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MCNP Progress for NCSP LA-UR-18-22379

MCNPG6 & Whisper Status (1)

« MCNP releases by RSICC

MCNP6.1 — 2013,
MCNP6.1.1 — 2014,
MCNP6.2 — 2018,

Nuclear Data
Reference Collection
V&YV Test Collection

production version

same criticality, faster, beta features for DHS
with Whisper code & benchmarks &

about 2x faster than MCNP6.1!

— ENDF/B-VII.1 data, updates, & older data
— 700* technical reports
— 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 MCNPG6.2 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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MCNPG6 & Whisper Status (2)

MCNPG6.2 Release

- 2016
— Code work & V&YV 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

o 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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MCNP Progress for NCSP

MCNPG6 & Whisper Status (4)

LA-UR-18-22379

I Whisper-1.1 — 1st Public Release
" Coding, 1101 ICSBEP benchmarks, scripts, & 50+ documents

Portable to Mac, Linux, Windows

Application

P

ACE
Cross-section
Data

ACE
Cross-section
Covariance
Data

7_>"*

Ltt‘t: -~

CataToQ of seh$|t|V|ty
profiles for 1100+
experiments

‘ SU-based
Analysis

v

USL
Upper Subcritical Limit
for NCS analysis

MCNP6

Monte Carlo
Criticality Calculation

Application
Sensitivity Profile

Whisper

Pattern matching -
application sensitivity
profile vs catalog

Select similar experiments

Statistical analysis to
determine bias &
uncertainty & MOS




Verification
&
Validation



MCNP Progress for NCSP

MCNP Verification & Validation

LA-UR-18-22379

(1)

Verification Suites

+ REGRESSION
— Run by developers for QA checking

* VERIFICATION_KEFF

— Analytic benchmarks, exact solutions for k off
— 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

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

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

I 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
I Sandia benchmarks
I 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 (n,y) production data
— Use 1001.[90-96]c in place of 1001.[80-86]c
« SiO, 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
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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)



"#$%$&'(&)**%+'&%#",$ -. 101 /23/44567%%%%%26/69

,89:),8%!);8'€&<;(%8'%,9=="&8%1>?% @'&A

o - #-%$"*8:'B*
— "C<UD™E F GC=HG%I)8H"*J%1#K*%+<**<";.%|G8Q8BIY%
— M<I%NI&ARA)&;)C%:);*<8E%)*8<IG8'&%8GCC<)*J%H)8)&'():)'9*%B'=98<;(

* 911)&%<;8)&;*%>%K&G:9G8)%1)*)G&BH%.*'B<G8)*
— 0#10 ?2G;%M<II';*% F +<**<';9%,;)98&";%19C8<=C<B<8E
— 0#10 N'PP<%1<):)CFa&)(<"; /Q<*)%*);*<8<R<8<)*
— S&)(;%,80 $GR)K&)BHG:;)A F G;GCE8<B%P);BHIG&A*J%IGBH<;)%C)G&;<

 S8H)&
— #TOHIO  HGQ:%U):)&*:% F *=G&*)%+<**<"%IG8&<L%



"#$%$&'(&)**%+'&%#",$ -. 101 /23/44567%%%%%23/69

189%: 1)(;'< [=%)%,)<*;>;?:>:)*

| >@<A@8&A%*)<*;>: TCBD)&>@;<>B%E)>F'A*
" G@*)A%'<Y*)<*:>:2:>BUHE'+ V@ (VA% '?)8%6)<>:&)%H& JI)E
CHSK  LF:H)&MY%9%,".-N/>*C<@EE*C8+)&

| LF@>%;+%>F)&)%@&)%ECI>;HI)%+:**:)%C<;>*%;<%@%H&'JI)EO
' 2)&@(A%,0 /| @<@IB**%E)>F A*%E@B%J)%: <@HH&'H&: @>)
' LF@>%>'%A'%@J' C>%BRONIO455%C<;>*%;<%*@E)%*>'&@()%?@CI>O0

I $&'H*@IQ  0%)%&)(;'< [=%)%*)<*;>;?:>B%H&'+;I)*
" 1"#IK%BD@<% @1&) @ABY%A'%>F;*
" #)A%>'%;<?)*>;(@>)%H&@D>;D@I1%@HHI;D@>;'<*

| 189% @D>;7;>;)*
" NR@E;<)%*)<*;>;?;>B%H&'+;1)%+'&%@%C<;>%@*%+C<D>;'<%'+%* ) H@ &@>
">F)&NC<;>*
" S<?)* > (@>)%E'A*%>'%LEF;*H)&%>'%H) &E;>%D'CHI;<(%D")++;D;)<>*%'&%
*)<*,>;?2,>BY%H& +; 1) %E'A;+;) &* %I @*) A%'<%* ) H @ &@>;'<%A;*>@<D)*



"#$%$&'(&)**%+'&%#",$ -. 101 /23/44567%%%%%26069

189%:; ,:<&*) [*='&<()%>?**?'@%!<=&?A

| >7%%2' @%B<=&?A%B)=C'DY%}&IE"?G)%;&'HI)B*
" JC)'&)=2F<IIK%*L@DM%<@<IKN)D%*?@F)%270P*
" QB:&<F=7F<I%+'8%()@)&<I1%L*)%DL)%="0B YK ?B?=<=7"@*

| 1<&*) [*='&<()%+7**?' @%B<=&?A
" R&)<E=C&'L(C%<DG<@F)%?@%4P2P*%HK%R&'S @WBERE@ KM%
' 1)B'G)*%B)B'&K%I?B?=*M%F<@%<:;IK%D)=<?1)D%=&)<=B)@=%="%<@K%;&
" "< @%:&'G?D)%&)+)&) @F)%*IL=?'@%)G) @%DL&? @ (UEERIF=G)%E
" QBBL@)%="%F'&&)I<=?"@M%FIL*=)&?@(M%8%H?<*%:& HI)B*%F<L*)D%HK?Y
&)@'&B<I?N<=?'@%+%@)L=8& @%D?*=&?HL=?"@%)<FC%FKFI)%%

I $&":"*<IU 0%)%*;<&*) [*='&<()%+?**?' @%B<=8&?A%+'&%<11%;& HI)B*
" L='B<=)D%F @G)&()@F)%=)"9@)L=8& @%D?*=&?HIG?* @Y @%B<=&?A%
&)+)&)@F)%*IL=?"'@
" $LI<=2@%*2N)%=)1-D)=)&B?@)%?+ %V @)L=& @*WFKFI)X%2*%I<&()%)@'L
,&)G)@=DD)&*<B;1?@(8%FIL*=)&?@(%;&'HI)B*
| FF)&<=)%F @G)&()@F)#0*)%+2*+?' @%B<=&?A%&)+)&) @F)%*IL=2'@%='%
<FF)I)&<:)%FI@G)&O@F)%'+%@)L:&'@%D7*:&7HL:ry@



19

P HBIBE ™ (&) > " & , B

- #)<h_=>?@/A8()CDE-E)4 1 )F?2"G*

1 #$HI@= 1 E=@F " Ch™ +4@->?@/)8() CD@=E)*
" =20/ " G)41@=1E=@F " C*h" 43I )¥ K)’7@DB RH@+F) B+ @*FIKER*Fh ™ 8 120.]
" 'C(*F@CGBC( ) @FEQ) ™ HBC/? " E*) - - #-UD)&*B" C*h 44 1 ""#$
# " Fi>@8Fh™ 14 ¥ " SHGE*FSBK RS CF’7&'E(’7 L
" D@B-@K)HF"H" F?) 8k - MA/*BF)*4™ Ci)NE) *Fisg " JHO" " $/5

PO*$110:("88F2318.3>4" D) I ) CF*

***CD)CF " CO=4Q/@=>7@" *)@&I’7 BHUC ™ P, " KE*FRI) NEBR) *41 @8) +E=*)=) IF3™ Ch "

0= " 8F2 J4>080F )F)&*RHON ™ C=Sh< " 40+ ™ &> " J>FIC) EF& " C*
" 1 J>4"D)J)CF*
| _ 11E&@F)HBCF) (&@=/K@*)GhI)F? ™ Gi+ " &) *F.J @FEC (40->2@
| LJ>6"D)GEI)F? " G+ " §@=>2@/E>GEF) *IGESEC (18F) 4@ " C*
| LC1"8&>"8@F)4G)=@S) GIC) EF& " C*HiT>E) Db " E*=SRh ™ C=Sk>& " I >FIC) EF&™ C*U

,FOFE*
-)J " C*F8@F) GE)+) IFBD) C) **1BCHE) *) @1 74T " G*HF "4 ¥ ""#$H
" $-@CHF "1BCF) (A@F)4BCF "> " GE IF3™ C} 1 *"#$HIBCI4823
" AVF)C*BD)li— . #—IF)*FC (M>EKB148)-)@*)

+
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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

Comparison of Adaboost Bias vs. Real Bias

* Question: Is it possible to use .+ RealBias
= = 0.03 A % e Adaboost Bias
machine learning and the £
Whisper sensitivity data to 00
accurately predict the bias in K 4?7 oo ¢
— Possibly useful for new designs 0.00 -
— Obtain importance of sensitivity ~0.01
data to the bias in k 513 |
— Provide feedback to nuclear data ~0.03
community on what can be 0 200 400 600 800 1000
Improved Thermal (0 - 0.625 ev) Intermediate (1.0 ev - 0.1 Mev) Fast (0.4 Mev - 20 Mev)
Carbon, n-gamma, 0.014562 U-233, n-gamma, 0.018457 U-233, fission, 0.015264
U-233, total nu, 0.011437 U-233, fission, 0.015724 U-233, inelastic, 0.013543
U-233, n-gamma, 0.010641 U-233, total nu, 0.012844 U-233, n-gamma, 0.012739
U-234 n-gamma, 0.009479 U-234, n-gamma, 0.011945 U-233, total nu, 0.012644

H-1 n-gamma, 0.009069 Pu-239, n-gamma, 0.011687 F-19, inelastic, 0.010355
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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



MCNP 2020 &
Code Modernization
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Summary (1)

* MCNP releases
— MCNP5 is no longer supported, cannot use continuous S(a,f3)
— MCNP6.1, MCNP6.1.1, & ENDF/B-VIIl.1 released in 2013 & 2014

— MCNP6.2 & Whisper-1.1 release — March 2018
» All basic KCODE criticality features same as for MCNP5 & MCNPG.1
« MCNPG6 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 ?



MCNP Progress for NCSP LA-UR-18-22379

R&D — New Random Number Package

I Current MCNP random number generator has been in use for 15 yr
" Default: 48-bit RNG, period ~ 104
" 6 options: 63-bit RNG, period ~ 1018
" For a criticality calculation with 10 billion neutrons
| #$%&'()*+,-. 10/($*)123'41*$5)62%*+,-*7$2638*99%)6:$;*
I <)1$2%+,-;. "$*35(0*=*>? @A*3%*+,-*;$B'$5/$

I 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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