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Then….

July 1945: Los Alamos 
creates Z Division

Nonnuclear component 
engineering

November 1, 1949: 
Sandia Laboratory 
established 

Sandia National Laboratories

Albuquerque, New Mexico Livermore, California

Now….

Core mission in Nuclear Weapons 

Addressing the nation’s most challenging 
National Security problems

 USS Iowa  (1989)

 TWA Flight 800 Accident (1997)

 Post 9/11 Vulnerability Studies (2001)

 Columbia Space Shuttle Accident (2003)

 I-35W bridge collapse in Minneapolis (2007)

 BP Deepwater Horizon Oil Spill Accident (2010)

 Aircraft Vulnerability (2013)

 Waste Isolation Plant Leak (2014)
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Integrated theory, computational simulation and experimental 
discovery/validation across length and time scales is critical to 

develop the technical basis for complex systems. 

Engineering 
Analysis 

Engineering 
Analysis 

Environmental 
Simulation & 

Test

Environmental 
Simulation & 

Test

Engineering 
Science Physical 

Phenomena

Engineering 
Science Physical 

Phenomena

Computational 
Simulation 
Technology

Computational 
Simulation 
Technology

Environmental Tests and Computational Simulation 
Capabilities Required to Design, and Qualify the Stockpile

3

V&V
UQ
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 SNL nuclear weapon mission drivers:
 Several systems including 2 current LEPs
 Support annual assessment & certification that all weapon types    

are safe, secure & reliable

 Changing paradigm from testing dominated approach

 Few/no tests at the full system level;     
few/some/no tests at subsystem/component level:
 not allowed, and/or  (radiation effects tests)

 too expensive, and/or (crash impact tests)

 too environmentally unfriendly, and/or
(fuel/propellant fire tests)

 too few units available (annual surveillance)

 Or ….just cannot perform the test at the application specs

SNL’s Growing Reliance on Predictive CompSim
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Are we ready for a challenge?

 If called upon, how do we defend our predictions?

 What evidence is necessary to support our claims?

 It depends on what questions will be answered by the 
decision maker using the simulation results and 
testing data AND the associated risk with the decision 
being wrong
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Sandia V&V Process and Activities
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Application 
Driver

Solution

Key Issues: 
• Some analysts do some of these activities 

formally/informally inconsistently
• Amount of formal V&V needed is driven 

by customer needs
• Internal and external drivers

Goal: Assess the credibility of a model 
prediction for a particular application 

(a specific intended use)
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Application 
Driver

Solution

Understand the Application and Requirements

What is the intended use of the model?
How ‘good’ is good enough? 
What testing can/will be done? Can we design tests?
What are the QoIs? Observable? Computable?
What is the validation hierarchy?
What is the reliance on CompSim results?
How will CompSim and Test results be fused to help 
inform the decision maker? 
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Assess Capabilities, Identify Gaps & Prioritize Work

Utilize Phenomena Identification and 
Ranking Tables (PIRTs) and Prediction 
Capability Maturity Model (PCMM) Tools
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 The Predictive Capability Maturity Model (PCMM) is a communication tool 
for informing stakeholders of the level of maturity of an application-specific 
simulation capability

 It is a multidimensional, qualitative metric

 Determine readiness for stockpile issues

 Identify gaps in credibility of application

 Measure progress of integrated simulation effort

Credibility Assessment 

PCMM Elements

1. RGF: Representation or Geometric Fidelity

Are representation errors corrupting simulation results?

2. PMMF: Physics and Material Model fidelity

How accurate are the physics and material models?

3. CVER: Code Verification (inc. SQE)

Are software errors or algorithm deficiencies corrupting simulations?

4. SVER: Solution Verification

Are human procedural errors or numerical solution errors corrupting simulation results?

5. VAL: Model Validation

How accurate are the integrated physics and material models?

6. UQ: Uncertainty Quantification/Sensitivity Analysis

What is the impact of variabilities and uncertainties on system performance and margins?

PCMM allows to qualitatively 
measure our CompSim 

“due diligence”

PCMM is intended to be a 
communication and 

a planning tool

It is not intended to be a 
report card
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PCMM Tool

Assessment team should include analysts, 
code developers, experimentalists, customer 

and a V&V partner



11Unclassified Unlimited Release

Code
Verification

Code
Verification

DP
Application

DP
Application

PlanningPlanning

Experiment
Design, Execution

& Analysis

Experiment
Design, Execution

& Analysis

MetricsMetrics

AssessmentAssessment

Prediction 
& Credibility

Prediction 
& Credibility

DocumentDocument

Validation Experiment 
Centered Elements

Calculation
Verification

Calculation
Verification

1

7

6

5

2

4

3

3

8

Code
Verification

Code
Verification

DP
Application

DP
Application

PlanningPlanning

Experiment
Design, Execution

& Analysis

Experiment
Design, Execution

& Analysis

MetricsMetrics

AssessmentAssessment

Prediction 
& Credibility

Prediction 
& Credibility

DocumentDocument

Validation Experiment 
Centered Elements

Calculation
Verification

Calculation
Verification

1

7

6

5

2

4

3

3

8

Application 
Driver

Solution

Verification Activities

Solution: Convergence checks 
on engineering application
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Code: Software quality 
practices & accuracy 
checks on test problems
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“Are we solving the equations correctly?”
Code verification: Correctness of implemented 
mathematical algorithms.
Solution verification: Convergence to the correct 
answer, at the correct rate, as model is refined.
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Feature Coverage Tool (FCT) and Sierra
Intersects the set of features used in a simulation with the set 
from the full suite of nightly and verification tests.

All

Features                
from 

Tests 
in

Test Suite

All

Features                
from 

Tests 
in

Test Suite

Features in
Simulation
Features in
Simulation

Report percentages and 
annotate the simulation 

input on intersection

Analyst’s simulation (input file)
Annotated by the FCT
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Solution Verification

 Quantify numerical solution errors

 What is the impact of numerical 
solution errors on relevant system 
response quantities or QoIs?

 Verify all simulation inputs and outputs

 Have we corrupted simulation results 
with incorrect inputs or post processing 
errors?
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• Provide a scalable software 
package to help automate 
convergence analysis.

• Create uniformly and adaptively 
refined sequences of unstructured 
grids. 

Percept − Tool to aid Solu�on Verifica�on

14

Rear view of vortices arising from jet 
in cross flow using coarse mesh (left) 
and offline adapted mesh (3x).

coarse medium fine
• Errors from 

extrapolation 
(first 14 nonzero 
frequencies)

• This allows the 
assessment of 
the accuracy of 
each mesh
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V&V/UQ tools and Credibility (via PCMM)

FCT

Percept

These tools will help a user address these 
items as well as provide evidence.

Compare
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Validation/UQ Activities

Design the validation test(s) 
Collect validation data
Develop validation metrics and criteria
Identify all sources of uncertainty
Characterize and quantify uncertainties
Compare simulations and experiments



17Unclassified Unlimited Release

Uncertainty Quantification (UQ)

 Statistical propagation of uncertainty through a 
simulation model, and statistical interpretation of 
model response.

Simulation 
Model

Output 
Distributions

N samples of X

Output 1

Output 2

Input  
Distributions

N realizations of Y

This process is enabled 
using SNL’s DAKOTA

(MC/LHS/FORM/SORM/etc)
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 The process of determining the degree to which a 
model is an accurate representation of the real 
world from the perspective of the intended uses 
of the model

 “Are we solving the correct equations?”

Some observations on validation:

• Uncertainty in both model simulations and 
experimental data should be included

• A criteria for determining the required accuracy 
needs to be defined a priori and should be relative 
to the intended use of the model

• Comparing 2 lines on a plot (“vugraph norm”) is a 
way of doing validation but not very rigorous

Validation



19Unclassified Unlimited Release

Uncertainty Quantification and Validation

UQ methods provide statistical info on the code output data:
– Probability distribution on Temperature, given various x1,...,xN inputs.
– Correlations (trends) of Temperature vs. x1,...,xN.
– Mean(T), StdDev(T), Probability(T > Tcritical)
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Uncertainty 
Quantification:
UQ methods generate 
ensemble of mod/sim 
data.

Validation:
Compare simulation data 
to test data w/unc
- Quantify amount of 

“overlap” 
- Assess sufficiency of 

overlap

Test 
Data

Mod/Sim 
Data

Temperature [deg C]
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From validation to application space
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Integrated 
Modeling/Testing 

Strategy

Integrated 
Modeling/Testing 
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Clear 
Specification 
of  Intended 

Use

Impact on 
Decision 
Process

QoIs

Model/Testing 
Integration 
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Modeling 
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Basic Modeling 
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Approach to 
Calibration

Approach to 
UQ

Process to 
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Credibility

PIRT

V&V ActivitiesV&V Activities

V&V Plan

Validation 
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Sensitivity-
based Support 
for Credibility

Elements of 
PCMM

Analyst 
Checklist

Workforce 
Qualification

Documentation/
Archiving

Assessment Assessment 

Peer Review

Independent 
Internal Review

External Review 

Assessment of Prediction Credibility

*
*
*
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SNL Lessons Learned 

 Must budget resources to understand numerical uncertainties

 Need to insert UQ earlier into model building stage

 Need tighter integration between CompSim and testing

 Must develop tractable models to perform UQ studies

 Maximize information gained with limited, precious exptl testing
 Have a testing program the continuously improves including diagnostics

 SQA/SQE of workflows

 Pedigreed Material Databases are invaluable

 No single point responses – every result should have error bars

 Management assurance vs quality assurance
 Peer reviews, data reviews, code reviews, model reviews

 Human factors/choices can dominate uncertainties
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Summary

 Must understand what is the intended use of CompSim

 Need practical, graded approaches wrt program constraints 
and expectations wrt achievable CompSim credibility

 Should present CompSim results along with credibility 
evidence and the associated risks/limitations

 This all holds for experimental credibility also!!

 Easy to motivate  Hard to do

 Supporting V&V/UQ activities must start at the beginning

 Peer reviews are essential

 One of the main reasons for having a V&V/UQ process is to 
increase the confidence in CompSim results

 PCMM is a infrastructure to communicate this confidence 
and its supporting evidence
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Extra Slides
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Feature Coverage Tool (FCT)

 An efficient way 
to judge how well 
features are 
tested and help 
ensure proper 
usage of features 

 A metric to 
communicate 
gaps to 
development 
team

 Evidence for the 
credibility 
evidence package
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Conduction (diffusion term)
Capacitance (transient term)

Src (source term)
EnclRad

k0 (constant conductivity)
k1 (tabular T-dependant)
k4 (anisotropic constant)

k5 (anisotropic tabular T-dependant)
Cp0 (constant)

Cp1 (tabular T-dependant)
D0 (constant)
G0 (constant)

G1t (tabular, time varing)
T-0 (constant)
h-0 (constant)

Tref-0 (constant ref temp)
Tref-1t (tabular, time depend, ref temp)

e-0 (constant emissity)
Trad-0 (constant radiation temperature)
Trad-1t (tabular, time depend rad temp)

F-0 (constant radiation form factor)
Trapezoid Time Integrator

Lumped Mass Matrix
Auto Time Step

Adams Bathforth Predictor
Tied Contact Alg

Parallel
3D Tet

F&C: 68% coverage
1,2-way interaction of F&C: 36%
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 Verification – “Are we solving the equations correctly?”
 Code verification: Correctness of implemented mathematical algorithms.

 Solution verification: Convergence to the correct answer, at the correct rate, as 
model is refined.

 Validation – “Are we solving the right equations?”
 Correctness of physical models and sufficiency for the application.

 Model Validation is the process of determining the degree to which a model is 
an accurate representation of the real world from the perspective of the 
intended uses of the model

 Uncertainty Quantification (UQ):
 Statistical propagation of uncertainty through a simulation model, and 

statistical interpretation of model response.

 Quantification of Margins and Uncertainties (QMU):
 Using the simulation model to make system performance predictions with 

quantified uncertainty, and with quantified margins with respect to system 
performance requirements.

V&V/UQ - Definitions
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SNL Lessons Learned - Alignment
 Program integration

 Improving communication and integration between S&T with NW communities

 Improving understanding of each others needs and capabilities and 
restrictions/limitations/gaps

 Understand the reliance on CompSim vs testing and their fusion to inform 
decision making and the understanding of risks

 Understand the customers important QoIs for validation

 Integrated planning and scheduling

 Tight partnerships between customers, integration leads, analysts, code 
developers, experimentalists and V&V partner

 Early negotiation of intended use of CompSim model and results (same for expts)

 Need practical, graded approaches wrt program constraints and CompSim 
predictivity

 Systems must understand ramifications of late program changes

 Model building challenges

 Re-establishing credibility evidence

 Reduction of testing information greatly impacts validation


