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Tools: (CRIT,RP,ND,GLUE)
Brief Overview of the Tools Available

DICE,IDAT,JANIS,NDaST

Applications:
Summary of recent applications of the tools

Industrial engineering: is a branch of engineering which deals with the optimization of 

complex processes, systems, or organizations. Industrial engineers work to eliminate 

waste of time, money, materials, person-hours, machine time, energy and other resources 

that do not generate value. According to the Institute of Industrial and Systems Engineers, 

they create engineering processes and systems that improve quality and productivity.[1]

SG46: Efficient and 

Effective Use of Integral 

Experiments for Nuclear 

Data Validation
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Collection: DICE Sensitivity CoefficientsCollection: DICE Sensitivity Coefficients
Handbook 

Edition

Number of 

Unique Cases 

Sources

2012 727 TSUNAMI1D+TSUNAMI3D [VALID]+MMK-KENO

2013 3575 Previous +Non VALID cases SCALE6.0 from Balance Inputs

2014 4011 Previous + MCNP6 + SCALE6.2BClutch

2015 4065 Previous + New Cases

2016 ~4200 Previous + New Cases + P1 Sensitivities [~400 cases]

2017 ~4200 Previous+P1 Sensitivities [~700 cases]

I.Hill, J.Gulliford, N.Soppera, M. Bossant, “DICE2013 

New Capabilities and Features”, PHYSOR2014

DB search: 3 group plot, 

distributed:238 group

Can read in N group sensitivities and 

perform comparisons
Isotopes Reactions
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Using DICE Sensitivities 238U Example
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IAEA Is a User

Ian,

Do you have by any chance the 

sensitivity profiles for the 

remaining benchmarks of the 

HMF007 series? There is a group 

of discrepant benchmarks with 

EALF near 3 keV that 

correspond to cases 37-40, but 

the sensitivities are given only 

for the cases up to 35.

Cheers, Andrej

https://www-

nds.iaea.org/CIELO/Trkov_On%20th

e%20Use%20of%20Sensitivities%20

to%20Identify%20Compensating%20

Effects%20of%20Nuclear%20Data%

20in%20Integral%20Benchmarks.pdf
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IRPhEP Database and Analysis Tool (IDAT), equivalent 
for DICE for Reactor Physics Measurements
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Library Testing Perspective: What is 
Current Status, What is Required

To assess the impact on all PU-SOL-THERM

� Run 600 Benchmarks, keff ~10 pcm

To assess the impact of each reaction on the benchmarks

� 600 X #Reactions [Look what is driving the keff change]

To assess the impact of each reaction and each energy range on the 

benchmarks

� 600 X #Reactions X #Energies [Look at energy region driving the change]

To decide between different options in each reaction and energy

� 600 X #Reactions X #Energies X #Options

Example: 10 h per run, 5 reactions, 10 energy groups, 5 options

= 600 X 10 h X 5 X 10 X 5 = 1.5 Million Computer Hours or 171 Computer Years! (per isotope ☺)

Attempt to reduce this to minutes!  See Next Slide

Days

Months

Years

Decades
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Nuclear Data Sensitivity Tool (NDaST) Flowchart

Select / load benchmarks 

Sensitivities (S) & C/E data

DICE

IDAT

Personal

Numerical Benchmarks

User Input Perturbation (P)

isotope/reaction/energy 
cross section

S*P

Δkeff for selected cases

C/E output plot  
grouped by criteria

Covariance data via JANIS (C)

Built in processed data for 
major libraries  

Load personal (coverx)

M energy groups (fixed)

S*C*ST

UC(XS) for selected cases

Additional uncertainty 
on output plot grouped 

by criteria

Matrix plot showing 
individual contribution 

to UC(XS) by isotope-
reaction

AND

/OR

JANIS MF33: ENDF/B-VII.1 = 2138 files, 

JEFF-3.2 = 5688 files JENDL-4.0 = 2155 files 

TENDL-2013 = 77811 files, SCALE6.2

Benchmarks (Sensitivities) � Nuclear Data (% Change or Covariance) � Integral Results

Database of over 

4000 Sensitivity 

Data Files
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• An automated link has been introduced to the JANIS nuclear data software
to generate the perturbation ratios between two evaluations.

• Or choice a perturbation/s in an 
arbitrary group structure. 

NDaST: Perturbations or JANIS Computations
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NDaST Application Example 1: Rapid Test New Pu239 
CIELO, Sum of MF18,MT102,MF452

Red ENDF/B-VII.1

Reference

Capture

Fission

Nubar

Blue Sum, CIELOICSBEP has

Approximately 

750 Pu and 500 

Mixed 

Benchmarks

MT102 MT18

MT452
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Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST

Ian

….

It would be great if we could get a few pics that diagnose 

the effects of the oxygen changes. Some of the main 
changes can be summarized :
- lower elastic at low energies thermal
- bigger n,a in the 3-6 and above region
- total cross section better understood in the few MeV 
range (though perhaps the total xs did not change much) 

….

Mark
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Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST

It would be great if we could get a few pics that diagnose 
the effects of the oxygen changes. Some of the main 
changes can be summarized :

- lower elastic at low energies thermal
- bigger n,a in the 3-6 and above region
- total cross section better understood in the few MeV 
range (though perhaps the total xs did not change much) 

(elastic)

Regarding the O16 elastic reaction.

The impact for LEU-COMP-THERM experiments is of the 
order -50 pcm. However for some heavy water 
benchmarks the impact is more like -150 to -200 pcm.

It appears the magnitude seems to hinge on the degree of 
moderation (under or over) rather than the leakage for 
these experiments; these also tend to be low leakage 
experiments. 

In most of these experiments decreasing the elastic 
scattering, decreases reactivity, so the systems are 
undermoderated.

Some experiments that are overmoderated (LCT060, an 
RBMK benchmark) show an increase in reactivity ~+20 
pcm.

While for HEU-SOL-THERM experiments it appears that 
the effect is -100 pcm for low leakage systems 
[moderation effect] and up to -300 pcm for high 

leakage systems. [For maximum HST leakage 

systems]. I think this aligns with your expectations.
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Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST

It would be great if we could get a few pics that diagnose 
the effects of the oxygen changes. Some of the main 
changes can be summarized :

- lower elastic at low energies thermal
- bigger n,a in the 3-6 and above region
- total cross section better understood in the few MeV 
range (though perhaps the total xs did not change much) 

(elastic)

Regarding the O16 elastic reaction.

The impact for LEU-COMP-THERM experiments is of the 
order -50 pcm. However for some heavy water 
benchmarks the impact is more like -150 to -200 pcm.

It appears the magnitude seems to hinge on the degree of 
moderation (under or over) rather than the leakage for 
these experiments; these also tend to be low leakage 
experiments. 

In most of these experiments decreasing the elastic 
scattering, decreases reactivity, so the systems are 
undermoderated.

Some experiments that are overmoderated (LCT060, an 
RBMK benchmark) show an increase in reactivity ~+20 
pcm.

While for HEU-SOL-THERM experiments it appears that 
the effect is -100 pcm for low leakage systems 
[moderation effect] and up to -300 pcm for high 

leakage systems. [For maximum HST leakage 

systems]. I think this aligns with your expectations.

Mark,
Ian - thanks so much. A very helpful and fascinating summary. 

If I may I will show a viewgraphs on this at nd2016 to illustrate the value of 

your NDaST tools. It really helps point to which benchmarks are most 

sensitive, and to which cross section changes (eg n,alpha versus scattering) 

impact things most. I will also integrate a few sentences on this into the Cielo 

nd2016 paper. 

I am copying some others who will be interested in your analysis. 

Best

Mark
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Application Example 3: CIELO Big Paper
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Application Example 4: Testing New 
Covariance for JEFF-3.3 T3 vs T1
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App 5: Covariance Testing Industrial Scale

• The scale of the number of calculations is difficult for 
people to comprehend. Everything is there, but to distil to 
a slide or even a journal paper is difficult. 
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• An automated link has been introduced to the JANIS nuclear data software to

generate the perturbation ratios between two evaluations.

• Upload 1000 Trial Evaluations

• Multiple perturbations of the same 

nuclide-reaction can now be input for 
faster comparison with one single run

• NDaST now has a ‘file upload’ 
feature, to avoid needing to already 
have libraries held in a JANIS base.

NDaST: Automated JANIS Computations
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Half Monte Carlo Method (HMM) Results

keff distribution, sorted 
lowest keff to highest,

plotted with the HMM keff

predictions for 20 samples 
and full automated set

Example breakdown by 

reaction for 20 sample 

cases
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Delta keff Distributions by Reaction

elastic inelastic n,2n fission n,gamma nubar chi

Mean 0.00014 -0.00004 -0.00001 -0.00064 0.00001 -0.00002 -0.00046

St. dev. 0.00344 0.00145 0.00002 0.00648 0.00025 0.00238 0.00093

Skew 0.12074 0.34519 0.11337 0.05432 -0.17265 0.18915 -0.03932

Kurt. -1.20829 0.10658 -0.45525 -0.38844 -0.60157 0.02513 -0.22921

elastic inelastic n,2n

fission n,gamma

Chi

nubar
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Figure. Jezebel (PMF1-1) neutron fission spectrum

Energy distribution 

of 

Jezebel spectrum

Relative error in Keff

as a function of 

Ein_mean

(calculated with NDaST)

Relative 

contribution to 

the total uncertainty

E_in (eV) (%) (pcm) (pcm)

1.00E-05 0.0 256 0

1.00E+03 0.0 256 0

1.00E+05 2.3 455 10

1.00E+06 35.4 443 157

5.00E+06 57.0 399 227

1.00E+07 5.3 380 20

Total uncertainty (pcm) due to CHI uncertainty

assuming Full correlated = 415

V.2 Verifying CHI Covariance Data

� The Jezebel case

Figure. CHI rel.error(%)  as a function of Ein
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Addition of Personal Benchmarks

Give at least:
- Case label
- Experimental 

value & 
uncertainty

- Sensitivity file

Plus N Calculation 
results:
- Code/data label
- Value & 

uncertainty

Symbols for axis 
values set here

Can act as a 

repository for 

sensitivity files.

Not just keff.
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Rank Similar
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Conclusion
5 years ago how long would it have taken to

a) Find the benchmarks most sensitivity to intermediate energy elastic 
scattering.

b) Predict the impact of changing Oxygen (n,alpha) reactions.

c) Predict the keff impact of changes to chi on various classes of 
benchmarks 

d) Find the nuclear data uncertainty of thousands of ICSBEP 
benchmarks

e) Evaluate the impact of thousands of nuclear data files. Examine the 
variations in each reaction and energy group

These operations take a few minutes up to 1 hour now. The tools are 
already being used to help evaluate and test nuclear data. But we 
can still do better. Lots of room to improve, hopefully using the 
experiences of SG39/SG46
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Extra Slides
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PST034-015 NDaST Assumptions/Data

Effect of Cross Section Group Structure

Effect of Sensitivity Group Structure

Nuclear Data Sensitivity NDaST

238G 238G +398 pcm

640G 238G +438 pcm

13072G 238G +399 pcm

Nuclear Data Sensitivity NDaST

238G 238G +398 pcm

238G 5450G +477 pcm

13072G 5450G +317 pcm

Energy (eV) 238/238 13072/5450

0.00-0.01 -9.0 -6.5

0.01-0.1 +30.5 +30.5

0.1-1.0 -156 -155

1.0-5.0 +316 +369

5.0-10.0 +84 +73

10-100 +160 +28.4

100-2.0e6 -28.1 -16.7

Direct 

+234 pcm


