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Introduction

The fate and behaviour of oil
spills at sea is important in that
the behaviour of a given spill is
often unigque from other spills in
the same area. Spill behaviour
also dictates the effects that the
oil will have on marine life or the
shoreline. The precise fate of an
ofl spill depends on the type of oil
spilled and the sea and weather
conditions,

The behaviour of oil spills is
dominated by the chemistry or
composition of ¢il which can be
simplified by measuring the

group components of saturates,
aromatics, asphaltenes, and
resins. The most important
behavioura! aspect of oil spills is
their evaporation, which
generally causes the largest
changes in mass balance after a
spill and influences other
behavioural parameters.
Emulsification, which depends on
oil composition, is the second
most important aspect. Qils that
emulsify undergo a rapid
increase in viscosity, typicatly
1000 times, and neary cease
spreading and evaporaling.
Resins and asphaltenes in the oil
stabilize water in the emulsion;
whereas, aromatics dissolve the
asphaltenes and thus delay

emulsification. Some oils can
loose sufficient aromatics by
evaporation so that they begin to
emulsify. Natural dispersion is
the third-most important
behaviour displayed by spilled
oils. The saturate companent of
oils disperses in highly turbutent
situations. Asphalienes,
however, are a deterrent to
natural dispersion.

The behavioural aspects of ¢il
spills are generally
poorly-studied and poorly
modelled. Most data are
empirically-derived with a
generous portion of assumptions
thrown in. Evaporation,
however, is probably the best

“The behaviour of olls depends on their chemical composition.

“This article is a brief. introductton as to how oils behave under _ '

different condltions -
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understood and m-o-d_e"e_d
behavic)u;,_::emu! ifi at i
understood but -

Chemistry

The chemistry of crude and
refined cils defines their
behaviour at sea. Crude and
refined oils are composed of
many, in some cases, hundreds,
of different compounds, each
with their own behaviour and
properies. The combination of
these compounds can be
modelled from a number of
different perspectives: as a
combination of selected typical
compounds, as a single
compound, or each oil may be
viewed as a unique substance.
All of these points of view have
disadvantages in modelling. f
an oil is viewed as a combination
of a few marker compounds,
some of the behavioural aspects
are not accounted for - e.q,,
asphaltenes and their role in
water-in-oil emulsification, Taking
the oil as a single compound
removes many of it's behavioural
characteristics and, therefore, is
hot useful for spill modelling if
behaviour is an important factor.
Taking an ¢il as a unigue
combination complicates spill
modelling in that it is difficult to

* Cyis the carbon number (the number of carbons present in the compound)

ils. The importance of
erstanding the composition
and overall behaviour of a
specific il cannot be
over-emphasized.

Crude oils (and refined products
in most cases) are a mixture of
many compounds (Neumann et
al., 1981, Kinghorn, 1983), but
most crude oil consists of
saturates or alkanes. Alkanes
are the desirable end-product of
a crude oil hecause the Cg to
Cig* fraction is directly used as
gasoline and diesel fuel, the
greatest use for crude oil. Larger
alkane compounds {>Cz4) are
known as waxes and may be
treated by petroleum companies
to convert them into smaller
compounds. The chemistry and
behaviour of alkenes are similar
to the alkanes, except that they
contain one or more double
bonds, and are less desirable as
a source for fuel. They may,
however, be treated in refineries
and converted to alkanes.

Aromatics are cyclic compounds
containing double bonds that are
conjugated or that are spaced
two-apart and in rings, all of
which allows for special stability.
Large aromatic compounds,
known as polycyclic aromatic
hydrocarbons (PAHSs), exist in
crude oils and are a frequent
environmental concern resulting
from combustion sources.
Cycloalkanes or naphthenes, are
ancther class of petroleum
compounds simitar {o the

aromatics except that they
contain no double bonds. There
is also a class known as the
naphthenocaromatic compounds
that contains both aromatic and
naphthenic rings. The class of
compounds known as resins or
polars are compounds of the
other classes having
heteroatomns or molecule(s) such
as sulphur, oxygen, or nitrogen.
These compounds are
characterized by their polarity
and are partially soluble in water
and oil. This entire class of
compounds is only characterized
by a precipitation method, so in
fact, many dozens of compounds
are typically included in this
class. Asphaltenes are similar
compounds, but are much larger
in molecular size. The basic
structure of some asphaltenes is
that of a naphthenic backbone
with some side chains bearing
peolar heteroatoms such as
sulphur, oxygen, and nitrogen.
Some asphalienes are partially
water-soluble as well.
Asphaltenes are an especially
amorphous group and much
effort can be expended to identify
the structure of even one
asphaltene compound in an oil
(Ravey et al., 1988). Many other
classes of compounds exist, but
do not influence the behaviour of
oil to a large extent. Examples of
such classes include:
mercaptans - smaller
sulphur-containing cornpounds;
metal-containing compounds;
steroids; and even
biologically-derived compounds.




A number of cil properties are
important to the understanding of
oils and their behaviour (McCain,
1990). The most important is
viscosity or resistance to flow.
Technically defined, viscosity is
the shear resistance (force)
divided by the shear rate
(velocity). The viscosity of an ail
defines its spreading rate and is
related in some way to most
behavioural aspects.

Density is the weight of specific
volume of oil and in terms of
behaviour defines how an oil will
float in water. Density is strongly
correlated to viscosity for most
oils. American Petroleum
tnstitute (API) gravity is a
different way of stating density
(API° = 141.5/d -131.5).

Water content is an important
measurement for oils that have
emulsified or formed water-in-oil
emulsions, This is an indication
of the expansion of spill volume
resulting from water
incorporation and to a lesser
degree of the stabilily of the
resulting emulsion. Water
content is unimportant for oils
that have not emulsified.

Surface and interfaciai tension
are often cited as being
important factors. The interfacial
tension is the energy difference
between the oil layer and air or
water, which is not as important
as some might stress, since it
cannot be used in isolation to
predict any behavioural aspects
of the oil, and varies little
between oils.

Pour pointi is the temperature
below which the oil ceases to
pour as a fiuid. Pour pointis a
difficult measurement and is
subject to variance. Pour point is
not a precise physical
measurement with a
multi-component ol such as
crude and many of the distilled
products.

The variance of these properties
with temperature has been the
subject of many studies (McCain,
1990}). The change in a given
property is generally a function of
the logarithm of the temperature
in Kelvin, The properties of oil,
therefore, do not ¢change
drastically with temperature.

Many of the relationships that
have been developed for
chemical property analysis are
based on the assumption of a
single component behaving as
an ideal gas. These
assumptions are sometimes
acceptable for a crude oil and
under other conditions they are
not.

The chemical contents of cils are
important in determining the
behaviour of oil spills. Oil can be
categorized into four groups:
saturates, aromatics, resins or
polars, and asphaltenes. An oil
can be divided into it's
constituents using precipitation
methods. The saturates or
alkanes constitute the backii
of the commercial desire fo
Btudies show that saturate

largely dispersed chemically or “4

naturally in water and that this
behaviour can be correlated with
saturate content (Fingas et al.,

19062; 1993a;b). These studies
also show a negative correlation
of natural dispersability with
increasing aromatic, asphaitenic,
and resinic content. Larger
saturates, or waxes (alkanes with
chain lengths greater than Caa) at
concentrations greater than
about 3% in oils, begin 1o affect
properiies such as viscosity,
adhesion, and weathering.
Resins and asphalienes stabilize
water-in-oil emulsions {Bobra,
1990; 1991; Fingas et al.,
1993d). The larger the resin and
asphaltenic content, the more
viscous the oit and the less it
spreads. Saturate content has
also been related to
biodegradability in the same way
as natural dispersion.

To determine the loeng-term fate
and behaviour of oil, it is
necessary to have data on its
saturate, aromalic, resinic, and
asphaltenic fractions.
Determination of chemical
composilion by analytical
methods such as gas
chromatography is difficult,
however, because of the many
components and thejrsimilarity:
One useful paramgt
the total amount o
{Benzene, Toluen
benzene, and Xyl T
fractioggi A | oraled
soon pill, butiitis also the
; responsible for the
-term aquatic toxicity of the
il. A 'number of biomarkers in
"th:e'c:)_il_ such as the steranes and
opanes, are useful to measure
erforming studies such as
tion or identification.
bonents have variable
y to evaporation and




biodegradation, some of them
being completely resilient, and
thus serving as a marker of the
degree of degradation or
evaporation.

Behaviour of Oil in the
Environment

The behaviour of oil in the
environment is largely dictated
by its chemical composition. The
behaviour of oil might be best
summarized by examining
several specific groups of oils.
Fuels such as gasoline or diesel
fuel are most influenced by
evaporation in the environment,
Gasoline in warm climates will be
80% evaporated on water within
about one day and in about two
days in cold climates. Both
gasoline and diesel fuel will
disperse naturally to a large
degree in turbulent waters.
Diesel fuel will evaporate to
about 70% (percentage lost) in
2 days on warm water and in

4 days on very cold water. A
light crude oil will evaporate to
about 50% in 2 days and will
disperse naturally (depending
very much on saturate content)
in turbulent seas. A medium
crude oil will evaporate to about
30% in 2 days. After
evaporation, water-in-oil
emuisions may form, depending
on asphaltene, resin, and
aromatic content. Medium
crudes rarely disperse naturally
to any great extent. A heavy
crude will evaporate by about
15% and will almost never
disperse naturally. Heavier
crudes usually have a large
percentage of asphaltenes and

resins and will, after some
evaporation, often form
water-in-oil emulsions. Residual
oils, such as Bunker C, will only
lose about 4% of their volume to
evaporation after two days.
Bunker C may have a higher
volume of asphaltenes and a
lower content of aromatics and
thus can, therefore, form
emulsions. Bunker C will not
disperse naturally to any extent
because it has little saturate
content,

Evaporation is the most
important behavioural aspect of
oll and is responsible for the
largest mass balance change in
oils except for those rare times
when oils disperse naturally.
Evaporation is generally
necessary before emulisification
occurs and is a competing
process 1o natural dispersion, If
emulsification (the second most
important behavioural aspect)
occurs, the spill dynamics and
behaviour of the oil are changed
to a large degree. The viscosity
of the resulting product is 1000
times the starting viscosity, the
spilled product is now five times
the volume of the starting spill
volume, and spreading and
evaporation neatrly cease.
Natural dispersion {the third
factor) is an important
phenomenon. Where a
high-saturate cil is spilled in a
turbulent sea, the oil can be
dispersed into the water column
in the form of small droplets
{e.g., the BRAER spill in the
Shetlands). Other oils will
disperse to little degree.
Dissolution is a fourth
behavioural phenomenon,

although never greater than 1%
of the cil, it is important for the
toxicity of the oil 1o aquatic life.
Finally there are other
phenomena, such as
photooxidation, sinking, and
biodegradation which are less
imporiant in terms of the oils
overall mass balance.

Evaporation- is the most
important change that most ol
spills undergo and many spill
models incorporate evaporation
as a compaonent of their
prediction. In the few days
following a spill, light crudes can
lose up to 75% of their volume
and medium crudes up to 40%.
Heavy or residual oils, however,
will only lose about 10% of their
volume.

Although the process of
evaporation of crude oils is
understood, the application of
evaporation equations in spill
models is sometimes difficult.
This relates to the input data
required to make many of the
equations operative. There are
only three relatively well-used
schemes used in models. The
most common is that of
evaporative exposure (Stiver and
Mackay, 1984}. Difficulties with
the implementation of this model
result from lack of input data.
The basic model implementation
requires a constant mass
transfer coefficient and a vapour
pressure for each oil. These are
not routinely measured for oil
and must be estimated using
other techniques. The second
most commonly used method is
that of applying fractionated cut
data. The distillation curves are




readily available. These
methods are applied by using the
distiltation curves to estimate
parameters for the Stiver and
Mackay equations or as a direct
technique by themselves. The
third method is to assume a loss
rate which is estimated from the
0il properties data and presume
that the oil moves linearly or
fogarithmically to that endpoint.

iiost of the evaporative work is
based on the exiensive studies
on the evaporation of water
{Brutsaert, 1982; Jones, 1992).
In fact, the empirical portions of
the equations from this work are
still used. There are several
fundamental differences between
the evaporation of a pure liquid
such as water and for a
multi-component system such as
crude oil. First, the evaporation
rate for a single liquid such as
water is a constant with respect
to time. Evaporative loss - by
total weight or volume - for crude
oils and other multi-component
fuel mixtures is logarithmic with
respect to time because of the
depletion of more volatile
components, that are
exponentially depleted with time.
The second major difference
between water and oil
evaporation is the effect of
atmospheric conditions. Water
evaporation is strongly
dependent on wind speed and
refative humidity. Air can only
hold a certain volume of water.
The air does not contain a high
level of benzene and other
components and the saturation
level of these in air is often well
above concentrations that can be
achieved from an evaporating

slick. The fult understanding of
how wind affects oil slick
evaporation has not yet been
achieved.

Mackay and Matsugu (1973)
approached the problem by
adopting the classical water
evaporation and new
experimental work. The water
evaporation equation was
corrected for hydrocarbons using
the evaporation rate of cumene.
It was noted that the difference in
constants was related o the
enthalpy differences between
water and cumene. Data on the
evaporation of water and
cumene have been used to
correlate the gas phase mass
transter coefficient as a function
of wind-speed and pool size.

Mackay and Matsugu noted that
for hydrocarbon mixtures the
evaporation process is more
complex, being dependent on the
liquid diffusion characteristics, a
liquid phase resistance being
present. Experimental data on
gasocline evaporation were
compared with computed rates.
The computed rates showed fair
agreement and confirm the
presence of a liquid phase mass
transter resistance.

The most frequently used work in
spill modelling is that of Stiver
and Mackay (1984). The work is
based on some of the earlier
work by Mackay and Matsugu,
but significant additions have
been made. [Additional
information Is given in a thesis by
Stiver (1984)].

Payne and co-workers
(1984a;b;c;d; 1988; and 1991)
developed an oil spill model
using the pseudo-component
approach. This approach has
been used in other studies and
typifies much of the current work
on spill modelling of evaporation.
Reed (1989) reports on the
development of an evaporation
equation using the familiar
Mackay and Matsugu {1973)
approach 1o estimate the mass
transfer coefficient.

In conclusion, many models exist
incorporating evaporative
equations using one of three
approaches: the Mackay and
Matsugu (1973); the use of
distillation cut data to simulate
each fraction; and the Stiver and
Mackay {1984) approach. The
equations developed by Mackay
and co-workers can be
implemented in various ways.
Often the difference in models is
the manner in which the models
are applied. Bobra (1992b)
conducted faboratory studies on
the evaporation of crude oils.
The evaporation curves for
several crude oils and petroleum
products were measured under
several different environmental
conditions. These data were
compared to the equations
developed by Stiver and Mackay
(1984) and Stiver et al. (1989).
This comparison shows that the
Stiver and Mackay equation
predicts the evaporation of most
oils relatively well until time
exceeds about 8 hours, after
which it over-predicts the
evaporation that occurs. The
'overshoot’ can be as much as
two orders of magnitude in terms




of evaporative exposure, at the
24-hour mark. This represents a
difference of about 8% in mass
lost by evaporation. This is
aspecially true for very light oils.
The Stiver and Mackay equation
also under-predicts or
over-predicts the evaporation of
oils in the initial phases;
however, this is not a serious .
concern. Bobra noted that most
oil evaporation follows a
logarithmic curve with time. The
comparison by Brown and
Nicholson {1891) shows that for
the heavy and mixed oils the
Mackay and Matsugu approach
was better than the distillation cut
approach; however, the mass
transfer coefficient required
adjustment,

Actual evaporation data exist that
have been gathered from
taboratories (e.g., Bobra, 1992¢;
Fingas, 1993). These data are
known to be relatively accurate
and are the type that were used
to develop earlier models.
Ancther, perhaps more accurate
means, to model oil spifl
evaporation is to use these data
directly,

f_i’é'fpfbpertiés_ :
haracteristics of oil spilis

emulsions contain between 50%
and 80% water thus expanding
the volume of spilled material
from two to five times the
original. The density of the
resulting emulsion can be as

great as 1.03 g/mL compared to
an initial density as low as

0.80 g/mi.. Most significantiy,
the viscosily of the oil changes
from a few hundred centistokes
{cSt) to about 100 000 ¢St, a
typical increase of 1000. A liquid
product changes to become a
heavy, semi-solid material.
Emulsification is thought to be
the second most important
behavioural characteristic of oil
after evaporation. Emulsification
has a very large effect on the
behaviour of oil spills at sea. As
a result of emulsification,
evaporation slows by
orders-of-magnitude, spreading
slows by similar rates, and the oil
rides lower in the water column,
showing different drag with
respect to the wind.
Emulsification also has
significant effects on other spill
aspects; spill countermeasures
are quite different for emulsions.
Emulsions are difficult to recover
mechanically, to treat, or to burn.

The literature shows that there is
basic understanding of the
formation of water-in-oil
emulsions. However, there is
less information on the kinetics of
formation at sea and other
modelling data. Emulsion
formation results from the
surfactant-like behaviour of polar
and asphaltene compounds.
These compounds are similar
and behave like surfactants
when they are not in solution.
MWhen there are insufficient

its of aromatic components
ilize the asphaltenes and
_ hese precipitate and are
available to stabilize water
drople;é_ in the ol mass. The

minimum mass percentage of
gither asphaltenes or resins
required fo stabilize an emulsion
is about 3%. Emulsions begin to
form with these chemical
conditions and when there is
sufficient sea energy. This sea
energy is not measurable and
the relative amount required is
not known in terms of emulsion
onset. Literature indicates that
the relative energy required to
form emulsion varies, but is not
high. The rate of emulsion
formation was investigated in
some laboratory studies and
found to be first-order with time.
This can be approximated with a
togarithmic (or exponential) curve.

Little work on modetling of
emuision formation has been
done. Most modets that
incorporate the phenomenon use
the Mackay et al. (1980) and
Mackay (1980) estimation
technique, or a variation of this.

Mackay proposed a differential
equation for the formation of
emulsions, but suggested that
this equation not be used since it
can only be solved for ke=0or
a very large number. This
corresponds to a very stable or
unstable emulsion. A simpler
equation was proposed as well
and is used in most models
where emulsification is
incorporated. Because the
equation predicts that most oils
will form emulsions rapidly given
a high wind speed, most users
have adjusted the equation by
changing constants or the form
slightly. Similarly, Mackay and
Zagorski (1982a;b) proposed
two additional relationships fo




predict the formation of
emulsions on the sea. Kirstein
and Redding (1988) used a
variation of the Mackay equation
to predict emulsification. Reed et
al. (1989) used the Mackay
equations in series of models
and adjusted the constants to be
more in line with field
observations.

All of these studies were based
on the Mackay equations which
were developed before extensive
work on emulsion physics took
place and none have been well
correlated to either laboratory or
field results. The literature would
suggest that both the tendency
and the formation of emulsions
could be predicted with a degree
of accuracy using empirical data
(Fingas et al., 1993d; Friberg,
1991; Aveyard ef af, 1991;
Schramm, 1982; Sj6blom et al.,
1982). The formation of
amulsions is known to occur
when the asphaltenic and resin
fraction combined is greater than
3% and the amount of the BTEX
(benzene, toluene, ethylbenzene,
and xylene) is less than this
amount. Since evaporation on
the sea rapidly removes the
BTEX component, predication of
formation could be approximated
by predicted evaporative loss
and the weight fraction of the
asphaltenes and resins. When
the latter rises over 3% and there
is sufficient sea energy, an
emulsion will form. There is
insufficient empirical or
theoretical information to predict
the requirement for energy.
Observations in the literature
suggest that the energy
requirement is variable, but that

some olls will form emulsions at
apparently low sea energies,
others at higher turbulent levels.

Emulsion farmation is quite rapid
and in the laboratory occurs fully
- at moderate energies - in 3 to
10 hours. The rate is shown o
be first order with respect to time
s0 an expenential function could
be used to estimate formation
rate. A simplified approximation
is that emulsions form
immediately given the correct il
composition and minimum
energy.

The effect of emulsion formation
on other modeiling parameters is
great (Fingas et al., 1983c). The
viscosity rises two 1o three
orders-of-magnitude, the
spreading rate decreases by a
similar value, and evaporation
nearly ceases.

Natural Dispersion- is the
movement of droplets, 1 to

50 um in size, into the water.
This is without the addition of
chemical dispersing agents or
chemical dispersion. Natural
dispersion is sometimes grouped
with the temporary transport of
very large droplets (=50 um) and
dissolution. This is often termed
entrainment {Spaulding, 1988).
To characterize this
phenomenon, empirical
equations were developed by
Delvigne and Sweeney (1988}
using a wave tank. The
difficulties with this type of
approach are that the predictions
of entrainment are typically
excessive {often 50% is
predicted 1o go into the water
column versus an actual

percentage far less than 1%). All
three phenomena of dispersion,
macro-droplet transfer, and
dissolution are grouped into one
process, and finally the process
is hinged to the amount of
"whitecaps" present on the
ocean. The presence of
whitecaps is known 1o be a poor
indicator of sea energy and
dispersion is known to occur
without the presence of any
whitecaps {Delvigne, 1993}.

Studies into the natural
dispersion of oil have shown that
dispersion anly oceurs with the
saturate traction of cil and that
the presence of significant
amotnts of asphaitenes retards
this process {Fingas et al., 1992,
1993 a;b). The amount of
dispersion increases with
increasing turbulent energy, a
parameter which is very difficult
to measure. In the studies
conducted by Fingas and
co-workers the natural dispersion
increased linearly with increasing
revolutions of the test vessels.

In the future, it will be possible to

use the new data available in trl%%
literature to construct a modej
oil spill dispersion alone. Th
composition factors are knof
(saturate content versus |
asphaltene content). The
relationship between energy
dispersion has been extensi
measured in the labor
the relationship to th
be estimated usin

__ __r__ms' of energy
height, wave
steepness, and sea state. In the




future, the laboratory energy
measurements will be, no doubt,
extended to the field, giving a full
empirical correlation.

Dissoluiion- accounts for only a
small portion of oil loss but is still
considered to be a very
important behaviour parameter
because the soluble components
of oil - particularly the smaller
aromatic compounds, are toxic to
aquatic species. Modelling
interest in dissolution is directed
to predicting the concentrations
of dissolved components in the
water column. Most models in
existence do not separate the
dissolution component. The
entrainment model is sometimes
used, but fails to distinguish
between dispersion and
dissolution.

Bobra and Tennyson (1989)
studied the dissolution behaviour
of oils and concluded that only a
small portion of oils are truly
soluble in water. The solubility
varies from 1 ppm to about

100 ppm. The oil-to-water ratio
is important in the measurement
of total solubility. At sea this is
expected to be a large ratio and
thus the total solubility is low.
The solubility for a fuel can be as
great as 100 ppm and that for
‘Bunker C less than 1 ppm. This
represents very low loss rates for
the fuel and for modelling
purposes is not significant or
relevant. The process of
solubilization appears to be very
rapid and based on laboratory
data would be complete after
about 15 minutes of contact with
water.

Modelling can be accomplished
by using the empirical data from
Bobra (1992a). These data give
a concentration of hydrocarbons,
individually and in groups, fora
specified ratio of water volume
under the stick. These data
could be used directly to predict
the source strength of the
dissolved components.

Photooxidation, Sinking, and
Blodegradation- Photooxidation
is the transformation of some
chemical components of the oil
into polar companenis through
the addition of oxygen. This
essentially increases the resinic
components and to a lesser
degree, asphaltenic components
of the oil. It is important only in
that as photooxidation increases
s0 too does the potential for
emuision formation. Bobra and
Tennyson {1989) studied a
number of oils and found that oils
vary widely in their susceptibility
to photooxidation. Some oils
photooxidize to a great extent,
others do not, measurably.
There is a significant knowledge
gap in being able to predict the
degree of photooxidation and the
extent that this would influence
emulsification.

Sinking of oil can be divided into
two phenomena, sedimentation
of oil droplets and sinking en
masse. The latter can be further
divided into over-washing by
water and simple sinking. Al
phenomena are not well
understood in terms of prediction
capability in models. None of
these phenomena are consistent
behaviours in spills around the
world and therefore they were

not completely studied. Sinking
en masse has been studied by a
number of workers {e.g., Ross
Environmental Research Lid.,
1987). Sedimentation has been
studied, but the results have
varied from a significant effect
{40% sedimented) to no effect.
Sedimentation is difficult to
assess (Mackay and Hossain,
1980).

Biodegradation is a very slow
process that changes the
behaviour and fate of oil spills to
only a very small degree (Atlas
and Bartha, 1992). For this
reascn, few modellers include
these phenomena in their models,

Summary and
Conclusions

The chemistry of crude oils
dominates their behavicur at sea.
Crude oil consists of hundreds of
compounds, many with different
properties and characteristics.
These can be divided into
several bulk groups with typical
behavioural characteristics:
saturates, aromatics, resins, and
asphaltenes. The saturates are
the predominant group in most
crude oils and are the most
subject to dispersion and
evaporation. The larger saturates
or waxes can cause behaviour
anomalies if they are present in
large quantities (>3%).
Aromatics are best considered
as two groups, small and large.
The small aromatics have
significant water solubility, but
evaporate from spilled crude oil
very rapidly. The larger
aromatics do not show either
behaviour to a great extent. The




resins and asphaltenes show the
same properties to some degree.
Asphaltenes can be viewed as
large resins, Both groups do not
appreciably evaporate, disperse,
or degrade. Both groups
stabilize water-in-oil emulsions
when they are present in large
quantity (>3%). The muitipticity of
oil composition implies that many
of the properties of pure
substances such as boiling point
or melting point, are not relevant.
This makes it difficult to
characterize an oil and its
behaviour. Furthermore, many of
the assumptions made in
chemistry such as ideal gas and
liquid behaviour do not apply to
oil. Physical equations developed
for oil are often inaccurate for
this reason.

The most important behaviour of
oil in terms of modelling spills is
evaporation. Light crude oils can
lose up to 50% of their weight
and volume in two days. The
evaporation of oil is exponential
with time. Significant number of
modelfing equations are

available, but so is empirical data.

The second most important
behaviour aspect of oil is the
formation of water-in-oil
emulsions. The formation of
emulsions is due to the
surfactant-like action of the polar
and asphaltene components of
oil. The polars and asphaltenes
are stabilized in many crude oils
by the aromatic compounds. If
aromatic compounds are not
abundant or are lost through
evaporation the resins and
asphaltenes can precipitate and
stabilize water-in-oil droplets. A

relatively large amount of energy
may be required to form these
emulsions after the chemical
conditions are correct. Model
equations for emulsion formation
largely foliow the work developed
before extensive laboratory and
field work on physics of emulsion
formation. New equations do not
exist, but simple relationships
using the known physics might
be used to improve the accuracy
of prediction.

Natural dispersion of oil is the
next most important factor, Qils
which contain few asphaltenes
and resins and contain significant
fractions of smaller saturates will
disperse naturally given high sea
energies. Modelling equations
for this factor do not correspond
to laboratory experiments. A
related factor, dissolution, is not
as important in terms of mass
balance but is important in terms
of toxicity to the environment.
Laboratory work shows that the
dissolution of oils can be
predicted and measured, but no
models incorporate dissolution
as a separate term from
dispersion,

There are several lesser
chemical and hehaviour aspects
of oil, these include
photooxidation, sinking, and
biodegradation.
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