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AGREEMENT (hereinafter “CRADA”) No. 21CRA19

Cr-coated Zry (2021.6~)

Battelle Energy Alliance, LLC (BEA)
under its U.S. Department of Energy Contract

FeC rAl _ O D S ( 2 O 2 3 i 3 ~ ) No. DE-AC07-05ID14517 (hereinafter “Contractor”),

AND

Japan Atomic Energy Agency (JAEA, Participant 1),

AND

= :.‘-r-m Mitsubishi Heavy Industries, LTD (MHI, Participant 2),

(Hereinafter “Participants”),
hereinafter referred to singularly as “Party” and jointly as “Parties.”
ARTICLE I: DEFINITIONS
Pk A. “Background Intellectual Property™ means the Intellectual Property identified by the Parties in

3hm s Annex B, Background Intellectual Property, which was in existence prior to or is first
produced outside of this CRADA, except that in the case of inventions in those identified

)\ =E — items, the inventions must have been conceived outside of this CRADA and not first actually
Nk A Pin B -~ reduced to practice under this CRADA to qualify as Background Intellectual Property.

4.“.,,;' ~ NN ~ 7 B.  “Contracting Officer” means the DOE employee administering the Contractor’s DOE
< N \ b ' I contract.
7]

C.  “DOE” means the Department of Energy, an agency of the Federal Government.
Conena
drres D.

E: “Government” means the Federal Government of the United States of America and agencies
rple thereof.
nutes

F. “Intellectual Property” means patents, trademarks. copyrights, mask works, Protected

CRADA Information, and other forms of comparable property rights protected by
Federal law and foreign counterparts, except trade secrets.

T Fodtiont
G. “Proprietary Information™ means information, including data, v\hlch is developed at private

expense outside of this CRADA., is marked as Proprietary In and el es (i) trade

BEA Model CRADA v. 8262014 Page 1 of 9
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@32 FeCrAl-ODS$H,/PCI-SCCixER

> B
- FeCrAl-ODSH#HZEEDILNBEEIN (SCC)
RS IS0 (Cs) DEMARFEZIFI -
SCCERER(C&DETM
. SCCRREMZRILEVCSHDEND.2~24 Pad) A
FHEICHD ., EMZFTOCsE (1x108 Pg  Electic

furnace
) CHBUTHAEBEVIENS. FeCrAl- |
ODS#H D Cs-SCCE=hERR
FeCrAl-ODS Pusher Cs source
tube (CsCl + Ca)

Partial Pre-heating
Test ID pressure of Cs conditions
Pa)* Partial Evaluated partial scc
| SCC-1 |

800** 350° C,3h 2 pressure of Cs  pressure of Cs ST

800** 350° C,3h 2 (Pa)” (Pa)

| scc-3 | 800** 250° C,72h 2 - 1

0.2 250° C,72h 2 1

0.2 250° C,72h 2 1

| scC-6 | 24 250° C,72h 2 1

800* 250° C,72h  This work : 1

[ scc-8 | 24 250° C,72h  This work 24 - Yes 1

| SCC-9 | 02 250° C,72h This work 800** 610 Yes This work
*: Calculated pressure 24 8.0 Yes This work
**. Saturation vapor pressure of Cs at test temperature (623 K) 0.2 0.09 No This work
[1] K. Konashi, M. Yamawaki, J. Nucl. Sci. Tech., 29[1], 1-10 (1992). [1] K. Sakamoto et al., J. Nucl. Mater., 557 (2021) 153276.

[2] K. Sakamoto et al., J. Nucl. Mater., 557 (2021) 153276.

Ref) K. Sakamoto et al., “Practical Development of Accident Tolerant FeCrAI-ODS Fuel m— HITACHI
Claddings for BWRs in Japan”, Proc. Top Fuel 2022, Raleigh, NC, USA, October 9-13, 2022. i
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2000

Sminat 1473 K

573-1473K
at 300 K/min

1473 - 873AW3terquench

at -300 K/min ﬁ

Sminat 573K/
0

4

Temperature (K)
o o o
(=] (=] (=]

(=] o=

0 1 1
400

0 20

Sample ID

=]

Isothermal
temp.
R

1200
1200
1200
1200
1200
1200
1300
1200
1200
1200
1200
1300

600 800 1000 1200
Time (s)

Initial

pre.

MPa

5.45 1
4.02 1
531 1
2.70 1
1.99 1
1.45 This work
1.45 This work
10.34 This work
7.58 This work
5.86 This work
8.62 This work
1.38 This work

[1] K. Sakamoto et al_, J. Nucl. Mater., 557 (2021) 153276.

Ref) K. Sakamoto et al., “Practical Development of Accident Tolerant FeCrAI-ODS Fuel

Claddings for BWRs in Japan”, Proc. Top Fuel 2022, Raleigh, NC, USA, October 9-13, 2022.
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—
1400 %
1300 [ o o e
E o ® This work
o 1200 E \ o
g, : o —
o 1100 (Gummemm= © ° f
5 I —— 0
© 1000
@ : ®
S 900 | *
) F ——p—— .
.@ 800 —— &
@ 700 E ey
600 B e
0 5 10 15
Internal pressure at burst (MPa)
1400
1300 = Zircaloy [1]
S 1200 o) Re.f.2
(5 ® This work
o 1100 © o
= o
© 1000
a-) L ]
g- 900 o
(V) [ ]
= 800 E
12 C
8 700 f
600 Fm4—m—r— 1t :
0 100 200 300

Hoop stress at burst (MPa)

M. Ishikawa and S. Shiozawa, J. Nucl. Mater_, 95, 1-2, (1980) 1.
K. Sakamoto et al., J. Nucl. Mater., 557 (2021) 153276.

IE0) GINiF HACHI u::.
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> HIE

. SICHEERUSICFr> IRy ZOBETOLRELT, BIFATH AR
5CVI/CVDRE TIZREI LTz

EXR=K)

CVD-SiC
layer CVD-SiC
ca. layer | ca. CVI: Chemical Vapor Infiltration
140mm Iayer 10mm CVD: Chemical Vapor Deposition
CMC PyC : Pyrolytic carbon
layer CMC:Ceramic Matrix Composites
Cross section of CMC layer (SEM) Autoclave test for CVD-SiC

CVD-SiC matrix PyC interface layer

10

S ) .
L 1 » PWR condition
= 330%C, 18.5MPa
£ l DO <3ppb
< ood
g’ 0.1 1 9 > BWR condition
— 290%C, 8MPa
o] DO 8ppm
©  0.01 -
‘ |
n
w0

53400 20,0kV x1.80k BSECOMP © o0.001

L 'g PWR BWR PWR BWR
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Refl) F. Inoue, “Development of Accident Tolerant SiC/SiC Cladding and Channel Box in Toshiba”, The 29th International Conference
on Nuclear Engineering, Shenzhen, China, August 8-12, 2022.

Ref2) T. Nishimura, “Development of CMC for nuclear fuel components”, Ceramic Matrix Composites II, Santa Fe, New Mexico,
November 13-18, 2022.
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Ref) T. Nishimura, “Development of CMC for nuclear fuel components”, Ceramic Matrix Composites II, Santa Fe, New Mexico,
November 13-18, 2022
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Simone Massara, Technical Meeting on the Licensing of Advanced Nuclear Fuels for Water Cooled Reactors,

October 2021
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#1) AOA: Axial Offset Anomaly
#2) CDF : Core Damage Frequency

*3) CFF : Containment Failure Frequency
#4) LERF: Large Early Release Frequency

*5) L3P : Low-Leakage Gore Loading Pattern
#6) FGC:Fuel Cycle Cost
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Ref) F. Inoue, “Development of Accident Tolerant SiC/SiC Cladding and Channel Box in Toshiba”, The 29th International Conference
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Marc Ton-That, ATF development and licensing in France, Technical Meeting on The Licensing of Advanced Nuclear Fuels for Water
Cooled Reactors, October 2021
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