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Abstract

Sufficient data now exist to enable correlation of oil properties to effectiveness results.
This correlation will be very important to estimate the effectiveness of dispersion, even where it
is not measured. Further, such correlation could point to areas where dispersion could be
improved by dealing with negative influences such as the content of asphaltenes, etc.

The dispersant effectiveness data on 15 oils as well as their chemical and physical
properties were measured for this study. In additional, data existed to make a total of 295 data
points, although full data existed for the 15 oils. A total of 29 properties were correlated with the
Corexit 9500 dispersability in Environment Canada’s switling flask apparatus. The highest
correlation parameters were achieved with the content of nC12, naphthalenes, inversely with
C26, the PAHs and the sum of C12 to C18 hydrocarbons. This is highly indicative that the
smaller aliphatic hydrocarbons up to C18 and the PAHs are the most dispersible components of
oil. Further, aliphatic hydrocarbons greater than C20 correlate inversely with the dispersant
effectiveness indicating that these hydrocarbons suppress dispersion. The correlations provide a
unique insight into dispersant effectiveness.

Thirteen models were constructed to predict the chemical dispersibility of oils. Models
are based on commonly-available physical data and chemical analytical parameters. The simplest
and best model is:

Corexit 9500 dispersibility (%) = -11.1 -3.19(In(/C12 content) +0.00361(naphthalene
content in ppm) - 7.62(PAH content squared) + 0.115(C12 to C18 content squared) +
0.785(%fraction oil boiling below 250 °C)

Models ranged from simple predictors involving only two parameters such as viscosity
and density to 14-parameter models. The models developed were analyzed statistically and the
dispersant effectiveness for several dispersants calculated. The more sophisticated models are
able to predict dispersant effectiveness with high accuracy.

1.0  Introduction

Dispersant effectiveness is defined as the amount of oil that the dispersant puts into the
water column versus that which remains on the surface. There are many factors that influence
dispersant effectiveness: sea energy (or energy in the test apparatus), oil composition, state of oil
weathering, rate of dispersant application, dispersant type, temperature, salinity of the water, etc.
The most important factor for dispersant effectiveness is the composition of the oil, followed
very closely by sea energy and amount of dispersant applied (Fingas et al., 1997; Fingas 2000a,
b).

Certain oil components such as resins, asphaltenes and larger aromatics or waxes are



barely dispersable, if at all (NRC, 1989). Oils that contain mostly the latter components will
disperse poorly even with dispersant application. On the other hand, oils that contain mostly
saturates, such as diesel fuel, disperse both naturally and with the addition of dispersant. The
additional amount of diesel dispersed using dispersants, over that naturally dispersed, depends
primarily on the amount of sea energy present, however dispersant will often be unnecessary.
Laboratory studies have found a trade-off interrelationship between the two factors of amount of
dispersant applied (dose) and the sea energy. That is, less sea energy implies that a higher dose of
dispersant is needed to yield the same amount of dispersion. There are other interrelationships as
well, such as with salinity and temperature.

Effectiveness of dispersants are relatively easy to measure in the laboratory, however,
there are many nuances in testing procedures (NRC, 1989). One concern is that these tests are
representative of real conditions. Since it is impossible to mimic all conditions directly, it is
important to both consider the important factors such as sea energy and salinity while considering
the laboratory tests as a form of screening or representative value, rather than a direct
representation of what can be obtained in the field. Field ‘measurements’ of dispersant
effectiveness are also fraught with difficulty because it is very difficult to measure the
concentration of oil in the water column over wide distances in appreciably small times, because
there are no commonly-available oil slick thickness measures with which to assess the amount of
oil remaining on the surface and because of the fact that the sub-surface oil often moves
differently than the surface slick. Any field measurement at this time, is best viewed as an
estimate. Actual dispersant effectiveness is very difficult to assess for the same reasons.

While effectiveness is easy to measure in the laboratory, it would be highly useful to be
able to correlate oil chemical composition to effectiveness. This would improve the
understanding of oil dispersibility, but also give one the ability to predict dispersibility.

In the past, it was thought that viscosity was the only quality of an oil that influenced the
effectiveness of a dispersant. It soon became apparent, however, that the chemical constituents of
oil had a major influence on the effectiveness of dispersants. Studies correlating effectiveness
and oil composition revealed that the most important factor was the amount of saturates in the
oil. It was also found that the effectiveness of dispersants decreases with increasing amounts of
resins and asphaltenes in the oil. Furthermore, it was found that effectiveness could be predicted,
albeit very crudely, using a simple model of saturates, less the other components of the oil,
including resins, asphaltenes, and aromatics. This simple model may be useful only in that it
shows that the components of oil are relevant in predicting dispersibility.

2.0  Previous Attempts at Modeling Dispersion
The first published attempt to model oil spill dispersion was by Mackay et al. (1984).
They proposed a model:
F=1 - expt(-K K K R) (1)
Where: F is the fraction of oil dispersed
R = an effective dispersant to oil ratio
K. = a constant determined by the turbulence conditions
K, = a constant related to the oil, most viscosity
K, = a constant determined by the dispersant
The data are all based on initial testing of the new (at that time) Mackay apparatus. The
values were set at K is 1, dispersants were set at values to correspond to results with Corexit



9527 being 0.77 and K, set to the pressure drop in the apparatus, typically 100. Initial tests of
these against 13 data points showed good correlation between the model and the results.
Comparison to other test results required changing of the constants to achieve reasonable
correlation. It should be noted that there was no specific oil composition data input to this model.

Subsequently Mackay (1985) published another model with a completely different basis.
This new model presumed that a fraction oil is dispersed by the dispersant according to the ratio
applied and then some of this rises depending on the droplet size produced. There is no input for
oil type or composition. Three steps were defined. The first was the statement of the dispersant
dosage to the thick and sheen sections of the oil slick. It is assumed that the dispersant dose to the
sheen has little effect, but that the dispersant applied to the thick oil would disperse oil
completely by dosage. This was based on observations during a dispersant application which had
taken place at sea during that time. The second step of the model process was to calculate the oil
initially dispersed into the water and this was calculated only on the bases of the first step
information and the turbulence and oil slick thickness. An oil factor was noted, but appears not to
have been used. The third step was to calculate the resurfacing rate of the dispersion. This was
based on Stokes law and the estimated droplet size of the dispersion calculated in step 2. The
final output then is the amount that remains in the water column, presuming a given time (not
specified) has passed.

This newer Mackay model (1985) was published along with the code for the model. It did
not include specific oil composition data and was not used extensively in the literature.

Fingas (2000a) proposed that a simple model using the amount of saturates less the
amount of asphaltenes and resins would produce an estimate of dispersant effectiveness. In the
past, it was thought that viscosity was the only quality of an oil that influenced the effectiveness
of a dispersant. It soon became apparent, however, that the chemical constituents of oil had a
major influence on the effectiveness of dispersants. Studies correlating effectiveness and oil
composition revealed that the most important factor was the amount of saturates in the oil. It was
also found that the effectiveness of dispersants decreases with increasing amounts of resins and
asphaltenes in the oil. Furthermore, it was found that effectiveness could be predicted using a
simple model of saturates, less the other components of the oil, including resins, asphaltenes, and
aromatics. This simple model had a poor fit to the data, however, and additional information was
thought to be required to accurately describe dispersant effectiveness as a function of the
composition of the oil. The effort, however, shows that the composition of the oil is an important
factor in the effectiveness of a dispersant.

Reed (2002) included a model of dispersion in the OSCAR spill model:

dm/dt = m(1=0.5",,) f.(W¥W,/ ()

where: m is the mass of the oil in the slick,

At is the time step

t,» 1s the half time for survival of fully treated slicks at the reference wind speed

f is the ratio of dispersant to oil achieved

W is the wind speed

W._., is the reference wind speed which is set to the 7 m/sec time.

All parameters are based on the Haltenbanken experiments, field experiments conducted
off the Norwegian coast in 1985. Newer data sets have been since included (Daling et al., in
press). The application of the dispersant is also considered through the factor ‘f’, the actual



application achieved. The model presumes 100% efficiency at full treatment and that
effectiveness is based on dispersant dosage. Energy is accounted for in the wind speed parameter.

Canevari and coworkers (2001) correlated the dispersant effectiveness of 14 heavy oils
with various parameters and concluded that only viscosity correlated and that saturate content did
not. It should be pointed out that all fuel oils were IFO fuel oil types of nearly identical
composition.

This literature review points out that an extensive correlation of oil properties and
dispersant effectiveness has not been conducted to date. This report will present the correlation of
18 properties or composition factors with the Corexit 9500 dispersabilities and the Corexit 9527
and Enersperse 700 dispersabilities, for 295 oils or oil weathered states.

3.0  Analytical Methodologies for Dispersibility

The dispersant effectiveness methodology reported in a recent paper was used without
modification to study the oils (Fingas ef al., 2000a). This same method is now an American
Society for Testing and Materials, ASTM, standard (F 2059-00).

The physical properties of the oils were also measured using standard procedures (Jokuty
et al., 1999).

3.1 Summary of Test Method

Dispersant is pre-mixed with oil, placed on water in a test vessel. The test vessel is
agitated on moving table shaker. At the end of the shaking period, a settling period is specified
and then a sample of water taken. The oil in the water column is extracted from the water using a
pentane/dichloromethane mixture and analyzed using gas chromatography.

The extract is analyzed for oil using a gas chromatograph equipped with a flame
ionization detector (GC-FID). Quantification is by means of comparison to an internal standard.
Effectiveness values are derived by calculation from calibration runs.

3.2 Reagents and Equipment

Water purified by reverse osmosis or equivalent means is used for the test water.
Dichloromethane is distilled-in glass grade. Pentane is distilled- in-glass grade. Fine granular
salt, non-iodized, is used for making the salt water. The chemical dispersant is used as supplied
by the manufacturer. Oil is used as received.

A modified 120 mL Erlenmeyer flask is used as the test vessel. A side spout is added to
enable taking the water sample with minimal disturbance of re-surfaced oil.

The shaker is a moving-table shaker with an orbital motion of 1 inch and fitted with flask
holders. Ideally such shakers should be operated inside environmentally-controlled chambers,
thereby increasing temperature control. If such an enclosed chamber is not used, the
measurement should be conducted inside temperature-controlled rooms. (The New Brunswick
Environmental Shaker model G27 (New Brunswick Scientific, Edison, NJ) is one enclosed
shaker that meets these specifications.)

Analysis is accomplished using a gas chromatograph equipped with a flame ionization
detector. The Hewlett Packard 5890 GC/FID with Chemstation software package is an equivalent
unit. The column is a fused silica DB5ms column (J & W Scientific, Folsom, CA or equivalent).



3.3  Procedures

The bulk oil is mechanically mixed for 24 hours prior to obtaining a working sample.
Working samples are stored in 2 L high-density polyethylene bottles with polypropylene screw
closures. The working sample is mechanically shaken for 30 minutes prior to removing a sub
sample for testing. When not in use, all samples should be stored in a temperature controlled
room at 5 °C. The dispersant is manually shaken, vigorously, prior to sampling.

A small amount of oil is weighed into a 5 mL amber vial with Teflon lined cap (approx.
1.0 mL). Approximately 100 mg of dispersant is added to the oil. Oil is added until a 1:25 ratio
of dispersant to oil is achieved (approx. 2.5 mL oil is added). The sample is well mixed by
manual shaking or stirring.

Granular salt is weighed and added to water from reverse osmosis (RO) filtration to
obtain a 3.3% (w/v) solution. The water temperature is brought to 20 °C before use.

The 120 mL of salt water is placed into a 125 mL modified Erlenmeyer flask. The flask
is inserted into the flask holders on the oscillating table of the shaker. A 100 pL volume of pre
mix solution is carefully applied onto the surface of the water using a positive displacement
pipette. The tip of the pipette is applied to the water surface and the dispersant/oil mixture gently
expelled. Extreme care should be taken when applying the oil to the surface such that mixing
does not occur. The oil should gently glide across the water to form a slick. If the oil streams out
into the water, the agitation can disperse the oil, increasing the amount of oil dispersed and
erroneously raising the final dispersion result. Herding of the oil and some creeping of the
mixture up the vessel wall is normal.

The flask and contents are mechanically mixed on the shaker in a temperature controlled
chamber at 20 °C, immediately after applying the oil to the surface of the water. A rotation speed
of 150 RPM and a mixing time of 20 minutes are used to agitate the samples followed by a 10
minute settling period. The flasks should be removed from the table-mounted holders prior to the
settling period to limit the agitation between settling and sampling.

After the settling time is complete, 3 mL of the oil-in-water phase from the spout of the
flask are drained to waste to dispose of any oil plugs and obtain a representative sample. A 30
mL aliquot of the dispersed oil in water sample is collected in a graduated cylinder and
transferred to a 125 mL separatory funnel. The oil is extracted with 3 portions of 5 mL of a
70:30 dichloromethane:pentane solvent mixture, collected in a 25 mL graduated mixing cylinder.
The final extraction volume is adjusted to 15 mL. Care is taken to ensure that water is not taken
along with the solvent. During extraction, vigorous shaking is required to achieve full extraction.
It is best to shake each separatory funnel individually to achieve consistent results.

Analysis consists of gas chromatographic analysis using a flame ionization detector
(GC/FID) to determine the concentration of oil in solvent. A 900.0 pL portion of the 15 mL
solvent extract and a 100.0 pL volume of internal standard (200 ppm 5-c-Androstane in hexane)
are combined in a 12mm x 32mm crimp-style vial with aluminium/Teflon seals and shaken well.
Petroleum hydrocarbon content is quantified by the internal standard method, with the average
hydrocarbon relative response factor (RRF) determined over the entire analytical range in a
separate run. The petroleum content is determined by integrating the resolved peak area by the
following equation:

RPH =A,./A, X 1/RRF X 20 (ng) X 15/0.9 X 120/30 (1)
which simplifies to:



RPH=A, /A, X 1330RRF(ug) (2

Where:
RPH is the Resolved Petroleum Hydrocarbon amount in pg
A, 18 the total area of resolved peaks in counts
A, is the area of the internal standard
RRF is the Relative Response Factor which in turn is given by
RRF = A/A, X C,/C, where A is the area, C is the concentration
of the compound of interest.

3.4  Calibration Standards

A series of 6 oil-in-solvent standards are prepared for evaluating the efficiency of the
dispersant for each dispersant/oil combination. The volume of premixed dispersant/oil solution
for each standard is selected to represent a percentage efficiency of the dispersed oil, eg. 50 pL =
50% efficiency (see Step 4.10 below for method of choosing calibration standard volumes). The
dispersant/oil mixture is then accurately measured and applied to the water surface, and treated in
the same manner as the samples (see Step 4.4 and 4.5 above). At this point, the entire volume of
water is transferred to a 250 mL separatory funnel and extracted with 3 portions of 20 mL of a
solvent mixture of 70:30 dichloromethane:pentane. All oil is extracted, including the oil slick
and oil on the walls of the swirling flask test vessel, using the volume of extraction solvent to
rinse the flask of remaining oil before adding to the separatory funnel. The extracts are
combined in a graduated cylinder and topped up to a total volume of 60 mL. Chromatographic
analysis is then performed to determine the petroleum content by integrating the resolved peak
area by the following equations:

RPH =A,./A, X 1/RRF X 20 (ng) X 60/0.9 X 120/120 (3)

which simplifies to:
RPH=A,_./A, X 1330/RRF (ng) (4)

Where:
RPH is the Resolved Petroleum Hydrocarbon amount in pg
A, 18 the total integrated area
A, is the area of the internal standard
RRF is the Relative Response Factor which in turn is given by
RRF = A/A, X C,/C, where A is the area, C is the concentration
of the compound of interest.

The volumes of the six calibration standards are chosen such that the RPH determined for
each of the six samples of each dispersant/oil combination fall within the RPH range of the
standards. The following guide is used to determine the range of standards for each type of oil
being dispersed:

Heavy Oil - 10, 15, 20, 25, 30, 35%
Medium Oil - 10, 20, 30, 40, 50, 60%
Light Oil - 30, 40, 50, 60, 70, 80%



The percentage of dispersion was calculated by creating a calibration curve of
effectiveness versus RPH from the standards and then taking the RPH of the experimental value
and setting the appropriate effectiveness value.

At least six measurements of the RPH and effectiveness were measured. The standard
deviation is determined and reported. A standard deviation of more than 10 (absolute value)
indicates poor reproducability and the experiments should be repeated.

Low RPH values that fall below the range of the lowest calibration value should be
reported as less than the value of that calibration standard. This last calibration standard is also
the detection limit of the test.

The test was applied to a variety of crude oils taken from stock at Environment Canada’s
Laboratories. The properties of these oils are given in Jokuty et al. (1999).

4.0  Results of Testing of Crude Oils and Weathered Crude Qils

Several oils were tested for effectiveness with the dispersant Corexit 9500. Test results
are given in Table 1. These data will be used in the subsequent correlation. Additional data were
taken from the oil properties catalogue (Jokuty et al, 1999) and included in the analysis. This
included data on 299 oils including the oils that were completed in this study. All data were
measured under standard conditions and procedures as described in Jokuty et al. (1999). These
data are given in Appendix A Table Al.

5.0  Correlation Procedure and Results

The procedure for development of the models was a two-step process. First, the available
data were correlated, one at a time, with dispersant effectiveness to assess the relationship and
the form of the relationship if any. Second, the data that correlated were fitted in a series of
multiple correlation steps to yield the models here. The output parameters of the best fit equation
constitute the model. The quality of fit of these models can be judged by examining the multiple
R2. A value of 0.9 and higher is a very good fit, and one about 0.7, a poorer fit. The adjusted
multiple R?, as presented in this project as R is calculated on the basis of fit but also incorporates
factors relating to the number of input parameters. The quality of the models can also be judged
by comparing the predicted values versus the input values and the statistics such as the standard
deviation of these predictions from the starting values.

The entire data set as shown in Table A1 were test for correlation to the Corexit 9500
dispersibility data. This data was used as it is the most extensive and the most recent, hence
probably the most accurate. Each property or data listed in Table A1 was tested using the
software TableCurve (SPSS Inc.). The correlations achieved and the relationships used in later
regression are shown in Table 2. The correlation coefficient is the regression coefficient or R?
and is the mathematical expression of the relationship between the Corexit 9500 dispersibility
and the parameter noted. The closer the number is to 1, the closer the relationship predicted.

It should be noted from Table 2, that the parameters that correlate most highly with the
suite of parameters are those composition parameters that relate to smaller compounds in the oil.
These include n-C12, naphthalenes, and the sum of the C12 to C16 components. Those that
relate to the large compounds in the oil relate negatively to the dispersibility, including C26, and
resins. This will be discussed in greater detail later, however is indicative that dispersion largely
affects only the smaller components of the oil.

The highest correlation was achieved with the n-C-12 component as noted in Table 2 and



illustrated in Figure 1. The regression coefficient was 0.79 and this indicates that C12 is highly
dispersable. It should be noted that only about 15 of the 299 values in Table 1, which were
correlated, had data for C-12 and some of the other specific component data. The next highest
correlation coefficient was 0.76 for the Naphthalene content as illustrated in Figure 2. This also
indicates a high dispersibility for Naphthalene. The third highest correlation is for n-C26 and this
is an inverse correlation as shown in Figure 3. This indicates that the more n-C26, the less
dispersion. This also indicates that components of the size of C26 and greater are not dispersed
and in fact inhibit dispersion. The fourth highest correlation is the PAH content and this
correlates positively, namely that the higher the PAH content, the higher the dispersion as shown
in Figure 5. This is somewhat surprising since the PAH content, especially the larger PAHs such
as Phenanthrene and Chrysene, were not thought to be dispersable. This high correlation
indicates that most of the PAHs are dispersable. The fifth highest correlation is that of the sum of
the C12, C14, C16 and C18 components as shown in Figure 5. This correlation is highly
indicative that alkanes up to C18 are the prime components dispersed along with the PAHs. The
fact that C12 correlates the highest of these n-alkanes and that this correlation rapid drops off to
C18 with no useable correlation for C20, indicates that only hydrocarbons up to C18 disperse and
that past C20, compounds actually suppress dispersion.

Figure 6 shows the correlation of viscosity (R* = 0.64) with Corexit 9500 dispersibility.
Viscosity correlates somewhat, however, would not be a good predictor by itself. As can be seen
by Figure 6, viscosity has a tendency to be a logarithmic parameter and higher viscosity oils over
about 5000 mPa.s have no dispersability. The problem with using viscosity alone is that some of
the oils in any test set can have viscosity as much as 4 orders-of- magnitude above that which
would still achieve dispersant effectiveness. This results in lack of continuity in dispersant
effectiveness over the typical viscosity range.

Figure 7 shows the correlation of the oil fraction that boils below 250 °C. The correlation
coefficient of 0.62 shows that this component of the oil is strongly dispersed using a chemical
dispersant. This fraction (BP < 250 °C) is also the fraction that evaporates with the first few
hours after a spill. In fact, some algorithms match this fraction with the percent that would
evaporate in 2 days. This fact then indicates that chemical dispersion is strongly competitive to
evaporation in that the same fraction is subject to either process.

The n-alkane 14 and 16 correlation with Corexit 9500 dispersion are illustrated in Figures
8 and 9. The correlation coefficient of 0.61 and 0.56 shows that these component of the oil are
preferentially dispersed using a chemical dispersant. It should be noted the correlation coefficient
declines progressively from C12 to C20 and then rises inversely to C26. This will be discussed
later.

Figure 10 shows the correlation of the oil density with chemical dispersability yield a
correlation coefficient of 0.54. This correlation may be quite useful since the density of the oil is
usually known and since the correlation is relatively good and continuous throughout the density
range. This correlation can be used when little else is known about the oil.

Figure 11 shows the correlation of the resin content with the Corexit 9500 dispersibility.
The resins are the highest of the SARA (Saturates, Aromatics, Resins, Asphaltenes) to correlate.
It was thought that the SARA analysis would yield a good simple prediction system (Fingas,
2000b), however this study shows that the SARA fraction actually is a poor predictor of
dispersibility. Similarly the correlation of the Saturates, Aromatics and Asphaltene components
are shown in Figures 12, 13 1nd 14, respectively. The correlation coefficients are 0.36, 0.18 and



0.24, respectively. These latter three components display an even greater scatter than the resins
with the corresponding low correlation coefficients. The reason for the poor fit of the SARA
components, particularly the saturates and aromatics is that compounds grouped in these
categories have variable dispersibility. For example, the C12-C18 group as described above are
saturates and are highly dispersible. On the other hand the C20 fraction and above is not
dispersible as noted above, but are also saturates. The same situation exists for the aromatics
group.

Figure 15 illustrates the correlation of the fraction of the oil that boils below 200 °C, R* =
0.44. It is noted that the correlation of the 250 °C fraction is much higher at 0.63. It is suspected
that the 250 °C component contains less compounds that are simply lost by evaporation and more
compounds that are dispersed. Figure 16 shows the correlation of pour point with Corexit 9500
dispersibility, R* = 0.25. This latter correlation is poor and is not useful for prediction. Pour
point is not a truly continuous function and thus becomes a poor predictor of physical behaviour.

Figure 17 shows the correlation of the effectiveness of Corexit 9537 with Corexit 9500,
Figure 18, that of the effectiveness of Dasic LTS and Figure 19, the effectiveness of Enersperse
700. The correlation coefficients are 0.45, 0.43 and 0.31 respectively. There is a significant
amount of scatter in these correlation plots. This may be due to the fact that many of the
measurements of the dispersant effectiveness values other than Corexit 9500 may be older and
may have more error associated with them.

Figure 20 shows the correlation of sulphur content (R* = .23) with Corexit 9500
dispersibility. The sulphur content does not show any relationship to dispersibility, as might be
expected and most sulphur values cluster around the 0 to 10% sulphur content.

Figure 21 shows the total VOC and Figure 22 the C18 content. The correlation
coefficients are 0.33 and 0.32 respectively. The total VOC content displays a large scatter with
dispersibility. This is probably the result of rapid loss of some of the VOC components before
dispersion. The C18 content is the largest n-alkane factor to show a correlation with the
dispersion. This indicates that C18 is probably the largest n-alkane to undergo chemical
dispersion. The next member chosen, C20 shows no useful correlation.

The factors that were correlated and show little correlation include the Reid vapour
pressure, flash point, waxes and surface tension (and interfacial tension with water). There is no
reason to believe that any of these have a relationship to chemical dispersibility.

It should be noted that Figures 1 to 22 were plotted using the best, simple equation using
TableCurve. The curve fit has no significance to the discussion at hand and therefor is not
presented.

6.0  Development of Correlation Models

The data in section 5.0 above was used to develop specific equations. The correlation
resulting from each parameter, as listed in Table 2, was correlated in a series of models using
DataFit (Oakdale Engineering) which calculates linear models. The two step process is necessary
as DataFit, nor any other one, are able to calculate the correct function with more than 2
variables. Thus, the function, eg. linear, square, log, were calculated using a two-way regression
and these functions were in turn, used in developing a predictor model for dispersion. Thirteen
models were developed and these will be discussed and characterized below. The models are
presented in Table 13, along with the parameters and relevant statistics. The statistics given are
the R? or regression coefficient. The higher this value, the higher the predicted value relates to



the actual data. Other statistics such as average standard deviation and maximum standard
deviation are also very relevant and are illustrated in Figures 23 and 24. Figure 23 shows the
relationship between the standard deviation values and Figure 24 shows the values for each
model set. The other test that is given in Table 3 is the Prob(t) or probability associated with the
t-test. This value gives the importance of the particular variable in the model at hand. The higher
the value of the Prob(t), the greater the probability that the variable could be eliminated from the
model with minimal loss to its prediction capability.

The predicted values for Corexit 9500 dispersibility for the measured set of data are
shown in Table 4 and for all data are given in Table A2.

Model 1 uses the four highest correlating parameters of C12, Naphthalene, PAHs, C12 to
C18 and the fraction that boils at less than 250 °C. The regression coefficient achieved was 0.98.
The model is:

Corexit 9500 dispersibility (%) = -11.1 -3.19(In C12 content) +0.00361(Naphthalene
content in ppm) - 7.62(PAH content squared) + 0.115(C12 to C18 content squared) +
0.785(%fraction oil boiling below 250 °C) (7)
The Prob(t) shows that all factors are very relevant and are needed to form the reliable prediction.
It should be noted that only 15 oils have the full data set to form this prediction set.

Model 2 uses the six highest correlating parameters of C12, Naphthalene, PAHs, C12 to
C18, the C26 fraction (negative correlation) and the fraction that boils at less than 250 °C. The
regression coefficient achieved was 0.98.

The model is:

Corexit 9500 dispersibility (%) = -10.7 -2.75(In C12 content) +0.00354(Naphthalene
content in ppm) + 0.113(1/C26 content) - 7.48(PAH content squared) + 0.0107(C12 to C18
content squared) + 0.761(%fraction oil boiling below 250 °C) ()
The Prob(t) shows that all factors are relevant and are needed to form the reliable prediction. This
prediction set is very similar to model 1 and the predictions are similar, but slightly more
accurate.

Model 3 uses the 5 highest correlating parameters of C12, Naphthalene, PAHs, C12 to
C18, the C26 fraction (negative correlation) and the viscosity of the oil rather than fraction that
boils at less than 250 °C. The regression coefficient achieved was 0.94. The model is:

Corexit 9500 dispersibility (%) = -2.93 -1.29(In C12 content) +0.00368(Naphthalene
content in ppm) - 0.0185(1/C26 content) - 8.65(PAH content squared) + 0.0144(C12 to C18
content squared) + 100(1/viscosity) 9)
The Prob(t) shows that there may be redundancy in the values of C12 and C26. This prediction
set is very similar to model 2 and the predictions are similar, but less accurate as viscosity is not
as good a predictor as the values associated with the fraction boiling below 250 °C.

Model 4 is a simple 2-parameter predictor using only density and viscosity. The
regression coefficient is 0.71. The model is:

Corexit 9500 dispersibility (%) = -77.6 + 214%™ + 60/viscosity™ (10)
This model produces a poorer prediction than most, however requires very little input data and
this data, the density and viscosity, are readily available. The overall standard deviation is 4.6 as
an average, but the maximum standard deviation is 32.

Model 5 is also a simple 2-parameter predictor using only density and the fraction boiling
below 250 °C. The regression coefficient is 0.7. The model is:

Corexit 9500 dispersibility (%) = -68.8 + 67.4/density'” + 0.787BP'? (11)



This model produces a poorer prediction similar to model 4 above, however requires very little
input data and this data, the density and fraction that boils at less than 250 °C, are commonly
available. The overall average standard deviation is 5, and the maximum standard deviation is
30. Both the accuracy and other features of model 5 are similar to model 4, however the
maximum deviations with model 5 are less. It should be noted that as many as 295 data points
were used to generate both models 4 and 5.

Model 6 uses the SARA parameters of saturates, aromatics, resins, asphaltenes and the
viscosity of the oil. The regression coefficient achieved was 0.68. The model is:

Corexit 9500 dispersibility (%) = -7.78 + 0.315(saturate content) + 3.44(square root of
aromatic content in percent) - 4.32(In resin content) - 1.81(In asphaltene content) +
58.9(1/viscosity) (12)
The Prob(t) shows that there is little redundancy. As noted above, it was thought that the SARA
analysis would yield a good simple prediction system (Fingas, 2000b), however this study shows
that the SARA fraction actually is a poor predictor of dispersibility. The reason for the poor
correlation achieved with SARA components, particularly the saturates and aromatics is that
compounds grouped in these categories have variable dispersibility. For example, the C12-C18
group as described above are saturates and are highly dispersible. On the other hand the C20
fraction and above is not dispersible as noted above, but are also saturates. The same situation
exists for the aromatics group. Model 6 does not show good predictability as shown in Table 4
and Table A2. Model 6 has the second poorest correlation coefficient of all of the 13 models
described in this study.

Model 7 uses the SARA parameters of saturates, aromatics, resins, asphaltenes and the
sum of the C12 to C18 components. The regression coefficient achieved was 0.95. The model is:

Corexit 9500 dispersibility (%) = 296 - 1.86(saturate content) - 18.2(square root of
aromatic content in percent) - 33.6(In resin content) - 9.03(In asphaltene content) +
0.0065(square of the C12 to C18 content in ppm) (13)
The Prob(t) shows that there is little redundancy in any input parameter. This model is very much
better in terms of fit and accuracy than the very similar model 6. This is because the C12 to C18
component provides the information to the model as to what is being dispersed. In model 6 this
term was that of viscosity which is much less powerful.

Model 8 is similar and uses the SARA parameters of saturates, aromatics, resins,
asphaltenes and the VOCs. The regression coefficient achieved was 0.71. The model is:

Corexit 9500 dispersibility (%) = 73.4 - 0.0298(saturate content) - 2.24(square root of
aromatic content in percent) - 12.2(In resin content) - 4.873(In asphaltene content) +
0.000681(VOC content in ppm) (14)
The Prob(t) shows that there is little redundancy in any input parameter. Model 8 does not show
good predictability as shown in Table 4 and Table A2. The VOC content does not substitute for
the high predictability of the C12 to C18 content as used in model 7.

Model 9 uses only the SARA parameters of saturates, aromatics, resins, and asphaltenes.
The regression coefficient achieved was 0.68, the poorest of the 13 models described in this
study. The model is:

Corexit 9500 dispersibility (%) = 62.7 - 0.103(saturate content) - 0.678(square root of
aromatic content in percent) - 13.3(In resin content) - 4.38(In asphaltene content) (15)
The Prob(t) shows that there is little redundancy in input parameters except somewhat for the
saturate component. Model 9 shows the SARA component does not provide good information



upon which to build a dispersibility model.

Model 10 is a larger model and uses all the composition components for which data had
been collected the SARA parameters of saturates, aromatics, resins, asphaltenes and the VOCs,
the C12 to C18 component, the C12, C14, C16, C18, C26 Naphthalene and PAH components.
The regression coefficient achieved was 0.998. This is the second-best model developed in this
study. The model is:

Corexit 9500 dispersibility (%) = 368 - 2.25(saturate content) - 15.4(square root of
aromatic content in percent) - 42.6(In resin content) - 14(In asphaltene content) + 0.000472(VOC
content in ppm) + 0.074(C12 to C18 content squared) - 1.71(In(C12 content) - 8.34(In C14
content) - 17(C16 content) + 8.87(C18 content) + 0.821(1/C26 content) +0.00156(naphthalene
content in ppm) - 1.36(PAH content squared) (16)

The Prob(t) shows that there is redundancy in all parameters, especially the C12 and C14
parameters. Model 10 shows good predictability as shown in Table 4.

Model 11 is the largest model described in this study and uses many of the composition
components including the SARA parameters of saturates, aromatics, resins, asphaltenes and the
VOCs, the C12 to C18 component, the C12, C14, C26 Naphthalene, but physical components
were substituted for those component parameters which showed high redundancy in model 10.
The physical components added were density, viscosity, and the fraction that boils at less than
250 °C and less than 200 °C. The regression coefficient achieved was 0.998. This is the best
model developed in this study, however the fit is only marginally better than model 10. The
model is:

Corexit 9500 dispersibility (%) = 855(1/density) -250(1/viscosity) - 7.09(saturate
content) - 72.6(square root of aromatic content in percent) - 69.7(In resin content) - 11.6(In
asphaltene content) + 0.00045(VOC content in ppm) - 6.82(%fraction oil boiling below 200 °C)
+ 4.96(%fraction oil boiling below 250 °C) - 0.0226(C12 to C18 content squared) + 11.4(In(C12
content) + 2.8(In C14 content) + 0.299(1/C26 content) - 0.00414(naphthalene content in ppm(17)
The Prob(t) shows that there is redundancy in all parameters, especially the C12, C14 and C26
parameters. Model 11 shows good predictability as shown in Table 4.

Model 12 is based on physical measurements. The physical components used were
density, viscosity, and the fraction that boils at less than 250 °C and less than 200 °C. The
regression coefficient achieved was 0.71. The model is:

Corexit 9500 dispersibility (%) = - 95.6 + 90(1/density) + 22.9(1/viscosity
0.443(%fraction oil boiling below 200 °C) + 0.855(%fraction oil boiling below 250 °C) (18)
The Prob(t) shows that there is little redundancy in input parameters.

Model 13 is based on physical measurements as model 12, however pour point was
added. The physical components used were density, pour point, viscosity, and the fraction that
boils at less than 250 °C and less than 200 °C. The regression coefficient achieved was 0.69.
The model is:

Corexit 9500 dispersibility (%) = - 124 + 121(1/density) - 0.00071(pour point squared)+
15.3(1/viscosity - 0.488(%fraction oil boiling below 200 °C) + 0.732(%fraction oil boiling
below 250 °C) (19)
The Prob(t) shows that there is little redundancy in input parameters. The model is poorer than
model 12 which includes the same parameters without pour point. This shows that the addition of
pour point actually decreases the accuracy of the model. As discussed above, pour point is a very
poor predictor and is not a continuous variable.



The work presented above used the dispersibility with Corexit 9500 as the prime
parameter. This was carried out as the Corexit 9500 data was the newest and most accurate.
Using the program TableCurve and the data in Table A1, predictor equations were developed for
the dispersability of other dispersants with the various oils.

The equation for the prediction of Corexit 9527 dispersability is:

Corexit 9527 dispersibility (%) = - 0.35 + 0.80(Corexit 9500 dispersibility) (20)

The equation for the prediction of Dasic LTS dispersability is:

Dasic LTS dispersibility (%) = 1.5 + 0.42(Corexit 9500 dispersibility) (21)
The equation for the prediction of Enersperse 700 dispersability is:

Enersperse 700 dispersibility (%) = 1.9 + 0.55(Corexit 9500 dispersibility) (22)

The regression coefficients for the three models are 0.45, 0.42, and 0.27, respectively.
The predicted values and actual values for the three dispersants shown above are given in Table
5.

7. Conclusions

Thirteen models for the prediction of chemical dispersibility have been developed. The
models range widely in terms of input parameters and also in statistical quality. These are
described in Section 6 above. These models can be used to predict the chemical dispersibility of
oils given the required input parameters.

The development of these models also reveals essentials of chemical dispersion. The
results clearly show that small n-alkanes are prone to dispersion and that this ends at about C20
and hydrocarbons as large as C26 actually suppress dispersion. This is illustrated in Figure 25 in
which the regression coefficients (R?) are plotted against the n-alkane carbon number. It can be
seen that there is a steady progression downwards beginning at C12 and crossing 0 at about the
C20 carbon number. The aromatic component may show a similar tendency, however sufficient
data were not available to provide details. The naphthalene component showed a high regression
coefficient (R* = 0.76) and the total PAHs were also relatively high (R* = 0.67). This indicates
that the PAHs are relatively dispersible and that the smaller ones (naphthalenes) are highly
dispersible.

The development of the model shows that certain parameters are very good predictors of
chemical dispersibility. These include the specific chemical composition indicators such as the n
alkane values of C12, C14, naphthalenes, etc. The group composition indicators such as SARA,
are poor predictors. The physical properties are also poor predictors of chemical dispersibility.
This is illustrated in Figure 26 in which the average correlation coefficient is plotted for each
group. There are some properties which have no or very little dispersibility prediction indication
and these include: wax content, interfacial tension, and flash point.

The study also reveals some facts about the interrelationship of the data used. The
properties and composition parameters were inter-correlated. Results are shown in Table 6. The
values that correlate at regression coefficients higher than 0.7 are highlighted in bold. If the
values correlate inversely, this is indicated with a negative value. This table shows that many of
the values are unique and do not relate to other values, however many composition values show
an interrelationship.



8. Acknowledgements

This was a joint research project funded by Environment Canada and the United States
Minerals Management Service. Sharon Buffington was the US MMS project manager for this
study. The authors thank the many persons who contributed to this research project. Paula Smith
is acknowledged for compiling the initial data table. Lise Sigouin performed many of the older
dispersant measurements.

9. References

Canevari, G.P., P. Calcavecchio, R.R. Lessard, K.W. Becker and R.J. Fiocco, “Key Parameters
Affecting the Dispersion of Viscous Oil”, in Proceedings of the 2001 International Oil Spill
Conference, American Petroleum Institute, Washington, D.C., pp 479-483, 2001.

Daling, P., I. Singsaas, M. Reed, and O. Hansen, “Experiences in Dispersant Treatment of
Experimental Oil Spills™, Spill Science and Technology Bulletin, Vol. 7, in press.

Fingas, M.F., E. Huang, B. Fieldhouse, L. Wang and J.V. Mullin, "The Effect of Energy, Settling
Time and Shaking Time on the Swirling Flask Dispersant Apparatus", in Proceedings of the
Twentieth Arctic and Marine Oil Spill Program Technical Seminar, Environment Canada,
Ottawa, Ontario, pp. 541-550, 1997.

Fingas, M.F., B. Fieldhouse, Z. Wang, L. Sigouin, M. Landriault and J.V. Mullin, "Recent
Results from Dispersant Testing", in Proceedings of the Twenty-Third Arctic and Marine Oil
Spill Program Technical Seminar, Environment Canada, Ottawa, Ontario, pp. 681-695, 2000a.

Fingas, M.F., “Use of Surfactants for Environmental Applications”, in Surfactants:
Fundamentals and Applications to the Petroleum Industry, Laurier L. Schramm, (ed.), Chapter
12, Cambridge University Press, pp 461-539, 2000b.

Jokuty, P., S. Whiticar, Z. Wang, M.F. Fingas, B. Fieldhouse, P. Lambert and J. Mullin,
Properties of Crude Oils and Oil Products, (Volume 1, A-K; Volume 2, L-Z), Environment
Canada Manuscript Report Number EE-165, Ottawa, Ontario,1999.

Mackay, D., A. Chau, K. Hossain and M. Bobra, "Measurement and Prediction of the
Effectiveness of Oil Spill Chemical Dispersants", in Oil Spill Chemical Dispersants: Research,
Experience and Recommendations, Ed T.E. Allen, STP 840, American Society For Testing and
Materials, Philadelphia, Pennsylvania, pp 38-54, 1984.

Mackay, D., "Chemical Dispersion: A Mechanism and a Model", in Proceedings of the Eighth
Arctic Marine Oilspill Program Technical Seminar, Environment Canada, Ottawa, Ontario, pp
260-268, 1985.

NRC, Using Oil Spill Dispersants on the Sea, Marine Board, National Research Council,
National Academy Press, Washington, DC, 1989.



Reed, M., Technical Description and Verification Tests of OSCAR2000, A Multi-Component 3

d Response Model, Casual paper of SINTEF, 2002.

ingency an

[ Oil Spill Cont.

imensiona

D

0T QLS LIGE ST RS ir b 1927 a b b L 29 t (KT8 X oL Zz {Z007) #saq
TAO9R0L EERL GTEL fF a5 iz RRGL 0 i at &% 7 £ a5 nLEE [T o} (200Z] asal
g2E 4T0L B6E L9 5e 1. z 92z 0 2 ZL ¥ tZ e 2 LZ!Ed &= £ gy ankaun
[SERCCIS A 1] AT | | VA iE i Zl SEGT] 0 2 Zl %) Gg [ 3 [1HER L i Gy ardeyn
Mra oda WE T 4 4 nz OGALE 0 I k L af Tk - oFEE RE'S 43 LT )
JE S B AT W 17 at iz SEITE 0 % fi At .t t + GEEA 8 n o nnkaun
ALY A8 RGO 7 a. L 0zl # 4 al 7 LL £eL G AL [ I o FINGY
e sf% 0 BES eR 1 l. z a0z k4 2 ok I QL Lrl .1 #LIE L1 a2z [LO0Z] ALRISINAT Linag
LTI - 1 S TR T | o7 . z (2% I ak Fl 51 Zh TLE L pAkir 7ol a5 LOGE) §rval "sasy
AT AL E K G T 96 UE508 & b ik L 96 & b BV L i} G SV
T U7 R RN P [ o ! A 5 6 ai il g (T4 i by by g ¢ fLuug) Mo | ey ey
AR | TN | ST o kL e 7 G L 4 £l Mr 9z il bt TN G u £1.007) BusEre] ynos
TP 94t WS MY tz BT Iz 14551 ¥ 4 3l i il Ll bz LR g a froozd MEn ueg ey
GEe E0S EGa 0 2279 12 g 9z 09588 L a = # jtra £ FAFE L 0 (O00Z] SExal 2sany
[ A= TR (- S A =1 g 5 o 0z 0z gk &7 i 000+LE £l GEEE 1 175 0z IOCGE) abanes
6L Z5L EFL k. 5 4. th 0l sk gk gh 05 zl Lol 53 P5eEd L5 0 IoCGE) ohayog
AW (BEu) FAw] (BEL] : iu.1] Twdd) Togta]l  Dugie] Dagin) Taehnl  O0SE 1400 5 BdW] (o B Ay fagael e

| B TR

FLIU ZLOU JH IEWS 052 > d8 BOZ > 4@ SDOA 901 SIUEYDS y SWISa) SIRWDI Y S3|neg % Qametag Asoasia jiog mog Sisusg da ey myding udesg

SWEN |0

5110 yo sepadany | 9|qeL



Table 2 Correlation of Param eters with Corexit 9500 Dispersibility

Parameter Correlation Relationship Simplest
Coefficient Relationship Used
n-C12 0.79 I I
Maphthalenes 0.76 ik " X
n-C26 0.7 (e 1 1
Total PAHs 067 e e
Sum of C12t0 C18 0.66 e e
Yiscogity 0.64 18 15
BF = 240 0.63 ®re ¥ ¥
h-C14 061 e It
h-C16 0.56 ¥E e ¥
Density 0.54 (I 1 1
Resins 0.53 [ I [
Dispersihility % (9527 045 ¥ b
BF = 200 044 R X *
Dispersibility % (Dasic) 042 b ®
Saturates 0.36 " X
Total WO Cs Q.33 o ®
nC1a 0.32 (Ire)? ¥ ¥
Lispersitiity % (Enersperse fUU) 0.31 111 *
Pour Point 0.25 e CIE
Asphaltenes 0.24 I Inx
Sulphur 0.23 power M not used
Arornatics 018 (Ir‘n-{)2 w1 not used
Reid Wapour Pressure 0.13 W not used
Flazh Paint MC MC not used
Complex modulus MC MC not used
Wi e s MC MC not used
Surface Tension MC MC not used
Interfacial Tension MC MC not used
n-C20 MC M nat used

NG = no dseftl corve Btlon



Table3 Model sets

Description Number of R® Variable Variable Variable Variable Variable Variable Constant Variable Variable
Number Wariahles 1 2 3 4 3 6 7 8
1 High correlatars anly 5 0.98 hC12  Mapthalene PAH c12-c18  BP<250 parameter
-3.19 0.00361 -7.62 0.011%5 0.785 1141 value
n.19 0.028 0094 0.16 0.00002 0.029 probit}
2 Best plus boiling point B 0.8 hC12  Mapthalene 1/C28 PAH? c12c18? BP=280 parameter
275 0.00354 0113 -7.48 00107 0.761 -10 B5 value
0.31 0.039 0.E5 012 022 0000012 0046 probit}
3 Best plus viscosity ] 094  hC12  Mapthalene  1/C26 PAH e12-c18®  1iviscos parameter
-1.29 00oses  -0.0185 -B.65 00144 100 -2.93 value
0.76 017 0.9v 0.25 0.31 0.onm 073 probit)
4 Two-way- Density 2 0.71 Model Z=a+he®™ ™ 4 chviscosin®*
and Yiscosity a=-77 6 b=214 c=h0
5  Two-way- Density 2 0.7 Model Z=a +bidensity'® +cBp'*
and BP=250 a=-588 b=G74 c=00787
6 Groups plus viscosity ] 0.68 Saturates Aromatics' InResing Inasphattenss  1fviscos parameter
0.315 344 -4.32 -1.81 589 -7.78 value
0.043 0.031 0.21 0.21 a 07 probit}
7 Groups plus low HC 5 0.95 Saturates Aromatics' InResing Inasphatenss c12-c18? parameter
-1.86 -18.2 336 -8.03 0.00951 295 value
0.0041 0.017 0.0001 0099 00065 0.00047 probit}
8 Groups plus WO Cs 5 0.71 Saturates Aromatics' InResing Inasphatenss  VOCs parameter
-0.0293 -224 -12.2 -4.87 0000681 73.4 value
0.039 013 1] 0.00037 a (0.00004 probjt}
9 Groups alone 4 057 Saturates Aromatics'® InResins  Inasphattenes parameter
-0.103 -0.678 -133 -4.38 B27 value
055 07 ] 0.0071 00031 probit)
10 Campasition component 13 059938 Saturates Aromatics' |nResing InAsphattenss  w0OCs  c12-c18? InC12 W14  parameter
2.2 -15.4 -2 6 -14 -0.000472 0074 365 -1.71 3.34 wvalue
0.43 047 032 0.39 0.46 024 038 095 0.84 probijt}
C16 c18 1/C26  Mapthalene PAH’ parameter
-17 BE7 0az21 000156 -1 3BE-O7 value
0.35 032 0.43 0.71 0.29 probit}
11 Smallest complete set 14 0998 t/density 1iviscos  Saturates Aromatics™  nResing  nAsphatenes WOCs  BP<200 parameter
a55 -280 -7.09 726 Ba.7 -11.6 nooods  £.82 wvalue
0.45 039 0.51 0.45 0.42 042 0.44 0.69 probit}
BP<250  cl12-c18? InC12 InC14 1/C26  Mapthalene parameter
4.96 00226 1.4 28 0299  -0.00414 value
0.62 og2 087 0.94 0.94 056 probijt)
12 Physical data less pp 4 0.71  1idensty  TAiscos BP=200 BP=250 parameter
80 229 -0.443 0855 856 value
a 0.0049 0.0016 1] 1] probit}
13 Physical data ] 0.69 1/density Pourpoint’ 1jviscos BP<200  BP<250 parameter
121 -0.0007 1 15.3 -0.4858 0.732 -124 value
a 0.0186 o1 0.0045 a 1] probit)



Table 4 Comparison of Actual Versus Predicted Values

Fradicted with the Equation noted

Actual 1 pd 3 4 5 6 T 8 9 10 1 12 13
il Name Evap'n Dispersibility % Hgh  Beslplus Bestplus Densily & Densily & S8RA & SLHRA & SARA & SARS Compos Contplels Physic - Physic
o yiCorexit 9500 Correlators BP<250  Viscosity Viecoeity BP<230 Wiscosity Low HC  wOCs anne ap FP
Arabian Light (20003 0 14 20 20 17 29 = 24 15 47 2z = 22 26 2B
Arahian Light {2000) 26 b} ] B 1 12 10 1t 1a 34 17 10 5} 10 11
AEME #E 0 =8 ri 2 28 38 a5 33 27 B2 an 31 zh 24 35
ASME £5 37 11 10 n 14 ksl 17 2N 14 3h e i 10 13 13
Chaywo 6 0 4 42 42 48 45 29 44 20 ar 44 40 40 30
Chawwo 6 14 45 & 4 35 31 o3 44 £a - 43 49 33 22
Chayvo 6 az 29 26 35 21 26 =28 a1 50 27 a2 25 2b 20
Chayw o i 33 22 25 24 26 2z 20 30 40 27 28 24 2z 23
Diesel f2002) ] Tl I8! 72 T2 50 &4 i £0 43 74 Ia 5B ET
Diessl (ZIDZ) zz2 66 E5 G5 EE 45 44 G 52 T L=l 65 s o2
Sockeye (2000) G 2 14 14 8 g 12 5 4 24 4 15 18 11 12
Sockeye (20D0) 20 o B 7t 10 3 1 ] 13 12 3 20 18 0 -2
Soulh Louisiana (2001} G 26 24 25 21 3z 30 2k 21 B4 28 2T Zh 20 20
South Louigiana (2001} 2B 10 1 n 13 14 13 18 14 3 22 13 17 13 16
West Texas (2000; 0 28 20 a0 26 34 KL 29 24 B3 28 30 32 3z 22
West Texas (2000} 3z 13 15 15 20 15 14 16 1 32 1% 16 1 14 15
Overall Satistica of] Std. Deviation 1.6 13 24 46 5 48 6.7 11.8 & 2.6 z 48 4.0
Equaticns| [average)
Kazimum Dey 3 & B 32 a0 ad 18 42 a9 1o B 21 34
R* 088 D.85 0.4 0.71 07 )1 085 Dyl 0857 Deas DeRt DYl DED
Abbrewisieng SARA = Saluvrmies, Aronisliics, Resing. Asphallerness VOCy - Vidawde Cryarne Compeunds

EP<Z5(i = fraction kaving boing pomt less than 250 °C Low HC - low hydrocarbons
Comipes = compesiion sletents al - 85 15 possile



Table § Experimental and Predicted Dispersibilities for Corexit 9527, Dasic, and Enersperse

Actual FPredicted Actual Predicted Actual Predicted

Qil Mame Evap'n Dispersibilty % | Dispersibility % Dispersibility % | Dispersibility % Dispersibility % Dispersibility % Dispersibility %

wif O orexit 3500 w/C orexit 9527 wiCorexit 9527 w/Dasic LTS | wiDasic LTS | wEnersperse 700 w/Enersperse 700
Adgo 0 29 10 14
Amauligak 0 45 55 3B 25 |
ARS (1989 0 10 g 15 B
Arghian Light 0 21 25 16 25 11 10 13
BCF 24 0 12 20 9 0 7 =) 9
Belridge Heawy ] 4 9 3 ] 3 1] 4
Bent Horn 0 25 15 13 15 16
Beta 0 0 0 0 0 2 0 2
Bunker C Light Fuel Oil 0 5 0 4 0 4 1] 5
California (&F111) 0 0 0 0 0 2 1] 2
Califarnia (AP 100 0 u] u] 0 u] 2, 0 2
Carpinteria 0 16 0 12 0 9 11 11
Carpinteria 10 7 0 a ] 5 1] B
Carpinteria 15 7 ] a ] 5 1] B
Catalytic Cracking Feed ] 10 5 o] 5 4] <] 7
Dos Cuadras 0 37 =) 29 = 18 o 22
Dos Cuadras 11 15 8 12 8 8 10 10
Dos Cuadras 20 7 10 =) 1] 5]
Ernpire 0 31 10 24 10 15 10 19
Endicott 0 10 10 8 =) 5] 10 7
Eugene Island Block 43 ] 22 5 17 20 11 0 14
Federated (1994) 0 1 20 48 19 28 15 s}
Federated (1994) 16 38 8 30 16 18 13 23
Federated {1994 28 22 4 17 g 11 3 14
Federated {1994 42 18 2 14 1 g ) 12
Granite Paoint 0 41 a7 32 9 20 27 24
Green Canyon Block 109 ] 20 5 16 10 10 <] 13
Green Canyon BlockBs ] 15 5 12 a g 10 10
Gullfaks 0 25 20 20 10 13 10 16
Hondo 0 8 5 =) 0 5 4 5}
Hondo 17 B 0 4 0 4 0 5
Hondo 32 4 0 3 0 3 0 4
Hout 0 18 2 14 10 g ) 12
Iranian Heavy ] 14 10 " a g 10 10
Lago 0 10 0 8 0 5] ) 7
Louisiana 0 34 13 7 17 16 14 21
Lucula 0 20 5 16 =) 10 =) 13
MWhain Pass Block 306 0 27 25 21 20 13 30 17
Main Pass Block 37 0 33 20 26 25 16 10 20
Malonoo 0 15 5 12 0 8 ) 10
Mssissippi Canyon Block 194 a 23 15 23 15 14 10 18
Marman Wells 0 35 20 17 RS 21
Oszeberg 0 15 30 12 10 8 20 10
Pitas Point 0 aa) 42 52 55 30 5]} a8
Fitas Point 24 BE 38 52 a0 N 59 38
Point Arquello Comingled ] 7 0 2 ] 3 1] 4
Point Argquello Comingled =] ] 0 ] ] 2 1] 2
Point Arguello Cormingled 16 0 ] ] ] 2 1] 2
Point Arquello Comingled 22 0 ] ] ] 2 0 2
Point Arquello Heawy 0 0 0 0 0 2 0 2
Point Arguello Heawy ) ] 0 ] ] 2 1] 2
Point Arguello Heawy 18 0 0 ] ] 2 0 2
Point Arguello Light 0 13 10 10 3 7 5] 9
Paort Huenerme 0 12 0 9 0 7 0 9
Paort Huenerne 4 5 0 4 0 4 1] 5
Paort Huenerne g 0 0 0 0 2 i 2
Sakhalin 0 a4 7B B7
Sakhalin 25 49 73 39
Sakhalin 42 3 49 24



Table &

Cross-Correlaticn Matrix of Parameters

Driap Four Disp  Disp  Disp

9500 Daqgity Paint Viscosity 8027 DEBIC e s Suess 6 ovais FESING anoe wres Waxes VOC2 3P=220Br<2o0 1212 012 C14 G156 €18 C20 G286 wwresw PAHS
Cisp BEOD 0.4 028 -0B4 D48 042 031 036 018 £53 -0.24 -002 033 D44 063 066 079 061 0BS5S 032 016 0.7 Q.76 O.T
Density  -0.54 002 o2 D2 05 0z 081 047 D7 058 004 D20 055 085 038 05 038 032 025 2312 00DE 04 031
Pour Point  -0.25 D23 016 016 020 005 004 DOE 005 028 -1 018 028 D3 -D48 033 028 017 017 086 -049 044
Misooaty  -DE4 037 06 052 -0&E 028 DE2 06 D06 -D20 -G5F 06 038 06 035 -0 D24 315 no1g 05 038
Disp GE27 048 016 026 014 -008 L1158 02 17 024 029 03 nsd nsd nsd nsd nsd nsd ned nsd  nsd
Disp Dasic  0.42 g4 02% 015 £.24 317 002 01 D42 053 nsd nsd nsd o ned o nsd onsd o nsd onsd nsd
Cigf Encrsperse 0.2 Dz 009 £15 213 016 012 038 043 nsd nsd nsd nsd nsd nsd nsed nsd  nsd
Saturgtes  0.2@ 07T Lve -aG2 01 s 21 03 081 BE2 Q5 024 048 D3 01 053 054
Aromatics  -0.18 p24 00v 01 008 L2 027 055 05 031 05 0.5 231 003 -053 Q.53
Resins 083 04 -00% 016 -022 -03F 05 -DBE -045 042 -033 -D23 -003 -05F -040
Asphaltznes  -0.24 004 015 011 D2z -DBE -DTZ -086 D55 0D£8 -D43 038 056 D4
Wares -0.02 -0.03 -002 -0017 DA B ooy 016 04 072 0LB% 0168 024
VDCs 033 oGl 0851 o0nZ2 0O 04 005 -0 002 0B 1B 003
EF<200 044 083 018 D24 11B 017 OB 013 006 011 0O
BP=250 063 03 DEZ 036 028 016 011 018 053 D4
C1z-18 0BG DEY 083 0D5 081 048 015 0.2 091
ci1z n.79 aadr 073 052 027 D2 0.31 0TI
Ci4 0.1 Obs 0¥8 045 04 0BB D.BE
g 0.56 087 05 019 081 092
Cié 032 0.&3 039 081 DTS
20 DG D72 (26 041
CZB 0.7 08 082
Hapthalenes DTE 088

FhHs oy
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Table A1 Data Used in the Correlation
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Table A1 Data Used in the Correlation
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Benl Horr 1] 25 28 34
Bula 0 [} 3 4 fud 4]
Erent Blend 0 an 41 35 BE 23
Eunker C. FLel Oil {4laskal o} 14 3 k] T 12 7
Bunker C Fipl Dil (Alagka) & fi 1 -1 A & 1
Bunker C Lizht Meel Sl ] L]
Calilurnia [AF111) B} i+ 2 b
Calilornia [AF1 18) n [ 1 1 -1 10 1
Carpintzria 0 15 13 17 o] 10 7
Carpinters 10 T 1] 12 3] 16 5
Carpintera 15 T G i 5 iy 3
Calvylir: Cracking Foed 0 173 10 a 20 1 24
Chay«c +5 u] 41 42 4z 4d 4% 28 49 B a7 <4
Chay vz 46 13 43 41 40 ] 31 33 44 Bl ad £
Uiy ve &6 o 29 i ik i1 ) eff 31 sl er K
Chay e &6 ] 24 25 24 26 2z Z0 30 40 7 28
Cohasest o} 27
Cole Lakes Bitumen ] 1 -1
Dicscl [2002) 0 T2 T Tz T2 EO 54 Ta Bl 43 T4
Diesel [2002) T w1 oo G2 B 43
Divsel 2002} 14 Ed B0 48 & 33
Doiersel [260005% vy Fi [it i Fifi A 44 Fifi hZ 3 fik
Diesel [4laska) 0 73 5B fatt] 7 52
Diesel [4laska) 7 32 a1 21 &1 52
Liesel [Sowshern LS.A,, 18810 N L3 A& 30 Bk 14



Table A2 Fredicted Values for All Oils Using the Nodels
Model Mumbar Pradiction
1 2 2 4 5 B 7 3 9 10
Cil Hame Evap'n Dispersiblilty % High Best pluz Best plus Jenzity & Dersiby & SARA B SARS & SARA & EARA Cempos
wiCorexit 5500 Cormelators BFP=A50 Vigznsiv Visvoasity BP<Z50 Wisrsity Lo HE VOCs alane
Dz [Roubern LA 1584 3 45 4 25 2] 43
Diesel [Eowhern LS5 19345 16 £3 38 23 G2 43
Diesgl [Souhern US.A. 1997 0 ) a5 ek Ta 52
Dl [Rouhem UEA, 1087 & qz 4z pag) B3 R2
Diesel [Eouwhern LLS.A. 1997 13 23 38 26 = 43
Dus Cusdres ] ar 18 22 12 b ]
D Sz as 1 14 11 13 B 16 Ei
[os Cuatras 20 Ti B ] I 14 5
Empire i} 31 31 29 i7 42 27
Endicll n 13 10 14
Cndiczit 3 10 B
Endiczit 13 B 5
Eugene lsland Block 32 1 - k| Zf *1 ol A2
Cuaene leland Rlock 32 i az a5 26 a5 T 42
Euvgene lsland Block 32 13 22 -8 22 32 e 342
Evgene Izland Block 32 20 13 27 20 £B 45 37
Euvzene lzland Block 43 il 22 a1 a0
Evgcnc lsland Block 43 7 11 £F 25 e 46 33
Euvgene Island Block 43 18 13 e 20 i3 3o 28
Eugenwe blard Block 43 L 13 =N 16 ad 4z Rl
FCo Moo um Cysle il 0 13 1 22 3z 28
Federated {"394) o} £l A6 43 4 B 37
Frderalid {7 B 16 A4 KW 37 413 hh 31
Mecleratac {7994 25 22 3 23 prad 36 24
Federated {° 994) 42 13 1E 13 a7 2 24
Fuel 13l Mo, B 2102 B} 15
Muel Dil No. 5 [2002) 7 T
Garden Banks Block 387 0 erd 22 22 £ a7 23
Garden Banks Block 387 7 a3 17 18 ZEb 15 21
Carden Ganks Block 307 15 17 13 12 18 3z 21
Goarden Banks Block 387 23 13 i & 1B 22 17
Garden Eanks Block 426 0 42 40 40 24 oY 31
Carden Banks Bluck 428 12 a2 an 21 i B 25
Goarden Banks Block 426 25 16 22 22 Ten 37 22
Garden Banks Block 426 ] 13 1% 12 1B 26 18
Cenesis ] 23 s 18 2 41 2d
Colbeis 3 13 1E 13 18 3E 21
GEnEsis 19 24 12 1o 18 2 22
Clenesis "y 13 ] Fi 16 75 10
Granite Pin: 0 11 AL 16 30 BE 31
Granite Poin: 45 14 1B 12 20 1 22
(zmaen Canyor Block 100 v} 3 il 18 By 15 »d
Creen Canyor Bloelk 103 0 Ar Az iz b b 2
Creen Canyor Block 154 12 33 a1 32 2B 5e 25
Grean Canyor Block 18 26 25 firs 22 23 41 20
Cragn Curyor Blgol 184 30 s 15 12 1R ] 21
Crocn Canyor Bleok BE 0 15 " 12 11 16 10
Gulltaks 0 25 28 28 28 G2 31
Heavy Fuel Qil £33 i} i
Huibwn K104 0 13 13 17
Heb-on k1-03 9 13 & 12
Hetiron k-3 il 13 T o
Hiztirn K104 25 170 B 4
Hibernia (1999) 0 21 30 32
Hibernia (1999) hlY] v o 28
Hilwsrina (1545 21 1h 1k ik
Hibcrnia (1999 33 k| 11 1
High Viscosity Fuel Gil 0 i 1 1 2 12 g
Hrnide: il H k 13 B 1 7
1 londe: 17 L] 3 5 1 E 0
Hrindr: 32 < 2 a 1 & :
Howit o} 13 B 28 ik Al il:]
M2 180 0 13 & 5 11 17 13
IFD 180 3 i 2 1 5 " G
IFD 200 o} L1} 2 2 10 106 12



Table A2 Fredicted Values for All Qils Using the Models
Mode! Mumbar Pradiction
1 2 2 4 5 ] T 8 ) 10
il Kaime Evi:'n Dispersibility % High Bee] s Besl Hus Jenily & ksl & SARA R SARL A SARA K EARA Ceanpum
wiCorexit %500  Corelators BF=250 VisInsiy Wisrosity BP =200 isrsity Lo HC WOCE wlzne
IFD 320 5 it 1 -1 -Z € -
Iranian Heawy 0 14 25 25 7 32 13
s nak n A
Jel Bl B 0 T B0 25
Jet Allet -1 12 43 ] 22
Jet &l et A1 ] £} ] 22
Jel Al el 37 2t 21
Jot B (Blaska; 0 i B0 32
Jet B (flaska; ] 33 oo a7
Lano n 13 5 17 17 R 16
Lage: T il 17 " 14 10 22 a
Lag> Trzco 16 13 3 3 : 12 7
Lagomerdic [y} & 23
Leruisinrz 0 A K e Az = Rl
L.cula 0 23 2z 26 18 32 19
k1A n Pass Block 26 [} 27 Z 33 2" B2 3
Kla n Page Bloch (W 12 23 2 2 A Az #h
Kla n Pass Clock 206 24 18 17 16 2 1z 22
Ka n Pase Elock 206 37 v 12 a 18 k) 21
Kz n Pass Blogk 37 i} d3 3 41 Az 55 31
Kla n Pazs Block 37 16 26 ZE 30 ZB AN 31
kla n Pass Block 27 =0 16 2z 21 24 40 5
k= n Mass Elock 31 Gl 14 16 13 0 ¥ 22
K21 nargo il 145 20 iy 1B 1 1
Kla-z TLP 0 a6 z1 17 17 k% 17
Ka-s TLP a3 34 15 13 15 k) 15
kAR ILF iE T4 1 i 12 22 12
Kla-z TLP 26 2 B 4 2] 14 g
Kladi 0 33 ) 48
Ka.ii 1 23 1B jet]
Kla i 0 13 1B 30
Ka i 44 13 18
Kaya o} 1 13 12 26 15
Klrya (1557 n 1% 11 18 7] bt ikl
Klaya (1957 19 13 a2 2 5 12 7
Wississippi Canynn Block 184 1 22 ar 35
Kissizsippi Canyon Block 124 10 22 3 27
KWisziasippi Camynn Blok 194 21 - s 20
Rlissizgijipi Canynn Binck 184 b T4 1k 13
Klissigsippi Canyaon Block 72 il 3 28 27 24 42 24
Wissizsippi Canyon Block, 72 o 24 21 22 i 2 22
Kligzisgippi Cameon Block 72 18 k) 17 186 in a2 21
Riszizsippi Campon Block 72 26 18 14 11 1B 24 17
Wissizsippi Canyon Block 807 0 12 20 23 15 s 13
Wisziasippi Canynn Block S07T bl - 12 16 12 25 12
Rlississipapi Campon Block 807 16 it [ 10 12 22 12
Llissizgsippi Camyon Block 307 26 1] B 3 & 12 g
Keptanes 535R o} 23 54 20 il BB 24
Rlepl s 525K A 21 H 15 K AR B
Moptanz 52415 15 16 17 15 2 ki 24
Meptane 574R 23 14 14 12 D H 22
Horman Wells 1 db el
Caoptu u] Ed 40 43
Crooptu 13 13 32 36 & = 41
Colpptu 24 24 o 25 -13 ol 37
Crdoplu 41 18 10 15 -5 4B 35
(e LT Rl | 0 15 33 32 25 44 22
FPanLke 2} 7
Filas Frainl M Eh hE e
Pitas Foint 24 EG SE g1
Pitaz Frint 37 = 13
Flatform Gail 0 A 10 1 b i 1
Platform Gail 7 L T 10 4 1B 4
Platform Gail 13 i3 5 5] 1 12 1
Flatform Gail 21 L} 3 2 1] i 1



Table A2 Fredicted Values for All Qils Using the Models
Mode! Mumbar Pradiction

1 2z 2 4 5 ] T 8 ) 10

Ol Kame Evap'n Dispersiblllty % High Beet plus Best plus Jenzity & Dersib & ZARA B SLRA L SARA & SARA Cempos
wiCorexit %500  Corelators BF=250 Vigzosiy Wisoosity B=2A0 israity Lo HC WOCs zlzne

Peird Argucllo Comirgle:d il 3 10 14 z 18 2
Peind g uello Comirgled 1) 1] [ 9 4 15 3
Prain| Arnenglln Cormir alesd 16 i 1 g s 10 3
Pl &vgaclle Cormie gles:) 22 LI z 1 B & 2
Peird &rguello Heawy 0 L] T 10 4 17 5
Print Arguelle Heawy 9 i+ 3 5 3 1z 3
Fraanl &igusllin Heawey 16 it Z i 1 ! P
FPoint Arguello Light 0 13 25 27 17 4 16
Pezind &g ugllo Light 1 2} 16 210 16 0 15
Feinl Argurl Light 14 13 14 14 12 2 1
Peind Arguallo Light exi] L E 3 1 17 i
Pcrt Huzreme o} 12 & 5 5 0 5
Purt Hugrsme 1 h 1 4 3 [ 1
Fcrt Huzcrome & 13 K 2 -2 4 -4
Frudhos Bay 0 12 2 e
Frudhos Bay [124E) o} 13 o 27 18 46 7
Prudhos Bay [13GE) [t} 18 17 19 18 41 185
Prudhoo Bay [12E5) 18 i3 13 13 15 27 14
Prudhos Bav [1265) 27 i3 [} 7 12 17 ik
Rurigsly 0 4 27 EE 4E 25
Sakhalin 0 & 43 41 A B 29
Sakhalin 25 EE
Sakhalin 47 a1 1R 13 10 B 19
Santa Clara 0 & 11 15 o 12 0
Santa Clara n L T 5] 1 o 1
Hanla UClara w? 1k 1 4 1 H 7
Ship Sheal Block 262 0 16 4z 42
Srip Sheal Block 265 13 ar 2B 33
Alhip Hlweal Block A B “3 ) 2d VE a1 -
Shlp Sheal Block 267 0 i 15 =4 a6 20
Soohoyo 0 2 15 24 13 il "
Booheye 13 b o] 16 1w 22 ol
Srazhterye 22 13 10 10 o 15 i
Sockoyo {2000) i} 12, 14 14 g I 12 5 4 Z4 4 15
Socheye (2000) 7 123 G g 2 2 3
Breslogwe £2000) 13 13 4 5 a 12 3
Seanhiryr: (2000 20 & i1 7 10 3 1 1 13 12 3 b
Socheye Coming ed ] L] 2] 134 4 18 3
Sevzlowye Sour 0 ] 8 13 5 1@ )
Sezhayn Sour n i 1 B Z 13 2
Socheye Sour 19 i = 1 5] T 1
Snaloeve Saea| ] 16 i’ 2 14 a1 17
Seailoerge Swesel a 1r pai} 21 16 Ak 1r
Sooheye Sweet 17 1ek 15 16 14 zd 13
Seokeys Sweet 27 15 1" q 12 1 "
Seaalh Lemigizng (20013 n 25 e Eh 21 az 30 EE 21 el i af
South Lovisizna (200 1) i 24 4 24 24 4 25
South Louisizna (2D01) 20 15 19 18 27 IE 25
Seasth Lonsisicng (20013 = 13 ikl 11 13 1 14 i 14 kY| = 14
Scuth Pass Block 62 0 28 K 37 27 47 25
Scuth Pass Block 63 17 21 25 25 et 2 iz}
Seuth Pass Blinck 23 v} 2 28 2B 45 24
Sowlh Torbal or Block 130 il 31 Y 3T
Statford 0 43 an 38 3z 52 25
Surratran Heawy o} 13 T 7] 0 18 10
Suwiralizne Heowy (5 it 7 h in 1R 1]
Surratran Ligt 0 [} 13 22 1B 33 20
Swanson River o} 36 28 40 pul:] 4% 22
TuAnsimn He Al 13 14 Il 1 o) H
Sy nthetic 0 43 an 30
Taching 0 @ 2 19 14 20 18
likn A il 11 1E | 1H A5 W
Taku a 1 & 13 18 1B s 16
Toku o 18 6 1 14 15 25 15
lapis Blend 0 B3 ali 52 a4 E e |



Table 82 Fredicted Values far All Dils Using the Nodels
Mode! Mumber Prediction
1 2 3 4 5 i 7 B a 10

Cil Mame Evap'n Disperaibility % High Eest plus Best plus Jensity & Dersiy & RS E SARS & SARS & SARM Cempos

wiCorexit¥500  Correlators BF= AL \Viszosiw Viscosity BP=250 Wiscosity Lers HE VLS &l e
Tapis Blend 14 £ i 43 i) i} 37
Topis Blend 29 i) 17 32 i gt A
Tapis Blend 43 44 1% 21 ZZ 40 29
Ters MNova (1593 0 14 a2 35 7 &1 28
Ters Nova (SGLEEY) 0 24 21 Z7 ek 28
Thewenard |s and 0 T B0 7o
Tracling Bay 0 47 32 33 24 3B 20
Trading Gay 33 9 11 2] 14 22 15
Tranamiunta n B eorl n s 20 an 4 37
Lidang 0 T 1 1 I 14 i
Winsea Knoll Binck B5F n A o T wh 45 7R
iesce Knoll Block 828 & 17 0 e i A2 o
Wiosee Knol Block BEE 17 15 15 16 21 il 24
Viesca Knoll Block 3EL 23 1 & " 18 2L 21
Vicsca Knoll Block 250 v} 41 3E 37 24 B 34
Wiosta Knoll Block 220 12 a3 30 29 LB BB 28
Viosca Knall Block 260 24 ek 22 21 EE 45 29
Viosco Knall Block 280 35 14 17 13 ap 1 22
Vilawy Lighl Heawy Blend a & " 13 b 16 T
Wawy Lionhl Hoawy Bload 12 L] E T [ 13 5
Vilary Lighl Heavy Bland 20 it 4 2 4 10 i
\West Deltn Block 37 u} 48 B1 7
sl Dilla Blewsle A7 ] TR 513}
West Dulta Block o7 it} 5 48
Udpesl [3alla Bloek 87 id 4R |
West Texas (2000 ] 28 eio] an il ko) 34 £8 2 i) s 30
Vilesl Texgs (2000 10 s A 28 i b i
\West Texas (2000 21 13 = 20 Iz ar 25
West Teras [2000) 52 13 15 15 20 1% 13 1B n 22 149 18
\West Texas Irtermediate 0 15 27 3T ke 48 8
\West Texasz Ecur 0 a5 28 31 oz 2 17
\Whitc: Rosc 0 a1 23 24
\White Reosc 9 25 1E 18
White: Roisr: 15 18 13 14
\White Ense 24 16 10 10
Taie n it 15 7 1F 3 17

St Dewiation 1E 12 24 46 B 4.9 BT M8 A 2B

[avc-age)
Mexirmum Dey 5 5] 9 32 0 39 18 42 38 15

Abbrsrizions

EARA - SBankaiss, Aromatics, Reais, Asphalemes

BR<PET = frartion haama Lolikg peaht less tham 250 ° 0

COMpGs = COMPGE 100 SIBMents
Fhpsit - physicsl foemes

W0y - Folamls Crganic Comipouics

Low HZ - low hpdrocarbons
30 - 35 15 possble
FE - prwr puint
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