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ABSTRACT 

A simplified calculational model has been developed to permit a rapid, yet realistic, 
estimate of potential radiological doses to on-site workers and the off-site public from waste- 
handling operations at a treatment, storage, and disposal (TSD) facility. The waste-handling 
operations include transport, handling, storage, incineration, and landfilling of waste containing 
trace amounts of radioactive materials. The main objective of the model is to provide a 
radiological assessment methodology that can be used in a waste clearance strategy that 
addresses U.S. Department of Energy mixed-waste moratorium issues. The model was 
developed on the basis of previous detailed studies of eight TSD facilities and incorporates the 
essential features of such a facility. The model provides a simplified physical concept of the 
potential human exposure associated with the radioactive contents of the chemical wastes. 
Issues pertaining to the development of the model, as well as application and future use, are 
discussed. Specifically, these issues include physical model approximations, isotope selection, 
waste-handling operations, and selection of input parameters. Also, pathway and isotope 
selection criteria are discussed relative to the previous TSD sites studied. This model is being 
considered for additional development as a waste clearance strategy tool. 

INTRODUCTION 

A radiological assessment methodology tool was developed that can be used in a waste 
clearance strategy that addresses U.S. Department of Energy (DOE) mixed-waste moratorium 
issues. This assessment includes estimates of the potential worker and public radiation doses 
resulting from the transportation, handling, storage, incineration, and maintenance of chemical 
waste containing trace amount of radioactive materials. This model incorporates the essential 
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features of a treatment, storage, and disposal (TSD) facility and permits a rapid, but yet realistic, 
dose evaluation. 

In May 1991, DOE Headquarters learned that past practices at DOE field facilities 
resulted in minute amounts of known or likely radioactive contamination in some hazardous and 
polychlorinated biphenyl (PCB) wastes. These wastes were shipped to various commercial TSD 
facilities not licensed to receive radioactive materials. To assess the radiation exposures to 
commercial hazardous waste workers and the associated off-site public, detailed dose 
assessments were performed for eight TSD facilities. The detailed dose assessments concluded 
that the doses are orders of magnitude below both federal limits, guidelines, and the average 
dose from natural background radiation in the United States. Additionally, detailed studies 
showed that many of the TSD facilities are similar in their operations. On the basis of the 
experience and insight gained from the detailed studies of the eight TSD facilities, a simplified 
model was developed for determining doses to on-site workers and the off-site public from 
waste operations, including incineration, at other TSD facilities. (Because TSD facilities are not 
licensed as radiation facilities, the allowable regulatory limits apply equally for the TSD facility 
workers as well as the off-site public.) 

METHODOLOGY 

The model considers exposure to two groups: on-site workers and off-site public. This 
model was developed in the following steps: 

1. Selection of Major Operations: First, the data from the eight TSD sites 
were analyzed to identify major operations that may contribute 
significantly to the receptor doses. The reference facility model 
incorporates all major worker operations, such as transportation, handling, 
storage, incineration, and maintenance of radioactive waste, and off-site 
public exposure from stack release. Realistic, yet conservative, values for 
the key parameters were chosen on the basis of observations during site 
visits to the eight previously analyzed TSD facilities. 
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2. Selection of Isotopes: The radionuclides incorporated in the model were 
based on previous DOE waste inventories at TSD sites. Additionally, the 
model also incorporates the radionuclides regulated under 10 CFR 61 [l]. 
The model currently can be applied to wastes containing uranium (U-232, 
U-234, U-235, U-236, U-238), plutonium @-238, Pu-239, Pu-240, Pu- 
241, Pu-242), americium (Am-241), carbon (C-14), cesium (Cs-137), 
cobalt (CO-6O), curium (Cm-242), iodine (I-129), nickel (Ni-59, Ni-63), 
niobium (Nb-94), strontium (Sr-go), technetium (Tc-99), and tritium (H-3). 
As the need arises, other radionuclides will be incorporated into the model. 

3.  Selection of Pathways: External exposure, inhalation, and ingestion were 
considered for all receptors. However, on the basis of previous TSD 
studies, the inhalation of uranium during plume exposure dominated on the 
dose for off-site receptors. To extend the model to a broader range of 
radionuclides and site conditions, simplified groundshine and ingestion 
pathways were added to the plume-based inhalation model. 

4. Application to Other TSD Facilities: Software was developed to apply the 
reference facility model to other TSD facilities. The model also includes 
some flexibilities by allowing the user to adjust for site-specific 
information: (1) the activity of contaminated shipments and (2) the 
applicable operations for the TSD facility under study. The software 
calculates the worker and off-site public doses (both external and internal) 
for the specific TSD facility under study. 

ON-SITE WORKER DOSE ANALYSIS 

It is assumed that four groups of workers are involved in the waste operations: 

Truck drivers involved in transportation of wastes from DOE generator 
sites and transport of incineration residues off-site; 

Receiving workers involved in unloading/sampling/check-in and storage; 
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Incineration workers involved in incineration, transport of incineration 
residues on-site, and incinerator maintenance; and 

Landfdl workers involved in on-site landfill operations. 

In addition, all workers would be exposed to the stack emissions. 

The radiation dose is presented in terms of the dose equivalent and can be expressed as 
follows: 

where 

Cjk = 

activities of the ith isotope (e.g., U-235, Pu-239, Cs-137, etc.) in the 
waste shipped to a TSD facility. 

worker doses calculated with 1 Ci of activity (so-called normalized 
doses) using the default values of the parameters as given in 
Stevens et al. [2]. 

correction factors for the j-th operation. These corrections are 
calculated using site-specific information that supersedes the default 
values. 

The subscript i denotes the various isotopes, and the subscript j denotes the various 
operational steps, and the subscript k denotes the pathway, i.e., external or internal. A detailed 
example of operational steps, including time, distance, shielding, number of personnel, and 
source geometry, is given by Stevens et al. [2]. The dose for each individual worker is summed 
across all isotopes and all applicable operations. 

The key assumptions are listed in Stevens et al. [2]. A Microsoft Visual Basicm 
program was developed to facilitate the dose calculations. The activities (A) in the waste are 
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inputs to be supplied by the users. The normalized doses 0 9  were built into the program. The 
correction factors (C) will be calculated by the program if the user considers that the default 
values are not adequate. The user, however, needs to supply site-specific information for 
calculating the correction factors. 

A semiempirical model, reflecting components of the Gaussian plume model, was 
developed on the basis of the doses estimated for five TSD incinerator facilities studied using 
site-specific data modeled by the EPA CAP88-PC code [3]. In this simplified model, a waste 
dose factor and an approximate x/Q are determined from the data evaluated for several TSD 
sites. It is believed the model is generally applicable to any sites with similar waste treatment 
operations. The waste dose factor considers the activity released through the stack and the 
pathway dose conversion factors. This simplified model for the off-site individual is as follows: 

where 

x/Q = the time-integrated air concentration to release ratio (s/m 3, and 

WF = the waste dose factor (mredyr) / (s/m3: 
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dose to individual (mredyr), 
fraction wind is blowing in individual directions (by 16 sectors), 
wind velocity ( d s ) ,  
distance of individual from incinerator (m), 
Pasquill-GuifYord D stability class vertical dispersion function (m), 
effective stack height (m), 
quantity of radionuclide i incinerated in 1 yr (CUyr), 
release fraction for radionuclide i, and 
effective dose conversion factor (mreds)/(Ci/m?. 

DCF’ = DCFi,,,* BRT + VD * Td * (DCF, + DCFing * FTF * Fjng) 

where 

D C F ~  = inhalation dose conversion factor (mredci), 
DCF,,, = surface groundshine dose conversion factor (mrem/s)/Ci/m?, 
DCFing = ingestion dose conversion factor (mredci), 

BRT = individual’s breathing rate (m3/s), 
V, = deposition velocity (dyr), 
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effective time in environment (yr), 
food transfer factor, 
rate of ingestion from contaminated ground (m2/s), 
exposure time (CAP88 default: lOO/yr), 
effective decay constant (Uyr), 
radionuclide decay constant (l/yr), 
environmental decay constant (CAP88 default: O.O2/yr), 
individual ingestion rate (kg/s), 
fraction of food eaten which is grown locally, 
plow depth (m), and 
soil density (kg/m3). 

The effective stack height, He incorporates the actual physical height of the stack, as 
well as the plume rise, by taking into account the effluent stack gas velocity, stack diameter, and 
wind velocity. The release fraction, RF, is estimated by subtracting the removal efficiency (RE) 
from 1 (i.e., 1-RE). It is assumed to be the same for all particulates. For several TSD facilities 
studies, the RE ranged from 0 to 0.99, depending on the filtration system and the physical 
property of the contaminants. The value of RE should be adjusted to appropriate site-specific 
values. The waste dose factor incorporates estimates from all pathways (i.e., dose from 
inhalation, air immersion, ingestion of food products, and ground-surface irradiation). However, 
since the ingestion pathway requires detailed, site-specific data, conservative assumptions were 
used. 

Simplified Model for Doses to the General Population 

An empirical model was also developed to evaluate doses to the surrounding 
population. In this model, the waste release factor, described above, and an approximate 
population-integrated x/Q are determined from site-specific data. A simplified model for the 
off-site population dose is as follows: 

- WF , 
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where 

x/Q = population- and time-integrated air concentration to release ratio (person-s/m 3, 
WF = waste dose factor (mredyr) / (s/m3) as defined above: 

and 

where 

f20 = fraction of contamination that deposits in a 20-mile radius, 
fso = fraction of contamination that deposits fiom 20 to 50 miles, 
pz0 = population density within 20 miles (persodm?, and 
~ 5 0  = population density from 20 to 50 miles (persodmi 3. 

CONCLUSIONS 

A simplified model for estimating worker and off-site public radiological doses at TSD 
facilities was developed on the basis of previous detailed studies of eight TSD facilities. This 
model requires only a few key parameters and is generally applicable to a TSD site with similar 
waste treatment operations. The main conclusions regarding the model are as follows: 

External and internal doses to workers can be easily and rapidly calculated 
by the model with built-in representative values. The calculation requires 
the activity of the waste shipment as the only input parameter. The results 
are generally in the 70 to 90 percentile confidence level. The model also 
provides an option to consider site-specific information by evaluating 
correction factors if so desired. The input parameters will then include the 
activity of the waste shipment plus the selected site-specific information. 
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A simplified model for doses received by the maximally exposed 
individual and the general population from TSD facilities was developed. 
This model was based on Gaussian plume dispersion and CAP88PC 
default parameters. Key input parameters used in calculating doses to an 
individual are the total activity of all isotopes processed annually at a TSD 
facility, stack height, and distance of the individual from the facility. 
Additional input for the general population dose assessment is the general 
population density. For stack release sites, results determined by the 
model fall generally within 35% of those determined by using CAP88-PC 
for the maximally exposed individual, and within 40% for the general 
population. 

This model is being considered for use as a waste clearance strategy tool for DOE 
waste shipped to TSD facilities. 
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