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Introduction to KIMQI Project




1 -1 Background of the KIMQI Project

Bl Status of Research Reactor Fuel Conversion

® Most HEU fuels are converted with commercial U,Si, fuel (max. U-density 4.8 gU/cm?).
® Some high-power RRs still use HEU fuels = Need to be converted to LEU fuel

1. Development of advanced LEU fuel using U-Mo (dispersion and monolithic)

2. Development of high U-density LEU fuel using the U;Si, powder (dispersion)
® Atomized powder is known to be advantageous for increasing U-density.

Density U-density
Fuel Compound (glcm?) (g-Ulem?) Relative U-density | Typical Enrichment Typical Fuel Form

19.1 19.1 1.00
U-7Mo 18.4 17.1 0.90 LEU Dlsper3|on/PIate(KJRR)
U-10Mo 18.2 16.4 0.86 LEU Monolithic Foil/Plate
U,Si 15.6 15.0 0.79 LEU Dispersion/Pin(HANARO)
U,Si, 12.2 11.3 0.59 LEU Dispersion/Plate
U504 8.4 71 0.37 HEU Dispersion/Plate
UAI 2 N/A 4.5 0.24 HEU Dispersmn/PIate
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1-2 Objectives of the KIMQI Project

B Qualification of atomized U,Si, fuel

Qualiﬁca_tion of « Fabrication of atomized high-density U,Si,
HD U;Si; Fuel fuel plates (flat-type, dispersion)
' « BR2 Irradiation and NDE & DE PIE
KIMQI-GTA KIMQI-GTA

+ Fabrication of atomized high-density U,Si,
fuel assembly (curved-type, dispersion)
» BR2 Irradiation and NDE & DE PIE

Quallflcatlon of HD U,Si, Fuel

Quialification of atomized U,Si, powder/fuel
* Qualification of KAERI as a vendor for MTR

fuel assemblies to enable blddlng on future

contracts Sl pRemmmza
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1-3 Key Milestone of the KIMQI Project

KIMQI-FUTURE

Fabrication
R KIMQI-GTA HD Atomized Silicide Qualification Report
Fabrication

KIMQI-FUTURE
Irradiation& PIE

KIMQI-GTA =
Irradiation & PIE ',T
KAERI Qualified as
MTR Fuel Assembly Viendor

(3 -
af &
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Fabrication of High-density Atomized U,Si, Fuel




9 -"] Fuel Fabrication Facility in KAERI

Atomized powder fabrication

Fabrication Facility for RR Fuel
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9 -2 Fabrication of Atomized U,Si, Powders

Bl Atomized U,Si, powders were successfully fabricated.

= si —
m (at.%) (at.%) UIS| ratlo
24

60.8 39.2 1.55
el 25 60.4 39.6 1,53
26 60.1 39.9 1.51
27 61.0 39.0 1.56
? 7 |+ Successful mass production of atomized U,Si, powders
- : : » Temperature during atomization: up to 1,950 °C

15

Portion (%)
Intensity (count

» Mean particle size: 60~80 um
» Composition: Si 7.4~7.8 wt.%

10 -

| » Satisfying the impurity requirements for BR2 fuels

- U 02, 01-071-482 T
Particle Size (um) Us'siz, 01-081-22411_| [ 111 | [ [ [
T r T T "

theta (deg)

[Particle Size Distribution] [XRD analysis]
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=3 Prototype of Atomized U;Si, Fuel Plates

+ KJRR-size U;Si,/Al fuel plates were successfully fabricated.
(4.8 gU/cc and 5.3 gU/cc)

» Improved Roughness

» Satisfying all inspection criteria

(based on the KJRR specifications)

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

Pasition

Area? Areal Area2

Fuel meat: 601.20 mm

Position

Area2 Areal Area2

i
A SRR KRR
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-4} Fabrication of KIMQI-FUTURE Plates

| machining
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2 -4 Fabrication of KIMQI-FUTURE Plates
B Successfully fabricated 5 KIMQI-FUTURE plates (with 1 archive plate)

® High-density 5.3 gU/cm? atomized U,Si, flat fuel plates

® A nominal size of 970 mm x 61 mm with a nominal thickness of 1.27 mm

® Satisfied all criteria based on the BR2 specifications

IVIQI-P002

KIMQI-FUTURE Fuel Plates 0
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Irradiation of High-density Atomized U,Si, Fuel




3-1 Descriptions of the KIMQI-FUTURE Plates

Summary of the KIMQI-FUTURE key plate parameters

Plate EUChTVo: & U-235 Plate Fuel Meat
Plate ID : : yp Mass Thickness Thickness Cladding Type  Porosity(%)
Dimension U-density
(9) (mm) (mm)
KIMQI-P002 U,Si,-A 202
KIMQI-P003 ' ' 7
970x61x1.27 dispersion  4g5,45 1.27 0.51 Al-6061
KIMQI-P004 mm (atomlzed)é 7.43
KIMQI-P013 >3 gufem 8.47

® 4 identical K-F plates are
loaded into the FUTURE-5

oM

KIMQI-P002

basket during all cycles.

Karea Atemis Energy Rressarch Institute
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3.2 KIMQI-FUTURE Irradiation Conditions

B Irradiations were completed in 2"9 jrradiation cycle

® Target irradiation conditions:
= Target peak heat flux (edge): 470 W/cm? at 1st BOC
» Target peak Burnup: = 70% U-235

01/2022.A3 Ed.1
(Confirmed & Approved)
L1

07/2021.A1 Ed.4
(Confirmed & Approved)

@
e:-9
@

) ¢
@

o .@. \

Basket
Slot

Cycle A - 07/2021
33 days in position
281

Cycle B - 01/2022
31 days in position
D300

Position
and 0°
direction

Duration
*-2e% 0 g® e 31
‘ Average
@ . power 51.53 53.12
N o@ e |
| ) o A
= Ca e 20 siemsas
— Foc 9 sz
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=3 Heat Flux Distributions at Beginning of 15t Cycle

KIMQi-P002

139.9 136 127.2 1496
1452 1484 1401 1468 1678
1608 1619 1689 1666 181
1744 1696 1893 1892 1959
194.4 185.7 1959 201.4 2161
2107 204 2079 2084 2308
2203 229 2324 2521 2536
2497 247 2516 2671 27717
2717 2649 2647 2839 300
2704 2795 2938 2906 3195
306.8 331.1 311.1 2943

1306
1479
1615
190.4
2108
2378
260.7
276.4
2897

151.5 1479
154.8 1656
186.1 178.2
213.7 2077
2409 2389
256 2397

7434 3101 312.8 308.1 324.4
__ 557
E 3717
S 1859
K =
2 1859
® 3717
- 557
7434
92
111
13,
14,
1B,
-18.585
20444
-22.302 362 3551 339.4 338.9 351.5 3386
24161 13402 3186 327.1 316.5 320.8 3378
-26.02 3335 3245 3123 300.2 306 3122
-27.878 3124 3096 2905 278.1 281.2 289.1 296.2 306.6
-20737 3116 2891 2724 2636 2661 2676 2926 2919
-315954298.1 2729 2457 2642 2561 256 2515 256 2781
-33454 42633 226 2471 2273 2247 219 2317 231.2 2487
-36312 42355 2239 2065 2146 1969 1998 2098 2103 2207
-37171 42028 1928 1794 1783 1918 175 1789 1856 1904
I MR
a < e =
Width (cm)
Max: 463.8 W/cm?

Avg: 280 W/cm?

Lenhgh (cm)

KIMQI-P003

3717
35312
33454
31.595
20737
27878

26.02 ) ] 9 1415 147.1 1477
24.161 146 1482 1490 143 157.8 1839
22302 {1501 1642 177.7 159 1736 166.9 1812 1842
20.444 {182.9 1889 1867 1938 1908 2014 195 190.8
18585 2126 2057 2050 2048 2067 2034 2158 2255
16.727 258 7 2348 2349 2211 2252 2256 232.9 2238
14.868 | 253 2440 2470 2548 2516 2531 2505 2479
13.01 {2727 2604 2603 2715 286 257 2504 2708
11.151 {3086 302 2817 2851 2787 2732 2722 2817
9203 3121 2965 2869 2905 290.2 300.3 3163
743 3198 3267 327 3109 3043 301 3101

5576
3717
1.859
-1.859
377
5576
-7.434
9293
-11.15
-13.
-14.
-16.
-18.585
-20444
-22.302
-24.161
2600 13315 307.8 3109 3066 2989 305 3042
-27 878 3004 2825 271.3 2881 279.7 279.4 2902
-29737 4301.2 2888 273 263 2739 2646 250.9 2707
-31595 {2723 2531 2481 2465 241 2431 2362 2405
-33.454 42441 2453 2384 2166 2221 220.4 221.4 2231
-35312 {2251 2108 2012 1954 1946 192.2 204.1 1984
-37171 4197.3 1813 1844 1737 1639 1751 173 1743
L U S I S 4
< ] S =
Width (cm)
Max: 450.4 W/cm?

272 W/cm?2

Lengh (cm)

KIMQI-P004

1147 1165 131 1283 132.8 1435 1511
1335 1361 1337 1523 1463 1535 166
1548 160.1 1536 149 1682 168 1828
1741 177.1 1731 171.6 188.9 193 204
1896 1805 1889 1929 1868 1966 216
206 2122 2076 2099 208 2174 2439
2274 2124 2074 2239 2362 2517 2496
2502 2462 2353 2466 2472 2685 2705
3007 2834 2785 2662 2596 2598 271 277 2833
3153 2011 207.9 2827 2735 286.7 274.1 2937 3005
13329 3052 3244 303 3125 209 3064
3475 3162 316 (3212 3205 3153 3149
13575 3386 336.9

136.7 1298
148.7 1488
175.2 1776
189 1799
2141 2185
244.8 2502
244 4 2597

5578
377
1.859
-1.859
3717
55
-1.
9.2
-111
-13.
-14.868
-16.727
-18.585
-20444
-22.302
24161 3444
-26.02 13287 3344 3324 3257 3154 306.8 3101
-27 878 316.3 311.7 3111 2904 2749 278.5 2847 3152
-29737 2976 2841 2705 268 259.7 271.2 2645 2881
-31585 2087 2749 2774 2422 2478 2579 2463 2375 2638
-33454 42516 2467 251 2363 2252 2279 240.5 226.1 2346
-35312 4234.4 2191 2066 1953 2014 194.7 207.5 2015 2211
-37171 42068 1933 1691 1846 1719 167 167.3 1776 1798
S S S S S
- o =
Width (cm)
Max: 473.0 W/cm?

281 W/cm?2

Lengh (cm)

KIMQI-P013
Heat Flux
(Wfcm?)
37171 Ll
35312
33454
31.585
29737
27.878 1261 : 11341 147
26.02 {1493 1252 1415 136 1507 1521 1396 1647 1729
24161 168.8 1616 160.8 168.8 1752 173.7 157.7 1686 1849
22302 169.3 174.8 179.1 169.7 1745 186.1 177.9 183 2128 3840
20444 { 203 2044 2048 188 202 2031 214 2164 2191
18.686 {2353 2008 2168 2203 2183 2138 2221 2389 2499
16.727 {251.9 2461 2265 2322 242 2342 237.4 2388 2566
14.868 1268 3 2678 2633 2731 2675 2633 2602 2773 2768
13.01 2785 2826 2888 2837 2889 2828 283
11.151 2899 3022 286.3 279.8 305.6 3037 3136
9263 3158 3159 3145 320.8 317.9 3215
7434 I 2880
5576
377
1859
-1.869
3717
-5.576
7. |- 1920
9.2
-1141
-13.
-14.
-16.727
-18.585
-20.444
-22302 (38553708 367.8 3579 357.8 356 3628 9500
-24.161 13627 342.3 3444 3135 327.7 3342 3433
-26.02 3415 339 3163 3171 322 314 3256
-27.878 3223 3186 314 3131 314.5 307.4 3184
-29737 {317.4 2007 2956 2889 268 2752 2759 291 3032
-31.595 {2927 2569 2491 2544 2518 2444 2502 2617 2848
-33.454 {267.9 254.3 2503 2514 2491 2481 2358 2407 2446
-35.312 {237.7 2216 213.3 2015 2182 2065 212.2 2222 2248
-37.171 {2162 1981 1827 1797 185 1892 1894 1916 1998 had
P R IS TS S
) ] = o
Width (cm)
Max: 451.6 W/cm?

288 W/cm?
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Lengh (cm)

34.65

27.72

20.79

13.86

6.93

-6.93

-13.86

-20.79

-27.72

-34.65

3-4 Burnup Distributions after 15t Cycle

KIMQI-P002

233227

29.8 27.6 24.7 24.1 21.3 23.7 26.6 25.7 21.3

359324303 32 329319299282 30

40.3 40.9 39.3 35.8 36.5 41 40.238.7 39

46.945.6 41.7 43.144.1 44 47.7 485522

492 48.5 45.6 47.8 43.946.948.9

3525

484 447 457 46 457451 49 459 50

41.2 39.540.1 38.8 39.7 38.243.8 44.4 448

27.531.729.830.228.929.132.1 33.932.8

T T T T T T T T T
QESONSEISIOT oo = o o
= =

TMdth (cmc);
Max: 525 %
Avg: 31.7 %

Lengh (cm)

27.72

13.86

o
8

&
4

-13.86

-20.79 4

-27.72

KIMQI-P003

26.4 23.727.625.721.924.927.6 25 253

33.431.631.3 30 27.928.428.329.130.2

40.6 43.542.4 35.6 37.6 38.841.5 41 391

48.6 42.245.844.4 479 45 424453 49.8

48.544.945.8 46.5 47.5 48.9 48.1 49 . -13.86

46.4 42.643.142.1 46.4 41.348.2 50.3 52.3

40.7 40.3 38.7 39.5 38.440.8 41 40.840.8

31.826.7 30.130.5 30.426.628.931.1326
Width (cm)
Max: 54.3 %
Avg: 31.6 %

Lengh (cm)

3465

27.72

20.79 4

13.86

6.93 4

-6.93

-20.79 4

-27.72 1

-34.65

KIMQI-P004

30.827.827.724923.323.3223202229

36.534.8 33.331.431.332.129.330.729.9

41 39.338.4394 41 39.335639.2 40

44 426434 44 446434444461 51.1

494 458 477433 47146.8476 4P 516

50.744.446.944742947.3482 469512

40.8 37.9 35.6 39.1 38.842.743.343.2447

294 305287 32 308281 31 31 35
Width (cm)
Max: 51.6 %
Avg: 31.6 %

Lengh (cm)

3465

27.72

20.79 4

13.86

6.93 4

-6.93

-13.86

-20.79 4

-27.72 1

-34.65

KIMQI-PO13

212192192
27.7248245236 24 24 221238
35.2 32,1 30.1 30.1 30.3 30.5 30.229.5 27

40.941.6 426 41.139.536.239.342941.4
47.8 448435445484 49 458 46.950.8
442 447 462 469459455497 51 533

44.1 451 456 43.7 46.1 47.3 47.9 .2.)

38.941.837.839.940.139.1 43 45 489

33.229827.431632131.730.2313352

T T T T T T T T T
@ @ T ©w ©o v - W ™
- =

TMdth (cmc);
Max: 53.5%
Avg: 3L

Bumup
(% U-235)

8000

64.00

16.00

SSERT
CT BRAXHAIN

/ KAERI
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3.5 visual Inspection after 15t Cycle

l Plate ID ve:i?ie 4 TOP MIDDLE  HHF BOTTOM S'-I',\?E de';:;';on
P002 | PO03 | POO4
| | KIMQI-PO02  Yes  Clean Clean _"inor Clean Easy
OF Shading
Minor 8
KIMQI-P003 Yes Clean  Clean Shadi Clean Easy  Nofission
ading products
KIMQI-PO04  Yes  Clean Clean /N Clean Easyl  GE
Shading
KIMQI-P013 Yes Clean  Clean Clean Clean Easy

{ « All IDs verified
» Generally clean surface

» Some minor shading observed in
the lower 2/3 section
(corresponding to high heat flux
region)

« All plates slide easily in and out of
the basket indicating no
remarkable dimensional changes

< SHRXIZITY
(F,nzm nmﬁ.m'-_c....t,;:mm.ﬁlmﬁ

2022-01 -20 0810054 | 20225015207 0728 ¢
| N

KIMAI=FUTURE

e
e b

)
=RUTURE
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13-6 Burnup Distributions after 2" Cycle

KIMQI-P0O02 KIMQI-P0OO3

34.65

27.72 27.72

2079+35.3 35.7 31.429.2 30 29.7 30.2 29.6 30.5 20794323352 33 305325 34 295 30 317
138645343.8422412389 40 444425 38 1386 443.2 41.543.942.8 39.841.243.341.742.7
6.93 6.93
§ 8§
i 0 = 0
2 2
35 S

.
8

£.93

-13.86

-20.79

-20.79

27.72 -27.72

-34.65

Width (cm) Width (cm)
Max: 725 % Max: 72.3 %
Avg: 48.9 % Avg: 48.6 %

Lengh (em)

27.72

13.86

o
&

-20.79

-27.72

33.431.829.829.431.829.4 30.3 29.1 30.2

45.2 442 44 40.739.740.4 41.2 38.3 40.9

KIMQI-P004

Width (cm)

72.6 %
48.6 %

Lengh (em)

27.72

2079 433.3 30.8 32.6 31 33.830.3 30.929.530.4

13.86 143.7 40.9 40.4 40.240.6 41 40.9 41.6 36.6

6.93

-20.79

-27.72

Max:
Avg:

KIMQI-P013

Bumup
(% U-235)

.00

48.00

200

.00

Lo

v - v o
i

Width (cm)

70.8 %
48.9 %

o SR UX}EIITN
%ERI Knmaam:n«l;y:mmi.ﬁwl_u
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3.7 Visual Inspection after 2"d Irradiation Cycle

Plate ID 'D TOP MIDDLE  HHF sottom  S-HDE S
verified IN detection
KIMQI-PO02  Yes  Clean Clean _"inor Clean Easy
Shading
Minor
KIMQI-P003 Yes Clean  Clean Shading Clean Easy No fission
T products
KIMQI-P00O4  Yes  Clean Clean nor Clean Easy  detected
Shading
KIMQI-PO13  Yes  Clean Clean _"n°r Clean Easy
Shading

» All IDs verified

» Generally clean surface

« Some minor shading observed in the
lower 2/3 section (corresponding to
high heat flux region)

 All plates slide easily in and out of the
basket indicating no remarkable
dimensional changes

e

AL o)
C/RARRY o

(&
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4 Summary and Future Works

B KIMQI-FUTURE Irradiation were completed successfully.

® All KIMQI-FUTURE plates were irradiated without any remarkable problems
and achieved target heat flux and burnup.

® Non-destructive and destructive PIE will be completed in 2023.

Bl KIMQI-GTA Irradiation will be started in 2023.

® High-density U;Si, curved fuel assembly will be fabricated and irradiated in 2023
with a similar irradiation condition of KIMQI-FUTURE.

_ %w | , _J
Peak Heat Flux Peak Burnup Visual lﬂ e

Plate ID BOC1 EOC2 Inspection sﬁ}

(W/cm?) (% U-235) Results g g
KIMQI-P002 464 72.5 Only minor U
shading, R
KIMQI-PO03 450 72.3 No remarkable A
KIMQI-P004 473 72.6 dimensional ———
changes, )
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