__zuneins

20254 Spring Conference
HAEA | SoliA| 2 WibE2H| 3

2ol &=l AIZS=tz 2HIEI |25 E
UAL HE 7=S itk MEAI0|E 2 H2HE

Calculating radionuclide release rates from deep-sea submerged spent fuel casks:
a surrogate model approach

2025-05-23
7, ol

*shleel222@kmu.ac.kr

AEBR K B 4R (" CAOD LAB

KEIMYUNG UNIVERSITY Computer-Aided Optimal Design



Mu
70

ol




© BA7IHOE NBTHARO WS BT YT BUXNY AN LS 2
o<1}
B e I
© BE 0| oK QXTI SHY A SHAR| AUt WY
© AFBZHARO| AU HHE Wit LAY,
+ PAYEHII= ZEE 0|83 2 HE U, P

2031 s opn

[
[ -_20375 3 oy
- 2042 5 oy

i ' 2066 s orn
2032 =zoopn

3/14

Development of Equivalent Beam Model of High Burnup Spent Nuclear

Fuel Rods under Lateral Impact Loading
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«  MARINRAD(USA)
* POSEIDON(France)
» Barrier Effect Model(Japan)

Breach is very small

v
) Breach is large ﬂ
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u,,: Flow velocity
R,: Release rate of radionuclides

q: Release rate of seawater
C: Nuclide concentration

Q: Nuclide inventory
d: Breach size

A: projected area
R.: Leaching rate

Saturation concentration o

T
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Only cladding vs Fuel rod

Cladding, Pellet
Bonded, De-bonded PCI
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Cladding,
arious interface condition

Epoxy
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The width of breach is so tiny

»

eep-sea environment is very vast.
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Setting an appropriately sized control
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Developed Two Models to Use Sub-Modeling Technique Using the Sub-Modeling Technique to Evaluate Radioactive
Material Release Rates

1. Full Field Model 200m

alysis of Full Field Model
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Outlet Inlet

2. Analysis of Local Field Model using
velocity profile of Full Field Model

.| —» Seawater release
T Rad on"-_‘ ide
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3. Evaluate radioactive material release rates

2. Local Field Model
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Full-Field

Model

Velocity Magnitude

[m/s]
6.44e-01

5.79e-01
5.15e-01
4.51e-01
3.86e-01
3.22e-01
2.57e-01
1.93e-01
1.29e-01
6.44e-02

0.00e+00
contour-1

-

> Local-Field Model
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Velocity Magnitude
[ms]
6.85e-01

6.17e-01
5.48e-01
4.80e-01
4.11e-01
3.43e-01
2.74e-01
2.06e-01
1.37e-01
6.85e-02

2.62e-06
contour-1

Velocity Magnitude

[ms]

vector-1

5.23e-02
4.71e-02
4.20e-02
3.68e-02
3.16e-02
2.64e-02
2.13e-02
1.61e-02
1.09e-02
5.73e-03

5.59e-04




Full-Field Model

Static Temperature
Static Temperature

i 4.25¢+01 622

1.50e+01
3.97e+01 ——
3.70e+01 1.508+01
- 3.42e+01 1.506+01
- 3.15e+01 1.50e+01
 2.87e+01 1.50e4+01
2.60e+01 1.50e+01
+ 2.32e+01 1.50e+01
2.05e+01 1.50e+01
1.77e+01 1.50e4+01
1.50e+01 1.50e+01

contour-1 contour-1

> Local-Field Model

Static Temperature Static Temperature
[C] (€1l
4 62e+01 2.57e+01
4 31e+01 2.46e+01
4.00e+01 2.35e+01
3.68e+01 2.25e4+01
3.37e+01 2.14e+01
3.06e+01 2.03e+01 Breach
2.75e+01 1.93e+01 B)
244e+01 1.82e+01
2.12e+01 1.71e+01 Flow direction
1.81e+01 1.61e+01 (Fig. 6 Right)
1.50e+01 1.50e+01
contour-1 contour-1
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Barrier Effect Model
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Inside Temperature vs Decay Heat (Only CFD Model)
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Inside Temperature (°C)
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Wass Flow Rate (g/s)
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20 30 40 50 60 70 80 90 100
Decay Heat (kW)

With External Seawater Flow

I CFD

N CRIEFI

16.8 kW 33.8 kW
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Gaussian process regressian on nase free dataset

IJﬂSﬂ ' l
I N 1] aEEz i -
: _ l__mwwh__.! T _l —
1. Selectingand  pes/ 1 P
1 : =
scopinginput 1 .. :’I; 2. Parametpr stud y &
factors | . VERTTET S o T 34
_r _________ q;:;-F;qAJ,us 268 | 197 %I El ‘ x;»%
ey | e |9§4I ames g ‘ b

BeEBucBe-tan
gEgREERY=R

Acquiring training
|4 datawith a Design —,

‘g of Experiments Bl
[ ey ey e

12 /15

Developing
metamodels with

".Inc‘ Inn rn ng
models
Ofl= 22 7' r

REE




ol

H|EF2 & 4

HiI _CI?_I

2

clolloll R 27| XM 2

—

1%
e
i

Q0 or o 4o

> S8 HH0M BHQl XM 2
- NMEER ZE2S WESP|0ls B2 A0 £2REE2, 9SHQ

:0.5,0ml/s

H B
|
Ul
S

1| 16.8 kW
237|(E): 1 mm

13/15

Horizontal orientation

Qs &

|

ﬁ

MEIZZE JHES Pl 24

Vertical orientation

=
c Angrs Ansys
Il )
@ =
o
<
o 3
o
@ °

Z"'- ’j'l i.

e
— Ansys Ansys
O 2024 R1 2024 R1
o
Q 2
Il
(L -
o i
5 g
Q - -~ jo
N f o o
Outlet Inlet
side side



. o2 MX|A
N ([ E=1=1 TN

Velocity (m/s)

EO

A —
27, £ W

Orientation

Case

Release rate [g/s]

Release temp [°C]

Horizontal

Inlet side

15.63

43.85

Outlet side

13.59

35.96

Vertical

1.528

42.71

0.5

Velacity Magnitude
ms

9138-02
8 0de-02
7.040.02
6.05e-02
5.05¢.02
4.058-02
3.05e-02
2.06e-02
1.060-02
6.14a-04
1

Horizontal

Inlet side

11.09

32.80

Outlet side

14.38

32.89

Velocity Magnitude
[ms

338004
-1

473e-02
4 .26e-02
379e-02
332e-02
285e-02 [
238e-02
191e-02
144e-02
873e-03
503e-03

Vertical

Velacity Magnitude
/s

9.03e-03
8.130-03
7 24e-03
6.94e-03
5.45e-03
4.55e-03
365e-03
2.768-03

1.86e-03

w0 3cale: X50

6.88e-05
-1

OO [WIDN

Velacity Magnitude
[m's
5 03e-02
4.53a-02
40%e-02
3538-02
304s-02
2.542-02
2.046-02
1556-02
1.05e-02
5.52e-03
 5te0d

20.02

Velocity Magnitude
[rms]

8 BDe-02
7.92e-02
7.04e-02
8.17e-02
5.29e-02
441e-02
3.538-02
265e-02
1.77e-02
8.92e-02

128004
-1

30.12

Scale: x5




Total Pressure
[Pa]
5.49e+01

4.42e+01
3.34e+01
2.27e401
1.19e+01
1.17e+00
-9.58e+00
-2.03e+01
-3.11e+01
-4.18e+01

-5.26e+01
contour-1

Total Pressure
[Pa]
2.20e+02

1.80e+02
1.59e+02
1.28e+02
9.73e+01
6.65e+01
3.58e+01
5.00e+00
-2.58e+01
-5.66e+01

-8.73e+01
contour-1
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Total Pressure
[Pa]

2.21e+02

Case 2

Outlet

o

Plane view

I

Inlet

1.74e+02
1.27e+02
£.01e+01
38 O 8.350401
1.37e+01

6.06e+01

1.54e+02

-1.07e+02
-2.01e+02

248e+02

contour-1

Total Pressure
[Pa]

4.94e+02
4.57e+02
4.21e+02
3.84e+02
3.48e+02
3.11e+02
2.74e+02
238e+02
2.01e+02
1.65e+02
1.28e+02

contour-1

Outlet

N

-236.41

Case 6

A:301.92
B: 155.56
C: 47391
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SHE (MEEBY)

Q37| | QERE | ELs | 51 g

[mm] [°C] [m/s] [KW]

ZA 0.3 3 0.09 3.665
Z|CH 1.0 26.8 1.37 47.050

JEEEED




=9 2%E Solf F2 2R F&E G/t ks
HE 2= ALE (Lg)
47| K] == B K|

QE37| | YER: | ERs | 21d
[mm] [°C] [m/s] [KW]
A 0.3 3 0.09 3.665
Z|CH 1.0 26.8 1.37 47.050
49091 24=F
s 2 ¢ 2 3
Exp| A C AC B AB BC D
A [ 1 1 1 1 1 1 1 1
D 211 1 2 2 2 2 2
311 2 1 2 2 1 2
AC AB 411 2 2 1 1 2 1
512 1 1 1 2 2 1
62 1 2 2 1 1 2
C BC B 712 2 1 2 1 2 1
sl2 2 2 1 2 1 2
L8 2

17 /15

Single-level designs

Designs 2level | 3level | 4dlevel 5 level
L4 2-3
L8 2-7 |
L9 2-4
L12 il
L16 2-15
L16 2-5
L25 24
L27 2-13
L32 2-31
ME JtsStCin| 2
column A C AC B AB BC D
_ Qe Qe o
o= =R ife:! e e T
== 6J—|
v = ec Q4 27
_ Q= (e]]=! o
= 10
TEET 2 Q2 37| o=
AESHHIE B



CIXt: K=37| > 9

Main Effects Plot for Release rate
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Interaction Plot for Release rate

Data Means
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3.665 AT.050 3.0 26.8 0.09 137 0.3 1.0 SES °C
20 26.8C
0l XNRE|SeqSS| ZI0E | Adj SS | Adj MS SUE | YRE2E | ARRS | fET7| | fEE | W
= |1
S 1 | 9976 | 563% | 546.4 | 450.2 -
1| 3.665 3 0.09 0.3 0.096 i
QE2T 1 | 1430 | 0.81% | 2002.3 | 1231.7 >T 2665 3 137 1 20.982 =
oEHoA 1 | 4297.7 | 24.25% | 246.7 | 4297.7 3T 3 665 68 509 T 5 0000 ——
FEED] 1 | 7601.0 | 42.90% | 7601 | 7601.0 AT 26 8 137 03 3.045 =
SHFQPERE | 1 | 3793.5 | 21.41% | 3793.5 | 3793.5 5| 4705 3 0.09 1 33.116 =
sajgeRoa | 1 [ 1008 | 0.62% | 109.8 | 109.8 T 47 o 3 137 03 T =
E2E+EeAl 1 | 776.8 | 4.38% | 776.8 | 776.8 T 47 o 6 8 509 03 3768 | =
Total 7 117719.5] 100.00% 8| 47.05 | 268 1.37 1 138.80 | =%
=4 24 HMAY L (REE)
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Main Effects Plot for Release temperature

SUE

QIR2L

LR
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Mean

3.67

47.05
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Interaction Plot for Release temperature

29 XRE|SeqSS| 7188 | Adj SS | Adj MS

S1E 1 |2445.17| 51.05% |2445.17 | 2445.17

Q= 1 682.65 | 14.25% | 34.17 | 34.17

QERE 1 | 785.63 | 16.40% |1226.51|1226.51

CEEM 1 |[160.74 | 3.36% | 122.32 | 122.32
QE2E*QERE 1 70.54 | 1.47% | 70.54 | 70.54
QIR2*QEIJ|| 1 5781 | 1.21% | 57.81 | 57.81
EQ2E*2237|| 1 |587.15 | 12.26% | 587.15 | 587.15

Total 7 | 4789.7 | 100.00%

=4 24
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RS AT (RERE)

Data Means
3.00 26.80 0.09 1.37 0.30 1.00
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SgE | AERE | AERS | K22V =2 ISk
1| 3.67 3.00 0.09 0.30 9.80 | =4
2| 47.05 3.00 0.09 1.00 58.31 | +=H
3| 47.05 3.00 1.37 0.30 87.65 | ==
4| 3.67 3.00 1.37 1.00 31.97 | =&
5| 47.05 26.80 0.09 0.30 37.60 | =™
6| 3.67 26.80 0.09 1.00 543 | =M
7| 3.67 26.80 1.37 0.30 33.65 | =
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