INER-F0501 INER-F0501

L['[ES"I%F[ CLHBZEH] - E )

1 72011 BRI "'”yFT
(WRFPM) ; » rzollj—‘ﬁhmf i

FTE1

TS - AR

o £ AT PRES

YFEBF - i

LURSIEARE 100 F 9 £] 11 FI~100 2 9 £[ 21 F!
I E 1 100 & 10 %] 21 F!






R

ARSI BOWREPM 2011)% 5 o5 [l S 43 o il Bty o

Tfll(CNS)ﬁ HEo 57 Tﬁ@ '*—Tt“ﬂj,/’}%[p N A???Fhl “(Safety and Evolution of Nuclear

Fuel)  WHEFLYAZ AN S ORI AR 4 2 SRBE S R IR - AR
B AR R ORI - A T AR - *Z’fi% “E?g‘*ﬁfﬁﬁ

ISR OB 2 A AR P o Sy S BSOS T o @il = ]
FI B H B R VA =T FOCEERTIIET Y EE R I S gt R i lachee -
%ﬁﬂwﬁaﬁ ¢W@ﬂiﬁﬁwﬁﬁ%mﬁﬁﬂ@%ﬁ% ﬁﬂwHﬁWW SR 4

SRR i~ PRI b 2 [ g AL %

A S S DL WO RIS () R
PR B R < R0 SIS 3 B R RO - ) * I

Pk

rﬁ%?ﬁq % o JEER _F“’*Affﬂ kAR IR S S S 2011 T
BB - T ] R o 2 g B B AP
i~ I“ﬁ AR -7t £ N R M i £ S R S

e BB L o



il



- EI F’[%J

s N § 2SSk FJ}F'TT?%(WRFPM 2011) 45 & Jub | plUpns HER o Il -5
;F%I,(CNS)} BEo 47 ot EE*E S SIiE “E’ﬂiFm “(Safety and Evolution of Nuclear
Fuel) » 0 FL R = F1 i e pORGfE S ARSI 2 7% ﬁﬂ'i‘ﬁm R

FBYASEITH ~ 4 300 6 =0
’Fﬁ'ﬁ%ﬁ@ﬁ Tu?«” 156 &Y > SREY0™ N2 fE
® IS F ~ RIEEE s AH(Fuel Design, Test and Fabrication)
) ﬁ,/’?’ﬁ[v[qF 13 ET B## (Fuel Performance and Operational Experience)

® AR ﬂ’*ﬁv R ﬁ[%&%@(ﬁamient Fuel Behavior and Safety Related

Issues)

® 35| f’ﬁ%i QW R| FE T 275812 (Fuel Cycle, Spent Fuel Storage and

Transportation)

® FPINR L e EER g][#T (Advances and Innovation in Nuclear Fuel Technology)

ﬁ%f‘%’z’é %ﬁﬁ RE 2zt e RN 22 Sillvasis S RS A IaSaNCl S B
o FFRE S EEASSOAY IR B abl o PR EI Y 0 WS ORI Pl > 4 " HISE
-

ﬁ@%w&’w 1 I IS ROV B R St B 2011 T

SETET - R B R BT o - SR SIS B VA =
ﬁ@lﬁ ‘Himgwmﬁﬁij%aoﬁﬁ%@Hﬁﬁ%ﬁ%*ﬁ%ﬁm%%ﬁﬁ
ROV S T T R (AT R S



:~iﬁ]%@

)5
I B P il
9 5[ 10 F! { A= 2
9 5] 10-15 F1 By = 2011 Cﬁ%l;%jﬁﬂ(WRFPM
i FITES 2011) R S Rl URASR 7 1 # 1B Tl

9 5] 16-18 f! Fl 135 S JUE PR HE

9 ] 19-20 || F i =l S 2011 Ity T HOrErd

9 5| 21 fI I pi—pid™ |2




24012011 & W%Inﬁfrg% (WRFPM 2011)
[ £ 2011 5 9 F[ 11 FI~2011 & 9 £] 14 |
AR BV (55 ] - i
= 85 IBigE-S rﬁ (Chinese Nuclear Society)

8 - SIS ] ANS ~ BPVISEEEE ) ENS © IR AAZS ) JAES
BT F-S {7 KNS

n_z_rr

v —;\[E&'fl’gf' N HJ(W) B AREVA f[J FJE” Studsvik fJ
FHESY T FENPIC) ~ A~ R (SNERDI) ~
FlBsE FLASASR] 2 FI(CINFC) ~ FI A = B A0S 2 Fil(MNF)

£ Ceradyne * F{J

® 20117FFAEA Activities in the Area of Fuel Engineering
(BSBRTRL R R R fdst )

BRI oAl TAEA) BB B 1 PR 'H:%“”FS H e ] S B
T - F[E‘,u I“E[J'JWF PR o 2 AR TR

FEFFE o B #\ﬁ} %@QT ~ ijE@ I RSL N N S ] ﬁ%ﬁﬁﬂ;ﬁéﬁgﬁ@"a °
TSR] 35 Fug"ﬂﬁrﬂ‘ P RS (TWG)H E 25 F{F[I » [ UL AR ff?ﬁJI
IR W - ORSLET A T SRR S

(£20057 I'] g%:%%%gp J;rirajﬂzr:ajf [ q?;ﬁl ;;zfﬁu::w T Fﬁ[ e
%:EHIAEAqﬁfJJFﬁ @il E FL cJF» VR R f EUIES =



TM title Host
Behavior of high corrosion-resistant Zr-based alloys Argentina
Modeling under normal, transient and accident conditions and high burnup UK
High burnup fuel experience and economics Bulgaria
Hot cell PIE and poolside inspection techniques Argentina
PHWR fuel modelling India
Fuel rod instrumentation and in-pile measurement techniques Norway
PHWR fuel design, fabrication and performance Argentina
Advanced pellet materials and rod designs Switzerland
Current issues in fuel quality and reliability assurance Vienna
Water chemistry and clad corrosion including fuel failures Ukraine
Hot-cell PIE and pool-side inspection (with HOTLAB Working Group) Slovakia
Design, manufacturing and radiation behaviour of FR fuels Russia
Fuel behavior and modeling under LOCA and RIA conditions Japan
Fuel design and licensing of mixed cores for water-cooled reactors Vienna
Fuel integrity during normal operation and accident conditions in PHWR Romania
In-core and in-pool behaviour of fuel in Fukushima accident Japan
In-pile testing and instrumentation for development of Gen IV materials Norway
Advanced fuel cycles in PHWR Can or Ind
Modelling of LWR fuel (including severe accidents) China
PHWR fuel licensing Canada
High burnup economics and operational experience ?
Examination of 5% enrichment limit Vienna
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Review title

Zirconium in nuclear industry

Activity transport in PWR primary circuit

Review of fuel failures in water-cooled power reactors

Structural materials for metal-cooled fast reactor fuel
assemblies

Guide on fuel quality and reliability

Fuel design requirements for and experience with mixed cores
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1 INTRODUCTION

2 EVOLUTION OF FUEL OPERATING ENVIRONMENT AND DESIGN
FUEL CHANGES


http://www-pub.iaea.org/MTCD/publications/PDF/Pub1445_web.pdf

2.1 EVOLUTION OF FUEL OPERATING ENVIRONMENT
2.2 FUEL DESIGN EVOLUTION
2.3 FUEL TYPES IN OPERATION
3 WORLD OVERVIEW ON FUEL FAILURES IN 1994-2006
3.1 INTRODUCTION
3.2 COOLANT ACTIVITY LEVELS
3.3 METHODOLOGY OF FUEL FAILURE RATE EVALUATION
3.4 COLLECTION AND TREATMENT OF FUEL FAILURE DATA
3.5 EVALUATION OF PWR FUEL LEAKERS
3.6 EVALUATION OF BWR FUEL LEAKERS
3.7 EVALUATION OF WWER FUEL LEAK RATE
3.8 EVALUATION OF FUEL LEAKAGE IN CANDU/PHWR
3.9 MULTIPLE FAILURE INCIDENTS/DEFECT EXCURSIONS

3.10 FUEL ROD FAILURE RATES AND FUEL FAILURE CAUSES
DURING 1987-2006

3.11 CONCLUDING REMARKS ON CHAPTER 3
4 DETECTION, EXAMINATION AND ANALYSIS OF FUEL FAILURES
4.1 INTRODUCTION
4.2 EVALUATION OF COOLANT ACTIVITY
4.3 LOCALIZATION OF FUEL FAILURES
4.4 FUEL EXAMINATION
4.5 FUEL FAILURE ANALYSIS
5 MECHANISMS AND ROOT CAUSES OF FUEL FAILURE
5.1 INTROD UCTION
5.2 GRID-TO-ROD FRETTING
5.3 FRETTING BY DEBRIS
5.4 CORROSION
5.5 PCI (PELLET-CLADDING INTERACTION)
5.6 MANUFACTURING DEFECTS
5.7 CROSS FLOW/BAFFLE JETTING
5.8 PRIMARY HYDRIDING



5.9 DELAYED HYDRIDE CRACKING (DHC)

6 FUEL STRUCTURAL DAMAGE AND OTHER FUEL ASSEMBLY
-ISSUES

6.1 INTRODUCTION
6.2. ASSEMBLY BOW
6.3 MECHANICAL DAMAGE DURING HANDLING
6.4 CRUD & AXIAL OFFSET ANOMALIES (AOA)
6.5 OTHER MISCELLANEOUS DAMAGES
7 SECONDARY FUEL FAILURES
7.1 BACKGROUND
7.2 OBSERVATIONS FROM EXPERIENCES
7.3 DEGRADATION CHARACTERISTICS
7.4 MECHANISMS

8 FUEL FAILURE PREVENTION AND MANAGEMENT IN PLANT
OPERATION

8.1 EXISTING OPERATING LIMITS AND RECOMMENDED PRACTICES
8.2 IMPROVEMENT OF QUALITY DURING MANUFACTURING
9 CONCLUSIONS
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CRP title

Delayed hydride cracking of Zirconium alloy fuel claddings

Optimisation of water chemistry for reliable fuel performance

Fuel behaviour modelling at high burnup

Accelerator simulation and theoretical modelling of radiation effects

Use of neutron beams for material research

Benchmarking of materials for innovative nuclear reactors

Evaluation of conditions for H-induced degradation of Zr alloys

Reliability of high power, extended burnup and advanced PHWR fuels

Examination of advanced fuel and core materials for fast reactors
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"1 LWR Fuel development

- New cladding alloys (HANA)

- UO2 pellets with optimized grain size

- Fuel performance code for licensing authority

- MOX fuel

[1 Fundamental facilities for tests

- Facilities for mechanical & hydraulic tests of full sized FA

- Irradiation test loop in a research reactor

- Hot-cell examination
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100 Average Capacity Factors

Fuel Type (%)

90 }
Nuclear 91.2

80 .
Coal (Steam Turbine) 65.4

70 Gas (Combined Cycle) 458

680 Hydro 29.4

5o Wind 29.1

40 Solar 17.7
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Specific NRC Recommendations

» Extended station blackout

00 42
q —56
2008-2010
(1) Unknown includes assessment in
progress, inspected/unknown and
uninspected
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Mechanism

Grid-to-Rod
Fretting

Crud/

Corrosion

&0.0

* Seismic and flooding hazard update and inspection

* Reliable and accessible venting capability for BWR Mark I and

containment plants
* Orders for spent fuel pools

* Integration of procedures

Mark 11

* Emergency preparedness orders and rulemakings
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Projected U.S. Inventory
(assumes all existing plants run for 60 years)
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I New Nuclear Plants Under Consideration
in U.S.

* 32 nuclear units under consideration at 21 nuclear sites,
representing 20 nuclear operators

* 17 Combined Operating License Applications (COLAs) filed to

date for 26 new-units i

* Five COLAs suspended/partially s*uspendet pendin “ﬂx

technology #éeision or for financial reasons % e
* Four early site permits issued by NRér =g

$APHO00 000N

* One project awarded..under u. i DOE’s J,Q,an Guarﬁnﬁé‘Program

* Southern Nuclear’s Vogtle.Units 3&&_;&3 33B
) T ﬁ;_»};_r
e i el
*,
Source: NRC Expacted Mew Nuclear Power Plant Applications (July 2008) / U.S DOE Nuclear Power Deployment
Scorecard
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Fuel Design and Fabrication Technology for LWR MOX Fuel in Japan
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| Powder Process | I Pellet Process =

Reprocessing Powder dosing Press Sinterine Grindine Psller inspection

l Milling and mixing feed powder and  Pressing the mixed Sintering pellets at Grinding pellets with Having pellets inspected with
diameter, density, etc.

[—

adjusting the Pu content powder info pellets  high temperature center less grinder
MOX powder

e % H 8 o) B o P o {0

o

Shipment Azsemble and inspection Weldinz and inspection Load.ziﬂsr .;.r.:admg
semb ts 1ot

Packing fuel assembly in containers As ling fuel rolds ."mh o.ther Welding upper end plug and having ire .g Fea]: ":l;

and shipping by truck components and having inspection inspection onivm alloy tubes

o, L, . i

Fig 1. Process Flow of J-MOX
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Figure 1: Graphical illustration of BWR channel bow issue Figure 2 Gl'ﬂth-ical illustration of channel bow and bulge

I TN RPN
fluence-gradient bow (“classic channel bow”)
shadow corrosion-induced bow (“enhanced channel bow”)
hydrogen pickup
alloy dependence

plant dependence(Lattice Type)
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