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Improvement of prediction accuracy of advanced reactors: Precise and robust
cross section adjustment method based on active subspace approach

Yamamoto, Akio
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A new cross section adjustment method to reduce the uncertainty of the
reaction cross-sections, which is a major source of uncertainty in the nuclear design of advanced
nuclear reactors.

The main outcomes are as follows: (1)A combination of the active subspace, which is used in the
field of information science, and the continuous energy Monte Carlo method, which has very few
approximations in calculation models, is newly applied for the cross section adjustment. (2) By
using the M-estimation method, which is used in machine learning of robotics, a cross section
adjustment method that is robust to outliers and noise in experimental data is developed.



Energy X Innovation Promotion)

NEXIP
&
&
1980
a)
b)
Bayesian Monte-Carlo
a)
( )
) AS
( AS)
AS
BMC

AS

AS
BMC

NEXIP(Nuclear

(Active subspace, AS

BMC



AS

AS+BMC
AS
BMC

)
Subspace (AS)

(Fukui, 2021 ANS Winter Meeting,

(QUT
Godiva)
GLLS MOCABA(RS)
Transformation (UT)
uT )

uT

(Fukui, 10.1080/00223131.2022.2095051,

©)

AS

BMC

—4— Conv.
—4— ND r=80
—§— NCr=20

104 10°
the number of BMC-sample N [-]

1AS+BMC

—-= GLLS
e UTS
A RS

AS
BMC
BMC
Active
AS 60
AS g
AS 10
BM C 500
1) 400
( Ej 300
Unscented ; 0
100
0
2)
10°
104
* 10°
10?

10!

2’5 5'0 7’5 160 1é5 1."30 1 ;S 2(')0

225
Sample Size
2UT
e GLLS e o
%  MGLLS °
-==- Degrees of freedom
°
.
°
L] L]
X X
SR X
¥
0 2 6 8 10
The number of case
3M +GLLS



(Fukui, 10.1051/epjconf/202328100006,  3)

(4)

(Maruyama, 10.1080/00223131.2023.2203707,
10.1051/epjconf/202328100008,  4)

®)
Na

Na
Na-23

(Maruyama,  DOI:10.1080/00223131.2023.2244512,
5)

ICSBEP
(TSL)
(Harada, 2024 ANS
Annua Conference,  6)
TSL
(CAB )

(Endo,

DOI: 10.1080/00223131.2023.2231931) (2)
uT

(6)

CJE value

08

Contribution to
relative uncertainty (%)

o Before
& After(conv. method)
i After(proposed method)

Propability Density (-)

Monte-Carlo Analysis

2 2 3 s s
T 8RR R OROROEOZTOROYTEOYROROGROR OGS
% 2 % 2% 3 3 L 38 02 02 8
S % v 2 e 5% 3 oy ¢
4 - 5
B a priori (total=6.0%)
3{ 3 a posteriori (total=4.8%)
2
1
0
SN ISECESCHSSSTEE g
EEMREYUSRRETRLYU ST 2
mmNNw:VgngNCC‘-‘C‘ES
MomM25S 882502 52508
NNX-bNﬁmnli:N.o.._‘""Ng'l
e = R N e N 23 X § N ®© )
ZEamAaZS220 &R Q982 Py
SEadmS22admalasfSxyY
cE2N S FgE2N Y08 ST
= D = = £ S a9
0 on ® U = I3 £ c Y= 2
m 9 M & ® ™ s c-omc
ND N = m o~ © - N 5
=1 D ® o ] o m o 9
m > onNz9g
o © &
b | =
\
\
0.030 ; \
H \
Q VP
0.025 ’:DJ'; "(—Dh
. H \
(% e
O i)
0,020 =g i
H ‘O
0.015 !
\
\
\
0.010 \
\
‘\
\
0.005 \
\
B
X
. N,
0,000 e
0985 0990 0995 1000 1005 1010 1015

Kerr(-)



Shuhei Maruyama,Tomohiro Endo, Akio Yamamoto 60

An estimation method for an unknown covariance in cross-section adjustment based on unbiased 2023

and consistent estimator

Journal of Nuclear Science and Technology 1372-1385
DOl

10.1080/00223131.2023.2203707

Shuhei Maruyama,Tomohiro Endo, Akio Yamamoto 61

Uncertainty reduction of sodium void reactivity using data from a sodium shielding experiment 2024

Journal of Nuclear Science and Technology 31-43
DOl

10.1080/00223131.2023.2244512

Tomohiro Endo, Shuhei Maruyama, Akio Yamamoto 61

Deterministic sampling method using simplex ensemble and scaling method for efficient and 2024

robust uncertainty quantification

Journal of Nuclear Science and Technology 363-374
DOl

10.1080/00223131.2023.2231931

Yuhei Fukui, Tomohiro Endo, Akio Yamamoto 60

Nuclear data adjustment using a deterministic sampling method with unscented transformation 2023

Journal of Nuclear Science and Technology 238-250

DOl
10.1080/00223131.2022.2095051




Yuhei Fukui, Tomohiro Endo, Akio Yamamoto, Shuhei Maruyama 281

Development of a robust nuclear data adjustment method to outliers 2023
EPJ Web of Conferences 6
DOl

10.1051/epjconf/202328100006

Shuhei Maruyama, Tomohiro Endo, Akio Yamamoto 281

Applicability evaluation of Akaike’ s Bayesian information criterion to covariance modeling in 2023
the cross-section adjustment method

EPJ Web of Conferences 8

DOl
10.1051/epjconf/202328100008

17 0 9

Yoshinari Harada, Hibiki Yamaguchi, Tomohiro Endo, Akio Yamamoto

Uncertainty Quantification of Prompt Neutron Decay Constant o due to the Thermal Neutron Scattering Law of Water

M&C2023, the International Conference on Mathematics and Computational Methods Applied to Nuclear Science and Engineering

2023

simplex scaling

2023

2023




2023

2023

2023

2023

Yoshinari Harada, Hibiki Yamaguchi, Tomohiro Endo, Akio Yamamoto

Data Assimilation Using Prompt Neutron Decay Constant a for Water to Reduce Uncertainties due to Thermal Neutron Scattering
Law

ICNC 2023, the 12th International Conference on Nuclear Criticality Safety

2023

Syuhei Maruyama, Tomohiro Endo, Akio Yamamoto

Nuclear Data Sensitivity Analysis of a Sodium Shielding Experiment Based on Generalized Perturbation Theory for Data
Assimilation

ICNC 2023, the 12th International Conference on Nuclear Criticality Safety

2023




Tomohiro Endo, Akio Yamamoto

Efficient Uncertainty Quantification Using Deterministic Sampling Method with Simplex Ensemble and Scaling Method

ICNC 2023, the 12th International Conference on Nuclear Criticality Safety

2023

2024

2024

Yoshinari Harada, Hibiki Yamaguchi, Tomohiro Endo, Akio Yamamoto, Kenichi Tada

Data Assimilation Using Deterministic Sampling Method to Selectively Reduce Uncertainty due to Thermal Neutron Scattering
Law for Light Water

2024 ANS Annual Meeting

2024

Yuhei Fukui , Tomohiro Endo, Akio Yamamoto, Shuhei Maruyama

Development of a robust nuclear data adjustment method to outliers

5th International Workshop on Nuclear Data Covariances (CW2022)

2022




Shuhei Maruyama, Tomohiro Endo, and Akio Yamamoto

Applicability evaluation of Akaike’ s Bayesian information criterion to covariance modeling in the cross-section adjustment
method

5th International Workshop on Nuclear Data Covariances (CW2022)

2022

Tomohiro Endo, Akio Yamamoto

Review of data assimilation using prompt neutron decay constant

5th International Workshop on Nuclear Data Covariances (CW2022)

2022

2022

2022

2023

2023




Y. Fukui, T. Endo, A. Yamamoto

Dimension-reduced Nuclear Data Adjustment Method based on the Bayesian Monte-Carlo Method

American Nuclear Society 2021 Winter Meeting

2021

2021
2021

2021
2021

(Endo Tomohiro)

(50377876) (13901)




(Maruyama Syuhet)

(70742170)

(82110)




