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Uncertainty Propagation

Determining the ‘uncertainty range’ of 
neutron noise

Contributing to the validation process of the 
noise simulator
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Sensitivity Analysis
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Identifying the ‘relative level of contribution’ 
of uncertain parameters to neutron noise

Contributing to the reduction of output 
(neutron noise) uncertainties



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

Nominal nuclear data

N sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

N static 
solutions

N noise source 
uncertainties

Uncertainty
propagation

Sensitivity 
analysis

N noise 
solutions

ϕfast, ϕthermal 𝛿ϕfast, 𝛿ϕthermal 



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

Nominal nuclear data

N sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

N static 
solutions

N noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

Nuclear data 
generation

with Serpent

300 Serpent 
input sets

Steady-state 
calculation 

with CORE SIM+

300 sets of 
nominal nuclear 
data

300 sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

300 static 
solutions

300 noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

300 noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 

CROCUS

AKR-2

Fuel Rods Vibration

Rotating Absorber

Vibrating Absorber



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

Nominal nuclear data

N sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

N static 
solutions

N noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Nuclear data 
generation

with Serpent

Steady-state 
calculation 

with CORE SIM+

300 sets of 
nominal nuclear 
data

300 sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

300 static 
solutions

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

300 noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 
1. Design & operating parameters
2. Nuclear data uncertainty
3. Noise source uncertainty (depending on events)

4. …

Frequency 
Amplitude of oscillation
Location of noise source

Nuclear data 
generation

with Serpent

N sets of 
nominal nuclear 
data

Optional

Prepare N sets of samples
‘Based on distribution information’

N sets of nuclear 
data uncertainties

N noise source 
uncertainties



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

N sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

N static 
solutions

N noise source 
uncertainties

Uncertainty
propagation

Sensitivity 
analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal ϕfast, ϕthermal 



Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Nuclear data 
generation

with Serpent

N Serpent 
input sets

Steady-state 
calculation 

with CORE SIM+

N sets of 
nominal nuclear 
data

Neutron noise 
calculation 

with CORE SIM+

N noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 

Optional

N static 
solutions

N times of batch computation

(ϕfast, ϕthermal)1
(ϕfast, ϕthermal)2
...
(ϕfast, ϕthermal)N

(𝛿ϕfast, 𝛿ϕthermal)1
(𝛿ϕfast, 𝛿ϕthermal)2
...
(𝛿ϕfast, 𝛿ϕthermal)N

(Input set)1
(Input set)2
...
(Input set)N

Work Flowchart



Work Flowchart

Selection of 
target reactor and 

target event

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

N sets of 
nominal nuclear 
data

Neutron noise 
calculation 

with CORE SIM+

N noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 

N static 
solutions

N times of batch computation

(Nuclear Data)1
(Nuclear Data)2
...
(Nuclear Data)N

N noise source 
uncertainties

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 

(ϕfast, ϕthermal)1
(ϕfast, ϕthermal)2
...
(ϕfast, ϕthermal)N

(𝛿ϕfast, 𝛿ϕthermal)1
(𝛿ϕfast, 𝛿ϕthermal)2
...
(𝛿ϕfast, 𝛿ϕthermal)N



Work Flowchart

Selection of 
target reactor and 

target event

Selection of the 
uncertain 

parameters

reactor condition

noise condition

Steady-state 
calculation 

with CORE SIM+

Nominal nuclear data

N sets of nuclear 
data uncertainties

Neutron noise 
calculation 

with CORE SIM+

N static 
solutions

N noise source 
uncertainties

Uncertainty
propagation

ϕfast, ϕthermal 
Sensitivity 

analysis

N noise 
solutions

𝛿ϕfast, 𝛿ϕthermal 



Uncertainty Propagation
Determining the Upper/Lower bounds based on Wilks’ formula for two-sided limits 

→95% probability content in the interval + 95% confidence level



Uncertainty Propagation
Determining the Upper/Lower bounds based on Wilks’ formula for two-sided limits 

CPSD Amplitude at the detector location CPSD phase at the detector location

Figure 1. Examples of the outcome from the uncertainty propagation (AKR-2, Vibrating absorber, Exp#22)
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Uncertainty Propagation
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Determining the Upper/Lower bounds based on Wilks’ formula for two-sided limits 

CPSD Amplitude at the detector location CPSD phase at the detector location

Figure 2. Examples of the outcome from the uncertainty propagation (CROCUS, COLIBRI experiment, Exp#13)
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Uncertainty Propagation
Determining the Upper/Lower bounds based on Wilks’ formula for two-sided limits 

Uncertainty of CPSD amplitude in radial direction Uncertainty of CPSD phase in radial direction

Figure 3. Examples of the outcome from the uncertainty propagation (CROCUS, COLIBRI experiment, Exp#13)
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Uncertainty Propagation
Determining the Upper/Lower bounds based on Wilks’ formula for two-sided limits 

Figure 4. Examples of the validation process with experimental and computation (CORE SIM+) results (CROCUS, COLIBRI experiment, Exp#13)
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→Sensitivity analysis!



Uncertainty Propagation
Determining the Upper/Lower bounds based on Wilks’ formula 

Figure 4. Examples of the validation process with experimental and computation (CORE SIM+) results (CROCUS, COLIBRI experiment, Exp#13)
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Sensitivity Analysis
Sensitivity indices based on Spearman Correlation Coefficients (SCC)

Design and operating parameters Noise source data

Figure 5. Examples of sensitivity indices at detector locations (CROCUS, COLIBRI experiment, Exp#13)
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Sensitivity Analysis

Design and operating parameters

Noise source data

Figure 5. Examples of sensitivity indices at detector locations (CROCUS, COLIBRI experiment, Exp#13)
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Sensitivity Analysis

Design and operating parameters

Noise source data

Figure 5. Examples of sensitivity indices at detector locations (CROCUS, COLIBRI experiment, Exp#13)
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Thank you


