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Outline

ÅNoise simulator validation activities within CORTEX (WP2)
o Interactions between Experimentalists and Modelers 
o òValidationó of a code in the framework of CORTEX
o Quantities of Interest 

ÅGeneration of high quality experimental data at CROCUS and AKR-2
o Overview of the facilities
o Processing the time series to produce the QoI
o Development of fiber based detectors

ÅModeling the beasts
o Overview of the computational models for AKR-2 and CROCUS
o A word on uncertainty quantification

ÅA selection of results from the òvalidationó exercises



CORTEX in a picture

In-core and ex-core

detectorsõ signals

Anomaly characterisation

and localisation

Signal processing

Machine learning trained with

validated simulation tools

Work package 2 task



WP 2 simple life

The data shown in the next few slides is 

NOT the data produced by measurements 

and models within CORTEX



WP2 simple life

Early in the project according to the Gantt Diagram



WP 2 simple life

Gantt Diagram, one month later



WP 2 simple life

Gantt Diagram, six months later



WP 2 simple life

Gantt Diagram, one year later

3 campaigns at 2 reactors, with 7 models 



WP 2 simple life

What you see, one week before the workshop é



WP 2 simple life

What you see, one week before the workshop é

Christophe, we may have a little problemé



Validation of Noise 
Simulators

Experimental Facility

ü Measurements (E)

ü Uncertainty ̀ (E)

PROTEUS

ü Input Data
ü Calculation (C)
ü Uncertainty ̀ (C)

Computer Code System

( ) 2 2/ E CC Es s s= +

Validation

C/9Ҍˋ(C/E)

Alexander,  Antonios, should I be worried?



WP 1/WP 2 òvirtuous ó loop

I measure apples, I 

call them òbananasó

I compute oranges, I 

call them òbananasó

We both determine 

òbananasó; we can do a 

meaningful comparison

Countless number of 

meetings / videoconferences

John the experimentalist Jim the modeler



Validation of Noise 
Simulators

Experimental Facility

ü Measurements (E)

ü Uncertainty ̀ (E)

PROTEUS

ü Input Data
ü Calculation (C)
ü Uncertainty ̀ (C)

Computer Code System

( ) 2 2/ E CC Es s s= +

Validation

C/9Ҍˋ(C/E)

1) Reliable Predictive Tool? NPP Design and Safety 

Representativity Analysis

Q: Is my experiment suitable to 
demonstrate the performance of my code? 

Bias Estimation

Q: How wrong can my code be for the 
envisioned application? 

Not this project

2) Useful Experiment? 



A useful experiment?
Absolute noise 

amplitude

ÅWe want to use small research reactors to demonstrate that our codes can 
determine a spatially dependent noise distribution

ÅZero power reactors tend to behave like points (small deviations)

ÅLooking at the relative noise (relative to the fundamental flux distribution), 
allows to òfilter outó the unwanted point kinetic component



Absolute vs Relative noise 
amplitude

Absolute noise 

amplitude

Absolute noise map at AKR-2

Absolute noise looks like fundamental flux distribution

Fundamental flux map at AKR-2



Absolute vs Relative noise amplitude

Relative noise map at AKR-2

Relative noise magnifies the spatial component of the noise

Relative noise map (perfect point reactor)

Only small deviations are expected due to the core size

Small experimental uncertainties are required to òseeó deviations



Noise analysis in the frequency domain

ÅTime series for detector i + Fast FourrierTransform

ÅPower spectral density (PSD) at frequency f:

ÅPhase at frequencyf :

ÅAuto PSD when i=j, Cross PSD otherwise
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Detector i time series

Detector i periodogram
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Quantities of Interest for validation

Cross/Auto Power Spectral Density

Time series + FFT

measurement and time-domain simulation

Amplitude
Relative peak 

power

Phase at 

fundamental

frequency 

Phase

ñAmplitude and Phase of the neutron population 

fluctuations relative to the fundamental mode 

distributionò at the detectors location

Frequency domain calculations For a set of detectors

Make it relative

ὊὪ



Quantities of Interest for validation

ÅComparing APSD or CPSD is not straight forward (FFT normalization 
issues)

ÅAdditional normalization to the PSD of a òreferenceó detector
o òPower Ratios P ió (amplitude)

o Phase

ÅFocus on the frequency of perturbation (base, fundamental, ɤ0, etcé)
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Generation of experimental 
data at AKR -2



The education and training reactor 
AKR-2
Åis a thermal, homogeneous zero power reactor, moderated by polyethylene 

Åwas completely upgraded in 2005

Åis equipped with a state-of-the-art digital I&C control system TelepermXS 

Åis designed for education in reactor physics, nuclear engineering and radiation 
protection/dosimetry





Location of the AKR -
2 perturbation 
devices

Vibrating absorber (VA)

Insertedinto the central channel 1-2

Absorber of variable strength 
(AVS)

Inserted into one of the tangential 
channels 3-4 or 5-6

Location ofAKR-2 perturbationdevices



Vibrating absorber (current setup)

Linear axisstator

Linear table(actor) Aluminum shaft Absorber

Reactorshell

Core

Slide bearings

ÅRealizedasa a set of indiumfoilsmovingin the experimental channel1-2

ÅDriven by a linear motor axiswith frequencies0.01 Hz - 10 Hz

Schematicof theVibratingabsorber Vibratingabsorbermountedto opening2



Vibrating absorber (current setup)

MeasuredreactivityofVA, center is at 10.5 cm



Absorber of variable strength (current setup)

ÅRealized as a cadmium sheet rotating in the experimental channel 3-4

ÅDriven by a stepper motor with frequencies 0.1 Hz - 15 Hz

Absorber of variable strengthmountedopening3
Schematicof absorberof variable strength



Absorber of variable strength

MCNP simulationsof the flux in the experimental channels Measuredreactivityof AVS in channel3-4



Timeline of measurements

Experiments were constantly improved and requests of modelers was 
taken into account.

2018 2019 2020 2021

32

Qualificationof the

AKR-2 DAQ

Generation of data

closeto the core

Uncertainty 

estimation

06.03.-15.03. 06.07.-15.07. 22.02.-26.02. (+2 days)

7 detectors

27 measurements

9 detectors

27 measurements

7 detectors

46 measurements

Overall Setup:

Main Goals :



Detector setupof the first campaign

Fission chamber

Ion chamber

He-3 counter

Miniaturescintillator

Detector setupof the secondcampaign Detector setupof the third campaign

Detector setup 



Generation of experimental 
data at CROCUS



The CROCUS reactor

Reactor type

ÅLWR with partially submerged core

ÅRoom T (controlled) and atmospheric P

ÅForced water flow (160 l.min-1)

Operation

Å100 W: zero-power reactor

Åi.e. maximum 2.5×109 cm-2.s-1

ÅControl: B4C rods and spillway

Core

Å 60 cm/100 cm, 2-zone

ÅInner: 336 UO2 1.806 wt% 1.837 cm

ÅOuter: 176 Umet 0.947 wt% 2.917 cm



COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
inducedby fueloscillations

Oscillator with core structures,

and few pins inserted in the device



COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
inducedby fueloscillations

o Top andbottom movingplates

o RigidtransmissionviaanAl beam

o Up/down positionfor rod selection

Static rod

Oscillating rod

Working principle of the final design

Moving plate

Moving plate



COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
inducedby fueloscillations

o Top andbottom movingplates

o RigidtransmissionviaanAl beam

o Up/downpositionfor rod selection

o Inductiveandcablecaptorsfor position

Followingthe qualificationcampaign2

Up to 18 Um rods,±2.5 mm (i.e.8 pcm),2 Hz

View of the oscillation device

for testing in the vessel

2 V. Lamirand et al., ñTheCOLIBRI experimental program in the CROCUS reactor: characterization of the fuel rods oscillator,òEPJ Web Conf., vol.

225, p. 04020, Jan. 2020.

https://www.epj-conferences.org/10.1051/epjconf/202022504020


COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
inducedby fueloscillations

o Top andbottom movingplates

o RigidtransmissionviaanAl beam

o Up/downpositionfor rod selection

o Inductiveandcablecaptorsfor position

Followingthe qualificationcampaign2

Up to 18 Um rods,±2.5 mm (i.e.8 pcm),2 Hz

2 V. Lamirand et al., ñThe COLIBRI experimental program in the CROCUS reactor: characterization of the fuel rods oscillator,òEPJ Web Conf., vol.

225, p. 04020, Jan. 2020.

View of the oscillation device

for testing in the vessel

https://www.epj-conferences.org/10.1051/epjconf/202022504020


POLLEN vibrating absorber

Goal: improvement of space dependence

CORE SIM+ calculationwith COLIBRI and the addition of

an absorber of variable strength(courtesyDREAM)

Power Phase

Cadmium sample

vibrating absorber



Detection setup

Det. 1

FC

Det. 2

FC

Det. 5

FC

Det. 6

FC

Det. 4

CIC

Det. 3

CIC

Det. 8

PC

Det. 9

PC

Det. 7

PC

Det. 10

PC

Det. 11

MFC

Control rod

operation

N

Goal:non-point kineticsspatialdependence
As many distributed detectors as possible



Detection setup

Campaign 2

(2019)

Campaign 1

(2018)

Campaign 3

(2021)

15 detectors

- More robust detectors

18 detectors

- Miniature scintillators

11 detectors

- Pulse mode

- Current mode



Conducted experiments

Cover the range of interest

- Frequency: 0.1 to 2 Hz

- Amplitude: ±0.5 to ±2.0 mm

Uncertainty reduction

- Repetitions of a reduced set

- More high efficiency detectors

- Higher power/detection rate

- Longer measurements

Enhanced spatial dependence

- POLLENvibratingabsorberat

core center, in phase/out of

phasewith COLIBRI

Campaign 2

(2019)

Campaign 1

(2018)

Campaign 3

(2021)



Modelling the beasts



Neutron Noise Simulators

Code

Boltz. Eq. Noise Eq. Response Det. Model

TRIPOLI -4 Monte Carlo Freq. Th. ɮ yes

MCNP Monte Carlo Freq. Reac. Rate Yes

CORESIM+ Diffusion Freq. Th. ɮ No

APOLLO3

Deterministic 

Transport Time Dep. Reac. Rate No

PARCS Diffusion Time Dep. Th. ɮ No

FEMFFUSION Diffusion Time Dep. Th. ה No

NOISE -SN

Deterministic 

Transport Freq. Th. ɮ No

Uncertainty Quantification using CORESIM+



Tripoli -4: the Colibri model

Continuous-energy treatment, 
with JEFF3.1.1 nuclear data

Fully detailed 3D model for the 
first and second experimental 
campaign

Detectors explicitly described

Noise field (real and imaginary 
parts) computed over a spatial 
mesh and in the detectors

Ç Noise model: frequencydomain& orthodox linearizationof the noise equations

Ç Noise source: no approximations (all harmonicsincluded)

× Statistical convergence άissuesέ for noise induced by mechanical vibrations



APOLLO 3: the Colibri model

Multi-group treatment, with
JEFF3.1.1 nuclear data

2D model for the first 
experimental campaign

Detectors explicitly described

Noise field computed over a 
spatial mesh and in the 
detector regions

Ç Noise model: time domain, via the ImprovedPoint-Kinetics(IPK) approach

Ç Transport description (2D + axial  buckling)

× Hypothesis: spatial and energy distributions follow the fundamental mode



CORE SIM+ and NOISE -SN:
the Colibri model

45

Å Frequency-domain simulations

Å 2-energy groups

Å Group constants generated with Serpent

Å Exact noise source & ʀȾd approximation, only 1st harmonic simulation

I II IIIinner fuel

outer fuel

reflector

control rod 

channel

locations of the noise sources

vibrating 

fuel regionNOISE-SN

Discrete ordinates

(S16 approximation)

CORE SIM+

Diffusion theory

Fine mesh



FEMFFUSION: the Colibri
model
ÅOpen-source time-domain finite element code 

developed in Universitat Politècnica de València.
o Openly available at www.femffusion.imm.upv.es. 

Å2D grids refined near the vibrating assembly .

ÅDiffusion and SP3 time-domain calculations.
o Each experiment was simulated during 3 full 

oscillations.
o Monochromatic results.

ÅAs the differences between each time step are 
subtle (noise), it is required:

o High spatial resolution.
o Low numerical tolerances.

http://www.femffusion.imm.upv.es/


PARCS: the Colibri model

ÅPurdue Advanced Reactor Core Simulator 
(PARCS).

ÅTime-domain 2-group diffusion code.
o Due to the numerical accuracy required the central 

finite difference module was used.

ÅMechanical vibrations inserted as a custom set 
of time domain XS.

o A module to read these XS was developed.

o The movement was considered a purely sinusoidal.

ÅSame grids, XS and parameters as 
FEMFFUSION.

o Similar result obtained.

Monochromatic results


