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ABSTRACT 

In its Programmatic Environmental Impact Statement (PEIS), the Office of Environmental 
Management (EM) of the U.S. Department of Energy (DOE) is considering a broad range of 
alternatives for the future management of radioactive and hazardous waste at the facilities 
of the DOE complex. The alternatives involve facilities to be used for treatment, storage, and 
disposal of various wastes generated from DOE environmental restoration activities and 
waste management operations. The evaluation includes five types of waste (four types of 
radioactive waste plus hazardous waste), 49 sites, and numerous cases associated with each 
alternative for waste management. In general, the alternatives are evaluated independently 
for each type of waste and reflect decentralized, regionalized, and centralized approaches. 
Transportation of waste materials is an integral component of the EM PEIS alternatives for 
waste management. The estimated impact on human health that is associated with various 
waste transportation activities is an important component of a complete appraisal of the 
alternatives. The transportation risk assessment performed for the EM PEIS is designed to 
ensure through uniform and judicious selection of models, data, and assumptions that 
relative comparisons of risk among the various alternatives are meaningful and consistent. 
Among other tasks, Argonne National Laboratory is providing technical assistance to the 
EM PEIS on transportation risk assessment. The objective is to perform a human health risk 
assessment for each type of waste relative to  the EM PEIS alternatives for waste 
management. The transportation risk assessed is part of the overall impacts being analyzed 
for the EM PEIS to determine the safest, most environmentally and economically sound 
manner in which to satisfy requirements for waste management in the coming decades. 

INTRODUCTION 

The U.S. Department of Energy (DOE) Office of Environmental Management (EM) is 
responsible for the treatment, storage, and disposal (TSD) of various wastes generated within 
the facilities of the DOE complex from environmental restoration activities and waste 
management operations. For the EM PEIS that is being prepared (11, alternatives are 
considered relative to the decentralized, regionalized, and centralized approaches. The types 
of radioactive waste being evaluated include high-level, transuranic, low-level, and low-level 
mixed. Hazardous waste is also being evaluated. The magnitude of the transportation 
activities varies with the alternative and ranges from minimal transportation for the 
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decentralized alternative to significant transportation for the centralized alternative. Various 
aspects of the impact of transportation are radiological versus hazardous, rail versus truck, 
routine versus accident, worker versus public, population versus individual, and aggregate 
risk (i.e., probability times consequence) versus consequence. Because of complex-wide 
considerations, large amounts of waste in some alternatives are expected to result in 
unprecedented large-scale transportation activities for DOE or other federal agencies; the 
potential cumulative impacts of these activities may warrant special attention. 

The magnitude and complexity of the scope of the EM PEIS present the following unique 
features regarding transportation risk assessment: (1) large amounts of waste requiring 
shipment result from programmatic considerations that are unprecedented for DOE and other 
federal agencies, (2) consistency exists between the radiological and hazardous risks, and 
(3) the magnitude and complexity of the routes for shipment require an integrated and 
expedient computational approach. The EM PEIS method represents a comprehensive and 
integrated approach to assessing risk regarding the transportation of radioactive, hazardous, 
and mixed waste. 

TECHNICAL APPROACH 

The technical approach for conducting the transportation risk assessment was developed 
following a thorough and critical review of the literature and existing documentation 
prepared for major federal actions under the National Environmental Policy Act (NEPA). 
Consideration was also given to recent commitments arising from public awareness and 
litigation. The approach has also received DOE internal review and external review outside 
of DOE. 

The transportation of radioactive and hazardous wastes involves risk to both crew members 
and members of the public. Part of the risk results from the nature of the transportation 
operation itself, which is independent of the waste contents or characteristics of the cargo; 
for instance, traffic accidents during transportation may cause direct injuries or fatalities. 
Similarly, pollution from vehicle exhaust emissions may also affect human health. These 
risks are characterized as "vehicle-related." On the other hand, the transportation of waste 
may pose an additional risk because of the characteristics and potential hazards of the cargo 
&e., waste) itself. These risks are therefore considered "cargo-related." 

The technical approach is conceptualized in Figure 1 for the EM PEIS transportation risk 
assessment. A more detailed description of the method has been provided by Monette et 
al. (2) for transportation of radioactive waste and by Hartmann et al. (3) for transportation 
of hazardous waste. Potential risks were estimated for the collective population, as well as 
for the maximally exposed individual, during routine transportation and accidents. For 
radioactive wastes, the cargo-related risks include exposure to external radiation from the 
waste package during routine operation and potential exposure to dispersed waste contents 
in accidents. The RADTRAN 4 (4) computer code was used to estimate the collective 
population risk. The approach of R A D T W  has been used extensively in previous NEPA 
assessments and has received wide acceptance. The collective population risk is a measure 
of the radiological risk posed to the society as a whole by the alternative being considered. 
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As such, the collective population risk is a reasonable primary measure for comparing 
different alternatives. Supplemental analyses were provided by using the RISKIND (5 )  
computer code to address areas of specific concern to individuals or population subgroups. 
The supplemental analyses are primarily meant to address the "what if'' scenarios frequently 
raised in public comments. Examples of such scenarios are "What if an accident happens 
near my community?" or "What is the risk to me if I live adjacent to the access road?" 

FIGURE 1 HERE 

The general methodology for characterizing risk from exposure to hazardous chemicals has 
many parallels to  the methodology for characterizing risk for radioactive waste 
transportation; however, no standard computer code exists in the chemical area that is a 
direct counterpart to RADTRAN. One of the major tasks of the EM PEIS transportation risk 
analysis is to develop the details and coding of the general chemical risk methodology that 
parallels the steps in the RADTRAN method. Included in such details are a realistic 
treatment of the chemical accident itself, as well as development of a variety of appropriate 
chemical risk end points. The treatment of fires (leading to toxic gas releases) and water 
immersion is also to be included in the implementation of the general chemical risk 
methodology. Unique to this approach is the assessment of the impacts of water immersion. 

Another unique feature of chemical risk assessment is that routine operations of hazardous 
chemical transportation do not lead to cargo-related risks. Chemical risks occur only from 
accident conditions because small spills or seepages of hazardous or chemical waste during 
routine operations are kept to a minimum by existing regulations and packaging of that 
waste. Consequence modeling of chemical spills during accidents is performed by using the 
Areal Locations of Hazardous Atmosphere (ALOHAm) (6) air dispersion code in conjunction 
with several end points for human health effects (discussed in the following paragraphs). The 
ALOHAm code has been used extensively by the U.S. Environmental Protection Agency 
(EPA) for assisting emergency field personnel in planning for accident release consequences 
and in implementing emergency response measures. 

DEVELOPMENT OF END POINTS FOR HEALTH EFFECTS 

The potential exposures from transportation of radioactive materials, either from routine 
operations or from postulated accidents, are usually at a low dose, such that the primary 
adverse effect is the induction of latent cancer. The correlation of the radiation dose and 
human health effects for low doses has been traditionally based on what is termed the 
"linear, no-threshold hypothesis," as described by the International Commission on 
Radiological Protection (7). 

In addition to latent cancer (which is assumed to be a linear, no-threshold effect), exposure 
to toxic chemicals may also cause threshold, nonlinear effects. These effects are often of an 
immediate nature (i.e., acute). The severity of the immediate health effects therefore depends 
strongly on the toxicity and exposure concentration of the specific chemical(s) released and 
can range from slight irritation to potential fatality for the exposed individuals. Thus, for the 
EM PEIS human health risk assessment, three end points were assessed: (1) potential for 
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life-threatening effects, (2) potential for other adverse effects, and (3) increased cancer risk. 
The first two end points are acute. The potential life-threatening effects are specific only to 
toxic chemicals identified as "poison inhalation hazards" by the US. Department of 
Transportation (DOT) (Title 49, Parts 173.115 and 173.132-133 of the Code of Federal 
Regulations [CFR]). Estimates of these effects are derived from the 50% lethal concentration 
(Le,,) or other appropriate toxicity values. The toxicity values have been derived from the 
following sources: (1) the Registry of Toxic Effects of Chemical Substances (RTECS) 
database (81, and (2) Dangerous Properties of Industrial Materials (9). Estimates of other 
adverse effects are based on the inhalation reference dose values developed by the EPA, 
when available. Such data are derived from the EPA Integrated Risk Information System 
(IRIS) (10) database and the Health Efects Assessment Summary Tables (HEAST) (11). For 
the effects of latent cancer, assessment is performed for a carcinogenic risk of one in one 
million or higher. The concentration values corresponding to this risk level have also 
been derived from the IRIS and HEAST databases. A description of the derivation of the 
concentration values for these end points for health effects is provided in Hartmann et a1 (3). 

PARAMETERS AND ASSUMPTIONS 

Major input parameters and assumptions used in the EM PEIS transportation risk 
assessment are discussed in the following paragraphs. 

Waste Inventory and Characterization 

A radioactive waste inventory computational model (WASTE-MGMT) (12,131 has been 
developed by Argonne National Laboratory to support the EM PEIS analysis of risk and cost. 
The model combines information on the waste inventory and characterization of waste across 

the DOE complex, on characterization of the TSD modules, and on definitions of the EM 
PEIS alternatives. Waste properties are provided in terms of isotope- or  chemical-specific 
concentrations. Physical forms of waste are generally classified into a small number of 
categories such as vitrified waste, liquid waste, metal waste, and heterogeneous solid waste. 
Hazardous waste is inventoried and characterized with a separate database of shipping 
manifests collected from the entire DOE complex for the year 1992. From those manifests 
and associated data, physical and chemical characterizations were obtained, from which data 
on treatment and disposal could be obtained or estimated. 

Packasring; And Shipping; Configurations 

For the transportation of radioactive materials, the basic types of packaging required by the 
regulations are designated as Type A, Type B, or ''strong and tight." The regulatory 
requirements are those specified by the DOT and the US. Nuclear Regulatory Commission 
(NRC) (49 CFR 173 and 10 CFR 71). For the EM PEIS, all transportation of radioactive 
waste has been assumed to take place in certified containers and exclusive-use vehicles. 
Low-level waste and low-level mixed waste are assumed to be transported in TypeA 
packages. The high-level and transuranic wastes require the use of Type B packaging. The 
transuranic waste will essentially consist of Type A waste containers within reusable, 
certified Type B shipping containers, such as TRWACT-I1 for contact-handled waste and 
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NuPac 72B for remote-handled waste. For hazardous waste, packaging is assumed to follow 
the DOT specifications for containers (49 CFR 173). 

Shipping: Routes 

Representative shipping routes have been determined for all possible pairs of DOE sites that 
generate or store wastes. For each origin-destination pair, representative highway and rail 
routes were generated and analyzed by using the routing models HIGHWAY (14) and 
INTERLINE (151, respectively. The routing models are updated periodically to reflect 
current road and track conditions and have been benchmarked against the reported shipping 
distances and the observations of commercial truck and rail firms. The routes calculated 
conform to current routing practices and all applicable routing regulations and guidelines; 
however, the routes do not necessarily represent the actual routes that will be used to 
transport waste in the future. For risk analysis, the important routing characteristics include 
total shipping distance and the fractions of travel in rural, suburban, and urban zones of 
population density. The hazardous waste methodology uses only HIGHWAY because no such 
waste is currently or is planned to be sent by rail. 

External Dose Rate 

Because all shipments are assumed to take place on exclusive-use vehicles, the maximum 
external dose rate fiom a radioactive waste package is limited by the regulatory value of 
10 mremh measured at 2 m from the lateral surfaces of the conveyance. Because of the 
complex nature of the EMPEIS alternatives and the different types of waste, a 
representative external dose rate appropriate for each type of waste was determined for the 
EM PEIS analysis. This dose rate was based on the average of the entire waste inventory 
appropriate for the EMPEIS analysis and, therefore, was not intended to represent 
site-specific values. External dose rate concepts are not applicable to hazardous waste. 

Traffic Accident Rates 

For calculation of the accident-related risk, accident rates for truck and rail transportation 
were taken from a compilation by Saricks and Kvitek (16). Data include the accident rate, 
injury rate, and fatality rate. State-specific accident rates for truck shipment were based on 
statistics compiled by the DOT Office of Motor Carriers for 1986-1988, specifically for heavy 
combination trucks involved in interstate commerce. These data were benchmarked against 
the existing nuclear commercial carriers. State-specific rates for rail accidents were based 
on statistics compiled by the Federal Railroad Administration for 1985-1988. Rail accident 
rates include both accidents on main lines and those occurring in rail yards. For hazardous 
materials, data on accidents were based on 1979-1983 California highway accident data for 
shipment of hazardous waste. 

Accident Severity Categories 

A range of potential severities for radioactive waste transportation-related accidents has been 
described by the NRC (17). The NRC scheme for classifying accidents categorizes accidents 
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as a function of the magnitudes of the mechanical forces (impact) and thermal forces (fire) 
to which transported packages may be subjected. For each category of severity, a conditional 
probability is also assigned. The RADTRAN accident risk assessment considers the entire 
range of accident categories as defined by the NRC, including accidents with low probability 
but high consequences and those with high probability but low consequences. On the other 
hand, for consequences to maximally exposed individuals and to population subgroups, 
scenarios analyzed by the RISKIND code include those representing the accident scenarios 
with the highest release of waste. Hazardous waste accident scenarios were based on 
accident release data compiled from the DOT Hazardous Materials Incident Reporting System 
(HMIRS) (18) database. The contents of each DOE shipment were assumed to have a "breach 
fraction" (expected fraction of containers ruptured) and a "release fraction" (expected amount 
of each chemical released from those breached containers) during a transportation-related 
accident. The amounts of the chemicals released were used in the consequence modeling. 

Accident Release Fractions 

"he release fractions relevant t o  the risk assessment include three major components: the 
fraction of the waste contents that could be released to the environment for a given severity 
of accident, the fraction of the released material that can be dispersed to the atmosphere, 
and the fraction of the dispersed portion that is respirable. Most solid materials are difficult 
to release in particulate form and, therefore, are nondispersible even if they are released. 
Gaseous materials, on the other hand, are relatively easy to release when the container is 
breached. Release fractions under accident conditions have been estimated by the NRC (17) 
for Type A and Type B containers under various categories of accident severity. "he 
dispersible fractions and respirable fractions have been suggested by RADTRAN (4) for 
various forms of materials. Breach and release fractions for hazardous waste are based on 
analysis of thousands of accidents in the HMIRS database (18). 

Atmospheric Conditions 

Because predicting the specific location of a transportation-related accident is impossible, 
generic weather conditions were used for transportation risk assessment. For accident risk 
analysis, neutral weather conditions (represented by Pasquill stability class D) were assumed. 
Because neutral meteorologic conditions constitute the most frequently occurring atmospheric 
stability conditions in the United States, these conditions are most likely to be present during 
an accident. For maximally exposed individuals, however, both neutral (represented by 
Pasquill stability class D) and stable (represented by class F) conditions were considered; the 
stable condition was used to represent a conservative condition intended to maximize the 
consequence. 

Scenarios For Maximally Exposed Individuals 

For routine transportation, risks to maximally exposed individuals were estimated for a 
number of hypothetical exposure scenarios. The receptors include transportation crew 
members, inspectors, and members of the public exposed during traffic delays, while working 
at a service station, or while living near a waste site. Parameters typical of such scenarios 
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have been described in previous DOE documents (19, 20). For accidents, the maximally 
exposed individuals are assumed to be downwind. The accident severity category with the 
highest release was used to  represent "worst-case" scenarios for the accident analysis. 

For hazardous waste, worst-case accidents were evaluated in a similar manner and were 
chosen on the basis of the shipments with the maximum quantity, toxicity, and volatility of 
the hazardous waste within those shipments. 

DEVELOPMENT OF AUTOMATED COMPUTATIONAL SYSTEM 

Because of the magnitude and complexity of the EM PEIS transportation risk analysis, an 
automated computational system was developed by Biwer et al. (21) to  facilitate the 
computation of risk for radioactive waste. The system uses the unit-risk factor concept; that 
is, unit-risk factors derived from the RADTRAN 4 calculations form the basis of the system. 
Key parameters providing a foundation for the unit-risk factors include transport mode, 
external dose rates from waste packages, transport speeds, and radionuclide-specific 
information. Shipment risks are estimated by the combination of the unit-risk factors with 
state-specific population zone distances and accident rates, package release characteristics, 
and other relevant factors. For the purpose of the EM PEIS analysis for DOE facilities, the 
system also incorporated routing information derived from HIGHWAY (14) and 
INTERLINE (15). The system is designed to incorporate such routing information and 
unit-risk factors to produce risks for a particular alternative. The system is now equipped 
with a menu-driven feature for analyzing transportation-related risks for large and complex 
shipping campaigns required by the EM PEIS. For hazardous waste, a semiautomated 
system has been set up that links the hazardous waste database, the ALOHAm model, and 
a spreadsheet program that computes risk. 

ASSESSMENT OF ALTERNATIVES 

On the basis of the technical approach and the assumptions discussed previously, the 
transportation risk assessment was performed for the EM PEIS. Potential 
transportation-related health risks were calculated for both all-truck transportation 
(radioactive and hazardous wastes) and all-rail transportation (radioactive wastes only). For 
shipments between each origin-destination pair, the collective risks to workers and the public 
for incident-free conditions and for accidents were assessed. For each alternative, the total 
collective risks represent the aggregate of risks from the set of origin-destination pairs. For 
comparison, the vehicle-related impacts (i.e., the total number of traffic accident fatalities) 
from collisions were also estimated and are presented along with the cargo-related 
(waste-related) impacts. 

CONCLUSIONS 

The transportation risk assessment conducted for the EM PEIS is a comprehensive and 
integrated approach that can be applied to all types of radioactive waste, as well as to 
hazardous waste, generated within the DOE complex. By combining a traditional method 
(for radiological risk assessment) with some developmental components (for hazardous risk 
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assessment), the magnitude and complexity of the analysis are addressed. The results of the 
assessment constitute an important component of the overall evaluation of waste 
management alternatives of the EM PEIS. 

REFERENCES 

1. U.S. DEPARTMENT OF ENERGY, "Implementation Plan: Environmental Restoration 
and Waste Management Programmatic Environmental Impact Statement," DOE/EIS-0200, 
Environmental Restoration and Waste Management Program, Washington, D.C. (1994). 

2. F. MONETTE et al., "Transportation Radiological Risk Assessment for the Programmatic 
Environmental Impact Statement: An Overview of Methodologies, Assumptions, and Input 
Parameters," in Technology and Programs for Radioactive Waste Management and 
Environmental Restoration, Vol. 2, proceedings of WM '94, February 27-March 3, 1994, 
Tucson, Ariz., R.G. Post (editor), Laser Options, Inc., Tucson, Ariz., pp. 1093-1098 (1994). 

3. H.M. HARTMANN et al., "Hazardous Waste Transportation Risk Assessment for the 
U.S. Department of Energy Environmental Restoration and Waste Management 
Programmatic Environmental Impact Statement - Human Health Endpoints," in Technology 
and Program for Radioactive Waste Management and Environmental Restoration, Vol. 2, 
proceedings of WM '94, February 27-March 3, 1994, Tucson, Ariz, R.G. Post (editor), Laser 
Options, Inc., Tucson, Ark., pp. 1107-1114 (1994). 

4. KS. NEUHAUSER and F.L. W I P E ,  "RADTRAN 4 User Guide," SAND-89-2370, Sandia 
National Laboratories, Albuquerque, N.M. (1992). 

5. Y.C. YUAN et al., "RISKIND - A Computer Program for Calculating Radiological 
Consequences and Health Risks from Transportation of Spent Nuclear Fuel," ANL/EAIS-6, 
Rev. 0, Argonne National Laboratory, Argonne, Ill. (1993). 

6. R.M. REYNOLDS, "ALOHAm (Areal Locations of Hazardous Atmosphere) 5.0: Theoretical 
Description," NOM-TM NOS ORCA-A-65, National Oceanic and Atmospheric 
Administration, Seattle, Wash. (1922). 

7. INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, "1990 
Recommendations of the International Commission on Radiological Protection," ICRP 
Publication 60, Annals of the ICRP, Vol. 21, Nos. 1-3, Oxford, United Kingdom (1991). 

8. NATIONAL INSTITUTE OF OCCUPATIONAL SAFETY AND HEALTH, "Registry of 
Toxic Effects of Chemical Substances (RTECS)," database, updated through June 30, 1992, 
Cincinnati, Ohio (1992). 

9. N.I. SAX and R.J. LEWIS, "Dangerous Properties of Industrial Materials," 8th ed., Van 
Nostrand Reinhold, New York, N.Y. (1992). 



. c '  
I 9 

10. U.S. ENVIRONMENTAI, PROTECTION AGENCY, "Interim Methods for Development 
of Inhalation Reference Doses," EPA/6000/8-88/066F, Office of Health and Environmental 
Assessment, Cincinnati, Ohio (1993). 

11. U.S. ENVIRONMENTAL PROTECTION AGENCY, "Health Effects Assessment 
Summary Tables, Annual Update," OERR 9200.6-303 (93-l), Office of Research and 
Development, Office of Emergency and Remedial Response, Washington, D.C. (1993). 

12. H. AVCI et al., "Methodology for Integrated Evaluation of Alternative Siting and 
Treatment, Storage, and Disposal Strategies for U.S. Department of Energy Waste 
Management," in Technology and Programs for Radioactive Waste and Environmental 
Restoration, VoZ. 2, proceedings of WM '94, February 27-March 3, 1994, Tucson, Ariz., 
R.G. Post (editor), Laser Options, Inc., Tucson, Ariz. ,  pp. 975-980 (1994). 

13. H. AVCI et al., "Computer-Aided Waste Management Strategic Planning and Analysis," 
presented at the WM '95 Conference, February 26 - March 2, 1995, Tucson, Ariz. (1995). 

14. P.E. JOHNSON et al., "HIGHWAY 3.1: An Enhanced Transportation Routing Model: 
Program Description, Methodology, and Revised User's Manual," ORNL/TM-12 124, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. (1993). 

15. P.E. JOHNSON et al., "INTERLINE 5.0 - A n  Expanded Railroad Routing Model 
Program Description, Methodology, and Revised User's Manual," ORNWTM-12090, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. (1993). 

16. C. SARICKS AND T. KVITEK, "Longitudinal Review of State-Level Accident Statistics 
for Carriers of Interstate Freight," ANL/ESD/TM-68, Argonne National Laboratory, 
Argonne, Ill. (1994). 

17. U.S. Nuclear Regulatory Commission, "Final Environmental Statement on the 
Transportation of Radioactive Material by Air and Other Modes," NUREG-0170, Washington, 
D.C. (1977). 

18. U.S. Department of Transportation, "Hazardous Materials Incident Reporting System," 
database, Research and Special Programs Administration, Washington, D.C. (1993). 

19. U.S. Department of Energy, "Analysis of Radiation Doses from Operation of Postulated 
Commercial Spent Fuel Transportation Systems," DOE-CWTPO-001, Pacific Northwest 
Laboratory, Richland, Wash. (1987). 

20. U.S. Department of Energy, "Supplemental Environmental Impact Statement: Waste 
Isolation Pilot Plant," DOE/EIS-0026-FS, Washington, D.C. (1990). 

21. B.M. BIWER et al., "Comprehensive Transportation Risk Assessment System Based on 
Unit-Consequence Factors," in Technology and Programs for Radioactive Waste Management 
and Environmental Restoration, Vol. 2, proceedings of WM '94, February 27-March 3,1994, 
Tucson, Ariz., R.G. Post (editor), Laser Options, Inc., Tucson, Ariz., pp. 1099-1102 (1994). 


