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LI Program Overwew

- Stepwnse Program with Passnve Safety Systems Methodology Closure
“as First Step - Slmphfylng the Design Certifi catlon Process

- Increased Empha5|s on Developmg ESBWR as the Plant of Ch0|ce
= ESBWR Design Overview =~
.. - Simpler with More Margm by desngn
.= Safety Analyses Methodology

- Smgle Integrated Computer C'ode TRACG- used for analy3|s thh
well defined Apphcatlon Methodology :

- Completed Testmg and Quahf catlon Program , &
. S”mmafy and Conclusmns :

f S|
“Focus ‘on what is lmportant .




ESBWR Program Overview
= Stepwise program for design development
- 'Developed passive systems ‘
- Developed integrated plant design — —SBWR
- Completed extensive system and building design

" - Defined extensive test and analysis program
- Completed extensive test and | analysis program

- Improved plant economics and design - ESBWR
- Plant optxmlzatjon "and economies of swle
- Incorporated utility requ1rements
o - “Utilize ABWR expenence components construction
Ll Stelese program for“Desngn Certlf cation”
- Simpler with more margin — by desugn
- ‘Methods Approval = pre-application review

- Single Integrated Computer Code for Apatyses
- Safety Evaluation Report for TRACG -~

- Safety analysns report & desxgn certlt' cation — after methods approval

"ESBWR Design tCeli*ti‘ﬁc';’ation" Schedule

.. [TaskName ~_ - - - 2002 -] - 2003 | 20084 | -2005: | -2008 | - 2007
- "DESIGN CERTIFICATION" .- e m——
.| Stepwise Approach - ) Sy A8ERT e e n i

" |Passive Safety Systems Methods VASER1a PR - FDA ' DC

) AOO Methods - .. R SER2
Stabmty&ATWS Methods o Submit e =N=Z
Severe Accident and PSA R Submit A

Systems&Bldgs-SARlDCD | R w-% A

" Submit = FSER

= Emphasis on closure and snmphfylng NRC revnews
- Methods approval for new features L
-~ Minimize or ehmlnate desugn changes dunng revnew
« ESBWR Design -
- Simpler thh More Margm by desngn




Goals for the Methods Approval

= Approval for the use of TRACG for ESBWR analyses
- vessel response to pipe break — loss of coolant accident

(ECCS/LOCA)

- containment response to pipe break (Containment/LOCA)
- vessel response to anticipated operational occurrences (AOQ)
- plant response to anticipated transients without scram (ATWS)

and stability

= Confirmation of the adequacy of TRACG
- adequacy of the qualification base and approach
- no additional testing required

Comparison of Key ESBWR Parameters to Operating BWRs

Parameter BWR/4-Mk| | BWR/E-MkIll | ABWR | ESBWR
(Browns Ferry 3) (Grand Gulf)

Power (MWt/MWe) 3293/1098 3900/1360 3926/1350 | 4000/1390*
Vessel height/dia. (m) 21.9/6.4 21.8/6.4 21.1/71 27.717.1
Fuel Bundles (number) 764 800 872 1020*
Active Fuel Height (m) 3.7 3.7 3.7 3.0
Power density (kw/l) 50 54.2 51 54*
Recirculation pumps 2(large) 2(large) 10 zero
Number of CRDs/type 185/LP 193/LP 205/FM 121*/FM
Safety system pumps 9 9 18 zero
Safety diesel generator 2 3 3 zero
Core damage freq./yr 1E-5 1E-6 1E-7 1E-7
Safety Bldg Vol mymwe) 115 150 160 70

Col



Natural Circulation — Simplification Without Performance Loss

*Passive safety/natural circulation own
- Put the water in the vessel — larger vessel —
- Increase driving head — larger vessel e
Significant reduction in components Sevarsos

- Pumps, motors, controls, HXers

Load following with Control Rod Drives
- Minimal impact on maintenance

* Reduced flow restrictions /

+ Shorter core [k
* Increase downcomer areg"

« Higher driving head K
+ Chimney/taller vessel

- Improved separators 1 m O Setwoted wase

Passive Safety Systems Within Containment Envelope

Decay Heat HX’s High Elevation
Above Drywell \ ; — i Gravity Drain Pools

Raised Suppression
Pool

All Pipes/Valves
Inside Containment

COZ-



Passive Containment Cooling System (PCCS)
and

Gravity Driven Cooling System (GDCS)
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Evolution of BWR Containments and Reactor Buildings

- separate fuel building
Mark il - inclined fuel transfer system (IFTS)

- gravity drain system

- simpler T shape drywell
- concrete containment
- covered suppression pool

- inerted containment
- raised suppression pool

ESBWR - IFTS outside containment
- reduced safety buildings
- external event shield

- horizontal vents
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ESBWR and BWR Analyses Methods

Analysis Type Analysis Method
BWR ESBWR

Steady state ISCOR ISCOR
Transients
- Pressurization TRACG TRACG
- Loss of feedwater PANACEA PANACEA

heating
ATWS ODYN/TASC TRACG
Stability ODYSY/TRACG TRACG
LOCA/ECCS SAFER TRACG
LOCA/containment
- Pressure/temperature M3CPT/SUPERHEX TRACG

response
- Loads Approved Methodology | Approved Methodology




ESBWR Metho'de Abpro\lal Program Elements

b, b T4

TRACG MODEL LTR

Plant Parameter =
Uncertainties

Overview of key steps |

= TRACG models :
" Afew models determme plant response
A handful of key models are empmcal
] Quallf' cation
' Extensive quallf catlon of oode
= Application Methodology .
Different breaks and fallures evaluated




Strategy for Determlnatlon of Test & AnalyS|s Needs

. Develop list of governing phenomena and system interactions
" Top-Down Process based on plant accrdent/transrent scenanos
" - Determine key phases of transrents . SR
< List potentlally important phenomena )
- Expert group ranking phenomena (PlRT)
‘. Bottom-Up process based on all unique ESBWR deSIgn features
- Determrne associated phenomenalsystem interactions
- Evaluate and rank issues by importance’

- Supplements PIRT ranking approach to f I e any gaps by focusmg on ESBWR-
“unique features

Co. Consolldate highly ranked phenomena and system mteractrons

] Evaluate capablhty of analy5|s models & testmg plans
- lmplement any needed models or boundmg modellng procedures
- “Fill in testing gaps .
- Evaluate uncertalntres to establrsh appropnate design margins

Overvrew of Passwe Plant Test Programs

. Component Tests -lntegral System Tests
PANTHERS/PCC (FULL SCALE) GIST (1/1000 scale) -
" ‘Full-scale prototypé performance tests - .26 ECCS/LOCA integral tests with GDCS from
Steady state and transient tests with heavy (a|r) wetwell pool
‘ . and light (helium) noncondensrbles B 'GlRAFFE Step 3 (1 1800 scale)
-PANTHERS/IC o L “ " ‘Long term containment response

One of two modules of a full scale unit .~ =
" Steady state, startup and transient tests o

PANDA PCC Tests (S Senes)

*GlRAFFE/Hellum (1/800 scale) -

Long term contamment response with lrght
: noncondensnble gas

~(1/50scale) -
10 steady state tests o GIRAFFE/SIT (1/800 scale)
DPV Tests (FULL SCALE) “17 " " 'ECCS/LOCA and containment integral tests
" Performance tests of prototype vatve - o . H;ﬁf“ ‘with SBWR conf guratlon (GDCS pool in ‘
~ Vacuum Breaker Tests .~ =~ .= dowel)

Performancetests of prototype valve L PANDA (1150 scale) M Serles -
: e o 'Long term contarnment response

Extensive tests at different scales in different faciliti




4 ESBWR
o New
+. . Features’

TRACG comparisons for PANTH_ERS_ PvCYC"T”eISté' - with & w/o non-condensibles

Teat 9 - EMociency

D [~ |~

E

Inlet Pressure (kPa)
' T
Efficlency (§
1 I 1 ' L ' L l 1 l 1

LA RARE BARERERA RARS SERE RER]

- iniet Pruuu- Ps)

B ‘ ' Test® -Pressure Drop
- .",'D
e AT AR 1 i e a8
{TRACG predicts’component tests 3 ST
R sy T T el R O " -t N - -

ccurately fo t test

iye s Shid Sewe
differen onditions'

1SSy A RS SR RS R LR REREE LR AR AR

" iniet Pressure (kPa)




TRACG comparlson to PANDA Test M3

Drywell temperature )

- Drywell & wetwell pressure

PCC Poollevels '

AR-21

Effect of Scale on test r'eé‘u'[ts_j -

) Gt it 6 D BB
) S——— 3 ¢
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» PANTHERS/PCC
@ PANTHERSAC

@ PANDA S-series

[ 1]

N annllnd m-nul

#PANTHERSPLC

PCCIIC s'are Readxly Scalable .
“PANDA IC/PCCisa scctlon of PAN'I'HERS IC/PCC

I-'MDA S-saries

'PANTHERS PCC is a slice of ESBWR PCC

P o=
GIRAFFE Phuse 1 Step
_ ]

" GIRAFFE PCC has different header configuration
Contamment pressure varies with non-condensable gas

; f'quantxty‘ln wetwell for d:fferent scales and d|fferent

Frnwnsinire ]

* Jaiet Alr or Nitrogen Wass Praction




TRACG Qualification —'S'ummary
= All qualifi catlon actlwtles ldentlf ed ln ‘test and analysrs plan have
been satlsfactonly completed

- “generic qualifi ication” studies have been revrewed and
accepted by NRC for AOOs for operatmg plants

- Slgmf cant addltlonal quallﬁcatlon has been performed
particularly for long term contamment response’ )

-~ Accuracy of models has been quantn" ied for predlctlon of key
parameters ‘ ?

S | Model llmltatlons have been ldentlt' ed and boundlng approaches N
' developed to treat these Ilmltatlons

* TRACG is qualifi ed for ESBWR analysrs with appropnate L
applrcatlon procedures

Safety Analyses Méthbds ?Programiétimmary -

= Passive safety systems have S|mpl|f ed the plant design
= Plant evaluations are snmpler } .

- Less complex analyses :

- Low sensrtrvrty to uncertalntles

- Substantial marglns eX|st in the deS|gn

- lmproved lntegrated code shows better performance

- Defense in depth systems prowde addltlonal back-up
= Extensive quallflcatlon of TRACG o




Design Features Affecting Plant Response

ESBWR | ABWR | BWR5 | BWR4
Large pipes below No No Yes Yes
core
Core height, m 3.05 3.66 ~3.66 ~3.66
TAF above RPV ~1/4 ~1/2 ~1/2 ~1/2
bottom
Separator standpipes Long Short Short Short
Vessel height, m 21.7 211 ~21.9 ~21.8
Water volume outside
shroud (above TAF),
m? 222 | 88 | 94 | 92

Substantial Initi

al Water Inventory inside RPV

ICL

3.55

Collasped Levels at time = 0.0 sec

RPV Inventory Distribution Immediately following a LOCA

jSDCL

ICL

sDCL

Collasped Levels at time ~20.0 sec

c0ol



Water Level in Shroud Following a Typical Pipe Break

( values are intended to show typical trends for limiting breaks)

WATER LEVEL ABOVE TAF (M)
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ESBWR Program Summary and Conclusion

= 15+ year technology and design program
- a BWR with less components
= Simplification and margins by design
- large vessel results in benign response
- analysis is simplified
= Challenges for the coming months
- need approval of TRACG for ESBWR analyses
- confirmation that regulatory risk is manageable

AR-28
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Table 2.1- 1. CODE SCALING, APPLICABILITY AND
UNCERTAINTY’E_VALUATION METHODOLOGY -

CSAU 7 o
Step " - . Description
"1 - |Scenario Specification
2 | Nuclear Power Plant Selection *
3 | Phenomena Identification and Ranking -
47 - | Frozen Code Version Selection -
5 Code Documentation *
6 - | Determination of Code Apphcabrlrty
7 | Establishment of Assessment Matrix
8 | Nuclear Power Plant Nodalization Definition
9 | Definition of Code and Experimental Accuracy
10 . | Determination of Effect of Scale
11 | Determination of the Effect of Reactor Input
Parameters and State ": © -
12 © | Performance of Nuclear Power Plant Sensmv:ty
Calculanons ‘ ) :
13 ' | Determination of Combined Bias and Uncertainty
14 - | Determination of Total Uncertainty

CSAU Process Followed

ESBWR Methods Approval ?rbqram Elements

APPLICATION METHODOLOGY| ,
AQO, LOCAJECCS & CON

Plant Parameter
Uncertainties

AOO Translent Analyses .
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ESBWR Methods Approval Program Elements

TRACG MODEL LTR
: Model Description ;7. |

Plant Parameter -
Uncertainties

k3

(/400 Transieit Analyiés




GE Nuclear Energy

'ESBWR Test .

Bob Gamble
' Manager, ESBWR, GENE
'GE Energy,' USA

- Jan I 5,2004,
Rockville, Marylan'd

- GE Proprietary




GE Proprietary -

O s

" GE Proprietary

O [regas




GE Proprietary

o 3 gz

'GE Proprietary

IR < ) |




GE Proprietary
I o

&

GE Proprietary

o j] -=um"




GE Proprietary
1l
. )
"' " GE Propriéetary




@ ] gzt




‘ , o o | ﬁv_"GENucIear'Energyf_’. :

. TRACG Appllcablllty for ESBWRE
: '._'LOCA Analys:s '

ACRSTH Subcommlttee
" ‘Meeting
- ’Closed Session
‘January 15, 2004

~'Bharat Shiralkar

ESBWR Technology Program Elements

SCALING TAPD . || - TRACG
Testgifty?sg;ng& T t&A;x — | _MODELLTR L
Applmb.myofoata - Tes Plan:'ys’,s 2| [ moserpesciption| =
SBWR & e fTRACG'ESBWR “ || TRACGBASE
ESBWRTESTS| | QUALIFICATION C:' QUALIFICATION
" - Test Data g Wwel Bias & Uncertainty s

;_i{jf @ Valldated Codefor ESBWRAnalyS|s
‘ " SN APPLICATION e
P . s

Unceramies | > 1METHODQLQGY T

@,

I CALCULATED MARGINS TO DESIGN CRITERIA l

1/15/04 BSS 2
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TRACG App'licabili'ty"fof ESBWR LOCA Analysis

* Systematic Evaluation of Important Phenomena (PIR'D
* Important parameters used to evaluate
—TRACG Model Capabllmes o

—TRA CG Assessment needs
— Sensitivities to figure of ment
"« Provides basis for conclusrons on apphcab:llty of TRA CG

1/15/04 BSS-3
lmportant Phenomena for Calculatlon of Chlmney,
Water LeveI : :

Parameter TRACG Model = - | Assessment
| Interfacial shear in .| Realistic FRIGG bundle data
‘| core (fuel bundle) , .
Interfacial shearIn -| Realistic - = . Ontano Hydro,
| chimney . - h oo EBWR
Interfacial shearin | Realistic -~ .~ Banolomel Wlson
LP/Downcomer -} - Coli T
Critical flow - - | Realistic - Marviken, PSTF -
Chimney level | Integral ealeulation } GIRAFFE/SIT, GIST
BSS4
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11504 GE Prof)rietari !nformatfbn BSS-9 _
lmportant Phenomena for Calculat:on of Long Term
Contamment Pressure o

Parameter TRACG‘Mo_dgl - | Assessment -

PCC heat transfer Realistic ‘ PANTHERS, PANDA

:| Non-condensible transport

Conservative " . - : PANDA parametnc
| to wetwell : R studles
Suppression pool Conservative " - V| PSTF .
straﬁﬁcaﬁon S T e
Containment pressure " Integral calculation - - PANDA
115104 BSS-10
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- Quantitative Assessment of TRACG

~ * Assessment accuracy (error) comp:led for all compansons, o

. Adequacy established by companng agamst
- Experlmental uncertalnty
"— Design margm
— Engineering Judgment
a Examples in following charts

1/15/04
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. Calcuilations performed for LOCA/ECCS =~

"~ Minimum Static Bead inside Chinmey, m

ngle Failure 2>

Break!

IDPV

1SRV

*1 GDCS Injection
... Valve -~

38 |

Mrain Steam Line
GDCS Line

243 |

243

-~ 318 ¢

268

2.67

- 264

1/15/04
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' Calculations performed for LOCA/Containment

- Break location —"Single? Faiiure
Main Steam Line 1DPV
~ Bottom Drain Line 1DPV
V1504 BSS-21

Conclusion

« TRACG is applicable for ESBWR LOCA énélys:s and should be
approved for design certification analys:s in conJunctlon w:th defi ned
appllcatlon methodology ;- RS : : .
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