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Preface

The objective of this workshop is to open all the results of experiments carried out at the
Kyoto University Critical Assembly (KUCA) and develop all future activities of joint use at
KUCA through the discussion about the experimental topics together with all researchers and
engineers.

It is very important to share the experimental field with the mathematical and
computational (M&C), and nuclear data (ND) fields in terms of the analyses of reactor
physics experiments. From this context, another purpose of this workshop is to share the
results of experimental data with the researchers in the M&C and nuclear data fields through
the discussion with them.

Furthermore, it is expected that this workshop could be contributed to the human
resource training for young researchers and students in domestic, through their research
presentations.

Finally, we would like to give special thanks for their support and patience, by Dr.
Kazufumi Tsujimoto of JAEA, Prof. Go Chiba of Hokkaido University, Prof. Tomohiro Endo
of Nagoya University, Prof. Satoshi Takeda of Osaka University and Prof. Naoto Aizawa of
Tohoku University, to hold this workshop.

Cheol Ho Pyeon
December 2020
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Evaluation of the effect of probability distribution assumed on nuclear data
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in nuclides generation uncertainty quantification
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Research on the self-shielding calculation with a computer code based on the IGA method
*Matthias Nezondet!, W.E.G Rooijen?
'University of Fukui - Graduate School of Engineering, >Research Institute of Nuclear Engineering

We are developing a simulation code based on IsoGeometric Analysis (IGA) to resolve neutron transport equation for any
geometrical domains with the multi-group ”Sn” formalism. Indeed it is necessary to treat the cross section resonances
with self-shielding calculation. The goal is to develop a self-shielding method for any arbitrary geometrical domains.

Keywords: Self Shielding Calculation, Sub-group Method, Cross Section, SCALE6.2, NJOY21, Probability Table, CAL-
ENDF2011

1. Introduction: There are two main self-shielding method : the equivalent method (and/or Bondarenko model) and
the sub-group method. With the IGA approach, the goal is to perform calculation for any kind of geometrical domains so
the equivalent method could not be applied. That’s why we chose to use the sub-group method [1] as basis because it does
not rely on particular shape and it can be used with any resolution method such as ”Sn” formalism.

2. Self-shielding calculation: With the sub-group method, the method to get the probability table is linked to the self-
shielding calculation. Indeed, it is necessary to perform some calculation and compare it to a reference case to validate
our sub-group method. To do that we will make calculation for an homogeneous system with a resonant isotope (Pu239)
and a non-resonant isotope (H1). The transport equation to resolve is the following:

[NHl Gtg,Hl +NPu2396 Pu 239]ng = Fg+Sg +Qg (1)

where F'¢ is the fission source, S¢ is the scattering source, Q¢ is the external source
As a reference, we will use SCALEG6.2 to compare the calculation using the sub-group method. For our sub-group
calculation we need different types of cross section :

e Multi-group cross section coming from SCALE6.2 to make less mistakes with the comparison.

e Scattering matrix from NJOY21 (not possible to get it from SCALE6.2), then adjust the matrix to have the same
scattering group cross section than SCALE6.2.

e Probability Table (PT) from CALENDF2011 [2], need to be adjust for the same reason than scattering matrix.

To perform the sub-group calculation, we coded a python program to resolve the transport equation and to perform the
self-shielding calculation. The transport equation to solve become :

. . Yo wiol P
]\Pi =F84+S85+0% (2) G;Puzw _ Sh=l TRk Tk (3)

[Ny16%, + Np,p3oG
H'™t g1 Pu K 8
Zk:lwk\Pk

8
1k, Pu23

where

o, = discrete value for the reaction x of the probability table
wy, = discrete weight of the probability table
The calculation pattern is the following:
Adjusting the cross section = Inner Loop : Resolving the group transport equation Eq.(1) until convergence = Outer
Loop : Performing self-shielding calculation with the subgroup method Eq.(2) and update the cross section Eq.(3).
The pattern is repeted until the difference of the resonant isotope cross section is negligible between two iterations.

3. Sub-group validation: To validate our sub-group 03 1

. . . SCALE6.2 Non Self-shielded
method, we compare the self-shielded cross section in .| 3o - il
the resolved and un resolved resonance range calcu-

54
»

4
Y

B
lated with the sub-group method and the self-shielded E . \l Al 04 ;E
cross section from SCALE6.2. The graphic 1 shows 35 °° L h / s 3
the self-shielded effect on Pu® for the two methods £ oif] J| 1] e ) 5
(f=1- “izjiz and g=1-— ‘z“” —<SubG Yy and the relative error E 0.05 } L S, = == ‘_H,MH
of the self-shielded and the non( self-shielded cross section S e D ohiros S —— ey
(Rel.Err. = 7L‘SC2(L§CAL‘ESWG 005 Energy (eV) 06

Figure 1: Self-shielding effect Pu239 capture cross section

4. Conclusion: From this point we validated the self-shielding method that we will implement in our IGA based code.
The next steps are to develop some routine to be able to use the different types of cross section for our IGA based code
than to develop the sub-group method.

References
[1] Levitt L.B. The probability table method for treating unresolved neutron resonances. Nucl.Sci.Eng., 49(450), 1972.
[2] SUBLET Jean-Christophe, RIBON Pierre, and COSTE Mireille. "CALENDEF-2010 : User manual”, CEA-R-6277 (2011)



Research on self-shielding calculation for a
computer code based on the IGA method

Reactor Physics and Simulation Method

Conventional calculation methods are limited to “Simple”
shapes such as plate, sphere, cylinder,...

o However in reality core or not simple shapes — Need to simplify
the geometry so that it is possible to make simulations

o Difficult to take into account some phenomena such as thermal
expansion or mechanical deformation

Indeed it has an impact on the accuracy of the results

In our laboratory, we are developing a neutron transport calculation to perform
calculation for any arbitrary shape using Iso-Geometric Analysis




Neutron Transport Equation
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Objective

* For energy discretization we use Multi-group method which means we have to take
into account self-shielding calculation to treat the resonances of microscopic cross
section

* Indeed, the goal is to define a self-shielding method that can be use for any arbitrary
shapes and more specifically compatible with IGA method

* Develop the method and implement it in the neutron transport calculation code based
on IGA method that we are developing in our laboratory

Self-shielding calculation

* An adequate treatment of self-shielding is essential for the correct prediction of the
safety parameters of a nuclear reactor (Doppler coefficient, void coefficient, etc)

* The interaction between neutrons and
atomic  nuclei  has  so-called
resonances, where the reaction rate m
can vary over several orders of
magnitude in narrow range of energy

* In our case we need to use a self-
shielding method that can be used for
any arbitrary shapes

— The “Sub-group” method o azs ais  ams a0 s as  zis o s @8 mis 7

Incident energy (V)

Incident neutron data / JENDL-4.0 / Pu239 / MT=1 : (n,total) / Cross section + Std. deviation




Sub—group method

« The “Sub—group” method consist of using the probability density of the
microscopic cross section of the resonant isotopes

max(o)
@ugflf[a(m ) nf@ 11(0)f (6)do TN

Probubiity density function

* The probability density can be approximated by a series of § —functions centered
at discrete values o, characterized by discrete weights w,
{o,,w,k=1.K}are called Probability Table H(at)f(at) - Z ox wief (0e)
7

Sub—group method

* The sub-group method consists of resolving the neutron transport equation using the
discrete values {c,,w,, k = 1..K} instead of using the multi-group cross section

» If you can resolve the neutron transport equation, it is also possible to resolve this
equation using the discrete values ((+) and (*) correspond to the non-resonant isotope
and the resonant isotope) and calculate the flux LP,‘?

Q. V¥ + [N*op ) + NYoF |¥! =

* Then the method consists of recalculated the average value of the cross section in the

group g
Ai [u7 o (r, EYP9 () dE
oo =

X 1
Au

K g
_ Xk=10xk W'V

I Y91 pg (u)dE T wie ¥y

8




Presentation of the problem

* With sub-group method, the method to get the probability table and the self-shielding
calculation are linked

=> Use CALENDF-2011 to calculate the probability tables

=> Need to perform some calculation and compare it to a reference calculation
* Make the reference calculation
=> Use SCALES®.2 to calculate self-shielding cross section

* Compare the results with the self-shielded cross section calculated with the sub-group
method

* The system we used to test the sub-group method is the following:

=> Homogeneous system composed of a resonant isotope (Pu?*®) and a non-resonant
isotope (H')

9

Calculation pattern

* First step: Resolve the neutron transport equation in the S formalism for an infinite
homogeneous mixture of a resonant isotope (Pu?*) and a non-resonant isotope (H")

(Zt'Puzsg + z:t,Hl)lpg - E)(g Z z:f,Puzsfa Yo' + Z [Zg;gsg + Zg’_)g] w9’
=> the flux V¢ for each groupg ~ 9'~! 9'~9

» Second step: Resolve the sub- -group equation

1 -
[Npuzggo'ip 239 +NH1 tHl] Ll—’g EXg z v9 Npu2390'fp 239lp + Z [Npu2390 Pu 239 +NH10-g’ g] wyg’

=> the flux ¥/ in each band k fof cach group g 9a

K g g
Zk 1Wk O-kaIJ

 Third step: Update Pu?* cross section ¢/ o
k=1 Wk

x,Pu239 =

10




Calculation Results

Self-shielded Pu239 fission cross section
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Self-shielded Pu239 capture cross section
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Relative error of Pu239 capture cross section
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Conclusion

* From now, we validated the sub-group method that we will implement in our IGA code
* However at low energy sub-group method cannot be applied

=> Need to use a different energy mesh so we don’t need to perform self-shielding
calculation at low energy

* The next steps are the following

o Developing some routine to be able to use cross section coming from different type of files
and the probability table

o Developing the sub-group method for our IGA code
o Performing some calculations and compare them with reference calculation

13

Thank you for your listening

If you have any questions
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