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Background
* Risk Assessment models for large, complex systems

are simplified representations that embody physical
features and simulate many coupled processes with
uncertainties

* Model sensitivity analyses can be used to identify
system attributes contributing most to risk

* A measure of sensitivity is the change in model
behavior caused by potential changes in model
attributes

* All model attributes cannot be simplified to the same
degree in a model

* Therefore, several different types of sensitivity
analyses may be needed to adequately and
consistently identify factors driving system
risk/performance



Objective

* Describe an analytical approach for estimating the
sensitivity of a model of a complex system to
changes in a subsystem or a component of that
system
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Component Sensitivity Analysis
* The component or subsystem is an element of the

system with some performance value
* System response sensitivity to change in component

functionality

Sensitivity = (Ay I Yr) I(Ac I Cr)

y: performance metric
n reference

Ac =Cr -cs s: sensitivity case
c: component

* For the complete loss or gain of function of a
component

Ac/cr =1 or -1
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Component Sensitivity
Analysis (cont'd)

* Reference case: base case
* Sensitivity case: performance assessment is

calculated by suppressing the function(s) of a system
component or combination of components to a
specified level

* System component functionality suppression is
specified by
- Selecting an appropriate alternative conceptual model
- Appropriately modifying model parameters
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Component Sensitivity
Analysis Types

* Component sensitivity analyses conducted with an
exhaustive combination of components

* These combinations are parsed into smaller groups
- Single repository component suppressed (One-Off Component

Sensitivity Analysis)
- Single repository component added to a system in which all

repository components have been suppressed (One-On
Component Sensitivity Analysis)

- Repository components added cumulatively to a completely
suppressed system (Cumulative One-On Component
Sensitivity Analysis)

- Component Combination Sensitivity Analysis
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Example Problem
* Total-system Performance

Assessment (TPA) model for
analyzing a potential repository at
Yucca Mountain

*Repository system divided into
components: (1) drip shield, (2)
waste package, (3) spent nuclear
fuel, (4) invert, (5) unsaturated zone
above and below the repository, (6)
saturated-zone below the repository

*TPA system model has 12
alternative conceptual models and
950 parameters (330 are sampled)

*The base case and each sensitivity ~ .

case are 1 00-realization Monte Carlo
runs
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One-Off Sensitivity Analysis
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One-On Sensitivity Analysis
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Cumulative One-On Component
Sensitivity Analysis
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Component Combination
Sensitivity Analysis
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Conclusions
* Component sensitivity analyses provide information about

the potential contribution to repository performance of
individual or subsets of repository subsystems

* Example showed how the method could be used to identify
and rank influential repository components

* Suppression of components unmasked interesting
interactions

* Component sensitivity analysis provides a powerful tool for
understanding system behavior that complements methods
traditionally used in risk assessment

* For highly uncertain complex system models, component
sensitivity analysis can elucidate how the system might
perform if modeling assumptions are incorrect
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Example: Waste Package
component suppressed
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