


INTRODUCTION

in an increasingly technological era, we have become more dependent upon petroleum
products to help us maintain our high standard of living. Products derived from petroleum, such as
heating oil and gasoline, provide fuel for our automobiles, heat for our homes, and energy for the
machinery used in our industries. Other products derived from petroleum, including plastics and
pharmaceuticals, provide us with convenience and help to maks our lives more comfortable.

However, petroleum must be stored and transported, usually in large volumes. As a result of
axploration activities, or during storage or transport, oil and other petroleum products are sometimes
spilled onto land or into waterways. When this occurs, human health and environmental quality may
be at risk. Every effort must be made to prevent oil spills, and to clean them up promptly once they
oCeur.

The purpose of this brochure is to provide information about oif spills. This volume contains
individual sections that outline what oil spills are, their potential effects on the environment, how they
are cleaned up, and how various agencies prepare for spills before they happen. Details about one
oil spill cleanup -- that of the Bxxon Valdez spill of March, 1989 -- is provided to offer an example of
the complexities that can potentially be involved in oil spill cleanup activities.



TABLE OF CONTENTS

Thtle Page
The Behavior and Effects of Oif Spills in the Marine Environment ... .. ...... ... ... ... ..... 1
Mechanical Containment and Recovery of Oll Followinga Spill .. . ... ... ... .. ... ... .. ... 7
Chemical and Biclogical Treatment of Spilled Olf .. .. ... .. .. . . . i .. 13
Shoreline Cleanup Following OlLSpIlis . ... ... .. . . . i i e e e 17
Rescuing Birds and Mammals from Qi Spills . . ... ... .. . i e 23
Preparing for Qll Spills: Contingency Planning . . .. .. .. ... it 29
Responding to Ol Spills: The National Response System .. .. .. ... ... .. . 33
Response to Oil Spifls: The ExxonValdez .. ... ... . .. . . s 37
L€ 03 45
For Further Information . . . .. .. . i i e e e e e 47



THE BEHAVIOR AND EFFECTS OF OIL SPILLS
IN THE MARINE ENVIRONMENT

INTRODUCTION

Spilled oll can pose serious threats to
the marine erwvironment. The severity of
impact of an oil spill depends on a variety of
factors, including characteristics of the oil itself.
Even large spilis of refined petroleumn produdcts
such as gasoline evaporate quickly and cause
only short-term environmenial effects. On the
other hand, crude oils, heavy fusl oils, and
water-in-off mixiures may cause widespread
and long-lasting physical contamination of
shorelines. Natural conditions, such as water
temperature and weather, also influence the
behavior of oll in the marine environment.

PHYSICAL PROPERTIES OF OIL

The term oif describes a broad range
of natural hydrocarbon-based substances and
refined petroleum products. (Hydrocarbons
are chemical compounds composed of the
elements hydrogen and carbon.) Most refined

petroleum products are mixtures of many types

of hydrocarbon-based substances. Commonly
used products refined from crude oil include
fuel oil, gasoline, kerosene, and jet fuel. Each
type of crude oll and refined product has
distinct physical and chemical properties.
These properties affect the way oil will spread
and break down, the hazard it may pose to
marine and human life, and the likelihood that
it will pose a threat to natural and man-made
resources.

The rate at which an oil spill spreads
will determine its effect on the environment.
Most oils tend to spread horizontally into a
smooth and slippery surface, called a slick, on
top of the water. Factors which affect the
ability of an oil spill to spread include surface
tension, specific gravily, and viscosily.

® Surface tension is the measure of
attraction between the surface
molecules of a liquid. The higher the

oil's surface tension, the more likely a
spill will remain in place. If the surface
tension of the ol is low, the oil will
spread even without help from wind
and water currents. Because
increased temperatures can reduce a
liquid's surface tension, oil is more
likely to spread in warmer waters than
in very cold waters,

® Specific gravity is the density of a
substance compared 1o the density of
water. Since most oils are lighter than
water, they flat on top of it. However,
the specific gravity of an oil spill can
increase if the lighter substances within
the oil evaporate.

® Viscosily is the measure of a liquid's
resistance to flow. The higher the
viscosity of the oil, the greater the
tendency for it {0 stay in one place.
{Honey is an example of a viscous
liquid.)

THE FATE OF SPILLED OiL

Natural actions are always at work in
the marine environment. These can reduce
the severity of an oil spill and accelerate the
recovery of an affected area. Some natural
actions include weathering, evaporation,
oxidation, biodegradation, and emuisification.

® Weathering is a series of chemical and
physical changes that cause spilled oil
to break down and become heavier
than water. Wave action may result in
natural dispersion, breaking a slick into
droplets which are then distributed
throughout the water column. These
droplets can also form a secondary
slick or thin film on the surface of the
water,












e

A CHAIN OF EVENTS -- Spilled oil has the potential to affect every level of the marine food chain.
Fioating oil may contaminate plankton, which includes aigae, fish eggs, and the larvae of various
invertebrates such as oysters and shrimp. In turn, the small fish that feed on these organisms can
become contaminated. Larger animals in the food chaln, including bigger fish, bears, and humans,
may then eat these contaminated fish. In addition, marine mammais and birds may be exposed
directly to oil in the water, which they can ingest or get on their fur or feathers. Spilled oil may also
prevent the germination and growth of marine plants and the reproduction of invertebrates either by
smothering or by toxic effects.
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It is necessary for stationary booms to
be monitored or tended due to changes
produced by shifting tides, tidal currents,
winds, or other factors that influence water
depth and direction and force of motion.
Boom tending requires round-the-clock
personnel to monitor and adjust the
equipment,

The forces exerted by currents, waves,
and wind may significantly impair the ability of
a boom 10 hold oil. Currents may wash oil
beneath a boom's skit, Wind and waves can
force oil over the top of the boom’s freeboard
or even flatten the boom into the water,
causing it to release the contained oil.
Mechanical problems and improper mooring
can also cause a boom to fail.

While most booms perform well in
gentle seas with smooth, long waves, rough
and choppy water is likely to contribute to
boom faillure. in some circumstances,
lengthening a boom's skirt or freeboard can
aid in containing the oil. However, because
they have more resistance to natural forces
such as wind, waves, and currents, these
oversized booms are more prone to failure or
leakage than are smaller ones. Generally,
booms will not operate properly when waves
are higher than one meter or currents are
moving faster than one knot per hour.

Other Barrlers: improvised Booms

When a spill occurs and no
containment equipment is available, barriers
can be improvised from whatever materials are
at hand. Athough they are most often used as
temporary measures (o hold or divert oil until
more sophisticated equipment arrives,
improvised booms can be an effective way 1o
deal with ol spills, particularly in calm water
such as streams, slow-moving rivers, or
sheltered bays and injets.

improvised booms are made from such
common materials as wood, plastic pipe,
inflated fire hoses, automobile tires, and empty
oil drums. They can be as simpie as a board
placed across the surface of a slow-moving
stream, or a berm built by bulldozers pushing

a wall of sand out from the beach to divert oil
from a sensitive section of shoreline.

RECOVERY OF OiL

Once an oil spili has been contained,
efforts to remove the oil from the water can
begin. Three different types of equipment -
booms, skimmers, and sorbents -- are
commonly used to recover oil from the surface.

BOOMS

When used in recovering oil, booms
are often supported by a horizomal arm
extending directly off one or both sides of a
vessel. Sailing through the heaviest sections
of the spill at low speeds, a vessel scoops the
oif and traps it betwsen the angle of the boom
and the vessel's hull. In another variation, a
boom is moored at the end points of a rigid
arm extended from the vessel, forming a "U*
or *J-shaped pocket in which oil can collect.
in either case, the trapped oil can then be
pumped out to holding tanks and returned 1o
shore for proper disposal or recycling.

SKIMMERS

A skimmer is a device for recovery of
spilled oil from the water's surface. Skimmers
may be self-propelied, used from shore, or
operated from vesseis. The sfficiency of
skimmers is highly dependent upon conditions
at sea. In moderately rough or choppy water,
skimmers tend to recover more water than oil,
Three types of skimmers -- weir, oleophilic,
and suction -- are described here. Each type
offers advantages and drawbacks depending
on the type of oil being cleaned up, the
conditions of the sea during cleanup efforts,
and the presence of ice or debris in the water,

Weir skimmers use a dam or enclosure
positioned at the oii/water interface. Ol
floating on top of the water will spill over the
dam and be trapped in a well inside, bringing
with it as little water as possible. The trapped
oil and water mixture can then be pumped out
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SUMMARY

Chernical and biological methods can
be used in conjunction with mechanical means
for containing and cleaning up oil spilis.
Dispersants and gelling agents are most useful
in heiping to keep oil from reaching shorelines
and other sensitive habitats. Biological agents
have the potential to assist recovery in
sensitive areas such as shorelines, marshes
and wetlands. Research into these
technologies continues in the hopes that future
oil spills can be contained and cleanad up
more efficiently and effectively.
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SHORELINE CLEANUP FOLLOWING OIL SPILLS

INTRODUCTION

Shorseline and nearshore areas are
important public and ecological resources.
However, their cleanliness and beauty, and the
survival of the species that inhabit them, can
be threatened by accidents that ocour during
oil drilling and transport activities. Although
accidents during these activities are relatively
rare, when they do occuwr oil can be spilled into
the world's oceans. Despite the best efforts of
response teams to contain this spilied ol
some of it may wash up onto shorelines, into
marshes, or into other ecologically sensitive
habitats along the water's edge. To help
protect these resources from damage and to
preserve them for public enjoyment and for the
survival of numerous species, cleaning up
shorelines following oil spills has become an
important part of oil spill response,

SHORELINES: PUBLIC AND
ENVIRONMENTAL RESOURCES

Nearshore and shoreline areas serve
as homes to a variety of wildlife during all or
part of the year. Many bird species build their
nesis on sand or among pebbles, while others
regularly wander the shoreline searching for
food. Sea marnmals such as elephant seals
and sea lions come ashore to breed and bear
their pups. Fish such as saimon swim through
nearshore zones on their upriver migrations
during spawning season, and their offspring
swim through these same areas on their trips
to the sea in the following vear,

Shorelines and nearshore areas also
provide public recreation throughout the world,
Many beaches are famous for their wide
expanses of beautiful sand, while others are
admired for their rugged rocky clifis. Beaches
provide opportunities for sports such as
swimming, windsurfing and fishing. In
developing strategies for cleaning up an oil
spili from a shoreline, the characteristics of the

shoreline and the natural and recreational
resources it provides must be considered.

FACTORS AFFECTING CLEANUP
DECISIONS

Whenever possible, control and
cleanup of an oil spill at sea begins
immediately. if the oil spill can be controlied
there is less likelihood that it will reach
sensitive habitats near or on shore, If the ol
does reach the shore, however, decisions
about how best 10 remove it must be made.
These decisions will be based on factors such
as the

» type of oil spilled
° geology of the shoreline
» type and sensitivity of biological

communities likely to be affected

Each of these factors is described further
below.

Type of oll spliled

Lighter cils tend to evaporate and
degrade (break down) very quickly; therefore,
they do not tend to be deposited in large
quantities on beaches. Heavier oils, however,
tend to form a thick oil-and-water mixture
calied mousse, which clings to rocks and sand.
Heavier oils exposed to sunlight and wave
action also tend to form dense, sticky
substances known as far balls and asphalt that
are very difficult to remove from rocks and
sediments. Therefore, deposits from heavy oils
generally require more aggressive cleanup
than those from lighter ones.

Geology of the shoreline
Shorelines can vary dramatically in
their forms and compositions. Some

shorelines are narrow with beaches formed
from rounded or flattened cobbles and
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pebbles; some are wide and covered in a layer
of sand or broken shell fragments; and still
others are steep cliffs with no beach at all.

The composition and structure of the beach
will determine the potential effects of oil on the
shoreline.

Uil tends to stick to mud and to the
surfaces of cobbles and pebbles. it also flows
downward in the spaces between cobbles,
pebbles, and sand grains, and accumulates in
lower layers of beach sediments. Qi that
sticks to mud parnticles suspended in the water
column and to cobbles and pabbles on the
beach is exposed to the action of sunlight and
waves, which helps it 1o degrade and makes &t
iess hazardous to organisms that come into
contact with it. Ol that sticks to rocks and
pebbles can be wiped or washed off. Ol that
flows onto sandy beaches, however, can
*gscape” downward into sand, making &
difficult to clean up and reducing #ts ability to
degrade.

Type and sensitivity of blological
communities

Biological communities differ in their
sensitivity to the effects of oil spills and the
physical intrusion that may be associated with
various cleanup methods. Some ecosystems
seem 1o recover quickly from spills, with little or
no noticeable harm, while others experience
long-term harmiul effects.

Animals, such as elephant seals, that
depend on the nearshore or beach
environment for breeding and pupping can
lose their ability to stay warm in cold water
when thelr skin comes into contact with oil.
Birds lose their ability to fly and to stay warm
when their feathers are coated with oil, and fish
can suffocate when their gills are covered with
oil. An oil spill can disrupt a community food
chain because it is toxic 1o some plants, which
many organisms depend on for food,

18

CLEANUP PROCESSES AND METHODS

Both natural processes and physical
methods aid in the removal of oif from
shorelines. Somstimes, physical methods are
used to enhance naturally-occurring
processes. An example of a technology that
uses both natural processes and physical
methods to clean up an cil spill is
bioremediation, which is described later.

Matural processes

Natural processes that result in the
removal of oil from the natural environment
include evaporation, oxidation, and
biodegradation.

Evaporation occurs when liguid
components in oll are corwerted to vapor and
released into the atmosphere. it results in the
removal of lighter-weight substances in oil. In
the first 12 hours following a spill, up to 50
percent of the light-weight components may
evaporate, Since the most toxic substances in
oil tend to be those of lightest weight, this
evaporation decreases the toxicity of a spill
over time.

Orxidation occurs when oxygen reacts
with the chemical compounds in oil. Oxidation
causes the complex chemical compounds in
oil to break down into simpler compounds that
tend to be lighter in weight and more able to
dissolve in water, allowing them to degrade
further.

Biodegradation occurs when naturally-
occurring bacteria living in the ocean or on
land consume ofl, which they can use to
provide energy for their various biological
needs. When oil is first spilled, & may be toxic
to some bacteria, which makes the initial rate
of biodegradation quite siow. As the oil
gvaporates and the more toxic substances are
removed, the population of bacteria grows and
biodegradation activity accelerates.









SUMMARY

Cleaning shorelines after an oil spill is
a challenging task. Factors that affect the type
of cleanup method used include the type of oil
spilled, the geology of the shoreline, and the
type and sensitivity of biological communities
in the area. Natural processes such as
evaporation, oxidation, and biodegradation
help to clean the shoreline. Physical methods,
such as wiping with sorbent materials,
pressure washing, and raking and bulldozing
can be used o assist these natural processes.
Cil collectad during cleanup activities must be
reused or disposed of properly, using such
methods as incineration or landfilling,
Choosing the most effective yet potentially
least damaging cleaning methods helps to
assure that the natural systems of shorelines
and the recreational benefits they offer will be

preserved and protected for future generations.
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After the Exxon Valdez oil spill, otter
rehabilitation and pre-release centers were
built in Valdez, Seward, and Homer, Alaska,
These facilities remained in operation until
September, 1989, The three centers treated a
total of 357 otters, and released 197 into
Prince William Sound and along the Kenai
Peninsula. Because of concerns for their
health, an additional 24 adult ofters were sent
to various seaquariums. n addition, 13 otter
pups, most of which were born in captivity,
were transferred to seaquariums because they
were 100 young to be released.

Several other organizations devole
their energies to the rehabilitation of birds
following oil spills. Tri-state Bird Rescue and
Research, inc., of Wilmington, Delaware, is
often called to heip with East Coast spills. On
the West Coast, the international Bird Rescue
Research Center, located in Berksley,
California, is well-known for its work.
Washington Oiled Bird Rescue, in Washington
State, is aiso devoted to the rehabilitation of
oiled birds.

These organizations follow similar
techniques to recover and rehabilitate oiled
birds. Periodic hands-on exercises are
conducted to provide workers with sufficient
spill-related experience.

SUMMARY

Many lessons about the care and
treatment of oiled birds and animals have been
iearned through experience with recent oil spill
incidents. First, the need for immediate
response is essential for rescuing wildlife.
Second, personnel training is needed. The
rehabilitation of oiled wildlife is a complex
medical and technical procedure, and
volunteers must be properly trained. Training
workshops, which involve more than 200 hours
of work, are available through the
organizations cited above. Third, a
commitment must be made to reclaim olled
wildlife using proven, documented procedures,

26

and avoiding shortcuts. Finally, open
communication with other response agencies
is crucial for any wildiife rescue operation 1o be
successiul.



FOR MORE INFORMATION ABOUT BIRD
REHABILITATION, CONTACT:

Marjorie Gibson

International Bird Rescue Research Center
699 Poller Strest

Berkeley, CA 84710

Dr. Heidi Stout/ Lynne Frink

Tri-State Bird Rescue and Research, inc.
110 Possurn Hollow Road

Newark, DE 19711

FOR MORE INFORMATION ABOUT MAMMAL
REHABILITATION, CONTACT:

American Cetacean Society
Box 2639
San Pedro, CA 90731

Center for Marine Conservation
312 Sutter Street, Suite 316
San Francisco, CA 94108

Defonders of Wildlife
1244 19th Strest, NW
Washington, DC 20036

Friends of the Sea Otter
P.O. Box 221220
Carmel, CA 93922

Monterey Bay Aquarium
886 Cannery Row
Monterey, CA 93940

National Wildiife Federation
1412 16th Street, NW
Washington, DC 20036

FEDERAL AND STATE AGENCIES
RESPONSIBLE FOR ANIMAL RESCUE

FOLLOWING SPILLS

Commandant (G-MEP)
U.8. Coast Guard

2100 2nd Strest, SW
Washingion, DC 20583
(202) 267-2611

Department of the Interior
U.8. Fish and Wildiife Service
1845 C Street, NW
Washington, DC 20240
{202) 208-5634

NOAA/HMRAD

7600 Sand Point Way, NE
Bin C18700

Seattie, WA 98115

(208) 526-8317

Alaska Department of Environmental

Conservation

410 Willoughby Ave.
Juneau, AK 99801-1795
{807) 465-5000
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PREPARING FOR OIL SPILLS:
CONTINGENCY PLANNING

INTRODUCTION

Qil spills are, unfortunately, common
events in many parts of the United States.
Most of them are accidental, so no one can
know when, where, or how they will occur,
Spills can happen on land or in water, at any
time of day or night, and in any weather
conditions. Preventing oil spills is the best
strategy for avoiding potential damage to
human health and the environment from
exposure to oll. However, once a spill cccurs,
the best approach for containing and
controlling it is to respond quickly and in a
weli-organized manner.

THE ROLE OF CONTINGENCY PLANS

In order to respond rapidly and
successfully to an oil spill, personnel
responsible for containing and cleaning up the
spill must know the steps that need to be
followed during and after the spill,
Contingency pians are documents that
describe information and processes for
containing and cleaning up an oil spill that
occurs in a defined geographic area. A
defined area can be relatively small, such as a
piece of property that has oil storage tanks on
it, or it can be large, involving the land and
waters within and between several states.

A contingency plan is like a "game
plan,® or a set of instructions that outlines the
steps that should be taken before, during, and
after an emergency. When used properly by
trained response personnel, a contingency
plan can provide many benefits such as
allowing oil response efforts to proceed
smoothly and effectively, minimizing danger to
cleanup personnel, reducing overall costs of
cleanup by avoiding unnecessary effort, and
assuring that sensitive habitats are protected,

ELEMENTS OF A CONTINGENCY PLAN

At first glance, a well-designed
contingency plan may appear complicated
because i provides many details about all the
steps involved in preparing for, and
responding to, an oil spill. However, a weil-
designed contingency plan should be easy to
follow, Despite their differences, though, all
contingency plans usually contain three major
elements:

® Spill scenarios
o Background information
® Response actions

Each of these elements is described briefly
below.

Spill Scenarios

it is impossible to know when an oil
spill is going to happen and how much oil is
likely to be spilled. Sometimes oil spills occur
in places that are easy for response personnel
to get to, while at other times they occur in
remote spots that are difficult to bring
equipment into. Some spilis are very small
and easily controlied, while others are very
large and difficult to manage.

Different combinations of the factors
that can affect the ability of response
personnel to contain and clean up an oil spill,
such as weather conditions, geographic
isolation, and spill size, are called scenarios.
Private companies and local, state and federal
agencies design their contingency plans o
reflect several different scenarios. In order to
develop these scenarios, the following
information may be collected:
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o types of oils frequently stored in or
transported through that area

® locations in which oil is stored in large
quantities or through which traffic of oil
tankers is high

. locations of sensitive habitats and
human populations

o extreme weather conditions that might
occur in the area during diferent times
of the year

Contingency plans are designed to
help response personnel to be prepared for
the kind of spill that is *most likely® for a
particular placs.

On rare occasions, however, a spill
ocours in severe weather conditions, or is
much larger or more difficult to get to, than
those that are most likely. To prepars for
these unusual but severe incidents,
contingency plans also include *worst case’
scenarios. A worst case scenario, for example,
might assume that a large quantity of very
dense, heavy oil has spilled during a dark,
stormy night, close o vacation homes and
extremely sensitive habitats along the
shoreline. By being prepared for the worst
case scenario, response personnel will also be
prepared for less severe incidents.

Background information

This section of a contingency plan
provides information to personnel involved in
cleaning up a spill to help them make
reasonable, well-informed choices about how
to contain and clean up a spill when it ocours,
Such background information might include

® names and phone numbers of
individuals who work with private
companies or local, state and federal
agencies who are responsibie for
helping with oil spill cleanup efforts

30

] descriptions of physical, chemical and
biological technigques that can be used
to contain or clean up an ol spill

» lists of response equipment available in
the area
® lists of oil-sensitive habitats and wildlife

resources that must be protected

® description of the communications
system that will be used to coordinate
the various personnel and agencies
involvad in the control and clsanup
effort

Hesponse Actions

A carsfully designed contingency plan
will describe major actions that need to be
undertaken when a spill occurs. These actions
should take place immediately following a spill
$0 as to minimize hazards to human health
and the environment. Actions to be taken
during & spill that should be described in the
contingency plan include

® notifying all private companies or
government agencies that are
rasponsible for the cleanup effort

s getting trained personnel to the site
quickly
® defining the size, position, and content

of the spill, its direction and speed of
movement, and its likelihood of hitting
sensitive habitats

® assuring the safety of all response
personnel

® stopping the flow of oil from the ship,
truck, or storage facility, if possible

o containing the spill to a limited area

e removing the oil

@ disposing of the oil once it has been

removed from the water or land



EXAMPLES OF CONTINGENCY PLANS

Many differert kinds of contingency
plans exist for dealing with oil spills. Some
contingency plans are designed to help deal
with an oif spil that might ocouwr at a very
specific place, such as an oil slorage or
refining facility. Others are designed 1o help to
deal with spills that might ocour anywhere
within a large geographic region. In fact, the
federal government has designed a National
plan that establishes the process for dealing
with any spill that occurs in the United States.

Faciiity Contingency Plans

Every facility in the United States that
stores or refines oil products, whether owned
by a private company or operated by a
government agency, is required o develop a
plan for dealing with an accidental release of
oil on its property. These contingency plans
typically contain information such as

. the company's or agency's policies for
dealing with spills

e job descriptions for various personnel
within the company or agency and
their responsibilities for dealing with a

spill

@ proper procedures for notifying and
alerting employees and response
personnel

. rules and regulations to be followed to

control and clean up spills

Reglonal Contingency Plans

Federal and state government
agencies with responsibility for protecting the
environment develop contingency plans for
specific geographic regions of the United
States (see map). These plans include
detailed information about resources (such as
equipment and trained response personnel)

available from the federal government and the
states or commonwealths within particular
regions. They describe the roles and
responsibilities of each state and federal
agency during a spill, and how agencies will
respond i they are called upon in an
emergency. These plans also describe how
two oF more regions might interact, such as
when a spill ocours in a river that flows
between regions, 1o assure that a spill is
controlled and cleaned up in a timely and safe
manner.

Fegional plans are often brought into
action when facilities are unable to handle
spills on their own. In such situations, special
teams -- called Regional Response Teams, or
RATs - may be called upon to provide
technical advice as well as cleanup equipment
and specially trained personnel. RHRTs conduct
training exercises (o test the abilities of federal
and state agencies to respond quickly and to
work together to control and clean up spills.
These exercises help states and the fedsral
government to identify problems with their oil
spill response plans so that the plans can be
improved if necessary.

The National Contingency Plan

The U.S. Erwvironmental Protection
Agency (EPA) has designed a plan, called the
National Contingency Plan or NCP, 1o ensure
that resources and expertise of the federal
government would be available for those
relatively rare, but very serious, oil spills that
require a national response. This plan was
designed primarily 1o assist with coordinating
the various federal agencies that are
responsible for dealing with oil spill
amergencies.

The NCP was developed and is
continuously updated through efforts of the
National Response Team (NRT), which is
composed of representatives from 14 different
federal agencies, including EPA, the U.S.
Coast Guard, and the Federal Emergency
Management Agency. Although the NAT does
not respond directly to incidents, it stands
ready to offer technical advice and
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coordination assistance if requested during an
incident. It also provides information about
emergency training exercises to local and state
governments, assists in the design of
international contingency plans, and
recommends improvements to Regional
Contingency Plans.

IMPROVING CONTINGENCY PLANS

After an oil spill has been controlled
and cleaned up, the companies as well as the
local, state and federal agencies that were
involved in the emergency assess the
usefulness of their contingency plans.
information gathered during the assessment,
such as problems that had not been
considered in the original plan, and the
successes or faillures of cleanup technigues
used, will be used in a revised contingency
plan. This information will also be shared with
private companies and states, regions, and
federal agencies so that they too may learn
from oil spills to improve their contingency
plans.

SUMMARY

Pianning for an oil spill emergency
helps to minimize potential danger to human
health and the environment by assuring a
timely and coordinated response. Well-
designed local, state, regional and national
contingency plans can assist response
personnel in their efforts to contain and clean
up oil spills by providing information that the
response teams will need before, during, and
after spilis occur. Because the approaches
and methods for responding to oil spills are
constantly evolving, and each oil spill provides
an opportunity to learn how to better prepare
for future incidents, contingency plans are also
constantly evolving and improving -- assuwring
increased protection to human health and the
environment from these accidents.,
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RESPONDING TO OIL SPILLS: THE NATIONAL RESPONSE SYSTEM

INTRODUCTION

When a major oil spill occurs in any
navigable waters in the United States (U.8),
coordinated teams of local, state and national
personnel are called upon to help contain the
spill, clean it up, and assure that damage to
human health and the environment is
minimized. Without careful planning and clear
organization, efforts to deal with large oil spills
could be siow, ineffective, and potentially
harmful to response personnel and the
environment,

The system that has been established
in the U.8. for organizing responses to major
oil spills is called the National Response
System. This document describes the origins
of the National Response System and outlines
the responsibilities of the teams and individuals
who plan for and respond to major oil spills in
navigable waters.

THE NATIONAL RESPONSE SYSTEM

On March 18, 1967, a 970-foot ol
tanker, the Torrey Canyon, ran aground 15
miles off the western coast of England, spilling
117,000 tons of crude oil that eventually
washed up onto the popular resort beaches of
England and France. Although the U.S. had
not yet experienced a spill of this size in its
coastal waters, the federal government began
to question its ability to respond to such spills
if they ocourred hers, As a result, in 1968
several Federal agencies developed a plan,
now called the National Oil and Hazardous
Substances Poliution Contingency Plan, or
National Contingency Plan (NCP) for shon, that
would bring together federal agencies with
various kinds of expertise to respond to oil
spilis when they ococur. The NCP, which was
made into law in 1973, established the National
Hesponse System, a network of individuals and
teams from local, state and federal agencies
who share expertise and resources to assure

that oil spill control and cleanup activities are
timely and efficient, and that they minimize
threats to human health and the environment.

The three major components of the
National Response System are the (1) On-
Scene Coordinator, (2) National Response
Team, and (3) Regional Response Teams. The
National Response System is activated when
the National Response Center receives
notification of an oil spill,

The Nationa! Response Center

The National Response Center, located
in Washington, D.C., is one of the first
organizations to be notified when an oil spill
occurs. it is staffed by officers and marine
science technicians from the U.S. Coast
Guard, and serves as the national
communications center responsible for
notifying the On-Scene Coordinator {O8C)
whose job it is to oversee cleanup efforts at
the spill site.

The On-Scene Coordinator

The On-Scene Coordinator (O8C) is a
federal official who is responsible for all federal
government efforts to contain, remove, and
dispose of spilled oil in a major incident. This
official is also responsible for coordinating
federal efforts with, and providing support and
information to, local, state and regional
response communities,

The O8C is a representative of one of
two federal agencies: the U.S. Coast Guard
(USCG) or the US, Environmental Protection
Agency (EPA). The USCG has designated 48
O8Cs; EPA has designated 145 O8Cs. When
a spill ocours in coastal waters, the O8C is the
jocal USCG Port Commander. When a spill
occurs inland, a regional EPA official is
assigned as the OSC,



The O8C is responsible for four main
tasks during an oil spill response: (1)
assessment, (2) monitoring, (3) response
assistance, and (4) reporting.

Assessment

Assessment involves evaluating the
size and nature of a spill, its potential hazards,
the resources needad to contain and clean it
up, and the ability of the responsible party or
local authorities to handie the incident. The
O8C typically conducts these activities at the
beginning of a response. The results of the
assessment are used to determine the need
for personnel, equipment, and other resources
to promptly and effectively combat the spill.

Monitoring

Monitoring comprises those activities
taken to ensure that the actions being taken to
control and clean up a spill are appropriate. All
spills of a legally defined minimum size must
be monitored by an 08C, even though most
spills are small and are cleaned up by the
responsible party or local fire or police
departments. Monitoring can be conducted
from the site when necessary, or from an
agency office if the situation appears to be
under control.

Hesponse Assistance

Once a spill has been assessed, the
08C determines whether federal assistance
will be necessary to help control and contain
the spill. If the OSC decides that federal
assistance is required, the OSC will obtain
needed resources such as personnel and
equipment. If sufficient resources are not
available at or near the spill site, the 0SC can
secure them using a special fund -- the Oil
Spill Liability Trust Fund (see box)-- which has
been established for this purpose. This
assistance is intended to ensure that oil spill
cleanups will not be hindered by a lack of
personnel or equipment.

The O Spill Liabiiity Trust Fund

The company or individual
responsible for an oil spill (known as
a rasponsible party, or RP) has legal
liability, to a defined maximum
amount, for expenses related to
containment and cleanup of the spill,
However, when the RP is unable to
pay for cleanup, funds from the Oil
Spill Liability Trust Fund can be used
to pay for removal costs and/for
damages resulting from discharges
of oil into U.S. waters, This Trust
Fund, created by Congress in 1980,
is administered by the U.S. Coast
Guard (USCG), and is based on a
five-cent per barrel fee on imported
and domestic oil. it also provides
funds for research into and
development of oil spill cleanup
technologies. In 1990, $25 million
per year was authorized to the USCG
for its operating expenses for ol spill
cleanup efforts.  Another $30 million
per year (until the end of 1982) was
provided to establish the National
Response System, and nearly $28
million per year is made available for
research and development
programs.

Reporiing

Reporting on oil spill response actions
provides information that is useful for
designing or improving spill response plans.
The NCP requires that the OSC report all
activities that take place during and after a
spill. For example, following a spill, the O8C is
reqguired 10 file a summary report that outlines
the actions taken to remedy the spill and the
lavel of assistance provided by local, state, and
federal agencies. These reports can be used
to identify problem areas and can be shared
with other agencies who may make
recommendations for improvement.



The Mational Response Team

The National Response Team {(NRT) is
an organization composed of fifteen federal
agencies, each of which has responsibilities in
environmental areas and expertise in various
aspects of emergency response to pollution
incidents. Although the NRT does not respond
directly to incidents, it is responsible for three
maior activities related to managing ol spill
response: (1) distributing information,

{2) planning for emergencies, and (3} training
for emergencies.

Bistributing information

The NRT is responsible for ensuring
that information about oil spilis -- technical,
financial, and operational -- is available to all
members of the team. This information is
collected primarily by NRT committees whose
purpose is to focus attention on specific
issues, then coliect and disseminats
information on those issues to other members
of the team.

Planning for emergencies

The NRT ensures that the roles of
faderal agencies on the Team for oil spill
emergency response are clearly outlined in the
National Contingency Plan. After a major spill
avent, the effectiveness of the response is
carefully assessed by the NRT. The NRT may
use information gathered from the assessment
to make recommendations for improving the
National Contingency Plan and the National
Response System.

The NRT may be asked to help
Regional Response Teams {see below)
devalop Regional Contingency Plans. The
NHT also reviews these plans to ensure that
they comply with federal policies on
emergency response.

Training for emergencles

One important aspect of any
emergency response is preparedness, which is
best developed by training. Although most
training is actually performed by state and

local personnel, the NRT develops training
courses and programs, coordinates federal
agency training efforts, and provides
information to regional, state and local officials
about training nesds and courses.

Supporting RRTe

The NRET supports Regional Response
Teams (RRTs) by reviewing Regional
Contingency Plans and assuring that they are
consistent with national policies on oil spill
cleanup. The NRT also supports RRTS by
monitoring and assessing RRT effectiveness
during an oil spill cleanup activity. The NRT
may ask an RRT to focus on specific lessons
lsarned from a specific incident and to share
those lessons with other members of the
National Response System. In this way, the
RRTs can improve their own Regional
Contingency Plans while helping to solve
problems that might be occurring eisewhere
within the National Response System,

Reglonal Response Teams

There are thirteen Regional Response
Teams {RATs} in the U.S,, each representing a
particular geographic region {(including the
Caribbean and the Pacific Basin). RRTs are
composed of representatives from field offices
of the federal agencies that make up the NRT
as well as state representatives. The four
major responsibilities of RRTs are (1) response,
{2} planning, (3} training, and (4) coordination.

Hesponse

RRTs provide a forum for federal
agency field offices and state agencies to
gxchange information about their abilities 10
respond to OSCs’ requests for assistance. As
with the NRT, RRT members do not respond
directly fo spills but may be called upon to
provide technical advice, equipment, or
manpower to assist with a response.

Planning
Each RRT develops a Regional

Contingency Plan to ensure that during an

as



actual oil spill the roles of federal and state
agencies are clear. Following an oll spill, the
RAT reviews the OSCs’ reports to identify
problems with the Region's response to the
incident and improves the plan as necessary,

Training

Federal agencies that are members of
the RATs provide simulation exercises of
Regional plans to test the abilities of federal,
state and local agencies to coordinate their
responses to oil spills, Any major problems
identified as a result of these exercises may be
addressed and changed in the Regional
Contingency Plans so the same problems do
not arise during an actual incident.

Coordination

The BRTs are responsible for
identifying the resources available from each
federal agency and state in their regions.
Such resources include equipment, guidance,
training, and technical expertise for dealing
with oil spills. When there are too few
resources in a Region, the BRT can request
assistance from federal or state authorities o
ensure that sufficient resources will be
available during a spill. This coordination by
the RRATs assures that resources are used as
wisely as possible, and that no Region is
tacking what it needs to protect human health
and the environment from the effects of an oil
spill.

SUMMARY

The National Response System is the
mechanism established by the federal
government to respond to discharges of oil
into navigable waters of the United States.

This system functions through a cooperative
network of federal, state and local agencies.
The primary mission of the system is to provide
support to state and local response activities,

The major components of the National

Response System are the On-Scene
Coordinator, the National Response Team, and
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the thirteen Regional Response Teams. Thess
individuals and teams work together to develop
detailed Contingency Plans to outline
responses to oil spill emergencies before they
occur, and to develop or engage in training
that prepares for actual emergencies. During
oil spill events, they cooperate 10 ensure that
all necessary resources such as personnel and
equipment are available, and that containment,
cleanup, and disposal activities are timely,
gificient, and sHfective. It is through this
cooperation that the National Hesponse
System protects human health and the
environmert from potential harm from oil spills
in navigable waters.

NATIONAL AND REGIONAL RESPONSE
TEAM MEMBER AGENCIES

One representative from each of the
following fourteen agencies sits on the NRT.
One representative from each Hegional office
of these agencies and representatives from
each state within the Region sit on the RRTs.

Ervironmental Protection Agency

Coast Guard

Department of Agriculture

Depariment of Commerce

Department of Defense

Department of Energy

Depantment of Health and Human Services
Department of the interior

Department of Justice

Department of Labor

Depariment of State

Department of Transportation

Federal Emergency Management Agency
General Services Administration

Nuclear Regulatory Commission



RESPONSE TO OIL SPILLS: THE EXXON VALDEZ

INTRODUCTION

On March 24, 1989, shortly after
midnight, the oil tanker Exxon Valdez struck
Bligh Resf in Prince William Sound, Alaska,
spilling more than 11 million gallons of crude
oil. (See Figure 1.} The spill was the largest in
U.8. history and tested the abilities of local,
national, and industrial organizations to
prepare for, and respond to, disasters such as
these. Many factors complicated the cleanup
sfforts following this spill. The size of the spill
and its remote location, accessible only by
helicopter or boat (ses Figure 2}, made
government and industry efforts difficult and
tested existing plans for dealing with such an
avert.

The spill posed thveats to the delicate
food chain that supports Prince William
Sound’'s commercial fishing industry. Also in
danger were ten million migratory shore birds
and waterfowl, hundreds of sea ofters, dozens
of other species such as harbor porpoises and
sea lions, and several varieties of whales.

THE INCIDENT

The two-year-old oil tanker Exxon
Valdez, with a capacity of 1.46 million barrels
{62 million gallons) of oil, was the newest and
largest of Bxxon's 18-ship fleet. On the
avening of March 23, 1989, 1.26 million barrels
{54 million gallons) were lpaded onto the ship
in Valdez, Alaska. The ship left the port at 810
p.m., bound for Long Beach, California.

Chunks of ice from the nearby
Columbia Glacier were sitting low in the water,
so the ship's captain tried to turn into an
empty inbound shipping channel to avoid
them. The ship was moving at approximately
12 miles per hour when it struck the rocks of
Bligh Resf in Prince William Sound. The
underwater rocks tore huge holes in eight of
the vessel's eleven giant cargo holds, releasing
a fiood of oil into the Sound., More than 11

million gallons of oil spilled within five hours of
the event. Seven hours after the spill was
reported, the resulting oil slick was 1,000 fest
wide and four miles fong.

In addition to the spilled oil, there were
other immediate dangers. About 80 percent of
the ship’s oil cargo remained on board; the
ship was resting in an unstable position and in
danger of capsizing. Removing the remaining
oil from the ship and cleaning the spilled oil
were top priorities.

THE RESPONSE

Since the incident occurred in open
navigable waters, the U.8. Coast Guard's On-
Scene Coordinator had authority for all
activities related to the cleanup effort. Once he
was notified of the spill, he immediately closed
the Port of Valdez to all traffic. A Coast Guard
investigator, along with a representative from
the Alaska Department of Environmental
Conservation, visited the scene of the incident
to assess the damage caused by the spill. By
noon on Friday, March 25th, the Alaska
Regional Response Team was brought
together by teleconference, and the National
Response Team was activated soon thereafter,
The National team is based in Washington,
D.C. and is composed of representatives from
fourteen different Federal agencies, with sither
the Environmental Protection Agency or the
U.S. Coast Guard taking primary responsibility
for coordinating oil-spill cleanup activities.

Alveska, the association that
represents seven oil companies who operate in
Valdez, including Exxon, first assumed
responsibiiity for the cleanup. Alveska
operates the pipeline and terminal at Valdez
and is responsible for carrying out plans for oil-
spill emergencies. Alyeska opened an
emergency communications center in Valdez
shortly after the spill was reported and set up a
second operations center in Anchorage,
Alaska.
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The On-Scene Coordinator, in
cooperation with the Exxon Corporation,
established several goals for the response.
The most important goal was to prevent
additional spilling of oil. Because the Exxon
Valdez was unstable and in danger of
capsizing, the 43 million gallons of oil still
onboard the tanker threatened the
environmentaily-sensitive Sound. The first
priority was to protect four fish hatcheries that
were threatened by the spill. In addition, there
were concerns about the safety of response
personnel, since highly flammable and toxic
fumes made response actions difficult,

Numerous equipment problems slowed
down the response to the spill.  Alyeska had
mechanical containment equipment available
such as booms, which are floating mechanical
barriers that are designed to stop the spread
of oil, but there were not enough of them to
contain an 11 million galion spill. Because of
the remote location of the spill, equipment had
{0 be moved over great distances to reach the
accident scens. The barge used by Alyeska's
response team had been stripped for repairs,
and was therefore not immediately available for
use. # took ten howrs to prepare and load the
barge, and another two hours to reach the
Exxon Vaidez.

In addition, the remote location of the
incident presented many logistical problems.
Because the spill site was located two hours
by boat from the pon of Vaidez, every task was
time-consuming. The response had to be
staged from mobile platforms, and equipment
had to be air-dropped or delivered by boat.

Other problems became apparent as
the emergency teams began to arrive to help
with the cleanup. Only limited lodging was
available in Valdez, a small village of only 4,000
people. The small airstrip at Valdez could not
handle farge planes carrying the cleanup
equipment. These planes were forced to land
in Anchorage, a nine-hour drive from Valdez.
The Federal Aviation Administration, the
agency responsible for all air traffic control,
had to set up a temporary tower {0 manage
increased flights to the area.
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At the start of the spill, necessary
communications between response personnel
were difficult because there was limited phone
service in Valdez, The Coast Guard On-Scene
Coordinator was the only person with a direct
telephone line out of the community. The lack
of phone lines delayed cleanup teams from
being able to request the resources they
needed, and it took time for the phone
company to increase the number of phone
lines. Radio communication was also
troublesome. The large numbers of boals
working the area resulted in multiple
simultaneous radio transmissions, and the
mountainous terrain made radio
communication difficull. The Coast Guard
established a news office and requested more
communications staff, because numerous
national media representatives were arriving in
Valdez every day.

On the second day of the spill, Exxon
assumed responsibility for the cleanup and ifs
costs. Exxon activated its emergency center in
Houston, Texas, which sent equipment to
stabilize the ship. The company directed
another ship, the Exxon Baton Rouge, to
remove the remaining oil from the stricken
Valdez.

In taking responsibility for the cleanup
operations, Exxon set out to address the
problems mentioned earlier. The company
opened a communications network that
allowed information about the spill and the
cleanup efforts {0 be shared with state and
federal government officials, private company
representatives, and others who were
interested in the events surrounding the spill.
The company, in cooperation with the U.S.
Coast Guard, installed four weather stations
around Prince William Sound o provide the
weather forecasts that were critical to planning
cleanup efforts. A refueling station for
helicopters was set up in Seward, Alaska.
More than 274 tons of additional equipment,
including skimmers, booms, and dispersants
arrived at the site by the fourth day.

Hundreds of people were brought to
the area to help conduct the cleanup effort
within two days of the spill. More than 1,000
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Coast Guard personnel, along with empioyess
of the National Oceanic and Atmospheric
Administration, the Fish and Wildiife Service,
and the Environmental Protection Agency
helped with the response. Nine additional
Coast Guard cutters and eight aircrafl were
brought to the scene. Specialists from the
Hubbs Marine Institute of San Diego, California,
set up a facility to clean oil from otters, and the
international Bird Research Center of Berkeley,
California established a center to clean and
rehabilitate olled waterfowl.

THE CLEANUP

Three methods were tried in the effort
to clean up the spill:

® burning
° chemical dispersants
® mechanical cleanup

A trial burmn was conducted during the
early stages of the Exxon Valdez spill. A fire-
resistart boom was placed on tow lines, and
the two ends of the boom were each attachad
to a ship. The two ships, with the boom
between them, moved slowly through the main
portion of the slick until the boom was full of
oil. The ships then towed the boom away from
the slick and the oil was ignited. The fire did
not endanger the main slick or the Exxon
Valdez because of the distance ssparating
them. Because of unfavorable weather
conditions, however, no additional burning was
atternpted in this cleanup effort.

Soon after the spill, dispersants were
sprayed from helicopters. Mechanical cleanup
was started using booms and skimmers.

The use of dispersants proved 1o be
controversial. Alyeska had less than 4,000
gallons of dispersant available at its terminal in
Valdez, and no application equipment or
aircraft. A private company applied
dispersants on March 24 with a helicopter and
dispersant bucket. Because there was not
enough wave action to mix the dispersant with

the oil in the water, the Coast Guard
representative at the site concluded that the
dispersants were not working.

Skimmers, devices that remove oil from
the water's surface, were not readily available
during the first 24 hours following the spill,
Thick oil and heavy kelp tended to clog the
squipment. Repairs to damaged skimmers
were time-consuming. Transfering oil from
temporary oil storage vessels into more
permanent containers was also difficult
because of the oil's weight and thickness.
Continued bad weather slowed down the
recovery efforts.

Efforts to save delicate areas were
begun early in the cleanup. Sensitive
environments were identified, definad
according to degree of damage, and then
ranked for their priority for cleanup. Seal
pupping locations and fish hatcheries were
given highest importance, and for these areas
special cleaning techniques were approved.
Despite the identification of sensitive areas and
the rapid start-up of shoreline cleaning,
however, wildiife rascue was slow. Adequate
resources for this task did not reach the
accident scene quickly enough. Through
direct contact with oil or because of a loss of
the their food resources, many birds and
mammails died.

THREE YEARS AFTER THE SPILL

During the three years after the Bxxon
Valdez oll spill, cleanup and environmental
restoration of the affected shorelines and
islands continues. The cost of the cleanup has
amounted to billions of dollars, and the cost of
legal settlements has resulted in millions more.

On June 12, 1992 the U.S. Coast
Guard announced that the cleanup activities
should end. Although the cleanup activities
have ceased, there are still pools of oil left in
some areas where it is assumed that the harm
caused to the ecosystem by the oil is not
greater than the benefils to be gained from
further cleanup.
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The Exxon Valdez incident and the
erwironmental impact caused by the spill
attracted the attention of national political,
scientific, and environmental interests. The
scientific groups includs those from Exxon
Corporation and the U.S. Environmental
Protection Agency that got involved in efforts
to uss sxperimental technologies such as
bioremadiation to clean up the spill. The
National Oceanic and Atmospheric
Administration was involved in providing
weather forecasts for Prince William Sound.,
This allowed the cleanup team to know what
type of cleanup technology would be
compatible with the changing weather
conditions in the Sound. A Valdez trustee
council was born, which is organizing a
maeaeting about oll spills to attract more
sclentific research papers from studies on the
Exxon Valdez incident, This council is made
up of representatives from numerous federal
and Alaskan state agencies that deal with
ervironmental issues.

The Exxon Valdez incidert also
prompted the U.8. government to require the
U.8. Coast Guard to strengthen their
regulations on oil 1ank vesssis and oil tank
owners and operators under an environmental
law known as the Oif Pollution Act of 1990. As
of July 17, 1982, all tank vesseis of 20,000 tons
or greater are required to carry special
squipment that will enable the vessel captain
and the vessel traffic center in Valdez to
communicate better for safer sailing through
that area.

Restoration projects to bring back
natural conditions of the affected areas are just
beginning. On September 30, 1981, an
agreement was reached between Exxon
Corporation, the state of Alaska, and the
Federal government. As a result of this
agreement, Exxon Corporation agreed to pay
$900 milion for environmental restoration.
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SUMMARY

The Exxon Valdez incident increased
public awareness about the risks involvaed in
the transport of oil. & also revealed many
weaknasses in the abilities of state, federal,
and industry officials to plan for and respond
to such a disaster. The remote location of the
spill and a lack of necessary equipment added
to response problems.

Prevention of spilis is the first line of
defense, and the oll industry has taken steps
to reduce the risks of oil spills. Once a spill
occurs, however, improved response
coordination between federal, state, and local
authorities should produce more rapid cleanup
actions. A program io provide better training
of emergency response personnel is being
prapared, and safely issues are being
addressed. Beach-cleaning techniques that
are more effective and less labor-intensive are
being developed. Studies of the long-term
environmental effects of oil spills and their
infiuence on food chains in the ocean and on
land are now underway. The costs of cleanup
activities, ecosystem restoration, and legal
settiernents of ol spills are so high that the
best strategy Is to work to prevert them.
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GLOSEBARY
Asphalt: A brown to black residue formed from weathered petroleumn products, consisting chiefly of a
mixture of hydrocarbons; varies in texture from hard and brittle to plastic.

Blodegradation: The breaking down of substances by microorganisms, which use the substances for
food and generally releass harmiess byproducts such as carbon dioxide and water,

Bloremediation: The act of adding nutrients or microorganisms to the environment 1o increase the
rate at which biodegradation occurs.

Boom: A temporary floating barrier used to contain an oil spill.

Dispersion: The spreading of oil on the water's surface and, to a lesser degree, into the water
column.

Emuisification: The formation of a mixture of two liquids, such as oil and water, in which one of the
liquids is in the form of fine droplets and is dispersed in the other.

Evaporation: The physical change by which any substance is converted from a liquid to a vapor or
gas.

Hydrocarbons: A large class of organic compounds containing only carbon and hydrogen; common
in petroleum products.

Fydrophoblc: Not easily wet by water,
incineration: The destruction of wastes by burning at high temperatures.

Mousse: A thick, foamy oll-and-water mixture formed when petroleum products are subjected to
mixing with water by the action of waves and wind.

Ol As commonly used, a naturally-occurring midure of hydrocarbons and other substances typically
used as fuels or refined for use in a variety of commercial products.

Oleophiile: Having a strong affinity for oils.

Oxidation: A chemical reaction that occurs when a substance is combined with oxygen; may lead to
degradation or deterioration of the substance.

Seeding: The addition of microorganisms to the environment; used in bioremediation.
Skimmers: Devices used 1o remove oil from the water's surface.

Slick: A thin film of oil on the water's surface.

Sorbents: Substances that take up and hold water or oil,

Solidiflers: Substances that can be added to liquid oil to make the oil *harden® into solid substances
that can either be picked up from the water's surface or left to sink to the ocean bottom.
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Specific gravity: The ratio of the density of a substance to the density of water.

Surface tension: The atiractive force exerted upon the surface molecuies of a liquid by the molecules
beneath the surface. When oll is spilled on water, this tension makes the oil behave as a continuous
thin sheet that is difficult to separate or break up.

Surfactant: A substance that breaks oil into small droplets. This helps to increase the surface area of
the oil spill, which increases the rate at which the oll can be degraded or weathered into less toxic
substances.

Tar balis: Dense, black sticky spheres of hydrocarbons; formed from weathered oil.

Viscoslty: Resistance to flow. Substances that are extremely viscous do not flow easily.

Weathering: Action of the elements on a substance, such as oll, that leads to disintegration or
deterioration of the substance.

46



FOR FURTHER INFORMATION

Sharon Begley, “The Spill Next Time: What Needs to be Done,” Newsweel (Sept. 18, 1889): 58.
Geofirey Cowley, "Dead Otters, Silent Ducks,” Newsweek {April 24, 1988): 70.

Abe Dane, *Learning from Disaster,” Popular Mechanics 168 (Sept. 1991): 94,

Art Davidson, °In the wake of the Exxon Valdez," Alaska 56 (May 1980} 28+.

Timothy Egan, "The Vaidez Spill: One Year Later* The New York Times Magazine {Apr. 15, 19980): 34-
7.

Frank Graham, *Oilspeak, Common Sense, and Soft Science,” Audubon 91 (Sept. 1988): 102-108.

Brian Hodgson, “Alaska's Big Spill: Can the Wilderness Heal? National Geographic (Jan. 1990} 2-
43

John Kenney, "Grave Waters,” National Parks 63 (July/Aug. 1988): 18-23.

Jon R. Luoma, *A Soiled Symbol,” Audubon 91 (Sept. 1988): 101,

Jon R. Luoma, "Terror and Triage at the Laundry,” Audubon 91 (Sept. 1989): 82-101.
Janet Raloff, "Valdez spill leaves lasting impacts,” Science News 143 (Feb. 13, 1983): 102

*Sea Otter Rescus," National Geographic World 193 (Sept. 1881): 3-8

Jeff Wheelwright, "Muzzling Science,” Newsweek {Apr, 22, 1991): 10,

@ VA GOVERNWENT PRIFTING OFFICE: 1994 - 364-474 - $14/10048

47



	540K93003A_Page_01
	540K93003A_Page_02
	540K93003A_Page_03
	540K93003A_Page_04
	540K93003A_Page_05
	540K93003A_Page_06
	540K93003A_Page_07
	540K93003A_Page_08
	540K93003A_Page_09
	540K93003A_Page_10
	540K93003A_Page_11
	540K93003A_Page_12
	540K93003A_Page_13
	540K93003A_Page_14
	540K93003A_Page_15
	540K93003A_Page_16
	540K93003A_Page_17
	540K93003A_Page_18
	540K93003A_Page_19
	540K93003A_Page_20
	540K93003A_Page_21
	540K93003A_Page_22
	540K93003A_Page_23
	540K93003A_Page_24
	540K93003A_Page_25
	540K93003A_Page_26
	540K93003A_Page_27
	540K93003A_Page_28
	540K93003A_Page_29
	540K93003A_Page_30
	540K93003A_Page_31
	540K93003A_Page_32
	540K93003A_Page_33
	540K93003A_Page_34
	540K93003A_Page_35
	540K93003A_Page_36
	540K93003A_Page_37
	540K93003A_Page_38
	540K93003A_Page_39
	540K93003A_Page_40
	540K93003A_Page_41
	540K93003A_Page_42
	540K93003A_Page_43
	540K93003A_Page_44
	540K93003A_Page_45
	540K93003A_Page_46
	540K93003A_Page_47
	540K93003A_Page_48
	540K93003A_Page_49
	540K93003A_Page_50

