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Purpose 

Outline a risk assessment methodology applicable to 
the disposal of high-level nuclear waste (developed 
for the regulator) 
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Background 
A thorough risk assessment of any proposed high-level waste 
repository is essential because high-level waste is extremely 
hazardous 

Risk assessment of HLW disposal systems is unique because 
- The system is complex; a mixture of engineered and natural 

components 
- Limited prior experience with such a system world wide 
- Long time period for which assessments are needed 
- Designs and host geology differ from one repository to another (i.e., 

risk assessment highly repository-specific) 
- Public sensitivity to all aspects of the nuclear fuel cycle is very high 
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Background (cont’d) 

Probabilistic risk assessment (PRA) for the power plant cannot 
be readily adapted to the repository problem: 
- Failures gradually evolve as a function of time -- not ON-OFF type 
- Consequences usually evolve slowly, typically not catastrophic 

such as a core melt 

In the waste disposal arena, long-term risk assessment is 
ref erred to as “pe rfo rmance assess men t” 
PRA applies only to the pre-closure period (a short duration 
compared to the regulatory compliance period) 
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Background (Cont'd) 
Risk-Informed Performance-based approach to decision making 
- Regulations in many areas rapidly becoming risk-informed and 

performance-based 
- Quantitative risk assessment becoming the foundation for 

regulatory acceptance 
Ris k-based 

Risk-informed 
Performance- 
based 

Prescriptive 

Risk-informed 
performance 
based 

Regulatory decisions made solely based on the numerical 
results of a risk assessment 
Risk insights considered together with other factors 
Performance and results are basis for the regulatory decision 
making (measurable parameters to monitor performance, 
objective criteria for monitoring; flexibility to determine method 
to meet performance goals) 
Regulation provides detailed process, requirements, or 
instructions to follow; A conservative approach; used in the 
absence of an effective methodology to deal with uncertainty 
Risk insights, engineering analyses, and judgments including 
principles of defense in depth, safety margin incorporation, and 
performance history used; actions based on monitoring of 
peflormance CE U L  / I  



Performance Assessment 
Performance assessment is a formal and systematic process by 
which the safety of a repository after it is permanently closed is 
quantified 
Why conduct performance assessment? 
- Investigate the influence of scenarios, conceptual models, parameters 
- Identify factors most important to system safety (Le., vulnerabilities that 

need further study 
- Aid communication between 

risk analysts and process-level subject matter experts 
technical staff and management 
management staff and the stakeholders (e.g., public) 

Key elements of performance assessment 
- Scenario analysis 
- Abstracted model development 
- Model integration Features, Events, 

- System-level analysis 
~T0&f@MSMh9sl~th analysis 7 1 , ~  
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Abstracted Model Development 
The process of representing complex features of each scenario 
by a series of simplified models for a series of subsystems 
Abstraction Methods 
Key factors 
- Sufficiency of data and parameters to justify model abstraction 
- Characterization of model and uncertainty 
- Propagation of the effect of uncertainty through the abstracted 

model 
- Comparison of results from the abstracted model with the detailed 

model 
- Proper integration of models across the system model 

Submodel development should be based on stable results. 
Uncertainty can result from limited sample size 
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Conceptual Models of Yucca 
Mountain- Examples 

Conceptual Illustration of 
Unsaturated Zone Flow Processes 
at Different Scales 

GhostOance  F - 
Fault 

b 
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S yste m-l eve I An a I ys is 
Analyze consequences of individual scenarios to understand system 
behavior 
Deterministic vs. Probabilistic 
Probabilistic 

-Compute performance with consideration of all appropriate uncertainties 
-Monte Carlo approach 
-High-probability (or basecase) scenario 
-Low-probability scenarios 
-Combining low-probability and high-probability scenarios 
-Specialized analyses (e.g., human intrusion) 

Performance Measure 
- One performance measure needed for comparing repository 

subsystems performance on a common scale (risk-informing) 
- Performance measure for HLW disposal at Yucca Mountain: 

Expected dose to a reasonably maximally exposed individual not to exceed 
a certain specified value 

NATO ARW%dditi,Wbstandards: separate groundwater protection standards I 3 f L 3  



Example System-level Results 
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Defense-in-Depth Analysis 

Purpose: to gain insights regarding robustness and relative reliance 
on subsystems for safety 
Concept introduced to deal with uncertainty ( similar to safety 
margin concept) 
Our ability to quantify risk is imperfect. Unquantified uncertainties 
could exist because of inadequate models 
Defense-in-depth analysis addresses “What if I am wrong” 
Key consideration: 
- Repository performance and the performance of individual components 

- Important to account for parameter and model uncertainty 
- Important to document barrier capabilities in light of variability, 

independence, and interdependence of barrier functions 

or subsystems should be consistent and reasonable < 
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Uncertainty/Sensitivity Analyses 
Purpose: To identify parameters, models, subsystems, and factors 
that have dominant effects 
Sensitivity Analyses (local change in response with respect to a 
fixed change to a specified value of the input) 
Uncertainty importance analyses (performance uncertainty in 
response to input uncertainty) 
Robustness analyses (inputs set at gfh and 95fh percentile, etc. 
values) 
Types of Analyses 
- Parametric sensitivity analysis 
- Distributional sensitivity analysis 
- Alternative conceptual model sensitivity analysis 
- Subsystem sensitivity analysis 

Barrier component level analysis 
Sub-process level analysis 
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U n ce rta i n ty/Se n s it ivi ty 
Analyses-Examples 

Relative impact of the Alternative Conceptual 
change of input Model Sensitivity 
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Confidence Building (Validation) 
Purpose: Ensure the system model provides a credible 
representation of system performance 
Testkorroborate confidence in the system model 
Typically, traditional “scientific validation” is usually not sought 
Confidence to be built on 
- Software: correct performance of operations in the numerical model 
- Model: model correctly represents intended process or system 

Key cons i de rations 
- A vision, philosophy, or strategy, verification plan, minimum 

requirements are important in the confidence building effort 
- Submodel validation may not be a surrogate for system-level 

validation 
- Peer-review may not be a substitute for reasonably available objective 

information 

lS/2 9 
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Validation (cont'd) 
Confidence building can be achieved through: 
- Laboratory and field experiments 
- Natural analogs 
- Computer code comparisons 

Performance confirmation program can play a key role 

NATO ARW 13-16,Oct 02 
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Summary and Conclusions 
(cont’d) 

Intractable to represent all uncertainties and variability in 
performance assessment, but judicious use of the methodology 
presented could help retain important uncertainties and 
variabilities in the risk assessment model 

Documentation of uncertainties, abstractions, integration, and 
validations are key to a good risk assessment 

Software and assessment model validation is key to confidence 
building 
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