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1. Introduction (1/3)

> All heat transfer modes can be observed e s
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annular flow, inverted slug flow, dispersed S| s
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1. Introduction (3/3)

0 To introduce the application of STARU data assimilation framework

v Improving the prediction results
v" Identifying the most sensitive uncertainty source in the simulation



2. Data assimilation (1/2)

0 Data assimilation (to adjust the input parameters within their uncertainty ranges to improve the predictions)

v Set of the prepared input parameters for simulation
 Initial and boundary conditions — low uncertainty band
« Physical models — high uncertainty band

v Set of experimental data to evaluate our prediction

v' Mismatch = | Predicted — Measured |
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2. Data assimilation (2/2)

> Data assimilation (DA) * Experiment
_ Nominal prediction
v’ Parameters adjustment for g —=— STARU*
iImproving the predicted values. =
©
» DA consisted &
v Sensitivity analysis 2
@)
v Uncertainty quantification _CEJ
v" Accuracy evaluation method E
: @)
v" Sampling method
> O bj e Ct :nT Cvii?:f\stth’:erziigirﬁr;fe?: tz:r215;i:anb?y gd?ljgt;:e%s\?v?ttﬂit?h?eis:i?::l:ﬂz?n:;ag:g: Lksfr?gT '::rgp)ﬂing approach.
\/ SPACE COde (Ha et al 2011) Ha, S. J., Park, C. E., Kim, K. D., and Ban, C. H., 2011. Development of the SPACE code for nuclear power plants. Nuclear Engineering and
] Technology, 43(1), 45-62.

/ STAR U d a’ta aSS| m | |at| O n fram eWO rk Tiep, N.H., Kim, K.D., Heo, J., Choi, C.W. and Jeong, H.Y. A newly proposed data assimilation framework to enhance predictions for

reflood tests. Nuclear Engineering and Design, 390, p.111724, 2022.

v FLECHT SEAS ET reﬂOOd tests Loftus, M. J., Hochreiter, L. E., Conway, C. E., Dodge, C. E., Tong, A., Rosal, E. R., ... and Wong, S., 1981. PWR FLECHT SEASET

unblocked bundle, forced and gravity reflood task data report. Volume 1 (No. EPRI-NP-1459-Vol. 1; NUREG/CR-1532-Vol. 1; WCAP-

9699-Vol. 1). Westinghouse Electric Corp., Pittsburgh, PA (USA). Nuclear Energy Systems Div.




3. Materials and tools (1/4)

The FLECHT SEASET reflood tests and responses

v Number of F-S test: 9

v’ Harmonization the experiment
and 1/O data (number of data
points and time steps for both

experiment and responses)

v Number of responses: 5

: _I\/I_a_ximum Inlet
The reflood tests Flooding Power initial clad Pressure temperature
rate (mm/s) | (KW/m) temperature (MPa)

(K) )
F1-31021 38.60 1.30 1153.00 0.28 325
F2-31302 76.50 2.30 1142.00 0.28 325
F3-31504 24.00 2.30 1136.00 0.28 324
F4-33849 25.90 1.90 1018.00 0.28 331
F-S F5-34103 38.10 2.40 1158.00 0.28 324

F6-34316 25.00 2.40 1162.00 0.28 324-392
F7-34420 38.90 2.40 1392.00 0.27 324
F8-34711 17.00 1.40 1161.00 0.13 306
F9-35050 25.90 1.60 1031.00 0.14 316

Loftus, M. J., Hochreiter, L. E., Conway, C. E., Dodge, C. E,, Tong, A, Rosal, E. R, ... and Wong, S., 1981. PWR FLECHT SEASET

unblocked bundle, forced and gravity reflood task data report. Volume 1 (No. EPRI-NP-1459-Vol. 1; NUREG/CR-1532-Vol. 1;
WCAP-9699-Vol. 1). Westinghouse Electric Corp., Pittsburgh, PA (USA). Nuclear Energy Systems Div.

(cladding temperatures at two different elevations, the steam temperature, the
pressure drop, and the quenching time).




3. Materials and tools (2/4)

The selection of the parameters - 42 multipliers (Tiep et al., 2022).

Form loss coefficients (forward and reverse flow)
Interfacial Friction Factors (liquid-vapor IFF factors)
Droplet Entrainment, De-entrainment

Convective Heat Transfers coefficients

N X N X X

Interphase Heat Transfer coefficients

Tiep, N.H., Kim, K.D., Heo, J., Choi, C.W. and Jeong, H.Y. A newly proposed data assimilation framework to enhance predictions for reflood

tests. Nuclear Engineering and Design, 390, p.111724, 2022.



3. Materials and tools (3/4)

The Absolute Relative Difference method (Tiep et al., 2022)

m n j j
/4
R=ZZ G S S
] J ] ]
n n
J _ J J _ J

V: the calculation value

V¢! the experimental values

| : the responses

k : the weighting factor for each response
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3. Materials and tools (4/4)

The sampling technique (Tiep et al., 2022)

R -
R;= System state calculated by x; (i=1 to 5) X,, X5, X3: The continuous samples v v
RC: lnjn (Rl’ RZ’ RS’ R4’ RS) X"-I-’ XS . The unjfoml Salnples /oontinuoDS:v;ampes/ / uniforr?wr:‘:mp\es /
X=Xp+rand(-&:g) X=rand(c:1)

| |
v

Calculate
the system states and
identify the minimum state

Re(Xc)

Draw u=rand(p:1)
Calculate «=Rp/Rc

Accepted X

The local minimum /

The global minimum

padasoy

pajoaloy

v

The a posteriori parameters combination
11



4. Results (1/5)

The overall enhancements

ARD evaluations for STARU DA results FFTBM evaluations for PAPIRUS DA results
Table 6
No | Test case ARD methOd Improc\)/ement Ttale :\Amtal values for sampling approach.
Before DA | After DA (%) No. Rin AAL e
1 F1-31021 0.192 0.110 42.9 Nominal value (1)  The a posteriori value (2)
3 | F3-31504 | 0.240 0.156 35.3 2 31302 0264 0250 4
4 | F4-33849 0.208 0.119 42.6 4 33849 09258 0.251 56
5 | F5-34103 0.216 0.105 51.3 5 34103  0.286 0.266 6.9
6 34316 0.299 0.243 18.7
6 | F6-34316 0.212 0.181 14.7 7 34420 0239 0217 94
7 | F7-34420 | 0.200 0.116 42.1 8 34711 0307 0261 15.1
8 | F8-34711 | 0320 | 0.170 46.8 9 35050 029 0254 137
9 F9—3 5050 0302 01 29 572 Tiep, N. H., Kim, K. D., J. Heo, 2021. Improvement in the accuracy of SPACE prediction for

the unblocked FLECHT SEASET reflood tests by data assimilation. Annals of Nuclear Energy,

12



4. Results (2/5)

All quenching time enhancements
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4. Results (3/5)

The system state

0.30

0.25

R value
o
N
o

0.15 +

0.10

System state

'S

Mismatch
&
o

Mismatch of calculation and experiment

0

Number of accepted sample

3000

MNumber of accepted sample

Fig. 7. The total mismatch distributions.

Tiep, N. H., Kim, K. D., J. Heo, 2021. Improvement in the accuracy of SPACE prediction for

the unblocked FLECHT SEASET reflood tests by data assimilation. Annals of Nuclear Energy,




4. Results (3/5)

The system state
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4. Results (4/5)

The Standard Deviation (STD) result

0.40 T T | T
Fluctuated physical model N 7.
e 035 —*entrain STD. = i=1(xi = Xy)
' —+— |FF_inv_slug 4 N —1
' WHT _sat_film
" 0.30 + -
c_‘ja 0.6
E c —— WHT_sat_nb M
S o] 9
=S 20251 POt
=
0.2 1 8
o 0.20 | Y 7]
0-0 o 2 5ICI 560 75IO 10:00 1_2I50 15:00 1_7'50 2000 m
MNumber of samples _8 ) -——‘;r‘w
g ot e v ]
Stable physical model )] “.-‘;“" = ‘ME:
1.0 = ' RS = === -__-;:‘ '.__rj_.:"-‘_-—-‘
0.10 ‘{F’ﬁ"’ﬁ?ﬂ; . T
0.8 - hb"‘gé}’ﬁ"
T il = —
2 0.6 - 0.05 ' -
2 041 0.00 | I ! |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
' Number of accepted sample
-0 o] 25‘0 5[;0 75;0 lD:CICI 12I5O 15:00 17I5O 2000 16

Number of samples



4. Results (5/5)

Cladding temperatures and quenching time improvements

F5-34103 test case

F6-34316 test case
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5. Conclusion and Future work
Concluding remarks for STARU application

v The prediction for the F-S reflood tests were enhanced.

v" The most sensitive uncertainty source were identified.

Future work

» STARU may be amenable to implementation for the other computer codes to search the best values of
the parameters (MARS-KS, RELAP5, MELCOR, CUPID...)

» STARU can be implemented to find the optimized fuel enrichment configuration (NuScale reactor).

18



Thank you very much for your attention!
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