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Executive Summary

Accidents involving chemicals or radioactive materialsresent a significant threat to the
environment, public health and safety, and community wédigoén an increasingly complex
and interconnected world, no community is immune fronthiheat posed by environmental
accidents and contamination. Even communities far veth@rom industrial production or
storage facilities can still be at risk from accideagsociated with the transport of hazardous
materials. While a variety of studies have been condumteaspects of major transportation
accidents, few have attempted to examine both environmerdadommunity aspects of the
problem. In contrast, this report takes an integrated apprtm hazardous transportation
accidents by considering environmental, safety, econ@nat psychosocial issues. The purpose
of the project is to (1) quantify transportation-relatedi@gents involving hazardous materials in
the state, and (2) identify key longer-term environmergalth, public safety, and social impacts
that are often overlooked after major transportatidaied hazardous materials accidents.

The project had four main tasks: consultation with kageholders; summary and analysis of
representative transportation-related accidents involazgrdous materials that have occurred
in Alabama since 1990; presentation of simplified chentraalport and fate models; and
presentation of information for anticipating importantial, psychological and related
community impacts that can occur after transportatated hazardous materials accidents.

Three case studies of transportation accidents invohazgrdous materials are presented. The
first, which took place near Dunsmuir, CA in 1991, involvedam derailment that spilled a
large quantity of the pesticide metam sodium. The secasel study, a truck accident on
Interstate-65 in Alabama, was far smaller and fag $esious than the Dunsmuir case. It is
noteworthy, however, because it illustrates howaaidant involving even a very small quantity
of hazardous material can produce significant problems tfiird case study is of a massive
gasoline pipeline break and resulting explosion that oagumr&999 in Bellingham, WA. All
three of these case studies present extensive dseagsgicommunity impacts, along with
descriptions of the physical problems that occurred duringdbelents.

Alabama hazardous material transportation-related addisfenmation has been collected and
analyzed using data from the National Response Certermpdrpose of this task was to identify
the most common hazardous materials lost, wherecthdemts occurred, and which medium
(water, land, air) was affected. This information wasdu® present procedures that can be used
to predict the movement and dispersion of the lost na&tdfore than 1,700 transportation-
related accidents involving hazardous materials occurrethinafa during the past ten years,
involving a large variety of different materials. Therptum hydrocarbons were the most
common hazardous material lost. Of the 226 reported ad¢sideh998, there were 20 deaths
and 27 injuries. In addition, four accidents caused propenada, two accidents resulted in
evacuations, and nine accidents resulted in road clofdwesag the 1990s, the locations with



the most frequent spills were the historiddS Alabam&attleship museum site and the
hazardous waste landfill at Emelle, probably due to diligembrting by the site operators.
Additional locations of frequent spills include severssiwhere chemicals are transferred from
marine craft to land vehicles, such as trains and trucks.

The report presents several procedures to predict tnarfdttransport of spilled hazardous
materials. The initial discussion is a general procethaestresses downwind toxic and
explosive hazards, summarized from a recent EPA maanodlis applicable for a wide range of
hazardous materials. Two examples are also presenteribdes problems associated with spills
of petroleum hydrocarbons (the most common materialwed in Alabama transportation
accidents) and losses of ammonia (a toxic gas).

Major transportation accidents involving hazardous matdnale been shown to produce
profound economic, social, and psychological impactdfected communities. These impacts
can be both widespread and long lasting. The Bellinghpelipe explosion is used to illustrate
some of these effects. The case study is then fetldvy a more general discussion of the
economic, social, and psychological effects of haasd@nsportation accidents. Current
scientific research is reviewed, examples are providetljmaplications are considered.

Recommendations and conclusions are presented to leittmtypes of community impacts
that can occur and steps that can be taken to enhance gregsarand response capabilities. The
report also contains extensive appendices that presened@téormation of Alabama accidents
for the past ten years, and properties of hazardousiaisititiat are needed for the calculation of
expected exposure conditions.

“Workers transfer drums of hazardous material from the overturned truck into a van” (July 24, 1998).
(Copyright Photo by  The Birmingham News , 2000. All rights reserved. Reprinted with permission ).
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Section 1. Introduction

Project Rationale

Accidents involving chemicals or radioactive materialsresent a significant threat to the
environment, public health and safety, and community wédigoén an increasingly complex

and interconnected world, no community is immune fronthiheat posed by environmental
accidents and contamination. Even communities far vethérom industrial production or
storage facilities can still be at risk from accideagsociated with the transport of hazardous
materials. In the U.S., a staggering 4 billion tonsadandous materials are moved each year via
highways, railroads and other transportation routdbilidlge 1997; Quarantelli 1993).

Fortunately, the majority of transportation accidemt®lving hazardous materials are small and
relatively easily managed. However, when major trartggion accidents involving hazardous
materials do occur, serious environmental health, safetysocial problems can result. Indeed,
depending on the nature and circumstances of an accsoems, impacts can be both widespread
and long-lasting.

While a variety of studies have been conducted on aspiatigjar transportation accidents, few
have attempted to examine both environmental and commaspscts of the problem. In
contrast, this report takes an integrated approach todmmatransportation accidents by
considering environmental, safety, economic, and psyclasssues. The approach combines
the insights and experience of several disciplinesydhna) civil and environmental engineering,
public health, and social and behavioral science.

Rather than addressing the already well-explored topimmidiate emergency response and
cleanup activities, this project deals with issues spadlfi related to contingency planning and
post-emergency response. Therefore, this project focustt®e medium and longer-term
impacts of transportation-related accidents involving ttbmes materials. More specifically, the
purpose of the project is to (1) quantify transportatidateel accidents involving hazardous
materials in Alabama, and (2) identify key longer-temainmental health, public safety, and
social impacts that are often overlooked after magrdportation-related hazardous materials
accidents.

The project addresses the University Transportation Céntédabama’s (UTCA) priority on
safety issues. Furthermore, the high priority topicechhology transfer is also addressed
because an upper division/graduate class is being developadimmeental modeling for
contingency planning utilizing the material presented inrdggarch report. This class will be
one of four graduate-level classes related to disastergaamnt at UAB. The others are Natural
Disaster Policy, Complex Disasters (in the Schd®tublic Health) and an interdisciplinary



course on Environmental Disasters (Becker 2000). In additi@rmation from this report will
also be used in Environmental Management classes at UA&Ily-material from the project

can also be presented in a condensed format as ashse @s part of other technology transfer
projects funded by UTCA.

Methodology

The project was comprised of four main tasks: consaitatith key stakeholders; summary and
analysis of representative transportation-relatediaats involving hazardous materials that
have occurred in Alabama since 1990; presentation of $iegptihemical transport and fate
models; and presentation of information to identify andgaie potential long-term adverse
community impacts.

Stakeholder Meeting&ormal stakeholder meetings were held with stafinfia variety of
agencies and organizations that have a role to play plaronngrfresponding to, accidental
hazardous releases. This included the Alabama Departm&rdredportation, the Alabama
Department of Environmental Management, the Alabama Depat of Public Safety, and
others. In addition, informal discussions were held wérsonnel from the Alabama Department
of Public Health, the Red Cross, and local emergenppreters. Information from the
stakeholder meetings was used to identify issues neednegacre in the report.

Diversity, Frequency, and Magnitude of Transportation Accidents InvoNazgrdous

Materials For this task, the reported transportation-relatedlaats involving hazardous
materials in Alabama were quantified and described. Theapyisource of information was the
National Response Center’s (NRC) nation-wide databas®l and hazardous materials spills.
From this database, all transportation accident infdomdor Alabama since 1990 was
summarized. Data analyses were conducted to measure frgqiencidents by severity
(volume of chemical spilled and number of accidentshnrg a particular chemical) and by
location. Public records of several newspapers in Hie stere also reviewed (especially the
Birmingham NewsindPost Herald theHuntsville TimestheAnniston StartheMobile

Registey theMontgomery Advertiseplus the Gadsden and Dothan newspapers) to compile case
histories of several representative transportaticated|accidents. However, because many of
these accidents were only reported in one issue of fyer,p@ complete case study for Alabama
was only prepared for one transportation-related accitd@ngcrylonitrile spill on Interstate 65
in 1994. Additional case studies were also prepared foraevaiable national and international
transportation accidents (a gasoline pipeline explosid@ellingham, Washington; and a train
derailment in Dunsmuir, California). These accidentserexamined to provide additional
information about local response scenarios and potdmtigiterm social impacts of major
transportation-related accidents that involved hazardasrials.

Simplified Chemical Transport and Fate Modélsizardous materials that may be involved in
transportation-related accidents are highly varied im theracteristics and potential amounts
that may be lost during an accident. In addition, site¢ions where an accident occurs can
have significant effects on the behavior of the reldanaterials. The results of the database
analysis were used to determine the categories of jmitgproblem-causing chemicals
frequently spilled in the state (such as petroleum hytbmns, ammonia, and chlorine).



Transport and fate estimation procedures for seversgdedaof chemical compounds, using
methods given by EPA (1999), Thomann and Mueller (1987), anceil (k893) were used to
produce generic (and some specific) exposure procedures mepbis. This approach has
frequently been used during the preparation of contingeang gas required for the Coast
Guard National Response Center and Federal Regionah@ently Plan regulations) for
complex chemical facilities where numerous chemio@y be involved. In fact, several
examples taken from oil spill and ammonia contingenapghbnd environmental impact reports,
are included as case studies. These general proceduaddijtian to the specific procedures for
petroleum hydrocarbons and ammonia, should cover theitgagbaccident conditions that
would be predicted in the state (based on past accidentsep

The steps involved in predicting potential exposures tordama materials involved in
transportation-related accidents are generally asasilo

1. ldentify materials lost, location (land or water),amt lost, and loss rate (and volume).

2. Predict likely combinations of materials that may be iwed in individual accidents that
may increase the seriousness of the incident.

3. Predict the fate of the spilled material (air or @vahedia)

4. Estimate downwind atmospheric and downstream water ntratiens.

Identification of Potential Longer-Term Community Impacts of Majan$portation Accidents
Firefighters, police officers and other first respgers have accumulated considerable experience
in identifying and managing themmediateeffects of transportation-related hazardous material
incidents. Established protocols are in use, and traininghgducted on a regular basis.

However, because there is far less experience deaiihdonger-termimpacts,these effects can
easily be overlooked. The project’s fourth task, thesgfavas to provide information to help
anticipate important social, psychological and relatedraunity impacts that can occur after
major transportation-related hazardous materials adsidéa do so, this report drew upon
information from the three above-noted tasks, plusntesgcial science and public health
studies. The two-fold aim was to enhance university-bas@tng related to transportation
accidents in the state and contribute to the stptaiming, preparedness and response process.



Section 2. Transportation Accidents Involving Hazardous Matgals: Two
Case Studies

In this section, two case studies of transportatiordants involving hazardous materials are
presented. The first, which took place near DunsmuiifdCaia in 1991, involved a train
derailment that spilled a large quantity of the pesticidéam sodium. The second case study, a
truck accident on Interstate-65 in Alabama, was farlemahd far less serious than the
Dunsmuir case. It is noteworthy, however, because dtitiles how an accident involving even
a very small quantity of hazardous material can prodggeefisiant problems.

Case Study: Train Derailment near Dunsmuir, California, July 14, 1991

This case study is based upon excerpts ffomm Derailments and Toxic Spill& Hearing
before the Government Activities and Transportation Subcommittee ©bthmittee on
Government Operations of the House of Representatres Hundred and Second Congress,
First Session, October 3, 1991, Washington, D.C. (U.S. 1 @ment Printing Office, 1992).

The town of Dunsmuir, California lies near the bakklb Shasta along the Sacramento River.
The town itself sits close to the river, and is a papdestination for fisherman from throughout
the country who come to fish for wild trout. As URepresentative C. Christopher Cox noted,
“tourism, and fishing in particular, have been vitallte town’s economy.” At the same time,
Dunsmuir is also a railroad town, with many of itszatis having worked for Southern Pacific
through the years.

At approximately 9:40 pm on July 14, 1991, a 6000-foot long trainabge by Southern Pacific
Railroad derailed outside of Dunsmuir. The train had 4 bedsetric locomotives and 97 cars,
86 of which were empty. A car containing metam sodium lapaegally inverted in the water,
sending approximately 19,000 gallons of the chemical into alceaento River. Developed
during World War Two, metam sodium is a herbicide thased as a soil fumigant. When it
interacts with water, it breaks down quickly into sevéyproducts, including
methylisothiocyanate (MITC), methylamine and hydrogen suliithese breakdown products
are immediately released as a gas and are respirgitagts. According to Dr. Lynn R.
Goldman, Acting Chief of the Office of Environmental addcupational Epidemiology within
the California Department of Health Services, MITC &ae similarities to methyl isocyanate
(MIC), the chemical that caused serious respiratdgctds in victims of the 1984 Bhopal, India,
chemical disaster. “MITC is very similar in struauo MIC; it has similar toxicological effects,
although it has different potency.”



Early the next morning, the environmental damage causecsptihwas evident, with dead
fish in the river and the foliage above the riveribeionpg to wither. Howard Sarasohn, Deputy
Director of the California Department of Fish and Gastaged:

“... the damage caused by the spill took a number of diffdognts. As the plume of
airborne contaminants moved down the river, all plantsanimals in its path were
exposed, as were all life forms in the river as théenwborne plume moved down it. We
observed that virtually all of the plants and animalheriver were killed instantly: fish,
algae, plankton, insects, and other organisms. It lites&dIrilized the stream. Many of
the effects were visible in the form of dying fish aaficourse, the foliage began to turn
brown and fall off.”

In addition, according to statements by Southern Paaeifieport of an odor and burning, teary
eyes came in early that morning from Dunsmuir, as didlwba light yellow-green plume

being spotted about a half-mile south of Southern Raciflunsmuir yard office. By noon, the
California Highway Patrol closed a major highway adpde the Sacramento River after
complaints of discomfort from fumes. A mandatory exsimn of Dunsmuir was also ordered by
the City Manager, but this was downgraded to a voluntargua@mn about an hour later.

This combination — mandatory highway closing and voluntaageation of the town — was
viewed angrily by some area residents. In testimony bé&@angress, Kristi Osborn from
Concerned Citizens of Dunsmuir said the following:

“Most people, if notified at all, were told that evagoatwas voluntary and definitely not
necessary. This included some pregnant women and seniensitiath preexisting
health conditions. Traffic on the freeway was stopged rerouted, but if you were local,
it was perfectly safe to be here. After the freewass reopened, travelers were told to
drive through Dunsmuir without stopping, and they were noldto use their air
conditioners or vents and keep their windows shut tiyiwas safe for us to live here,
but it was not safe for motorists to breathe while dguwihrough. When we complained
about the double standard, the people traveling through wdomger warned. We had
hoped instead for some concern over the townspeople.”

There was also controversy over the quality of infdiomethat was available. Dr. Lynn
Goldman, from the California Department of Healthv8srs, complained that inadequacies in
available information hampered efforts by public health @ifiscto protect the public:

“In the first place, metam sodium was not containeithénemergency response manual
that is compiled by the Department of Transportationeco8d, the material safety data
sheet (MSDS) that is available in almost every workgla largely inadequate. Lack of
information about long-term effects and releases@&tibstances at high levels and poor
guality assurance are the major shortcomings. So,teeeigh an MSDS was quickly
available, the information provided was inadequate. Third,usecaetam sodium is a
pesticide, much of the detailed data about its toxicgycansidered to be ‘trade secrets’.”



Information related to birth defects was of particulancayn, as further explained by Dr.
Goldman:

“In this case, public health agencies did not have proogass to very important
information related to birth defect hazards (neural tulbectl® of the metam sodium, and
possibly of MITC as well. The data summaries that haah Ipgepared by the regulators
at the EPA and within the state of California did notude this information. To be sure
we had all the information that was available, we sawixicologist into the locked room
at the California Department of Pesticide Registraitioorder to dredge through an
enormous shelf of dense technical documents. As soor agre able to evaluate the
information, we shared it with the public. Unfortunatehis was a few weeks after the
spill occurred, so that we were not able to use it rinfthe public during the spill. We
were able to warn the public about the possibility of aktube defects if a woman had
been exposed during the first few weeks of pregnancyeTiber blood test called the
AFP that detects this type of birth defect during the gaaiy of pregnancy. But... we
learned that three women who were pregnant in thehaneasuffered adverse
reproductive effects: two had premature births and one hiaiddaltat was still born.
Were these problems caused by the spill? We may never. IBud any parent who is
placed in this situation will naturally suspect this &saase for their misfortune.”

The lack of complete and timely health information s&fme residents disillusioned and angry.
As citizen group leader Kristi Osborn put it, “When camtwist our public health officials?
They have destroyed their credibility, and there is ag te take our fear away.”

A preliminary evaluation of the spills health effectstbg California Department of Health
Services (Goldman) noted the following impacts:

“During the week after the spill, 6 persons were admitbeitié hospital for illnesses
most likely related to spill by-products.

Three others, a person with chronic lung disease angénsons with asthma were
admitted for worsening of their prior medical problems.

Three others were admitted for new problems, one withe@awemiting and dizziness
and a second with pneumonia. The last was a workehatidnelped with the initial
response and was admitted to the hospital for an uncardihc arrhythmia.

Many more minor illnesses were observed in the aftérimithe spill. A review of
emergency room records between July 15 and July 31 found aft@&® visits,
compared to 8 visits the first three weeks of August.mbst common symptoms that
occurred were nausea (51%), headache (44%), eye irri{di8h), throat irritation
(26%), dizziness (23%), vomiting (22%), and shortness otib(24%).”



In addition, workers who were brought in to clean up i is and near the river on July 21
and 22 developed unusual skin rashes on the feet and atédpge the fact that contamination
levels were thought to be extremely low.

Finally, Dr. Lynn Goldman also expressed concern ab@upslychosocial impacts of the
accident:

“The community may be experiencing considerable stressrasult of the spill, the
relocation, and the uncertainties that they havetth&kperience. This can cause
symptoms during the immediate period but can also havdisgnilong-term medical
consequences.”

Later studies would show that such concerns were wetiefed, with residents affected by the
spill showing a range of psychosocial impacts. (asudised in Section Five.)

Southern Pacific has taken steps to help the communidyiosmuir recover from the chemical
spill. Among other things, the company

Offered to fund the re-stocking of the river and assit logistics.

Opened a community assistance office in Dunsmuir andeagipisvo claims offices, one in
Dunsmuir and one at Lake Head.

Settled over 500 claims.

Paid for over 500 physical examinations in a community of 2100lpe

Begun paying a bill totaling $1,400,000 submitted by government agenciggifo
emergency response costs.

The railroad paid approximately $2 million on the cleanupfandhdividual and community
assistance. They also worked with Dunsmuir on a puldtioses campaign to encourage the
return of tourists. This included promotional train trips $outhern Pacific employees and
others with the proceeds going to the restoration sffethin the community. In addition, they
agreed to pay the startup costs of a computer databasérang that will contain all current and
future information about the spill and its aftermath.

There are varying views within the community about treetsterm and long-term effects of the
accident. Dr. William Baker, an area physician exgédbke view that “the long term effects of
exposure will be very minimal.” Ron Martin, a membéth® Dunsmuir Chamber of Commerce,
called on the EPA to “give our air and water a cleamobihealth and publicize it.” Martin
criticized the media and the need to restore the totanmsshed image:

“The air is still fresh and the water is still thesb on earth. People are not dying in
Dunsmuir due to our air and water. In general, they ang lealthy and have a very
delightful town to visit and reside in. Our economy haifesed a severe blow due to
inaccurate and negative media coverage. What we need tisven to be made whole.”



In the view of Kristi Osborn of Concerned Citizendamsmuir, making the town whole would
be difficult. In the aftermath of the accident, Osbsaid the town was split:

“Tourism, and fishing in particular, have been vital totth&n’s economy. The town is
built around the river, physically, economically, and eamally. However, Dunsmuir is
also a railroad town. Train memorabilia is everywh&enerations of families have
made their livings with Southern Pacific. Now, sadly tommunity is divided, and it is
difficult for some to choose sides.”

Osborn said the effects of the spill were profound:€fehare hundreds of people still sick in a
town with a population of considerably less than 3000. Iltleat a ‘significant’ number. We
didn’t cause this disaster, but we are paying for it witheveryday lives.” Furthermore, Osborn
did not expect the lingering impact of the spill to go aaaytime soon. The “biggest concern is,
in 5 years, how will our health be? Or in 10 years?hcaded Osborn: “We all want to forget
the spill, but we, as people who have been forced taritlee midst of the disaster, have
changed. The spill affects our lives daily and will overy long time.”

Case Study: A Rural Community Responds to a Highway Acciderin Interstate-65,
February 7, 1994

A March 8, 2000 story in thBirmingham Newsioted that “One in every 20 tractor-trailer rigs
traveling through Birmingham contains hazardous cargo, dicgpto a survey conducted for the
Jefferson County Emergency Management Agency.” Birmimghas a hazardous materials
response unit. However, many small communities do not,henduestion becomes “what
happens when an accident happens in the jurisdiction cakhmmmunity?” The community of
Warrior, Alabama found out on February 7, 1994.

The chemical involved in this accident was acrylonitidisg known as 2-propenenitrile or vinyl
cyanide), a toxic substance used in the making of adityéics. Acrylonitrile is the 38 highest
volume chemical produced in the United States. Accordir@@atberine Lamar, spokesperson for
the Alabama Department of Environmental Management (AREktylonitrile is in a category
with those chemicals classified as “poisonous or fatahaled, swallowed or absorbed through
the skin. Contact may cause burns to skin and eyaghingham NewsFebruary 7, 1994).
According to the International Safety Card informatiacrylonitrile can enter the body through
inhalation, ingestion, and skin absorption [occupationabsure limits: threshold limit value
(TLV) 2 ppm vapor, 4.3 mg/frby skin]. Inhalation can be expected to cause headaches,
dizziness, nausea, vomiting, tremors and uncoordinatedmews. Non-fatal exposure is
treated with fresh air and rest. The symptoms of ingeeclude, in addition to the nausea and
headaches, abdominal pain and shortness of breathm&rganf ingested acrylonitrile is

drinking a slurry of activated charcoal and inducing vangitiong-term effects of exposure to
non-lethal levels during short-term exposure may be etivtér and central nervous system, and
medical observation is recommended. Long-term, or tedeaxposure may cause dermatitis if
exposure is through the skin, and acrylonitrile is a grtgbearcinogen. Periodic medical follow-
up is recommended on the International Safety Card.



A transportation accident involving a carrier of acrylal@toccurred near the Warrior-Robbins
exit of Interstate-65, about 20 miles north of Birmiagh Alabama. About 4:15 a.m., firemen
from the Warrior City (pop. 3357) volunteer fire departn@sponded to the call involving a
tanker truck that had overturned on the interstate méBiamingham Newd-ebruary 7, 1994).
The accident apparently occurred when the truck drivércto#rol of the vehicleRirmingham
News February 8, 1994) when he tried to avoid a cinder block inoe Birmingham News
February 9, 1994). A later investigation by the Alabama $aliee reported that the driver lost
control of the truck when he fell asleep, although tinediand the trucking company deny this
(Birmingham NewsFebruary 23, 1994). The firefighters removed the two injuradfroen the
vehicle, discovered that the truck was carrying a hazanshaterial, and pulled back and
established a perimeter (unidentified firefighter, persooaimunication). The truck, a tanker
from Miller Transporters Inc. of Jackson, Mississjwpas carrying a load of acrylonitrile
(Birmingham NewsFebruary 8, 1994).

Although the tanker was carrying approximately 6,000 gallonsrgfamitrile (Birmingham
Post-Herald February 8, 1994a), only about 1 gallon of this substanseel@ased as a result of
the accidentBirmingham NewsFebruary 10, 1994). The tanker leaked, but did not rupture, in
the accident. The firemen looked up acrylonitrile inrthgellow/orange book” (Emergency
Response Guide), and realized that this cleanup was b#yainéxpertise. Although some of
the firemen had gone through hazardous materials traiiiegdid not have the appropriate
equipment, both for personal protection and for acteareip. They had responded to the
accident and removed the injured persons from the truckngeanly their regular turn-out gear
(unidentified firefighter, personal communication). Thedgiines from the “yellow/orange
book” (and the International Safety Card on acryldeitistate that acrylonitrile is a colorless or
pale yellow liquid with a pungent odor. The vapor is heathan air, i.e., it can travel along the
ground, and vapor/air mixtures may be explosive. The anbstdecomposes on heating,
producing toxic fumes including nitrogen oxides, and hydrogen cyalidgacts violently with
strong oxidants and strong bases, causing a fire and exploazard. The recommendation is
that the immediate area should be evacuated. Cleanugdesacollecting leaking liquid in
covered containers and absorbing any remaining liquid witth @aan inert absorbent.
Acrylonitrile should not be washed into the sewer systerauee it is toxic to aquatic
organisms. One concern with the location of this actides that “there are storm drains in the
median that run directly into an unnamed tributary of Gareek” (James Davidson of the
Alabama Department of Environmental Management, ilBthmingham Post-HeraldFebruary
8, 1994a).

The Warrior City volunteer fire department, with tielp of the Warrior city police and the
Jefferson County Sheriff's Department, established angter of one-half mile around the
accident site and evacuated about 100 persons (initiaksepere of 200 evacuated) from area
homes and businesses in the perimeter area by going doooit@d'mingham NewsFebruary

8, 1994). The Jefferson County Sheriff's department anddigama state troopers were
mobilized to handle traffic control as four miles ot the northbound and southbound lanes of
Interstate 65 were closed to traffic. At least 60,000 ware re-routed through Warrior along
U.S. Highway 31 between the time of the accident andnl, pnd an unknown number followed
before the interstate was re-opened at 7:30 p.m. V@H&ves, a Warrior resident who lives



along Hwy 31, spent most of the day watching the long lirteadffc in front of his house. As he
said that day about the traffic blocking him from leavingdnigeway, he was thankful that he
“wasn’t planning on doing much today anyway.” Re-routed drigpesit an average of four
hours navigating the detouBifmingham NewsFebruary 8, 1994). Warrior public schools were
dismissed forty-five minutes early due to the traffic. €fthaffic was moving at such a slow
pace, it would be night before some of the children gotehbatcording to William
Leatherwood, acting Warrior Police Chi&ifmingham Post-HeraldFebruary 8, 1994a).

Once the perimeter was established and the traffic isituahder control, the volunteer firemen
called upon the local Emergency Management Agency (Edmd)the Alabama Department of
Environmental Management (ADEM) for assistance. Theu@ation Safety and Health Agency
(OSHA) also became involved, as did Emergency Responssafigis, a private firm hired by
Miller Transporters that specializing in hazardous-makedlean-up (unidentified firefighter,
personal communication). Clean-up began about three hfiardhe accident and took about 12
hours to complete. The crew from Emergency Responsgdlipes had to transfer the remainder
of the load from the tanker before it could be righted moved. Once the tanker was away from
the scene, the crews removed the visibly-contaminatiéttem the medianBirmingham Post-
Herald, February 8, 1994a). Tests of the soil surrounding the exticgite were taken both by
Emergency Response Specialists and ADEM. Preliminarytsesiuthese tests showed only
minimal contamination (16 ppm at one sample site and 0.094appsecond site), according to
Lisa Moore, president of Environmental Response Spdsidismingham NewsFebruary 9,
1994). Workers were required to return to the site a weekttatemove the top 12 inches of
soil from the area surrounding the spill because itaeasaminated by diesel fuel that also
spilled Birmingham NewsFebruary 8, 1994).

The two men who were pulled from the truck were take@aoaway Methodist Medical Center
in Birmingham where they were treated for minor cuis eeleasedBirmingham Post-Herald
February 8, 1994a). At least 12 firefighters, state paliieers, and other emergency workers
were treated at the scene or at Carraviyr(ingham NewsFebruary 8, 1994). The original
responders as well as the other volunteer fire persovimehelped in this situation were
encouraged to go to the hospital by emergency managemesatpel (unidentified firefighter,
personal communication). One firefighter from the Kerly, Alabama, fire department reported
that they “could smell the chemical all around us. Thezee guys getting headaches. Some of
them said they could taste it.” Another firefighteported tightness in his chest. All those who
went to the hospital were given blood tests and refedd® results of these tests showed that 11
firefighters suffered some inability to oxygenate bloagteptially as a result of inhaling the
acrylonitrile. One firefighter’s wife reported that Hersband’s blood work showed an oxygen
level of about seventy-five percent of normal levelewever, a spokesperson for Miller
Transporters, Inc., said that “such a small leak would@'enough to harm the suits or the
firefighters. He [the spokesperson] suggested heat exbiausély have caused their symptoms”
(Birmingham NewsFebruary 11, 1994).

The reports from thBirmingham Post-HeraldFebruary 8, 1994b) indicated that the spill and
resulting evacuation also affected the area residéntgas not a normal day for 94-year old

Henry Montcrief. He was having breakfast with his brothelaw when a police officer knocked
on his door. ‘We did not even finish breakfast. | hadrige eight or nine miles around and it is
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usually just a mile.” The brother-in-law, C.M. Hunteidstne news of a chemical spill made him
nervous. ‘I was just afraid of a gas of some kind. i yusnted to get away as quick as | could.”
Lt. Carl Johnson described the meeting that he had witluag mother who was trying to return
to her apartment in the restricted area. “I told her ¢laryone was being evacuated to Warrior
City Hall or the community center, and she startechg@nd saying, ‘But | have to get home.
My baby is wet.” People get upset when you do anything to Histeir sense of security.”

The first concern of the emergency personnel afeeintident was that the firefighters’ gear
was contaminated. “Until Warrior can be assured ths sue safe, firefighters won't use the
gear, said Clay Neely, the fire department’s adviser. CAfét send someone into a fire with a
guestion mark”Birmingham NewsFebruary 11, 1994). The spokesperson for Emergency
Response Specialists said that no evidence existed thggdahevould have absorbed the
acrylonitrile, and that even if contamination was fouthé, gear could be treated and reused
(Birmingham NewsFebruary 10, 1994). Tests were performed on all of thelgeamergency
Response Specialists and six firefighter suits werlacegd as a result of the incident
(unidentified firefighter, personal communication). Twwavsuits were filed after the incident.
The city of Warrior filed a $21,000 claim to have the transgion company replace the other
eighteen sets of firefighter suits that the cityrésl were contaminated. “Firefighters fear that
clothing exposed to the extremely flammable chemicalignlite when exposed to a fire,”
according to Brad Fuller, the deputy fire chief of Warrione Kimberly fire department, a
second responder to this accident, had twelve of ifsgimers’ suits replaced by its insurance
company, who was then planning to pursue reimbursement fetruitking company
(Birmingham NewsMarch 17, 1994).

The city of Warrior also sued for lost tax revenua assult of the accident. The city alleged that
the closure of the interstate resulted in lost earniagg therefore lost tax revenue, from those
businesses along the highway. The owner of the T & Glif&astaurant said, “It (chemical

spill) has hurt my business. All | got were restroom custsrtoday” Birmingham Post-Herald
February 8, 1994b). The owner of a small store forcecbaeastimated that he lost $8,000 in
gasoline sales on the day of the spill. A local baddsupply company estimated that it lost at
least $4,000Rirmingham NewsMarch 17, 1994).

There was some beneficial impact of the spill onfileedepartment itself. No firemen quit the
department following the incident, nor was there an aszan interest in becoming a member of
the department from the larger community. However, ther®an increase in desire for further
training among members of the department as a restie @dcident. A dozen or more are now
‘technicians’ in the fire department and have more trgitinan the regular fire fighters,
especially in the area of hazardous material managewetite time of the accident, there were
three technicians with this training. While the departmestbdecome better trained, there is still
no hazardous material gear for them to use, becausea expensive for Warrior to purchase
(Fire Chief Tommy Hale, personal communication). Ifthieo hazardous-materials accident
were to occur, firefighters would still be forced topesd to the call in only their regular turn-
out gear.

In the small town of Warrior, where this accidenstil referred to in the fire station as “the big
one,” some fear one day another tanker truck will tes#rol on the interstate that passes about

11



a mile from the downtown. Another day in which theyl get the call for which they are still
unprepared, for in the words of their current chief TomrajeHhis voice filled with frustration,
“we have the training, we just don’'t have the equipnemteal with this” (Hale, personal
communication). Even though the town of Warrior is dyminutes away from Birmingham,
the town was responsible for dealing with the accigetit minimal help from surrounding
areas.

In the state of Alabama, acrylonitrile is transpomedhe waterways in larger quantities than
seen in this accident. Just over one year after threidWaccident, a tank barge carrying 903,000
gallons of acrylonitrile ran aground in the Tenn-Tom Wassrabout three miles above the
Bevill Lock at Pickensville. Fortunately, no materiadsweleased to the environment in this
incident. The lessons from Warrior should, however, caaseern in many small communities,
such as Pickensville, that may be forced to deal witlajamransportation-related chemical
emergencyBirmingham NewsMarch 13, 1995).

Figure 2-1. “Firefighters in golf cart look on from safe distance as workers in protective clothing loa d spilled
chemical into a tanker from an overturned truck on Interstate 65” (Feb. 8, 1994) (Copyright Photo by  The
Birmingham News , 2000. All rights reserved. Reprinted with permission ).
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Stakeholder Commentary on Problems Highlighted by the Cas8tudies
The interviews with stakeholders highlighted a numbesaifas that need to be addressed in
future state planning for transportation accidents involvinguitgus materials.

1. From a planning standpoint, concerns were raised aboututieg of hazardous materials in
the state, particularly in relation to the tunnel inbvie.

2. Shipments of transuranic waste from both Oak Ridge andr®ah River are scheduled to
travel through Birmingham on 1-59/I-20. Concern was exgesbout whether public safety
personnel would be notified when shipments are scheduledsts through the state. These
shipments will pass through the most populous city intidie sind are likely to be
contentious.

3. Several of the larger fire departments (Birmingham, dlossa, Montgomery, Mobile and
Huntsville) have hazardous-materials responders who havéhbaequired training. Fort
Rucker also has its own hazmat responder unit. Howeweh of the state is served by
volunteer/semi-volunteer fire departments. Most efdepartments are not prepared to
effectively or safely respond to a hazardous-matemalglént. In order to combat this lack
of preparedness, several volunteer fire departmentsbeguen cooperating with each other
in order to create a hazmat unit for a county/regiois Etoperative effort would require
each department in the area to contribute equipmentrgoelgonnel for the endeavor, but it
would mean that each department would not have to haseitgunctioning hazmat unit.

4. Concern was expressed over the limited resources bleaitaboth responder agencies and
local emergency planning committees (LEPCs) in Alabaviaandated under the Emergency
Plannning and Community Right to Know Act of 1986, LEPCs d&&yacomponent in
preparedness and response for contamination incidentsef@onas expressed that current
responder agency and LEPC resources are not adequate.

Other concerns raised during stakeholder meetings inclddedgovery of resources spent on a
hazmat incident, (2) communications’ difficulties dgrian incident, and (3) appropriateness of
response to ‘unusual’ chemicals. First, the State damathanism for recovering its expenses
relating to a hazardous-materials incident response. Mpithere no money in the state
budget for expenses relating to this type of emergencyhbrg are no requirements for the
responsible party to reimburse the State for the merpgnded on a response. Second, there is
no uniform standard for communications equipment betweebDepartment of Public Safety
(DPS) and local police, fire and emergency responder degraidnEven inside the DPS, there
are three communications systems, which can causer‘m@blems with internal coordination,
much less trying to communicate with outside departniehkdrd, there is a concern about
responders, especially local departments, having the knowtedfge ability to get the
knowledge quickly to respond to incidents involving ‘unusab€micals, i.e., those chemicals
that are not encountered frequently during a transportatiodent.
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Section 3. Analysis of Transportation-Related Chemical SpilData for
Alabama

This section summarizes the information collected anadyaed from the National Response
Center involving transportation-related accidents occuimmmjabama. The purpose of this task
was to identify the most common hazardous materialsMdg®re the accidents occurred, and
which medium (land, air water) was affected. This infation was used to select materials for
study in Section 4, which describes methodologies thabearsed to predict the movement and
dispersion of the lost material. This database indwadespills and accidents reported to local
authorities and to the Coast Guard. It therefore irmatps many accidents that are of no
interest to this project (such as sewage overflows d@stiat marine operations). This project
task included the following activities: separating the Aladaetords from those of the rest of
the nation, purging reports of non-applicable eventsingololy transportation mode and location,
sorting by material type, and sorting by volume of matdost.

Major features of the state’s transportation networluthelthe following:
- five major interstate highways and an extensive netwbskirface highways,
the second longest inland waterway system in the natidra deep-water port that is the
nation’s 12" busiest,
five Class | railroads,
eight commercial airports and 91 general aviation faeslit
almost 95,000 miles of roadways with motorists traveling @aaprately 50 billion miles
on them every year,
the Port of Mobile which serves 1,100 vessels annually, gamg&6,000 truck
movements and 119,000 train movements to and from theyfaaitid
over 5,200 miles of railroad track mileage in Alabamah\Birmingham being a major
Southeastern hub.

With the large amount of transportation activity ie gtate, it is not surprising that more than
1,700 transportation-related accidents involving hazardous alatedcurred in Alabama during
the past ten years. These accidents have involved anlangieer of different materials, with
petroleum hydrocarbon compounds being the most frequesthhézardous material.

Methodology

This phase consisted of collecting information on hazardwaterials-related transportation
accidents in Alabama from the databases availabie the National Response Center (NRC).
The NRC'’s “primary function is to serve as the nadilbpoint of contact for reporting all oil,
chemical, radiological, biological, and etiologicadcharges into the environment anywhere in
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the United States and its territorie&ttp://www.nrc.uscg.mil/nrcback.htiiDecember 20,

2000). The NRC forwards these reports to the appropriateafeztgzncies, including the
Department of Transportation, the Department of therior, the Department of Defense, the
Department of Health and Human Services, the Federatgemcy Management Agency, the
Environmental Protection Agency, the Nuclear Regulatomyp@wssion, and the Federal

Railroad Administration. The NRC is operated by the. @&ast Guard as part of the National
Oil and Hazardous Substances Pollution Contingency Rldmugh the main intention of this
database is to record losses of hazardous materials,atfarymaterials have also been reported
and included in the database by local law enforcemenia#fienvironmental regulators, and
shipping companies.

The database maintained by the NRC is accessible thtbeghebsitéttp://www.nrc.uscg.mil/
At the time of the this project, the databases covéregears 1990 through 1999. The NRC
makes the information available in four files per calerydar. The first file describes the
incident itself; the second, a description of the mak@)i involved; the third, information on any
trains involved in the incident; and the fourth, inforrmaton any derailed railroad cars. For this
project, the four files for each year were combinedigidie NRC Incident Report Number, into
a single spreadsheet for all accidents that occurrdekistate of Alabama during the years of
interest. These spreadsheets were then culled foptraaton-related incidents, and finally
combined into one spreadsheet that describes the incrépatded for the decade of interest.
This spreadsheet is presented in Appendix A of this report.

Results

Table 3-1 shows some of the hazardous materials thatdeen lost during transportation-
related accidents in Alabama from 1990 — 1999. By far, the comston (and the largest)
materials spilled are petroleum oils and fuels (fuelasiide oil, kerosene, gasoline and diesel
fuel). Ammonia spills were also common. Spills of mraus other toxicants and hazardous
materials were also reported. Table 3-2 lists thetimes of the 226 reported 1998 Alabama
transportation-related accidents and the media diraffdgted. Of course, many of the land-
based accidents affected other media through evaportdiam)(and runoff (to water). In the
past 10 years, more than 1,700 transportation-related atclitre occurred in Alabama
involving hazardous materials.

Table 3-1. Partial List of Materials Reported Spill  ed During Recent Alabama Transportation-Related Acc  idents

Ammonium Ammonia, Ammonium Arsenic Butadiene Chlorine Caustic Soda  Ethylene

Hydroxide Anhydrous Nitrate Solution Solution Glycol

Gasoline Hydrogen Kerosene Methyl Yellow Paint Asbestos Mercury Lindane
Peroxide Mercaptan

Sewage Oil: Diesel Oil, Fuel: No. 5  Hydraulic Oil Oil: Crude Oil, Fuel: No.  Oil, Refrigerant

2-D Transformer Gases

Sulfuric Acid Sulfur Sodium Sulfur Oxide Triethylene Toluene Turpentine P-Xylene

Dioxide Hydroxide Glycol
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Table 3-2. Locations of Reported 1998 Alabama Trans portation-Related Accidents

Location and Media Directly Affected  Percentage of 1998 Alabama Transportation-Related Accidents

Highways 27
Railroads 30
Pipelines 1
Marine terminals 43
Land 33
W ater 52
Air 2
Unknown 14

The reported 1998 Alabama transportation-related accidéstgesulted in immediate problems
to people and property, and disruptions to the transportsystems. Of the 226 reported
accidents in 1998, there were 20 deaths and 27 injuries. itibagddbur accidents caused
property damage, two accidents resulted in evacuatiods)jiae accidents resulted in road
closures. However, longer-term problems are not addressiedxy accident statistics.

Of special interest to this project was the frequeri@coidents, the quantity of the different
materials spilled, the hazards of the spilled chemieald the accident locations. The
spreadsheets generated in this part of the project (Appehdireforganized according to the
format of the NRC reports. This information includesfti®wing:

date and time of the accident,

the location of the incident,

the suspected responsible party (including contact informjatio
the cause of the accident,

a description of the accident

a description of the environmental medium affected,
numbers of deaths, injuries and evacuation,

a description (including volumes) of the chemicals sgjland
information on any train cars that derailed in theickead.

In some cases, the volume of chemical spilled wagmmwn at the time of the report. The NRC
information lists this lack of information as a “0” vohe under the “Quantity Spilled” column.
When conducting the additional analyses of the databaese ‘potentially-unknown’ quantities
were retained, as these accidents, especially thoskrimy petroleum products, are a significant
fraction of the number of transportation-related aatslén Alabama. The information that was
not retained in the additional analyses were theh@ka entries because the volume of oil
spilled was obviously small.

Table 3-3 is a summary of the largest quantities of ldazer material lost for each mode of
transportation considered. The accidents listed as aegat “fixed” locations are generally
loading operations and are not associated with buildirsjovage tank disasters. The marine
operations include shipping accidents and leaks, and underwati@replpaks and breaks that
occurred on inland waterways. The off-shore locatamesmostly associated with accidents at
drilling and well platforms. These data clearly showt tha most frequently spilled chemicals in
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Alabama are the petroleum products. In addition to trethglene glycol (antifreeze) is also
commonly lost to the environment. This would be expected mcaident in which the radiator
and/or engine of a vehicle is damaged. These data ajsuasine the variety of transportation
modes (marine, highway, etc.) where these spills oddany different hazardous substances can
be lost during transportation accidents, in addition ¢ontiest common oil and fuel spills.
Fortunately, many of the most hazardous substances sseiaed with only one or a very few
incidents in the ten years of study, and only relatigeiall quantities of material were lost.
Highly-hazardous ammonium nitrate, ammonia, molten alumjraodium hydroxide, and
different acids were all released to the environmeAiatbama during their transport during the
period of study.

Table 3-3. Largest Spill Quantities Lost for eachM  ajor Transportation Mode Examined (1990 — 1999 Alab ama
Transportation Accidents)
Transportation Mode  [Most Common (by volume lost) 2| ™ Ranked 3™ Ranked 4" Ranked
Aircraft accidents Jet fuel (1330 gals/13 incidents) Malathion (404
gals/13 incidents)
Fixed locations Hydrocarbons (fuel oil, gasoline, crude Chromic Coal (12,000 Ibs/1 Sodium
oil, diesel oil, hydraulic oil, kerosene, acid/phosphoric incident) hydroxide
asphalt, transformer oil, and creosote) acid (24,000 gal/1 (5,000 Ibs/2
(82,901 gals/250 incidents) incident) incidents)
Highway accidents Hydrocarbons (diesel oil, road tar, Poultry fat (49,720 Ammonium nitrate Molten
gasoline, fuel oil, asphalt, LPG, jet fuel, Ibs/2 incidents) and fuel oil (30,000 | aluminum
hydraulic oil, and creosote) (184,281 Ibs/1 incident) (20,000 Ibs/1
gals/225 incidents) incident)
Marine operations Hydrocarbons (crude oil, diesel oil, fuel Sodium hydroxide Bromine (900 Ibs/1 | Adiponitrile
oil, asphalt, motor oil, lubricating oil, (1,000 Ibs/1 incident) (640 Ibs/1
waste oil, hydraulic oil, gasoline, jet incident) incident)
fuel, and lubricating mud) (2,024,569
gals/584 incidents)
Off-shore locations Hydrocarbons (lubricating mud, drilling
mud, diesel oil, hydraulic oil, crude oil,
motor oil, fuel oil) (1188 gals/62
incidents)
Pipelines Hydrocarbons (fuel oil, crude oil, diesel Paraxylene (1,000 Salt water (60 Triethylene
oil, and gasoline) (14,166 gals/26 gals/1 incident) gals/1 incident) glycol (35

incidents)

gals/1 incident)

Railroad and highway
crossings

Hydrocarbons (diesel oil, fuel oil, and
motor oil) (8,558 gals/13 incidents)

Formaldehyde
solution (1 gal/l
incident)

Railroad accidents

Coal (934,800 Ibs/10 incidents)

Plastic pellets
(262,500 Ibs/2
incidents)

Hydrocarbons
(petroleum oil,
asphalt, diesel oil,
creosote,
lubricating oil, and
hydraulic oil)
(72,959 gals/108
incidents)

Limestone
(3,000 Ibs/2
incidents)

Unknown locations

Hydrocarbons (gasoline, fuel oil, diesel
oil, hydraulic oil, and asphalt) (2,861

gals/191 incidents)

Sodium hydroxide
(5 gals/1 incident)

Ethylene glycol (5
gals/1 incident)

Tables 3-4 through 3-12 are separated by location of the atsileghways, railroads,

pipelines, etc.) and also includes information, wherelavai from the National Fire Protection
Association (NFPA) regarding the hazards associatddthat particular chemical. The hazard
information is primarily available for organic chemical$ie mode of transport with the fewest
overall number of accidents is the air, i.e., airplarashes. However, large quantities of
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pesticides (especially malathion) was lost to the enviesrirduring 13 crashes of crop-dusting
planes during this ten-year period. The largest singlel@aicwas a crude oil spill of about
2,000,000 gallons at a marine terminal (¢ R. Hal Deaman aground in the Pensagoula Ship
Channel on Jan 2, 1991, releasing 2,000,000 gallons of crude oilarghket spills are
associated with marine operations (ship casualties efag the largest), followed by highway
and railroad accidents, and then pipeline accidents. kay substances, just a few accidents
accounted for the majority of the spill volume.

The tables in Appendix B show the locations of the rfresfuent accidents. The locations with
the most frequent spills are the historiddS Alabam®attleship museum and the hazardous
waste landfill at Emelle, likely because of diligeeporting by the site operators. Additional
locations of frequent spills include several sites wickmicals are transferred from marine
craft to land vehicles such as trains and trucks. At maklyese sites, the quantities spilled per
incident are small. However, it may be anticipated fegjuent spills in one area may cause
longer-lasting environmental impacts.
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Section 4. Environmental Fate and Transport Modeling

This section presents several procedures to predict therfdteansport of spilled hazardous
materials. The initial discussion is general and ésstes downwind toxic and explosive
hazards. These procedures, summarized from a recent BR#amare applicable for a wide
range of hazardous materials. Specific characteristical regulated hazardous materials
are also included in the appendices to enable the efficsendf these procedures. A
discussion is also provided that considers mixtures oémadt and how these mixtures may
be more hazardous than individual material losses.

Based on the information presented previously in Sectibnd@Bdetailed examples are
presented describing problems associated with spills ofl@etnchydrocarbons, by far the
most common material lost in Alabama transportagioridents, and ammonia, a very toxic
gaseous material. Specific procedures are given for aéilaglthe spread and transport of oil
slicks, and a numerical example is shown. In addi@odetailed example is presented for
predicting both air and water problems associated wittm@nia spills. These examples
represent procedures for toxic and buoyant materialsHavspecific methods have been
developed (based on actual field studies). These procedaiele ¢he calculation of the
magnitude of potential exposures to these hazardous material

Evaluation of Toxic and Explosive Atmospheric Conditions Assaated with

Transportation Accidents involving Hazardous Materials

Much of the material in this report section is sumaeifrom the recent EPA (1999)
guidance documemisk Management Program Guidance for Offsite Consequence Analysis
This referenced EPA report provides guidance on how tdumirthe offsite-consequence
analyses for Risk Management Programs required underdgha &ir Act, Section

112(r)(7). This Act directed the EPA to issue regulatieogliring facilities that handle,
manufacture, store, or use large quantities of veryrlama chemicals to prepare and
implement programs to prevent the accidental relead®meé chemicals. These facilities
also must be prepared to mitigate the consequences ofleaya® that do occur. EPA issued
40 CFR 68 on June 20, 1996. This regulation requires theséidaditi prepare a risk
management system, including analyses of potential toxiegplosive conditions if such
material is lost to the environment. The summarized madfgesented in this section refers
to the worst-case scenario procedures included in the g@admtument. This summary is
not a substitute for the complete report for reguladedities, of course, but is presented
here as a currently accepted evaluation procedure thatable for evaluating transportation
accidents involving hazardous materials. The resultsr@gtaising these methods are
expected to be conservative (i.e., they will generdlly not always, overestimate the
distance to toxic and explosive endpoints).
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Steps for Performing Analyses

Worst-Case Analysis for Toxic Gases

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

Step 1:Determine worst-case scenaridentify the toxic gas, quantity, and worst-case
release scenario.

Step 2:Determine release rat&stimate the release rate for the toxic gas.

Step 3:Determine distance to endpaifistimate the worst-case consequence distance based
on the release rate and toxic endpoint. Select the ajgtetable based on the density of the
released substance, the topography of the site (urbamady, and the duration of the release.

Worst-Case Analysis for Toxic Liquids
To conduct worst-case analyses for toxic substane¢sita liquids at ambient conditions or
for toxic gases that are liquefied by refrigeration alone:

Step 1:Determine worst-case scenariadentify the toxic liquid, quantity, and worst-case
release scenario.

Step 2:Determine release rat&stimate the volatilization rate for the toxic iduwand the
duration of the release.

Step 3:Determine distance to endpaifistimate the worst-case consequence distance based
on the release rate and toxic endpoint. Select the ajpgteopeference table based on the
density of the released substance, the topography eitéh@ural or urban), and the duration

of the release. Estimate distance to the endpoint the appropriate table.

Worst-Case Analysis for Flammable Substances
To conduct worst-case analyses for all regulated flameraiidstances (i.e., gases and
liquids):

Step 1:Determine worst-case scenariaentify the appropriate flammable substance,
guantity, and worst-case scenario.

Step 2 Determine distance to endpailidstimate the distance to the required overpressure
endpoint of 1 psi for a vapor cloud explosion of the flaabla 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 substanoe d& vessel or process line failure,
and
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- The release that results in the greatest distante tendpoint for the regulated toxic
or flammable substance.

This procedure assumes meteorological conditions fowthst-case scenario of atmospheric
stability class F (stable atmosphere) and wind speed 1eéssmmer second (3.4 miles per
hour). Ambient air temperature is assumed to be 25 °C (77 °F)

The procedure provides two choices for topography, urbdmuaal. EPA (40 CFR 68.22(e))
has defined urban as many obstacles in the immediatevenere obstacles include buildings
or trees. Rural, by EPA’s definition, means thereraréuildings in the immediate area, and
the terrain is generally flat and unobstructed. THubei site is located in an area with few
buildings or other obstructions (e.g., hills, trees), qpperal) conditions should be assumed.
If the site is in an area with many obstructions, eténs in a remote location that would

not usually be considered urban, urban conditions sheudssumed.

Toxic gases include all regulated toxic substances th@jsses at ambient temperature (25
°C, 77 °F), with the exception of gases liquefied by refrigmmaunder atmospheric pressure
and released into diked areas. For the worst-case comsegaialysis, it is assumed that a
gaseous release of the total quantity occurs in 10 minuésgsdiquefied by refrigeration
alone that would form a pool one centimeter or less jhdepon release must be modeled
as gases. (Modeling indicates that pools one centirdetgr or less formed by gases
liquefied by refrigeration would completely evaporate imiiQutes or less, thus giving a
release rate that is equal to or greater than the wassttelease rate for a gas. Therefore, it
is appropriate to treat these substances as gases Vaoridtecase analysis in this case).
Table C-1 lists the endpoint for each toxic gas. Thedpants are used for air dispersion
modeling to estimate the consequence distance and adeea critical levels of the
contaminants.

For toxic liquids, it is assumed that the total quantits vessel is spilled. This procedure
also assumes that the spill takes place onto anflatabsorbing surface. For toxic liquids
carried in pipelines, the quantity potentially releasethftbe pipeline is assumed to form a
pool. The total quantity spilled is assumed to spread instamtsly to a depth of one
centimeter (0.033 foot or 0.39 inch). The release ras# e estimated as the rate of
evaporation from the pool. Table C-2 lists the endpointir dispersion modeling for each
regulated toxic liquid (the endpoints are specified in 40 &R 68, Appendix A, and are
considered to be critical levels of the contaminants).

For all regulated flammable substances, it is assuhsdite worst-case release results in a
vapor cloud containing the total quantity of the substaretecthuld be released from a vessel
or pipeline. This procedure assumes that the vapor cloudadesonsing a TNT-equivalent
method (assumes a 10-percent yield factor). The procedwsa@unsndpoint for a vapor

cloud explosion as an overpressure of 1 pound per squar@sihrhis endpoint is the
threshold for potentially serious injuries to people assalt of property damage caused by
an explosion (e.g., injuries from flying glass from shatlevindows or falling debris from
damaged houses).
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Release Rates for Toxic Substances

The following describes simple methods for estimatingas? rates for toxic substances for
the worst-case scenario. Simple release-rate equatiensovided, and the factors to be
used in these equations are given for each substantallies C-1, C-2, and C-3). These
estimated release rates are used in the next parsagtiion to predict dispersion distances
to the toxic endpoint for regulated hazardous gases and liquids.

Release Rates for Toxic Gases

Hazardous substances that are gases at ambient temp&&tt@e 77 °F) should be
considered gases for these analyses, with the exceptyases liquefied by refrigeration at
atmospheric pressure. Gases liquefied under pressure shdrdatieel as gases. Gases
liquefied by refrigeration that would form a pool one cestin (0.033 foot) or less in depth
should also be treated as gases. The evaporatiomgatedch a pool would be equal to or
greater than the rate for a toxic gas, which is assumbd released over 10 minutes.
Therefore, treating liquefied refrigerated gases as ga#e=s than liquids in such cases is
reasonable.

Unmitigated Releases of Toxic Gdfsno passive mitigation system is in place (dikes o
other containments), which should be expected for mastgoatation accidents, the release
rate is simply the largest amount of material thatilide lost divided by a 10-minute
period.

As an example, if a tank contains 2,500 pounds of dibayasgthe release rate (QR) is:

QR = 2,500 pounds/10 minutes = 250 pounds per minute

Releases of Liquefied Refrigerated Toxic Gas in Diked Alfestoxic gas that is liquefied
by refrigeration alone is released into an area wihevidl be contained by dikes to form a
pool more than one centimeter (0.033 foot) in depth, thetvwoaise analysis assumes
evaporation from the pool at the boiling point of theitiguf the gas liquefied by
refrigeration would form a pool one centimeter (0.033 footgss in depth, the previous 10
minute assumption for complete evaporation is usedelftaterial would be released in a
diked area, first compare the diked area to the maximmaenat the pool that could be
formed to see if the pool depth is less or greater tharcentimeter.

The following equation can be used to estimate the maxisizenof the pool:

A=QS" DF Equation 1
where:A = Maximum pool area (@, for a depth of one cm

QS = Quantity released (Ibs)

DF = Density factor (as shown in Tables C-1 and C-2)
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If the pool formed by the released liquid would be smalfiantthe diked area, assume a
10-minute gaseous release, and estimate the releass decribed previously. If the dikes
prevent the liquid from spreading out to form a pool of marmnsize (one centimeter in
depth), use the following equation:

QR=14" LFB" A Equation 2

where:QR Release rate (lbs/min)

LFB Liquid Factor Boiling for hazardous gases ligeéfby
refrigeration alone, or use LFA, Liquid Factor Amai, for
hazardous liquids at ambient temperature (Tablésa@d C-2)
A Diked area (f)

1.4 = Wind speed factor = (1°8§ where 1.5 meters per second (3.4
miles per hour) is the wind speed for the worsecas

After the release rate is estimated, estimate tingtidn of the vapor release from the pool in
the diked area (the time it will take for the ptmkevaporate completely) by dividing the total
quantity spilled by the release rate. The durabiba chlorine or sulfur-dioxide release,
liquefied by refrigeration alone, is not neededtf@ analyses for critical distances.

Example for Mitigated Release of Gases LiguefiedRbyrigeration (Chlorine)

A refrigerated tank contains 50,000 pounds of tigghlorine at ambient pressure. A diked
area around the chlorine tank is 275aftd is sufficient to hold all of the spilled ligui
chlorine. Once the liquid spills into the dikejsithen assumed to evaporate at its boiling
point (-29 °F). The evaporation rate at the boilpugnt is determined from equation 2. For
this calculation, the wind speed is assumed to.benkters per second and the wind speed
factor is 1.4, LFB for chlorine (from Table C-1)0sl9, and A is 275% The release rate is:

QR =1.4x0.19 x 275 = 73 pounds per minute
The duration of the release does not need to b&idened for chlorine.

Release Rates for Toxic Liquids

For the worst-case analysis, the release rate forapxic liquids is assumed to be the rate of
evaporation from the pool formed by the releasguidi. Assume the total quantity in a
vessel or the maximum quantity from ruptured pigegleased into the pool. Passive
mitigation measures (e.g., dikes) may be considerddtermining the area of the pool and
the release rate. To estimate the critical distaisagg this method, the evaporation duration
(the duration of the release) and the releasematt be known.

The calculation methods presented here apply tstanbes that are liquids under ambient
conditions or gases liquefied by refrigeration alolt is assumed that these liquids form
pools deeper than one centimeter upon releases@aqsefied under other conditions (under
pressure or a combination of pressure and refttigeeor gases liquefied by refrigeration
alone that would form pools one centimeter or ieskepth upon release are treated as gas
releases, rather than liquid releases. The proesdunove are used for those releases.
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Releases of Toxic Liquids from Pipé&hen considering a liquid release from a broken pipe,
the maximum quantity that could be released assuminghigige is full must be estimated.
The time needed to stop pumping the liquid also needs todatat as part of the release.
The quantity in the pipe (in pounds) is the volume mddalivided by the Density Factor

(DF) times 0.033. (DF values are listed in Table C-2. Dgmnsipounds per cubic foot is

equal to 1/(DF times 0.033).) Assume the estimated quamtipo(inds) is released into a
pool and use the method and equations described below to detdrengneporation rate of
the liquid from the pool.

Unmitigated Releases of Toxic Liquidéno passive mitigation measures are in place, the
liquid is assumed to form a pool one centimeter (0.39 in€hG83 foot) deep
instantaneously. The release rate to air from the ploelgtaporation rate) is calculated as
discussed below for releases at ambient or elevatqubtanure.

If the liquid is always at ambient temperature, findltlggiid Factor Ambient (LFA) and the
Density Factor (DF) in Table C-2. The LFA and DF appljiquids at 25 °C. Calculate the
release rate of the liquid at 25 °C from the followiggi&ion:

QR=QSx 1.4 x LFAX DF Equation 3

where:QR Release rate (pounds per minute)

QS = Quantity released (pounds)

1.4 = Wind speed factor = (1°8, where 1.5 meters per
second (3.4 miles per hour) is the wind speed for the
worst case

LFA = Liquid Factor Ambient

DF = Density Factor

Example for an Unmitigated Liquid Release at Ambient Teaipee (Acrylonitrile)

A tank contains 20,000 pounds of acrylonitrile at ambienp&gature. The total quantity in
the tank is spilled onto the ground in an undiked areajify a pool. Assume the pool
spreads out to a depth of one centimeter. The relatsé&om the pool (QR) is calculated
from Equation 3. For the calculation, the wind speedssiaed to be 1.5 meters per second
and the wind speed factor is 1.4. From Table C-2, the lofFAdrylonitrile is 0.018 and DF

is 0.61. Then:

QR =20,000 X 1.4 9.018 x0.61 = 307 pounds per minute
The duration of the release would therefore be:
t = 20,000 pounds/307 pounds per minute = 65 minutes
If the liquid is at an elevated temperature (above 56r°&t or close to the boiling point),

find the Liquid Factor Boiling (LFB) and the Density FactDF) in Table C-2. If the
temperature is elevated, calculate the release rafte &ifiiid from the following equation:
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QR=0QS x 1.4 xLFB x DF Equation 4

where:QR = Release rate (pounds per minute)

QS = Quantity released (pounds)

1.4 = Wind speed factor = (1°8, where 1.5 meters per
second (3.4 miles per hour) is the wind speed for the
worst case

LFB = Liquid Factor Boiling

DF = Density Factor

Example of an Unmitigated Release at Elevated Temper@iarglonitrile)

A tank contains 20,000 pounds of acrylonitrile at an elevia®gerature. The total quantity
in the tank is spilled onto the ground in an undiked dogming a pool. Assume the pool
spreads out to a depth of one centimeter. The relats&om the pool is calculated from
Equation 4. For the calculation, the wind speed factot fometers per second is 1.4. From
Table C-2, the LFB for acrylonitrile is 0.11 and the DB.81. Then:

QR =20,000 x1.4 x0.11 x 0.61 = 1,880 pounds per minute
The duration of the release would therefore be:
t = 20,000 pounds/1880 pounds per minute = 11 minutes

Mixtures Containing Toxic Liquiddf the partial pressure of the hazardous substantein t
mixture is known, it is possible to estimate an evapaon rate. In this case, estimate a pool
size for the entire quantity of the mixture, assumingiamitigated release. If the density of
the mixture is known, use it in estimating the pool Siz#herwise, assume the density is the
same as the pure regulated substance (in most casessthigpéion is unlikely to have a
large effect on the results).

Example of a Mixture Containing Toxic Liquid (Acrylonitr)le

A tank contains 50,000 pounds of a mixture of acrylonitrilea@ardous substance) and
N,Ndimethylformamide (not regulated). The weight of eatthe components of the
mixture is known (acrylonitrile = 20,000 pounds; N,N-dimethytiamide = 30,000 pounds).
The molecular weight of acrylonitrile, from Table Ci253.06, and the molecular weight of
N,N-dimethylformamide is 73.09. Using Equation 5, calculateribé fraction of
acrylonitrile in the solution as follows:

X =— Equation 5

52



X = Mole fraction of the hazardous substance

W = Weight of the hazardous substance

MW, = Molecular weight of the hazardous substance

W = Weight of each component of the mixture

MW, = Molecular weight of each component of the mixture
n = Number of components of the mixture

X = (20,000/53.06)
" (20,000/5306) + (30,000/7309)

X = i377
377+41C
X, =048

Estimate the partial vapor pressure of acryloeitas follows (using the vapor pressure of
acrylonitrile in pure form at 25 ° C, 108 mm Hgprin Table C-2):

VP,=0.48 x 108 =51.8 mm Hg
Before calculating the evaporation rate for acrigtda in the mixture, the surface area of the
pool formed by the entire quantity of the mixtuseneeded. The quantity released is 50,000
pounds and the Density Factor for acrylonitril®.i81 in Table C-2; therefore:

A = 50,000 Ibs x 0.61 = 30,500 square feet

Now calculate the evaporation rate for acryloretm the mixture from Equation 6 using the
VP, and A calculated above:

_0.0035 U MwW??*" A" VP

QR T Equation 6

where:

QR = Evaporation rate (lbs/min)

U = Wind speed (m/sec)

MW = Molecular weight (Table C-2)

A = Surface area of pool formed by the entirergjitza of the
mixture (ff)

VP = Vapor pressure (mm Hg) (MP

T = Temperature’), °C plus 273 (298 for 2&)
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_0.0035 10" (5306)**" 30500 51.8
29¢€

QR

QR =262 pounds per minute

Release Rates for Common Water Solutions of Toulrsg&nces and for Oleum

The following discussion presents a simple methoestimating the release rate from spills
of water solutions of several substances. Oleusol{#ion of sulfur trioxide in sulfuric acid)
also is discussed.

The vapor pressure and evaporation rate of a sudesia a solution depends on its
concentration in the solution. If a concentratedewaolution containing a volatile toxic
substance is spilled, the toxic substance initiailyevaporate more quickly than water from
the spilled solution. The vapor pressure and eajmor rate will decrease as the
concentration of the toxic substance in the sotutiecreases. At the much lower
concentrations, water may evaporate more quicldg the toxic substance. There does exist
one concentration at which the composition of thlatgon does not change as evaporation
occurs. However, for most situations of interds¢, actual concentration exceeds this
concentration, and the toxic substance evaporates quickly than water.

For estimating release rates from solutions, tfegg@dure uses liquid factors (ambient) for
several common water solutions at several condgnea These factors take into account the
decrease in evaporation rate with decreasing conatem. Table C-3 provides LFA and DF
values for several concentrations of ammonia, fédetayde, hydrochloric acid, hydrofluoric
acid, and nitric acid in water solution. Factorsdteum are also included in this table. These
factors may be used to estimate an average raia@estor the hazardous substances from a
pool formed by a spill of solution. Liquid factoase provided for two different wind speeds
since the wind speed affects the rate of evaparatio

For the worst-case scenario, the factor for a wpeked of 1.5 meters per second (3.4 miles
per hour) should be used. When estimating thecatitlistance for the release of solutions
under ambient conditions, consider only the fiGtdinutes of the release, as the toxic
component in a solution evaporates fastest duheditst few minutes of a spill (when its
concentration is highest). Although the toxic sahse will continue to evaporate from the
pool after 10 minutes, the rate of evaporatiomissich lower that it can safely be ignored in
estimating the critical distance. Release rategstimated as follows.

Ambient Temperaturdf the solution is at ambient temperature, théd\l= 1.5 meters per
second (3.4 miles per hour) and DF for the solugienobtained from Table C-3. To estimate
the release of the hazardous substance in soldiitow the instructions for liquids. For the
calculation of the release rate, use the total tityaof the solution as the quantity released

(QS).
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Example for Calculating the Evaporation Rate for g&fv&olution of Hydrochloric Acid at
Ambient Temperature

A tank contains 50,000 pounds of 37 percent hydrochloric acid@olati ambient
temperature. For the worst-case analysis, assumatihe @ntents of the tank are released,
forming a pool. The release occurs in a diked area of 9,000esfpeh. From Table C-3, the
Density Factor (DF) for 37 percent hydrochloric acid is OF#&m Equation 1, the maximum
area of the pool would be 50,000 Ibs times 0.42, or 21,000 scpedre f

The diked area is smaller; therefore, the diked arealdlibe used in the evaporation rate
(release rate) calculation, using Equation 2. For treulzlon, the pool area (9,000 square
feet) and the Liquid Factor Ambient (LFA) for 37 perceytirochloric acid are needed; also
assume a wind speed of 1.5 meters per second, so the widdagtee is 1.4. From Table
C-3, the LFA is 0.0085. From Equation 2, the release r&® @Dhydrogen chloride from
the pool is:

QR =1.4 x 9,000 x 0.0085 = 107 pounds per minute

Estimation of Worst-Case Distance to Toxic Endpoint

This procedure provides graphs (Figures 4-1 to 4-8) giving worsteisimnces for neutrally
buoyant gases and vapors and for dense gases and vapmthforral (open) and urban
(obstructed) areas. Neutrally buoyant gases and vapeesaparoximately the same density
as air, and dense gases and vapors are heavier thanuiialléduoyant and dense gases are
dispersed in different ways when they are releaskéesé& generic figures can be used to
estimate distances using the specified toxic endpoint &r ®sbstance and the estimated
release rate to air. In addition to the generic figuthemical-specific figures are provided
for ammonia, chlorine, and sulfur dioxide. These chenspakific figures were developed
based on modeling carried out for industry-specific guidaooeiments. All the figures were
developed assuming a wind speed of 1.5 meters per second & gemnihour) and F
stability. To use the figures, the worst-case reledss estimated as described in the
previous sections are needed. For liquid pool evaporatiemutation of the release is also
needed. In addition, the appropriate toxic endpoint andhehéhe gas or vapor is neutrally
buoyant or dense is also needed (Tables C-1, C-2 and C-3).

Requlated Toxic Substances Other than Ammonia, ChlonmkSalfur Dioxide

Find the toxic endpoint for the substance in Table C-lokictgases or Table C-2 for

toxic liquids.

Determine whether the figure for neutrally buoyant or deyases and vapors is

appropriate from Appendix Table C-1 for toxic gases or T@kRfor toxic liquids.

A toxic gas that is lighter than air may behave dsrase gas upon release if it is

liquefied under pressure, because the released gas may ldewithxéquid droplets,

or it may be cold.

Determine whether the figure for rural or urban condgies appropriate.

* Use the rural figure if the site is in an open are& ¥etwv obstructions.

» Use the urban figure if the site is in an urban orrolostd area. The urban figures
are appropriate if there are many obstructions in the avea if it is in a remote
location, not in a city.

55



Determine whether the 10-minute figure or the 60-minute figgie@propriate.

» Always use the 10-minute figure for worst-case releasésxaf gases.

* Always use the 10-minute figure for worst-case releasesrmmon water
solutions and oleum from evaporating pools, for both amlsiedtelevated
temperatures.

» If the estimated release duration for an evaporating fapiid pool is 10 minutes
or less, use the 10-minute figure.

» If the estimated release duration for an evaporating fapiid pool is more than
10 minutes, use the 60-minute figure.

Neutrally Buoyant Gases or VapolsTables C-1 or C-2 indicate the gas or vapor should be
considered neutrally buoyant, and other factors would angecthe gas or vapor to behave as
a dense gas, divide the estimated release rate (pounchénpke) by the toxic endpoint
(milligrams per liter). Find the calculated releaseftaiic endpoint ratio on the x-axis of the
figures (Figures 4-1, 4-2, 4-3, or 4-4), then find the correspgristance to the y-axis (see
example below).

Example for a Gas Release of Diborane

The estimated release rate for diborane gas is 250 pounasmee. From Table C-1, the
toxic endpoint for diborane is 0.0011 mg/L, and it is a ndytbaloyant gas. The facility and
the surrounding area have many buildings, pieces of eguip and other obstructions;
therefore, assume urban conditions. The appropriatesidterefore shown on Figure 4-3 (a
10-minute release of a neutrally buoyant gas in an uniga).a

The release rate divided by toxic endpoint for this exams250 Ib/min)/(0.0011 mg/L) =
230,000 [(Ib/min)/(mg/L)].

From Figure 4-3, this value corresponds to a critical distaxf about 8 miles.

Dense Gases or VapotgTable C-1 or C-2 or other relevant factors indésathat the
substance should be considered a dense gas or vapor (lleaviair), find the critical
distance from the appropriate figure (Figure 4-5, 4-6, 4-%4;®yas follows;

- Select the curve on the figure that is closest tadkie endpoint of the substance.
Find the release rate closest to the release rateagst for the substance on the x-
axis of the figure.

Determine the corresponding critical distance orythagis.

Example for a Release of Ethylene Oxide, a Dense Gas
A tank contains 10,000 pounds of ethylene oxide, which is a gas antbient conditions.
Assuming the total quantity in the tank is released ovér-minute period, the release rate

(QR) is:

QR = 10,000 pounds/10 minutes = 1,000 pounds per minute
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From Table C-1, the toxic endpoint for ethylene oxide@® @ng/L, and the appropriate
figure is for a dense gas. The facility is in an operglrarea with few obstructions;
therefore, use the figure for rural areas.

Using Figure 4-5 for 10-minute releases of dense gases lraraes, the toxic endpoint of
0.09 mg/L is closer to 0.1 than 0.075 mg/L. For a releaseofdt,000 pounds per minute, the
distance to 0.1 mg/L is about 3.5 miles.

Example for Liquid Evaporation from a Pool of Acryloiér

The estimated evaporation rate is 307 pounds per minuterigoaitrile from a pool formed
by the release of 20,000 pounds into an undiked area. Thatstitime for evaporation of
the pool as 65 minutes. From Table C-2, the toxic endpoiracigtonitrile is 0.076 mg/L,
and the appropriate figure for a worst-case release yibadrile is the dense gas figure. The
facility is in an urban area, so Figure 4-8 is used for-mite release of a dense gas in an
urban area.

From Figure 4-8, the toxic endpoint closest to 0.076 mglLGg5 mg/L. The worst-case
critical distance, corresponding to the releasedf897 pounds per minute, is therefore
about 3 miles.

Ammonia, Chlorine, or Sulfur DioxiddJse the appropriate chemical-specific figure for the
substance (Figures 4-9 through 4-12). If ammonia is liquefiedfoigeration alone, use
Figure 4-10, even if the duration of the release is grélaaer10 minutes. If chlorine or

sulfur dioxide is liquefied by refrigeration alone, use thernaical-specific reference figure,
even if the duration of the release is greater thanitQtes. Use the rural curve on the figure
if the site is in an open area with few obstructimtberwise use the urban curve if the site is
in an urban or obstructed area. The urban curve is afg®g there are many obstructions
in the area, even if it is in a remote location aatlim a city.

Estimation of Distance to Overpressure Endpoint for Flammal§ebstances

For the worst-case scenario involving releases of flabkengases and/of volatile flammable
liquids, assume that the total quantity of the flammablestance forms a vapor cloud within
the upper and lower flammability limits and the cloud dates. As a conservative
worst-case assumption, this procedure assumes that 10tpertee flammable vapor in the
cloud participates in the explosion. This procedure estsridie distance to an overpressure
level of 1 pound per square inch (psi) resulting from thdosign of the vapor cloud. An
overpressure of 1 psi may cause partial demolition ofdsywghich can result in serious
injuries to people, and shattering of glass windows, winaly cause skin laceration from
flying glass. This section presents a simple methodgtmating the area (distance from the
explosion) potentially affected by a vapor cloud explosioa lbazardous substance. This
procedure is based on a TNT-equivalent model.
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10 Minute Release Duration
Rural Area, Neutral Buoyancy
F stability, 1.5 m/sec winds
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Figure 4-1. Neutrally buoyant gas in rural area, 10  minute release.

60 Minute Release Duration
Rural Area, Neutral Buoyancy
F stability, 1.5 m/sec winds
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Figure 4-2. Neutrally buoyant gas in rural area, 60  minute release.

58



Critical Distance (miles)

Critical Distance (miles)

10 Minute Release Duration
Urban Area, Neutral Buoyancy
F stability, 1.5 m/sec winds
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Figure 4-3. Neutrally buoyant gas in urban area, 10  minute release.
60 Minute Release Duration
Urban Area, Neutral Buoyancy
F stability, 1.5 m/sec winds
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Figure 4-4. Neutrally buoyant gas in urban area, 60  minute release.
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10 Minute Release, Rural Area
Dense Gas, F stability, 1.5 m/sec
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Figure 4-5. Dense gas in rural area, 10 minute rele  ase.

60 Minute Release, Rural Area
Dense Gas, F stability, 1.5 m/sec
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Figure 4-6. Dense gas in rural area, 60 minute rele  ase.
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Figure 4-7. Dense gas in urban area, 10 minute rele
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Anhydrous Ammonia
(Liguified Under Pressure)
F stability, 1.5 m/sec wind speed
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Figure 4-9. Anhydrous ammonia (liquefied under pres  sure) release.
Nonliquified Ammonia, Ammonia Liquified by
Refrigeration, or Aqueous Ammonia
F stability, 1.5 m/sec wind speed
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Figure 4-10. Anhydrous ammonia (non-liquefied, or I iquefied by refrigeration, or aqueous ammonia)

release.
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Chlorine
F stability, 1.5 m/sec wind speed
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Figure 4-11. Chlorine release.
Anhydrous Sulfur Dioxide
F stability, 1.5 m/sec wind speed
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Figure 4-12. Anhydrous sulfur dioxide release.
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Flammable Substances Not in Mixtures

For the worst-case analysis of a flammable substdmatestnot in a mixture with other
substances, estimate the consequence distance fomeaggimstity of a regulated flammable
substance using Table 4-1. This table provides distances tmegppressure for vapor cloud
explosions of quantities from 500 to 2,000,000 pounds. Amaliiee is to calculate the
worst-case distance for flammable substances usingetiteof combustion of the flammable
substance and the following equations.

Critical distances to an overpressure level of 1 poundgugare inch (psi) may be
determined using the following equation, which is based ofileequivalency method:

1/3

D, =0.0081 01" W~ HEs Equation 7
HCTNT

where:

Dmi = Distance to overpressure of 1 psi (miles)

W = Weight of flammable substance (pounds)

HC = Heat of combustion of flammable substance (&idgs per kilogram),
from Table D-1

HCint = Heat of explosion of trinitrotoluene (TNT) (4,6800fdules per

kilogram)

Example for a Vapor Cloud Explosion of Propane

A tank contains 50,000 pounds of propane. From Table 4-1, tiwalcdistance to 1 psi
overpressure is 0.3 miles for this quantity of propane radigvely, it is possible to directly
calculate the distance to 1 psi using Equation 7:

D = 0.0081 x [0.1 x 50,000 x (46,333/4,68 ]
D = 0.3 miles

Flammable Mixtures

For a mixture of flammable substances, it is possikstimate the heat of combustion of
the mixture from the heats of combustion of the coreptsof the mixture using Equation 8
and then use Equation 7 to determine the vapor cloud expldiskamce. The heat of
combustion of the mixture may be estimated as follows

W, . W, . .
HC_ =-—*"HC +Wy HC Equation 8

m X y

=

where:
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HC, = Heat of combustion of mixture (kilojoules per kilogna

W = Weight of component “X” in mixture (kilograms or pourii)

W, = Total weight of mixture (kilograms or pounds/2.2)

HC, = Heat of combustion of component “X” (kilojoulesrp@ogram), from
Table D-1

Wy = Weight of component “Y” in mixture (kilograms or palsi2.2)

HC, = Heat of combustion of component “Y” (kilojoulesrg@ogram)

Example for Calculating Heat of Combustion of Mixtdoe Vapor Cloud Explosion
Analysis

A mixture contains 8,000 pounds of ethylene (the reactadt@®00 pounds of isobutane (a
catalyst carrier). To carry out the worst-case amglgstimate the heat of combustion of the
mixture from the heats of combustion of the companenthe mixture (ethylene heat of
combustion = 47,145 kilojoules per kilogram; isobutane heabvwmibustion = 45,576). Using
Equation 8:

_[(8000/22)" 47,45 _ [(2000/2.2)" 45576
(L0,000/2.2) (L0,000/2.2)

HC,,

HC, = (37,716) + (9115

HC, = 46,831 kilojoules per kilogram

Now use the calculated heat of combustion for theure in Equation 7 to calculate the
distance to 1 psi overpressure for vapor cloudasiph.

D = 0.0081 x [ 0.1 x 10,000 x (46,831/4,684 ]

D = 0.2 miles
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Spills of Mixtures of Hazardous Chemicals During Transportation édents

Spills involving more than one type of chemical are jbssluring some transportation
accidents, especially when the accidents involve edsoMost other transportation modes
(chemical tank trucks and pipelines) are more likely tolver only one hazardous material.
However, some trucks may be carrying several differetenals. Under certain conditions,
multi-component spills may be dangerously reactive oeigda hazardous by-products. The
following discussion is an example evaluation for bynaixtures of some materials.

An example list of chemicals is shown in Table 4-2 lactieity group. Table 4-3 displays these
groups in the form of a matrix in order to indicate pl¢ential for unsafe conditions if chemicals
from any two groups may mix. Extreme caution would nedzkttaken to prevent accidental
mixing of chemicals belonging to groups for which an “X” appeRegulations restrict the
transportation of large amounts of chemicals that myforming extremely hazardous
conditions, but errors do occur. The accidental mixingea€tive groups could, in certain
instances, result in violent and hazardous chemicalio@aciThe generation of toxic gases, the
heating, overflow and rupture of storage tanks, and fideexplosion are possible consequences
of such reactions.

The following discussion also gives a general overviewlat products and conditions could be
produced by the reaction of any potentially hazardous comtntomsaof chemicals from two
different groups. An extensive variety of combinatiores @ossible when considering the
reactions of broad groups of chemicals. Even though cotidniseof certain groups can be
considered potentially hazardous, there may exist indivcuabinations which do not produce
unsafe conditions. Conversely, some chemical-group cotmmsavhich are generally not
considered hazardous as a mix might very well be if talustcumstances occur. Combinations
of more than two groups would be much more complex to eealdata rule, if the mixture
contains one or more reactive groups, it should be asktihmehazardous conditions would
likely develop.

Table 4-2. Reactivity Groups for Selected Chemicals

Inorganic Acids Petroleum Oils Ammonia

Boric acid Diesel fuel Ammonia (Anhydrous)

Chromic acid* Ammonium hydroxide

Fluoboric acid Halogenated Compounds

Hydrochloric acid Transformer oils Sulfur, Molten

Hydrofluoric acid (Anhydrous) Silicon tetrafluoride Sulfur liquid

Hydrofluoric acid (Aqueous)

Nitric acid* Inorganic Salts Metals

Sulfur dioxide (Anhydrous) Alum Arsenic precipitate

Phosphoric acid Ammonium fluoride Bauxite

Sulfuric acid* (Oleum) Calcium sulfate Metal oxides

Sulfur trioxide (Anhydrous) Fluorospar

Organic acids Caustics Strong Oxidants

Acetic acids Sodium hydroxide Hydrogen peroxide
Soda ash Potassium dichromate

Potassium permanganate
Sodium bichromate
*Compound may also be considered a strong oxidant.
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Table 4-3. Chemical Compatibility

1 Inorganic Acids 1
2 Organic Acids X | 2
3 Caustics X | X | 3
4 Halogenated X X |4
Compounds
5 Petroleum Oils 5
6 Ammonia X | X 6
7 Sulfur, Molten X 7
8 Inorganic Salt 8
9 Strong Oxidant X X 9
10 Metal Oxides X 10
11 Metals X X

“X” represents a potentially hazardous combination.

Reaction Products of Combinations of Potentially Hazasd®eactivity Groups
Inorganic Acids + Organic Acids
1. Vapor Products in the Presence of Water
Depending on the heat generated by the reaction, fuomstifie component acids may
be given off. The reaction may form volatiles — givirijketones, aldehydes, and esters.
2. Solid or Liquid Products in the Presence of Water
Possible formation of precipitates.
3. Vapor Products Without Water
Same as with the presence of water.
4. Solid or Liquid Products Without Water
Char or charcoal products may form depending on the cireumaess.

Inorganic Acids + Caustics

1. Vapor Products in the Presence of Water
The main products of this reaction are heat and saltapGoent acid fumes may be
given as a result of the heat involved.

2. Solid or Liquid Products in the Presence of Water
No significant products are expected to occur from thisti@a

3. Vapor Products Without Water
Water vapor, carbon dioxide, and possibly acid fumesbeilbroduced.

4. Solid or Liquid Products Without Water
A crusty mass of salt precipitates is expected to foitim tie possibility of acid and
precipitate splatter.

Inorganic Acids + Halogenated Compounds
1. Vapor Products in the Presence of Water
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Water vapor and carbon dioxide will be produced along wighpiossible emission of
halogens and nitrous oxides.

2. Solid or Liquid Products in the Presence of Water
This reaction could produce either or both solid and liquidpects depending on the
components.

3. Vapor Products without Water
This reaction produces basically the same products as ftwased in the presence of
water, only in larger quantities

4. Solid or Liquid Products Without Water
Miscellaneous tars are expected to result from thidicegac

Inorganic Acids + Ammonia
1. Vapor Products in the Presence of Water
Vapor emissions from components only are expected; na vaaction products.
2. Solid or Liquid Products in the Presence of Water
Depending on the concentrations of the components, amarsalt precipitates are likely
to occur.
3. Vapor Products Without Water
No significant vapor products are expected to occur in ¢aistion.
4. Solid or Liquid Products Without Water
Particulates of ammonium halides would be generatedttngmeaction.

Inorganic Acids + Metal Oxides
1. The same products as listed in the “Inorganic Aci@sadstics” reaction are expected to form
in this reaction, but the reaction will be legdent.

Inorganic Acids + Metals

1. Vapor Products in the Presence of Water
Hydrogen and water vapors will be produced from this reactiotent splattering may
also occur.

2. Solid or Liquid Products in the Presence of Water
Various solids are likely to be precipitated out dependmthe acid involved.

3. Vapor Products Without Water
Highly toxic arsines and stybines would result from arsprecipitate combining with
inorganic acids.

4. Solid or Liquid Products Without Water
Same as with water except that larger quantities afsswlill be produced.

Organic Acids + Caustics
1. Vapor Products in the Presence of Water
Vapor products from this reaction will be primarily odogsulting from the formation of
soaps. Phenol derivatives might also occur as vapors.
2. Solid of Liquid Products in the Presence of Water
Solid products will occur in the form of various, insolublaterials and soaps.
3. Vapor Products Without Water
Mainly soap vapors and gases will be produced.
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4. Solid or Liquid Products Without Water
Same products as with water.

Organic Acids + Ammonia
1. Vapor Products in the Presence of Water
These would be vapors from both the components andatieus reaction products.
2. Solid or Liquid Products in the Presence of Water
The components are soluble with little or no precipga
3. Vapor Products Without Water
Vapors are the same as those with water exceptgarlguantities.
4. Solid or Liquid Products Without Water
Ammonium acetate and salts are present in a gum-likaaaute.

Organic Acids + Oxidants

1. Vapor Products in the Presence of Water
This reaction will produce a myriad of vapor products wicichld include gases such as
formaldehyde and methane.

2. Liquid or Solid Products in the Presence of Water
Possibly some solid products will form.

3. Vapor Products Without Water
This reaction will produce more vapor products than if wates present. Water vapor
would be given off explosively along with carbon dioxide.

4. Liquid or Solid Products Without Water
Possible formation of solids, more so than with wate

Caustics + Halogenated Compounds
1. Vapor Products in the Presence of Water
Vaporous halogens can be expected to be given off by Hutoe.
2. Solid or Liquid Products in the Presence of Water
Very little, if any, solids are likely to be produced mstreaction.
3. Vapor Products Without Water
Possible toxic halogens and halogenated compounds would beceasitvapors.
4. Solid or Liquid Products Without. Water
Some solids are expected to be produced.

Caustics + Metals

1. Vapor Products in the Presence of Water
The reaction products are basically the same as th@seds and metals which yield
hydrogen and water vapors.

2. Solid of Liquid Products in the Presence of Water
Reaction will form arsenic products in solid form.

3. Vapor Products Without Water
Products are basically the same as those of acids etadsprexcept that arsine will
probably not be given off.

4. Solid or Liquid Products Without Water
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Same as with water except in larger quantities.

Petroleum Oils + Caustics
1. Vapor Products in the Presence of Water
Many vaporous products will be given off from this violegaction.
2. Solid or Liquid Products in the Presence of Water
Some solids can be expected to be produced.
3. Vapor Products Without Water
Probably an explosive, flaring reaction with much paliiimatter being released.
4. Solid or Liquid Products Without Water
Products would be in the form of a crusty mass of prtates or a gummy tar.

Petroleum Oils + Molten Sulfur

1. Vapor Products in the Presence of Water
Possibly explosive reaction accompanied by fire. Sulfoxide and maybe sulfur
trioxide would be emitted. Carbon particulates and sgtiunbinations of petroleum
products will also be given off.

2. Solid or Liquid Products in the Presence of Water
Solid sulfur and possibly some tars would result.

3. Vapor Products Without Water
The reaction would be violent yielding larger quantitieprafducts and a high
probability of fire.

4. Solid or Liquid Products Without Water
Solid sulfur and probably tars would result.

Stakeholder Comments on Hazardous Materials Involvedansportation Accidents

Interviews with stakeholders raised several concetatng to the types of chemicals that may
be involved in a hazardous-materials transportation assiddccording to the stakeholders, the
chemical groups that responders generally were not prepackequipped to deal with were
water-reactive chemicals, corrosives, elevated teatpex materials, regulated medical waste,
and precursor chemicals for clandestine laboratoFies.typical response of a local fire
department in a highway accident would be to put watéh@chemical and wash it off the
roadway. However, in the case of water-reactive atals) this may make a small problem a
significantly larger one. When dealing with elevated-tenapge materials, the departments do
not have the appropriate gear, i.e., their rubber atgtfiot acceptable for working near a Z50
fire. One example of a commonly-transported elevated tenypermaterial was liquid asphalt.
Regulated medical waste is a concern because of tletywaf vehicles in which it can be
transported and because of the lack of informationmiagt be available about the exact nature
of the waste. The last chemical group is the precutsamicals for clandestine laboratories.
These shipments are not placarded and there is no pagemvahat a truck contains. In many
cases, these are rental trucks. Therefore, persaspdmding to an accident likely do not know
that they are entering a chemical hazard area, arefdheythey are not properly protected.
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Hazards of Accidental Releases of Ammonia during Transportabin Operations

This discussion presents the results of a detailedgéeific evaluation of potential ammonia
spills associated with transportation accidents. Thesgents may range from complete loss of
the cargo from specialized ammonia transport ships, lassesy transfer operations, and losses
during trucking of ammonia. Both water and air quality problessociated with these various
spill conditions are addressed in this discussion. Tie@idsion also considers a typical range of
site meteorological conditions, not just worst-case tmmd as described earlier (using the
methods from th©ffsite Consequence Analy$isPA 1999) procedure).

Properties of Ammonia

Ammonia is a colorless gas at atmospheric pressure anghhiemperature. It is alkaline and
possesses a characteristic penetrating odor. On corngpressl cooling, ammonia gas
condenses to a liquid about 60 percent as heavy as wagdiqliid has a high vapor pressure at
ordinary temperature, and commercial shipment requiressyme containers unless the liquid is
refrigerated. Ammonia is readily absorbed in water &axeérammonium hydroxide (NJ@H).
Considerable heat evolves during the solution of ammomsiangaater (1 Ib N5 gas produces
937 Btu when dissolved in water).

Ammonia does not support ordinary combustion, but it doaswith a yellowish flame in an
atmosphere of air or oxygen. The ignition temperatusnwhonia-air mixtures is 780, and the
products of combustion are mainly nitrogen and water. Ucel¢ain conditions, mixtures of
ammonia and air will explode when ignited. The explosarge for dry ammonia-air mixtures

is about 16 to 25 percent ammonia. Admixtures with other getitite gases such as hydrogen,
admixtures where oxygen replaces air, and/or higheratmaspheric temperatures and
pressures will broaden the explosive range. Becauseatigs is restrictive, the explosion hazard
is usually ignored as being highly unlikely, and ammonia megaly treated as a nhonflammable
compressed gas. However, ammonia explosions have ocasgedated with transportation
accidents.

The major hazards associated with ammonia are frotokeeffects on breathing and caustic
burns caused by vapor, liquid, or solutions. Also, the cnyeg@operties of refrigerated liquid
ammonia can present some unique hazards because ofrdmaeegbld. The concentrations of
ammonia vapor in the air that will cause various pHggical responses in humans are given in
Table 4-4. The toxic endpoint of ammonia, as defined in Apgehdo 40 CFR part 68, is 200
ppm (equivalent to 0.14 mg/L). This is the concentratiadls EPA (1999) for offsite
consequence analyses.

Table 4-4. Physiological Response to Various Concen trations of Ammonia (Kirk and Othmer)

Physiological Response Approximate Ammonia Concentration in Air (ppm)
Least detectable odor 50

Maximum concentration allowable for prolonged exposure 100

Maximum concentration allowable for short exposure (1/2-1 hr) 300-500

Least amount causing immediate irritation to throat 400

Least amount causing immediate irritation to eyes 700

Compulsive coughing and possible death 1700

Dangerous for even short exposure (1/2 hr) 2500-4500
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Potential Sources of Accidental Releases

Most leaks and spills of ammonia are caused by failuegjeipment or mishandling by
personnel. There are many sources for these rel@dsemost serious and probable of these
sources are discussed below. The amounts of releasstanated for typical design conditions.

Vessels

1. A catastrophic accident, such as a collision involvirngssel could release a potential
maximum of about 12,000 tons of liquid ammonia.

2. The refrigeration system on a vessel could develegkafrom a broken pipe or fitting. During
a transfer operation, the loss during a 5-minute shutg@nrod could amount to about 125 Ib,
while without a transfer, the loss could be about 42 Ib.

3. Spills could occur at a terminal during off-loading of ased. Because of automatic
emergency equipment, the losses would be limited tadliamage between the automatic valves
and the break. This loss could be about 7 tons.

Trucks and Rail Cars

1. Trucks and rail cars could be involved in accidents witissguent leaks or spills. If there is
a tank rupture, the entire ammonia cargo of up to aboutrZlttuck and 80 tons/rail car
could be spilled almost instantaneously. A lesser amoauit be lost through a tank crack
or a broken fitting.

2. During the normal loading of a tank truck at a storageiteiimapproximately 1 ounce of
ammonia vapor may be released to the atmosphere througgh stack usually 20 ft high.

Venting
Various pieces of equipment have relief valves that aenmonia vapor if the pressure builds up

to a prespecified level (usually caused by a rise in teatyner from loss of refrigeration or from
a fire.) This venting occurs in a controlled fashiomescribed below.

1. The relief valves on ammonia-carrying vessels can hegient after several days without
refrigeration. These losses can amount to 200 to 500 Ib/hr.

2. Large refrigerated storage tanks can vent after about 4 Wwithmit refrigeration. The
maximum vent rate can be about 750 Ib/hr per tank. Thigdrequire an extremely long
time to completely vent a tank. Backup electrical genesaare typically used to supply
electricity to the refrigeration equipment in cas@mlonged power outages (the most
probable cause of refrigeration failures).

3. The tanks on trucks and rail cars likely will vent onlynolved in a fire. In a fire, a full
truck tank would empty in about 4.5 hours, and a fullgailwould empty in about 18 hours.

Water Quality Effects

The following discussion pertains to the hazards ofisgikknhydrous ammonia during shipping
and transfer operations at a facility located on eomaship channel. The discussion uses the
ammonia (anhydrous)-specific, far-field prediction models plexvin Rajet al (1974).

Anhydrous ammonia is a cryogenic liquid (*Bat normal atmospheric pressure. It floats on

the water surface, rapidly dissolving within the wateshbmto ammonium hydroxide (N4@H),
while at the same time boiling into the atmosphergaagous ammonia (NH The partition
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ratio (the quantity of ammonia that dissolves into #eeiving water divided by the total

guantity spilled) is normally between 0.5 and 0.8 for serfaills and somewhat higher for
underwater spills. For simplicity, the partition ratio these analyses is assumed to be 0.6 for all
spills. Furthermore, all spills are considered torisaintaneous.

If the water body near the site is of a generally dineensional nature and lacks advective
currents, the spill would be distributed evenly overdiwss section of the channel. Furthermore,
it is expected that the length of channel affected bgpilewould be roughly proportional to the
length of time elapsed after the spill. If one furthesumes that the concentration is constant
longitudinally behind the advancing pollution front, thenreld concentration value can be
calculated to represent the entire contaminated prisarfiagction of increasing channel length
for a given spill quantity. These functions are plotted=igure 4-13, which assumes a constant
cross-sectional area of 10,000\ithin a ship channel and a speed of the pollution-front
advance of approximately 0.2 ft/sec (if the actual crosses®l area is larger than 10,000 ft

the resulting concentrations would be correspondinglylemd the actual water velocities were
greater than 0.2 ft/sec, the times for the indicatedeotrations to reach a specific point would
be correspondingly sooner).

In reality, a well-mixed pollutant diffuses along a oneehsional channel. It is not concentrated
evenly along the polluted channel length. The actual corat&ms are inversely proportion to
the distance from the spill poirit can be assumed that the single concentratiaresabbtained

for a given spill value and channel length (Figure 4-13) leggesent those concentration values
expected to be measured approximately midway between theapi and the limit of the
channel length affected. The actual values will be gréstarfactor of between 1 and 2 than
those shown near the spill point, and will be less tharplotted concentrations down-channel
from the midpoint.

The downstream length before complete mixing acrosshtéienel occurs can be estimated
using an equation presented by Thomann and Mueller (1987):

_ 26UB?

Lm
H

Equation 9

where: U is the stream velocity in ft/second
B is the average stream width in feet, and
H is average stream depth in feet
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Figure 4-13. Mean ammonium hydroxide concentrations in estuarine prisms for various ammonia spill
quantities.

For illustration, consider the following conditions apximating the above example:

U = 0.2 ft/sec
B =285 ft
H=235ft

In this case, the “complete mixing” length would be about 1880(0.22 mile). About half of
this distance would be needed if the discharge locatimcased at the centerline of the channel.
These are relatively short lengths for most of thissepresented in Figure 4-13, and would
occur between one and two hours after the ammonicegsed.

Air Quality Effects

The physical processes governing atmospheric dispersionlafgenquantities (over 1000 tons)
of liquid ammonia (LNH) are spilled instantaneously on or under water are athtwwderstood.
However, laboratory, swimming pool, and lake tests prosatee insight into the dispersion
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behavior. These results offer tentative models famasing potential atmospheric
concentrations from spills.

The important parameters needed for analysis of instamtes ammonia spills are the following:
- The amount of LNHreleased;
The actual ratio of LNkIthat evaporates into the atmosphere when the acdidppens
on or under the water (one minus the partition raéiog
The estimated rate of rise of the Nvapor cloud.

The partition ratio of 0.6 (from estimates developed by &al. 1974) has been applied in
estimating ambient concentrations from spills. Ra lis associates also developed a plume rise
model that seemed to agree well with observed cloud cleeigints and was considered
conservative. During the same studies, well-defined Gaud&aibutions of concentrations in

the horizontal direction were observed. ThereformysSian dispersion models (presented by
Turner 1970), using Pasquill-Gifford stability classes, amdied in the following discussion for
estimating the air quality impacts of hypothesized spitldoth land and water.

Tank Ruptures on Vessels

Expected ambient concentrations were calculated fomdissaof 0.2 to 10 miles downwind
from a hypothetical vessel accident in which an entirga of liquid ammonia (12,000 tons)
was spilled into the water instantaneously. It was aseduimat (1) the entire spill would spread
over a circular area with a radius of about 800 ft andQ2)ercent of the LNHwould evaporate
in several minutes (based on projections from &agl 1974).

Since the density of NHs only 60% of the density of air at the same tempegaind pressure,
atmospheric stability will have very little effect tme rate of rise of the NiABecause the rate of
rise of the NH is not controlled by atmospheric stability, the only vaay part of the plume can
reach the ground at a point downwind is through turbwd&mbspheric transport. Stability
classes A, B, and C are the unstable atmospheries|amsd by definition atmospheric
instability fosters turbulent action. Stability classszalled the neutral class, but it embraces
both stable and unstable conditions. For such a fast-gsiagNH), it seems doubtful that the
plume can return to the ground, even with unstable donditSince stable classes E and F have
low levels of turbulence, calculations were made onlychasses A, B, C, and D. Even with
these unstable conditions, applying the Pasquill-Gifford eguaiconsidered to be a
conservative practice, yielding an overestimation oeetgd ambient concentrations.

Downwind distances to points at which selected conatotis were calculated to occur are
summarized in Table 4-5. It should be noted that 0.2 isjlest outside the assumed spill area. It
was assumed that concentrations within the spill wmadd be at least 5000 ppm (and quickly
lethal).

The maximum durations of exposure for the various coragans will be along the dispersion
centerline in the horizontal plane at the ground arttlerdirect downwind direction. Away from
this centerline, durations of similar concentration lva shorter. These estimated, downwind
duration values are summarized in Table 4-6. The duratiensaéculated for an instantaneous
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spill and will increase if the ammonia vapor is relelaseer a longer period; however,
concentrations will be correspondingly lower.

Table 4-5. Estimated Downwind Distances of Four Con  centrations of NH 3 - Total Vessel Spill Of 12,000 Tons

Atmospheric Wind Speed Downwind Distances (miles) for:
Stability Class (mph) 50 ppm 300 ppm 1700 ppm 5000 ppm
A 5 2.0 0.7 <0.2 <0.2
B 11 4.4 1.9 0.8 0.4
C 15 1.2 0.9 0.6 0.4
25 9.0 35 1.6 1.0
D £15 <0.2 <0.2 <0.2 <0.2
25 0.6 0.5 0.4 0.3
35 11 0.9 0.7 0.5
45 2.0 1.5 1.1 0.8

Table 4-6. Estimated Durations Of Various Concentra  tions at Several Distances Directly Downwind of an
Instantaneous Total Vessel Spill

Atmospheric Wind Estimated Duration (minutes) for:
Stability Speed 350 ppm 3300 ppm 31700 ppm 35000 ppm
Class (mph)
At a distance of 0.5 mile
A 5 19 8 0 0
B 11 9 7 4 0
C 15 4 3 1 0
25 3 3 2 1
D £15 0 0 0 0
25 <1 0 0 0
35 1 1 <1 <0.5
45 1 1 <1 <0.5
At a distance of 1.0 mile
A 5 18 0 0 0
B 11 9 6 0 0
C 15 3 0 0 0
25 3 3 1 0
D £15 0 0 0 0
25 0 0 0 0
35 <1 0 0 0
45 1 <1 <1/2 0
At a distance of 5.0 miles
A 5 0 0 0 0
B 11 5 0 0 0
C 15 0 0 0 0
25 4 0 0 0
D £15 0 0 0 0
25 0 0 0 0
35 0 0 0 0
45 0 0 0 0
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The values in Tables 4-5 and 4-6 indicate that:
For atmospheric stability classes A and B, which invokly low wind speeds, ambient
concentrations at a given distance are relatively lmwexposure durations are longer.
For stability classes C and D, which generally involve highiad speeds, ambient
concentrations at a given distance are relatively lighexposure durations are
relatively short.

The ammonia cloud is not expected to touch the ground swrittaa 10 miles for stability
classes E and F, because of the small dispersioficoeets and rapid rise of the NHloud. For
all atmospheric stability classes, under certain iteganditions, ambient concentrations higher
than those calculated may occur, depending upon relativedaland distance from the spill. As
an example, a rising plume may strike the ground in @a af extreme topography or if high
buildings are nearby.

In fog or low cloud conditions, some spilled dtdould react with the water vapor, becoming
NH4OH. This reaction would cause lower ambient concdatratand longer durations than
those shown in Tables 4-5 and 4-6. In fog or a low sttugl layer, the lateral spread is
expected to be small. In cumulus clouds, there would beéegrdageral and vertical spreading.
Since an NHOH molecule is about twice as heavy as a water migleitus expected that fallout
would occur, primarily near the scene of the accident.

Other Malfunctions

Transfer Sills

Transfer spills could occur during the loading or off-iogdof a vessel, truck or rail car. When
modeling a potential spill in this category, it is assunhed the LNH from a transfer spill
would spread evenly on the land and completely evaporateeitour or, for a spill duration of
greater than one hour, for the duration of the spiflildo would be assumed that none of the
ammonia would run off into the water. The spill wouldritact as a continuous source, allowing
use of the Gaussian dispersion model for a continuons g@und-level source to predict
concentrations downwind. Other malfunctions, such asing from relief valves on vessels,
storage tanks, trucks, and rail cars, can be describe Ispthe model, with the only variation
being the rate of venting or evaporation.

The highest concentrations would be estimated for gtablliss D, as discussed previously. For
planning purposes, the calculations should be based on apaed of 10 mph because this
value represents the most turbulent conditions expeateccur in class D.

Venting Leaks

With loss of refrigeration, LNEIwill begin to boil (vaporize). As heat is absorbedirthe
surroundings, the temperature and pressure inside the tamls&viBecause of the heavy
insulation of large LNK storage tanks, about 4 hours without refrigeration cgrselbefore the
relief valves begin to vent. Even higher pressure settingglief valves on vessels means that
several days without refrigeration would be requireaditsethe internal pressure would build to
the point where venting begins. Maximum venting ratesapected to be about 200 to 500
Ib/hr for vessel tanks.
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Trucks and trains are designed to transport liquid ammoulierpressure at ambient
temperatures. A fire in or near a truck or rail car daduse relief valves to open. The rate
capacity of the relief valves is about 4.5 tons/hr BENTI'he heat from a fire, in addition to
causing the ammonia to boil, would create a strong updraftwikely would cause the
ammonia vapors to quickly rise. A fire could also incatersome of the ammonia vapors. Both
of these conditions would combine to reduce ground-levelesurations to below those pre-
dicted here.

Tank Ruptures

Trucks and trains are susceptible to accidents which coegdecmore serious hazard conditions
than venting. The worst accident situation would be onéhich the tank ruptured and
instantaneously spilled 20 tons of LAIHruck) or 80 tons of LNEI(rail car) onto the ground
without a fire. Without the additional heat from a fir® special supporting updraft would be
created, and the ammonia cloud, though rising, would stagrdioshe ground for a greater
distance downwind, especially if foggy or rainy. It tyglg is assumed that the entire cargo
would spread out to a uniform depth of about 3 inches (EPA 1€@8ves a pool depth of 1 cm
and the corresponding pool would therefore be aboutimestlarger. The total evaporation rate
would be similarly larger, but for a shorter duration).rAamia pools of 3 inches in depth are
expected to evaporate in approximately 2 hours. The evaporate would be 40 ton/hr (rall
car) and 10 tons/hr (truck). If the LNHKb contained in a smaller area, if a smaller tatadant
spills, or if the atmosphere is in a condition otthem class D and/or has higher wind speeds,
ammonia concentrations downwind are expected to be lestar$, if the pool was 1 cm deep
(as assumed by the EPA 1999 method), the ammonia would at@poabout 15 minutes. The
evaporation rate would be about 300 ton/hr (rail car) artdghr (truck), and the
corresponding downwind concentrations would be about 7.5 temger than if a 3 inch pool
was formed.

Summary of Effects on the Living Environment

Table 4-7 summarizes expected downwind distances and duratianmsnonia concentrations
for different spill conditions. The following discuesisummarizes the expected impacts on
living organisms associated with these spills.

Table 4-7. Estimated Downwind Distances of Concentr  ations of NH 3 for Various Transportation Accidents

Assumed Maximum Downwind Distance ? (miles) for:
Evaporation
Malfunction Rate (Ib/hr) 50 ppm 300 ppm | 1700 ppm | 5000 ppm | Assumed Duration
Vessel venting on loss of 500 0.05 0.05 <0.01 <0.01 Until refrigeration is re-
refrigeration established and the NHj3 is
cooled sufficiently
Truck or rail car transfer 8,000 0.33 0.10 0.03 0.02 1 hr°
line accident
Truck or rail car venting in 9,000 0.36 0.11 0.04 0.02 1hr°
a fire
Vessel transfer line 14,000 0.48 0.15 0.05 0.02 1 hr°
accident
Truck tank rupture 20,000 0.60 0.19 0.06 0.03 2h’
Rail car tank rupture 80,000 1.40 0.46 0.15 0.12 2h’°

& Assumed wind speed, 10 mph; stability class D.
® |f the durations are shorter (pool depths shallower) the concentrations will be greater; similarly, if the durations are longer, the

concentrations will be less.
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Human Population

Human physiological responses to various concentsatbammonia were presented in Table 4-
4. Depending on specific atmospheric conditions, itlmexpected that people several miles
downwind likely will have to be treated for ammonia inhialateffects for a vessel disaster.
However, no deaths are likely to occur, except possaly glose to a loss site. Durations of
exposure will increase if the ammonia vapor is released alonger period of time (not
instantaneously), but the concentrations at any giveatitin will be correspondingly lower. The
other types of accidents could generate downwind contemnissufficient to cause noticeable
odors up to 1.5 miles away. Evacuation might be reqdinedp to 0.5 miles downwind,
depending upon the type of accident. Because of ammoniaactéastic odor at relatively low
concentrations, people will likely respond by leaving aaaéd area before official warnings
are issued.

Marine and Aquatic Organisms

In the event of a spill during the loading or off-loagliof a vessel, ammonia could be leaked
directly into the water. Assuming a line draining direatlp the water, 7 tons of liquid ammonia
could be lost. With a partition ratio of 0.6, 4 tons of Ntrbuld go into solution as ammonium
hydroxide, while the remainder would vaporize into the air. fblkeity of an ammonia solution
in water is directly proportional to the concentrattdmonionized NH present. The amount of
nonionized NH is dependent on pH, temperature, and salinity. With aff40, a temperature

of 15°C, and zero salinity, the percentage of nonionized Welld be 5.7 percent. At a pH of
9.0, nonionized NElwould be 37.7 percent of the total ammonia concentraliois.information
then can be used to calculate the concentration of nazew NH; in the water, as shown in the
example below. A concentration of nonionized MNjeater than 1.25 ppm can be toxic to some
freshwater fish.

With the pH range described above, assuming complete mixthgnai channel having a 10,000
ft? cross-section, a 7-ton spill would produce toxic coaditifor fish for a distance of about 1
mile along the channel. There would be a severe fisinkiile immediate vicinity of the spill
where the concentrations of NMould be highest. It can also be assumed that plankaoric
benthic organism mortality would also occur in the vigimit the spill.

A spill of lesser magnitude could occur if the refrigematequipment on a vessel were to
develop a leak from a broken pipe or fitting. Such a lealdcrelease from 42 to 125 1b of BH
in 5 minutes. The effect of such a release probably woutibbfned to the local area. However,
the possibility of a fish kill within the immediateea is likely.

In the unlikely event that a catastrophic accident week@cur causing the release of an entire
vessel's contents, approximately 12,000 tons of bibild be released into the water. Such a
spill could ultimately cause toxic concentrations ¢f:Nhroughout a large area. The size of the
affected area would change as the contaminated watesrdovenstream. There would be
massive mortalities of fish, plankton, shellfish, atlder benthic organisms.

A long-term result of any ammonia spill would be inceshsutrophication of the receiving

waters, depending on the presence of other needed nutflibatadditional nutrient levels could
stimulate noxious blooms of algae, which would cause moatis water quality degradation.

81



Terrestrial Biology

In sufficiently high concentrations, ammonia is totddiving organisms (Miner 1969, and
Levine 1968). Large amounts of this chemical would be releasedhe environment in the
event of a large leak or spill, such as a total vesdélRpgardless of where a vessel ruptured
along an inland route, high concentrations of ammoniudndxyde would likely reach shore. If
this chemical floated into any of the wetlands bordetiegshipping route, much of the
vegetation would be killed, potentially causing destruabibimportant habitat for waterfowl,
shorebirds, and other shore species.

Waterfowl and shorebirds present in the wetlands dirtfeethe ammonium hydroxide came
into shore could be directly affected. A large numbddrimls could be killed by ingestion of the
chemical. The ammonium hydroxide could also strip protediigefrom the feathers of
waterfowl, causing the loss of the birds’ natural waggellency. In this case, birds would die
either from drowning or from infections contracted assalt of getting wet.

The ammonia which would escape into the atmosphere worndd plume with a concentration
of several thousand ppm at its center. Concentratibh00 ppm or more of ammonia would
occur for several minutes at sea level for a distahseveral miles downwind from the location
of a vessel accident or for longer periods but overallemarea if the ship leaked slowly. It is
likely that any bird or animal exposed to these high canagons of ammonia would be injured
or rapidly killed. Birds in the vicinity of the accidecwuld possibly become disoriented in their
attempts to escape the odor and might fly into the lipdmd of the plume. If the vessel broke up
near shore, animal and birds could be killed for sevailak inland.

Severe damage to vegetation would also be expected ta dbeuextent of this damage would
depend upon the resistance of individual plant species to aiamod the time of year the spill
occurred. Plant species differ in their sensitivdiyammonia (Miner 1969). It is possible that
some species may be able to withstand high concentratiidihe gas for several minutes. In the
spring or summer, a concentrated ammonia plume would lplsobaverely damage most
vegetation that it contacts. Perennial species imaheral flora would be most affected by
ammonia in the summer and early fall when they are uhgegreatest physiological stress
because of low soil moisture. Since seeds are meistart to ammonia, annual species in the
natural flora would not be greatly affected during summentirs. These species would be
hardest hit in the spring or fall.

Potential Movement and Effects Associated with Oil Spills

The following discussion is a summary of oil spill Bisés and impact reports prepared by
Woodward Clyde Consultants for numerous clients for ssiom to regulatory agencies. The
following discussions are excerpts and summaries fh@setreports and indicate how impacts
associated from oil spills can be evaluated, espediatggards to spill movement and
dispersion. The fate and effects of oil spills oa éimvironment, based on selected historical oll
spill incidents, are also described.
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Parameters Affecting Oil Spill Movement

The movements, and other characteristics, of acppétroleum hydrocarbons lost on water are
controlled by weather conditions (wint@mperature, andhinfall), ocean conditions (tides and
currents), and physical parameters of the materialshwdaald be spilled. The important
physical parameters of the various petroleum hydrocaibchsgle the following:

Specific gravity (or density);
Evaporation rate;

Boiling range;

Viscosity;

Pour point;

Emulsification ability; and
Water solubility.

Some of these factors are related. For example, Hymeation rate is dependent on weather
conditions (especially wind) and the boiling range ofrtiaerial. Similarly, the spread rate
depends on weather, viscosity, and the pour point. Eficalson is a very complex parameter
since both oil-in-water and water-in-oil emulsions bannvolved and wind and wave
conditions are usually controlling. The solubility of mo$the materials is very limited (below
0.01 g/1009). Table 4-8 gives the significant physical parametgreatest interest, along with
typical values for residual fuel oils. These values lballused in a later example.

Table 4-8. Characteristics of Typical Residual Fuel  Oils used in Example

Parameter Residual Fuel Oils
Specific Gravity (@ 60°F) 0.904 — 1.02

API Gravity (@ 60F) 7-25

Viscosity (Saybolt Universal sec @ 100F) 45 -18,000

Flash Point (F) 150 — 250

Pour Point (F)Sulfur Content (% by weight) 0.5 or less

Potential Oil Spills

Submarine Pipelines

The design and installation of modern submarine pipelinitias for marine terminals include
a number of safety features to prevent oil leakageddiitian, extensive provisions are made to
minimize the volume of oil released in the evena ¢dak, including:

Additional steel wall thickness on product transfer lines

Cathodic protection.

Somastic coatings (or coal tar wrap).

Concrete weight coating over somastic coatings t@as® stability and provide negative
buoyancy for empty lines.

Burial of lines in surf zone.

Pressure safety valves.

Submarine hoses of strength several times the operagsgypes.
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Even when these precautions are taken, there is stifidbsibility of damage to the submarine
hoses by improper handling, or to the pipeline by man-cavssdse(dropped material, i.e.,
anchor or chain, of sufficient weight to cut lineshatural occurrences. The speed of the
curtailment of oil released to the sea is dependent ugorapdity with which the ship’s or
shore pumps are stopped, the vacuum pumps started, andivdseckased. The rate at which
petroleum products or crude oil could be released would vary deygempon the extent of the
pipeline incident. The magnitude of a spill could rangenfeofew gallons (resulting from a
minor leak in the pipeline system) to many barrelsu{tesy from a major pipeline fracture). The
guantity released would also depend upon pipeline operatingtioosdt the time of the
incident,i.e., pumps on line or on standby. The potential spillage magnitoddd also vary

with the location of the pipeline incident. In submairimgtallations, the sea water (being of
higher specific gravity than fuel oil) would seal ofétbil in the sector of pipeline above
(upslope) the leak. In the sector of the line below (ddopey the leak, water would slowly enter
the pipe, displacing the crude oil or product. Potentidlssglumes for offshore spills are
categorized by the National Oil Spill Contingency Pdarfollows:

Minor Spill - a discharge of oil less than 10,000 gals (238 bbl*);

Moderate Spill a discharge of oil of 10,000 to 100,000 gals (238 to 2,380 bbl); and
Major Spill - a discharge of oil of more than 100,000 gals (2,380 bbl).

*Based on 42 gal/bbl

Pipelines are by far the most common method of trangigoetude oil and petroleum products
in the United States. The possibility of a crude oil angéiroleum product spillage could occur
at any point along submarine pipelines. An analysis bjdt@nal Petroleum Council (1972) of
spill incidents from pipeline systems in the United Stateicate that approximately 2.8
bbl/mi/yr were lost.

Tanker Operations
Tankers can contribute to oil pollution of the maringieonment through five principal sources:

Cargo tank cleaning operations;

Discharges from bilge pumping;

Hull leakage;

Spills during cargo handling operations; and
Vessel casualties.

There are three principal causes of unintentional digelsaof oil during tanker-terminal
operations, namely (1) mechanical failures, (2) desidurés, or (3) human error. Incident
reports of spills during tanker-terminal operations shat tiiman error is the predominant
cause and is the most difficult to remedy. Mechanichirés include cargo transfer hose bursts,
and piping, fittings, or flange failures, either on sh@ren the tankers. Mechanical failure could
also be due to an inherent design fault including the ipeitvility of a tanker with a given
marine terminal, i.e., improper manifold connections, inadeguaoring facilities, and
shoreside loading pumps with excess pumping capacity.
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Oil spills that occur during the loading or unloading afd® oil or petroleum products are more
often associated with leaky connections, failure to drango hoses, improper mooring,
improper valve or manifold alignment, or overfill during dirsg operations.

Prediction of the Movement of Oil Spills

The fate of an oil spill in the marine environment dependthe spreading motion of the oil and
the translation of the slick by the winds and currenthensurface waters. Both of these
mechanisms are understood well enough that oil spill mexepredictions can be made,
providing adequate input data are available. These requireébd#te oil spreading equations
include surface wind speed and direction, tidal currentskaowledge of the general circulation
of the waters of interest.

Fay (1971) developed a prediction equation for the spreadaf gslick considering gravity,
inertia, viscous and surface tension forces. This analygjmproach, coupled to experimentally
determined constants, is considered in some detail byaekeamd Brown (1973). Based on this
historic research, simplified estimates of the sprdad on water can be made using the
following equations:

A, =165 10" v¥* Equation 10

Moo = 7257 V%8 Equation 11

t:%’ vi2 Equation 12
where:Amax = maximum area of spread?ft

Fmax = maximum radius of a circular slick (ft)

t = time to reach maximum radius (minutes)

Vv = spill volume (gallons)

u = spreading coefficient (dynes/cm) (11 dynes/cm for &fuel oil

and 35 dynes/cm for waxy sweet crude)

Ichiye (see Jamest al. 1972) and Murray (1972) also considered the impact of oceanic
turbulent diffusive processes on the fate of an okkshdurray compared Fay’s approach and
turbulent diffusion theory to observations of slick gtioivom the Chevron spill of 1970 in the
Gulf of Mexico. He concluded that eddy diffusion is a maloving force which cannot be
neglected in oil slick growth. Ichiye developed a math@abmodel for oil slick expansion and
presented theoretical arguments and data comparisonthevitheory to support the need for
applying turbulent forces in the equation for determininglisppersion at sea. Ichiye also
pointed out the significance of wind speed on the spreadtegf a slick. Ichiye’s thorough
treatment of the subject added a new dimension to dd gliediction techniques and is
considered in the example analysis that follows sdbction. However, it should be pointed out
that for discontinuous spills under light wind conditiotie two models are in agreement with
each other during the time to maximum expansion, as defin€dyyl'he consideration of eddy
diffusion as a driving force becomes most importaratar times and during moderate to high
winds.
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The transport of oil in an oceanic environment depends apamber of variables. After
spreading to its maximum radius, the translation ofilsliok in most near-shore waters will be
dominated by wind forces and tidal currents. The directidheooil slick movement, as
influenced by the wind, should be taken as that of the yasdliscussed by Murray (1970)). The
speed of the wind-driven component of the slick movensegenerally considered to be about 3
percent of the wind speed. Oil slick translation is ttalsulated as the vector sum of the tidal
currents and the wind stress on the slick. In addibahe translation of the surface slick, one
must consider the possibility of the oil aging and mixingigally with the water column. This
requires knowledge of the properties of the oil in quasti@r example, crude oil in a slick can
lose its volatile fraction by evaporation in a matiehours causing a shift in oil density toward
that of sea water. Movement of neutrally buoyanglmibules in deeper waters will be influenced
by potentially complex and unknown subsurface circulgpaiterns.

Estimates of initial spill volume and a spreading equati@required to determine the spreading
radius of a hypothetical spill as a function of tiéind speed and direction, local tidal currents,
and the general circulation along the coast are requarddtermine the trajectory of the slick,
and estimates of the general circulation of the waoelly are needed to predict the fate of that
fraction of the spill which may mix downward into thetesacolumn. The following discussion
presents an example analysis of oil spill movemeaged on typical offshore oil spill losses, and
hypothetical environmental conditions.

Spill Volume and Resulting Spill Dimensions

In this example, the potential volume of oil that cdoddreleased to the environment as a result
of a break in a submarine pipeline varies from a minim@iabout 500 barrels to a maximum of
about 10,000 barrels. A hypothetical oil spill of 500 td3#&50 bbl) is assumed in this example.
This volume would be classified as a major spill.

Figures 4-14 and 4-15 describe the oil slick dimensions astadnrof time for a 500 ton spill
for various wind speeds. It should be noted that theiqgiesl elliptical area defines the envelope
in which the oil is found. At later times, and espegiathder high wind conditions, the slick will
have broken up and some fraction will have evaporatédame fraction will have mixed with
subsurface waters.

Calculation of Qil Slick Movement Under Various SeégtiVind and Current Conditions

The following example assumes an instantaneous diledf&DO tons that will grow radially
according to the theory of Ichiye. Figures 4-14 and 4-15 ats pf this spill growth. The slick
movement was determined by the vector sum of tidal astabeurrents and wind-driven
currents. Tidal currents had an assumed northerly cysegatleling the shore during rising tides
and southerly current paralleling the shore during fallingstide average speed of 0.3 knots
over a period of 4 hours for flood and ebb was used. Nodataponent is applied during
assumed 2-hour periods of slack tides. Wind-driven currents agsumed to have the same
direction as the wind and a speed of 3 percent of the spred. Figures 4-16 through 4-18 are
examples of the predicted fate of this spill occurring &tnker berth as a result of a ruptured
submarine pipeline or a tanker casualty.
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Figure 4-16. Predicted behavior of a 500 ton oil sp  ill under the influence of a 5 knot NW wind and 0.3 knot
tidal current (spill initiated at slack water befor e flooding tide).
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Figure 4-17. Predicted behavior of a 500 to oil sp ill under the influence of a 5 knot NW wind and 0.3 knot
tidal current (spill initiated at slack water befor e ebbing tide).
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e 3
and a 0.3 knot tidal current ( spill

Figure 4-18. Predicted behavior of a 500 ton oil sp  ill under calm winds
initiated at slack water before flood tide).

Analysis of the Environmental Impact of an Offshore Oil Shil

Fate of Ol

The impact of an oil spill will depend upon the volumespill, duration, type of petroleum
product, and physical factors such as wind, wave, and cuweditions under which the spill
occurs. The fate of oil in an oil spill depends oromplex interaction between the several
arbitrarily defined categories, as shown in Figure 4-19, plusst of other less well-defined
variables. Some of the lighter fractions of oil vailtaporate very rapidly (evaporation), others
are sensitive to sunlight and oxidize to innocuous or ceripounds (photo-oxidation), and still
other fractions will either dissolve (dissolutionip@sify (emulsification), or adsorb to sediment
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particles (sedimentation), depending on their physical ptiepeThe physical fate or dispersion
of oil can occur by several methods: littoral depositmhysical removal, dissolution, flushing,
elution, sedimentation, microbial oxidation, organic uptdkese are discussed in more detalil
below.

In an oil spill the relative importance of each lod tategories in the fate of an oil spill diagram
(Figure 4-19) is influenced by several physical and cherper@meters and other events,
including:

Type of petroleum product (Bunker “C”, diesel fuel, naphtra others);

Volume of spill;

Distance from shore;

Sea and weather conditions (air and water temperatureé,direction and speed, wave
height, etc.);

Oceanographic conditions (currents, tide, salinity)etc.

Shoreline and bottom topography (sand or rock beacHied, degree of exposure to
surf, etc.);

Season of year, especially with reference to bioldgictvities such as breeding,
migration patterns, feeding habits, etc.; and

Cleanup and restoration procedures.

The type of oll spilled will have a dramatic effecttbe resulting effect of the spill. Bunker “C”
fuel, for instance, although aesthetically unpleasannitially less destructive to marine life

than is the more toxic diesel fuel. Oil from a spiticurring when oceanographic and/or
meteorological conditions result in rough seas isYikelbe more widely dispersed through the
water column and along the shore by emulsificatiossalution, wind drift, etc., than one
occurring in calm seas. However, the latter can behrmare readily contained and/or picked up
by mechanical devices such as booms, oil skimmers hanke.

Composition of Petroleum

In order to consider the properties/behavior of oiljneous environments, it is necessary to
know the composition of the oil. Crude oil and severaldael oil fractions are a complex
mixture of hydrocarbon and non-hydrocarbon moleculeggrapassing a wide range of
molecular weights.

Crude oils and most of their distillation products areesxely complex mixtures of organic
chemicals with hydrocarbons being the most numerouskaniant (comprising more than 75
percent of most crude and fuel oils). Over 200 hydrocarl@hsulfur-containing organic
compounds, and 33 nitrogen-containing organic compounds are presaerde oils. In addition,
there are porphyrins, sulfur, trace metals, and resichllExl asphaltenes in many crude oils.
Crude oils and most crude oil products contain a seriasatfanes with chain lengths of carbon
atoms numbering between 1 and 60. The ratio of abundamziahain lengths to even chain
lengths is approximately 1.0. A series of branched alkaieeslso present including isoprenoid
alkanes such as pristane, farnesane, and phytane, napl{thetiesalkanes with or without side
chains), aromatic hydrocarbons (ranging from alkyl stiistil benzenes and naphthalenes to
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polynuclear aromatic structures), and naphthenoaronfaaiphthenes joined with aromatic ring
systems). Alkenes (olefins) are not usually presentudecoils but they are formed in some
refining processes and are present in some refined products.

There are three properties/behaviors of oil in seamahich are important with respect to the
impacts of oil on the marine environment. They arepexation, emulsification and, to a much
lesser degree, dissolution (solubility). Other propesigsh as density, boiling point, pour point,
viscosity, etc., are less important or manifest thérasdn the three prime properties listed. The
lighter fraction of crude and heavy fuel oil and otheatitd fractions (i.e., those of lower
molecular weight) will evaporate to the air at a @atienarily dependent on vapor pressure of the
oil. However, evaporation will be enhanced by high wiadd rough sea conditions, which favor
formation of aerosols and increased surface areaasherfand farther the oil spreads, the faster
it evaporates. Cobet and Guard (1973) found that as much ascéBtpe the Bunker C fuel lost
in the San Francisco Bay spill could have evaporaiddna8 months and, depending on
atmospheric conditions at the time, possibly even mandd have evaporated. Fuel oil,
lubricating oil, and similar components have few owatatile components and thus will not
readily evaporate. On the other hand, diesel fuel and bgh¢rf‘cutting” stocks are comprised
primarily of components which evaporate rapidly. In gelnéinea more toxic fractions are those
which evaporate fastest, leaving a less toxic, more visemgsmore dense residue in the surface
slick.

Oil-in-water and water-in-oil emulsifications do forand considerable quantities of oil may be
bound up in this manner. In general, the lighter fractwitigyo into an oil-in-water
emulsification more easily than heavier fractions butnags agitation and/or solvent-emulsifier
mixtures are usually required. As the hydrocarbon moleeu&ght increases, the emulsions
become water-in-oil. These water-in-oil emulsiomsitéo form naturally and easily, especially
with some wind and wave agitation. They are quite stabl

For a given class of hydrocarbons, dissolution (solybiiit water decreases with increasing
molecular weight (carbon number). For the varioass#s of hydrocarbons, solubility increases
in the following order: alkanes, cycloalkanes, olefars] aromatics, with corresponding
solubilities as shown below.

mg hydrocarbon/liter of water

Alkanes
ethane (@ 60
dodecane (§) 0.003
Cycloalkanes
cyclopentane (£} 156
dimethylhexane (£} 6
Olefins
propene () 200
1-octene (@ 3
Aromatics
benzene (§) 1780
isopropylbenzene (¢ 50
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Sea water solubilities are approximately 70 percent okthied for fresh water. Hydrocarbon
solutions in sea water are only temporary because dskbldrocarbons volatilize and
evaporate rather rapidly. Because there is no didierreservoir of hydrocarbons in the
atmosphere, with the exception of methane, the equitibfavors the transfer of hydrocarbons
from the liquid phase (sea water) to the gas phaseaitjcularly under turbulent conditions of
wind, current, and wave action. Even under the bestitons, relatively little oil is dispersed
by dissolution when compared to the amounts disperseddppeation, emulsification and
physical dispersion.

Effects of Oil on Marine Water Quality

The most obvious effect on water quality associated avitbil spill would be the physical
presence of floating oil slicks which would deter boateashers, divers, and others from using
the affected area. Also, oil coming ashore would be egs#ily objectionable and would
interfere with shoreline recreational activities sustp&nicking, sunbathing, beachcombing,
clam digging, and surf fishing. Depending on the specifimailerial, dissolved hydrocarbon
concentrations in the water column also could sigmtigancrease, especially for a material
containing large amounts of soluble components (as mextipreviously).

Observations by the U.S. Fish and Wildlife Service duriegSanta Barbara oil spill showed
small dissolved oxygen (DO) reductions even under thiksshs compared with associated
uncontaminated water. The largest decreases in DO wee et in the upper 30 meters under
an oil slick. These reductions were insufficient to carsgesignificant biological damage. The
resultant oxygen levels generally remained above thédewsidered by the State Water
Resources Control Board to be necessary for life (5.Q)nagyd that the affected area was rela-
tively small. Most observations of DO during oil sphiaveshown little effect of the spill on
dissolved oxygen levels in sea water-petroleum mixtures.

Typical values of BOPfor petroleum products in sea water generally range #&no 5.4 mg
BODs/mg hydrocarbon. These B@Dalues can be high, but the biological activity is geheral
limited to surface waters where oxygen levels are ramiat at high levels due to aeration and
photosynthesis. The amount of oxygen required to compleiadize one gallon of crude oil is
equivalent to the entire oxygen content of 320,000 gal of&ygea water, assuming no
replenishment from the atmosphere or photosynthetic gctimigeneral, the BOPrequirement
of oil products would be spread over several days and aetatavely large area. Both the
requirement and the effects would be concentrated in the lgyees of water.

Experimental data has shown that an oily odor is inedaii sea water at relatively low
petroleum concentrations (0.05 to 1.0 mg/L). The odor pensistis very much a function of
whether or not a slick persists. As the temperaturease® the rapidity with which the odor
disappears increases. Odor persistence can range fromdhys B the absence of a slick, to 1
to 25 days with oil films. Following th&orrey Canyorspill, fish and shellfish were tainted by
oil.
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Dispersion of Oil in the Marine Environment

Physical Dispersion

Crude oil and refined products are physically dispersed to eliffgrarts of the marine
environment by several mechanisms. The primary forcesndieiag the fate of an oil slick are
advective processes such as currents and the wind stréss glick which determine its
trajectory, and diffusive processes which are impointadetermining the growth of the slick
after the oil has stopped spreading by inertial and viscaasdddiscussed above).

Low-viscosity, high-API-gravity crude oils, and refined produgenerally break up and dissolve
or emulsify in sea water. Individual oil droplets becattached to sediment particles either by
adsorption or adherence, particularly in the intertghedllow sublittoral or surf zones, and
disperse with these suspended particles. By this mechamiidmecomes diluted and may finally
become incorporated in sediments, animals, and plantedsther hand, high-viscosity, low-
API-gravity crude oils and refined products such as Bunker U€rl' thehave like soft asphalt.
When lower molecular weight hydrocarbons evaporatissolve, the remaining portion of
these oils may become more dense than seawateménd Bis will be particularly true if they
form water-in-oil emulsions which can also then picksuppended silt particles and become
heavier than water. The sunken oil may reside on ttterban sediments as relatively inert
material or it may undergo further chemical and biolalgitegradation, converting the residues
to lighter molecular weight materials which rise he surface and repeat the original chain of
reactions until most of the oil is consumed. Somthese lighter fractions may also dissolve or
emulsify on the way back to the surface. These detseam form water-in-oil emulsions which
may sink or be cast up on the beach.

With typical on-shore winds and currents, those ibast of oil, especially of crude and fuel oll,
which are not weathered or lost (evaporation, emadditin, dissolution, sedimentation, or
organic uptake while on the water surface or in the vwatemn), are deposited in the littoral or
intertidal zone (littoral deposition) by waves and/areging tides. Diesel fuel and other light
fractions evaporate rapidly from rocky beaches, but pemetrate several inches into sand
beaches and remain there. They will work their way bad¢ke surface over a long period of
time, or work their way through the sand to come otthénshallow sublittoral zone (elution).
Crude oil and other heavsactions are deposited on the beaches in the formsph'at” or tar.
On rock beaches, this asphalt coats the rocks, weatimelt hecomes a semi-permanent
substratum. On sand beaches, the asphalt may mix witbhemome buried under several inches
of sand to form a subsurface “pavement” layer. Thisasibn was observed in both therrey
Canyonand Santa Barbara spills. In both cases the “pavérager was exposed and covered
several times during winter months.

Biological Dispersion

Hydrocarbons are not foreign to the marine environnibat; are synthesized by most, if not all,
living organisms. The conditions under which microbia@ktoccurs and the rate of
biodegradation are a function of such diverse factorBeay/pe and number of bacteria in the
given marine environment, the quantity and type of ollespithe spill concentration, water
temperature, salinity, oxygen concentration, nutriemd, . Some reported values for marine
biodegradation of oils vary from 35 to 55 percent of oxidizahlele oil degraded within 60 hr,
to between 26 and 98 percent of oil degraded by mixed cultureis \®@ days at 77°F.
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Early studies have found an abundance of oil-oxidizegidria in coastal waters and muds near
natural oil seeps. As an example, along the Califaro&st, oil-oxidizing bacteria concentrations
range from zero (none detected) to greater than 10 pditenitbf mud, with the largest
populations being found in San Pedro Bay and Long Beach Héviawobial degradation
appears to be most efficient in removing relatively tmmcentrations of oil such as thin films.
However, oil oxidizing bacteria are sensitive to taanstituents of oils such as toluene and
xylene, as well as phenol and small quantities of nitroggnaxygenated, and/or organic sulfur
compounds. Therefore, the concentration and composifioi in a given area affects both the
overall biodegradability and the rate of microbial activity

Many oleophilic microbes become nutrient limited, itbey use up all of the nitrogen or
phosphorus or both, which are essential for maintainfegiiid growth. Both sea water and
petroleum have low concentrations of nitrates and phosph@nce the nitrates and phosphates
are depleted, or at least reach very low levels, ticeainé populations will be reduced in species
diversity and abundance even though a considerable quaihtilyremains. Recent oil spill
cleanup activities have therefore included adding substamiaunts of nutrients to affected
areas to encourage natural microbial oxidation of resmilsal

Effects of Oil on Marine Ecosystems

The effect of petroleum products ranging from gasolingrtide oil on one or more components
of marine ecosystems has been the topic of numeroysosya, scientific papers, formal and
informal lectures, and newspaper articles. Ecologitetes are presently receiving close
attention by industrial and academic groups under the ausgites American Petroleum
Institute (API), Environmental Protection Agency (EP&)d other industrial, private, state, and
Federal agencies. A review of the literature and intexviith these several sources indicate
that three kinds of effects (and the resultant bi@sponses) exist. These effects are arbitrarily
divided into three categories.

FIRST ORDER EFFECTS include the direct effect of detnm products on the biota. These
effects may be toxic physically (such as suffocationphysiologically (such as internal dis-
turbances following ingestion). All of these may resulimmediate mortality, torpidity, or poor
health. These are generally short-term effects winscially affect all species to some degree and
show up within hours or days.

SECOND ORDER EFFECTS include changes in populationsobf g@ecies with respect to
size-frequency and age structure, productivity, standing crpmdective abilities, etc. These
are generally intermediate-term effects which shownupaeks, months, and for some
long-lived species, years.

THIRD ORDER EFFECTS include changes at the communigcosystem level with respect to
relationships within or between trophic levels, specmsposition and/or abundance, and other
aspects of community dynamics. These changes aretbéensult of subtle, sub-lethal effects
which may not show up for months or years.
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First order effects have been documented in some detaleral instances. Second and third
order effects are generally less well documented, eXaeptfew large spills such d®rrey
Canyon Tampico Mary West Falmouth, and Santa Barbara. Even in thess,cée data
interpretation may be open to criticism.

Clearly, there are significant impacts on the maeinegronment from most oil spills. This

impact may vary from an aesthetic problem of severad’dayration resulting from visible oil
slicks and beaches contaminated with oil, to a sevéef knarine organisms and water fowl,
and severe disruption of commercial and recreationaditées. Long-term effects might occur

for several years before ecosystem recovery. Thiensgy even bring about a permanent change
in the ecosystem as evidenced by new and different spgdlesa and fauna becoming

dominant in terms of space or ecological importance.

The severity of both short-term and long-term efféx{sredicated on certain conditions. The
following generally increase the severity of an oillsp

1. A massive oil spill relative to the size of the recgg and affected area.

2. A spill of primarily refined oil.

3. The spill being confined naturally or artificially to anited area of relatively shallow water
for a prolonged period.

The presence of sea bird and/or mammal rookeries irffdeted area.

The absence of oil-oxidizing bacteria in the marine emrent.

The presence of other pollutants, such as industrihhamicipal wastes in the affected area.
The application of detergents and/or dispersants asfdue cleaning action.

No ok

Biological Effects of Recorded Spills

The general aspects of some recent major oil spdlpreesented in Table 4-9. Of these spills,
only four have shown extensive kill of much of the ar@aatine life. Three of these, West
Falmouth, théfampico Maruincident off Baja California, and the Wake Island sghiared the
common factor of a large amount of product being diggthto a small, partially enclosed body
of water. TheTorrey Canyorspill occurred in open waters. In most other spill gsdorganism
kill was most common in the intertidal zone. A brielscription of several major historical spills
follows.

Table 4-9. Summary of Recorded Historical Major Oil  Spills

Quantity Detergents Time to

Spill Date Spilled Product Used in Recovery
(1000 gal) Tvpe Cleanup (General Estimate)

Louisiana 1956 Crude No several months
Tampico Maru 1957 2,500 Diesel fuel (#2 fuel oil) No 1-10years
Fawley, England 1960 52 Fuel QOil Yes > 2 years
Torrey Canyon 1967 29,400 Crude Yes > 2 years
Milford Haven 1968 70 - 150 Crude Yes Several months
Santa Barbara 1969 4,200 Crude Yes Several months
West Falmouth 1969 175 Diesel fuel (#2 fuel oil) No <2 years
Tampa Bay 1970 10 Bunker "C" Yes Days to weeks
Nova Scotia 1970 3,800 Bunker "C" No Months to years
Platform Charlie, LA 1970 42° Crude Yes Days
Wake Island 1970 6,000 Bunker "C"” -- --
San Francisco 1971 840 Bunker "C" No 10 months +

®Daily discharge estimated to be 42,000 gal for a three-week period.
PAlso included aviation gasoline and jet fuel, aviation turbine fuel and diesel oil.
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Unfortunately, there have been numerous other majepdi$ in the last 30 years, notably the
March 1989 Exxon Valdez oil spill when the tanker ran agicama reef, spilling 258,000
barrels of crude oil into Alaska’s Prince William Sound.

Louisiana Spill On November 17, 1956, an oil well caught fire and spilletboa period of
about two weeks into the marshes of Louisiana. Althohglotiginal slick covered over 50
square miles, by December the oil had disappeared frosutfaece except for a light film within
Barataria Bay. There was still considerable oil aldregghoreline of the Freeport Sulfur Canal.
As late as February 5, 1957, oil could still be stirredhftbe bottom of areas such as Billet Bay,
indicating that considerable oil still covered the bott There was no way to determine how
much oil escaped from the well. All light fractionkdly burned when the well was on fire, and
much more evaporated. Thus, most of the lost oil wi#gmlly “weathered.” The exception
was the oil lost in the short period (several houitgy ahe fire was extinguished and during
which the oil flowed unhindered.

Examination of the impact of the spilled oil on oysteras of prime concern. Data from polluted
and nonpolluted areas clearly showed that contact witbracan extended period had no effect
as far as the survival and grovathoysters was concerned. Mortalities of oysterthe area were
primarily associated with the incidence of infectidradungus disease typical of Louisiana and
were not related to the distance from the well. Gikte in the oyster meats could not be
identified after two months.

A cursory examination of the organisms associated wiskeo reefs showed that control and
experimental stations did not differ significantly. N@&l reproduction and growth of populations
took place during the entire period of study. The oystemhskelves spawned normally, and
heavy sets of young oysters occurred at some experins¢atians. Normal reproduction and
growth of populations took place during the entire perioduafystThe oysters themselves
spawned normally, and heavy sets of young oysters occatrgsune experimental stations.
These young oysters grew rapidly with relatively loartality, while at the same time large
numbers of older oysters died of an epidemic diseasmbplpunrelated to the spill. Growth of
the surviving oysters was excellent, as was their comdifibus, survival, reproduction, growth,
and size of oyster meats were not affected by the oil.

Tampico MaruSpill. During the spring of 1957, the oil tankKeampico Maruwent aground off

the coast of Baja California. The ship formed a breagmatross a small cove while 60,000 bbl
of diesel fuel began leaking from its hull. Damage toltethic fauna and flora of the cove was
extensive, and the shore was littered with dead and dyingadmiA month after the accident, a
thick viscous sludge of water, oil, and small particlesecest most of the bottom of the cove and
the tide pools. The sea plants did not seem to beiasislg damaged as the animals. Many
plants remained attached and living, although some det@imraas noted. Few animal species
survived. Among those that did were the small gastrapttdyina planaxis and large green
anemonesAnthopleura xanthogrammica
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By summer, three months after the spill, the cove hégappear fresh and clean; eight months
after, no oil was observed, though small quantities naa Ipersisted. Motile animals, such as
large fish, sea lions, and lobsters were seen. Snaaitf@anisms, such as bryozoans, began to
colonize the barren zones. By far the greatest chang¢heappearance of a dense and
luxurious growth of seaweed.

The No. 2 fuel oil was confined to a small cove by thetosof the tanker. This, in turn,
reduced the oxygenation of the waters from the breakingsyaesulting in a massive Kkill
among both the fauna and flora. Oil was the primaryfaz@using the destruction of the
organisms. Seaweeds appeared to be more tolerant thamrtieds. Most of the plant species
re-established themselves within a few months, but theasipecies reappeared more
gradually over a period of 7 years. Seven years aftentfsghopulations of certain organisms
such as grazing sea urchins, abalones, and filter-feedirgetauwere still considerably reduced,
and some species present before the shipwreck haveemoséen since. Several organisms
which are believed to be very tolerant of oil pollutioaresobserved after the spill.

Fawley (England) SpillThe effects of this 1960 spill of fuel oil were seercommon intertidal
organisms, such as the polychaete wo@imsforma tentaculataandCirratulus cirratus but it
was not certain that fuel oil alone was responsimerfortality. Where oil dispersants were
employed, studies indicated a sharp decline in adult nienbaio years after the spill, the
numbers of adults d@irriforma tentaculatahad still not recovered.

Torrey CanyorSpill. The biological effects of th€orrey Canyorspill can be divided into two
main categories: (1) those caused by, or directly retatetie crude oll itself and (2) those
related to the cleanup procedures, especially the apphaait detergents. It was recognized

from the onset of th&orrey Canoroperations that oil, although it killed several thoussewl

birds, was a pollutant mainly destructive to the amendafeshores and beaches, whereas
detergents, on the other hand, were known to be destrtwtife. Assessment of the biologic
damage and recovery in the affected areas was examinegiird to either the presence of crude
oil or the presence of crude oil in combination with deteigePhytoplankton surveys of the
channel areas, when compared with past surveys, cahtzangples having plant populations of
the type normally found in a channel in early spring. Bbtitoms and dinoflagellates appeared
to be healthy at all stations. The overall resultatéi surveys showed that there were deaths
among the smallest flagellates, often after a periazhtyf a few days, in all samples taken from
areas of thin or thick oil cover, whereas there wereleaths at stations in uncontaminated water.
This indicated that these small flagellates were sgad very low concentrations of toxic
substances.

Other phytoplankton, such as diatoms and dinoflagellapgseared to be little affected. Further,
most of the colorless dinoflagellates were unaffecaed, some of those studied in laboratory
cultures grew better in oily sea water than in unaontated water. Zooplankton, mainly
copepod crustaceans, appeared to be of normal abundaded, seemed healthy when
examined immediately after they were captured. Fishagpeared to be healthy. Some oil was
found by divers and fishermen on the sea floor, buethare no external signs of oil
contamination on the fish and only a few visible tramfesil within the gut.
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Along the rocky shore, heavy oil alone rarely seemdwate any ill effects during the first few
days. In some cases, such as Cape Cornwall, moribunddinvpee observed under the oil. It is
possible that they had been smothered by thick coatingk of that the oil which enveloped
them contained the detergent sprayed at sea. The surivimalssels under heavy oil was seen at
Booby's Bay in the first few days of pollution. In thesance of heavy detergent treatments,
these mussels survived. Furthermore, at Portreath, mwgsed found alive and behaving
normally, even in pools which had an oil film.

In the Hayle Estuary, oil contamination occurred ond&t8 — 29. 1967. No detergents were
used within the estuary. When examined on April 10, thewatm fauna of the sandy flats
seemed unharmed. Although the black oily rim was still \esdsl the vertical walls around the
estuary and harbor in mid-August, weathering had reducedsid=rably. In places, an orange
lichen Xanthoriawas growing through the oil. Perennial salt marsh plamiisgrasses had grown
through the oily layer and were spreading over the siltee. The normal drift-line fauna of
small amphipods and wood lice were common under stoheseTare good examples of
recovery by natural means in the absence of the use/afedergent.

Milford Haven Spill Crude oil was spilled in Milford Haven along the shat Hazel Beach on
November 1, 1968. No evidence of biological damage was obsezi@e lcleaning operations
commenced, although the rock area was covered withlakilasick film of crude oil. Mollusks
were attached to rocks and were apparently healthy. Hatiotlvese observations, the shore was
washed twice with an emulsifier applied with a wagér The most obvious change was the
growth of seaweeds in the mid-shore during March, July Aaiggdist. By late September, these
plants were about 6-in. long, forming a patchy cover orstioee. Following cleaning (three
weeks after the initial spill), the gastropods showeatsicerable decrease in numbers, but when
the next survey was made on January 23, the populationrigatlyleecovered its previous
abundance. In Milford Haven, it is difficult to distinghi between the effects of small, chronic
spills and large, rare spills.

Santa Barbara SpilDil released from the offshore well in the SantabBea Channel eventually
affected most of the mainland beaches in the chanded@me areas of the Channel Islands.
Slicks initially covered large areas of the channel anded to accumulate on the beaches in the
upper littoral zone. Phytoplankton studies in the SanthaBarChannel showed no conclusive
evidence of any major effect which could be directlyilaited to the spilled oil. These studies
were based on 11 stations which were resampled 12 timmasl#69 to 1970. The data showed
higher productivity occurring inshore, seasonal variatinngoductivity, and the presence of a
phytoplankton bloom in August 1969. No low productivity valuesltiegufrom the presence of
oil on the surface of the water were found. There aveeduction in the reproduction in
Pollicipes polymerusa barnacle. The breedingMytilus californianus a mussel, was probably
reduced as a result of oil pollution.

The major damage to the marine invertebrates followiadSémta Barbara spill resulted
principally from the oil-removal operations along theimtand shore. The steam cleaning of
rocks to remove the oil killed all sessile invertebsateat were attached to them. Further,
cleaning the beaches with skip loaders to remove thestwdyv and debris undoubtedly took its
toll on some of the invertebrates inhabiting those besch
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No permanent damage to marine plants was observed bgr@aiDepartment of Fish and
Game divers during repeated surveys in 1969. On Santa Cnod, Igle alga¢iespherophycus
harveyanusoriginally heavily coated by oil in February, was clégmugust. In addition,
numerous young plants were found to be present. The sssRjrgllospadix torreyiwas

heavily coated by oil and suffered high mortalities batlieds had come back by the time of the
later surveys. Most of the other plants and algae sadvew the islands and the mainland
appeared relatively unaffected by the oil pollution.

California Department of Fish and Game trawls obtained7Dfishes representing 59 species.
They failed to show damage directly related to oil palubr starvation. U.S. Bureau of
Commercial Fisheries personnel found no gross evidendeaaf or deformed larvae of fish eggs
nor gross changes in the composition of the ichthyoplanktthe channel during February
1969.

West Falmouth Oil SpillThe West Falmouth oil spill of September 16, 1969, involiNog 2
diesel fuel, has been investigated by scientists at thed#/Hole Oceanographic Institute. These
controversial studies indicated that a massive kitlesfthic invertebrates occurred even before
the application of detergents. In addition, wherever dilevas detected in the sediments, there
was a reported Kill. In areas containing the most oilkithevas almost complete. The reports
state that the kill was caused directly or indirectijthusy fuel oil. Affected areas were said to not
be repopulated 9 months after the spill, resulting in hesr®eing eroded because of decreased
stability following the kill. Up to two years after tisgill, fuel oil is still detectable in the
sediments.

Nova Scotia SpillFive months (i.e., July, 1970) after the destructiothefoil tankelS.S. Arrow
carrying Bunker C fuel oil, the marine fauna and florl@Wwehe tide levels were healthy, and
fishing and lobstering were normal. Background levels of loattmns from the spill had
decreased significantly by January 1971. As expected, thiidateone was the most severely
affected, but only where oiling was exceptionally heavy.eatimated 25 percent of the clams
(Mya arenarig were killed in the early part of the season. Algaenarily Fucus spiralis was
oiled and became more easily torn loose in stormserQipecies appear to have been little
affected. Salt marsh cord graSpértina alterniflorg suffered high mortality. The lobster season
had gotten underway on schedule in early May and ttstddowere in hibernation when the oil
was spilled, which helped to protect them. Other subtidgmsms appear not to have suffered.
Zooplankton in early March were normal. Copepods werergbd with oil in their digestive
tracts, which generally passed through unaltered and wittawat to the animal. Local fisheries
were found to be unaffected in the following season.

Gulf Coast SpillOn February 10, 1970, a blowout fire occurred on offshordoiPta 2 in Main
Pass Block 41 field, 11 miles east of the Mississippi Rid&ta. The fire burned until March 10
when it was extinguished by explosives. Over the negetiveek period, crude oil escaped at an
estimated rate of 1000 bbl/day before the last well was dagpkecame onshore only briefly at
Breton Island. Investigations revealed no apparent daragarine organisms. The benthic
community consisted of large numbers of species and shoovetasurable effect from the
discharged oil. Numerous samples showed large numbspeoies of fish and normal size and
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numbers of shrimp. The shrimp data indicated a normabdejtive cycle, with no effect of oil
on reproduction and juvenile stages. The normal attachofi@ysters just following the spill
further indicated no effect of oil on oyster reproduetor ,juvenile stages.

Wake Island SpillThe Wake Island spill resulted in an estimated kill of 26Q@f inshore reef
fishes plus an unknown number of invertebrates and a#erThere was no evidence of
damage to sea birds.

San Francisco Spillhe discharge of 20,000 bbl of Bunker C oil near the Goliate Bridge in
San Francisco Bay in January 1971 caused extensive gevalrthe intertidal zones within
portions of the bay and seaward as far north as Badinddo a lesser extent south of Half Moon
Bay.

An investigation on the effect of the spill on DuxburyeRe marine reserve, indicated that
heavy oil deposits on the reef area caused kills by srathcertain species such as acorn
barnacles and limpets. The same effects were noteausalito. Marine snails suffered less
mortality than did the sessile barnacles and othems@geanimals. The normally large
population of striped shore crali®achygrapsus crassipesas missing from the rocky crevices.
The condition of Duxbury Reef in December 1971 was orappérent good health; the
recruitment of some marine animals appeared to be appngaubtimal levels and the oil had
disappeared from much of the reef surfaces and was lmhseBrnible in the most heavily
deluged areas.

Summary of Documented Spills

The following is a summary of the effects of the st oil spills, and is based on field
investigations. The results of the different studiesmofi@ve quite varied conclusions (likely due
to a combination of factors including spill and materialrabgeristics, and environmental
conditions, plus differences in the experimental des@nd sampling procedures), but the
following is a list of generally accepted conclusionscawning the effects of oil spills.

1. The principal damage from oil spills is to birds. Tikerature is remarkably unanimous on
this point. The data are conclusive and can be takeouwtiteservation. While no bird
damage has resulted from some spills, it is believedhisaresulted from accidental
circumstances, and the danger to birds is present whexrepdi occurs.

2. The effects in the intertidal zones, beaches, marstm@ rocky shores are sometimes of
significant severity. The intertidal zone is subjecheavy concentrations of oil, and damage
may be expected if concentrations reach a criteadll Usually the damage to biotic
communities from the oil itself is quite small evehem heavy concentrations reach the
shore. Humans are among the most affected when bearehesde uninhabitable.

3. Little documentation has shown any significant damageatane bottom communities in
deep or shallow water. There appears to be an inteabeeztine between the intertidal area
and “deep” water in which some relatively small damagmics under adverse circumstances
(such as heavy wave action in surf zones).
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4. Damage to fisheries appears to be confined to thosewases animals (such as the mussel
Mytilus, oysters, or clams) live in intertidal zones. Any figh@nimal can become tainted
with oily taste and smell. Considerable losses torttlastry may occur when such
contamination affects any significant part of the poporest

5. Recovery from damage caused by oil spills is usually rapidlcomplete so far as the marine
communities are concerned, and in some cases theseutitiesimay be stimulated to
higher productivity by the process.

6. No significant damage to plankton has been observed spidig.

Use of Models to Predict Areas of Significant EnvironmentaHealth, Public Safety, and
Social Impacts Associated with Transportation Accidents Invaling Hazardous Materials
The procedures and examples in this section have illadtia@rious modeling techniques that
can be used to predict areas of possible impact associgeldazardous material accidents. It
has been possible for many years to identify the possibkes that should be used as buffer
zones near locations that may have serious acciddmse procedures have been used to locate
transfer facilities and chemical manufactures awamfsensitive receptors, especially schools
and hospitals. When addressing highway and railroad systemsyer, it is much more difficult
to separate these areas because of their naturajpcésgmity to high density urban areas, and
the inability to precisely predict the likely locationsazicidents. In addition, cities cannot
restrict the legal shipments of these materials tiear communities. The material presented in
this section is therefore most useful for planning purpasddor training local emergency
response responders, for locating sensitive receptdns icoimmunity, and for selecting local
routes of hazardous materials. It can also be usedttr peedict the possible long-term effects
that potential accidents that occur on nearby tranapamtcorridors may have on their
community.

An associated UTCA project (Panwhat al. 2000) illustrated how this information can be used
for the optimization of local hazardous material tpamgation routes within a community. The
project developed and prepared a simple demonstration ofgaagdic information system

(GIS) based hazardous waste transport system. Thisrsybke Hazardous Waste Transportation
System (HWTYS) is intended to reduce the impact of potantaents regarding hazardous
waste shipments through an urban area by optimizingdhspgortation routes. The methodology
used a probabilistic risk assessment framework which ifak@sccount the probability of
accidents for each road segment and the consequenceaadident as route selection
parameters. The facilities most vulnerable to the ahpaaccidents (which should be avoided),
such as schools, hospitals, and day care centerspselered. The demonstrated model can
utilize the accident rates for each road segmenttanbbtations of these vulnerable facilities.
Vulnerability of the facilities is calculated as an@tion of the distance of the facilities from the
transportation routes and the population of the vulnertgility. A route is then selected to
minimize the potential impacts by routing the hazardowgenvshipments away from these
vulnerable areas.

In the demonstration phase of their project, Panwgtaal. (2000) used ArcView GIS to store
roadway data and other socio-economic information fiierd®n county, Alabama, identifying
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sensitive locations as well as to integrate them andlajethe safest route. The routing analysis
uses a combination of roadway length, length of timeainsit, population exposure and
proximity to sensitive areas, such as schools, day eaters, retirement homes, and hospitals. It
also considers the timing of the day for the specifdifees as the exposure greatly varies with
time. For example, most of the schools will be ghkst risk during 7:00 am to 3:00 pm,
whereas at off-peak hours and holidays, the risk assdomith these facilities will be minimal.

GIS was used in the HWTS to calculate risk valuesfaoadway segments. Figure 4-20 shows
buffer areas around the various schools. The shooat intersected numerous school zones of
influence, with potential serious consequences in cdsexcments. Using the combined
roadway distance and risk scores, a new route wasogeeethat minimized potential impact
associated for a hazardous waste shipment. This newvigostiown in Figure 4-20. The shortest
path had a distance of 10.5 miles compared to the showmizau impact route of 11.7 miles.
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Figure 4-20. Best route minimizing intersections wi  th critical zones around schools (Panwhar, et al. 2000).

The demonstration program can be extended to include ah@etr8ocio-economic
characteristics desired by the community, including digmtiures to avoid during the routing of
hazardous materials (including the general population) nidst important expansion of this
transportation system would be the incorporation debgiredictions of possible community
impacts using the procedures presented in this report section.
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Section 5. Community Impacts of Major Transportation Accidcents Involving
Hazardous Materials

Major transportation accidents involving hazardous mates@isproduce profound economic,
social and psychological impacts in affected communifieese impacts can be both
widespread and long lasting. This section discusses thegoiy impacts of hazardous-
materials transportation accidents. As in previous ptsis report, the section begins with a
brief illustrative case study. The case study examanikse 1999 pipeline explosion in
Bellingham, Washington that killed a man and two childrenteattia profound effect on the
community. Following the discussion of the Bellinghame;dahe section continues with a more
general review of the economic, social, and psychaddgitfects of hazardous materials
transportation accidents. Here, current scientifieaesh is reviewed, examples are provided,
and implications are considered.

Case Study: Pipeline Explosion, Bellingham, Washington, Jund, 1999

Accident Description

Olympic Pipe Line Company owns and operates a 400-mile sydtpipes that carry gasoline,
diesel and aviation fuel from several refineries tasigethe Puget Sound area of Washington
State. This series of pipelines, some sections of wanel85 years old, supplies all the aviation
fuel used at the Seattle-Tacoma International Aicpidre pipe that ruptured was a 16-inch
flexible, high-strength steel pipe. It was designed to watits external loads of soil, rail and car
traffic, and the pressure of the fuels flowing within. at operating pressures for this pipe
were between 1000 and 1400 psi. In the area of the ruptureétegkipe was buried eight feet
underground.

On June 10, 1999, at 3:18 p.m., Olympic Pipe Line operattine &enton, WA, control room
began switching the operation to supply fuel to a new custdrhely had difficulty starting one
of the pumps, and the computers that control a serieshads and pumps began malfunctioning.
At 3:24 pm, one of the computers crashed. At 3:28 p.m., tlaipacomputer system started up
at the same time that a valve in the line closed.qthek closing of the valve caused a pressure
surge of up to seven times the normal operating pressgceliack up the pipe. According to
initial reports, due to the extreme pressure, a 27-inch@ashred at a weakened spot in the
line. (Later reports in thBellingham Heraldon October 2, 1999 stated that a simulation of the
line indicated that the pressure in the line at the tiftbe rupture may not have been above
normal operating pressures).

The rupture occurred near Whatcom Creek, close to tag Water treatment plant. The
computer malfunction also caused the pumps at the $téwe pipeline to shut off, thus
preventing fuel from continuing to enter the pipeline. @f's were unaware of the break and
so at 3:46 p.m., they restarted the pumps, sending foethatbroken line. At 4:29 p.m., a leak
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alarm sounded in the control room. In the meantimdirgélam residents, starting at 4:24 p.m.,
called the fire department to report the strong odgasbline. At 4:31 p.m., the operators
started another pump, sending additional fuel into the Ahd:32 p.m., the pumps shut down
automatically, another alarm sounded, and operators bégangcoff the pipe The Seattle
Times June 11, 1999, June 3, 2000b). At 5:02 p.m., the massive feoged {he Seattle
Times June 12, 1999, June 24, 1999, June 3, 2000b). About 280,000 gallons iokgasod
pumped into Park Creek and Whatcom Creek during this spill.

Shortly before the explosion, the Bellingham Firgp®@ment began responding to the calls
regarding the strong gasoline odor. When they approabkqubrk, the firemen saw the fumes
rising from the creek. According to firefighter Ryan ¥®encher, “the creek had turned yellow, a
‘river of gasoline™ (The Seattle Timegune 13, 1999a). The firefighters immediately began
closing off the streets and evacuating the surrounding legghbors also began to alert others.
When the gasoline exploded, the fireball reached 30,000nteethie air and “the fire raced half
a mile down the creek until it ran out of fuel.” Thetlest part of the fire burned itself out in an
hour but hotspots remained for another 48 hours. Accordidgtcom County'’s fire chief
Gary Crawford, “You can tell how hot it got. It singed thlls behind it. We had some 2,000-
degree heathe Seattle Timedune 11, 1999). Bellingham'’s Fire Captain Bill Boyd said the
day after the incident, “It was ugly. I've never seenthimg like it. It was like Mount St.
Helen’s” Bellingham Herald June 11, 1999).

The initial investigation reported that the leak occurrétiva mile of where a 1996 test
discovered the pipeline wall was thinner than normal biltinvspecification. The cause of the
pipe weakening was reported to be external damage frortractien at the water-treatment
plant (The Seattle Timegune 11, 1999, June 24, 1999, July 1, 1999). According to the National
Transportation Safety Board (NTSB) review, the ruptuioed on the pipeline at a location
where water lines (as part of an improvement projettteatvater treatment plant) were installed
above and below the pipeline in 1994 and 1995. In 1996, approximateilyears after the
construction, Olympic Pipe Line had inspected the line usegrenic devices (“smart pigs”
that test the wall thickness) and found anomalies (t&rswb-critical’). Based on a review of the
data from the “smart pigs,” Olympic determined that thenzadies did not warrant additional
investigation, which would have necessitated excavatingifiee(The Seattle Time©ctober

27, 1999).

Three people were killed as a result of the fire aqdosion. Two ten-year old boys, Wade King
and Stephen Tsiorvas, were playing along the creek vptasgtic fire-starter and ignited the
gasoline in the creek. They were burned over 90% of oeiles and died the next morning at
the hospital as a result of their injuries. An eightgear old fisherman, Liam Wood, suffocated
from the gasoline fumed e Seattle Timedune 11, 1999, June 13, 1999b, June 24, 1999).

Impacts of the Bellingham Pipeline Explosion

The immediate impact was on the families of the libgs were killed. “I held his feet, because
those were the only things that were really him any mor&on’t know if he heard me tell him
how much I loved him.” Katherine Dalen was speakingarsfdon Stephen Tsiorvas. “You worry
about cuts and insect stings. You don’t worry about themairning them to deathThe

Seattle TimesJuly 28, 1999). Firefighters called Wade King and Stephervies “unwitting
heroes,” for if the blast had not happened where it didfahd gasoline had traveled further
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downstream, the loss of life and property would have bggnificantly greater.” According to
one Bellingham firefighter, the fire department foundytily explosive bubbles of gasoline
fumes in the sewer system that could have blown upitlyie entire sewer systemThe Seattle
Times June 13, 1999b).

In the days following the explosion, the community intpdicame apparent. City leaders called
the accident “the most devastating thing we've ever had hapgéis community. This has
shaken the community’s sense of security to the cdieé Seattle Timesune 17, 1999). In an
attempt to control public curiosity about the explosit@ and fire, the city of Bellingham
arranged public tours of the area on the Saturday follpwhe explosionThe Seattle Times

July 1, 1999). Reaction among the evacuees to the mtalgency response to the incident was
mixed. Evacuation notification was called ‘haphazardd eesidents accused officials of taking
“an hour to broadcast a warning on the emergency broasisisin. People were left wondering
whether their health was threatened by the thick cldidbok smoke” The Seattle Timedune

13, 1999b). Residents have talked among themselves abdungdetck to normal,’” but normal
was different. Before the disaster, few residents &nemw about the pipeline, but now they
knew where it was located (a hundred yards from the mgiHeol) and what was in The

Seattle TimesJune 13, 1999a, June 17, 1999).

The families of the two ten-year old boys killed e tblast filed lawsuits against Olympic Pipe
Line, and against one of its partners, Equilon, for bothpensatory and punitive damages for
the loss of their children as well as for the pain suiflering. This experience was especially
traumatic because the two boys did not die immediatetya blaze, instead they were found and
rescued by an older brother of one of the two boys. Te ta family of Liam Woods, the
fisherman who drowned when overcome by the fumesndiafiled suit against the companies
(The Seattle Timeduly 28, 1999, September 25, 1999). This accident has aldtedeis a
federal criminal investigation relating to whether “Olymmet its requirement to closely
monitor the construction work [by the City of Bellirgh], given that such activity is the leading
cause of pipeline ruptures. Also under examination is th@gaoy's decision not to inspect the
anomaly firsthand after remote sensors discoverddiité Seattle Time®ecember 9, 1999).

Since the accident, the civil and potential criminal ingasions have often conflicted, and these
conflicts have delayed a sense of closure for the isniBecause of the potential criminal case,
several Olympic Pipe Line employees, when questioned dhewaiccident in regards to the civil
case, invoked their Fifth Amendment rights. Other delaythe civil case have included the
delay of destructive testing of the 20-foot segment of reptpipe because of the potential for
compromising the criminal defense. In order to not incrimihateself in a criminal case
(including the potential federal inquiry), the presidenDbfmpic Pipe Line requested a one-year
delay, to December 2000, in responding to the families lamisuit. Other Olympic employees
have also requested delays in responding to attorneys’ queesdiod immunity from criminal
prosecution has been proposed for some employees eigoon duty the day of the explosion
(The Seattle Time®ecember 4, 1999).

Olympic accused and later sued a local construction finm wstalled the water lines near the
pipeline. They accused the firm of fatally damaginggipeline and failing to notify Olympic of
the damage when it occurred. This has led to the logadpaper airing the accusations between
the two companies. The construction firm said that théyot damage the pipe and that the
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faulty valve and resulting pressure wave caused the ru@iym@pic contends that the pipeline
would not have ruptured had the pipe been intact/undamagech §Mbstioned about their
availability during the construction in 1994 and 1995, the Olyrapakesperson said that a
company representative was on-site during the work, buttiég were not present when the
damage occurred or when the pipes were covered. Hovemgerding to the president of the
construction firm, “They [Olympic] are clearly liableder the law. They are a large
corporation, and | can’'t believe they are blaming thegligence on us and trying to ruin our
reputation” The Seattle Time&ebruary 11, 2000).

Residents near the pipeline have also been affectedréSident commented several days after
the explosion that “the park was a quiet sanctuarygsidents across the region, including her
own family. But innocent sounds now jar her emotiondilyhenever | hear a jet go over, it's
like thunder and feels like the explosions. My nervesrattled. Some nights I've woken up and
it smells like smoke. It's definitely on my mind a l6t&nother person, whose home is near the
pipeline, but not near the area where the pipe rupturetdisd “now he wonders just how old
the pipeline is and whether the earth piled on top opipeline from new construction projects
... could become a problemBéllingham HeraldJune 16, 1999). According to Dr. Frank James
of Bellingham, he has treated “a Vietnam veteran wiie\ed his home had been napalmed, a
young child whose sleep is still disturbed by the visioa btige black cloud, and a boy who
found the body of Liam Wood, the 18-year-old fishermas'Dr. James said at a public
meeting of the state’s pipeline safety task force (foraféer the accident), “They will not be the
same again. It comes as a shock to me how much suffernmgns in this community because of
this.” At the same hearing, Wade King’s father said “regglenust maintain a ‘controlled,
reasonable, logical anger’ to prevent a recurreridewever, not all residents were as greatly
affected as those seen by Dr. James. One resident defisedaipeline with the following
statement “When you take the amount of years (the pg)etias been going through this area,
it's been quite well taken care ofTlfe Seattle Timedovember 17, 1999). This public debate
over whether the pipeline and the company are ‘good’ @’ fas put additional stress on the
community.

There have been economic impacts on the communietsSeveral residents along the
pipeline found that their houses were now valued at tessthey were before the accident. One
man seeking a loan for improvements to his home foumddlue of that loan lowered by half.
Another family watched as their house sold for $8,500tkess expected. Area real estate agents
were waiting for the year 2000 tax assessments to deketime extent of the lowered housing
values. “Under state and federal law, appraisers mustathterse environmental conditions
present in the improvements on the site or in theadiate vicinity of the subject property.” As

a result of this disaster, pipelines may become oneoskt‘immediate-vicinity’ conditionsThe
Seattle TimesSeptember 19, 1999a).

Local utilities were also affected by the explosioheTocal water pumping station was
destroyed, forcing up to 70,000 system users to heavily res$ieictwater usage. According to
the assistant director of the Bellingham Public Workpddenent, “For all practical purposes,
the pump station was destroyed. The concrete shellabzggable. All the control systems
melted. The fire extinguisher melted€llingham Herald June 11, 1999). For at least a week,
15,000 to 20,000 people had water to cook and drink, but not to batleslo clothes. Power
lines were also singed (and shut down for protection)yplisyg power to thousands of area
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residents. The resultant smoke also closed Inteistateraffic for several hours on the evening
of the accidentThe Seattle Timedune 11, 1999).

In addition to the human costs of the disastereipdosion killed more than 30,000 fish in
Whatcom CreekThe Seattle Timesune 17, 1999). “As the fire burned and the water
temperature rose, the oxygen was sucked out of the i&atere of the fish tried to dive, some
hid in the rocks, and those who tried to get to air orstineace were burned to a crisghé

Seattle TimesJune 13, 1999a). Prior to the accident, the creek hadtweércus of a restoration
effort, including attempts to bring back fish that westetl as threatened under the Endangered
Species ActThe Seattle Timesune 17, 1999). The dead fish, gathered by volunteers and state
biologists, included sea-run cutthroat trout, rainbowttrsteelhead, coho and chinook salmon,
sculpin, and lamprey. According to Mark Kaufman, an emvirental specialist for the
Washington Department of Ecology, “This flash destroyeel liard years of stream restoration
in a few moments. The stream will recover, but it beé a long recovery™{he Seattle Times
June 13, 1999b). The good news for the environment was thatdwihs after the accident,
algae had returned, as had mayflies. In addition, gregaddsegan reappearing on the trees
along the creek and ferns covered the ground. As stathd mewspaper, “Olympic Pipe Line
pledged millions of dollars toward the reconstruction rrwdvery of the Whatcom Falls Park,
but for now, the community waited and hoped for the anspiéarance of the salmohe
Seattle TimesAugust 10, 1999).

Approximately three months after the accident, Olympe Rine requested permission to
reconstruct the pipeline. The City of Bellingham ten&§ivagreed once federal regulators
approved the restart. The new constraints on operabtuded improved operator training and
more detailed standard operating procedures. They also eachdtitional pipeline inspections,
testing and replacementi{e Seattle TimeSeptember 11, 1999). Hydrostatic pressure testing
was required on the remaining sections of the line thgtired. When this test was performed,
the pipe burst again, approximately one and one-half findeswhere it ruptured in June. This
rupture, which occurred before the pressure reached thieegtest pressure, prompted federal
regulators to require testing of all of the older pipeéineund the Bellingham are@l{e Seattle
Times September 19, 1999b). Because of additional valve problemhe qripeline and the lack
of visual inspections of the defects seen in the 199@rtspig” tests, on September 24, 1999,
federal regulators required Olympic to reduce the amoufatebEhipped by the still-operating
sections of pipeline through a reduction in pipeline presstitwenty percentlihe Seattle

Times September 25, 1999b). “The shutdown has been costly to @h@pause it charges
field companies for every gallon it transports. The shatdalso contributed to fuel shortages
last summer that raised gasoline prices in the W& Seattle Timedanuary 19, 2000).

Based upon the newspaper accounts, it appeared thatittentesnd local officials have mixed
feelings about the pipeline. They understood the economefiteof the pipeline and the fuel it
carries. However, they are obviously concerned about tlemfedtsafety problems associated
with fuel traveling at high pressures below neighborhoodsasmhess areas. In many instances,
the question appeared to be one of timely and effectireminication. When officials from the
areas along the pipeline met in December 1999, “a straviopold that no one was satisfied

with Olympic’s responsiveness.” According to the Bellewtanchise manager, “We wish we
had gotten more information from Olympic. An issuehod hature, if you want to allay people’s
fears you want to do it on a factual basiBhé¢ Seattle Timedanuary 21, 2000). Public response
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to the accident and its impact on regulations was exputégsa resident at a public forum for
improving pipeline regulation when he said, “we have to stgmd regulate, and regulate — yes
— with the cooperation of the industry, but not withitiustry calling the shotsThe Seattle
Times September 9, 1999). Olympic held several public forums in 20@@ pipeline neighbors
ask questions and also to allow Olympic to explain tingaroved safety and training programs.
However, these forums apparently did not necessanjbyave the locals’ feelings of safety.
According to one attendee, “My faith is even more eddalebeing here.” Referring to the new
safety procedures, she said, “You have just started tigrdbout it. That's what worries me”
(The Seattle Time#tarch 17, 2000). U.S. Representative Jack Metcalf, frangley, WA,

stated, “Testing along full length of the pipeline willjh ease the fears of state residents, and
serve as an excellent indicator of the overall gadéthe pipeline.” The Olympic Pipe Line
spokesperson responded, “We don't think that’s necessamy,ddded that “pressure tests stress
the pipes.” Olympic proposed the use of electronic deva@espect the pipeline from inside
(The Seattle Time®ctober 8, 1999). When Olympic requested re-opening thenlidenuary
2000, without subjecting the complete line to the more rigateats, Congressman Jay Inslee of
Bainbridge Island commented, “I think the folks in Snohdnaiad East King County are
deserving of the same level of confidence that was olstamn@/hatcom County before it is
reopened” The Seattle Timedanuary 19, 2000).

According to Wade King'’s father, “This company is an agé. They basically have no
requirements on them whatsoever. They put profitsrbgieople.” However, he recognizes that
the Office of Pipeline Safety allowed Olympic to operatéhat manner. Therefore, he does not
completely blame Olympic Pipe Line. “I blame the OffaePipeline Safety for not doing their
job. I loved my son so much that | can't allow thatlde buried along with the pipeline. His
death has to stand for somethinghé Seattle Time#/arch 12, 2000). When discussing the
Congressional hearings on the Bellingham disastepgadine safety, NTSB chairman Hall
stated, “It is a sad state of affairs that regulatagreight is basically coming out of the
Department of Justice and not the Department of Tratetpmm” (The Seattle Time©ctober

28, 1999). Regulatory response to the accident has included aglrttpoequire federal
certification of pipeline operators, increase pipelmspections and allow states to impose
stricter regulations than the federal ones. The prépdsawould require internal inspections
and pressure testing every five years, the reportingnall spills (40 gallons or more), and the
creation of an Internet site that shows where thelpies are located. It would also require
research into whether pipelines should be buried deepevlizatdeak detection and prevention
equipment (double-walls, leak detection systems) shouidsb&lled. Additional legislation
would increase the public’s right to know about safety prabland increase the funding for
pipeline inspectorsifhe Seattle Time&ebruary 1, 2000).

The first penalty, $3.05 million, imposed upon Olympic PipgeLlCompany, resulted from the
findings of the Department of Transportation investigatidich concluded Olympic “failed to
properly inspect and operate its pipeline and train its werkAccording to Stephen Tsiorvas’
grandmother, “I certainly think it's appropriate. | don'tokmwhat would ever be adequat&hg
Seattle TimesJune 3, 2000c).

The local and regional newspapers, includiing Bellingham Herald, The Seattle Timas)

The Seattle Post-Intelligencdras helped keep the issue alive both through their regatithe
investigations and through their use of human interesesto¥garding how people are coping
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with the aftermath of the explosion. On June 3, 2000T{® Timesan a feature story on the
three people killed in the explosion. This was a véigcave technique for reminding people
about the human cost, especially since most of tlentetiscussion had been about the legal
matters. The Internet is also being used to assist peolpleating additional information about
the accident and the follow-up investigatiohke Seattle Timdsas listed four websites where
the public can find this additional information. The fedi€tice of Pipeline Safety can be
located ahttp://ops.dot.govThe website for the NTSB igtp://www.ntsb.govThe community
group lobbying for improved pipeline regulations, SAFE Bellinghhas a website at
http://www.safebellingham.orflhe Seattle Timgdune 4, 2000a). Also, a memorial gathering
and march was planned. The gathering would mark the disagtalso “celebrate the beginning
of the restoration of Whatcom Parkhe Seattle Timegune 4, 2000b).

Figure 5-1. Aerial photo o
permission ).

L

Fexplosion scene (copyri  ght Bellingham Herald June 11, 1999, Reprinted with
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P

iure 5-. Burned WFlatcrh.Crek from the air on Su  nday June 20, ten days after the explosion thattoo  k the
lives of three boys in Bellingham (photo by David W illoughby copyright  Bellingham Herald , Reprinted with
permission ).

re 5-3. Fire fighters from Tosco Refinery spray " foam on hot spots along Woburn St. (copyright June 10,
1999 Bellingham Herald , Reprinted with permission ).
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Figure 5-4. An unidentified person walks the point where Park Creek enters Whatcom Creek in Whatcom
Falls Park in Bellingham, WA (copyright June 10,19 99 Bellingham Herald , Reprinted with permission ).

Figure 5-5. Lary, operations supervisor fo r the IIingham Public Works Dept. walks pasta cr  ater
near the water treatment plant Friday afternoon, Ju  ne 11, 1999 (copyright June 11, 1999 Belligham Herald ,
Reprinted with permission ).
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Photo 5-6. Photo of where th ,200 gallon gas ak occurred (copyright 1999 nwcitizen.com.
Reprinted with permission ).

Community Impacts of Transportation Accidents Involving Hazardous Materials:
Research, Examples and Implications

As the Bellingham case study dramatically demonstratassportation accidents involving
hazardous materials can produce profound economic, sadigisychological impacts in
affected communities. These impacts can range fromi-tdron financial losses to long-term
emotional distress, community division, loss of trastd social stigma.

Evacuation

Some of the most immediate effects of toxic transtimn emergencies result when an accident
forces people to evacuate. Evacuations are highly diseygtifecting businesses, schools, and
every other aspect of community life. For example, dutie first 6 days after the Dunsmuir,
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California train derailment and pesticide spill, 483 redsiéaft their homes and moved to
evacuation centers. While some people’s stays in thiersewere short, others were there for
several weeks. Many other residents also left theardavent to the homes of relatives or
friends in unaffected communities (Bowlet,al. 1994a).

The 1979 train accident in Missasauga, Ontario provides aillustration of widespread,
evacuation-related disruption after a major incidentaftconsisting of 3 engines, a caboose
and 106 cars derailed at a level crossing. In the wreckage 14 cars of propane, 4 cars of
caustic soda, 3 cars of styrene, and, most worryiagtgr of chlorine. Not long after the
derailment, a massive propane explosion occurred, fodldwewo other propane explosions
within 25 minutes. As a result of serious concerns alb@utireat posed by the chlorine, a large-
scale evacuation was ordered. This was no small undegtdkissasauga is one of Canada’s
biggest suburban cities, and in all, 217,000 people were evactiaiedncluded not only
residences and businesses, but also a range of institatidrfacilities such as major hospitals
(Scanlon 1989).

Economic Effects

The economic effects of toxic emergencies can be derahle. Contamination, or even the
perceptionof contamination, can seriously damage industries ssifdraing, fishing and
tourism, resulting in unemployment and loss of findneggurity. As was evident from the
Bellingham case study, property values can decrease aftdrenath of an incident. In addition,
response operations after hazardous materials emergeaniesso be costly. The Dunsmuir
train derailment again provides a useful illustration. abadent spilled approximately 18,000
gallons of metam sodium into the Upper Sacramento RiVer.pesticide was carried
downstream for 40 miles, killing fish and aquatic life andtaminating vegetation. State and
local expenses related to the July 1991 train derailmehpesticide spill exceeded $1.4 million.
Meanwhile, other expenses (i.e., clean-up, medical, escnetc.) came to over $2 million
(Committee on Government Operations 1992).

Psychological Impacts

Less apparent than the immediate disruption and ecoredfaats — but potentially more
problematic and complex to address — are the psycholagfeats of accidents involving
hazardous materials. Disaster specialist James Thon(p38@) suggests that, in terms of
chronic effects, the number of people psychologicdflgcéed by a chemical accident can far
exceed the immediate casualty list. “From some otiita we have on chemical and
‘contamination’ incidents, it might well be that theypisological impact rate is about one order
of magnitude higher.”

Baum and other researchers have argued that technoldigiasiers are more likely to produce
chronic, widespread psychosocial sequelae than natuastelis (Baungt al 1983a; Baum

1987; Baumet al 1983b; Weisaeth 1994). Just why this should be the casesraahe

particular nature of technological accidents, partityldnose involving hazardous materials.
Natural disasters like a tornado have a low pointy aftech things can be expected to get better.
Damage is visible and can be assessed, after which peaplbegin a process of recovery. In
disasters involving possible exposure to toxic agents, howeze is no clear low point for
those who may have been affected. There is usuallydayable uncertainty about the
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consequences of exposure. Medical knowledge is frequénitged, and both contaminants and
their resulting damage may be invisible. Further, paeéliing-term health consequences (e.qg.,
cancer) may take years or even decades to develop.tTisumi clear to people whether the
worst is over or whether the worst is yet to comeufBget al 1983a).

“In a sense,” Baum (1987) explains, “this pattern of infageextends the duration of
victimization.” Rather than being struck and then having a@h#o recover, as in the case of a
flood, the threat here is viewed as a chronic and aasingnone. “One does not know when the
impact of what happened is really going to hit” (Reko 1984apple wonder whether they have
been contaminated, and they worry about their heatthtenhealth of loved ones (especially
children). Even when an accident is officially decldi@eer,” it is, in an important sense, not
really over for those who may have been exposed @&rik995). The “point of worst impact
may not pass with the event. Perceived threats matynoe indefinitely” (Baumet al 1983b)

As Ursanoegt al (1994) wrote, contamination incidents “produce long-terncigattory stress of
the possible, the probable and the imagined risks to headtfiamily.” At the same time, in the
face of the medical uncertainty, the necessityebfing on expert assessments, and the
invisibility of contaminants, people often feel a caning sense of vulnerability and
powerlessness. They cannot be certain what is goingoorcan they do anything to protect
themselves (Brown and Mikkelsen 1990; Aaronen and Mikkeslsen .19¢@8ms of chemical or
radiological accidents, then, often live in what Erikebaracterizes as a “permanent state of
alarm and anxiety.” Beyond whatever possible toxicologicaither health effects people may
experience in the aftermath of a chemical accidaetuhremitting tension and profound
apprehension about the future can take its own considedlde health and well-being
(Erikson 1993).

Another characteristic of technological accidents kgt psychosocial implications concerns the
matter of responsibility and blame. Erikson (1995), emplotteganalytic comparison with
natural disasters, said the following.

“Natural disasters are almost always experiencedtaé&God or caprices of nature.
They happen to us. They visit us, as if from afar. Teldyical disasters, however, being
of human manufacture, are at least in principle pria@®, so there is always a story to
be told about them, always a moral to be drawn fromntlaways a share of blame to be
assigned.”

In the aftermath of technological disasters, peoplet waknow why technology under human
control has failed, why suffering that could have beend@ebhas not been. Thus, rather than
ultimately producing resignation or acceptance, humasezhdisasters generate mistrust, anger,
fear and outrage. Erikson (1995) noted:

“[P]eople who are victimized by such events feel a spamasure of distress when
they come to think that their affliction was causedther human beings. And

that sense of injury becomes all the sharper and moragiagwhen those other
human beings respond to the crisis with what is se@mdference or denial.”
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Human-made disasters, argued Weisaeth (1994), “frequentbeavithdrawal and social
isolation.” Indeed, the more clearly people perceineman cause behind a disaster, the more
distressing and potentially pathogenic the situation seeims (Weisaeth 1994; Brown and
Mikkelsen 1990). As Vyner (1988) wrote, accidents involving hazard@aterials can be highly
traumatic. “All evidence indicates that adapting toransible exposure is a toxic process. Itis a
process that can severely traumatize the exposed parsiehange their lives for the worse.”

Various examples of the psychological impacts of partstion accidents involving hazardous
materials may be found in the scientific literatiae example is provided by the March 1989
Exxon Valdez oil spill. The accident, in which a tankan aground on a reef, spilled 258,000
barrels of crude oil into Alaska’s Prince William Soumhvis 1996). A follow-up study
conducted a year after the accident (Palinktal. 1993) found a significant relationship
between exposure to the spill and the prevalence ohfyic disorders. Problems included
increased (post-spill) rates of generalized anxiety disopdst;traumatic stress disorder, and
depression. Forty-three percent of people in the “high egiiogroups were reported to have
experienced one or more such problems.

Studies of other transportation-related accidents abpeeidentified various psychological
sequelae. Bowlegt al (1994a) conducted follow-up research after the July 1991hfredn
derailment at Dunsmuir. Researchers found a wide ranggychological, psychosocial, and
psychophysiological effects in people from the affeetezh. In comparison with controls, the
exposed group experienced higher blood pressure and more istegleids, headaches, visual
problems, skin rashes, gastrointestinal symptoms, carelspiratory symptoms, anxiety
symptoms and depression symptoms.

An analysis by Gill and Picou (1998) of a 1982 train deraitnmehivingston, Louisiana,
provides further evidence of psychological effects afteazardous materials transportation
incident. The accident caused 43 cars to derall, including 3&oataining hazardous materials.
Most of these leaked, burned or exploded, forcing theuama of approximately 2,500 people
for up to 17 days. Despite the fact that there wergeaths or serious injuries, and although
property destruction was limited, the level of evenatesd psychological stress was significant.
According to the researchers, this was clearly evidarthe Impact of Events (IES) Scale, which
is used to measure “stress arising from traumatic eviesitste generally outside the range of
human experience” (Gill and Picou 1998). On the “IntruSiress” subscale, which measures
“recurring, unbidden, and distressing thoughts and feelingsrhéaa among Livingston
residents was 13.7. In the words of Gill and Picou (1998),Ifiban levels of intrusive stress
observed for... Livingston (13.7)... were comparable vhigh experienced by clinical patients 6
months after therapy for bereavement resulting fleendeath of a parent (13.8)....”

Studies also suggest that some groups may be especiadly fatr psychological effects after
contamination incidents. For example, work carriedr afte 1989 Exxon Valdez oil spill
(Palinkaset al 1993; Picouet al 1992) identified several groups as being among those who
were particularly hard hit. In the words of Palinketsal (1993):
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“Younger age groups, women, and Alaskan Native residentesé communities appear
to have been especially vulnerable to these negative ismpa@videnced by higher rates
of psychiatric disorders.”

In addition, other research has called attentiongaovtbntal health impacts of chemical
contamination episodes on children (Bretetnal 1993).

Social Impacts

Just as hazardous materials accidents can have suddstadtiong-lasting mental health effects,
they can leave profound social impacts in their wake €uch impact that is frequently
experienced is social division (Edelstein and Wandensi887; Kroll-Smith and Couch 1993;
Couch and Kroll-Smith 1985). Here again, the contrast mathral disasters is useful. In the
post-impact phase of natural disasters, people typipallyogether to overcome a common
problem and get things back to normal. In the contextseihge of “common suffering and
altruistic concern,” a kind of therapeutic community egas, providing an ambience of
camaraderie, solidarity, unity of purpose, and mutual sup@othbertson and Nigg 1987).

In the case of chemical and radiological accidemwsjdver, this is often not the case. More than
anything else, contamination situations are charactebygéd@ziness and ambiguity. Hazardous
agents are often invisible, so there is great unceytasito which areas have been exposed and
who has been affected. The uneven spread of contaminespiently means that people who
live near each other, even on the same street, carvasthe different experiences of the
incident and resulting problems. People’s assessmetiie degree of risk posed by the
contamination may differ enormously, and their viewsoashat should be done may clash as
well (Cuthbertson and Nigg 1987; Kroll-Smith and Couch 1993).ri&kter of assigning blame
for the accident can be a source of disagreement las we

With high-stakes issues involved (e.g. health, childresl-being, property values), such
differing definitions of the situation can produce hdstilfactionalism and fragmentation.
Environmental accident situations “produce increased coaftidtdeleterious long-term strain
on community structures....” (Couch and Kroll-Smith 198%ey have the capacity to damage
the very fiber of a community, to be, in a sense,tWiaglor (1986 and 1989) calls “sociotic.”
Rather than producing consensus and a therapeutic comntbaityend to create the exact
opposite: social division and a dissensus communitigldEein and Wandersman 1987). Such
social division can impair the social support netwoek freople normally rely upon in time of
crisis.

Evidence of social conflict has been found in varioudiss of communities affected by
transportation accidents. In the aftermath of theoBxXaldez oil spill, for example, researchers
noted conflicts among friends and family members, argtsri@tween community members
and outsiders, divisiveness over whether or not to warkfson as part of the cleanup, and
friction over compensation issues (Palinketsal 1993).

Studies have also identified various social impacts afizardous-materials train derailments. In

the aftermath of the Dunsmuir accident, Bowtral (1994a) noted the presence of a split in the
community. In addition, the researchers found thaterPerceived Social Support Scale, there
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was a significant difference between people in the ssgpgroup and matched controls. The
Perceived Social Support Scale measures an individual'sppercef the extent to which he or
she has access to emotional support systems. AccoadBtler, et al. (1994b), in the

aftermath of the accident, spill residents “had sigaiiily ... lower perceived social support than
their matched controls.”

Another important social impact is stigma, which sbatommon after environmental accident
situations. Residents of affected communities may he lsgethers as “tainted” and as “people
to be avoided.” (Edelstein 1988; Kroll-Smith and Couch 1993 @dint is well illustrated by
the words of a local councilwoman from Triana, a siNalith Alabama town that was
contaminated with DDT. “Once you are branded a contastngérson, you are a contaminated
person. You are branded everywhere you go. That’s ouoktthidren. That's everybody”
(Birmingham Post-HeraldNovember 1, 1997).

Social stigma can be powerful and pervasive. Followirgd#logical contamination incident in
Goiania, Brazil, people from the city found themselvesfticus of fears and the target of
discrimination. As Kasperson and Kasperson (1996) have ribtetels in other parts of Brazil
refused to allow Goiania residents to register. Sonfieapilots refused to fly airplanes that had
Goiania residents aboard. Cars with Goias licenselaere stoned in other parts of Brazil.”

Community division and stigma are not the only impdrtamtial impacts of hazardous-materials
accidents. Other effects include chronic loss of tfiusvine 1982 and 1983) and impairment of
the pattern of community life due to destruction of nattesburces (Dyegt al 1992). In
addition, the experience of a contamination episodgoarerfully alter people’s view of their
place of residence. As Gill and Picou (1998) commented:

“When communities experience a technological disaster response is to contemplate
leaving one’s place of residence. Contamination and subsegpeartainty regarding
exposure, long-term environmental damage, and the altedtohfescape reduce the
quality of life in contaminated communities.”

This point was apparent in research carried out aféekithngston train derailment. Whereas
only 28 percent of people in a control community expreasgesire to move, for Livingston the
figure was 48 percent. Even more strikingly, whereas bgrcent of those in the control
community indicated that thesxpectedo move, the figure for Livingston was 14 percent (Gill
and Picou 1998).

Finally, sometimes the effects of a hazardous maseaiaident are so widespread that they tear
apart a community. The contamination and resulting evauafia small Missouri town in

1983 is one of the best-known examples of an environmactalent producing what Erikson
(1976) terms “loss of communality.” When Times Beacls Yeaind to be heavily contaminated
with dioxin from tainted waste oil that had been appiedrea roads, officials evacuated the
town’s 2,240 residents, erected a security fence to keep effryon entering the area, and
officially closed the town. The evacuation tore apaettight-knit community bonds upon which
people had relied in the past. Further, once former ngsided been scattered through
relocation, they were unable to find each other, sinceqyrileavs prevented government
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officials from sharing their lists of new addressedwittims. Therefore, even as the
frightening reality of dioxin contamination was stilttfiag in, victims “lost their sense of place
and identity as the social fabric of the communityntegrated” (Reko 1984a).

In summary, hazardous-materials accidents can produckeaange of damaging community
impacts. This complex constellation of economic, peiladical and social effects can harm
individuals, families and entire neighborhoods. Giverstheere psychosocial damage that such
accidents can cause, Baum (1987) has argued that these @@be thought of as disasters
regardless of how controversies about biological ingpat resolved. Such “human-made
accidents involving toxic substances are disastergheher not the amount of toxic exposure
involved can be proven to be dangerous to health.”

Strengthening Preparedness and Response Capabilities

It is clear from the previous discussion that socialcpslogical and other community impacts
are among the most significant consequences of majesgortation-related hazardous materials
accidents. At the present time, however, statesaadities across the U.S. are only beginning
to recognize such issues and fully integrate them into prdpass and response mechanisms.
For example, response plans and protocols rarely dadetguate attention to the psychosocial
effects of contamination incidents. When psychosa@amatent is included, it is usually limited to
genericinformation about disasters, debriefing, and mental heRléims rarely includspecific
information about contamination incidents and the cormp$ychosocial challenges, immediate
and longer term, that they pose. Thus, guidance relatééd gpecific challenges posed by
hazardous materials accidents — fears associatedhwisible agents, the stress of being in a
potentially-contaminated environment, the problem of s@tigina — is generally absent. This is
particularly true with regard to social impacts and lorigem psychological effects. So, even
though a great deal is now known about the psychosocidiepas posed by environmental
contamination situations, current plans for managing disasters usually do not reflect this
knowledge.

The same is true with regard to training. The emergencyagesment community is now quite
good at practicing various technical aspects of hazardousiamtecident management.
Likewise, health care professionals are becoming qdeptaat creating exercises to improve the
medical response to a contamination incident. Thesetgfire vital. Unfortunately, however,
social and psychological issues are not generally pacated in a way that fully reflects their
importance in actual large-scale hazardous materialdeaits. Again, this is particularly true
with respect to social impacts and longer-term psychcabgffects.

Thus, it will be important in the coming years to beiteorporate social and psychological
considerations into preparedness and response mechaorsesling with hazardous materials
transportation accidents. Given what is now known abocl accidents, it would be useful for
such mechanisms to include not only immediate responsesissii longer-term effects as well.
In addition, it would be valuable for training exercisestude more attention to psychosocial
issues and more realistic social-behavioral assumptions

Based on experience from past accidents, it is evitlahsocial stigma is a serious problem
after chemical and radiological accidents. It is@bpm in and of itself, and it also complicates
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efforts to deliver services and rehabilitate communittesould be beneficial, therefore, for
strategies to prevent and mitigate stigma to be develomkahegrated into large-scale
contamination incident plans. Likewise, strategies togaiit other social impacts (e.g., social
division) would be useful.

In addition, there is a need for special materials atahientions for high-risk populations. In
natural disaster situations, there are coloring booksHildren that help them to understand
what has happened. Few such materials are availald@dmical and radiological accidents.
Clearly, the development of appropriate materials, elsag tailored interventions for high-risk
populations, should be a priority, too.

Finally, there is the issue of information. In considg ways to reduce the community impacts
of major hazardous materials transport accidents, irgbom stands out as a crucial factor.
Research suggests that an early lack of accurate infomgan contribute to both anger and
fear (Bowler,et al 1994a). Such a situation may increase long-term psydbalagorbidity,
undermine trust, and damage public confidence, all greatly himdexdividual and community
recovery after a major accident.

In an analysis of the Dunsmuir train derailment, fcaraple, Bowlergt al. (1994b) concluded
that the inability of authorities to provide residentdweatcurate and early information on the
possible adverse health effects of the spilled chdrfnaetam sodium) “was reported
overwhelmingly as a contributing cause of fears and e&firiAccording to the researchers, “this
early lack of information contributed to a lingering angetha authorities and heightened fear of
future illness.”

If information is a vital factor in reducing community ingpgafter a hazardous-materials
accident, it is also crucial beforehand as well. Loefpie an accident occurs, members of the
public need to be aware of the particular hazards in ¢bemmunity and of how to respond in an
emergency situation. Furthermore, prior familiarityhyand understanding of, hazards may also
help to reduce psychological morbidity should a majoidact actually occur.

At the present time, mechanisms fmst-accidentommunication are relatively well
established. Public safety, emergency management, envirtalmmrblic health and other
officials have amassed considerable experience wekisghn, radio and other means of
information transmission that would be utilized aftenaor transportation-related accident.
However, in Alabama, there are still potential proldemith post-accident communication
during the immediate-response phase. One comment mate BDgpartment of Public Safety
was that the use of several different communicatsystems within the Department often
prevented direct contact among personnel with incompatjipment. In terms gére-accident
communication, the picture is more mixed. Unfortunatdlyhe present time, only a small
number of local emergency planning committees in Alabaava the resources they need to
communicate with the public on a regular basis. For exanijtle 11l (Emergency Planning and
Community Right-to-Know) newsletters are rare. Likssy only a few LEPCs in the state have
websites.
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While a number of Alabama LEPCs are making valiantreffd. EPC communication activities
are clearly hampered by a lack of funding. A compreheramadysis prepared by the National
Governors’ Association found that in contrast to mather states, the State of Alabama
provides no funding for LEPC activities (Finegold 1997). Thk taesources for newsletters,
and especially for websites, means that pre-accidenicmication with the public remains
limited. As part of overall efforts to improve preparesg®r major transportation accidents
involving hazardous materials, it would be advantageousifmis to be allocated to Alabama’s
local emergency planning committees.
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Section 6. Conclusions and Recommendations

Project Overview and Conclusions

The purpose of the project was to (1) quantify transportaglated accidents involving
hazardous materials in the state and (2) identify kegdo-term environmental health, public
safety, and social impacts that are often overlookted afajor transportation-related hazardous
materials accidents. In an increasingly complex anddotenected world, no community is
immune from the threat posed by environmental accidewtg@antamination. Even communities
far removed from industrial production or storage faesitcan still be at risk from accidents
associated with the transport of hazardous materidide\& variety of studies have been
conducted on aspects of major transportation accidemt)ave attempted to examine both
environmental and community aspects of the problem. Irr&sinthis report takes an integrated
approach to hazardous transportation accidents by congid@mronmental, safety, economic,
and psychosocial issues.

The project was comprised of four main tasks: consaitatith key stakeholders; summary and
analysis of representative transportation-relatedrdaps materials accidents that have occurred
in Alabama since 1990; presentation of simplified chentraalport and fate models; and
presentation of information to help anticipate imparsaotial, psychological and related
community impacts that can occur after major transpontaelated hazardous materials
accidents.

Section 2 of this report utilizes two case studies — Dunrsi@d, and Warrior, AL, -- to
highlight the problems encountered in transportation actsd&he first accident, which took
place near Dunsmuir, CA in 1991, involved a train deraitriteat spilled a large quantity of the
pesticide metam sodium. The Dunsmuir case showed threvwa&tological-scale effects that
can result from a major transportation accident involtiagardous materials. In the Upper
Sacramento River, fish, algae, plankton and insects Wwked immediately and, in effect, the
stream was sterilized. The airborne plume killed nofdie streambank vegetation.

The second case study, a truck accident involving acrylenitni Interstate-65, near Watrrior,
Alabama, was far smaller and far less serious thatmsmuir case. It is noteworthy, however,
because it illustrates how an accident involving even asmeafl quantity of hazardous material
can produce significant problems. In addition, the faat & barge with 100 times more
acrylonitrile ran aground a year after the 1-65 accidlatitates that there is the potential for
large-scale transportation accidents to occur in Alabama

If the Dunsmuir and 1-65 accidents both illustrated tredrfer improvements in training and
preparedness, the point was further emphasized in tkehsider discussions conducted in
connection with this report. Several of the largex diepartments (Birmingham, Tuscaloosa,
Montgomery, Mobile, and Huntsville) have hazardous materesponders who have had the
required emergency response training. Fort Rucker alsoshawiit hazmat unit. However, much
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of the state is served by volunteer/semi-volunteerdepartments. Interviews with stakeholders
highlighted several concerns. First, the State has noaneth for recovering its expenses
relating to a hazardous materials incident response. Mipiothere no money in the state
budget for expenses relating to this type of emergencyhbrg are no requirements for the
responsible party to reimburse the state for the mepet on a response. Second, stakeholders
are concerned that there is no uniform standard for eonmations equipment between the
Department of Public Safety (DPS) and local police,dind emergency responder departments.
Even inside the DPS, said stakeholders, there aredbremunications systems, which can
cause coordination problems. Third, there is a concemat absponders, especially local
departments, not having the knowledge to respond to incidesmtlying ‘unusual’ chemicals,

i.e., those chemicals that are not encountered frequiuntihg a traffic accident. A fourth
concern that was raised was the lack of alternategdoteletours and evacuations. The closure
of 1-65 resulted in large volumes of traffic passing throtghtown of Warrior on a roadway

that was ill-equipped to deal with the volume of carstamcks. Finally, concern was expressed
that responders and residents are not always informeetinmely manner about potential hazards
resulting from spills.

Section 3 of the report reviews information about Afa& transportation system and about the
hazardous-materials transportation accidents thatdwowgred in the state in the 1990s. Major
features of Alabama’s transportation network inclugefollowing:

- Five major interstate highways and an extensive nétafosurface highways;

- The second longest inland waterway system in the natidra deep-water port in
Mobile (the nation’s 12 busiest);

- Five Class | railroads;

- Eight commercial airports and 91 general aviation faslj

- Almost 95,000 miles of roadways with motorists tramgllapproximately 50 billion
miles on them per year;

- The Port of Mobile which serves 1,100 vessels annually (geng 66,000 truck
movements and 119,000 train movements to and from theygaind

- Over 5,200 miles of railroad track miles, with Birminghbeing a major Southeastern
hub.

Information on hazardous material transportation actsd@nAlabama was collected and
analyzed using data from the National Response Centge tflan 1,700 transportation-related
hazardous materials accidents involving a large numbeatdrials occurred in the State over
the past ten years. Petroleum hydrocarbons were teeammmon hazardous material lost. A
review of the data showed that of the 226 reported acsided©98, there were 20 deaths and
27 injuries. In addition, four accidents caused property dantag accidents resulted in
evacuations, and nine accidents resulted in road cloJuredocations with the most frequent
reported spills were the historiddB5S Alabam®attleship museum and the hazardous waste
landfill at Emelle, probably due in part to diligent repagtby the site operators. Additional
locations of frequent spills include several sites wickmmicals are transferred from marine
craft to land vehicles such as trains and trucks.
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A review of the data in the tables in Section 3 and Appeadghows that transportation
accidents involving hazardous materials can vary consiyeiramagnitude. Fortunately, most
of the accidents are small. Many of these releasag altiring transfer operations (i.e., between
trains or trucks and ships or other loading facilitid$e mode of transport with the fewest
accidents was air, but air accidents tended to invbldass of large quantities of pesticides
(accidents involving crop-dusting planes). Another frequeye tf accident involves ships.
These losses may be due to a ship running aground, and accidemtiswadlve the release of the
ship’s fuel.

Stakeholders raised several issues related to potaritiad ftransportation accidents in Alabama.
Concern was raised about the routing of hazardous aterithe state, particularly in relation
to the tunnel in Mobile. Also at issue was the transpioitansuranic waste from Oak Ridge and
Savannah River. This waste has been scheduled to pasghittowntown Birmingham on I-
59/1-20. Public safety personnel were concerned that theydwmtlbe informed of the schedule
for the waste transport.

Section 4 presents several procedures to predict thenhteagasport of spilled hazardous
materials. The initial discussion is a general procethaestresses downwind toxic and
explosive hazards, summarized from a recent EPA maanodlis applicable for a wide range of
hazardous materials. An overview of potential reactadmaixtures of hazardous materials is
also presented in this section. Two detailed exampéealan presented describing problems
associated with spills of petroleum hydrocarbons (thetroommon material lost in Alabama
transportation accidents), and releases of ammonixi@gas). A review of the literature on
several major historical oil spills produced the follogvgeneral conclusions:

1. The principal damage from oil spills is to birds.

2. The effects in the intertidal zones, beaches, marstm@ rocky shores are sometimes of
significant severity.

3. Little documentation is available that shows any sigarftadamage to marine bottom
communities in either deep or shallow water.

4. Damage to fisheries appears to be confined to thosewases animals live in intertidal
zones.

5. Recovery from oil-spill damage is usually rapid and cobepde far as marine communities
are concerned.

6. No significant damage to plankton has been observed mefds@nced incidents.

The interviews with stakeholders showed that therdeairs about the types of chemicals that
may be encountered during a transportation accident.dmical groups that responders
generally were not prepared and equipped to deal with wesz-vemctive chemicals,

corrosives, elevated temperature materials, regulagelical waste, and precursor chemicals for
clandestine laboratories. The typical response ofal kire department would be to put water on
the chemical and wash it off the roadway. Howevethécase of water-reactive chemicals, this
may make a small problem much worse. When dealing witlatdd temperature materials, the
departments often do not have the appropriate gear. (Rsinb®are clearly unsuitable near a
250°C fire.) One example of a commonly transported eleviegberature material was liquid
asphalt. Regulated medical waste is another conceraube of the variety of vehicles in which
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it can be transported and because of the lack of idomthat may be available about the exact
nature of the waste. The last chemical group is theumecchemicals for clandestine
laboratories. These shipments are not placarded and shesepaperwork on what the truck
contains. In many cases, these are rental trucks. foherpersonnel responding to an accident
likely do not know that they are entering a chemicabhd area, and they are not appropriately
protected. The procedures presented in Section 4 can beowsddiess many of these concerns.
It is possible to locate sensitive receptors (schadshospitals, for example) at safe distances
from potential accident locations, by hazardous wasfwreters to better understand the
magnitude of possible accident problems, and by transporfatianers to better select routes of
especially hazardous materials.

As Section 5 demonstrates, major transportation acsidevinlving hazardous materials can
produce profound economic, social and psychological impaetfected communities. People

in Bellingham, Washington, for example, viewed the pipedixiglosion as “the most devastating
thing that we’ve ever had happen to this community. Thishaken the community’s sense of
security to the core.” Furthermore, as both the sdiefiterature and the case studies presented
in the report illustrate, the impacts of hazardous nas$eincidents can be traumatic, widespread
and long lasting. “It comes as a shock to me how mudarsud remains in this community
because of this,” a Bellingham doctor noted. And as a Duingesident made clear, the
lingering effects of a contamination accident make gettirack to normal” difficult. “We all

want to forget the spill, but we, as people who have beeed to live in the midst of the
disaster, have changed. The spill affects our livédg dad will for a very long time.”

Some of the most immediate effects of toxic transgtion emergencies can result when an
accident forces people to evacuate. Evacuations are highlptive, affecting businesses,
schools and every aspect of community life. The econeffeécts of toxic emergencies can also
be considerable. Response and clean-up operations are e&pandi contamination, or even the
perceptionof contamination, can lower property values and serialesilyage industries such as
farming, fishing and tourism.

Less apparent than immediate disruption and economictgfebut potentially more
problematic and complex to address — are the psycholagfeats of accidents involving
hazardous materials. Concerned about their healthhartetlth of loved ones, victims of
chemical or radiological accidents live in what Erik¢d895) characterizes as a “permanent
state of alarm and anxiety.” Studies suggest that peopldhadesuffered through transportation
accidents involving hazardous materials are at increasledfra range of psychological
problems. “All evidence indicates that adapting to an inveséxiposure is a toxic process. Itis a
process that can severely traumatize the exposed parsiehange their lives for the worse”
(Vyner 1988). Furthermore, just as hazardous materialdextsi can have substantial and long-
lasting mental health effects, so too can they leavlpnd social impacts in their wake. Loss of
trust, social conflict and division are common, assa@al stigma and a sense of a reduced
guality of life in affected communities.

During the stakeholder discussions, concern was expresse the limited resources available

both to responder agencies and local emergency planning ttees(LEPCs) in Alabama.
Mandated under the Emergency Planning and Community Rightdw ket of 1986, LEPCs
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are a key component in preparedness and response famuoation incidents. Concern was
expressed that current responder agency and LEPC resaneceot adequate.

Recommendations

Many local fire departments are not adequately preparedigi asa hazardous materials
incident. In order to address this situation, severainteer fire departments have begun
cooperating with each other to create a hazmat ung tmunty/region. This cooperative effort
would require each department in the area to contributpragut and/or personnel for the
endeavor, but it would mean that each department wouldawetto have its own functioning
hazmat unit. Greater support for such efforts is needéabssmall fire departments can obtain
needed training and equipment.

As has been clearly demonstrated, social, psychabgid other community impacts are among
the most significant consequences of major transpamtatlated hazardous materials accidents.
At the present time, however, states and localittesss the U.S. are only beginning to
recognize such issues and fully integrate them into prepese@md response mechanisms. To
enhance our ability to prevent and mitigate community imp#atsll be crucial to better
incorporate social and psychological considerations into pdpass and response mechanisms
for dealing with hazardous materials transportation actsd&iven what is now known about
such accidents, it would be useful for such mechanisnmhaedie not only immediate response
issues but longer-term effects. In addition, it would/&leable for training exercises to include
more attention to psychosocial issues and more readistial-behavioral assumptions. It would
also be beneficial, for strategies to prevent and ni¢igagma to be developed and integrated
into large-scale contamination incident plans. Likewis@atesgies to mitigate other social
impacts (e.g., social division) would be very useful. @aeelopment of appropriate materials,
as well as tailored interventions for high-risk populagioneeds to be a priority, too.

Finally, there is the issue of information. In considg ways to reduce the community impacts
of major hazardous materials transport accidents, irgtom stands out as a crucial factor. It is
vital in reducing community impactdter a chemical or radiological accident, and it is also
crucialbeforehandLong before an accident occurs, members of the publat todee aware of
the particular hazards in their community and of howespond in an emergency situation.
Furthermore, prior familiarity with, and understandingh@zards may also help to reduce
psychological morbidity should a major accident actuadigur.

While mechanisms fgoost-accidentommunication are relatively well established, theasion
with respect tgre-accidenttommunication remains mixed. Unfortunately, at the prtes@e,
only a small number of local emergency planning committeédéabama have the resources
they need to communicate with the public on a regulasbésr example, only a few LEPCs in
the state have websites. While a number of AlabamaCiskEdPe making valiant efforts, LEPC
communication activities are clearly hampered by thetfatt in contrast to many other states,
the State of Alabama provides no funding for LEPCs. Asgfayverall efforts to improve
preparedness for major transportation accidents involvingrdaus materials, it would be
advantageous for funds to be allocated to Alabama’s loeatgency planning committees.
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Appendix B. Multiple Chemical Spills Sorted by Location(locations having
greater than two incidents shown)
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Appendix C. Data for Toxic Substances

The following tables provide the data needed to carry outdloelations for toxic substances
using the methods presented in the previous sections. Cablaresents data for toxic gases,
Table C-2 presents data for toxic liquids, and Table C-Zpteslata for several toxic
substances commonly found in water solutions and fonuoldine data used to develop the
factors in tables C-1 and C-2 are primarily from Desigtitute for Physical Property Data
(DIPPR), American Institute of Chemical Enginedtysical and Thermodynamic Properties of
Pure Chemicals, Data Compilatio®ther sources, including the National Library of Medicine's
Hazardous Substances Databank (HSDB) an&itlkeOthmer Encyclopedia of Chemical
Technologywere used for Tables C-1 and C-2 if data were not avaitedsiethe DIPPR
compilation. The factors in Table C-3 were developedgudata primarily fronPerry's

Chemical Engineers' Handboakd theKirk-Othmer Encyclopedia of Chemical Technology.
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Appendix D. Data for Flammable Substances

These tables provide the data needed to carry out thdat@dns for flammable substances using
the methods presented in this section. Table D-1 preseat®f combustion data for all
regulated flammable substances, Table D-2 presents adddataaior flammable gases, and
Table D-3 presents additional data for flammable liquidhe Aeats of combustion in Table D-1
and the data used to develop the factors in Tables D-2 @dr®primarily from Design

Institute for Physical Property Data, American Institot€hemical Engineerg&hysical and
Thermodynamic Properties of Pure Chemicals, Data Compilation.
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Table D-1: Heats of Combustion for Flammable Substa

nces (EPA 1999)

CAS No. Chemical Name Physical Heat of
State Combustion
at 25°C (kjoule/k)
75-07-0 Acetaldehyde Gas 25,072
74-86-2 Acetylene [Ethyne] Gas 48,222
598-73-2 Bromotrifluoroethylene [Ethene, bromotrifluoro-] Gas 1,967
106-99-0 1,3-Butadiene Gas 44,548
106-97-8 Butane Gas 45,719
25167-67-3 Butene Gas 45,200*
590-18-1 2-Butene-cis Gas 45,171
624-64-6 2-Butene-trans [2-Butene, (E)] Gas 45,069
106-98-9 1-Butene Gas 45,292
107-01-7 2-Butene Gas 45,100*
463-58-1 Carbon oxysulfide [Carbon oxide sulfide (COS)] Gas 9,126
7791-21-1 Chlorine monoxide [Chlorine oxide] Gas 1,011*
590-21-6 1-Chloropropylene [1-Propene, 1-chloro-] Liquid 23,000*
557-98-2 2-Chloropropylene [1-Propene, 2-chloro-] Gas 22,999
460-19-5 Cyanogen [Ethanedinitrile] Gas 21,064
75-19-4 Cyclopropane Gas 46,560
4109-96-0 Dichlorosilane [Silane, dichloro-] Gas 8,225
75-37-6 Difluoroethane [Ethane, 1,1-difluoro-] Gas 11,484
124-40-3 Dimethylamine [Methanamine, N-methy1-] Gas 35,813
463-82-1 2,2-Dimethylpropane [Propane, 2,2-dimethyl-] Gas 45,051
74-84-0 Ethane Gas 47,509
107-00-6 Ethyl acetylene [1-Butyne] Gas 45,565
75-04-7 Ethylamine [Ethanamine] Gas 35,210
75-00-3 Ethyl chloride [Ethane, chloro-] Gas 19,917
74-85-1 Ethylene [Ethene] Gas 47,145
60-29-7 Ethyl ether [Ethane, 1,1'-oxybis-] Liquid 33,775
75-08-1 Ethyl mercaptan [Ethanethiol] Liquid 27,948
109-95-5 Ethyl nitrite [Nitrous acid, ethyl ester] Gas 18,000
1333-74-0 Hydrogen Gas 119,950
75-28-5 Isobutane [Propane, 2-methyl] Gas 45,576
78-78-4 Isopentane [Butane, 2-methyl-] Liquid 44,911
78-79-5 Isoprene [1,3-Butadiene, 2-methyl-] Liquid 43,809
75-31-0 Isopropylamine [2-Propanamine] Liquid 36,484
75-29-6 Isopropyl chloride [Propane, 2-chloro-] Liquid 23,720
74-82-8 Methane Gas 50,029
74-89-5 Methylamine [Methanamine] Gas 31,396
563-45-1 3-Methyl-1-butene Gas 44,559
563-46-2 2-Methyl-1-butene Liguid 44,414
115-10-6 Methyl ether [Methane, oxybis-] Gas 28,835
107-31-3 Methyl formate [Formic acid, methyl ester] Liquid 15,335
115-11-7 2-Methylpropene 1-Propene, 2-meth 1-] Gas 44,985
504-60-9 1,3-Pentadiene Liquid 43,834
109-66-0 Pentane Liquid 44,697
109-67-1 1-Pentene Liquid 44,625
646-04-8 2-Pentene, (E) - Liquid 44,458
627-20-3 2-Pentene, (2) - Liquid 44,520
463-49-0 Propadiene [1,2-Propadiene] Gas 46,332
74-98-6 Propane Gas 46,333
115-07-1 Propylene [1-Propene] Gas 45,762
74-99-7 Propyne [1-Propyne] Gas 46,165
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Table D-1: Heats of Combustion for Flammable Substa

(continued)

nces (EPA 1999)

CAS No. Chemical Name Physical Heat of
State Combustion

at 25°C (kjoule/k)
7803-62-5 Silane Gas 44,307
116-14-3 Tetrafluoroethylene [Ethene, tetrafluoro-] Gas 1,284
75-76-3 Tetramethylsilane [Silane, tetramethyl-] Liquid 41,712
10025-78-2 Trichlorosilane [Silane, trichloro-] Liquid 3,754
79-38-9 Trifluorochloroethylene [Ethene, chlorotrifluoro-] Gas 1,837
75-50-3 Trimethylamine [Methanamine, N,N-dimethyl-] Gas 37,978
689-97-4 Vinyl acetylene [1-Buten-3- yne] Gas 45,357
75-01-4 Vinyl chloride [Ethene, chloro-] Gas 18,848
109-92-2 Vinyl ethyl ether [Ethene, ethoxy-] Liquid 32,909
75-02-5 Vinyl fluoride [Ethene, fluoro-] Gas 2,195
75-35-4 Vinylidene chloride [Ethene, 1,1-dichloro-] Liquid 10,354
75-38-7 Vinylidene fluoride [Ethene, 1,1-difluoro-] Gas 10,807
107-25-5 Vinyl methyl ether [Ethene, methoxy-] Gas 30,549

* Estimated heat of combustion

211




AR

810 67 asuad .0 10 1¢ 8¢ 6'6€ LT 9T'T /0'0¥ sukdoid L-66-17.
GE'0 g9 asuad 6.0 710 1¢ 143 01T 0'¢C ST'T 80'CY auajAdoid 1-,0-GTT
8€°0 L'S asuad €80 710 144 9€ 56 0'¢C ET'T 0T v auedoid 9-86-17.
02’0 'S asuad €.°0 €10 1¢ 143 1¢ 1¢C 9T'T /00 auaipedold 0-67-€9%
810 L'S asuad L.°0 710 44 114 8'8 8T 0T'T 119G sudoidifyisN-Z L-TT-STT
440 143 asuad 99°0 710 144 79 €/C €€ ST'T /09 EVERER 9-0T-STT
0€0°0 09 asuad L.°0 ST°0 9¢ 1314 16 ST 80T cT'0L auaIng-T-AyIBN-€ 1-G¥-€99
c1'0 L'C asuad 0.0 0T°0 6T 9 /L'0¢C 67 61T 90'T€ auiweAyan G-68-17.
,L8°0 9'S wehong [T'T ST°0 4 €€ 0'ST 0'S 0€'T 70'9T SUEBYIBIN 8-¢8-v.
€20 09 asuad 80 ST°0 14 1314 7’8 8T 60T Z1'8S auenqos] G-8¢-G/
VN 9 p 9 9 0'S €€ 0'GL 0y a c0'¢ usboIpAH| 0-v/-€E€T
VN 0¢ asuad 750 9T°0 0€ 0CT 005 0y 0€'T /0'GL au Auig G-G6-60T
€90 A gEm\Ao:m_ G8°0 710 8T 1€ 0'9€ L'C 7C'T 50'8¢ ENEILTIE] 1-98-v.
€500 9¢ asuad €50 ST°0 LC 00T 7'ST 8'€ ST'T 1979 apuojyd Ayig €-00-G.
0700 9'€ asuad 1.0 10 144 79 0Vl G'€ ET'T 80'GY auiwekuyig L-¥0-S.
1600 'S asuad €.°0 €10 44 144 6'CE 0'¢C 11T 6075 ENENSERENIE! 9-00-20T
S.°0 'S asuad 680 710 8T 9€ 0€T 6°C 61T /0°0€ aueyls 0-¥8-v.
170 79 asuad 08°0 9T°0 LC 114 S/ L /0T ST'CL auedoidiAylewig-z'e 1-¢8-€9¥%
0600 L€ asuad €0 10 144 cS ad) 8¢C V1’1 80'GY aulwelkylpwiq €-0v-vZT
€20 9T asuad 8170 /10 LC 00T 0'8T L€ V1’1 5099 aueylaoJionjiig 9-,E-G/
7800 €T asuad 017'0 0C'0 €€ 09T 0'96 0y 9T'T T10'T0T aue|Isolo|ydid| 0-96-60Tv
€20 'S asuad L0 €10 144 114 70T 44 8T'T 80'CYy auedoidojohD 7-6T-G.
01’0 S'C asuad 150 ST°0 144 0E€T 0'¢ce 09 LTT 70'CS uabouel) S-6T-09%
17100 €€ asuad 750 9T°0 62 o1 09T SV CT'T €59/ ausjfdo.dololyd-z ¢-86-LGS
VN ST°0 asuad VN 610 1€ 0€8 VN G'EC 1C'T 1698 9pIXouow auloyg| T-T¢-T6.LL
620 €T asuad 1170 810 9¢ 062 0'6¢C 0'CT GC'T 80'09 apyInsAxo uogred 1-8G-€9¥%
c1'0 9'S asuad L.°0 710 144 6€ L6 LT OT'T 1199 |uaing-¢ /-T0-L0T
/10 LS asuad 8.0 710 144 VA €6 9T TTT 1199 |uaing-1 6-86-90T
c1'0 9'S asuad LL°0 710 144 114 L6 8T 11T T1°99 sueJl-suaing-g 9-79-729
170 9'S asuad 9.0 710 144 VA L6 9T cT'T 119G SI0-auaing-¢ 1-8T-06S
710 9'S asuad L.°0 710 144 6€ 56 LT OT'T 1199 auaing| €-19-/91S¢
ST°0 6'S asuad 180 710 GC 9€ 06 ST 60T C1'89 aueing 8-/6-90T
ST°0 S'S asuad G.°0 710 144 144 ST1T 0'¢C cT'T 6075 ausipeing-eT 0-66-90T
,GT°0 ,CV7'0 asuad ,6¢°0 ,G¢°0 NA4 2 0'/,€ 2 11T 6097 auajAyisoionjiowolg ¢-€.-86S
€20 87 gEm\Ao:m_ 8.0 10 LT Vx4 008 S'C €C'T 70'9¢ ENVETISERY 98-,
87100 L'C asuad 90 110 44 cL 009 0y 8T'T S0’ apAyaplelady| 0-20-S.

[EEE) (30) [CER) (4n) QER)

lojoe4 (34d) (Bunog) Buiiog 5(29) laddn lamo] syeaH

uonoeld lopeq |, suonipuod 101084 101084 101084 (1/6w) (CATNETN oyads b1 JaquinN

ysel alli4 |o0od |8sed-1siopm|  Ausueq@ pinb seo 147 Aungewwrely jo oney Jejnas|oN SWeN [edlwayd SvO

(666T Vd3

saseo a|qewwel Jo} ereq :z-d 3|qel




€T1¢

"SUONIPUOD MO (WINWIXeW) PeXoYd Japun syes| seb Jo} 49 asn
"> 0/2 ‘@inresadwal [0 Je pare|ndfed Joloe) aue(is

M T6T ‘@inresadwal [0 Je pare|nofed Jojoe) aueylo

"M 28z ‘@inresadwal [ea)LD Je pare|nofed Joloe) auslAylg

"(086T) [euare|y snossbueq Jo adeos3 sy Jo S108)3 [eaSAU BY) JO UOIRIND[ED 8Y) IO} SPOYISIN ‘ONL Ul pauodal se Y 0SZ 1e Jo10e) ausjA1eoy

:suondad xa Buimo|io) au1 yIm (3, G2) M 86¢ Ye parended |

“Al@xilun uonewloy jood

‘arelidouidde jou saseh juehong Ajfesnau Joj saourISIp Jo 3|ge] e ueyl 1a1ybil yony b

'8]g1Isnquiod Ajsnoaueluods aq 01 pauoday

2

2|0l

areridoudde ayy Buisooyd usym ases|al JO SUORIPUOD B} JSPISUOD 'pjod Jo aInssaid Japun payanbi ji osesjal uodn saseh asusp se aneyaq Aew Jre ueyy Jaybi| a1e Jey) sases
‘sioden pue saseb asusp 01 siajal ,asuaq, -siodea pue saseb juefonq Ajlesnsu o1 s1sjal Juefong,
a|qe|rene 10U eleq ¥N

'S9)10N
€600 L€ asuad /S0 /10 GC 9 0'6€ 9'¢C cT'T 80'8S 1au1e TAYIBW |AUIA] G-GZ-/0T
0S50 8T asuad [44° cc'0 VA4 o1 €1¢ S'S 9T'T 7079 apuonjy auapl|AUIA /L-8E-G.
/€0 8¢°0 asuad /S0 /10 €C 61 L'1¢ 9'¢C 0C'T 709 apuony AU G-¢0-G9.
710 Ve asuad 0S50 9T°0 9¢ 6 0'€Ee 9'€ 8T'T 0S'C9 apuo|Yd [AUIA ¥-10-G.
9800 'S asuad 690 €10 144 VA% L'1€ c'C ET'T 80'CS auajfizoe [Auip| T /6-689
c1'0 8V asuad 7.0 710 GC 1314 91T 0'¢C 0T'T 1169 aulwejAyaw || €-0G9-G/
/20 7€0 asuad £€°0 92°0 GE 00V /'8€ 7’8 11T L7911 audjAyieoIo|yd0ionyu | 6-8€-6.
690 G2Z'0 asuad €0 620 €€ 0S¥ 009 0'TT cT'T c0'00T auajAysoJon|fens | €vT-91T
,I¥'0 9 asuad o 9 ,6T 0 9 0 vC'T c1'ce QuUe|lS| G-¢9-€08.L

[EEE) (30) [CER) (4n) QER)

lojoe4 (34d) (Bunog) Buiiog 5(29) laddn lamo] SyesH

uonoeld lopeq |, suonipuod 101084 101084 101084 (1/6w) (CATNETN oyads b1 JaquinN
ysel ali4 |o0od |8sed-Isiom| AususQ pinb seo 147 Aungewwrely jo oney Jejnas|oN SWeN [edlwayd SvO

(penun

uod) (666T Yd3

saseo a|qewwel Jo} ereq :z-d 3|qel



vic

‘sloden pue saseb asuap Joj sa|gel 8y} 0} Siafal 2suad,,
"ainssald ousydsowie e syue) wodj syes| Joj Ajuo 477 ay1 asn

q
e

"3|qe|ieAe 10U ereq YN

:S9I10N
9T asuad 7S 7170 810 ST°0 062 VN 1A 76'96 apuojyd suspliAuIn  #-GE-G/
44 asuad 9€ 590 ST°0 0T°0 0S 0'8¢ LT 11°¢, 1auie |Ayis [AUIN|  Z-26-60T
89°0 asuad 79 /€0 €20 810 99 S'06 T Gi'GET 9UB[IS0J0|YdlI1| ¢-8/-G200T
€9 asuad (014 650 /10 /10 7S VN ST £2'88 sue|isiAylswenal| €-9/-G/
9'S asuad 1€ G.°0 ST°0 0T°0 (014 9'0T L €1°0L - (2) ‘suswad-z| €-02-229
9'S asuad 1€ 9.0 ST°0 0T°0 (014 9'0T 7’1 €1°0L -(3) "suswad-z| 8-¥0-9t9
8'S asuad 1€ LL°0 ST°0 €10 1314 A ST cT°0L sualuad-T| T-,9-60T
8'G asuad 0€ 8.0 ST°0 0T°0 8€ 0'8 €T ST'CL auejuad| 0-99-60T
€9 asuad €€ L0 710 /.00 144 T€T 9T c1'89 aualpeusd-¢'T| 6-09-70S
8T asuad 9 0S50 €10 0T°0 0T 0'0C 6'S S0'09 areuwo) [AyIBN| £-TE-20T
8'S asuad 1€ G.'0 ST°0 10 (014 9'6 7’1 cT°0L auaing-T-Ky1eN-z| Z-9¥-€95
1€ asuad 114 /S0 9T°0 110 06 L'0T 8¢C 7S5'8L apuo|yo [Kdoidos| 9-62-G/
4 asuad €€ 1.0 €10 0T°0 1314 7'0T 0'¢C 1165 auiwelAdoidos| 0-TE-S.
S'S asuad 43 L0 710 110 99 06 0'¢C c1'89 aualidos| G-6.-8L
19 asuad 0€ 6.0 ST°0 710 114 9L 7’1 ST'CL auejuados| 1-8.-81
€€ asuad 014 850 €10 0T°0 A 0'8T 8¢ 7129 ueideossw Ay13 1-80-G.
1504 asuad 143 690 ST°0 110 /S 0’8 6T 4N ZA ENENLE] /-62-09
'€ asuad S S0 ST°0 110 0T 09T SV €59/ auajAdoidolojyd-T|  9-TZ-065
[CER)) (v47) (an) (QER)]
(34d) MERR)) Buyiog | jusiquy Jaddn 1amo]
1030e4 Honpuod 1010e4 1030e4 (1/6w) [CAEIN) b1 JaquinN
8l |00d |aseD-1sIop | eaT pinbi Aisuaq slojoe4 pinbi] 147 nwi Ayjiqewwel4 Jejnos|oN aweN [ealway) SVYD

(666T Yd3) spinbry s|gewweld Jo} ereq :¢-d a|qel




Appendix E. Acknowledgements

We would like to thank the UAB students and summer intems assisted us in this project.
Specifically, Mary Laska and Risper W. Mwangi helped \litda research needed to prepare the
case studies. Summer High School interns, Markeishddrdale (West End High, Birmingham,
AL), supported by the NIH/MOTTEP program administered thrddgtvard University, and
Alicia McGuire (Parker High, Birmingham, AL), supportiegthe UAB Science Education
Program administered through the UAB Office of MinoRgcruitment and Retention, spent a
great deal of time in collecting and summarizing the ltimes material transportation report
information. Jescah Wahome was also helpful in logaind acquiring case study newspaper
articles, and Cari Ray and Laura Lokey, UAB environmesngineering students, were also
always ready to lend a hand in providing general projetasse.

We wish to express our thanks to the stakeholders frate agencies and other organizations,
who kindly agreed to meet with us and share their insightl experiences. Finally, we are
grateful to the anonymous reviewers at UTCA who provided uswaitiable feedback on our
research proposal and this final report.

We would also like to thank the agencies who provided ¢eeled information used during the
research, along with the newspapers and other sourceslved us to reprint the dramatic
photographs for the highlighted case studies.

We appreciate the funding provided by the UTCA and the US fo®this report. We also want
to acknowledge the contributions of the Department ol @wd Environmental Engineering and
the School of Social and Behavioral Sciences at UAB wovided necessary matching funds
and other support.

215



