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HANARO Fuel Localization
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Development of Atomization
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Fabrication Process (HANARO Fuel)

Conventional Process Atomized Process
Melting & Casting |U-Si Ingot Melting & Atomizing |U-Si powder
v v
Heat Treatment QgSi Ingot Heat Treatment U,Si
X oy powder
Machining | Chip
v
Pulverizing [Powder
v
Magnetic Separation | Powder
‘ \ 4
Sieving [Powder Sieving |Powder
Y v
Blending &
Al — Compacting Compacts
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powder Extrusion Fuel meat Atomized Process

v > 25 steps for
Co-extrusion |Fuel Rod Fabrication/Inspection

v

Welding Fuel Rod
v

Assembly —| Assembling | Fuel Assembly
Parts




Irradiation Performance (U;SI/Al)

High-power irradiation test (KH99H-001) 121kW/m
Irr. Test : 173 EFPD(‘99.06~'00.08) at CT hole, HANARO

Un-irradiated U;Si
After HT (800 °C, 6 hr)

- Dark grey phase : U;Si

- Light grey phase : U;Si,

39 at.% BU 60 at.% BU

» Measured fuel swelling
- atomized fuel < 5.7% - comminuted fuel <7.0%
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Construction of the Fabrication Facility

U Construction of the fabrication facility for HANARO fuel production
- decided upon with the permission of government in Dec. 1998
- including advanced nuclear fuel R&D
U Design and Construction
- Designed by KOPEC (~June 2000) : Seismic design
- Constructed by DHEC (April 2001 ~ Nov. 2002)
O All the equipment was moved by early 2003
- upgraded to satisfy the production scale capability
- Atomization system, Co-extruder, EB welding M/C were installed




Production of HANARO Nuclear Fuel

= Two driver (atomized fuel) bundles were fabricated and delivered to HANARO
- Lead bundle(KFC-001) was loaded in HANARO (March 10, 2005)
= HANARO Fuel has been supplied successfully since 2005 (Supply record > 400 FAS)
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U-Mo Fuel for KIRR

Fuel (Fuel Meat & Fuel Plate)
v LEU :19.75+0.2 wt% U235
v' Meat : U-7wt%Mo dispersed in Al-5wt%Si
v" Cladding/Components : Al-6061
v Meat (mm) : 62.0 x 600 x 0.51
v Plate (mm) :70.7 x 640 x 1.27
® Uranium Density in Fuel Meat
v Inner(19)/outer(2) fuel plate : 8.0/6.5 g-U/cm?3
v" Initial core : LDU 5.2/3.9/2.6 g- U/cm3
® U-235 mass #
v FA:~620¢g
® FA dimension 71k
v SFA(mm):76.2x76.2x 1010 ok
v' FFA(mm):76.2x76.2x760.5 " [T .1 J
Heat flux(nom./max.) : 41.5/110 W/cm?2 _ |t o :
Burnup (FA average) : ~65 at% U-235 depletlon
Burnup (Peak) : ~80 at% U-235 depletion

Cycle length/Operation day/yr : ~50 days/~300 days/yr

U-7Mo
particle

CAR

_ . 1274005
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-

FUATAVY

umm{‘é--]
Z

FFA




Plate Fuel/Target Fabrication Facility

» Plate fuel/Target fabrication facility was successfully established within 3 years (2012-2014), based on
localization experience of HANARO fuel

* Fabrication Capability: 100 Ass’y/yr (> 2,000 Plate/yr)

Powder heat 2 Vacuum degassing furnace (107 torr)

treatment
TUBULAR shaker mixer (three dimensional
Mixing movement)
Glove Box
Compaction . 300 ton Press
Etching & Cleaning Cleaning room with scrubbing system
Plate Welding . TIG welder
Fab.
Hot rollin Pre-heat furnace
9 Hot roller (dia. 400mm)
v TIG We|deﬁ== Cold rolling - Cold roller (dia. 380mm)
P O Leveler
- Machining . Laser cutting machine, CNC milling machine
—B Etc. 0 Shearing machine, Laser ID marking
s 4 Swaging . Swaging machine
"= }&J Cold RollF Assembly Welding . Electron Beam (EB) welder
Laser GUT 1> Hot Roll Fab.
5 ' 7n ‘ e | | 17 Machining . Machining center(MCT)
| Machine | &
h‘ fom—? s O 2 X-rays (CT & location, homogeneity, stray
Pre-heat Furnace i 1 . particle)
: Inspection Inspection uT

3-dimensional measuring system
Gap spacing measuring system
MTS for tensile test of swaged side plates

—
c Korea Atomic Energy 9
KAERI Research Institute



Fuel/Target Fabrication Process

INL Audit for KAERI's QA/QC System

‘SUPPLIER EVALUATION PLAN

= All equipment of

2508
oiez00
Rev.08

fabrication/inspection == ===mrs o= _
T e e o em=o———w o Period : “14.4.15 ~ 17
= ——  Processes were o — -1 = Evaluation List (5 categories)
[Goy ] ” ‘" L e - KAERI lity M |
ﬁ .- dlgltallzed to Control ) —Qualityg;:ltleym Ir:rp])lljeamenting
ey variables consistently. : e | Procedures and work instructions
B ’n_}/m y: S - Obijective evidence and QA
T | records of program implementation
I d - ™" toevaluation basis
QA/QC SyStem haS e s . — - Personnel interviews
been |mp|emented S - Observation of in-process work
based on e
KEPIC/QAP-2000 B

and ANSI/ANS-15.8,
“Quality Assurance
Program
Requirement for
Research Reactors”.

—> Satisfy Global QA

Standards KJRR-_'—TA
ATR/ATRC Insertion (Apr. 28. 2015)



KJRR-LTA Irradiation Test

Irradiation test & PIE at INL successfully completed

Achieved Burnup, FA average 70 % U-235 Depletion
Achieved Burnup, Local peak 83.1 % U-235 Depletion
Peak heat flux (W/cm?) 182
Effective Full Power Day 216.6
(EFPD)

NDE : 2018.2 ~ 2019.9
PIE DE : 2019.10 ~ 2022.4

KJRR Lead Test Assembly (KJS-0002) :

Before and After irradiation test in the ATR core After final cycle (ATR 160B Cycle)
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Fuel Swelling Comparison(KJRR U-Mo)

PIE results of KIRR-LTA are enough to show
- very stable irradiation fuel performance
- pl’edICtab|e fuel behaVIOF SELENIUM dataset from A. Leenaers, RRFM (2017)

* Kim model from U-10Mo monolithic dataset [Y.S. Kim, JNM, 419 (2011)291]

KJLOO00OT
KJS00067
KJS00028
KJS00022
KJS00019
KJS00079
KJS00012
KJS00072
KJS00078
KJS00017
KJS00041
KJS00081
KJS00050
KJL0O0010
KJS00074
KJS00071
KJS00075
KJS00046
KJS00010
KJS00069

KJS00015 Plate No. 20 (KJS00050)
Local peak BU : 83 at%U-235

1m I 1 1 1 1

»  SELENIUM U7MD1221
= SELENIUM-1A U7MD1222
= HAMP-1

- - - Kim
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Fuel Phase Swelling (%)
=

oMWW MWW M M Mom M oxoM oM MW W M

Fission Density (10* flcmg, )

Future Plan

- Submit FSAR to get operation license of KJIRR(June 2023)

- Start to fabricate KJRR driver fuel for initial core (2025~2026)
- First criticality (June 2027)
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Fabrication Capability (Ato. U;SI; Fuel)

: : ® Full-size U;Si,/Al fuel plate was also successfully
U,Si,/Al Full-size Plate, fabricated (4.8 gU/cc and 5.3 gU/cc)

— Improved homogeneity
— Satisfy all inspection criteria

—

U,Si,/Al  Full-size Plate,

Fuel meat: 599.20 mm [Conventional U;Si, Fuel Plate (4.8 gU/cc)]

D1=286.65 pm

Position

e
Gray som
level T

Area2 Areal Area2

Fuel meat: 601.20 mm

Position

SR g T
*

) {  D2=305.80 um

Area2 Areal Area2

; 7 Korea Atomic Energy
/KAERI Research Institute

13



Phase Identification in Ato. U;Si, PoW\cE’r\

Microstructural Characterization was co-worked with
CEA by Dr. lltis et. al.
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Irradiation Results of U;SI; Fuel

RERTR 1&2 Test HANARO Mini- plate Test

Atomized
U;Si,

40 at.%
BU

BT No. 324706 ET No. 324708
A/G No. S49KIAI  Date 9/16/98 A/GNo. 549K1A1  Date 9/16/98
Element RERTR-1 Element RERTR-1

Atomized| g T B | Ground
U3S|2 -," . 3 ¥ ; e . : > . -:;5_‘.. s Ee ~ ) U3S|2

70 at.%
BU

ETNO. 325208 TN, 305198
A/GNO. 55TK1A  MAG 1000SE PN e 5
DESC  Particle #3 A/GNO. SSTKIA MAG  S000SE

DESC article #1
DATE  2/2/99 PRGM RERTR DATE  2/2/99 PRGM RERTR
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Qualification of High Density Atomized U;Si, Fuel

KIMQI (KAERI High Density AtoMized Silicide Fuel Qualification Irradiation) Project

> Presentation will be given by Tae—-Won Cho during next session

Irradiation Campaign in cooperation with

SCK CEN (BR-2)

Phase 1 (2021~2023): KIMQI-FUTURE for Fuel Performance
Confirmation

v Irradiation test and PIE with 4 full-size 5.3 gU/cc U;Si, flat fuel plate
v" Max. surface heat flux of 470 W/cm? and peak burnup of 70% U-235 (3
cycle)

Phase 2 (2023~2025): KIMQI-GTA Generic Fuel Qualification
Program

v Irradiation test and PIE 1 full-size 5.3 gU/cc U;Si, Generic Test Assembly
with ~10 curved plates

v" Max. surface heat flux of 470 W/cm? and peak burnup of 70% U-235 (3
cycle)

= Qualification for fuel assemblies with HD silicide fuel

I i

| - A

| B F ot
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l"

[Prototype of full-size 5.3 gU/cc U;Si, flat fuel plate]

)

» Irradiation test (2 cycles) of KIMQI-
FUTURE was completed successfully
(Jan. 2022)

Peak BU : 70.8~72.6 at%U-235

09
&)

orea Atomic Energy 16
esearch Institute

B3
iz



Thank you for your kind attention !
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