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PROPERTIES OF OIL

RELATIVE DENSITY |

The specific gravity or relative
density of an oil is its density in
relation to pure water, which has a
specific gravity of 1. Most oils are less
dense or lighter than sea water. This
parameter helps to determine whether:
or not the oil will float, and give a
general indication of other properties
of the oil. For example, oils with a low
specific gravity tend to contain a high
proportion of volatile components and
to be of low viscosity.




1 minute video

Density - Why oil floats on water

https://www.youtube.com/watch?v=mcVeGufZAsM




DISTILLATION\

CHARACTERISTICS

The distillation characteristics of
an oil describe its volatility. The
distillation characteristics are
expressed as the proportions of
the parent oil that distil within
given temperature ranges. Some
oils contain bituminous, waxy or
asphaltenic residues, which do not
readily distil even at high
temperatures and are also likely to
persist in the marine environment
for extended periods.
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VISCOSITY

Viscosity is the resistance of a
fluid to shear, movement or flow.

The viscosity of an oil is a
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function of its composition. As
oil weathers, the evaporation of
the lighter components leads to
increased viscosity. Viscosity
also increases with decreased
temperature, and decreases with
increased temperature.




FLASH POINT

The temperature at which the
vapour over a liquid will ignite
when exposed to an ignition
source. A liquid is considered to

be flammable if its flash pointis
less than 60°C. Gasoline and

other light fuels can ignite under
most ambient conditions and

therefore are a serious hazard
when spilled. Many freshly
spilled crude oils also have low
flash points until the lighter
components have evaporated or
dispersed.




POUR POINT

The lowest temperature at
which an oil will appear to
flow under ambient pressure
over a period of five
seconds. The pour point of
crude oils generally varies

from -60 °C to 30 °C. Lighter
oils with low viscosities
generally have lower pour
points.
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POUR POINT (ASTM D-97)

(March 2003 test results)




FATE OF OIL SPILLS
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WEATHERING PROCESSES

Processes related to the physical and chemical actions of air, water and organisms
after oil spill. The major weathering processes include spreading, evaporation,
dispersion, emulsification, dissolution, oxidation, sedimentation and sinking, and
biodegradation




SPREADING

Spreading over the sea surface
begins as soon as oil is spilled.
The speed at which this takes
place largely depends upon the
viscosity of the oil, which in turn
depends both on the oil
composition and the ambient
temperature. Fluid, low viscosity
oils spread more quickly than
those with a high viscosity. At
low temperature, an oil will tend
to be more viscous than at
higher temperature as viscosity
is inversely proportional to
temperature.
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SPREADING

continued

After a few hours the slick will
typically begin to break up due
to the action of winds, wave
action and water turbulence.

In addition to the oil type, the
rate at which oil spreads is
determined by prevailing
environmental conditions such
as temperature, water currents,
tidal streams and wind speeds.
Higher ambient temperatures,
stronger winds and sea surface
currents usually result in a more
rapid rate of spreading.




EVAPORATION |

Evaporation
The rate of evaporation and the (@) 20%- 0%
speed at which it occurs depend (@ These gt evaporates
upon the volatility of the oil. demensae
An oil with a large percentage of ¥ v ¥ o pad o
light and volatile compounds will
evaporate more than one with a () Hear fom the
larger proportion of heavier g

in the spilled oil
compounds. For example, p
gasoline, kerosene and diesel,
which are all light products, tend
to evaporate almost completely
within a few days. In contrast,

@Resmwu.ou.
i i i is thicker and
little evaporation will occur from persistent
a spilled heavy fuel oil.
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EVAPORATION

continued

In temperate climates, those
components of the oil with a
boiling point under 200°C tend to
evaporate within the first 24
hours. The rate of evaporation
can increase as the oil spreads,
due to the increased surface
area of the slick.

Rougher seas, high wind speeds
and high temperatures also tend
to increase the rate of
evaporation and the proportion
of an oil lost to the atmosphere
by this process.

Temperature

Humidity
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DISPERSION \

Waves and turbulence at the sea
surface can cause some or all of
a slick to break up into
fragments and droplets of
varying sizes. These become
mixed into the upper levels of
the water column. Some of the
smaller droplets will remain
suspended in the sea water
while the larger ones will tend to
rise back to the surface. They
may then reform a slick or
spread out to form a very thin

film.
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DISPERSION

continued

Dispersed oil droplets have a
greater surface area to volume
ratio than floating oil. This
encourages other natural
processes such as dissolution,
biodegradation and
sedimentation to occur.

The speed at which an oil
disperses is largely dependent
upon the nature of the oil and
the sea state. Dispersion occurs
most quickly if the oil is light and
of low viscosity and if the sea is
very rough.

\
|
|
|
|
)
|
|
|




EMULSIFICATION

Emulsification of crude oils refers
to the process whereby sea water
droplets become suspended in the
oil to form a water-in-oil emulsion.
This occurs by physical mixing
promoted by turbulence at the sea

surface. The emulsion formed is
usually very viscous and more
persistent than the original oil and
is sometimes referred to as
chocolate mousse because of its
appearance. The formation of
these water-in-oil emulsions
causes the volume of pollutant to
increase between 3 and 4 times.
This slows and delays other oil
weathering processes, and can
complicate the response.




EMULSIFICATION

continued

Oils with an asphaltene content
greater than 0.5% tend to form
stable emulsions which may l
persist for many months after | \ /
the spill has occurred. Oils : . em@ Water @
containing a lower percentage |

of asphaltenes are less likely to | , \
form water-in-oil emulsions. | Oil

Emuision O/W (Oil / Water) 5 Emulsion W/O (Water / Oll)

[ o Lpoghdc part

Emulsions may separate into oil
and water again if heated by the
sun under calm conditions or
when stranded on shorelines.




DISSOLUTION

Water soluble compounds in an oil
may dissolve into the surrounding
water. This occurs most quickly when
the oil is dispersed in the water
column.

Components that are most soluble in
sea water are the light aromatic
hydrocarbons compounds. However,
these compounds are also those first
to be lost through evaporation, a
process which is 10 -1000 times
faster than dissolution. Most crude
oils and all fuel oils contain relatively
small proportions of these
compounds making dissolution one
of the less significant processes.
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OXIDATION

Oils react chemically with oxygen
either breaking down into soluble
products or forming persistent
compounds called tars. This
process is promoted by sunlight,
but is very slow and even in strong
sunlight, thin films of oil break

down at no more than 0.1% per
day. The formation of tars is
caused by the oxidation of thick
layers of high viscosity oils or
emulsions. This process forms an
outer protective coating of heavy
compounds that results in the
increased persistence of the oil.
Tarballs, which are often found on
shorelines and have a solid outer
crust surrounding a softer, less
weathered interior, are a typical
example of this process.




SEDIMENTATION

Very few oils sink in the marine
environment. When floating oil is
getting close to the shore,
sedimentation can occur.
Indeed, once all the lighter
compounds have evaporated

and the slick has weathered at
sea, some oils can be close to
the density of seawater. When
floating, semi submerged or
dispersed oil comes into contact
with suspended sediment, the
sediment can bind to it. This
particularly happens in shallow
waters. If the contamination’s
heavy, then dense ‘tar-mats’ can
form on the seabed near shore.




SEDIMENTATION

continued

Oil stranded on sandy shorelines
often becomes mixed with sand
and other sediments. If this
mixture is subsequently washed

off the beach back into the sea it
may then sink.

In addition, if the oil catches fire
or is voluntarily after it has been
spilled, the residues that
sometimes form can be
sufficiently dense to sink.
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BIODEGRADATION\

Sea water contains a wide range of
micro-organisms that use
hydrocarbons as a source of
energy and can partially or
completely degrade oil to water
soluble compounds and eventually
to carbon dioxide and water.

Many types of marine micro-
organism exist and each tends to
degrade a particular group of
compounds in crude oil. However,
some compounds in oil are very
resistant to attack and may not
readily degrade.
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The main factors affecting the
efficiency of biodegradation, are
the levels of nutrients in the water,
the temperature and the level of

oxygen present. /
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BIODEGRADATION

continued

As biodegradation of oil requires
oxygen, this process can only
take place at the oil-water
interface since no oxygen is

available within the oil itself. The
creation of oil droplets through
dispersion, increases the
surface area to volume ratio of
the oil, and therefore increases
the area available for micro-
organisms to attach to the
surface of the oil and for
biodegradation to take place.
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PLANKTON

0

It is well established that
plankton is sensitive to oil
exposure and consequently
short-term impacts should be
expected in the immediate
vicinity of the oil.

A large proportion of a given
species will remain
unaffected by the spill and it
is rare for plankton
mortalities following a spill to
result in reduced adult
populations.

Marine Zooplankton

Phytoplankton
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SHORELINE

¢ Caused by the exposure of
marine organisms to high
concentrations of
naturally or chemically
dispersed oil.

¢ Impacted both by toxic
effects of high
concentrations of
dispersed oil during high
tide periods and also the
smothering effect of oil at
low tide
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ABILITY TO SURVIVE

¢ Difficult to predict due to the
sheer number of habitat types
and variety of organisms that
inhabit this marine zone.

© Many species and individual
are inherently tough and
resilient as they have evolved to = D
survive in a highly dynamic e L
environment with routine e AN
periodic fluctuations of tide
temperature and salinity
together with more extreme
stochastic events such as
storms
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CASE STUDY
Exxon Valdez Oil Spill
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O |Is one of the biggest environmental tragedies in history. This ship
spilled a minimum'of 10.8 million gallons.
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Spill Affected Area

Exxon Valdez

ANy Exxon Valdez Spill Area

The Exxon Valdez Oil Spill Area includes the area enclosed by the
maximum extent of the oiled shorelines, severely affected communities
and their immediate humanuse areas, and adjacent uplands to the
watershed divide. Fifteeen Hundred miles of coastline were affected

N by the spill.
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12 minute video

Exxon Valdez Oil Spill
https://Iwww.youtube.com/watch?v=VaRdUHrUnBs




pvironmental Consequences

it déstroyed the microbial po
s many of these organisms are the basis |
marine food chain, agplp}th*érs are certain bacterla
fungi, they make easﬂhe‘blodegradatlon of oil.
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2 minute video

The Exxon Valdez disaster 20 years later
https://Iwww.youtube.com/watch?v=MbjCOSMKCIE
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OuldBly big is the Gil'spill’and how fast isftgrowing?
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© The oil spill has grown in size since the initial
accident as the oil spreads across the surface of
the ocean.

O The lighter the oil is, the faster it can spread

o th oil spill has a circun | about 600 0 ||es
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1 minute video

Oil spill at Gulf of Mexico 2010
https://www.youtube.com/watch?v=ttC703JxsxE




3 minute video

The underwater impact of the BP Oil Spill
https://www.youtube.com/watch?v=IY-PikuXTYY
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ANY QUESTIONS?
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