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Abstract 

 
This paper describes the modeling performed on a proposed enclosure for the existing 
railcar rollover facility located in Clive, Utah at a radioactive waste disposal site owned 
and operated by Envirocare of Utah, Inc. (Envirocare).  The dose and plume modeling 
information was used as a tool to justify the decision to make the capital purchase and 
realize the modeled performance enhancements. 
 
Introduction 
 
Envirocare operates a Low-Level Radioactive Waste (LLRW) disposal site in the west 
desert of Utah.  Envirocare accepts waste that arrives via truck and rail transport.  The 
most prevalent method of unloading waste on a volume basis is through the use of a rail 
rollover facility that inverts gondola railcars, which may each carry up to 2,700 ft3 of 
waste, over a concrete lined pit with a hydraulic geared rotary dump mechanism.  
Unenclosed, as the facility had been for Envirocare’s entire history since 1988, data 
analysis had shown that the maximum average concentration of Th-230 that did not 
exceed the limiting Effluent Concentration Limit, listed in Table 1 of Appendix B to 10 
CFR 20, at the restricted area boundary (~110 meters from the rail rollover facility) was 
3,000 pCi/g.  In order to manage waste of higher concentrations, Envirocare had to either 
require the generator to blend the higher activity waste with lower activity waste (to 
lower the average concentration) or manually dig the waste out of the gondola with a 
track hoe, which decreased the airborne particulate suspension of the waste being 
managed.  Both options were inefficient from both a health physics and financial 
perspective when compared to unloading unblended waste with the rail rollover facility.  
The proposal to enclose the rail rollover facility was formulated to address this 
inefficiency and to provide better service to a market with a need to safely dispose of 
waste with Th-230 concentrations greater than 3,000 pCi/g.  Specifically, Envirocare was 
working with a single customer with a large volume of waste containing almost solely 
elevated Th-230 concentrations.  The customer expressed a desire to ship higher Th-230 
concentration material than the 3,000 pCi/g stipulated by Envirocare because of the high 
cost and radiological risk associated with blending the material down to 3,000 pCi/g.  The 
efficacy of the enclosure proposal needed to be evaluated so that an informed decision 
could be made on whether or not to proceed with the project.   
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Scope 
 
Detailed research was first conducted on the proposal:  Marketing staff predicted waste 
volumes, shipment frequency, and the estimated revenue from elevated Th-230 
concentration waste shipments to Envirocare; staff engineers provided detailed 
specifications of the proposed enclosure; and the project management team compiled cost 
data.  These data provided 75% of the inputs into the decision-making matrix.  The final 
input was the feasibility modeling to verify that the proposed system would meet the 
project’s performance specifications for health and safety to workers and members of the 
public.  Health Physics staff fabricated an airborne concentration model that inputted the 
waste volume and frequency information provided by Marketing and provided an output 
of airborne activity concentration at three areas of concern; inside the enclosure, 
immediately outside the enclosure, and at Envirocare’s restricted area boundary.  These 
three locations were identified as areas of concern because they correspond to divisions 
of worker respiratory protection boundaries and administrative dose-based concentration 
limits (where occupational radiation workers are inside the restricted area and members 
of the public are potentially outside the restricted area).  Th-230 concentration, which 
was also an input to the model, was then varied to search for a concentration such that the 
administrative limits, which are much less that regulatory limits, for dose-based Th-230 
activity concentrations were approached but not exceeded. 
 
Summary 
 
Iterative modeling with a range of proposed Th-230 concentrations in waste resulted in 
an increase in allowed Th-230 waste to be managed in Envirocare’s railcar rollover 
facility from 3,000 pCi/g to 10,000 pCi/g as a result of the plume limiting characteristics 
of the enclosure.  The results of the analysis indicated Th-230 airborne concentrations of 
individual plumes resulting from each railcar dump up to 1.17E-4 µCi/m3 inside the 
enclosure, 5.85E-6 µCi/m3 directly outside the enclosure, and 2.16E-6 µCi/m3 at the 
north fence line (the closest restricted area boundary and downwind of the prevailing 
wind direction at the site).  These activity concentrations result in minimal dose risks to 
both the occupational radiation workers at the site and members of the public that could 
potentially be just outside Envirocare’s restricted area boundary.  The new 10,000 pCi/g 
concentration limit was proposed to the customer who expressed satisfaction because the 
customer would reduce cost due to less required blending.  Envirocare was then able to 
couple a firmer revenue estimate with the cost information and decide whether or not to 
proceed with the rollover enclosure project. 
 
"The results of the technical modeling performed by Envirocare's Health Physics staff 
were instrumental in our decision to commit to the rollover enclosure project.  Using the 
modeled conclusions, we were able to put a contract in place that benefits both 
Envirocare and our customer from a financial and radiological risk perspective." 
            

- Dwayne O. Nielson, President, Envirocare of Utah, Inc. 
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Model Construction 
 
A simplified guidance for using modeling to facilitate decisions consists of identifying 
the problem, constructing the model, and interpreting the results.  The specific problem in 
this case is to research the change in maximum allowed Th-230 contaminated waste 
management in the rail car rollover facility, which is limited by potential airborne 
exposures to workers and members of the public, as a result of the installation of a 
proposed enclosure around the facility.  Model construction is discussed in this section 
and interpretation will be discussed in the next section.  This particular model can be 
broken into four parts.  These are the inputs, the parameters, execution, and the output. 
 
Inputs were alluded to in the introduction.  These were the waste volume, shipment 
frequency, and the Th-230 mass-based activity concentration.  The waste volume and 
shipment frequency were determined from communications with the customer as well as 
research on the shipment history of this project with waste blended down to 3,000 pCi/g.  
The customer’s plan is to continue to load railcars to the same capacity and ship with the 
same frequency as it did when more intensive blending was required.  Individual rail cars 
historically arrive in unit trains ranging from forty to sixty-six rail cars on a bi-weekly 
basis and rail car waste weights ranged from 7.2E+7 to 9.1E+7 grams.  The methodology 
of the model was decided to be based on the plume from a single rail car being rolled 
multiplied by the number of railcar shipments in a year, as dose constraints of concern are 
applied on an annual basis.  Envirocare conservatively adopted the maximum number of 
rail cars (66) for the bi-weekly shipment and the maximum mass (9.1E+7 grams) for the 
modeled shipment frequency and amount of material for each shipment respectively.  The 
Th-230 mass-based activity concentration refers to the average amount of activity per 
unit mass and is expressed in units of pCi/g.  This input was varied over multiple runs of 
the model to determine the value that provided an acceptable increase in allowed 
concentration for the customer while still meeting Envirocare’s high standard for worker 
and public protection from radiological risk. 
 
Model parameters were also determined.  Parameters are defined as constants that 
characterize the physical structure of the enclosure and/or the behavior of the material 
during the act of unloading using the enclosed facility.  The design drawings were a 
source of some of the model parameters; i.e. the total internal volume of the enclosure is 
550,000 ft3.  Characterizing the source of the plume involved a unique calculation 
because the pit beneath the rail rollover facility has the volume capacity to hold waste 
from multiple rail cars.  Therefore, a rail car being dumped onto an existing pile of waste 
commonly generates the plume.  A resuspension factor was researched to predict the 
fraction of material that will distribute into the air when the gondola is dumped.  This 
fraction, found to be 1E-6 (Reference 1) multiplied by two, can then be converted to 
activity by multiplying it by the proposed elevated Th-230 concentration in the waste to 
determine the resuspended Th-230 of the initial plume for each rail car.  The volume of 
the initial plume was modeled based on half of the internal volume of the enclosure for 
conservative reasons, half the plume volume equates to twice the airborne concentration 
for workers inside the plume.  Once this initial activity concentration was established 
inside the enclosure, the physical characteristics of the enclosure were used to determine 
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the airborne activity that escapes the enclosure.  There are three openings in the 
enclosure; two tunnel openings for railcars to enter and exit, and one below grade 
opening to allow vehicle and equipment access to the pit below.  Nearly all of the plume 
that is created inside the enclosure will be transported to the atmosphere through the 
installed HEPA exhaust system that is installed on the top of the enclosure.  The HEPA 
exhaust system is 99.97% efficient for filtering airborne particulates (Reference 3) and air 
is pulled through the HEPA using two exhaust fans with a 20,000 cfm capacity each.  In 
addition, an installed dust suppression system consisting of water sprinklers used for dust 
knockdown accounts for a 50% reduction of the plume.  For the analysis of the potential 
Th-230 airborne concentration directly outside the enclosure, it was conservatively 
assumed based on aperture volumes that 10 % of the plume exits the building through the 
remaining 3 openings listed above.  Of the 10%, 5% escapes through the below grade 
south opening above the ramp and 2.5% escapes through each the north and the south 
opening.  Figure 1 (not to scale) depicts a sketch of the proposed railcar rollover facility 
with enclosure.  Note that the areas of concern addressed in the model are inside the 
enclosure, immediately outside the enclosure, and at the fence line approximately 110 
meters north of the facility.   
 
Figure 1. Schematic of Railcar Rollover Facility Enclosure  
           

 
Model execution has been indirectly discussed up to this point.  The plume inside the 
rollover enclosure was modeled from the inputs and parameters.  Further parameters were 
used in conjunction with the Virtual Point Source Equation to predict the plume directly 
outside the enclosure:  The airborne particulates exiting the HEPA exhaust system and 
the north and south tunnel openings were used to calculate the plume Th-230 
concentration.  The below grade south opening was discounted due to its location; below 
grade and positioned in opposite direction of the fence line.  The plume’s diffusion was 
then modeled at various distances, including the restricted area boundary, using the 
Virtual Point Source Equation and the Time-Integrated Puff Source Equation from U.S. 
NRC Regulatory Guide 1.11, Methods for Estimating Atmospheric Transport and 
Dispersion of Gaseous Effluent in Routine Releases from Light-Water-Cooled Reactors.   
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The output of the model consisted of the activity concentrations in the air at the identified 
areas of concern.  The output was then equated to whole body internal doses for workers, 
assuming that Radiation Work Permit required Personal Protective Equipment (i.e. 
respiratory protection) was used, and members of the public as applicable.  Those doses 
were then compared to Envirocare’s administrative dose limits for radiation workers (200 
mrem TEDE per year) and the limits outlined in 10 CFR 20.1301 for members of the 
public.  A limit of 10,000 pCi/g was found to be the waste concentration that provides an 
adequate increase in allowable concentration while still allowing for the standard of 
worker and public protection.   Bone surface organ dose calculations were performed in 
conjunction with whole body internal dose calculations.  The output of the model is 
displayed below in Table 1. 
 
Table 1:  Calculated Th-230 airborne concentrations and resultant doses. 
  Calculated Thorium-230 Resultant Annual
  Airborne Concentration Personnel Dose 
Location (µCi/m3) (mrem) 
Inside Enclosure During Unloading 1.17E-04 <200 TEDE 
Directly Outside Enclosure During Unloading 5.85E-06 <200 TEDE 
Site Boundary During Unloading 2.16E-06 N/A 
Site Boundary Annual Average 1.04E-08 0.5 CEDE, 5 CDE 
 
 
Interpretation of Results 
 
As noted earlier the model resulted in a new proposed maximum allowable Th-230 
concentration of 10,000 pCi/g.  At this concentration, Table 1 shows that workers’ 
exposure will be <200 mrem TEDE and the maximum potential dose to a member of the 
public is 0.5 mrem CEDE and 5 mrem CDE. The model showed that waste accepted at 
this concentration would be safely managed using Envirocare’s existing procedures and 
equipment along with the proposed enclosure.  This was the final piece information that 
senior management needed to make an informed decision regarding the adoption of the 
proposed enclosure.  Envirocare used a Net Present Value Method to consider this capital 
budget decision.  This method is chosen because it recognizes the fact that a dollar today 
is worth more than a dollar a year or more in the future.  Envirocare requires a minimum 
pretax return of 20% on all investment projects.  The Net Present Value Method 
compares the present value of a project’s cash in-flows to the present value of the cash 
out-flows.  Envirocare set the useful life of this project for five years and assumes that at 
the end of the project life the enclosure will have no scrap value.  The capital cost of the 
enclosure included design, materials, and construction components and was summed to 
be $1,000,000ε, where ε is an arbitrary factor inserted to protect proprietary information.  
Over the five-year project life, the average net annual income is $341,228ε.  The term 
‘net’ is applied to the annual income to account for operating and maintenance costs for 
the enclosure.  On the surface, it would seem that five times the annual average income, 
$1,706,140ε, is a number that makes deciding whether or not to move forward on the 
project an easy decision to make because it indicates a return of $706,140ε after 
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absorbing the capital cost of the project.  However, because cash now is worth more than 
cash in the future, this decision-driving paradigm is invalid.  If the company chose not to 
invest in the enclosure project, the capital would have been invested elsewhere and it is 
assumed that the capital would have earned 20%.   The correct method for evaluating the 
financial validity is to set a cash in-flow target that compensates for the present value of 
future earnings as well as the opportunity cost of the lost potential earnings for the 
invested capital.  This was accomplished by calculating the present value of an annuity of 
one dollar in arrears for a five-year period at 20%, which was 2.991.  It is then multiplied 
by the average net annual income must be greater than the initial capital expenditure to 
ensure there is an acceptable return on investment.  For this project, that product is equal 
to $1,020,613ε and it is greater than the initial $1,000,000ε by $20,616ε.  
 
Conclusion  
 
The decision was made to move forward with the rollover enclosure based on the positive 
Net Present Value comparison.  The $20,616ε favorable difference promises a greater 
rate of return than the 20% required by the organization.  Other benefits were realized as 
a result of this project that was completed as of September 2002.  One such benefit is that 
the rollover facility can continue to be operated during adverse weather conditions, which 
has allowed Envirocare to increase productivity and reduce waste container turnaround 
times.  There are also relatively intangible benefits associated with the enclosure such as 
a positive customer service experience. 
 
Plume and dose modeling was employed to answer the question on whether or nor the 
proposed railcar rollover enclosure project was a viable means of customer demand.  The 
model provided an answer that with the addition of the enclosure the allowable Th-230 
waste concentration that could be safely managed at the facility could be increased from 
3,000 pCi/g to 10,000 pCi/g.  This result was presented to the customer and was vital to 
the contract negotiations for waste disposal prices on both sides of the table.  The 
estimated revenue from this contract was compared to the costs of the project to make the 
decision to move forward with the enclosure project.  Modeling was used to provide 
information that was vital to senior management during deliberations on a significant 
capital budget project. 
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