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Outline

• BRIEF intro to sensitivity coefficients
• “Fundamental theorem of TSUNAMI”

• Uncertainty propagation and correlation coefficients
• Similarity assessment via integral index ck

• Conclusion
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Introduction to Sensitivity Coefficients

• Predict the expected change in a response (k) due to a 
change in some input parameter (Σ )
– These responses can be keff (or ratios of reaction rates)
– These input parameters are typically nuclear data

• Cross sections, multiplicity (nubar: �̅�𝜈), fission spectrum (chi: χ)

• The coefficients are dimensionless ratios
– What would happen to the system keff if some piece of data were 

changed by some amount?
– The coefficient is calculated without making the change

𝑆𝑆𝑘𝑘,Σ =
𝛿𝛿 ⁄𝑘𝑘 𝑘𝑘
𝛿𝛿 ⁄Σ Σ
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TSUNAMI Sensitivity Methods

1. TSUNAMI-1D
Deterministic, Multigroup

2. TSUNAMI-2D
Deterministic, Multigroup

3. TSUNAMI-3D
 Multigroup TSUNAMI-3D

Monte Carlo, Multigroup
 Iterated Fission Probability (IFP) Method

Monte Carlo, Continuous-Energy
 CLUTCH Method

Monte Carlo, Continuous-Energy

• TSUNAMI offers several 
options for sensitivity 
calculations based on 
the transport code used 
for analysis.  The 
accuracy and runtime 
of the approaches vary.
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Sensitivities of keff for a Critical Experiment
Nuclide Material Sensitivity Unc.
H-1 Moderator 0.2396 0.6%
U-235 Fuel 0.2415 0.1%
U-238 Fuel -0.1395 0.1%
B-10 Absorber -0.0097 0.2%
Fe-56 Reflector 0.0199 0.5%
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Use of uncertainty information to assess system similarity

• “Fundamental theorem of TSUNAMI”: bias is caused by 
errors in cross section data, which are bounded by cross-
section uncertainties

• Systems will have similar computational biases if they 
have similar sensitivities
– Uncertainties act like a weighting function

• Comparison must examine nuclide-, reaction-, and 
energy-dependent data
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Code validation with TSUNAMI

• Some questions TSUNAMI analysis is intended to answer:
– Which experiments should I use to validate my application?
– Is there a quantitative basis for generating a reactivity 

allowance for a validation weakness or gap?
– Is there a basis for extracting relevant information from existing 

experiments to largely dissimilar applications?

• TSUNAMI-IP performs
– Uncertainty analysis
– Benchmark experiment selection (Similarity assessment)
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Propagation of Cross Section Uncertainties

•Chain rule allows for propagation of cross section 
uncertainty (i.e. covariance) to quantify the data-
induced uncertainty in keff (σk

2)
σk

2 = S CααST

Where:
•S is a matrix of all energy-dependent sensitivity data for all 
systems considered (ST is transpose)

•Cαα is a matrix containing energy-dependent covariance 
information evaluated for all nuclear data
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Uncertainty Propagation
• Uncertainty in keff of a single system
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Uncertainties for Criticality Benchmarks

• Results from 
SCALE 6.2.2 
Validation Report

• ~96.5% of C/E 
values within 1σ
of unity
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Uncertainty Propagation

• Suppose we have sensitivity information for multiple systems:
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Uncertainty Propagation

• Suppose we have sensitivity information for multiple systems:
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Correlation Coefficient ck for System 1 and System 4
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Integral Index ck

• ck is an integral index used to assess similarity 
– Uncertainty weighted sensitivity profiles between two systems

• Typically an application system and a critical experiment

– What fraction of the data-induced uncertainty is shared by two systems?
– Correlation coefficient, so normalized from -1.0 to +1.0

• +1.0 is exactly the same system while 0 is completely uncorrelated

• Current guidance:
– ck of 0.9 or higher indicates a highly similar system
– ck between 0.8 and 0.9 are “marginally” similar
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ck calculation

• ck calculated by TSUNAMI-IP

• Each application compared 
with each experiment

• Extended ck edit from 
TSUNAMI-IP

• Contribution of each 
covariance matrix location 
(largely isotope-reaction) to ck
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Summary

• S/U-based parameters should be useful in identifying similar 
benchmark systems
– Basis for similarity is both sensitivity information and nuclear data 

uncertainties
– Use of ck has been integrated into other validation approaches

• Similarity assessment can be used in trending analyses to 
determine subcritical limits

• ORNL recommends ck values greater than 0.8 for inclusion in 
validation


	Similarity Assessment with TSUNAMI
	Outline
	Introduction to Sensitivity Coefficients
	TSUNAMI Sensitivity Methods
	Sensitivities of keff for a Critical Experiment
	Use of uncertainty information to assess system similarity
	Code validation with TSUNAMI
	Propagation of Cross Section Uncertainties
	Uncertainty Propagation
	Uncertainties for Criticality Benchmarks
	Uncertainty Propagation
	Uncertainty Propagation
	Correlation Coefficient ck for System 1 and System 4
	Integral Index ck
	ck calculation
	Summary

