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1. Introduction 

 
We measured the proliferation resistance of 

Pyroprocess by using multi-attribute utility analysis 

method. This methodology is intended to allow for the 

assessment of the effectiveness of safeguards 

implementation at facilities within a large-scale fuel 

cycle and allow for the ability to choose technologies 

based in part on their effectiveness to deter the 

proliferation of nuclear materials. Pyroprocess may be 

the part of new Fuel cycle that includes PWR, fuel 

storage facilities, Pryoprocessing facilities, SFR, fuel 

repository facilities. In this paper we only focused on 

Pyroprocessing facilities as a single process. 

 

2. Methods and Results 

 

In this section some of the methods used to measure 

proliferation resistance are described. This method 

includes many utility factors that affect proliferation 

resistance value. 

 

2.1 Multi-attribute utility analysis (MAUA) method
[1]

 

 

A methodology based on Multi-Attribute Utility 

Analysis (MAUA) was developed to allow for relative 

comparisons of proliferation resistance for different fuel 

cycles and facilities. It has been shown to provide a 

viable means for assessing systems with diverse 

attributes. Proliferation resistance for a nuclear fuel 

cycle is one such system.  

 

2.2 Assessment methodology formulation 

 

Given a system which involves i=1,2,3,...I processes, 

we can determine the total nuclear security measure 

(NS) for the system using the following: 

 

 

                                                                  (1) 

 

 

where mi is the amount of material in process i [in 

significant quantities (SQ’s)] and Δ ti is the time the 

material is in process i at the static proliferation 

resistance value of PRi for process i. The total nuclear 

security measure is a time and mass weighted average of 

the proliferation resistance measure. The mass values 

used are in SQ’s which are defined by the International 

Atomic Energy Agency (IAEA) as: 8 kg for Pu, 25 kg 

for HEU, 75 kg for low-enriched uranium (LEU), 25 kg 

for 237Np, 25 kg for Am (as an element), and 20000 kg 

for Th (as an element). 

The static proliferation resistance value of process i is 

given by 

 

                                                            (2) 

 

where wj is the weight for attribute j, uj is the utility 

function for attribute j, and xij is the input value for the 

utility function for attribute j in process i. Each of the 

attributes (along with their overall measure and 

weighting factors) is given in Table I. 

 

Table I: Measures, Attributes, and Weights for Assessment Methodology 
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Table II: Utility functions and calculated values 

 

2.3. Calculation Description  

 

For calculation of proliferation resistance of 

Pyroprocess, we should know many variables. But there 

are some limitations of knowing all variables because 

Pyroprocessing is not determined well and we don’t 

know enough information. Thus we assumed minimum 

values and maximum values in every case. From this we 

calculated every utility functions except 3, 5, 8 utility 

function. This calculation results is shown in Table II. 

Detail calculation method is show in Reference
[2]

.  

Especially case 3, 5, 8 utility function we only have 

almost no information about these, so assuming methods 

are as follows. 

Utility Function 3 is the concentration of even Pu 

isotopes (especially 240Pu and 238Pu) can complicate 

the construction of a nuclear explosive. 240Pu has a 

high rate of spontaneous fission and can significantly 

increase the probability of pre-initiation in a nuclear 

explosive device. The utility function for this metric is 

as follows: 

 

                                                                   (3) 

 

where x3 is the weight fraction of even Pu isotopes and 

is given by  

  

                                                                     (4) 

 

We assumed this value x3 as 0.2~0.8. 

The utility function 5 is radiation dose rate given by as  

 

 

 
 

 

 

(5) 

We assumed this value x5 as 0.2~0.8. 

The utility function 8 is measurement uncertainty  given 

by 

 

                                                                    (6) 

 

where x8 is the measurement uncertainty in SQs/year. 

The measurement uncertainty (in percentage) was 

multiplied by the bulk throughput in SQs/y to acquire 

the input value x8. We assumed this value x8 as 0.2~0.8. 

From these assuming the total proliferation resistance of 

pyroprocessing is 0.475~0.706. 

 

3. Conclusions 

 

In this study there are some limitations of measuring 

proliferation resistance of pyroprocess. Because we 

didn’t have enough information or knowledge of all 

factors that affect proliferation resistance. For more 

precise conclusion further study should be needed. 
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