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Executive Summary

This project builds upon the author’s UTCA project 00214, “Environmental Health, Public
Safety, and Socia Impacts Associated with Transportation Accidents Involving Hazardous
Substances.” The integrated approach used in that study was novel because it linked the
traditional accident concerns of material fate and transport with emerging issues such as planning
for accidents in routing and the socia/behavioral impacts in affected communities. This unified
approach must be incorporated into the planning and response to these accidents. To do that
successfully, professionals and those who are entering the profession must be trained to think in
an integrated fashion. This project, through the use of classes and an Internet site, developed the
material from the previous UTCA report and arelated report (on using GIS to specify routing
and minimize impacts) into modules for use in a classroom or workshop setting. The use of case
studies was an integral part of the module development so that students could “see” how the
decisions made during planning affect the results/effectiveness of the emergency response.
Recent events have dramatically demonstrated the need to provide this integrated information to
planners and responders so they canimprove their plans and better inform the public.

This information will be important when planning for accidents involving transportation of
hazardous materials. The possible social and environmental consequences of these accidents are
often not given the attention that is deserved. Also, overlooked consequences need to be
addressed when planning the transportation routes for hazardous materias in Alabama. The
Baltimore train derailment and tunnel fire is one recent demonstration of the impacts that these
types of accidents can have on a community.

Therefore, the objective of this technology transfer project was to enhance the ability of
emergency planners, facility owners, transporters, and consulting engineers to adequately
prepare for an emergency involving transportation of hazardous materials. Recent federal
regulations require specific planning activities by facility owners and local and state agencies.
Thisis an attempt to help them meet goals outlined in the regulations.

This project synthesized available information on hazardous materials accidents, particularly
those involving the transportation infrastructure. This material is available for reference at the
following website: http://www.personal .psu.edu/faculty/s/e/secl6/. Class information for a
graduate- level fate and effects class can be found at
http://unix.eng.ua.edu/~rpitt/Class/Classes.shtml. This material has been used in teaching
graduate-level courses in hazardous materials fate and effects, in the springs of 2002, 2003, and
2005 at the University of Alabama. Modules from this project have also been incorporated into
the following classes: Environmental Management (University of Alabama at Birmingham),
Environmental Science (Penn State Harrisburg), and Occupational Safety and Environmental
Health (Penn State Harrisburg).




Section 1.0
I ntroduction

The July 2001 train derailment and fire that occurred in Baltimore's Howard Street tunnel served
as a powerful reminder of the continuing threat posed by hazardous- materials transportation
accidents. The incident caused the closure of all major roads into Baltimore, necessitated the
evacuation of the city’ s baseball stadium, forced many area residents to shelter in their homes,
and resulted in substantial damage to roads and other infrastructure, including disruption of
electronic communications along the entire U.S. East Coast. Personnel at the Alabama
Department of Transportation (ALDOT) and the Alabama Department of Public Safety (DPS)
have, in the past, expressed concerns about potential hazardous-materials accidents occurring in
the Mobile tunnel, even with the restrictions on materials transport through the tunnel. The
September 11, 2001 attacks and the threat of further attacks, when coupled with the Baltimore
tunnel fire, have reminded people of the potential for significant short- and long-term effects of
incidents in which hazardous materias are involved.

Since that time, two Birmingham I nterstate highways have been affected by hazardous materials
accidents — both of which shut down parts of the major urban freeway interchange and one of
which resulted in a fatality. Both crashes caused damage through high-temperature fires (oil-
based products burned), and both accidents required emergency replacement of major bridgesin
the state’' s busiest interchange. Impacts to the City of Birmingham and its residents included the
loss of the tanker truck driver, potential release of hazardous smoke over nearby neighborhoods,
and loss of the magjor north-south transportation route fromcentral Alabama. The diversion of
traffic onto city streets affected local residents and commuters. In addition, it caused major
headaches establishing and explaining detour routes for people unfamiliar with the city. Large
trucks were siphoned onto city streets that were not designed for the frequent heavy loads carried
by tractor-trailer trucks. The impacts from these accidents were different from those seen in
Baltimore, but were no less severe. In addition, had more people or different chemicals been
involved, the results could have much more tragic on a human basis.

Magjor accidents involving hazardous materials are rare, but when they do occur, serious
environmental health, safety and social problems have been documented. Indeed, depending on
the nature and circumstances of an accident, some impacts can be both severe and long- lasting.
Saocial and psychological impacts, for example, can extend well beyond the immediate
emergency response phase of an accident. However, these potential longer-term problems are
sometimes overlooked after the more dramatic acute problems are addressed.

This project, through the use of classes and an Internet site, presented the material from the
previous UTCA project (UTCA report 00233, “ Environmental Health, Public Safety, and Social
Impacts Associated with Transportation Accidents Involving Hazardous Substances’) to
interested parties and incorporated an integrated approach to preparing for and evaluating
acciderts. As such, it would put Alabama at the forefront of efforts to tie together transportation



safety, environmental health, and socia policy concerns. Recent events have dramatically
demonstrated the need to provide this integrated information to planners and responders in order
for them to both improve their plans and to better inform the public.

The project used the knowledge and methodologies developed in the author’s prior work to
pursue two of UTCA’s high priority topics: technology transfer and human resources, while also
addressing UTCA'’ s emphasis on safety issues. More specifically, a range of innovative
educational tools were developed to provide professionals, students and interested members of
the public with the latest information about short- and long-term environmental, safety and
community impacts of these accidents. The project also fostered intercampus collaboration by
incorporating a team of professionals from diverse backgrounds at the University of Alabama
(UA) and the University of Alabamaat Birmingham (UAB).

This information will be important when planning for accidents involving transportation of
hazardous materials. The possible social and environmental consequences of these accidents are
often not given the attention that is needed. Also, overlooked consegquences need to be addressed
when planning the transportation routes for hazardous materials in Alabama. The Baltimore train
derailment and tunnel fire is one recent demonstration of the impacts that these types of
accidents can have on acommunity.

The second part of this project involved using the material in classes and preparing the materials
for inclusion in workshops. Several graduate-level Fate and Effects of Hazardous Materials
classes focused specifically on this material asthey were taught at the UA Department of Civil
and Environmental Engineering. In addition, specific modules were developed for the project
and incorporated in many other classes both in Alabama and outside of the state. While a faculty
at UAB, Dr. Clark used the modules on fate prediction and psychosocial impacts in a School of
Public Health course entitled Environmental Management. The students in this course were from
avariety of graduate magjors. medicine, public health, and engineering. In addition, moduleson
fate and the problems of transport (including case studies) were used at Penn State Harrisburg
(PSH) in two undergraduate courses. Environmental Science, and Occupational Safety and
Environmental Health. These courses required students to perform analyses on available datain
terms of frequency of spills and materials most-frequently spilled. In addition, the courses
required the students to prepare case studies on several accidents each. The guidance required
that students research the accident from available information like accident reports and
newspaper accounts (personal interviews were discouraged since the students were not skilled in
interviews), and determine from the available information the amount of the material spilled and
where it wert. The students also had to prepare a section on impacts — both environmental and
community.



Section 2.0
Organization and Conduct of the Project

This project builds upon the author’s UTCA project 00233, “Environmental Health, Public
Safety, and Social Impacts Associated with Transportation Accidents Involving Hazardous
Substances.” The integrated approach used in that study was novel because it linked the
traditional accident concerns of material fate and transport with emerging issues such as planning
for accidents in routing and the socia and behavioral impacts in affected communities. This
unified approach must be incorporated into the planning and response to these accidents. To do
that successfully, professionals and those who are entering the profession must be trained to
think in an integrated fashion. This project, through the use of classes and an Internet site,
developed the material from the previous UTCA report and a related report (on using GIS to
specify routing and minimize impacts) into modules for use in a classroom or workshop setting.
The use of case studies was an integral part of the module development so that students could
“see” how the decisions made during planning affect the results/effectiveness of the emergency
response. Recent events have dramatically demonstrated the need to provide this integrated
information to planners and responders so they can improve their plans and better inform the
public.

This information will be important when planning for accidents involving transportation of
hazardous materials. The possible socia and environmental consequences of these accidents are
often not given the attention that is needed. Also, overlooked consequences need to be addressed
when planning the transportation routes for hazardous materials in Alabama. The Batimore train
derailment and tunnel fire is one recent demonstration of the impacts that these types of
accidents can have on a community.

Preparation of the Manual and Internet Site

Drs. Becker, Pitt, and Clark reviewed federal requirements and guidelines for emergency
planning and response, as well as existing literature databases on accident statistics, preparedness
training, prediction of pollutant fate, and psychosocial impacts of these accidents. This materia
was synthesized into a class reference site that is currently housed at the University of Alabama
(Dr. Pitt’s website). In addition, supporting documentation and updated references can be found
on Dr. Clark’s website (http://www.personal.psu.edu/faculty/s/e/sec16/). The Internet site has
been organized into the following modules:

Module 0: Overview and Introduction

Module 1: Basic Concepts of Chemical Fate and Transport
Module 2: Surface Water Processes

Module 3: Subsurface Water Processes

Module 4: Atmospheric Processes



Module 5: Accidental Releases

Module 6: Basic Prediction Procedures

Module 7: Case Study for Hydrocarbon Spills

Module 8: Case Study for Ammonia Spills

Module 9: Case Studies of Long-term Community Impacts

The material was first taught as a class UA. The units on Accidental Releases and Community
Impacts were incorporated into the Environmental Management course at UAB and into the
Occupational Safety and Healthcourse at PSH.

The class by itself raised the awareness among the students about the potential for substantial
short- and long-term problems due to an accidental release of hazardous materials. The accidents
in Birmingham, when combined with the train accident in Baltimore, highlight the problems
when these accidents are transportation-related and occur in areas where the population density
is either high and/or is near the transportation infrastructure in question. In addition, the authors
hope that the classes and project materia have raised the awareness of land-use and community
emergency planners about growth issues in terms of transportation infrastructure, especially
given that the lack of land-use planning led to many communities being situated near the
infrastructure that is carrying these potentially-dangerous materias.



Section 3.0
The Internet-Based M anual

The reference sites contain materials that enable instruction of an integrated approach to
preparing for hazardous materias accidents. The background information is readily available for
the public at the Department of Homeland Security website under Emergencies and Disasters, at
http://www.dhs.gov/dhspublic/display?theme=14. The website is organized in sections,
depending on the reader’ s area of interest, as shown below:

Emergencies & Disasters

First Responders

Planning & Prevention

Hazard Mitigation

Natural Resource Protection
Marine Safety

Response & Recovery

Declared Disasters & Assistance

This Internet-based resource incorporates the planning and evaluation work done under the
auspices of several past UTCA projects. The two primary projects of interest for developing
these materials were UTCA project 00214, which focused on developing GIS methods for
planning the transport of hazardous materials and UTCA project 02215 (this project) which
focused on the impacts of transportation-related hazardous materials accidents.

Specific sections on the website include twenty years of accident data— available for statistical
analysis on topics like which materials are most likely to be involved in a hazardous- materias
accident — and workshop material supporting the use of GIS (and reviewing other planning tools
and models) to predict the likelihood of a transportation-related hazmat accident for various
routes of transport. In addition, the modules listed below are incorporated into a standalone
course on Fate and Effects of Hazardous Materials.

Module 0: Overview and Introduction

Module 1: Basic Concepts of Chemical Fate and Transport
Module 2: Surface Water Processes

Module 3: Subsurface Water Processes

Module 4: Atmospheric Processes

Module 5: Accidental Releases

Module 6: Basic Prediction Procedures

Module 7: Case Study for Hydrocarbon Spills

Module 8: Case Study for Ammonia Spills

Module 9: Case Studies of Long-term Community Impacts



Rather than use a textbook that may quickly become outdated, the researchers put this material
onto an Internet site. This will allow regular update to ensure the materials remain current. Also,
this site will be accessible through a web search by professionals both in Alabama and out of
state, who may not be aware of a published manual. The URLs for the reference material are

shown below:

http://www.personal .psu.edu/faculty/s/e/secl6/
http://unix.eng.ua.edu/~rpitt/Class/Classes.shtml .




Section 4.0
Course Délivery and Evaluation

Courses

This material has been vetted through incorporation, in part or whole, in several undergraduate
and graduate campuses both in and outside of Alabama. In particular, several semesters of a
graduate course entitled Fate and Effects of Hazardous Materials has been offered by Dr. Robert
Pitt at the University of Alabama. His course focused on both the genera topic of hazardous-
materials accidents and on the development and evaluation of transportation-related case studies.
Dr. Clark has incorporated individual units from the project materials into her past offerings — a
graduate-level course in Environmental Management offered through the UAB School of Public
Health, and two of her current undergraduate offerings at PSH —and Environmental Science
course designed for non-engineering majors and an Occupational Safety and Environmental
Health course designed for environmental engineering seniors.

Course enrollments for the full-semester offering at UA have been consistently been either or
more 10 students. The School of Public Health class had 15 enrollees while the Occupational
Safety class had between five and 10 participants.

The full- semester course was taught by Dr. Pitt at the University of Alabama. During his last
offering of the course, it was presented via interactive television to students at UAB. Drs. Clark
and Becker have guest-lectured in Dr. Pitt’s classes. Drs. Clark and Becker have both taught the
Public Health Environmental Management class and Dr. Becker regularly offersacoursein
Environmental Disasters.

Instructors

Dr. Pitt is the Cudworth Professor of Urban Water Systems at the University of Alabama. He has
over 20 years experience in the fate and transport of materials in the natural environment. During
his 15 years in industry, Dr. Pitt participated on a variety of hazardous material management
planning projects as the task leader for air and water quality modeling of hazardous conditions.
These hazardous conditions included toxic and explosive concentrations of many materials in
water and air. He has calculated the spread of material on/in water and the air quality effects of
many accidental spills (including downwind photochemical oxidant and hydrocarbon increases
in Southern California associated with major oil field accidents). He has aso analyzed the
probabilities for losses to occur and estimated how much of the material may be spilled. He has
also analyzed the effects of these various materials in urban areas, especidly if the materia
interacted with storm drainage.



Dr. Becker is Associate Professor of Environmental Health Sciences at the UAB School of
Public Health. Becker, who is also a Scientist at the Center for Disaster Preparedness, isa
leading authority on the social, psychosocial, public health and public policy implications of
hazardous material accidents. He has conducted on site fieldwork at arange of chemical and
radiological accident sites in North America, Europe and Asia. In 1997 he developed an
Environmental Disasters course at UAB. Dr. Becker also serves as a member of a national panel
on nuclear/radiological incidents, and he is a member of the International Working Group on the
Psychosocia Aspects of Ecological Disasters.

Dr. Clark is an Assistant Professor of Environmental Engineering at PSH, and was formerly an
Assistant Professor in the Department of Civil and Environmental Engineering at UAB. Prior to
pursuing her Ph.D., Dr. Clark worked for several northeast U.S. consulting firms, focusing on
remediation projects (primarily for asbestos). Her training was in the field of chemical
engineering and her graduate work focused on the fate and transport of pollutants in the natural
environment. She currently teaches classes in Environmental Engineering, including the
aforementioned class on Occupationa Safety and Environmental Health.

Class Sessions

The full course has traditionally been presented as an elective in the spring semester graduate
program at the UA. The PSH Occupational Safety and Environmental Health classis also a
spring offering. These classes usually are taught in the late afternoon or evening to alow part-
time students to take the class.

Class Assignments

The mid-term assignment in the initial offering of the graduate class was to analyze data
available on transportationrelated hazardous materials spills in Alabama for a particular year.
Students were required to cull from the National Response Center database the appropriate
accidents, to separate accidents that occurred in Alabama, and to determine the materials spilled
most frequently and in the greatest quantities. For afina project, the students were required to
develop preliminary case studies for future revision. The development of the modules under this
project scope provided the background material essential for current students to perform in-depth
development of several transportationrelated case studies. Each current student is assigned
several accidents and is given directions that require answers for the following questions:

What happened?

How much material was spilled?

What are the environmental hazards of the material spilled?

Based on the modeling covered in class, where is the materia expected to end up?
What are the consequences of the dispersion of this material into the environment?
What community impacts resulted from the accident?

ouhkhowdpE



7. What were the lessons learned from the accident (including those recorded by the
accident inspectors and those developed by the student after compiling this
information)?

Cour se Reviews

The conclusion of the PIs, based on course reviews, was that these classes and modules were
very helpful to students education. They provided an opportunity to see how many different
areas/specialties should be brought to bear on issues such as planning for, preventing, and coping
with the aftermath of transportationrelated hazardous materials accidents. The students used
knowledge of chemistry, pollutant dispersion, psychology and sociology to prepare their case
studies. Students comments about the case students used terms like “eye-opening” to describe
what they felt they learned in the class.

When these modules were incorporated into additional classes, students have found them to be
interesting and applicable. Students commented about seeing trucks on the highway and
wondering what they were carrying, and about living near chemical companies or railroads. They
felt that when they graduate and pursue careers which utilize this material, they will be better
educated to view the entire scope of the issue rather than the very narrow focus of either
transportationroute planning or hazardous spills cleanup. This led the project PIs to conclude
that their goals for the development of curricula material were met.



Section 5.0
UTCA Technology Transfer Policy Requirements

UTCA has an administrative policy with specific requirements for preparing and conducting
technology transfer projects. This section of the report constitutes the required course-end report,
and addresses the ten required topics in the following text:

1.

Course announcement/brochure — The courses were sponsored by UA and UAB. The
module materia has also been used in courses at PSH. Announcements for the courses
have been done ina manner typical al academic courses. PSH attempts to solicit non
degree seeking graduate students with specific academic interests through advertising of
upcoming semester offerings in the local ASCE newsdletter.

Attendance list, with names, addresses and tel ephone number s — Student attendance was
tracked in accordance with the policies of the respective universities.

Date, time and location of the course offerings — The courses were scheduled in the late
afternoon or evening to accommodate the schedules of working engineers. Courses have
been held in previous years during the spring semester, allowing graduate students time
in the fall to take any requisite courses that could be helpful in preparing to take this
course.

Copy of the agenda/syllabus — The syllabus is distributed to the students at the beginning
of each term and is available on the course website.

Copy of the course notes — Course materials are located on the two websites referenced in
this report — one at UA and one at PSH.

Copy of visual aids— PDF copies of the visual aids are available via the websites
referenced above.

Evaluation of the class— The reviewers found the instructors to be very knowledgeable
about the topic, but indicated that the some of the topics were not directly applicableto
their current or future careers. However, those students who had been or were currently
employed in industry found this class to be particularly relevant. Most students said that
they had never thought about the community ramifications of a hazardous materia
accident, and if they had, they had focused on the fixed facility, not on the transportation
route. For students in older areas of the country where industrial and residential facilities
were intermingled, this was a particularly important lesson. They saw tractor trailers and
rail cars carrying many different types of materials passing through city streets and often
through neighborhoods. As they pondered employment in the local industries or with
consulting firms who prepared emergency plans for industry, they felt that they had a

10



8.

0.

broader knowledge of emergency preparedness and of how to assist their employer in
preparing a more useful emergency response plan.

Other pertinent materials — There were no other pertinent materials.

Afinancial summary of all sources of income, amount of registration fee, total collected
from participants, itemized costs, and balance of income less expenses — Since the
courses and modules were taught as part of the current academic load, there were no
participant registration fees, and there is no separate financial report of instructional
revenues and expenses for this project.

10. A short written summary of successes and lessons learned — The course was considered

an “eye-opener” by many participants. They had not considered the issue of hazardous
materials except in the industrial context where it is assumed the material was on-site.
They had not considered how the material was transported to a facility — routing, types of
transportation and storage — or what the ramifications were to the community if an
accident were to happen. Most students also expressed that they did not realize how much
hazardous material was transported in the United States in an average year. They also did
not realize the number of acciderts and the variety of materials spilled. Students thought
the use of case studies allowed them to begin planning from start to finish of a potential
accident. Occupational safety and health students said that this was an area that they had
not considered and that was not addressed in any other class in their educational
experience. They felt that this topic needed to be incorporated somewhere in the
curriculum since someone owned the hazardous materia at any given time. They aso
learned from the case studies that not all accidents were the transporter’ s fault although
generally the transporter had to help pay cleanup costs. In genera, they thought it was
useful and interesting.

11



Section 6.0
References for Module Development

Aaronen, E., and E.J. Mikkelsen. The psychological impacts of technological disasters. Journal
of Social Behavior and Personality. 8, 335-352. 1993.

Ale, B. J. M., and Piers, M. (2000). The assessment and management of third party risk around a
major airport. Journal of Hazardous Materials, v. 71, p. 1-16.

Allen, D.J., and Wolkstein, M. (1998). Transportation of hazardous wastes. Process Safety
Progress, v. 17, no. 1, p. 61-67.

Baum, A. Toxins, technology, disasters. In Cataclysms, Crises and Catastrophes: Psychology in
Action (G.R VandenBos and B.K. Bryant, eds.). Washington, DC: American Psychological
Association. 1987.

Baum, A., R. Fleming, and J.E. Singer. Coping with victimization by technological disaster.
Journal of Social Issues, 39, 117-138. 1983a.

Baum, A., R. Fleming, and L.M. Davidson. Natural disaster and technological catastrophe.
Environment and Behavior. 15, 333-354. 1983a.

Becker, S, Ritt, R., and Clark, S.E. (2000). Environmental Health, Public Safety, and Social
Impacts Associated with Transportation Accidents I nvolving Hazar dous Substances.
University Transportation Center of Alabama. 200 pages.

Becker, S.M. Environmental Disaster Education at the University Level: An Integrative
Approach. Safety Science. 35, 95-104. 2000.

Becker, S.M. Psychosocial assistance after environmental accidents: A policy perspective.
Environmental Health Perspectives (National Institutes of Health). 105(S6), 1557-1563.
1997.

Becker, S.M. Psychosocial effects of radiation accidents. In: Medical Management of Radiation
Accidents 2nd edition (F.A. Mettler, Jr., ed.). Boca Raton: CRC Press. 2001.

Bowler, R.M., D. Mergler, G. Huel, and J.E. Cone. Psychological, psychosocial, and psycho-
physiological segeulae in acommunity affected by arailroad chemical disaster. Journal of
Traumatic Stress. 7(4):601-624. 1994a.

Bowler, Rosemarie M., Mergler, Donna, Huel, Guy, and others. (1994). Aftermath of a chemical
spill: psychological and physiological sequelae. Neurotoxicology, v. 15, no. 3, p. 723-730.

Breton, J.-J., J.-P. Vallaand J. Lambert. Industrial disaster and mental health of children and
their parents. Journal of the American Academy of Adolescent and Child Psychiatry. 32,
438-445. 1993.

12



Brown, P., and E.J. Mikkelsen No Safe Place: Toxic Waste, Leukemia, and Community Action.
Berkeley: University of California Press. 1990.

Cacciabue, P. C. (2000). Human factors impact on risk analysis of complex systems. Journal of
Hazardous Materias, v. 71, p. 101-116.

Carter, D. A., and Hirst, I. L. (2000). 'Worst case' methodology for the initial assessment of
societal risk from proposed major airport installations. Journal of Hazardous Materials, v.
71, p. 117-128.

Center for Process Safety of the American Institute of Chemical Engineers (AIChE). Guidelines
for Evaluating the Characteristics of Vapor Cloud Explosions, Flash Fires, and BLEVES.
New York: AIChE. 1994.

Center for Process Safety of the American Institute of Chemical Engineers (AIChE). Guidelines
for Use of Vapor Cloud Dispersion Models, Second Ed. New Y ork: AIChE. 1996.

Center for Process Safety of the American Institute of Chemical Engineers (AIChE).
International Conference and Workshop on Modeling and Mitigating the Consequences of
Accidental Releases of Hazardous Materials, September 26-29, 1995. New Y ork: AIChE.
1995.

Cobet, A. and H. Guard. Effect of a Bunker Fuel on the Beach Bacterial Flora. Proceedings of
Conference in Prevention and Control of Oil Spills, American Petroleum Institute,
Washington, D.C. 1973.

Coallins, D.L., and A.B. de Carvalho. Chronic Stress from the Goiania Cs-137 Radiation
Accident. Behavioral Medicine. 18, 149-157. 1993.

Committee on Government Operations. Train Derailments and Toxic Spills. Hearing before the
Government Activities and Transportation Subcommittee of the Committee on Gover nment
Operations. U.S. House of Representatives. One Hundred Second Congress, First Session,
October 3, 1991. Washington, D.C.: U.S. Government Printing Office. 1992.

Couch, S.R. and J.S. Kroll-Smith. The chronic technological disaster: Toward a social scientific
perspective. Social Science Quarterly. 66, 564-575. 1985.

Cuthbertson, B.H., and J.M. Nigg. Technological disaster and the non-therapeutic community: A
guestion of true victimization. Environment and Behavior. 19, 462-483. 1987.

Davis, N.Y. The Exxon Valdez oil spill, Alaska. In The Long Road to Recovery: Community
Responses to Industrial Disaster (J.K. Mitchell, ed.). Tokyo: United Nations University
Press. 1996.

Dyer, C.L., D.A. Gill and J.S. Picou. Social disruption and the Valdez oil spill: Alaskan natives
in a natura resource community. Sociological Spectrum. 12, 105-126. 1992.

Edelstein, M.R. Contaminated Communities: The Social and Psychosocial Impacts of
Residential Toxic Exposure. Boulder, Co: Westview. 1988.

Edelstein, M.R., and A. Wandersman. Community dynamics in coping with toxic contaminants.
In: Neighborhood and Community Environments(l. Altman and A. Wandersman, eds.). New
York: Plenum, pp. 69-112. 1987.

13



Erikson, K. A New Species of Trouble: The Human Experience of Modern Disasters. New Y ork:
W.W. Norton. 1995.

Erikson, K. Everything in its Path: Destruction of Community in the Buffalo Creek Flood. New
York: Simon & Schuster. 1976.

Erikson, K. The view from East Swallow. In: Research in Social Problems and Public Palicy,
Vol. 5 (W.R. Freudenberg and T.I.K Youn, eds.). Greenwich, CT: JAI Press. 1993.

Ettala, M., and Rossi, E. (1994). Screening of Chemical Spill Risksto Municipal Sewage
Treatment Plants. Water Science and Technology, v. 30, no. 4, p. 25-34.

Fay, JA. Physical Processesin the Spread of Oil on a Water Surface. Proceedings of Joint
Conference on Prevention and Control of Oil Spills, sponsored by American Petroleum
Industry, Environmental Protection Agency, and United States Coast Guard. 1971.

Federal Emergency Management Agency, U.S. Department of Transportation, U.S.
Environmental Protection Agency. Handbook of Chemical Hazard Analysis Procedures.
1989.

Fedra, Kurt. 1998. Integrated risk assessment and management: overview and state of the art.
Journal of Hazardous Materials, v. 61, p. 5-22.

Finegold, A.F. Emergency Planning and Community Right to Know: State Profiles, 1997.
Washington, DC: Center for Best Practices, National Governors Association. 1997.

Fullerton, C.S., and R.J. Ursano. The other side of chaos. Understanding the patterns of
posttraumatic responses. In Posttraumatic Stress Disorder: Acute and Long-Term Responses
to Trauma and Disaster (C.S. Fullerton & R.J. Ursano, eds.). Washington, DC: American
Psychiatric Press. 1997.

Gill, D.A., and J.S. Picou. Technological disaster and chronic community stress. Society &
Natural Resources 11, 795-815. 1998.

Hastead, R. J., Souleyrette, R. R., and di Bartolo, R. (1991). Transportation access to Y ucca
Mountain: Critical issues. High Level Radioactive Waste Management: Proceedings of the
2nd Annual International Conference on High Level Radioactive Waste Management, Las
Vegas, NV, p. 647-656.

Hemond, H.F. and E.J. Fechner-Levy. Chemical Fate and Transport in the Environment. 2nd
edition. Academic Press. ISBN: 0123402751. 448 pages. October 1999.

Hijar, Martha, Carrillo, Carlos, Flores, Mario, and others. (2000). Risk factors in highway traffic
accidents: a case control study. Accident Analysis and Prevention, v. 32, no. 5, p. 703-709.

James, W.P., et al. Environmental Aspects of a Supertanker Port on the Texas Gulf, Texas A and
M University, (prepared for Sea Grant NOAA) 1972.

Kasperson, R.E., and J.X. Kasperson. The social amplification and attenuation of risk. The
Annals of the American Academy of Political and Social Science. 545, 95-105. 1996.

Kirk and Othmer. Encyclopedia of Chemical Technology, 2nd ed., Vol. 2. New Y ork:
Interscience Publishing Company.

14



Kroll-Smith, J.S., and S.R. Couch. Technological hazards. Social responses as traumatic
stressors. In: The International Handbook of Traumatic Stress Syndromes (J.P. Wilson and B.
Raphael, eds.). New Y ork: Plenum Press. 1993.

Landesman, L.Y., J. Mdlilay, R. Bissell, S.M. Becker, L. Roberts, and M.S. Ascher. Roles and
Responsibilities of Public Health in Disaster Preparedness and Response. In: Public Health
Administration (Lloyd F. Novick, ed.). Aspen Publishers. 2000.

Latino, Michael A. (1996). Procedure for determining the Distribution Ranking Index. Process
Safety Progress, v. 15, no. 3, p. 159-165.

Leonelli, P., Bonvicini, S., and Spadoni, G. (2000). Hazardous materials transportation: a risk-
analysis-based routing methodology. Journal of Hazardous Materials, v. 71, p. 283-300.

Leonelli, Paolo, Bonvicini, Sarah, and Spadoni, Gigliola. (1999). New detailed numerical
procedures for calculating risk measures in hazardous materials transportation: Journal of
Loss Prevention in the Process Industries, v. 12, p. 507-515.

Levine, A.G. Love Canal: Science, Palitics, and People. Lexington, MA: Lexington Books.
1982.

Levine, A.G. Psychosocial impacts of toxic chemical waste dumps. Environmental Health
Perspectives. 48, 15-17. 1983.

Levine, B. S. USSR Literature on Air Pollution and Related Occupational Diseases. The
Biological Effects and Hygienic Importance of Atmospheric Pollutants Vol. 17. 1968.

Lillibridge, S.R. Industrial disasters. In: The Public Health Consequences of Disasters (Eric K.
Noji, ed.). New York: Oxford University Press. 1997.

Mackay, D., Shiu, W.Y ., and Ma, K.C. (1992). Illustrated Handbook of Physical-Chemical
Properties and Environmental Fate for Organic Chemicals. LewisCRC Press. Boca Raton.
1992

Madsen, W.W. and R.C. Wagner. An Accurate Methodology for Modeling the Characteristics of
Explosion Effects. Process Safety Progress. 13, 171-175. 1994.

Marianov, V., and ReVelle, C. (1998). Linear, non-approximated models for optimal routing in
hazardous environments. Journal of the Operational Research Society, v. 49, p. 157-164.

Mercx, W.P.M., D.M. Johnson, and J. Puttock. Validation of Scaling Techniques for
Experimental Vapor Cloud Explosion Investigations. Process Safety Progress. 14, 120. 1995.

Mercx, W.P.M., RM.M. van Wees, and G. Opschoor. Current Research at TNO on Vapor Cloud
Explosion Modeling. Process Safety Progress. 12, 222. 1993.

Miller-Hooks, E., and Mahmassani, H. S. (1998). Optimal routing of hazardous materiasin
stochastic, time-varying transportation networks. Transportation Research Record, v. 1645,
p. 143-151.

Miner, S. Air Pollution Aspects of Ammonia. Bethesda, Md.: Litton Systems, Inc., Environmental
Systems Division. 1969.

Murray, S.P. Turbulent Diffusion of Oil in the Ocean. J. Limnology and Oceanography. Vol. 17,
No. 5. 1972.

15



Murray, S.P., et al. Oceanographic Observations and Theoretical Analysis of Oil Sicks during
the Chevron Spill, March, 1970, Report No. 87, Louisiana State University, Coastal Studies
Institute. 1970.

National Petroleum Council, Committee on Environmental Conservation. Environmental
Conservation: The Qil and Gas Industries. Vol. 2. 1972.

New York State Dept. of Health. Ammonia Spills in New York State, Hazar dous Substances
Emergency Events Surveillance 1993 — 1998. NY Bureau of Toxic Substances Assessment.
Sept. 2000.

NOAA. Oil Spill Case Histories 1967-1991; Summaries of Sgnificant U.S. and International
Soills. Hazardous Material Response and Assessment Division Report HMRAD 92-11.
Seattle, WA. September 1992.

NOAA. Trajectory Analysis Handbook. NOAA Hazardous Material Response Division. Sesttle,
WA, undated (see http://www.response.restoration.noaa.qov/ for further information).

Palinkas, L.A., M.A. Downs, J.S. Petterson, and J. Russell. Social, cultural, and psychological
impacts of the Exxon Valdez oil spill. Human Organization. 52, 1-13. 1993.

Panwhar, S.T., R. Pitt and M.D. Anderson. Development of a Gl S-Based Hazardous Materials
Transportation Management System — A Demonstration Project. UTCA Report 99244. The
University Transportation Center for Alabama. Tuscaloosa, AL. Dec. 2000.

Picou, J.S., D.A. Gill, C.L. Dyer, and E.W. Curry. Disruption and stress in an Alaskan fishing
community: Initial and continuing impacts of the Exxon Vadez oil spill. Industrial Crisis
Quarterly. 6, 235-257. 1992.

Premack, J. and G. A. Brown. Predictions of Oil Slick Motions in Narragansett Bay. Proceedings
of Joint Conference on Prevention and Control of Oil Spills, 13-15 Mar 1973, Washington
D.C., sponsored by American Petroleum Industry, Environmental Protection Agency, and
United States Coast Guard. 1973.

Prugh, R.W. Quantitative Evaluation of Fireball Hazards. Process Safety Progress. 13, 83-91.
1994.

Quarantelli, E.L. The Environmental Disasters of the Future Will Be More and Worse but the
Prospect Is Not Hopeless. Disaster Prevention and Management. 2, 11-25. 1993.

Ra, P. K., J. Hagopian, and A. S. Kalelkar. Prediction of Hazards of Spills of Anhydrous
Ammonia on water. NTIS Report No. CG-D-74-4, sponsored by U.S. Coast Guard.
Springfield, VA. 1974,

Reko, H. K. Not an Act of God: The Sory of Times Beach. . Louis: Ecumenical Dioxin
Response Task Force. 1984.

Reko, H. K. The psychosocial impact of environmenta disasters. Bulletin of Environmental
Contamination and Toxicology. 33, 661. 1984.

Rowe, William D. (1983). Risk Assessment Procedures for Hazardous Materials Transportation:
Washington, D.C., Transportation Research Board, National Research Council.

Scanlon, T.J. Toxic chemicals and emergency management: The evacuation of Missasauga,
Ontario, Canada. In Coping with Crises: The Management of Disasters, Riots and Terrorism

16



(U. Rosenthal, M.T. Charlesand P.T. Hart, eds.). Springfield, Illinois: Charles C. Thomas
Publishers. 1989.

Scheuermann, K.P. Studies about the Influence of Turbulence on the Course of Explosions.
Process Safety Progress. 13, 219. 1994.

Scott, Asa. (1998). Environment-accident index: validation of a model. Journal of Hazardous
Materials, v. 61, p. 305-312.

Spadoni, G., Leondlli, P., Verlicchi, P., and others. (1995). A numerical procedure for assessing
risks from road transport of dangerous substances. Journal of Loss Prevention in the Process
Industries, v. 8, no. 4, p. 245-252.

Sulijoadikusumo, G. S., and Nozick, L. K. (1998). Multi-objective routing and scheduling of
hazardous materials shipments. Transportation Research Record, v. 1613, p. 96-104.

Taylor, A.JW. Disasters and Disaster Sress. New York: AMS Press. 1989.

Taylor, A.JW. Socioticism: One of the trinity of adversaries. In: Human Stress: Current Selected
Research, Volume 1 (J. Humphrey, ed.). New Y ork: AMS Press. 1986.

Thomann, R.V. and JA. Mueller. Principles of Surface Water Quality Modeling and Control.
Harper and Row Publishers. Cambridge. 1987.

Thompson, J. Psychological impact. In Major Chemical Disasters - Medical Aspects of
Management (Virginia Murray, ed.). London: Royal Society of Medicine Service Ltd. 1990.

TNO Bureau for Industrial Safety, Netherlands Organization for Applied Scientific Research.
Methods for the Calculation of the Physical Effects of the Escape of Dangerous Material
(Liquids and Gases). Voorburg, the Netherlands: TNO (Commissiored by
Directorate-General of Labour). 1980.

TNO Bureau for Industrial Safety, Netherlands Organization for Applied Scientific Research.
Methods for the Calculation of the Physical Effects Resulting from Releases of Hazardous
Materials. Rijswijk, the Netherlands: TNO (Commissioned by Directorate-General of
Labour). 1992.

TNO Bureau for Industrial Safety, Netherlands Organization for Applied Scientific Research.
Methods for the Determination of Possible Damage to People and Objects Resulting from
Releases of Hazardous Materials. Rijswijk, the Netherlands: TNO (Commissioned by
Directorate-General of Labour). 1992.

TNO Bureau for Industrial Safety, Netherlands Organization for Applied Scientific Research.
Methods for the Calculation of the Physical Effects The Hague, the Netherlands: Committee
for the Prevention of Disasters. 1997.

Touma, Jawad S., et al. Performance Evaluation of Dense Gas Dispersion Models. J. Applied
Meteorology. 34, 603-615. 1995.

Turner, B. D. Workbook of Atmospheric Dispersion Estimates. Washington, D.C.: U.S.
Environmental Protection Agency. 1970.

U. S. Environmental Protection Agency, Office of Air Quality Planning and Standards.
Workbook of Screening Techniques for Assessing I|mpacts of Toxic Air Pollutants
EPA-450/4-88-009. September 1988.

17



U.S. Bureau of Transportation Statistics.
http://www.bts.gov/transtu/indi cators/Saf ety/html/Hazardous Materials | ncidents Involving
Crashes or Train Deraillments.html

U.S. Environmental Protection Agency, Federa Emergency Management Agency, U.S.
Department of Transportation. Technical Guidance for Hazards Analysis, Emergency
Planning for Extremely Hazardous Substances. December 1987.

U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards. Guidance
on the Application of Refined Dispersion Models for Hazardous/Toxic Air Release.
EPA-454/R-93-002. May 1993.

U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxic Substances.
Flammable Gases and Liquids and Their Hazards. EPA 744-R-94-002. February 1994.

U.S. Environmental Protection Agency. Risk Management Program Guidance for Offsite
Consequence Analysis U.S. Environmental Protection Agency. Office of Solid Waste and
Emergency Response, Chemical Emergency Preparedness and Prevention Office. EPA 550-
B-99-009. 1999.

U.S. National Response Center. http://www.nrc.uscg.mil/rrcback.html,

U.S. National Transportation Safety Board. Safety Study: Railroad/Highway Grade Crossing
Accidents Involving Trucks Transporting Bulk Hazardous Materials U.S. National
Transportation Safety Board Report No: NTSB-HZM-81-2. 50 pgs. September 1981.

Ursano, R.J., B.G. McCaughey, and C.S. Fullerton. The structure of human chaos. In: Individual
and Community Responses to Trauma and Disaster: The Sructure of Human Chaos (R.J.
Ursano, B.G. McCaughey and C.S. Fullerton, eds.). Cambridge: Cambridge University Press.
1994.

Vyner, H.M. Invisible Trauma: The Psychological Effects of Invisible Contaminants Lexington,
MA: Lexington Books. 1988.

Weisageth, L. Psychological and psychiatric aspects of technological disasters. In Individual and
Community Responses to Trauma and Disaster: The Sructure of Human Chaos (R.J. Ursano,
B.G. McCaughey & C.S. Fullerton, eds.). Cambridge: Cambridge University Press. 1994.

18



Section 7.0
Acknowledgments

The authors would like to thank the UAB students and summer interrs who assisted in gathering
the data for this course. Specifically, Mary Laska and Risper W. Mwangi helped prepare the case
studies. Summer high school interns Markeisha Lauderdale (West End High School in
Birmingham and supported by the NIH/MOTTEP program administered through Howard
University) and AliciaMcGuire (Parker High School in Birmingham, supported by the UAB
Science Education Program administered through the UAB Office of Minority Recruitment and
Retention) spent a great deal of time collecting and summarizing the hazardous material
transportation report information. Jescah Wahome was aso helpful in locating and acquiring
case study newspaper articles, and Cari Ray and Laura Lokey, UAB environmental engineering
students, were also always ready to lend a hand in providing general project assistance.

The authors also wish to express their thanks to the stakeholders from state agencies and other
organizations, who kindly agreed to meet to share their insights and experiences. Findly, the
researchers are grateful to the anonymous reviewers at UTCA who provided valuable feedback
for the research proposal and this final report.

The research teamwould aso like to thank the agencies who provided information used during
the research, along with the newspapers and other sources which allowed us reprinting of the
dramatic photographs for the highlighted case studies.

Finally, appreciation is expressed for funding provided by the UTCA for helping the authors
develop this material.

19



Section 8.0
Appendix
The following attachments are included as part of this appendix:

A: Example handout page for the morning workshop (*Introduction to
Highway Construction Erosion and RUSLE”)

B: Example handout page for the afternoon workshop (“Site Hydrology’s
Impact on Erosion and Selection of Appropriate Controls’)
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A: Sample handout page from Module 4.

“Transport of Chemicals in
the Atmosphere”

Module 4: The Atmosphere,
Lecture 2

Chemical Fate and Transport in the
Environment, 2™ edition. H.F. Hemond
and E.J. Fechner-Levy. Academic
Press. London. 2000.

4.4.2 Local-Scale Outdoor Air Pollution

+ The smallest spatial scale at which outdoor air
pollution is of concern corresponds to the air
volume affected by pollutant emissions from a
single paint source.

+ Chemicals are carried downwind by advection,

while turbulent (Fickian) transport cause the

concentrations to become more diluted.

Possible to predict the distance to and the

concentration at which the plume from an

elevated emission reaches the ground

(classically considerad the worstcase scenario).
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4.4 Transport of Chemicals in the
Atmosphere

« Physical transport and chemical reaction rates
are both needed to predict downwind
concentrations of air pollutants.

» Itis important to compare chemical reaction
rates with advective velocities and mixing rates.
— |f chemical transformations are relatively slow

compared to mixing rates, it may be appropriate to
use simple box models in which air volumes are
considered well mixed.

— When chemicals are transporied significant distances
in the time it takes for the chemical reactions to reach
equilibrium, then advection-dispersion-reaction
equation sclutions are most useful.

Pasquill-Gifford (Gaussian) plume model:
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B: Sample handout page from Module 6: Accidental Releases

Steps for Performing Analyses
Worst-Case Analysis for Toxic Gases

To conduct worst-case analyses for toxic gases, including toxic gases liquefied by
pressurization:

Step 1: Determine worst-case scenario. Identify the toxic gas and quantity released.

Step 2: Determine release rate. Estimate the release rate for the toxic gas.

Step 3: Determine distance to endpoint. Estimate the worst-case consequence distance based
on the release rate and toxic endpoint. Select the appropriate table based on the density of the
released substance, the topography of the site (urban or rural), and the duration of the release.

Worst-Case Analysis for Toxic Liquids

To conduct worst-case analyses for toxic substances that are liquids at ambient conditions, or
for toxic gases that are liquefied by refrigeration, alone:

Step 1: Determine worst-case scenario. Identify the toxic liquid and quantity released.

Step 2: Determine release rate. Estimate the volatilization rate for the toxic liquid and the
duration of the release.

Step 3: Determine distance to endpoint. Estimate the worst-case consequence distance based
on the release rate and toxic endpoint. Select the appropriate reference table based on the
density of the released substance, the topography of the site (rural or urban), and the duration
of the release. Estimate distance to the endpoint from the appropriate table.

Worst-Case Analysis for Flammable Substances

To conduct worst-case analyses for all regulated flammable substances (i.e., gases and liquids):
Step 1: Determine worst-case scenario. Identify the appropriate flammable substance and

guantity released.
Step 2: Determine distance to endpoint. Estimate the distance to the required overpressure

endpoint of 1 psi for a vapor cloud explosion of the flammable substance. Estimate the distance
to the endpoint from the quantity released.
Determining Worst-Case Scenarios

A worst-case release is defined as:

The release of the largest quantity of a substance from a vessel or process line failure,
The release that results in the greatest distance to the endpoint for the regulated toxic or
flammable

End of Handout
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