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MCNP6 & Whisper
Status
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MCNP6 & Whisper Status    (1)

• MCNP releases by RSICC

MCNP6.1 – 2013,  production version

MCNP6.1.1 – 2014,  same criticality, faster, beta features for DHS 

MCNP6.2 – 2018,  with Whisper code & benchmarks & 

about 2x faster than MCNP6.1!

Nuclear Data – ENDF/B-VII.1 data, updates, & older data

Reference Collection – 700+ technical reports

V&V Test Collection – 1500+ test problems

Supported on Mac, Linux, Windows

Used for ~1,000,000 processor-hours / month at LANL

Frequent V&V testing for NCS applications

• Some of the MCNP6.2 new features

– Longer input lines,   up to 128 characters

– Warning message regarding bias if using  < 10,000 neutrons/cycle

– MCNPTools, ISC, & other improved utilities

– Data and code bug fixes  (described later)
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MCNP6 & Whisper Status    (2)

MCNP6.2 Release
• 2016
– Code work & V&V finished in Spring
– Delays in finishing User-Manual, Test documents, Release Notes
– Long delay in getting approval to issue User Manual as publicly 

available LA-UR report,   instead of controlled publication
• 2017
– Documentation work & approval finished in Summer
– Routine request to lab lawyers to approve copyright statement
– Lawyers being lawyers, they discovered

The LANL Prime Contract requires all funding sponsors
for a computer code to explicitly approve any release

– Immediate approval from DOE-NNSA  ASC & NCSP 
– Long delays from DHS

• 2018
– Approval from DHS, pending extra Readme file with legalease...
– LANL lawyers at work again
– Finally, release to RSICC on 2018-03-12
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MCNP6 & Whisper Status    (4)

! Whisper-1.1 – 1st Public Release
" Coding,  1101 ICSBEP benchmarks,  scripts,  &  50+ documents 
" Portable to Mac, Linux, Windows
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MCNP Verification & Validation     (1)

Verification Suites

• REGRESSION
– Run by developers for QA checking 

• VERIFICATION_KEFF
– Analytic benchmarks,  exact solutions for k eff

– Continuous -energy  &  multigroup

• VERIFICATION_GENTIME
– 10 benchmarks for  reactor kinetics parameters

• KOBAYASHI
– 6 void & duct streaming problems, with point 

detectors, exact solutions

• Ganapol Benchmarks
– Exact, semi -analytic benchmark problems
– Fixed source,   not criticality

• Gonzales Benchmark
– Exact analytic benchmark with elastic scatter, 

including free -gas scatter

Validation Suites

! VALIDATION_CRITICALITY

" 31  ICSBEP  Cases,  too small for serious V&V

" Today, used for

! Code-to-code verification, with real NCS 
problems & data

! Compiler-to-compiler verification, with real 
NCS problems & data

! Timing tests for optimizing MCNP coding & 
threading

" Run at least weekly, to check MCNP6 for NCS

! VALIDATION_CRIT_EXPANDED

" 119  ICSBEP  Cases

" Broad-range validation, for developers

! VALIDATION_CRIT_WHISPER

" 1101  ICSBEP  Cases

" Used with Whisper methodology for serious 
validation

" Will be expanded,  as time permits

! Sandia benchmarks

! Others
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MCNP Verification & Validation     (2)

• What changes in MCNP6.2 do NCS users need to be aware of?

– Changes in MCNP6.2 Coding
• Compliance with Fortran 2003 standard
• Continuous S(! ," ) numerics (fixed since MCNP6.1.1 release)
• Coincident surface treatment – containers with rotated universe

– New method causes some small differences
• k-adjoint first k-effective estimate

– Fix causes minor adjoint-weighted reactor kinetics parameter differences

– Changes in Nuclear Data Libraries (ENDF/B-VII.1)
• Revised Hydrogen         production data

– Use 1001.[90-96]c in place of 1001.[80-86]c
• SiO2 S(! ," ) thermal scattering data

– Use sio2.[10-16]t in place of sio2.[30-36]t
• Zirc-Hydride S(! ," ) thermal scattering data at 1200K

– Use h-zr.28t in place of h-zr.27t
• New xsdir_mcnp6.2 makes the above fixed data the default

• All of these minor issues have been extensively verified & tested

(n,γ )
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R&D Work in Progress
Region-wise Sensitivities

Sparse-storage Fission Matrix
New Alpha-Eigenvalue Methods

Machine Learning to Predict Bias
Presence of Chlorine in Process Operations

New Random Number Package
Correlated Fission Multiplicity

(If Time Permits)
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R&D – New Alpha-Eigenvalue Methods

! MCNP6 calculation of alpha-eigenvalues
" Alpha-mode calculations of time behavior after fast burst or scram
" Longstanding feature of in-house LANL versions of MCNP
" Not part of MCNP distribution through RSICC
" Available to other DOE-sites on request from XCP-3

! Basic algorithm improvements
" Conventional k-alpha search is not robust, requires careful selection of 

algorithm parameters, & only works for prompt neutrons
" Improvements

! Accurate integral-based method for estimating alpha
! Improved method for alpha-updates during iterations
! Incorporate delayed neutrons   (previously, only prompt neutrons)

! Status
" Demonstrated effectiveness in research mods to MCNP6
" Plan to integrate into production MCNP6 in 2018
" Extensive LANL testing,  public release
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R&D – Machine Learning to Predict Bias

• Whisper can be used to help determine a baseline USL for a given 
application (including bias + uncertainty & additional margin)
– Uses benchmark catalogue of 1100+ calculations with sensitivities
– Conservative estimate of bias + uncertainty
– GLLS used to quantify additional margin of subcriticality

• Question: Is it possible to use 
machine learning and the
Whisper sensitivity data to 
accurately predict the bias in keff?
– Possibly useful for new designs
– Obtain importance of sensitivity

data to the bias in keff

– Provide feedback to nuclear data
community on what can be
improved
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R&D – Presence of Chlorine in Process Operations

• In situ neutron multiplication measurements

– Calculate subcritical multiplication & compare in situ measurements

– Predict k-effective for abnormal conditions and quantify existing 
margin and conservatisms, evaluation model vs. practical conditions

• Pu metal-water mix vs. Pu chloride solutions
• PVDF (polyvinyl difluoride) tanks
• Presence of gadolinium oxide in tank walls

• Development of solution density laws

– Similar methodology to nitrate Isopiestic law developed by IRSN/CEA

– Work underway to experimentally measure binary data for plutonium 
chloride solutions

• Proposed critical experiments for validation of chlorine

– Whisper used to help design critical experiment

– Determine if proposed experiment is within “area of applicability” for 
process operations

• Whisper used to help determine similarity to existing benchmark 
experiments, leading to recommended baseline USL

– Can also help quantify additional area of applicability margin to 

account for limited data
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MCNP 2020 &
Code Modernization
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• R=@D%?GG%'+%@D)*)%=LK&'N);%@)?L%K&'I)**)*%;'IHL)<@);%?<;%=<%KG?I)%G)?;*%@'%
=LK&'N);%,S.

– .;'K@%L';)&< *'+@F?&)%;)N)G'KL)<@%@''G*
! T)&*='<%I'<@&'G%*P*@)L%U"T,% " (=@
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• 1)K'*=@'&P%L?<?()L)<@%X%I';)%&)N=)F*%UY)?LZ'&() X%W)&&=@" MMM

• .&@=+?I@%X%@=IQ)@%@&?IQ=<(%UY)?LZ'&() " MMM

• "'<@=<H'H*%[H=G;%?<;%@)*@=<(%*P*@)L%U"VY,% " MMM
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• C=@D%?EE%'+%@D)%D=*@'&F%'+%!"#$%G'H)*I

I%H?<F%J)<)+=@*

– K)&F%+)?@L&)/&=GDM%H?<F%?NNE=G?@='<*%N'**=JE)

– OP@)<*=Q)%@)*@=<(%A79R%G'Q)&?()%'+%G';)B

– K?E=;?@='<%+'&%=HN'&@?<@%?NNE=G?@='<*%E=S)%#",

– OPN)&@%)PN)&=)<G)%?<;%(L=;?<G)%?Q?=E?JE)

I%H?<F%GD?EE)<()*

– .%@?<(E);%H)**%'+%*'L&G)%G';)M%;)N)<;)<G=)*M%)@GT%
A*))%;)N)<;)<GF%(&?ND%èB
• No modularity – need to break dependencies
• Unintended side-effects when calling a function

– U=H=<=*D);%S<'VE);()%'+%*'H)%+)?@L&)*

– ,@&LG@L&?E%LN(&?;)*%*'&)EF%<)););
• Remove cryptic variable naming (2-3 letter variables)
• Organize data structures in a logical way
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• !"#$%4848%9%"':)%!':)&;<=>?<';
– CDE&'F)%E)&+'&D>;G)%@!"#$%4848B

ü Algorithmic improvements to speedup criticality calculations

– 0E(&>:)%G'&)%!"#$H%*'+?I>&)%@J'?KL%M<;:%'+B
• NF'OP?<';L%;'?%&)F'OP?<';

• 1)*?&PG?P&)L%GO)>;%PE%G':)%9%:>?>%*?&PG?P&)*L%*?>;:>&:*%G'DEO<>;G)

• 1):PG)%+P?P&)%G'*?*%+'&%:)F)O'ED);?%9%D><;?);>;G)

– $&)E>&)%+'&%+P?P&)%@J'?KB
• MCNP 2020: new computers – massive parallel, but less memory per core
• MCNP 2020: improve MPI & thread parallelism
• Code Modernization: prepare code base to be more manageable and sustainable 

for future developers & platforms

• QK)%!"#$%4848%9%();)&>O%G':)%D':)&;<=>?<';%EO>;*%>&)%GO'*)OR%
>**'G<>?):%I<?K%)>GK%'?K)&%I<?K%D>;R%G'DD';%('>O*

• #",$%*PEE'&?%+'&%?K)%+P?P&)%'+%!"#$%<*%<;F>OP>JO)
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Summary    (1)

• MCNP releases

– MCNP5 is no longer supported,   cannot use continuous S(α,β)

– MCNP6.1,  MCNP6.1.1,  &   ENDF/B-VII.1  released in 2013 & 2014

– MCNP6.2 & Whisper-1.1 release – March 2018

• All basic KCODE criticality features same as for MCNP5 & MCNP6.1
• MCNP6 speed improved by 1.2 – 4 X for crit-safety.
• Thorough testing with NCS criticality suites

• Whisper – Sensitivity-uncertainty methods 

– Whisper methods for validation & USLs are important to LANL & other 

DOE sites

– Being used routinely in many areas

– Training is available

– Outstanding success due to long-range vision & support from NCSP

• Ongoing – user support, training, and education
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Questions ?
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R&D – New Random Number Package

! Current MCNP random number generator has been in use for 15 yr

" Default: 48-bit RNG, period ~ 1014

" 6 options: 63-bit RNG, period ~ 1018

" For a criticality calculation with 10 billion neutrons

! #$%&'()*+,-. /0/($*)123'41*$5)62$*+,-*7$2638*99*)6:$;*
! <)1$2*+,-;. ';$*35(0*=*>?@A*3%*+,-*;$B'$5/$

! Proposal: Make the 63-bit RNG#2 the new default

" Only a few lines of coding change

" All results will change,  but should agree within statistics

" Need extensive V&V using standard MCNP criticality validation suites

" Initial testing verifies that results agree within statistics

! Proposal: Modernized object-oriented RNG package

" Alters algorithm to particle-owned RNG, instead of code-owned RNG

" Easy to test & verify
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