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Objectives of PETALE

Program in CROCUS* on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Ni and Cr
* Reactivity worth of reflectors
+ Transmission using activation dosimetry

Collaboration between CEA & EPFL

* V. Lamirand et al., “Design of separated element reflector experiments in CROCUS: PETALE,” React. Dosim. 16th Int. Symp. ASTM STP1608, p. 7, 2018.
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https://www.astm.org/doiLink.cgi?STP160820170090
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Objectives of PETALE

Program in CROCUS* on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Ni and Cr
* Reactivity worth of reflectors
+ Transmission using activation dosimetry

» Boundary conditions in CROCUS
« Limited neutron flux: 1.0x10° cm2.s! at periphery
+ Limitations on core activation: teaching and visits

* V. Lamirand et al., “Design of separated element reflector experiments in CROCUS: PETALE,” React. Dosim. 16th Int. Symp. ASTM STP1608, p. 7, 2018.
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Objectives of PETALE

Program in CROCUS* on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Ni and Cr
* Reactivity worth of reflectors
+ Transmission using activation dosimetry

» Boundary conditions in CROCUS
« Limited neutron flux: 1.0x10° cm2.s! at periphery
+ Limitations on core activation: teaching and visits

=) Extensive design studies
* Minimize exp. biases: e.g. no inter-sheet water
* Reduce technological uncertainties: metrology
* Define ad-hoc response functions for optimal
feedback on nuclear data: optimized dosimetry*

* V. Lamirand et al., “An Experimental Programme optimized with Uncertainty Propagation: PETALE in the CROCUS Reactor,” EPJ Web Conf., vol. 211, p. 03003, Jun. 2019
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https://www.epj-conferences.org/10.1051/epjconf/201921103003
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Optimization by unc. propagation :
Relating cross sections uncertainty distribution with j
measured reaction rates* to optimize the feedback =
on the nuclear data of interest

Cross section (barn)

meV oV keV MeV
Energy (MeV)

56Fe cross sections dispersion in TENDL 2017

* A. Laureau et al., “Uncertainty propagation for the design study of the PETALE experimental programme in the CROCUS reactor,” EPJ Nucl. Sci. Technol., vol. 6, p. 9, 2020.



https://www.epj-n.org/10.1051/epjn/2020004
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Optimization by unc. propagation

Relating cross sections uncertainty distribution with
measured reaction rates* to optimize the feedback
on the nuclear data of interest

Vincent Lamirand

= Nuclear data uncertainty propagation by Total
Monte Carlo (TMC) approach

= Correlated Sampling used to estimate the
flux/reaction rate associated to different ACE files

x N full core Monte Carlo calculations & 1 node week

Reaction rate
(a.u)
o
o

Cross section (barn)

meV eV keV MeV
Energy (MeV)
56Fe cross sections dispersion in TENDL 2017 Reaction rate distributions with In(n,y)

in the iron metal reflector (128 ACE files)

* A. Laureau et al., “Uncertainty propagation for the design study of the PETALE experimental programme in the CROCUS reactor,” EPJ Nucl. Sci. Technol., vol. 6, p. 9, 2020.
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Optimization by unc. propagation :
Relating cross sections uncertainty distribution with j
measured reaction rates* to optimize the feedback =
on the nuclear data of interest

= Nuclear data uncertainty propagation by Total
Monte Carlo (TMC) approach

= Correlated Sampling used to estimate the
flux/reaction rate associated to different ACE files

x N full core Monte Carlo calculations & 1 node week
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Variation
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Entry 2 4 6 8 Exit
Dosimeter position in the reflector

Reaction rate distributions with In(n,y)
in the iron metal reflector (128 ACE files)
* A. Laureau et al., “Uncertainty propagation for the design study of the PETALE experimental programme in the CROCUS reactor,” EPJ Nucl. Sci. Technol., vol. 6, p. 9, 2020.

56Fe cross sections dispersion in TENDL 2017
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Optimization by unc. propagation

Relating cross sections uncertainty distribution with
measured reaction rates* to optimize the feedback
on the nuclear data of interest

= Nuclear data uncertainty propagation by Total
Monte Carlo (TMC) approach

= Correlated Sampling used to estimate the
flux/reaction rate associated to different ACE files

x N full core Monte Carlo calculations & 1 node week
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Dosimeter position in the reflector
Reaction rate distributions with In(n,y)
in the iron metal reflector (128 ACE files)

56Fe cross sections dispersion in TENDL 2017
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* A. Laureau et al., “Uncertainty propagation for the design study of the PETALE experimental programme in the CROCUS reactor,” EPJ Nucl. Sci. Technol., vol. 6, p. 9, 2020.
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Conducted experiments

Program in CROCUS on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Niand Cr
* Reactivity worth of reflectors

+ Transmission using activation dosimetry

+ Complementary experiments: calibrations, etc.
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Conducted experiments

Program in CROCUS on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Niand Cr
* Reactivity worth of reflectors
Critical searches for each reflector material with
water level and control rod
+ Transmission using activation dosimetry

+ Complementary experiments: calibrations, etc.
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Conducted experiments

Program in CROCUS on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Niand Cr

* Reactivity worth of reflectors
Critical searches for each reflector material with
water level and control rod

+ Transmission using activation dosimetry
5 transmission experiments per reflector material
using 7 different reactions: "'5In(n,y), '°’Au(n,y),
"8In(n,n’), %8Ni(n,p), %*Fe(n,p), Fe(n,p), 2’Al(n,a)

+ Complementary experiments: calibrations, etc.
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Conducted experiments

Program in CROCUS on elemental-type reflector
experiments, for new constraints in the MeV-range
on stainless steel nuclear data

= Separate study of s. steel, Fe, Niand Cr

* Reactivity worth of reflectors
Critical searches for each reflector material with
water level and control rod

+ Transmission using activation dosimetry
5 transmission experiments per reflector material
using 7 different reactions: "'5In(n,y), "°’Au(n,y),
"8In(n,n’), %8Ni(n,p), %*Fe(n,p), Fe(n,p), 2’Al(n,a)

+ Complementary experiments: calibrations, etc.

Conducted from Sep. to Dec. 2020
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Status and prospects

On-going analysis
= Experimental
+ Sample measurements: mainly finished, last long
half-life Fe dosimeters on-going
+ First results under discussion within CEA-EPFL
= Modelling
* On-going, as the experiments were conducted:
Serpent2 @EPFL, TRIPOLI-4 @CEA
» Uncertainty propagation

~ E>0.MeV
B - IR T

0

Fast neutron flux in CROCUS (a.u.)
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Status and prospects

On-going analysis

= Experimental
+ Sample measurements: mainly finished, last long
half-life Fe dosimeters on-going
+ First results under discussion within CEA-EPFL
= Modelling

* On-going, as the experiments were conducted:
Serpent2 @EPFL, TRIPOLI-4 @CEA
» Uncertainty propagation

Future works

= Sensitivity to new cross sections in EUROfusion
Proposal for new experiments in preparation

= Data assimilation @EPFL: Bayesian MC

_E>0.1MeV
| - T T
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Fast neutron flux in CROCUS (a.u.)
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=Pl The CROCUS reactor

Reactor type

= LWR with partially submerged core

= Room T (controlled) and atmospheric P
= Forced water flow (160 I.min-")

Operation

= 100 W (zero-power reactor)

= i.e. maximum 2.5x10° cm=2.s"
= Control: B,C rods and spillway
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The CROCUS reactor

Reactor type

= LWR with partially submerged core

= Room T (controlled) and atmospheric P
= Forced water flow (160 |.min-")

Operation

= 100 W (zero-power reactor)

= i.e. maximum 2.5x10° cm=2.s"
= Control: B,C rods and spillway

Core
= 260 cm/100 cm, 2-zone
* Inner: 336 UO, 1.806 wt% 1.837 cm @

- Outer: 176U,  0.947wt% 2.917cm @
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