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Abstract 
We review the results of NCSP sponsored data evaluation and integral 
data testing work performed during FY11 at LANL to support development 
and release of the ENDF/B-VII.1 Neutron Library. 
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Introduction - I 
 The ENDF/B-VII.1 General Purpose Nuclear Data File 

was released in December, 2011. 
• Followed data testing and analyses of several “beta” files 

during 2011. 

 In parallel, the December, 2011 issue of the Nuclear 
Data Sheets contained a number of peer-reviewed 
technical papers documenting much of the 
underlying work performed to develop these data 
files. 
• This report summarizes LANL’s contribution to the data evaluation 

and data validation effort of the ENDF/B-VII.1 Library. 
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Nuclear Data Sheets, 
112, 2888 (2011). 

We focus on LANL 
work below, but the 
complete evaluation 
effort was a multi-lab 
(and multi-country!) 
effort. 
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Nuclear Data Sheets, 
112, 2997 (2011). 

We focus on LANL 
work below, but the 
complete validation 
effort was a multi-lab 
(and multi-country!) 
effort. 
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Nuclear Data Sheets, 112, 3054 (2011) 
Nuclear Data Sheets, 112, 3120 (2011) 
Nuclear Data Sheets, 112, 3135 (2011) 
 

The NCSP Program benefitted from an overlap 
in interest with the Physics and Engineering 
Models (PEM) element of DOE’s Advanced 
Simulation and Computing (ASC) Program. 
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ENDF/B-VII.0 Deficiencies Addressed 
 238,240Pu 
 Minor actinides (236,237,239U, 237Np, 242Pu, 241,243Am) 
 Minor actinides (Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm) 
 Light Elements (Astrophysics, Capture Cross Sections) 
 Structural materials (Ti, V, Mn, Cr, Ni, W) 
 Fission Product Thermal Capture 
 Fission Product Yields (FPY) 
 Delayed Neutron (DN) Data 
 Covariances (Fast Energy Range, Actinides) 
 Thermal Kernel Processing for MCNP 
 NOTE:  Major actinide (235,238U, 239Pu) evaluations are 

unchanged (except for reverting to ENDF/B-VI.8 DN data)  
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(236,237,239U, 237Np, 242Pu, 241,243Am) 
 Revised fission and capture cross section 

evaluations based upon integral data testing 
feedback. 

 LLNL surrogate data used to update the 239U 
evaluation. 

 Much of the basic re-evaluation work pre-dates 2011; 
integral data testing has occurred in 2010 & 2011 … 
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238U – LANL Integral Reaction Rate Data 
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  See Chadwick et al 
paper for additional 
results … 
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Light Elements – 3He, 9Be, natC, 16O 
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This work initiated after deficiencies 
were noted by NNDC staff for 30 
keV Maxwellian averaged capture 
data. 
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Light Elements – 3He, 9Be, natC, 16O 
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LA-UR-12-26244 Structural materials 
(Ti, V, Mn, Cr, Ni, W) 
 Ti – Revised 48Ti evaluation (ORNL and LANL), based upon 

reported keff bias in critical assembly testing (next presentation), 
new ORNL RR evaluation and new LANSCE data. 

 V – Replace an elemental evaluation with isotopic evaluations 
(use JENDL-4.0 for the minor isotope, 50V).  51V updated to 
account for new gas-production data and modern reaction code 
calculations. 

 Mn – Update the 1988 evaluation (ORNL and LANL) to account 
for new (n,2n) and (n,γ) data and advanced reaction codes. 

 50,52,53,54Cr, 58,60Ni – ORNL revisions in the resolved resonance 
region; LANL revisions to high energy α production. 

 W – Update old (~1980 for ENDF/B-V) isotopic evaluations 
accounting for new data, advanced reaction models and integral 
data testing feedback; include missing 180W. 
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48Ti - Revert to more forward 
peaked elastic scattering 
angular distributions, as in 
older evaluations. 
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Quantify Uncertainties with Evaluated Data 
 LANL, T-2 work on major actinides in the fast energy range 

 Included: 
• Cross-sections for most important reactions; e.g., (n,capture), (n,fission), 

(n,2n), etc 
• Prompt fission neutron spectra and multiplicities for 239Pu, 235U and 238U 

thermal 

 Model calculations using T-2 nuclear reaction codes (e.g., CoH, 
GNASH, PFNS, …) + covariance analyses of experimental data + 
Bayesian statistics to combine both experiments and theory into 
evaluated files. 

 Full documentation in 
“Quantification of Uncertainties for Evaluated Neutron-Induced Reactions on Actinides 
in the Fast Energy Range”, P.Talou, P.G.Young, T.Kawano, M.Rising, and 
M.B.Chadwick, Nuclear Data Sheets 112, 3054 (2011).  
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Thermal Kernel Processing for MCNP 
 Processed all thermal kernel data files in the ENDF/B-VII.1 

library; documented in LA-UR-12-00800. 
• Use NJOY and create “continuous” kernel files. 
• Requires use of MCNP5.1.50 or later. 

— File format is unchanged, , and so older versions of MCNP will execute but 
yield incorrect results. 

— “Continuous” files are significantly larger than previous “discrete” files but have 
little impact on kcrit runtime calculations. 

 

 New thermal data for ENDF/B-VII.1 is Si in SiO2. 
 

 Will be part of the nuclear data library included with the next 
MCNP release. 
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LANL Data Validation Work 
 Mostly ICSBEP Benchmark Eigenvalue Calculations using 

MCNP5 
• All data files were processed into ACE format using NJOY. 
• Linear-linear interpolation tolerance set to 0.1%. 
• Only room temperature (INL used 900K & 1500K data). 
 

 ICSBEP Nomenclature Reminder – XXX-YYY-ZZZ-### 
• XXX = Fuel (HEU, IEU, LEU, Pu, MIX(U/Pu), U233, SPEC). 
• YYY = Fuel Form (MET (metal), COMP (compound), SOL (solution)). 
• ZZZ = Spectrum (FAST, INTER, THERM). 
• ### = sequential index. 
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LANL Data Validation Work 
 ICSBEP usefulness is extended by using multiple benchmarks 

where an easily measured attribute varies 
• HMF7 – ORNL experiment with HEU plates and polyethylene. 

— Multiple cases with varying polyethylene causes systematic change in average 
fission energy 

 

• HMF66 or HMF77 – LLNL experiments with varying amounts of Be 
 

• HMF34, HMF79, HMM15 – Russian experiments with Titanium and 
polyethylene 
— Ti is axial reflector (variable thickness) or diluent with varying polyethylene 
— Other HEU/HMM or other fuel systems with varying structural materials and 

polyethylene (Al, V, Fe, W) 
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LANL Data Validation Work 
 Three Types of Results 

• “Do No Harm” – If we had accurate eigenvalue predictions with 
previous cross section files, are we still accurate? 
— Maybe no change to the important data files, or have eliminated cancelling 

errors. 
 

• If we had poor results before, have we made changes (consistent with 
the underlying microscopic data!) that lead to improved eigenvalue 
predictions? 
 

• If we had poor results before, and have made no changes in the important 
cross sections, are the previous results confirmed? 
— At least we have processed the basic nuclear data files in a consistent manner. 
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“Open” squares 
are E71; “Solid” 
squares are 
E70. 

LANL Historical 
Critical 
Assemblies   

Previous good 
results are 
retained (as 
expected). 
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A “Do No Harm” Example - THERMAL 
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E71 Regression 
Coefficients are 
identical to 
those obtained 
with E70 Cross 
Sections. 

Previous good 
results are 
retained (as 
expected). 
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Ti bearing 
assemblies 

ENDF/B-VI.8 
is “too cold” 

ENDF/B-VII.0 
is “too hot” 

ENDF/B-VII.1 
is “just right”! 
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W Bearing Assemblies – Another Success 

Slide 23 

0.9750

0.9800

0.9850

0.9900

0.9950

1.0000

1.0050

1.0100

1.0150

1.0200

1.0250

E68 E70 E71

k e
ff C

/E
 

Cross Section Data Set 

HMF49.1 HMF49.2
HMF49.3 HMF50
HMM17 PMF5
UMF4.1 UMF4.2

E71 Calculated 
Eigenvalue 
Spread is signifi-
cantly reduced 
compared to E70 
or E68. 

Revised W evalu-
ations were contri-
buted to the 
ENDF/B commu-
nity by the IAEA. 
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A Large Variation in Energy 
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HMF7 (ORNL) 

Moderation 
via varying 
amounts of 
CH2 placed 
between and 
surrounding a 
set of HEU 
plates. 

E71 (or E70) 
eigenvalues 
are about 300 
pcm larger 
than E68. 
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Poisoned Solution and Lattice Systems - I 
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Large 
variation in 
calculated 
eigenvalues, 
but in 
general E71 
based 
results are 
superior to 
E70. 
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Poisoned Solution and Lattice Systems - II 
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“Base Case” 
(LCT2) calc-
ulated eigen-
value is 
about 200 
pcm less. 

Potential 
decrease in 
Gd absorp-
tion would 
make this 
comparison 
even worse. 
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Poisoned Solution and Lattice Systems - III 
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LCT79 
Calculated 
Eigenvalues 

UO2 lattice 
assembly 
with varying 
amounts of 
103Rh (a 
fission 
product 
poison). 
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Where We Need More Work - Lead 
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Water modera-
ted attice 
systems with and 
without metal 
reflectors. 

Steel (Fe) and 
deplU results are 
good; Pb results 
are poor. 

HMF with Pb is 
also poorly 
predicted. 
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Calculated 
Eigenvalues 
are historically 
biased high by 
500 pcm or so; 
no change, as 
expected, in the 
current results. 

This is the 
subject of a 
WPEC Sub-
Group 
(ORNL/LANL/ 
ANL/Europe). 
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233U Intermediate and Thermal Systems 
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A long-standing 
bias in calcu-
lated eigen-
values; little 
change in E71 
results. 

Black circles are 
UCT (LWBR) 
related; a 
successful 
though little 
publicized NR 
program); were 
we lucky? 
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LANL Data Testing Conclusions 
 Good E71 Calculated Eigenvalues for FAST (HEU, Pu, 233U; Bare 

and natU Reflected) Systems (as expected) 
 

 Good E71 Calculated Eigenvalues for HST Systems (as 
expected) 
 

 Good E71 Calculated Results for Uranium Systems from FAST 
to THERMAL 
• Accurate CH2 and Ti/CH2 results. 
 

 Good E71 Calculated Eigenvalues for LCT Systems 
• Accurate Steel (Fe) and deplU reflected system calculated eigenvalues. 
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LANL Data Testing Conclusions 
 But we’re not done yet! 

• FAST and THERMAL Pb reflected system calculated eigenvalues exhibit 
large scatter (biased both high and low). 

• Pu solution system calculated eigenvalues are biased high. 
— A long-standing unresolved issue. 

• 233U thermal and intermediate spectrum calculated eigenvalues exhibit a 
significant trend with Above-Thermal Fission Fraction. 

• Unresolved questions remain with respect to the true thermal absorption 
cross section for 155Gd. 
— Microscopic data from RPI supports a decreased value; integral data testing 

supports the current value or a small increase. 
• Variation in Be reflected system’s kcalc is large and not fully understood. 
• Differences among ENDF/B, JEFF and JENDL even though all libraries 

yield generally accurate kcalc values. 
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