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Outline

m Overview

e Based on concepts developed under DOE’s Advanced Simulation and
Computing (ASC) Program for Nuclear Weapons

B An Example — NEAMS-Waste
M QOur plan to implement PCMM in NEAMS

B Summary/Path forward
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PCMM what iIs it and what Is not

PCMM is not a Number or a Score

PCMM is a CgmmunicatiomJ ool That Must
Include a Dis¢dission of the Sgpporting Evidence
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Predictive Capability Maturity Model

(PCMM)
for Computational Modeling and Simulation (M&S)

B PCMM components:
e M&S elements
e Maturity levels
e Assessment criteria
M tis application
specific.
M |t helps assess the
current state of

predictive capability.

MATURITY

ELEMENT

Maturity Level 0
Low Consequence,
Minimal M&S Impact,
e.g. Scoplng Studles

Maturity Level 1
Moderate Consequence,
Some M&S Impact,
e.g. Deslgn Support

Maturity Level 2
High-Consequence,
High M&S Impact,

e.g. Quallfication Support

Maturity Level 3
High-Consequence,
Decislon-Making Based on M&S,
.g. Quallfication or Certlfication

Representation and
Geometric Fidelity

What features are neglected
because of simplificatlons or
styllzatlons?

-

Judgment only

Little or no
representational or
geometric fidelity for
the system and BCs

Significant simplification
or stylization of the
system and BCs
Geometry or
representation of major
components is defined

Limited simplification or stylization of
major components and BCs
Geometry or representation is well
defined for major components and
some minor components

Some peer review conducied

Essentially no simplification or stylization
of components in the system and BCs
Geometry or representation of all
compaonents is at the detail of “as built”,
e.g., gaps, material interfaces, fasteners
Independent peer review conducted

Physics and Material
Model Fidelity

How fundamental are the physlcs
and materlal models and what Is
the level of model callbration?

-

-

Judgment only

Model forms are either
unknown or fully
empincal

Few, if any, physics-
informed models

No coupling of models

Some models are
physics based and are
calibrated using data
from related systems
Minimal or ad hoc
coupling of models

Physics-based models for all
important processes

Significant calibration needed using
separate effects tests (SETs) and
integral effects tests (IETs)
One-way coupling of models

Some peer review conducted

0

0

0

All models are physics based

Minimal need for calibration using SETs
and IETs

Sound physical basis for extrapolation
and coupling of models

Full, two-way coupling of models
Independent peer review conducted

Code Verification
Are algotithm deflclencles,
software errors, and poor SQE
practices corrupting the
simulation results?

-

Judgment only
Minimal testing of any
software elements
Little or no SQE
procedures specified
or followed

Code is managed by
SQE procedures

Unit and regression
testing conducted
Some comparnsons
made with benchmarks

Some algorithms are tested to
determine the observed order of
numerical convergence

Some features & capabilities (F&C)
are tested with benchmark sclutions
Some peer review conducied

0

0

All important algorithms are tested to
determine the observed order of
numerical convergence

All important F&Cs are tested with
rigorous benchmark solutions
Independent peer review conducted

Solution Verification
Are numerlcal solution errors and
human procedural errors
corrupting the simulation results?

« Judgment only

Numerical errors have
an unknown or large
effect on simulation
results

Numerical effects on
relevant SRQs are
qualitatively estimated
Input/output (1/0) venfied
only by the analysts

MNumerical effects are gquantitatively
estimated to be small on some
SRQs

/O independently venfied

Some peer review conducied

0

Numerical effects are determined to be
small on all important SRQs

Important simulations are independently
reproduced

Independent peer review conducted

Model Validation
How carefully Is the accuracy of
the simulation and experimental

results assessed at varlous tlers In
a validation hlerarchy?

Judgment only
Few, if any,
comparisons with
measurements from
similar systems or
applications

Quantitative assessment
of accuracy of 3RQs not
directly relevant o the
application of interest
Large or unknown exper-
imental uncertainties

Quantitative assessment of
predictive accuracy for some key
SHAs from IETs and SETs
Experimental uncertainties are well
characterized for most SETs, but
poorly known for IETs

Some peer review conducted

0

Quantitative assessment of predictive
accuracy for all important SRQs from
|ETs and SETs at conditions/geometries
directly relevant to the application
Experimental uncertainties are well
characterized for all IETs and SETs
Independent peer review conducted

Uncertainty
Quantification
and Sensitivity

Analysis
How thoroughly are uncertaintles
and sensltivitles characterized and
propagated?

Judgment only
Only deterministic
analyses are
conducted
Uncertainties and
sensitivities are not
addressed

Aleatory and epistemic
(A&E) uncertainties
propagated, but without
distinction

Informal sensitivity
studies conducted
Many strong UQ/SA
assumptions made

A&E uncertainties segregated,
propagated and identified in SRQs
Quantitative sensitivity analyses
conducted for most parameters
MNumerical propagation errors are
estimated and their effect known
Some strong assumptions made
Some peer review conducied

0

A&E uncertainties comprehensively
treated and properly interpreted
Comprehensive sensitivity analyses
conducted for parameters and models
Numerical propagation errors are
demonstrated to be small

No significant UQ/SA assumptions made
Independent peer review conducted

A tool for assessing and communicating
progress in predictive capability.

SAND2007-5948
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for Computational Modeling and Simulation (M&S)

MATURITY

ELEMENT

Maturity Level 0
Low Consequence,
Minimal M&S Impact,
e.g. Scoping Studles

Maturity Level 1
Moderate Consequence,
Some M&S Impact,
e.g. Deslgn Support

Maturity Level 2
High-Consequence,
High M&S Impact,
e.g. Quallficatlon Support

Maturity Level 3
High-Consequence,
Declslon-Making Based on M&sS,
e.g. Qualification or Certlfication

Representation and

Geometric Fidelity

What features are neglected

because of simplifications or
styllzations?

+ Judgment only

Little or no
representational or
geometric fidelity for
the system and BCs

Significant simplification
or stylization of the
system and BCs
Geometry or
representation of major
components is defined

Limited simplification or stylization of
major components and BCs
Geometry or representation is well
defined for major components and
s0me minor components

Some peer review conducted

Essentially no simplification or stylization
of components in the system and BCs
Geometry or representation of all
components is at the detail of “as built”,
e.g., gaps, material interfaces, fasteners
Independent peer review conducted

Physics and Material
Model Fidelity

How fundamental are the physics
and materlal models and what Is
the level of model callbration?

Code Verification
Are algorithm deflclencles,
software errors, and poor SQE
practices corrupting the
simulation results?

» Judgment only

Model forms are either
unknown or fully

Elements are important not
because they are on the table.

A ed 3 e e

or followed

Some models are
physics based and are
calibrated using data

A G B D

made with benchmarks

Physics-based models for all
important processes
Significant calibration needed using

Some peer review conducted

All models are physics based

Minimal need for calibration using SETs
and IETs

- C xtrapolation

1odels
:onducted

e tested to
der of

ted with

D s mrun e wIuudNS

Independent peer review conducted

Solution Verification
Are numerlcal solution errors and
human procedural errors
corrupting the simulation results?

+ Judgment only

-

Numerical errors have
an unknown or large
effect on simulation
results

MNumerical effects on
relevant SRQs are
qualitatively estimated
Input/output (1/0) verified
only by the analysts

MNumerical effects are quantitatively
estimated to be small on some
SRQAs

/O independently verified

Some peer review conducted

L]

Numerical effects are determined to be
small on all important SRQs

Important simulations are independently
reproduced

Independent peer review conducted

Model Validation
How carefully Is the accuracy of
the simulation and experimental

results assessed at varlous tlers In
a validation hlerarchy?

L]

-

Judgment only
Few, if any,
comparisons with
measurements from
similar systems or
applications

Quantitative assessment
of accuracy of SRQs not
directly relevant to the
application of interest
Large or unknown exper-
imental uncertainties

Quantitative assessment of
predictive accuracy for some key
SRAs from IETs and SETs
Experimental uncertainties are well
characterized for most SETs, but
poorly known for IETs

Some peer review conducted

Quantitative assessment of predictive
accuracy for all important SRQs from
IETs and SETs at conditions/geometries
directly relevant to the application
Experimental uncertainties are well
characterized for all IETs and SETs
Independent peer review conducted

Uncertainty
Quantification
and Sensitivity

Analysis
How thoroughly are uncertaintles
and sensitlvities characterlzed and
propagated?

L]

Judgment only
Only deterministic
analyses are
conducted
Uncertainties and
sensitivities are not
addressed

Aleatory and epistemic
(A&E) uncertainties
propagated, but without
distinction

Informal sensitivity
studies conducted
Many strong UQ/SA
assumptions made

A&E uncertainties segregated,
propagated and identified in SRQs
Quantitative sensitivity analyses
conducted for most parameters
Numerical propagation errors are
estimated and their effect known

+ Some strong assumptions made
« 3Some peer review conducted

A&E uncertainties comprehensively
treated and properly interpreted
Comprehensive sensitivity analyses
conducted for parameters and models
Numerical propagation errors are
demonstrated to be small

Mo significant UQ/SA assumptions made
Independent peer review conducted
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PCMM Overview

B PCMM is in the service of organizing evidence to help tell the
modeling and simulation (M&S) story.

B PCMM table describes what activities within each element
are undertaken at each of the levels of maturity.

M Target levels of maturity can be established based on the
Intended application.

The assessment is to inform what level has been
achieved compared to the desired level, to help
prioritize the VU activities & to allocate resources.
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PCMM Elements

Representation and

Geometric Fidelity

What features are neglected

because of simplifications or
styllzatlons?

Code Verification
Are algorithm deflclencles,
software errors, and poor SQE
practlces corrupting the
slmulation results?

Physics and Material
Model Fidelity

How fundamental are the physics
and materlal models and what Is
the level of model callbration?

These elements need to be
customized for a given

application.

Model Validation

How carefully Is the accuracy of
the simulation and experimental
results assessed at varlous tlers In
a valldation hlerarchy?

Solution Verification
Are numerlcal solutlon errors and
human procedural errors
corrupting the simulatlon results?

Maturity Level 0
Low

Maturity Level 1

Moderate

Minimal MAS Impact,
.. Scoplng Studles
+ Judgmenit only
» Litthe or no
reprasantational or
geometns deality lor
the system and BCs

LEMENT

Representation and

Geometric Fidelity
What festares are neglected
because of slmplifications or

Some MAS Impact
e.g. Deslgn Support

» Significant simplticabon

or stylzation of the
system and BCs

+ Geomelry or

reprisentation of magr

Maturity Level 2
High-Consequence:
High MLE Impnet,
e.g. Qualfication Support
= Limited simpiicabon or efylzation of
magar companents and BOs
« Geometry of representation is well
dafned for magr companents and
SOMIE MINOT COMPONEnts

Maturity Level 3
High-Consequence,
Declsion-Moking Based on MAS,
e.g. Sualication or Certification
= Essentially no simplfication of stylzation
of companents in the system and BCs
« Geometry o repressntation of all
componants s al the detal of "as buill®,
g, gaps, material interlaces, Mstenes

is defined

+ Sorme peer eview

P review

Judgmenit only
Madel forms are eiths

Physics and Material
unknown or fully

Maodel Fidelity
How fundamental are the physics
and materlal models and what 13
the kevel of model callbration?

Few, if any, physics-
informed models
= o coupling of models.

= Bome madels ane

physics based and are
calibrated using data
from related systems.

* Minnal or ad hoc

coupiing of medale

= Code is managed by

SOE procedures

* Unit and regression

1estng conductad

= Some compansons

mads with benchmarks

e = Qludgment only
Code Verification « Minimal testing of any
Are nigorithm deficiencies, re elements
oftware cmrors, and poor SOE <R
practices cormupiing the '?c";‘“'zs‘qu od
simulation results? pec
tollowes
- . « Pudgment eniy
Solution Verification P —

Are numercal 3olution érrors and

fin unknown or large
human procedural errors

Uncertainty
Quantification
and Sensitivity

Analysis
How thoroughly are uncertaintles
and sensltivitles characterlzed and
propagated?

relevant SA0s ane

= Physics-based models for all
Wmgortant processes

= Significant calbration needed using
separate efeets tests (SETe) and
integral efiects tests (IETs)

+ One-way coupling of models

= Some peer review conducted

= All models are physics based

* Minimal need for calbration using SETs
and IETs

« Sound physical basis for extmpolation
and coupling of models

= Full, two-way coupling of models

= Bome algorithms are tested to
datermine the observed order of
numencal convergence

+ Some teaturas & capabiliies (FAC)
are tested with benchmark solstions

+ Soma peer review conducted

. £ peer review

= All important akjorithms are tested o
datermine the observed order of
nurmancal convargende

« All important FACe are lestad with
rigorous benchmask salulions

«_Indepandant pear raview conductad

fiects on

qualitatively estimated

etlects an
estimated to be small on some
SAOs

. Hects ane invee] 100 bz
small on all impenant SACs
 Important smulations ane independently

simillar Systms o
apphoations

Feaults aaseased at varlous tlera In
a validation hicrarehyT

o Large or unknown Gxper-

wmental uncaranbes

* Alsatory and epistamic
LE} i

characterized for most SETs, but
poorty known for [ETs

Corupting the simulation resulta? efiect on simutation = Inputioutput (VO) verified |« 11O ndcpundcl_\ih wesifiod reproduced
results only by the analysts » Sorme peer eview » Indig piser view
o Judgment only [ . L of . L of pradictive
Maodel Validation Few, if any, of accuracy ol SAGs not preductive accuracy ke some key acturacy for all important SA0s om
How carctully |3 the accuracy of COMpansons with directly relevan 1o the SA0s from IETs and SETs IETs and SETs at conditionsigeometries
the simulaticn and i ication of interest » Expeanmental uncestambes are well directly relevant b the apphcation

+ Experimental uncenainties ane well
charactenzed for all IETs and SETs

» Some pieer review
~ ARE

P s review
* ALE

Uncertainty N é""ﬁ"‘emw"‘ )
e + Onil
Quantification analyses are
and Sensitivity conducted
Analysis * Uncertainties and
o ghly are are nat

\ yi

propagated, but without
destincbion

» Informal snsitiity

studies conducted

+ Many strong UG/SA

made

and identified in SR0s treated and properly intermreted
» Quantitative sensitviy analyses » Comprehensive sensivity analyses
mest for and models
» Numencal propagabon errors are |« Numencal propagabon errors are
estimated and their effect known demonstrated 1o be small

- Same $trong assumptions made

= Some peer review conducted

N

- Mo significant UQISA assumptions made

»_Independent peer review conducied
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Maturity Levels

MATURITY
ELEMENT

Maturity Level 0
Low Consequence.
Minimal MAS Impact,
e.g. Scoplng Studles

Maturity Level 1
Moderate Consequence.
Some MAS Impact,
e.g. Deslgn Support

Maturity Level 2
High-Consequence.
High M&S Impact,
e.g. Gualfication Support

Limited or stylzation of

Maturity Level 3
High-Consequence,
Declslon-Making Based on MAS,
e.g. Gualfication or Certification

Essentially no simphification of s

M Level O: Minimal M&S impact (e.g.,

scoping studies)

Re nd Littls or no or stylzation of the magor companents and BCs of compor o s
Geometric Fidelity T SE e o rap of all
What feamures are neglected geometng fdelity lor [+ Geomelry or debned lor magr comgonents and components is at the detail o

because of simpllfications or the system and BCs nepresentation of Majr | SGME Minos components 4., gaps, material interlaces,

Maodel Fidelity
How fundamental are the physics
and materlal models and what I
the level of model callbration™

srylzations? is defined s Some peer review . et review
= Judgment anly = Bome madels ane = Physics-based madels for all = All models are physics based .
Physics and Material |+ Model forms are either | physics based and are mportant processes « Minimal need for enlbration using SETs .
urknown or fully calibrated using data = Significant calibration needed using | and IETs eV e . O I I l e I I I I p aC e . g .y

empirical from related systems

Minrnal or ad hoc

separale efecls lests (SETs) and .
= Fow, if any, physics-  |» integral efiects tests (IETs) and coupling of
informed models couping of modals + One.way coupling of modsls = Ful, two-way coupling of models

et ] design support or qualification test
& Minimal testing of any SOE procedures datarmine the obsarved order of datermine the observed order of
support)

Sound physical basis for extmpolation
model

Code Verification
Are nigorithm deficiencies,
software ¢mors, and poor SOE
practices cormapting the

software elements = Unit and regression numeancal convargence nurmanical conveargence
= Litthe or no SQE testing conductad + Some leatures & capabilites (FAC) [« Allimportant F&Ce are testad with

R peciied  |» Some arer tested with banchmark sohions | rigorsus benchmark salulions
B — o tellowed made with benchmarks |+ Soms pesr review conducted * Indapandant pear review conducied
s Judgment only * Numesical effects on s Numesical eflects are i i 1o be

- . . I
Solution Verification |, numencal enoes have | relevant SAGs are estimated to be small on some small on all imponant SA0s

Are numerical solution emors and | an ynknown or lage qualitatively estimated SA0s » Imponant simulations ane independently
human procedural errors eflecton simutation  |» Inputfoutput {U0) verified | U0 independently verified [ —
COmupting the simulaton results? N - -
resuls only by the analysts + Some peer review « Indig peer review L .
» Judgment only . L . of » Quaniitative assessment of predictive . eV e H I g M I ' I l p aCt
idati + Fow,if any, of accuracy of SAGs nol | predicive acouracy tor some ke accuragy for all inportant SACs kom .
Hoﬂgﬂﬁ,’f‘,ﬂ"ﬁaﬂ:ﬂ?’ of eccnpqns\:ns with dinectly relavan to the SR from IETs and SETs IETs and SETs i l:xmdilnnx.'g:mm:lrim:
the simulation and from i ofintorest  |o Experimental uncertunbes are well | directly relovant 1 the application = - - -
reoults asseased at varlous tiers In | ST SYSHEmS Of « Large or unknown exper. | chamcterized for most SETs, but |« Experimental uncenainties ane well
e (qualification decision support)
* Some peer eview « Indig peer review
Uncertainty + Judgment onty = Aleatory and epistemic |+ ARE 1 * AKE d
Quantific n = Only determingstic [ALE} uncertainties propagated and identificd in SROs |r\c.1.ccd and propery inemreted
analyses e propagated, but without [« Quaniiialive sensitvty analyses e Comprehensive sensiivity analyses
and Sensitivity Sl ducted for most d for and models
Analysis » Uncertainties and = Informal sensitwity *» Numencal propagabon ermors are = Numencal propaganon ermors are . - - -
- fosaionot | ussconticed | astmeiedand haroloctknown | damonovted 050 smal B [Leve Decision makin g base
and sensitivities characterlzed and |  addresssd + Many strong UCISA - Soma strong assumptions made [« No significant ULNSA assumptions mada .

e = Some peer review conducted »_Independent pear review conducted

predominately on M&S (dominant
basis for qualification or certification)

The goal is not to grade.
It Is to inform and communicate.
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Solution Verification Element

MATURITY | Maturity Level 0
Low Goimequence
ELEMENT . Seoping Suades

e.g. Beslgn Supp

Maturity Level 1
Moderate Consequence.
Some MAS Impact

Maturity Level 2
High-Consequence.
High M&S Impact,

art e.g. Qualfication Supgport

. - 0 it
Representation and |, [iomert
Geometric Fidelity reprasantational or
What features are neglecied

geometng fdelity for
because of simplifications ar the system and BCs
sryizatione?

or stylzation of the
system and BCs
+ Geomelry or

reprisentation of magr
is defined

» Limited or etylizabion of
smagar companents and BCs

+ Geomelry or rapresentation is well
dafned lor magpr companents and
SOME MINOT COMPonents

» Some peer review

Maturity Level 3
High-Consequence,
Declslon-Moking Based on MAS,
e.g. Sualfication or Certification
= Essentially no simplification of stylzation
of companents n the system and BCs
« Gaomalry or rapresantation of all
componants s al the detail of “as buill”,
@g, gaps, material interlaces, Mslenes
peer rmview

= Judgmenit anly

s Model forms are either
urknown or fully
empirical

= Bome models are
Physics and Material physics hased and

Maodel Fidelity

How tundamental are the physics

and materlal medels and what 1g | * Few. if any, physics- | o Minamal or ad hoc
the bevel ot model callbration™ informed models coupling of medale
* Mo coupling of models
e = Judgment only = Code is managed by
Code Verification » Minimal lesting ofany | SOE procedures

Are nigorthm deficlencies,

software elements

of lollowsd

E

- . + Judgment only
Solution Verification |, numernical smors have
Are numerical solution errors and an unknown or lage

eflect on simulation

relevant SA0s ane

qualitatively estimea
human procedural errorg

corrupiing the simulation resulta?

. ngmem only

calibrated using data
from related systems.

* Unit and regression
Software €mors, and 90T SOE |, i o 1o ol e
practices comupiing e m * S0Me COMpansons
I
M made wih benchmarks |+ Soms peer review condustad _

s Numernical effects on

* Inputfoutput (WO} verified
resulls only by the analysts
G

= Physics-based madels for all

ans Wmgortant processes

= Significant calibration needed using
separate et lests (SETs) and
integral efiects tests {IETs)

+ One-way coupling of models

= Some peer review conducted

AII madels are physics based
* Minimal need for calibration using SETs
and IETs

 Sound physical basis for extrapolition
and coupling of models
- Full, twe-way coupling of models

» Bome algorithms are tested 1o
determine the obsarved order of
numensal Gonvergence
s itias (FAC)H

peer review
AII |lrmm:|ntahonﬂ'|msw tested to
datermine the observed order of
nurmancal convergence

« All important F&Ce are testad with.

are tested with banchmark So

ik solutions
+_Indepandant gl mm
. dliscts are indel 10 BiE

s Numesical eflects are
estimated to be small on some

bed SAOs

= 1D independently verified

+ Some peer review conducted

Model Validati SIS
Haw carefully 13 the accuracy of comparisons wih

results assesaed at varlous tiers In
a validation hicrarchy?

smilar syshms of

chresctly rejevant 1 e
the simulation and from of interest
» Largee or unknown exper-

. L of

+ Expenmental uncertambes are well
characterized for most SETs, but

poorty known tor [ETs
» Some peer review

!&iﬁs ‘m(n IETs and SETs

Solution verification is considered
an important element in M&S and

thus put on the table.

small on all imponant SA0s
o Important ane
reproduced

»_Independent peer review conducls

B 0r o amportant SHOs kom
IETs and SETs a conditionslgeometries
directly relevant to the application
» Experimental uncenaintics are well
sharmclenzed for all IETs and SETs

£ s review
* ALE

Uncertainty » Judgment only » Aleatory and epistamic |« ALE
QOuantification = Ornily deterministic {ALE) uncenainties propagated and identified in SR0s treated and propery inerpreted
P —— propagated, butwithout |+ Quantialive sensiliy analysss » Comprehensive sensitivity analyses
and Sensitivity ducted Sl d for most for and models
nnalysis * Uncertainbes and = Informal sensitivity * Numencal propagaton ermors are = Numencal propagaton ermors are
Hew ghily are ities ane not shudies conducted estimated and their effect known demonstrated 1o be small

and + Many strang UQISA

made

- Same strong assumplions mads

- No significant LCNVEA assumptions made

= Some peer review conducted

»_Independent pear review conducted

The criteria associated with this
element needs to be relevant to

the given application.

MATURITY

ELEMENT

Maturity Level 0
Low Consequence,
Minimal M&S Impact,
e.g. Scoping Studles

Maturity Level 1
Moderate Consequence,
Some M&S Impact,
e.g. Deslgn Support

Maturity Level 2
High-Consequence,
High M&S Impact,
e.g. Quallfication Support

Maturity Level 3
High-Consequence,
Declslon-Making Based on M&S,
e.g. Quallfication or Certlfication

Solution Verification

Judgment only

« Numerical effects on

« Numerical effects are quantitatively

« Numerical effects are determined to be

corrupting th

Are numerlcal solutlon errors and
human procedural errors

e simulation results?

« Numerical errors have
an unknown or large
effect on simulation
results

relevant SRQs are
qualitatively estimated

+ Input/output (I/O) verified

only by the analysts

estimated to be small on some
SRQs

+ |/O independently verified

+ Some peer review conducted

small on all important SRQs

+ Important simulations are independently
reproduced

+ Independent peer review conducted
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Code and Solution Verification
Elements

. . « Judgment only .
Code Verification « Minimal testing of any
Are algurlthm deflclencles, software elements -

software errorg, and poor SQE
practlces corrupting the
slmulation results?

e Little or no SQE
procedures specified .
or followed

Code is managed by
SQE procedures

Unit and regression
testing conducted
Some comparisons
made with benchmarks

+ Some algorithms are tested to
determine the observed order of
numerical convergence

+ Some features & capabilities (F&C)
are tested with benchmark solutions

* S0IMe_Doskrai duciad

s Allimportant algorithms are tested to
determine the observed order of
numerical convergence

* Allimportant F&Cs are tested with
rigorous benchmark solutions

+ Independent peer review conducted

. e . + Judgment only
Solution Verification |. numerical errors have
Are numerlical solution errors and an unknown or large

human procedural errors - -
eftect on simulation .
corrupting the simulation results? results

Numerical effects on

relevant SRQs are

qualitatively estimated
ie

Input/output (I/0) verifi

/Nmerical effects are quantitalm\

estimated to be small on some
SRQs
+ |/0 independently verified

s Numerical effects are determined to be
mall on all important SRQs
* [jnportant simulations are independently

reproduced

only by the analysts

Wreview conductﬂ,/

+ Independent peer review conducted

We can be more objective on the

verification rows of PCMM through:

M Better error estimators and adaptive

schemes,

M Better feature coverage measuring

capabilities for code verification

B \We developed capabilities in that area

Encore enables code

UF g o .
R verification using error
L %y metrics and exact solutions
E R ‘7-.,_
£ o
=] 1 LN
2 10F ‘e,
s | .
w
3ok
o =
N
----v---- Hierror
o'k ---m---- L2 error
E ---@---- L-infinity error
102 sl el o | ST | EEEERET |
10 10 10° 10" 10°

number of elements

Encore supports the code and solution
verification elements in PCMM.,
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What does PCMM do?

B Use PCMM to:

e (1) help collect the right kind of evidence,
e (2) organize the evidence to tell the story

B VU evidence must exist before it can be assessed.

e The IPSC’s generate the evidence.
— What evidence will they generate?
— Willit tell a coherent story?
— Willit be adequate? (History tells us that probably it will not.)

M This is where PCMM implementation comes in.

11
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Nuclear Energy

Suggested Implementation Steps:

1. Identify as clearly as possible, the type of evidence that should be

generated (for different levels of maturity).
e See next slides for an example

2. Generate the evidence

3. Manage the evidence
Document it
Add it to a evidence management system (just like QA evidence)
e Report evidence status periodically

12
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NEAMS — Hypothetical Example

Assess this M&S
activity using PCMM

Create a model (M1) of L @
application of interest Run model (M1) using
ITOUGHZ V.2 to get
output Desired

output

Analysis Code: ‘
TOUGH2 V.2

13
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NEAMS — Hypothetical Example
w/PCMM elements

MPCAMEANLT
AH_HIOCH

1500m =

Representation and

Geometric Fidelity

What features are neglected

because of simplifications or
styllzatlons?

Code Verification
Are algorithm deficlencles,
software errors, and poor SQE
practices corrupting the
slmulation results?

Example courtesy of
Wang et al, 2010

Physics and Material
Model Fidelity

How fundamental are the physics
and materlal models and what Is
the level of model callbration?

?
v
|
j.l
|
|
|
|
|
|
|
|
|
|
L
II
|
|
o
| &
Ilg
|

Fault

Fault

HEEEEENEEEEE R EEEEEEEED i

wm

Solution Verification
Are numerlcal solutlon errors and

human procedural errors
corrupting the simulation results?

Desired

Analysis Code:
TOUGH2 V.2

output

14
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Example: Assessment Table for the
Solution Verification Row

MATURITY

ELEMENT

Maturity Level 0
Low Consequence,
Minimal M&S Impact,
e.g. Scoping Studles

Maturity Level 1
Moderate Consequence,
Some M&S Impact,
e.g. Deslgn Support

Maturity Level 2
High-Consequence,
High M&S Impact,
€.g. Quallfication Support

Maturity Level 3
High-Consequence,
Declslon-Making Based on M&S,
e.g. Quallfication or Certlflcatlon

Representation and
Geometric Fidelity

What features are neglected
because of simplifications or
styllzatlons?

M
Practice

Physics and Material
Model Fidelity

How fundamental are the physlcs
and materlal models and what Is
the level of model callbration?

/O Verifici|  Sode Verification esults
s°“,§i§%i§%2°£§'rf‘u“$.‘;§°{n§°5 yendently
i ———|

roduced
/,Solulion Verification S
Numeriéal I| * o orars @matlc
corrupting the simulatlon results? R R
Parame //— stigations
it Model Validati
SenSItIV How cSreISIIy \se:hle azcicL?agy of QQ SEens.
] the simulation and experimental .
Mesh Refin| =z s definitely
StUdy Uncertainty mptOtIC
) Quantification
Error EStin|  and Sensitivity mates &
Analysis
How thoroughly are uncertalntles r BarS fOr

and sensltlvities characterlzed and

propagated?

et tat st 4 e ree At .

A o ton S 8 s A e i

SRQ’s

15
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Solution Verification Row

Nuclear Energy

Assess the current “maturity status” of Solution Verification
- for a particular numerical solution related to a NEAMS Problem

Table shows the kinds of evidence needed and the current status

Maturity 0 1 2 3
Practice
I/O Verification No Inspection | Inspection by Inspection by Results
Analyst Peers Independently
Reproduced
Numerical Model | Little or None Informal Systematic Systematic
Parameter Investigations | |nvestigations Investigations
Sensitivity of SRQ sens.
Mesh Refinement None In progress or | SRQ’s possibly | SRQ’s definitely
Study soln. non-asy. Asym ptotic Asymptotic.
Error Estimation None Implementation | Estimates for Estimates &
in progress some SRQ’s Error Bars for
all SRQ’s
16
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Example: Assessment Table for the
Solution Verification Row

Nuclear Energy

] SO|UtIOﬂ Ver|f|Cat|On assessment Numerical Model Parameter Sensitivity
based on:

e Running the model using the
TOUGH2 V2 code and

e Based on a specific numerical

Mesh Refinement Study I/O Verification

solution
Maturity 0 1 2 3
Practice
I/O Verification No Inspection by Inspection by Results o
Inspection Analyst Peers Independently Error Estimation
Reproduced
Numerical Little or Informal Systematic Systematic Radar P lot is a grap hical
Model None Investigations Investigations Investigations . .
Parameter of SRQ sens. Way to V|Sua||ze PCMM
Sensitivi
Ll assessment.
Mesh None In progress or SRQ's SRQ's
Refinement soln. non-asy. possibly definitely ] ]
Study Asympiotic | Asympoic. Similar assessment
Error Estimation None Implementatio Estimates for Estimates & tab | es are creat ed fO rt h e
nin progress some SRQ'’s Error Bars for
all SRQ's other elements -
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P ENERGY PCMM Must Include the Supporting
Nuclear Energy Evidence

CVER3
SVER1
SVER?2 -
SVER3
Vlesh Refi Study ioverficaion S VE R4 '. Sr——
VAL1
Error Estimation VAL2
I~
PCMM is intended to make people think about A T A
VU in a systematic way and to organize their =
evidence to tell a story.
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ENERGY |\, we will Do This in FY11

Nuclear Energy

1. Work closely with the Waste IPSC

Develop the PCMM evidence tables for PA, high-fidelity, and sub-continuum
simulations,

Ensure VU evidence requirements get into Evidence Management Software
Focus on the identified Challenge Problem (specific codes, solutions, models)
Produce complete collection of VU status tables for Challenge Problem

W e do not need final Challenge Problem results in order to perform this study

2. Modify our thinking as we learn more about how this works in
practice

3. Solicit feedback and communicate with the other IPSC’s with
eye toward future implementations

4. Collaborate with Peter Schultz’ PCMM effort on sub-continuum
to ensure that this is part of the implementation.

19
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Summary/Path Forward

M Presented PCMM as it currently exists and some modifications
to make it more NEAMS-applicable

B NEAMS-Waste - VU Support
e Developing a PCMM-like set of tables & VU evidence generators

e Coordinating with Waste IPSC evidence management software
development effort to ensure that the PCMM approach is integrated into
the software

e Performing an initial VU assessment when one or more Waste IPSC
problem effort is “assessable”.

B Support Reactors IPSC in developing a V&V plan

20
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