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Performanc+, RFA, NGF, Guardian, CE16NGF &=z 52 <f sd ZtAC=Z
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AFA3G, AGORA, FOCUS 2912 52

*Mid-Grids with 5 IFMs for thermal

NEotar ULt

«Debris-filtering *» Optimized mixing *Advanced mixing

mixing vanes
+3 IFMs for thermal
margin increase
*Low pressure drop
diagonal spring
*Debris-filtering
small holes BN

small holes BZ +
Protective grid for
debiris filtering
enhancement

vanes and diagonal
spring for thermal
margin increase
and against fretting
wear

*High strength GTs

margin increase
+| shape spring
against fretting

wear
*Tube-in-Tube GTs

vanes for thermal
margin increase
«Large grid-to-rod
contact spring &
dimple design
against fretting wear

+Cladding material
-Low Sn Zry-4

«Cladding material
- Zirlo

+Cladding material
- Zirlo

+Cladding material
- Low Sn Zirlo

«Cladding material
-HANA

- Zirlo

-HANA

8 3-2 Y2Eotea

Standard FA

»Mid-grids with no mixing
vanes

*Wavy grid straps with
low seismic resistance

*Zry-4 top spacer grid

*No debris-filtering device

+Cladding material
-Low Sn Zry-4

*Debris-filtering device:
- Guardian grid
- Long sold end plug

+Cladding material
-Low Sn Zry-4

1717 ATHE 4

0t

AR WO

=

CE16NGF

* Mid-grids with mixing
vanes for thermal
margin

* Straight grid straps for
seismic resistance

*Large grid-to-rod contact
spring & dimple against
fretting wear

* Debris-filtering device:

- Guardian grid
- Long solid end plug

+Cladding material
- Low Sn Zirlo
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H 3-4 7|= HAZQ} PLUST S E MAEXM H|m(Q)

Fuel Design for OPR1000 & APR1400

Guardian PLUS7T™
(15t Generation) (2nd Generation)

Item

Leakage ] [ Low-low ][ Ultra-low

[

[
[ Bunwp ][ >ss6womtu ][ >s56womTy
[ Supply ] [ 2001 ][ 2006
[ Seismic ] [ 0.2g ][ 0.3g
( FR OD ] 9.7mm ) 9.5mm
[ Mixing Vane ] [ No ][ Yes
[ SG Spring ] [ Cantilever ][ Conformal
[ Debris Filter ] [ Yes(single) ][ Yes(multiple)
[
[

Fuel Cycle Cost | 100% J( 92.8%
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H 3-5 7|E HHZQ} 16ACE7 sHzE MAHEM H|

| Fuel for 16x16 WH type NPPs ]
Lo STD 16ACE7
(1st Generation) (2nd Generation)
Leaf spring
[ Bumuwp | | 38 GWD/MTU ][ >55GWDIMTU |
| Loading | | 1083 ][ 2008 ]
[ Leakage ] [ L3P ] [ L3P ]
[ Absorber ] [ Pyrex ][ Gd ]
([ rrRop 9.5mm ) 9.14mm ) 20 G/Ts, 11T
[ wms ] Inconel, MV )(__zrAlloy, Mv+3 1FMs ]
[ SG Spring ] [ Vertical ][ I-type ]
[ Debris Fiter | [ No ) Yes(multiple) ]
[reare ) e J e ) spmmer

H 3-6 7|= HHZQ} 17ACE7 sz MAHEM H|

[ ( Fuel for 17x17 WH type NPPs )

ltem [ V5H ][ RFA ][ 17ACE7T™ ]
(15t Generation) (1t Generation) [ (2@ Generation) "
([ Bumup J(_ >4sGwWDMTU | >4sewomru ] >ssewomtu | Leaf spring
[ Loading ] ( 1994 ][ 2004 I 2009 ] i
[ Leakage ] [ Ultra-low ][ Ultra-low ][ Ultra-low ]
([ Absoer | WABA I Gd ) Gd )
([ rrop 9.5mm I 9.5mm ) 9.5mm ] scTivT & ]
[ wvs  J( wmveaiems ) mveairms  J( mwssiEms ) |
[ SG Spring ] [ Diagonal ][ Diagonal ][ I-type ] 1
[ Debris Filter ] [ Yes(single) ][ Yes(multiple) ][ Yes(multiple) ] - y,]
[ FuRl Cyee J[ 100% ][ 96% ][ < 96% ] Small Hole Type .”5'

Bottom INozzle

17ACE7 SHQiE &0 2t 239 dAEE2 18 3-100( LtEfLE
A2, 16ACE7 H 17ACE7 9= JHE L 4835 &2 1 3-110
LtLbE  QUCh O] JBolM  EX0|, ACE7 ¢z JHEE2 200140
SIS, 20045 E 2008E7X| 4HEQF AT
SIRACE CHASAEE 40Ol AHEUSME AFESIRACL ACE7 W=
=
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2 AEEEHM 257 HA 2tr =, 2008 FFE WA Z[RAL.
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Integral Clamp
Top Nozzle (ICTN)
* No potential for
loose parts

Inconel Top Grid
* Reduced Rod Bow

N T IFMs
R ", * Increased
_l ooy Thermal
Enhanced mid-grids o Margin
« Thermal margin i
« Fretting margin
Tube-in-tube

* IRI free
Fuel Rod * (Optimized) ZIRLO™
« High Burnup « Variable-pitch i ]
+ Optimized ZIRLO™  Plenum Spring pYODY
,‘"' e Multi-Defense Debris Filtering
OO
JEALEERRRE AR .
Inconel Bottom [' - ,',, R . DIfBN, Protective
Grid grid, Long end plug

* Increase Debris

» High Burnup e .
Filtering Efficiency

EX|
-1 O
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Advance Fuel i i ' i i H H H
01 § 02 i 03 i 06 i 07 i 08 § 09 {10 : 11 12 ¢ 183 {1 14 { 16 | 16 | 17 | 18
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Target Goal Setting & Conceptual Design Phase Preliminary Design Phase
Develop Target Screen Tests & } Select Promising Preliminary Select Key
Goals Analysis Candidates Designs/Analysis Candidates
v a v N
Develop } Fabricate Fabricate Test } Preliminary Tests
Candidates Candidates Specimens & Analysis
Verification Tests & Final Design Phase LTA Tests & Implementation Phase
Release Detail Out-of-Pile Tests } Out-of-Pile Tests License for LTAs License for Fuel } Fabricate Batch
Drawing/Part List for Components |7 [for Fuel Assembly In-Reactor Tests Batch Implementation FAs
hd N hd hd a A
Detail Designs & Setup Verification Final Designs & LTAs In-Reactor Prepare FDR & Evaluate Batch FA
Analysis Tests Release Drawings Verification Tests RTSR Performance
v PN v v V'S v
Setup Fabrication Fabricate Test . LTAs Performance Prepare Topical Proven Fuel
Process } Components/FAs Fabricate LTAs Analysis } Reports Technology
17 3-12 HelE WA M 25
& 2 & (Quality Assurance)
&2l (Quality Control)
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Verification Phase(7H2 X}

Validation Phase(2 % 2 x})

2|
=

a

SH
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N A

* Select materials for each component of an
advanced FA
* Propose candidates of the advanced FA and
components )
v

—1 EEERE —

* Select key screen tests or evaluation methods
for each candidate

* Perform screen tests or evaluations for each
candidate

« Evaluate performance, economical benefit and
manufacturability for each candidate

* Select some promising candidates of each FA
component

v

— EEEE 1~
« Fabricate test specimens and carry out scoping
tests
« Select a key candidate of each component
L
— CEEE] —
* Provide preliminary drawings & specifications
of the advanced FA and components

3-14 &

o AEAIH

)_

.

HzESH

_(
— U

* Develop a manufacturing process for FA,
skeleton and components
* Manufacture FAs and components for various

out-of-pile tests

 Perform critical heat flux tests using 6x6 FAs

* Perform vibration and wear tests for FAs and
relevant components

* FA and component designs are finalized if all
design criteria are met up to a target burnup,
based on the out-of-pile tests

— A —

* Generate final drawings and specifications of
FA and components

« Establish manufacturing processes for FA,
skeleton and components

— =2 ASAE ]—\
* Perform mechanical tests for FAs and relevant Nezdol
r—| 2= ) l—
components CARS) ks
* Perform hydraulic tests for FAs and relevant « Update existing performance models of fuel
components design/analysis computer codes

= St=qof ME EA

ol
ES

_[iLH 7—I7<A|‘oéll

F_Q__T'_J]_
o od
oA =I5

—
* Manufacture four or eight Lead Test
Assemblies (LTAs) for an in-reactor validation
* Generate as-built data for FA and components
« Irradiate LTAs up to the target burnup
* Check if all design criteria are met, based on
the in-reactor validation tests

REEE

* Prepare and submit a fuel design report,
technical reports and a safety analysis report to
a nuclear regulatory committee

* Manufacture batch FAs

* Generate as-built data for a few FAs for the
fuel performance surveillance

* The developed FA and components can be said
to be completely validated if all design criteria
are met, based on the fuel performance
surveillance up to the target burnup

2 3-15 HAEHZE SIEQ0 HE 7ie =X}
® N o=zt
» ITH BEE Lo HABAE F= XXZAX AmE EMAY,
XX AR ztZAl™, XX|AEX fAEXsAdE, 928 s
EdAY, dEE DY EOZAY, BE g33Hd EMLAY, BE
714 EMAY, O|I2EIANY &
= TTH L2 HBAE FE: 7IAFH EGAY, X ELGAY,
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ESE ARSI A 17x17d sfel R} =& 1737 £=FO|EE HIPER17
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atA, I 7ks 9 A2Eo2A 17x178 4H 67(0] CHeH YA
Fof 4230l ol =52 HI|o FIY = UAZF HIPER17 HAZO
Lok QIS{7HE TSt HERATML ALrdHE FHSh= A0l AlSSIot.
02, HIPER17 AR&AH=0| Cigt 157} OH|Z QIsf HIPER17
nRMAZO| BfelaE0l FAtEl ZH@o| QUCH AESHH, O[F Energy
SolutionAtOf Al XfAL  7HEE PWR20 A™RXIZ(SMR)O|  127H2|  HIPER17
HUZEE AFE5H7| flof SHHRXEAZO| HIPER17 HAZRTSLH =
O|ME Xt EtEISIYSLt, HIPER17 &AZE QI5|7t OJH|Z Qls| +Z0|
FAb=l HE QUCH Last EnergyAtE 20253 102 XM, 37 =71 S 874
NS 2= 517§ PWR20 AHRXE ALAYES FTSta QUCEH
Aefo| d3™Me=z FIEMH PWR20 |IXAE Z7[=Mof| CHet
HIPER17 iz AQF2 6121 +F2E HWIHEIDE 0] AQF2
APR1000¥ Q| 3.57| &7\l HAZR A Q20| S EIC

nx

3) YA W =Xt

g5 7|E Sz HIPER16 & HIPER17 H 1
du YEALE = 45MWD/kgU * 55MWD/kgU = Select advanced materials for cladding, G/T,
I/T, and SG
) QlEE QAL |« 60MWD/kgU = 75MWD/kgU = Optimize FA and component dimensions
HEH o RE o/ (100 o, (oo = Develop advanced SG design
2 o[ 5% (10%) 10 % (20%) = Introduce additional low mixing devices
( g
olz AR = 1/100,000 « 1/1,000,000 = Select advanced materials

= Introduce debris filtering devices
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SHBICL 5 RN Y 2Eo| AlPZuel 4AVIENel HRBIE
ot AAZ|E UE o2 E HIketCh 18 3-180 = HAZHYN 22 9
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Grid Assembly Dynamic Buckling Test Debris Filtering Test

Grid Spring Wear Test Grid Vibration Test
| 3.0
M| — 25— i
‘_g- Grid B g 25 Decrease in Operating Range
é ;’ 20|— Strap Window é\:?a l
] - - kS
3 | = i F!!"a'!??%in'
3
g Grid A 3o
£ i : 0.5 - 4
| |
0 0.05 ) 0.10 0.15 0.20 0.25 O3 4 5 6 7
Grid to Rod Gap (mm) Axial Flow Velocity (m/s)

FA Vibration Test Results

Grid B Operating Range

FA Vibration

1000 1200 1400 1600 1800 2000 2200 2400 2600

J8 3-19 HAZHEA o RAFETSAIY 2at
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* Integral Top Nozzle
- Minimized FA Bow
- Easy Reconstitution

= Top Grid (1)
- Minimized Rod Bow
- Vertical Spring / Dimple
- Inconel Top Grid

+ High Strength G/T
- 03g Seismic Load
- Inner Dashpaot Tube
- Minimized FA Bow

« IFMGrid (2)
- Proven Mixing vane
- Tear-Resistant Outer Strap
- Anti-Hangup Round Cormer

* Mid Grid (9)
- Anti-Fretting Grid Spring
- Tear-Resistant Cuter Strap
- Anti-Hangup Round Comer

+ High Burnup Fuel Rod
- Advanced Cladding
- Large Grain Pelet
- Optimized Plenum Spring

* Low pressure Drop B/N
- Maximized Rec. Flow Hole
- Low Pressure Crop

* Bottom Grid (1)
- Debris Filtering Grid
- Anti-Fretting Grid Spring

- Anti-Hangup Round Comer

* Top Grid (1)
- Minimized Rod Bow
- Anti-Fretting Grid Spring
- Inconel Top Grid

+ Integral Top Nozzle
- On-Off Holddown Spring
- Minirmized FA Bow

* IFM Grid (4)
- Proven Mixing Vane
- Tear-Resistant Outer Strap
- Anti-Hoangup Round Comer

+ High Strength G/T
- 03g Seismic Lood
- Minirnized FA Bow
- Inner Dashpot Tube

* Mid Grid (6)
- Anti-Fretting Grid Spring
- Proven Mixing Vane

High Burnup Fuel Rod
* o pru - Anti-Hangup Round Comer

- Advanced Clodding
- Large Grain Pellet
- Optirnized Plenum spring

» Bottom Grid(1)
- Anti-Fretting Grid Spring

- Scratch-Resistant Spring
- Anti-Hoangup Round Comer

|« Protective Grid (1)
- Debris Filtering Arch
- Anti-Debris Frefting

+ Low Pressure Drop B/N
- Maximized Rec. Flow Hole
- Low Pressure Drop
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High Fission Products Retention Fuel
Ceramic Cladding
High Density Fuels (U;Si,, UN etc.)
High Strength Steel Cladding
Development Time Required

High Thermal Conductivity UO, ‘
Zr Alloy Cladding Coating

High Risk &
Benefit
Moderate Risk &
Benefit
Low Risk &
Benefit
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Cr Metallic Microcell or Si-Ti-O Microcell
Layers

Microcell UO, Pellet Microcells
72 3-30 00|32 M sz OMF+=x

= 23M A 3g0M= =L HA= HEo[Ho=M X oMM, A
TMIEH, A 2AMICH, A 3ME S A 4 ez SO| 7[s=RACk IF 3-310
M oMoy HAZRE X ML HAZMX] L 7rE=0 Chet

S
B 835 O[30| LtEtL; QUL BUZ H3AMC HAZQl HIPER16 HAZ

=

rr

i

= 20244 8EEEH $H25357|0| MEE3250 QULCH

T i e

71 E =2 (PWR) 1980 1990 1995 2000 2005 2010 2015 2020 2025 2030
2] 1 14x14 KOFA | OFA ‘
gl 2 16x16 KOFA ‘ STD |
WHE 98 | 33| 3/4 17x17 ;ﬁgﬂ KOFA V5H I RFA
eHal 172 17x17 KOFA V5H RFA
B2 1/2 17x17 KOFA V5H RFA
s 3/4 16x16 l STD Guardian HIPER16
8l 5/6 16x16 {STD Guardian HIPER16
oHE 3/4 16x16 l STD Guardian HIPER16
OPR1000 2 5/6 16x16 Guardian HIPER16
M3el 172 16x16 Guardian HIPER16
e 172 16x16 Guardian HIPER16

HIPER16

_61_



4 3 Holzm TR AX HHOH
41 7|2

XN2REEZN2 ES5HX & THHHNO| 0.18barnS 2, L&ZA 29
A Ok

HAZ OSHZ MER= AHQUARAZL[ &F 32barnO[Lt HT20| A=
g20/&2 0.23barn=LC} oK HEh X2 i'ﬁ% e AN EY,
LH A ‘i‘ A=l UO 9f9l —*.E.“SEEH—E—OH A ETZ2(PWRIZE 7RIS TE

L E+2(PWR), HISE+Z(BWR), ZAOtY ZIEE+=2  (WWER)
M= X2Zs a0l OSME ABED, fEHQ PWR IEMEs
Zircaloy-4, Low Sn Zircaloy-4, Jd2|10 Zr-Nb 2t=0| ULk =712 PWR 7HE
AN = Zircaloy-4 TSM7F T2 AFEEQUCE D2{Lt 1980 EHCH0| HH=
ALLETH 38 MWD/kgUE Z1ISHHAM X|2ZZHR20[-4 mFXe| LstE ZX 7t
&=, olof et WEH Zircaloy-4, & XNFM  Zircaloy-4 30|
L E[RUCE O|2 QI8 Zircaloy-42| F4 gt&F 4 &TH0] 1.2-1.7%0A
1.2-14%2 d2&[QUCh DO E S50 19900 Az AHAETE 45
MWD/kgUE Z£1tst] X|HMo =2 F7tetof e, Zirlo, M5, HANA, M-MDA,
NDA, E6352f #2 Ctet Zr-Nb &£3=0| 7HEE0f WX} AMEElLD RUCH
a8 410 zr g5 ¥ dazo mME OEMo M3ts FHZb LIEL
ULt B 4-10& Zircaloy-42 CHYSH zr-Nb 22| 3tatd =g0| A
ALt
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Hl

4-1 7r 2 stk &Y

Alloy Elements (w/o)
Zr Nb | Sn | Fe | Cr | Cu Ni Vv (0]

Organizations Names

Zry-4 Balance - 1.5 0.2 0.1 - - - -

N.A.
Low Sn Zry-4 | Balance - 1.3 0.2 0.1 - - - -
Zirlo Balance | 1.0 1.0 0.1 - - - - -

Westinghouse Opt. Zirlo Balance | 1.0 | 0.68 | 0.1 - - - - -

AXIOM Balance | 0.7 03 | 005 | 0.2 | 0.12 - 0.18 -
Areva M5 Balance | 1.0 - - - - - - 0.13
MDA Balance | 0.5 0.8 0.2 0.1 - - - -
Mitsubishi

M-MDA Balance | 0.5 0.5 0.3 0.4 - - - -
NFI NDA Balance | 0.1 1.0 | 0.27 | 0.16 - 0.01 - -
. E110 Balance | 1.0 - - - - - - -

Russia
E635 Balance | 1.0 1.3 0.4 - - - - -
HANA4 Balance | 1.5 0.4 0.2 0.1 - - - -

KAERI
HANAG Balance | 1.1 - - - 0.05 - - -

CHFSE mEx) /iy 2F % 2™ O3 4-20] MAIZOf ACk A
Zr-Nb IS 72 HANA ISEIE Helstn HE8S=7HA 2f 10E0]
AR EACE HANA LSS 22, &3 44, o d3AIY, UFE XA
o Ml HARES U AEAY AHESA U HE3AY & 2 7Y ¢

AE AXZ| WE0 =W dSAE 227X o 1580 2R = RACt

Year
Cladding Materials
1 |2 [ 3 | 4 [ 5 | 6 l 7 | 8 | 9 [10[11|12|13[14'15|16l17l18l19|20|21
Alloy Design -
i Bt s Research Rx Irradiation Test »
irlo
Lead TestAssembly f ) .
B Zirlo Cladding Commercial Supply
Alloy Design :
- Out-ofpileest Pathfinder Rod Tests »
leadfestAscemnly ) .
e e M5 Cladding Commercial Supply
Alloy Design .
MDA & NDA Euitaaie e Pathfinder Rod Tests »
Lead Tes Assembly : :
i redctor Verticaton MDA & NDA Cladding Commercial Supply
Alloy Design A
Out-of-pile Test Research Rx Irradiation Test>
HANA Pathfinder Rod Tests
lead fectAccenibly HANA Cladding Licensing
li-eacton Velificatlon Activities
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4) M-MDA, NDA 3! J-Alloy I =X}

O|AH|A| s 2 (Mitsubishi Nuclear Fuel Co., Ltd, MNF)= 1I4&
28 Az O EME M-MDAModified MDA)E HESHRLCE L2
g 8 =l d3AY 7"I‘-f EHZ, M-MDA L|EX& Zircaloy-4 %

MDAO] HIsi LAY, 2 S48, =AF otofMel X5 obdd, d2|1 =2
7|71|"* 4= FHM 22 955 YSOHALL M-MDA Mz AXEH 8
HAH= -?LXXHEE HE 7tsSoitt. MNFE ZIANY =7t Zok(0 ez

10
HetHo| LHElY TAE I8 M-MDA QtLjatnt X|X|HXHE 7HEsIRACE

MDA M=ol 38t =42 Zr-0.5Nb-0.85n-0.2Fe-0.1CrO|H, O|&
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Ngg  HEgez  JfEELct M-MDA  XZ2el  siEt XY
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-0.
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