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Introduction ) 1

Objective

Propose a model for the reactor antineutrino spectrum
prediction, adopting the summation method and
identifying some features which increase the output’s
reliability
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(1) Reactor antineutrino model: summation method @ 2

SEHE ) = ) ai(t) SK(E)

Agi SL(E)
AB,tot T

BetaShape

Through a numerical
solution of the Dirac
equation, it allows to

a;(t) =

T

Serpent

Through an assembly
Monte Carlo simulation it

is possible to know the build a library which

beta emission intensity for contains all the

each nuclide in the system antineutrino spectra
Reactor Antineutrino under exam

model data
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(2) Reactor model: justification @ 3

Which features increase the robustness of the neutronic model?

PUED = ) at) SHE)

Legend

e SIot: total spectrum
PostIrradiation Experiments (PIE) BEESEE ()]

* q;:lisotopic activity

* SiL:isotopic spectrum

The isotopic concentration of a given

nuclides’ set are measured after an
irradiation time

Lorenzo Loi JUNO meeting 2022 @ Polimi




(2) Reactor model: Takahama-3 experiment @ 4

* 17x17 PWR fuel assembly design;

Takahama-3 « Data were collected from sampling two rods at the
Main features end of an irradiation period;

e [t measures more than 35 nuclides’ species;

: : Maximun
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- . Technigue o
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(2) Reactor model: rod geometry

) s

Assembly  Sample 1D

Enrichment Axial location

Local Burnup

(wt % 2°0) [cm] [MWd/kg]
SF95 SF95-1 4.11 4.12 14.30
SF95-2 200.2 24.35
SF95-3 72.2 35.53
SF95-4 200.2 36.69
SF95-5 340.2 30.40
SFg7  SF97-1 111 0.40 17.69
SFa7-2 19.1 S0.73
SF97-3 16.5 42.16
SFO7-4 168 47.03
SF97-5 276.7 47.25
SFO7-6 S30.7 40.79




(2) Reactor model: validation results @ 6

- _ _ Calculated-to-experimental ratio
I = isotopic concentration ]

Jj = axial sampling position . C !
C = calculated concentration R! — _J
E = experimentally measured J El

concentration J

%,
Monte Carlo Experimental Systematic
Adoptingn = 4-10°,c;, = The measurement techniques Missing geometric and
100, cye = 100, the rs.d. report a relative standard operational informations
remains at a subpercent deviation which vary in the * Reflector’s data
level range 0.1% - 10% * Shuffling procedure
Known Known Unknown
Negligible Not negligible Not negligible
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(2) Reactor model: validation results @ 7

- _ _ Calculated-to-experimental ratio
[ = isotopic concentration

Jj = axial sampling position ; C' L

C = calculated concentration R _|_ @

E = experimentally measured J El -
concentration

0j i - consequences

* The C/E’s uncertainty coincides with the experimental standard deviation:

O}',i = O'exp
* The systematic contributionis taken into account placing an acceptance bandat
+ 15% from the unity. Also, the outermost samples (SF95-1,SF97-1) arenot

considered.
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(2) Reactor model: validation results

) s

N° of C/E inside the band

Success Rate =

Total number of C/E
—— Fissile isotopes are e

sl well predicted + SF95-2
— . T SF95-3
A a 1% ¢ SF95-4
B e R 5 L, . oA x o 2 | & SF9-5
S k(T m g *]F s 5 5 I g & 7 %
% ; P

0.5 | | | | \ \ \ \ \ \ % \ \ \ \ \ w

234U 235U ZSGU ZSSU 238Pu 239Pu 240Pu 241Pu 242Pu 24].An1 242A_m 243A1n 2420111 2430111 244Cln 2450111 24ﬁcl,n

Actinides
. .

b 125Gh problem Burnup 1nd1czf1tors T ]
are well predicted 7 SF95-2
112 v SF95-3
NIV I N O Code C/Eof"™sp | ___ |} _______________ ] -I| & SF95-4
= GEN SWAT  Missing dat SF95-5

~— 1L ORIGEN SWAT Missing data a }

~ 5 i i SCALE Missing data B i X 2 X X[ %
_____________ I B - A 15%

0.8 STREAM Missing data ' |

‘ ‘ ‘ SERPENT 2.55 | \ \ \ | !
IS?CS 134 Cs 154El HELIOS 2 i Nd 143Nd 144Nd 145Nd 146Nd 148Nd ISONd
SAS2H 205 oducts

This work
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(2) Reactor model: sensitivity analysis @ 9

Neutronic library

ENDF/B-VIIL.O
Two differentlibraries are compared

looking at which is the most viable JEFF-3.1.1

Time sensitivity
At A During a burnup cycle, the Boltzmann/Bateman
= _?,,f _t* equationis solved at discrete time instants.
] " °| I ] e This work compares three discretization patterns:

AWl /¢ =25 [d], At = 50 [d] and At = 100 [d]

0 202 385 473 675 B75
[ 00K [ SIMK | el | SO0k g 00K | Tane
Temperature sensitivity | | | | : |
The temperature plays a very imporantrole [t P(t;,2) ®(t,z)  P(5.2) Dt z) ®(t,,2)
for the microscopic cross section value. - - - : - -
This work adopts two temperature Tit.2) T(t:-2) T2y T2 T(h,2) T(t.2)
treaments: o o - |
* T const@ 900 [K] in space and time T.(2) Ty(2) T2) 1)

* T(tz) tailored on the former case

' : | a | ’ | '
| | ! ! | " mine



(2) Reactor model: success rate comparison @ 10

Sensitivity SF95
DO B0 ST G100 0T0% ) moes e
"""" TAL AL T T T T T T T T T AR T A" ek Aty =25andAt, = 50
:_ — ‘_&_fl_ ._%t_g_. _‘&_tﬁ _________ D_?_ _ {_]l_? _ _U_ﬁ? _ JI tshare the sarfle SR
L Tl T(=t) 068:076 1 mhetemenne
the SR by +8%
Sensitivity SFI7
T oo - T 0.753 : 0.726_ 1 imposition decrenses

the SR by -2.5%
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(3) Antineutrino data: BetaShape @ 11

SONED = Y @O SHE) o

ENSDF file BetaShape \ k

For p—,B%, EC « Rose/Biiring screening , =
processes « Radiative corrections |

* Availability to use 1 _ =
experimental/theoretical shape _. / |
factors : |

] 050 _ . |
and decay data . |Add the (anti)neutrino ! / ~
\distribution | / -
Manual choice of energy binning ~ © = @ @ w0 e
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https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html

(4) Antineutrino library @ 12

How many and which nuclides buildup the antineutrino spectrum for a PWR?

1.806 [MeV]
discrimination

Check the radioactive Threhsold at 0.1%
decay process

Total number of Total number of Important ]?etectable
isotopesin the : : important
beta emitters 1sotpes .
fuel isotopes
~ 1500 isotopes ~ 1000 isotopes 182 isotopes 144 isotopes
10
6 |
1
sl | — Detectable set
: — Undetectable set
El : - - Detectability threshold
2 !
f‘é 1
8 1
25 !
E :
E .
g2F |
g |
< I
1
1+ 1
1
|
1
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(3) Scalability of the model @a 13

SPHE D = ) ai(t) SH(E)
N

Fixed offline

Serpent’s output -

Pin cell Assembly Full core

Adopting this structure it’s easy to evaluate the total spectrum
from differentreactor’s models
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(3) Scalability of the model @ 14

SPHE D = ) ai(t) SH(E)
N

: Fixed offline

Pin cell Assembly Full core

Sensitivity analysis
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3) Total spectrum: sensitivity analysis @ﬂ 15

In order to test the internal coherence of the model, a series of perturbations were considered

3000 -

|—H 3B03 concentration

Solver’s figure of merit

8 10 12
Burnup [MWd/kgU]
| |

C D
Constant Axial and radial
temperature temperature profile
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(4) Total spectrum: principal results

) 16

k-eigenvalue

Critical Density Iteration

Uniform Temperature A

B

Temperature Mesh C

D

AB, AC,AD, BC, BD, CD



(4) Total spectrum: principal results

¢ 16

k-eigenvalue

Critical Density Iteration

Uniform Temperature A

B

Temperature Mesh C

D

AB, AC,AD, BC, BD, CD
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(4) Total spectrum: principal results

¢ 17

k-eigenvalue

Critical Density Iteration

Uniform Temperature A B AB, AC, AD, BC, BD, CD
Temperature Mesh C D
— () [d]
2
— 1 — 0.5 [d]
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= — i {(1}
§ el =
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D“ . . . - 35_30 d
— | | | | [ —— 150 [d]
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(5) Conclusions and future developments @

The internal coherence of an
antineutrino prediction model based
on the coupling of Serpent and
BetaShape has been verified for what
concern the boron control and the

temperature treament
L . In the future:
The validation process against « A full core simulation should be
a PIE’s dataset shows how the considered
ch(())lce of neutroniclibrary  Avalidation of the model agains total
(+5%) and temperature mesh antineutrino spectrum will be
(+8%) play a macroscopic performed

role in the benchmark
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<,

Thank you!

Q&A
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