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Key Messages

• Model support is arguably the most essential element of 
modeling.

• A variety of types of information can be used to provide 
model support.

• Modelers, by their nature, are biased to being 
overconfident.

• Natural and dynamic systems can be inherently difficult 
to predict.



Model Support

• At a minimum, should have elements of verification 
and validation:

– Verification – Solving the equations right
– Validation – Solving the right equations

• A variety of elements can be part of the model 
support process:  pp p

– internal review (QA)
– independent external review 
– documentation of verification efforts

– multi-faceted confidence building effort: comparison to lab 
experiments, field experiments, analogs, etc.



The Need for Model Support

• Reliance on assumptions in PAs

• Inability to validate models

• Reduce uncertainty

• Provide confidence in modeling



Performance Assessment - Context
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Performance Assessment 
Modeling

• Performance assessment process is iterative.

• Scope should err on the side of completeness 
initially.

• Models should be as simple as possible, but no 
i lsimpler.

• Final model complexity should be commensurate 
with available supporting information.

• Model support activities can be used as a basis 
to add or reduce complexity.



Risk-Informed Model Support

• Use risk information to 
determine how much 
support is needed.

• Sensitivity, uncertainty, 
and barrier analyses 
should be considered.

• It is very important to 
identify features or 
systems that limit risk.



Model Support Principles

• Multiple lines of evidence preferred

• Direct observations preferred

• Level of model support ~ risk significance

• Longer experience ~ less supportLonger experience  less support

• Support encompass full range of future conditions



Multiple Lines of Evidence

• Performance complex

• Variable initial conditions 
and boundary conditions

• Coupled processes

• Reduce errors

Direct
• Field experiments

• Monitoring data (PI’s)

Indirect
• Accelerated laboratory

• Increase Confidence
Accelerated laboratory 
experiments

• Natural analogs

• Expert judgment

• Alternative models

• Past experience



• The real world can be highly 
dynamic.

• Model support should be 
provided for the full range of 
expected future conditions.
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Example: Model Support/ 
Engineered Barriers
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Model Support - Natural Analogs

• Data for very long term

• Confirmation bias

• Unknown exposure 
conditions 
(past, current, future)

Photos – Terry Johnson (NRC)

NUREG 1757 Vol2, Section 3.5



Model Support – Flood Example

Tim Cohn USGS – The Value of Paleoflood Information When 
Estimating Flood Risk (8/23/11)



Model Support – Erosion

Model Complexity Model Complexity 
>> >> 

Model Support!Model Support!

Comparison of featuresComparison of features
Mass balance (watershed)Mass balance (watershed)

GIS based analysisGIS based analysis
Model comparisonsModel comparisons
AnalogsAnalogs

LongLong--term field experimentsterm field experiments
Isotopic studiesIsotopic studies



Limitations of Model Support 
Activities

• Laboratory experiments
• Are laboratory conditions representative of field conditions?
• How do you interpret and apply results (e.g., spatial and temporal 

scaling)?

• Historical data
• Is the dataset biased (e.g., Pantheon)?
• Historical record may be limited relative to period of performance
• Is the historical record a reasonable proxy for future conditions?
• Limited observations of extreme events

• Expert Elicitation
• Conflicts of interest
• Diversity of expert panel
• Aggregation of disparate opinions
• Potential introduction of additional uncertainty
• Defensibility of expert judgements (see NUREG 1563)

• Natural Analogs



Conclusions

• Following basic principles for model support will 
increase acceptance of performance assessment 
modeling.

• Model support is essential to successful decisionModel support is essential to successful decision 
making.
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