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The U.S. Nuclear Regulatory Commission (NRC) and the Center for Nuclear Waste Regulatory Analyses 

(CNWRA) recently developed a general computer model for conducting total-system performance 

assessments of the proposed high-level waste repository at Yucca Mountain (YM) in Nevada, USA. This 

computer model is a tool for evaluating the performance assessments conducted by the U.S. Department of 

Energy (DOE) in support of their license application. The model uses a probabilistic framework implemented 

through Monte Carlo or Latin Hypercube Sampling (LHS) that permits the propagation of uncertainties 

associated with model parameters, conceptual models, and future system states. The problem involves 

hundreds of random parameters of which the ones that have significant influences on the response or the 

uncertainty of the response must be identified and ranked.  

A variety of sensitivity measures have been used in the literature to identify influential parameters 

emphasizing different aspects of the input-output relationships. Extending importance measures used in 

reliability engineering, Eisenberg and Sagar [1] proposed two performance mean-based sensitivity 

measures, dpy / doaxi and dfly / dao i, for application to probabilistic model. In these sensitivity measures, 

Y is the model output and X2 are input parameters and pu and a are the mean and variance respectively.  

These measures may be important for regulatory decision-making because peak expected dose (pi,) is the 

performance measure in the proposed NRC regulation for the HLW repository. Hence, obtaining sensitivity 

with respect to the expected dose to input data appears logical. However, how these measures differ from 
other measures has not been tested to date.  

This paper applies these two sensitivity measures and compares the parameters identified as most important 

with those identified previously using sensitivity measures proposed by Wu [2]. Expressions are derived for 

the use of these two sensitivity measures in conjunction with the cumulative distribution function (CDF)

based sensitivity analysis method [2,3]. The CDF sensitivity analysis method is chosen because (i) it is one 

of the methods that does not assume any specific relationship between the response and the input parameters, 

(ii) the sensitivity is dependent on the magnitude of the response, and (iii) sensitivity can be easily obtained 

at any CDF level. Based on a reliability sensitivity concept [2], the response CDF is defined as the integral 

of the joint probability-density-function of the parameters, with a domain of integration that corresponds to 

the domain of the identified samples. The response CDF sensitivities are then calculated from the derivatives 

of the probability integral. The derivatives are statistically estimated from the samples and used to identify 
and rank the importance of the random variables.  

The example used to demonstrate these two sensitivity measures is the same as the one analyzed previously 

in Mohanty and Wu [3]. This example has 246 random variables, and 1000 LHS samples were generated for



the study, including calculation of sensitivities. Based on the calculated, d9uy / dxi eleven variables 

(corresponding to the data that are outside the acceptance limits) are identified as having significant 

sensitivities at 95 percent acceptance limit. It is interesting to note that the top 9 variables are the same as 

previously identified using mean sensitivity, (dp / p)I/ d"i / Oi where p is the CDF function, at 

CDF= 0.9. There appears to be a close relationship between (dp / p) / dca / or; and dcty / dUx, . Based 

on the calculated d/tr / daz i, 12 variables are identified as having significant sensitivities at 95% 

acceptance limit. The top four variables are in the same order as those identified by dptr / dux u . It appears 

that fewer than 1000 samples may be sufficient to identify influential variables. The results will be 

summarized in the paper and compared with important parameters identified by using other sensitivity 

measures.  
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