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ABSTRACT 

A visualization process has been created to 
animate the dose rates from radiation sources as the 
source and shielding configuration are modified. This 
process has been illustrated with the removal of a 
mixer pump from a Hanford Site waste tank. 

I. INTRODUCTION 

Work is in progress at the Hanford Site to 
characterize the dose rates associated with waste tank 
operations. It is necessary to predict the dose rates 
likely to be encountered when pumps or other 
apparatus are installed or removed. The tank risers 
have a relatively small diameter and are far above the 
top of the waste. Thus, dose rate calculations typically 
are streaming calculations using three-dimensional 
geometries. Monte Carlo methods are used to solve 
these problems but substantial optimization is required 
to keep computer calculation times acceptable. Both 
static and dynamic dose rate contour plots enable a 
better understanding of the dose rates during these 
operations. Knowledge obtained from the computations 
allows for modifications in procedures to minimize 
dose rates and exposure to workers. 

II. CALCULATIONAL BASIS 

Optimization of the Monte Carlo calculations for 
these types of problems was discussed in Calculation of 
Radiation Fields for Hanford Site Tank Riser 
Modijications.I In this paper we describe a typical 
problem and show the dose rate contours for removal 
of a mixer pump from a tank. 

An elevation view of an M C W  calculational 
model is shown in Figure 1 for a configuration 
involving the removal of a mixer pump from a Hanford 
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Site tank. The purpose of the calculation is to predict 
dose rates as the pump is pulled out of the tank. 

The primary radiation source for these 
calculations is the decay of 137Cs to 137mBa, which emits 
a gamma ray with an energy of 0.662 MeV. The lnCs 
in the tanks is a byproduct of the fuel reprocessing that 
occurred at the Hanford Site over the years. The 
concentrations of waste on the pump for the worst-case 
scenario will produce dose rates of 20 Rfhr near the 
surface of the pump. Because of the high dose rates 
involved, it is essential that reliable information be 
available on dose rates within the vicinity of the pump 
as it is removed from the tank. 

The radiation source for these calculations has 
been divided into three components: the source from 
the bulk liquid in the tank; the source from a thin 
(-3 mm) film on the outside of the pump; and the 
source from liquid that remains inside the pump. It is 
expected that the internal source will consist at worst of 
257 L (68 gal) of waste. 

By treating the bulk liquid in the tank separately, 
the calculated radiation field from this known 
component of the source can be subtracted from the 
measured total radiation field at a detector in order to 
determine the approximate dose rate from only the 
pump. This dose rate can then be used with further 
calculations to estimate the actual source term from the 
Pump. 

III. VISUALIZATION TECHNIQUE 

To predict dose rates as the pump is pulled from 
the riser, three calculations for the three different 
source components were made for each foot that the 
pump was pulled up out of the tank. Contour plots 
were generated by summing the dose rates from the 
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Figure 1. MCNP Geometry for a Mixer Pump Inside a Tank. 
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three calculations. Such contours enable visualization 
of the dose rates, which is helpful in making 
operational changes to minimize dose expo~ure.~ 

These contour plots at each foot of pump removal 
were sequenced to create an animated display of the 
dose rate profiles as the pump is removed from the 
tank. Figure 2 shows a contour plot of the dose rates 
with the pump positioned in the final transfer cask after 
removal from the tank. 

The first application of such contours in real-time 
will use a dose rate visual analyzer as the pump is 
removed from the tank. The analyzer has been written 
with a graphical interface that allows an operator to 
normalize the source according to actual measured dose 
rates as the pump is pulled from the tank. The 
computer program will take the measured data and 
modify the calculated results, with source 
normalization, to obtain contour plots that will be 
displayed as representative of the actual situation. 
Figure 3 shows a computer screen during such 
animation with the pump just above the top of the tank 
riser. The left edge of Figure 3 shows options 
available to the operator during this dynamic simulation 
with this graphical interface program. 

The normalization of the source using the 
measured detector dose rate is a very complex 
procedure because of the uncertainty in whether the 
source that is contributing to the dose rate is caused by 
the thin film on the outside of the pump or by the 
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internal source within the pump. The program will 
make a conservative decision regarding this source 
normalization. 

Dose rate visualization techniques are still in their 
infancy in the nuclear industry. The application of 
such techniques has tremendous potential payoffs. This 
includes the minimkition of dose rates and exposure to 
workers and the efficient planning and execution of 
complex operations. 
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Figure 2. Dose Rates (me&) Around a Tank Mixer Pump. 
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Figure 3. Interface for Visualizing Dose Ratzs. 
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