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I. Introduction 
Estimates of electric power generation requirements for the next century, even when taking the 

most conservative tack, indicate that the United States will have to increase its production capacity 
significantly. If the country determines that nuclear power will not be a significant component of this 
production capacity, the nuclear industry will have to die, as maintaining a small nuclear component will 
not be justifiable. However, if nuclear power is to be a significant component, it will probably require 
some form of reprocessing technology. The once-through fuel cycle is only feasible for a relatively 
small number of nuclear power plants. If we are maintaining several hundred reactors, the once-through 
fuel cycle is more expensive and ethically questionable. 

Recently, there has been a resurgence of interest, through policy analysts at MIT, in examining 
the country's nuclear future options. To help analyze these nuclear futures scenarios, Los Alamos has 
established a project to model nuclear fuel reprocessing technologies. Much work has been performed 
in a similar vein to date; however, this is the first time, to our knowledge, that a discrete-event process 
model of the reprocessing operations has been established to model the temporal dynamics of a 
reprocessing plant. Si3vannah River has recently performed process 'modeling of its waste processing 
areas. [Ref. 11 Most published models (industrial engineers at various plants may have proprietary 
process models) perform a material balance for a yearly production operation, but do not analyze the 
weekly or daily dynamics of a reprocessing facility. In addition, we attempt to perform the process 
modeling on two technologies, namely the aqueous Purex technology and the pyrochemical process 
associated with the Integral Fast Reactor (IFR) technology developed at Argonne National Laboratory, 
with the anticipated extensions to modeling improvements to existing technologies or new technologies. 



For this paper, we focus on the waste streams from the two technologies in an attempt to compare Purex 
v. IFR based on HLW waste effluent amounts and forms. 

11. Discrete-Event Models and Results 
Los Alamos has been using discrete-event modeling to support its nuclear fabrication operations 

for several years now. We have developed models, with input from process technologists inside and 
external to the Laboratory. The discrete-event simulation, as it currently stands, received fuel as a pure 
boundary condition, i.e., the model is not yet integrated with reactor models to provide different fuel 
compositions based on burnup. Figure 1 displays the pyrochemical model’s uppermost level, which is 
designed to mimic a rudimentary flowsheet. Icons of gloveboxes are used; however, most, but not 
necessarily all, operations will be performed in hot cells. Lower level blocks in the simulation display 
the mechanisms by which we model equipment failure, end-of-shift issues, process delay times, and 
potentially worker dose or material source term. 

pins, and assembled. The pyrochemical operations are modeled strictly as batch operations, whereas 
Purex operations are somewhat continuous operations. For continuous operations, the discrete-event 
simulation approximates a continuous system by using rate information and churning small batches 
through a process as appropriate to yield a consistent mass balance overall. 

reprocessing technologies, using several criteria including waste generation, proliferation resistance, 
cost, and safety, with a current focus on waste generation. 

As fuel moves through the system, it is chopped, electrorefined, blended to make fuel, cast into 

For this paper, we will compare these two technologies, and potentially other advanced 
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Figure 1 : Top-level view of pyrochemical processing model. 
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