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SUMMARY 
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This paper reviews the key parameters comprising 
airborne radiological and chemical release source terms, 
discusses the ranges over which values of these parameters 
occur for plausible but severe waste management facility 
accidents, and relates the concomitant sensitivities of 
emergency planning zone boundaries predicated on 
calculated distances to early severe health effects. 

DISCUSSION 

Emergency Planning Zone (Em) boundaries are 
determined in part by the distances to early severe health 
effects (ESHE) under severe accident conditions at a waste 
management facility. These distances are estimated with 
various hazard assessment tools that generally include 
(1) radioactive or chemical source-term development 
models and (2) atmospheric transport and dose conversion 
or health effects models. This paper identifies and 
discusses potential impacts of key sensitivities in source- 
term parameters on predicted ESHE distances. The 
objective is to provide quantitatively based insights on 
modeling assumptions and facility or site operational or 
plant features that could be incorporated to reduce the 
maximum plausible source term and potentially reduce the 
size of the Ems. At a minimum, such insights allow 
more rational decisions on the final selection of EPZ 
boundaries. 

A potential radioactive atmospheric release source 
term from a facility accident can be thought of as 
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comprising five key parameters according to the following 
equation: 

Radiological source term = MAR x DF x 
ARF x RF x LPF, 

where: 

MAR is the quantity of material at risk, 

DF is the damage fraction or fraction of MAR 
exposed to accident stresses capable of rendering 
the M R  airborne, 

ARF is the airborne release fraction or fraction of 
material subjected to accident stresses actually 
rendered airborne, 

RF is the respirable fraction of the airborne 
release, and 

LPF is the leak path factor or fraction of the 
respirable airborne inventory that escapes any 
containment or confinement barriers to reach the 
ambient atmosphere. 

Figure 1 illustrates the evolution and development of 
the source-term components from accident initiation 
through delivery to and impact on the human population. 

The MAR and the DF are functions of the physical 
and chemical forms of the waste, the containment charac- 
teristics and configuration of the process and facility, and 
the severity of the accidents. Phenomena encountered in 
the accident sequence, especially fires or explosions, may 
have the capability of challenging or propagating to addi- 
tional inventories of waste. Severe accident calculations 
generally assume the largest and most hazardous MAR 
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FIGURE 1 Conceptual Flow Diagram for Source-Term Development and Human Health Effects 

inventory consistent with plant or process capacity and 
operating procedures. The maximum DF is 1 but can 
range downward to account for characteristics such as 
combustible waste segregation; robust primary containment 
or packaging; and structural confinement, barrier walls, 
and fire protection systems. As an example, severe 
facility fires analyzed in the accident analysesz3 for the 
U.S. Department of Energy (DOE) Environmental 
Management @M) Programmatic Environmental Impact 
Statement4 (PEIS) had DFs ranging from 0.1 to 1. 

The ARF is a joint function of the original physical 
form of the waste, the chemical properties of the individ- 
ual radionuclides or chemical species, and the accident 
mechanisms and concomitant stresses acting to create 
airborne materials. Liquids or solids must be either 
fragmented or deagglomerated and suspended. Materials 
in the gaseous state (noncondensable gases and vapors 
under ambient conditions) are generally assumed to be 
transportable and respirable. The RF for particulates is 
generally conservatively defined as the fraction of 

particulates with aerodynamic equivalent diameters less 
than 10 pm. The aerodynamic equivalent diameter refers 
to the diameter of a sphere of material with a density of 
1 g/cm3 that has the same terminal velocity the particle. 
The product of the ARF and RF is called the respirable 
airborne release fraction (RAW. 

To determine RARFs, the physical and chemical 
characteristics of materials in waste facilities can be 
compared with those of materials in numerous experiments 
and analyses, such as those reported by Mishima? 
Mishima examined experimental data for the airborne 
release of various materials under five types of stress: 
(1) explosions (shock and blast effects), (2) fires, 
(3) venting of pressurized liquids and powders (or venting 
of pressurized volume above solids), (4) crush-impact 
(either fragmentation by the impact of a falling hard 
unyielding object or the impact of a falling material on a 
hard unyielding surface), and (5) aerodynamic entrainment 
or resuspension. For the accident analyses in the DOE 
EM PEIS, a matrix was developed for each waste type to 



map the treatability categories into the physical forms for 
which airborne release data were developed. This 
mapping enabled the calculations of both bounding ranges 
and best estimates of the RARFs of various radionuclides 
as a function of their chemical and physical form under a 
variety of accident stresses. The RARFs calculated ranged 
roughly five orders of magnitude from values on the order 
of for spills of slurries to lo-' for deflagrations 
involving organic liquids. 

The LPF is a function of the physical form of the 
nuclide being released and the susceptibility of the nuclide 
to removal or reduction phenomena (such as precipitation 
or agglomeration) and to subsequent capture within 
containment walls or filtering systems (if any). In- 
containment transport and filter effectiveness can be 
heavily dependent on the accident sequence, as well as on 
the structural characteristics and physical design of the 
facility. Although more severe accident sequences are 
often assumed to involve breach of confinement, implying 
a conservative LPF of unity, functioning double high- 
efficiency particulate air filtration systems can reduce 
particulate transport by a factor of roughly lo6, in effect 
removing many accident sequences from consideration in 
EPZ selection. 

Chemical release source terms may be thought of in 
a fashion analogous to that discussed for radiological 
source terms; the rationale for choosing MAR and DF 
values is essentially the same. Other key source-term 
parameters include the evaporation rates of the various 
toxics for large spills or the combustion and secondary 
reaction rates for chemicals involved in frres. Facility 
features such as spill retention areas that reduce the 
surface area (roughly proportional to evaporation or 
combustion rates) or protect against or inhibit subsequent 
fires can significantly reduce the amount and rate of toxic 
releases. 

CONCLUSIONS 

Radiological and chemical release source terms can 
vary by orders of magnitude depending on the 
characteristics of the material at risk, its primary contain- 
ment (packaging), the facility and process characteristics 
including safety features and protective systems, and, of 
course, the driving accidents. Under the stable conditions 
generally assumed for atmospheric transport, reducing the 
source term by half can reduce by a comparable factor the 

distance early severe health effects are predicted, 
depending on the specific meteorological and other 
atmospheric transport parameters assumed. These 
sensitivities point to the importance of understanding the 
key variables driving the safety calculations. This 
knowledge can serve site staff both in developing plant 
features or procedures to ensure safety against plausible 
severe accidents and in planning for their occurrence. 
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