
IAEA
International Atomic Energy Agency

INDC reporting - Project
Compilation of Nuclear Data 
Experiments for Radiation 

Characterisation
(CoNDERC)

Jean-Christophe Sublet – NDSU
Ludmila Marian, Shin Okumura, Viktor Zerkin



IAEA

Content
• Objectives
• Key Elements
• Benchmarks experiments
• Project
1. Reference  Spectra
2. Resonance integrals and thermal values
3. FNS decay heat: fusion events
4. Fission pulse heat: fission events
5. ICSBEP & RR : beyond Keff
6. Transport – shielding
7. Gamma transport: Verification



IAEA

Objectives

• To transfer into technology the experimental integral 
radiation information that can be used as part of the 
Validation and Verification processes of nuclear model and 
code systems

• To provide various schema, protocol to perform the V&V 
processes

• The aim is to construct several benchmarks databases 
based on extensive and thorough V&V activities for 
example, data evaluation processes, inventory calculations, 
source-term and reaction rates simulation, but also 
outreaching to engineering systems. 
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Objectives

• The aim is to provide all experimental and 
calculational information in such computational 
ways that it can easily, seamlessly and rapidly 
be deployed in support of the many scientific 
systems that need them: 

• model, inventory, transport, material sciences 
code systems, etc..
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Key Elements

• Identify and compile a set of radiation characterization 
benchmarks (both computational and experimental) that 
includes spectral indices, reaction rates, decay heat, 
resonance integral, particle emissions (source terms), 
etc. 

• Assess and review the data, including quantification of 
uncertainties, then compile the data into computer 
format for dissemination 

• Perform simulations of each benchmark with a suitable 
code system and selected nuclear libraries and produce 
a database/repository of the necessary input files to 
repeat those simulations for other nuclear data libraries. 
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Benchmarks experiments

1. JAEA time dependent Fusion Neutron Source decay heat 
experiments (73 materials, 2/3 irradiation campaigns) 

2. FZK 6764 (steel) – isotopic composition measurements 
3. Li(p,n) (up to 150 MeV) angular neutron yields 
4. Fission pulse decay heat experiments 
5. Fission delayed neutron experiments 
6. Selected criticality experiment with reaction rates 

(ICSBEP, IRPhEP, REAL-IAEA) 
7. Experimental MACS from KADoNiS 
8. Spectrum-averaged cross sections in reference spectra 

(e.g. 252Cf, 235U, ACRR, LR-0, BOR, HFR, etc.) 
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Benchmarks experiments
9. Resonance integrals (based on the Atlas, other 

experiments, compilation) 
10. Resonance integrals and thermal cross-section based on 

kayzero database for NAA 
11. Time dependent gamma spectral measurements from 

PNNL (fission) and UK (fusion) 
12. (gamma, n) experimental data (Laser-Compton scattering 

from TUNL and New Subaru) 
13. Integro-differential benchmark (from EXFOR or otherwise) 
14. Shielding and fusion leakage benchmarks from SINBAD 

and other sources (including models) 
15. Reference spectra for computational analysis 
16.... 
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Project 

• The project has been managed and 
constructed through one Technical Contract 
(ending in 2021) a few experts small 
consultant agreements and generous 
contributions

• The WEB site, portal is been designed 
internally



Portal entry
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CoNDERC
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1. Reference  Spectra
• The majority of neutron-application spectra stem from light-

water assemblies, mock-ups, piles or reactors where the 
integral responses are strongly, if not solely, influenced by 
the energy ranges of the fission spectra, resonance range 
and thermal Maxwellian. 

• Fusion spectra that have been obtained from magnetic 
confinement (MCF) or inertial confinement fusion (ICF) 
present typical D-D 2.5 MeV, or D-T 14 MeV peaks 
sometimes accompanied by a higher-energy tail, but also 
showing rather different slowing-down profiles. 

• Accelerator-driven beam spectra are important in their role 
in nuclear data acquisition and materials research, but also 
for medical therapeutic and diagnostic applications.
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Reference  Spectra

• 85 incident particle spectra are provided, mostly including 
neutron incident spectra but with some charged particle 
spectra. 

• Note that these are provided in the original energy group 
structures as generated by the code(s) that calculated 
them. These are often not the same energy group 
structures as those provided for the nuclear data libraries 
and may require a flux conversion. 

• Note that while the group conversion can easily be 
performed, this cannot add structure when moving from a 
coarse group structure to a more refined multi-group.
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Reference  Spectra

• From all over 
the World, all 
types, style of 
piles, research
reactors, NPPs, 
beams, etc..
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Reference  Spectra

• NNP also: BWR 
and PWR in 
cycle at 600K 
not room 
temperature

• ESS, CERN, 
Maxwellian, 
Am-Be, Yayoi, 
Phenix, etc.



Reference  Spectra
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GROUP      UPPER       LOWER         LETHARGY         DATA       DATA/LETHARGY

• 1     2.0000E+07  1.9100E+07     4.6044E-02     2.1455E-06     4.6597E-05
• 2     1.9100E+07  1.7900E+07     6.4888E-02     6.0124E-06     9.2659E-05
• 3     1.7900E+07  1.6900E+07     5.7487E-02     1.0638E-05     1.8505E-04
• 4     1.6900E+07  1.5900E+07     6.0995E-02     2.1185E-05     3.4733E-04
• 5     1.5900E+07  1.4600E+07     8.5298E-02     6.1493E-05     7.2092E-04
• 6     1.4600E+07  1.4050E+07     3.8399E-02     4.7771E-05     1.2441E-03
• 7     1.4050E+07  1.3550E+07     3.6236E-02     6.2139E-05     1.7148E-03
• 8     1.3550E+07  1.3050E+07     3.7598E-02     8.7463E-05     2.3262E-03
• 9     1.3050E+07  1.2550E+07     3.9067E-02     1.2292E-04     3.1464E-03
• 10     1.2550E+07  1.2050E+07     4.0656E-02     1.7245E-04     4.2417E-03
• ********
• 60     3.0500E+05  2.5500E+05     1.7905E-01     1.4090E-02     7.8694E-02
• 61     2.5500E+05  2.2500E+05     1.2516E-01     8.0411E-03     6.4245E-02
• 62     2.2500E+05  1.9500E+05     1.4310E-01     7.6730E-03     5.3620E-02
• 63     1.9500E+05  1.6500E+05     1.6705E-01     7.2473E-03     4.3383E-02
• 64     1.6500E+05  1.3500E+05     2.0067E-01     6.7495E-03     3.3635E-02
• 65     1.3500E+05  1.1500E+05     1.6034E-01     4.1777E-03     2.6055E-02
• 66     1.1500E+05  9.5000E+04     1.9106E-01     3.8803E-03     2.0310E-02
• 67     9.5000E+04  7.5000E+04     2.3639E-01     3.5380E-03     1.4967E-02
• 68     7.5000E+04  5.5000E+04     3.1015E-01     3.1338E-03     1.0104E-02
• 69     5.5000E+04  3.5000E+04     4.5199E-01     2.6389E-03     5.8385E-03
• 70     3.5000E+04  1.5000E+04     8.4730E-01     1.9806E-03     2.3375E-03
• TOTAL                                             1.0000E+00

Reference  Spectra: numerical data and plots
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Time evolution: flux, ssf and rr
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• THERMAL - RESONANCE  RANGES  INFORMATION  
TABLE  – May 2021

• Recent publications                                   
• Data table compiled from EXFOR (May 2021) 
• S.F. Mughabghab in Atlas of Resonances (sixth Edition)
• N.E. Holden in Handbook of Chemistry and Physics 99Th 

Edition
• I. Dillmann, R. Plag, F. Kappeler and T. Rauscher in 

KADoNiS v1.0 + 
• J. Kopecky in UKAEA-R(15)30 

2. Resonance integrals and thermal values

18
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Resonance integrals and thermal values

Headers is 10 lines; 502 entries                                                                                             
Format :  ascii columns    

• no uncertainty means upper value
• D/D0/D1 level spacing (mean, s-, p-wave) 
• I resonance integral, c=capture radiative 

a=alpha, p=proton, f=fission, abs=absorption 
• Macs30 averaged over a Maxwellian spectrum 

peaking at 30 KeV 
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296 columns width – Audi Wapstra mass table style
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3. FNS decay heat: fusion events

14 MeV neutrons are generated 
by a 2 mA deuteron beam 
impinging on a stationary
tritium-bearing titanium target.
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FNS decay heat: fusion events

• 83 samples, two campaigns 
• 5 min and 7 hrs irradiations
• Seconds to a year coolings 

measurements
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FNS decay heat: fusion events

• Nickel
• Two campaigns
• Irradiations 5 min & 7 Hrs
• 1 hours, 450 days coolings



• From 2009 to 2020 in 5 majors steps

Decay Heat Validation: timeline
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At every steps interpretation and validation 
procesesses were improved
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FNS decay heat: CoNDERC 



FNS decay heat: CoNDERC 
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All data
• experimental
• code input
• code outputs
• plots input

&
live graphs
pdf graphs

&
All one needs to
repeat the V&V
protocols



FNS decay heat: CoNDERC 
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• Experimental uncertainty
• Calculational uncertainty

• Many libraries results 
and TENDL uncertainty
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FNS decay heat: CoNDERC 

• One final portal
• https://www-nds.iaea.org/Conderc/

• 24 hours a day every day of the year
• Live plots, mouse numerics
• Static download, also github
• Open access

https://www-nds.iaea.org/Conderc/


IAEA

4. Fission pulse heat: fission events

• The importance, treatment of the fission processes differs depending on 
the applications, but the physic principles underlying them do not, should 
not

• fission cross-sections, energy dependence, fission chances, ternary fission
• prompt, delayed neutron multiplicities 
• prompt, delayed emitted neutron spectra 
• fission products yields metrics for typical reactor applications @ thermal @fast
• fragment, independent and cumulative fragment yields
• prompt, delayed gamma radiations

• For reactor physics fission is a must (to bank 200 MeV per event) but it 
faces stiff competition (fortunately) from another usually open channel in 
the same energy range: radiative capture

• In the NPP’s fuel MOx, UOx, fission is on 235U, while capture is on 238U
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Fission pulse heat: fission events

The importance, treatment of the fission processes differs 
depending on the applications, what is missing:

• isotropic, really all events !!
• fission fragments angular/energy distributions
• P(nu) dependence in energy and fragments mass
• time dependent energy release rates
• multi-chance fission (n,n’f), (n,2n’f),….
• fission on non-actinides, the lesser fissile
• correlations

• For reactor physics fission, all the above are of little 
interest, what is in fact important are

• the energy release(s) and fission neutron maps during operation and shortly 
thereafter (accidental scenarios also)

• the fuel burnup rate, the poisonous fission fragments that capture the neutron 
that should induce another fission
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Fission pulse heat: fission events

• Measurements of fission product energy 
release rates (decay heat power) following fast 
and thermal neutron irradiation of 233U, 235U, 
238U, 239Pu, 241Pu, 237Np, and 232Th have been 
reported for decay times up to 48 hours

• Compilation of all the World experiments has 
been thoroughly scouted, assembled with 
proper references
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Fission yield GEFY Am241
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• Comparison of 241Pu irradiations 
against the burst function and  
Dickens experimental results

Fission pulse heat: fission events

33

UKAEA-R(18)003
Fission Heat Validation

TC = 19 case includes a correction for the gamma burst function of

⌘ ⌘ TI ⇥ gcalc.(TC)

Gcalc.(TI , TW )
=

0.0347⇥ 6

0.213
= 0.977. (6)

This modification reflects the fact that the calculated burst function decreases over the
10 s period around the cooling time of 19 s. Those fissions that occurred earlier in
the irradiation period will already have decreased in heat output so that the integrated
fissions over that irradiation are slightly less hot than a pulse after 19 s. After one
minute the di↵erence is so negligible that the experiment e↵ectively reproduces a fission
pulse.

More generally, an experiment is constrained by maximum achievable fluxes, maximum
total heat that a sample can emit, time delays in sample movement systems and a
(potentially small) range of count rates that detectors can accurately handle. In order
to probe di↵erent sections of the fission decay burst function, an experimentalist typically
can only adjust the sample irradiation time. Figure 4 shows several total heat curves
for irradiations of 241Pu using a 1E14 n/s flux and irradiation times of 0.1, 1, 10, 100
and 1000 seconds. The burst function calculated using a 1E21 flux over 1 ns and the
experimental results from Dickens are included for comparison. The non-fission decay
heat from 241Pu is included while decay from capture events are excluded.
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Figure 4: Comparison of 241Pu irradiations against the burst function and Dickens
results.

For longer irradiations, the relative contribution from short-lived nuclides becomes less,
since some fraction of them have decayed over the irradiation. For example, the 100 s
irradiation has a large deviation from the burst function for cooling times less than 100
s and continues to be substantially less than the burst until some 2000 s cooling time.
Eventually in all samples the total heat from fission decays will experience non-trivial

UKAEA Page 18 of 62

• Comparison of measurements (points) 
and calculations (lines) of decay heat 
power (MeV/fission) for 235U thermal 
fission for different irradiation times 
Measurements are those by 
Friesenhahn et al. in 1979



Total  decay  heat  from 235Uth
pulse with TAGS radionuclide  
labels at (x,y) =  t1/2 ,heat(EOI)

WPEC subgroup 25 nuclides 
are labelled as PX = priority X.

Fission pulse heat: fission events

34

Total  decay  heat  from 235Uth
pulse  with  radionuclide  
labels  at  =  (t1/2 ,heat(EOI))



Fission product energy release experiments 
evaluated by the CoNDERC project
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Fission pulse heat: fission events

• All experimental data gathered, compiled 
and properly referenced

• FISPACT-II and ORIGEN code systems 
have been used to Verify the processes and 
Validate parts of the data

• The web site is still evolving
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• A review of the ICSBEP and IRPhEP 
handbooks as well as other sources such as 
IAEA TRS No 480 (Research Reactor Benchmarking Database: Facility 

Specification and Experimental Data) has allowed to determine a 
variety of critical experiments with reaction 
rates, spectral index

• Thirteen identified so far, more to come, now 
available as MCNP6, TRIPOLI-4 input decks, 
outputs results simulated with ENDF-VIII.0 
and TENDL-2019          

On-going activity

5. ICSBEP & RR : beyond Keff

37
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Progress: spectral indices, reaction rates

• A partial list of ICSBEP and IRPhEP Benchmarks with 
Reaction Rate Data

More to 
come !
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Progress: spectral indices, reaction rates
• MCNP6® & TRIPOLI4® input decks have been 

developed, using the recommended information provided 
by the respective evaluators in Section 3 of the various 
ICSBEP and IRPhEP reports

® 
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Progress: spectral indices, reaction rates

• Converging reaction rates is much more 
demanding than traditional Keff’s simulation:
• 50M, 250M, histories for Keff @ 10 pcm
• 1B and 5B histories needed for RR @ 2%

• Deeper review, scouting for gems is 
continuing

• OpenMC & SERPENT inputs in the pipeline
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ICSBEP & RR : beyond Keff

• Many experimental data gathered, compiled 
and properly referenced

• MCNP6® and TRIPOLI4® code systems 
have been used to Verify the processes and 
Validate ENDF/B-VIII.0 and TENDL-2019 
application data forms

• The web site is still evolving
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6. Gamma transport: Verification

• Photonuclear (# photoatomic) evaluation are 
more commonly available

• Pure gamma transport (# coupled neutron-
gamma) are more in demand

• Prior to its release near the end of 2019, a 
testing effort was undertaken for the next 
generation suite of Talys Evaluated Nuclear 
Data Library photonuclear files g-TENDL-
2019 s0 form (#s30 explicit)
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Gamma transport: Verification

• This was not an effort to validate the physics 
accuracy of these files, rather to simply verify 
that the ACE files produced by NJOY from the 
underlying TENDL-2019 evaluations were 
structurally correct and that physically sounds 
MCNP6® jobs utilizing these files would run to 
completion

• A “mode e p n” MCNP6® input deck and 
ACE files generated at the Agency
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Gamma transport: Verification

• “Création d'une bibliothèque d'activation 
photonucléaire et mesures de spectres 
d'émission de neutrons retardés”

2005 - M.L. Giacri-Mauborgne
• “Development and Implementation of 

Photonuclear Cross-Section Data for Mutually 
Coupled Neutron-Photon Transport Calculations 
in the Monte Carlo N-Particle (MCNP) Radiation 
Transport Code”

2000 - Morgan C. White
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Gamma transport: Verification

• Input files were suitably modified to test the 
ACE photonuclear nuclear data files for all 
stable elements/isotopes from Z=3 through 
Z=83 as well as 232Th and 234,235,238U

• Values on the “cut:p” and “cut:e” were varied 
by element as appropriate, or set to 
minimum of 100 keV.  

• The “nps” card value was set to 250 million 
or 50 million histories. 



• Inputs for 82 elements, # cut values and nps

Gamma transport: Verification

46
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7. Transport – shielding  

• Upon specific request of members state,  
radiation shielding benchmark are now also 
considered in CoNDERC

• Building from the existant: IAEA consultancy 
achievements, generous contributors and 
moving forward

• MCNP6® and TRIPOLI-4® input decks have 
been developed for:
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Shielding; e.g. Oktavian
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Transport – shielding – SINBAD 

• Expert crafted, verified input decks are 
openly available, retriveable

• Validation outputs results available for
• JEFF-3.3
• ENDF/B-VIII.0
• JENDL-4.0
• TENDL-2019

• Relevant documentations
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Conclusions: a way forward

• Live web portal, explicit with graphics, tables
• Deployable data streams, full download
• V&V codes inputs & outputs
• Experimental information in computer forms
• Computer accessible through github


