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Abstract

Previously, we have investigated the sensitivity of RADTRAN accident-risk results to the required input parameters and studied key variables using Latin Hypercube Sampling (LHS).  A general conclusion of this work is that the total risk uncertainty does not become excessive when rather conservative distributions are used to describe input parameters such as atmospheric turbulence conditions, highway accident rates, population densities, and package release fractions. However, packaging release fractions, which correspond to the spectrum of accident severities, typically range over a few orders of magnitude, and modeling their values with the simplest distribution functions was unsatisfactory in some respects.  Because efforts to calculate release fractions are greatly complicated by the large varieties of packaging characteristics and detailed accident conditions that may affect the outcome, explicit inclusion of uncertainty by use of LHS and modeling of physical conditions through improved choice of distribution shape appeared to be a productive course.



We describe tests of more complex distribution functions, such as Lognormal and Bounded Normal, in fitting the point estimates of release fraction values.  These distributions and their descriptive parameters were used as input parameters to Sandia National Laboratories' Latin Hypercube Sampling code to generate 100 sets of RADTRAN 4 input parameters used together with point estimates of other necessary inputs to calculate 100 observations of estimated accident dose risk.  This procedure was applied to several distinct transportation situations to reveal the statistical uncertainty of accident-risk estimates calculated by RADTRAN 4.  These results are in turn compared to previous results, obtained with simpler Uniform and Loguniform distributions, to assess potential improvements in statistical behavior and absolute risk estimates.



Difficulties encountered and examples of cases that yielded improvements are presented for Type A and Type B packagings employed in representative truck transport situations.





�Introduction

One of the choices that must be made in using Latin Hypercube Sampling (LHS) (1) with the RADTRAN code for transportation risk assessment (2) is the type of distribution function to use in describing the uncertainty of a particular variable.  Four options available with LHS are Uniform, Loguniform, Normal and Lognormal distributions; these adequately describe the uncertainty of most of the RADTRAN variable types selected for LHS analysis (3).  These include the Pasquill probability fractions which have been described by Uniform distributions of values between 0 and 1.  The uncertainty in two other variable types, link population densities (LPOPD) and link accident rates (LARAT), have been described by Normal distributions since, in general, they are averages with standard deviations obtained from the census and other surveys.



In previous work (3,4), release fraction  (RFRAC) parameter values (the source terms for subsequent dispersion), were modeled by Uniform or Loguniform distributions spanning one or more orders of magnitude.  Those studies demonstrated that Loguniform distributions yield smaller average risk estimates than Uniform distributions, in agreement with expectation, but the variances were large, especially if the loguniform distribution spanned more than one decade. The release fractions employed in a RADTRAN calculation are critical in determining the resultant risk but experimental measurement of releases from particular packagings under various accident conditions is very costly in time and money.  Therefore,  improved, conservative modeling of releases that will not generate inflated risk estimates or variances, and that can be derived by extrapolation of existing data is quite desirable.



The results of modeling release behavior of Type A and Type B packagings by use of available distribution shapes and widths are presented here.  In addition, we discuss investigations of the effect of aggregating uncertainty by reducing the number of severity levels and modeling the change of release fraction versus severity level with a selected distribution shape.  The goal in all cases was to maintain reasonable conservatism without introducing excessive uncertainty in the risk estimates.



Shipments of Type A Packages

The spectrum of severity levels and corresponding release fractions for this type of package may be divided into eight levels with the lowest level having no release (5).  The increase in release fraction over the remaining seven levels is then defined according to the specific nature of the shipment being analyzed.  For the examples presented here (multiple Type A packages), the highest five severity levels result in 100% release of the package contents; this suggested simplifying the analysis by reducing the spectrum of severities to three levels and modeling the corresponding release fractions by various distribution functions.  The results of modeling the spectrum of release fractions with Uniform and Loguniform distributions over the indicated  ranges are shown in Table I.  The characteristic difference between these two types of distributions is evident in the shifted mean risk values and increased standard deviations for the Lognormal cases. Results obtained with Normal and Lognormal distributions in the three-level scheme are shown in Table II.



Shipments of Type B Packages

Calculations of risk estimates for a standard test case have been performed using various specifications of all four distribution functions examined.  This case is particularly instructive because it describes shipments of spent nuclear fuel (SNF) with CRUD (scale containing cobalt 60 which is deposited on the exterior of  the fuel cladding during pool storage). The magnitudes of accident risk estimates calculated for such shipments are determined almost entirely by CRUD release.  We again investigated potential simplification through aggregation of uncertainty in a reduction from six severity levels (6) to four.  Tables IIIa and IIIb illustrate how the severity fractions of levels 4,5 and 6 were summed to yield one level while levels 1,2 and 3 include nearly 100% of accidents.  In the case of CRUD, level 3 (in addition to 4, 5 & 6) results in release because it is external to the fuel cladding; past practice has been to assign these levels a release fraction (1.2E-2) that corresponds to total release of all suspended material inside the cask.  This has been recognized as an extremely conservative model for the vast majority of accidents.  For the current calculations, this value was taken as the maximum and the increase from 0 to 1.2E-2, over the range of severity levels, was modeled by a variety of distributions (and sampled by LHS).  The results of calculations with the various distribution functions and defining parameters are given in Table IV.





Conclusions

For Type A packagings, comparison of the results in Table I indicates that neither Uniform nor Loguniform distributions in a three-level scheme provide a fully satisfactory model in that average risk values tend to increase slightly and the standard deviations increase significantly, especially in the case of the Loguniform distribution.  Use of Normal distributions yields results (Table II) which are similar to those for the Uniform and Loguniform distributions without the large standard deviation of the Loguniform case.  Finally, use of a Lognormal distribution gives values which are very similar to the 8-level results with a modest increase in standard deviation.



For Type B packagings, the values shown in Table IV clearly show that use of the Loguniform distribution over a parameter range of many decades has two effects: it lowers the average significantly but the fractional standard deviation (%) is in turn increased significantly.  The large standard deviation is exacerbated by the fact that the risk is dominated by one distribution: CRUD release.  It seems that a more satisfactory means of reflecting the statistical prevalence of lower RFRAC values is to employ a Bounded Normal distribution with the mean at the lower end of the desired RFRAC range.  Use of the Bounded Lognormal distribution provides even further improvement in that the averages are comparable to the 6-level values and the relative standard deviations are less than those for the other distributions.



In general, it is concluded that distribution functions available in the Latin Hypercube Sampling code can be used to model the increase of release fraction with increasing accident severity.   Inexactness in knowledge of the scaling with discrete severity levels can be addressed by aggregating them into combined severity levels.  Most importantly, in many cases the least specific distributions (Uniform and Loguniform) can be employed  without altering average risk estimates significantly or producing such large relative standard deviations as to diminish the value of the analysis, while at the same time permitting the analysis to be simplified.
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� REF Refs \* MERGEFORMAT �Distribution Function�Parameters�Average Accident-Risk�Standard Deviation��Uniform (8-level)�1E-9 to 1E-3

1E-3 to 1E-2

1E-2 to 1E-1

1E-1 to 1.0

1.0, 1.0, 1.0, 1.0�4.57E-5�1.47E-5 ( 32%)��Loguniform (8-level)�1E-9 to 1E-3

1E-3 to 1E-2

1E-2 to 1E-1

1E-1 to 1.0

1.0, 1.0, 1.0, 1.0�6.08E-5�1.50E-5 (25%)��Uniform (3-level)�1E-9 to 1E-3

1E-3 to 1E-2

1E-2 to 1.0�2.60E-4�1.36E-4 (52%)��Loguniform (3-level)�1E-9 to 1E-3

1E-3 to 1E-2

1E-2 to 1.0�1.15E-4�1.22E-4 (106%)��





Table II - Effects on Risk Estimates; Normal and Lognormal Distributions; Type A Packages



� REF Refs \* MERGEFORMAT �Distribution Function

(Bounded within Ranges)�Parameters�Average Accident-Risk�Standard Deviation��Normal (3-level)�( = 0.0, ( = 0.001

Bnd.= 0.0 to 1E-3

( = 0.001, ( = 0.01

Bnd.= 0.001 to 0.01

( = 0.01, ( = 1.0

Bnd.= 0.01 to 1.0

�2.43E-2 �1.76E-2 ( 72%)��Normal (3-level)�( = 0.0, ( = 3E-4

Bnd.= 0.0 to 1E-3

( = 1E-3, ( = 3E-3

Bnd.= 1E-3 to 1E-2

( = 1E-2, ( = 0.3

Bnd.= 1E-2 to 1.0

�1.33E-4�8.81E-5 (66%)��Lognormal (3-level)

    LHS on level 3 only�( = 0.1, ( = 2.5

Bnd.= 0.01 to 1.0�7.13E-5�3.01E-5 (42%)���Table IIIa - Baseline Accident Severity Fractions and Release Fractions for Spent Nuclear 	

	     Fuel in Casks



Severity Fractions���Severity 1�Severity 2�Severity 3�Severity 4�Severity 5�Severity 6��Rural�0.603�0.394�0.003�3.0E-6�5.0E-6�7.0E-6��Suburban�0.602�0.394�0.004�4.0E-6�3.0E-6�2.0E-6��Urban�0.604�0.395�3.8E-4�3.8E-7�2.5E-7�1.3E-7��Release Fractions��Group 1*�0.0�0.0�0.012�0.012�0.012�0.012��Group 2�0.0�0.0�0.0�0.01�0.10�0.11��Group 3�0.0�0.0�0.0�1.0E-8�2.0E-4�2.8E-4��Group 4�0.0�0.0�0.0�1.0E-8�5.0E-8�5.0E-8��Group 5�0.0�0.0�0.0�1.0E-8�1.0E-6�4.2E-5��*CRUD - Scale on exterior surface of fuel cladding.





Table IIIb - Accident Severity Fractions and Release Fractions (4-level) for Spent Nuclear 	         	     Fuel in Casks used in Sample Calculations



Severity Fractions������Severity 1�Severity 2�Severity 3�Severity 4��Rural�0.603�0.394�0.003�1.5E-5��Suburban�0.602�0.394�0.004�9.0E-6��Urban�0.604�0.395�3.8E-4�7.6E-7��Release Fractions�����Group 1*�0.0�0.0�0.012�0.012��Group 2�0.0�0.0�0.0�0.11��Group 3�0.0�0.0�0.0�2.8E-4��Group 4�0.0�0.0�0.0�5.0E-8��Group 5�0.0�0.0�0.0�4.2E-5��*CRUD - Scale on exterior surface of fuel cladding.







��Table IV - Dependence of Accident-Risk on Distributions Used for CRUD Release Fractions



� REF Refs \* MERGEFORMAT �Distribution Function�Parameters�Average Accident-Risk�Standard Deviation�������Uniform (6-level)�1.0E-9 to 1.2E-2�5.70E-2�3.02E-2 (53%)��Loguniform (6-level)�1.0E-9 to 1.2E-2�8.62E-3�1.75E-2 (203%)�������Uniform (4-level)�1.0E-9 to 1.2E-2�5.74E-2�3.02E-2 (53%)��Loguniform (4-level)�1.0E-9 to 1.2E-2�7.52E-3�1.76E-2 (234%)�������Normal, Bounded��SYMBOL 109 \f "Symbol"� = 0.000

Bnd.= 0.0��SYMBOL 115 \f "Symbol"� = 0.012

to 0.012�5.13E-2�2.96E-2 (58%)��Normal, Bounded��SYMBOL 109 \f "Symbol"� = 0.000

Bnd.= 0 .0��SYMBOL 115 \f "Symbol"� = 0.003

to 0.012�2.37E-2�1.63E-2 (69%)��Lognormal��SYMBOL 109 \f "Symbol"� = 0.006��SYMBOL 115 \f "Symbol"� = 1.6�5.60E-2�1.46E-2 (26%)��Lognormal, Bounded��SYMBOL 109 \f "Symbol"� = 0.006 

Bnd.= 0.0��SYMBOL 115 \f "Symbol"� = 3.2

to 0.012�4.58E-2�2.31E-2 (50%)��
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