fuel Inputs

Plant Modeling Inputs (geometry, heat slabs, etc.)
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Upe ound POrT validiaati Onper . Bo,.d Xf . 'T th.

A 95%stabistical Upper;Bound PCT was required:per the
'SAFERIGESTR4SER, ,.

> Purpose is to assure the Licensing Basis PCT is conservative

Confirmation t a t he generic uB P OT app ied toza spec fiCp ant
wasx requiredin the 'SER . 5:

R-'RecenthtNRC ,SER, a pproved using these! plant speific'4 U 'P't,
'.and themagnitude of the POT chang'ec to confirm t

'? '' ah"''' h l'''a t'4"' 'd -;':A: i f' ' '; ',n ,, ,.,'. A, ' Ss'';S .' :'. " fi rh':''

....-.conservatism of.theLicensing Basis POT
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L CA termal limits
'.'MCPR (Minimum ,Critical Power Ratio)''-~

LHG~tr (-l 1har:Linearr HeatGeertin at kw/ft) j4
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LOC Sumary.,

LCAnalysi dmonstrates: tht OCFR50.46 'c'rit'eria'- are, met
:(GES'TAR I~.2.10A)'l, 9

~SAFER/GESTR:metho'dolg is R eiwe prvedarnd meets
Appen "dix K (GESTAR .. :.2

Reload" evaluat ion~ assure t~he .,previous,,anall ysis' remains, boundingo
provides anrei)analysis- .,-,,

MAPLHGs'~ a"edetermined, isp pant is ECCS'limtd(ETR129B

New FuelIntroduction provides plant specii anlssfranew~ fel type.;

Plant cofgration- change alorequ ire plntspecific analss'~ . P
9J ges. a ysis
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*GESTAR: ,II:, Requirements

T GESTA R. II Deostrato

" Reod Process fr,,.~ StbabI ity

M Mixed' Fuel
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GESTAR II Amendment 22Requirements

The new fuel design must meet either of the criteriacl :
described belo:

1..The stability behavior, asindicated by core andrlimiting channeldecay. ratios, must equal toror
bette'than' previously approved GE uel de'ign.".QK<KY'.'<' ;- -;§ i-

2. If the core"and limiting channel decay ratios are-not equal to or better than a previously
approved GE fuel design, it must be demonstratedithat there is no changeqto the exclusion n
zone.,

Note: exclusion regions are generated or validated every cycle for nearly evey plant

~~~~~~~' f ft " '?; ,,.; i- L,,''iH C
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G STAR-,"~ II Stblt nalysis-
NRC Genra & Design Criteria:

-eactor instabilitycan be'. e~ither prevented, or.
~-eibly and readily, deetdand SUpprese

Criterion 10 (ReactorbDesign) require6s~ t'ha-t:'
"The' ractor core and .associatedcoat oto,'n ~tcinssessalb eindwt

'appoprit~marginto asur tha speifieaccetabe fedesign limts are not exceededdrn
any, co nitono normal 6peration, Including the effecs of anticipated occurrences.

Criterioni 12 (Suppre ssion of R eactor Power Oscillabt~ion) req'uires; that:L
"Te reaco core and assocae olncnrl n rtcinsystems shal be designed t
asuetat power oclationsw wich can: resul in conditions exceeding specified acceptbefe
deinlmitsare not possible orcan b reliably and readily detected and suppressed."





Relad rocess
Each US plant is required to implement one ftesaiiylogtr ouin. Theg current long

term fstabilitltVlb optionsainse:

1.Enha nced Option I-A

2.OptionlD
3.Option IF

New tbility solu-tions pendinig -re"view- an""daprvl
1. d .tc an d'St~ ~ Soution 61 :Co~nfiir m a'tion lDen~sity ,(DS D

2. Dtect and Suppress''dSS6 Soltion'- APIRM Based (DSS-B

Backup'~stabiliity solutioins: -

m. ntri Crrective Action (ICA) for- Option~ IlIl
2 BakpSta:bilit P otecion BSP) for Option Ill

3. BSP for D S S-~CD ,

I -I l I
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4 : Smalld 'iediant, tig"htn '
orifice, cor e-i mode:'
dominance over the regional
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''online m6nitor (SOLOMON) 1'I

:,5% Buffer Region

.'required, exclusion region
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numun,, ip '-APRM flux-scram line to,
Speed Lnin " ' Mn 'offer the' stability protection. -
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Option III Stability
120 I I

4000
110 100% EPU Power = 3473 MWth

100% Core Flow = 84.5 Mlb/hr Ev G
100 100% Original Licensed Thermal Power 3500

(OLTP) = 2894 MW 108% OLTP MELLLA
w 90 A: Natural Circulation \ OL/P

E: 100.0% Power/ 99.0% Flow 3000 ,
L 80 F: 100.0% Power/ 100.0% Flow

G: 100.0% Power /107.0% Flow 2500 f
§~ 70 20

X 60 Option III60 A ~100%t
so M 5TP Automatic detection and

OPRMTrip suppression solution, OPRM
v 40E trip system is trip-enabled

30 Region within the OPRM Armed
P aRegion, uses periodic counts

20 in oscillations and growth

10 rate to offer the automatic
protection, most widely used

0 stability solution. Regional
0 10 20 30 40 50 60 70 80 DIVOM used.

Core Flow (%)



ICA Stability
v Iu 20 30 4v , 6 /0 8Ut 90 100

120 I . . . . . . .I . . . I I . . . . . . . . .I I . . . .I . . .I I I I I I I I I

0

c0

110 -

100

90

80 -

70 -

60

50 -

40

30 -

20

10 -

A-

100% EPU Power = 3473 MWth
100% Core Flow = 84.5 MIbhr
100% Original Licensed Thermal Power
(OLTP) = 2894 MWt

A: Natural Circulation
E: 100.0% Poxer / 99.0% Flow
F: 100.0% Pover / 100.0% Flow
G: 100.0% Power / 107.0% Flow

I,
A

ICA Region I
[Scram]

ICA Region 1
[Exit]

1CA Region E
[Contro Hed Entry] /

I . . I . . I I 0I.0 ,t O
Interim Corrective Action (ICA)

The ICAs define certain regions in the
power/flow map that are excluded from
planned entry and prescribe specific actions
upon unplanned entry. In the U. S., Option IlIl
plants maintain the ICAs as a manual
backup in plant Technical Specifications
when the Option III Oscillation Power Range
Monitor (OPRM) system is temporarily
declared inoperable. Some Option IlIl plants
are operating with the ICAs in place because
of delays in OPRM implementation as a
result of the Part 21 issue on the generic
stability DIVOM curves
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O ther S tablt pin

Optionii
'.:'Quadrant-based;, BWRI2 only, can detect btcoe-wide and regional, oscilatons,..,

depends'on the ARM flux-scram lin to off er the stability pbrotection, exclusion'regio
'based. Reg~edionaFl.DVOM-used.

"::Backup Stability 'Protection '(BSP) may b~e use d w'hen the Otion fill P017RMS--S sytemi
teprrl nprbe plcbe up to and incbluding EPUMLLAoeaion.Th

BS-egosare confirmed on apan cycle specicbas to podecnitncy with
.-the LTS1'general reqiuiremento ln -ter aplic''ability.



Key.Stability.'-:Licensing DocumentsLO.,.
'4 .,::d l' " 'N b 10 b i + , .0?- ; ' * . ? ; - ' lbe1'r i ' .

* .. BWR Owne'rs',§ Group Long Term'Stability Solution Licensing.Methodology,'NEDO-31960-A,:November
1995.
:- ,BWROwners'Group Long-Term Stability Solution Licensing Methodology (Supplement 1), NEDO-31960-
., Supplement.1,' Noember1995.' ,
'eatcStabiy Deect and Suppessca tod:

Reactort prsolb§61tioins Licensing Basi Methodolog fo eOadAppiain
NEDO-32465LA August'1996.

BWROG.7{>4; 94079,' WR0' ner' rou uideline for St bi i Irterim Corrective A tion," June 1994'

.,,;BWROG'02072,~ RevieW of BWR Owners' Group Guidelinesbfor Stability Interinm Corective Action,-
November 20 ; 2002.; . .j, ' ; . > I . t > * 1

i ; ., !-;;ii ' 1-i ' ! '' ' '

OG 02-0119-260, GE to BWR Owner's Group:Det''ct nd Sugpe'ss Com-mittee '"Backu'p Stability
Protection'(BSP) for Ino'erable O'ption lIlSolutio" J uly 17, 2002.

:NEDC-33143P,:General Electric Boiling Water Reactor Detect and Suppress Soluti6n - APRM Based,.
April:2004 (pendin''gNRC review).'.. ; .- ' ' z ;

NEDC-33075P, Rev. 4, General Electric Boiling Water Reactor Detect'and Suppress Solution -
' : Confirmation Den'sity, March 2004 (under NRC review).'

:NEDC-32992P-A ODYSY Application for Stability Licensing Calculations,July 2001

NEDO 32339, ,PR I R S L T Solutio Enhanc Optio I A J 1997

Fn B ' '.' A. 't, I' ",' ' - r

.r 0 ; 0 f ; > i.,, ,. 1. ,.

* _ * 'vE i;-,; M z t~~~~~t.- v:-Sk ; ~l.SoS7 i-'b-/'- iD ~4 \4



Reload-, Sta' bility Anayi
,~Option-specific stability` requrmn'wl euiepatseii vautos s eut of using, a
new fuel design. ,For insiance, the~ 'Optio'n, l-D :solution reursan, Ecusion Region odte h
inadverten entry..: Te detemiation of this, ExclusinRgondpnsit lreexeto h

fuel ype nd ful bunup. .Hene, anew uel introduction to an Option l-1 lata4rqie: e
Exclusion Region,:whiic'h 'may be larger or smaller tan.th ex)isting Excl~u'sion Re'gion.-.
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E1A Option Option'l Op tionCABSP
ID Il_ _

Detectand: S ppress X X X
Adequacy Review

Exclusion;Rgion ' X X ; .; X X
Ca culation '_.______
SLMCPRF X K
Protection Check .. ' : '

'F ,u'n'c ti 'o'n s, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _, , ....,," .. .......
4...

.Exclusion Regions - X
Rescaling _ : , , . . ;, :

,OPRM: Armed Region - X

Hot Chan'nel Oscil. , x X X
Magnitude (HCOM) -

.T:JRACG Evaluation it' X X X.
Required K K I



T e c hhnic al De sig n P ro~cedau ries
Th ETRan LRrqirementar imlmneinT s.
There are many relted to stabilit v;analysis, icuig

TD--01`09 Opion, -D (FABEBsd

TDP 01 27: Option- lD (ODYSY-Based

ODP-004 E-IA stability :7

TDP-055 .~BSPIICA'' Stab ilIity. 4 ,

TDP 0 09 8 O Op'tionlIflStability .- 44

TDPI03 "TRACG'Stability Application 44,

- 4444. 4 7



Mied F uel Cres

Stailty naysi i ethe valiated or performed'for every reload.rHence all mixed fuel
cores-are covered.,,'.

S 4 4

T O I



.Part 21'DIVOM ssue,

GE issued Part 21. notifications6/29/01 -and 8/31/01:.

. Generic regional DIVOM curve non-conservative for high peak bundle powers in current.
core designs

. OPRM setpointsbagsed on6 generic re'gional DIVOM may not:provide6SLMCPR protectio'n'.
-,,forinstabilityevens

b Des'noi prolduc-e a~ significantsafety~ hazard

* The BWROG with assistance from. GE is currently'developing aplant-specific DIVOM.
guidelin'e'.for'resolution 'of this Part 21 is-sue'. ';-

; All'Optiontll plants have sent in commitment'.letters to.the Staff.for OPRM system
aring GE is currently helping' utilities develop plant-specific' DIVOM curve'.''-

; 0 . .: veoo:: .'!:spe ' , " , I'x
*,- ~~~~~~~~T-*,;-i-i-,,-,i-.;i'' ';-ih' ;''',, X: \ ,S''. ' ,'

II17

:
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. NED,-.240i11-P-.A-14-Ljs,

7 lime 2000,

Clabal Nuclear Fudls-Anhn*as
7Prcprletarylnfonrilion

2' Lfensfg~cjnI Itpof

IGeneral Electric Sta'ndard Aplicatio
for.eactor uol.

'GSARI"s Lioaded Core
Cnirmation''"

JimiFawksGN F.
April19-2, 204 .



r.,FG:ES.TAR II',.',3..4 Final >.Loa'din'g.P'attegrn '+''':
C,,:oimpa ris~o~n, T.DP0020 tdp 02 ,

*Level
*N hato ey,,:parametesta fect the

licensing culat Ions : n
* LevIIel2

operatin i S t,

*Newlicensing c alcuations and/o operating I
li its

::,;, ! , ~~~~~~kr 7J-"'; ,t U'l! , ; A'>' i.¢



GESTAR: 1 3.4 Final Loading Pattern- :-:-::-:
.omparison -TDP-00 .. tdp 0020.:.

* dniiskey prmters~l thtffect the
Icensing cluaions ,and thIrlowal

*KeyPar'ameters,;,
* undl'e tye/number/placem enit dviation.

crtria
* xosu re deitio citeri

S. .: . . . ;- .,. .V ia o, ,re,.na.........,, :... ,i , .i....... ,. !-.-..... :.. ; :....i' i:



GESTAR I t3.4 Final Loading PatternR;*;* d. -;; 1, I U|, . ,, .E.. .t.ern

Comparison -TDP-002'0 Ad 00201

*Level'2
Ien-tifie ke arm ter f-th'at detemine thel

* Keyaprameter

*Scram. reacivt
* Dnamc void coeffcin

::~~~~v a. ;- i i.;:.... ;d, :.;- .ien,0 ......^, ;:;-

A *. Pe'ak fel enithalpy during RDA

* i,:Chanige in critical powern rati du4tamisloadedfue aseml

,, , t i ,; , ,;, ; 1,jj .f" ue a s 'Y

* Rd bdckmontorreponse to amrd Withldrawal 'ro
*SLMCPR. S 1
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Crtcl Poe ontrn
LimitL Line6 Analysis
, i Local cn I c ca hea luxIo r corr9. 1ato ' '(j, D, P, X.

*Coen to bounid the data,
j Janssen-Lei Limit Line (1962

* B-Localndiion sgltc heateu crreod wit u axia , heat flu.:

'''Did ibot simu ate ;murod at a ;-

Herch-evy LmiLne(96
` Based bon'2X2'i nd 3X 'e iUlti-r d'ta

- Did not simulate axial poweru sap'ie ef
'GEXL Boiling l eng th Correltion

d Critical bQi .;.it !versus Boiling Length Correlaton X fG, P; D,

* EXL approved with 'GETAB in 1974
--; f E ; Based on fsi multi -rod data with. no f orm radial and axial p shape

- Best estmate corrlationwerha ypical 3.5% uertainty

'-'' GEXL+ a oed with Ameindment 15 to GESTARL II in 1988.:
,7 7 ,.id ;., ' >.:Zi Nbv* . e{i -; ,



LiitLine "Critical Power Crrelain(ec-ey
Unfr xal" 'dand Uniform: Rdaheatfu

.'I.

- I 0 14

CEASURED CR(TICAL 1ftAT FUXIM(Rwlht'

* ii ie Corlto oun ds~ most data with uniformh heat flu'x.

*Ucranycvrdtrugh acnevtive operating limiit` -Typical .



Limit Line Critical Power Correlation (Hench-Leyy)
Non-Uniform Axial-andd Radial Heat Flux

t0

0 6Q)

X X We
-eror A ' ' t 'i;ti' al ' ' ' 'II; k -E.-.. ';..::

1 ; - ' ^; .i.-,0 .fi ;. st t o 1 ; 0 or!? 00
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Lim"i tLine vesus ~GEXL 3

33 J

3A /

3 33 3 7. . .r. .-

A l 3 3 3

y3 3mp3ve :accuracy



OiiaCrtcalPoe 'OBase§d on Lmi Line; Local Conditions~,,..,

Co rrelation
La'rge eerrors-in predicting power, shape teds

*GXL ;correlation" bae on Glba ParaeteS
-~Radial`pobwer~ sap catre yR-factors-. ce,

- xial ,powe shp atrdby boiling and anua le ngths
- Hugedatabase > 000 data pits, 7X7, X,99 OI

- Smal eror[[ {31]

- - - d - A-tI



Gcencral Electric Comany Proprietary Information Class 1il.

' GE'" Nuclea Energy '' ''e- 'GEN Se& I

JJ

'A i;INPUTS AND 'FUE STORED ENERGY UNCERTAINTY

,. , , N LY.SES

TEX .CO/GE GA GESTR- History of :
The.rmal' / M .ehanical (T/M M DELS

M Coly -; -j- , sj-

"Apr 19-20 200 0
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Nw T/M Codes and Differences
Improvement in ESTIR-MECHANICAOff,&LIGESTR'LO'CA..'I

CoparedJ to- TXICO`/GEGAP,,~,',-
~.,Adde~dM Moel foeltCntuieRltos h'ip

Contactl Component forGa tConductance-,'

Ad de td GadlinialD Dpnence, To Fel1"Thermalc
cond uctivyI a n d: Melting Tempertatujre

GnrlUdtofMtraPrpertiesO'

Epsr/eprtu're Depednt F-issio Gs, Moe
Exade'd ~Qual8ification DtaSe



Histo ry' of TransIt Ion
GEST subitte to he NC in1981as, next :generation Cd

-,~'GESTR-OcAkA Aprvdyte NCi193(Rubenstein Septmber26th, 1983)NR h'98

GE .Procedure foreFu'el ~Property adPeorae Moel Rev is io n

':~~b .., ;r an e !d * L ; ;R

A:4pprod iDecem~ 198:(MN- 1 698),
- -ESTR,-M.EC.HNICA ,.. -- d.A . . -. , . .. ahpproved by
N in 985(GESTAR Amedrn7 R6,MFN368

Bw 11n 9 n fu ws designed to m)eet lici limits With,

b6th old and new codes (GE6ce )r all fueloafter 1985 was designed with GESTR-
MECHANICAL
'heGE.GAP Analysis was, continuedf soe'timewith CHASTE-
-SAFE/REFLOOD meithodology asa resul of commercial agreemet'e en..'- cith ' . .'C', '
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