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Overview

• The challenges facing a broad collaboration

• Some integral data validation results

(235,8U , 239Pu, 56Fe, 16O, 1H  initially)
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 May 2013: CIELO WPEC Subgroup initiated

• Teams identified

 Nov 2013: NEMEA7-CIELO: Main collaboration kick-off

• Refine scope of work, collaborators who will work on tasks

• Will result in detailed work plans, time line goals, for each nucleus

 Next 2.5 Years: 

• Various collaboration meetings, continual email collaborative exchanges 

• engagement with validation data testers continually

• Incorporate new IAEA standards results (fission, capture, scattering, …)

• Explore interdependencies on criticality from the 6 CIELO nuclides

 May 2016: 

• Document conclusions from CIELO collaborations in WPEC report (& NDS paper?)

• Create formatted files that embody CIELO’s initial conclusions

Time-line
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CIELO Expedites Evaluated Data Advances 

~100 People Already Engaged from Across World

 Pilot Project: 1H, 16O, 56Fe 235,8U and 239Pu

 Identify discrepancies – see our ND2013 Proceedings paper

 Establish teams of specialists

 Resolve/document discrepancies and create new CIELO files: 

Insights come from experiment, theory, and benchmark experiments

 Goal: best physically-justifiable cross sections, while maintaining 

good integral performance (k-eff criticality, reaction rates, etc)

It’s an opportunity to make substantial advances, with key support 

from NEA (Emmeric Dupont …) and IAEA (Robin Forrest …)
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 Nuclear data are physical constants – there’s only one correct answer! 

And they are used as a trusted repository for scientific data

• Existing ENDF, JENDL, JEFF, …. have reached a level of maturity enabling us to 

contemplate this next step – they’re already converging!

 Quality: advances will benefit from collaboration of world’s experts

• Evaluations are extremely complex, with very broad scope

• We are relying more on complementary expertises

 Computational & sens./covariance advances can expedite advances

 We have experts in place to do this (including key retirees)

 Build on steps already taken through international collaborations
• IAEA/WPEC Standards …  IAEA CRPs, NEA WPEC Working Groups …..

CIELO: 

Rationale ….

Operated by Los Alamos National Security, LLC for NNSA



“Mosteller” suite of 119 critical assemblies 

that we track over time (MCNP6 calculations)

Diminishing returns: it is increasingly difficult to improve 

our overall performance using the present approaches

Progress in Modeling Criticality in ENDF

Kiedrowski
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CIELO1.0?

Initial goal: 
equivalent 

performance, with 

better underlying 

physics



In Case You Didn’t Think We Have Lots of Work ……



235U



235U



235



235U :  Some  Particular Challenges  
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 Capture changes in resonance region, based on new LANL, 

RPI, CERN data (& insights from Japanese data testing) 

 New PFNS results coming (IAEA CRP etc)

 Inelastic scattering discrepancies between evaluations 

 Use of new IAEA Standards 



Major Advance (2): 235U Capture:

It appears the Japanese were right near 1 keV

But Wallner AMS 25 keV has ENDF high by 

5% (+/- 6%); 423 keV ENDF high by 8% +/-

8%; PROFIL fast reactor has ENDF low by 3-

5%

Future evaluations will include 

Los Alamos & RPI, n_TOF data

DANCE data shows ENDF too high 

Jandel

Operated by Los Alamos National Security, LLC for NNSA



HST Benchmarks   - LANL testing of prelim Res file

 Regression fit to 

HST benchmarks 

versus ATLF has 

been excellent 

since ENDF/B-

VI.3 (Lubitz).

 This excellent fit 

is retained with 

the latest 

(ORNL8) 235U 

resolved 

resonance file.



HMF7 (HEU + CH2) : LANL testing of prelim Res file
 HEU + poly 

system tests xs 
data over several 
orders of 
magnitude.

 E70 & E71 
results are near 
unity at either 
energy extreme 
but are biased 
high in the 
intermediate 
energy range.

 This bias is 
worsened with 
the latest ORNL8 
235U evaluated 
file.



Reaction Rates in Fast Critical Assemblies Provide 

Integral Test of Prompt Fission Neutron Spectrum & (n,2n) 

Cross Sections  - Uranium-235 data

235U

With NUEX 

data added

(Lestone)

Perhaps suggests a 

softer ENDF spectrum 

is needed, but we 

have discrepant data.

See also Casoli

ND2013 talk & Bauge

2012 EPJ paper

New IAEA CRP -

Simakov

Similar analysis for plutonium systems –

see our ND2013 proceedings paper



More Data Testing on Preliminary 235U ORNL Res Rile



More Data Testing on Preliminary 235U ORNL Res Rile



239Pu :  Some  Particular Challenges  
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 Build on the excellent WPEC subgroup 34 work from CEA & 

ORNL 

 Capture discrepancies. We’re waiting for new DANE data

 New PFNS results coming (IAEA CRP etc)

 Inelastic scattering discrepancies between evaluations 

 Use of new IAEA Standards 
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Plutonium Capture: Improvements Are Needed 

Existing uncertainties >15%

 SG33 & PROFIL (PHENIX) 

239Pu(n,g) integral testing 

suggests B-VII is ~ 10% low over 

this fast reactor spectrum. Also, 

Ishikawa’s ADJ work suggests 

JENDL should be raised 5-10%

 DANCE  measurements planned
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Determining the Prompt Fission Neutron Spectrum (Chi):

One of Our Highest Priorities & an IAEA CRP

Large uncertainties below 1 MeV and 

above 5 MeV impact criticality 

calculations and (n,2n) transmutations

Lestone’s talk: accurate underground 

NUEX data released by Los Alamos:

Talou, Vogt

Operated by Los Alamos National Security, LLC for NNSA
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Major Advance (4): Actinide Elastic & Inelastic Scattering: 

Large Discrepancies are Starting to be Resolved

Insights from advanced coupled-

channel scattering theory needed

238U: Improvements have been 

accomplished by Capote, Trkov, 

using Danon’s new RPI data

Dietrich, Thompson & Kawano 

determined that convergence of 

CC solutions is slow

Iwamoto, Romain, & Kawano 

have all made notable advances
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239Pu

With NUEX 

data added

(Lestone)

Reaction Rates in Fast Critical Assemblies Provide 

Integral Test of Prompt Fission Neutron Spectrum & (n,2n) 

Cross Sections - Plutonium-239 PFNS Data

NUEX insights ~ 

contradict our 

dosimetry (n,2n) 

data feedback

More work is 

needed, see new 

IAEA CRP on 

dosimetry data 

validation



Pu-SOL-THERM Benchmarks – I. Prelim LANL testing of 

new Subgroup 34 resonance results
 A ~500 pcm bias in 

calculated PST 
reactivity is a long-
standing issue.

 WPEC Sub-Group 34 
was tasked with 
defining a new 
(better?) set of 
resolved resonance 
parameters for 239Pu in 
an attempt to resolve 
this issue.

 Can define a sub-set 
of these 150 
benchmarks to test 
revised data files.

Consider benchmark attributes such as (i) ATLF; 

(ii) 239Pu atom-% in Pu; (iii) Above-Thermal Fission 

Fraction (ATFF); (iv) H/Pu number density (or gPu

per liter) to define this sub-set.



Pu-SOL-THERM Benchmarks – II.  Prelim LANL testing 

of new Subgroup 34 resonance results

 A set of seven Pu-SOL-THERM benchmarks have been 

extracted from the larger set.

• PST1.4 & PST12.13 span the ATLF space;

• PST12.10 & PST34.15 span the ATFF space;

• PST4.1 & PST18.6 span the 239Pu atom percent space;

• PST12.10 & PST34.4 span the g Pu per liter space.

 All benchmark experiments are performed in simple geometry

• PST1.4 & PST4.1 are a water-reflected spheres;

• PST18.6, PST34.4 & PST34.15 are water-reflected cylinders;

• PST12.10 & PST12.13 are a water-reflected slabs;



Pu-SOL-THERM Benchmarks – III. Prelim LANL testing 

of new Subgroup 34 resonance results

Calculated Eigenvalues(a) for a Selection of PST Assemblies

Using Various 239Pu Cross Sections

Assembly ENDF/B-VII.1 JEFF-3.1.2 (b) JENDL-4.0 (b) Leal7a (c) + e71

Leal7a (RR, nu, 

pfns only) + 

e71

PST1.4 1.00448 1.00127 1.00588 1.00199 1.00202

PST4.1 1.00383 0.99907 1.00482 1.00044 1.00044

PST9 1.01939 1.01367 1.02510 1.01543 1.01546

PST12.10 1.00412 0.99973 1.00498 1.00083 1.00080

PST12.13 1.00955 1.00468 1.01069 1.00611 1.00620

PST18.6 1.00472 1.00153 1.00557 1.00202 1.00208

PST34.4 1.00258 0.99999 1.00417 0.99922 0.99937

PST34.15 0.99742 0.99563 0.99844 0.99679 0.99707

Average 1.00576 1.00195 1.00746 1.00285 1.00293

a) MCNP calculations are for 250M histories; stochastic uncertainty is ~5 pcm.

b) JEFF-3.1.2 and JENDL-4.0 239Pu only; remaining nuclides are ENDF/B-VII.1

c) “LEAL7a” evaluation provides revised resolved resonance parameters coupled to a joint 

ORNL/CEA evaluated 239Pu file; the “LEAL7a (RR,nu,pfns)” file couples just these data to the 

existing ENDF/B-VII.1 239Pu file.

The E71 1.00576 

kcalc average 

demonstrates 

that the 7 

benchmark 

subset reflects 

the larger 

population.

Data revisions in 

the “Leal7a” 239Pu 

evaluated file 

have eliminated 

~50% of the long-

standing kcalc

bias.



56Fe: Advances Needed in Inelastic Scattering
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56Fe: Advances Needed in Inelastic Scattering

New measurements (IRMM) & SAMMY analyses in resonance 

region; new Hauser-Feshbach analyses at higher energies

Herman, Palmiotti
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16O

Cecil Lubitz: 

“After several “preliminary” months on 

CIELO it’s clear that we have bitten off a 

big chunk. Get ready to chew.”
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16O. Work is Needed to Reconcile R-Matrix Theory & Data & 

Maintain Criticality and Transmission Performance
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16O. Work is Needed to Reconcile R-Matrix Theory & Data & 

Maintain Criticality and Transmission Performance

Progress already being made by Plompen, Lubitz, Roubstov, 

Hale, Kunieda, Leal, Moxon, Kopecky … 
Operated by Los Alamos National Security, LLC for NNSA

An interesting case of seemingly discrepant information coming from 

theory versus experiment!

(R-matrix theory + total cross section data seems to suggest a higher (n,a) 

than measurements. Being an empiricist, I know who I’d bet on!).



Uncertainties & Covariances for CIELO

Covariances are now available in 

the major evaluated libraries. This 

allows us to:

-Focus experiment & theory efforts

- Calculate uncertainties on integral 

neutronic performance

- Provide feedback on cross section 

updates, via “adjustment” projects 

(SG33) or “assimilation”

-- We’ll work with the new WPEC 

subgroup 39

Talou, with US covariance effort led by 

Oblozinsky, Smith, Herman, Hoblit:

Talou, Young, Kawano, Rising, Chadwick, DS 

112, 3054 (2011)
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Summary …

Join our CIELO collaboration

Enjoy the workshop – Thanks to IRMM & NEA/IAEA for support!



BACKUP SLIDES



MCNP6 Production release, 2013

 MCNP6 = MCNP5 + MCNPX + several new features

 2 DVD set will contain 5,X & 6 + ENDF 7.1 and > 1 Gbyte of documents

 MCNP 5/X/6 Beta 2 had 2,452 copies sent out in FY12 and more than 

11,000 in the last 11 years!

 See “Initial MCNP6 Release Overview” Nuclear Technology, Dec 2012



CIELO – the 3rd Act:

Learn from Wagner … “Begin as You Mean to Go On”
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