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Outline

A Noise simulator validation activities within CORTEX ()P
o Interactions between Experimentalists and Modelers
o OValidatiom of a code in the framework of CORTEX
o Quantities of Interest

A Generation of high quality experimental data at CROCUS and-2KR

o Overview of the facilities
o Processing the time series to produce tQml
o Development of fiber based detectors

A Modeling the beasts
o Overview of the computational models for AkRand CROCUS

o A word on uncertainty quantification

A A selection of results from thévalidatiord exercises




CORTEX In a picture
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WP 2 simple life

The datasshownintthesext few stides Is
NOT the dataproduced by-meastrements
and modelswithin. CORTEX
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Early in the project according to the Gantt Diagram
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Christophe, we may have a little problém




Validation of Noise
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WP 1/WP 2 ovirtuous 0 loop

| compute oranges,
| measure apples, | call the

call themdbananas

Countless number of

meetings / videoconference

0,\_!7 . _ ,,.-i
John the experimentali\/ Jim the modeler

We both determine

cbananag we can do a
meaningful comparison
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Validation of Noise
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Validation
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2) Useful Experiment?
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demonstrate the performance of my code- %3




Absolute noise :

A useful experiment? ampitude

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

AZero power reactors tend to behave like points (small deviations)
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Absolute vs Relative noise
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Absolute vs Relative noise amplitude
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Noise analysis in the frequency domain

Detector i time series

A Time series for detectoi + FastFourrierTransform §1
04
aQ 430)Q Qb a
A Power spectral density (PSD) at frequeliicy ——

0"YE(Q |0¢ £GQ)toCq|

A Phase at frequendy.
%i (9 O (B¢ £G9)TAQ)

Amplitude ofF

A Auto PSD when i=j, Cross PSD otherwise



Quantities of Interest for validation %

Amplitude and Phase of the neutron population % gL
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Quantities of Interest for validation

A_Comparing APSD or CPSD is not straight forward (FFT normalization
ISsues)

AAdditional normalization to the PSD obeeference detector

o OPower Ratios P ;6 (amplitude)
<= measurements

o Phase % % (Q i (‘6 ¢ £3RQ)t0 ("Q)

AFocus on the frequency of perturbation (base, fundamengaktc )




Generation of experimental
data at AKR -2



The education and training reactor
AKR -2

Ais a thermal, homogeneous zero power reactor, moderated by polyethylene
Awas completely upgraded 2005
Ais equipped with a statef-the-art digital I&C control systerfielepermXsS

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

AKR-2

U DRESDEN i ez

A
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Location of the AKR -
2 perturbation
devices

Vibrating absorber (VA)

Insertedinto the central channel-2

Absorber of variable strength 7
(AVS)

Inserted into one of the tangential
channels3-4 or 5-6

Locationof AKR-2 perturbationdevices



Vibrating absorber (current setup)

Lineartable(acto)  Aluminumshaft  Absorber Core

Linearaxisstator Reactorshell === Slidebearings

Schematiof theVibratingabsorber

A Realizedhsa a set of indiumfoils movingin the experimentachannell-2

A Driven by a linearmotor axiswith frequencie€.01 Hz- 10 Hz




Vibrating absorber (current setup)
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AbSOrber Of Variable Strength (current setup)

Absorber

Spacer
Aluminum shaft

Ball bearings

Max Absorber = 315°

(Max Trigger = 225°) Position trigger

Schematiof absorberof variablestrength Absorberof variablestrengthmountedopening3

A Realized as a cadmium sheet rotating in the experimental chaahel

A Driven by a stepper motor with frequenci€s1Hz - 15 Hz




Absorber of variable strength
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Timeline of measurements

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

Overall Setup:

7 detectors O detectors 7 detectors
27 measurements 27 measurements 46 measurements
Main Goals:
Quialificationof the Generationof data Uncertainty
AKR-2 DAQ closeto the core estimation

06.03-15.03. 06.07-15.07 22.02-26.02 (+2 days)
2018 2019 2020 2021




@ Fissionchamber

@ onchamber

Detector setup = o3 counter

H Miniaturescintillator

Detector setupof the first campaign Detector setupof the secondcampaign Detector setupof the third campaign




Generation of experimental
data at CROCUS



The CROCUS reactor

Reactor type

A LWR with partially submerged core

A Room T (controlled) and atmospheric P
A Forced water flow {601.min?)

AN

a
o
./‘.

2
-
=

Operation
A 100W: zero-power reactor
A i.e. maximun®.5<1(° cnr2.st

A Control: B4C¥ods and spillway

Core

A 60cm/100cm,2-zone

Alnner:  336UO0, 1.806wt% 1.837cm@®
A Outer: 176U, 0.947wt% 2.917cm@




COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
Inducedby fuel oscillations

/A/

T *
g ‘%:}’.9..

Oscillator with core structures,
and few pins inserted in the device




COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
Inducedby fuel oscillations

] Static rod
o Top andbottom movingplates

o RigidtransmissiorviaanAl beam
o Up/down positionfor rod selection

Oscillating rod

Moving plate

Top end cap

Superior grid

Bottom end cap

Inferior grid

Moving plate




COLIBRI fuel rods oscillator

Designfor investigatingpower fluctuations
Inducedby fuel oscillations

o Top andbottom movingplates

o RigidtransmissiorviaanAl beam

o Up/downpositionfor rod selection

o Inductiveandcablecaptorsfor position

Followingthe qualificationcampaigh
Upto 18 U, rods,+2.5 mm (i.e.8 pcm),2 Hz

View of the oscillatiordevice
for testing in the vessel

2V, Lamirand et al., i T ICOLIBRI experimental program in the CROCUS reactor: characterization of the fuel rods oscillator, BEPJ 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 fuel oscillations

o Top andbottom movingplates

o RigidtransmissiorviaanAl beam

o Up/downpositionfor rod selection

o Inductiveandcablecaptorsfor position

Followingthe qualificatiorcampaigh
Upto 18 U, rods,+2.5 mm (i.e.8 pcm),2 Hz

2 l
View of the oscillatiordevice
for testing in the vessel

...'.2: o
2V. Lamirand et al., iThe COLIBRI experimental program in the CROCUS reactor: characterization of the fuel rods oscillator,0 EPJ Web Conf., vol. - o tois?
225, p. 04020, Jan. 2020.



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

POLLEN vibrating absorber

Goal: improvemenof spacaedependence

Relative thermal ampl. dev. from the location of detector 6 (%) Thermal noise phase

=) @ §
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20 40 60 80 100 120 20 40 60 80 100 120
[em] [em]

Power Phase

CORE SIM-+ecalculationwith COLIBRI and the addition of
an absorber of variablstrength(courtesyDREAM)

Cadmium sample
vibrating absorber

ooO0oOCOOCOOOOOOOPDPO®
......::::::. [ X X X )
00000 oo:oo:oooo (X X X ]
000000000050
000@®® 53257 A4 XXX X ]
00 0®@® coccocooe TIITH X X ]
000000000 ee0000@
©0000550558580070505505000 0 0
20000000000 eco00000
®0®®o0cc00coveoqloccoccooco 0@
000000000000 0000000000
®© 00 00 0ec0000000000000000 0 0@
@0 Goccccocooocoocooed0e0c®00
000000000000000000
oo $22228222022222028 00 00
000000000000
QO0O®O®® 500000000000 00000
00 0@ °°0202000000° 90 00O
Q0000 ® 0000000 O®
o000 OOOOOOOOOO
(X XXX R XXX X R |
(X X X XK X J




Detection setup

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




Detection setup

Campaign 1 Campaign 2 Campaign 3
(2018 (2019 (2021)
@)
®
@
(<]
@
@)
11 detectors 15 detectors 18 detectors

- Pulse mode - Miniature scintillators




Conducted

(2019

Frequency: 0.1 to 2 Hz
Amplitude=0.5 to£2.0 mm

experiments

Campaign 2 Campaign 3
(2019 (2027)
®
®
Uncertainty reduction Enhanced spatial dependence
- Repetitionsof a reducedset - POLLENvibratingabsorberat
- More highefficiencydetectors core center in phase/out of

- Higher power/detection rate phasewith COLIBRI
- Longer measurements




Modelling the beasts



Neutron Noise Simulators

Code

Boltz Eq.  Noise Eq. Response Det. Model

TRIPOLI -4 Monte Carlo Freq. Th. yes

MCNP Monte Carlo Freq. ReacRate Yes

CORESIM+ Diffusion Freq. Th.3 No
Deterministic

APOLLO3 Transport  Time Dep. ReacRate No

PARCS Diffusion  Time Dep. Th.B No

FEMFFUSION Diffusion  Time Dep. Th.n No
Deterministic

NOISE -SN Transport Freq. Th.3 No

+ Uncertainty Quantification using( CORESIM+




Tripoli -4:the Colibri model

Det. 3 Det. 15
N Det. 11 CIC MFC
— B O _— O Continuousenergy treatment,
L et. .
s \..“::::: . cesene with JEFB.1.1nuclear data
® et 10 \;;:::;:;r.:.::::. JSsesstateiiii, .
PC 44111134444 ; Fully detailedBD model for the
et 14 0008 s5555555255522332% g0 00 first and second experimental
et. 09 900000000000§00000000009 9 @ .
000 335ssssstdsesesssssc0 00 campaign
o et P
FC R ] ceee seee etectors explicitly describe
000000500000 000090 *oses:
Det. 8 S eecssccccse o f - :
PC /. eccoee sssnonvsvesese Noise field (real and imaginary
s S Dgt(.; 7 parts) computed over a spatial
FC Det. 4 (o) mesh and in the detectors

C Noise modelfrequencydomain& orthodox linearizationof the noiseequations
C Noise source: no approximations (&hrmonicancluded

x Statistical convergena@ssues for noise induced by mechanical vibrations




APOLLO 3:the Colibri model

Control rod
operation

C Noise model: timedomain via thelmprovedPointKinetics(IPK)approach
C Transport descriptionZD + axial buckling

x Hypothesis: spatial and energy distributions follow the fundamental mode

Multi-group treatment, with
JEFB.1.1nuclear data

2D model for the first
experimental campaign

Detectors explicitly described
Noise field computed over a

spatial mesh and in the
detector regions




CORE SIM+ and NOISE -SN:
the Colibri model

locations of the noise sources

\
CORE SIM+
Diffusion theory . i
Fine mesh Gt
nner-f | N
vibrating
NOISESN I lmpigH
Discrete ordinates
(SL6 approximation)
A Frequencydomain simulations
A 2-energy groups
A Group constants generated with Serpent
45

A Exact noise source & dfapproximationonly 15t harmonic simulation



FEMFFUSION:the Colibri
model

AOpen-source timedomain finite element code
developed in Universitat Politecnica de Valencia.

o Openly available atww.femffusion.imm.upv.es

COLIBRI__.
ing FA

TR

A2D grids refined near the vibrating assembly . ©U0.0m @ et O Gt © ot

Detector Data FEMFFUSSION

0.04

ADiffusion and SPtime-domain calculations.

o Each experiment was simulated dur®éull
oscillations.

o Monochromatic results.

0.02

0.001

Detector Output

—-0.02

AAs 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/

10_7Monochromatic results
X

PARCS: the Colibri model

APurdue Advanced Reactor Core Simulator
(PARCS).

ATime-domain2-group diffusion code.

e 3 o -3

-

Fast Flux Noise

o Due to the numerical accuracy required the cent

finite difference module was used. Frequency (Hz)

AMechanical 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.

ASame grids, XS and parameters as
FEMFFUSION.

o Similar result obtained.




