


Fuel Performance Meeting 
September 14,2006 

8:00 Welcome - Gardner 
* Introduction and Purpose 
+ Description of AREVA NPInc. 

8r30 B W  Fuel Designs and Methods - N. Garner 
* Description of CurrentFuel Designs 
+ New Fuel Designs and Mefhods 
* Update on Fuel Channel Performance 

10~30 PWR Fuel Designs and Methods - WilWBrown 
Description of Current Fuel Designs 
New Fuel Designs 
Mewligeihods 

I2:OO Lunch 
3:OO Recent Fuel PevFormance Experience - Willse 

* Fuel Sewices Capabilities 
PWR 

* BWB 
230 Irradiation Experience - Slrompeli/G. Garner 

bead lesf Assembly Progams 
a Post lrmdiation &ams - Extended Burnup fiperience 

4:30 Conclusiori - Gardner 
4:45 Adjourn 

Introduction and Purpose 

Ronnie L. Garher 
Manager$ SSits Operations and Regujatoy ARairs 



- BrrtroalsrcI:ion oaf padieipants 
,- BsrtIine oaf oliscussi~n 

+ Current fuel designs 
New fuel desips and metho& 

* Recent experience 
* Foe! developmen% 

Objectives 
* Understanding AREVA NP inc.3 fuel design 
4 Exchanging ideas and expectatiioras on fuel 

issues 
+ Open ~esmmonication; ask questions 







U-S. Market Share 

U.S. PWR Market Share 

2 5 '/. 

71% 

11% 

36% 

53% 



1,600 incore defect 



REVA NP !ncI Executive Team 





Ground Rules 

If evacuation is kiiecessaw9 go to nearest EXIT and 
then to the assembly area 

"$urn off aBI teiephorrses and pagers or set them to 

Breaks will be eshbiished as needed 

Ask questions; dialogue is welcome 

BWR Fuel Designs and Methods 

Norm Garner 
Product Manage6 BWR Fuel 



Current AREVA BWh FueB Designs 

Advanced BWR Deveiopment 

Advanced Methods Development 

A TRlUM 10 Family of Fuel Designs 

- High PePFaarmarsee 

- Proven Fieliabiliq 

Refined Mraufaclerring 





AREVA A TR/UM 10 BWR Fuel 
Global Status as of f2!2005 

Number of Fuel Assemblies 
Total number of ATRIUM 10 assemblies: >13,500 

US totals as of April 2006 - 
,7100 assemblies/ M , O 0 0  rods delivered 
,6000 assernblied %5,000 rods in operation 

World record for BWR 
assembly burnup of 71 





ATRIUM f OXM 

superior MCPR cagaabiiiw 
and fuel utilization 

A TRlUM 10 Designs 
- 



B WR Fuel Shipment & Handling 

ATRIUM "% fuel is current& hancdIee0 csnsisferst 
with past experience with AREVA and GIVF fue/: 
* FueI b u n d k  and fur?/ channels received separafeIy at 

plant site end paired aRea receipt inspection 

AREVA is progressively 
bb~iiding a fleet of RAJ-8i 
shipping containers 

+ Co-licensed with GMF 



Advanced B WR Fuel Assembly 
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-. AREVA % ATRIUM f & D  is a welI-prove~1 and highly 
reliable product that conti~sres ;Ss deliver 
excejjenf value for today 2s B WR operations 



Advanced B WR Methadol~gy 
Development 

extended mechanistic modeling 
Reduced use of empii"r"calIy-derived algorithms 
Robust V& V processes 

B WR Methodology Development 
ovewiew 

A R E M  is commiged to continual improvement 
of our analflical methodology 

+ Global development teams integrating diverse 
experience in both PWR and BWR technology 

* Expanded validation base including operational 
regimes that are not currently practiced in the US 

+ Strong backing by A REVA NP experimental test 
facilities located throughout the world 

Migratbn to bestmesfhate methods provides: 
* Beger understanding of bhe physical phenomena 
* Beger quantification of unceHain ties 
* Clearer understanding of operational safety margins 
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B WR Methodology Development 
Overview (conk) 

Recent mefhodology advances provide a strong 
fokmdafion for continual r"mprovemenk: 

4 CASJLlO=4/M!CROBbbWIV-B2 I I B Y ~ ~ O P ) ~ C S  ~~ae?th~cJQai~g~ 
Reliable predictions or" core rcsacyviv md power 
C6istPubions 

* ST'AlF sta"iPbiity meth06J8iogy 
Dirctct computation of channel, global end regional stabijiv 
margins with tho lowest uncerCainties in the industy 

S-RELAP5 RLBLOCA metbbstsdo!ogy 
Best-estimate caprsbijiv fs/!o wing CSAU deve!spmen t 
methodology 

* RAM0MA5-FA D1VOM methodology 
Provided cyck specific safe@ evaluet;ons to address Pa& 
2f issues on BWWOG LTS methodology 
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Submitta!~ 
(con t) 

Recent Submittals 
(conk) 

I ACEMTRIUM-10 crifieal power correlation - May 



Current Development Programs 

MiCROBb%RN=BZ enhancements based on 
continual feedback fmm operating reactor 

+ Centra! to a!/ BWR methods 

SAFLlM2 upgrade to {ncorporate A CE/A TRjQblM- 10 
e~rreilatioi~ii 









Change in bow beween 4Q05 and mQ06 



Obsewations Based 
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Measurements 

lmporfant Action Status 
Expand data coliectr'on 
* Channel coupons for examination of hydrogen eon tent 

and oxide layers 

* Crud scraping for constituent and mowhologl~/ analyses 

* Poolside? oxide measurements to assess normal and 
shadow corrosion magnitudes on large population of 
channels 

4 Channel measurement campaigns to s u p p o ~  
quantifying g r o w  and bow 

An agreement between GNF and AREW has 
been arranged via E M  to exchange channel 
coupon data 

Lessons learned from GNF coupon campaign applied to 
improve sampling and evaluation of AREVA coclipons 
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AREVA Fuel Channel Perp'ormanee Experience 
S m n t a ~  Comments 

AREVA is responding to %his issue as a major 
challenge to plant operations 

Understanding the abnormal bow phenomenon 
requires extensive data collecthn at plant sites 

Cooperative pursuit of the root cause is 
undeway among operators, fuel vendors, and 
EPRl to most effectively reach closure of this 
issue 

ARE\//$ iis not stopping at the first ansvver and will 
follow through to the extent practicable to identr;fy 
dfre actual mechanism and key causal factors 



-. Advanced Mark-Bva/ Design 
+ UsedinEestinghouse 17xf7Plants 

+ Design Variants: Mark-BVV; Advanced Mark-BW, aand 
Advanced Mark-BW(4 

+ Design Utilized for M(3X f3rogram 

I + Used in a b c o c k  & Wileox 15x15 Ealants 

* Current Desigrn Variants: Mark-B f f ,  Mark-Sf2 and 
Mark-B-NTP 

- HiT69 Design 
* Design concepf applicable to SB& W, GE, 

Framstome AMP, Siemens KWU and Westinghome 
Plants (14x14 to 18x78 Arrays) 

L + EPR Reactor will utilize a f4' HTP design 



Out!ine of Presentation 

A dvaneed Mark-B W Design Ovewiew d 
* Design Features 

* Operating Experience 

* Planned Enhaneemen8 

Mark-B Design Bvewiew 

NTP Design Ovewiew 

L New PWR Fuo, Design Development 

Removabie Upper 
End Figing 

Alloy 77 8 Top Grid 

Quick Disconnect 
Feature M5 Mixing Grids 

M5 f i e l  Rods 
M5 Guide Tubes M5 Mid-Span Mixing 
(o#ered with Grids (optionaf) 
MONOBLOGTM) 
M5 Instrument Tube 

+ M5 Non-Vaned Grid 

TMPPERiM bower 
End Fifeing (o#ered 
with FUELGUA RDTM) Alloy 718 Lower Grid 



Design Features - Utilizes Alloy M5 

* Fuel Rocls 

+ Guide Tubes / 1nstmmel1P Tubes 

* intermediate Grids and Mid-Span M i p l g  Grids 

+ 3 to 4x Lower Corrosion at High Burnup 
Greater Margin at Higher Bumups 

+ 2.x Improvemenf in GroWh Pedormaplce 

Desigir~ Bpthizauon 

Weoluce Integrated Fuel Assembly &ial Loads over life 

to reactor du@ factors (i-e., heat 

Design Features - Spacer Grids 

End Grids --- AlIoy 718 (LOW 
Cobalg 
* Utilized at ibseom and tops 

positions 

Intermediate Grids - M5 
* Optimized mixing vanes 

* Man-vaned version available for 
lower region 

* Wide suppod - frening resistance 

+ Handing robustness 

Mid-Span Mixing Grid - M5 
* Added thermal pedormance 
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* Cast Fmme and Web 

Provides strcrclural suppod 

Aecornmsdales aHackmepst of guide 
tubes vdith secured cap screws 

+ Mo debris passing through TRAPPEl 
has caused faijures since 
intaoQfuction (over 85019) 

* Two Mesh sizes agered I 
FUELGUARD ru Offered with 
Advanced Mark-B W(A) 

No debris passing through 
FklELGWRD has caused failures 
since introduct;6an (over 6,306) 



Planered Enhancements - Structure 
A ' - M64WQBLOCTM Guide Tubes 

4 Increased W l l  Thickness and Reinbreed Dashpot 

* increase Assembly StiPFness (Reduce Bow & Twisg 

+ Extensive experience (>45,000 Assemblies) 

* Implementation: Begins Fall 2007 

Welded Structure --. Advanced Mark-BW(A) 
* Based on other AREVA &signs (HTP, AFA, ...) 
* Improves lateral and torsional stiffness 

+ Related Design Features: 
FUELGUARDTM lower end filting 

Replace Vaneless grid with Vaned Mixing iSG 

Aaust grid sprisgs for automated "Hon-Keyed" rod Ioading 

L - A,,oy n8 end grid design proven wiUl HTP designs 



Advanced Mark43 W Design Ovewiew d 

Mark-B Design O V ~ W ~ " ~ W  d 
* Design Features 

Operathg Experience 

* Planned Enhancements 

WTP Design Overview 

New PWR Fuel Design Deveiopmenf 

Ovewiew 09  Current Mar 

* Removable Upper 
End FitFbing 

Alloy 718 Cruciform 
Springs 
"Quick Disconnect" 
on Mark-6 I I 

+ M5 Fuel Rods 
a M5 Guide Tube 

I e M5 Instrument Pube 

Lower End Fining 
- Mark-51 I : P!ug-in- 

Grid 
Mark-612: 



Application sf M5 
* bncreased Coumsion Protection 
* Reduced Hydrogen Pickup 

Improved GroMh Behavior 

Mark-B f 9 
+ Reduced Diameter (0.416 inch) for $8 

Month Cycke Operatian 
s Long bower End Cap in Lower Grid 

for Debris Protection 
+ Stainless SteeB Upper Plenum Spring 

Mark-B $2 / Mark-B-HTP 
* Heavier Loaded Fuel Rod (0.430 

Inch) for 24 Month Cycle Operation 
S&inless Steel Upper and Lower -"- 
Pienurn Springs 
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Operating Experience - 

9,848 Mark-B Fuel Assemblies deiivered since 
4972 

Proven Experience in eight US Reactors ("Pypicaliy 
f8 and 24-ManPh Cycjes) 

Unit - Batches Fuel Assemblies 
* Oconee-1 25 51,487 
* Oconee-2 24 1,4451 
+ Oconee-3 25 1,465 
* Crystal River-3 4 5+2* 997 + 169" 
+ ANO-51 21+1* 1,277 + 56* 
+ Davis-Besse 16+1* 997 + 76* 
* Three Mile Island-1 518 1,205 

I * Three Mile island-2 3 177 
+ Rancho Seco 9 493 

TOTAL f68 9$),840 



Planned Mark-B Enhancements -.-. 



Advanced f#arkkBW Desian Ovewiew 4 I 

HTP Design Ovewr'ew 4 
4 Desi~ls Features 

* Operating Experience 

* Pianned Enhancements 

Ovewiew of Current HTP FsreB Assembjies 

H ~ l d - d ~ w  Springs 
W - Leaf Springs - 
CE - 5 Coil Springs 
wifh Reaction Plate 
B& W - Cruciform 

Removable Upper 
End FiPfing 

- "Quick Disconnect" 

f i e 1  Rods 
Guide Tube 
insdrumen t Tube 

FUfiGUA RB TM 

k o w r  End Fitting 

iFM Grids (Opti0n8Q 

Ai1ojf 7?8 Lower HMP 
Grid 



I NTP Spacer Grid Desian Concept 

* Balanced SliHness and Damping Characteriskics 

* Highly EHective Energy DissIpatisn 
* "Dual Line Csn&ct3"od Suppod System 

* Robust Conskruct~on 
* bow FIow Reskgnce 
B. Cuwed Row Channe  for Flow Mixing 
'1 -Fuel Perionance MeeBng - Piapneiaiy - September i l  2006 --DRAFT 

Design Features - Spacer Grids 

1:. HTP Grid 
+ An5 (;%lrc-4) Material 
* C u m d  Flow Channels 
* Welded to Guide Tubes 

Added Thermal Pehrmanee 
* M5 (Zirc-4) Material 
+ Angled Flow Channels 
9 Welded to Guide Tubes - HMPEnd Grid 
+ bower Grid Location 
+ Alloy 718 rliiaterial 
* Straight Flow Channels 
* Capture Rings 



Q IVs direct line of sight 
+ Effectively filters debris 
* Low pressure drop 
* Weduegon of inlet tsrrbuienee 

FUELGUARDTM Eflectiveness 
* No debris passing through - 

FUELGUARD has caused failures 
+ Over 69d60 PWR assemblies 

&livered with FUELGUARD 
debris prstecthn 

Design VersatiIiW 
+ Same? concept applied to various 

PWR Designs and B WRs 
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Operating Experience - 
Highlights sf H%"P Assembbies 

Over 6,800 HTP Fuel Assemblies loaded into 41 plants 
Maximum achieved fuel assembly burn-up of 65 GWol/mtU 
VVorIdwide .-- known Fregingl Failures at H W  Spacer 
Positions 
* 18 Years of flawless opera tion (1,594,379 Fuel Rods) 

Proven in a wide range of design variants and flow 
conditions 
* CE 14xil4 and 15x15 (First in 1988) 
* Siemens KWU 15x15, 16x16 and 18x18 (First in 1989) 
4 Framatome AMP 17x1 7 (lpirst in 1993) 
* Westinghouse 14x14,15x15 and 17x17 (First ir, 4994) 
* B&W 15x15 (First in 2003) 
+ Currently Adapting for CE $ 6 ~ 1 6  E'PP Oesign 
* Planned for EPR 14' 1 7x1 7 Design 
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OutIine of Presentation 

- Advanced Mark-BW Design Review & 

- HTP Design Review at+f 

New W R  Fuel Design Devejoprnenll J 
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Product Evolut iona~ and Revo!ufionav 
Deve\opment Proces 





Graydon S. Uyeda 
Supemisof; Reload Design & Anajysis 

PWR Engineering 

Code Systems - 
Global Diversity 

Richland ParidLmn 

Cross-Section CASMO-3 CASMO-3 APOLLO-2 CASMO-3 

Meutronic Sirnulafor MEMO PRISM SMART PRISM 

I Mnetic Simulator MEMO-K --. SNIARFK PANBOX 

ThermaCHydraulics LYNXT XCOBRA-111C ICLICA-//IF COBRA-3CP 

i Fuel Rod TACO3 RODm2A COPERNIC CARO 



and Beyond! 



APOLLO /ARTEMiS Features 



B WR & PWR Fuel Reliability 
and Pedormance 

John 7". WiIIse 
Pdanageb Fuel ReBiaBiiity and Pe~ormance 







Baffle Design 
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Status Current PWR Faijure 
Mechanisms 



Status Current PWR Faii;lui$"e 
Mechanisms (cant) 



(conf=) 
Spacer Grid Fretfing 



Mechanisms (cant) 
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PWR Fue/ Pedormance .--- 
Grid Damage 







Status Current BWR Failure 
Mechanisms (conk) 



slooj tSu!lpueq lanj + 

sjoog ~uarnulj!je Bu!jpueq janj + 

sa~n;-lnl;s 

aBe.to?s ' ~ s ! w  pue 'sJau!ejuoJpcu 'A;!l!qquno33e pue uqsueJj pcu land - uo!;ep!losuo3 

u o ! ~ e z . u a ~ ~ e ~ e q ~   lens!^ + 

7 
uo!jea!~qed put? u 6 ! s a ~  1001 'suo!~aadsu[ &e!aads 

Bu!ueal3 lanj + 

uo!j3adsul / O J $ U O ~  . 
Bu!idwes ant(3 + 

(suo!~eu!urex3 P ~ J ~ ! P ~ J J I  ?sodl a d  + 

~!edat( land + 

m r a n j  - 
6u!dd!s . 

sanbluq3a~ uo!$aadsu/ /Decu!~d 



Fuel 
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Fuel Sewices Techniques on Fuel 
Assemb%ies without Disassembjy 

Assemblies without Disassembjy 
(PWR) (csnt.) 



Fuel Sewices Techniques on Fuel 
Assemblies without Disassembjy 

(PWR) (confn) 

























Post-irradia tion Examination Sys  tern 







Contro! Rod Inspection 
CRA and CEA (PWR) 



Control Red inspection 





Specialty Toois 
Fuel HandIipog - !n-Core Ajignmenf ;$gag% 









Summary 
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Fuel 8 Hardware Testing Programs 

Manager, Fuel Mechanical & Structural Design 



PWR LTA 
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Objectives 





P WR PesoIside Post irradiation Exams 



Upcoming 
PWR Poolside Post irradiation Exams 



Support Activities 



f AREVA PWR Extended Burnup 

(con t.) 
Support Activities 



Summary of U.S. M5 Experience 
(cant-) 





AREVA PWR European Research 







Long-Term B WR PIE Goals 



Recently Completed 
B WR Poolside Post jrradiation Exams 
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RecentIy Completed 
BWR Poojside Post lrradiatlon Exams 

(con fa) 
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B WR Hot Ce\\ Past irradiation Exams 









AREVA U*S, B WR Experience Summaw 

>DRAFT- FuelPe#oin,ance Meefing- Piopnelaiy - September I 4  ZOO6 --DRAFT 215 









Research 
(con t-) 


