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-ed UO, Pellet TRISO-SiC Composite Long-term h
Near-term : Doped UO, & Double Chamfer Mid-term : Improved TC UO, ~N
_— — TRISO ticl
(. ) (. Si-based oxide Metal + par If ¢
v Metal .
. \ (Cs_gapturm\g) doped UO,
r Large g i : ;
. -.\__Gr"iiin.. /&\ &
/jL i\ TRISO-SiC e
27 chamfer Cm— nuclear fuel 40 vol%
Plastic Deformation | | ‘JL TRISO-SiC
(Stress release) - Y e composite
o )L\ /L\ ,ZL fabrication
\ Stress + Fission Products®PCl e ) \ " e ))
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IRare Earth Based ATCR

B,C + 7TH,O — 2B,0; + CO + H,
B,O; + H,0O — 2HBO, (volatilization)

() :
Jé8Coated Zr Cladding Near-term | Fe Based Cladding Mid-term
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Rare-earth
oxide

Eu,0,
Dy,0; etc.

Surface
coating

Eutectic reactlon between B4C & Inconel at 1080°C

3 « Excellent corrosion
resistance

\
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 Excellent corrosion resistance

\¢ Excellent mechanical propertleJ)

After steam oxidatiom

e

Stable Al,O;

Fe-22Cr-5A1-3Meo «
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TRISO-SIC Composite
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TRISO YXIE SiC
7| x| &0 & 4H5H0
=Xl
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 Temperature : 1700 °C

TRISO-SIC Composite JH¥ ~ © St o
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TRISO-SiC Composite I &
o CHZF M M= S8 70T (with A=A ElCH)

Fabricated TIRSO-SiC by
pressureless sintering

Sintering nnnnnnnn S5

e« 33 ~40vol%

* 45 vol% TRISO for
TRISO for pressureless
% hot-pressed sintering ) prgror
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TRISO-SIC Composites
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Accident Tolerance Cladding JH&

® Fe-base Alloy Cladding 7H'& (with KAIST)
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Improved Thermal Conductivity UO,
Mo &£ (KAERI 7|&) + LASZM (KNF7|&) = QHEE J4M vo,
R A - G e

Si-based oxide

Metal
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Improved Thermal Conductivity UO,

2.2 T T T T T 1
>
'g 3 vol% Mo metal-plate + 1000 ppm LAS
43 20 | Measured thermal conductivity @ 1000°C -
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Fuel temperature decrease (%)

28
26 - -

Al 21.4£1.4%

1 I 1 I 1 1

3 vol% Mo metal-plate + 1000 ppm LAS
Approximate calculation of fuel temperature decrease
due te pellet thermal conductivity increase
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Doped UO, Fuel®] ATF M & A%
® ofi2| 7| 22| Near Term &&%} 7|= 3 A]I)P]._‘

Itis anticip ‘ted

‘ L TR ‘ Commercialization

@Westinghouse * Cr-coated Zr cladding
* Doped UO, fuel(Cr-Al)

Fuel
O QR ESC sy = Co = 20193 3 LTR (4 rodlets) A& (BY¥oh'2)
= 2022~234 LTA 0|78 standard for
BWR fuel
n Europ
framatome * Cr-coated Zr cladding |
* Doped UO, fuel(Cr) ‘ LTR‘ Commercialization
— »
F-;"L \H ‘_ g
This e S ser of by B = 2021F 113 MA Z|Z=2 LTA (176 rodlets)

Al &= (Calvert Cliffs NPP)
= Cr doped UO, 20208 § 3 PWR WM M=
23t g 0|F
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Doped U0, &E9}

o HAHZ HZAIH Doped UO, £2ZH| 7
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BWR A2351E 7|HIo 2 20265 PWR A 231E A2
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Doped UO, Fuel®] FGR XMZ &S

Westinghouse : ADOPT fuel
‘ A e {‘— : :'_ P = i
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*Std U02

#PWR (reactor A)
@PWR (reactor B)
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Reported data of actual working conditions shows suppressing of FGR for doped large

grain UO.,,.
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Westinghouse : ADOPT fuel

Strain (%)

Global Leading Nuclear Energy Partner

Doped UO, Fuel®l Creep E& &=

Framatome : Cr doped UO, fuel

3. Effect of Cr,0; addition on fuel creep behaviour at 1 470°C and 45 MPa

10 - 12 5
91 — ADOPT o
| 1700°C 81
30 MPa
g °
5
| 1so0c B 4
45 MPa
2
1300°C
60 MPa o7
Time (hr)
Doped UO,2| 2%t Creep HY ds — It &

APES .

1500 ppm
grain size = 31 pm

1750 ppm
51

grain size =51 pm

2000 ppm
grain size = 49 ym

1250 ppm

grain size = 27 pm 750 ppm

grain size = 12 ym

undoped UQ, fuel
0 ppm
grain size =8 ym
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Cr-Doped U0, Pt A S

Safety enhancement
(IFA-667.1 (cr,0, doped fuel) benchmark with BISON/REALAP5)
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Y. Che et al, Nucl. Eng. Design. (2018), 2771-278

— Clad

Plenum Pressure (MPa)

Ballooning result

v FGR retention (17 % > 8 %)
v" Plenum pressure (14 MPa > 8 MPa)

v' Ballooning 21} X| (Blockage |)
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Near Term £ Doped UO2

® ofj 2| H
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F
> SLESHEAIA FGR X d > J1E N8N SUH AZDH
(the same qualification control)
> FI|'Y safety margin 4 > O15]7} Mzko| 20|M (BWR ZZ 22)
(o =2 Y d)
\. J | > 30| "IN E s¢t 7|[&E vo, SEE &8
°|F AV FESSCrAT LU=+ | » 423} 7|2 (LTR/LTA FAAIH 80]4)
Li & ot O/ = T4 Doped UO,
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|.3203_A|203_Si02 [I.AS] DODed U02 Fuel

— ._ Pellet Zircaloy-4 Cycle &4 37|
=l | =

- FPEF IS Radius 1|22 57| Length 20|

' [em] [EFPD] [EFPD]

. (Ref.) 4.65/ i
! e %Sy uo, 0.40958 0.05727 5119
. LAs 465/ LAS-UO, 40958 0.05727  511.8 0.1

4.10 (0.1 wt%)
KARMA ZE: LA AMZ fot Xtz M4it— ASTRA 4 O|H|EAH H7t

: 0.1 wt% (1,000 ppm)

+ 1,000 ppm 7|-’-:—A| La ¥4 43 ppm, Al & Si |A&E= ASTM 7|= O|Lf

« LASS| HHA S HF Hal HE Zul X 8l

e Uozz = [LAs (~30 m)

ROPER ZE X} 37| HLW =g

0 ol 59 S5 X EE 7

e - - KOEDCONE
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New Pellet Design for LAS Doped UO,

Double chamfer @4 M0 2 E/M kit
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LAS- Doned Uo, & =&

UO, Linear Expansion, ALIL, %

2.0 : 10
——La_0,-Al O -5i0 T AH « ol p —&—La,0,-Al,0,-SiO,
N Mazrtian e; C SEE £ 9 I 2HEE —— Commercial UO,
15| | —— Upper uncertainty i = 8r —A— MATPRO
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S 6l
1.0 - § 5|
E
5§
0.5 ] = 3r
£ 2}
2
— 1t
Ill]cl 400 200 1200 1600 ot——+
T rt oo 0 200 400 600 800 1000 1200
empearture, Temperature , °C
_ | tas®7Huo > STD UO,2t Ao 5
O\o o~
< > J|ERY HY Has
o 96.0 o —
c
g ! 0.6 % ¢
2 £ CIE, <1%) &
< SO U, AU
Kol
@
95.5 L—1 !
2= WA 2
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LAS-Doped UQ, 128 IS (Creep)  §one

10
o Standard UO2 - 40MPa
- 1450°C — LAS - 40MPa
—— LAS - 30MPa
- 8| —— LAS - 20MPa
X | |e
~ %
£ 6r (2
© |
L (V)]
ZEANE
(@X @?7’
o | P
D v
O 2r STD U0, — 40MPa
' LAS — 20MPa
O n 1 N 1 N 1 N 1 N 1 1 N 1 N 1 N 1 N

0] 2 4 6 8 10112 14 16 18 20
Time (h)
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U0, CHHI LAS-Doped U0, Hil
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j00
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=

~ 30 um (&4E 8 um)

> X} 37|

0|3}
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a3 22

2

500 ~ 1500 ppm

(La ASTM

(Al, Si

s

H7HH A7t

>

of| &
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o< =
Ss=kE S
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=
o

> HBS 2H| 7|
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=
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(qualification H& 7}

Ho

ojo
<0

> Washout

<0
jo0

3

7|= U0, CliH]
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]

v’ LAS doped UO,

26

ICEDCO NF

/ED.

D NF. ALL RIGHTS RESERVI

COPYRIGHT © 2018 KEPCC



Doped UO, Hiul

Framatome

WEC

Global Leading Nuclear Energy Partner

KNF

FGR Y= XM

57t HnM HE

ol

[

La,0,-Al,0,-SiO
Cr,0, Cr,0,-Al,0, 2 3(LAZS)3 2
BWR, PWR BWR, PWR PWR
1600 900 1000 ~ 1500
o) o) o)
33.3~40 34.6 20 ~30.3
>96.0 97.4 95.0 ~ 96.0
5.9 2.3 > 6.0
(1500°C,45MPa) (1500°C,45MPa) (1450°C,40MPa)
71E vo, thH| 2 1/3 MY
7|1Z UO, CHH| 2F 1/3 X 7|1Z UO, CHH| 2F 1/3 X | 2 ILILH_I e
'16.04. (BWR)
'20.05. - b
'21.06. (PWR) 29 0%
'18.05. (BWR) N
NS '30~'31 F&H
MALE (PWR) A S 3

At

2 doped UO,2| StHMH5E 7|
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vDopant 22 SEHSE ¢ &= ('22)
v AL M A ('22)

v Pre-PQT &Y A=l (‘22)

v'2022'd 128 PQT ¥ A &

v LTR/LTA A& &
v’ 20234 LTR/LTASE |8t AZN| AL
AL

2024'A 48 LTR A
20254 2€ LTA A€ #

_ v Framatome ‘21.11 LTA &7 CHjH| 2 314 Z4X}
vAHAAEE AZH H= F (20 kg) 2 I|E M3 AE o=

- OO

viield 8ot 2=

Sa 7|2 olsd 2o mvgcd]= Rl ey k=,
v LTR/LTA A& &4 (K
v QIS{7IE It 7| A
vaA YU E DE
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Accident Tolerant Control Rod (ATCR)
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ATCR ATH JHZ! (20214 52

4 -
- 7|1E SMX B4H|(B,0)2F T =2XH(Inconel-625) &
» M/ 2R1710M LtetEES (9 700 “CRH) R

B,C + 7H,0 — 2B,0; + CO + H,
» APL Al MO & &40 A= 2Ot AMASH0] QHH Lot Sz 2t
« AT Al X Al (recriticality) A& 7Hs %

S|HF =
\ B,O; + H,0 — 2HBO, (#I2) J<BiC E5H/T ST 27 ZEHS>

J

’-------~

4 N

s|g= o \ . JIZToKE7L Mg B

el=

EUZO3,, Dy203 %

o]

* 7|1E 8%t E+M B,C CHH| %4

,—------—
L
3o
o
>
N
>

4
)

-

G J
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ATCR ATH JHES

Control Bank Worth about ATCR materials

Eullo
EuHf 13264.1

EuDy I 32.47,4
EuZr e 32.4.3.3
EuMo I 3736.5
EuSm I 3234.0
Eu2.00Hf e 322.6.8
EuSmDy e —— 31875
Eu2.057Zr e 3181.1
Eu0.90Hf m  3175.8
Eu2.08Ti M 31741
Eu0.90Ti e 3171.8
Eu203 e 3158.6
Eu0.907Zr s 3156.0
ZrB2 IS 3(15.9

Absorber Material

2800.0 2900.0 3000.0 3100.0 3200.0 3300.0
Control bank worth [pcm]

31 KEPCONF
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ATCR 21 JHE

ATCR 2 HH| =

Inconel

1100°C/2hr/Ar S& EtS =0l 11000C/2hr/Ar

o QYN MA YU SHATYF =&
o 2022 U SILIE ZAAI™ O (22 & ~ 24 X 7X|)

32 KEPCONF
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vKNFE TH7| HE ATFREE 7| HE ATFIHX| ARHLS =3 U s A™AL
710 i85t AS.
- &7 & ATF : TRISO-SiC &N (&4 o2 e M= S 210 7| ER])
- 57| M2 ATF: @XMz &4 U0, Fe7|b D23
- Et7] M8 ATF 2ZH| : LAS Doped UO, (2024'3 LTR, 2025'9 LTAE A& &)
- ATCR 7Y =¥ F0|H, 20224 5}t7| SILIZ ZAIAMEH FX F
vLAS doped UO,= 0.1 wt%2| SO|HCZ Y H52 T A|ZLOZM AW FEE
S7HAM 2 = A= ATF Q.
vIHZE LAS doped UO,= dllQ] BAL CHH| & 0|42 52 ERe A= o4
vEt7| HE ATF 483} 7|7t thx S S37| H& ATFS| 483t MES flolM
FE7|2=2| gEo| HeHal.
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