
Chemical Characteristics of An Oil 
and the Relationship to Dispersant Effectiveness 

Merv Fingas, Zhendi Wang, Ben Fieldhouse and Paula Smith 
Emergencies Science and Technology Division 
Environment Canada 
Environmental Technology Centre 
Ottawa, Canada 

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 swirling 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(ln(/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 oC) 

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(-KeKoKdR) (1) 

Where: F is the fraction of oil dispersed 
R = an effective dispersant to oil ratio 
Ke = a constant determined by the turbulence conditions 
Ko = a constant related to the oil, most viscosity 
Kd = 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 Ko is 1, dispersants were set at values to correspond to results with Corexit 



9527 being 0.77 and Ke 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�t/t

1/2) f.(W
2/Wref

2) (2) 
where: m is the mass of the oil in the slick, 
�t is the time step 
t1/2 is 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 
Wref 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 et 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 oC. 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 oC 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 µL 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 oC, 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 µL portion of the 15 mL 
solvent extract and a 100.0 µL 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 = Atotal/Ais  X 1/RRF X 20 (µg) X 15/0.9 X 120/30 (1) 
which simplifies to: 



      

         

     

RPH = Atotal/Ais  X 1330/RRF(µg) (2) 

Where: 
RPH is the Resolved Petroleum Hydrocarbon amount in µg 
Atotal is the total area of resolved peaks in counts 
Ais is the area of the internal standard 
RRF is the Relative Response Factor which in turn is given by 

RRF = A/Ais  X Cis/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 µL = 
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 = Atotal/Ais X 1/RRF X 20 (µg) X 60/0.9 X 120/120 (3) 
which simplifies to: 

RPH = Atotal/Ais  X 1330/RRF (µg) (4) 

Where: 
RPH is the Resolved Petroleum Hydrocarbon amount in µg 
Atotal is the total integrated area 
Ais is the area of the internal standard 
RRF is the Relative Response Factor which in turn is given by 

RRF = A/Ais  X Cis/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 Oils 
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 A1. 

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 R2, as presented in this project as R2 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 R2 

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 (R2 = 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 oC. The correlation 
coefficient of 0.62 shows that this component of the oil is strongly dispersed using a chemical 
dispersant. This fraction (BP < 250 oC) 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 oC, R2 = 
0.44. It is noted that the correlation of the 250 oC fraction is much higher at 0.63. It is suspected 
that the 250 oC 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, R2 = 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 (R2 = .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 R2 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 oC. The regression coefficient achieved was 0.98. 
The model is: 

Corexit 9500 dispersibility (%) = -11.1 -3.19(ln 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 oC)  (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 oC. The 
regression coefficient achieved was 0.98. 
The model is: 

Corexit 9500 dispersibility (%) = -10.7 -2.75(ln 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 oC)  (8) 
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 oC. The regression coefficient achieved was 0.94. The model is: 

Corexit 9500 dispersibility (%) = -2.93 -1.29(ln 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 oC. 

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

+ 60/viscosity0.5Corexit 9500 dispersibility (%) = -77.6 + 214e-density (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 oC. The regression coefficient is 0.7.  The model is: 

Corexit 9500 dispersibility (%) =  -68.8 + 67.4/density1.5 + 0.787BP1.5 (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 oC, 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(ln resin content) - 1.81(ln 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(ln resin content) - 9.03(ln 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(ln resin content) - 4.873(ln 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(ln resin content) - 4.38(ln 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(ln resin content) - 14(ln asphaltene content) + 0.000472(VOC 
content in ppm) + 0.074(C12 to C18 content squared) - 1.71(ln(C12 content) - 8.34(ln 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 oC and less than 200 oC. 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(ln resin content) - 11.6(ln 
asphaltene content) + 0.00045(VOC content in ppm) - 6.82(%fraction oil boiling below 200 oC) 
+ 4.96(%fraction oil boiling below 250 oC) - 0.0226(C12 to C18 content squared) + 11.4(ln(C12 
content) + 2.8(ln 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 oC and less than 200 oC. 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 oC) + 0.855(%fraction oil boiling below 250 oC) (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 oC and less than 200 oC. 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 oC) + 0.732(%fraction oil boiling 
below 250 oC) (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 (R2) 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 (R2 = 0.76) and the total PAHs were also relatively high (R2 = 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. 
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Table 2 Correlation of Parameters with Corexit 9500 Dispersibility 

Parameter correlation Relationship Simplest 
Col!fficient Relationshij? Used 

n-C12 
Naphthalenes 

n-C26 
Total PAHs 

Sum of C1 2 to C1 8 
Viscosity 
BP< 250 

n-C14 

n-C16 
Density 
Resins 
Dispersibility % (9527) 
BP< 200 
Dispersibility % (Dasie) 
Saturates 
Total VO Cs 

n-C18 
u1spers1b1111y % (t:nersperse I UUJ 

Pour Point 
Asphaltenes 
Sulphur 

Aromatics 
Reid Vapour Pressure 
Flash Point 
Complex modulus 
Waxes 
Surface Tension 
lnterfacial Tension 
n-C20 

NC= no usefulcorrelaUon 

0.79 

0.76 
0.7 

0.67 

0.66 
0.64 
0.63 

0.61 

0.56 
0.54 
0.53 
0.45 
0.44 
0.42 
0.36 
0.33 

0.32 
o.s·1 

0.25 
0.24 
0.23 
0.18 

0.13 
NC 
NC 
NC 
NC 
NC 
NC 

lnx 

xL5 


(lnx)2 

x2 


x2 


1/x 

xlnx 

x2 


x2.5 


(lnx)2 

lnx/x 


x 
xlnx 

x 
x 
x 

(lnx)2 

1nx 
x2 

lnx 
power 
(lnx)2 

x3 

NC 
NC 
NC 
NC 
NC 
NC 

x 
1h< 

x 

x2 

1h< 
lnx 

x 

x 

NC 
x112 

lnx 

x 
1/x 
x2 

x2 

1/x 
x 

lnx 

x 
1/x 
lnx 
x 
x 
x 
x 
x 
x 
x 

(67+xf 

lnx 


not used 

not used 


not used 
not used 
not used 
not used 
not used 
not used 
not used 



Table 3 Model sets 

Descri11tion Number of R2 Variable Variable Variable Variable Variable Variable Constant Variable Variable 
Number Variables 1 2 3 4 5 6 7 8 

High correlators only 5 0.98 lnC12 Napthalene p.AJ-12 c12-c182 BP<250 11arameter 
-3.19 0.00361 -7.62 0.0115 0.785 -11.1 value 
0.19 0028 O.D94 0.16 0.00002 0.029 11rob/tl 

2 Best plus boiling point 6 0.98 lnC12 Napthalene 1/C26 p.AJ-12 c12-c182 BP<250 11arameter 
-275 0.00354 0.113 -7.48 0.0107 0.761 -10.65 value 
0.31 0.039 0.65 0.12 0.22 0.000012 0.046 11rob/tl 

3 Best plus viscosity 6 0.94 lnC12 Napthalene 1/C26 p.AJ-12 c12-c182 1/viscos 11arameter 
-1.29 0.00368 -0.0185 -8.65 0.0144 100 -2.93 value 
0.76 0.17 0.97 0.25 0.31 0.011 073 11rob/tl 

4 Two-way- Dens~y 2 0.71 Mod el Z = a + be·"'nmy + c/viscosit{5 

and Viscosity a=-77.6 b=214 c=60 

5 Two-way- Dens~y 2 0.7 Mod el Z = a +b/density15 + cBPL5 

and BP<250 a= -68.8 b= 67.4 c= 0.0787 

6 Groups plus viscosity 5 0.68 Saturates Aromatics 1a lnResins lnAsphaltenes 1/viscos 11arameter 
0.315 3.44 -4.32 -1.81 58.9 -7.78 value 
0.043 0.031 0.21 0.21 0 0.7 11rob/tl 

7 Groups plus low HC 5 0.95 Saturates Aromatics 1a lnResins lnAsphaltenes c12-c182 11arameter 
-1.86 -18.2 -33.6 -9.03 0.00951 296 value 

0.0041 0.017 0.0001 O.D99 0.0065 0.00047 11rob(t) 
8 Groups plus VOCs 5 0.71 Saturates Aromatics 1a 

-0.0298 -2.24 
lnResins 

-12.2 
lnAsphaltenes 

-4.87 
voes 

0.000681 73.4 
11arameter 
value 

0.039 0.13 0 0.00037 0 0.00004 11rob(t) 
9 Groups alone 4 0.57 Saturates Aromatics 1a lnResins lnAsphaltenes 11arameter 

-0.103 -0.678 -13.3 -438 62.7 value 
0.55 0.7 0 0.0071 0.0031 11rob(t) 

10 Composition component 13 0.998 Saturates Aromatics 1a lnResins lnAsphaltenes voes c12-c182 lnC12 lnC14 11arameter 
-2.25 -15.4 -42.6 -14 -0.000472 0.074 368 -1.71 8.34 value 
0.43 0.47 0.32 0.39 0.46 0.29 0.38 0.95 0.84 11rob(t) 

C16 C18 1/C26 Napthalene PAH2 11arameter 
-17 8.87 0.821 0.00156 -1.36E-07 value 
0.36 0.32 0.43 0.71 0.29 11rob(t) 

11 Smallest complete set 14 0.998 1/dens~y 1/1/iscos Saturates .Aromatics112 
lnResins nAs phaltenes voes BP<200 11arameter 

855 -250 -7.09 -72.6 -69.7 -11.6 0.00045 -6.82 value 
0.45 0.39 0.51 0.45 0.42 0.42 0.44 0.59 11rob(t) 

BP<250 c12-c182 
lnC12 lnC14 1/C26 Napthalene 11arameter 

4.96 -O.D226 11.4 2.8 0.299 -0.00414 value 
0.62 0.82 0.87 0.94 0.94 0.56 11rob(t) 

12 PhysicaI data less pp 4 0.71 1/dens~v 1/1/iscos BP<200 BP<250 11arameter 
90 22.9 -0.443 0.855 -95.6 value 
0 0.0049 0.0016 0 0 11rob/tl 

13 PhysicaI data 5 0.69 1/dens~y Pour point2 1/viscos BP<200 BP<250 11arameter 
121 -0.00071 15.3 -0.488 0732 -124 value 
0 0.0186 0.11 0.0045 0 0 11rob/tl 



Table 4 Comparison ofActual Versus Predicted Values 

Pre(licled w~h the Equation noted 
Actual 1 2 3 4 5 6 7 8 9 10 11 12 13 

Oil Name Evap'" Oispersil>ility o/o Hgh Besl plus Besl plus Density & Density & SARA & S,.,Rf.. & SARA & S...RA Compos CM'plele Physic - Physic 

% w/Corexit 9500 Correlators 6P<250 Viscosity Viscosity BP<250 Viscosity Low HC voes non& ap pp 

Arabian li~ht (2000) 0 19 20 20 17 29 27 24 15 47 22 22 22 26 28 

Ar•hion light (2000) 26 !\ 5 6 11 12 10 rn 10 34 17 10 r, 10 11 


~'ASMBl'S 0 28 27 28 39 :;5 33 27 62 30 :.<1 2!' 34 35 ~· ,,ASMR 116 :17 11 1 () 11 14 1!; ;>I) 1!1 :!!; N 1;> 10 13 13 
Chayvo 116 0 41 42 42 48 45 :;9 49 80 37 44 40 40 39 
Chayvo 116 14 46 41 40 35 31 :;3 44 69 34 49 49 33 32 
Chayvu lr6 22 29 36 35 31 26 28 31 50 27 :"2 25 29 29 
Chayvo 116 33 2L 25 24 26 22 20 30 40 27 29 24 22 23 
Oi"s"I (2002) 0 72 71 n 72 50 54 70 69 43 74 71 58 57 
Diesel (Z002) 22 66 65 65 66 45 44 66 52 37 68 65 52 52 
So:keye (2000) 0 12 14 14 8 9 12 5 4 24 4 15 16 11 12 
S1>:keye (2000) 20 9 6 I 10 3 1 1 13 12 3 :.<O 1~ 0 -2 
Soulh Louisiana (2001 ~ 0 26 24 25 21 32 30 28 21 54 28 ~7 25 29 29,,S1>uth Louisiana (2001) 26 10 11 13 14 13 19 14 34 22 13 17 13 16 
W~st Texas (2000/ 0 211 30 30 26 34 34 29 24 63 28 30 32 32 32 
West Texas (2000/ 32 13 15 15 20 15 14 16 11 32 19 1fi 11 14 15 

Overall Sfatistics <>fl Std. Deviation 1.6 1.3 2.4 4.6 5 4.9 6.7 11.8 6 2.6 2 4.8 4.9 
Equations (average) 

Maximum Dev 5 6 9 32 30 34 1B 42 39 15 6 31 34 

R' 0.98 0.98 0.94 0.71 0.7 0.68 0.95 0.71 0.57 0.998 0.997 0.71 0.69 

Al>~reviMions SARA =Sa:ura1es, t.romacics, Resios. t.sp•1alce11es LIOCs - VoUuile Oryso1·c Compounds 

BP<2.5() =lrar.lim h10v1'n9 lmil1n9 point /es.• th.•n 2.50 • C Low HC - tow hydrocarbons 

Compos =composition elements ap - as is possible 




Table 5 

Oil Name 

Adao 
.Amauliaak 
,AJ\JS (1989) 
.Arabian Liaht 
BCF 24 
Be lridae Heavv 
Bent Horn 
Beta 
Bunker C Liaht Fuel 0 ii 
California f.API 11' 
California f.API 1G\ 

Carointeria 
Carointeria 
Carointeria 
Catalvtic Crackina Feed 
Dos Cuadras 
Dos Cuadras 
Dos Cuadras 
Emoire 
Endicott 
Eu aene Island Block 43 
Federated !1994\ 
Federated (1994) 
Federated !1994\ 
Federated !1994\ 
Granite Point 
Green Canvon Bio ck 109 
Green Canvon Bio ck 65 
Gullfaks 
Hondo 
Hondo 
Hondo 
Hout 
lrania n Heavv 
Laao 
Louisiana 
Lucula 
Main Pass Block 306 
Main Pass Block 37 
Malonao 
Mssissin ni Ca nvon Block 194 
Norman Wells 
Osebera 
Pitas Point 
Pitas Point 
Po int .Arauello Com in aled 
Po int .Arauello Com in aled 
Po int .Arauello Com in aled 
Po int .Arauello Com in aled 
Po int .Arquello Heavv 
Po int .Arauello Heavv 
Po int .Arauello Heavv 
Po int .Arauello Liaht 
Po rt Hueneme 
Po rt Hueneme 
Po rt Hueneme 
Sakhalin 
Sakhalin 
Sakhalin 

ExDerimental and Predicted DisDersibilities for Corexit 9527 Dasie. and EnersDerse 

Actual Predicted Actual Predicted Actual 
Evao'n Disoersibil~v % Dis oersibilitv % Disoersibilitv % D isoersibilitv % D isoersibilitv % Disoersibilitv % 

w/C orexit 9500 w/C orex~ 9527 w/Corexit 9527 w!D a sic LTS w/Dasic LTS w/Enersoerse 700 
0 29 10 14 
0 45 55 36 25 21 
0 10 8 15 6 
0 21 25 16 25 11 10 
0 12 20 9 0 7 5 
0 4 9 3 0 3 0 
0 25 15 13 15 
0 0 0 0 0 2 0 
0 5 0 4 0 4 0 
0 0 0 0 0 2 0 
0 0 0 0 0 2 0 
0 16 0 12 0 9 11 
10 7 0 5 0 5 0 
15 7 0 5 0 5 0 
0 10 5 8 5 6 5 
0 37 5 29 5 18 5 

11 15 8 12 8 8 10 
20 7 10 5 0 
0 31 10 24 10 15 10 
0 10 10 8 5 6 10 
0 22 5 17 20 11 0 
0 61 20 48 19 28 15 
16 38 8 30 16 18 13 
28 22 4 17 9 11 3 
42 18 2 14 1 9 5 
0 41 87 32 9 20 27 
0 20 5 16 10 10 5 
0 15 5 12 5 8 10 
0 25 20 20 10 13 10 
0 8 5 6 0 5 4 
17 6 0 4 0 4 0 
32 4 0 3 0 3 0 
0 18 2 14 10 9 5 
0 14 10 11 5 8 10 
0 10 0 8 0 6 5 
0 34 13 27 17 16 14 
0 20 5 16 5 10 5 
0 27 25 21 20 13 30 
0 33 20 26 25 16 10 
0 15 5 12 0 8 5 
0 29 15 23 15 14 10 
0 35 20 17 65 
0 15 30 12 10 8 20 
0 65 42 52 55 30 66 

24 66 38 52 50 31 59 
0 3 0 2 0 3 0 
9 0 0 0 0 2 0 
16 0 0 0 0 2 0 
22 0 0 0 0 2 0 
0 0 0 0 0 2 0 
9 0 0 0 0 2 0 
18 0 0 0 0 2 0 
0 13 10 10 3 7 6 
0 12 0 9 0 7 0 
4 5 0 4 0 4 0 
8 0 0 0 0 2 7 
0 84 76 67 

25 49 73 39 
42 31 49 24 

Predicted 
D isoersibilitv % 

w/Enersoerse 700 

13 
9 
4 
16 
2 
5 
2 
2 
11 
6 
6 
7 
22 
10 
6 
19 
7 
14 
35 
23 
14 
12 
24 
13 
10 
16 
6 
5 
4 
12 
10 
7 
21 
13 
17 
20 
10 
18 
21 
10 
38 
38 
4 
2 
2 
2 
2 
2 
2 
9 
9 
5 
2 



Table 6 Cross.Correlation Matrix of Parameters 

Disp Pour Disp Disp Disp 
9500 Point Visroeity 9527 OtJsic !'&h~'- ~"... , •.':!$ l.(•l'fl.i..& Resins Afi.'lf../:11'$0. '.'\'a:<es. voes 3r.-::2JOBr.::250 C'12-13 C12 C14 C16 C18 C20 C26 w11•·...1!'1·•~ PAHs 

Disp 9500 L -0.25 -0.64 D.45 -0.18 -C.53 -:1.24 -0.02 D.33 0.44 0.63 0.66 0.79 D.61 D.56 0.32 0.16 -0.7 0.76 0.1 
Density ·0.54 0.09 0.02 -0.2 0.47 0.7 0.5$ ·0.14 -0.29 -D.55 ·0.65 0.39 ·0.5 ·0.35 ·0.32 -0.2S -:l.19 0.06 -0.4 ·0.31 

Pou· Point -0.25 0.23 -0.16 0.04 0.06 0.05 0.28 -0.1 -0.18 -0.28 0.3 -048 -0.33 -0.25 -0.17 0.11 0.56 -0.49 -0.44 
Viscos ty ·0.64 -037 0.28 0.62 06 006 -0 29 -() 57 -0.76 038 ·0.6 ·0.35 ·0.31 -0.24 -:l.15 0.19 -0.5 ·038 
Disp 9527 0.45 -0.08 -C.15 -0.2 -17 0.24 0.29 0.3 nsd nsd nsd nsd nsc:I nsd nsd nsc:I ns•:I 
Disp Dasie 0.42 ·0.15 -C.24 -:l.17 ·009 0.1 0.42 053 nsd nsd O$d nsd nsd nsd nsd nsd nso 

Disp Ene<rsporso 0.31 0.12 0.38 0.43 nsd nsd nsd nsd nsc:I nsd nsd nsc:I nsd 
Ssiturales 036 015 0.21 035 061 0 62 0.55 054 0.48 03 0.1 0.53 0.54 
Aromatics -0.18 0 08 -0.12 -0.21 -0.55 -0.5 -OS1 -0.5 -0.5 -:l.31 -0.03 -0.5~ 0.53 

Resills -0.53 -0.22 -0.3!) -0.5 -D.&5 -0.45 -0.42 -0.33 -:J.23 -0.03 -0.55 -0.49 
Asphalt.enes -0.24 -D.11 -0.2 -0.66 -0.72 -0.6 -0.55 -0.~8 -:l.43 -0.39 -0.56 -0.4 

\"~'JotY.Rl-1 -0.02 0 0.07 0.16 0.4 0.72 0.89 0.16 0.24 
voes 0.33 0.08 -0.04 -0.05 -0.01 0.02 0.08 0.16 -0.03 

BP<200 0.44 0.17 0.15 0.13 0.06 0.11 0.1 
BP<250 0.63 0.29 0.16 0.11 -0.19 0.53 0.4 
C12-1Cl 0.66 0.08 0.81 0.48 0.15 0.92 0.91 

c12 0.79 -().2 0.$"1 0.71 
C14 0.61 0.4 0.88 0.86 
C16 056 0.19 o.~1 0.92 
cw 0.32 0.39 0.61 0.75 
C20 0.16 
C26 ·0.7 

l'J~f)lh'l.l~nP.!" 0.76 
PAHs O.T 

/lbbr&viations Disp =disp&rsibilily nsc =nol sulfici&nt cata 
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TableA1 

Comple>: 
Oil >Jame Evap'n Sulphur Flash Point Reid VP Oensify Pour Point Viscosit~· modulus Otaptn:lblllty % Dhipers:lblltty % Dls:peis:lblltt, % Olt.pertlblll~· Yo SaturatesAroma1ics Resins Asphaltenes 

% (wl'1··• it; ~~-~o'f.,fllll__1j: (nH'~£ rmt>;fl wlCOrF?.r.iUJ501) wlCOrF?x.iUJ52~·.•IO;;,si. :: LIS 1•1:l:::OA~~-Iill!__'._!~__:.!~-~'wlJ.·.~ (\·,•IJhr 
Adgo 0 0.19 0,95:;0 62 23 1: 60 ·9 1 D 
Am;)Uli·;i.:it 0 0.15 : 0.88~& -6b 14 45 55 25 8(1 9 I} I} 

AMS (19it9) n 1.15 ·19 O.A~:;1~ -~ 2~~ ·1 '.) ·1 ~ 2 
AIJS (1989) 9 1.19 0.906& 66 1: 1: 10 
AIJS (WBO) ·5 1.30 0.822& 184 5 0 5 5 
At-JS (t.lKhJlt> Pipl>line~ 0 1.16 -23 0.8761 -5·1 16 ·1!1 52 35 ~ 5 

At-JS •:••lklclle Pipelinf:'~ 31 1J;?: 09.:llf. 1.:1 90Ci 1?0 fl .:l~ 3B 1:a 7 
ANS (Northem Pipe ir.e; 0 1.14 -19 0.8719 -SS 14 33 S1 34 9 5 
At-JS (t-Jurlh:m t'i1Jf~ in~~ ~, 1.:m ~JO O.U4U2 8 i -U~ 11 l> ti 4-4 3i 1~ 

ANS •:south~rr Pipelir&• 0 1.1~ -21 0.87(,(• ·<·O 18 45 G:l 3~ 6 & 
ANS (Southorr F'ipolirc-1 3D 1.4G 0.9431 14 961 190 6 42 39 13 7 
ArHl>i~1· HE:*J\'\' (20'J0) u -1fj 0.8~97 -:,)2 4~ 15 
Aral>iar Hea\'\' (2000) 
Ar~l>iar Hc~l':\' (2000) 
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39 
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O.Y17& 
C•.Ei3S& 

-21 
12 

1f>7 
621 

14 
13 

Arahi~r HAA\•y (2000) Z'1 ·1 J) 0.9~:\k -~ ~2~~ ·1·1 
Aral>iar Light 0 1.84 -20 0.8&56 -26 14 L70 21 2~ 2~ 10 51 39 6 
Ar~l>iar Light ·2 1.85 ""­ 0.8821 -13 33 lOO 17 49 37 8 5 
Ar;ihi~r LiQhl 21'1 2.0~ 1111 0.9111 -t2 11-1 5111 1.1 •lr> :m 111 r. 
Ar~t>iar I i9ht (?()oJO) 0 1.Q3 -10 0.3f>.11 -:::>1 13 ~~ 13 7(> 'f> (; 4 
Arabiar Light (2000} 
A1<tl.Ji"l1· Li9hl (21JOO} 

9.. 2.17 
2.36 

36 
f2 

0.8&&~ 

O.UU2b 
-IS 
-0 

27 
t>l> 

212 
:.!.f~ 

14 
1J 

n 
12 

·7 
'I 

6 
I 

4 
4 

Ar~t>iar 1iaht (?000) /& ?GO 0919:.; -9 174 f.00 6 70 '& 9 f> 
Aral>iar >:l::tiurr 
Ar<tbi~1· t,l::liuw 

0 
·~ 

1.GO 
~i.16 

-13 
,,;, 

0.87B3 
IUHU2 

-10 
-4 

29 

~' 
550 
1:>tJ 

23 
11 

1: 1: 10 S4 
42 

32 ., 7 6 

Arai:.iar Me:liurr 21 3.44 90 0.92B~ -2 27f> 7~ 7 4D 4& 7 
Aral>ior t:l:jiurr 31 3.86 (•.Ei4Ei5 7 2155 190 6 33 54 9 7 
ASMH3 0 -1' O.ft)hl:· -10 e. 2: 2 
ASM3 jr4 0 0.58 -22 0.84:;4 -27 7 4J 3: 23 65 27 5 
J\SM:il<S 0 0.63 -4 (•.84(•~ -IB 6 133 2S 77 •7 4 2 
ASl.~a l>f', .~~ 0.?0 211 O.fif-.71', -12 1~ /fol) 27 71 , ($ ~ 2 
ASMHS 
ASMjji:S 
Avukm 
Rarn)w l,&l3nr,I 

24 
37 
0 
0 

0.78 
0.89 
O..t 1 
oo• 

~ 

1<­ 64 

0.8&52 
0.9017 
0.~4'U 

o a•10 

-12 
9 
12 

32 
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U1 
~ 
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1:2s 
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11 
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f, 

Barrov: Island 
~Clf11.IVI li:>l<::111~I 
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O.Otl 
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u 
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Bel'i(Jge iesvv 3 1.03 0.9770 4 17105 200 7 29 3B 30 4 
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BAl~ 0 3.?A 2 OJn:)h :l 1331!fJ () () 0 0 21 :1~ 3·1 1 
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TableA1 Data Used in the Correlation 

Oil Name Evap'n Surface Tensionlnterfacial Tension BP< 200 BP< 250 n.C12 n.C14 n-C16 n·C1& n.C20 n·C26 Naphthalenes Tol81 PAHs 

% (mNlm) jmN:m) (\VfO:~ 0
1 (wl%) (m9l91 !mi£!1) fmc1/g) (m9l<JJ jTifl'<!! !mg'ai i~emi !~~m) 

AdJv 0 320 69 5 20 
Amauligat 0 29.2 20.9 17 32 
ANS !1969) 0 28.1 27.4 
ANS !1989i 9 29.1 26.6 
ANS t1989i 16 29.7 24.9 
ANS !Middle Pipeline) 0 27.0 19.9 25 33 
ANS !Middle Pipeline) 31 31.5 14.I' 5 
ANS tNorthern Pipeline) 0 26.8 20.6 £6 34 
ANS t!Jorthsrn Pipelin~) 31 31.4 21.5 6 
ANS tSouthern Pipeline) 0 27.0 21.7 23 31 
ANS !Southern Pipeline) 30 31.4 17.7 5 
Arabian Heovy i2000) 0 26.4 22.5 £1 29 
Arabian Haavy i2000~ 9 28 c.·" 232 15 Z:l 
Arabian Heavy (2000) 16 29.3 6.3 15 
Arabian Heavy (2000) 24 30.4 0 6 
Arabian Light 0 26.6 20.4 £2 31 
Arabian light 12 280 17.3 15 25 
Arabian Light 24 28.5 20.2 5 14 
Arabian Light (2000) 0 26.0 21.6 21 29 6.41 5.62 4.76 3.42 2.57 I.DO 3939 7947 
/lrabian Light (2000j 9 27.9 22.8 15 24 
Arabian Light (2000i 18 28.4 24.6 8 18 
Arabian Light (2000) 26 30.2 20.4 1 !) 5.41 7.13 6.46 4.55 3.L3 1.38 4002 9055 
Arabian Medium 0 27.0 20.8 16 26 
Aral.Jian Medium 13 213.7 24.4 11 20 
Arabian r..llcdium 21 29.9 233 4 1:1 
Arabian Medium 31 31.3 20.0 2 
ASMB tt3 0 33 ~ 
/ISMS tt4 0 25.8 12.2 31 41 
ASMB tt5 0 255 23.1 26 3S 4.45 4.37 4.18 3.14 2 80 1.56 5498 %65 
ASM81'5 13 27.2 23.1 21 31 
ASMB ttS 24 28.0 24.1 11 22 
/ISMS ttS 37 29.9 23.2 1 10 4.12 5.92 6.69 5.19 4.33 2.44 8165 14895 
Avalon 0 26.4 20.5 15 Z:l 
Barrow Island 0 26.2 15.9 37 55 
Barrow Island 17 28.3 14.9 26 47 
B::srrow lsl::snd 32 29.8 12.7 11 3S 
Barrow Island 48 31.1) 12.1 1 18 
BCF 24 0 28.2 21.3 13 19 
Belridge H•avy 0 31.2 20.0 2 9 
Belridge Heavy 3 32.9 30.4 2 8 
Br.nt Horn 0 26.2 :lll.5 19 2l! 
Reta 0 :p.? :J(l.d 6 11 
Brent Blend 0 25.5 22.5 32 42 
Bunker C Fuel Oil (/\laska) 0 32.5 4 12 
Bunk~r C Fue;I Oil (Alask") 8 4 
Bunker C Light Fuel Oil 0 1 ' California (API 11i 0 37.0 7 12 
California (API 151 0 33.6 8 12 
c~rpintoria 0 27.8 23.7 18 24 
Carpinteria 10 28.6 21.3 9 17 
Carpinteria 15 33.3 30.0 3 10 
Catal~·tic Crackin9 Feed 0 32.3 27.7 1 3 



TableA1 

Comple>: 
Oil >Jame Evap'n Sulphur Flash Point ffeid VP Density Pour Point Viscosit~· modulus Otaptn:lblllty % Dls:per~lblllty % Dls:pen~lblltt, % Olt.pertlblfl~· Yo SaturatesAroma1ics Resins Asphaltenes 
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Cl"<lyvojl:(I 0 oJ.34 10 0.8<·45 4 4 41 ~·~· 9 3 D 
C~>V''O "6 ·4 0.38 q 0.8542 12 4S $6 ·o 4 0 
(:t-;.iyvO lief, 22 0.:10 7(1 O.Af..r;~ B 21 2;J 61 '2 7 n 
Cl"f'y\•o ji:S 33 0.48 1J5 0.3721 8 33 24 e1 '2 7 D 
C:;ho~sc: o s2 0.78oe .30 s 35 o 
t.~lr1 L;;;~~ Bit.rn~n n n.un u1 1.rmr:.2 s.:i 23!'>01::1 n n n 13 
GiP.!'>~ (?00?~ n fl.09 !'v' O.H;;1n -5fJ 3 77 ~F, 'l'i / n 

r::iese (?00?~ 0.10 fifl o.a~5o -:19 3 71 er) ·:­ / c:. 
Giese (2002~ ·4 0.10 76 0.8<·P·3 ·4<· 3 54 p.& ·2 2 D 
G1~i;e (2002~ 22 0.10 & 0.~411:$ -·H -' ~€:i t)I:$ " ~ I.> 

r::iese (Al.~t&k~) o 0?1 LO oa~oo -ir) ~ 7J 1:i ?:l 1 c:. 
Ciese (/.,lasl{a;. 37 0.33 (l.8515 22 ~- 33 75 23 1 I} 

Clesg (Soulhern U.S.A., 1994~ 0 0.22 70 O.~.lG~ -7 $ 52 76 22 2 0 
Cie:;~ lSUulhP,rn U.S.A., 199.:l~ ~ 0.21 0.84~7 -7 5 45 >~ 2D < D 
Cics·~ (Soulhc:rn U.S.:\ .. 161&4~ 
ClaSA (Sou1h~rn U.S.A., 1997~ 

·& 
o 

oJ.27 
0.40 66 

Q.8447 
o.~,;e2 

4 
-14 

& 
4 

~3 

1• 
7~ 

1e 
20 
23 

2 
1 

D 
o 

CiF.s~ (SuulhF.rn u.s..:. ... 19~.r;; 8 0.4~ 0.8400 -9 5 j2 75 23 1 D 
Cics·~ (Soulhc:rn U.S.:\ .. 1EiEii"~ ·4 0.43 1).842(• 7 6 2) 7fo '9 2 0 
C:;s r.11~<tm~ 0 1.2~ 32 0.~000 -:lO 51 17 S 5 5 % 30 H 6 
G~s Cuad1as 1.17 53 0.9270 -3 1S7 3 15 8 8 10 42 31 W 7 
C~s Cu.:idras 20 1.42 1).(~3Sfo 6 7~1 33 7 1: 0 41 31 1!} 9 
E1Y1pi'o 0 0.30 -9 0.~,,4 -41 11 )1 1: 1: 10 ~I 2> I 
Fnrlic.r.tt () 1.34 }.5 0.91:19 -? 6'l 1) 1::: f> 10 4 
Endi·:ctt 8 1.34 0.9:.1p. 8 321 s 0 s 4 
l:::rnJ1ci.;U '~ 1.40 0.94U1 14 t5S2 !> 0 0 4 
Fu9enf:' l~l.J"IC'I ~lo~lc 3? o o.o? ?1 o.a:;9e 1 10 4J e• ., 
Eugene lsla1d 3Jo:k 32 
l:::u9~11~ lsl~ntl ~lo:;I: 32 
Fu9enf:' l~l.J"ld ~lo~lc 3? 

6 
·~ 
/D 

0.03 
O.U3 
oo• 

79 0.841P· 
0.84t.;) 

0 Bif.1 

9 
12 
1~ 

g 
1~ 

?1 

3) 
22 
1$ 

M 
62 
f.1 

·s ., 
'& 

2 
< 

1 

Cugonc- lsla1d 3Jo:k 43 
l:::u!-J~ll~ lsl~ncl ~lu:;I: 4:~ 

0 0.18 
0.10 

12 

"'' 
0.8404 
0.8~1b 

0 13 
21 

22 
11 

s 2: 0 $1 
lb 

·s .; 
3 
4 

D 

Eugene l~la1d 31o:.:k 43 '& 0.10 0.8594 7 36 1J 77 ·s 7 
Eugc:nc· lsl~i1cl 3Jo;k 43 24 0.11 (•.86b5 11 SS 13 7$ ·s s 
=-cc M~Ji11m Cyc;I~ Oil 
=ederateo (1994) 
=cdcr>tro (W94) 

0 
0 
·s 

0.27 
0.29 
oJ.30 35 

o.~as!:> 
o.8w; 
C•.8S&fo 

-6 
·IS 
IS 

31 
4 
10 

o1 
3S 

~~ 
z: 
8 

~ 

13 
1s 

15 
15 
13 

:)0 
74 
&~ 

1)2 
21 
24 

1 
3 
s 

!"A<h~t~IF<:'I (1~!'.a'1) 2~ 0.33 711 O.A>f-.7 2~ 22 ~ M 27 1 2 
=ederateo (1994) 42 0.40 0.3924 9 101 1S 2 5 &2 28 7 2 
=ucl Oi No. 5 (2002; 0 15 
=11"'1 Oi t-Jn. !'i (:':.l'in2, 1 

Garr.f:'n R.?tnk~ ~lo~lc 337 0 1.5? -?8 0.378:> -i9 ?9 n 5i 3(> 10 
Garcen Banks jJo:k 38? 
Ge>1c~11 1::M11ki; ~lo:;I: 38.' 

7 ., 1.45 
1.~tl 

33 
lW 

0.8979 
O.lH-'-' 

,:.4 
-:tu 

64 
1b1 

3) 

" 
S1 ,, 38 

~I 

11 
11 

G3rr.fl'n R.flnk& ~lo~lc 387 /3 1GB 0 9?f.7 -?5 f>79 s 0 4& .:l(i 13 
Garcc-n Bants 3Jo:k 426 0 0.94 -24 0.82&$ -22 6 43 re 24 s 
G~Jn'1:m l::/.;t11ks ~lu:;I: 42H ':C. 0./6 2"­ 0.8~1:)1 .; 1~ l'l. ti1 ~o "Garr.en Bank!. 3k:J~k 426 2f> 1.0G 611 0.8779 -2 34 10 (,2 28 s 2 
Garcc-n (}.ants 3Jo:k 426 38 1.17 0.8993 6 136 e~ 1S S& 32 10 3 
(,)iftlllft~i~ 0 1.38 ,22 0.8bi1 -62 2~ ~3 51 :.s~ ~ 
Genesi!. 8 1.30 3!i 0.9074 -41 SS 13 4f• 43 12 
Gonosis ·s 1.51 71 (•.8223 2& 157 24 44 43 11 
GAnA~is. 

era.rite roin: 
2~ 
0 

1.?3 
O.OG -23 

O.~:lM 
o.3w; 

-21 
.:;7 

!"ii~ 

4 
2(: ·1~ 

41 S7 9 27 
~1 

72 
~1 
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$ 
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TableA1 Data Used in the Correlation 

Oil Name Evap·n Surface Tensionlnterfacial Tension BP< 2~0 BP< 250 n°C12 n.C14 n·C1& n-C18 n.C20 n°C2& Naphthalenes Total PAHs 
% !m!Jlm) (m\lim) (wt%) (wt%) (m91~) (mt~<!) (mg/91 fm~I<!) jm<i'<!) (mtJ19) (2~m) !~~m·1 

Cha\•vo #6 0 266 15.8 27 40 6.47 7.06 7.14 6.67 5.38 2.01 11W6 16768 
Chayvo #6 14 28.1 12.4 2J 35 8.73 9.26 8.73 8.00 6.52 2.61 12705 19272 
Chayvo#6 22 28.6 9.7 12 29 6.75 10.09 10.31 9.73 7.T7 3.26 13832 21285 
Ch,,yvo #6 33 28.4 28.4 2 17 6.71 9.98 10.25 9.28 7.69 3.11 13722 21e32 
Cohassc•t 0 25.6 16.5 
Cold Lake Bitumen 0 1 3 
Diesel (2002) 0 27.5 1B.1 27 51' 13.23 12.33 10.96 6.72 3.01 0.04 20852 259:."B 
Diesel ;2002) 7 27.7 19.5 22 55 
Diesel (2002) 14 28.1 20.7 17 52 
Diesel (2002) 22 28.3 21.9 11 47 15.25 15.77 13.70 S.20 3.74 0.05 24337 30776 
OiP.~P.I (Alo:i!=>k<=11) 0 27.4 34.5 23 56 
Diesel ;;.,1aska) 37 28.5 21.1 3 32 
Diesel (Soulhem L. .S.A.. 1994i 0 28.5 18.8 8 27 
Diesel (Southern L..S.I\., 1994i 8 28.9 13.7 3 20 
Oiosnl (Southern L..S.A., 1B94) 16 w.o 15.1 15 
Dies&I ;southern L..S.A.. 1097) 0 27.3 22.8 11 31 
Diesel (Soultierr1 L..S.A .. 1997i B 28.5 20.5 5 26 
Diesel (Southern L. .S.A., 1997i 14 28.6 16.8 2 21 
Dos Cur:ic1rr:is {) 211. 1 21.2 13 28 
Dos Cundrns 11 28.7 22.6 1J 19 
Dos Cuadras 20 30.6 21.0 3 12 
E1nµir~ 0 2;.4 15.9 19 30 
Endicott {) 29.1 25.8 11 17 
Endicott 8 27.7 26.0 
Endicott 13 30.9 23.0 
Eugene Island Block 32 0 27.5 18.5 1J 23 
t:ugene Island ~lock 3l t; 28.~ 23.~ ti 2ll 
Eugene Island Block 3< 13 :a.~ 2:u '..! 14 

Eugene Island Block 32 20 2!.9 21.3 9 
Eugene Island Block 43 0 27.5 2.9 16 27 
Eugene Island Block 43 7 28.5 3.6 1J 21 
Eug&ne Island Block 4:1 16 29.2 4.2 3 14 
Eugene Island Block 43 24 29.7 6.0 7 
FCC Medium Cycle Oil 0 32.7 22.8 1 5 
F"derat"d (19941 0 25.8 16.2 34 44 
Federated (19941 16 28.1 18.4 23 35 
Federated (19941 28 29.4 18.9 1J 24 
Federated (1994i 42 30.8 16.9 1 8 
Fu"I Oil No. 5 (2002) 0 2 7 
Fucci Oil No. 5 (2002) 7 (> 4 
Garden Banks Bloct 387 0 2!.5 22.9 17 24 
Garden Bank~ Block 387 7 28.7 23.2 13 21 
Gard"n Banks Block 387 15 30.1 22.9 6 14 
Gan1nn Banks Blor.k :lf\7 2:\ :~1.(\ 1B.fi fj 

Garden Banks Block 426 0 23.3 23.2 2~ 39 
Garden Bank~ Block 426 12 26.3 26.6 22 33 
Gard"n B«nks Block 426 25 28.2 25.2 11 24 
Gardon Banks Block 426 38 30.1 21.8 1 9 
G~n&Ri~ 0 26.8 22.9 11 17 
Genesis 8 28.5 21.5 9 H 
c~ne::5il5 15 28.9 21.2 5 11 
Genesis 23 30.6 16.4 1 6 
Gmnire Point 0 25.6 20.7 36 47 



TableA1 

Comple>: 
Oil >Jame Evap'n Sulphur Flash Point Reid VP Oensit~ Pour Point Viscosit~· modulus Otaptn:lblllty % Dhiperstlblltty % Dh1peistlblltt, % Olt.pertlblll~· Yo SaturatesAroma1ics Resins Asphaltenes 
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Crarite Poin: 45 0.08 0.902i 2 75 3'4> 14 S2 28 7 
GrM·I' Ca 1~·01 Blc..ck 1LIO 0 1.88 : 0.8£121 -3b 39 2) s 1: 5 51 39 9 
GrP.P.I' GA1\•0"I 91nr:k 1A"1 n 0.91 -1A 0.11:;11 -11 e, •17 f,~ 21 I: 
Gr•or Ca1yo1 Block 184 '2 1.00 18 0.8575 .:;5 11 33 &1 3D 8 
Gr~~r Ca ·1)•01 Block 184 
Gu,·~·· Cd·1~•(n ~loi.;k 184 
Grf:'f:'r Ca ...~·o., Rloc:k 05 

26 
~~ 

0 

1.15 
1.32 
1 87 

67 

.. 
0.8824 
U.!JU.i3 
09~&[> 

-28 
-:it. 
-~f. 
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1' I 
17f 

:::l 
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2l 
15 f• f> 10 

SS ,, 
:;f. 

33 

~· .:l(i 
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14 

1 

B 
Gullfat.s 0 0.30 -8 0.8701 .::.;c 13 25 2: 1: 10 &0 3S s 
H!:i:!\.'Y t-ut-!1 Oil t>3l>'.! u "Hel)ron ti ...J4 0 ~ 0.91f·9 -2 1 fi4 1J 
H~bror. JI •J4 9 SS 0.9344 9 876 1J 
I IE;tttll'I " .. ).., ·e 112 o.~123 12 1112 ·1) 

Hebron ti -04 ~3 O.YSS4 20 7369 1J 
Hiborni~ (1988; 0 17 C'1 .8SC'1 ~ 1[• 13 21 
I lib~fni~ (19~9; ·o :M1 o.~153 15 35 '17 
Hibernia (1999; 21 71 0.8&9:; 18 99 15 
Hibernia ( 19~~; 33 0£•075 28 773 11 
Hiyt. Vil>COi:>ily Fuc:-1 Oil 0 1.01 1.014[· ~ 1:'4W ~10 0 -~ 4~4- 13 26 
H~njc 0 4.30 -5 0.9~5& -15 f3f> 9?0 8 f• 0 J :;:.; 31 ?4 1? 

H~nj.: 
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:.2 
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IFO 18J 0 1.54 91 0.967(· 1[o 2324 2LO 0 m 51 11 10 
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IF:.> :1c~ 
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M~in P~F.n Block 3116 :;.-1 n.:~=~ 0.90:;·1 .:;7 !Yl 1S 5F, ~ 111 

Main rass Block 306 37 0.38 0.9203 -1& 219 17 55 ~ 11 
Main F'c:is$ Block 3f 0 0.16 ..3 O.S~'11 -3 I 33 2: ~~ 10 13 ~ > 
Ml')in Pr>sr. Blor,k 3f 

Main Pi"IS!· Block 37 
Main Pass Oloct 37 
Mt>lunyu 
Mar; TLP 

'G 
3Ci 
SD 
u 
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0.31 
0.46 
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Q.20 
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".!I 

-9 
-26 
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0.88SS 
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26 
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0.9122 
o.~:;:;1 

-16 
-17 

93 
·11.}'1 

1~ 

:~·1 

J4 
·1n 

41 
;)!'; 

a 
•5 

13 
·1~ 

3 
,1 

Mai; TLI' 2& 2.37 0.9520 -7 2237 94 2 :;:; 44 18 & 



TableA1 Data Used in the Correlation 

Oil Name Evap'n Surface Tensionlnlerfacial Tension BP< 200 BP< 250 n.C12 n.C14 n-C16 n-C1S n.CW n·C26 Naphthalenes Tomi PAHs 

Granite Point 
% 
45 

(mNlm) 
30.7 

jmN:m) 
14.6 

(\VfO:~ 0
1 (w1%) 

e 
(m9l91 !mi£!1) fmc1/g) (m9l<JJ jTifl'<!! !mg'ai i~emi !~~m) 

Green Canyon Block 109 0 28.0 21.5 15 22 
Green Canyon Block 184 0 25.0 23.3 29 39 
Green Canyon Block 184 12 27.0 23.2 24 34 
Gmnn Cilnyon Blr,r.k 1fi4 2A 21!.9 2S.2 12 24 
Graan Can;1on Rlock 164 36 3().7 19.3 1 10 
Green Canyon Block 65 0 29.4 23.9 11 18 
Gullfaks 0 27.7 25.4 21 31 
Ho<1•1y Fuel Oil 63CKl 0 1 6 
Hebron l.~-04 0 28.3 24.9 16 24 
I lebron tJl-04 9 26.6 10 18 
Hebron ~~-04 16 34.6 5 14 
Hebron ~~-04 23 D 5 
Hit>erni" (1999) 0 26.5 21.6 24 3J 
Hibernia (1999) 10 28.1 26.3 17 27 
Hibernia (1999) 21 28.9 24.9 9 20 
Hibernia (1999i 33 D 8 
High \liRr;o~it:; FuP.1 0 I 0 32.9 433 2 14 
Hondo 0 29.2 15.8 14 20 
Hondo 17 30.3 22.8 5 11 
Hondo 32 2 
Hout 0 26.7 15.2 23 31 
IFO 180 0 31.4 30.7 2 12 
IFO 180 8 :K'.1 1 6 
IF0300 0 3z.6 37.3 .2 B 
IFO 3()0 
lr~nian HP.A\')' 

5 
() ;>fl.1 ;>?.S 

1 ,, 4 
;>/! 

issungnak 0 26.2 16.8 20 35 
JeLA/JeL.C..·1 0 20.4 31.2 
Jet /\/Jet'" 1 12 27.2 31.D 
JctA/JotA-1 23 26.8 29.0 
Jet A/Jel A-1 37 27.0 21j.0 
Jet B !Alasi:a; 0 2(;.3 39.1 47 02 
Jet 8 (Al•sk•; 53 27.8 30.5 ~ 61 
L?.190 0 12 18 
La90 Troco 0 28.7 19.3 13 19 
Lago Trecc 16 4 
Lagomedio 0 28.2 12.4 15 2:> 
Louisiana 0 25.9 19.6 21 33 
Lucvla 0 18 25 
Main Pass Block 305 0 26.9 16.5 Z5 37 
Main Paas Block 305 12 28.7 18.3 17 29 
M~in P~s$ Block 306 24 30.1 17.4 5 18 
Main Pass Block 3(16 37 31.2 136 4 
Main Pass Block 37 0 24.0 19.7 Z9 41 
Main Paas Block 37 16 28.0 22.6 18 31 
M~in P~s$ Block 37 30 29.0 23.2 6 20 
":lain Pass Block 37 50 31.2 21.7 4 
":lalongo 0 28.7 22.1 15 21 
Mars TLP 0 26.2 21.3 11 16 
!.far~ TLP B 28.0 21.1 9 15 
Mars TLP 17 29.6 16.2 4 10 
":li:srs TLP 26 30.8 0 4 



TableA1 

Comple>: 
Oil >Jame Evap'n Sulphur Flash Point Reid VP Oensify Pour Point Viscosit~· modulus Otaptnlblllty % Dhipets:lblltty % Dls:pei~lblltt, % Olt.pertlblll~· Yo SaturatesAroma1ic.s Resins Asphaltenes 

%_ (wl'1.~--~~-'---~~-~•'•t'~l__IJ.; (1111'tti__(1111'~v_l_G__u__!_t?Y.il 95_Q_O~l_~!!_t?X.il \1_527 \'.-_'.lQ_t.>~ ~_;Jd_S_ __!!:l:::r11;t~l!_~_ZQQ__'._!tl~.:)__:.!~'t'.:)_~'o.\'.!_t'._L____!o.·~'.!_~:• 

Maui 0 o.aoe1 11 15 33 
M~ui ·4 0.8340 24 212 2S 
M~ui ~Ui fifi O.A•121 2H llrW 1) 

Maui 44 0.3640 3? 1J 
MO\'O 0 3.00 -~ 0.!)255 -15 2&0 0 0 5 3& 3~ 8 16 
M")'• (1?.97) n :i.:m -7 0.9?1 ~ -?fJ ~~~ ,~ :;~ 3•1 11 '"-
Moya (BS7) 
Mi~.i!'.~ippi Cany~n 31ock 194 

'9 
0 

'3.65 
0.21 -0 

0.9762 
0 .84f-~ 

~ 

-40 
99390 

7 
13 
n 1~ 1~ 10 

29 
71 

35 
2•
" 

14 
4 

21 
D 

Missi&!>ippi C:anycn 31ock 194 ·o 0.1P !;L 0 .8655 2f· 11 22 71 23 & D 
Mluls~lppl Can:•cn )lock 194 21 0.21 0.8762 -22 21 17 6~ 24 s 0 
Mi~Sil$$ippi Canyc11 31ot:k 1\1.:l ~~·f> 0.26 0.8bH 16 51 15 ij7 2~ 7 0 
Missi&sippi Cany·:n 31ock 72 0 0.3~ 5 Q.8649 2~ 16 31 &4 27 7 2 
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TableA1 Data Used in the Correlation 

Oil Name Evap'n Surface Tensionlnterfacial Tension BP< 200 BP< 250 n.C12 n.C14 n°C16 n-C1& n.C20 n·C26 Naphthalenes Tomi PAHs 

% (mNlm) jmN:mi (\VfO:~ 0
1 (wl%i (mgl~J !mf!!li fm~/g) (mg/lJJ jTig'!l! (mg\ii ippmi (ppmi 

":laui 0 31.1 ~~5 ~ 
Maui 14 27 39 
Maui 30 13 27 
M~ui 44 0 10 
Maya 0 282 27.0 13 19 
Maya (1997) 0 78.0 ?7.3 70 n 
Maya (1997) 19 s 
Mississippi Canyon Block 194 0 27.2 18.1 23 37 
Mississippi Canyon Block 194 10 28.5 19.3 14 29 
Mississippi Canyon Block 194 21 29.0 17.0 4 20 
":lis.sis.sippi Canyon Block 194 3~ :J0.3 15.8 6 
Mississippi Canyon Blo(;k 72 0 27.1 25.5 20 29 
Mississippi C~nyon Block 72 9 28.6 29.0 15 25 
Mississippi Canyon Block 72 18 29.7 27.9 1 17 
rvlississippi C::snyon Block 72 2ti :J0.8 21.8 1 £< 
Mississippi t;anyon Block e07 () <!6.4 23.3 '.i1 :l8 
Mississippi Canyon Block eo7 9 28.5 25.0 15 23 
Mississippi Canyon Block eo7 16 30.1 20.5 ~ 16 
Mississippi C::snyon Block 807 26 32.0 1 6 
Ncp1t1no SPAR 0 27.8 21.2 11 17 
Neptune SPAR 8 28.9 19.3 8 15 
Neptune SPAR 15 29.6 18.3 4 12 
Neptun" SPAR 23 30.1 14.9 1 7 
Norm:ln \,\'ells 0 2..~.6 16.4 £7 :Jg 

Odoplu 0 26.7 23.2 35 49 
Ocloplu 14 28.2 25.1 26 44 
Ouoptu 29 26.7 24.6 12 31 
OdoJ>tu 41 30.5 2.2.7 2 18 
O~P.hP.rg 0 26.2 20.2 £3 :l3 
Panute 0 57 71 
Pil•SPoinl 0 20.3 7.~ M 76 
Pitas Point 24 27.1 8.9 40 68 
Pitas Point 47 26.4 3.7 
Platform Gail 0 2.7.13 15 21 
Plalform Gail 7 29.0 11 17 
Pl~1rur1n G~il 13 30.5 6 13 
Platform Gail 21 1 6 
Point Arguellv Comingl~d 0 27.5 28.2 14 20 
Point Arguello Coming led 9 30.2 10 16 
Point Arguello Coming led 16 4 11 
Point Arguello Comingled 22 4 
Point Arguello Hea·.·y 0 2'.l.8 28.4 11 17 
Point Arguello Heavv 9 5 12 
Point Arguello Heavv 18 3 
l'oint Arguello Light 0 27.1 24.0 22 31 
Poin1 Arguellc. Light 10 289 258 14 25 
Point Arguello Light 19 29.9 25.5 6 17 
Poin1 Al'(luello Light 28 31.0 6 
Port Huen~me 0 30.8 23.2 5 11 
Port Hur.nr;mr; 4 :lO.O Vl.4 ~ II 
Port Huene.ma 8 31.1 ?6.6 1 6 
Prudhoe Bay 0 28.3 9.7 16 24 
Prudho" B~y (1995i 0 27.6 3.9 22 32 
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TableA1 Data Used in the Correlation 

Oil Name Evap'n Surface Tensionlnterlacial Tension BP< 200 BP< 250 n.C12 n.C14 n°C16 n·C18 n.C20 n·C26 Naphthalenes Tol81 PAHs 
% (mNlm) jmN:mi (\VfO:~ 0

1 (wl%i (mgl~J !mf!!li fm~/g) (mg/lJJ jTig'!l! (mg\ii ippmi (ppmi 
Prudhoo Bay (1995) 9 29.5 11.5 15 25 
Prud~ooe Bay (1995) 16 30.2 14.2 6 17 
Prudhoe Bay (1995) 27 30.9 15.5 i 
Ran9ely 0 27.1 21.7 17 26 
Sakhalin 0 24.4 14.0 34 47 
Sakhalin 25 
Sakhalin 42 30.3 11.3 1 16 
S•nho Clal"d 0 213.7 23.3 15 21 
Santa Clara 11 280 21.6 9 14 
Santa Clara 22 31.8 31.6 2 i 
Ship Shoal Block 269 0 25.9 15.1 30 4::< 
Ship Shoal Block 269 13 27.5 20.3 20 35 
Ship Shoal Block 2se 26 286 20.4 8 24 
Ship Shoal BIDCk 269 39 29.9 16.7 9 
S():keye 0 27.6 16.8 21 30 
So~keye 13 29.0 17.2 11 21 
So~keye 22 296 19.6 2 11 
SD~keye (2000) 0 28.8 21.9 14 19 1.14 1.43 1.52 1.19 1.02 0.51 3424 5149 
S():keye (2000) 7 31.3 23.1 9 15 
So~keye (2000i 13 32.2 4 11 
So~keye (2000i 20 0 s 063 1.52 1.76 1.41 1.20 060 4269 6S56 
So~keye Comingled 0 28.7 18.2 16 22 
S1>:keye S1>ur 0 28.9 20.1 15 21 
So~keve Sour 10 30.8 6 13 
Sn;;kP.yP. Sour 19 4 
So~keye Sv1eet 0 27.7 15.9 :<3 34 
S1>:keye Sv1eet 8 28.6 17.9 15 26 
Sl)~keve Sv1eel 17 30.0 18.5 7 19 
Sn;;keyP. Sl•:eet 27 :l0.6 16.5 I\ 
South Louisiana (2001) 0 26.1 16.8 :<2 32 4.25 3.81 3.46 2.24 1.7{) 0.72 5353 9037 
S1>uth Louisiana (2001) 11 28.1 19.4 16 27 
Sl)ulh Louisiana (2001) 20 29.4 22.2 B 19 
South Louisiona (2001) 28 29.1\ 18.4 2 11 3.B1 5.19 4.75 3.11 2.27 1.08 61\15 11923 
South Pass Blvck 60 0 2.6.8 18.7 "i.7 :;9 
S1>uth Pass Block 60 17 28.7 20.4 13 26 
Sl)ulh Pass Block 93 0 213.2 24.7 18 28 
South Timh"lier Block 130 0 26.5 18.6 25 39 
Statfjc.ro 0 26.1 23.2 :io 39 
Sumatran Heavy 0 27.0 20.0 
Sumatran Heavy 5 27.0 20.0 
Sumatran Li9ht 0 11 19 
~·.•:;in!;r,n 1-?i\'P.r 0 27.0 2:!.I\ :i2 42 
S•Nanson Ri\•er 40 30.7 19.9 g 
Synthetic. 0 25.7 29.0 19 32 
Tac.hiny 0 10 15 
Takula 0 30.S 28.1 17 24 
Takl•la 11 11 19 
Tat.ula 18 4 12 
Tapis Blend 0 27.1 21.2 37 49 
Tapis Blend 14 31.1 ZS 42 
Tapis Blend 29 14 31 
Tapis Blend 43 1 14 
Terra Nova (1994i 0 26.9 21.5 27 36 



TableA1 

CompI_,,;,; 

Oil ~ame Evap'n S\dphur Flash Point Reid VP Densi1y Pom Point \tiscosi1~· modulus Di&:pstsi~ility % Oispetsibility % Oispetsibili1y 'A Oiir.p6r&:ibility % SaturatesAroma1ics Resins Asphaltenes 
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Tr!tJioyBt:iy 0 0.13 -1~ 0.8602 -:>4 10 4; 2g 5 1a 62 26 7 5 
Tr<l:ting Bay 33 0.15 Q.9242 2 27B LOO 9 51 3<: g 8 
I O:lll61f")Ulllai11 l::Jl~rn.i u O . .IU -2 46 0.8t.t.0 2 11 1:; lb 61 < 4 
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'viosca Knoll Blc,.d; 826 :t4 0.37 0.90&7 16 3;:5 3LO 11 59 29 B 
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•.\'e-s: )elta Block 97 23 0.06 30 0.8020 ·IP· I " p.7 .." I D 
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•;,•~s. l~x..,s Suur u 1.~IJ -14 0.8t.i;) -'2.1 13 4!~ ~~ 1:; 2b bl 31:> ~ 


'.'1'hit~ {ose 0 ·10.00 o.anp. 13 30 21 ' 

\"l11Hlr:! -{o:i;t> ~ 4b.OU 0.~!:1Zt$ 23 Bl n 

•.\'hite ~ose '$ 80.00 0.902& 24 2$3 16 
'.'l'hih': ~OS::t) Z4 0.f~14:\ :lO t:t:Z 1€-i 
3flire 0 0.16 -3 0.8720 25 3&< 0 5 0 5 ~4 2< 9 5 



TableA1 Data Used in the Correlation 

on Name Evap'n Surface Tenslonlnterfaclal Tension BP< 200 BP< 250 n.C12 n.C14 n-C16 n-C18 n.C20 n-C26 Naphthalenes Total PAHs 
o/.) CmNlm) \mN:m) {Wt%1'1 llJl.llo/u~ (mglgi im~2) rmqta) 1m9lgi j'ng'<f' ima'g) !~~mi !l~~m) 

Terra Nova (SOCSEX} 0 'i.7 36 
Thevenard lslaM 0 2:'.6 17.2 49 66 
Trnding Ba~· 0 26.5 206 £7 36 
Trading Ba~· 33 31.0 16.5 8 
Transmourtain Blend 0 25.0 19.3 21 30 
Udang 0 32.2 25.4 3 8 
Vlosca Knoll Block 826 0 27.7 23.6 19 29 
Vic.sea Knoll Block 826 8 29.1 2.6.5 14 24 
Viosca Knoll Block 826 17 30.1 2.6.1 6 16 
Vic.sea Knoll Block 826 24 310 21.1 1 8 
Viosca Knoll Block 990 0 22.8 15.0 :<6 36 
"liosca Knoll Block 990 12 25.0 22.5 19 30 
Vic.sea Knoll Block (l(ll) 24 Z9.1 22.1 8 2.0 
ViO•Cll Knoll Bl or.I< 990 35 30.3 18.4 0 !) 

Waxy light Heavy Blend 0 290 17.2 12 19 
Waxy light Heavy Blend 12 31.4 14.2 5 13 
Waxy light Heavy Blend 20 33.0 5 
West Oelta Block ur 0 24.0 21>.9 SS 72 
Wesl Oella Block 97 23 25.7 28.2 43 64 
West Delta Block 97 48 266 27.3 19 48 
Wesl Oella Block 97 74 28.0 22.0 10 
West Tex"s (2000) 0 26.0 15.6 26 :lS 6.72 5.93 5.02 3.39 2.7!\ 1.33 5172 7841 
West Ter.as (2000) 10 27.6 14.6 LO 30 
West Texas (2000) 21 28.7 12.6 10 22 
West Texas (2000) 32 29.2 17.3 2 12 6.21 a.10 7.19 4.76 3.87 1.93 6069 981)4 
Wesl re.as h'lermediale 0 26.6 18.9 28 38 
\Nest Tex~s Sour 0 27.0 17.A 26 :l6 
White Rose 0 27.7 28.2 17 25 
\!\'hit~ Rose 9 29.2 18.4 11 20 
\Nhito Rose 15 29.9 6 15 
While Rose 24 28.0 0 i 
Z:lir~ 0 15 22 



Tabl•A2 Predicted Values for A.II Oils Using the Models 

ModGI Number Prediction 
1 2 3 4 5 6 7 8 9 10 

Oil U;11f1F? Ev;1p'l''I Dispetsibilit'.I %, Hi,1h B~HI plu:.; BF?i->I 11lui-; )P.(l~ilo.,• & o~r~ily & SARA R. SARA.~ S.~RA .I< SARA Cn1n1)•>H 
vtlC~rexit 9500 Cc1rrelators BP<2!">0 Vi&-=O!'·i~· Vi~ro&ity BP<250 ·Ji~oos.ity Lew. HC voes :'ll~ne: 

AdJO 0 2~ 13 11 42 !l4 72 
/.,mau!tgak 0 45 26 26 
At-J~ (1~~9.) f) 1) :>:> 11 

ANS (1P09) 9 1~ 9 
ANS (H89) 16 12 7 
1-.N::; (Middle Pi~elir.e) 0 4(; 27 28 w 4~ 17 
AMS (t:liddlE? Pi~E?line) 31 5 B 6 ·12 ·19 13 
ANS (Nrn'tl<:fll Pipt'~lint':j 0 33 28 30 20 4~ 17 
/.,NS (Nv1'tlem PipelineJ 
AUS (Soulhe·n Pip~linl::!) 
ANS (SoulhA'n PipAlinA) 

31 
0 

:so 

6 
4S 
6 

8 
~)6 

0 

6 
n 
6 

13 
:'l) 
12 

19 
45 
17 

12 
1$ 
12 

Arabian Hea•.•y t20iJO; 0 15 19 24 
A•~bi~n He~\'Y t:>OOO) ~ 1~ 1~ 17 
Arabifl•'l I lea\•y c2000> 16 13 9 6 
Ambian Hoa'.'\' t20iJO; 24 11 6 5 
1..rabian L ;1~.1 0 21 2~· 28 :!4 41 25 
Arab;$ol )M 12 17 21 2·1 ·1B ?A 19 
Amhil=Jn L ;thl 21 1'I 1S 1:i 15 23 15 
Arabian l ~ht (2000) 0 H 20 .<:O 17 29 27 :!4 15 47 22 22 
A1~bi~n I J~•t (:>000} ~ 1~ :>4 :>.:l :;~ :~i ~~ 

Arabi~o> l ~M (2000) 18 1) 11 16 19 32 :C:1 
Arabian l ~ht (2000) 26 6 5 6 11 12 10 16 10 34 17 10 
1..rabian Medium 0 23 22 24 19 34 20 
Arabi$1'1 Medi,.m 13 17 ·15 16 ·11 30 19 
Amhi;)n Mt':dium 21 7 11 10 18 24 18 
Arabian Medium 31 6 6 4 15 20 17 
ASMfl 113 0 4~> 41 
ASMB.;,I 0 'I) ~I :l9 ~o !>t· :C:(i 
ASMBRS 0 2S 27 27 2a 39 35 33 27 02 30 31 
/'.8MB1t~ 13 27 2f· 2~ 27 42 ~~1 

A$MBll~ 21 17 21 20 22 37 25 
ASMBRS 37 11 10 11 14 1S 12 20 10 35 24 12 
/•.\•alo1 0 19 27 <:6 5f· 38 
f3~Uf()l•. l~l~f'l(t 0 ~·1 57 5·1 15 54 
6ar(t'>!.!. l~lrin11 17 3fi 42 40 ?F, 54 
Ba"ov. Island 32 27 2~· 28 &1 54 
~tlffO\'• ISIHllll 4B 2J 21 w 59 4~l 

llCF i,1 0 12 1~ 1~ 12 23 12 
Selridge He3V)' 0 ~ 4 3 s 12 6 
Belrictge He!'v~· 3 7 3 3 f> 11 4 
~E<hll-lorr• 0 2$ 29 34 
Bela 0 0 4 4 2 ~ 2 
Brent Blend 0 40 41 35 o& :=t4 
Sunk.er C F1,.el Oil (.~lask:i:• f) 14 3 3 T 12 7 
Sunk.Ai C F'1.AI Oil (Al~sk~:• d fi 1 -1 ~ II 1 
Bunk.er C U~llt r1,.el Oil 0 5 
C~-ilifl',rni~,. (:\Pl 11 J f) 4) 2 3 
Cal;foro;a (API 1~) 0 (I 1 1 -1 10 
C~rpint~rir. 0 16 13 17 0 1~ 7 
Carpinteria 10 7 9 12 6 16 5 
CHqJinteriA 15 7 ~ 7 5 10 4 
Cnlnvlir: C1;)1:ki1!'l F<:<::i 0 1) 10 0 20 ~1 24 
Cha)'·1c t:6 0 41 42 42 4a 4S 39 49 so 37 L4 

Ch•~'" '.6 14 4S 41 40 35 31 33 44 69 ~~4 L9 
(;h:;e~·v't. i;n :C:2 2~ ~~("i ~~!'> :·11 2h :C:ft :11 ~f) :tr :i2 
Cha)'·/C t:6 33 24 25 24 26 22 20 30 40 27 29 
Cc·h~s~-et 0 27 
Cole Lak~ Pit1,.n·e11 0 1 -1 
Diesel (2C)2) 0 72 71 72 72 50 54 ?O 0~· 43 74 
Diesel (2C)2) 7 71 50 52 5G 43 
Di%•1 (2C~Z} 14 ~4 50 48 55 43 
DiH-<o~I (2<:~)2) :C:2 fin ("i~ fi• fifi 4h 44 fifi ~2 :l/ fi~ 

Diesel (;..1askaJ 0 7) s~ 53 77 52 
Oiesel (,.:..1as.t:aJ 37 3~ 41 31 61 52 
Li1~el (S::>u:h~rn U.S...:..•. 199·1) 0 t:2. '12 JO ~e '13 



Tabl•A2 Predicted Values for A.II Oils Using the Models 

ModGI Number Prediction 
1 2 3 4 5 6 7 8 9 10 

OilU.ame E\'ap'n Dlsp~rslblllt:,i 04 Hi~h B~st plus B~st 1>lus )ensit\' & O&rsit\• & SARA& SARA& S.~RA & SARA Ccmpos 
vtlC~rexit 9500 cc.rrelatlirs BP<2.~0 Vis·;o$i~· Vi::>O'.):)ity Bl'<250 ·Jisoo::ity LC•l'• HC voes al:>ne 

Oi<.'$01 (S~u:hc:rr1 U.S.A., 1994) a 4S 41 25 54 43 
Oi~el (S:>u:hern U.S.:\ .. 199~) 16 ~3 39 23 5~ 43 
Oi~el (Sou.hem U.$.A .. t~l97) 0 36 45 33 ;r3 52 
Oi1~1)I (8~11.hf:fl''I U.S.A., 1!1!17) .~ 32 42 29 ;)3 ~2 
Oi~el (S:>u:hern U.S...:.. .. 1997) 14 2) 39 26 54 43 
00$ Cuadra::> 0 37 1& 22 12 2:: 9 
01)~ Cui:J1i1 ;,~ 11 1' 11 1:·1 B rn ~ 
Dos Cuadras 20 7 g 9 7 14 6 
Empire f) 31 31 2~ ;:1 43 27 
Er1:iic;,11 n 1) 1h 1~ 

Cn:fic:>tt a 10 6 
En1ic:>tt 
i:uJene l&larnJ ~loci( :-ii 

13 
IJ ..., s 

:¥1 
5 
21 il'l ()I) '12 

Cu1c-no Island Block 32 6 3) 35 2G 35 57 42 
Eu ;,e-ne l&lancl Block 12 13 22 29 22 32 54 42 
Eu~ene l~land Blot:k J2 20 1S 27 20 ;:9 49 37 
Eu;1~ne lslrind Block 4 3 0 22 )I 30 
Eu ;rt·no Island Block 4 3 7 11 27 25 28 4& ~3 
Eu~&ne Island Bloc!( 43 16 1) 2i 20 ~3 39 26 
E11~J~ll~ llo;laud Bloc;k <Ill 24 n 20 16 ~4 42 :11 
FCC We;cl um C~··:lc Oil 0 13 1 22 32 28 
Fe:derated t'994) 0 e1 4& 43 4' 04 37 
l-~1ft-?n>h~1I t'!)!.14) 1~ ~i~ :~~) :;~ :~n ~h :n 
federated t • £194; 
Fe:derated t'fl94) 

28 
42 

22 
15 

23 
16 

23 
13 

22 ,, 36 
3~ 

24 
24 

l-11~1 l)il Nu. 5 l:>llOi'} II 1S 
ruol Oil No. 5 f2002i 7 7 
G~r.jcn B~nts Block 337 0 27 22 22 2:' 37 23 
<.:ar·jen Oanks ~loct. JtH 7 J) 11 16 ;:o 3f> 21 
G~N't#n Oanks C!lnr.k '.lD7 15 17 13 12 19 32 21 
G~r.jcn 6ants Block 337 23 0 9 8 16 23 17 
Gar·jen Banks Bloc!( 426 0 43 40 40 34 57 31 
G~rd#1'1 Banks Blnr.k 42& 12 22 30 .1·1 26 5·1 25 
G::.r.jcn Bants Slack 426 25 16 22 22 2' 37 22 
Gar.jen Banks Bloct. 426 38 15 15 12 18 2& 18 
G~•'lesis 0 n 23 18 ~2 4'1 24 
G&r1Asis .~ n 1~ 1:i 19 36 21 
Ge=ne:sis 15 24 12 10 18 3~ 22 
c~rl~~i~ n 1a 0 7 18 ~~ 1~ 

G~nih~ Poin: 0 ,,1 ~~ :16 3~ SB 31 
Granite Poin: 45 14 16 12 20 31 22 
Grt:!~n c;~nyQr Rlc;l:k 109 fJ n :>o 1!-:1 ,,~ :1~ :>.:l 
C:n;.Etn C~•'ly(>r Blc:;(;lc 1(YI 0 ..... ~2 39 3~ ~I ~8 
Green Can;•or Bicek 1S4 12 33 31 32 26 52 25 
Gre~n C.:anyor Blc;ck 184 26 2~ 22 22 23 41 25 
G~en Cetl'ly()t· Blc:;c;lc ·1 EY1 30 22 ·15 12 ·1p w 21 
Green Can•;or Bicek BS 0 1S 11 12 11 1B 10 
Gu!ttat.s 0 25" 29 28 29 52 ~~, 

Heavf Fuel Oil 63C3 0 !> 
Hob'on t:l-04 0 1) 13 17 
Heb·on t:l-04 9 1) g 12 
He~·on ~HJ4 16 n 7 9 
H1~h'ul'I t:l-04 23 1) ~ 4 
Hibernia (1999) 0 21 30 32 
Hibernia (1999) 10 17 22 25 
H1h1<r111~ ( 1~Y9) 21 1' 1~ 19 
Hibernia (1 !:;19~) 33 11 11 11 
Higt Viscosit>,• Fuel Oil 0 0 1 1 3 ii 8 
Hondc: II ff " 1:i " 1 I ~ 

llondc 17 6 4 5 I g 0 
Hc.ndc 32 L 2 0 1 6 
Hout u 1~ ~~ 29 ;..:' 'lU 16 
1ro 1~0 0 0 5 5 11 17 13 
IFO 1SO a 0 3 1 s 11 6 
IFO ~~D 0 0 3 2 10 1G 12 



Tabl•A2 Predicted Values for All Oils Using the Models 

ModGI Number Prediction 
1 2 3 4 5 6 7 8 9 10 

Oil Umm~ Ew1p'n Dispersibilit~ %, Hinh B~HI i;lu:.; B~io;l 11lui-; )~usilo.,• & 0Mn.;ily 8, ~,ARA & SARA.~ SARA.I< SARA Ct;lfll)l)H 

wlC~rexit 9500 cc.rrelatllf$ BP<2.~0 Vitr;or.i~· VisO'~ity BP<250 ·Jisoo:-ity LC•l" HC voes ~-ll~ne 

IF'03:)1) 5 0 1 -1 -2 6 
Iranian Hea·:~· 0 14 25 25 17 3~ 14 
l~SlJ'llllll:il: 0 $4 
JotAIJ•tA-1 0 ~T j)Q :.!~i 
JetAl.JetA·1 12 43 59 22 
Jet..:..1.J~t.:....1 2:J ~:.> 59 22 
JolAIJatA-1 37 se 2·1 
Jol B (Alasko; 0 ?S oO 82 
Jel B (!..lash; 53 33 50 57 
Lago 0 1) ·15 17 ·17 32 16 
l<=JQO Tff:<:t) 0 n 11 14 10 22 n 
Lago Treco 10 1) 4 3 7 12 7 
Lagomedic 0 ~I 23 
lo11is:.i;Jn;:, 0 '.i•I ~' :l2 ~2 "1 :l~ 

L.1cula 0 2) 22 2G 19 3~ 19 
•(la n Pass Block 306 
Mao f'as• Bl0<:k :wt 

f) 

12 
27 
2) 

30 
2::;. 

33 
:i-1 

3" 
Z'1 

5i 
~2 

~~, 

:t~ 
Man Pass mock ~06 24 1S 17 16 2' 32 22 
t,Jo n Pass Block 306 37 17 12 8 19 30 21 
t,la n Pa3s elock ~T f) 3J 3f. 41 az 5e. 31 
Ma n Pass Block ~ 7 16 2~ 2B 30 2B 50 31 
t:la n Pass Block 3 7 30 1& 22 21 24 40 28 
.,la n ra~s e1ock ~ 'f 50 14 1S 13 ;:o 3.2 22 
•;bJ Ull!JO n 1' 20 22 1~ '.11 11! 
t:la·s TLP 0 3S 21 17 17 34 17 
•1la·s Tlr a 34 15 13 15 30 15 
t..1:-t"F> Ill" 1/ 1~• 10 il 12 22 12 
l:la·s TLP 26 2 s 4 9 14 9 
•11~ui 0 33 3:; 48 
•11a.1i 1'1 2S 10 39 
t:l;:ui 30 1) 16 30 
t1l~ui 44 1) 18 
t1la\1 8 0 11 13 12 2S 15 
l:l>>v» (rn97) n 1S 11 1A 9 ?B 11 
•:la•;a (19~7:. 19 13 3 2 5 12 7 
t1li::>sis::sippi Canvon Slor.;t. 1Y4 f) 2~ 37 35 
t:lississippi Can•1on Bloct. 124 10 22 31 27 
•1li::>~i~~ippi Canvon Blor;t. 1~4 
•:lissi~sip1)i CAnynn Qlf)r,k 1,~,I 

21 
:·sti 

17 
1' 

2~ 
rn 

20 
1:·1 

t:lississippi Can•1on Bloct. 72 0 31 2f. 27 24 42 24 
•1lh;r.is.~ippi Canvon Blc.ct. 12 9 24 21 22 ~ 39 22 
MiSsi~Sippi Canvon BIOCt. 72 10 1~ i7 16 20 32 21 
t:lississiJ'pi Can•1on Block 72 26 1S 13 11 16 24 17 
t1li!.sis~ippi Canvon Bloct. dOT 0 n 20 23 15 2~· 13 
•1li::>si~::>ippi Canvon SIOt.'t. aor y 17 13 16 12 2$ 12 
•:li~:$i~~ip1)i C;Jf1y11n Bll)(;k .107 16 0 !} 10 12 22 12 
t:lississippi Can•1on Bloct. dOT 20 0 & 4 8 12 8 
Nept.mss.,,.:.,R 0 2~ 27 20 ::s 5f. 29 
t-J~111.111..+S~M.H <l 21 20 11 2~~ -1~ 26 
Nopt.m~s:i;..r.; 15 1S 17 15 2' 35 24 
Nept.ms s::>,:.,R 23 14 14 12 w 31 22 
Norman '.'\'ells IJ 3> 3U 
O~optu 0 54 40 43 
O:loplu 14 ~) 32 36 8 54 41 
O:loplu 29 24 24 25 -ia 50 37 
O:.loµlu 41 1S 19 15 -15 46 35 
Osc:icrg 0 1~ 3~ 32 25 44 22 
rt'm.l(e 0 77 
t'il.,..- i->ni11I II ~~ hH I~ 

Pitas Point 24 SS S& 61 
ritas. Point 47 42 14 
t'latform G :.ii u 22 10 1'1 ~ rn •1 
Plr;lformGZ)il 7 "­ 7 10 4 1~ 4 
Platform G~il 13 0 $ 6 1 12 
Platform Gail 21 0 3 2 0 



Tabl•A2 Predicted Values for All Oils Using the Models 

ModGI Number Prediction 
1 2 3 4 5 6 7 8 9 10 

Oil Uame E\•ap'n Olsp~rslblllt:,i 0,4. Hi~h B~st plus B~st plus )ensit\' & O&rsit\• & £ARA& SARA& SARA& SARA Ccmpos 
wlC~rexit 9500 cc.rrelatlir:; BP<2.~0 Vis·;os.i:y Vi::>O'.)::)ity 81'<250 ·Jisoo:-ity LC•l" HC voes al~ne 

Pcin1 Ar~uollo Cl)mir~lcd 0 3 10 14 2 16 2 
Pcin1 ,:.,~uello Comirgle·j 9 0 G 9 4 1S 4 
Poin1 ArsuP.llO Comir9le·:t 16 (> 4 5 2 ·10 3 
Pr;inl Ar~11C}llt) f.t)mir~l<;.;J 22 4) z 1 0 8 2 
Pcin1 A~uellc.. Hea•:y 
Pt.>i111,.:..~uello HeH\'Y 

0 
9 

0 
0 

7 
4 

10 
5 

4 
:1 

17 
1Z 

5 
4 

Pnin1A1~11~lll) l-IAi:J\'V 1k 4) 2 0 I I 2 
Pcinl Ar~uello Li<; ht 0 13 2S 27 17 32 16 
rt.iinl ,.:..~uelll'• U~ht 10 2J 1~ 20 15 30 15 
f-'r;in1 ArsuF?ll1) Lic:;hl 19 H 1:1 1~ 12 20 11 
Pcinl Ar~uello Li<; ht 28 "­ g a 11 17 11 
Pert H11ereme 
Pert H1~er9me 

0 
•1 

12 
~ 

5 
·1 

5 
J 

5 
:1 

10 
0 

5 
•1 

Pert Hucr:>mc a 0 3 2 ~ 4 -3 
P1udho~ Ba~· 0 1) 5G ~4 

Pr•.Jdho3 6ay (1~~5) 0 1) 24 27 19 46 17 
P1udho~ Sri•; (1 ~c-s:• Q 1S 17 19 18 41 18 
P1udho~ Sa~· (1 ~~5} 18 0 n 13 15 27 14 
P1•Jdho• E;ay (H95) 27 0 9 7 12 H 11 
Ru11!:1E:>l't• 0 24 27 22 42 25 
Sat.hafin 0 84 43 41 38 S5 29 
Sf'khafin 25 ~~ 

S;.ikh~>fi11 4? 31 1B 13 rn ?B 1n 
Santa Clara 0 6 11 15 0 12 0 
Sf'nta Clara 11 "­ 7 a I 10 
S;.inl;.i l:l:-Jr:-J ~~ " ·1 •1 1 K ~ 

Sl'ip 5ho:i\I WocK 26~· 0 JG 42 42 
Sl'ip .Shoal eioct. 26~ 13 27 36 33 
~l·ip ~h\n:1I Hloc.·.k ?tlti ~6 n :)7 :>.:l :'6 41 ~8 

Sl'lr> 5ho31 Olor.k 26~· 39 20 1S 24 3G 2Q 
Sc:kcyc 0 24 1~ 24 13 2~ 11 
Sc:keye 1~ 9 i::; 1U 10 2i 9 
S<;Ok")'P. 22 5 ·10 10 0 ·15 0 
Sc:kcyc (2000; 0 12 14 14 8 e 12 s 4 24 4 15 
Sc:keye (2000J 7 1) G a 3 1i 4 
So:i,~e (2000, 13 1) 4 5 3 ·13 3 
S<;ok<:y" (2000i 20 9 6 7 10 3 1 1 13 12 3 30 
Sc:keye Ccming ed 0 0 e 14 4 19 4 
So:.:l<~I:! Solir 0 0 e 13 ~ 19 4 
So:ikffVA Sour 10 4) 1 6 2 13 2 
Sc:keye SDur 19 0 2 1 0 7 
So~l<~I::! Swt?~l 0 16 ~>5 ?9 19 41 17 
S<;:;lcHyA &vH~l d 1r 2G ~1 1B ~~ 1/ 
Sc:keye Sweet 17 14 1S 16 14 24 13 
Sc;::k~~ S\v~et 27 1~ 11 9 12 lf. 11 
$<;1,1lh Lo~1isi~"~ (2001) 0 26 :C:'1 2::> 21 32 30 2B 21 :>'! 20 21 
Scuth Louisiana (200 1) 11 24 24 24 24 41 28 
Scuth Louisiana (2001) 20 16 19 18 ~ 3F· 25 
Svlllh LIJui:;ic;na (~001) 20 1) 11 11 13 1'1 13 19 1.1 :i-1 22 1:1 
Scuth Pass @lock 6·) 0 2S 34 37 27 47 25 
Scuth Pass Bloct. Sil 17 21 25 25 25 4i 2G 
$c;uth Pass Bl•Jc.;k Y3 
Scull' 1i1rb;:.1 c.·r Bicek 130 

f) 

0 31 
27 
~7 

2U 
37 

"fj 45 29 

Stalfjo1cl 0 ~) 40 39 32 52 25 
SuiratrRn Heavv 0 1) I G 10 1& 10 
S11ll'ah ;m H~avv 5 (I 7 5 10 1B 8 
Surratran Ugl't 0 0 B 22 1B 33 20 
SV\'anson Rive1 0 36 39 40 ~9 45 22 
~V\1.-111~1)11 ~ivHI :1() 1 :> 1:, 111 11 ~!'$ 19 
S~·nlhctic 0 4) 40 30 
Tachinti 0 9 12 19 14 29 16 
litkU ~ II 1.1 1H ;>:1 rn '.\Ii ~~ 

TaKu a 11 9 13 19 16 2~ 1G 
TaKu ~ 18 6 11 14 IS 25 15 
lapi5 ~lend u UJ 40 52 ::14 ~2 ~9 



TableA2 Predicted Values for All Oils Using thl> Models 

Model Number Prediction 
1 2 3 4 5 6 7 8 9 10 

OilN3me; E\•3p'n Oisporsibilit:1 'Yo High Be;stplus Be-st plus )ensi~· & Oersity & S/•.R:\& Si.,Ri" .~ MR:\& Si\P.f., Ccmpos 
vtlCorexit 9500 Correlators Bt'<~!5U Vis:osi~· Vis.oos.ity t:H.>-:-250 ·.Ji~co~ity LOI'• HC Vvl;s al:>ne 

Tapi• Blend 14 e~ 24 43 ::B ~9 37 
T1:1,pis Blend w f:6 17 32 ::~ 59 34 
Tapi& Blend 43 44 1S 21 ::2 40 29 
Ter·a No\•a (19fl.:l:· 0 14 32 35 ::1 51 26 
Ter·a No\•a (SGCSEXJ 0 24 21 27 5i 26 
The;·:enard Is and 0 77 so 70 
Trading 8.'l\· 0 47 32 33 24 35 20 
Trading Oa•; 33 9 11 9 14 22 15 
Tmn~in1)11ntn 1'18 f}r11i n 32 29 30 54 37 
Urla19 0 7 1 1 0 M 8 
Vio!=:C;) Knoll Rlnc;k A!>S n ?4 ?7 ?7 '5 4r, ?6 
VioSC• Knoll Block ll.W d 11 20 22 2~ ~3 22 
Viosca Knoll Sloe~ 8Zs 17 15 15 16 ~·· 36 24 
Viosc.a t<noll t$1ock &13 24 11 ,~ 11 18 2~ 21 
Viosca Knoll Block ~O 0 41 n 37 34 04 34 
Vio$ca Km.>H Block ~o 12 2~ 30 2~ :!8 5~ 28 
Vk>sca Kn·~ll Block 390 24 22 22 21 :;5 45 29 
VK..sc~ Kn·~ll Block *O 35 14 17 13 20 31 22 
'.\'aY.y Light Hea•.•y Ble 1d 0 9 11 13 9 1~. 7 
'.\'aY.y U~ht HC~'.'\' Sic 1d 12 0 s 7 6 13 5 
'.\'rtY.y light H9~'.'Y 8191c1 20 4) 4 2 4 10 3 
•.\'est Delta Block ~7 0 4~ SI 77 
'.\'~l">l DHll~ Bl<i<;lc ~7 2~i TB 65 
'.\'E'Sl D•lta Bloc.k ~7 
•.\1E:!l;I I )~ll(t Hl<.1<.:k ~/ 

48 
14 

~I 
:1e 

JO 
?1 

'.\'•sl T•r.•s (2000) 
1.\'e~l Te>:tt~ (2000:1 
'.\'est TeY.as (2000:1 

0 
10 
21 

2~ 
24 
13 

30 30 26 34,,_
•' 
21 

34 
28 
20 

29 
::~ 
::2 

24 (;3 
39 
31 

20 
26 
25 

30 

'.\'est Ter.as (2000:1 32 B 15 15 20 15 14 16 11 32 19 16 
'.\'est Ter.as lrt~rrrediate 0 1~ 37 37 3' 49 29 
'.\'est Ter.as Sour 0 2S 2P. 31 2' 4~ 17 
'.\'hito Roso 0 21 2:; 24 
•.\'hitc Rose 9 2) 1& 18 
'.\'hih) Rm:;r} 15 1fi B 14 
'.\'hit& Rose 24 1~ 10 10 
7~>i'P. n 0 1f, ?? 1fi ~~ 17 

St:l. Deviation 1.6 1.3 2.4 4.6 5 4.9 6.7 11.8 6 2.6 
(~w,··agcJ 

MaKimum De• 5 6 9 32 30 34 18 42 39 15 

Ahbrsl'imim;s st C?t. - S;i:,,r.;i:;s, .i,rom;:iti:;-s, R~.~i·lh, ).~Pl.;iU9n~s V::>Cs - Vol;,!Jls Ot~;;inir, Cr.mp!?1. 1 lc'.~ 

RP~:>s.? =trar.o'-O'~ ha.1}19 tt:)"lm9 pc;.hf ie-.s.$ rh;m ~50 °C LOl"t' HG - lo~· hyc'r:.co'.lrbcns 

Compcs ;; compcs··:.on elemencs ap ­as 1·s p~s··ble 
Phy~ic - physir.P.I pr<if)41in~~ PP ­p<J1:rpnint 
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